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SI MULATI NG PATI ENT- SPECI FI C OQUTCOVES | . | NTRODUCTI ON
A. Related Applications This application clains the
whemshsd440f U. S. Provisional Application No. PCT/US2004/033130

60/ 509, 682, filed Cctober 7, 2003, which is herein
i ncorporated by reference. B. Field of the Invention
This | YAIIPATIRG IR TIONTIS PRI CODIST Ul
I nventi on Devel opnents in nedicine and information
technol ogy are providing patients and physicians wth
a . large and rapidly growi ng nunber of infornmation

L sgﬂ"‘i(ggqué‘?%vant to health care. Every year adds new

evi denge relating to nedical diagnosis and treatnents
Aare pr%ﬁﬁﬁ@ggﬂyhggggﬁrchers. In addition, access of

prof essj.onal s _and patients this. valuable .
 FRsraRaL o, LoBEBPAP I RELSshiagieipiahagplication No. 60/509.652,
, LA j i exceeds the
B G 2B e e ot and. anc
apply this new information. A variety of clinical

Bdeci Si g?eéigpﬁ%;@va@tens (CDSS) have been devel oped to

aid me Bhers in seeking and filtering

useful, valid info f ] .Ho er,. nmost clinical
3 isdiisntEn prluet LOHE ek Eo B Rlsior RRbof yepert
application to very specific tasks. Know edge-based
systens are the nost conmon type of CDSS technol ogy in
Cr out i nBagkgneund|of thelnvantionugh there are many
variations, typically the know edge within a CDSS is
r Beredopmeitd in rmedieing @n¢hinformatian teshnglogie sre WomidE PEEHts and
.applications includ i) alerts.and.r.em nders (]
onysi G hEE 4 35 bl e sloof Pl Re EEPIRED gbdbds retevant to
healthdg€d. SE @ty tyegeadds inelw) evidvdt@platiig thirgedicty) didgassidl aebtreaients are

sq%[gg;st a therapy, (iv) checking far drugdrug .

produp seerisheys. dbgdgibionr sspss, ofgrefessipnalnandspeisats jgy thisvaluable
inforn?aftioﬁeig'b%%ﬁ inctehdin fg/f &EgatAso 0 L&l 7Y 3nofftdof Mdrmation well
i mage recognition and- i nterpretati on. A nore '
excec§Ohki abilitg aff ady dhdividaal to dexdesj widesstiproloand apphbt thig nevalinfernation.

Archi nedes,  has been devel o iyl ate the . .
A vanebppl @ﬂfécﬂéigﬂsmp%miﬁﬂmégﬁﬂ%% ﬂﬁV?E%Reéotﬁ,ald medical
practi8Y Ry indRELiAE aRADBIENSY ¥seRi1SRBidGhioBAidENt bei ng

represented and Interacting as they do in reality. The

AHotwierrer eost| stinisals decisdont sippertwsystema raoel fitsted fin dbein applisation to
nu ous. epi gem ol.ogical. and 1clini.cal trial studies.
very it lks] L RERwBRErRaH SRS ple BETBgeh shmelro g of CDss
techndbg¥ Ual rou@iiBLdlinical hee! tAiheagie thyet &) many vahkOsaRttypidally the
about different treatnents, glr og essi on of di abetes,
knowledgy avthinar GBRRels reprgsgniad; inethe form 9loyisel plcgless Common CDSS

applicqgglilsciﬁlzluﬁg HS Sfefts 3ha AhiRHGD kig%ﬁlz?g%ostic systems, typically in the form of a

decision-tree, (iii) therapy critiquing that does not suggest a therapy, (iv) checking for drug-

drug interactions, dosage errors, etc. in the prescription of medications; (v) information
retrieval and (vi) image recognition and interpretation.

A more sophisticated clinical decision support system, called Archimedes, has been
developed to simulate the complete healthcare environment, with every person, every doctor
and every piece of equipment being represented and interacting as they do in reality. The

Archimedes database contains vast amounts of data from numerous epidemiological and
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users to evaluate nultiple interventions, including;
personal interventions |ike prevention, diagnosis,
W@ esesidmg, treatnment and support care, and  PCT/US2004/033130
organi zati onal interventions such as quality
cliniciahpriaiv etwdies, d&xeedata,nfagawaﬂuﬁnatipar fvithnthec éemegephimrﬁta virtual

and chaﬁ eé%’?# %@ atie m% E’E’%é |t|§?§@ng§_§%¥%§ J progression of

dlabe(e%og%hlcﬁf‘ erggﬁhél aﬁ@lhﬁ%&"' a@ﬁsl'ogﬂﬁés oPRlaRLE Serft@s Qllow Archimedes
:3102-3 p§2003 | e such a nodel can be very

usersvta| ayahiate ﬂ]@l‘tl ¢ Myﬂvp@thnssmbglgng,merqgm@hm@mgenﬁlgns like prevention,

diagrTRENANLSM G val AL JISST LeRt hoRs LR AuleR lnerventions such as
EIONG SIS MR SUBRTH SR S OTFEARpTA) ST
quah@eﬁgﬁbﬂi‘néﬁ' PRPE Enaﬁ}i@dn@@it qjér@h’ﬁandésméadhﬁs‘iﬁﬁnt,, antitchﬂﬁgés dn patient
esirable to_have a systemthat is capab

f
and paacsitionerriepheviers. Eddnand Rehlpwsingendhobeles Qﬂm%ﬁ%% -3101 (2003) and
Bddy! Jl@r §(ﬁﬁ§§tsin el %fﬁ{;é/r ﬁk‘a%“g@fslé’%;%“(%) 32“@71&(}9 Rhetf 8odel can be
t Co n at1ent-Speci ata an

very Vﬂﬁﬂﬂmﬂ itdykhg &seam«r yt mbvideend mveehtnian tb BViOﬁlﬂe ag@eeitions in a
he. i nventi on pr ovi deS S St ens COlTprl Si ng.

real lw»ymuall endesds Bapatisat RS clypgal Re13en swPeEt Saf@tem exists.
SUJQ§ ¥S{eEin Oﬁe\{,@\hh &et @esﬁ%ﬁl@cﬂoa Svel ARYLetlafat ?sbeéﬁabﬁ of assisting
subj ect w'th one or nore of the parameter sets

clinidiabsrit ithey dinpeossudjdéart thwapetutmnatemennon of phtignise and ﬂtatJ ain take into

at i on engi ne operable to apply
accoﬁ’ﬁga%@ttﬁ%?céﬁ%Q%QF’Pﬁ’rﬁ?%aIBPot ocols to the one or nore
virtual patients identified with the subject to
generate a set of outputs, wherein the set of outputs
Dor oj ectSummasy of thedlnventiothe subject relative to the
one or nore biological systens represented by the
nmddebne Eamozt,vthet u‘aflentpfat ipeowideso pystérse compriying: fodeiultifle virtual
patlelgtg,t (b? ‘38 8%o§hat J ol ogsygfe% Pé rfﬂﬁgef% %g%)gfalté {nﬁut 3 4 outt a subject with
one GHRAOFH GEtihe, pai@heet s (@ RRnMfy tHeadubprt et orfeh@f ®8redof the virtual
common nodel. Preferably, the associating subsystemis
paticpigeichp Sanylafionsensaneaneraieto appli OrREeTEM QeI RIHBE M DTRfocOls to the

S are
the setafplugiued projetcine dutcdine foroidie lsulsjact lelatimayo thedale odfmare biological

syste]%:gglg]g)r Isegl%lﬂjgg %%qeén@dgluhg%g]egg&ggpé;eg]z é:g@gﬁgﬁgg& Saltrlnodel of one or
more?ggfo?fcﬁp kysterhd'Endresleh p@fanfetddi @i 9@1‘&%&1’0@ §tsﬁ@lé ﬁld@Vldual In one

! a cardi ovascul ar system net abol i sm bone,
embcalunmtmmmstbhan ameoVioygl peigsndi shatesr ¢, commie miaskl. Preferably, the

RN e T —

sets GRIFPIcbi@fions WABRWART irPRtl @htal AT REEBHE BY nfdrd Phrafileters sets are not
bi ol ogi cal processes associated with the one or nore

compéﬁ:telyavgat@l@ﬁd shhetrapdel cthbe ahiimedeliofisiielogicelsystpmebepselprpbly is a
mectgRRUEREUE S oS, bR E fRELERaodd, BLRERLY, the model of o
biolopietbsystsnt bk esodek pf @S&]fdﬂd\/fagjlﬂarkﬁy@feﬁg Irﬂ:ﬁidtboﬂlkﬂn[ bém, aummnnumty,
a stimyli that can be applied to the biol ogical
oncolagys IEPRIT2PFY, Ffgskion a'aﬁeaseaﬁ%ﬁ&aijvwogszm Slélanar@é%a?mg%logy Ina
i i i i
prefeﬁn‘gala% alF&dF{)rrngfétt, IttHIE gﬁr}ggél ﬁd}nl%rgk‘réik (l;ag RBehpRs YAl RPRsB¥in a set of
biological processes associated with the one or more biological systems, wherein each

: t
B e L

biological process is represented by a set of mathematical relations, wherein each
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dat a about the subject, nedications currently taken by
the subject, diagnostic neasurenents, subject
whe@besamces and/ or real -time nmeasurenents of PCEE84/033130
characteristics of the subject. The output of the
mathauaticmmedamnh&nqmse@ummnmoml aviables teprqzaeeﬁihg:at bivdogited attribute or

status of the s as Lt is represent
a stRIQRIB TP ABYEap 165 b Cobs R aty B BUCHR hotiiie subleot can
compﬁﬁ@@ WhSSydf Bﬁ@ﬂﬁ‘ﬁﬁhﬁn&ﬁdhng Bﬁse‘i'%@ioﬁ§5 adnddi AUPRRtiBode? historical
e subj ect a prediction of the therapeutl c efficacy
data ach‘ouathgrsubpste thedivetiomeanriently tafenby thesubjésé dagnoside measurements,

s SRR R B PR L RSy s,

The REpR 0P RRSSHtchY cih BERHIyCRIpuR kd6¥dnt tOpRBicEhg Mé stdtls of the subject as
system The experinental protocol can be any manner of

it is represgiind ho'a‘thleemt)d@w biolgsieahslystemn, B@@qunm af output comprise a
pro osﬁtf?}%ﬁ-le stﬂ)JeSt gqﬁa |o§1§ aﬁpl)ér %1?0 ?tggltedfb iph O lﬁp[ﬁwﬁlg&tlc efficacy

of a%ropwwnt}&tdpahh@ rre@iine@n €rothenpiltgects lagé/)orfa)rrectdmmendatmn of an
sub{ ect, or_ sinple passage.of tinme. The system
approgeiehgiap§uticaie e Ior deotbpiacl s dherapeutie a@%@ﬁ gan be proposed
t f
by o BESHE LI 51 65 4SSl mamer o
managhne psttnc icatel orExefnpldn}e, spbjimentaliprétocsle insludmalternative potential

virtual., patients. | ne .enbodi t .of the i.,nventi.on,
therapRsicERIGIERS (g eib ARG Orpie T & S<CTEPges i FUpygpion of one or
moreCdrigd)efod B sibjedtual sPaile PRsage WP e, MTHRAGRteM], Idptidhally can then
patrent in each cluster sharés one or nore common

reconghanca et st iof tdiagnostita testsafoe the e@}e@«etp tekq, fthe apruitatod wineh can be
t
st B TR BB T LTI 160 LA, oo

Vmugapauajtgct with a cluster of virt uaI patients when the
ut data correlates to the at |east one comon . )
renetesiosimentsf the mvegtion, hecassagigingoubgystan gpmprises (i) one or
moreQ?ﬁ(%%@o‘f% 1 pgﬁérﬂ £lrSin eabh Al ?%%Jh@tlﬁ \é@cheémgfgﬂ SBMs one or
e I nventiton, t’he assocl atl ng system conpri ses
more( ¢gm@be Opravristicd that eden abgathert dlk‘ﬁferqm[aieethbsvlrtmhiepanants in the

each virtual patient in ach cl.uster ares one
clustgygm SO OOk aF S AP O g of CReasbl {fyspifie 2 subject with a

clustélJ Bf Qf‘iﬁﬁhtl'}@atu%mts h@hé’d It @lpuP alat £ BbRelafds tBethe! 4S1e@ét b @bmmon
her virtual patients; (||) a conparing subsystem

charaofmsa@ Iskared biylthe ccdu‘spfaraf aetraeofopie'smlogtmlmacamm In an alternative
Istlc

emb PR iy HesPoh dhe dSgr RN sRebriSruBELlh s pr g, custers

of vifid [Rkieffe] Whatkint dsah viradal paticht i@ Bsth(hstéregdares onB@r more common
additional data to the user; and (iii) a correlator

charagfsaisties et takem degether éhféer@u@]tfé&xe thurl niltlélllta 4 ghe gpster from other
el DALy R L S AP e 35 bRy g oblor more

commbn shatctefistketts tid mluy ﬂato,l @ iidaltify addinehe r(mta necessary to identify
Preferably, the co subs mfurth

the SBRES(IILE OB OF Y MG PHIEDHS GRd MeBPT i sidiongh deipte the vser;
t AAali h
ot (55 S i ??éh‘%%%%ﬁ%%}%%%%ﬁfﬂ%ﬂé Pt o
inputwlatd catelgead toeht: 8t lest ohe stremop chaacteristic ghateiddrytthe cluster of sets of
physV? fﬁiltpagafg}q%egm Egefeerai\)/ly,r %hlé %lonﬁ))grtlrllge Q&bs?lsrterg%ﬁhftzrqg rc])pgrggle to report

to the user one or more diagnostic tests to obtain results relevant to the additional data
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Anot her aspect of the invention provides
conput er - execut abl e software code for sinulating a
whembosgfise@al system conprising: (a) code to defPeEUS2004/033130

multiple virtual patients; (b) code to define an

necesaaFOlI @kenty thy Subjecopathadrieeort moas Mahpetlermsp UtA dhfster of virtual
about a subject with one.or nore the virtual

patiens ApeRNSTSE 8% ¢ E!@EIﬁVW“%? ATy B} wete R%F“? ARG HEua PSRl
asgRaht Sedtl b HRY iRBAHGEN bovids dco@r?ﬂuté%%%@cdt?olg &bhiereédcode for
si mul ation engine operable to apply one or nore

simulatipe ai hielogihl pystno comprisiog:e@l hodsf tor defingrrouldiplenvirteal patients; (b)

code 35 BRERE SptrbfHE BB BERSH B Bp B EE! e  subect win

one of lfﬁ&@ B8 tHeOfirthA1Satibith &?{deﬁﬁ;yﬂhé ¥ibjéc® whithCorRN nire ABoBiated virtual
bi ol ogl cal systens. In preferred enbodi nents, the

patientsdend df) sede dp defins bi Smoljtion| enginet eperable t9 apply one or more

expe%ali}ﬁpprlggocpg S%ChSOéﬁ}slg 0 & c|)r0| glséltagscogpageed \ggt(l%lap&ﬁgﬁg ?osgenerate a set

of oufpts, tWiRré&ib et of autguagmgscts aﬁ @htcbhﬁ fotilieaibjectrelative to the one
predi ction of the therapeutic effi cacy of a_proposed
or mqrﬁ diclpaigel systemgi M raferred grabedimpris.t the mpdebef gpe or more biological
a ther
systef 10 T RREARL B0 e SRR RRIC A8l o SRS bfagb OhAiRred scts of
output @opiptise agregiosahibve theofubet, @ degimsisubt ttwrswbwnpral mediction of the

code tq.define an asso ting subs ri bed
therafige Y nt oPOReOe LIHPLIE TeVEs | Gr fFootilEe andlor 2
recorRRERNRERNObS Qﬁe%ﬁ%&;ﬁﬁwe Qhéllﬂ}f?étﬁ@eﬁétghﬁerﬁfﬁ Qﬁ&)éuﬁj@ét aIn preferred

subj ect conprising: ining multiple virtual
emquancrém the cpm))utewécqntarbge sefevare mode faxthen capwaisesacode to define an

assoc§ & FS ﬁél} s |ng the input data with one or

”§ B 9? F{l SXFl ents to identify the subject
WY& &idEhaaspPedt ofomhs aavaitiof providerineftids &t FediCilg a therapeutic
defining one or nore experinental protocols that

efficacy g0k etibigsh cRpPILlENS t (8 ria%@ug |T%UIFIE]§|‘H€H§ Hagentpneb) receiving user
S ) e r

S e £ AORLA PHE il ORISR OR, o v

patiemts td ientipathie %ﬁbﬁcﬁ \Olt@ enevaimeraassediated virtitab phtmntsg\ﬁﬁ@rcmﬁlnmg one

t he set of out rojects the eutic efficacy .
or MeJE %a@npﬁ@alawefﬂcpb tﬁaégrpwswnf B?temv-?g téqxgﬁ’%@f YegEPL s g subject;
| e e
and (i ppOAEREL oF (O W b BT RIRRRCL: the ope or more
assoiwcxtenmmabpati%ntsfte rganﬂrytetarﬂet ofbaigputs, svizerern dheaset of petputs projects the

therafi R srErS) ¥ 18 Relain TR ngreeel: P ST or il b2 therapeutc

regm[éﬁﬂﬁ QIEBitI B Ehangee hd@inidHEbe OF & AuPiPASTRRiAS & 8Glgalabfrocedure.
th the one or nore biol oeil cal s stens, wherein eac

Prefeml@y thyi wadel py o wshanisticrapdeb soltysty Qg}c model orgr disease model. More
I

prefeg%ﬁgﬁﬂ%}ﬁ{ogglnp Erﬁ%‘%éé % ggmgﬁ\.‘&eﬁl%hél rgﬁl‘%%ﬁﬁé Iafsgﬂg@rt{e‘tgglﬁ F]iC%l gprocesses

associatéd avielgitleabnatol mdévet ological sydterms,i whdtain esh Hielogical process is
applied to the biological )(stem In a preferred

repreé%s%%m sety 9§ ompathemalical neslationst whgrean yfach Biatheppatical relation

comﬂH%E? oh&bA V\};@ Gardbiss 1% f@éﬂtﬁﬁ%sal lglbfo Q:raP HMIMG ¥t bisHuli that can be
patients, erein each virtda |en in a group
apphsdhar e bcmlegmal gystes. clormprefected reaﬁmdnnenu assodidipne thakpmt data with
therdlfferetlateth vi rt ual ti
one YOO PRGHCEIER (iRt (hrebibne i PEnsarhAEn fash virtual

patient in a group shares one or more common characteristics that taken together

:—L
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one or nore conmon characteristics to the input data;
and (iii) associating the subject with a group of
WO R006M03d44at i ent s when the input data correl at BGT/US20041€33130
one or nore conmon characteristics shared by the
dlff?ralﬁt&ﬁ%ﬂ@rﬂgaalspatmntsha the gropp from @thea Ivirtrah ghiiargs; (ii) comparing the

i ment socj atin he in th one
one BE PR Erop SRS RSB p A FOBEN 45 GR il HowRyE e subject with a
groupabf &fftal MIRNA! WheRGhe hpitUddta R%I’rbféfgs fontld BROGP Jore common
shares one or nore conmmdn characteristics that taken
charaefgastics rsharers oy dret pmekh getgiintthalgrowpt | bnas alternatiee embodiment,

assog{a?ﬁg tlflé ?ﬂrﬁu? %‘n%’ﬁh (r:()'é,’llg ) Clﬁcgrtre: Igatrrgrﬁééce{ %et% ﬁcgtgglﬁ%rait@ Ot gﬁng virtual

patléntﬁ. iwheréla b yirf@l paltbnt irod glougah@ef 8R€6SA0Ye $dInmon characteristics
ntify the subject with one or nore virtual patients

that é«ﬂ@nrt@%hﬁru caéfe@ﬁ atg therpirgial patientstip thbeeoun frave other virtual patlents
v I th

6 ST 8 b O MBS L I, 05 i

additiosal cdah |1regestsb1@ ®uUbjeatify e buljey r\mﬂp oné ofi mbtbalvntual patients and

atients when the ipput data. and additional .data
repcfe B PeROrLcE do SRR er I LOBRHHHH (1) dFoeiias Faputs Gom the one
or mpRéted t@lﬂbfaﬂ?th@aﬁ&fﬁ%halﬂﬁ%d Sﬁ'x? SsdoBialifei@'s gjgct with a group of virtual

Optionally, steps (ii11) ar e  repeat one
patiendy evhen rthe .inputgiata pnd)faddltllonaﬂadatp a;brrelates to athe ©oA snrsrhomf common

le virtu af | nt o conS| re t
charf B St e REH Biie T R PhiSnatfe et iffand Gv) are
repehiet A€ br BRAPTIMSES AN@e ¥f Vigtual patibhts 8An EHsiseOE a §ifigle virtual patient
generate a new virtual patient that better repreSents

or cqth gonifhjof anore thanaenst Yikalarabisnt. niarane lméenma:tm, fh@rmﬁbod further

L A i —

the subijext. ofmtdmet}@areﬁibbﬂﬂﬁexﬁeﬂﬁ thethbdl €inthek é(:oﬁijbﬁsésf (glmé@lvmg updated
an yi

eggated aSSOC|g§ed par.amet er sets; ng

user PRt GVt HBICoB) FsoRisHas (he atndated sgpe é@té dwﬁléroélﬁe@refmfe of the
i3 £ e A BB BRI 8 )
eacht hﬁtheh@neape mdre upflited aisgoci:a‘ted harambeter aptsubithe magleleto generate an

subj e al.,ternative preferr .
undgglosh PRRPRts Rbereth REgAIFd Fa of BuB FESENs Hhe pramptigficacy of
the ﬂziél’fabéiﬁic @gﬁﬁ&%? tH b @€ NBY B Atethdtivk %Eefél‘r‘écpé}ﬁﬁ&hm@m the method

i dentifyi ng one or nore comnmon characteristics t

furthes kegmprege f@r guiupingr evintyadt patients ghad upengrate rslmauar outcomes (h)

T ER IR e R
virtuah pﬁt&ﬂﬁ@ fnoﬁ{ alﬂ; S)tﬁeﬁ’ \hhﬁalqﬁaﬁénts%d @nadpopting the iABEtIPGf the one or

further conprises reporting to the user one or nore
morey; COFHBY jcharagteristigsy i) iheyiusch o sQpiianajly) heamethosl fwdhesneomprises

repof"c?1 ng'Btfe HERE oP&%fe%BEr[dsfiﬁ 'tegﬁ to }8&@{&?@&"%%15%& € theUne or more

€ I nvention provides”ne
cmnH@ﬁ@hMmMenays of a therapeutic reginmen |n a subj ect

I S B&Léggct%%i!ﬂf{qng g&ln%lge]{dg%&ﬁ{g s6f Pn%tpéggrtlgs effcgck‘gl)veness of
a th&%ﬁ@ﬁicafe'gﬁﬁeﬂ e o fdikct dBhH %h(é& iR rﬂ%ﬁl@ltph virR&1 Patlents (b)

virtual patients to |dent|fy subje one o
receiyiteclsgs sult datecibelit 2 endtjeqbafc) essosiatiigihe input data with one or more of

the virtual patients to identify the subject with one or more associated virtual patients; (e)

defining one or more experimental protocols that represent potential therapeutic regimens for
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defining one or nore experinental protocols that
represent potential therapeutic reginens forthe
waepeaddse (f) appl ying each of the one or norePCT/US2004/033130
experinmental protocols to the one or nore associ ated
the subjedi:ud) apEyingreash oDthgene anera expﬁdméntz{llmqmb(sls to{ gh)e one or more
ssoc iR B S R e e F s B aeR e orrelton anatyss
on thENef 8p %pr'u@s & {086 Yonc2ImbRY) HivRRIHLLSE b ﬂletrﬁfeuﬁ!i‘ %fﬁz,racy, and (h)
nore bi omarkers of "t herapeutic efficacy.
monitesipg¢he afe erotiervienarken opthevapdutic effisasiat us and deV| ces

t | t |
C%qc{jﬁqr %ngf%ﬂf i J?I}X)%r@éq%log V(@qs a%pﬁéf%%u?}%{/ @ﬁ;?s controlled by a
syste@P&InAEnd: Qapas0eiatvatial patielat @) @E%ﬁocﬁtﬁg%ﬁ%te&‘ﬁ bperable to

one or nore of the paraneter sets to identify t
associaih fnpet dafatdboghe suljeetorigh epe ph @10¥¢ of th pq@@mﬁf@hs@s tq identify the

subjegt \glél:f}drrlrégé]i an S o %@&%’l‘%{aﬁ%ﬁ% (tc ag ollthO% € g\f/H c{f}gfa]%le to apply one

or md@dekgdtiseritalgirbiotole b etohe bh mostibirmal pdtenddaridied withste subject
of outputs, wherein the set qf outputs J[orOJ ects an
S

to gewa@owtf% Ui, hsrer the ot of PP UPIOIREIS FHOWFOTR Fa& the subject

relatibd fb' tﬂg o1& L)r hoed 8B fﬁp@%&%@ I%?r@?éﬁtéd‘lﬁ){ {ﬁg?ﬁédel FRL virtual patient
virtual patient co one or nore

complises: 0F) @almaightodnencand oie) bwlggcansistemssend (ii) a parameter set

e A BT k0 e S SERL e Bon cone

systelt W || be appreci at ed by one of skill in the art that
t he enmbodi nents summari zed above may be used toget her
i At mtii/bs appratirted bywoe abskild i the agichalrthe embeitimentssuumarized

above, nbog c{t%ggt?lgr 1%1 gﬁg%lalga[}% dro(ngb ée%goggt? VS?ra ﬁdﬁlpgéleﬁfboﬁlments

not expt¥&ny tceited Aove BldRimtIESCEhEIdits a?é-lE)nElda:éBE&bE firt af the
bett er understandi ng of the nature and objects of sone

preseghigyelitifint s of the invention, reference should be nade
to the follow ng detail ed descri ption taken in
conjunction with the acconpanying draw ngs, in which:
II. FIBRIEE DESCRIKIEON oF fHadicdregyr am of an exenpl ary
enbodi nent of a clinical decision support system
adwe radbetgertumdetyeantdingestt the matifre Gnd 2bjgcty ofismmea ehibodiknents of the
di agram of one g(arrple of si nul ation [

del i ng .. .
invendighs WgicESnCR| deotads t901ks drileyng feiaisd diesqripiien taken in
conJﬁa@ﬂ&?@z‘itﬁ%ﬁ@écc@mgh&ﬂ@&&%n SY#-$ichF! G 4 shows an

cess for creating virtual patients and
arﬁﬁy 4i prgvndhea \blqctc whdgrpatof @entexemplaryd embodimebt ofmclkeea decision
illu S . afbowchart to identify one or

Fl G
Supp(?‘?%?@teﬁ?aﬂﬁ’fr “?1"9e fexperinental protocol. FIG 6

shaes zq)r&haé% silbaga@gi\aﬁf offorRIREMPEBIRIBuIRE ACRSEING software.
system suitabl e for
FIG. 3 shows a portion of a model designed to represent a biological system.

FIG. 4 shows an example of a process for creating virtual patients and analyzing the
virtual patients to identify biomarkers.

FIG. 5 illustrates a flow chart to identify one or more biomarkers using an
experimental protocol.

FIG. 6 shows a block diagram of a programmable processing system suitable for

implementing or performing the apparatus or methods of the invention.
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i npl enenting or perform ng the apparatus or nethods of
the invention.111. DETAI LEDDESCRI PTION A. Overvi ew The
WO pwéensd4ad enconpasses systens, nethods, and apEHDS1008£033130
for predicting and nonitoring an individual's response
II1. t oDaTANEDAPESARIETIONgI men. The invention incl udes
multiple virtual patients, an associating subsystem
Aper abl Ovepviewsoci ate the subject with one or nore of
the virtual patients, and a sinulation engi ne operable
toTh@ fhyentiog @icompase® xpeemsemictdlodpr aidappsatuo foh@raliding and
nore virtual patients identified with the subject
momtt%m@e’e R r pdwidpal'siregongg, o, herapsutic degigreny d Beravenign includes
r i
e b A RS, hLRERin cpaBic b ioQEAIEHhE Slect with onc
or ntohne oftthe¢ ysrtued p:ahemth;l midoglsnahlasylsteagmasmietableem ep;;ﬁytcmeaor more
arti dual. B. Definitions The term . :
expeRfisitel fralor® i dbf ou s TheeviHBRL PRIe SR BRAD Wit g gubiect to
geneEAETN debiof g)uﬂ)lﬁﬁt T‘st sei bf endits é’dn I%be@&ﬂt‘%ﬁ&aﬁbiﬁq éfﬁcacy, identify
descri be the dynam c behavior of a process and
biomghearsiburanonitoring. thevepduéiniefidacy nerdabsly reppd diee si@tus af the biological
k two or nore
sys‘[ec%gss%lr?pﬁesregf a?tpe%@cug |l%c§l’1é1§ nll n a mat hemati cal
rel ationship, but require the inclusion of at |east
one underlying biological mechanisn(s) connecting
B-hose vBefBBio®s. The term "biol ogi ¢ mechanisnt, as
used herein, refers to _an underlying mechani sm which

gi VBe termg @L@Mg@ﬁﬁﬁé@al asw%@élémaw%rsap @ceadel comprising a set of
diffeRinBhP ﬁaﬁ@ﬁhﬂgédsqg’ AR YribdGRE p‘?}rna&nefc OJeP 1b aosfeg gfbcess and its
processes such as, e g . % he binding o dr ug

charactaegpicar Mechatistidimglelsinglude thﬂablhlndéln@vlﬁdn@p&aﬂy link hEO or more
causlfs Fidied Sk rm e draf FOc@otip, DYFRAE e BRIsiErof at least
one ﬁnﬂ&ﬂgﬁg Blo 1521'1‘| ﬁw@ﬂdﬂﬁs@ﬁ{? nRctfRd ?sq: e

[ dl ar co stltuent as a no e or nol ecul ar
The teunﬁ‘h@lomc nchatiisny’, ag uged, herdin, refdretocn tmldelﬂuying ntclebaiisn which

or. degr adat i on; t nodi fi catj on of .a cell
sivetiseb ARRT R servale Piogessh BB beRRyRechn s Ay Sheorporate or be
base@ bM @ﬁsc\emg kb & 0.8, RlediRlifg bf & atusdbRGeccidd (mcmhﬁlgr 8k& the
sucgﬁghosphory ation or gl ycosyl ati on);

bmd]nng:@nst theeatplypin pE ¢ pubigiler ehyaeical 're:g:@ou,s@gj ﬁe@r@iymatlc reaction
(1n01{r1rc§£1§,re§ %.b%e%aﬁ%%PM SIIeaé:ho dcﬁxl: }tz;llﬁ‘ésﬁ &< rli[ g{%ﬁ%odm ofak cellular

ni ca processe eprese

constifucht; ahdhiys almcmolsle asmsle@nm pehp ek [aicivdiig, £.gQhe rate of such
hopeost asi_s to represent_di sease. The term

Syntheéﬁt?adieaiaéétw% fge gwdifiGaien pka P%lhﬁarp%oa%g@ti gk a§ then ot

[ has
Rl e e LR GG R S e
phospborwmgnmeglycnsyéatxdnb ralndalhe Ketting. Non-limting

,?ggl es Qf1 sukfcl i ni cgl ., glg%zglg%&{ nrc gsdt% ‘%‘E‘%’%blnﬁﬁtl%ﬁmdel that

inclu@l@@ Shaot ﬂloret sl%t@cl@ﬁ&ﬁ'p)‘&!e&e@fto fepresent the dynamics of healthy homeostasis

and perturbations from homeostasis, i.e., to represent disease.

The term “subclinical process” refers to a process that is not easily measurable in a

clinical setting, but that has downstream effects or consequences which typically can be

measured in a clinical setting. Non-limiting examples of subclinical processes include the
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appagiuses F"é‘?ﬁE’é ods g

particul ar chem cal reaction, e.g., an enzymatic
reaction (including, e.g., the rate of such a
WO e@shs@mg ; the synthesis or degradati on of a P€l/U81084/033130
constituent, such as a nolecule or nolecul ar conpl ex
bindfnigrodlauliinty, a eceptor (haudiag,e.f the bundingyonkest) sthecatalysis of a

pariESRE P Pt oot eV BRBE oy SeRGiith Y. the rate of sucha

reactﬂirt) CB8 ishithesMloi0degPadfibh 61 Dedliulelcfktigont, Ruéh as éﬁl%lercﬁfe%r

such ghospor ylation or glycosilation); and
molqculaé complex {imchnding, ¢ gadles matsdu]such a@thpg@@r Idegredatlonb gher s

risi ng. di fferenti

modffta Y EETlni PR Bl e Bhobah BB B cgpiigion a proten
(mclddhﬁg,aég tHeahte of éﬁch{ﬁﬁﬂpé‘r@laﬁbﬁl or gllytdstiation)Carcihb GiRs."

refersto altering_ a subject's diet, activity |level,

ex&he fegm “disgaseanodel,” @s gradcheprinefers togny @wel eareprisipgia set of

[ I ed

il LiBopl e e RHPR0 R B bAGT bcfEalnd

of Asnsed hewny, €lifisbil® ghangbs stgfrero hlteringt asgat’saliet, actlvity level,

real -life chan e in the enviro rrent and/ or therapy of
CRETASSITB] et § e@é@%ﬁﬁ‘é"@ %3?6%]:‘1 ot ocol s i ncl ude

exThs tish ‘YpLyROtRESbERML ' REhRR %‘éfén? r 398 S rﬁ‘&ﬁﬁcaﬁon applled to

treat nent regi nens, nere passage of tInE exposure
the medel ofinenst af morei blogicad r satced texeprised andak-hife k:haqge in the

env ORI T Rpiy b S st e EX ARG cxrmeRRLb R ol Bripe existing

or hypéthdsizadl tlib@ipe@ﬂé agert€ bRl trbAmeRIcemedhk AhnbRNas gethane exposure
subject in the systens, apparatuses and net ho

to enypraRmantal leywst ingisaseirxerpiselond fredflect " refers to the

aCh %Eeﬂ&ahcmef{gng gt_%ge;ggﬁfeég}g fa #‘?ﬁl Emvigﬁafgl{ah%ﬁrg@ %o a human.

t he consequehce erre

: Whereas uihbstemﬁ “sirtual phiiciy” aefereropRpidIBMARInSPITOh GAbjeONinOf@ systems,

or nore as ci a &% virtual patients. The term "subj ect
PTEEILAYERB] ce that a subject may
MekRe O8RS b ek o? redf %eéoﬁs%&? I'hh[ﬁ? gresent case
results o particular t peut| regl
the onbjquencepfafesedjedsisiinteinad efrdnln d¢hs wsubs tof sinlbtinggn &S@enmental
or.ability to chan e di et 0 undergo surgery, to
pmtoé’Q]e?lEP%eemyIHﬂr&/aS?OCf eq:%‘ﬁtﬁiﬂypa\%b?’ftﬁ a reconmrended
t reRd At “dudiciPhoferbhee™ ﬁ:féﬁ 16 @hy Whdlce GRAS 'sﬁlbj@&t may make that
refers to a biological cell or a portion thereéof
woulloppsitively ngp estesrprli saféict ctbfs | tgbults o res iatticakr sthierrpbutife regimen.

Exenﬁ@%)xglgérﬁlgfeglt ﬁllsé?é}glﬁc%g EI{S}%J eF%y'?ASulggcq ew1nls 11, n)%/sme g. ;{%hlgtt?lﬁ% rﬁ:@%nge diet, to

undesgeckue ey to2kéigisepandidnie cﬁﬁbl@aﬂiﬂes re(cemgwndédi freatment regimen.
suger oxi des, ATP, and citric acid); macronolecules and
R derar éﬂ%ﬂe&‘&ﬁ@&& | & %rﬁdop%rhwlea@alopelbar| % Poxfih thereof.

NonfiitP&RIr: m# of YeflBNP! dofitith g nch(]let AHORMS! SicrNHE A, RN,
gl exes, ysosomss asmc reticula,
protenmst) gb@n;ms)e;msa h;iopzrotdmsn sigacs) ﬁatﬂytwrchpénzijhm t}emmmnes and chemically

I t t". ref to.a rei a
reactb oP}?Z‘?CBgﬁ]a con I' s,lil{le)gromdes grl“f’ and c1 o a018{] macromolecules and

molecular complexes; cells and portions of cells, such as subcellular organelles (e.g.,

mitochondria, nuclei, Golgi complexes, lysosomes, endoplasmic reticula, and ribosomes);

and combinations thereof.
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bi ol ogi cal system can include, for exanple, an

i ndividual cell, a collection of cells such as a cell
W@05M8@46 an organ, a tissue, a nulti-cell ul arPOr/gszvnsm3130

such as an individual human patient, a subset of cells

of The femn i ‘bicdogieal onshityet? gerersofo a proiont afizohiobdgical system. A

gani sns uch of . human
biolofl bicfih st Pk RGO RR 3mSR i giasts poch as o
cell bulolrogas argdiy d €uend MuBLcdMr UstBaniéM ! suRK 2¥PAE indvidual human
mul ti-tissuye system such as the nervous system i mrmune
patiegt, st gwysehof egHei05- %/a%fencalilulgrygltgéwm%@pomlmn of multi-cellular

s GBS ALl Bl B SRS GER o oo A

biologédal sj/sﬂmsmmam&lwtmelnﬂe, fon exdhpla,- £ elulltitissueCsyBeinl $ueB Mk the nervous
or .a conbi nati on of them Exanpl es_of hi ol ogi cal '
systeg, {RPUnG SHEtem; pcgadie-viarpularavaiomy b btalpgical enpsifeant that is part of a
biol fom 8h! ol 9385 & Ll Q
ol RATRein <Ak 5\ RE9IEE b, SULHI YpfRUR o cotia
COHSimluanc Iammatra—eglluﬂmdoasutuémj @i a canfheti@sof thymo sixmples of biological

cons QBB S, A S ARG SIS SR s,
portiénd bf ‘éel@&'tﬂssue@r of Qrghnd! Bi¥eulaP BEbaGOTRI | e@)nlﬁﬂ&f,hondna nuclei,

them The term" function® with reference to
Golghjcomplgxeal Lysesnsmgsy wadeplashier wticwaaand nitesames; otrhenﬁcaillyereactwe

' j.C €0 nt th one nor e ddltl onal
ol ) S8 SR A LR B8 RSB R Sappimations o
themof a bi ol ogi cal system can interact according to sone

i ol ogi cal. nmechanismwi th one or nore additi onal

i thorRaiunclant pithapterense tq 4 biolpaitad gpresiituesy safermto an interaction
[ I [ [ b t t
of m?nlfigfbgic%? co ﬁﬁg xg%mg?%e\rmclglﬁreb%dﬂﬁ&la? %1018%@% &gnléﬁ&ﬂﬁts Each
biological wgnstﬂtlemtrmfh:arhmﬂngmaln systeno | o, infepdct exasiding, todsome biological

mecile R Giine O ShorE AN el Lot B gleciolagical system. A

blologf&:h?h&%hérﬁﬂnq; %ﬁ:hbbféhdégda‘f anﬁﬁ‘tﬂeﬂ d §&ats W}tﬁ NRBBRE can be

can include, for exanple, a synt Ic transformati on

knowgf op n@kbo‘anogsAcbiolcgm@t ineciemismi woo mmivcn ﬁnfr¢xampdie r & dtiological
hysi nt er ctlon of the. bi ol ogi.c con tituents,

Systelglnéll ﬁ’g‘ﬁ 6381 e ¢ *‘%rﬂe%ta%tch ST E nst FeTy&kaple, an

interdvtidh D ehe thid10IGHN doMsERBRIONAL ndthed QG 1ﬁéil|ud§Vi%f‘ kRam§IE, a synthetic
sone ot her mechanism |In sonme instances, an

transfogmation of ene Welogiral esmstitignicato the ather, rudirect pliysisabintsrassion of the
| Hil&ws | I g 0 | a
biolo i%gl kc):leiciﬂl'togl csél 8% c%ﬁél ulgnhe tloﬁ aﬁéot%% rbYolgg gﬂ ns?puents mediated
throughhinteirthediate driobticall b@dﬂtsg ror Q;bma qh@rduedhiagiind. ahe sorﬁe 1nstt)ances an
. | evel ,. or an activity of ane biol ogical constituent by
interagfigi gt oBe pialogin rﬁonﬁ%a% grithqnoghes can meidey foregample, a régulatory
modud&TsH &f R b"i‘@l%%l hlaéoﬁgtltﬁ%ﬁtl'b Birgl SQ&PQQ ars Rl Bn & sﬁﬁ{ﬁatlon of a
I nst ances i ol ogi cal ate refers 1o a conditi
prodwgmrate,t wlgvel othart ddividy of Dn@buoh)gufal eorstituenf b}bamnltltegl cal

Cesses. o) stem Each .bi
CREE SpRlodleal sl FafiR oy Biniian s our aLr it pplagicg! system.

In soﬁng éﬁ?ﬁﬁ&i%l@ﬁ)‘gﬁ@l stARGBRR BN WnliftioANSsdRlatéPHfh the occurrence of a
addi ti ona
set of biological processes of a biological system. Each biological process of a biological

system can interact according to some biological mechanism with one or more additional

biological processes of the biological system. As the biological processes change relative to
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bi ol ogi cal processes of the biological system As the
bi ol ogi cal processes change rel ative toeach other, a
whembosgfiseal state typically al so changes. A bi B¢ DUS84/033130
state typically depends on various biol ogi ca
eaclnmhd:raal ibsategibyl swdté Gipidailylatsgi ahajlgqsr gc bomscal Bﬂamtyp]k:alw ddpends on

Vam@)? gltcggmﬁ # bl O| 1?\398’%? il g}cg arggésg%%?ﬁ%% Wlth one another. A

101(5‘@&9 %ﬁ&é @411' 195‘1ut16‘ fﬁf 88iple,| A MAiontdral l’luftllléﬂt @r hormone concentration
intracel lular fluid, or cerebrospinal fluid or

n plosarep| igtersiitial o@ud,almtmcaﬂldsr fBsd cpmtcertbrispinal ﬂuld For example,

. . h | ycem a .a hypoi nsul i nem a .are charact.eri zed by .
ol BB HEE B, R R TR B G prq e eterized by
condifSReFtIbwed1¥od fpas end RAEblobA RssufiareBRectiPPS Gfese conditions can be
experinmental ly or can be |nherently present in a
impessl teixpenimentpily, Pogit e iehpsandiy pregsnbinos ﬂ?emcébaabmlwcaé system. As
anot é .J-:x% ng a B o%%?&acff t:ﬂ? %g%;gﬂlrrglﬁgﬁfé Qﬁ%hlf&jeé g? xamp)iérjl n&) cSudition in

whldhoﬂhé Iﬂetlﬂm 1Is rut Wk, Chedriiitioieln which $hd héirog 1§ﬁnﬁ§‘ah @Btion potential, a
otential, a condition i.n which the neuron is
con %%la’swhlgh 4hsqWroR ISdRieATIng @meuigirapsnpifieh op & crRingtion of them. As
exﬁﬁ ?Ul&%i@ﬁl SARINICa el 67 é) a%[aﬁt ﬁﬁ‘tnglfx an include a
et asma nutrients can I'n & a condition
cond11mon/\,in whwh ppersan awakdos feonf o rmoveright efasm,l agbd)ndimn Jus‘aaﬂ:er a meal,

cond 0 ust after a ne and .o be
and fggndtioR beliciny B, A7 At ek SR Bgle. Biksical gt o Thetmatic jont
can i’nBR&alB’Eighﬁidaﬁt éhtrtﬂ‘égédégi}sddﬁ@ﬁ aﬁ& ﬁﬁb r{;lﬁﬁﬁbf ﬁﬁrahﬁﬁea&% cells. ‘
de radati on and hyperpl asi a of ammat ory cel A
biplegival sttaie ecananchudelaum;&dm yéhigh rgfers towm ghnormal or

ham{fﬁit‘ n%hti) s(s)%cllatl::le? w@satbg{%ogﬁaggyg e&gistg%sgns aie {53%?18'%{64 %fsomated
w1th%1$db@bﬂhzﬁcbr\hahhﬂﬂBffé&tﬁﬂ'fafﬁiéea@d inhabiblogicabéyses. stoihe instances, a’
. disease in a biological system _ In sone instances,

discapuais dolraie o eqndition assacigisdavith dhe aseBtmse of awpet (ot biological
proc%ﬁg g? :ﬁgl?il{o%ﬁ 9 st@m&%g&{ g Sgetg @%%19413&8@6%?6% ﬁgy 4 role in an
abnqmnab es kansniful affeet ofcd disessean thb rbwldi@balmysihm[ mAudiseké etate can be

t bi ol I d t at
obseif heloE SERRTIECR Pl = BFEGuA RN, & B HErIIIg 7 G gath o 4 population

of nhﬂt%%élﬁllalaoﬂgﬁnﬁﬂns Celhilhfds o cﬁ&ﬁbes thte® Encﬁl(fé%ﬂhﬁﬁ)hé) BssBEiated with
[ti-cel ar organi sns. Exanp es of di sease states

asthmn,cdlamescoh@utw avghewsaoidmrtiditiai t h ast hma, di abet es,

I geéTn %_dllgé‘g‘gl‘g%ng_}mog dree?ér:s h(g ?li)i“g?{a%}%eqrgcﬁg} ofinferacions between

blol@ge@al @bnititt@naet h ORTofieiveeRndi B aﬁm&aistaﬁ@é@swbwsgi&ﬁ @bcess can
a biological system In sonme instances, bi ol 0

referpiooa esst of iolpgicaly constientst drgwnpren @@n@aaspé@in@ﬁ aﬁmlﬁglgal system
| h
togeflof g ROREORE oF SERL s Bl 2, BlodY ' SR ERL Biotogica
proceszsa$tdahumhﬁlﬁ Efblole&gtnpm Hiocheasce Sorc mledutalr ustehwiysl Biological
exanp bi.ochem cal or nol ecul ar pat hways. . Bi ol ogi cal
procs%%% s%% & 450 dngludg, det PYRlgcbathwaysdh aﬁﬂﬂcer Withith adnscqntagt with an
enviftfb¥nt WrtaDedl, Urgdd) 1RO At tht-&llﬁ drﬁs%‘ MEnfMesof biological
cell, organ, tiSsue, or mu tl-ce or gani sm
prOCEssanOélgieoblobhemhlo@l mihwpysomewh&h moﬂctuleheam wokemnilewh to provide

celhﬂar envélla \A blicpch\é{n”icali] pat 'w%%* lll’? ?Nh?crhemkc)){ecﬁes ageol%lttu% o Ig)r\cl)lv%g cellular

structure or energy stores, biochemical pathways in which proteins or nucleic acids are

10
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cel lul ar energy, biochenm cal pathways in which
nol ecul es are built up to provide cellular structure
WwW@eoosnwgy stores, biochem cal pathways in whi BET/US2004/033130
proteins or nucleic acids are 10synt hesi zed or
synthgsized aireastivated, kind chiechienztal ppathwayss i rwhiblh givoteirotoeimucleic acid

prec o ARt ShFndil B SRR DR Ea AR S mE R £y inctude,
for ERaAHPN, CenARTed TR nth&YN iieirh&didts, egqvaﬁlﬁetsﬁl%cur%i@,?ltah@t fBtermediate
|

precursors, and internmedi ate speci es. ol ogi ca
specigs.ocesses can al so include, for exanple, signaling and

copt rol. pat hways. Bi ol ogi.cal constituents,.of such

ot et PRt cay o3RRS 45 Hnale s iR, eBY ferol patways.
Bioldgi @il donfgiutits @FWues pathwisk | indlad)r o &xBmpRAfringdr) a0r! M€rmediate
. 1n signaling or control cascades that usually
signakingraeleelpy as tedlsas patcHwaRasticipgingsingsigndling Qraeanimal sascades that

i ngli ; ' ' cu t n S

vl TR0 AL OBAN A Ao, BubG89P 99 "r o s
molesulg e b reugptod lcee diraslydnflu@ra thewhare bf intérpiediaensigndling molecules

degr.ee of phasphoryl ation (qr other npdification) of .
and gy iy PRYe %Fnéff%e o @}0§ﬁm1ﬁ@9rhﬁ%@meésme@ﬁcatwn) of
pathw 4 [HaBRS. aiddfhd 108Ssidaling! hbleatieP 3k ﬁhgﬁ?]rp%z ad‘tﬂf'it%es aof cellular

exanpl e, affecting the transcriptiona ehavi or o
protegis| by, fohesempls, affectingpthe tteinssrifronalbbehamior ngfor telht These cellular

effectors of cellular events.initiated b i gnal . ‘
protefin FF P drmeget BRRR T RULE e amiied Tha PeifingControl
pathvedy@, OEchULY B36€ cOiitrdiRhd tHeY G akhaé@rERtRoStd kiltd sBfre some
. .W.th slgnal ing pathways. Here, nultiple and often
similayifdesi Wish stgnpling patbwayt sHaree mutipleraafl |oftes swegaingagellular events are

it e ck- chi n_out.c )

erphhE e SRACK A L ARACIY G G et .
exampégreefjativision Wiits cliremossiat segrpsticiat iMTis iténgoral coordination is a

conseqéfgfe of .the functioning of control pathmeys,
CONSRREREF o Ereofpeiipniig pheRrad paftAYsl Which) aie éles metdiated by mutual
: € ea er.; e 0 {5 [ S
B 59000,k BLChiE Lo e TRABLARY B livaion .
phosplatriatigr). cQther wohtud @athondysays indiate pahwswethat can seek to maintain

oS TR il A i

C aBiolsyidil §irdEdstdsCadn bBOKIeRr @@ ChbEBlerarbilic®, or a combination of
conmbi nati on of hierarchical and non-hierarchical. A

hieratghinehragdi sen-hisraelded. | A dnerarchioahipsdeess db oaiecd which biological
[ t i nt hi . pf. .
contB3 AR i U] SAPRERY B8t BN cens

belongingato i attiRtular ésel cammtératiewas thivbgibalodoak@@ikbsa belonging to other
constituents belonging_ to other levels. A hierarchical .
lcevel§Jr Hdusrar PEOCESp ggpq:r@]ly] Sfiggates @mrbblglqgéqaé gonstituents belonging to
e . . . . .
e IEROE KLU BB AROAEN 16 A0 LRIRSUUENSIony rgen i 0
procespnsini intemtt iwith heotheodeslegicah condtinact that tib funhthepstream or
ent th i.,s further upstre

bj ol ogi,cal const.i.t or
downglsEarar Al MR RGHCAl PERCSICHIEIEs G SR fopdhack daonsnd feedback
loop ¥ a"BI6RIBPHRREY 1eR2PT aAub&e Wakklogical constituents of the biological

process, where each biological constituent of the feedback loop can interact with other

biological constituents of the feedback loop.
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| oop in a biological process refers to a subset of
bi ol ogi cal constituents of the biological process,
wob@ses@ach bi ol ogi cal constituent of the feedPerkS1000683130
can interact with other biological constituents of the
f eddsdenn [‘dug” rqfwﬁe atC@rrmowi afany d¢gseesof @n@l@atyp‘dlamhn affect a

biolgélc?gb}’e}tg,g\?ﬁe% erQof (ﬁ)eﬂlrlﬁ% &E;ﬁ%%ﬁglga}ﬁ%% &l s and whether or not

usedd ﬂcdm;guﬁ@dllyne@h aDins rﬁ&staﬂd’cbd mﬁ‘tﬁhﬁl %Bcel@sf ite Bffed®EBly interacting with a
t herapeuti cal | In sone_instances drug exerts its
biolegiga] Gogstgyentnwhichcen bg Taferid 4o B éltb@“ﬁllﬁ‘élﬂc yaetofithedrug. A drug

Q
o MBS RS S oy SOPSORR bl Fhing ce” o
an “agmlis:’lﬁenzhlleca dmggﬁt ndahltsba‘:‘ﬁmeﬁ@{ bﬁait}iefapaﬁtlcﬂtﬁrget can be referred to as
«.act.ivating drug! or an [ \Malleadrugthat
an ?rﬁﬂl?lﬁpgél FATARY | BHPERISY” t §%%"u?ﬁ% Fugr G8t beca fowgquence of, for
exathfleS8fuginéBadd cﬁﬁh%eb AR ltate"‘(gf HidiBrip tﬁfnb&ndegradatlon of one or more
ant agoni st . fect of a drug can be aconsequence
specgss, Of &N Ax dmgtedidted gehanghisaine thec bk ge sexitent tdfetraalationdl or post-
iption or degradatign of. one or ci es.
RIAEpiFRisl & oty B AR GerctTaebiEY Aniemaifi e rin the rate or

exteh 8N at@hd0al ofddneP@iSinbfpoleiid, Qﬁﬁ’é—nﬁﬂﬁﬁ‘e@%hiwlcﬁf 019 S¥mulation of
or nore, pol ypepti des, drug-nedlated changes in

actiqna@reacivity of Ofe opate graieins.iad seffodhe Espmptes of pirlagsendgde typical

smaﬁ‘ rrﬂgl'e&ﬁgé ;fel%séa% gf tthé}g%e%lg :ﬁlkegégt aﬁ%&rallgfoggﬁr#ngnfactors such as

endcﬁmmpﬂ)z&scrﬁfe dr ugciine facters toy [factads inroRdctingOVi€IE UbI@ Sed@ptors of any
searﬁh]éor t her ap utic interest; naturally-occurring

tYPef draseluley, fpctass %}w ot elemenisaph dntracsllulay sighpling ipathways; factors
isolat &L irOfSotREr ﬂa@tﬁﬁp%%rdegi fl&ﬁéél %emlﬁﬁ £6hd i s@&ftﬁ’&éﬁr ﬁ?rﬁés can also

any type; intracellular factdrs sUch” as el erment s
includet farcediampleragsitgmatd iygpst thempy ;likkaaNAr sdi RNAat édso, antibodies,

iR eSSBS e con e

consledt & Uagdl For Genm ifpcamdhs! i KRN 1ﬁ(§19dé:§1\|éom§5s°iﬁon including a
anti bodi es, viruses, bacteria, and bi oactive agent

set ofs s 06 @ coyPpsitiewinchdingh et pfidaigs erd gset of exdipishtscan be
consi dered as drugs. For certain applications, a drug
can include a conposition including a set of drugs or
G. cOlindil DieoionSilppdrngysteriet of drugs and a set of
excipients. C. Cinical Decision Support System An

as pacispedt of fiee inRgiin HOvIdEON netRR1-BasdB deouRBIBA can aid researchers
resource that can ai researchers and clinicians

and GHRICH d@ficbVlld?rﬁP dwrw(ﬂrhwn%&!eﬁlﬁl Ahpilicetaensop thet invhetion can
improP¥ %HM %ﬁ‘l‘i‘ b'yng%m%f g@%t el Bas@%o SERY! &ﬁcgﬁ" n, research, and
kno egge cat nd™

ase’to Se ve e research,
patiepatire somoaméitiesdonttért urrelsrstand hmrtaﬁrphyﬁldblgy tafd @afh@ﬁﬁﬁlolo gy. The

hysi ol o and at ho ' oI 0 The system can be used
syst % %Ied%%% ?ﬁ:ér y yg%&hggs ﬁ]ll}rfqeg $> ciggostics, medical
dev16€sa%@§6m&§atlé}ﬁ>ddﬁﬁé f&i‘@%&ﬁ% $n t&nf%nﬁ%ft%h éu‘?l'aspaeﬁa&feg ?aégeted at
foregomg inthe formo erapeuti c packages ‘tar
reverging andequsingn varibty of disgasas imimdetiguad fpaterse adesddition, the invention
can lgéqgée\él nq l%f?avelggftngecﬂe%ensesl, ?oraedx%lmtplle to u}utfeers’tlarrl1 e%lVlgual patient response
to environmental conditions including pesticides, pollution, and chemical or biological

weapons.
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can be used in devel opi ng defenses, for exanple, to
under st and i ndi vi dual patient response to
wepnsosament al condi tions including pestici despCT/US2004/033130
pol | ution, and chem cal or biological weapons. 12FI G
1 iHGust ﬂléms@gtasnenegpmyt off thehiaventicantwisinh proivichs a system 100

o BT LA TGEOTEI T s LNLGeb e

assodiperiapliadatDaisif QCdudjeet Wihldneditor@dithe @aﬁﬁ@t&%ts%tﬁentlfy the
one or nore of the paraneter sets to identify the

subjegt; Byl enaPt maspetdhe il pptienis () psirplagen iceging;130cgperable to
applﬁél )?%ée WPP@% %e‘?ﬂ%‘ i gﬂ'&gcf'o??fohtﬂg Ioﬁe Bgrrn%?%lrf%tu\glf]}?att%aafsngenenﬁed with

the snhybct&ﬁ l‘gSnerﬁierMslef oeslitpits,wiidiéin shiieeof odtPuty BR{EA &1 Sutdéthe for the
puts, wherein the set of outputs projects an

S“beES’uf“g%IH@ tp 8%6 T InPeuglogie] sy oS fe@r%Sﬁ@teé ¥ thyy magele Each virtual
e h
puic] ARG (7ASREAD SSALTER RS, PR, g
reprelsemtingp maglemchvldusl and (i |) a par amet er set
a si

| bl Sa e B Bt i et of virta patents tha

repraBéitl SNEfpehal varRAES $€ Btpcﬁﬁlaﬁ&ﬁ’eqyﬁﬁnl‘!@'iﬁ %n&ﬁ)ula‘ﬂloﬁ is typically of
popul ation. Variance in a population is typically of

interesh tvdteassuchiveniaseectesyldy inadi renémﬁpo@er: to thiekdpseseisince a goal of the

il B SE el A SRS, B 895 Ghobl. LBV of ue

1nve1EiﬁiD¢iinl¥&Btfﬂe atlettién bNYRNDLE Adre Riftubl Patieds HE Iaes@bje@namf also fine-
or pore virtual patients for a subject and al so

tuning; fheg NIt PRBRES Prpad an ﬂpﬁaﬁ%@ﬁ@ W§eéas-orf of frxanple, if there are
S EEL @ EASEIAL AR TGRS, b L BEEAR £OH%e e

can ﬁ)ts cm%comtlfedﬂy\/ltds hll]aw95)r kgomuicpmte mtilltsbe The asdindd created virtual
. on-the-fl |l ow for nore accurate results. The

patleﬂﬂ%"g’e@r‘%‘%’ﬂ@fa ¥ Fltﬁdaarte UHRERE SEiMbe aut omatical |y '

valy gd ffbIESERGHSR ethé%%t@tﬁ‘ cahbpBRge bR E%&?&Tﬁ@trbﬁmf‘e iB&viduals,

systenlcan operate y aSSOCIatIn real
Le., pwhjpsts,dwithsyirfuak patienthjandt then wepdrtmg rwhed | thempiee verkahest when

im0y Rt RS ML P SR AL e,

such fa @@odtofBEING8E, t6 Fidgttasids@RRIch d%é@ﬂ%s AfaySbedeR it Bf an individual. In
nurse, to fjrst assess which di seases may be rel evant

some gRsesa the T WPl iaIsutfiiens imzeselue the coppexiy@f thenpgwal patient pool to
f N t
iden > tc{neef]o'tr %‘é}%rg ltvﬁiufa? ibg e&? {h'%l? g[mlﬂ?/)r%vér%se%ft tl‘i s%lby g t ﬂghgh is not the
case,ithatioctdes| uqiuﬁ gamteepmusedemprdvhﬁ alibjtat harrd\f/mguiﬂ‘nhd Shafditteristics of
t he case, Ee doct uts can be used to provide

an oA VThRISN 5T SRATHE BreRE: Srd Jehess JRdtvaisht can be a
key ﬁﬁﬂtr PRELRLE tHEsE titgﬁits RAL ‘sfsﬂstm ﬁgfheﬁ Minfne WhicRRER! needed to

and di abet es, wel ght can ey I nput. Base
furthetheategdrineuths subj¢et sheenestarcan hmiudtetfer gxareplehn d-hsmoglobln Alc
ed to further, cate |ze

« b
ORISR EaSraSElnd, @ o> ROpSESEIRR B il PhBH o & Foreed

Expiratory Volume in 1 Second (“FEV1”) test for an asthmatic subject. The tests to be run

can be identified using a pre-completed decision tree or by running the simulation engine

with a subset of the entire pool of virtual patients.
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("HbAI c") measurenent and a gl ucose tol erance test for

a di abetic subject or a Forced Expiratory Volune in 1
w@emonsb4fs FEVI ") test for an asthmatic subj ect PCT82004/033130

tests to be run can be identified usin

pr€preonistieg vitudbpatsintsreare peed, tﬂcomgnmdcd]&wgapids gan be pre-computed,

thus, §f Phegdy iy REm BSithhs Bple QPSR ORRrFr hEvRER ¢Blapies ana
combafatiods ef th&e?@é%%ﬁﬁ%ﬁmhﬁ%daﬂbl R¥ect aRedvininéiflcd ARAaEEdr a subject.

thus, in ef allowing a | ookup of a table of
In addision] biomagkereanaiysie, can i w%%ncaﬂh erefpmead eig newly created virtual

patler%cc glg ?‘#&‘%ggrts tié gl%r Qﬁtﬁf’ed(:@a%j e %15‘65 md)' %&Fﬂﬁt fglﬁ’a%go%?attloﬁ of the

or a su
virtuddi putenk e/ithan %hklﬁ:bts ot & vhkdaae! tthdted I.rémltﬂn;(ermled ftheramd iowosking as
newy created virtual patient, and bi omarkers that are
expeqiefbnt i fi ed can be used to confirmthe association of
U RGrotnalibitec egﬁr%% ﬁﬂﬁn%'/“a Eﬁbj@ct%%f@ o(fbsERIaHéHé Rlsardni@ls, drugs

a reconmen erapy I s working as expecte
that a subjecini fakingy ddécrscprelierannes, @hmduple’s t_p‘r(sposedstreat(nentg and so forth)

obser vat i Q neasyrenents, dra
can Heoapphty e 1B SETCR. Ranar St ST ol eheStegh Giigbally can then
recontn‘h&?& BBt of dAcho3Qe tRtst B} tifeAMmbRRt tdHAkE. INEKD réddfs of the set of tests
i ni cal deciSion support system The syst em
canbgptpuamgpiﬂye gyatent.hen reconmend a set of diagnostic
ﬁtsgﬁeqésté,@c%%stﬁb s érﬂ:ggl} gls ?%:e{\%)é{lsg:oré az %f{)%%ar?rlgn aggut a subject,

such iaB Sfequlest ptdveoBy®bie mwmeﬁiaﬁsnsf 6ol e Birfi¢ ©f i £ dlfferent medical
information about a subject, such _as results

of
practisiorgs obs frfermaation cgp el vismanyad ety o1 Balifet Bistogy, extraction of
1nfong'a{1(§r? FGRT a Bl tfiRic PleBih] 1%&(9??51‘ stc-ﬁ}ﬁ%ec' ot}ﬁff&ﬁrﬁﬁbﬁ #dnfFdvious uses
ein Vi a manual entr pati ent hi'st
of th@xysmnt frdm; Inﬁtonodlonfmham dandra aed ¢d Eoatheo deterrmmel theadondition of
ecor St, ora of mformauonfrggfcf)rewous u

the sifedt e s GREAL THPERHICE: GRINERIc2p ReaIHALS B a g grevious
assoc?]'ﬁloiluéf ﬁﬁr sfbfdce WD @nk N Iﬁefédbﬁ!ugﬂ p%erftg‘ € S dﬁk@ pleferdi®s (e.g.,

I storical |nfornat|on furth er, can be use
whetlnayrthe¢ subjent is/willidgoe alpiﬁewfqilmv agauiciar Fegimet) cahde another input to

bject wth one or re virtual patients. Subject
help %#%EP%ﬁ&eéaQe&EaaPP% her the subject is willing or
abB el @nfthé t@wltdoPaietseCoif REts,/ B8 R &‘s%[hdiﬁsu@ﬁ@ﬂt BfAftem can then
i nput to help determ ne a therapeut| c.approac Based

provige to He dpeterfat dlagiosish@ pregnests farsthe subjpst @pd Ahe gubject’s projected
ISl t pr to
respo E& t8 oéé) Ir‘vsﬁl*égp %?‘Oté%%@l%@t”}é(‘%%ﬂ?#; %‘g‘ﬂrbj gﬁ{)rga?ll){ 4 ﬁmﬂ{%ﬁ&&{on’s‘ on an
appr@mhteembrapemrwa@maeﬂ forethpaulsiect] such a¢afor (Bkgmpié ddndaistretidén of one
regi.mens and gﬁonal I recomnd@al ons

or mapsp B{EF 2t BoR ey R RAoRBD FEREHMTRIORe. Al oMUl of fbp system
profefibiy [ DbulfXAHRIC o ;i}?éi% gt | ARY Obr QRS MerafBiR dpptésch.  Cost

change reconmendat | ons.
effectuenesy caf be bxhirssﬁsd bmeﬂroafaecmmblyamﬁbfﬁemrmda:osts For example,

the S%%gt{la&e tﬂte |1r(1:ve%{1gr|1 ey fu%crad E[oh Sretdpc e cealéglla(r:ld B8 ?har%lrl]gh a formulary

supporting the subject’s healthcare provider.

The clinical decision support system of the invention can allow a user to explore and
experiment with a computer model of a disease. The user is able to understand what

physiology is included in the computer model, what patient types are represented, and what
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ef fecti veness can be addressed based on a conbi nation
of efficacy and costs. For exanple, the system of the
WO pwsensddad can be used to predict efficacy andPCDESR04/033130
through a fornul ary supporting the subject's
therdpaed i beesiprudatédier TheTheerctdm iryaVarbes i themepies ugpdolifestyle changes
system.of the j.nventj. C al l ow,a pyser to exp]ore ..
sepaly a8 epmBinatia £ Aesilee o aleis eatrtpriiieBihsing of how
diffd#&fRsubjectd Phighitrespender st and what physi ol ogy is included
in the conputer nodel, what patient types are
r ephesleicle@f detail whperted it e apseesa ayarpedependingt ewl. the level of
e _user.gan try various.therapi es. and |i.f | e
soptl oS br BREE NP FOI F nt AR ERR Popebify R oy members of
the publiesit @haysbdeatbletto dhde @Righadierd tofabigtioh oRaYp of a computer

dj fferent. SUbi ects mght respond. The |l evel of detail )
modele poFltia chigheralevigle pf chipirastipy Gapey. nipr orkartite, | majer mypsiological
3900 S e O e RS LB AR B o
comptitermaydet —dgtsleasthiod Wwithout cheldieeraciplighisr déodding tefview the detailed

abstraction on top of. a cqonputer del . This_higher )
cloniEgiye [V in PSP ORI oSD d17rog} PiemfShis bizhgf Byel of abstraction

: . ) ; hA i g o
o PRAASO QRGBS A O SRR B pysoogca
charggiemsiicer butoibetl not anclideasdrtamo paminetrousettings usséto create that virtual

.expl j,citl eci dj o view the detailed.e|lenments. :
patihf B . cobale R Enls T i et i iR Bl bl of abstracion
can 8&HcEbE imGALthel thMapy @beshftiead hbOicidd cBitaN ipdfintetric settings used to

description of the virtual patient's phenotype and

simulgta dhat hegepypRyhe enmapfiteranodsla Aeibedtiof plipyts df e gpserpterapodel that

o . ) . . ¢
L R e Rk
r epr aiphat levgl af dtvemagon cihbs ilpghentedersed stafid-alone system or as a
abstraction g%g@Pescri?e what the therapy. does_ but

layer @ tpmRfta MAEq drdadledapeds! of g diolpmislisystems ichs afdwaiol gb® system.
Thisgifiﬁlélr Aol Bf]ﬁ%strtﬁﬁﬁfna&}i allBwt e{‘l?se{:f?)rﬁ%'ﬂ%% MO Yetailf W% regarding

out puts o e conmputer nodel” that 1s partic
the pleiselegitalf @r paalpieict detaitsdifddesiret. s Foarexbaplendeseareh dilinicians may

accessi ble. A higher |evel. o bstraction can be . .
wPIFFig Che LD 48 ST Bra e HFeiel SFERLth G AemBuien Jilely Simulation
outph@Pfof vaBotDpRsét otitifion® @€ lvirfifal PatddiRl Q8 GRhuIKYS ttlge:ﬁpies can be

such as a gsioLab(r) system This higher |evel
preceipuied engl oan bareadily presented & the aisgre rQtbemsamlyiatipas ginl eeicomputed

as n%@?%?‘ﬁ@?@%@é%g?&g%p Dysi ol ogi cal or paranetric

éxanpl e, research clinicians

maThappstemniofttie inventddd tdnt be 1@d dydoei®s tdmaffieanédichl patients and
el ements of a conputer nmodel ., Sinulation outputs for .
to defgnige, §Vsb&F HSEAPIGSHH iRROPE AL T thyimedieal ngtientends thqgnderstanding
' ' 4 ad car
of LB, EISERPHERRANP A SRS SRRUSBRA s e o
subjét’ scomerypg ey sivdegiets betttr stnderstboflor Afsuf armeed ekstsetocensure that

avaiﬁgﬁacgﬁgs:%g}rgcgp tsge}ét%cgmlggpigﬁ%l l(a:aasgd 81? a%.satetgr lPr%aepsga%Eiﬁlrgsoftﬂ?at subject.
For example, the subject’s preferences for a therapy (e.g., willingness or ability of the
subject to change diet, to undergo surgery, to exercise, and/or to comply with a
recommended treatment regimen) may affect whether a doctor should recommend the

therapy.
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to determ ne what therapies are appropriate for the
nmedi cal patients. As the understandi ng of di seases
WO pgso%ads and t herapi es get nore specialized, BCHESH04/033130
exists to ensure that a subject's underlying
pliizi ioVagipnican the tused touradier stanagt. subjests, ovar tismed &xhbjw’s medical

0 epsure that.avail abl e dru e  nor ecifically. .
record Gt P BIBREEEIR 78 “BOEEH NNORPEIGHA HUP S RRge e sibject over
time. SFBf %ﬁmplgoff th& @ﬁﬂ}le& vidifea AVRbEGH MaRERf @heRCARS ﬁsﬁ{g the virtual

therapy (e.g., wllingness or ablllty of the subject
patientdo ohtanye didgeosis. t ResulslBrgosuch aulysjs candestetediand re- computed over

time RRShSryeic SRR K dotule: TR TR0 6 BeRHITE veli@e TElimprove

simulaiéf BRictibad N d Q@ BneY iLeHteRRd URE desuits bal b&TsdIBD Fither study
subj ects over tinme. A subject's nmedi cal record can be

the subliea trcdeteming ifhera éspeqmaplecgtion in thasubjeatiscenditionr fodgtermine if

the SH@E&%I{&%I& Bg a§§6%iagecdt w?t}’lea{ g%f‘féaif%ntl \E %ale ihic gr rah{lllf%:%t cluster of

Vlrtuetl Ip@.twntst Al tha atibjedits ddﬁdﬁi@hampr@fed loagmﬁns ovEetitk] the Sub_]ect can
m such anal ysis can be stored and. re- conputed over

be asw%@ée%yl@lr@ffg%} wenak pajieats sthihassageliosy overtins enpeegme part of

th af 8 J ﬁé&t@i’

o SORRIRERH rhqtpd 3hd AR AN o A IARE Endr T Rh R disnse progression

in ther:sa.rbjdne Usadilition, this béseriation dyerttinge &lldyyseibbrapp refminenendagons to be
ication in the subject's condition

adjuslgid &SSP cERoR FEPrOTE) BRIl o bo assoal at 6d

WItHe fvehfidieaRBlcad! Be bdd RmoRildr Qibjéétdltd 16YkeRr changes in their
cluster of virtual patients. As the subject's

condigigndiuch @p fonprasyde in eritied] saresngs. eIAIQOb this applisatiorbgaadee used with
dev1c%.?an<?sen§or§%' +3 lgvg s% gcts 90 ‘Eé Sm% ol s1dae of B3 lfs&?arl] i clinic. These

I'S aSSOCIa |on ov I nme can econe part o

. devices$l Bh® 6énsorsnEsah lseahseﬂes Qécd)r@rdldtaCf@fl aﬁil!ysisy tb @rovidbefgug for a closed-

under st andi ng of di sease progression in the subject.
loop penize)RyEiesh (€& nifer &% SBBIRPUBT)o¥efo POREORIeoIRSUTRRES adverse

eventrs e% g%‘%ﬂ:@ﬁ:teé Q0B senorl Barft mgitﬂ&tlﬁﬁgn? 15111:51’[&1&‘1?%1@%‘?1&& & %perate based

tion I nproves or rsens e | nven
on 1nﬁmmaﬁad thamsrmputtaoasorémg jtesdse ptdoobk for changes in

their condition, s a exanpl e, i.n criti
gﬁ@ At CW@B" #&Flgnaiﬁﬁl’ﬁ’é‘é'ﬁsdﬁ cenechign ety ‘ﬁaﬁcﬁ monitoring.
For S@Mip%eSwhdd nkaieahs bh @Hvéﬂé @Wexﬁs“ bhe CsS@tefno cz?ﬂe provide information
nDnltored outside of a hospital or clinic. These

regardiogi aduersa gticye ns@ idengfientivn afsddmarkersetbat ate dratly ifidieators of those

ana i St e .i nput, for osed cont rql o
advergg SY%‘&(? (Qua % Bi oar 11 1y tﬁ) ﬁtgrﬁﬂl?tﬁ ptﬁ%(f Tange o# €0 Tilﬁ)I{S g nd t]i;]e ability to
studya8é uhd&hEes pﬁysa&wg:y, $8e BivaNRfkers JesEmERVIpeeiicad the adverse events.

sensors can_ gather information automatically or can

Also,opemiprng ofe advsrse SYSHHeR dif Pﬁﬁ?mi@dl topat spestlsr giliept through
identffﬁaﬁ(gx{TFf ?.rv?ltt&aq %latlen-[rb? aséiﬁstt%tcﬁﬁu @fgt@%géotc%a?éwith the subject.
capabi I'I su or 1 ng.

Ies 1 n connectron wt nmoni
Specifior mexaciihg pavsinestersreipptopriatey fdr othat d)teras @atuenods cluktee of virtual

syst e§n c%g“prow de.information regardi ng adverse
Patle%t\?é?ﬂ e u3rd TPHRRPIteTRENE SPPIBRH: bi ormrkers that are early

| N945EHsNA sBhsobd @R s0 serve to identify a virtual patient that is associated with
a specific subject. For example, a monitoring device can be used as part of a set of tests
recommended by the system described above. Devices and sensors can also be used to

validate a virtual patient association and a recommended therapy.
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adverse events. Due to the ability to sinulate a broad
range of conditions and the ability to study the
wapassossg physi ol ogy, the biomarkers can be P@I/ES2004/033130

specific to the adverse events. Also, nonitoring of
adireadsitian ¢ind S1vestivnean caUeWmlnszédepocoatrsb@steliﬁsdo dabpeetdesigned
hro entificati n of .a virtual tjent or a

basefl Yoy wreqying B stsononf Subiectse: SoBRolphpidiud and monitoring

parafiéRi€Chn 5P REktbhG-AO N ts?édlﬁ@ SABfeBiRELAES @pmm' FHtRnts that are
for that virtual patient or cluster of virtual

aSSOgatGd@nﬂls’thgmwctﬁsed for monitoring the subject.

sensors cgl ve to identi
v GRS FPRCR T Gel G PG e Sbsioh Rpeen 2 primary
doct&xU RAE Gl spebRMise X MY alticudar MES taBplidagiotl &h CAlosA B Brikis B doctor to
as part of a set of tests recommended by the system
comppagieateEtih Ao sreciabel amdemormernsepacsA Preciiionsrs dhiga gy Shegsystem of
] id e ient i a1 d
the a3 "Gboflebibt Benhit' 68 JoBRE R6n Fhd YhcBR, By be i a clinica
setting oo\ al tolarbdi o emartinhit. S)Fst emnple the dlﬁtdr@md the spemahst can
esi ned based on t he undeH

ng .physi o
join HP"e éSs systeght ¢folh ep‘Q?’%ﬂ’Pé’Petlos eisRdhi ﬁ% {D%g d° ﬁaqaéﬁe%t@}%t This
colla%@fhtlkaﬁ cﬁﬁ' SLQFiA %‘%oﬁfér&f&@ GHekCthey Qfee&késs}ﬁ%%ﬁg sﬁgbm together. Also,

virtual patients that are associated wt
this selbberation chn oaduti thiamgh shdtrm@mﬁlrmatlom badleangsfodthttbrough the system

facilitate comrunication ri doct or. and
or g ol LB s Bl (s UERcIoR L ae ThaiD.  The
spec@lisO¥arf | Hﬁe-@lﬁﬂd@rvht&’él Giaentt &s&&ﬁmﬁnleﬁﬁéﬁh&%dgh thhiual interaction or
specialjst and nore eéﬁerl enced practitioners through

throygleinpydingringthen ¢ada ithpas aflows rﬁhe DR peroTeh agseeipbeh aythmatically.
In eaq:ﬂ tf?l{esg @g eg ri?a §rp eg ELﬁ) éc‘?”ts rélse au'oE 1r§th%l ggl[l ﬁ%aa{ndﬁﬁt{/ﬂlgqge system

nv ronnen

acce@kﬁblbolfy hBﬂtHchﬁ: §M@ss®|nalstalmn tl;leolslﬂijécy tdslecélhe aSiete fersonalized
of the invention to determ ne how best to treat a
treatgign} @iedn ongenag Baig abor ati on can occur in a conference

}’mh;ﬁ{seaggﬁﬁ%bﬁf GsBCRCERibd LI h%%f‘ﬁ{oag éﬁg&fs}%g}r Pﬁe‘é pré%ler?tomventlon has

oration can occur t
applicafionsnatressarchaok deneopmoenthcliticad dgta mzmagst;amtenﬁrﬂcal trial design and
t hr ough ot her el ectroni cormunld;atl ons

. g., throu
manp g TSy | QAR i GOBPREIL A Pty (dfheny ADMET

(abséﬁ‘p’hbh' allispdtRAl ASINsAL | SRretBh! ARl bRIRYY fhna%@aland biomarker
i nteraction or through inputting further data t

identificasion. t he syst em t o perform association

aut.onmat i ca ch of these case .
SuEPE BBl e ARYPRBF s OTRE € PRARme LT Vol oty and their
simfimed ﬁ!!g@i‘séﬁt‘(ﬁa bin@et?}éf fh%ﬂwJpIdQC Thiy dﬁtibﬁm&ﬂa{x&eﬁafdh\éts to perform
the s ect to receive nore personalized treatnent
morg kletaHed @g@iYﬁ@G Basméerstmi hawi 2ispacifip rggldife pagientym@y respond to a

specﬁﬂ,d tl{éﬁ’%& t @or Siﬁ§t£ﬁcrég Ihis tdl't:abgg cegl tallbqul%géa'r&{ér;‘ o u]nderstand what
ions in reséarch and devel opnent
happéas along mqg:elmmr pathvway mathe llweﬂwod&mlrsgaifta ractherapy greappiied. Virtual
t t d
patl%]gég epﬁy%%]?y%olth%sesaz{]dvoga%gg) glutrl]lg s%%gtlly g Icgmm?lln?c? ?}?at ){nay not fully
reproduce a phenotype of a particular disease. The system can allow a researcher to examine
the underlying physiological representation of these hypotheses (without having to examine
detailed parametric settings), and can highlight differences (if any) between the simulated

phenotype and that seen clinically.
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(absorption, distribution, netabolism excretion, and

toxicity) analysis; and bi omarker identification. For
We@2@spsa46 t he i nvention can provi de a dat abaseP@f/US2004/033130

virtual patients and their sinulated responses to a

v dil¢afthyare finstiicsices hatthi kirgatrabiag ef cclsimicall dataavailable but may be

g PR T R CUB BRI PR A G SRS b Eoray s model,such as

that &feHBAVEhOiIrReRIAGE | thtClidks Qﬁl@éﬁ’mn?%yhﬂﬁ%?%ﬁl Cﬁlhbiﬁ outcomes can
dat abase can alldw researchers To understand wh

lmprcmppmmaicbng aad paset ol thimcligaalndaty. Chnichk datavean bmrooessed to

after..a t S i rtual-patien
assocl st SFighuiel BERenl i SRR RRESY TR fn & bubjects
with &'ﬁﬂmi Phtiohts Bad phENde @htafonl thy prepilads o€ dffebenattifiepdfents. This
articul ar disease. The systemcan allow a

mfonin@ emcencie usek i phampaseyirab B&Pntp @psess dheogiaskat potential of
thera ﬁg{h%§gﬂdﬁe% éi e} éd fo@ﬁ?eewm(ﬁ%aﬁ £s (wi thout having to

éxam ne de all%l eg par ametric %ﬁl ngs), and can

hi@shhiﬁ;hherdé)fah@l@ rthesh(ubil w¢mee peeesdel @o Ssgticland @bjects with

phenot ype and ];ﬂat seen cl j n| cally. 17Heal t hcare
virtug] e g U LEHOR A0B1E, KO he i TSy coBIeriP SR O et ith actual
or clifia 1e@RtEroP %e ec%e F@%Q&ﬁpl% 0, El@jkot %dﬁ?&% AGEHbin diagnostic test
I nformati on this clinical dat] A”conput er node
perfosmed) bais reshkis oﬁfhetth@ ngayr previde |lmmdt1nfmmat1¢rat Ukingtlge invention, the

sane S A, 0 o e el 5 BB Bapion s
(e.g., @Eédﬂdq%l scdBhd) GeAbRoPideE ﬁﬁ&ﬁ&etd@ta@%& QBalRéie SHbIEdSresults can
th virtual patlents using a atc PFOCGSS

The
be st@rgé de peavidma ybrd dptebass Qha@mak/andt s lates dasnthat eghallow for more
s RAERaRE A WS AERAL RoReth Al foatly v 1

ph‘aﬁriﬁis@speomsabf tR&Ehientias sasbe htemardk e&lt@ﬁdtﬁrelyl, at inofonjunction,
t herapi es that. can be sinmulated for_the virtual

a trapied; user CanpfacHitytg aogess Ox Higpsistent.heltclsi ?ﬁné%vplafa@athefaﬁ medical
rt

practlth%tng{e g{ﬁg H§§| %ﬁoﬁogéﬁﬁpg L%“?gg f?% \r’&s%cﬁléfé %iﬁct with a virtual

patieftadri te rcbaﬁma mestuﬁs iofite mmkomtedvussdmeﬂmmmmmn thé sutijeddland the virtual

for t he subjects.. For subj ect
patiehigmiiags b 4hed digh e Rieb dep et b st o s I dhe resuls
have 8bert lkiﬁp&&ﬁalmyedme@&b%@eskﬁt%&% d dHcﬁfrraﬁa hQfbjeddsi Ng the
i nvention, the same téest can be sinmulated for an
associ at ed virtual patient, and detailed simnulation

second by second) can be provided for
Drﬁofglr%'&lg%ltgat Sanal ysis. Sinulation results can be

51 Py el Bl i BRPER RoP b SR MR et A

Vlrtu:ﬂriﬁhhfﬁteﬁs uSaiCRerdis, co@prie¥ AbE] of @n &R MmEdte bRlogical systems and a
bi omarkers. Various aspects of the invention can be

paramagteto feft Epresppting Aatingle|ipdivigeali n Ie dhe waetexbal the cemplete) system,
multlgfee\glﬂﬁ%%tﬁgfs aﬁqasthﬁre £ g&@%o}l Qn&{%? t‘fﬁ}/ssﬁlgf&lchf S}}stQEms 1In]herent1y are

at a ne prac | oner “can
very Idomple)q;) rigprealy rthe apdpded ngillt be as sompatee ndodel) b]lmévew thb mvention

vi rtual . .
includes non-computer models of biological systems. Preferred biological systems for
inclusion in a model include, but are not limited to, cardiovascular systems, metabolism,
bone, autoimmunity, oncology, respiratory, infection disease, central nervous system, skin,

and toxicology.
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patient or to confirmresults of an autonmated
associ ati on between the subject and the virtual
W@2a0508d446 Sim | arly, a trained user can revi eWwCEEN00D$033130
of the systemto ensure that the results have been
properly validated before presentation to a doctor and
a s bj E Vi r.tual t| ents The invention provides
|pllgf°\9lle ’P%QIB‘%IQQCE B¥Mat can be associ at ed to a

Jecprrgfr/l_\en\é%,pégxtg)[%l, 1@5’[%]?1;11[18 Engfs% g’l{eeg%élgsq] ov1de ascomputer

modé?are%’”fta@rde%?ﬁbeﬁeﬂf %ﬁ@n%ﬂ%ﬂt ?Jﬁﬁﬁ!ﬂé % 65°Vd25\5' Qé’sﬁéd r8/12713997 titled
context of the conplete system multiple virt

“Hlelpmhlmhlﬁsolog:nalshvﬁaddlr@ Sotem andivibehod” A8,808 6[8}99.50@1 9/15/1998, titled

o it Pege Ronti Sl PP oo B0 asaled Efirgno. ited

“Meth6& bP dRBerB@i: & DIRPMEfor AT RHashi® Bkl O Modk] SNS4iR) Node and Link

Preferred biol ogical systens for inclusion in a nodel
Repressptatigns”; B13893A ¢, 1ﬁsﬂed|3/2r§/?z®é tided ‘Qdethod wé Sengrating a Display For a
t t | bsO
Dyna?%zs? pslq@ltlaé@,ﬂ?%l 6{11121 g\?dggga;ﬁg%m&pr%en&ﬂ&% %3678 ,739, issued
1/25/3080 gftledskA Methsdl of M@n@@h@@bjecﬂtg hnd Maﬂmhetergv #lues Ass001ated With

.ol o System I n one
&5 Wi Bioplraon Modagastenb.Be S0rUdsaoa SARDRG. 18R eMethod of
t e »0 7
vai?'é‘%uéa@%f FEPHih P, SR £ iy MTREH 4D CIREAERe to FIG. 2,
thereNb debvidgd Sytdockmimginivef lonel'sxeripBOB eMb8dinient uf simulation modeling

softwage, Pl e dHouresenb Tpg ookt pLsile oh iy gagnodeing software
is fodridtﬂn@i S, Mathaslord, 742 "Eife@fﬂcﬁﬂl%f% éalrﬁ)ﬁlal%i/g :fdﬂwa?e By @Hstises a core

Si nmul ati on Model Uilizin de and Link
202, Ré}pﬁhasmfm heiapded ;usBig5@0, OBMt-om@zt@rbdalwuage 3uh3as thet Cad or Java

nnggqan%fga%%g gc%lthq%ly;ﬂhe cstﬁﬁ géz gso%qoa %nc%mpnse classes of objects,

name%i‘ [di s ant ¢tjécan 204, ﬁ;c@is@)%%ﬁ objessUENb, 14y%0/pa€Gobjédts P68l monitor
j ects and Paraneter Val ues

A Met hod of Ma
panelxabygrts 83 %CP%@Vttql??q%?ﬁeZnI%a cerigrafianpieds 3l eagritaent protocol objects
By t
216, %t easdmgl?‘g%r &3@% ng Céc:%z&g&flg%(%? " glreaa&rr%tggc% object within the

core Y92 imay (a)nﬁ)rrmlaatoillectld&rbdfqbai‘am&efse(afsb regntngonfy €aferPed tohmriastances,
pr d| agram of one exenpl ar
variehfon G S S0F srallesicn of medheeki B Wi ey sdmeters of the relevant

objedtOr the pr esent i nvention. An exanple of sinmulation
nodel i ng software is found in U S. Patent 6,078, 739. '
Spéuiekploded yiewt h%thmmemsgo{samf @mrpéarmba&mnmbj esb32Gyis provided,
cof.e, 202 ich e coded usin n b'e orie
fromlxgﬁlaﬁ 58 gé%#ghseglg mr?f%ﬁ %g_lkagaarm fiJ\jl%gt %@g glpg : c&ocumen&]ﬁon 222 that
prov1|da§19ltﬁ§@ﬁ3tloﬁmh§1 iditgkam obfeet, G0Esi1edldn bS palafeferd 224, and methods
ri se classes of objects, nanely di agr am obj ect's
226 szp Bey éi§§n®é1ﬁe¢quéﬁ?fe@f slagper elqwmmpét @ldwegba}r@abﬁcts 204 each
8 ly ?%15 0, 1
deﬁnggdngef{égg a% ?%’r? obj ect's %?45%%[)](1 %1 Fi e Pﬁa& plgfédf‘g%@fl Zaoné?%rgnswmdow
presented by a graphical user interface (GUI) that 1nteracts with the core 202.

-

progra

According to one implementation, the diagram objects 204 may include state,
function, modifier and link objects, which are represented respectively by state nodes,
function nodes, modifier icons and link icons within the diagram window. FEach object

defined within the software core 202 can have at least one parameter associated therewith
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216, and neasurenent objects 218. As is well known
wthin the art, each object within the core 202 may
W@ ovpis@Ees a col | ection of paraneters (al so con@mUg2004/033130
referred to as instances, variables or fields) and a
whidlothantifies nertefin nearacasstick af thetdbjéct,eantl ivehighaisamed dnsingfimulation of

t he rel evant. obj,ect. An expl Vi e f the contents
O I e Mot e R 8 S S S,
In 0B iigBldnentAdnbsveRE Rydeb @l ddragrede i ep

% nélgde;mdocﬁneakatﬁga 22 thatrprovides a %g§§%¥%?PJﬁmmndem
maydhte defencdifageash sobjeelctype.dFar ixhmplei » aystém paraamieransy B24ssigned an

o Qd . whi ch define an at.i.o cl ass

ini By ARSI B 5 L0570 0N 0, Pl it opes

inclidedbjéd pafan®ire ehd Sfaghnipaeme’rSmat RoMitRabasl manipulation of values
di splayed within a diagram w ndow presented by a

in sigpUHIQNeraioBs. i nterface (GU) that interacts with the
COF L1t ' t] he .di agr am
obj SRy pBE RLALAE (AR dhIRbETRI A e bt 8 BT a mode
for 4 ¢camhplek sestérn, sflm.h T bnaomm&rﬂi@&g%hlf%i/sfeﬁﬁpBﬁsIch QLjCMISéQYII(e simulation
at e nogdes, ncti on nodes, nodifier icons and link
mocfef:m Wﬂﬁ? &“P#régﬂ PGV e RAUsIS.Of PRISs o 5Pt o ddishhmay include a
Wt BE ParkhRicEQ T ThWRIG g ol
o OF B g oIS P et e et v, afists 80Re o simulation
modeb it isi usetith 4o accesy arst olssrvefthe pubbpleet of @nidinikeycparameters prior to

d during sinulation of the node] ed system It will
pertifiifhRat ainitafl Bherehort ‘anAlsa Rooghf o abere pufoit Filles for these
key papiobsf® bethe coicl@€16n bABAGENbFHratIh. ASSNATAPardiBB8S #£ included in

paraneters are defined. Firstly, system paraneters nay

the gxprepsionrele apd precaffastesiuby, ectelatippghip betwasn dwpl @jects, a modeler may
. . i nejnitial value . for

ey i

modeley aety. wishhe exqainapatafictéry PES sheifyute eobite @lspecific object has on a

ara ers .and diagram paraneters that facilitate easy
n“mﬁﬁh?g%ﬁl@t PRRCtST ar@aﬁqﬁpegarﬁwe@rwﬂfameéﬁy dhrepiiegtopk thesmether objects

. ! . ; . b
e e R
modelse edthemmsimgbsaftvoae chbtusgss oenmerelyn byutde modalkes doheention. It is

si.mul at .on nogdel i ncl.ude hundreds. or even
accofiflya ST JCRN] for e Badsler Sigpliaaro Y 19 ndPNgwslepted parameters
contBiABD &¥ittRh aRPEARE:8bnodel THedRkisfaltiResf Midh&d 8 ColpBicated by the

"what-if ' analyses using a sinulation nodel, it rs
fact jhatfthe hayndariessef asub-obeist veayt het ba puttuallyl erecdusife with respect to

I e r rior to perform f a .

paraffR e, SBE pARRSR: oo gL sB JRER stfipethe boundarie
of subtiinpdi¢ls vébnelsanko s thees®idk eyolp@r aneters at the

cogflusion of such an operation. As many paraneters

ar & FoREPYaeEodal ¢aebe dpyignsd; tormedel ongPraperehiplogicalprocesses or

a 8% ' -obj e ) .
funclfs, 2 Th GOPREE BAeb B B8 Bult 00k 2HdsP 4oy "0t R beeins by
defigfig s gehemal sat| odthicbms s pndiFativessfanpbbgical ooulili@t, @y disease. The
b W sh to exam ne paraneters that specify the effects a
ehagk%% s @egbllisggtas FQastigints on the system and a set of nested subsystems are

developed to define the next level of underlying detail. For example, given a behavior such

as cartilage degradation in rheumatoid arthritis, the specific mechanisms inducing the
behavior are each be modeled in turn, yielding a set of subsystems, which can themselves be

deconstructed and modeled in detail. The control and context of these subsystems is,
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nunber of other objects, and al so paraneters that
specify the effects of these other objects upon the
W@ p@siosdsas obj ect. Conpl ex nodel s are al so of t ePCHU8H0041033130
down into a system of subnodels, either using software
therefasgtalready defimmlrbsl the byhaviers thed eharacterizeohe dynamics of theisgstem as a

ften useful. for t
whotf 1t feiditudtiphigo it rortinp Smbi T pRrre aly moss hiokatefiom the top
dowrMuhtli there BREGLEN Betaill B FpHEdte a BiRnSHbioS{ATbéRRiIR] sb@aﬁcauy, the
need Is conplicated by the fact that the boundaries of
mode) is gapabdelof m@@ﬁhn@tbmi@gmlt Rrafdsyesethel eani be mynipulated byt drug or
et ers, i.e., a single paranmeter may appear in
Oﬂwr&%g%%g aﬁ%&é|s Further t he boundari es of sub-nodels
Of]heﬁbrﬁél angends, the cﬂiﬁﬁ@t‘er endleV @an defmenpUhethemMBEGAM model that
can be desi qne_d to nodel one or_ nore biol ogical )
reprepnge @ 58 &F bistlogig dreessses of pehydplgeical syssaensiesa sf@f mathematical
| i .
relaifily; bl SISt O A o AR LA h (PO prgoess vsng o
first hiatHengitical retaiivai dndon,seénd. bialogdicak paressThisgng ahsacomt sathematical
s cqonstraints, on the system and

are then used
relatlalfl nésr%taeea%@ Jelaian Synicale BFIgHEY oG OF S19TR e aARICH, hehe behavior
(e.g., tﬁﬂ@ bvahtisydg iR garfjl% ahlulatéPby B¢ |P@lterghéfcﬁ’:ﬁ‘ More gartlcularly,

behavi or such as cartil age degradatl on 1 n rheunat ol
mathemetial trekfionh of she ccpmputemmm icensdeifind viniemartiohe among variables,

behavi or. are each b . vielding,a set
wherg Ty 5 8pIeE i FEReE oHan ot piviiee e St Be st Gredlgents of e
physidlsLicad st | Bs AREIRI ds. 1R @PNAdtRAiticdNAf COthBinhtidts or aggregate
t hese subsystens is, 20therefore, already defined by

represqpatismn &§ therearions biokygieah eenstifueatst Hebigjagionl egn&tﬁftue@lh@at makes up
o phEYTHEMES Ao lE HECRARLISL) SRBEARES Sonmipent g, e

constitout, awlifitrdcelliler eonssin@Afugha cahitsihatidnothersol.i Gxamples of biological
gi ven b|olog|cal behavi or. Specifically, the nodel is
constefaﬁt&mnéc lpde Ruelerci arfisoied dBaRI o Pedees; enramesahompones; cells;

orgaﬂ'éant'lﬁﬂésat g&tlgﬁs fdEdR, Ass@lsh q{r haPsitide uﬁge%}%aneh@s such as

ndtances, the conputef cdan
mltodmnﬂBMuod@ll Gui)gied:ompia)tes; k}pxosmmst sndxa}ﬂ&stmofreﬁchﬂdt capdcabosomes;

rcesses of cal sys en1 .a sef .
draivearofteflsy Rushss o st e 5 apd combinations
theregpdqh ARINIITE RFaB8K18S cfn frbprédend Ivﬁh@@d §ﬁhuﬁ’ rpgess Bsla Pﬂ@ to the
first mathematical relation and a second bi ol ogi ca

physiglagicsd sysighng a second mat hematical relation. A

Ugé{l:g)g}%ﬁllte%q‘{x%&e? &éa‘ﬂ} 1n¥1?1de ai lsé{ of Br)élLag\lleg vs st a?f’ect?%e %ehavior of

IRV IR
the vitdiatiés @alndbe irs th¥ldoatpickr bl)bdeh eF@iOémtﬂp@d tlﬁ@ﬂ:ﬁhmeﬁfﬂ @present initial
particul arly, mathematical relations of the conputer

Valuqu lariahlgs, d@iﬁ Fesiodvariahles, aafs ca%ﬁgs,\ﬁapvmoagau%h apcgexponents.
Thesk DEiatALd %\B ?ﬁy Qo aeralgéescﬁ‘%ldeg VleSo QE%Q[%%)I 1hteF(gt§nﬂér}tal systems.

vari ous oglca tituent’s of t
Specis@cswtzémﬁs&se whbdends glm/tajnstlmentaamil systbnﬁlsehafflocmudnlsrstdnt oiith known

ag r‘Fiiereres ntatlons the vario |oI0|caJ
consigRiRSt Mg bR GgeEEle A $OYfp time. The
computer model includes the set of parameters in the mathematical relations. In one
implementation, the parameters are used to represent intrinsic characteristics (e.g., genetic
factors) as well as external characteristics (e.g., environmental factors) for a biological

system.
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a physi ol ogi cal system can include, for exanple, an
extracel lular constituent, a cellular constituent, an
woO paosas@hd ul ar constituent, or a conbi nati on tPher/E8£004/033130
Exanpl es of bi ol ogi cal constituents include nucleic
ac Miathgmeateral B#jonRNAGd inpr cerepuist, medel yoae snclintsy foreasmple, ordinary
.~~Cel.l's: organs; tissues; r.tions.of c s,. ti.ssues, . or )
airGfiyiad o RLHBRS] piwial ‘SbRBi <B0%it Slchiuiss ifirnial “Cquations,
differerel @i algdBRhigi cANBASL Xdfferehys @GRARMs, SOHMR! A%Bieta, coupled maps,
reticula, and ri bosorres chemcally reactive nol ecul es

equaiignh oé@,emogl@pefrﬂmlmsfuzmbgml netlvv@ﬂ@coma cogphgnation of them.

CORRLIA QSRS PR 8 KB B Bt o

repréﬂénﬁein}OﬂieC@ﬂm@na{ @6elA TiTputadr od@ﬂ@ kepirasBihiC@dd ¥ more biological
ncl udes a set of paraneters that affect the behavior

Statf‘éf oft the Riglogigal systpie i-goldhe isinilated cohisah end nipglaries pjpes or other
nciGHABY fued CFuPPAABRLSR, ARSI L Bkl YAlo 2 B o poricutr

execmnnn escenann rEitrl @smpmnd béodpgingindtsie i fepssentad babhbss at a particular

f. | t bi, |
time s Bt e Sy 1 S BIniar Gumale amsngissh of gnalytica
inte@hiiéh SP&% et tﬁgfétmﬁﬁéin&i’c%i Fe'ﬁt%@% YRS vaIRaSios Eman%fep at various

nown constraints. Thus, the behavior of a vari abl In
times land h@mq@dh@ evatnide] Oﬁihah@éczglw etate gveetim®he conput er

g?ﬁl . E%{n%stg%lg? Itg?] gomPlht ar a t o zﬁgﬁsteBF a BP{ma(l ﬁ@te as well as a

discRI 818 bE b HiAbgickISHAtehD F&Fﬂxﬁﬁfpw thdédnhpirGnodel includes parameters
characteristics (e.g., genetic factors) as wel |

that @t aliered o KiRwateey fisease State of 2, DregressihiesIds thpahfte@aaesytate The
parafrf%fer nkd s QQ 'r&%%sdagr 8 td?s‘&se%%@é@%&aﬁi lmaorrcrl_gtlli%ftlo s ﬁ’l% euglderlyln g

a co can I nc i nary
blologléaﬂmremssesl ineqlvad iinnsdispaae tstAad, i fekanple] t@kepresent the genetlc or

envi %,n?t Iajﬁ?ﬁegsst lg%i;;elélg% g}éf ! giq%galglglg@ g;lgl}alg}%cgy selecting and altering
t
one %%&ﬂe&%ﬁﬁrg@%ﬁ u ﬁ er b ?@'gzzy i ca IRPSnd gy% ('hgélﬁe state of

of net Boo ean, net wor
interestblinreenei ioyplahertitem, sé!aa:tmgrrg dlteeing onp ot morerpahahwters is performed

s a set of outputs for a biological system
auw&@ﬁ?% ented by the conputer nodel. The set of outputs

I € [he $eétted® BE&m ?ﬁtefrﬁfoﬂepi‘e@%%%t@ Q)'lol%lélilgﬁ'o&fssésrbﬁ multlple levels and
bi ol ogi cal sys i.e the sinul ated subj ect nd

then qwelua@ééhev%ﬁf@égf the bielpgical prdeashes cas@@bg@ala@oo@sm across all levels.
Thu%’iat%% ;%F«Jiageail oo Eleﬂl%vﬁltes A I%G{t{:{fﬁ}élb%r V1%+vnef a%lologlcal system.

xecu I on® scenaril

The bicatedgionglutgtraddel ako rp@cp&h&é‘sedirbﬁddlbqiplmkydeﬁseﬁfatlans through synthesis
articular time. The behaviar of the variables is
of indormatign LEpnp o Pp Frogs dissiphnes pioe ipgle cmlplaﬁramyfiﬁ:l@a through linking
LohESE~AhLAM s ical relations
fwo pr ogl%ce vaﬁugat?%?etﬁteﬁ%% g@l%agﬁg‘%s various times and
he rzwe%}qehwla'ymampm médef heflebisal pyiiaddr bidlagieal systemtand®mnatomical

factcl}rg ﬁ:@g@rﬁt oalesgg?n gtegpgr]%g %%g{ﬂpt S Igl?eqrellnogg.n The level of detail
incorporated into the model is often dictated by a particular intended use of the computer
model. For example, biological constituents being evaluated often operate at a subcellular
level; therefore, the subcellular level can occupy the lowest level of detail represented in the

model. The subcellular level includes, for example, biological constituents such as DNA,
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di sease state of a biological system For exanple, the
conput er nodel includes paraneters that are altered to
W@ R09e034d6 a di sease state or a progressi on toweeTdES1004033130
di sease state. The paraneter changes to represent a
mRINW, sratetnss thdmicalle rdagpve mologulendirfd subtélbies wfartelies. Similarly, the
nder.| yi ng bi_ol ogi cal .processes involved jn a disease .
modgcapee avafhalsdcaite Sitire By igvsﬁ‘er FY8 A dhelrel o whole organism.
BecaBSW b SRR biSbERS! s, §.D&: ShsRARGAMNislNGutNES Ehirty N interest
__physiology. By selecting and altTering one or nore
with gespeatetoeths | ultimateefford oif fthe biokogical mahstdtants thn thdividuaddsological

v L SRR 2L B 5P s TAHBA P oresnt
the ssEiO myéas@gm@weg @Al kherapbhfic GA1BATBEorEOTR WittddutBH &lto the model
represents Dbiological processes at multiple |evels and
througheghanges inarasamethes aflowen legels: wishslisicehpeedmes being shanged as a
' [ r QC e [0 all levels... Thus, ..t .
resulf B Shla SONEE v B SRERET 30 PELAR B st R bty airecty
changihgahd¢ldliedoarbneWatiebies. The created conputer nodel

al so proyides cross-djsciplinary observations thr ough )

syPt 18§i EmBEMeRtagPRn(tho et Weedst iorenfigused gpi glew visual
represéit@ich BF Qﬂe{éﬁ LRV L85 IRIS Wil £§1¥Iﬂéfgéfatlo'éngllﬁigp elfW®n variables,

conputer nodels that represent different disciplines.
pararietersy emp bmdogical pmpasses. fiievisuad frémetentation dndludes maultiple modules

bi ol ogi cal tem and anatom _cal factors relevant to
or funglipRd ey, x‘ﬁﬂ%’r SEPUBG! R R eI daiee opmplepdel of a
biologfcall@fstnt. | ncorporated into the nodel is often

ictated by a particular intended use of the conputer

moldét- . 3 sheweeapgitien di dlcogputst nowles tdesigaadt to tapiresgnt a biological

v f operate at. a suhcel |l ul ar.level :
Syswﬁﬁ ﬁ%@g}%&lg’t%@ 34 E setfaliieﬁl 2 aﬁsr%]i'}lechcacpa%&%%@p‘gf% ¢pmpuigapdel 300.
The paiieh 305 repeésahls sbeRoF BRI Hi6RgicAl pldCeIBABE a joiRE In particular, FIG. 3
subcel lul ar | evel _includes, for exanple, Dbiological
showg oprstilage aRptEixs gretababispng, theo A, %qfwgkage rBatrig hangtabalisny affects

AifTel ik Pi4FE SIS imo Rt HRGA G FruBHEE Bl Boreion 305 includes

biologichl proekisad aclated\tel cattilagsy depradatioh erateg wélichofs £ clthiodleoutcome for
ortgadni m . Because an individual biological system

rheurpaigld 34teiti§y| ¢ human, is a conmon entity of interest

Wi i SREBE D5 ERow S stthdrindPleBrEA8ssn of tIhE 'a&npﬁte} ?ﬁhelaihcluding a
constituents, the individual biological system{e.qg.,

numbres oif diféaregchodas.t ibe hodanrefressnt margallesonclodereis) congputdremodel 300.

hi ghest .| evel. represented in the stem Diseasge . .
For Syalies die” BRex RevapBteREiers, Vb irapiagen el o, glpded in
compuféranddie 30mdBkarhphleOsOhe 6pRE BLBodel aRAdisBiAbBIRM. | over

levels, wth clinical outcomes being changed as a

r exfafet nestes t(ras estatewede 1340k are weprgeesiedaia bpreswytargnodel 300 as
. entin i f ' ngi t
snglEBOERE ST ThEIRE AL e UKL ST P con b
determimyaiyesunmdatide éffectsaoflingus evkr time | h@ne wnpldmlentation, values of state

tati f th tical | ati [
node§r E{Jereg?stgl?]ggfz%%ﬁ%p@?ﬁ@p&@mﬁu&%ms;g?%éngpeﬁs gsssoc\:/\igted v?i%h each state

node include an initial value (S0) and a status (e.g., value of the state node can be computed,

held constant, or varied in accordance with specified criteria). A state node can be
associated with a half-life and can be labeled with a half-life “H” symbol. An example of a

state node is node 310, which represents procollagen.
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paraneters, and bi ol ogi cal processes. This visua
representation includes nmultiple nodul es or functional
wW@e@as3dsn@at , when grouped together, represent BCT/HSZPE4/033130
conpl ex nodel of a biological system FIG 3 shows a
poFumabimnofodes @(g‘r;pﬁunetionmﬂbl 320y sirgreprestinied apthesentputer model 300

a5 aghl PRl pvtnor s GHCGOD oo PSR LRI R0 vy that at 2

parti®ght hoit %Q@ln{ee Bf@ﬁ@c@ﬁﬁmﬁ,@%? i {)utghl@ tRit OdaB ﬁcﬁﬁt in time. Values of
processes for a joint. In icular, FIG™ 3 shows

funcigen trddgg eareradetenmingst alsvigi smﬁtlilqmettwgl Jf@mcmons Gafr inipludgge Parameters

assolf il ool 5 R o bt PR Pk Wi SRR, s of e

ﬁmcﬁmhwe@anbiecdoﬁmufeﬂl held QRS &@Sor RrRt 6a ateor@aich nlithGPecified output
degradation rate, which is a clinical outcone for

valugsheirpspendingafor given mputsrpe w@&im oiher JpLARHeRegessary to evaluate the
uc S
b LA Sk B0 ASP A GRN 4 1RBO0 AW e caies
degr:ltdii}tlbﬁ$ﬁﬁl varl abl es included in conmputer nodel 300.
t he nodes represent para ers and

exa
{fh%ﬁ’ﬁ Scaif Haied dousiaer | Witk FOmpber dosh 0P tolilrs reprssented in
FIG. @(Whﬁés Ma thewlYPER Hﬁksnpe%?e%eﬁ’tr ?e1gio§§1ﬁ§§ %éwré%h%erem nodes.

State nodes {e.g., state no , are represente
Comtdmon dimjssi (@g., awole|323D Breaspeisaged nbocrrdputemad@l 300Tes thlck arrows.
C ggdes represent variabl es ha wgi?itgﬁl ues tha b ted
°n‘beé3181é1h T REFCH A CUTRITSIAN e0nss PEPe ¥ B HTPLESEUE y connecte
nodeb Mch konv@igon TRk SR hi 1] thaR inBeaté a Sipabe cHPReSoRfe? the one
deternined using differential equations. Paraneters
or mese yeriabley \lor iexample. gt kbel ﬁBGqunN@HSL@@eafafﬂleth iaafM” indicate a
movélrﬁlerﬂewlglﬁog leﬁ)@pgf gt;’S\L gﬁdééaﬁsga &estc% gge % %{o?e (}grqa%les The

beco hel or varle

. comlaﬂexomddélc}!)()mlﬁdur&hﬁes higehent litvey B4().. The atg@enntifles §r6ify which

be a,ssom ated with a half-life and can be | abeled with
nodeaarf-'ampuqsl? rghe figpnctignpedes (ag:» dyachisn8ods 320)st at e node i s

% %%Qer W ?éqed't RIS D %%ﬁﬂe@&ﬁzﬂmn@ 35 lf%}éégﬁp a relationship

unction node are represe
condithm dtalrmxnm batvceh &@Onaéesdwuthireabmmtaﬂeromﬂel Haeh of the link

cti on. nodes r r. sent, vari abl es al ues. t hat
repres iigioy s Srareg oy 1 1PFsants, 8 AbiSRLrslaiPaip cohdition. A
"conbtARUESedt 1inRkakpRa8RatRM Mdidabst 4 '?@lathﬁhﬂﬁéorRﬁtlcfﬂJBEﬁ\}e%‘ first and
nodes are determ ned usi ng mat hemati cal” functions of

secondhpbjests, foa ﬁ&mlarférsb@rsb@pan@ﬁawrpﬁesa wihgrecthe dimst 9bjbet has an effect
on tlJ{eh ec#illg Q Je%t:.,] Qfﬁ% lt Zé 8 afﬁltglsz 1rg s n{ a}; %ﬁ%%n%ft amm&grrs associated

withaé ifget dmMsea66d hddd)C &n Wink fbrﬁﬂﬁlﬁhéﬁtetﬂe AhlkPtdprevértatish represents the
correspondi ng to given inputs) as well as other |
effech gp ARBHBHOVRE thesdiiponr of apimyatien ppratiich i'Bieortiapal effect” link

repre%élﬂgm)ﬁar f.e;lég‘;efa'tﬁfl lglgggndlﬁoﬁ‘ B3R Qi’r%t%kicslacond objects wherein

represents egradation ra
the first object has an effect on the second object, and the magnitude of this effect is

dependent on the value of a parameter of the first object, represented by state node.

An "interaction effect" link representation represents that a first object, represented
by a first state node, has an effect on a second object, represented by a second state node,
and that the effect is dependent on the values of parameters of both the first and second

objects.
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The nodes are |inked together w thin conputer nodel

300 by links represented in FIG 3 by lines and
wW@reosmsed4dThe |inks represent rel ationshi ps bet eENS2004/033130

di fferent nodes. Conversion links (e.g., arrow 325)

ara 'foepstestemheeksion" tiokpegresentabide rerBei@nashathinstindds bOwAirst object

Conver,sion |i represen a. COHVGTS on of .one or nore
oD RIID L ST SO o I I b deconeoyeot represented by a
secoﬁ@ RMES BOAD Thi Kot YoBverdoh el répF@,Emamh ﬁﬁ%}fe? r&)rés\éﬂt% that the

conversion for the one or nore vari abl es.
numbmawrbinetanaesl anetrtesl isandepeudens o any valwas wi phrametdw associated with

the fl ndl cate %r}da %:bf] %ﬁt n%gﬁ@'ogﬁnq%l gbﬁ{aﬂlf fe%sqasggtgtiq%agﬂo%easttﬁis acl:onversion
as béiﬂgr@éﬂs@e[nt ad §d n&%@fe@ie&%y' R el ParamictidTent l'i nks 340.
The argunment |inks Speci fy which nodes are inputs for
t hé fruprartionel w@m@ssw " gk representition mpgeerBthint a pumber of instances
el t ink. r £ ent.ation
of arﬁ)rgt o‘trgject ?eﬁ)trésenﬁél e},t f[lg{r%thﬁtgtgc 8§%I J}rF 678 ?{g téxn '[PJ ces osf a second

obj ehﬁtép@@&nte%y@ﬂﬁﬁn&\fsthﬁl oda. Bt iths LAl Gé;ireseﬁﬁﬁbn afdiddn® that the
| ink representations_is associated wth,
numla%rp?fé%m@s convgrted & dependest an theaumbsr @%‘ﬁéﬁa{l‘Feé of the first object.

S [
<P SR S RERSE ) OBl 601 s o nstaces
of adbpedtjsct, represerdiyea firstr g4te avode,sare @odvartedt © msmlmes of a second

where t Lrst object has gn effect on the second "
bty RS Wi SeEPRDIA ST B SIS g Popigrsion" Tink
repr&¥bniBB6R R &ts AR ed ALBBerWr tiﬁbtafn'@@s $iths lirlob _{E%?ﬂ’xﬁfjare converted to
node. I n one enbodi ment the link representati
instanegs afgbaseconti ebjstt @dﬁpqsienbwnampedmnmmrmf iastianges of both the
frst nulaagfq) eration. A "proportional effect” |ink
F‘%‘% SRS O Srepr esents a relationship condition
beFy&enthti dsolve aBcSHEIN @f ahé aiiks rdé&i’é%éﬁwﬂaﬁoﬁ& €sath rfdk represents a
obj ect has an effect on the second object, and the
relatmghlrpt Geradiion ¢ btwear fiwgh apd spspiech dbRcto st heing agithsr ofn "effect”
e @ r
relat?ongf?l'i)a%ﬁé Jo IVELS é)(lizllt Irglr{:]l{l e]§ fhg% fierhﬁ Jrﬁeglilg gég?% ?t%’gﬁﬁ ?ép?esents the
relationphips EdStithldilhaiE eihg redtheo lpastint, pegpoes@nl et hyeractfvier StThe link
state node, has an effect on a second

TeproSEpiaH QR HICLATY, APRT BRI TeRTeSCTHRDS cahd eﬂlﬁ%&f toymggresent the various

relatﬁfngﬁﬁxtcohﬁltlgﬁp&&gﬁﬁéd Syvbhe val ues of paraneters of
the first and second objects. 24A "constant

com&rsngﬂvaclt it F1Ge 3y dlse nomputen modpl é@(érai&o tnhbitles modifiers (e.g.,

i hst e a first, obje repr.esent a state
modjf§3 e NBdioRet iR Bk Sfler s SR GREEEE S G Ebf the arrows 1o
whidh&BE R aeoffledid. aTIRBCAMEt 51t8aBoW AR valliaig bes1BsitANates to affect the

conversion" link representation further represents

rates; ¢fzphangreoindistp apdest Thedtypescfslieels ves quaditatiyelynadisalad dptsymbols in
the Bxef WowRlid! %‘fG. § F%‘%E %%{ug gﬁ&@&%na&fﬂvw Rfogfg «Bb T Sbulate =,
obj ec Iment, e l'ih

or secon one
inhibiePps eoedtinailate rf+d amﬂhﬁ@shjp 1BpeeEl18i olinlas bei ng
con tant, and is not effected bﬁoexternal par aneters

The Rostien 8fa0f the gemppishmqdehR00, dhersieups Hiusates the interactions
betv&fegﬂ bEAEHES doRiuénts YeREatddl witl 84ANEE Snatrix metabolism. For example,

node 310 represents procollagen. A conversion arrow 325 connects node 310 with node 330

representing free collagen. The conversion arrow 325 represents the conversion from

procollagen to free collagen as part of the cartilage matrix metabolism process.
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of a first object, represented by a first state node,
are converted to instances of a second object,

w0 epsesams ed by a second state node. Further, PEEUB100k033130
representation indicates that the nunber of instances
cdnvmet éﬂplmam‘eqbiendelﬁt comptiee maeddbed00oinciutst aneesr afore virtual

irst o i.nteraction version" |ink . )
Patle‘i‘t%pr LOME é’t‘ﬁ“ﬁ?ﬁ PPBW% st H%esc eramﬂ‘gﬁ(i‘g@g B aF%F‘fﬁc‘@éh different
repre&ntafiohl b8 h bRRbEEAL syStERr %%Qﬂﬁglapyvaﬁoﬁé V%aﬁﬁaﬁ‘feﬁts RPER computer
are converted tTo instances of a second
model §i0erpresent, fyr axamwplondiffurentevartions B rthtl ehlologiqd system having

e Nieraction Vers nt t|on
ciffrp BN SORAGRRE NS} CBFh BraL g ity Agobservable
condifibh €@lg. ! BAt ovitfverde ﬁﬁtﬁﬁ'éét@cﬂmt) ®fl AYiF0ERE YstéhiCisSRERRE to as its
obj ect” i s dependent upon respective nunbers of
phen¢tnm anbde widetping ednditions sef thedbiolngicsd syplgmoibliascgive rise to the
phenot emca{nhg s%ﬁ%ndgeeﬁac%{%%{o?{g eﬁvncgnrl":f‘ente%lggctorsepr li)otgngﬁenotypes ofa

resen IOﬂS represen

blologleﬁlldsist@ﬂ abetd&ﬁﬁcﬂi faithSvarging Cﬁ@ﬁ&ﬁ d)f@@]e@ifbﬁy aSInb@in{bgmstances a
either an "effect"” relationship conver si on
phengtype, incdiicnay, outyandaanif eé&@&lﬁmaﬁﬁﬂ@laﬁf‘épwa andisease state. A partlcular

tae r
pond G Sy e S FARLOTI BN R, AR it
combimgypioes efigaisdtiorand a:nnhrmemﬂrfaﬂmsb aFer ¢andple, two human patients may

represent.ati ong can be used ent the varjous
ppedrdp s GHURTY LRt PBeIG 62 pF BRI Beerusesf gppstis Pusceptibility,
whﬂebtﬁé lotie? cﬁh@e aBthritib ®eCREP BT Blet Hﬂﬂﬁfes@@é)clﬁh&% I MChpteS models of
difiers (e.g., nodifier 350). Mdifiers indicate e
blologlﬁaleeyszf,emh dnclpde tcopumhereialy dersilatde e:omutdnemadﬂ@v\@ntebs Asthma

th | @S ect ist .
PhysPHE " kol T D R A oL 80 & FYeterh v YRR Bpeumatoid
Anhrﬁ[s&r}g@io@jabggygt@n@odes The types of effects are :

qualitatively indicated by synbols in the boxes shown
in FIG. 3. For exanple, a node can allow "A", block

efllgﬁn Virwhl Phfifes " o stim ate "+ a

relat|ons re presen y a link. The portion 305 of
%@8 & 0
i nt &7 actr afé rW le oqoa %r%)Qe%g ?{’;\rl ‘!rg%h ‘Jntiﬁe{l A)t%{lgﬁts the analyzing the

v1ﬂueaqﬁﬁemiﬁtt6 ddelntifjﬂ bhﬁﬁztrkéra.g @xﬂiﬁiplld pubtichdel desoribib@rthe generation or
node 310 reprgsent s procol | agen A convgr siaon

manigHIRGAD SbTB SRS IR Gob RGN R0 189807 Mbednnd Apparatus
for CBﬁ(ﬁﬁtlﬁg |L1ﬁ‘19c§lr‘81m-E'PaQ1oﬁQ?k?’e?£tﬁin9 @tﬁ#zﬁ%‘é‘A ?@;ﬁﬁ&f Ea%%&‘*s st&ﬁq\dodel”

conversion from procollagen to agen as
(U.S.oAppheativar Publagtomaye.i 30016032068] pnblnhed ems Ochdlien 16n@001) and

soehPu TR e LSRR RS0, 25| Ao ahptaion,

No. mWﬁ79”?>QBilsh3@(bnaD€c@§|§3@Cl'9at2©d2)W| Dhcslivhfiheirtual patients are
representations of a biol ogical system h particular,

creategh pﬁmylélomqftalmxmmmrumdeé cyt pmﬁ@cq:mus sets @haBipupand correlation
di £t
analyélg pn{agsl?@ gﬁrf{sugrsl d:)r(nﬁ h"{g‘l\:/ I%%ta odtf ?lﬁ%r S, to ﬁér%tﬁ’ir rl]ag&%ar%ers ﬁor example,

correlian anilgsis shh 08 pedorinicdr @nthe ¥tk @ Balputsitaidaiti€y b sétl cTDutputs at an

or both. An observable
earlier point in time that can serve to predict or infer efficacy of a therapeutic regimen at a

-

subsequent point in time.
For certain applications, various configurations of the computer model 300 can be

referred to as virtual patients. A virtual patient can be defined to represent a human subject
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condition {e.g., an outward manifestation) of a
bi ol ogi cal systemis referred to as its phenotype,
waniose3damder | yi ng condi ti ons of the biol ogi cal PEYESN3/033130
that give rise to the phenotype can be based on
havigg reephenotypet loassd osrw pantienien cambimtivw of underlying ltonditions. Various
.. Phenot ypes of .a.bi.ol ogi cal stem are def.in W th
visedg Botepf® &, P a8 o e e HhaR B PRYPR i Steyphenotype but
basdah@naiffaent! fdeH{RE RNdRIshYeAHeiaivd R Sdrath mjiReE6E MrRds virtual
with a disease state. A particular phenotype typically

patignds easyheotpisied thiepersetdasn subigels hyving danenit phenmsypes.
{e:g. ifferent conbinations Q tic. an .
Lo st PSR, eSS, 508, By 8806 fyperen cvatuation o
confbietih@dhta dndyalepREiRe hiypotheses] MHea¢dnypubdrirhsdel icen réptbse@nBiological
can be arthritic because of genetic susceptibility, _ )
Procgpies &t ¢ lnavesdevst andhey aiaterthe Arpast of fesabiotogial prosessanen biological
. e i ol agical . _
P B b T P o R Sl Bl s E¥riable view ofa
physivldeicst systetre| Dhe datputer ibyelicah alsoysitideraross=tike@pis(y observations
t abal i sm Physi olLab_systens, and_Entel os Rheunatoid
thfoshég‘l m%?fisgs %ﬁyﬁqﬂaﬁ%%l %P%ﬁ WOQTRRIe BsCIRiDRs U f Siels jonpyter model
or tHPSRHEIMISN W clnFliOMRodtls £% ARl Ref (diferBli AR ik
creating Vvirtual patients and anal yzing the virtual
path wintugl pasientisrthe fgmpiternmoldelr30 dan hapssociptedIwitlaa pamisular set of

cribing the eration or j ation of virtual .
valuSE R ah bR B S e ooRE 308 158 9w bty inctuce o
firstaetl oApranted Syalu@s, &NvivGhl paidat B<eEy Shdfedd k&dnd set of parameter

Operatigns Uilizing A CorTCBut er - Based System Model ",
t

values that diffss i seme fashign| fremtthe ArNget olprrapdenpgues. For mstance, the

i r . : " r .
sccofll 8oL 8P Bt ee e ingS ) 1o e PRAALF 1,8 Wittering from o
corrédypphdiag tpaeam&Retbvaloa tinatmdedoin %Oﬂ@ﬂ%%q?armﬁbﬂ shiaek. dA a similar

Decenber 19, 02)., Once, various virtual patients_are .
MangFle a%&i kit Gt mak bgAsseetattphiien thidart of aaragreueines that differs
in sQf 1u3hBn P 11 QLA Wb ona 3o GRELALANAARsaNal ySi s can

be perforned on the sets of outputs to |aent|fy

bi &nerdemere Fotuak patigptein conymedtmni with dreatymspEecmodéle300 can be

r.f ormed on t.he set f outputs to  identi.fy. a set of
crealffaii oL R dpigl e pabisphtbal 1 perletehgth dnfieCpsigmep vatues. A
diffRé diifhal Qlatichf @ & EreB8 basd én HREhARE Yirtal Fﬁ%ﬁ% iffroducing a

a_subsequent, point in time. For certain applications,
modifigatign do dbafiiigal Hirtuehpatadntt Reche oredificetiomsaielincdoty, donexample, a

0 . Vit . t] S RVAR | patijent .
pusBut R4 0ot SRR LS Gt g
or sploiimizyheRaiaseltbmevor andravhtishles hltetipirpédiBingddne or more functions
underlying conditions., Various virtual ﬁﬁtients can be

TePIeRER iU IiETECH NS BV ESt VaRahieh Fubpeebisatinn fhgtsot tor dagtance, once the
initiﬁhﬁﬂ%lyﬁ’eﬁieﬁyksl 8aaRd, Ofe ';/Ifr’fug %Qﬁerh’s”ﬂl%g'%' &ihted based on the initial

condi tions. ternative I'n conjunction, variou

virtual paticalt byatarting svithathe eitideparametet valuepamb altdringlov@ror more of the
irﬁtiaﬁugirgr%te er Q/% uieg.g gitcferfngtri\?empa arr}lee?e(%t \leﬁl?ess' can be defined as, for example,
disclosed in U.S. Pat. No. 6,078,739. These alternative parameter values can be grouped
into different sets of parameter values that can be used to define different virtual patients of

the computer model 300. For certain applications, the initial virtual patient itself can be
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In sonme instances, a conputer nodel can allow critical
i ntegrated eval uation of conflicting data and
w@bdosnsaté ve hypot heses. The conputer nodel caPCT/US2004/033130
represent biol ogical processes at a | ower |evel and
created/bised be ahbibei vipael patibntt (ags @ dffalengintal visluategt®at) inn manner as
. _biol ogical processes at a higher level. Thus, the
discug ¥¢ nodel can provide a nulti-variable view of a
Phy b E A if %%ﬁj%ﬂ'&tlo-ﬂ"' 8né& B BISkE {llrﬁ‘ﬁljﬁétleﬁ%rinathe? €omputer model
provide cross-disciplinary observations through
300 @ylrhermsatsd basedrmommmtml rvirtuad patiew vsingrimked dinmuatpdn ogegations as,

for il e han ar SR RD e B M End Mt B Conducting

Linké VSintulatonP abpe@itions N Utili@ing0 M UCBmpiRe Basedi0 By&f DRIodel", (U.S.
associated with a particular set of values for the

Applisatiemeldicabon tNe @Qﬁ%ﬁﬂ%%%g@bh%@ o Hdefoberi A8ya001).  This
= t

pubhe% neﬁts%lu&éa?%ym%tﬂ% #&irgae?foﬁiln{n% 3 g‘lépngtf glgléﬁ lat Sgtera\élﬁhy f%ed on an

mltlapatrﬁmatl@i o‘paﬂatieﬁ wikas, ﬁhrfe‘xempld . gdificktshitenthé rinital tignulation

first set of paraneter values, For instance, the
Operatioa g P OF mere 5@?6&#@#@?0%% eln theypresal embodimepipafthe invention,
such %ﬁ&tleﬁél%%ﬁﬁfloﬂ &e 151{5 élﬁrb'er{ﬂ 4 (P Pedte %ﬁﬁfti%ﬁ?oﬂﬁhﬂ atlents in the
par amet er val ue in the fIrst set o par a
comprédrumedeh éOQs baseldaon raR.ningral wntuwﬂ qaiuemathae ng cfeatmiyuhag the initial

$50Ci at h a th rd set net r val ues
simu iR G mgoffo PR e P GH. RECT Pt PartieLBRGR to ppresent o
partléiﬂarpﬁibﬁsl@t ef dé’si‘ﬂekie§ne SNfhodd sitmiIfion bpck@lond Mdyehs petfGrmed for a
unction with the conmput er nodel 300 can be created
time ts @@IBD@ 0 greatenpRe ar mare t'siable) aintuah patienitofi the gompaieameaiel 300.
[ I r fferent vi [ ) I

Tyl g e P B W 2NER R TR Niffps wnder or
substpaddlBrippiyaching eqeilibiing o steady-biagadonditioho t he ini t i al

virtual patient. Such nodification can include, for

ex LS, Vlguzﬂd?aélﬁgtls rqfthe. ﬁg]ﬁgu_.te{ aqgel 39 ca rqp@esgpt variations of the
biologflﬁf é}FsYén'? P QIf ngéfl Jrérﬂlto ?ﬁ%ttﬁé er@étUcﬁss)uch variations on

or speci avi or of one or

how ﬂmrbmibgma], syatetren‘esptglde to 8 [gmenftlyem}gy o]mqaaﬂncuﬂmr «me or more biological

functions representing interactions anpng., i abl es,
procespes reEEﬁ?B‘?tﬁ‘gg’Vo © {9QEIPTEY m@‘iﬁ? 30923 “ﬂ’gﬂﬁ%([ fh@laying a role in
modit1firld Biblogidat k@borﬂs@ttb & thbdp P ehidnadoud gkl ﬁdti’ehté@an be defined to
patients nay be created based on the initial virtual
repregmt |defﬁ¢remtyn@d1ﬁcatmg ofithreronietos nhore foucawglp@l meoasses. ak idegtification
alteri par ane

of e ftser Sy Bl coloforatans OF S Biec S L P BRI sgerimental or

clini@$ dafap kciexteigdliRratthies edsQBE df ancodhputer fAbdel,Nox a @oﬂ%ﬁ)aﬁaﬁ of them.
These alternative paraneter val ues can be ed into

Oncegthef @ieeit moEs diclogipH ingaeasass afaissheshavediecs d GIB 1eds ¥ariqus virtual
f [
pat1eﬂl§ d;!ealﬂe%eoglfegtgg ?Jiicé%’fthg{lg %afgég?‘%tclgt%%iﬁgéo NG (?}fén?ﬂ“ﬁ%'ie mathematical
relations infaideﬁahlthmtcompa‘fei‘ ftnc&hh 30@ wHich emta&ﬂ Ihmadatﬂlamatlcal relations
anotger vi rtual ti.e % a dl{fferent |n|t{1
repregent i QPG QT e )blq Agiga ﬂeé esa§ modiicatiqny to, g guathematical relation
can Dkh@E R le, ¥ phAmeRNY éﬁbﬁ‘dlglls QPg., RriRE JFNpBCityihg WAk or more

patients in thé conputer
parameter values associated with the mathematical relation), altering or specifying behavior

of one or more variables associated with the mathematical relation, altering or specifying one

or more functions associated with the mathematical relation, or a combination of them. The

28



10

15

20

25

30

300 can be created based on an initial virtual patient
using linked sinulation operations as, for exanple,
waele@sihasged in the followi ng publication: "Mt hpdr/asmo4/033130
Appar atus for Conducting Linked Sinulation Operations
compprier imxideh300 Gaprhet mn-Bssskech Spsttieniabnutelificatibh).f& a time sufficient to
@{)Li t, oanub . ca%r' on No.,K 20010032068, published on
creasq sie (eniigaipn orhe comppier ModFt3Y04i scl oses a met hod
f orA nRébeicHl Pﬁ)c;@ﬁd ot ORduISEIBiGIbERN AREERL BNthePBREHY can be
on an inrtial sinmulation operation where, for exanple;
assoglatasdwith e &npwiedge sep er mdertaiaty, ahdnyhmoysovirtog gratiette of the computer

modTE0GnlRe SsPhRE I<puieit SR Ehpl ol BreBHERE or resotutions of the

knowledit ghp.0BPRAY ditﬁﬁlﬁfer’;\ BidISgittd §todeRscl RdcRatdf diithl BRAly smooth
virtual patients in the conputer nodel 300 based on an )

muslgi ¢ASYD) roptrasionpean Baddentified jas plpuing el relgi ingmedidating biological
AT I.muleat | p I s i r I I :

resnb 4 %) S KOO ED S0 P8 AL S Pk ot

havesarb¢ et on IASMesntrationohe re:hiti\rmf;ffﬁcfsi oftheadifferenop@easdf i@flsmmatory
may be orned for a time sufficient to create one

med&ﬂtgrwexgﬁ SottEction ap gugl g5abaselite eAmopmEAtionsnsi ths ditiseraf types of

infladfatory RleABkdrY md&y ncttaOW el uMadtddad. BRL s&8H a lsSenario, various virtual
characterized by one or nore vari abl es under or

patieniheanabe definey tapenresmohimgaresyjdctsoaving diffestng habglin¢ edreentrations

Paeoly iEtlti on. c}O{/atri ous virtual patients of the conputer

O A0 EEAF%epr esent vari ations of the bi ol ogi cal

systemthat are sufficiently different to evaluate the

effect of such variations on how the biological system

r esgond<Y aliglagingVistual Ratiendy, h particul ar, one or nore

bi ol ogi cal processes represented by the conputer nodel

30® e mirge vittual patients imshptenppuier moded[380ican hosalidatddryith respect

o 0SB GRS b i BERRY e BSOSy et
to arpiﬂ@lie_fsé Gﬁéétamﬁhﬁlfg 4 batadever onesndidenh& t‘h@t ﬁl@'COﬁfp@ﬁé@Sﬁﬁﬁl 300 will
The identification of the one or nore biol ogl cal

behgye pscapedted akepcopmatd gractyabrpredisies) er desiisd datpefor dhe biological

syst@h, Fok Bty gt irione valtbuc vitpat oL 8 SETMLApBdel 300 can be
validatedrovith despmEcOt) omt ophate phastyiesiofshe bivdvgcdiessstem. For instance,
. identified, varipus virtual patients can be ¢reated b
Vm%gpﬁf&ﬁnﬁg‘\_ sanl?f‘evaé'r#ff%wﬂ? feeaget &hé e Rhreotype Abfhs Diological systemn,
and %ﬁ‘ﬁmﬂeﬁﬁh &l 8k WilRlatel Gl §6spelt 1) e ARR ;{ih%ﬁot%éj 8k a second

ch one or nore mathenmatical relatio
phenogynesafdhe biokagieuh system that diffsirvinegineabshponfremgbs firshphenotype.

nmogq fication.to.a thenati cal rel atd an Jj ncl .

F oy A iy RellRlr Y BetshRingl? pibes 308 e Yoo oing o e
of vipedistiyiuliganfer ekarfiples dRBIMEIEL I AMFIriaS 238 6thall 8 Validating a

with the mathematical relation), alterin

Con%ggiM9dﬂb YShApplieatism NYwabery U 2@393%’&, %rgblished 12/19/2002. A
virtu3$ SQGh A Gn Wet ﬁs&@ﬁe@%&e{r@!{iﬁﬁﬂs orrjjle%}b% 0% %a{t ec%h %% a%i)lied to a
specitylng one or nore functions assocliated wth the

biologitdiepsttinc differnavirmal stomulbcahdehissidtahwith stiheththakldéffer in some
be run_based on a particul ar

fashlﬁ)glgf?% g)tgg %B%Bgrg lrstglcl)l?li %%/gqpfqe, gpplgd tq gbiological system can mclude, for

example, existing or hypothesized therapeutic agents, treatment regimens, and medical tests.

={®)]

Additional examples of stimuli include exposure to existing or hypothesized disease

precursors. Further examples of stimuli include environmental changes such as those relating
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create a "stable" configuration of the conputer nodel
300. A biological process that nodul ates bi ol ogi cal
WO e®posEds t 0 t he therapy can be associ ated w t PCEHUS2004/033130
know edge gap or uncertainty, and various virtual
to clpageeim eV@? of lespoiip e én arvHeNMINT agsnt eg.dehianbigeochanges in
epresent different pl [ Qt.heses or
reed i BRRRAPE 180 ShEieRe R L bR R B o Boeear e,
bi Bbogirtad appIReeeESS vadsd eliatig nwiyt e @Fdrvdito S8 Gt Mulus-response
nuscl e (ASM contraction can be identified as playing
test. By #Ipdying arfistiof stmwysBespPRitests tor e ¥isBigl patiest i ﬁﬁé:pawter model
f : ' ety t . .
300,33t BE4eRTE: or i & of b o R0 00 lged. The virtual patent
can corter actviaidigted he ifel atheve aétf ecof ofrebliles di foferefit  set  of

. types of inflanmmtory nediators on ASM contraction
Stll’l’lg%p

as
TesRENEso E81s) FIHTIEIACE ORISR el Ae cpgefces Esvplty phdbe set of
i J ry Y i K
i e S TR AP RO AT MRS b on
actugle predended, @r rdepires beltavinnmem biolvjgeat systhen iwlgndiubfeetedrto a stimulus

B (RO 50 e G S B s
the dddigu@ditBiodd] %b%iﬂ@?@%g&& to AGMBhotIRDoL B} Hilo¥Rh] Satedt] an expected

W th respect to the biological Systemrepresented gy ]
resulf tod o ipuluerespoded tesbtypicadly| widk bohasefdpore aptugl, peddigted,tay desired
. Dr s_0f lishing . i n| evel of . .
el B 8RR SL AR NGy LA "ol gt iogies sy

can I fecé@chpiM)en aperagalcdsthivdonsithebiolggiedisodted ,or ®ehavior of a portion
desired data for the_biological system For _certain

of theppiploginal sysésm veenotybissiad: 9an pytislattsngps By warphiegpmple, an
| r . .
el 8 Y U0 00 £10R B B0 BRI ocavir
of avislogiahl pateiremthed subjectoé tv alstidahedaseddisted edfhethe stimudus-response
first enotype of the hiaqlogical system apd virtual

test. nati ent¥ B carfSHRIN al | WROGHIORSt h ABspedEPEded he F5¥; of 2

stimPEPHYRS B8t cdn ﬁﬁ@ﬁ&n@?{%@&éd’ﬁﬁg@&f BehBviek HsB8ihfedlwith a biological
systemthat differs in sone fas first

ion fromthe
systesh evhsny pabjectik tor pastieulsr stingalus.pafucbmtangé of thebavior can arise, for

[ ut er nmodel .300 can b al.i.dat.ed usi.n set e e
cxaniIfy ¥ afRupr $a8abh OF AERABLER SRR A eront sntensic
propeiepadifetent @neinbEinfaendesror¥adhi dat i ng a Conput er

Model ", U.S. Application Nunmber US 2002/0193979,
pub stpelys-Tespeusesigsfocansba eregted by sefipimg i mediicgtion to one or more

maﬂ%%‘%l@i?élatrgl%ié%sé hn u&éd ! Hr %E)rrlrlpﬁ%lff Bﬁéli %@O,t %gl? a&heb %r more

ed to a biological syste erent vir
matlehatobli relationbeanaspresérd toad ominbte Eblogidal plobedsedaffdcesd byma stimulus

S.0 fashion fromone another. Stinulj that can be
assogipl5fl; Sty e, SBHEHIeCRIEy EFiem AaflPHUSRRONFGriest can define a

modSHAABh Ghat®Xi B bd htRIdubYP Slali Sty %?néxﬂr%aﬁty sl h CoREi®n of them,
treatment regi nens, and nedi cdl tests. Kdditional

depeagimgysingbe tfpestisthmlulusiasgiciatiel wilp testiulus-respaisé tegt. dfor example, a
o R 5 T30 B DL b Sh TR o wi

one belmdreN@odified parameter values associated with a stimulus. Alternatively, or in

conjunction, a modification can be introduced dynamically to simulate a stimulus that is

applied in a time-varying manner (e.g., a stepwise manner or a periodic manner or toxin).
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29t o changes in | evel of exposure to an environnental
agent (e.g., an antigen), changes in feeding behavior,
wapasobhamges in | evel of physical activity or BPXEDS1084€033130
For certain applications, a virtual stinmulus may be
For insfaace,ed rhodifisataons tarmbeusrrodsqedndeanesdlly By afepingi oxgspecifying
set of stinulus-response tests.to.a virtual patient in

pa;ranfleﬁ&r YRGS SPTUHHB GBies 9B EPT apedain thpe dualigy-s of ¢ he set of
StrgPubdttid %ﬁ@%ﬁ@nsﬂ eﬁ%t%nﬁﬁl@-r&ﬁoﬁeofwtc 84h bgha?%)ﬂécf §13he or more
patient can be validated if the set of resufts of the

configatatiofis ef theudonsputerspode S00awsing knkieflistnelatiby operafiarsns discussed

to.a set .of expected. results of the set of .
previglf, . Reiefihan ittiel STl patsrie Fiayiha pgforped for a virtal
patieft] 2l foSoHWesd BRSAutR oL 2 dIefESE UeBRedBY Wadtimulus-response test,

predi cted, or desired behavior of a biological system )
one g arrrsuddeidanadl siulgtien j qpgrationsgbacirgt beked ton thengnitial simulation

heworsut] iapsalisns Shiciia
opersfiop RS pERARBE T BE kxRS, ' ool “s00 with

respect to a phenotype of the biological system an
expected result. f a stinulus-response test typically
By | Assggeiagingdiead Ratients 49 VirgpakRatiedds or desired
behavi or for the_ phenotype of the biol ogical system
Thie Bedomnlish associptipe Qg‘é!w@ygqee% @gﬁe B@t,ua].! patients, at least one
RleSar r e e Ai: :
refer AR VRS AoRIORARK OROBY bk Mot YifLAJlfials can bo created
from sthstt esferehen virulal gatiet toorepraentt ‘dogtees oft freadons’. inBthevayderlying
Oof exapple, an expect resul t of stinul us-respons
physiglogy” BETh RBeuibon S0y IeHERt dIf BFSUqT piEa eBRR brown o
hypotdsiBedy ARG & 1RYEIBAYMEIRySHRIZS ThA IndyPolpRkddih YR phenotype.
associated with the stinul'us-response test. For
These dypethesizgopyirpéipho pan bamaeewed thedughe §libtingfritgria to verify that the
timul us-response test can include. an expected, range .
resulfys PRHAEPAFRORS Er BB P RSO R E REFEEE  Bndits cortain
physidldgi@UtReichlocite@). t it Wbk iBithiBeb,Usach SHAHall PRt Bs an associated
behavi or can arise, for exanple, as a result of ) )
prevaleiice deigonan grdieaiony pb Ity nembers 9 peononEen of redlflife matients that is
' i NS Ees, Jdi t 46X [ . CES:
repreysitad B PLERE bRt R, AlISEERED) (P Dk B B ionts can be
managed ibii dogtrallingdihé inoaibeo bf vituahatientaTwith dimiliecticeaistics that are
.r%gati ons included in the computer, npdel 300, which
provided tQ, fhegysteniy {h SpRAE RSHNCES | ¢y sinTaized Mirfuah paticah cam he created to
repre§ént ARLKjeY Ol 0gi cal processes affected by a stinulus
associ ated with the stinulus-response test. A
stTheusystsmr estp omwpritees cowrelatod @pemableato rgyduyf, i or aflustan, vintaal patients
s tpo be.introduced staticall dynamically, or.a
that defri A o U POR R Rlns ot e PP SrPG it pgotocols.
The @zfabtad algb lilerdti?@ ok | FUh&R-doRSRGT SRarhQSisticE PMat, taken together,
xanmpl e, a nodification can be introduced statically

e
differsytigte thegravped vértupl patients fionn sl tathervartual pafients. oivdditgonally, the

e 1L | ues ciated,w th.a.
s[5, AL IBA e VARG, SR ALA AR o o voor,
Reporting fHeCclaiﬂ]mBIrl] @haraberistiv(s)ocknciadludy nadtiging Ya patisilaiiplidndtype or

Sti us at is
identitying anc}ilagnosttic test, the result of which relates to the common characteristic(s).

The pool of virtual patients should cover the breadth of expected subjects that may
appear including both basic clinical presentation as well as a range of underlying conditions,

many of which will result in the same clinical presentation but would result in a different
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applied in a tinme-varying manner (e.g., a stepw se
manner or a periodi c manner or toxin). 30For instance,
w@20vadsiecat i on can be introduced dynam cal |y BgT/US2004/033130
altering or specifying paraneter values at certain
respppsecto tmatmfmt r@imenst Fonexamme dupartl iob mirtuBbpaticats michudmg a model of

._appl i ti sresonsetetcnbeall

aiatPfRR sh3h pBRy RSP ST REP e e et B droraLRb et through

obest0fibjztsh @hshhﬁ‘ lﬁ%‘énsﬁh%‘ ki écad) rﬁfﬂ’@f@&év@fésdlﬁ%tﬂ'sﬁﬁjét%t% el subject may
Ogr eviously. For instance, an initial sinulation

g% QT Qxapls, beesuse pf Beneid prestispesitions (exd., Piata Tarltans)aarchecause of
11fesf§)?g IR cgsg e é%’pfouﬁg gctt %16 n%feﬁ%rcg'sr% n%{,cgg E’Q@%ﬁ]}f d(ﬁ% Bpoel ofb Virtial patients

showid rmélaﬂe oitRp Patdto @épréé&sﬁfm@rsﬁbﬂett@ kieh bCpréchQ)dsﬂioh' o obesrcy and
simul ati on operati on may performed for the virtual

virtyah patigefs represoniing sphjests @/meaaﬁ obeseidap taslifestyld ohpieas.
Pa t [
or tNrfcg(P écﬁlg ;Er%? u&f\qgg%ll I%lﬁtelgé 3P %{awie@ % glﬁéHisJ lﬁgﬁ'larvl\(”eltsqhgc Hifferentiate
themu Theu aial]zm caninclhule Giraalatidg aQee of knowi er Glypsthedigedotherapies for a

& virt 1Jo ents can _be createdfromthat ref erence
s B b o R Bhe e Bl B e LS EMES yerss non.
respbﬁ‘@ # BV E. é3hé( %ﬂe‘i’%}gﬁ%oﬂgs W R or RBER NP patibRs but not others),

degrees of freedon represent known or
thellhtilp oirhesd paidehty eari be fother analyhel agadst bye algat}ndme |1¢énmgy biomarkers

T A SFRL PRSP B B i g st o

non-fréépbﬁddr@ghﬁﬁdcﬁt@dﬂ dthed bitharkdrs ichbe LRI (0888t} B8bjects as belonging
virtual patients are realistic representations of

to tl}eéglpmptypee Egﬁn, & Aespopses ¢o a thgsanysate dredagted to be similar, biomarkers can
[ [ [ |nstanc
ve Q3RO 00 PLERELD el RGN AR AT DRDE o o bt
assofiatign , beamednn dl abféoorandf ah hiadividiae rvibial psaiea, t i THe 8fomarkers for
real - Ilfengatlents that is. represented by the virtua

diffoseitiating Peteeh SiRHAYS VETIp! Pticalrayiarlafe sommop dlinipa] measurements
but B/ '

o 50 58] IR S SR DRI\ 108, WG ANRL s
subjgatevindudingoe.gh gesstist @nothtmdetaihed teststlinoms subjects are in a particular

state f‘(‘!)g Elbv]m Ze e\%é}su !ﬁ,pcﬁ%t.é,: Esclg?rg laPse é)%‘;relag gde:}isg% rgf errgnstgu}lg factor.
Typie iy, akd ﬁla‘lﬁlsgditf&l;ﬁbol QF vﬁJrLM?f)@c[entthb rlaéiﬁky Btk &fhind BRnarkers will

generate simlar outcomes when simulating the source

be p@r.forgpqd]qnge, neiop e digeibutipn pf Gesygbw. to Thtidopsass.at or can
n character i cs that
t a en @oge‘b&%trvaﬂgl fafsegrlggr]}tgd qu%?lﬁ ST BPE ey ]\,Ha\tnfﬂ&tgll‘xx corrélator can
assogiatei erﬁubjeﬁ:f avittakl clogtbe bf Witthalapatieais @t Share one or more common
Addi ti on the correlator, or the Ségsem can
charaClefdities ¢ h fé% AUt ylaky abqte the swhisct cemeltssehe 0P @F sRorecommon
harb AGH4RE" - e r a
charl ASISE" : SOPROEbiond B0 HGANTH HOFIAEL MLREL Hhbduck®l vector of
meagugemerits ylambmgjﬂn@ nmlﬂldnalt @his, vdche daeshért befcomdphet to vectors of
cteristic(s). The pool of

n
meaW?‘Pifﬁf f%ratVf $o ﬁ%}arfa Ot HeMBFee gi9east élﬁat%lkplélc%&xemplary
mett®dDh GikEBhdd¥dssighent can be performed on the vectors. Each measurement may

be given a different weighting if certain measurements are more important for finding a

match. The likelihood of a virtual patient being representative of the subject would be based
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appear including both basic clinical presentation as
wel | as a range of underlying conditions, nmany of
wokiosisesd | result in the same clinical presenPEl/UsI004/033130
but would result in a different 31response to
on the setafeyRighted levshwsiuatcs petaegnpcevirtaalgaedsuisment vejer and the actual
1nawﬂ%%k5f$§ﬁmin0|uqing a model of diabetes and/or
obesity, would include virtual patients ranging from

Nn@epatatedyifioacths dsdusatigh of haskjestythicagiiem, optsatlallf, will establish the
insensjtive subjects, mld to severe diabetic

prevalesp et @achavisiyp) paticnidl the vabed eoatient peHstiane to Bathen sesist the

eali ' redi. SPogi. L 40 e ' . an :

e o805 LSO S 008 B LAGRY i .

exampkefromsdjnicahadals di nigd gisedsh erqaoaf intfrest) the walatipapireyalesce of each
. hou) d i ncl ude virtua atients representing subjects

virtugl; pagiest prwd; ]éepsgt?l?lisg‘ﬁé't 1§ b%@fﬁ;)veaﬁ%r?w%%%éws ffsthe same

methb@PFRSRALHIRG assim%&@ 4§ aRuA! FatiRRC BRt dHfe Wl 4 WaRly f)@pulation» of
choices. NeXt, this pool of virtual patients is

subjeatsdionz 8 dlipidatitreds, figing detadedkéats colleateddivfihg tisost itaale

them The analysi an include si ati,ng. a t of. ) )

B AnoBEF sombBaet B8y i Sactod hE usfioRaRBipeRtion of time in
the chlBtRti6S tInf @hert Wrdy] subjirts WAl b& Rasohed fto YROGI fphents not diust by the

patterns of response versus nonresponse are observe

singlg popt megsyrrEICafsy borlre matdh based oagthengesrinuBpsqarcpwiaents over

time. s (e 00 Ghe Wl ybBaLY bt bRl oGS hBE Pl courses of

therapy, rahk aatardl padgrediontsd ths didedse iflitfi§ beiag niatirdichusaenyet treated

. . Subjects that are responders versus_ subjects that are.

n its egHy rseagsiaifd)é re§?“_nﬁlﬁd§‘la€?ﬂ?, suBiaqisr YRR haEHdTestessvahy Wekedn terms

of thdiPidsOf "t‘i'\l'iéb’tosiﬁpdlﬁﬁ U?d@t?n%?ﬁle QBYcoh Of BRI %Ezwool of virtual

Even if résponses t0 a therapy are predicted to
patiests kohldrtakdindoracdoantthesnmbasuradenftdifersdprogredsibh.cTl@nis iatpertant in.,

. _between various.vjrtual pati.ents to provjde for a .
discagss: PBFRe, 300E; TPICCH e WOBIFSHIE Brter tham AUEFS i Yould gpavire 2
differéhf, it aP@s®R treabin@ntte SRR KEHeSdifRhsigh bf 8hRMhAPbE Morporated in

between various virtual patients can include conmmon
severgl walysaFirste asbieeinbistosy mutpashyubirgomisryrapernts may be used at first
pese A AT E el Ryl S E O g o

meas@fen@hite inayebai platindde$é Sest! fors@ieass UpjogrsksSioar@ids id., take more
particular state for histaorical_ reasons (e.

. ) < ., diet), .
measpieienteg) agnewhnhird, @ firglesgtingteptay W@P@ﬁma%gtﬁ g Vgl ?aat.lent may
e AP g BN e, 80 Bt p b B B s

peif ftioe rasdlt arfcerecpminended thetraplyris ubstamtiallfy thé eamy Soethetabuster of

) | tip]e user Next the subject . wll .be assocjated .
virtugl piteBise aofbohiice S HEPEIEA] (DA Bitvidtah ! Gty B qnetines not
requi?eﬁl$ oaldhRtiRel§ U HeeGistet bh e Rivesid, o‘j?bfioﬂélf;{, ah r@@ﬁﬁrﬁéﬂﬁéspeciﬁc

that share one or ‘'nore common characteristics when t
tests negsasary in difteeniiate hsubjeshs eeatchotor vagioas irtuah patiamgs. dihe tests can be

app GRS R AR BRIR, ofcbe o 80 o PG BEatPBran rgport an

assodi@RRrbebi ¢t thé ksbjedidhd b fHifilal patfeinbwith bk degdde bheshftdience.
conpared to vectors of neasurenents for virtua

paitiysharothey enihogdiment of thepyentionothe systermwiH. suggesha set of tests that
will rﬁ%%gﬁb?ertéiy differentiate all possible virtual patients correlating to a subject. In some

cases, the association of the subject to one or more appropriate virtual patients will occur

33



10

15

20

25

30

met hod, a |ikelihood assignment can be perfornmed on
the vectors. Each neasurenent may be given a different
wowioghsdsmg i f certain nmeasurenents are nore i NPOF/US24/033130
for finding a match. The |ikelihood of a virtual
thropglt aentltistep ngocespr dSwh)thasddven basit Ipetisnt ipfoahatie pathdred about the

oy 0 B S U P25 e e
virtdH PREERITROM the GeRlral pSADAF @frﬁﬂayF%tie%@W#ﬁ?edaﬁf' %gﬁﬁg tﬁﬁ)fén that first

a subject, the system optiona establis
set qirtestsl forther whroydng is/aqhiayad byat seeond {or adfiiional) setaif tests that apply

at i ent u jon to further assist. the Likelihoqd
o33 ceinhE o8 o EhS By fosre AT Ml Pl e e 6 e fator se
of 3@ hilcad:ipefsit@tiavasivy, ttneAPIs@m o0 By GihdivisdluntibdiAbi foR patients or
t he di sease area of interest, the relative preval encé
physgi¢iansm chpohi ptmultisiat proness cenyildl epsuresthass testsewereTonly taken where
rf ' f the sane nethods for
abso‘frr%# ic‘/ﬂ}eﬁgedgﬁ’% g(fpgglg a?%érgg%lgrg'{ﬁ%ﬁq' patient, but done with
a \nebe peyaticas, i aesbciftios Wjasabject wilat iRudl lpatiéit dhay not be a 100%

trials, usjng detailed data collected during. those. _
certaip papesss. | khe Kituak patisnb st havistsomenprobghiliyrafheing asseqiged with the

pr 3 07, ARy LBk 0 RS g i

certpndiseates. e ojripst obihe systers, apgloaalpgicath repeetsthe exisance, and/or degree

byt al.sp match based. on chan in those neasurenepts .
of e Nie B s 1B aﬂ%f‘ésteaﬁi?g o e diisars PRIER A osaC assignment
to aRABERIRA] QirbREPafi@FRANIR Kbilikditd.| h LRMIH&ENGRE, the subiect can be
therapy, or the natural progression of the disease |%
assoriatddswitles alysiep af visiuelpatigntsnot yet treated in its early
stages. For exanple, diabetic subjects typically get
progressively worse in terns of their insensitivity to

¥.ns Wtilizatibh 8 Biswaileds B§ SRcinden@ion Of the subject to
t he pool of virtual patients could take into account

t heselisressdr ®%ve/ thel hseainto bPY k@ 8¢t0Rith 4 Rirfual Patient or a cluster of
inportant in . di seases where sone subjects are

virtys} paficdseangbe Bastlipted handentifisationapfcbigmatkgrs: ol examgle, biomarkers
i f. , i e, Th :
cn AR I ADAESEEHE W 800 R Rl e Ao

biontdrkat cas bej wwetl thidefiae ynd difiasitiae bjetts 6RaEtAEPRNS in terms of
rm%gkbe used at first presentation to the systemto . )
predigied TESBARSC] PRBRNEISBORSE te Ut stherpicsn dBlomigkars diph differentiate

respéx_&’c@r@ Ghrsl® UL EHRNES s B@isfagf?c’ri‘é}tﬁgiﬁtetﬁ?rtgﬁiﬁﬁé @bal is to identify a

I Ssease progression ratées,
recomeadee rteerasy ifor a snigacth. InTothexdgasas,f whet asstciatinper afbject with an

. ..Sybj.ect’ tch.tg a virtual patien be mad it

indi Gt PRcR" i edlosbioBanfils e, begbutiied B B dgfine and

diffdréimnd étween GlatiBiis virhial bitients of RRIIRS W1t vithal@patients. In addition,
recommended therapy is substantially the same for the

custemizse dvioraarkgisy capdre idantifiast to, vesify e pesoeiatiers befwieem the sbject and
e ARARILI AL pYbot S bRty SATSH TRBSRL b e e s

respofeiofaalibj¢ct toartherppmmend specific tests necessary to
differentjate a subject's match to various_virtual
paM(gﬁpgljtlcqt}:pélyt abiomagley cgrprefer to a biological attribute that can be evaluated

to infer or predict a particular. Biomarkers can be predictive of different effects. For
instance, biomarkers can be predictive of effectiveness, biological activity, safety, or side

effects of a therapy. According to one implementation, one or more biomarkers of a
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applied to a subject, and once results of the tests
are returned, the systemcan report an association
wheddesa4¢ he subj ect anda virtual patient w tPCBHUS®04/033130
degree of confidence. In yet another enbodi nent of the
parti¢gle Hierany, canhbe dgasttidied\isig & wgawster anedel. ofhet egynputethgtodel can

o compl et e i ff j L] [ b e virtual
cons s BTSSR A UppudE B A e n
expetia®anil ptdtedd] absokfatedswith €rtthérappnk @le ifl@n@RRIDdP theadxPerimental

virtual patients wi|l occur 33through a nujtiste _
protqspheas e definegk to synulate By therape Be ¢eatain anplisatinmsi te experimental
B e e T L

pr hersevond siep jsatd ewt ghé reaperithentgle patadol pooldentify one or more

. virtu atients. Based on.the results from¢that first
biomagers, Iy RSP FRSneAOn, A&FHot PRF PR Pévwatve%ﬁurements can be

definre8C PAth (RfuaPRdhdkRG bf ﬁfeltsepéf Vieed1 SndaBAbmaRR Xn B? h¥oliBted with

~certain subjects. This multistep process particularly,
a diffigrgntomessmrenaent dr ilfe biotogical eystemt TDlie satsifsvidua measurements can

i xpensi.ve, invasjv time _consumn r ,otherw se

imotuE GO Mg PR st SO ERRO ) Bridd® o8 ffeior of the computer

modélabbdri tRPexPEOMmRER] H1otdcd] /NS4 £ BRES6n HRTkPerMBERaIQRbYCcol. In the
t aken where absol utely needed for progerl assigning a

preseg; spbedimant of dhe investiamdbe compaist madebeanobe misimprodiice a set of

[ ' y 1009% |
esult 4018 5 R AR OREL Sy BP0 o v g
to idaftifp ehe1gr mesdisivalatddravwiithe thegappar ti cul ar subj ect. This

probability can be associated with a "know edge gap"

reﬁ%‘r &F%nc%ﬁﬂ%éﬁ%o‘ﬁi SEEES configraligns, farqust Wé*g-@&/é’@gﬁﬁlts of the
com 00 S ke RRA v S AhE B0 DA DEofiCBhPfre Sutfciently
differting taswdnsterihe eifest ofosush eaiidtions as dibgrthe bioldgicahaystem responds to a

individual virtual patient.can be facilitated, | ome
pertupioln 6 Bariéfah g BE inoge hiolonl gurtisndtimpranted By 1% Computer
modé]1308tcah befidentified ak Ffa?iﬂgedm)ﬁa infmoddldtinaZAd1b&iBaldksponse to a therapy,
Bi omarkers by the Invention As discussed above, the
and vsoye icanfigmatginseoas bigj dsEinedviot tepresent di fferentpmodiéinatiams of the one or

. er virtual patients can be facilitated by
morelcﬂdéesl% }ce}lgléf:?sg%s'of bi omar kers. For exanple, bionmarkers

C aBionearkete roah fhee ttlehifis® b ClppBAing @ﬁ&iﬁeﬁﬁéﬁtﬁl pfadcot @b a pool of
. be used to differentiate sugj ects. so, bi omarkers
virtuglapatigats, dereer s erperimenisharoirdol & dsfinedder & thesanys & @n be used for
. : . it _ di
e AR BHIFR Sl  RE SRR U AP ENRE . I
illustdités eflewtchatt ¢o ideniifyrhercss moee biomarlamns ndspanegiesinteaial ptocol.

sufficient if the spegjfic goal is to identify a
;b o SBPt #&%ygfﬁffé-ag stibj% EF e %fﬂ@?u@ﬁgagqel absent the
expeMiRIR1 PESOED] bl RBdAceS H FireiCiet WrtBsdR (sRE1 sdojual st tdtads virtual

.S
patient is the goal, biomarkers can obe identified to
meastirangnéy canelis defingd do @ivalheie diet heheeiobef veeor mard Yuwal patients in the

Lrtual patients of .a cluster of ,virtual patients. In
compfirfio) Bt st PP TahibBiet st iy R sk P 500 can
entaiV @pplijihgt i A88a6ei af ivirudahyRenrnicAs® SUBLEGE hd virtual patients to
produce the first set of results. Each virtual measurement of the first set of virtual
measurements can be associated with a different measurement for a biological system absent

the therapy, i.e., the experimental protocol.
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the custom zed virtual patient. Further, biomarkers
can be identified to nonitor the actual response of a
wGeopesi44¢ 0 a therapy. More particularly, a bi POEUE®4/033130
can refer to a biological attribute that can be ,
evhl oz suplewmentafien, the fostewt of vartpphmidaswkments B appliddetosmultiple
. ] i cLi [ . . F I nst.ance,
vireufE el B s eripafifl bt BRL R ot Pl BRELsEan nclade resuts of
the fRbt0e0 B ¢RluaP@lbhstdilents Brealh vRTuaf bateene bf &l Mudbletvirtual patients.
therapy. According to one inplementation, one or nore .
The girgnegt kel sirprl anapgmentsuivay hehepplisd tarihd emiltiglat viftigld patients

. ' The computer. nodel ca .
im0, SATBHESS, APEbon TP ORUE el R o s of virua
measneenai taitbe hivallyl dpplied tEeP firs ViRubtieR t8Produce results of the first

experjnmental protocol associated wth the thera

¢ ! py. In
set opwistuphaeasvermets &4 the st sipel patisnt.aPubseanentls) thedistiset of virtuzl
i ' . rdain
s AU KO S AP O g ot st o
virtughomedsuoatanonfor dhé¢ becoad itz mpatiaste | THeofisst Betl @tarttidl @neasurements

can gy SOGRAAIL GOPHER 5 TEAIBPIS iRi BBl RPEIngshn order that
may b&BtRALEY @éfaul@oﬁ'?etlecf@d iﬁ-accdéﬂ%h g rwﬂﬁ?&t lgs?er-g ectfiddt slél%lc’%ion.

C
measur enent’s can be defined. Each vir asur enen
of Farteertaimtapplicagions, cak ommemseiresnienofthe finstlset afsesnits aarelk produced

i £ h i fferent asurenment for, the hiol ogical
basedtbh 0p of HerE LBl PRGTH: P Mg 48 hecshenpi e BRpfafepl or example,
the fivit isteipabtepBOO)IELIEIMIB applPibc ANErtEA REiUisae dne of Rl Frfial patients

t he behavi or of the conputer nodel absent the

of thg,gommutenpadel gpopredute the first Isetaefl Irsuliel dkhet vigtual stimulus can be
s t (o] 8 . resen nbodi nent . of .
e L AT a——
simulatedd Un ¢heapregit ehbodigieht f thg iﬁvbﬁtié‘tﬁ tvaﬁél%s\/rhﬁﬁlbtlﬁhtical relatié)ns of the
asur ts. Once produced, the set of results can be
COmP%FWg-‘ge *ﬁ%ﬂg Fdih 3 P“;degf@“@il drBred By Shrayikepkstanulppean be solved

numdrRSNPRY a cgﬁgu&?ﬁ§iﬁ$ BtaRBRY Llft':gggitlﬁlgszttoip\éﬁt%dscg g’?lu?%%f variables at one or

Conflguratl Nns varl ous ViIr
moredimpgsihiaged om thel madificataon. r Sywhesbes of dlid edriabies cafi, ihhermn, be used to

' ' ffici ly diff tt
proauf S8t S EABHETR B Frd ot vgmie g liofthow (he

biwithgeffincs YSFRM 3, e8P8RERd btep ShdARH {468k R conthiter model based
particul ar, one or nore biol ogical processes

on the gppeERentdPrefpcelHe nrodysetacieconstisst o 6Guliafstdpe502). A second set of
S 3 . . ol at oo of o eal L
v SSRGS 5 BL VA0 8 i B BB B PRy pesms

in thdeompitenemdelobasep vasaetexpirfhantanirotseei. f headrii@ps, efe §dt6nd step
processes. Biomarkers can be

bi al ogi cal
(step Sa&%ﬁ%lewﬁﬁ}a& I C%QO%S% RHEHMFEPCASUTRRERtS toopne ¢ more virtual
paticROR) pidfindd fhb g@éo_naas } ?gfe%lts%%h%@m% Jahtﬁ%zgéﬁtl of the second set of

protocol 1s define r-a therapy, 1t can be use
virtual Icapurepeste cai bé desotiafediwith @ diffepent measurbinentefbk & bivl@ical system

t he .t hera in del. FIG_5 illustrates a flow )
v BERY TP e 4t S LA e i
with exeRQfremeAE AonAEXeACR! evaluate different biological attributes of a biological

system. Alternatively, or in conjunction, the first and second set of virtual measurements

can be associated with measurements configured to evaluate the same biological attributes of

the biological system under different conditions.
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The first step shown in FIG 5 is to execute a

conput er nodel absent the experinental protocol to
wee@doda4@ first set of results (step 500). A PCT/ES2084€033130

of virtual neasurenents can be defined to evaluate the

beRaw¢artaiwbppivetiars, therexperimental prosdcbbednsbe @pplieé to multiple virtual

petiGRECBH F RGTPUeE FIPCE] Rish (G¥dhe PSPRY SG00)eRUR @hiaglyde resuls of the

secoRPREYS MNArthemEduidm ! fRfeatth Virkial gﬁ%% BF feRL R thaovfi’t?ﬁl patients.
or nore virtual patients to produce the first set o

The reegmmmtalaarotocvl mayde appisd rt@ thentubiple hirufail paﬂiemsssinmﬂtaneously,

scaufp a1 on o RRHEHRGHLAL PP oD, ORGUecae YRl upipeol can be

sequEﬁ‘t@alIyt’@bﬁ@&’ to theGnultipldeviR¥AYatiBRE iRhccBFRHOS Yith a3Jrler@AR may be
ementation, the first set of virtual neasurenents

establgﬁabby flefgult or $ﬂ1¢qt¢qolmcv¢rd@1mlmﬁm pesnispedified gedection.

|C(rjlcl ué%s % delatl% ¢ tla%tlo%% &'Qﬁe ];cclérilgltétiefc’ \?/r% rdt%L qﬁc?ns’guwg R o fiddification
defindaby rtﬁmpalmaﬂalepfdmbn r tatebe Balve@ Nurddridalle Bkt éddfiter using

virtual patients. The first set of virtual
stangpsd sqlg@ﬁgﬁ)ﬁswna Btaise valgpy jof dvarigbles et et P ety timepgbased on the
modﬁ?cta 16 §uc°ﬂ %ﬁésatﬂﬁﬂé@ ables A elﬁtthﬁll hé( u?eQirto roduce t e second set of

|nat on o or exa I'rst set
results of thakecvad setrefvinbiad neasurb@entsi ti al |y appl i ed to a
vi_rtual ient to prodyce results of the fjrst

o7 RGtp b Sulhe MRS SV 1 5By ors pibgth of the first st
of reRéltd &1 the %ﬁ%é‘@&tﬂeéﬁltst(ﬁ%p fsoBstA §@§Jth:fan\b'ercﬁ§15"l’e{yed for each virtual

neasurenents can be applied to a second virtual
meagygemnenttofithe firsh dnd seqond skt ef vittuelhmedsurementet By)ﬁlsplarymgaiesults for
one QERSH AT R b BrBSER PRl 2 BB e ok B bt
to idepifyl @@ drombieeoibhhbiliefl. EFOH dektdm aﬁ@ﬁbé’cﬁﬁhﬁ Srebbrt9GaKE] 3R aphs can

with an order that may be established by default or
be pejdedite fadilifatgamdergnd @gliytatisar. user - speci f i | ed

se r n

”  SEfEpadill H10; 571 ByfRBbAA0Y AR SRBEE0nTB Fot of the fistsc
of rdsalssahd)mecseeomr seltﬂblf@esults tolddentifyi ond or mOfHJlblbﬁﬁrkiefE @sfb@ 506). For

exper| ment aI ocol . For. exanple, the first ste
certy3 PEplabioys, AR Ei Y Oéﬁpbwgkea G EadE (Y Mg pvgluating the

variGi3Ge&ifits ”QKI?erHéthteBialor E’ﬁ?‘E Hdio 1d(3 Toiates Lgf%rlil&’ﬁ Sk {‘:291 be made
produce the first set resu ts. e virtua i mul us

automahicdly, asdoai andichtiont Mabstprmdut te hadlcatafwwlserl the slwpmarker is

d {lﬁs ion fromthe actual therapy being simulated. In

1denitied. present enbodi nent of the invention, various

mill"h@ BRIy impehRhic@Tsr @k foiieh ﬁ@%’@dé}ﬁSOG}Qﬁﬁ ldepedliMGhe particular

a nodification defined by i rtual stinul us,

blOH@ékﬁrHQ beoideatfiedinder cartain hsgmark@tsnﬁm furthsster (Sem AR ein. entail
| f
comf b HER oSNt Bl AEC Y 18R By e o

step (f€p 5@)icabkeatail camparting tegiilts ofliBe e etlod vixtuadltieasuréifents for one or
first set of results of the first set of virtual

morguuiual patisnts Withyreshlts it dhe second setrpicyirtyal mggsusgpeityfor the one or
mord YERIaP PR SF(SrOinEtgﬁkiet e £ g%ﬂto?rvum%@ %ea@tﬁéﬁgntg;aaﬁ MRIude a first

experimental protoco uce a second set
virtuabmehsguseni et cand3D@ yecord sgtod vitumbmeadurements can include a second virtual

measurement. The first virtual measurement can be associated with a first measurement

configured to evaluate a first biological attribute of a biological system absent the therapy,
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virtual neasurenents can be defined to evaluate the
behavi or of one or nore virtual patients in the
w@ovpisans nodel based on the experinental protPCDUS2004/033130
Accordingly, the second step (step 502) can entail
and a@p kydond wirmabegendreseht @hn Vbd tagsdciat@h swikle e nbsondonagirement
nore virtual patj eni?% ﬁ E roduce t he second set of
i, PEH

contfigiaied|tp sevaitiaisn ayseparigapio piie it the folegicahsysiest baged on a
i, 1 i

therall £ P xRS ETRONT DOMER ofHERE o B kil dfiy® of a paricular effect

of the¢ lleerafnefagpy effEblmvehesssbloéngﬂcaﬂs Eacm’ldy, Ssafety;forvéid& affect of a therapy).

asurepgents, can be ass ate asur nment
Resulfo A Hi5 RSk VFL iepiutacin Pt BLIRL KITGRLGRL® St 01 sappsed with
resul@f of thE O§RBhE irta NS hiAurdh&Rr R 'tﬁ’ee Intultile 'Vﬁ’rual patlents More
conjunction, the first and second set of virt _
partiquisalytl rcemﬂnsg damnrevelisagiSthe ifastedrinel ireasurament ﬁ@nth@ multiple virtual

conf t | uat e but e
patienifp “fl r8f"8§ gatﬁe £570pd H‘ﬁ}‘i‘g E}Caﬂ“?%‘?‘gflﬁf abo??&ft{p:‘ % Emal patients
can epfdfDHete@hinti N whBBEY fhatheQils, oft fhe X0 eHiuaE RieaturheitQe®Icorrelated
can be appl ied to nultiple virtual patients of the

with Shengastlsy ofrdlere pecond tyintush ineaperenistlond b dirstopiofagingl eribygp can be
I f Q [

1dentir¥fe}gsééfa:% %?aﬂ(%rztpﬁ’telg E)E&i\ll(?tg’t%uc{a}ﬁhé g%ﬂﬁﬁ a¥ ?ﬁe%f the tliler%qy based on

determinihg dhat plad reethSof thée drse xjratal maﬂmbmaﬁ@tm sudistantiyllpeorrelated with

appl i to e.nultiple virtual patients

thereéﬁﬁ%?fte’gﬁ Wlﬂ‘éaéal?éﬂ??rﬁ?r} y, or a conbination of
t h§mle a%eélﬁéte% B6Fte JrARaISHAE TEMRE LbRkwd VRERE BleaGRBndEs (e.g., the
sequentially applied to the nultiple virtual patients

first aml sevond varted meastrepants) teprovidad abaye, b‘eslamﬁchbb iredoguiized) that, in
ected in. %i:or dance

goneif il At R, Uil Pisfher SheRihetlt fufbe; apyzed to identify a

biomhkeAt F&rlﬁst@ﬁcd e ﬁ»‘r@mtlbﬁmﬁﬁl%éasuﬂaln%ﬂ; duntahboainclude a third virtual
nodi fi cati on defined by the experi nental %r otocol, can

measwn%r {hed inegveeipied With Hihirgd me&wtﬁmqnt fiesi the binlegiealrsyistem, and the

i S R OISR 550 L B G B g it

systeinhsbseat tigbtlesapganin the pragent eR@mplegdesuls PIf abtiEi@sttddd third virtual
second set of results of the second set of virtual

measpresfslor Artiplowirial patispis sa be gompesed syithymgenlisigf the sepeusl virtual

measiftaWAt st e lﬁﬁfeaéf ‘f)aﬁéntp oA Qo&fbfﬁahs ol TR ¢ e%ﬁ}s & the first and
results and the second’set of resu s ep 5

third vesual une;aaurehsnm aplbayetrhmeddadbh substinimlly rmaelmt@rmmh the results

of the,first and secod et of V|rtual asure S, .. .
of g, s, AL JOFBETIERe (R G BIIah &L hFL g o tird biological
attribR&k ic8M b8 iddnfified 8N A VinaHi-Rttolile M RarkEr KR 18 pYddidtHlof the particular

patients can be evaluated to identify one or nor e
effechoighatlicsany. For certain applications, reports, tables,

oer%'ElﬂQ '8% t&lﬁ% kfl?orgr grgea%lﬁ'ex%?@s cg}l %t eq‘e r&?rhe%ttp g% srﬁgstantlally

user errlng

corre&it@il\lﬁhsbdi oh @napahviestanrdstatdaichl ©ftst Beatiktidas tesBathat@bn be used to
results and the second set of results to identify one

identfy carlatipn samtekids, fos pxgnplpdineartseressipn anafysis, nonlinear regression
analy?rﬁggléahgalta&lﬁnéorrélg Uikt cap, Q(%gfgan@e RiBIME §&hichaP sPistical test, a

y a user eval uating
correlation coefficient can be determlned and correlation can be identified based on

determining that the correlation coefficient falls within a particular range. Examples of

correlation coefficients include goodness of fit statistical quantity, *, associated with linear
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various results. Alternatively, or in conjunction,
identification of a biomarker can be nade
wa@ewsosi4ecal | y, and an indication can be provi BEUS2H04/033130
i ndi cate whether the biomarker is identified. The
regreasiah yegiekysisngide Sperrmdn fReankt Gerrélotion lsoeftieiont; g.egss6@6ed with rank
corr‘f%n d[egend on the particul ar bi omarker to be
FUER'FY ed. For certain biomarkers, the fourth step

( siRRti BESHiofRk RN Be VepifiRAkIAG vaR6us héthibdsS Bbr Qfrtain applications,
results with the second set of results. Mre

identpfécra{t' o ff arhigrpalﬂcn@candpp( Yqﬁif@dé)@se(dscprg rfovs@;@)np&m gxegrimgntal or clinical
C j ng, . | t f ot fir set .of virtual. ..

B T I e

instahés WreS 00 imdrbeadd@ivpan vieial Qherspicd Wah beeadinegMentiguliAE different

.the ope or nore virtual patients. For, instance, the
variafipps;pf e thesppxierg 1Hiffereabdaspgsre Heamentinicheals, @b trgatment times), and
the ofib of Hi¥e REREYA Vaflfai Iﬂf%gag)iés%n%%ﬁ)g%s tys Gbr &eﬁﬁdﬂ@lsho in FIG.

neasur enents can 1 nclu 2 second ViTtudl measur enent .
5 to Vhefyf idestificatioh wdla biomatkee metht respaet hethessearahed addittonal virtual
first asur rrent.confi%ured to evaluatg.a firs ,
therajcsy o IIGARIVA Vr Pt THRICHOR; o Eare aqlianl spakgations cen be
define CARPMentX{@HiEn LFE HIGAAMRE: ¥id b rifRASIERTBRLe ¢ bdEvior of the
associ ated with a second neasurenent confi gur%d to
one @ \vadrg atditignslawofigubtionsdyiacadnngt sy ddseritedabovdie
bi ol ogi cal system based on a therapy. For exanple, the
second biological attribute can be indicative of a
Quar Sintidh€éion Ewlegfd of the therapy (e.g., effectiveness,
bi ol ogi cal activity, safety, or side effect of a
t heneyariodRedtthil Spabibntk HE of donutd hbddlardrBaBIEde RMehbPlor of the

.multiple virtual patients can be conpared w th results )
variogp virfial pelicmbcican herusafl forepredic@ymanalysisy In pastienlin, op¢ er more virtual

VT [ - nar ti r aring the .
paticls cifle B & paict Ber 8P OF - W BBl REREP Rl B8 to various
stimutisl ti ple virtual patients with the results of the

sg&qnd virtual neasurenent for the nultiple virtual
pat P éxpeiagrfaleprotocel, ¢t Hirhierapy: Fereseingransantyal tharapy can

be affiedlth raS{/i%'tYl L%é’t?elnt ﬁf"gﬁ‘ Ut f;fo ﬁr{gﬁic‘? R5wS ?etaﬁgfo}‘ljdt ub3fent of the

esults of t second virt asurenent. The first
virtugli ppltienfi wald aespoind tet the dlamagye Experitrichiabproasobs thatarmmibkepplied to a
. . that i redictive_.of the partjcular effect qf the,
biologiial syl SEbUUIe T SXATRIon EXEHHIE oF poftisaied Sogpotiiagents and

treatthbritStegithérisU dherBBASINEE BIMima/ %}ép%ébl%t NI ea R 1t8%iRk eficreased
wth the results of the second virtual measurenent.

exerojyei fred EheshleiBY eprlximspive exferiareata) preigealds i vistuet petignt, a set of
i | . the first. and d .. .
sl 5481 EASMEEIEAL kS8 e B Bl e SRR g varions

effectsasfeghézpgl that, in general, results of two or nore

virtual peasurepents can be analyzed to identify a o
bi ERFeReKiain, appieations @ erimgatat prosgcok ean byrorgated by manner similar

to thAERRH "6 TRtS 2 GRMufsSBsdonsd HAe él@ cfegqqrfbgd \é.hlg\;elij s, an experimental
measurenent that is associatéd wth a third
protogelsan ebentredted, fdre ehingplegibyaldefning e madificstion tdiont or more
e, confi

mathgnglgﬁsl%g Sglgﬁcgrgf @Pliug‘iﬂ il 6@%%{9 %{:}? 8’5‘%/ glg{l'rll%}*eemgthteglia{igal relations can

represent one or more biological processes affected by a condition or effect associated with

the experimental protocol. An experimental protocol can define a modification that is to be
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system absent the therapy. In the present exanpl e,
results of the first and third virtual neasurenents
wo e0osm8d4eé pl e virtual patients can be conpar edP@i/Uk2004/033130
results of the second virtual neasurement for the
introduekd ispitieally, rdymamiqadlly] entsconfinaiivini thetebf)ndepéndihg on the particular
result of the first agﬁlthlrd virt measurenent s

al
conditigns e/ ofeiftectsiasensiated W W%W%ﬁaf@fowap el ated with
t hﬁ thsg,%stm%t ahbddimenesrnR mbédiisal am%@weﬁﬂamneaaﬁémems can be
tion of the first and third biol ogi cal
deﬁnai suchibatesset afrebalts afentexpérgdends! protonell qanbf:aomctnceéfdr a particular

} i oar.ker. t.hat predictiv th ul ar
virtug R Sl iR SaFPLRhiehE Gt (RREL ity ean produced
for eBBASH HIQTOREUS] %?é&s@@m@l@t& er NiAfidalt Mefrenbtds tcan teabdsiciated with a
correl ated based on one or nore standard statistical
measpiggtest fogtaabiokngicsh systen: and; differeshirtel msasiremaenty e be pssociated
with &%eru?en%nté) {l}la{: &llll%fe ﬂ{: éolﬁgeefafﬁlgﬁ fr%ﬁlacgﬁ%l a%othef near
SSi on near regression anal ysi s,

arHi)rr@ﬂhmc @psplfbhabmspra §e SIf. vitthalamessuetning®s vard nctude a ﬁrst set of
particular statistical test, a correlation coefficien
Vlﬁuaédﬁeaﬁéreaﬁl& #ich @cecemsust o drtyl wresuremends- | dbatiisy of virtual

measpﬁﬁ%ﬁts%n %%tcﬁﬁ%@ td'&val ?é the 'ﬂ)@h'g\%f S (fi'l%'o‘i’ 'ilnd}? ¢fihlag b%ts absent

hin a particular range. Exanples o
the expmnmdrmllpwutocmlefvﬂu]@ tth&ond cktudévignaldmesssramients tan be defined to

evaluglsetht BTt e AR AR Sl il St Besht bioghe Sitatimsptal protocol.

The £R€fahliCdeBiMd sétSof FFRAL nthQFeMbAd dafnle §RbEIRIAtWHR measurements
test. ldentified biomarkers can be verified usin

configured duevakisit didErert biolegieal attribeipp pf Thiviagisal system g\lternatlvehy, or

in conﬂu%n 1(')1]; It‘fﬁg aflﬁ;gnaﬁ)é gx(‘pOSI | gg ﬁ)? 1rt%$ Igftv)a%ﬁ%/ %}ﬁn da%na agéjociated with

measﬁﬁh%ﬁtsl (folnﬁghlieﬁﬁtb avalngte thesiid Bioligical atbrifRiésest the B&Jlogied] system
a conbi nation thereof. For instance, one or nore

undepdidferqnp aandifons: BT insancpihedirstsst BE Viswel meesurgnents can include a
first édﬁ'tg?ll ﬁ%fsupégflé ot el s %’1?5{3 al?%%iﬁ?%h Qfﬁrgtn‘ﬁ Jsﬁr%ﬁ%ﬂ A8 te s?cond set of

erent osages, nterva reat
virtudli messjrensent ta’ﬂEnmtheOer sevoné vadhhl tmemsaienmnir thatilis associated with a

therapi es ca e processed.as, for exanpleg, own |
secone| paeas %%ef‘! ‘?’iﬁ Jr) & fhecdiss Iaﬁasb‘ifené[@nﬁn%@? %ﬁ%&ﬁﬁdﬁo evaluate a

first BRSIAGEN btible ANECObiolBYi A9k ABRht \the Utidhpy, and the second
eraples Alternati vel y, Oor 1n COﬂJUﬂCtIOﬂ one or

measmrr@nactdntbm wahfigund | iguewaliate she dirstb biodedfi¢ah eatiritael or a second
. identjfication o bi omar ker can be verified by
bmlog]\?ﬁ é&buﬁaj %%B}?%?%P Y-of the one or nore additional
COTHié diVeétiofNsan MncudBANGhglaSco@sifiél ARdeiBRY &serfes a number of
Si mul ati on Engi ne Once various virtual patients of a

purpesshpilterativale| thisrlayes ern elnde piset ofdpgoisetle epmphisr models covering
a bro}:{@f:%n%é‘ Of iéhﬁ&@gm?ﬁyuﬁ%s EXafpRS o&*?a?g -\E/éé'i rﬂ%gltgl{ ﬂﬁé&e%ls are listed

anal ysiI s one-” or
below.arin hdditisgdtht: Csyptbﬁdcant inbietia¢omplenfentary Icoﬂnpgﬂeﬁ aiodSLss ko as, for
V\/i]en sdub jected to various stinuli )
example, epidemiological computer models and pathogen computer models. For use in
healthcare, computer models can be designed to analyze a large number of subjects and
therapies. In some instances, the computer models can be used to create a large number of

validated virtual patients and to simulate their responses to a large number of therapies.
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An experinmental protocol, e.g., a virtual therapy,
representing an actual therapy can be applied to a

WO R0003d44@at i ent in an attenpt to predict how BCT/US2004/033130
real -world equival ent of the virtual patient would
r dSpdemkyirtgo theh darfghacalpycontpuper modalsatarprbet conpigert haddels of key

can.be applied to i ol i cal, system can include,  far
ohysigfiriegf a3t Sp1 mey B ypbibes i el omuie: fdkiss Hramples
of sudff 9@&@1@5@%@&' ABN&e HEBHANRRSSRRM Hd the 'H?ﬂarﬁ’ﬁ@tﬁg}%}%tem, as

to environnmental toxins, increaséed exercise and t
descritiele e.gByindpp [fyllovging rpubligherdi i rpateint ppplicatiohs: (S 2003/0058245 Al,

Vi Tt ient,. et of ,results. of, the experi.nmental .
publifds 2108, 1B yPesBit il ARRFs daf CotoRish RSHElfE Bifbetes Us
200308787895 peblished 3/0f/2003! HaéRPVlethol and EApatdlus for Computer Modeling

I .aﬁ,pl i cations, an experinental protocol can be created
a Joip®’;

angaldh 20030475, tryblished 688908 o tidled aMethod and Apparatus for
j -re n . ribed.above, -Thus, an
Com Mo TS ol 7 o BB S RPN sl Bl mocel
may gles batingrtly dcoshséd oatioss-diseasenesearchmor e mat hemat i cal

relations included in a nodel, which one or nore

et B Eamade] £67 bR Temrior BiodEcery seinel gyt or results for a

. - C |
oy A8 RRRARRE Sy 3 Sl Bt O St bbb
biologicple statee 0f athe pplysodagicat asysdaf, | avel aamddélfide amlvesn drhather indicia

L o.be 39introduced statically, dynamcally, ot :
assocgigh i B AP oh B GRS ot AEFHHIE HEHG o dipgcufar execution
scenagi@Ndidri RBmpR) d/HidloSlchle®its cas %@%ﬁﬁ&ﬂatﬂaﬂg rdép?&ented by values at a

_experinental protocol. In the present enbodi nent o _
partiquips time; e he bahaviorsest vasiables cam b sireletedeiye frsexeamld aumerical or
i h that a f aresult f.an experinment al .
snaly {0 BRGNS ob 385 3Bk Mok SRl b, B e mumerica

integiéibh &fithe dMdliriary defferbntiallabudiioas deLIENiovE 3n BE pdEbini®io obtain.
and a result can be produced for each of the virtua

valuesdoistiie ¥pushles ataagions Haes prchBencetbn evalutiomel the bidegiead gtate over

Wi th a nmeasurenent for a biological system and

di fferent virtual neasurenents can be associated with

nefasompnien hodehen Wfekart ai normah®ateashiveinad darodbnoneal state (e.g., a

. another. For certain applications, a set of virtua

discasfy ot (RisaiHa) Al zhPhYRTIGHERSSFlers  Fopexgmplsi the ggmputer model can

. @ o 1 .
mcluajr@helza%?&ihrtgfsnggt@g g,e%_u&%e Q6 dinfi@ite ayﬁarhﬁ@hat%%%g%g%qﬁgégﬁ towards

time.

virtual measurenents can be
the ahnpremahstatet BY bededivigaand aitenfig one op momp paramieters, al user can modify a

ati.ents.absent the experi t al ot gcol i].e.the
norm@asE A RRF A bk ik ol TiiEne L5 Ble 4l plire e or more
paran@t@kUatuert d3@ e Bepr@@entOfarfaliEnd BE tHY pH¥RIcto gidal ts#ﬁbm in connection
.. patients based on the experinmental protocol. The first
with gregting pyirpssaxtugfpalippis.udn spmgsurhodiznenys ehfhepgvention, selecting or

. i ' ' to eval uate
alterifi2 SREOARG A IR A DE BRI RGN ARy | © Vo)
s yleeinventioh eind ali ofehy furetiondd operationeti¢soribed inehisispedification can

.and second set of_ virtual. neasurenents can be
be inRlementan i (EitAlL ARSI Off iR FoBpUeE by aset Brmware, or

hardWd?6, BRIRIKY Whe ShidthrRlhEdRUERS o 18R YeOGt&Rn and structural

system
equivalents thereof, or in combinations of them. The invention can be implemented as one

or more computer program products, i.e., one or more computer programs tangibly embodied

in an information carrier, e.g., in a machine-readable storage device or in a propagated
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under different conditions. For instance, the first
set of virtual nmeasurenents can include a first
W@ 200sM03d446reasur ement that is associ ated with aP€i/1S1004/033130
measurenment, and the second set of virtual
signalné@senecentiort by,camto cuntiol ¢heaopattmdoly idataupiocens@g appatatis, e.g., a

that is associated with a second neasurenent. l.n this
ProgTamAANP S IOFEOTs Ar<SimBsho o BHIMLC SARPRES ot TR pgetam (also
knowxg_\c@lhg)%ﬁaﬁ, Edfivedre MoPhRd SRtlicaid, lob dbde) @bn bB&vritten in any form of
I ol ogica

| “system absent the therapy, and the second
prograve@y kengmge caclufimgeontilgd pethterpr ages, |aad ftjqag e deployed

. bi.ol ogi cal. attripute.or a d. _hi ol egi ' .
LTS, RS 5% o B ARk B v, o
other TG BBRMULAE iINRdedmpilile &ffréBment. NWTbehpattr program does not

purposes. Alternatively, this |ayer can inc|ude a_set
necessiirily gpespondite acdieput rogmsn 6rB be §iased Hy2 ROBIBRS 3 Hifgihat holds

of physi ol.oqi Syt . rges . .
ot Bl ShPYRRL 2L LSIFER TR R bl BRGBSRYE gr i
coordiissddefiles qa g, Miltdithat storpbesmenhory nodnjest eb-progehs, os potiions of

as, for exanple, epidem ol ggi cal conﬁuter m)delg and Ttip
code)p 4t FIGRHCTRIRBIFES loye B B et Rb e roGpuler Of on multple

compﬁt%lﬁ% Wt eg emgggl & GEifRedeRidRoetulipianaky ZddaidtékEfhected by a
nurber of su jects and therapies. I n sone instances,
comntunécationpetverk.nodel s can be used to create a | arge

n er of validated,virtual, patients and i .

t #g%rpri’%%r@ggo% Wsaﬁaeﬁ%n etﬁ1so§;>e%1ﬁ8%t§>81r 2%‘%& the method
steps BPMRABT oA JeffofiBeSbRbE SOfPI b gEREeIbE: Ratesbérs executing

conput er nodel s of key physiol ogical systens that may .
one ohgosh apwpuigtpIOSEMse Hesloga fanchions ebibs iR entigp §y|operating on mput

anpl es. of such -physi i cal '

e
appar8i@s lQif i tbf fihveﬁti@b garfz ’8% gr/hglggiggﬂzdwiln@epﬂ&bhqigeﬁ lcgglﬁzz g}/ﬂdggtr% e.g., an

appl i cations: , published_3/ .
FPGA (1314 aroavenmable s %‘p’h%ﬁ%g%(ap@ﬁ%@?ﬁe%ﬁﬂ e @teg Cirouit).

Di o 0 | ] f

O RO, 018 ML b v o
examplel both; geaad] i $REIA! PErPdstibicrqpuidessig dnd /a8y 20O 81 more processors

ot g S AT o0 APERE SRS, Lot COp S MELLR A and

from QQERHLRY HRASH orB¥nddi Acks HichREY by b&hC eeedsdnibl elements of a
cross-di sease’research. A conputer nodel can be run to

compptesdue @ prosssorofor cuequting iestruciens gl ergy ommore memory devices for
. physj ol,oqgi cal st renre . C e :

sor BBl AR B BRSO s overnivl

couplsll @b @ecelvel difa RONSHOIrAGFS datasiysbebathanik @anoienahisdtorage devices
val ues or other indicia associated with v(?ri abllp s and )

for stpepe deleer-g., MAZACHAMASBEPAPEH iskaner Iritcaldify ¢ fmgfion carriers

. egut | g ' i i c.ak t
suitatis ﬁgeérﬁng?cﬁlgr%%ﬁfngmef q{ro%?ﬁ”msﬁucﬁ%tﬁ P Yol lltc?ﬁcﬁ @l forms of

can trc y Tepresented by values at a '
non-ydtile andmoeryt invkudidghby bedyaef exangfle wamicabietorcmamioey devices, e.g.,

simul ated by, for exanple, .nunmerical ar. analytjica .
EPR G, ATt St "B 5 oRs Revifi RERATISCEs RayiPisHen hpgy disks or
remo$§XAEPhi8ics; "HEBAdi&Bbtical disks; and CD-ROM and DVD-ROM disks. The

processor and the memory can be supplemented by, or incorporated in, special purpose logic

circuitry.
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integration of the ordinary differential equations
defi ned above can be perfornmed to obtain val ues for
W0 b@seauis@bl es at various tines and hence the PUDUSZI000083130

of the biological state over tine. A conputer nodel

cqo prepide sfontintarastiomaitls hatser,athevievéntmn ean bonmpiraiented on a

state (e.qg,, .a di sease or i.c state) of .a ..
Complﬁﬁﬁ/gi“’dll%)ﬁi4:‘%?13358%‘61%% egepf m@",d%tfﬁ& @RI R Pridiguid crystal
displa§PFhdnitet, UE RYIAMRS Gifsrhdivh ©atheRerlah@rEReftRari M &l Fointin
1P ag);‘ at?nor ma? gs?ate or a progression towards }ib%e pointing
deviceglernmy amiouse at e.tradiballk Ibycwhinly thadses (cee provgdonwubto thereemputer.

o RTS8 bt o B 958 B o s

exampib,! REIKHIL PRSvi@Ed PR ReF 8EbE by fanlIBLEeBaly Rkduck, e.g., visual
represent variations of the physiological systemin

feedbapin aeditory feedbadk, or tagtilerfgedpael; sind input it theatser pansbe ppeeived in
sone odi nent s_of |.avention, selecting or
any fogg, g’rcf'{?éan%aﬁ:@u%lrc’ i 81%’%3@5%%1@#@' can be perforned
aThe idntah kin bd hepiemearidiion anthuing sgbtetnhiaf inohileoadack-end
operations described in this sgq(fci fi C%mon can be
componash-efrBntad2 | ditalisgiven| otefist 1RGideE &iddievaye cgmpppent, e.g., an
i ol FYRL BASAVEES a Bl Stififler havi
appllct(‘:1 ﬁéﬁ?g%rr@%rét% ggﬁﬁwﬁguadﬁé “di scleggecgfn n thi séé gecli fi catring%r aflmg :
graphall usdrr intdrfacal oreq)UVelal teowsert theougbf which & mseropdsi arfedaoihvith an

RSt B S S8 530 T8, ST, B A0y e, o
front-ERTEMHASEneRs 0 GTha RBmp BRSPS H/the §déth @8n b8 irkércom{edfcdRlyi 1§ form or

_carrier, e.g., in a machine-readabl e storage device or
medivion of gigtpladetn cxpnasnigation, efgr a eSoarnvnieFiopynetyior.o Examples of

contr.ol the eration,of, dat AP
comn§ L8, KR RER RGO Ry o8 BuRGRTEERNG AR R e nervor
(“WAmﬂ),té_gl, thedpidiet.ers. A conputer program (al so known as
a program_ software, software appljcation, or _code)
c dheRonriting eiystem &#y inchide dienks agt SeRYPIRg Paflifithged server are
' ' W or.. 4 I e '
generlcélgg %klfjlg&g g%’?‘g )@/Xé&g i&ﬁeraénnf t?g??rllw ?ﬁ%ﬁ(ﬂt ] ngléggl <§Jma Alciton network.
The relatiokhiy oneligpt agd acrver arses Ay mixthe @f canpprien@ngrams running on the
subroutine, or  other unit suitahle for use jn a
respeqB R OIIHETS A HSHHhFIeTRSCrEFRIGRBPOYH §r RE BB not
n ' dtdr! i€ shdwR P BIGIB, GcEh block
stq%iree |ﬂr%‘13 éfg‘gérf‘?%ﬁ%\?"g%@é tlhgt hol ds ot her c_ e a_ o
diagrpm agrapwgommatile préaessng systgne ($ystesn)deldl suitebly f0p implementing or

rogramin questio or.tn.mul tiple coordi '
pertolfing 6 prpedi Rz Loty BRETEpoR, Eof ARFLET Btnldet Eprocescor
620, £ HRAIBROAE @R Enenry RRANIPEE , @fpréa )merhory PR fTexpinp B amritable
can be deployed to be executed on gne conputer or on

read-only temeryc GHPMD efush s »flask RQ@AMYr 2 drard drine contrallsro@%s, a video

ol . . . .
cons Yo 55, o 55, O PETER P Lo GRS b
625. t il spemi fél0ataibe preptogimged,hin ROV ofos texpmptef drhe can be
progrﬁlgnl nvg@dentdlﬁﬂ%oanpgggmbe ggré; éa@%gcned €¥rqg5amone (%rromnoalg&her source (for example,

from a floppy disk, a CD-ROM, or another computer).

The hard drive controller 623 is coupled to a hard disk 630 suitable for storing
executable computer programs, including programs embodying the present invention, and

data.
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one or nore conputer prograns to performfunctions of
the invention by operating on input data and
wW@emwsnai4itdig out put. The processes and | ogi ¢ f | PEBUSHN4/033130
al so be perforned by, and apparatus of the invention
cdhe VO ¢m1nioﬁaiem4eid caspled pp oicahs @iandd3 bus 626 ® an I/O interface 627.

the for Birtist 6ff Rese R o Rt taBoli; culi Bidrp movics, and

amma@ibﬁ§ BirtidpoRiRGRRSE E&nﬁé’dlﬁéﬂ) i ahfbg bi8igBsEfol &)%r QI)mﬁlumcatlon
conput er program i nclude, by way of exanpl e,

links speh as alseml dhnkpbcalatemwmwntbs@mb@eéswﬁel lmkd any

o rpﬁfé? @ﬁsfg}lo r@%ﬁ 3?@8@ 6'}\% dlgrgr g629 Alternatively,

separdt@ %&Mﬁb&r@e@ﬁ’ﬁe dader) E4ropR el Gothe QY i@ faRe)520] display 628 and
random access nenory or both. The essential elenents

]“Wb%ﬁdéﬂ%onputer are a processor for executing
1.0NS n r
IR RS R A R g ove
embo&\ﬂnidntsaiuﬁ awillif |thel ecoperofithe dalkrwahg ¢hiints.c @op lerainple, the steps of the

receive data fromor trans er S %%: ghe or
inventies eanReRerIHEd Hi? éléfﬁr%%gr ch AN %taf@%vaéiﬁ%%fa rpsults.
magneti c, magnet o-optical disks, or optical disks.
I nformation carriers suitable for enbodyi ng conput er
programinstructions and data include all forns of
non-vol atile menory, including by way of exanple
sem conductor nenory devices, e.g., EPROM EEPROM and
flash nenory devices; magnetic disks, e.g., interna
hard di sks or renovabl e di sks; nagneto-optical disks;
and CD- ROM and DVD- ROM di sks. The processor and the
menory can be suppl enented by, or incorporated in,
speci al purpose logic circuitry. 42To provide for
interaction with a user, the invention can be
i npl enmented on a conputer having a display device,
e.g., a CRT (cathode ray tube) or LCD (liquid crystal
di splay) nonitor, for displaying information to the
user and a keyboard and a pointing device, e.g., a
nouse or a trackball, by which the user can provide
input to the conmputer. O her kinds of devices can be
used to provide for interaction wwth a user as well;
for exanple, feedback provided to the user can be any
form of sensory feedback, e.g., visual feedback
‘audi tory feedback, or tactile feedback; and input from
the user can be received in any form including
acoustic, speech, or tactile input. The invention can
be inplenmented in a conputing systemthat includes a
back-end conponent, e.g., as a data server, or that
i ncl udes a m ddl eware conponent, e.g., an application
server, or that includes a front-end conponent, e.g.,
a client computer having a graphical user interface or
a Wb browser through which a user can interact with
an i nplenentation of the invention, or any conbination
of such back-end, m ddl eware, or

44



front-end conponents. The conponents of the system can
be interconnected by any form or nedium of digital
W@l 2108/0a@wéruni cati on, e.g., a conmuni cati on netMUF/KS2004/033130
Exanpl es of communi cati on networks include a | oca
Weclzamea network ("LAN') and a wide area network ("WAN'),
, the Internet. The conputing system can incl ude
1. cﬁlseﬁts@“é’ﬁa’r@é‘rgvers A client and server are generally
r ght eract through
@ Iﬁmh‘nu‘%ftgéaptp %gﬂﬁﬁr %%%{lrﬁ %ﬁkelxh?ﬂe({bgﬁr%lnﬂshl p of client
afipl asmoded of amd &enorby)mloglt:&lelysiﬁme@n@ut er prograns

nni t d h
D et bR A DR cher A oxanpl e
(b)oeIn L88ci g sub¥REPEp SO W ﬁ"sod@te shiRivaataAbbkiG subjectMiitls bne or

shows a block "di agram of a progranmabl e processi ng
s:;p@reewﬁ the parameier sqs)togdmtefmﬂee ject Wifhone ff mege @frthe virtual
erformng the apparatus or nethods of the invention.
aélegfsf“é 610 includes a processor 620, a random
(cPLERmSativRREYe 0FAND1e 2 dpplf ot opmare expeTimyntaPirofdcols to the one
exanple, a witable read-only nmepo %/(Rd\/gfsuch as a
10 f pla@nremwal patiends Weatifichwih Fher%lbl egt foggenerale g jegafoutputs,
I I
I%gt p qg %u@%&g%gﬂg%ﬁ%&%&%&e%f the sﬁ@)ectq@feﬁﬁgé;ﬂsottgfn one or

Gﬂ@r@‘alnld:gecaﬂmﬁtmmepwmnbd hynthR@Mdet. or exarrpl e, or it
can be programed (and reprogramred) by | oadi ng a

2. fp ffgg rﬁ%&%}ﬁ g)g gi]a %[XV o o 2 rl%g%tﬁgf H‘éullt @8 &Eﬂ,}aépjme s%arﬁ a common

modedrive controller 623 is coupled to a hard disk 630
suitable for storing executable conputer prograns,
i ncl udi ng prograns enbodyi ng the present I nve .
15 3. aiHe gyitem Oﬁshrmlrwhyré@ﬁhr afspeiptinDsnbs ¥sterp i, pRege %tor?é%ﬁ%ate the
input c?rit M ltélrgog%@r H6R tapan?ert]eljs &s hﬂ(tl&rcf)ﬂtﬁﬁo%herygﬁd lu{ﬁt data and
et ertace receives and transmts data
said oﬁ& bt inﬁare iraheteSets Abame comatedelp matdiedons for | n'portr ng
into a conposition) in analog or digital formover
copmuni cat i.o serial |.ink cal area
4 bt PR o i e Rn oL B dharipinodflc S
coupled to the 1/0O bus 626 is a display 628 and a
5. kanbewntsn®28lindl1 ! Rh&ein the kot of SePaistotpRBE eplogAtkss for the
(separate buses) can be used for the /O interface
20 subje@d27, display 628 and keyboard 629. The invention has
been described in terns of particular enbodi nents.
! L{EERY Sw R rRbs 4 B8 for th
PSSy R S B LSRR s B for
subjedtnvent i on can be perforned in a different order and

o

still achieve desirable results. 44We claim
7. The system of claim 1, wherein experimental protocol represents passage of time.
8. The system of claim 1, wherein the experimental protocol represents a therapeutic

25 regimen.

9. The system of claim 8, wherein the therapeutic regimen is selected from the group

consisting of surgical procedures, lifestyle changes and administration of one or more drugs.
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A systemconprising: (a) multiple virtual patients,
each virtual patient conprising: (i) a nodel of one or
worens/obidad ogi cal systens and (ii) a paraneter BEL/US2004/033130
representing a single individual; (b) an associating
10. sUb®ysystem dfptriald, whbmraﬁlsccﬂ ﬁwmummnmmaa atedirtioa of

nore of the par anet er sets to

thera g SFiopeY i SEliIEER W OO BEBPEhT ¢ ho vi ¢ ual

patients; and (c) a simulation engine operable to
11. ape)sySieR ¢Icldmrie whsRe! fheeihaldaf coipeitdsobbervhtiehs Dy Mbdical
nore virtual patl ents identified wwth the subject to
practiieneir at e a set of outputs, wherein the set of outputs
projects an outcone for the subject relative to the
0 r li0 t
12. ntgqe%stg}ﬁ o?fﬁgiug yté t&)ggnxae ﬁl‘é%}ﬁﬂl m% mﬁgg@?ﬁ?@ éﬁ%oﬁ%’aﬂdﬁﬁ about the
subjectul tiple virtual patients share a common nodel. 3. The
systentof claim1, wherein the associating subsystem
oper abl ci at the input data wt.h the one
or TS SR A1 dr B PG g K BGOSR EHOTS gty taken
bythéglﬂ)ljléctdata and said one or nore paraneters sets are
not “conpletely matched. 4. The system of claim1,
wherein the nodel is a nmechanistic nodel. 5. The
14. ¢ ﬂgpérbﬁ;tgm of | ckitm 11 whepedy ie Anpud éa’@@pm@ftsqslﬁt@g]pgttc measurements.
conprises a prognosis for the subject. 6. The system
ofmecl re ' :
e S s L L R
prefesshes.ei n experi mental prot ocol represents passage of
tinme. 8. The systemof claim1l, wherein the

er i ol .represent.s a therapeutic
16. ¢ ofmenett ol s GEPisi BF Eraiine Smteh smotne
thipr &P@éﬂﬁl&ercﬁﬁ;tdi@ﬁf ViftuSlglabieht8 Avhdr@iMehdeyisthYmtient in each
consi st ngi@rf surgi cal procedures, |ifestyle changes
§

and elgpfensharesnp onmefe ememen Chm«ée@ﬁtmg that mgen fgsther

syst he

sSSPl s and
eqnha theslape updrable uisiBiiatera subjRctswilth @@tuster offietushstients when
of claim, wherein the input data conprls

obs efhpdrpus datasprrglates &o thel & pragicquetcoBygn characterigiic shasedhy the
of ClLkm ﬁfsgt’tfb%'iaﬁgﬁoto@ﬁﬁtelﬁa?%et%t a conprises

hi storic ata about ~t
17.  The system of claim 16, wherein a cluster of virtual patients consists of one or more
virtual patients.
18.  The system of claim 1, wherein the associating system comprises:

(1) one or more clusters of virtual patients, wherein each virtual patient in each
cluster shares one or more common characteristics that taken together
differentiate the virtual patients in the cluster from other virtual patients;

(i1) a comparing subsystem operable to:

(1) compare the one or more common characteristics to the input data;
(2) identify additional data necessary to identify the subject with one or more
virtual patients; and

(3) report the additional data to the user; and
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subject. 13. The systemof claim1, wherein the input
data conprises nedications currently taken by the
W@ aivsesd446 14. The system of claim 1, wherein tPer/Us904/033130
data conprises diagnostic neasurenents. 15. The system
ofiiig h@bnelatonioperable t¢ hssotinisuat subligttwitl ashistes ©f Airtuabpetients when
one subj t. preference. . .The systemof cl.aj.m,1
wher BF Ak deta BofeRlet o o Bt RS oo B SbarepfoyiShibigd by the
O Ec16diatSdraES Fhhydisibyiehl fadm@aks, wherein each
virtual patient in each cluster shares one or nore
conmon characteristics that taken together )
19.  diTht systemiodckimig, whereiidhe pempamgsubsystane fusthgs tsaperaplerp
ther virtual ti: ; L4l ) I
reportly Ok usk b B B o i R binlipBp Sk £ Pl AP Rl aata
necesfiay teideti HBE sibjert wihlone darvre virtuel @itiestst o t he at
| east one comon characteristic shared by the cluster
of sets of physiaological paraneters. 17. The system of
20. ¢ Typ system ofoNg: 18, Wherkiiy PS“?IP‘%\YPIF‘HHBP“%% fzststs of one or more
virtua‘f@&?én?st.s of one or nore virtual patients. 18. The
system of claim1l, wherein the associating system
conprises: (i) one or nore clusters of virtual
21. patheemstem offebimilnwhersin the assesiatipg subswstennris eperhble taggeemmend
shar es Qne or nore conmmon characteristics that taken
oneofglﬁgtﬁ‘?%?' differentiate the virtual patients in the
cluster fromother virtual patients; (ii) a conparing
22. susygitemodeiialewheaein(the associprgsibegstands operaliie & receive a
commn characteristics to the input data; (2), identif
result{epam thegmsior grara rerepwrcaded, topls apdi kg gssegrate e gl @a‘f thwuipﬁlt data
i | Alth SRty P Fukjdet WiBPOHd orlthre of the virtual
Wlth%ce})lr?li&gggmlg\agtag&nty%&tsﬁe user; yat‘;?d %6‘ ‘%i“lh) a c%rrele<'§1JtoreVl :
patiemper abl e to associate a subject with a cluster of
virtual patients when the input data correlates to the
at .| east one,co characterjstic.shared by th .
2. TRESERemO AT Top i G Isgiel o fsbiputer iidelpjgpresenting
a set SHBI61BBICAS probatiséh sb§ocidbtewRh thel diR of eitRae biolegisdl R§EME Wherein
further is operable to report to the user one or nore
each biologinel processds raprasenteb by p setref suathanatisplnplations,gvhgren each
math& fgdc%i r%?a%on%%&% i0& Co%%%? &ﬁlor% Qaﬁa%gégtr%#se'hﬁﬁg %%?él?gi‘é:lﬂvéﬁthgute or
one o rore Vrrtea patients. . e systemor“clarm

a stimulih ey ah beappliedstoalie biblogidal sigtenpat i ent s consi sts of
one Oor nore

24. The system of claim 1, wherein the biological system is selected from the group
consisting of cardiovascular systems, metabolism, bone, autoimmunity, oncology,

respiratory, infection disease, central nervous system, skin, and toxicology.

25. A computer-executable software code for simulating a biological system comprising:
(a) code to define multiple virtual patients, each virtual patient comprising:
() amodel of one or more biological systems and
(i) a parameter set representing a single individual;
(b) code to define an associating system operable to associate input data about a subject
with one or more of the virtual patients to identify the subject with one or more

associated virtual patients; and
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30

virtual patients. 21. The systemof claim1, wherein
t he associ ating subsystemis operable to recomend one
W@er00s08@4¢ ests. 22. The system of claim 21, wheCEUSR0WD4E33130
associ ating subsystemis operable to receive a result
(dh cada tbhiefinne simulapmengeeapeshticd applytose anthoreexperimental
associ ate the % sult and the i.ntg(itﬁja atwi%g one or t of
mBraoBS ok af Bieng of Bers petinbt R brtiatsdy BPiestte a set o
Wikt &/ hefeil Bk 8ot 0 ﬁﬁl_ts"ﬁrbﬁe@@'an%’édoﬁfétfér thé subj&itQelative to the
systemof claim, wherein the nodel conprises a
conpot moraidbigicabgystsssnt i ng a set of bi ol ogi cal
processes associated with the one or nore biol ogical

systens erej ac i 0l ogi . PIHQC [.S .
26. 7 A5 SR b R R L PR R ZR Flfiglegch of the muttiple
Vimﬂ@%@kﬁmawﬂaal relati on conpri ses one or

nore vari ables representing a biological attribute or

a stimuli that can be applied to.the bjol pgj cal )
27.  syihespmpyter-exgrutablestodiyast cedenfigfam 2B heeR: R giodel is a
mechi¥Labga! systemis selected fromthe group

consi sting of cardiovascul ar systens, netabolism

bone, autoinmmunity, oncol ogy, respiratory, infection
28. diBeasmputeeerecaltabiesofiowese sydstafrelaimidSnwhensth the getedlogtpyts 1s

25. A conputer-executabl e soft e cpde f ' | .
selectgg @io& tgxa :%%u[p °§§‘§]fté]?ﬁ . oan%rlogg?shs gf.é? Eha sfib) S%téa?i;)aggé%{? %ogttfléqglbj ect,
a predibiidd ¢t tBe ’thefe%_lé ic ERithBIS S propesd erdpeatic feairh@nfor the subject and

conprising: (i) a nodel of one or nore biol ogical

systens and (ii) a paraneter set representing a single

i ndi vidual; (b) code to define an associating system
29. O pﬁfe%hﬁg{e@e@?&%ﬂl@éﬁt\ﬁﬂp F&ded(ﬁ{_c@aiﬁ%utvhéreﬁyﬁb @6de W define the

one or re of the virtual patients fo identify the
assochting agdtemicbimpasas: or nore associ ated virtual patients;

and 47(d) copde to defin si frul ati 0 ngi.ne .oper,ahl e

£ Dafted RB ey Eoe e pifes el e pRBe R TS Cadorr B!

the PRfnPin &HBA BlUERE Q&L &1 ot nidrt 8dmRdh icRAYhStefiics that taken

generate a set of outputs, wherein the set of outputs

pr oj tegethendiffsrantioteshd virtuphpatisolsjie the clusteatfiopeother viKgal patients;

one or. nore biological systenms. 5 26. The

con‘pﬁ?der- execut abl e software code of claim25, wherein

eqghcade thlaefinalh toiadifoY bpdratik tPakodnt g sibjactesitita CBRPOf virtual

nodel . 27. The conputer-executabl e software code of .

cl ai ritiEmts by the ipuhdataseraplates tothgatlsastions remmogeharacteristic

28. ter.s . of claim 25,
;Metflg}gﬁg é: s%e?)éggc#% gf}é}?}isr;b%gtlé/ﬂfagra&%%?s.

wher el n

30.  The computer-executable software code of claim 25, wherein the code to define the
associating system comprises:

(i) code to define one or more clusters of virtual patients, wherein each virtual
patient in each cluster shares one or more common characteristics that taken
together differentiate the virtual patients in the cluster from other virtual patients;

(ii) code to define a comparing subsystem operable to:

(1) compare the one or more common characteristics to the input data;
(2) identify additional data necessary to identify the subject with one or more

virtual patients; and
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0 selected fromthe group consisting of a prognosis

for the subject, a diagnosis for the subject, a
wee@diodtston of the therapeutic efficacy of a ppOpUSEO4/033130

therapeutic reginmen for the subject and 29. The

conmput €)-repeetiht additiosdfdatecio gheesgs avfl cl ai m 25, wherein

the. code to.define.the assocjiating .system conprises: .
(5D Eelpdo dBfins FAERECRTANTG focsep e 8 ubispt WA ¢ et of virtual
pat iRk whBR B iflp@aiath confelata to Miad dtdedst bile @mEho EisAcRdristic
shares one or nore commdnh characteristics that taken

t ogethhwerd bithd dnger ofsets of physiolpgigal pametert s i n t he
cluster fromother virtual patients; and (ii) code to

defin orrel. I i j,ect
5 31 AmeBofpfBllplifh Al rRRLACH kR, ATAARRE R TREET
(ay @ fnisOmuRIpds Asuildpatibits avhdreiashclonietuabpatiant comprises
characteristic shared by the cluster of sets of
pky <3 BPeR)iof ape pramarpdtglogicakyystemiandonput er - execut abl e

fg@t %‘@d;r&n&%dseet 9Jpr€s|eﬁﬂix$ %%n ﬁé’_@&ﬁ@fdﬂalt he code to define

oclrating-syste rises: (i) code to define
(bd nexedDingMeeinphdtte aloud b subjettual pati ents, wherein each
vi rtual ﬁggatie

PR AT RN e S e N
dighliect Rt Geor it YisobiaRld vidid] phficnts;n the cluster from
othér virtual patients; (ii) code to define a

(e} dafiwing nge subsiespatimpeebproocels: thqt Iypresnnpaetentiah thempsutic
or_nore og%t)n chtaracgteristi cs to the input data; (2)
i GEFESO4 iPPJSﬁafm ata necessary to identify the
(FPaRIIARE eMWhidT it \eheT MidHE @xPerithdritalProtoasdls enths onabmét( 3)
report the additional data to the user;_ and }(1i i) _.code

15 t gSesRiadey vl prlieTtaioeneis aist of PyPESsWRergindhe s ghpwprts
\é\”gH] %‘Tq%l tﬂgs %r%;etuﬂé eaqcraf:y@f the Fdrbufic ch 6 thd\QifecHlat a

east one ‘commorr characteristic
shared by the cluster of sets of physiol ogical _
32. pdihamedtierdsof cBiim 34, metedultheftheyapesiiic regigren comprisgs adifestyle

o HEBR oo S ST e L1

patient conprises (i) a nodel of one or nore

33. biTHe@tcH of Y iEIS vtk thie)m@eP Al AiiBEIRIAisHE nodel.
representing a single individual; (b) receiving user
iggut dat a about a subj ect; associ ating the input
d

) (¢) .
20 34. gghs mgthed firdaimy 3 ladherdin asspeialing thganrys detaghifhsonepr more
paranjleq&%{sfcxmgﬂgessubj ect wth one or nore associ ated
virtual patients;

(i) grouping virtual patients, wherein each virtual patient in a group shares one or
more common characteristics that taken together differentiate the virtual patients
in the group from other virtual patients;

25 (ii) comparing the one or more common characteristics to the input data; and
(iii)associating the subject with a group of virtual patients when the input data
correlates to the one or more common characteristics shared by the parameter sets

in the group.
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(e) defining one or nore experinental protocols that
represent potential therapeutic reginens for the
w@aiwsesd4a6 and (f) applying each of the one or POF/ES2004/033130
experimental protocols to the one or nore associ ated
35.  vilhé usthodatfickirh $1; wheeimessicaatagshe inpiit daie pithonewheoss n
the set of .outputs projects the therapeutic efficacy
paramger s¢i8 CQHRESCHeut i ¢ regi men for the subject. 32. The

b NQGuRhe GhRhpaticieH BérBinidaeh VRREPFAI¢ht B o @B es one or
coprises a |ifestyle change, adm nistration of a drug,
or ehércoimyprechetactrictids thatdelemipgsthe diffqieatiate theodrtes! patients

clai.m_, wherein the del_j.s.a nmechanistic nodel. 34.
The lﬁé‘?%%fa“%& %F%V?Rﬁgﬁéé?lﬁs’associ ating the input

deih Peogabin® i Gl dMRidte BRHMOR CRArasetistios eofiei ifes dafd; )
grouping virtual patients, wherein each virtual

P éitiibiémhf]y]!ﬁg @.d@iﬁiggzg datparesess#do dfentby @e @B‘Wﬁgﬁm.th one or more
ch ar\?}g}ﬁﬁr 'afléﬂt& ?n& {%ﬁ&gﬁg KGO of Rx%fé {365 ¢ hﬁtfaﬁftﬁé‘ %%(gfigniﬁ hgta;

virtu atrents group fromother vir
p itV ieediSing (ésults GommpAE bngot Merettasts tir obtminehecaihditional data; and
characterjstjcs _to the input data,;

., and :
( i(Y)i 3sgeaddinedhs s Goh 1 Qg 0 1{tHa1an%§p%t§ B/hgn thy ippyfdata and
pat i SfakismW&Ra Edife1AtBRY e QAL Br AL &lrAhSR chRadtBgstREShREd by the

nor e conmon c%aracten stics shared by the paraneter
set svirtnaltpatergs ouihe gd9®. . The net hod of claim, wherein
associating the input data with one or nore paraneter

56 o aoRRRR A AR e R B ) aBREREE e

common characteristics that taken together
37. diThkefictidd dftotaiinl 85, wiheteitbihe Radupesttvirtadl phtientgeauts ofeme virtual

patierg 5;2:?;{35 \ééél ¥%§%ﬁaé%?%§éiqs&h%tz{ggq%ﬂ%%%f%gg@g he one Virtual {)gtient

'gi% A addi ti onal data necessary to identify
from% le):ﬂl)set Jeéltﬂa#t "one or nore virtual patients and

reporting one or nore tests to obtain the additional
38. ddthe;mdthod) ofetaing In gunthes odmprifing identhifyingadddionebdata neggssary to

. to_obtain the additional data: .and (v) associatin .

identi i et vl eyt gny oo Pra ot ERRaNGHp S b LB

the additital @b anaReteRdal tds@Rdtor PorirRbretéstd 10 dben GRerddttional
nore comon characteristics shared by the virtual

data, prel terassociating ke igp@ulste, Bwludmathgedditignalidata, Wity oms or more of
. el.n e (AT n ) ar .

e B ) s 0 R g B
patients consists of one virtual

39. The method of claim 31, further comprising modifying a virtual patient to generate a

new virtual patient that better represents the subject.

40.  The method of claim 31, wherein the model comprises a computer model
representing a set of biological processes associated with the one or more biological systems,
wherein each biological process is represented by a set of mathematical relations, wherein
each mathematical relation comprises one or more variables representing a biological

attribute or a stimuli that can be applied to the biological system.

41.  The method of claim 31, wherein the user input comprises a subject preference.
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patient having one or nore characteristics that
together differentiate the one virtual patient from
w@bdososdae¢ virtual patients. 3 . The method of PCT/ab2004/033130
further conprising identifying additional data
42. nEsaasthod of dainddhiwlisrein e sbigceprefantice inawillingmss ef the

. virtual patients, reporting one or re tests ..o
subjectioycliinge e i deies T e ARG BT I FYSRESUITE f rom
recomiBRdAeaRheRéSmSt s t0o obtain the additional data,

prior to associating the input data, including the
addi tional data, with one or nore of the virtual
43.  pEhd methed pbclaime Al i Whereindhe ugsy &t date gompdses realiige

associ d .vi.rtual .| e The nmet hod of claim,
measuf‘?f‘?elnf%e‘?%tpgé’ﬁﬁ?lic mﬁﬁte?h?tg‘%sfogitt%egsui%\? Frtual patient to
generate a new virtual patient that better represents
44, tige Subbeof clafi 31, ethemdongaisafe: cl ai m, wherein the
nodel conprises a conputer nodel representing a set of
(ghrestivgizapiated geca dyme o¥eldgBt:ated with the one or nore
(hfés%c?ﬂn%q{w ﬁ%@a‘i@dﬁgum%{ ®ith 08E6F MBI fABE FBhmBIP SRS H itientify
epresefited by a set of mathematical relations,
whis @i more aiptatad héseomted patanmetdratispandconpr i ses one or

Jore. variabl.es representi a biological attri r
()gFPEbingHeeh PR oms T BT %%Q&S§%°l%tﬁ‘gp%?18Ft85?eé%f‘)’%s riBiel, o
SYSHBIR an upd¥eed Rt BOGUtHHts Ghiddréin th aRidiset SoUBARS plofdatitthe
conprises a subj ect preference. 5042. The nethod of
c iharapeutic, effibaayedfithe therapowjcaeginpmdethesabicsls a
w | lingness of the subject to change diet, to undergo
S r t IGi . conply with a
5. ShORiekind o oA AR PR SO Y T ol of olaim
(P frouplhgrvériniml bhigentsthat genprite clatilar oatopmesses real -tine

nmeasurenents of physical ,characterjstics of the. )

(h} iflspiafing one o PRRIC RTINS BRIAEICHFHES th?tdﬁmé?g%%g’fﬁfeg PRt the
( ou@@&%‘éh%ﬁi‘éﬁg%t alf Sffer VMRl It)é?l‘éﬁt_rs; dddare; (h)
assocl at 1 ng e updated 1 nput data wth one or nore of

(iXteporfing thertertity of thetome odsroté sommne characterisics prothe ager.
associ ated paraneter sets; and (i) applying each of

t on r re updated assogci at I ter t
s6. ¢ e e of RS cARBRRAT OB SRR b Gl ke
diagn¥fR &I toldbein RaLertl&aht 1Bfthotidot BoR cojmminschatweteristics.
therapeutic efficacy of the therapeutic reginen for
the subject. 4 . The nmethod of claim., further .
47, c il A moptiying eisNERSP Pl HUIETENILIPEnETHER subject
rate simlar outcones; (h) identifying one or nore
comp%%ﬁ%on characteristics that taken together
()l dfirgnembitatevirtuel ppticuissehereintaagh vishial eatiest daneprisas |

ot her virtuyal patient.s: an
(S a model oL% one gr morenb1olog1ca9systems and

(ii) a parameter set representing a single individual;

(b) receiving user input data about a subject;

(c) associating the input data with one or more of the virtual patients to identify the
subject with one or more associated virtual patients;

() defining one or more experimental protocols that represent potential therapeutic

regimens for the subject;
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(i) reporting the identity of the one or nore common
characteristics to the user. 46. The nmethod of claim
W@ 2050smedher conprising reporting to the user PCEUS004/033130
pore diagnostic tests to obtain results relevant to
() repling c3eh abihe oae ABATCHREERER] BOOsS]s td The ohenetivae
of oy i . ' t her apeutic regi nen
iﬁwgﬂgﬁ(fg%ﬁg%%%%@gg%%%ggigfg%égpﬁﬁﬁ mul tiple virtua
(Paterfonhing arverebition aasisiy bii thiddet PBULRRE tSABRI SRS of fnbrd
nggel f qge or nmore bi ol ogi cal systens andf?ii) a
p fs od dheraneytie sicasignd singl e i ndividual ; (b)
o . . . (¢
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virtual patients to identify the subject with one or
nore associ ated virtual patients; (e) defining one or
nore experinental protocols that represent potentia
t herapeutic reginmens for the subject; 51(f) applying
each of the one or nore experinental protocols to the
one or nore associated virtual patients to generate a
set of outputs; (g) performng a correlation analysis
on the set of outputs to identify one or nore
bi omar kers of therapeutic efficacy; and (h) nonitoring
the one or nore biomarkers of therapeutic efficacy. 52
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