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WD 2005/ 036446 PCT/ US2004/ 033130 SI MULATI NG
PATI ENT- SPECI FI C QUTCOVES 1. | NTRODUCTI ON
Lhddgsb Mg TVITTVITTVETTVITT11111111 *166166*
WRZNJ éd"‘ Applications This application clains t%ﬁuszom/oss]so
benefit of U S. Provisional Application No.

mcorpo%&@ﬁﬂg&%ﬁ f\l S ‘ ention

This invention relates to the field of clinical
[ nvent 1 on' 10 Bevel bprent s i o ¢1na-and 1 nf or mat i UMM
a large and .rapidly grow ng nunber of information *166166*
Asour ceRelatpdipplicadonsheal th care. Every year adds new

evidence relating to nedical diagnosis an d treatnents
arldis gpbdateadclpipny s daneftief 1.5 Proxigivnal dpplication 8. 60/509,682,

1 RLO Lanal val uabl e
fted B BpST B0R P £ B FRbRol Bt M Eri el o
result, the anmount of |nforrmt| on well 15 exceeds the
abi [ t)i7 a%l ndi vi dual to review, understand and
Bappl y ¢l of the InyeBHOR: i on. A variety of clinical
o BT P31 8 T ST IO PR | g
useful, valid information. However, nost clinical
deci si on support szstems are |i m't_ed in their .
~ Cappl i cBackgraumd ofghgInveatiph i ¢ t asks. Know edge- based
systenms are the nost conmon type of CDSS 20
~ t d¥velopogyisiin medicing @ndlmﬁmmomtﬁehnwgmamgﬁowﬁmepaéwets and
nany varj hj
physif Y g d BB b Bioind QB0 BE T8I Sndhs leant 1o
healtiCE¥5& Ea@plycanhddsnswi mdlamdere(lzit)ngab @fiddscahdid giesid zmdlet['éhtments are
(i) diagn stl SySt ens, |caI in the form of o
prodiisel by Temathas I ARy ion ey ot PR A el (hsvaluable
inforRMEIHe it be‘éoﬂnh@’ %Yeasﬁlgky) eBPeCAd BGeduld! il atfourflldflinformation well
i nt eracti ons, osa%e errors, etc. in the prescription

exceqd theeehilitytaf Ry mdiyuplip spviewi wlerstandyand @pplydhisgiey ypforation.
A vahg['g%?c n?:i%gl g&s’xcﬁp ggll't &hd @5@@ e bAerpﬁéx%lo ed to a} 1aledlca1

hi sticate ecl SI on support syste cal
practitionérs iresteking laad ﬁﬂtemng usxbﬁuﬂahnenifonnatkjnnul ate the

cHERFhE B LR Sy HPBEE el s EREY LT plication o

very lspivifs eaked Emwldipebacddl HEteass hieeihedMioktn cd&rﬁﬁioht tpe TdFeCDSS

Ar chi nedes dat abase contains vast anmounts of data from

 technqlogr Busousipe dBHIG difec Ailthangh there qrepny viriptiony typically the

knowYédlgla wittid a ItbSI'SI is represented in the form of a set of rules. Common CDSS

 applications include (i) alerts and reminders (ii) diagnostic 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 ervors, 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 épidemiological and

MY

*G00002*

!



10

15

20

25

30

- *000002* WO 2005/ 036446 PCT/ US2004/ 033130 cli ni cal
"%éiﬁ@l'/ g{t ugli es. The data, in conbination with the
' @P BI’\ cs of a virtual comunity heal th c&€&/US2004/033130
te d inf tion about different treatnents,
Clm%%ggul;gﬂ Eglghesof n@%@t 85 COWEH’PE%‘F Wikh s‘g‘h (flsmographics of a virtual

confn@iityi idatts, cafrmﬂyste&glaiﬂlLﬁﬁmﬁﬁtldﬂ?%d&ﬁ'dlﬁ&éﬁtecfeﬁtrﬁ’érftsogfro ession of
Archinedes "users to evaluate nultiple interventr ng

- diabetrs) merlicg! PerEPRRshafRcilifiese evd Aegisins ofi edipal eentats aiow ASchimedes
: _userg'teg&gﬁl'a% mﬁﬁ{p‘fcﬁ fﬂt&gentf Eﬁ? %ﬁﬁ@ﬁlo ggrgorgag éxﬂgx{v%ntfo%rs %meapr}gventxon :

organi zati1 onal 1 nterven I’onssuch’

'-dlagnm;ls OSOECRBINtE, tmanmntmmhgﬂmbﬁt cm@eiﬂd%r@&ﬁ%oﬁﬁa&%@ﬁﬁﬂﬁs such as

atient and practitioner behaviors:

3 changes, in .
| q“a%erdymawcf%@mc PABEFTIORS, ABYEANCR K aSEeBEYaE Ganses in patient

8ty S A SO AT 53 o

.Eddyagnga?mh&psslggersﬂgdgqtqngmes?é@?gl@Q 3110 (@0eB)i- ﬂ\éﬁlemnch a model can be -

ver}r@ag h?ﬁ)n %ﬁoraﬂ %ﬁl&%&%ﬁ%eﬁb{t %ta(f“\/rl etqltolslﬁg%aﬂsgl t&evﬂpetgpnterventlons ma

. real dﬁhvﬂuﬂn Indeepaid pasigsi evifiK cHhisal dR&isfon!sappirt sys!an g d

be desira Ie to haye a systemthat is capable

as<tSs#iTRYHL df wpuid Bp desipibi b dpvgy Bosistemn it dy Capable of aSSIStlng
clinicha P aiét d1§gtr0‘si§taﬁHN)? ek dpRui m@é}(réfrﬁfbtns @H&té NAk 45 %an take into

take into account patient-speci ata
accqupt patieat-speeificslap angdinfermstianf t he | nvent | on In one

aspect, the invention provides systens conprising: (a)

mul tiple virtual patients; (b) an associating

Bubsyst Samapsryadfithe Dventio@Ci at e i nput "data about a

subject with one or nore of the parameter sets to

i dénntonfayadphﬁ ghbjifedntivh tprowdtes YsteME eoffprikiAg: ‘(ét)r Hﬁﬁiple virtual
i ne operable to

aS|mJIat|on en Iy
paidhfly' G shinsbeily f"rbﬁiésrﬁ?‘%IOPHPBlﬁge GFECLAe TE 9859 ghiut rsubject with

one Gﬁlh%r&’ loF tthe@pariete® RES th A&t} tRIsuMjdch wifhe, n%l'@ fble (]itotthe virtual

generate a set of outputs, vherein” the set of out
Patlﬁsnt% i(@cx Smylation eagine opeseble freapplippreor meﬂeaucpmwmaltpmccols to the

: I d
R R IO -

the sshef outputsprejedss eh (Dgtcomle ferythit anbjeat@laive Jo the Rﬁé aFBloeé biological
set i ndi vidual . I n_on

syt L FREGSE R B0 2R o, Ladivig
Eb BT ENT ng Agh Vel ag lﬁslatcplemlseéhg} agnegel of one or
more emmgicdm;glabms Bhef(R)y alpapametdtse? PerReRAEl AL 'sﬁgleshﬁéﬁa{cﬁfaf Mn one -
| . operable to associate the input data wt one
embgimen, gmpre, thapt @ies Virtial Paiignd esharesnali commen wiedele  Pagferably, the
assotigRky sﬂ%&@erﬁ‘el f%?n‘%)?ectﬁqgsogfﬁﬁéﬁé %nopﬁﬁr AT Re S5 ()?B'Jg(rérr% ps.rfameters

- not conpl et can pbe any

sets anddrglooditions vs&lymtmd input dgte ehdrsatil ynd er ﬂlord’lp@hhﬁ&bﬁzt deﬁs are not

TR R 0 ——

mechmiitic B6del £ PhKiEI¥AEGH® oF USE8Mse fﬁ&&bolpréf@abﬁroﬁ% model of a
aut oi mmuni ty, 30 oncol ogy, respiratory, infectro

biolqgical system éseﬁt‘?‘%ﬂel pk? erdiovaseaas mystetai nlet@nhlsugrbone automnnumty,
ncoic%{(ﬂ £R2piLAYry, ﬁﬁe«ﬁon Risele! EeﬁGaﬂ@Q&s Qttem tkgt?, Sagn?pg}oxmology Ina

r
npri'ses a conputer node represen rng’
prefmedl oybodiment dbe gueds] agsyriset @d cudnbhitet MRodeh @eesefihie a set of
bi oi gocal S;Qés ens v@e{hel n each
blologlca processes “associated with the one or more biological systems, wherein each

biological process is represented by a set of mathematical relations, wherein each



- biological process is represented by a set of
mat hemati cal relations, wherein each 2 WO 2005/ 036446

woGho3¢N@4/ 033130  mat hematical relation CONMgdHe 0@%3130
or nore variables representing a biological attri

mathgfnau@alsréfaﬂbﬁ Eothprides 688 oPRoAPRIHB RS ?ébr&s@ﬁtn@ @Bfé@dg%?all attnbute or.

system The input data about the subject can onprise . .
a stimulighiteray befapph¢biorthe ibintogicnd ISMﬁﬁmgTb%werdﬂtﬁ @h@lt e subject can

- nedi cal h
comgl R 5 AR ne P b0 e PR el st

~ -data db@ﬁn@séubjedﬁaﬁsdiéa@lﬁﬁméﬁrexlﬂy $a1d@n oFithPndiet, dipassitdéfirements,
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. . real-tine rreasurerrents of .physi cal characteristjcs of - .
- subjech prefefspesstand/ orrrrél-amegsﬁas’sﬁmﬁwé of physisal ehaFagseristig of the subject.

. ‘The QH%HW)f t!lglsfs\faﬂ%aﬁ Be f g %13?(% ﬁfg@fcnglgéﬁl‘e 5&4&% _of the_: subj ect as-

t as I1S.re

it is bemiesrmte{daby ﬂ}esnmdelecPrbmlengdcbystems Bfefmddpsﬁs ob uptpiss eompnse a -

IO RN ERTOETIE SR BT WA W

of 22 pRIPIBES QRerhptatia ?‘tﬂ‘léﬁ 60 e Butljedt, taR@/oP UD jr&stimm eHudi O of an
a recommendation o appropriate therapeutic

appropiifiterieranshtie mgus@;bfoeféhe subﬂ@tt ¢ dhrsaneiic Feggnetiraan bgrproposed
by o 38 el PrRfonc fe By BETYERn, MRS A8 oo ol any sypancr of

managing giatient pare. erExenmﬂaify, Emerlpientay prmgﬂs |1mtﬂeutteahltemanve potential
rotocols [ clude alternative,. rapeutij c

thergpgpicEsgEMens, ée swrgieg Itfs‘fe%a#eac F}?/ 3P$f15é’§ SFptioged one or

moré H.r@a}'ﬂf(ﬁ' fhk Is@bjebt) 0P fsir}f1e p@!‘,sa?énéf Qm%’ Ulgfé)sygt@ﬁl toPfonally can then
subject, or sinple passage of time. The System

recopymeng rea Fetyof dingriosn tests fos dasraehiert do sake, ghe msulin 06 myhich can be
recelfvgg i)g tﬁ@%ys%eﬁmemﬁ%& ?c; léastQ lﬂ?e asggkgatﬁo%scg]tﬁes stﬁ)ﬁ Y"(lg tl)ne or more

ecel system a used to e

-vuhmhpntmstsom atl on of the subj ect with one or nore

' h ,
! his B8 PR e PSP RidT ircpereating spbfie FoipsR () one or

mores: Erastesy 6 'ﬁftuMI p’ahblﬁls Wirkif'dash viMiRI patiene af Backi dliséét! shares one or
patient in each cluster shares one or . 20 nore conmon

morg, [grERanehasacteristieh, et takea fogelhet Giferaatinte dhe irteal pafigats in the

clustét %%ﬂl&%h@ﬁ%ﬁtﬁeﬂ@] ah8 i) CA Skiteddtod ‘E}e&?b@é {36ssodidil H%ﬁbject with a

pati ents; a correl ator op e to associ at :
clustar sfbyigual patichtsawhen st npubfdata comelatepdo ithaitat lwkrérone common
the i '

oy BB R4S 59, Ao B B0, SR W lemaiv

embPdistEen® bO thie dAYenfias, &Heh%&atuh@ subiRy@erh @oftiptikese(i) one or more clusters
enbodi pent of the jnvention, the associating subsystem

of viggahpatieats. phsrepheach viriug atiqny & gach oJustesshazes ppg pr more common

charRAEHEHE $hat YREH SodRuRP elirotrdtiatPthe Rath A Patiddls GRAER d}uhstb?tf%m other
shares one or nore commbn characteristics that taken

v1rt11abg>et1¢ré$, @i 4 @ommmm eullsmieml mnfmhle pat(ﬂ)anompmn thioeone or more
cl us

comfigH 3 floalienb AL inpl! B2 ST bl by PR Btceniry

. the Sﬁbj'ﬁaff)ﬁntﬁ oaE € nore SIrtuQBp:itﬁ:ntsh and (Puepsiatie; ad(iﬁi)onaﬂdmi td the user;

addi tional data necessary tQq.i dent ify the s
and (31} # COFAiBF ORFE? Eﬁé@ {01 358q51Ate B sEpieqt vath aaﬂastfraf Vﬂ@ﬁ’lé Pﬁtltmtfewhen the

inpufdgth tcbﬁ’él@ﬂes 8 af 1Badk BRe éﬁ’ﬁl&lm‘l %Qméatéﬂédc shdre@ by AWe Shﬁ&otgf sets of

opera e to associate a su j ect w ustér of
physiolpgigall paprmdternt Erefgretiys the comparing subsystem further is operable to report

to the user one or more diagnostic tests to obtain results relevant to the additional data.
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regiBeR it

i nput data correlates to the at | east one common
characteristic shared by the cluster of sets of .

Wy siesbsgical paraneters. Preferably, the conp
subsystem further is operable to report to thé’CEQ&ZO‘“/‘B-””"

r [ uI ts
T e RO BB OVHE RS o 8 i BRIARGE A eohster of virtua

patFI@rS WSXP08s0 3 Sagle matiebsient drandre diiohy vilig] atkinect
atients. A cluster of

t ual
vi r?‘“%ﬂ‘ OJSPTI’TE L‘?f t\“8 ;‘Hbj%‘é‘ﬂﬁupg?‘"é?s SOBPHEexegptablgagofiware code for

sinpAtineni bﬂﬂog’(m’lﬁsyﬁtlaﬁhrbcﬂitﬁqsﬁicr {4 2bodP? H@ﬂﬁémﬂt@é&%ﬂgxﬁ%panents (b)

‘2“0 ect_of the invention provides conputer-ex
co deifne. ancggecipne system Pearaig ta a@nollatagmpaﬂ daty sb@Ma subject with

- oné anBBfesM"tﬂe vﬁrﬂ)a ﬁ}fégts 18 1(%31 1¥ynt§8 subje t | p’lglg-b%)/%e: (%ruﬁ!?é@fgqo@med v1rtua1

patients; e to |
patm@r amde(Ct)ocmfcstrmdaﬁme ian pittiul fidh Aerddd op@raBlei G 124 W or more
exp eirmrte %tual atlentst0|dent|f }E

g &B} BEL PR f One QisgereAseasiafed vigahl papants Gngemierate a set

of aﬁﬁuté C\}Vh@l@ﬂﬁhé @etdﬁfduﬂﬁtsaplﬁjefi@é la?toluﬁ:% %nfgi' g'l : er abia ¢ o the one

| one or nore ’experlnent protoco

or IFJH’E? lﬁﬁ]@%al skesnsa J8 peslamredienbodiments pthé neideBoft cﬁle or more biological
in the set of outputs

t wh
o8 il PR AL et oL BT

outprtecopaprise anrogndsisofod ghieCaubjesy St d@aEnosis rfopfh%fs‘%fe@fj a prediction of the
e nodel of one or nore biologdic

me@%ﬁgﬁsn%gacg l‘?’ECﬁ aPfioRpsed ﬁhfgfgqeutlca EE&I@WOI ngl ibe rTBldeéct orand/or a

recmfticA@ARR 6PAA! apgtbfifs idamatis u Ll.se
prognosi s for th%ﬁslﬁﬁj ect, a;?e% di ag sf‘i%stf et ﬁ‘éle"t I preferred

_ -' embqdypents, thy qgmtqg—tehmtabﬂe Gdfevard: keda fiatter QoﬁbﬁS&aﬁ)ﬁe @ define an
'ass@clﬁfn%%‘ﬂﬁ%tegrméséﬁﬁ 2{b%vr egi nen for the subject, and/or
co

ation of an appropriate therapeutic
r egVeteanclilir aspert -ofithg énventidbm ppivededr metodd of Mﬁgr}; fherapeutic

' onpu er - execut abl of tware code further
efﬁgac*pf?r 8 eS td‘éom]fwl%f(&éeﬁ%mg Bal{ade airag pelidntsy Sblerereiving user

inpleditd bbafd Ahmy&t; (\é tass%@ﬂ&lﬂ rtheaﬁgﬁf:gatg Foil Gk QY glﬁtp{e gg&lys virtual

provi des net hods. predic erap eut e
PatlF’HF toyidegtifyethe SE‘EF\%M@ oRp or(ra<)re @eechmterdgvmmhltpagbﬁts (e)b defining one
Yt e e| Vi n ut data about
o suﬂ?%%lﬂa{tél?}&ggoslé (IE:}% azta | negjse?tr? gﬁnﬁ‘ﬁﬁ{hcﬁ‘&? "GfeEROEH dordhe subject;
andn@} @pplyingheachi of teel 026 or padrie edXpSrifnentall §RétbEdls &h Ghe tone or more

e associ at ed rtual patien
asscpldflcifull refioffo SoePiie ot ok BupvetbarFin e stod ohpuisipasiccts the

_ therapnntleébﬁﬁktacp@f and tRbapehi®d ARaHE Forrtgg' E@Q& flglrefe;#?% the therapeutic

subj, eci}%ﬁ and (f) appl ying each
4 Change adpiristraiontos aglmeg and/ooeffectiag Saﬁtgﬁiaﬁﬁrocedure

Preﬂéx‘a'bi}“ﬁé nRAkT i€ ratrﬁe iS5 ﬁ‘él apl }%ﬁ({lgglfc:) %{g)%é ﬁreq, %ﬁ@lﬁ? medel. More

wherein the set o outputs br
pref@ﬁbbc‘é@ymﬁel creprides aapmptuef: modél iepRséring lahet éﬂﬁbl%g-{cal processes |

fe I thetherapu 5 reginen is a lifest
assogl ang‘é’ﬁg %‘:m R S¥r 3P ﬁ‘ aﬁsmtﬂgs,awhwem edchebiploggahprocess is
represenigl CBY Prsec &dummenﬁtleélefe@m U R ermdelahs
- mechani'stic nodel, -a physi ol oé)?ﬂ?: no o%acg thematical relation

COTIRIES |01 |0 froTe ffﬁlé?h%?Sa@psﬂserttme arﬂmdblgloabaqtmbmesr a stimuli that can be

of bi ol ogi cal
appl%?gﬁg%’g%g@fégi sysRR. EREY G A em%odnnent assoclating the input data with

one or more parameter sets comprises (i) grouping virtual patients, wherein each virtual

patient m a group shares one or more common characteristics that taken together
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associated with the one or nore biological systens,
wherei n each biol ogical process is represented by a

\§8t2 ( 03;[3;hemat| cal relations, wherein each PCT/U52004/033130
hematl cal relation 30 conprises one or m)re

ﬁ@zf hadk e ¥ .
O O ap ot Pl B Wb Bt s B8 (D comparing the
onerpr anqa £ GQ@IHO@cb}Bertmdlsn@rtb {heamputodage, lamg(lilh&ssd)dimﬂg takebject with a .

[ ore t.er t.S conprises )
&t é\{rlpo@ pt;l ‘?1%8%. PRIFAS ﬁesmp%geft‘élcﬁrrglﬁ@ﬁ 19 th éu%ﬂe Of more common
chagictegiBticsi $hafedd b Wi Slﬁfn%ﬁ:r @B ifthé@fdp C O alternat :
characteristics tha? t aken toget hg?f 4 WD 20%5[%%1(5"24%“b0d1mem

asgeatmg Xhe 4Py Jtpgowith aneeqr eReleaagarndier selsr ¢araprispari) epduping virtual
I tjents [
L v N AT L N

th@trtekemtpltthdraﬂlﬁfereandte (the Wjrtuak patienatih nig: gloap $ﬂd>bi 6@1& Wirfuhll patients;
2 g of vi rtual gatlent when t he input dat
(1) SpRpring, (e, 9P PlamIgH SRR CharagigHeHes fo FiléFr HPEE flatéi (i) identifying

adghined di’t}d fiddessp RITRIeBIifiS @leS sﬂl‘d}e& REittd bR Fbr Ih&etaﬂ{fual patients and -

al ternative enbodi nent, 5 associating t i npu

TERRTHAE §R% O FIOFD fests ﬁawbm the aglditionaladatn; I(IST}}SBC(EIV)DQHE&MFSI fngm the one
or'hérk s to %@Eélﬁﬁfesaddl%ﬁﬁleda& R Izqiss\c.l;l 15t uaﬂag E’]%s],f’ﬁ% axgth at gfgtlp of virtual

group shares one or nore co
patigite rwltengilst hieputdddtd ané ridiibealt Jitﬁa ‘ébl&élhkaé tdi) dlid 6 Sr infore common

rou her vjrtual patients; ii) conpa
Chﬁ?&teg %CS%PaWﬁrﬂéfotﬁ le%‘ﬁl E‘ﬁ‘&i‘“édg i EPYR: SOP%O % ﬁtgfgdw) and (iv) are
reftAted; on iok imoré €G81RE.1 BLYdrBEh oAAALLI RREks St &nﬁmﬂe VPtual patient

identify the subject with one or nore. virtual
O (53R C@RHS of FaPTP dhaneqnsy Yirthel Ratiento rInmyp émplsgrentation,dbe amethod further

co&%ﬁs&dﬂb&mala Viigla; at(lé ?grge? t gwg ahtg?xt %g?léat e Tepresents

or nore tests

- the ﬁlilb]?ctasbomomqr mglbpldmlsm,bﬁheoheﬁwd furthery bompns&; (¢) kédeBling updated

a data a dd|t| at a
usgroiﬂ G’ é)t%grs t (Ez a.asr?gla 3{3? b 5 é&l{ PPg {of qgore of the
paﬁim’dtc&Cbe’&ytot 1|dent1fy rdnlilair Iﬁ@bh@ﬂ&t%dlaﬁ‘so%ﬁﬁ:d%a%ﬁ)eter sets; and (1) applying
tionally, steps (iii) and (iv) are repeated one '

PE the pRS or mgye dlasats¢ ajsociatpdl PHampEien ses étarﬁhfc m@éﬁls tto @fenerate an
up@at%& Bglog oiﬁpmsuﬁflher@ﬁ)t {h€ ﬂPd&?d Qp{g r?gg&ﬁ%?gf’o ec‘ctts IZ%CHUC efficacy of

han one virtual patlen n
thm’érpmqutfqmegmqn for trepyubjset  Imoah élgpmagvapmfmededmlmtmm,t the method

' g n Wovirtual patien hat better _
| fmtrﬂgeﬁr g‘%ﬁ% sg fgﬁe SB[ VY %‘?‘ﬂfflfsf ltf‘h gn&?&ﬂﬁ%ﬂmﬂ‘irhém"omes (k)
idemeifyingl oficiot inere mrmdsm SieBactérdhtics ﬂﬁ@takéﬂﬁgétﬁ&adlﬁgrenﬂﬁg fthe grouped

i nput .over_ ti nﬁ associ ating the updated i.nput

virgl Rag, Sofk 2 rOt}PﬁB r"ém&ﬁl Refients;pandaerepprimet the ddentity of the one or

dréleddlrtrhon QURBraferiiise 1 REALSL. 2 dgfa e
o i 100 S0 ORePAL R SRR Rurthcr compries

mﬁ@ﬁfédh@?,@@ ehe perorsatiagrosiis tesBits obtaintrbemitsdelevant toothe one or more

- pdat ed set of outputs, wherein the
CUu at gg‘%s%ﬁsu# out puts projects the therapeutic .-

ef f iYeaayotbér aspéee of e @pertionCorb GaBBhb & oft ﬁ@nl%%ﬁigeéffecnveness of
4}n an alternative preferred enbodi nent, the nethod

ERAPFIIC TegHpTn dbé uhiech P@@pnwggv(a} ti@@ungaamulgnhesvlrth@lt patients; (b)..

 teceRMEY @ u?ﬁumiﬁt@rab%tef: | L ?%ssg!n?t%&%ﬂhf %ﬁc}ﬂxg td% Swith one or more of

nor e common Character
thegyifthelr patiehtgtte idénsify Iﬂmmfbgbcﬂ&lth oricual mpret asﬁniaed vitiaBbétients; (e)

identity

I
deﬂuﬁ? hne orﬁ%&ae ex gﬁmg Isﬁrotoco ] %gt rgp?gsglrlttﬂort]enud &erapeutlc regimens for
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nore conmon characteristics to the user. Optionally,

the nmethod further conprises reporting to the user

one_or nore diagnostic tests to obtain results

PP BPFMH4H% the one or nore conmon char act er i ETES2004/033130 -
' the i nvention provjdes nethods

ﬂlYe%w%no her asgec %f
ST DoTAPgRe FIU the AR BoTe epermenial BRotagPlsdo the one or more
JoR M TVIrthi phtiShtRiie 6 IskSd : LB | i
PRI SNSRI AEL (PR AR LAl fp s
ongthg s et putppis)toddeiéy ane oy mdre hiomparken atfahevapdutiondfi@icy; and (h)
e Vi | _pati s to identify the subject
mdv}\ﬁ{oﬁngfrqlee JSJ% orrr%r!}ogé glggnc? ot %yl?ﬁap?lﬁlﬁle%gcé‘ﬂ"e nts; (e)
def iAriotiger caspecdrofnbie EnGonpien i prBidad appLR4:a6 @hs Jeb%‘é%ontrolled-by a

represent. potential therapeutic reginmens for
SYSEHE5TRSSIES (Panpitpironarg3miegts; {heansesspaiating gubpystem operable to
RRky IHpl: 848 b0t 4 Qi iR P& |  Janti
S protoc 1510 the oﬂ@J SF Wit oy i T e Bifefietsy sots to identify the
subjaetiveitit enetay nyern of teericuad patients; etapsithslatiGgInghey Sekabio¥@ apply one

correl.ati anal ysis, on the set of outputs to . )

or g PR RISHEAT BrOUsecto e M rdpere iroya) aptigpis pdprtified with the subject
to géddrataayset 8N Gutptits, whESint BE s&doft ARPAS gr%tm Sutcome for the subject

bi.omarkers of therapeutic efficacy. ot her aspect
relglive todhe oRERTIIPENS bintlorird s¥sterpp sapaesanted hi thtavnpdsbs Each virtual patient

olihe e RSPy It i pl i

co Ve Todd of Y5 o SRR UiStaBll Sl eplPliS o parameter set
repgrentny 2 single iadoiveht Rrefenqhlly tletedppamheulr devisel £eloseti-lobp control
Sysg e or nore of the paraneter sets to identify the -

suIB] ect with one or nore of the virtual patients; (c)

. a & willll tRt dppreciitgi BycorRRE kRN if theParB MR e RABodiHen¥¥Bmarized

experi nental protocols to the one or nore virtual
by @npsuset dpdether Btany uHatln eombispien tolxgnergtegddisioatlembodiments
noS&préablyQediftd abovel&] @afsukh %Txﬁgain%tsoﬂé Eéﬁsﬁiepé'do(b %%%Qrt 8fthe

outconme for the subject relative to the one or re
pregem|ugpnEan. systens represented by the nodel. Each '

virtual patient conprises: (i) a nodel of one or nore

bi ol ogi cal . systens and (ii) a paraneter set
IL.r ep BasemDESCRIPTIONOF THE Fidoreslual . Preferably the

apparatus or device is a closed-1oop control system

15 For witettethendepyarsiingn b thebyatreanal otjdtd bf kéiné Reboditnents of the
. that the enbod] ts summari zed above may _be used )
iR BT P o BHeC o IONIMEG Ogfael leaccption taken in
corg@tition il the BReipaBYIhS drithe S XPRARA! Y recited above,

and_that such enbodi nents aré considered to be part of
t he F1Gr eBwoxides g\bdoski Bpgrapefian SRpRrOESORIRENON OBlini¢4E decision

E . r: standi ng of the nature and
S“‘E’t‘% e???nggé%ongqé%o%%ﬁﬁs of the invention,
g ef EI(ﬁerﬂcgosMeui tliokle diugrhen bPorieexaingld @ﬁhﬂlﬁaﬁ’(ﬁi RAbi&fg software.
es tion taken i copjynction with the
ac cgf}%g’n%oﬁ'é a(?roﬁtwnrfgﬁ, me lafﬁlélkﬁd terpepresenty iglogic! gystem.
bl OFIG.di k3o aRBleCoreMRbads¥ f@f@gﬁi%ﬂfpaﬁmﬁé by ﬁf’allyzing the

_decisjion o
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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25 support System according to the invention. FIG 2
provi des a bl ock di agram of one exanple of sinulation.

g;g)g{a[ﬁ/ 4‘lsﬁoft\/\/are. FIG 3 shows a portion of Cfcﬂ?lgzeolowsslso

gned to represent a biological system FI

Hﬁho?ﬁEﬁﬂLﬁﬁ?’ﬁ%EE{ﬁfo@ process for creating virtual

patients and analyzing the virtual patients to

identify @;,Q,w‘fers. 30 FIG 5 illustrates a flow

chart to rdentity one or nore biomarkers using an

eX Pefld R feioR QL BHsses a | agram of . :

a progr ammh?rg eg% ocessi ngd’ g-;tseﬁlngt é?né?%%st 3@# %81?%%15 tor pmdfwtmg and
momisiregeat iindvoualerdspomseny 4 hherapamicatepdnenr ThE Nadntoh includes

tIFe1 inventian., 6 WD 2005/ 036446 PCT/ US2004/ 033130 )
THple IHAEER S AR HBR SRPSY 5 Ry QReRleTiR@sToRipisihe subject with one
or 6N6RNPRBRESir@MS hATBats, BRI ROGRwmi1Add @&gﬁr dlef & apply one or more

predicting and “nonitoring an individual”s resp se 15
expenipentabpiatecly tytheerne athmorqvihti patisntc deotefied With the subject to

o I pl ' ients, an associati subsyst em L
gefitale 0156 ¥t bt PRl & b oufi8a0 SRl S aiete ey, ideniy
bidtharkeisr foti alonjiating thiemipewtieceffcay(Tot dletelyrepbd ititest AR bR Bletbiological

t.0 adgp'!%Bone or m).rq experipental protocols to the
SYGRE 451 TYBeECHT 7 PAFEPUALR identified with the

subject to generate a set of outputs. The set of

out puts can_represent therapeutic efficacy, identify

bBomar kerReffidtiompni t ori ng t her apeutic efficacy, or

nmerely report the status of the biological 10 system

as ikbertepn cmsehanistic moadel, t e wsedihettinirefged to aBnodel comprising a set of

. it r.m " isti,c nodel ," .as used o )
BB LORGI S, SERDRA! ey ot s and 7
chaiaétbrstenst Méchenjsiit inodeds inshde ausdbmoaéth avilifierygARy itk two or more
cab%_ga_\/i or ,of -.%grocess and.iais 15 characteristics. =

HARPEE @R s? PALFRAcal Zdearnshipe Bygeauyithn nclusion of at least
ont WpidedAYiny bidBgicdl WiechinidH(sPcdiesiild thodetlaghies, vari abl es

in a mathematical relationship, but require the
The fermy, nglegigsmeshanigmd ias ugsfcharpigarelrs mpnbindedyjng aiechanism which

B - . 0 ' Al - term
S S FAE RS L pAARESAR 0 BBl oo o
ba@nddmprycqsgesrmdhm egmtivibinding of ¥ dsug toa@edeptod (including, e.g., the

.cd.i nical |l x-gbser vabl rocess.. Biologic nmechani sns nay )
b‘%‘fﬁl‘c%‘r’%lé#aﬁfse&l A e BagiEHTs ﬁh%al’s&‘efg%cgemﬁﬁ:ﬁna@z_ymaﬁc reaction
(ineluding, &3¢ th rath STGueH a Rattioy; the sPnth@eLRIREraldddnl d+d Rffular

e.g., the binding constant); the catalysis of a .
C%%%%Fi%ﬂ“aﬁl SThBRICCRI OF Biedachish complgx (inghidingzg emthiegate of such.
syntBéagd bxoc[bg_rz{d'aﬁGﬂ)yﬁll'e diffcafion of BEell ﬁrecoggtitﬁegl ,ngh th

“reaction); the’synthesis or degradation of 'a Ce uf ar
phesphenilaticarmr glcasyiation of arppbtenuliechadingrel go,ahié are efwuph ex

ph&épﬂgiylf&%orﬁgdr g?chsylatEorl]l ; aglatﬂ% I?l«f:e. such.

The term “physiologic model,” as used herein, refers to a mechanistic model that

includes one or more subclinical processes to represent 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 typi.cally can be

measured in a clinical setting. Non-limiting examples of subclinical processes include the
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synthesis or degradation); the nmodi fication of a
cellular constituent, such as the 25 phosphoryl ati on

ation of a protein (including, e.qg.,
?g&%@ggﬁéh phosphorylatlon or glycosylatlonf) Pif004/033130

bﬁlgrﬁleél dnﬁEl ref E? %IE?E a @rlg%:ﬁaan%’s%”gh% g{ngtcﬁgftaﬂ{ﬁﬁldﬁ TR ysis of a
patieulor ciepriealgedetibi, . £ adn proosssesction (irehrdass elg., tthérate of such a

h t d t ur bat
D R eSS o dara RS 5 s B e e ssagmaieealo or
mmiofdciilar S0 ek MnCRIGINZ, 0,56 Bt rate @ Stich dyRtRsiP BP&?QE&BQ)E tﬂe

not _ easi I¥ measurable in a clinical settin
mRdificaBomet é@M%ﬁP@ﬁW%ﬁu@mﬁbqmeewlmnm 0f}?pfﬁlk’iﬁlbh y)f a protein

set.tin n
0L o B BRU e LBk ifin Goddriaiolng o s |
200- Fhe 86/ @isPEE/misRN0 44 Gs%a 13Rin, béfodith gnpﬁmael%uﬁ;r{fsﬁm% set of
t he blndlng constant);

SRR L P88 BoacsSfh the i figrme Rehav a0 B Shrense Saté.

enzyaBiuséd heRE, “RitstAd\HatdisP Fefefs @ alt hﬂg rs%i)_%cfgg die Czlzvtlwty level,
a reaction); the synthesrs or egra on

e‘?é@ﬁ%ﬁ&@%ﬁ%@ﬁlﬂglémeméu@ﬁ lexel andhihledikal e or ol ecul ar

t.h f h
g?nggg%(‘é t re_lg)(_g%_inﬂ% ijbggt’omh a%ca? E?{%glf r%ge%% qu%/ gpﬁc’caﬁon applied to
thconmﬁelt wEnene ou (IhOl'aSblblttgl@h ayptoimy k@ trefiesedt a real-life change in the
COSI of a eln i ncl udi ng, e. the rate
%cHié%rBB Wya? gﬁ)gﬁgg%lgqyﬁcpwent ofogels include existing -
oﬂ h}‘ﬁbthe?ﬁ@d e dpeutid §§ﬁ%eaﬂaqge%hnent "%éraiﬁ% R¢l IH(%E %'a{sagé 6F filg, exposure

to any nodel conprising a set of
togay P ARal fexgs pcrarssd exdyeise sl thy hikied ¢ behaV| or of a

di segsqsad &in, i) téf&eg_s&a%rtelrefers dl Iez{ ree a%lfl} e,c?l{as %ﬂ;ably to-a human.

refers to a terlng a

. Wlhgre@x,enhmtsm I wigiuniepatieat’ emfnr g rBﬁt"etdhta‘m,on§ bf@ﬁésﬁlﬁé&'m the systems

and eri.nental protocol," as

_ap@seausﬁ%?lé Weglgge?fs&l%reée Rt i on applied to the

nodeThoterbfgroddct NRfEs b HeQEt SRpredi¥ahE %B&eﬁﬁeﬁﬁ@ S?Imhegp esent case
real-llfe cg%n ge .in the environnent and/of thera :

thy coppjaserce 1ok endiibiscy ivferrdhnmathepreatitsced siniulasingdn cxperimental
prétdcat behe Qmd¥RALBRRIARL: gsﬁ&&eut ic agents and

treatment regi mens, nere passage of time, exposure 15 -
to ehid ﬁ@mféﬁlb@__mfm_”lrcfcrsemsaw eh@ice itme aasubjdch@nay make that

f
oo 5 SV g DA UL e oien.
_EX&mptarv\ﬂubjeUﬁ;brefb%ﬂc@mcludé eetubjeRt’s QRIBEHRE At 'a9i'ﬁ§y Rf change diet, to.

t he subje i-n the sg/sterrs appar at uses and net'h

ungiergor R §% RECTEISG SRE/PBIP compdy Withis remmaerded tlreeifnefms ragisnen.
the pd 1 PERRIS {dRBHBeRONSRAVENGE b1o¥c§é1<§anll1 e ﬁr & %nportlon thereof.

case 20 the consequence for -a subjec s inferred
Nenloniting eexampigst of otllldanmbmmegtsamcmdpennbmetmlteﬁlsuch as DNA, RNA,
atients.

910 mor e assocd ated ,vi rt ual
ol P bor B by TBE SRR oL R oty iy Bemmiies nd chemicatl
reidtiove mohﬂdbljeec(é gVBl " ;MBlkRrd:id@s, ATP, and citric acid); 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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 mafiith

woul d positively or adversely affect . the results of a
particul ar therapeutic regimen. Exenplary subject

gy % ces i nclude the subject's willingness or
i§ &/pt‘ﬁ’ change diet, to. 25 undergo surger §CTHU§2004/033130

X Pt AP S0 B SR o s

bwlemalssytsttnaczm mlchnge clat exapiple, @h iadipiabhl @, & BENLRASn of cells such as a-
cel ‘Hﬂ%‘%m ti n? 'exanpl es of cellul ar constituents

e ST lu12e 85548 ch “Hg“‘BRﬂPIaIRRFE;amsm él!@l s an individual human
padletC QPEWMsEH BS celld BPR' ALBILAAnIad Lé)?%{ﬁm‘(‘éac . Opl%c{'l%% Of Faulti-cellular-

enzymes; hornones, and chem cal

organigns st}qh as gl@élilib@(ﬁ lheen palieyts entlie getaralchuaeindyopulation as a whole. A
d

I ecul a |.exes;. cells an _
bi SRR R 85 R el Por oXEinplee A TOR ki Sy stem 8i6h 28 the nervous

sy{temgunmuma EYtdin, rtﬁ‘rchﬁho naseligl systeah. Oja lﬁQlUgd tuent tha is part of a
sosones, endoplasm c reticula, and ri osomati é

bl%‘%ﬁ]ﬁf‘ln SVSEMs Ctth e‘P%lBﬁe @TV\E@HGS/ @B 6gdG-cellular constltuent a cellular
co{i’éﬁ%%%}{)ﬂ{u%?&ilﬁﬂr ca—x{})ﬁ ﬁtE) t&)l%'b&%’tlg & gl%‘gft fit ueries of biological

refers to a pOTtIOﬂ o) oglca

copstishenis datluds AT A Ipl:dtuﬂs:, eiﬁz@*fneex &%Q}qesﬁﬁells orgaiuTs tissues;
sSucC as a ce

pol it A Wi, S §me iyl ohemeles ibars mrgemati, nucle,

Gdgic horapleass, 'Wﬁb%ﬁﬂﬂaénﬁpIMC Péﬁchﬁ[‘tand%%Gﬁl% afemlcal}y reactive
?(E]fﬁlfls of . a ti-cellular organism or a popul’ation
majefules. ush a3 ithy supeaotdss 478 sl aeid; protpin albuniin; adembinations of
thép@t i ents or the general human popul ation as a whole. A
bi ol ogi cal systemcan also include, for exanple, a '
~ nul thhetteras {imelon” emiflsxgfdreras to laéudlegittaiu:@nstﬁ:uﬁit gdfers to an interaction

[ cardi o-vascul ar m. A bi ol ogi_cal
Ofconsgbe1 ?%é%t & Stlﬁlent th WP Jrorg, P@‘f\é ajal?m]é’%?lefﬁf@%lems Each -
bidlegitaldennsfitmente wAmpbielogival eydiém- &@l indradt £RBRi Hﬁ@&me %bhiological

| l.ul ar.., constituent, an | ntra cel l ul ar -const’l tuen

megﬁaxgsrem Rt PToMotst 2dditianal tiglossrkeonstitugnts|of ghleclabblg@al system. A
bidlOREdli thbeabim B widen @Nﬁm%l%onmtﬁérﬁé rﬁ?mm‘SP&Xt ﬂel zf.nsother can be.

hor nones; cells; organs; tissues portions o _
knewy sqre ynkngwig g!&riyologmblc gleChergsm magameblve,s foruetangsie, a biological

C I | exe osone '
gys'i‘éxggp Iggls&ﬂ?t(h:@r [ Cucﬁ,i hm%go tB:os m&a tr@h Qm\é@m y 1§0I example, an
Interaetoan eronenbllokrgldaésorsunhnaﬁ'ltﬁ"anoﬁl@p@z[rpﬁllcﬂﬂ@ foAB?ample a synthetlc

[ cﬁfac id: tein al bum n; and combi nati ons of
atipg oﬁ?ge 5{:? ogical consfifucniingg the ofher.cr drgstphysical interaction of the

bidl &an%mhm 69NShi fdBalt e t i t
' t hgg bi ci_@&gl ce:al consti tuent I“?v‘\{nt% gf}gﬂ%rﬂq&ggﬁa Eﬁﬁflm%ts mediated

thrangh Beraeriiage, hiolqgiab svents, Eummebmtheroguedmmmnm sbrie fifistances, an

: mt&gctﬁmbéf%r{%%ﬁl%%ﬁmy (?c'o&lgtg@ug %ne :Bk?e%tﬁsgzr? ilb% ?q%&%gqnggng regulatory

bi ol 0gl Ca anISW]W
molitlatioy ot ane bloblgsial tmﬁﬁJSntdfy drldeheb)i QLIPS SRINhANISIESP stifhulation of a

han m b ch. bi ol ogi cal constituent
e ST I R T L
A bThé i
bi ol ogltugiglc Oslgglt@ielﬁmds@fs%%?ygt ali]g&lcift?c;neésg{301?t§&%dh blgloalcal system.

In §o5pcgEipRsSsca biglogienh stats refest tnor domditienrassociatgl with #e occurrence of a

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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interaction of one biological constituent with another
can include, for exanple,. a synthetic transformation

Wwh B0603RkQl 00i cal . constituent into the other, ﬁcﬂh&ﬁ»ﬁl/mnso
physi cal interaction of the biological consti t uent

eaBh oftefli A Bilogidal ShRGlHieM1Pisd BgmbLo! &@io@@éxca‘f Q3R tm)féglw depends on
nedi at’ed 25 through i nt er medi ate bi ol ogical eve
V@@ﬁ%bwﬂmealn@@haws@mbylwm%h@lqm ancesses mteract with one another A
e:bi ituent with anot he
blb %ﬁ%ﬁ%%ﬂeg;gn %Fch?d%é ;"(og eg}ir%gfe %ti uhﬁ%’a OF hprmgone é:f)ncentratxon

mophslhaOlnﬂgtsﬂﬁhl ﬂQﬂStmtrHt&ﬂllblabyﬂﬁlﬂOtdﬂ ederebﬁééﬁfhaﬁsﬂlﬁéi‘ For example,
hibjtion or stipulation of a, production rate, a
b‘P‘rév"’éﬁl S%PSaﬁ%S%C&t?Csu i @fpogbféelﬁiaomsbhwnsebmmt@@ﬁharwenzed by
coRBRRe br 10W 8108 rsm?ark%l'n@ll&g | 1ﬁ%lﬁf:nre resh&LGLIS. tI?le?e confhtlons can be
condi ti on associ at ed a bio SysS
Impoad cmnméaély ¢ d@ndﬂeogherahﬂ)sp]asmt llleﬁ @Bmcnlar zblolomcal system. As

ndition at e th.the occurr.e a_ t of
a3 shiBRle” BrogioBleBl stle o §,AnBG i mdyds drk Sxamdie. < condition in
which |t1&gh@ﬁbn Y ACRSS a @bnditibh & GBichethe nSYSh $HAAR an action potential, a

teract _according to sone biological mechanismwth

Coaﬁgloarm NERE B8 AR08 AnTeleasmg | agRuERiangpidies 95 e§0mbmahen of them. As
a BndlR9hGalpiS yﬁBﬁJ‘Hcaf‘%ta}é}eop' O!:cg%?ﬁ(%gfg dﬁ%ﬁ%Sﬁé eac include a

relative to WO 2005/ 036446
coptiitien, in avltlp Iaongrsoala“@katsefrmymmatemglalfm £ bawditien jubt after a meal,

iological.state t I epends vari ous
anfd ARG vAMBME o S oGP SRR Bioidiital itk ek henmatic joint
cah i ohidecdi gnifitdmt @ml@e ﬂ&@ﬁﬂa’aoﬁ an@h@'b&?la&a bof SifRbRn A6 cells. '
|ncluﬂ% f or. exa a condltlon a nutrient or

hor nbridolegisek ﬁtﬁ?ea?qnoﬁlclqdﬁ Pl disease state, b wdish refersftpangabnormal or
ha&xﬂﬁfl%@ﬁ‘dlh% %soélbféﬁ‘%vlthoi bib gféﬁag}%@n{] ah dsjeﬁge%haté: R'typically associated-

exarrp e, bi ol O%H st at ssocl ate

Wﬁlyp@gbw or havenfylyetierinelid diseast in abislagirat systezn.i k:esimtqnnstances a
fol bl ood
diGaad 'sttatcoﬂe% 3 to_r‘ﬁ‘é'glg({lfgglg ﬁ#&gl%Eeda wgtﬁ tgév oc?lﬁjgeélg% &)% i 58t of biological

respect I ve rons C

PrecH9sHsi waﬂ)ajlbglcairsym Iveheran tier €90 tof bidlo @A Proéddsed play arole in an

bEartlcular é#%%lcp stem _As . anot her exanple

PR bo & Geateon BaPivlRBRHRIStopnr Acdiases etate can be. |

obRerv 8 g, Fbrxairple, WRLIE hintdgan) 8 W@, h?nu% célfbdr or@anism, or a population
condition in mhlch t’the neuron is firing an action

ofypuliireilylar opganiymse nixammdes ofdiggsise Btateh énohwsierasmditions associated with |
asliEALaRL00: HopSH) Ald ARSI Chuyiy @ conbInatt on of

er exanple I'ol ogi cal states of a

- col |'Betteam “blblm pmcenst’ réfenstts an afteractidnugda sat of mteractlons between
r on awa ns from an over nl

condition . e e
big B8FA! SPRuANFIoR hineBeal et Joarme TRiacd 8 IPFgprocess can
reRe ttYRL Fet NBFabiSlogANal @&%h%tseéﬁﬁm §ombéo%eogd e oisﬁ%tuﬂoéﬂ:al system

a rheunatic joint can include S|gn|f|cant carti | age
togribr abke i e 9 gatefrictions betweenfthaidegical cosbtituentd 5 Biological

| agi t a_disease
pr%egée ?%f g‘?ésl,“‘f%a%ﬁ é;c%lﬁig &1g&emﬁ ¢ % O ecgﬁaﬂ ][)'cﬁ%%ays Biological
prmmmmeﬂisovmnthda for ekagple ppatByayLiit decdt SQRBE 0B Ina&diltact with an

? ssociated w th an _abnormal or harnfu _
engRomstbi ot 4 o SoaEh N, o5 HSGTSUAIT SyEEH. (ERABIsE of biological

rodsicdficifde BiocBbBRASPathlvaILid ShihSmbRofled
P associ ated with the gccu?%encelo a S%teo%@blo*%PF%w?to;nomde

cePylar ersgy Wechenieal ingdiveas is ydtienmoldeeles ateheuiliatp mfprowde cellular
quElbt‘a}eOQf %ﬁérg? Pt So?éch%'rmcyal pa{ho“llayslm vgh.lch proteins or nucleic acids are

10
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20 abnormal or harnful effect of a disease in the
bi ol ogi cal system A disease state can be observed

m bl ﬁgarrpl e, a cell, an organ, a tissue, a _
71 Cé ul ar organism or a popul ation of PCT/US2004/033130

cell r anpl es of. disease states
it Bt ol Bhicd” S0 b BB S BRI  in WRER iRt pb guucleic acid
pr@hfxard yre synthesibedi MBloldgicad cbistinienss ofTdteh bedclemical pathways include,
rocess" refers to an interaction or a set

" bi ol ogi cal
for, £xAmplE, af"@lz}"gﬁ% pefhrie ninteedaiss.o grkshpiec BISSHFeSe i infermediate
spéiddi ol ogi cal system In sone instances, a biological o
process can refer to a set of blologlcal constituents
dr a\molfog@ni g@g@smmcﬁsoorhclad@l fot expmysié, sﬁgﬁﬁhﬂg‘mnd control. pathways.

Blélggllec%p con egﬁ s?? gp?aéhwgfsl(ﬁ% raCEI o%(rséalg) \ggggaétélr})? mtermediate

signalkihg d:ﬁ),lecﬁlMs R XAEIP e proddifC PRIt HAlinS In HRhARY! (ﬁ'rcontrol cascades that
gﬁahma ys. Biological processes can also include, for

us nﬁh"éa"tﬁf&iehwﬁ% neHuaysc cher wienling orthivays obindiog off & hsignaling
ALuROoS NeLE t

mdbukOroCd el upﬁg};'@%grdéxgétll}gl%ﬁﬁ%?e tﬁ)ﬁf %Qm}t ngshg%ggdl@gﬁ signaling molecules

angh ragp edisctlyn o fligecdithee kiegree: alf nﬂakbhmyﬁtwm (ohiogtfer modlﬁcatlon) of

cul es are,.br.oke cel |l ul ar energ
pa@w %h%rl% 33 gy fl CWOF'FGP%E (A28 sinfpency u?qtlf‘”t’t‘jﬁ) %6 cellular

prdteéin gy Ifdiee)@ﬁiﬂldq | fectid tHeCkAsEriftiona) 6N ic? Ldt £8ell. These cellular
bi.ochem cal pathways in which proteins or nucleic

Profeifs| a1 0dlen {PATRIOLEtRTe o el 9829 4nit3Rd ey a signal. Control
pat\;ﬁmwa&ﬁ e%?%?g Iﬂgiysgra&hgclﬁhg &ngnf %)I?(g gg&r%ﬁl‘ée gﬁa erﬁ/\ayc?es share some
singilppitige svithesdgnaling Ipethiveys. Sens IImtltlﬁlatzdeffteﬁwhgomg cellular events are

oGRS DABY b ELA: b, 3 BTRA oS st s, o

exam;tle,r treiﬁldaxtlﬁon&pﬂmcﬁﬁ)mcﬁoxﬁb Hefiohi@dn. PIIfE SEfsorldocdififion is a
i ncl ude, .for _exa nalln and control pathways.

CORSEAYERGE 8£|thec8w§{13$8% of go él?&hvafya{ Whighsre ﬁétmmedxarcezﬂr by mutual
infR%ACR| Of Potel Y¥nO %adhnto%iéfr%d'd é-x% 5t %@&ﬁi ? Czﬂ:hsguon (eg.,

as well as proteins participating In Si gna ’Ng
phesphenyditioghs @&tﬁésmnmltpathysayalclay mdiadeapatthwaysethammeseek to maintain

oAU ERLE AL AAL ST RSB op e

i nf Bmilngealt pltecwsgm 0in Gk hiefaedHi®d] ab@hfer40@LdINGr a combination of
es, 1 o.an

d | fl h
b ROt} i POR-LEORCDr ok HUrafashRal (REeREor o inp adishaiologica
comdtififefisNéan ¥ Eﬁ‘hﬂ?d Ghtosh $ghdcRY JFbGGY! s%?h G Hl?ﬁ)lf&ﬁn&o%stltuents

activities of cellular protelns by, exa
belgpgipg itp gpartrallarylaysl can pnteraptawith fadlagicalr comﬁtlmentse Ibklonging to other

ese 0 [ ten i rtant effect
tovi° 3 pEret e prodBie Yy Bligndlek Hout BRI B ordptt Selonging to
thejawbstdge]s. smmbnéﬁeralhmsﬂ poetss & drienig vilieh & bivigEcABBhstituent in the
| es,. share sone 15 simlarities

occurrence of c C
PN o8l R g A HAS DePGal eaptiAne A Tof dher upsiream or
doWiKGRhRY A 8bil-HleBdrc VA Pt edy 1?&%9% 3l ﬁ%r&%gﬁﬁja[cﬁ ‘?c?,@g A feedback

often with feedback contro to achieve an ou
loogjBt# hiologicsl prasssskass te el subskit \nfshmingmlt &onsﬁﬂnemmommologlcal_

procés! G9al Ofn o gioﬁlctaleng Eﬁlentc 89 "the L rfleedt)ack loop c?an interact with other

biological constituents of the feedback loop.
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consequence of the functioning of control pathways,
which are often nedi ated by nutual influences of

\grote| ns on each other's degree of nodification or
PRPPABP (e.g., 20 phosphoryl ation). Cther cRIE/PERA004/033130

pat a r;cl e _pa t hat an S
mai nt al %HB g?"lr%'afaféfset\?e és %IOF %@’&“@%@Y. that can affect a
biblogichhstetep fvhathehBy ghdveh m@@ﬁﬁﬂﬁélovﬁhl%&ﬁbﬁl&'ns and whether or not

" processes. c n be hierarchical, non- ﬁlerarchlcal or
ugeg 1B

?fﬁ]éff‘}“&ﬁ %f InpjogieaIsiances) 2 AHe (fAtthite rediceti lzsaunterActmc with a
biblo@lca! EdHsEiftlent WAE&SSl R RRE: gﬂ o WhiaGH xgﬁe%ltlg géﬁggtl of the drug. A drug

constituents can be. arrange into a |erarc
thhtesh@ltdatesaétmmhmof bilerapgitatargeonat b¢ refertedl 1@ 5s beHan@hiigs drug” or

ant Qo8008 &) el erac i th biol ogi cal
I%S?JI uemq %@f%ﬁ ﬁ%‘gﬁ%a b{“ﬁg?n 0{. g erapeuty; tar g%t can be referred to as
axh‘flﬁmai‘tﬁigl &rab” pf g €afadh@Rer akh)efRe! 6f BaF@Scah ™M consequence of, for
bi ol ogi cal constituents belonging to the | owest

exampls, drugnmgdiated; dianges in ¢k rajsy @%EG@CHBUW dqgr a,dlatlem ofione or more

spBéigd Q)Q'IQIQA c&ﬁgg}eﬁféﬁiﬁt ?Haﬂgésh L fHe ¥ %gtsqiaﬁa er aga‘t;mna] or post-

wi t h anot hér bt ol ogi ca
tra;rpbtlmedmrmessmgm she eamore’polgpeplides, air@mdxlateﬁrdhﬁﬂgéi in the rate or

exl%ntt orf cf?egfc'ad thI} 8% ogegfr)re B{pgeg gb e%selfc&? qe&ﬁgief &3 thoﬁogr stimulation of

ackibw |oﬁ gttﬁ)\afy Wl&tdﬂxﬂ&etpiiot%s t4h@ i kB gimxainples R QFES Snclude typical
‘wher e each t1 ol ogi cal constituent of the Peedback | oop

smalh molgcufescet FEseHclyton dheraprubic oigiarest; samesllytogewmrisgofactors such as
kib&idee I / 4 0

ent %gg iggﬂ@ﬁrﬁ% (%}g%ﬁ;[ﬁc}%r \lfﬁggtgrg Q)?efrgcgtg% ﬁltéj n‘g aﬁald Qel rec8§)/tors of any

tynl%gmtrecedhﬂar ofaptow istgh ahatereats af fmttztceﬂulb]r @igﬂglmgibaﬂiways factors

. ther known unkn bi ol i cal

lsa&%{%am SHE, fher an V\%eu(r?]egr p%s?l g% it (&%’83% ‘?g’ﬁ‘é‘iﬂcﬂ?éi [RFugs can also

in¢Inde e exm;ﬂa,nmmts \Bedﬁmgexﬁ-)(méiapylm& BRACSIISRINA.. Also, antibodies,
i nt eéactl n bi ol ogi cal const i tuent, which can

a .

ViBes BROPE AR Grofcye 1478 SROrE bY Aagera e fimion e, WS can be
codlkidéere® ak Aatgs SmoWéﬁ&gpﬁlcﬁﬁm&t h QL andndilG! @g@ﬂig&ﬁtlon including a

target can be referred to as an "activatin
sehef dTRgRAT tompagition dncluding g set lpftrnigs landp ¢ ofi eXaipienison of

a t herapeutic target can be referred to as an

"inhibiting drug" or an "antagonist.” An effect of a

dQug ClamicaidDecisianSappernSeston, f or exarrpl e,

.drug- nedi at ed changes in the rate of transcripti on or

degrémwaspiecinofothe amention prwides apesiebdasell reddMe that can aid researchers

a.na Cjﬁ’gmdl at gg a‘l’ ges in the rate or extent of
205 YREMY {‘}o’ﬁprﬂ? FRAR | heelthn afipiicalienss o gheoimvention can
ImFS e Huni@l BeAdBl BP Spbing Qs .a Iéxﬁdiﬂeﬂgéjbﬁeecg S%p)%n&ﬁéaﬁ(ﬂl, trgé@arch, and

rate or extent of degradation one or .
Paﬁ?@t@@@mwgemeﬁﬁlé@qeﬁfﬁnﬂlm physmtqgmmhélpathnphbfswlogy The

ti.v f pr ot ei
sy @R B w0/ blkhal} 0@ WnOly T GBSl Mbicqll tidostios, medical

dempks cauﬂ esmbinatieseaf thb foregding fim e fore cbﬂﬂdlérﬁ}@ﬁ{nc packages targeted at
endocri ne

nat.ur alig occurrl%g 3Ctors such as
TeYSAPAG ARG, Eurng 2 YATHY of disessss i mdivifugl patients  fmedditien, thgyinvention
ca%i\ﬂbé hus€eid ddveropRigOdeterits, W exhmpid/RE: ulnfi&%ﬁﬁc? Sldiob@d I‘?atlent response
actors such as el ement's of |ntrace ar sirgnali
to FavHoRentali gendifiens inslydingepestiridss, opéitionatmd a:hemlcal or biological
W%? Hices; pesti ci des; herbicides; and insecticides.
ugé can al so
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i nclude, for exanple, agents used in gene therapy |ike
DNA and RNA. Al so, antibodies, -viruses, bacteria,

j.oactive agents produced by bacteria and viruses
‘?‘2.9%09},09‘?%% ns) can be considered as drugs. FGCT/US2004/033130

cer t@agn 1appld i : FH | hcl ude .g conposition
i ncl ugi nlg9@*%%%%0@8?85%%?%“@8%@&% é’ﬁmg&s a system 100

cornpredingli (aAgmaltigde virfuatipatipntsalld; 6)w@tasedcitipi fibSyttsn 180 operable to

assobibddiGal: CB&gc-l Si on %gj)eport Sgst em An aspect of the .=
PATEAEY G135 BRAY @SRV Wik OB SEHore eb ecparameter sein imidgntify the

subjxs GATCHRY Sr ndRE of lthé ituaNSaneits! AW ASnhRar s -
heal t h. AppTi cat ioons of t hgati n&é%%%@gﬁidﬁgé@%prmpaabk to

appiY; A% OhBaTre expsyimsatal pretocals te thenmnsl e dgercbaeal tpatiany identified with

t] C atient care conmunjties to .
the %g%ﬁt%gtrtb %Enfé%tgglg»%{dﬂ%&ﬁ@g B g}'g}notgs a% 05 AYtputs projects an outcome for the

subprat tedqitveso dleame.or Five bBJngﬁcﬁ[TQ}%ﬂihsh@?ﬂé%iﬁed & @Y R JHRL EEach virtual

s, diagnostics,

the efficacy, of drugs, nutriceutica
'paq?\?g F%%Pnsea-e@ Eég?deir?g OR% b FIPAE Pishagienl syblems snd d8) Agatameter set

reptcRentfrgrasigfle {dari@pgut i ¢ packages targeted at
reversing and curing a variety of diseases in
i ndfhe eisEm phihiednventionam el pralaaded withea nambert 6fovirtdd) patients that

: ' [ opin fenses, for, exanple, to )
repfell 1, U38hel BN O Ao ot o Eincd ings pobulition 1 typically of

integesy iwhenseclt abriaeadedulens difedidbgonashbi GEEESs, since a goal of the
invggl | ution, and . chenical oy .biological weapons. 12 WD :

. / B384 RETPRfPRSSERTRIEIStY of Umse1therapiest r Bmbodipmmts of the
invé&fid@Can Provife s¢1BMRM! dfUhe oMMEE VP-&%;#)?@%}@ f‘?‘{%g‘l%é% %gdn also fine-

_contgri si.ng: (a) nmultiple virtua
unigg hesearirivgl BYlssiss basav p0the sebjatti e spesifias SBai atagnplé)pifitthere are

vi t.a.: i i i th . of th t .
vir 8 BBl oF 2 s 960 kb { Dl he R ep Bt e B & kg subjoct

can\ter pngpaﬂled pmt-ﬂle-lﬂystol {lbgw dorsinbid &dcufife resafidl nﬁ?elﬁ”&vl crea}ted virtual

Qperable to ..one ar re experinmental profocols
paciBfi a3 6%8“8&"%8?"@5\9‘?‘?5&%{?3 SVERBs i dentified with o
t heinsdte] iGBlentht GRS iR §sBmSE &feréwtbgu&ﬁ%cimg %bﬂlitﬁénﬁdividuals
for the ubj ec ’

. set of outputs projects an outcone ]

Le.,, gbagets, ity vireal gpasients apgy thep| rsperting awhaty Hteeapies work best when
imhRRIdSs LbeidyiRYat d Vi It ual tient . .
Slmcorrpri ses: (i )a11 %‘g%l ng? S)gsﬁegrbg?n {r?%? énpblitsgﬁ jagpdical practitioner,
suck g2 degioraardiugse; Yo frspassenywihich dighsesmepr BSRMvaitfoRan individual. In

[ e.Lndividual . .10 The system of the inventjion can
_S°“%.é’g%4}seﬁh8 oy R Fesifve fher oot oldhe wirugbpatient pool to
identtefp bRG eMNinoft Vi HlGftiots Viak b@é@ﬁ@telﬁeﬁre@&ﬁ WhALIHRRt. If such is not the
V rlgmce, i.n a population is typically of Interest
CaS%ﬁzﬁq QLTS 1PRYES S#E e pesdlipprovide ati inftial eatrowingpefitbe sharavteristics of

fIpRiRicCartuall a the . inventi.on js t :
o e RREC e oY B {EPels gty weight can be o
key ErmisdBerediton thésetiputs,i the epsténo var dienletdthife $AlcAGEHS Bredfeeded to

e.or nore virtual -patients faor a subject and. also .
: #e‘:?ncg efgn%euﬁllen ub{eﬁgs P 1°5L81c2p 46 1ude: Sfop g5 @mplsn atligmoglobin Alc

(“HsAb{"p ahéasurspesi bhde. glfiese CNBIREE test frort BE; i
patients at 90 kg and 100eng<,) ae({}%e%gﬁuble"t or a Forced

vi rtual
EXPH%TPFYeﬁPIUFWdP I Second §HEY B0 tost fom an a@nkegicssubjeetct 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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can be created on-the-fly to allow for nore accurate
results. The newy created virtual patient can be
aut omatically validated using the system I|n one
PORRHft4t i on, the system can operate by assod’iCa“lUSﬁ@p4/033130
real life individuals
v £ e e Bkt R o psiic bR el (bemees s pre-computed
th ik eff@s,! alWWEAg aSbokipAsfeftabRr ot RQSR. WDt!hEHﬂée Rk VG $herapies and
The system can take inputs from a nedi cal
copbiatipny ehiberapies e bgssimulgisdtte rselopt muacommended fhespy for a subject.

In?aﬁ% e duanﬁhjeﬁﬂaﬁﬁg&@%aﬁfw aH&)P a 1c Zﬁérfc%&@rﬁl aog a newly created virtual

nme cases

* patiedtf hod divtmarkers ebail are idntified rgah Ebel lised ab -dofifirny ithd Webciation of the

ent .poo identif e or nore virtual patients
’E‘Wgtpagatgqﬁ'}i{‘ear ﬁ“@%ﬁr ¥s B’n%al’c#@ 813bjretecomprendsglc therapy i tworking as
exp&@Redd case, the doctor’'s inputs can be used to
provide an initial narrowi ng of the characteristics of
an épﬁsmmqnaqeéelwd dwrang pabjestis visitde.gexhsauvations, measurements, drugs

ool AL RaLER RO R0 B bRt so ot

caxmjeahpmtemtcs theer elnﬂeeﬂdﬁadlsidh suppoit gEtegat GHOYtem ! b}?honally can then
e tests can i nclude, for exanple

subj ect
mﬁ%?ﬁa?ﬂdoaof*?ﬁ ildéagnest}%mté or the ubjeete ﬁ%ke‘arﬂaev@ rgsql@dééhe set of ts tests
cah B Bfpaed {h@%%,stglgr a diabetic subj ect or a Forced 30

Expiratory Volune in 1 Second ("FEV 1 ") test for an

ast Arraeme mstasces the spiyiem esptadsot recdiee hlstoncalanfduaatlon about a subject,
suél‘f:l gptréguhtgdof%?eogrﬁ PG EoF Q @E«J:r\ergtleo%sd Crlgs on L e%f otqll@ééent medical

runni ng t h at1 on engl ne

pra?:ntmn&r Athis 1nﬁfrnmt10n uai b@ﬂipu‘eﬂhmmﬂlal éP@ryQ&%ﬁ&ﬁW&y extraction of
CT/ US2004/ 03 0 d?\ ?em %}t; ng virtual pati ents are
gagony %‘Bﬁﬁ& 8ml° U &0t AT Blorageent dpfepuation, fram geevious uses

of ithie BkfefCt Thid histoMdalidonR@ikH Ra®be ﬁsédat*él frtRlr defsMideSthe condition of
O herwi se, indjvidual therapies and conbinations ?
the ybjeghi €he Bigiprisal @fmaﬂpécﬁlﬂbﬂs edrels uadrte cumwitendeilidate previous
f ty
s OBHBDr A BpBLAE! ore bARIU AL plA S pterces e,
whetheathedsubjert igatviligpart abbmo fohasml ah)ammﬂéte'egniehﬁttanaj’e&nother input to
can_be used to confirmthe association of

d
het cg?er%’?’eautgfraBg'f PTAth a subject or to validate

t haBas&l sreterernged thhies P YestsS tHéQiHﬁEcﬁl@ déSsiof Gﬁ%9stem can then
Information received during a subject's visit

g.
Proyidiefa 4199518, 2 HHAgREFBNE PEAZNORE fg5 the Rehiead @dtﬂhwtlbjpg s projected
res%@ﬁéen% aSYRi&G T ofS t&?ﬁﬂeﬁtg %@ﬁ&ns P o%'t %H {c%g:?xaeél ations on an

reatnment, and so fort can [ npu
appiopnite @heraj@gtls amrogcdpﬁm) the sppre lsuchT:lme fm‘y&:hmme, administration of one

opt i onal | t nd a set of. dia ostlc
or 1R s ¥ RA 41 Ribsb T BHAHGR creCiubpinditioll IR it eof the system
prefestbl9f wothkl Sepsreina hﬁeﬂaﬁ&iﬂfb efficAcy her Sihst &iftapkitics %Bfroach Cost
| nst ances,  the _system can al so receive hi st or| cal

effbcirsneracrb e A80EESed basis) eea combingiom of effisedyt adgfosts. For example,
thé%}%féhPH? tHeQE{rtﬁxtf?)Fl &BS&V Y 1t§ ??eéétoé}fhli%? a%%nc?)or i tou%h a formulary

fferent nedi 5 practitioner
summngeihe sit;hmct\maahﬂmateapromdtxry of patient history,

ext
‘TR cflmcal 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 typés are represented, and what
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information froman electronic nedical record, or

storage of information from previous uses of the
syeb@R3clkld s historical information can be use 6‘1?([ , _
further determne the condition of the subj _ectck SeZ()04/033130
thergtier camlbei SinA@AL | OMhe bttt A ry CARORE higgded @nd lifestyle changes
monitor or validate previous association of the
ST RO WP FAIBRAtien forskFerent types ofsabjeetnte saiubjuederstanding of how
dﬁf&érﬁrs%_‘j%@én{i?;rtgcspoﬁ@ whet her the subject is willing.

or ableto foflowa particular reginen) can be anot her

i npuflfheolevelebp dbttierepartedatd hensgevin oagppicpasing Basad level of

on.the.results of the set of tests, the clinical
s%PQ%?“s?F%?P gﬂt&s Sreeigyper e’_?ﬁ’rc%\ﬁeat“ﬁ?%e SefiBgi cgreqiallyafonyes by members of
thee Slibfg i e, beadeirfte 85 i 1fdera fibger SHR € Lbs2a %Jnh& top of a computer

_,subgect's projected response To a variety o

t nEHe Mghyr eyl ofhabstsgtioro wan | showe domeeampit] angorophysiological
e | uti.c_approach for the .
o35y AnPORE e BB R ORB b Mo gipmens o e
cgnputer erodelugsat dsastviabt wittut iHeetdey | RpEdiaN GRciding to view the detailed
ut . of the system preferably

dat i . .Th t
_ e%ﬁ%ﬁtm%rflfgfgssqnﬂgg gﬁgﬁpgtdlsggfq EEH3/ DRrient; this higher level of abstraction

cdrh prow U4 id6scAPREVIE e GBIl poidPS L] fRERS i iologi
adgﬂ; essed ba(\:sgd 1on a E:corrbi ngﬁ%ﬁgoﬂfhge cgﬁccgﬂ%%glymg physiological
chegaqteristips, bug jagegh et inchuyde osyisineparmhettih settingensddoo @edte that virtual
j eff and. costs through.a )
S e L R L L e —
cayr degcmier’ whathtee teraplyodies dac haddomot SHUNRRS dertaibSpaRith&tic ts&ﬁngs used to
Sulnrﬁyaﬁngllg can.al | ow a user to explore and ‘experinent
mufatc tha . Y & the cqmputer n@pda}s%égtget qfwtmg%?ft & cerhpwter model that
istparticatielystianeht WiahbjeBB sl Abas dag bi AELY E’&Gﬂg Be E&‘?b e.
€d,

conput er. nodel, what patient types are represen

" and {thHgher favehof abemcticp 3gu b8 IPEvIUSEG0aY 838m8@lone system or as a

lab &l j S [ can try variou -
a%’_he_r apPg’gag(ge Ilalgﬁ‘aggt y Ogglg aangigg)g% ég‘?’:}'g%g%’ &f %Sraaf’l??'smiab® system.
This ighanleveloliabstragiién earealiowt y pes toberorhi @6tesdctalcd ahalyRB regarding

: | f di f.f t bj ect i ght
o SRR, BP pRputBt oflaie it Sl b apiedesearshslinicians may

appagcyatel dipe aistligtooexpifie the\@Rlailed elddnSQPHF §téoﬁ%h{e9% el
t he target user. For_a healthcare setting, éspecially

OYtpyts fre FPuRPHSEY corphinations qfunrtial patientampd simaletsi thevhmes can be
bQpIEEIAR @l I f Lachion.on .t op of

o Ijl}ger rmdgyle QEh_?El?rg? %S%gﬁgrto ?}%\S}LS Iﬂao@hgg%?rrrq% %‘?ogﬁ ¢ aP\e computed

asgieened andstosschiop figurerafepencehysi ol ogi cal  subsyst ens and '

t heiy, c ctions, but ne not report certain ]
ot oL EREAAR ENSRAG % b o Soretrako magteq maggel patients and
to rdgtermirtehohit thdigpiessare ppdpriatet foy t&eﬁb(ﬁbﬁﬁbaﬁent%! %\Q’ttﬁg finderstanding

fd tailed 1o elenents. Wien representing a subjec
OF [ UPHISCSAATP Y ¥y HhSFapiftS, 2tHnarensnghializdde \aehead exists to ensure that a
suBfest § apdd BLidsav i d L bt.i op, of the.virtual

p%t&it, ent’ sfglg?ﬁgeg ot ilpgépe/md%ﬁt?leé grﬁﬁg{slﬁ%hp h?/‘%slgblaongele% aﬁm%s to ensure that
avetibladrgs prstiars spenificallyenpplied based loddebeaer ddiefstanding of that subject.

ri t.1i.ngs used tq create-that virtual . .
FoR T TRR e FRutO B S order » Greny egr cudaimeg o ability of the
subjeetr apychah#e siidt] gbetnde@¥e! subderfbed GEIIQ) and/or to comply with a

recommended treatment regimen) may affect whether a doctor should recommend the

Simulation

therapy.
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can describe what the therapy does but need not

include certain paranetr ic settings used to 15
Wohabsaicnat therapy in the conputer nodel. Apggasedns033130
of outputs of the conputer nodel that is particularly

r el enahfivdntion $dhbe Gt Prdieaahnies sGiBetbeverdfe.r AafibleYt’s medical
accessi ble. A higher |evel of abstraction can be

reqoR Fahimendignesd With an Azposipish siriial patipnblo ad@“amanaglr&y@@ subject over
r I 0 o

il PGPy 18 354 Oyl Sl 2845l i v i

patiented obthunzbénagmﬂis dlesuhmfrahlswh anahssrcan be ;smrécbzmil mebmputed over

i s, FIPG R G s U RS . TR G e o Gy improve

siffihlafbiEhRARHOBY, IfARREREIaatLisldBSeret, lihd deshlfs &ﬁmecﬂsﬁd {oh@rther study
detailed el enents of a conputer nmodel . Si nul ati on

theerbinet to desermyne if dhese jraceomplieaias indhe Biiecss conditiomor to determine if

_ t d I dokher eco

i S0 Ao AL GRS AR S O CHETRB cusr o
vitueiipatiatts. OAS thanuuga:t ‘caopditienl imp®vae etedrsamtowdr aing tHeOsubject can

future 25 The .syst of the. invention c
bet St By AP ABARHENS. oM S iah QSR Bimarian Sfepme part of

thél & @ﬁedl‘&@&e&oﬁﬁéﬁpéﬁsall@’wefoﬁ RPEAR Uk tdn@ingt dFiisease progression
nmedi cal patients. As the understanding of diseases

in thepubicss brrditia Hys essogationmyies tigypedionss ithaseny zecomagndations to be

t nder | yi ng
adgﬁ{e% a3 Iﬂ%)egs)}l%% %P%g?rgd;t?énu%d)é?%? g;o %F‘{; a need exists
t 0 €ensuheertivat alsa\can Ibebised do ugsmairesubja:bts topleok ffoc @hdnges in their
I|ed bas d on a better ndersta

°°§ ‘anB%Pé%ﬁ‘ gt 1Ct“ BT Bl 2&58’%15@&’8{}%%’8%3‘? ¢ used with

de@w%@ﬁ:[da&ﬁsc(r@ thht alloW khtjBdNRLE RénifRéd blt¥id@br 4 H@spltal or clinic. These
subj ect to change diet, to undergo- surgery,

- deyiggy and; gensamsFaRrbe el dorproprdafiath for mra@@mﬁa@eﬂe input for a closed-

106 Qe8] rkgstrel

recorme

(J?ﬂéorrg%u@ﬁﬁfg%n%%ﬁg Srgg%g&%g ocofikd of adversc;

he

_ | ev@ﬁﬁ/ mmmmssm«mmmcmm informativn betansstidalipobenioperate based

e.supj ect.s aver A subject's nedical record
or B GG PhE B S LB PRESY Tt ual pati ent to
al | ovpengyBRE cHh ilhﬁv sdiieal capeBilitiek inonreefior ¥afFuBjectl thonitoring.
the subject visits_a doctor, an analﬁgsm can be run

%s“rxﬁ‘ﬁlpt% VRen; PORILOTIRG, doTopdVerss @SRt the SYter ne®] Rrovide information

itk tRivE SO RS Hn@ftﬁhﬂﬁéa‘ﬁoﬁ %@b ka5 i apd early dicators of those
e-conmputed over 5 tine as ubj ect revisit the

adyerse eventsThiBue ¢ thietabilt o sjelutas@el bt@d\rangetjtaﬁ @ndmtms and the ability to -

ove |rrul edi-ct Lons. I _a discre
s TR0 e A R PER TR a8 sebes o SRETRER s vrs cvemss
Alsbe npmbtheed dfoadietser evene cin beetwtdbizad aonp! specaﬁb Odubj et through
t he. subj ect ndition or to determne if

th
- 1d‘§ft§15ﬁ° 90 ehd eﬂr&mg 82atent OF 2 £luster i virtupl gapgnds eﬁtpm\'-}teﬂtvaﬁt the subject.

Sp%etﬂceﬁtbn@amfg gblfatn%te@@ta ﬁrloﬂﬁét@rfopfthatvhﬂﬁlak: b iNéi8ster of virtual

the subject’'s cond| I on I nproves or worsens over
patlcmte cartlbmusdlﬁpremomUamgme pwjegtsoci ated with di fferent

virtuyal. patients. i S asso [ ove i n, . : :
pecdne SRR SO ean alig e & reear et bt isgsposiatd with
a Secity Subfec Bet tRimplé d@ﬁ@hﬁéiﬁi@@e@ée SHrSBA8§d as part of a set of tests
rogressi on
recF:JomI%ended 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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in.the subject. In addition, this association over

time allows therapy recomendations to be adjusted as

wWe 2en33eas ' s condi tion inproves or worsens. The1/us2004/033130

i nvention also can be used to nonitor subjects to |ook

for dhaddeen,ithe inveition cbb alowdidsedinopsisgiiolagsteimBiio be better designed
pEX ngle'|ndcr|1|ca&bcige.u}qlt, Al'sg, this T
2581 P br otting lyswlesy Oh sUblesic e SoaRel semsies andmonitoring
aahewrs Wah e6d cub@mPRITRNish& fesd : | ta); are.
I-)or clinic. 'These_n%’%vi ce?a%%gsgﬁgﬁg&g% Og bﬁ@gidtp?iéems that are- .
aysgeigted vt Hosesubjasts ysis, to provide input for a

| - b | Qe erif i nsul i '
 Sunniadtifoh GEULeh YRS B BcntishRleoRilStion Bevveen a primary

dententad aTheshlideVile @artRlir SEMNS apSlicaAsn 9@t AREw the primary doctor to
I nf or mat I%ﬁhaﬁ%omt i.cally or can operate based 'ZDO on
COTHYPIRALS WP theaspecialistandtmare cperienged prastifiencsy treugdl the system of
thEN@vEMFdne NTERRAidaQ%h DL ki | Ietd ; ; ini
1EURRETUOATBLLAN 06 b 00LoC8P TR 85I e sy  ctirc

connection with subject nonito

- S9HRg po AR Agelemedisineesnyiropmentt sFort remsps ttherdoetor piid telecialist can

) Ie di.n dverse events and ) )

ol B et S oG 30 Wi eyt tonapacan sptect. Toi

caliabbtmion candy@ir 3£ a evebichce WherettReyt 416 a&iéiséiﬁ%metsgstlemttogether. Also,
e ability

Si n(]);ig%t e .a broad.range of conditions and t
thig,c STaGY Cohaces duPPgh sharigaysiognatge back ang iferthnfiireugh the system
€ @oleh TS S8QFInid iGAVeL 5€ ! Sinikes ALROvi -
orm_nio_t%}i ng of adveys%&%\%%tg%@%aﬁé‘ﬁé ﬂ%é‘g o?]hmzcseéelﬁowg email). ~ The
spspadistt £an fuaeta viruelightient desuiciationatithen tiobugh ydahtidlahteraction or

s € sfer..o irtual patients. associ at.ed )
0Pl Bufad Aol plats {58, Pt eFiana esvesiation automaticaly
Incpoh oftlieat eastqrhatingta subjettidtepRbht@fidn @ith&tydheindaving the system

Vi rtlgalb gatl%gnts can be used for nonitoring the _
AcCHBTBEtOY 3T BEYF RetesTionale AUV sthe aibisFisty EsEive & giore personalized

trédigehi dryanfongofdeltkispat i ent that is associated with a
speci fic subject. For exanple, a nonitoring device can
be uledddition ot ugt im dimicabfand ekespital ecftimgse rible rémpnt ievention has

ARG G Ao i BV SoputdhY iR POt RERRRERR Shnidh il pesien ana
manageosntre g, thiagepye, afid WOnRHibd OabdykG; bioassay design; ADMET

(aECoT/ USZO%%I%S 130 | p aﬂdi tion, .the invention can allow
FYRURY: | HSHOEBAEr BICabYUTREXqrEtione k- foiciydsangiysis; and biomarker
ideag@ehtion. t he underlyi ng physi ol ogy of subjects.
- Control paranmeters and nonitoring araneters can be

cust B9 xapRle thscaventionsens; providehasiathbese of viraml patients and their

: j (PO- - .ated . t.hose supjects. .5 _
S R e T —
morsnretailaiatiadyseb ¢ vederstangrfiowaray spedifizt @al-Rfedpatient may respond to a

specialist. Ln particular, this appljication can allow
SPP E@cp FITBYy %‘%fc[i’é{‘mf% tLJéoﬁif'ﬁ{h?rs% S8 Aopnresprchepeée apfeystand what
hapPehs a6 £¥REELRAFRBWRY ALk livePRIS hélt SRGN, th i

of the inventj on.p Cogn%;runi cation between He%gg¥%@%d. Virtual
Pagifpist e repeerahyrathesamadyecited dn Hei sriaptific comitunity that may not fully
regrﬁgﬁ%fégﬁgggg%?g IO?E}%%%EEF Qlts§as'eF.o ‘The )s(}éls@nll Gan Z!:IIPO%V 9 ?e%tea%{:her 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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1o jointly use the systemof the invention to

determ ne how best to treat a subject. This

col | aboration can occur in a conference where they are
WORREEAYot he system together. Also, this PCT/US2004/033130

col | aborati on _can occur thr ough sharing infor rratl 0
backeaitifaroRFRuiARGFHAY ha [EFS Frapmief © ? étﬁe but may be

e &&We(in%ﬁﬂgfﬂ i@ f&n Gis cHREAUBE | A %ﬁlpa%nﬁmda such as

via enmal | specialist can fine-tune a virtual
thap af |tb‘int:ula@n§ anventioonihak linkseyndetiyiog gy sralogsi withn tlemeal tauggemes can

or 15 t.hr hin tt|n fur her .hat IIovvsthe
imlovt dmofistiiRe, ¥ IckehL A8hn CliaRh) Jara O 4 Brcessed 1o
assotiate@bfectAREE, \flﬁ@dllpﬁﬁerﬁs ﬁ&ibg aMatch propEses elﬂfeadsls&iihtlloﬂ of subjects

the system and having the Sﬁétem accessi bl e
withewruplcpatienis; Gnayeyidh 2 o theprevadensa ot chifere Ylae& Ragients. This

mﬁa t‘fx P&] $eN@lchZ &t ;}SH&%&&E&&E& E”tooréﬁ&'s@%@%%rﬁet dlential of

Ton to use in clinical and ospital settings,
thqmmmhatqan\berstrmdmteﬁa@rtheﬁrlapimahem| ons in research and

gg\é?ﬁﬁf gﬁﬂlt ¥ el @&n&‘ﬁt qmlc%, g%{x] é’ﬁ%@%ﬁle:‘} B%E%charfe s&bjects with

virG B LRk, &ﬁ@'sﬂfﬁil&wnhlegﬂﬁsiaﬁthg Qﬁh&'ﬂ patt¥dabd-dan be interwoven with actual
(absorption, distribution, netabolism excretion, and

or ehniralirespits deraby shlgectan Bonsxamalek a subipdary 1ave aceBan diagnostic test
eﬁml Fut Itegﬁts' RO gpﬁllhf ?ﬁvﬂ%gﬁﬁﬁi&% l?.f(gl% ﬂ@é‘sﬁsﬁﬁ the mventlon the

virtual patients an sinmul ated responSes t
sarae vext cat he ofmulited dgi s assadwted dlatuabp@:@nt and alletaged snnulatlon results

resear ers t erform .t . )
(e Ernaera A s B poprv iR i mte e APAYE Sy Ration resuts can
be ls@FEDRApovida a Ippeid datdbatdiraafigl akdDEimulfédaRE that B allow for more
dat abase can all ow researchers to under st and what

soplusiiraicd anplyeRs: schas+ioE efampis, ia serEah fonbioperiers er t wo
hourg, Rt g% é)e@tsto'?%eaﬂ¥eﬂtﬁm%ﬁﬁ b %ﬁltogn ket u,@itemaaxelye m ?n conJunctlon

can repres hypot heses advocated in the scientif
2 gaimedivisey cahdaciliale petess @ Ithe Sgsterepr ddisc eoraerphlewm t}np@a medical
ractmon«g'art ! Cléllln?arll di 58 Petic s-ls-lrx]le 5 nStng ngocaas,g c&}ate ject with a virtual
PraclyRAF cHer "Fo-exant ne P TRE tnde ying p(ny5| d1 & r’cal
pati€fifof $& Brbﬁmoﬂasﬂfs dfhasantdiypat drs@scﬁmc(mmaheeﬂ thl aubjag.am the virtual
' etal led, paranetric setti

e, : d :
Paﬁérgm ﬁq'glﬂf*g&i ¥ Faipeh bess CER FEVIRYY JesBlit 3@@% SYHEPSP (FPE Sept the results

habiBaat liied be@predehMi6Rld ¥ dockdr M@ 2200RE036446 .
aPCT/ Uggﬁaw:’:l% Hegﬁ hceare [ nstl‘t)utrl onsa ca%éhave a

| arge anount of clinical data avail able but may be

upabl‘g {u ?ﬁéﬁ’t% meani ngful information fromthis

inica conmput er nodel , such.as that of the
cur ﬂgtuﬂ/é?ﬁ{lgﬁb esmﬁﬁ l«le kl%ﬁlngﬂgg{sltﬂit F é&gt%g}[o subject. A
wthclinica conmes an rove unders I'ng an'a
virtigad p@ﬁeﬂthmmeﬂlhereﬁml cotipirides Lniodélcex] oné&tramﬁmrblblegical systems and a
rocessed to 5 assoc:Ja Pg'l'}’édé‘s?f slq'vmth virtu
LEINEY rﬁ%reFFé‘tlag baats’@ﬁ D hide £ontt |tB?1 cgpaplete system,
mﬁﬁpﬂe%al phtibts Chd ERiRE aRBnRRALROEAN A BioIdiEcat {rrsQe:Q@mherently are

the preval'ence of different virtual patients. :
vetyhicompleri dypieally the moddl wilt the ph aompaten t heddl, R@@eteg, the invention

1nce}§(§e%51§01:{ Qo%nﬁmgrk Rt & {Jloﬁ)owa{ 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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therapies that can be sinulated for the virtual

B@lents As a further exanple, the clinical data can
HE¥dEed to associate subjects with 10 vi PETAIS2004/033130

patients, and sinulation results for the virtual

patients can be interwoven with actual or clinical

resulgts fodblife 3 BRIGGES Syfein €xanpl e, a subject may -

have ‘a certain di agnostic test performed, but results

Of 1 @nk SidpIdHdhoRY sifl i :

t he |n\I/1entﬁl|tpon o ééa%%eahtb fég%&dgglrl] %ﬁﬂéﬁ@nﬁj %tg%éoLJ§IOV i computer
m@cké,,ocuoat e dasqrtbladl inpHtS. ePrtent alNombers as, 67259, nisduad i 87m9 /1997 itled

“HifAhcd Bl Tode IFORRE PR o o 08 D18 fued 51098, ites

“Hiér@.fcﬁfbal Bidlogiwalddod:1RY 95 ktem dal aR@R61 Ok, o%@touél'lss%&’ 4/18/2000, titled
| ated data that can allow for nofe sophisticated

4 elegenesaiing aRisplayrioexRifpAnaic Simultian dMndebbtilizing Node and Link
Réﬁk&gﬁﬁﬁ@ﬁs% 6,594 BW%SS LSCF?/G;/%O&’; B8 MM oof%nera%ng a Display For a

automated: " Alternative n conj Uner
Dynagii Simukstion ddodel dﬁﬂizmgaNedeaambamld Represen8yishs? 6, (178,739, issued

ST KSR el R s Bhisn 0 Taswaray o Associated With

thesc)bjee@tvwminra sumula&touahod’eﬁ) ; BAd 698b.609, ikRel @Bbbbm) titled “Method of
lts of an _automated associ ation between t

Pf%‘a checeghitp Phisch/Parameters \b’ahmemslrn@amn Mddy ; aRefemno to FIG. 2,

B U Al S T L ——

SOﬁWﬁR@r@()mseﬁé orthe prestm iavetiioh.okn ardnpie Hf l@jnﬁﬂzttlon[inodelmg software
rovi des, nul tj

o D Pl ST G B s v
202y whidht Haly RRCo®IE usidS aH SfcReFiShtad lméé $6h & I8+ or Java

(14

of one of nore bjolo |caI systens and par anet er.
PTG ROBYASSH o \GeoLfingy.dhg ﬁ%rﬁx%oa asaﬁhowrhtom@pvmwlesaes of objects, -
nafklyt fRcRaiBbRER foa by 84 ¥ t

sha}ﬁe a corm%n nodel .@&g\ssp%]fégl 0 C%aTdc‘;l ércis’nt‘f)%;/ monitor

papgl @bjegtsr 31 0 ehast eljects 212, Glahﬂigurathrm otgek&i; ”\M |e|xpebﬁnerﬁ protocol objects

o) t he entlo |nclu
215 BRI puBUNE" 4 LS DAL OB it witin e
cotei 22amiy abmplslsd emsllefcfién of ﬁb&hﬁéﬂeﬁﬁ(alsfi cﬂnﬂﬂﬂﬁﬁ' rdfedd4dSs instances,
are eﬂ cardi ovascul ar systens,
oo O LTS YRS YL, e of the et

obj‘ee§pl ratory, infection disease, central nervous
system skin, and toxicology. is WO 2005/ 036446 _
PCT AuSziieded 3da ®f the cavtrats| ofhan aieﬁlpbdrggilmhm sgmemo is provided,

froﬁ{‘ %gﬁdﬁpltecrﬁrEeagéeﬂ r\‘.hatst!hm'&x télﬁgo&gff%g e’l7b dﬂclug o&gglgptpggta 222 that

rovi de ute
prqvmdekl anesE‘aptm‘ﬂ oN]ﬁttEﬁQarﬁ obfeét, Zﬁ&)llebﬁ&u ed pﬁlaﬁagt/e 9N and methods:

i tl.ed erarchi cal Bi oI ogi cal Model i ng Syst ‘em and _
22§ tich maY5d , 4 89U21eR, 9B ¢lag$ P /cgummnsy The dipgram objects 204 each

th
s 12 by 0 40 0k 4, I ol W o

presaied by & ﬁgapalca @m ayerfage (@UWhamltcraStsmmlﬂaﬂale ooreldodel
Ui !AcgéxﬁglgN?od %n@ 1mp éngleﬁltatlon the diagram objects 204 may include state,

function, modifier and link objects, which are represented respectively by state nodes,
funption nodes, modifier i_cons and link icons within the diagram window. Each object

defined within the software core 202 can have at least one parameter associated therewith
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Representations"; 6,539,347, issued 3/25/2003, titled
"Met hod of CGenerating a Display For a Dynamc

Sigh3hdcen Model Utilizing Node and Link _
Represent ations"; 6,078,739, issued 10 1/ 25/ 2000, /2200033130

whildhl ®fintifled\eiraRCHaE i hieg! U8hino si ; |
Val 1ucgisanAssoci ated -\?\'ft he@h@}éﬂgﬁé%@ﬁfgg&% dgmlg stoulation of
thei mededed Bistawb dewill alsmbe ro69ateRtat it silledjests30s? Mtude a parameter.

' " f___Providi Access t j.ect '
b Lo b0, Rk ert T o PG e defReic Flertg sysem parameters
nfay Ge d2fined figreach @b@éc@g)?@.eﬂoxaeﬁh@% a@&ﬁ%%ﬂe&%}tﬁ%try% assigned an

. eX r‘r,pbgty enbodi_nent si_mul ati on nodel i ng
u@@% GUEFIRF 253t Rt dssastiiqieny aatue der. a lipk elyastpOtheo parameter types
it loRid [ ' d in US . .
T Pat er?? J é;p %rg‘ﬁg%%s ﬁ%g%‘#@a‘ I y?er% éaI %g@%lt? Ry I3 Rptien of values
mpouptapopeeions. core 202, which may be coded using an

obj ect-qriented | uage such a he CGH or Java

pr og‘rﬂé?rmmﬁuggiog @?@Eﬂ% .Sglﬁé'f% r‘gf"ﬂ'&eéf abeVgeMPBpHpeused 4o jggnerate a model

fos heomplex SR, bed 6l0as S mé bRMEG SystenRa iy di cage[f #¥ simulation

_og'ects.204 access pa nel objects 206, |ayer pan
mg %’le%‘i‘% inghede Bugdreds or gysmdhousppdscelsobpects, eattnp{ whighembyg include a
wihBer JTQHAk t 1,0 | € 1 &L | t ot ocal . .
"on; erpt_s 2%)1%2{51% Ina%g Qpn%ag%?ogﬁieﬁgfecgg?e%bgg 1§_Paﬁ};§§s pyng a simulation
m@del it ks verfubiotaagess thd obsetve thadhpulvaies ofddraimkdyhSarameters prior to
202 . C ri se col l.ection of paraneters (also

P iafrs oY bRh b SmBof. e Foucsstlyab chmrras gt values for these

kdyi miratagtesnd tiee @pkhueiohi TRueH aiBb&iasis:. Rhart ﬁa!r&g&e{sfbﬁe included in
ed view

: thgar ameters _of the relevant object. An explod

fEXPITESIOn, Rf- AR 2%, pifegteds R ng relationghin dretvaen e otbj@2Y) ai raodeler may-

18 A3EdA8 Exambr ckft \Myni;ég ' n.that the.
i agram obj ect. Z%g]pl nc uea‘J(Seg‘t ocﬁ%g%ﬁgﬁcgr? rf%foﬁi’éﬁ' For example, a
mpdele ey vashdeswrnpte pmanétersithatdipeci fiatie efifeets ta, specific object has on a

a ers 224 nd methods _226 which
e SE PRD oBlecBE RS bt BRG ARG A B ohiese otber objects
upingthe spacihy egécs. Clidpleretvdelsdeé biRE ofed Bk Qowh B &Sktem of sub--
m%i a mt'}glel ed Osys%‘(’e'm that is displayed-within a diagram _
‘ﬂ?jo_% BrEenteiVEy fFafrepier carrelisdy thet srodaleds (cGovgntion. It is
ackbdingl Pt HeAChe M Tt %hE:m%ﬁEl@r %gﬁulhﬁlgouslgﬁgng%i%kfa;&éc?ed parameters

one inpl enentati on, I agr am obj ect

confinedovithing ecific mbimertel. Fasdsdtisfrctiandf thinkeedbis @oiplicated by the

j -esent ed. r ctively by state nodes,
e Tt T ———
Palrm?tdis,azgq. ,amimglg gazmme&(rt]ﬂmmiypteﬂ’lﬁm n@ifx@risﬁl@%d@ielshl'?viihﬂéﬂ,ethe boundaries

Q re core 202 can haye at | east one paraneter
°§E§'&m‘%§{%é’ ¢ ﬁ’é?“&%afﬁ’e_mi ﬁj@’%%_/ 036446
PCT/ AJS30#{ed 3H30 can'bé @BsigvaNtd fub&S Igrcﬁarlhgreubsiglggical processes or

characteristics of the object, and Cc
1o0fg Télie_rﬁﬂmlre@ maskel cath éf fmﬂﬁ heug 8ydpedowi’t ?ppéd)alch’c‘thaobegins by
- not._al |l .o cts,nust. include a
O bR Bl s R D O3] coipies o cisense. The

bepaviansetre tisenaused defdonstehintsi drs teysys @S kti'h Ref 8IBERES subsystems. are
For exanple, a

e def.i ned for. each subject type. )
deg%?egirﬁorfgﬁﬂﬁg{ﬂé?e"ﬁ]&y&ifg updsilyipgdelad. For praniple, sredn@behavior such
asf @itilags ldaERIARIMCH! rhimRoiROGkT L48 £ Qhafsthl Wducine

obj ect. Clglﬁer Dar arrr_et T tlypes & eRd sy&ifit® Jlecim%sms mducing thg
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 1s,
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i ncl ude obj ect parameters and di agram paraneters that
facilitate easy mani pul ation of values in sinulation

The sinmul ati on nodel i ng software descri bed
‘Q@gzml/%gpﬁbe used to generate a m)del for a cBhEPe304/033130

the?éfﬁﬁ,e gﬂreaﬂg%ﬁﬁﬁd Bg e eh?ﬁ&% t}tﬂt %h&% n%%}yﬁ%ﬁﬁa QP the system asa .

such a ca
whhlen ditediscorstmeton ]nhoess aomtmued mobq:lﬁigtrﬁore%@ ncé bIUgS Nrom the top
ude a nupber ..of $ rameters. In order to

doxﬁg,r%ﬁ ﬁ]ixeé? FERC: T el go 1 catgwygréglo@%b@avmr Specifically, the
modelisl @phsle ofMRdediin '3101'()3105131?&)%55&50'[11%? Q@E‘Ee%‘ﬂn &?c{ gy a drug or

the input values of cerfain key paraneters priof
othsehermpRRticaeest. a si nul ati on operation, and al so

| yes for th
par Shapec BB, W Rblier e Spanteinech arabpicahanodel

repnesayts paeasitt efogicar lﬁotdﬁﬁ‘éslﬂﬁa@hyﬂoﬁ)@dah@s%ﬁpﬁs%ﬁé &2 oPfnathematical
nﬂ%nd are affecte , a relationship between t

Pect'st CXARIGe SFOWHWI Bode] gBd aplieﬁﬁnéﬁeﬁﬁtdéolemcnlamess using a
fird AhAREhAI] 2ladd BEd 28RELff 1;113}6‘3;1:&? gE@ée?&I Lapshl s{%c?rgdo Mathematical

exanple, a nodeler may ws 0 exam ne paranete
relgtipm gp@gthﬁyaaﬂp@ tefation tt}}pl@lls(pmc]uﬂes: ond joe aiorb aarifhlesd the behavior

u arameters that
(e £ ERE =y Blh P B3 B il RERRBRBEIE magsbperrepartcutary,
maﬂm&mﬁﬁalaeﬁbﬂoﬁetof tﬁ@m@h@&teﬁﬁﬁ’&i& ah €deHng OinfkAcBBn L hAKRY variables,
i nt stem of sub 20 nodels, either using
whgrgw{} %}eé a&ag,rggqupt Isgsle ps,aqﬂylttqq@f yédeysdriolegical constltuents of the
phR@WaRlT Obterht ad SwelCEOTLROY chtf\)z‘tl(i}at e§§f%mg18 thIlS Cor aggregate

model er sinultaneously to view se par anet e

- TepeeseRtations e e Yﬁrwua b@ybmcvaﬂ renstitigntso de biolopial constltuent that makes up

f | eed i s conplicated the .
a pﬁg%ﬁ) ﬁﬁf g arl es o? %é ng RMEHGC%WH%W & celiular
congiuknss ian eImI‘adeﬂu]aE sqpestitueh) or padfoadﬂﬁhﬁtcﬁl, thbreSf ERafipiegbe biological

r anet.er pear S nodel s. Further, the
corBRNE Feret SuBR By’ Gaoia BRA, pmﬁ@eenagmpmonnones cell;
orgamd etissayy| p&rsiond dfofmldt QfssuRdQr Sﬂj&npesﬂ)‘%él'hg Ja?nelles such as
nodel .one or. nore blologlcal processes or unct

nmfl’ﬂ@“é@i’rpﬁlfcé‘?l (| compless, lyspgomegs ﬁm@p@si‘mco petdmi/m;l hnd nbosomes
cheﬂg.@agv' eabtr %g?%gltgkggucg%/as ﬁéd&%&o&?%egt gjg’ %iuf I(;i gxdgcor%bmatlons

thewpéedseaddilthm vashbles oars represehh @ ari vise stiragli (ﬁm&iahaienﬁ lied to the
temand a set of nested subsystens. are 30

s
ﬂ“ﬁ‘%%?C 5%5?% define the next |evel of underlying

det Aldompﬁwf Iﬁb’cﬁﬂﬂ'@pﬁcallﬁhﬂﬁﬁhe@ DR Y pRFarnheh thaP Sffect the behavior of
cartllage d%ﬁradatlon in rheumatoid arthritis, the

the ygrahles Belyded ihihs (PP Elofe]- thns exbabbey ﬂmrpammeterawpréxent initial
gl t [ ubsyst ens

vl Rl Al ot of Bk el ook SHRHEAR raio 42 exponens.

Thqsevmablesrmcaldmadrmtt azmggeobmalend, dot té hatdiliy s ¥ejeBffental systems.

SpeeSic vaﬁ.ne WO 2005/ 036446 PCI/ US2004/ 033130 ther ef ore,

P&l S #5% FROE™ S SV OBHURRT 6nd sysigm hehareistconsisientt wigh known

rea

conélydingg] Q“ﬁu@fthé B&aﬁﬁb?ﬁf‘vﬁab‘l’e infael:s I\!%?nﬁi)gglo %éé%?xérotqme The

process contlnues nDdellng nor e an nor e
Conmﬁléert Bpdel gggludes, the rsettcrfep@amstewmghe dmﬂaﬂmatical relations. In one

mlpt'i‘%gén'teﬁﬁheth% Sr¥EReR £ Q9L LA re%?elggﬁ/t Alrinsie %%Irgclte%%tllcl:s (e.g., genetic
factors) as well as external characteristics (e.g., environmental factors) for a biological

system.
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nodel is capable of nodeling biological processes that

can be mani pul ated by a drug or 5 other therapeutic
wagansosdifs some i nstances, the conputer nodel GaR/us2004/033130
define a mathenatical nodel that represents a set of

bi oMxghanaitidal ef@sme as«lf ina qhysita! 188def 3hn MERIdE niToH %kzﬁﬂpl@ ordinary

fg% mat hematical . rel ations. For exanple, th
di ?P;E&EI efduIBERY. Pamal chifaerial savatioss. Bioshasys célrfferenual equations,
difREQRRS DAY EqualibdsS ldifBERE! r 0
' second big{%:rogl C uIalprsocclass usi n ﬁagi%s}sécgérll@ur {Jﬁﬁﬂgﬁ Cc’lllpled maps,
equagionepEngtwarksAfiBroteensiuzzydbgicel retworks t or i o@ﬂjbhr)atlon of them. -
i nchudes o re_variabl.es, the bghaw or

1 e BB B R R @3H55s & PRPEARRB, for o idtogical system

repeEsePiel &y 1R ARImpui) Mol ITheWe bk YoutpulPieBREB: | dn@l or more biological
rel ati ons of -the conputer nodel can define .

stafes 1 Qf r the t iglogicatrsiyear ¢ a B1eesimulsipd sebiette an@nmcéwﬂassvatm or other
diepLesen | f_.varj O| 0qgi € .

R T

ex¢cyiion scemariac tHoriekamplepd bindogical atdte iSrepresay@) Bgahlaesli a particular

epfes atlo of t ario i ol ogi cal
tm{é:oﬁ{s: Er}éar\ﬂog hslvsp es ngsuelgﬁgea e)taﬁg)(le rpél[(xéeg;lcg,lpor analytical
mtegrﬂﬁt)tSd)ﬂﬂr&%r&ﬂbre&ﬂ:&ﬁ&ﬁﬁtféﬁﬂela‘ﬁ%ﬁ#?r‘i‘)dué@%hﬁ% FOPE vaftibles at various
. ext r(gcel lular constituent, a cellular constituent, an

time, pnd, hence therpvalafian ofthahiplogisal gate@ve tmacl on t her eof .
Sﬁ?gbfi@leﬁbmaﬁgﬁﬁ?% Con‘rl“@ft?%ltlhé&@ g%.t;r ese daenonu ﬁ% a& aswell as a
dlSG@BIS@‘te oba @a)‘lgglcall ystems Fqn @Kamples thﬁfcoﬁfplutes mddleBﬁitiﬁfﬂes parameters

0r,0 subcel | ul.ar organel |l es such as
tha?a‘?e A ondF SImyaie| 3 eﬁlhseaé%F fa Yohprestesion, t9§’6§16r9é§ disease state. The

paremep lch&ifes t6 eéprédthea dRBabe st 8RB PicallF RO M Midnks of the underlymg
reaﬁﬁl ve nol ecul es_such_as H+ supéroxi'des, ATP, citr
PIFSSS BV Al ed dhe dlf‘?ﬁ‘éer gigte, P cxample, orrepresent the genetic or
enMRhRALE SHEAR of By BREHM on vih t
applied to thg physi ol%gl ca Hédst%ﬁw %?%%ﬁp%fgaegﬁgépd altering
ong phirmeeike| garamnelerd essuser guedifiés paroamet e dvhindatdseatdidches state of

| mtgg%a\'ﬂ'l Q)'rge qingl&ger tthOn;/ %erlec%g] g0 Zﬁ@ktg%gy glgeg Pr:eglgf;ﬁh pe qr:;a:ﬁ%[an{é%} 1(se rp erformed’

autgmbtieglyof vari abl es, hal f-I ives of variables, rate
constants, conversion ratios, and exponents. These

var -3 ICE@ted, semRyten modeh represqnts, Biologica) prerssses gti@ylple levels and
thed @vhlaiies tHeVeffddt BKie 'bhdr'{g%l&ﬁ' r&aé§§e§§§ biol €£' ﬁ'%asé’e@la&%% all levels. .

are chosen to gl ve CO Ituent an syst VI Ors
Thys iy steatnd s@mputrnoaAcl movides aimuléi-vaTinbls, vmh of bebialdgival system. -

Thé re@teg ue? erfrlgdeti ge? ﬁfo%c#gs gross s%&pgféx?g/g e%rggt\éq%tté{.oggh synthesis

of mfomiaaonﬁltolnf ted bcambrer dik@{ﬂlrﬂﬁl $nto rkineconpidran®id] 8f tHRSugh linking
t he rar‘f‘eéﬁF are used.. represent intrinsic

mc?:‘f‘?é? TP t pepregent ‘ﬁé‘i‘tl scIpliesor s) as wel | as
ext AxRAbm! ?Mﬂ/ %hﬁj’u'te?trﬁdaél fefeds a pﬁ%%g%g%&h s@é}ﬁ Qb dnatomical

forab|00|ca stem 21 WO 2
faCP@rFﬂS%@@O%q@OtO tekiploredi balthe e:lomphtensnaukaéd The devel of detail

mc%gﬁ‘ﬂéfhtgwée L'no%%plsl Jf&alnuéj gtated ry g )}()gm ul%f in%n%leg alllrsg 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 consti.tuents' such as DNA,
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differential equations, partial differential
equations, stochastic differential equations,

Wid JoesieRideal al gebraic equations, difference porusa004033130
equations, cellular automata, coupled nmaps, equations

mRNA)SrAEInK ScHmiBI9! 18ARive htAdh1dsO | imilar]
corrb?nati on of 1t hgm 5’veRunni ng Si %ﬁe&i‘%ﬁ%ﬁ{%?&%ggg glmﬂaﬂy’ the
mefied gae be cxalugied of theunplticlluiapriewel lor evengatahe lesylstfearwhole organism.
ese t he.conput er. nodel . The set of outputs .
BIBH TR Y ploRicD Bkl R areleuifiins S SrmBon SRS of interes
with edspefit aalths vttt effe@. of thO®idlbgibilalonstithetd, @RS ind@Rdual biological
i ncl udes val ues or other jndicia associated with
sygtem; (481> &ePTasraieddp dhotosm f slimgal mayteames) isrthe highes tayek wpresented in
th sRerh | BIEAE prEXEEHt ] F - 8ed i -
Drhito Dhr Ak mBAAR e SRARE ey Blio B RgiRed into the model
thnough ichariges inl amineters Fhiowee kereispwithf clinival vatcbmaky Bé&ing Shanged as a

i ed. b fo xanpl e, nunerical or .analytical ]
o A e B PR it PE i tets by directly

chimgitkithe cUalchlesutéddic vArRbMar i abl es at various tinmes and
hence the evolution of the biological state over tine.

I'n dheCRhpmplemeniationn, the heorspiputeedehoige configured to allow visual |

: re%?%%ﬁﬂto%gg%%icﬁtéﬁﬁg%? Sl 85 ?fﬁgét‘?'o%%ﬁﬁ% z)fﬁ%se%n variables,

a biol ogi cal system exanpl e, e conp
Parapeedrs, and| uelegicplaprapessesr sThid Gistdlatpreseatatioh éfictakids Anultiple modules

i mul ate a disease state or,_a progression towards the
or Jblitieta” aay M7 REeR erounst dpesthirn deues Aopies somplax model of a
bidogieslsestahat e are typically nodifications of the
und &yi (r;ﬁ% bi ol o%ii cal processes involved in a disease
st at'éG" foOBR ahpPRIOnt of # cpmpyiehtmeded dgsigead to tapresent a biological
SySREMI K ) f | nderl yin
BRI BLE R AP 4 et rilh DO of Bt Hodel 300,
Thp ppeient 399 geprgsantsesomemithe Bislogiqabprveésset for @ jeind Inpdrticatr, FIG. 3

i e interest.. In gne inplenmentatjion,
Sh(?éﬁj éct% gltraa‘g’[ tng{t?gnogsrgn]él s %‘Pge pg t Ping gmeta olism affects
diffeerftojoim ddiseast aomes arliding FiAntkcat Lohritis OMPHE YortiB0805 includes
bi r%r qsent S _bi o{ oq%lecal processes at nultiple | évels and
1qlpeapal RFogesses Jslafqletostardlage desragntion iaieo gihacls isps elivisaleantcome for
rheth20i@ hARKEA! processes across all levels. Thus, the
created. conputer nodel provides a multi-variable view
of dhpipertiegi3Palsheys astmetpB! Epresentettredf thewpmpeter modell including a

,nuﬁb&o%fpcﬁﬁgliegte odes OFhe | &gsl !?rie%e%rt %@ﬁgoj%ri\ﬁglfuiggcg}%s%%%%ggodel 300.

synthesi's of 1nformatron fr _
For rexemples i thg | mdeo mppregant rpaciaheters add ougiierhdtitkll AdlatidnOincluded . in
comput er, 1§B§e S th@}s ’E pr esen% di fferent disciplines.
CORRUECI 205 EEGHBIEE of Hhotss of epdss sreierustediielnn. ar
bi olsegi ﬁ@dlessoé%t,eﬂht%ﬁ{bd@rﬁbﬁ NirE E}E%reéeﬁ%%sthlé %%‘@F&F 1118(}31‘ 300 as
: e lTeve

. issues to be exglored by the conputer node
single-hpsdesi pvalzo The citgerradesl represent herriabide | havingofvhimes that can be

i C: . i cular_ i.ntended e of the compute
dotBhufinBd 5 bbbl PEL A Ol bR Rt U o mblemgB B, values of sate
nodes adrel deeenimbd aingpdiffatedtialt eqatoiC € Phidhdters h@Y&hted with each state

[ lular | evel can occupy the | owest

4herefore, .t he rc,ub 6 ‘
noqegPeludgan ffialive upé_% )eAg i U3 (¢-& healugiftbe statppede can be computed,
hel@ Udigiahi)| &' vireln 'a@ﬁr&’ﬂx@é’\ﬁi t?rspgeiﬁéwlcﬁtergb.m 9 'st%f%l node can be

constituents such as DNA,
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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. corgpytar-medel {005 alsaaine

WO 2005/ 036446 PCT/ US2004/ 033130 nRNA, proteins,
chem cally reactive nol ecul es, and subcel | ul ar

Wwoaarakéas. Simlarly, the model can be eval Ulaéﬁl‘flszﬂ&mslso
the nulticellular level or even at the |evel of

Who'Fﬁn@tIcﬂﬂiUd%ﬂ‘(e g ,Bﬁﬁé‘ﬁ'&?n&ié 32'09“ Mk géfﬁéseﬁ’t'e@ LPEL ‘Eé‘ljn uter model 300
S Stem . a Ssi ng urmn IS a comon entlt P

as |dﬁtﬂélpé>§rderma¥$ @h@émcupn Iloldés pénresent @amefbﬂeedxavm:rg VaﬂnRS that, at a
paflicBla0 Yofiflin SRS okl WEATneh BS sy A Rl N R 8 e Values of
furgtibn onedEp axs tlbremlnngm eﬁ;ingl evtherhfval Sendtdds 10T ifpi®. Parameters

d.th t
eSSBS I D ACCAPD it ROt ARG PHE® DA tatuneggiyalue of the
furfiBAA6Se Lih RACRATRESL, BeRlcoch QR of re'd%? %tr&’ang% S %;%clﬁed output

out comes bei ng changed as a resu ose
values, e¢rresherdies; to giyen pipotsd ds mllmmtbs@atanmgersl ne@asity to evaluate the

t t h th I t
fmgtggnl%g bl%%]?%};%#l?ﬁ flo% & annq}'?’@g t gtrfeog% g”‘?)l ﬁ@n@ggmfﬁg@nﬁs the cartilage

degradiionirsteconfi gured to al l ow visual representation of
mat hemati.cal relations as well as interrelationships

bet WeEMOYE FEHImksd togrthes Wt Compuier mesieh P Ay links represented in
FIG! 9085 688 anaFowh.SURe TifiR %??%%Eﬁ‘tt i‘e@ﬂlohﬁﬁ%ygﬁﬁlem different nodes.

mul tiple nodules or functi areas t
Cogyasipe dinks reg:harow 329) e@elnpreaeritat geccunpm¢renodab de(l) amt}n& arrows.

[ Fl G hows a
Cog{é%%gg él(f‘nﬁ%m e&fﬁgx?g%c%nkglglc{ fro&sz Ml ghislelng "&EJ‘B@S? E?Bfeé%ﬂted by connected
no@ﬁstEanh cGpecsidn Halt iry:ludE!; @lab3] tHak h&ﬁﬁéa@és&ﬁ?ﬁe of @ﬂl{&f@t@ioﬁffor the one
€ portion

orti 30 } of nput er. npdel 300
© Véﬁolggse o 3Rl Heeloplo P OGImYEmiopr Btws $6d 4 M hindicate a
mdv@ﬂneﬁt whille P @dbel 610h 887 iddiGate 3 chﬂh@’@f AL bF bAJE: Igﬁ{ r4/:£§1ables The

nmet abolismin the {0| nt. Cartilage matrix net
udg$ argudicsebsles 34t Eke Arzomenti links spec1fy which

&éa‘irla”ﬁl s Yortht Alnlc | 3¢l udes 20
1o 0g cgloproceséglzn?%%gg?gdh{tlggglé%?%‘?b degr adati on
r at &, mpfi¢lehcanssedect Ifiom aadet ofltiak rrepressntatione WRlpgiseht a relationship
ortion 30 shows a structural

- a thr tis..Th

cofffH it Peisl ReBReh 130, B R o Acto AT JaPdy aFach of the link

repidsBiefiondf isdiskdRdted twif) A re%[fé@eﬁ’c@dﬁﬂlff@r@ﬁtel%%‘bnshlp condition. A
vari abl es included in conputer nodel

- "copstamty pifectt Wﬁéﬂ@?ﬁ%@e@éﬁ@teﬁaﬁ aeletianskipagmidition between first and

[ [
SGC%% Eﬁ%%’oﬁﬁ%%@pﬁ an'%ld %gclntﬁssgzgtg ngééghgﬁgrgqg ?@rs{ gb] ect has an effect
on thestegerrbobibes) awl thit efifect monkdspandent. of Bityatadues of @ar3.ﬁ:@iers associated
re represented in the co r nodel 300 as -
L e LT MGl R —

effeoaras abhsant bR thg depdtiRSoft DamBATbrDEperffine [Amp??ér@éhal effect” link
- cumul ative effects of inputs over tine.

TEPISFNERAMTCRISSEHS 2 valptiershir capdifian de@sﬁ-Eﬁt endi etcendriobjedts wherein.
theuﬁﬂsf"gbﬂblf h&r entkly &ggﬂél nc d ﬁﬂé&mi}xc? {t eaﬁlséélgﬁﬁla (?fg@)ts effect is

€ach state 30 no de-am i-ni
depan@r:na 0B theet viadne(od. agza;amabmf “tiod ﬁtsh ebpb@te@réseﬂed b@state&ode.

ut, or .varied in accordance ' _
o o R T B BOPresaiiash s G e object, represented
by aSFﬁrﬁCdtzﬁE @0deMbiab) ad efREH orl hfsé‘coiﬁdoﬁiéb@ Ikaﬁrekéﬂﬂ%l 6a WddhdBtate node,

hal-f-1ife H synbol . exanpl e
and that the effect 1s dependent on the values of pa.rameters of both the first and second

objects.

24



10

15

20

25

30

-state node is node 310, which represents procoll agen.
23 WD 2005/ 036446 PCT/ US2004/ 033130 Function nodes

WO Sosndyiction node 320), are represented in the
conput er nodel 300 as doubl e-border ovals. ThePCT/US2004/033130

; ;. h h
a?ngk' Qgré%%?rlﬂg%é &e‘?ﬁ&?’s’ﬁ{ﬂ& reﬁ?ﬁ{se&?t’lo%sre%rae\ééé{t]%}hl\é,{a{,pgteﬁgﬁéﬁ oafta first object

reprqgmtsd ay  $taie maermqommtertemtd ins@nceYalfueskctid ofj H&%#I%Qented by a
ned using mathematical functions

sdIRE Rl Pt HebSnt,Sonhoiopt Ao ating i reaosts ta the
minfigdr Wfan&hndeR icbhwdrte 84 %ﬁieﬁéﬂﬂleﬁt %%ty hetfeg & pa 1 plar rlﬁ;rs ass'pmated with

the function node can be: conpute
th9 45t O spqond obisct dhere Wlbfbﬂlmpetcthh‘llmki repésentation dentés this conversion
£ uts) .as well as other
aso&?%n%?l gtgisi{ hg&éi:ggl S g?f\f Ctted @5 t?fb?léj ARSI nct i ons. An
ex a%l"prapbrtmnﬁhmtz&ﬁfbnn oER répﬁeﬁﬂﬁﬁoﬁl%gresgﬁ& ﬁﬁt a nﬁmber of instances

@gsgsi the cardgl | age adat| on rate.
| TeRIEST D G st Wi qqiec@'ﬁ‘pﬂﬁ’(léﬂtmﬁ)@eim@ﬂ&shy a second

oSS 1 S R e o

nuoHey of BistRCesi ogkyeried. igy depeadT(rmwn ﬂ&ﬁ)mrﬂreggf mpmﬁ@@r&fiesé f[i(r@t object.
cConpul @ thick arrows nversi on |inks
rep r)é‘té e{r?tt é%&%% nc\%;g‘?esrgc% 13?1‘ BRESEHaHE EPrratinhpbs number of instances
ofraeﬁr@&bjﬂcedehxybsmmbwaeﬁkst sedeode Fae RoRPVRT B iBtaldedor o second
B | udes at(lj bel that indicates a type of conversion :
° f?‘} toREeSERIEd 12y 3r SseaRd Siale inQgr.c Burtms, thex Simprestion b(a:b'ei'smn" link
re}ﬁ%se%t&@ﬂ\t@ﬁréée%& tﬁitrtﬁwnﬁﬂnf)g‘l oF ms%ncéﬂﬁfl @58 3 pbieet %gt 3¢ converted to

whi |l e | abel cate a change 0

: 1ns(§%e§)p ﬂa,grsgccmdrqb}aﬁgt s9lepdient wonpedpectivendetbedEX iaktiites of both the

i nks 340. The argument |inks
ﬁrbtrh‘ﬁlilt'f?eescé cBEILTENL

Speci nodes are inputs for the function nodes
“(e. g:rpmf thwcttbcme te3deptsaD Jof Tﬁe ﬂﬁﬂkefe@fesélﬁ%&%' &ath TR MeBresents a

represent 1 oONns resent a
mﬁ&ﬁg glpo Sﬁ 1o SRR af%fﬁfo ﬁn‘é h%?PO i08ie1sh 8¢ Weaiwg taither an "effect”

relatEhiphbt D" Sordr BRI YERE oMAGL FurtraC Bl
repr gwgnt ations is assocc):l at ed Wﬁf}hl@acﬂ dﬁﬂ]lela'f))Lr‘éesgxgémtloé1 represents the.
relafignshipe senditiom 35 obring rithen ¢pnstam, pmpot'tmmlalstoaruhteeziofneet The link -

b4l relatio condi tion
ro SR BN e Rl e B b3S o 6 Sepsentthe various
relafmhsh@c@ndlt@nadacnbnMOV\aher e the first object has an
eff%%tfe on .t €.s 8”3 ect, and this effect is
i nd&5EHHER P2 %\ﬁg b C‘B'Fp‘ﬁ%rr BREle?) alse desladesamodifiers (e.g.
motifier 330 TN6difie@lin8iRERNHe RALSs tﬂa@ %ﬁu?ﬂ?ﬁ%ﬂéﬁﬂe & ﬁ)e aTOWS 10

lLink representati on represents.
WhihEpnate cgorsctach d heirraffecoin topllew gmwaamg)hmmaa‘stmﬁl to affect the

ra f . o :
A oRARR oY S o SRk 3L st %ﬁ%@lﬁ\%ﬁ%ﬁﬂ'y‘mwdawopymbols in

theseaxgp shobp s FEG. V\’ineFer examplélea fiddesdan AMoRCt AN Ao B”, regulate “=”
obj ect, and the nagni tude of fhis .

eat t
mh?ﬁ ect i Stlmutgag% Fﬁat SRR &erregenied 67 adinkar anet er of

t heThe rpﬁt'tldﬁblB(B?bf tHCRITBSRE £BddY3 00!
‘i nt gr act.i on effect” | |%§ repr ese0<ré1) g%e?%fﬁpe?g%?%%te”}ge interactions

bet{Nﬁgrt wlegigal copghitueats asseqipted sithemirtilage matrix 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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by a first state node, has an effect on a second
obj ect, represented by a second state node, and that
WeeoedéRels 1 S dependent on the val ues of para
both_the first and second obj ects. 24 V[)ZOSE#@Q%@&@B3UO
PCTiS#Q 0823 idh, " O "ohiiter CABYET S0P anh%deg Kone or more virtual
representation represents that instances of a 99 &

paise cVaripepviskehpaiigntsyofihe cemputanviedelr 300cara \aegociakdt with different
' : nd. object represented. pby. a . secqnd

ren PRb GRSl wRIOGERE R, Bt P Sous vingt PaichS SPhe computer

model 866 anpresdm) firuetaitle, I EfeREe Rirfatiohdloft 6 bibMBREN syfem having
nst ances. converted i s i ndependent of any val ues of

different tarigsic chaegierishicsy different mxtemal charagtenstics,cardimgh. An observable

 coRBiiGE e g, NP RENERP QiR htiod)NEr hbﬂ%loro{ecgf %?s’%gxgalﬁ%i E%Eerﬁggt to as its

_ constan
phesfofypet exchiley uaddrbing cophitianseo e, bidlogic0pgsteipiiglt give rise to the
version” link representation represents that a
PS80, b ohiR BEHRNE Faclory S oRgapuel, ac'pRop PRt Baenggypes of a
biologidal Slysiinakie deihied wAke vEgRceddoeshst S éﬁ%@f‘ﬁ@ﬁ?.eslnog nfé instances, a
second oObject, represented by a second state node.

Phenghypsapclutigiean ppiward plapdesiation| asspciatell withasdistrae statve A garticular

heHIBRR" tficdIRS iANES3dkRRY Y t fiffel Pt RQRidE (g, di
e U T T R -
compinateonsatfi genetiomdesnyiromhentalnfectorshr Eseeraniplgnwo human patients may -

[ esent s..t hat _a.nu r of instapnces. of a first, -
PRSR) _E%f’? SF%J&?IZY_S B E@F 90¢ o bS aplrige REcfuse gf genetic susceptibility,
while theesthedcdntbd ATrRRAREaRE of AR 6 UfesBM Bdices. Exemplary models of

Eepresented by: a second state node. Further, the

b1.o- qeiak SYSiEMS nInE Bide esomrpereiajly nivailabie reosmutent models: Entelos® Asthma
88 h @ : j t first )
P oo P kg AR b T AT S, spd iplei6e® Rnenmatoia
Arthatig Rbysitfjabctsybtsmdependent upon respective numbers of :
i nstances of both the first and the second objects.
From t he above description of the link
r epr 2senGaheciting ¥izadl Phtikats epresents a rel ati onship
condition between first and second objects as being
ei t AEF. dashovef dreedatnpld &l @pioodss Horrredting vike@d) patiedt®ind analyzing the
I Iationshuﬁ. ﬁgrther_ ea | i nk. representation .
VIrpal PAEB 19 IHRRHLY JpoTparfes; %@m e Beisationsdegerihiag e generation or
maBiphiagbn 60 REHAN batiddCRObE ONR PaRint NoNb @ §9§?’V ‘qgetggc? and Apparatus -
link representations and any appropriate lin

for Copruatngt Linkesh imed#iopOpasetivns §ltiiemges Evmpuber-Reaed Syssern Model”,
el 8 [ LE1@ns ped ove. Referrin
(U PSR PRl 00 805288 PSR a ot OFfbrt g8 2001 and
“Apmdiths end Methql for Validiafingn CHathuterNeddl? e(5S] AgpEGtién Publication
N.tpg %fé§§%§ tg t. partjcul ar nodes have on the arrows
01 §P020383 ke ﬁﬂ@@ O&'y@e Mi5E iPed 0%hePOnce vrrens yisuplgpatients are
cre@bd, @NedutivR ofa S0nihtdd bR LEAbrodh @l E5ioho séf t)f Sltétpf,ug,iafng correlation

rates of change of state nodes. The types o
analysis efRab¢ Pariovaed) on rthe cets e dyputy b odentify bidrharkérox &for example,

I - anpl e, a node can.al l.aw "A"
B8 5 S T T e PO o ot s o
earlie|p@iritdn simethae paeseevd @cbrbdicteor infd efficacy of a therapeutic regimen at a

subsequent point in time.-

denot esthi s conversi on as bei

For certain applications, various configurations of the computer model 300 can be

referred to as virtnal patients. A virtual patient can be defined to represent a human subject
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The portion 305 of the conput er nodel 300, thereforé,
illustrates the interactions 30 between bi ol ogi cal

wOSbd/g3dent s associated with cartilage matrix PCT/US2004/033130
nmet abol i sm For .exanple, node 310 represents

havigc | ﬂh@ﬁ e "ba%@lné(@ I S P uddr! %ﬁgﬁloﬁ CHT”E'EIE%HQ @ ndiiSns. Various
Wt h node resenting free col
V%W@Mﬂ?aﬂrbeo% od tq a@r@g@tnhlsnmh@bmh\bamgahe famenphenotype but

- | f th |
oSS BE L OLHRT S0, LBt v

pd?i@ﬁfsldSﬂ@@dbﬂﬁaﬂtBGeprhsenohlﬁnmﬂmibﬁd‘cﬁﬁaaﬁnig@ifferéﬂt@h@x%fﬂ%s r
nmod 300 i.ncl udes one or nore virtua atients

- Var i Gus®®¢ rlf‘ﬂ%rllcefya? CemputepMmeded C@%rﬁﬂa‘f"eﬁmt%’d gitegagd agveluation of

conZB@mioad @8l aMdl tallerdlhif ek ypRthesdse pTﬁLS @&hﬁﬁér%éde? cafi‘ i Iepresent biological

bi ol ogl cal system In‘particular, various

Prpegshesrat 4 lpwer }q:@el@gﬁpmlgate thmdgjac&ﬁ@hase bro(hmcmﬂ pra‘cﬁfses on biological
BB S S B b RSB UBLE oo

pk@lsfoﬂcgim]]tsyﬂmhe r’l]’halcoﬁlbﬁireﬁﬁioﬂéll &nl 4450 préViddBobs-dilEliplinary observations
observabl e g di ti.on an outward mamfes?atlon

thrgugh syn FBYP Orggﬁgplé ﬁopgg’\'lt‘éprempg‘ddlfcg)l@gs inte a single computer model
orthRRek YiRRing Wb cBmPMELMbYIEIE that Pegw%steht ergﬁt dﬁg&ﬁﬂ%n
| Vpe can

bi ol ogi cal syst emthat give r
be bAy&Wmad Pa@@ﬂi én the comptiter modehWOr @n e Bs@blafeaamm 8 parficular set of

a. _biolo I em.are defined
vampeg EOrV El??l gxg roggge compuicr ag?c? i 3{)@% xgxglﬁaj PAfient £} may include a
ﬁISES;:t odl paﬂ@@hemugsp and Rigtudlpstican B Hapadduded séRal &kl 8 parameter

' a di sease state. A particular
aﬁﬁég&tyﬁgeqsyﬁlseglﬂfﬁshﬂ%n fr@’ﬁrtgﬁ ljigétosebgf PRTAthetepalues. For instance, the

sebtdeset Yoif per It ¥4I Smd e 1rﬁ:1udeddtf1£:£[ S§Q pz?._rgrr?lg;.%i' Q'gﬁjleocﬁﬁ"enng from a

of genetic and environnental factors
GW%&WW%W@hW@umcludmbearhet 5ereetSJfrpaIran¢t9r values. In a -similar
m&Hef) r\)utn!l% pafibdt @ %@%s%ﬁna%c{ lhtal tgjﬁc? éagse 9 e{eg' va?ues that differs -

susCepti bil Ity
mbema[ﬁ@hlomfﬁqm ehe fnstarld sbesidyseeo L& er vakiegpl ary
s of 15 bi %I cal S stens |nclude comercially
ava IéebPen}%ﬁ‘d'U%éf ﬁ%?Pé? | CoRypRetng Vih g epraputer model 300 can be

EiEbababhran ith! Ol Filal
sEhysIolab(n). System e B o AT AR MU Bt parameter values, A

ditfgrent yirtual paties eanabg Pl)ea@QéJ@ét?ﬁson the @mla wmuahgaﬁﬂnt bya;htroducmo a
20 _F roce

mic?gga?ﬁll;mv@re tlhgﬁal ggta?g t's angé&ngrf y2|c tém} E@ “}??‘fd(eu gr example,

Pafrmdtan thango (¢.ge altéring dyispemifyluer sne dowmarp itiflylakitetl Wibges), altering _

c,rgesc i bi bnegat he generatl on or ul ati on_of virtual

%%m AvIOT ot Ofg Qz MQsg Varablgs, | At 78 spepifying\gnersgnore functions
re@‘ﬂ&nﬂﬁ@&ﬁéﬁatﬂﬁons aﬁﬁng%ﬁﬁb‘ﬁ& I d1Ch H)rﬁﬂﬁﬁ& ionl tHeaf | IRF/%P ta.nce once the

Qperations Utili zi ng nput er - Based System
ml(le} @Imﬂépmt}%ﬁ gefine bpﬁheraﬂrmal ReticrZ00L0 08 20685 based on'the initial
gtgélg %ryoé\'t]/%rlglﬁé g}t?li%gthé %m&oglon%a?r%me%ﬁ/g%}é?ss anid, 41fes atg uosne%r; more of the
HnAplppmmeteorvame |Anemamwe bhan%%Z‘&l&SQ%ﬂ ba%l@ﬂixheﬁh%j 8 example,

_ dlsDFosec{TJ? . g‘ 9Pat29102% 07?9%8 \/I%elseo l:ilster}/lalltlrvte li)aal"ang)eatlcterl \?aqltless ?aglebe grouped -

mto 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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created, execution of a conputer nodel can produce
various sets of outputs, and correlation analysis can

o pRsOSYEd on the sets of outputs to |dent|f¥CT/US%00W33130
bi omar kers. For exanple, correlation analysis can

crgéd Bise@dn @ﬁoﬁ&evlﬁﬁil%aﬁént‘?é‘g PR Uferéht 'ngﬁﬁlt\}ufnYal atiéilt 18 & manner as
outputs at an 30 earlier point in tine can s
dl%“(blsﬁflélbpﬁ or infer effl cacy of a therapeutl C r-egi rren
at ay Far._.c
R L —
30®m}halbe%aatahhasbe onr@flﬁftiaEdlrﬂh@l ieMi lﬁﬁﬂgahnl&atshrﬁﬁ‘ltaﬁon &)eratlons as,

fV|rtu cf%iéent can be defined to represent a hu
% ¢ oo e ieyeng upcries? dahed suddppar aﬂﬂﬁ lﬁﬁg Qpnducting

LiRRRN HinRSat{daS E%C%Oﬁs p@flﬁhﬁ%uﬁr (32?)#9?1"[&%2{88{ %%Stteén Model", (U.S.

underl w@g condi tions. Vari
mdicatgen 11p@1qne|Noesé@ﬁ10aWﬂ smb]lsiretisoina@bmgeﬂ Ne, SW).  This

. ff. I
BB, R s R Al Ghowmeromt o

iniviak Snmilathaﬁbpc&ﬁli(ﬁu W’iﬁreb&"oxd efaniiel 4 %J&ﬂéa@i%ﬁ b METRMal simulation
W@ s having different phenotypes. 5 In sonme .
OPf (t 888 0[IE 1S mgduced o dn dhe prasest empediment of the invention,

suth @B gmﬁdéﬁdﬁ%ﬂe%o% ek Gh oG 5ho‘%aldvxrtua.l patients in the

al ternative hypot heses. e conputer node
Comp}teés@mel 3081 aged ain alpmut;ds&ﬁsalapatmnt thvae ris |c&3wéd afiflg the initial

i pact ..of, these bjo i cal rocesses on
% xLdggnpr on@ earcular, awﬁﬁuafh B?th%é STHflomigp fo represent a
parmmtmtsebjeao difl desiged, phe\or dora sifbhibiion/ %ér@tkﬂrﬁ Iﬂé}ﬁl% QbrfSrmed for a

; %@ﬁol ogj cal system The conputer nodel can dlso
m%r HEnk 100 LEAte e | 951 evgr iablss srnpual inghent1of thi rcgmyluter model 300

‘Typyalliies i"stable” ivivhed PakibAN;sk @Fgc{emeﬁﬁ)gn&[]e? bil ho g\lges under or

Into a single_ conputer node or t
SuRARSaE PPRTBRASINE quidtbﬂuﬁpWeBé@d}’-Smté ¢ce1riemn di sci pli nes.

A Vivididad vRab Eﬁen‘t?o{ Hl%uﬁ%gl:igﬂyetr g@(gr:gtggep%%lentt Frgiations of the

assocli ated wth a par set™
biqlegicalsystem thét arh sufﬁmmmﬂyehfféfeﬂedo @@Iﬁate_rtﬁbl%ffe&tl dft 8k variations on

include,a first set of parameter
nof3ht, BlodalSNhtert SasPomisite arsi Ve thetgPy oy e M stscRrmere biological

: pr&ﬁsﬁﬁﬁ‘é}ﬁ@kﬂfedlb@ HRl ssputdtahodiffoRr usan' bk ﬁﬁﬂﬁﬁécﬁﬁg??%mg a role in

fromthe first set of paranmeter values. For 1nst

‘madylating Srolegical gespgrsegy @Py,v@dtmonaymuabpamdatsann be defined to

repr&Rat dlﬁgx%gpﬁf)aﬂﬁﬁt%nsvoq ltllllaeoxﬁ: %rfn%re bu %%cew r?r?cﬁ:ésef i g identification

correspondi ng paraneter val ue I ncl
of det ond opararrEti@pgivall prsesstésncan bé Matedr on, BARKAMp)] Ekptfimental or
iated . with a thlrd set o0

C
- iR srielfile Ber R Rl of & compissfaodehem ® Rombisaton of them

Onthehd bn¢ ot nasiel bsEI60OS SrBkessSs RALARELRE peak ‘iﬁémﬁi%ﬁ (Afous virtual

or nore virtual patients in conjunction wt
Patl?é‘f?p‘ﬁﬁnepe fisgted 30dekning sefferentempdificitiome doomeaor more mathematical

t e taal soci at ed w
relal Ry bt 8 SoRPhleF Bhodel 3bo, PRERIRF s dntfemisg retations

repeesentbtbe (Dlneavt embrbéwﬂdgloaﬂ prbecssadi W mbdifickfisitto P adtedtatioN relation
modi fication to the initial virtual

i ner n
ca Boh Gy TorShefolfoch praiincies (5i6h ddaing oF Sexcifigie oneor more
par@:&étafmilhésﬁasﬁ&ﬁlﬁg@ Wi e maﬂle&rﬁaﬁlbﬂgreﬁﬁol?)p Qﬁérfﬂg % pBA%i behavior

nore initial paraneter val ues),
of one or more variables associated with the rnathematlcal relatlon altering or specifying one

or more functions associated with the mathematical relation, or a combination of them. The
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25 or specifying behavior of one or nore vari abl es,
altering or specifying one or nore functions

wERGRHSALENY I nteractions anong vari abl es, or .
con{')l nation thereof. For instance, once the |%ﬁ“f%‘"“m33]30

Miputdd dhodef bl i fd | reN STBY i
cofphtd ModehiSDE Blay % 95 oafkaton Pppficulit mhddfhcalifh i ¥ stcient o
createg t'staie’\anfigntagion of theabmpuateammidel 300al ues and

altefin ne, or _ nor f t ini.tial paraneter val ues.

A t &b P1oBR%L Srodh Bl mpdifiuet Biotp@eubRishuRe do, P oy can be
assoctitg with Akndingeded 388l of indert@nty?abhd voubyiflils pZ§§1és of the computer

These al ternative paraneter val ues can be groupe

- model ORicpR deedofing tos represprirdiffercat plaasibleshypetiesasaoy thplutions of the

efin i ff {5 l.ents_ of h .
koS Qe s e . Spple, Bl 1B B33 8 Suated i airway smooty
misclet (AFMyiaontradtigpatdnebe¢ iddntifie wsaplafiag 2 7ol¥\6h modulating biological

2005/ 036446 PgT/U 2004 3@130' reat ed based on )
TeRABIhE2 Prrapydpr Ent"iple 1ymay pedindersiaodithat ipflangmatory mediators
haVé i ect RalASNIcbnirdbidn e Fiti RS ffedts T URSEFer@RONFes of inflammatory

Al ternatively, or in conjunction, one or nore Vv rtual
meshators s ASH coriractap a8 svellmschaseligoepneentrations p£ thteedifferent types of
infRAs6 A0t it ' ing.linked. . :
sl %’?ly 8%'& bdrgcge}? gltlasjo%as{ l{aes‘?al '@?%%tgg(?(a% égcho% Sy gvangus virtual
pati¢rgs tai bodefimpdpoéireszhi inman' vbjdetdhati dpfernebasslifsoncentrations
of duct i py%gL(iin#ed Si mul ati on Operations Utilizing A

%ﬂaﬁr&?@t?- §YF°% st em Model ", (U.S. Application

Publ i cati on No. 20010032068, published on QCctober 18,

2001). This_  publication discloses a nethod for

per f & nmi n{plisaging; \Grasal Batientsit i on oper ati ons based on

an initial simulation operation where, for exanple, a

nodidnecIMeR vVirgnal Ratiqns injthg cormpritrampda 300 copls wlideted atith respect

. e . .

o i Elog Rl st Rros el by Bt b 2B Fitbation ypicaly refers
to gipredess pb pstelpishing oesstagatevileo lismdidencecthetathe camigier arvadkl 300 will

.t ya kents in th co ter ..npdel 300. hased on . .
belfe HrpBitl Shel ot R R s BEL iSRG iPhdie biological
systamt iFok cesaimappli¢adiong patfiéds \ftuall phtieats off @ mpufer model 300 can be

virtual patient can be custom zed to represent a )
validated @iifhotesregh fene of moge phenatypes af the binbesical isiigiemt j Bor instance,

1rARE HakdlR NS AR PRidRRH" IR H&?f € befibeica
v to %r eate gne %rﬁlrggfeg ‘ﬁgt ab?éec?rtc\’/lgrﬁt]r%atfﬂepa E’g{ﬁ{{hgfb ?{ié%lcal systemm,.
ang orrialepatientd &8 ca@0be validtytpd owith yespact' st diel Atst phetatgpe or a second

: ' i racterized by.one or re variapl es
phBRlRe SRR bRLE G B-BL g TR Pt phenotype.
st edhe-axtradre. vt ipati€ls inae icobipuiéet idde] 3gBdanest validhted using a set
t he conputer.npdel 300 can represent variations of the
of B’il%‘l“’ggsiggﬁll %?@’%ﬁ%‘?ﬂ%}ﬁ 9&8%10%1‘? 1 chpprriys @pd Metbed foro Validating a
CopdraviBddineU & IgplictfonSNEib&aTs 2008/ 03 9%&9%%&%& 4589/2002. A

_biol ogi cal systemresponds to a given t
virgry sivgylugrean hiseassociated avithi btogilnalor prettorbaties that can be applied to a
. d t he .co t er. nodel 300 can.pe. . . .
oG SFR attdl RGP SR P aschaine TG Sl Gt diffe imsome
fashizmpfosis @nt endther. tSipmaPthat c%idJeV@?liQ&'&) ¥ bioldéftal Pitdn® BiSinclude, for -
& be .defined to represent ditferent nodifications

ca
exgppleXigig 95 hyRetbesigs FGPEHIC JgeniseetmentThgmens, and medical tests.
Addffb] fek&Rple®Mof stimuli include exposure to existing or hypothesized disease

precursors. Further examples of stimuli include environmental changes such as these relating
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of the one or nore biological processes can be based
on, for exanple, experinental or 25 clinical data

scientific literature, results of a conputer npde §
WOSHHEi on of them Once the one or nore PCT/U 2"04/03313“

ol oqgi ca esses |s hav been i,denti fi
o \7%1 e%smv*ev ud) XROSFF Rt %‘3’%0%136 %P L d8eny (60 agfqnﬁg% changes in
fedliihd BeRRiorN R éhaﬁgetslue [@eldfph@ﬁcﬂractﬁﬁmye)rréﬁéxhﬁgat i cal
relations included in the co ut er nodel 300, which

one K cRERR apRipasions, L urual éPH’tulhéﬁ%aY betsiatedrip 2 petigpylus-response

.tcs‘r’?r{i }ti’,gglhg 00%1 Qe FalinRERGESRASe tefts %’g irh%‘iiﬁyht‘?éﬁt 5P h% computer mode]

ation 30 can i1 nclu exanp
300aa aetetf] rresmlts hﬁ&geset(cd sgmuhaskrbmonswgtem caaplm:prb;lmaeg dhe vnmal patient
nore. para r vaI ssociated with the
“fnt h8Fat i X%ﬁ{a$ at i Qtefing Br Wiy yi g the set  of

stlﬁﬁmas\lfe@ﬁons@fteﬁﬁ%uﬁfmé’ﬂ@l'yecdﬁfﬁfrh@bioeﬁ 586 ©P Gk pécsll Wishfls bh&he set of
mat hematical relation, altering or specifying one or

stifHles-FasPRISE JRYS-adybETREcisd MFNhof petimulusartmonsstest can be based on

22O RS IIRRN0, Ehud5 TE  pe 1

asheriated withstbel sbmuhlsaeepbnmjlear Wibeti 1‘rahdammg)ma‘ ar marei virteal patients in

sufficjent "stahl e" con |on of the
g Gt PinstsbrOSBER Eseet B1-0hBanbe of hidutloeial Sstem, n oxpected
reSMdl Bf at @EnbhotRFome | tedt aFRONELWIIP bt lbesédhsﬂ aPthalC @Ped?&ed, or desired
associ ated with a know edge glap or uncertainty,
L

behayipp der the phgaetypraed @ﬁttgoleglc rﬁefst@mmlihfebehaslm & blgngcal system
e b
cofi BB, Rt SEbILCthn bk &L 6380y O (b HARCR BN Sepayior of a portion
ofwthy badlogixalngpisem Wheh e@v]ecaéd far wpeﬂlselﬂr alSrs0lTs. athdwwy tolfi example, an
air S th. scl e action can
B R TG s p B R ob s it a3 e R R R pPuH s cligical behavior
off £B100bE€al tsstamt Winagbjdedd 18 fifBuludMsbeiaiell Wity tﬂ%qumulus-response
understoqd that inflammtory nediators have an effect
te$fn ASM cOiff r acCFHR t haPRilg %‘?qsve A ect &pfted he result  of

: stﬁ@nﬁﬁ@fe%?&ns% Ydie §arpi§101'uﬂé hRBTRERH Yanke of B3R §so@ﬁta@%b{hh a biological

contraction as wel as basel 1 ne concentrations
sydictrf avhentsubjpgted @fa pariiculamstimyiug. nBeihatramge afehehavipr bm arise, for.

upder d h SC rio, -vari us v
exve\l% Pl%n s%cgeﬁ el g?q?arﬁleﬁgtoga B, lggghctal ﬁb’ﬁﬁ]ﬁl ﬁ%?%c‘{‘éf erent inirinsic
pﬂ_apmxeg diffféréxtr exindrmdd arsfhlenoes, @:dmlent rations

i nfl mmt ry mediators 1? Ildatlng \/rtual

Pat | At EEREraGPoTp St 6 aa¥eaﬁét YetRiging2 mdiicaHpR i@ pne or more
mﬁ@t@ﬁllatlgﬁorélﬁ[brﬁelﬁéﬂid'eg alLGhM IRt PBfIdel (900! NBhich one or more

bi ol ogi cal . systemrepresented By the conputer no e?
matbematyed] irelationsrean ygpresght gnerasfigare biolegical prasesses affécted by a stimulus

[ [ f conf.i dence t hat

asgtgérlr%tg{l e§zﬁhm sgrglgfug-rgﬁpog%eﬁ%sge g&s sélg(r%?ust-reapo\ﬁﬁe teg{ can define a
modifieati@d tHad uaab el mtrpdlﬂﬁ:tl Qitz&dally}rdﬁ&ﬁm%ﬁg} gAbacdntiindtioR of them,

i C m For, C in applications, .
d@&?@&%@ﬂ@?ﬁr%’aap % ylBhpsogsted Wét%é'é%%‘&’ﬂ‘éPS"FFéB@Fse 456 Roppxample, a

mg&ﬁcﬂt%ﬂ gaf g 1%&‘105@&9@&'11“@ &Eﬁcﬁ% JRlér rﬁ&%{}%?‘éiﬂéér values with

of the biological system sta virt
onsaei amre Aned erb@amaietedav@cbsvassdmatab peﬂ:rt atstinpulifsi (Adternatively, or in

o%hl?n%gt Xpae modnl'xcaef‘lortl”c% %—oduc\éé deyﬂlnucally 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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and-virtual patient B can be validated with respect to
the first phenotype or a second phenotype of the

Wobmssaks systemthat differs in sone fashion
the first phenotype. 25 One or nore virtual pat})lkregﬁ[yz"04/03313’0

ForNinkAfcs; oMb @fcioaetan380 5ahaRed V@hnsilg aftldinfy 3F
of virtual stinuli as, for exanpl ecﬁlndl scl gs‘éﬁ or Spemfymg
ParpGIEl VAlYES 3 ARrtave HimSe of for 2 vettiinl dfrientyrationConput er

o by o echtaly a0RRAGR! MR oty 1o a8 e ppAlid to one or more

coaﬁgmtleusedf thict donpusdr intadel SO® fisip e NinkED %ﬂ&ﬁlohr@&aﬁ@ﬁk Rediscussed
bi ol ogi cal system Different virtual

a [ ed 0.a
Pf%‘?? R ©4 P HRNSEs 8B dRiipk smlationsaneration mamabe deffored for a virtual
ﬁaﬁeﬁ@ tbBSWRNinfr t ha :
paapp lied to ah%f]‘é’ ggllfe(t:fgﬁeosf?g% Ee)%?%gthd% &é‘{i}ﬂ gbtv gtmllﬁus-response test,
ongxe@inplase additimah glrmlatmppopd;reiscprmethat her dipked it€ the &MitiSl simulation

L t tests. Additional

Ope%ggn%p%gbefp%gﬁo cffor% gﬁﬁsure to existing or

- hypot hesi zed di sease precursors. Further exanpl es of
tlnull i.ncl ude environmental changes such as those

t athsigciadne RepblnfientsipVistuat Patissto 04/ 033130 to -

cha es in hevel of .exposure to an environnental agent :
S[% acgAmpHeh @%‘ﬁflat% arﬁﬁ’é@‘?ﬁ ith foeear meprh evirenal pauenm dt least one

-ref@fbﬁﬂ@ eﬁtulaﬂpilt?éﬁ@ lis @katbd)Y Sng @y Lrﬁ(fi' s{e¥ gf w%g’lr Clélgl?ts cant be created

certain applications, a virt
frop tlast referense awirtaals patient 0w TeEsEan S‘éegrtessdsf frB@doacp’piny tHeJunderlying

.0 sp se“ ests yirgual patient
P hﬁsﬁél%%)e é:for%rﬁpdltj?gﬁ e‘ﬁ%ﬁg@ s%é) fige ?’Eg ufapsTepreseieknown or

hypathesidfed starintibnssinrths p@dnﬁl&rui i tB& REPHH GRent
ent. can be vaIE?%Ig{%e)gl@gyf t he getg °“r§‘2ﬂreph°“°we

rtual pat
Th\és}e 13%8 l?g]tz ‘%f" ariiqum epp demegiewied dhiongh ilisting ctieaatto y'enfy that the
resQRIkOfifi®al ipatidnts Gfe @hIi®N H@ﬁ%@eﬁta‘h@ﬁy bf Ralfife! }{]a%eﬁtg ge g., meets certain-

sti mul us-response tests. pected resu
physiql ﬁ%@@ﬂ@@ﬁ@ﬁ@@ai edn somg lmgtab@s,edaohnvxrtaﬂt peadent has an assomated

pre@ﬁl%ﬂéec t% LA e 'cﬁﬁ&? C(l)tf q haVI er %fa é)gca@cirg{)rg %If \%‘g:ltlﬂlf? H)étlents that 1is

when su mul™y
repmscmgﬂ llos( ﬂleS/pm)llEl epatlem) Al¥ieativen), ltﬁﬁpieﬂﬂle@&%foﬁrtﬂﬁrﬂ%Uents can be

V|rt { t he co ter nodel 300 with
mapa ed éjrgr éﬁrﬁlﬁﬁ(ﬂ r f:ﬁg @p%q:%pv&tm sigilan ehractenistics that are
pro@idﬁﬁ&b&ﬂe syse&t] tin s@fnealnﬁtn!ldgb‘l Q@u&&ﬁf&@@%ﬁt&a?ggmnt can be created to-
cally will be based on actual, predicte
rePB%g?traesd‘ bjegahavi or for the phenotype of the biol og| cal
SYS{TRMsysik l o system
f or exa}rlrspa]g cggﬁa%a{\l géeegato @e’g{"g ﬁgotf’ %ﬂ‘ép kﬂrcﬁ: &F’c‘éﬂ'mal patients

that genemats similse butvores whemsipmiating mhekﬁ)uﬁfe dr@ﬁmlﬁr@k&ﬁin?éﬁ'tal protocols
ected to a particular stinul us.

m when subj
The ¥§H§latﬁf3 g 2 kg ‘Jd%@&fé&néc?fr% 1 qomgRoT, charpgienisgss ﬁespt@metogether
diffefsptiate e [peodpad eart@) RKARS IFRNLA! ot wldidl e{)%ﬂ%ntpep\aﬂ\”noo%ally, the

of a biqlogical system when subjected to
corredatefe PhtheFYierh CFJhEePQﬂIth‘U1d@9ﬁ?yefﬁﬁb¢lscanmbﬁ$haraﬁaﬁstlc(s) to the user.

RepoRfind it ARRinbf 2hig SReH ol

sti r{% [ Us-response F%gftﬂgsgn i ner Elg% (ieﬁl%&?ﬁ%@t RAgtiGulgs henotype or

1demjfﬁ'mhai1agnosmswetc itmtredhilvaftwhich Rl 000 itEdondBos Vl?a?fc@énstlc(s)
V\heﬂ’le ch t ed : r?arftll éjl ar stimulus. Such range of
behay 190! 04 yiiual p 3 leniy, ghould cover the breadth of expected subjects that may

appear 1nclud1ng 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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exanple, as a result of variations of the biol ogical
system having different intrinsic properties,

v bfo8siils ext ernal influences, or both. A e i00/033130
stinmul us-response test can be created by defining a :

redpRfid toGRlatrRtht kEuiMBRs. Pbr dXRRBie, TRIBEFBYiHtEA bafi @t §Mine 2 model of
dncluded inthe conputer nmodel 300, whi ch one o Hore -
dighstegpnierabesial wodd andluslesvitasl patigntesmeing droe normmbd sebjects through
i ol adi.cal nrocesse ed . a _sti us associ ated.
ot Ok AR 585 BRELE BT TR 3508 3 Sty
betabste, damexaafpie) dbg&usdTmtlg'ehéﬁﬁpieG&Fbﬁﬁénsi(§.g.t, ®ifi% Indians) or because of
e ntl'rogu.ced statical Iq\; dynam ca Ix, or_a conbination _
UGHYIE (FBRACeS (fedreigh Ag Bt PP EXET5158)- oficenrdinglyythie moobef airdl patients
h¥ail inéinge SirkdivpYse i i i - i
S. nodi ?i_ ca%i on_-cgﬁt%t?ései I‘I::Hrg glgb&cg:%xbﬁcgs?i%ggﬁeg E@poﬁﬁom to obesity and
vintygh pafdentgfepresensing subjectpwhe ast dresy direte difesttidiciiicessne or
nor di. {.i I ter val ues, associated with a i _
ot Qb B R R s PR R0 AT bifmaiie that ifferentiate
themdltid amfljstncaninclide isimiulaiiice dedymamwaadd Mypbthesi-8 iRlBies for a
.a stifrul us that is. applied in a tinme-varying manner
dls(egs:egc_)’ mferesty '.tg% %ﬁ@pﬁgﬁs. a Iﬁépq:céﬂo; dalIpH OF response versus non-
BitdeNdre obIRvA 2005 ' iehR'
re%pnstear_ue:g , a .érg)}diﬁ‘“l cg%%gé%?gg%ﬂﬁﬁgg%ng%g’gglgigé/)aﬁléﬂrh%cbéllt pyt others),
thegythe |virgyal patients eanels fuytherganapyred ragiest onelanethento i@entifivlomarkers

[ f.or.. rtain time. du ion. For certain

B G T A BT Ay B A0 B it ot o
not-gespnaders. Imadditiot bihegbibRiatHGRNS cf bd ed ¢ MRHEST suBRERas belonging
¢ 00 usﬁlzfgg Itnke.gl si nul ation operations as discussed 5 .
° ﬁ)ﬁé\h@ﬂ Y. CYS U IHTBeSAT 0, 2 HasTapy e prgrictd ip ba singitar, biomarkers can
be Ofdetit@fiddORo FferRtiAE " d Wbt YakenRatd i

follow ng intr oduagfib%ﬁ&ég? \éﬁrﬁfgg?}n}‘ﬂgglt P%&]en eH ﬁgélw%%r}gf a better
assofjaHem L@%@pén@@]*bf@ﬂ@ ang prdiyidugpvietuald gatisnonalThe biomarkers for
- o at i r.aki are linked. to the initial
e Bl SRoRRE ORI PogBAS b BTRr B oh el fgpurements
bupatayealso .incl@ieEnomstmizird nmeagurte@hts Rat he tdstférontité tcakeally similar
subF?aéi ent ) .To acconplish assocCi axt@i ng a_subject with one _

3P troP EUGRE 08 SHIC O ReT getailed 19tso Hesompeeubjesticie in a particular |

statd) fok biidtoridaBidagitls (b.3., RAHSE mdAPLsPbe MRS Y %tcﬁfféreﬂl];atmg factor.
virtual patients can be creatéd fromthat reference

Typicaly; dhe pnalysisrAf arpot abyieyalnaticnts de wentifyfdifferentigimy biomarkers will

. be pBGorASIkY 'ROr 1 PRY LR R0 tgé %};Ssge%% t rﬁgl\rﬁlﬁf%@grf,‘s-rh €

degrees of ‘freedom can repr
hy p dlektihie suljestarill beiasmosiated witteonenatandrg ivirgiap patsined. d®brrelator can

sl T4 S SBDE RAHES e P o o common

chdradtéréstics gvhehithe fpat dataVe®olif thet fdfect B&irelkites et bfr more common
virt Ual pat ients are realistic repr esentati ons O?

chargtenigtics-e  5ar jxAmple( ¢hey. inpwedats Eur taphn subject produce a vector of

| 'meﬁﬂh‘éhéﬂtQQEégﬁlb%gt t:l ein];h vidifal. "R Lstod ?aél}sj&re% rbig:Cc‘Zﬁn%?%e to vectors of

each virtu ) as an assocCl a
meggurgments fori mutuah padentofo tfind ousTbeimdrE dMsefOmbicAN ®fan exemplary

eal - |.if tients that is 20 represented by the
el & e EaeBRaiertiog B haepRpd phdspreing S rasasurement may
be \givieh U i fReddrit ki ShtFdNif Rertain 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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managed by controlling the nunber of virtual patients
with simlar characteristics that are provided to the

Y6 b@R03de SOME i nstances, a custonized Vi rtuaIPCT%SM“m”]w
patient can be created to. ‘represent a subject

_onsths sem afaveiglang idastesqaareobetetat e Vol aldaurbM e R4 fdr afd the actual

cluster, virtual patients 25 that generate simlar

mESEERREL V¥ si nul at | ng the source or sinilar
ex pegdparidlAroRt He@SRhsnent SNL s@FEH ech@'éﬁrterﬁ a@ti%hg’l?) will establish the

identify one or.nore conmon characteristi
prevatlaset ¢fgeacheyirtualg patfeat dmttheavituah @aens qpanilamonttuafurther assist the

B L T - ———

exampter fromh@hmm niialt ¥n tfe dibRse SRS ifeRkAGhE Eélﬁ\‘ecp(r%x)alén‘ae of each
user. gport ng. t he comron Character|st|c S

| RAETS aed ; ey psiaplishesh iine woald ppenesfoyped ousmg&@me of the same
métﬂ&[l:.t Fdr hithige & RBARSE & Vidsk - é)fl%l%:?l %LTT éﬁne_lsﬁ{th a wﬁoq% fpopulatlon of

relates to the confron char act
subjeets (fegm ﬁ?&tCﬂlemlstr@lsou:%mg davailed daheecolieeatad! tlhnmg thewmtsed

o1 APl B tyen RS Qo] o el % BadiRnsl gmgion ot ime in

the ogidulbiiandn otlisrryordf, sabjeeih wiill de machdd toi Mmgpéﬁﬂﬁ not just by the
clinical presentatjon_but would result in a fferent

S“Egie DPInd FFBFBIBANE PEplspech assh oo chmgp@ml@w gueasurements over
tivhd. TR @b gd Eﬁr%woﬁggﬁa@%@oa& @P %ﬁltheg res flstel'{o initial courses of

patients, including a es an
thespes |0Whe padual progrdsside of thetdmlaseprfm Breing mngutdrgd bt yet treated

r t hr.ou se s i nsul in,
in ths gﬁ’g @g%e %‘@I‘ %}J(a%qle cﬂ%\hef egag@]}cgﬁalggbemgeesswely worse In terms
of stlnmq ﬁl@é]ﬁltlvﬂystu linsadih. Updating %@@s@%atlcfnoéf 8 @ﬁ'ﬁj & to the pool of virtual
genetic predispositions (e.g.,

hecaus
PR SR @5‘ W picangewht dhess meapes of disease iPE%’eS(S@ng Thisti ighportant in.
dideddesivBére WL %@L ke Jﬁ@ﬁ@&%ﬂi @lster tlthF AR B would require a

virtual patients shoul clude virtu patients
lﬁf@fﬁlﬂte@f@m a&@e%wmt@@tlsmt\mmna phedinsgpemint dfaime map bedricbiporated in

bj.ects wh
se@ﬁﬁeis\év\é ue o F‘ﬁ)%éeczp{ylﬁ Jyeﬁlr ?%sgssulbﬁg&?ﬁje ‘ﬁ%%‘%‘bté or?la%fbe used at first

presentation topthe isgstera tb snaka abyz &dnieﬁlatdj@ﬁkiulaft}bnb | Qu¥BhHK SdGitional subject
em The anal ysis can_ incl ude

t hat dlfferené 1‘1 &
DEPHITEET g2 SePlPReR nGwiSordoh piRsedte BrogEerSioRe Faigh o, take more

mdaBlirefentd On & nfRds THY, 4 RELERDatd 0f a bldfecishH@ 10 a vzrtual atient may
pat| ents. |f specific patterns of response versus rtf

rﬂé@ﬁdﬁ@eupéﬁ@s dhthemateh madegs, ﬁlqhmd@taapyvmhblcs&mmmﬂmmc visits.
SO o t hers n the
VT Tl S obf el BRI R R 8 ot cluser of
virrsb tfiagents, 0a |spanﬁc fayzs@mmﬁmrtbeerrs 1nd1\l‘i&ﬁal capublepatfed id Qometimes not
di. ffe;glg a}b ettlvveen su jects that are responders
reqpired, | A USTRTREDS ‘Fléi/st%{?é’ th% HEfeB YR rRpsiosally. rragdaeammend specific
tes@f H2EsshiyQoRi ffeestifen sbl%eé%ss‘%ﬁatt:ﬁ’ td GG v¥rt§éfg)|a f6kS R fests can be
bel ongi nqulS to the phenot Even ki responses to

applisdy igpy siliectp prdiopeEEsults th@l tebth awg résioreds ker yystean can report an
LeALlaLe, between vayious vir
asskaslahgr? Bét{vteérﬁﬁlets Jg!:tf gra r%bg Ss8£qeé{ of &P Hce

lents to provi
a S Enbyﬁ@hoihaﬂembbdmﬂnt\/ofdh@invmﬂdnuﬁie sPakineil subB&xt a set of tests that

di.f ferentiating bet ween vari ous
wil] B Bl Effretiains ) Pt viEQRHRRACEI AT Glaing fo a subject. Tn some

cad¥B,ahtl a69BR1ALIEn of the subject to one or more appropriate virtual patients will occur
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- but may al so include non-standard nmeasurenments to hIeI_p
differentiate clinically simlar 20 subjects,

- WHShHRENYs € 9., genetic or other detailed tesl;csl‘/ljgzrmm:nwo
sonme subjects are in a particular state for

| thf(‘)'u§l|§ Qrrh@ifsteh §REQRS. Frsd based! cg'f %%Sé(% E%&exl‘?%fgﬁé%ﬁ)flgg%ﬂ{eﬁeéi about the

inCluded as a differentiatin
subjeel} yisi systsm avifodentdyy ani inttiahketpaft feetatts pattiailglelifferbitiate the proper

differenti.ati bi onprkers will' . be perfornpd once _
il gFE RS Pl PR RaTST oF niluelantsni: Bifreionihy estlicrom tha frs
sef\ektesth, fartBerbyReiwing hd addeeva 59 Gl RESH gﬂrtaadiﬁ&ﬁa_lpiet @Plekts that apply
virtual patjents. A correlator can 25 associate a
ongy,igj GSERImGUPIFCls. ElisSnultistert rogess particpleriyeney be Watransbdiifahe later set
: . ch | SL en. the.i nput .
R T K —
physiomn Swhas amtkistept prosess Fonldexasgt ehodehsts Npere 6laY aaken where

far. each,supj ect produce a vector of measurenents
abaoggtgﬁ'irﬁfaﬂ@ﬂ%h??ﬂeﬂaiaﬁ‘%?S“%ﬁcé- vector can then be

conmak&e iktarRed, Absociition FE A SRS avazrtuaE }Jﬁﬁéﬁ?l'nay not be a 100%
patients to find one or nore c¢losest match. In an ' -

CCRXBA5PeRPy Bhe wistusbpationt pankave som¢ paekdbglifirefibeing msdveiated with the
r, on QLS C renent, nma be ., .

P e T S Y By eon R JOAR T Pty o™ rogarcing

ceraip disoases.i Whoputant of the systend ioponallyyaircieport B existence and/or degree

Li kel i hood of g virtual -patient being representative
of 64“"(1?1?3’1%"3’81%& %b? go St‘g@%oofl tho diaefises IBPrOYEs4a specific assignment

to RETihdiSRRENY QR3] BBtier®tah MR BUMaAd. Wk SBME GndtRREL the subject can be
squar es between the virtual nmeasurenent vector and the

q ) :
assoeratpd with slistee pevirtuglnatients. Separately fromthe
assessnent of a subject, the system optionally, wll
establish the prevalence of each virtual patient in
t Ke Wtiizatibn phBianarkpophy tteilamedtdorf urt her assi st the
5 l'i kel i hood assi gnnent process. Based on an
evalsatiscypsedfabov e, the ajsopiotponl @ftd subjetatwith £ oirtusixeaiphticor a cluster of

. cl {.Ni rial.s.in.the.di sease.area of jnterest,. .
R DT R —"
cab ®e eddntilikd sb eleciThi sreurdubsis hat pal bo IR tdSifREbnE M BRuBfects. Also,

.the same nethods faor matching a subject to a virtual
.blqmr}igﬁf:?ﬂ B&tUsq i dﬂglp ?].aI_l% dm$@1ag‘oglyptﬁfsi anvqipf-zl patients in terms of
pre?ﬁ’cfidlacﬁ edsPordse AP hdRreshbdit G& lpa{tf;’chﬂi é‘th?xﬁﬁfgﬁgt].ﬂgltpglllée&dthgtahﬂferéntiate

col l ected during those tria

TespapdsE WeTEES nohesppndesmuoanbd sefficthmt tifi ¢heasiticificogal is to identify a

' ' ' in. the calculation. In other words, .
RSO Rt L% i S k0 e Pkt LR v a
individtdievirtsalngitienp s te FERASHORARRES cad Bk jadtiGied8b Hirther define and
dn%%sed og chang}es in those measurenents qver tine.

RPEAl AT ETD YRS REURORANGNE \GSi & Sustpr 19é visspb @aents. In addition,
cugtbhi¥8d biSARES R ah el lBbdd R 16 YehipP ﬁlep%ssoéiaﬁﬁa\f%wee%r thE l}ﬁbj ect and

natural progression of the disedse if it Is. being
thengiistongzasyviguel pastent e Funthasshiontadk®rs can bsidentifisd ®tmositor the actual
respOise Y ATRLEL: Su BRI SOl oots IvPLER Y o |
y WOrS

rogressive ¥n terms of their insensitivity

t o Muwseparticulbkiglod bibghatilee case g k@b bflogEal ahBbw Ria€€dn Blevaluated
patients could take into account

ﬁﬁe pool %(ﬁf vi rtyal e :
to (HES S e ifr B PasHcHprs d3iemankensg pats UE opredivtives of glifferent effects. For
instABE) MHidHArkkrR- 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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di seases where sonme subjects are progressing faster
than others and would require a different, nore
ag%r essive treatnent reginme. The dinension of tine may
We B H6rated in 20 several ways. First, subP@BUS2004/033130
hi story or past subject. measurenents may be used at
patcflf g BRF e iR, HERE G <PBRMSS ek SBifocomputer model can
represeRclh Biodogied] 68téth it® WhichIOBARFY candsd a%bﬁélﬁ! TIRUPLLSLD is to define an
measur enents may be Cial anned to test for disease
exw@%lg;rgﬁchalaﬂtsgy}at@ 1 with thesiherapyr &1 oppeimnlereentation, the experimental
B Ran TR I ' 0 | ect. s.match to .
Vi rtual c%gl%lf(gﬁ{ glhnglgatgg%g mag Y 'vvlﬁ:? ﬁc%gﬂafl%)sh C?tbontshﬁle experimental
pratec¢ad lsamdel@nesmbdificition Wahacdnspuaaranddebtoesittiars thel tHerpy.
cl IﬁJ C Vi si‘is. 25 |If the result of a reconmmended.
t her'@ByST°8nS (it In (P 5P ythE HaPermental prategol ¢pyientifyopne or more

biothdrkets! IPohd BANIEmeRaSHE Gl € 298¢ GPIBRAY of Qirfll measurements can be
i ndividual virtual patient is sonetinme$s not requl red.

defapede rEaghiviraya) mepsysergoritastheset ofrartialvesasirements can be associated with

' nd.speci.fic fests necessary to
» SRR Sl KESOLVRIGSARSEHRS DA G s can
inchadei wrthsl mserdnesitssthanareh@nfig@pd ite @vdleate i Bihasior oA computer

n results of the tests are_ returned, the system can
mq%sﬁ%w € RIS P’éﬂt‘P%‘i apwelharbrsehen despeerimental pgotocol. In the

| predéritt difbodddbhtedtt thviihFtnSiBAEhE %gfnﬁﬁtepfmo@lgﬂégnd€@ﬁﬁr to\ll\ﬁo?ﬁﬁée a set of

anot her enbodi nent of the invention, the system
resyliypbthe sgt efetirtes] measyrementat Onak prodnesd, torspl eftreults can be analyzed
to RehESY ' B g§ ' virtual patients
© corr Iogltgitohgéot?%g{ghlsu %é{)‘!.hgfhr?ﬁéjghe cases, the
assbor atertom @ppltchtiors byeivs tonfif@atidnsMO ko PPHRAT ipafiéts of the
virtual 81a§('8§nts W |l occur 3 3 WD 2005/ 036446 o
COBRYPLRRIE Y W AP o ARt AN SR the Siclpeiprl syaigm thet arssufficiently
diffpatdo evalbats tife dFci 6Mfuch VERAHHRL bR RoWahb Blofskial -
subj ect, the systemw || identify gn I ni to?‘%] sg%%r#ltl&ponds toa
perfgbtion, g0 PAFHGUET] gnedpF merehiolegicsl tecepyes pepresentad:t hyathe computer
oRat 1ddas Hei@ ol rtyal, patients.
" Based on teﬁeéﬂrtitggg Iatggﬂs’?%ﬁ I?)ﬁealtn n?{dru\&tmgs% Aplograligsppnse to a therapy,
and yandvsrconfigwoignsran deatfined tdrepyesent skfferent hodifications of the one or
itional) set of tests that apply 5 only to certain
mo?%g]joieo Csa?p)'ﬂ%fe?ge?‘ml tistep process particularly, may be

war Bisthadlersfcaiigs idtheified @l applyidesh exPESmENPEPRIBI to a pool of
.l nvasive, él me consum ntg or ot herw se undesirable for

virjya} pEhents: o ncepﬁy%ﬁpépm.all Bipieroh isdafinied tfema theoapers i can be used for -
theCtith &b COYSTHE R /9 Shet cﬁsﬁnﬁre\’\ﬁ&ﬁa&@}syoft @8 %ﬂer%&i{.}%}% 2model. FIG. 5

.. absolutely needed for properly assigning _
illusaates & Howaoher 40 ideatfycinetdr arrebiomasien; exific ai éxpefimental protocol.

vir I tient may .not. be_a 100% | o certain process.
Th e&\g?r?}gglsl[eﬁ at“‘i“’é‘ﬁ‘{ g aﬁlcgaé/ 1S s BmE* H8h o ePmPYteh fmessl gpsent the

" exprBismRtaltpeetordlt 10 pro@ucedarfirkiCaek ¥ _r§é’!ﬁ’ﬂ'sq1$fep 500).S A first set of virtual

robability can be associated with a ™know edge gap
meg%’@%l?ﬁ}%gan Refielied tolicxalnate she bhavign pHone of moteevigyaltpatipnts in the
1OR84d] Ybsen @ bhe! - ISt e nd( or degree  of
Co{tﬁﬁ{e know edsge ggpe%B%ﬁsﬁlte %@P%nlg’grgt‘g%glnﬁngg X’ftil? %@g S?ep (step 5 00)_ can
entai] sppbyase thepfiovest ofi vigend i héasurra®h@gNiGEGtie of @ncdd virtual patients to
Lhdi i dual, virtual patient can be facilitated. Ln sone
pmldﬁ% \zgﬁec g%s,t ste.ﬁ eOfs’i?B‘jﬂEsct Iga&h Yeual) measuzarpent  fgthe; first et of virtual
mesgSutth@tts &in byl dskdbddted Rathi LAfffSrent measurement for a biological system absent

‘the therapy, i.e., the éxpeﬁmenta.l pr_otoddi.
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F. Uilization of Biomarkers by the Invention As
di scussed above, the association of a subject with a

\é)g Zﬁ‘ﬁ%ﬁ‘ﬁﬁ’ itient or a cluster of virtual pati ep{:'l?_/ggz%mms.slso

ated by identification of biomarkers
exanp! & il =11 0 sel ec
cr eat e teliH ém(ﬁh °§arﬁ‘% bgﬁﬁgeetgﬁ t o‘qggllfr#lgedrsg%fn egESels afbited Ho multiple
visusijpatiests indhs@oniphtemarddel such aimt bige fiseskttod rebafté o iasldde results of

di.fferenti clusters o tual .patients in terns of
R 1 B PR JORSRBIIRHE FiSCp0u FEUdi hoBidiple viral patints
THeNBfAPieBf RBHAAR R uPerh iR nghyf B@r@mle@ttsl the t%ﬁ@ﬂﬂl@%&m patients

versus non-responders may be “sufficient
sirppiganieppdy.geatentiglly, or |ac¢@mhnfa;wa of theoo nﬁmnfd@dlptd;n dreafpryt set of virtual

bj C where_ associ at a
mésag%ﬁeglg?fé V\%aﬁ%te mft%g}? Baﬁul\edt Tst V1Ft%161 aﬁ’a 1631 Oém)ch}cg I?SHES of the first
seyofavirtulll ml-nfeﬁfeats(faﬂﬂiaeﬁrlstd\eﬂtxalfpaﬁehtt Subbe qlﬁ.lbﬁﬂy, ﬂﬁfﬁrﬂ%et of virtual

and differentiate between, various virtua atients of

S eRERIS 3B 50 PG ARECPHYIE 2 FRSEPATedhce resuls of the first set of

virhhd iReHs &R eheRis IBRkHECIeS o A RiraSl HHRRL | fI'h@ %ﬁ&osey &F Yithall HGsurements
associ ati on between the subject. and e custom ze

cay ibe sgaengially apnlied pothenanltiphi vintuakpatienisan abeprdaes withiaacbrder that

t I onse_ of a. j.ect
B S B R el B B S S B mitipgloction.
t o F olD |ca|tzng Iap;ﬂica&tbﬂs[ bixibiembreatsubiaaf B fRvidetiaf reshits b be produced |

b fer or predict a]e?artl cul ar. Bi omarkers can be
a Oft 8RY PemgFe Wriplertamill gemprisesin the experimagnigl pegtocol. For example,

th@ﬁl%meﬁ Qﬁt@p s60) dag eﬁfaﬁ%?fyhx%ea Qirtus] étﬁﬁﬁlh%’ qu@rﬁsor Tmore virtual patients
bi ol ogi cal” activity, ety, or sid ects

of tthe capputenaeesielitp predwnce ribe ifing| @h@tﬁtramlhsn Thewirtwal stmelus can be
[ 3 5/ 03644 820 4/ 0 3

as%gir%?ﬁ’gc %r t lg?] éusyﬁlgg\ﬁalégrgl entt ?aes %ﬁt "g‘?rapy being

simuodiet. ImTthe pc@ﬁmmﬂmdnndﬁlof d&nnverrmph,emmhs ﬁlahieﬁiaﬂ@ll €ddtions of the

em ther n ed. The first
cofs® PSRl e S0 BBt rastied W bR G Sl e e sotved
nuﬂehball)hl%f i Etﬁflf;lﬁb‘r sty @RlatdAESTRRE 3 hRBucd Mues of variables at one or
. experinmental _protocol can be defined to sinmulate the

mqrg dimgs\basqdpn @’érf{l(éilﬁcaélﬁpl iSeieht Velnes of the veripldes ¢renindims be used to
pnpduea %Oﬁrs&%f‘oﬁgfsﬁlﬁ%f% 1 & 8?«9%191 rheasmgn %g”DU.t er

del to sinulate the therapy e sécon episto ,
‘use Whke rﬁm}gmcﬂ toekfiGal, theceamd| stdposhiodarit itd yurohe cahputer iBodel based

| omar ker s | enent ati gn, set (i.e.,_one or
°nn§r 8’}1’36‘%“““}? °§P°°ﬁé%§{)?rdélﬁ%ﬁf%°°ﬂgﬁe‘b‘g" Tegils; (3taR) 50%)a h second set of
virvilal inéaburemeass canbndefled th evaeite Bfe BEhhTIHALS SRAT WAGESREuS1 patlents
. can be associated with a different neasurement for

in ie-cHPRHiEgReds! hajet ennthergpesmentst piatpealal Ageerlingly e second step
(stEﬁ‘@O*)Cba.h RelaHB erfgt ﬂﬁ@lseﬁxﬂ%gtre ﬁf’"\ﬁ/%ﬁ ﬂj{b@%ﬁaﬁ{eﬁts to oPe or more virtual

conf |gured to eva uat e 1or o e CO
pangdieio prodenetthe besond perdfiresultal Epmlntzmmla] maa‘suvmhdnt efthe second set of

ed _an experi nent.a In the resent
virg R e RRerbs SIS doTatiEd P A ke el *daglogeal system
badednort theth&Epie € The Tkt éﬂﬁ seb&ﬁluiett f Vit InlreREntY Ichd. Hé‘lassomated
-neasurenents Once £ro uced he set of results can

withh Blegsugements, CPRIGEHTS yo Sivaluale fﬂfﬁfﬁ@nblbmiaglkelr gitrdfuteshed a blologlcal :

sy§t8ﬁ.r AN¥ernatively, 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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15 For certain applications, various configurations
various virtual patients of the conputer nodel 300

I ent variations of the biological systemt
&égﬂ(’sﬁ’%"?‘ii ently different to evaluate the ef"F@(}{SWF/O”UU

Ll RO R AN S —

to a” pertu

pattéilt@d)ﬁl@b @BnpRfed BRAIBESch ARt 8BS BBl B of RBuROERhEIude results of the
300 can be identified as playing a role in

SecﬁB GFta?ﬁ WEUB Brdyreanants ©5 sachs wirual patiepieofathy multplavirtual patients.
f t present

34 i T S A Gl o

sequﬂntmébism a Boobiat@r of daem. b or desirict, the dxyperippityl P@tca] can be -

t |t I t ual t t '
s TR € 5 B DAk b o St may be
estifIRhéPYy défaul 8P sddetddSi8 At Qrdarich %1&%1&915 eglfﬁeﬂ dapdtdny i N9
one_or nore biomarkers of the therapy uUsing a node

FI GYagoyps mathematicalt wiatigns o ihe Fﬁanmut@rompd@nalpﬁg( vathea anodification
e [ | expe | prot

RSP LB B BEHL TERLE B b g e s

standmiélalgduﬂhrms bhebtamxp&iucmﬁtxahalﬂésﬂaomé drompreO eitee tﬁsed on the

f. . |t t 500).. Af t t of
mofiihlionSydLedlie i Eiblen £a6h rache o4 bt B gscond setof

restiB@fthe kecdhd QB UrnHPhRadkdhétdd, patients in the
conput er nodel absent the experinental protocol.

Acc OYidh refrgncettp 16| ¥,ghe ﬁmrépte(psebewn M)dlapéay BB o bbthi df the first set
f me
or B! Uil o) S8l IBAT TR i B v
measmmhem of Bac frst iand sadondBsetsafr \eﬂﬁl tmeaburbinentt.l B3tdi§RAyiRd results for
surenent.s._can fe associated wth a

T S BF Bare gl eavas@de evaluated
to idegtifiyhgiecafmnore. HomarkBR. PR REHAR Fﬁilcaﬁbﬁ&t 9@;5?)'115 t3Bles, WP graphs can
2005/ 036446 PCTI US2004/ 033130 . [n one i npl enent at’i o,
be prouide tg facilitpte ynderstapding byaaser enents is applied to
mJI 1 pat.i e
Bt S0 40P 08D PR B b st
of Iehelta‘ indsthe setondf sey pf rasalts toeidsutifgronatos rfove baedikats l(dtataiSOG) For

ti f th | e .vir.tual atl nt s. Thefl
cerfil} aflesfibps, Afiefiichic o 06 it WO 50 B JPidscbX 8 1sHe Svaluating the
variﬁlistrbs{mlhe Witeknhtivelpabi ﬁﬂé(ﬁljlﬁlcﬁbﬁnﬂiéxﬂﬂi%%)cﬁi Of a biomarker can be made
sequentially, or_a conbination of them For exanple,

autpHANFAlYs and Gin GRISHR FaR. berpERSideententngicaten whether the biomarker is
idehfiidd. al ly applied to a first virtual patient to
produce results of the first set of -virtual '
mead$he ansdysisinipiemented forrthe fonrht stepl (swptSDé)’ld:an depend on the particular
nt e first set.of virt nmeasur enent s
biogRp I8 H bt B Sl bisakenh. Bt 325 (B duBL o entail

can e appl

comgsitlgtthe fifst bdtofirésusts vsﬁithtthéiﬁecoﬁd EétldﬁlresﬁﬁﬁsM'b?é‘@cﬁﬁéﬂw the fourth
the s cggd virtual patient. The first set of 'virtual
stop Sl FUGHER ST CBRATRE reis O thealrstsehpivirtes) megswiments for one or

mo{:@"{/ﬁ“ﬂu@ﬂ Satiehlst With 1 a%ﬁ%té %f“g?ebée@gﬁf &R ro?%l g{:grger%r 98! the one or

nay be est she ault or se &L
mom:wmleﬂamlenw thDr anstesee,- thp éirstfseedf siegthisicheagarenfeits can include a ﬁrst

rtain a |ons r. more results of the first
wrﬁ me%su?eg:geﬁt gldgs]ﬂbaﬁ%lgaal measurements can inciude a second v1rtual

measurement. The first v1rtua1 measurement can be assocxated with a ﬁrst measurement

configured to evaluate a first biological attribute of a biological system absent the therapy,
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based on one or nore virtual stinuli conprise in the
experimental protocol. For exanple, the first step

O3) RbsnR@) can entail applying a virtual stinp&Hess@eo33izo
one or nore virtual patients 15 of the conputer é

and QhP' QLUEE %Ptﬁalf infesdur&fidnt oc‘fanr 9@ Uisgéclaté_ch ewi\ﬂll rd %@l{ond measurement
stinmul us can associ at ed a stimul us
COlEﬁgUIT@i o |e]vlalslgi¢ea fepohd cbrplcbglmh atttlmbu‘acd:ﬁmlb thbgﬂ:py sysinndased on a

i mul.at e nment inve ntion,
el o SRamel b e B Phe B AHR  B atfn T upgitar ofec
of alh@ﬂ@rap'ytd& A, Hﬁéﬂtiﬁ/b@@i ibislogledli zﬁ:ﬁdlr?ysaféﬁ? o §ilis1dffect of a therapy).
can be sol ved nuneri cal a comput er

t )
RegiéllFS% tbe firdarira) TREASIIERRR! 1op MpHiaRle stughpaéanispan be compared with
res\ﬂﬂ§ | gblygs s@EorRin %Peagﬁ}%ﬁl‘pﬁft @ \}lgfﬁi%ngfé LG'ﬁlal patients.  More

. nodi fication. Suc ues o S can
pantmumlybeompfemg the rprubisl o€ éhet fivst Virtust meaturapfient e‘smﬂie&nmﬁple virtual

set rtual urenents th re erence
patigiieich She TS ot it Bt oAl BTy 4075 HBIUPIC ircal patients
carC efifallt ddterfiitial WiRdes thOfestieoL ¥RefilsiPRtual nRhaleGekt aErQ correlated-
roduce a second set of results (step 502). A second

withehe gesulp; o e sepapdsYiFpeneasuteaibe Theflirsebiofagical attribute can be
1de%’ciﬁ5&‘ §§ % BibSaleP it & d\'@({hct‘é\’% offhe ﬁgﬂ'ﬁwﬂr R o ﬁ%’a 5% based on

he conput er ed o e experi nen
detpmmmoﬂhat the cesults ngth;z firgthirted cmashiremen aré sutasmnEIP) carfalated with
ﬂmxe&ﬁ&of@ﬁﬂﬁ% WF?% second . set of virtual neasurenents

t'6> one d%?ﬂuﬁﬁﬁgents to produce the second

set Viild £spicific exanple ¥ dnhlyaing Fodst 08 WeH kirfifal Hb%sxﬁ@rﬁélﬁg (e.g., the
set of virtual] neasurenents can be associated with a

firghiapd speand RiERal MgsRErRSnES) ISaP@Vtﬂeég’ib@‘éﬁa it fauddrbe @g@emzed that, in

geiall REslilie6ARN0 dhGokd rvﬁ%ua?']ﬂea%ﬁ% tsS :In ok Yidi e#é to identify a

measurenents can be. associ at neasur
biogamkerg dFioe instancenth¢ fivst est of ffmalemtasbrameogsu czaalalsmtmcluﬂm:i thérd virtual -

meggurgmgjltoc{l&gls %?%ocm}te% %heart]tar S%‘g%snﬁ%t’%%]? f%r]’c tb\(/) -rbiicitlggf:al system, and the

conj unct 1 on,

 thinkemsasuemmsntt S:an baconfigued o evaifel a\thitdbioRAsdAl RIS of the biological

onﬁigure eval yate the same bj ol ogi cal attributes
Syshpm BIBYPRAl 1% e Bigsshh FEpmBles FSP Of dhi dirsti aelcthind virtual

medSurMblr G5/ 1SRt 6/ iffal phiRaRQ4H B33 ?areg Wlthcf%&g@'o@ the seccand virtual

applications, the experinmental protocol can be app
meeasilrm}m for ehempltipl le‘ﬁlﬂl Refienss.oh opmémomp @f éhe reouled of the first and

il g SR AR e lerBlngh 3G LRl Goliinc i e resus

of em: heoe)ndtna:halpmeasarﬂme{mf dridea raohibipitien \G1T the afirsp ahd Q]ilhiS blologlcal

t h lied to th
e P AP ha¢ MO GoQT AL omERERg: 5 gredictive of th partcular
eﬂ&g@gg@uhghby or a conbination of them For instance,
t he experlnental protocol can be sequentially applled
t o Resulifofttwe @ mpretiemal peaaswnments ream be olettamiredvio thie sahstantlally -
cor?élgt@& bgg?: Lon B (9 oré %ﬁ‘&kd g‘tgt?&lc te%(se gf k) 8??3‘ ‘ﬁests\;g?t CB.%EC used to

I n accordance wt a user-spec

1denafyhmm:ﬂatmal can @nchitdepfos exdmyplBdirtanipgtessionagaysis, éﬂoﬂﬁﬁbax regression
a modi. fication defined by the experinental

gl B Tt FOEER) 1 M SRcPIneS, Hih & BURUeE satistial test, a
corlhtith cderfisiean dan heaifinhih i Sartd0 c&f?g%&l \éaﬁur?es i®fhtified based on

vari ables at one or nore tines based on t
determining that the correlation coefficient falls within a particular range. Examples of

correlation coefficients include goodness of fit statistical quantity, r* , associated with linear
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nodi fi cati on. Such val ues of the variables can, in
turn, be used to produce the second set of results of
\;@% f‘é{%? 9 set of virtual measurenents. Wth reference

¥ the third step shown is to display f§iéUgpo4/033130

set sul.ts and the second set '
recg%tsr est a%lig%( 5?1,% I%‘Df'(e@ﬂﬁr?laé% CRYLIGENL S, AssPGigied with ramk
copelatiorviest ual - 15 rreasur ement of the first and second
set _of V|rgual measur ements. By displaying results for
one!l f digmarkers Fanplée( eaified using yapeusanethedsoFortdegaiorapplications,
ideAFi iBRIR of 4 bid l&ﬁg,ﬁ to.
one or nore | ?Jgrnl%?ﬁer S, Hé’gg dgéllﬁ fap %%Ble e>bne§1men{af1 or clinical

datae ,g@jpmtgﬁc tliddyhmss, resulty rczfp:h $on@nter bﬁocpsﬂ,ow dadbnibtination thereof For
back

. itate under and a user. errin
ms&’l“ff Bre {18t ditfoé‘ﬁ ﬂi“?‘q?‘%s éi?l%\ z@ﬁaﬁ‘g 9 rS"BBkaFﬁ different
varidtionb ef therthérapgle.g. 2 fferent’ &ﬁ%ésstr@:{t‘queﬁthﬁteﬁ@ﬁo&dtr @[& rgtftlmes) and
results to |dent|fy one or nore bionarkers (step 8
themonie or agre aditigpy | vireual therepiesicge fye |prrcpcca'=1ec1 on f@if e?sample shown in FIG.
i el vl
d t\Q/ a‘;ralﬁ?l’] gﬁ?gg@eploﬂeofwg?%{epv espe ec? o 8 c?rrllj SF] Erlwr% re}ddltlonal virtual
thepapiest i Alteriatively,ofr a dinpmetide roneast herdgmﬁimonal caonéiguratlons can be
e provide

ong nin catlon ca
et TR L RitioR ¥ o o9 e dn S RRURE s bPhavior of the
onﬁa[&hym A ditioph et Silin b Rerhotdd 2§kl absleeP 506) '
can depend on the particular biomarker to be
identified. For certain biomarkers, the fourth step

(S! eRBimifatiof ail conparing the first set of
results wth the second set of results. Mre

ar pi ! t
gon'pblggéljj kg‘iéﬁé‘sv@ ﬁ&{"% Bt 2§ ]gl < ggnugez trﬁ(g(%e?glpe)r de%%red GhL %eﬂavmr of the
varppig yintuahpatients cﬂn tenwed for pratietivel analyals. agartilas, sveldt more virtual

u 0 set o i.rtual, measurenents for :
el ER s lee 8 PR hPFott pTIBHPY. SRGm VG Siiveed to various
stithiie fi rst set of virtual neasurenents can include a

fir vi rtual neasurenent, and the second set  of '
vir aﬂkpﬁ%‘BEﬁF‘elPFeF?Fsl €8n 2 HENdBempy depseeniing au abtual therapy can

be BFpiRd 16 B Hirtual Ez?cle‘;ﬂ [Shn Xﬂterrﬁaﬂ{ ﬁ&é#ﬁ&%%al‘%@ o“b ?%mvalent of the

~associated wit first me configure
vu@g]ma@gp’rewg_ulﬂ iresppndioche thievaply. ﬁ:xlpemnantal prbtoaolb tielt ogi Bhpplied to a

oio RO SPbis 1 REREe SludRe Aol Aiearerisreents and

treatmentb e giBeIse imdre chavialid) ofl tHES OfhoBEE Stdl @VaBhmental toxins, increased
-conflﬁrgyr ed.to vaI ate a secaond biological attribute
exefelse gieo) J.IEﬁJ Y FPRIYIEE & HReamental proteged tqByvirtEdrpatient, a-set of

resEiOBPINR, exbl@ﬁm%ﬁtﬁp%t&bphﬁﬂb&#ocﬁﬁw "Pﬁﬂzlﬁ ﬁe?tg%glatlve of various

i ndi catlve of a particul ar effect
Cfff(°§ f{fa @PP¥cti veness, biological activity, safety, or

Si her a esu of the first
vi ?‘f"dg‘{eﬁ% r“éaﬁ%’%‘% %?ﬁ?&ﬁf}t W& @a/be Gated;ip & magper similar
to that wedparcedtena Tsﬁlmulh@&d:kaﬁseQEstt H@d%ﬁ@éﬂja%'vét Uus, an expenmental
tiple virtual pattents. Nor e

: urernlgnt for_ t g
Profogp fr |55°ateb {98 r PHAEIPIS DY edaffning of modificatipwtto one or more -

.30

mathbmbticdl rdRRSH4I8ORMI hor mb :
with the results of it hemsecowé}k wﬂeualdngrrtg%ﬂrmeégr%nc F¥eoat1°ns can.
repqep@t RE¢ ©F ploge b1o;1qg;raﬂ ppetisensSected bya. cond1t10n or effect assomated with'-

the expenmental protocol An experimental protocol can deﬁnc a modification that is to be-
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can entai l determ ni ng whether the results of the
first virtual 'neasurement are correlated 1o with the

Q{J‘,t;,ﬁ_;(qj‘s t he second virtual neasurenent. The
b| ‘ol ogical attribute can be identified as a bit E%&&O(WO””"

t I t he
e SuERd, Ry e DL LTl s
coﬁdmsms and/ ar edifeciymasiatatiemith ﬂnBeXpd:IhBﬂEﬂiiprc&bdoy correl ated
he resul ts t.h econd V|rtual nmeasur enent . -
Vi 12 B SeBRT T5ame & B SR i oGSO FBfastgents can be
defihéd shiah theR Asel GRS of 8n Sxperiii@ital bRotbdol §in mﬂo&@&e - a particular
virtual neasurenents) is provided above, it ‘should

vistead patiens e Muliple, virival epassempnts cam be definfl, angoa msulmgmebe produced
L kU b z enti
fof hchi 3 4t AREFHRA el B, SRl gl G, b bociated with 2
mmmme&tl’lﬁmtasblobglcal syetent) ahd deffaetthiirtth] thdabwrainents can be associated
asureneﬁi# t%lha& tJs assog_ ted with a third
HE Br RSB Sgen Fap opeaRothiid the  third
Meagidf QRN SHNchEORf kOl SfnlP 4dldRbRs &at %Elqde a first set of
bi ol ogi cal attribute of the biological 20 system
vigiad apgasuigEicpiseanspy segomdt 35k op rvu@mhtln@mmpbxas ﬂé‘@uﬁtss seff of virtual
t. surenent s
méa@ﬁe&% % e ?Q gg{iﬂ p<1;{t3| e\é’% étlé gﬂéenb%%%m Tpared W]ie VlF'ézg Dpfignts absent
th@éxnehammt pratosdly hié thenseasnd- earmftvm nicasuréfbrits R be defined to -

rt atients. A conbination of the results -of the
el 15 nB3VoR BF B e o ort Bt RAHSRIS Desed pryjhe Sxperimental protocol.

THetier Hhdeeednd £ oTUsthANhbAll @ E& 8L eeagsoci@ﬂtédhwtltﬁemeasurements

results of the second virtual neasurenent, and
copBgHspthie §vghatst diffreent blpk’@wah%ﬁrtwwswfblbml%}cai ayst@s Alternatively, or

b | "
| in Q:Bh %h&ﬁ:}u EHPStI_ £1d| gj&gl Ct étegf gli'tu?h n{yﬂlﬁ%men%ﬁa?r Ibgf %sg%c‘tlated with

bi Onar |l ve e particu
megSurements hen@ggred Reswhtase ik stwo biglogival exttuibutesiaf the biological system

can tanti al |
o B RAPEIERRUETE. $5r BRERRT e Se oA e pan include o
firtedifttal niadiretleht tat iseabGidifiBvithaniRe meaRekridht, AddeME isEdond set of
correl ation can include, for exanple, |inear

ViRt MRRSSHISROHA £ Sneluds 8 fepedayiriialymeaTesteng ghakrialageciated with a-
se@Hl i Arem@ht Ghakis %Qatﬁﬁétthe kit ?E&%gﬁ?ﬁ%ﬂ‘og Qor?ﬁgured to evaluate a -

part|CU|ar statistica corre t1o
ﬁr@toblbfqmaé rattribate b€ tUetb&wlngmdd systexal aboent ethat ﬂlexrapy,arandbethe second

ased ter ning t rrel.ation
meeBEPhend i VP etrod B Sl e PR el e o 2 secon
bmif)glcamttﬁbhtabm cﬁﬂﬁéiheeap@nts i ncl ude goodness of fit
r, associated with linear 38

sta . cal ant ity
V0 3508 ejgéemmg@mempw@g meads] dhatapravess Rsnumber of
puﬂi&essgﬁ?errﬁ@ﬁeﬁaﬂﬁs ﬁg&r c%h%dlﬁ?s £88LF 1afde e&%ﬂg ﬁll'p%lfeé' grodels covering

associ at ed Wlt correlation tes
a bxpadrranmfspfwawlmca} @YStfme’e dExemiples afdrigetssalereothpulsr medels are listed

t i, cati i fication of a biomarker
e, L QR 5 o N oY e et as, for
exﬁlhplﬁ,l epgilemblatadaa, co&fjﬂu@dﬂtmédc% bhd Phahbpére coxﬁ%&b&l hivdefs. 8For use in
nput er nodel, or a conbination thereof

heplfhig ERMPYRR nigdeliotia BigrETSAIP Aheea lageenupbersofcanbiects and:
thdSpidke NS hetiBstdhdde! @k %oﬂbﬁt@neﬁl%agls can be used to create a large number of

validated virtual patients.and to simulate their résponses to a large number of therapies.
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variations of the therapy (e.g., different dosages,

treatnent intervals, or treatnent tines), and the one
avonwses@deli ti onal virtual therapies can be praocessed _

as, for example, shown in FIG 5 to verify PCTI0S3004033130

| denUnddrBadd aRe Qhrg@-sBAIOBitfRker Wnbhelk SSRCHE Skl Ong. .

or. nore_additi onalg@vi rtual "1o r_ﬁerg%iéagl. B compu?er mo.gds of key

physiolagical FYRNITYS thet may be sharedasrossthe large-walerdmeuter models. Examples
defi ned, and

e . . o - Exa
T PP A AL BRE i Pl e apmatory system, o

~ deserttedatigngntthe fokdvaivi GubBihetl NES paiRgt %plﬁgtgcgnsg‘@@gdogﬂﬁlﬁms Al,

fi Lons.jn a manner as descri bed
P%ﬁﬂlﬁdg#ﬁhb@ gﬂ?@ “i\éet@ﬁ’c@dvléppaé@ws {orr Compugralodeling Diabetes”; US
2083/007PLH% bubRAsH 45"‘2r4?.20@§,]c ﬁt‘i‘e%d“l\gétngd 5 V:-pgrrﬁt]tngg?rg{!grgguter Modeling

var i”ous virtual patients can be use
a &eial"y #nd . US 20930 Dé4ASamublished of/5/000% tilgdt ¥ktho® 3nld M aratus for

t redi ct behavior of a biological system
C%ehﬁgg\ég%g%ﬁé’g aﬁé“‘@‘B?Ye “%eﬂ?‘?%aw%e ARhesg yaderlying edmputer models
mayr dscolodirecdy geeessedvof Erddd-dikdd8E ARYarcK EPr €senting an

act ual . thera%flcan 20 be applied to a virtual
pat ‘b riomer tleftt Deorysr éincedusova aset el ewputh dor results for a

~ ph§siviogRhEREter] _rebha%enﬁ!& 5{7 Ea‘rﬁl coﬂ-%'il{e? grﬁosd\é? ﬁjgge%:gap %ggutts ga.n represent a

.the therapy. Experinen protoc
blolpgralettateooh tho ipblysiglogmhl systramanaannoide, vah@% or other indicia
soX l.&; .SHin r__hypot hesi zed therapeutic agents. _ _
as%n _{gat?%?%%%lesr e d?%?fg&eﬁﬁé‘ Iﬁé%@%é“@? aqd fas 2 particular execution
scezapos Uoe exanlaya bidoldEe afatd @K H@maﬂh%%ﬁ%ﬁ?‘g%ggéﬁ{ﬁ%' btsygvalues at a

nd the like. By applying an experinment 0CO
Paiicg’ﬂ RIE @ft‘i’%ﬂ'{m &f g@aeﬂms @28 heegimiutatedoby, tfbreexample, numerical or

£ AR BaAbn RS ueed, .which can be :

sty L 5L 90 AR B E BB, o

ntegraiion of the erdinenyi diffsrental eguptamis iefihed abovetcas Gk pRAGIAR to obtain.
used to create a

valBELRY Bk vaiafiedap Oﬁiou% itﬂegga%a gtglgc:ﬁt tggfgv%]ﬁg%pf thp hiologiepl state over

_stinmulus-response test,
timgxperi mental protocol can be created, for exanple, by
def i ncic%ﬁ)'%\ rmdc'l? ication to one or nore 30 mat hematical -
r el Bt OGRS RPqF, SE0 TeRTeseRtRamalppterasomell ey amaimermal state (e.g, a
disemt g ratit Gedte)r 6f Atoh9AsIoeRA 5P tex 1O OIS
PHOMBLERR, SRR oS8 o ARl Bl model can

. Ei ol ogi cal ,%‘[ﬂocesses affecte .acon

INCHOE BEIACETS Wit ¢an herplteresdge sinmdatt ah abpnernest ethte or afogression towards

he SHRGH al g Pr. | _can, define a nodification that .

e BRGSOl g s oty

noriat stat¢ané dndsicainh abhdnnal stiraTigalcky B Eelébtin® aRd Qﬁér}n%rbne or more
S

armgrl%og, de encii'ng on the particular condition
PAIRET o ¢ SPFelis?IaQ IEssshictriaiors phtheaypisiolagioal aystem in connection
withrcesataglaridus vikgalAieRe! Kebhodi i Lnyention, . .
a set of virtual ﬁ%z;surerm%ggan ggﬁénééepftr?gdn%ﬁ? AR selecting or
altefipg pne,orgperepararpeiels cen bé performep eniomenically. pr ot ocol can
be MOodvsREnT Leul.ar . 5 virtual patient. o
Mul'tiple v_??tagglaﬂﬁggé%?ugﬁlé?ﬂ% ORI IRRS %‘éf‘lir‘)tﬁéd{l thip gpegification can
be fmplgingnted rinbédigitnb dlecrohit ofircaaBf). & id h:%n'if)iufe} U btware ware, or
hard(E:2s UL em nts.thA virtual nmeasurenment can be associ é\tfclerf:iJ ’
W 3{% g ng the structural means disclosed in this specification and structural

equivalents thereof, or in combinations of them. The invention can be implemented as one
OT more computer pro gram products, i.e., one or more computer programs tangibly embbdied

in an information carrier, e.g., in a machine-readable storage device or in a propagated
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measurenent for a biol ogical system and different:
virtual neasurenents can be associated wth
r(ga%w\ 'E ts that differ in some fashi on from one
-another. For certain applications, a set of V|r?QEﬂﬁzm““53””
n_incl f| rs ARAS
BT EREAiGn 3ok Ly Sl bbb S bBeitbbbifBhprans e <
proiemfriabkt pioetssof, avédnipugdr, oﬂﬁﬁ&i{ﬂ@ EBipstetan Ab@nthditdrigderam (also
to eval uate the_behavior of one or nore virtua

kngwpias fRIOFHTe SOVl SARYETF rRPMGRUGN, opcade) Can be Witica ip gay form of

préf@&fiinS B ofpeV inciuddg cofBARY bE &gfetéaalangﬁg&e&wﬁ dard Be deployed
eval uate tﬁez%ehaV|or of 'the one or nore virtual

in pay fem. sndjuding 2sr stdnd-atonserogremt il aspr mpdwe,| compofiéms, subroutine, or

econd set_ of virtual .nmeasurenents
ouek o, SHEARCRAN e 2 Famblips Sl BRery e o e, docs ot
neckskdrily esﬂhekpo@HQGIaCﬁlb 2t brdgedsh @8n BF storéd &l Hgbidh of a file that holds
system Alternatively, or _in conjunction, the fjrst

othek prampEA@T Jeie. 11 2 omble e dedisiied iihe(OFER B uestion, or in multiple
co&%ﬁ%@éd’ihfe‘g Wiot N51RAS Yo or ﬁlgg th’%g{]%’ B-EyRh et & portions of

t he sane biofdgical attributes o I ca
codg)s t/e pempwideprogidng eancret deptoyad td omexecked on lmse esropytet dreon multiple

fir t _of wvirtual surenents can include a, first
coleb b e B ] CCee JuH Bl Wt G Fieregnseiod by 2
coimpamtidatioR metwaakd t he second set of 20 virtua

measurenents can include a second virtual neasurenen
t hatIBedraesssis idasigifloysdesathed 18 this Seembcation. mphldtqgi the method

stepX @Fﬁie%vérﬁ‘i% f ddne PERBHEEEM e %%@?é&g%ﬁfnﬁb%%goéegsors executing

eval uate a flrst bi ol ogical attri
onpiop Hg¢ compeiys prograaisse perfoine fittist oyt the iy entien syeopanating on input

SRR ER b T 20 o A% S e b . e
apparsias ofrth¢ irevehtien apybe Rbpldhersted rayesﬁfem@hplﬁii&el legicudifudtry, e.g
t hat sery a nunber of

: del
| FPﬁfr g@ﬁ%gm e ARSI AP SR Y15y @PPRGHOR FRICHfircnteEsted mrcmﬂ

Of P86 QRsSTE BhiRaHIO TR ex¥BERSo £ QV&Hﬂﬁgsr ﬁo@’%ﬂaﬁcﬁﬁggﬁy way of
si ol ogical systens. Exanpl es of |arge-scal

h
exela g@th geperel andagpecipli mEpese njelopyecessersader aiyome crrheore processors
t ueh
of Sa¥1§ k?ﬁﬁr S?B%gu'af F&g&t%rlo g@lﬁx‘%}[@% 4 C%IPS %g&u&'ﬁfé rreggmgjg u}strug' ions and data
frqmaa reayeonly enguidreror modwlosn adeess msmormor&ﬁbﬂlneﬁhé bssarittal elements of a

conmput er nodel s can be designed.to anal yze a | arge .
COREHIFE AR VP RELST Sifqutn, BFARIIRDS 9o, QS rfE Tofs paFieed, devices for

stdrh® @ORiitHofs aH@WRLS Gaferi®y, USESnp Rel WlR RO AndiRiY eor be operatively
nunber of validated virt ual patients -and to simulate

coppled fo Fespstiatasiion a taasigedsiainear both.ineroamase masps@ge devices

f0112 9&944@ R %{ﬁﬁg?g rr%% 2&?’ §ﬂt§cgal Qeorr ?% disﬁ? d]qforme;ftlon carriers -

arge scal €7'to S can € °co
suitaigle foh ysutwldymige admpytart erogradh ainstmiytione mbad#al iacluds sall forms of

- nopiplacl ey, EpERTRDY el dheainels sRlieR G eE aiaphy devioss, e

EFRGM| BEEPROM! Sid/ ﬂ%%&ﬂd)ry&ﬁwc@@sxﬁﬁgrﬁﬁg disks,%.g.. inferhd)@hard disks or
fol | ow n bllshed US pat ent aqulcatlons 1j5

remoyable) ghisisy gnagneto optical d1sks and -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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5 published 3/27/2003, titled "Method and Apparat us

for Conputer Mdeling D abet es"; US 2003/0078759,

publ i shed 4/ 24/ 2003, titl ed "Met hod and Apparatus for
COpEtePNtfel ing a Joint”; ‘and US 2003/ 010447BCT/US2004/033130
publ i shed .6/5/2003, titled l\/bt hod and Apparatus for

Conpuf éF°YiBe &Py Ffﬁeréfn%h WA o s Fe ﬂllerriﬂﬁ}’ﬁ@tl%é?ﬁbl’@@eﬂnplememed on a

coliRR& MRS h S ot
“Accessed for )&h#%f%eager%)ggga ‘ch. 184 Rl(t:’g) OIdPE% titia erystal
dispiee) Hwaltorbefor ldmplaglqgrmﬁmnatien %thﬂ)ﬁsanmﬁuﬁ $.eyﬁoard and a pointing

d rvecseulet s for a 1é?%gghcal %t em . ent ed b}/

TS ESnputer ean ‘él ac Et“ﬁ?ftcén HVI & PR &, thegcomputer.
Othiep lkogtisceff detiddsecadl bd RSedPy pioRtdRofos %teﬁa\éﬁb@ 'Wltl@@dus&ags well; for
“include values or other indicia associated wt '
exggnle feedbagh Hr%ﬂeﬁrﬁétt@? ysegtcan bpaanv ifom &f sensory &ﬁ!dbﬂfdir e.g., visual

t t 0, exa e, a . .
e b ek e AR P IRbu T e e i rcved in
anyadbue sinalidiag BBoystic.tspeethaor thétieinpihe: behavi or of

varl,gﬁl es can be -si nul. at ed Jg% for ex nuneri cal

Pt ERHOR CaP ecTpATgite R AR A ——
con®orbhiONSe., BOra @xanFdr@or, BHARE | B8ludes AW L cgtanH&t e.g., an
ordi nary differential equat i ons defined above can
ap@@pqtg}nnqgaveg,oordgﬁtdpﬁludesv@ froetsendnomplonentae. ga fal Cél@madzomputer havmg a
u [ e \Y% o) th
Lk RO 108, bidGs ) BillshOlnicRes "HBaemm dngpract with an

impd¢mergativin af ter immkntmatoe aay cmiﬁmmna’ff @lehOsacklens! ali®lleware, or
e or toxi c at of a, physi ol ogi cal

et pohpgfent, ) HORENE o UHeTh 5 PE SlFrooRieiog p any form or

medaRTef Qlﬁ@tal liata S&ﬁmﬁﬁlc%&ﬁ reesl, taoco'ithﬁyfh@itﬁ)naﬂet@gﬂpr r@}ka.mples of
state or progr essi on towar ds the abnormal state.

°°§§P7é‘€t:‘it’r?§ RERYOES fiRglidega doral area mstveorl {FaARt 2 aBd aawids eirea network .

OBANPPEIf ¥hAntppi 8l state and induce an abnor mal
state of “interest. By selecting and altering one or

mor elx5 coraputimgt sisem aamsmﬂudeacheatssmd e@veiSenh client and server are

o ' ti'on f th si o stem in connecti on

sh RS PG R h ST Oy ok Bronih Scipfpgmunication network

Thentetdionstip 91 ofierit AR iservenNirised by SAMRCEf ¢ C}ﬁ_{ter ﬁb&gﬁgr}gnmng on the
one. .or rmrergar nmeters can be - performe

TeSRFCE MRt ITRRH S g elfnt-srfverelatenshist tordagh ethect i onal
oper A leR4pid @ ohd BRA Bf‘éo?n;ﬁ)?&% Eh it | inoﬁIGC %n whl?c% shows a block

inmplemented in digital” electronic circurt
dl%@'ﬁ@u‘?fe? pmztrwaalde ProQessing eystepr (sy3@mi) aﬁrl@v\mteble for 1mplementmg or

u ans di.scl.nsed jn | S
s pecl i ca é%%ﬁatgsthg I%%trﬂﬁc mevﬁ{’ﬁ’%l {eﬁ’eé @o‘PCI“E}FS a processor
620na¢m1ﬂbmm:t:ess msenadry t(RAML) 6"'319a ipFOGEdh hfam&g 52 €for ex ;{1e a writable

| enent ed S one or nore co ut er program pro uc
re? nly %‘ﬁ%‘o’a’r? t%ﬂaﬂ?Bg}lD\é}ma hamgfays cenrallér 63, a video

cofonét 31, 950! i r”.sﬁff’g* B noter (RIS BERIGR: FePu) bus
62PCT/ 182 63D 33 03N bpgpuapl;ogfamnnﬁkemuRmm lfor, epample, or it can be
préé)rg}nl;r?ed (talli]cF reg oezrr.; : u.eg) g}{ !)ocagat a r%gr%%g Qt?eg :sglgrlég (for example,
from latﬂopbﬁ dﬁbr‘m@DERGM Ar eI cBipRIeAIr am ( al so

The hard drive controller .623 1s coupled to a hard disk 630 suitable for storing

executable computer programs, including programs embodying the present invention, and
data. |
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known as.a program software, softmare'application, or
code) can be witten in any formof progranm ng

| svooieagesee46ncl udi ng conpiled or interpreted | an
and it can be deployed 5 in any form includinggggggzcb“mn3130

St aNthel/ORSnREIRG ERBTEoudRddy TRAHL 8f artPIRRASEDE (0 an VO interface 627,
subroutine, or other unit Suitable for use In a

Theo MSutintestaesm W27 oreqeives apd ciorppuiite rdar dgg-amtidlse pignats, movies, and
' 2 i rqgram.can be .
o RERTRT0L ko @b B30y s O B AL ROV communication
ligrsgctamsa srriabitinla lodaharaa aémgtle witeless it iagapediitididkhe
programin gquesti or in multiple coordinated files
(e SABS ot fintre 122 b bis Sk €255, kaypoard 629. Alternaively,
sepateioREERITRs: (RparBRIHus@) P be LRAGBARY a/cﬁirﬁ&%\étﬁ% display 628 and
program can be depl oyed'to be executed on one conbufer
keypogd 68 ti pl e conputers at one site or distributed

acr I iites and.interconnected by a .

con?rﬁk?ﬁ %{{e}]{éﬁﬁ ﬁlg W %&. &fﬁ%t?elappo geé'?ﬁ e%ft B‘?‘f&cglabie&bf’p%_ts- - Other
ertligsitmeite drd Wwithihi he SPEsH 61 B tfolwing RGhS Far bRanpre! e dteps of the
. steps of _the_inventiaon, can be performed by one or
RSN Gl B BeRimIcd 1p 2 Jifba e osdes s sl srfuevesiesirableyiesulisr e

conmputer progranms to performfunctions of the

i nvention by operating on input data and generati ng

. output. The processes and logic flows can al so be

perforned by, and apparatus of the .invention can be
i npl enent ed as, special purpose logic circuitry, e.g.,
an FPGA (field progranmable gate array) or an ASIC
(application-specific integrated circuit). Processors
suitable for the execution of a conputer program
include,. by way of 20 exanple, both general and.

. special purpose m croprocessors, and any one or nore
processors of any kind of -digital computer.
Generally, a processor will receive instructions and
data froma read-only nenory or a random access
menory or both. The essential elements of a conputer
are a processor for executing instructions and one or
nore menory devices for storing instructions and
data. Generally, a conputer will also include, or be
operatively 25 coupled to receive data from or
transfer data to, or both, one or nore nass storage
devices for storing data, e.g., nagnetic,
magnet o-opti cal disks, or optical disks. Information
carriers suitable for enbodyi ng conputer program
instructions 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; nmagnetic disks, e.g.,:
internal hard disks or 30 renovabl e di sks;
magnet o- opti cal di sks; and CD- ROM and DVD- ROM di sks.
The processor and the nenory can be suppl enented by,
or. incorporated in, special purpose logic circuitry.
42 WD 2005/ 036446 PCT/ US2004/ 033130 To provide for
interaction with a user, the invention can be
i mpl emented on a



conmput er having a display device, e.g., a CRT (cathode

ray tube) or LCD (liquid crystal display) nonitor,

for displaying information to the user and a keyboard

and a pointing device, e.g., a.nouse or a trackbaII,LLOYDVWSE

by which the user can provide input to the conputer. 5
Cladfzer ki nds of devices can be used to provide for

interaction with a user as well; for exanple,

1. f&%Qﬁ?ﬁﬂé?Hﬁ \é}n@EQdfss?st&H%ohﬁ Abingan be any form of

senso f eedback, audltory

db l. f b d
d ﬁ al%lpge gr%e/)}és i Iv1 ul ee? en%%nea? ﬁé]rleﬁclds Vél&g%é{a Enet comprlslng

speech, or t|Ie in i nventi on can be
i npl @h Aodg ?rpnaoe&rraaggrqlrgel SYSSME M i ncl udes a
back-end 10 conponent, e.g., as a data server, or

5 t hat(ii) # PATGESEET SCUTFPREFNAE @ scrxgtppv@d@/ ualie g., an

application server, or that includes a front-end
db)rrmrwmqiatmggsubswtem oparsble anmpatch ingvadatagbaut agrubjelet with one or
user interface or a Wb browser through which a user
Gbrei o tIRY FEam¥vet Setdtd ldérmf%; eERsbRE! With Bhe biBotd VFRRE préBxisting
or any conbi nati on of such back-end, m ddl eware, or
fﬁﬁgﬁ ghchtconponents. The conponents of the system can

be I'n erconnected by any formor 15 nedi um of digital

n ca ni cat i on_netwo

2 TPy Sséﬁra{%m st & BIMRS Hhef aa%ergnrna%arowwls to

Lea network (" and a_w de area network ("WA %
ehgjone prgorefigy aatlenrﬁ éieatsﬁiﬁmth thesspbieshioggnenatecd e et outputs,
clients and servers. A client and server are
gehereialthe/sat efrovtputs moeieets e ovichme ferthe syhpéat aglatyve to the one or
i nteract through .a comunication network. 20 The
rrebethiclngikalsystems regradenadbyske wetdelaandes by virtue of
comput er programs running on the respective conputers

aayl didivitdrthation bAribt ose@ibleto dtekakd @nshb@plie. each ot her.
An exanpl e of one. such type of conputer is shown in

2 e e P G RERRPUR ARGATIRENS share
15 aa;qgleneﬂtrng or perform ng the apparatus or nethods
SHPRERventi on. The systen1610 includes a processor
25 620, andonraccess menor,y
3. n%‘rro%yytee&*r 3y 1.evberzin ghe aéswattngﬁpbsyswgh@ oeﬁratvlerfe mﬂtg)l the
~ (ROM such as a flash ROV, a hard drive controller
Inp@2ita witly theame of onvre parametes Sats unded canditiopuwhere spd ingutdita
controll er 624 coupled by a processor (CPU) bus 625.
defihbea syddraofinbdaBuearentsalepermgie anbject and 8aiBRONE of aiore parameter
exanple, or it can be progranmmed (and reprogranmed)

setsiefin@ ade&t8r 8f ArAS AEAshifcREnBToF RK vEraHl p&tidnk, Ahd NRHEh the
30 froma floppy disk, a CO-ROM or another conputer).

20 subJ}:afslﬁ %erélgf g{iJ :v%fgtbcﬁt%rb? rn{HrL Gl atieﬁts%%)fﬁ %e%ﬁ)r ﬂlalt] ?srtﬂe closest

or storin exe cu I e conp
cludin ro enbod in the resent
maﬁgﬁ\fg SBIHCCtgﬁq‘(;FC odg%}gg cg%\pare ying P

4. The system of claim 1, wherein the model is a mechanistic model.

10

5. The system of claim 1, wherein the set of outputs comprises a prognosis for the

subject.
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WD 2005/ 036446 PCT/ US2004/ 033130 The 1/0 controller
624 is coupled by neans of an 1/O bus 626 to an 1/0
interface 627. The I/Ointerface 627 receives and || oyp WISE
transmts data (e.g., stills, pictures, novies, and
animations for inporting into a conposition) in anal og

6. OTheCHySteinadf cl4inm , GMRrkeif CHEBENO AP corhpries aSliphhosis fér the
serial link, local area network, wreless |link, and

subgf al el link. 5 Al'so coupled to the 1/0 bus 626 is a
di splay 628 and a keyboard 629. Alternatively,

Cil . .

7. CRRAOBRR FOMACE B5eih SERERTL S HRET) SRBCAE pHSRs fF time.
The invention has .been described in ter of .

5. e R B G BRI U P RO TBIAC AL RPE Sk ea deppenti
the scope of the follow ng clainms. For exanple, the

regi;€8ps of the to invention can be perfornmed in a
different order and still achieve desirable results.

9. 4Phe 4y MIcBHEm &lveiensin the therapentigtregimienys sadetedefiiorn ke gnoup
conprising: (a) nmultiple preexisting virtual patients,

conSigy ¢frsafpiéa prat@diries, tlifedtylp @harpet andadmiinistragon of éne ¢t more
nodel of one or nore biological systens and 5 (ii) a

druf@r ameter set representing a single individual; (b) an
associ ating subsystem operable to nmatch i nput data

0 B oA B0 811 b S8 AETEI o,
e B TR b PR b BT 217

protocols to 10 the one or nore virtual patients )
11. | Heenystemeef alpitmhl.twhergip theciaputidgtaamnriseeobsesvations by a medical
out puts, wherein the set of outputs projects an
pragitiooane for the subject relative to the one or nore
bi ol ogi cal systens represented by the nodel; and (d)
12. ahhd syb@M Gt dlgif Cavtidréin tapidpatdata dodnsiises Ristonalsdita 4Hout the
outputs. 2. The systemof claim1l, wherein each of the
subf@él.tiple preexisting virtual patients share 15 a
common nodel. 3. The systemof claim1, wherein the
a o e o ) ¢ ok .
13. S0 3 i, £ BRI IR 5P B sk Oucliods MirrhdPtken by
cqnditions where said input data defines a vector of
Tements describing the subject and said one or
nore paraneter sets define a vector of virtua
14. nEhessystermeef daifo }, whereinghe inpal dagraeaneniises diganegie megagurements.
20 subject is identified with one or nore virtua
15. p&he systesn bidelaing 1 ,avhereindhe inpatt datscdnnmises aslesst one subject

the

preference.

16. The system of claim 1, wherein the associating system comprises:
(i) 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; and

46



match to the subject's vector when conpared. 4. The

systemof claiml1l, wherein the nodel is a nmechanistic

nmodel . 5. The systemof claim1, wherein the set of LLOYDWISE
out puts conprises a prognosis for the subject. 45

LLOYD WSE 6. The systemof claim11, wherein the set

@fi) aLoprielasorapeRiblesmacklh sgHies mithf Ddludtbro iRl phtients when the
The system of claim 1, wherein experinental protocol

A Q3B RbARAIIFER R leabi (HE-conf%lonl-réh%ra%i’éitsﬁ&}%]}e(ﬂ)}a{h@c}uster of

wherein the experinental protocol represents a
[ 5 reginen. 9. The system of claim8,
kﬂg%gpﬁﬁ%ﬁg therapeutic reginmen is selected fromthe
ou consj sti.ng of surgical procedures, lifestyle
17. &h8 S8 20 §1alm 1o B § Hof U pafigitcondistigRf ong gr more
. The systemof claim@8, wherein the set of outputs
5 V“u@bﬁﬁﬁmgés a prediction of 10 therapeutic efficacy for
each therapeutic reginmen in the subject. 11. The
18. Shhstsgstemfof ¢laihnh, whewiretheiassoctating systém damarisssipr i ses
observations by a nedical practitioner. 12. The

iy s toagopinoed elusters,of Witelat patientse wheRi eadBtvanaP Pidnd GSeach
hi stori cal data about the subject. 15 13. system of

¢ludtefsHare RN Sinfork Q@mhfb%%aﬁ@ﬁeﬁst@c‘%ﬁ?&t#ﬂ%ﬁ Loa ée?n%gijffa-gﬁtiate the

currently taken by the subjec

rently taken by the suby The”sySt eim of.
Rl R Qb ST PR T Wherei m ¢ he

10 I.nput data conprises at least one subject preference.
FEOmPAUNgG SUHSXSIEBOPET2RIEHP1 . wherein the associ ati ng

system conprises: (i) one or nore clusters of virtual
pat (Bntcempafedhepre erappredommes charactesistics to thainput data;
cluster shares one or nore common characteristics that

t ak€d) tidepeifthadditioral date mecasay thielentifiyrtheiaibj@atiidring or fore
the cluster fromother virtual patients; and 46 LLOYD

W Skirtual patients; and el at or operable to match a subj ect

with a cluster of virtual patients when the i nput

dat g3)c 9ol Ak @aditiendl Btadb thSRSE; ap€ CONmMDN
characteristic shared by the cluster of

15 (iii) a correlator operable to match a subject with a cluster of virtual patients when the
input data correlates to the at least one common characteristic shared by the cluster of
virtual patients.

19. The system of claim 18, wherein the comparing subsystem further is operable to report

to the user one or more diagnostic tests to obtain results relevant to the additional data

20 necessary to identify the subject with one or more virtual patients.

20. The system of claim 18, wherein a cluster of virtual patients consists of one or more

virtual patients.

21. The system of claim 1, wherein the associating subsystem is operable to recommend

one or more tests.
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virtual patients. 17. The system of claim 16, wherein

a cluster of virtual patients consists of one or nore

5 virtual patients. 18. The system of claim 1, wher&P¥D WISE
the associating system conprises: (i) one or nore

clusters of virtual patients, wherein each virtua

22. PRel s§5em! I BAMMD 1, Wh@&ﬁ@&e%?ﬁfc%n% REbsYsteME Op&rableRS receive a
characteristics that taken together differentiate the

resu‘ftj frddd %e &ﬁtdé%ﬁr? rdddonthighdel %fs%d% QLOLRG e Yésﬁltt Hﬁ’(ﬁ the input

atients a conparlng su systen1opera to:

one_or r.e, C cha act StICS t o
sl PR G o e Bifabieh eyt EURY o EPRELFith 3b Eouhfy or e
to identify the subject with one or nore virtua
virtypl paleis: and (3) report the additional data to the
user; and 15 (iii) a correlator operable to match a
23. sThy systempfialim bIwherein thefmodel comprigesta) compatapmasiel representing a
i nput data correlates to the at | east one conmon
set cfftdolagicel protdssessdssvodadedwith tlee @leus eore biological tsysiems, wherein
patients. 19. The system of claim 18, wherein the

eacle Bi@Sngﬁéa'D grozefisy sdpeesehied b Qrset & maBéaMi@l fdatiodpOftiereih@ach
the user one or nore diagnostic tests to obt ai n

matﬁglﬁiﬁ isreﬁ%lo%\’(%g{psrfags 6&6‘0r3h%:1'E Lhdiids @%@er&@ﬁg '&%&%éi%ﬁlyattrlbute

nti ect wmt one or re virtual

t 18, wherein a
or aﬁﬁ&?@b 8 3e pplie I BhRe 8sfEt s of one or or e
vi rtual patlents 21. The systemof claim1, wherein
24. + Fhe syseproialainyl.oviisesia dhabip gk?ﬁ@r stsmeisisglepted Srombing group
one or nore tests. 47 LLOYD WSE 22. The system of
congisangeixardioyrseelansystemsagstabp s rhpnecssgimmeynitysoncology,
operable to receive a result fromthe one or nore
respigt@pafdacn dssise, ancal eraascgstaneskineand estitdlognd t he
input data with one or nore of the paraneter sets to
25.1 AebhipiiérieRecusibd SFtwatk tHde) BRbOdied T £cdthpitéereaddbld allium, for
patients. 5 23. The systen1of claim1, M%EFEIH t he

Simg@ﬁg%a%gd’[?%hfl%gst@m% llﬂsﬁ.lr nodel representing a set

ol rocess sociated with the one or

3&5c%%ﬁ%ﬂjeﬁgfﬁéﬁ?‘é@éﬁpi%s%ﬁgergﬁ%a'P By R AR Fakion

rel ati ons, wherein each mathematical relation
CEWIIIE¥S one or nore variables representing a
biological attribute or a stimuli that can be applied
t o t Gk abnedebgf erd orgperediglogical systems and

(ii) a parameter set representing a single individual;
(b) code to define an associating system operable to match input data about a subject
with one or more of the preexisting virtual patients to identify the subject with one or
more associated virtual patients; and
(¢) code to define a simulation subsystem operable to apply one or more

experimental protocols to each of the one or more associated virtual patients to
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10 24. The systemof claim1, wherein the biol ogica
systemis selected fromthe group consisting of
cardi ovascul ar systens, netabolism bone,

aut oi nmuni ty, oncology, respiratory, infection

di sease, central nervous system skin, and toxicol ogy.
ZenerAteCOsD of Blitpaisewhiérainl the St lof vatpatsposiects eivbaRbad fomntha
conmput er -readabl e nedium for sinulating a biologica

SiBfeBMefAVE kA ehe of mok@biofiRftal SiRtdnd. ng nul tiple
preexisting virtual patients, each virtual patient

26. Cﬂ@crolrrrr@u?eqz?x%t}ta@ rs%)ig\%re %B SOE1R {n fg)r»\%epéu? z%y o"ﬁhe multiple

syste er set reépres eht

Ie i ndi vi dual ode to deflne an aSSOC|at|ng
Vmg%} B?H%%@f%fe%f&%&ﬁ%é ‘i nput data about a subject

20 with one or npre of the preexisting virtual )
27. pbhe ompitereexeenable softvare cedepldaim?y, h"’gf!?ﬁfén de mpggléds a
associ ated virtual patients; and (c) code to define a
mechamgtiamiodel. subsyst em operabl e to apply one or nore
experinmental protocols to each of the one or nore

28. ablso@ingiueet-axietiitble spfviretbde bclaifB2 3, PR N\ set of outputs is
generate a set of outputs, wherein the set of outputs

seleRte@i Rt ﬁleag?o@%&ﬁﬁﬁné 8f a bﬂ)%n&ipfo‘?%e sru%j &Rl la\BagdriBsik 6t the

one or nore bi ol oglcal systenB

subjeeg{rﬁ lﬁ'e%cf (itho)ﬁe (i{q[l% 1%8§’ ic %’f?lca yCo?dt%rcgpif,]ots Aﬁ)ﬁ alpélgt‘ic re\’\gmfﬁr the

model . 5 27. The conputer executable sof tware code of
sublefbi m 25, wherein the model is a nechanistic nodel .
28. The conputer-execut abl e software code of claim 25,
29. whes camputerecxsextable sefivprigtcads of claian 2% tvéerdin dhn eade ty defins the
consi sting of a prognosis for the subject, a diagnosis
assdopatinglsgstemudopgeises:a predi cti on of the therapeutic
ef fi cacy of a proposed therapeutic reginmen for the 10
S(ipj &t to AKineldir ok anGre CRisteEXEBAit@d) IpatiGd, wiRtdn eadhevifthal
claim 25, wherein the code to define the associating

%@%%@mélhﬁgﬁshafés)on@‘ BF ok OcHhbA @héi‘ﬁ@eﬁ’srtlcgﬁ{a? ta[ken together
clusters of virtual patients, wherein each virt

ﬂ%fer%ﬂbate?h e\%ﬁnalc a??ﬁt?a tchh %!u%?er ?n gtili n\%rgg? lﬂng?,l aé’ld e

aracteristics en oge

virtu atients int cluster fr.om other virtual
;@5 ededo 3%%@6 %?qqetl%a%pef%?a@rmﬁeh 3 SHbiPSTaYgt luster of Virtual
operable to match a subject with a cluster of virtual
peaticats whepteninphiedathperrelafes @ thoatledshprescarampn gharacteristic
| east one common characteristic
shared by the cluster of virtual patients.

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:
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LLOYD WISE



10

15

20

31.

an
comgé

shared by the cluster of virtual patients. 30. The
conput er - execut abl e software code of claim 25, where
the code to define the 20 associating system
conprises: (i) code to define one or nore clusters of
virtual patients, wherein each virtual patient in

each clUst &onfpass e ofe16r Mbrd Bt GOSHIRAtt AL G RE irflut 8&a;
that taken together differentiate the virtual

patient@s,i r]déngf}' GAMALEI dgfa%b%gei}grto Ydehifiathe rj.b&%iﬁi one or
(ii) code to detine a conparing Subsystém operable to:
49 LLOYD r\é\’v%gual(pl‘zie conpare the one or nore conmmon

char act'8P1°st 1 % PR ié™ nput data; (2) identify

addi ti onal data.necessary to identify the. subject

Wit h on@ orrePerhhe a@ﬁ?‘?ﬂ%@ldaﬁa@itgﬁ??ﬁ %‘ﬁd (3) report the
addi tional data to the user; and 5 (iii) code to .
d@f)i aede o defined eartsiatepenesablastotraatping sebiect \iB] @elbistof efiyigual
cluster of virtual patients when the input data

gatiets athes theainpimadatdt cdreedees tortee atdeasbonectrammaon ehdradtenistic
shared by the cluster of virtual patients. 31. A

rebhie@byQhe Sl0SEE 6t Viftgaldpatib@s.apeuti c efficacy of a
therapeutic reginmen for a subject conprising: 10 (a)
PA Vg eF pRtditds a?th@fa%@@&icséfﬁ@&y\ﬂf hitH@hp Bk r&findn for a subject
whereln each virtual patient Cconprises (i) a nodel of
£.,Qr nore bi ol ogi cal systens and (ii) a paraneter
?epresenting a single individual; (b) receiving
user input data about a subject; 15 (c) .matchi.ng . the

i @b RToYiding Mp BleES B magital paiers, ﬂé@ésw £49 vgﬂ@frlrp@wt
patients to identify the subject with one or nore
aooygeises ed virtual patients; (d) defining one or nore
experimental protocols that represent potenti al

t he(iapeldidelof anegir imeirs biobsgi¢dheyssenrg mck ; and (e)

appl yi ng each of the one or nore experinental

pr ofiDG&Qlasarth&er Mr@?@emnwgiﬁ%leMiﬁaﬁagi ated virtual
patients to generate a set of outputs, wherein the set
) OREAVES usBl iBh @G e 4 Bgapeuti ¢ ef fi cacy of the

rapeutic reginen for the sSubject. 32. The nethod of

lc(:c ggl]?téﬁfélgv'é@?e}{n Iug dz}tég1 it&l%%{a ap ﬁ}%}é §t tfl? 8%,; 1?3%;9 g}r?{uials f)aa%iegts to

ange, admnlSstration o

Loy wise

effecting a.surgical procedure. 33, The pethod of
c'idﬁli“rfs'éfle, sufiat with OPf oF FOdRRSSPLated MTBRLRASHE  model

(d) defining one or more experimental protocols that represent potential therapeutic
regfmens for the subject; and

(e) applying each of the one or more experimental protocols to the one or more
associated virtual pat.ients to generate a set of outputs, wherein the set of outputs

projects the therapeutic efficacy of the therapeutic regimen for the subject.

32. The method of claim 31, wherein the therapeutic regimen comprises a lifestyle

change, administration of a drug or effecting a surgical procedure.

33. The method of claim 31, wherein the model is a mechanistic model.
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50 LLOYD WSE 34. The nethod of claim 31, wherein

mat ching the input data with one or nore parameter |, oypwise

sets conprises: (i) grouping virtual patients, wherein

each virtual patient in a group shares one or nore

conmon characteristics that taken together
34. ditfel R8O bRLISInt BE WherdiH Matdddhd @8 GSput dataSvitHhéheddrGhidte parameter

fromother virtual patients; (ii) conparing the one or
Semgg&ﬁyggnnon_characteristips to the input data; and

Il associating the subject wth a group of virtua

tients whe he. i nput data ., correlates. to the .one or

1D S Rimbn b Bien By oy RLohen Sl fleRRi Parb i s St or
sets in the group. .10 35. The "ﬁthQ% of,clq{nmsl, ) )
VIRIE SPRmAL harassTisties thatdakendggetheridiferghfiate fhe yirtual patients in
parameter sets conprises: (i) grouping virtual

5 phe group stonnpiberyirtualpatientsy t ual patient in a group
shares one or nore conmon characteristics that taken
t(dY edobrgparidg tHecorerdr inadre commonichéraeterigtadsite titesnput datahend
group fromother virtual patients; 15 (ii) conparing

g(hg RERIAngTHE SubjEIWRI Ldr6uR6f \Ftusltgatisnts Ghehehd inpikidata
ata; (iii) identifying additional data necessary to

| deRtakdodo 'iﬂ%gon%%k?]n?&te c¥nhfdn UG Oferibis §harkd 'bg lﬂ?éb}:t)aramete sets in
patients and reporting one or nore tests to obtain the
atgdi tional data; (iv) receiving results fromthe one
of*BSMB tests to obtain the additional data; and (V)

mat chi ng the subject with a grqoup of virtyal patients
10 35. wheringthed Pﬁﬂaleng Puhersl MashiRHE LRRH ARt i hoRd o TRpTE parameter

to the one or nore common characteristics shared by
setstdomprigés: t ual patients in the group. 36. The nethod of

claim 35, wherein steps (iii) and (iv) are repeated.

51) LgroMiny\Wistnal Batientsh evhereirhedh ofrtual patianBin a gdoap eharet bre or

group of virtual patients consists of one virtual

AAble@Bnh@VEHAs cRFREY thADhRerCIOaEtREL BFfbehiife thedktual patients in
together differentiate the one virtual patient from

e g%?ﬁ]orﬂbflfep@ﬁtuﬁlﬁé%ﬁg%?ér38. The method of cl aim

er conpris step (b) and prior to
5 eitae gl ot Bohes B Mos BRI USSR o
o(?i?) i%gnt%lrneg ad\clllt{otnglaéategJ r?éciegsggysfo identify the subject with one or more
virtual patients and reporting one or more tests to obtain the additional data;
(iv) receiving results from the one or more tests to obtain the additional data; and
(v) matching the subject with a group of virtual patients when the input data and
20 additional data correlate to the one or more common characteristics shared by the

virtual patients in the group.

36. The method of claim 35, wherein steps (iii) and (iv) are repeated.
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(ii) reporting one or nore tests to obtain the .
additional data, (iii) receiving results fromthe one
or nore tests to obtain the additional data, and 1g-OYDWISE
(iv) including the additional data with the user input
data for step (c). 39. The nethod of claim 31, further

37. CDiighbthbd of olath BYj Wherdin\thé froab op @irfuanpatieAtsdBASERLE oRe virtual
new virtual patient. 40. The nethod of claim 31,

patidalafing dnR@r ARAELhLNRERE ﬁlaf"to%@ﬂﬁgy&ﬁfereﬁﬁgt%lthe one virtual patient
representlng a set of biological processes associ at e$

fror}qﬂal%ﬂgrl% en{gore bi ol ogi cal systens, wherein 15
each ogl a process is represented by a set of

t hemat i, c el wher ei n each t hemati ca
PO SbiHaNT SLcGHE MBS A5 SaB (8 an e Seiien ey the
ablologlcal attribute or a stinmuli that can be
additjonpl 6epstad’ t he bi ol ogi cal system 41. The net hod of
claim 31, wherein the user input conprises a subject
pief idcm'rfy'mg additionhledateendvesbanf toddentify ¢k, subjeet with ohdrer more
subj ect preference is a willingness of the subject 20
trtGdlpagentsli et, to undergo surgery, to exercise,
and/or to conply with a recommended treatnent

r@g I'EE&'tlng%ne SPRofRLbR% Gbtafnl th Mditonaihei N the user

ut * dat corrprlses real-time measurements of

physi cal char tics of the subj
@’f Bt S 855 i o 9ol e 87 BB bt Bedifc? a? fijtn, and
el vj in over, ti (g) matching
(G laﬁlaatnga Elorefiﬁstamlﬁhﬁis Héﬂré?P‘ﬁge @ T Steme)-
paranmeter sets to identify one or nore updated
39. aEI@ovof:tapé of plaina Akt fartheretomprising raodifyingp pirtuiahpatisatte geherate a
the one or nore updated associ ated paraneter sets to
new Vietualgeheient. t 0 generate an updated set of outputs,
- wherein the updated set of outputs projects the
40.t Ty aphigtl iof clafrh 3¢ awlerein thbifiolblRdoniRided £cdrRlitt®odd representing
the subject. 45. The nethod of claim 31, further

a set BIBb) o (3g ProQ:EQseQﬁs@H&ht@@ vx){ﬂhrthé'?ﬁe) mgbl%rgl 1|3§1t ystems, wherein

generate stmlar outcones ent| of
on. characterjstics
cacliBiofosf T Proke s R T ShisTed s P efas?‘faim‘iel%wb%mn cach
t her, | rtual patjents; and (h). reportl ng. the .identjt
matpmstical pRlatic cORrISCT OB R R ARBRRIEY TeBteserling g hiplomisabatiibute
46. The nethod of claim45, further conprising

or arSélpvﬂtﬁhntgcan&etaneh@ds@rth@hrelqgﬂcah@mem di agnostic tests to
obtain results relevant to the one or nore conmbn

41.chbe methed iof tlats 311 @heréin the netr gt oémpiises acnbject preference.

ef fectiveness of a therapeutic reginen in a subject
42. The method of claim 41, wherein the subject preference is a willingness of the subject
to change diet, to undergo surgery, to exercise, and/or to comply with a recommended
treatment regimen.

43. The method of claim 31, wherein the user input data comprises real-time

measurements of physical characteristics of the subject.
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conprising: (a) providing multiple preexisting virtua
patients, wherein each virtual patient conprises (i)

a model of one or nore biol ogical systems and 20 (iitbOYDWISE
a paraneter set representing a single individual; (b)

recei ving user input data about a subject; (c)

44. MRRCREMBd bRBlairh BY! fu@bBcompriRigne or nore of the
preexi sting vi rt ual patients to identify the subject

I [ 2
R O ,agbez«ﬂleﬂf%:tzsrepz‘;;s?rzenfa?
t t otent i th
p(fgg Ocﬁgé 6& d"sa?&lr Jg?‘gtn at %?g%epgrl ?}P??S"r C%argmeiigﬁ%et%weldennfy

or nore ex nt al rotocol s to the one or more
a%’§:d¥iné‘%réb‘g& ‘?e %SéPCIBtﬁawpéWf’setqréetée%‘é‘r ate a set of

outputs; 5 (f) performng a correlation analysis on

t(he anplyiog e@nhltq:tp whasoneoor rera tupfigted pssogiatedparamelirsati ik thegnodel,
of therapeutic efficacy; and (g) nonitoring the one or
ntorgendraeraardpdated ¢t dfloatpaye wherirethe iupdatyd set®f oltpats projects the
systemof claiml1l, wherein the sinulation subsystemis
OReapéltR etfﬁc@QmeheOtnerapéuucrfegxﬁleMMb gesjtal protocols

to each of the nultiple virtual patients to generate a

45. SFhe bthod B OUIRYY Stufeher GRffskIgf LUl patient, wher ein

he set of out puts or or nore virtual
@il gr%‘gﬁlnlﬁde atletnésmh %engrg%essLil lngt b (ﬁl}%he
g §U for the

j ec elative to the one_or nnre b|o gi cal syst
@S ewitvine By oF MOTREBMOn£haragiRgstics dhat faksn t%gegrqwzfgerentlate

wherein the set of outputs for each virtual patient is
ribe graiwed virtwahpatisoksupom ab loghep virfueb patiestspand n a

dat abase. 15 50. The method of claim 31, further
cprepsiting the kieatity@ff tlepge\tir mgore bémon vhiacter piidsitoreiet \akr.
protocol s each of the nultiple virtual patients to

46. JEREMAThed af Kaim a5, MuhBidonrRingad ﬁcﬁhlﬁg £ the lusdrnle R tnore
wherein the step of applylng eac f the one or nore

dlagas@ﬁé {eIBNG Bbtal REQKALRYAR & th% ARer Hore %&oﬁ%ﬁﬁﬁ&t@ﬁ%s

t ual patl ents conpri ses sel ect ng an exi Stl ng s

of C 20 t associ ated vi.rtua
47. pétrgeL{fl&J st ‘Eﬁ?‘?‘“ﬁg er}fechvedle%sf ot g tgerﬁpg.%lc r%lglreg lﬂ atSH e%t ot
of . outputs for each virtual patient is recorded in a
COMPSISKE, tabl e of results or in a database. 52b

(a) providing multiple preexisting virtual patients, wherein each virtual patient
comprises
(1) amodel of one or more biological systems and
(i) a parameter set representing a single individual,
(b) receiving user input data about a subject;
(c) matching the input data with one or more of the preexisting virtual patients to

identify the subject with one or more associated virtual patients;
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(d) defining one or more experimental protocols that represent potential therapeutic
regimens for the subject;
(e) applying each of the one or more experimental protocols to the one or more
associated virtual patients to generate a set of outputs;
(f) performing a correlation analysis on the set of outputs to identify one or more
biomarkers of therapeutic efficacy; and
(g) monitoring the one or more biomarkers of therapeutic efficacy.
48. The system of claim 1, wherein the simulation subsystem is operable to apply one or
more experimental protocols to each of the multiple virtual patients to generate a set of
outputs for each virtual patient, wherein the set of outputs for the one or more virtual
patients identified with the subject by the associating subsystem projects an outcome for
the subject relative to the one or more biological systems represented by the model.
49. The system of claim 48, wherein the set of outputs for each virtual patient is recorded
in a lookup table of results or in a database.
50. The method of claim 31, further comprising a step of
applying one or more experimental protocols each of the multiple virtual patients to
generate a set of outputs for each virtual patient,
wherein the step of applying each of the one or more experimental protocols to the one or
more associated virtual patients comprises selecting an existing set of outputs for each of
the associated virtual patients.
51. The method of claim 50, wherein the set of outputs for each virtual patient is recorded

in a lookup table of results or in a database.
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