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DEFI NI NG VI RTUAL PATI ENT POPULATI ONS | . | NTRODUCTI ON

A. Cross-Reference to Rel ated Applications [0001] This
wWappbiogavé on cl ains the benefit of U S. Provi sSPON&ER2006/003970

Application No. 60/649,964, filed 4 February 2005,

i ncorporated herein by reference in its entirety. B.

Field of tINEFINENG MIRATJAD PATIENTE PORIEDATHONSe! at es

to research involving virtual and actual popul ations.

c;nﬁ%¥ﬁﬁf ﬁﬂg of the Invention [0003] The devel opnent
L of "safre gﬁ‘ effective treatnents for disease is a
r|rmry d' ing. Jnformtion about
AL 919 3 tR&%rem% %Ppﬁ% )

real popu I ons rra " nited and

ol e e S ok B o 8654

ﬁledm@mﬁtomm@mae@u&remh%em&en axbihtgeBl y costly
and typically provide limted information about the

relatlonshlps bet ween the occurrence, 'etiol ogy, and

ffecti di sease. Devel opnents in
B Ffe Fg.*effﬁ% tfin

conput er - stu I'es of biology, on the other hand,
(00021 TP %@ééﬁﬁf?%éﬁ@% to e LS VT B ey BobABets!

systens underlying the occurrence and pat hophysi ol ogy

f di segs 00 h in silico nodels of biologica

ystensﬁﬁaﬁﬂ%ngP* %i M8 ensi ve and of fer unlinited

t|es far virtu rimentation. |Indeed,

l""”gloﬁb%? Bﬁ\éoaé’idc %%EY Apegitsion fissatsels ? pamary goal of
modérf ﬁé@kﬁ’fce %féhﬁﬁldﬁa%&ﬁyreﬂf péﬂﬂ%ﬂgngﬁg Hb\ﬁév%g' 6&!limited and

processes and to I nform our understan
dlfﬁftlﬂte'@t ﬁbﬁ@tﬂ ofClinieabdgals, Ructxagipha,l axe |1@msmceatabhfs1nng the safety and

I ent if he re atl nsh
ot Eptenlilofhot SRS R ghoL et he oRRRL o BRHR Lty provice
limited ﬁﬁ&ﬁWmnCHbohhﬁhe GelhtiotsBips ﬂfeﬁﬁ&fa&ﬁé oBEErNEL, réﬁolofgS?r and effective

exanp in prion diseases. They can help desi drugs
treatippft Olwillspasm rﬂae%e@nmensﬁ %Rommwmbqsé@ spudisssof thglogy, on the other
hand®hib Q- AREPKiARs A BIERIRAN afolfag iy QRS QI o BYating to

the binledica tsiysieme tinddrky/inpnpthe bbét&rmceatdwlﬁ@hyélelb@k}]of dzepdt er

els. known as. clipjcal .decision support systens
1000 c%é) oSO aRofichh g Piofogial yalem 8¢ HegHvRlY garweRsive apd offer
unlingitdddbgisorfthnitied afor ReRIHI %ﬂp@ﬂﬁent%ﬁ&n exﬁﬁwde cofhphier! %&ﬁ' biological

deci sion support system called Archinedés uses such
simulpgipas havesbern| used to hxploxsrpwideevariety vfi findemental biohmgival processes

and. {8 SEOR R BB R o Meh” oF et 0w eRclations can, for
exan@l) i Helfe Mentify g fotianiiifMmbhe iHlokiodl %@ lenRN@y6lved i€ @l disease

trial studies. Gven a certain set of denographics, it
state saeh af g}ebﬁtgﬁ,eorp@g Gebilaprocesses occurring, for example, in prion diseases.

They can help design drugs that will bind to or block known receptors. Such efforts provide
a rich source of information that can be relevant to understanding of a disease and
evaluation of its possible treatments.

[0005] Computer models known as clinical decision support systems (CDSS) can help
physicians use information gained from studies of real populations. For example, a clinical
decision support system called Archimedes uses such data to simulate the complete

healthcare environment. Archimedes characterizes the interactions between every person,
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predi cti ons about the progression of a disease and the
prospecti ve advantages of interventions such as

w@saoalos413hi ng preventive behaviors, inproving PCT/US2006/003970
di agnosi s, and screening, providing better care
managenent, or otherw se changi ng pati ent and

everprdactor,t dndnevery pleaw iof reguipEedy usingl dSahres sipidpgriological and clinical

. .Di_apet es,.Care 26: 3093-31Q1 (2003) and E an )
wial R YR & o reoicndSa bt S0 3 gy population love

predictidf6]ablii The apropfdssibs SRE dRBAR ahdUhal BRsPSie advantages of
descriptive statistical summaries of extant patient

interyeriong sucas estehlhishing pigveriys deligviom, ipoenipg Hizgnadis, and sdreening,

povk b B oBAATRA iy, PR el s bt
Edd]glaﬁdl spblessfingw,aomtees rCéd@tZECBéIBBiSpSI E(E(QU@ran@bE&d}U&d Scl;lessinger,
) ocki n r e. g., gender, snoking status, etc.
D“”Wﬁ”ﬁﬁ%e?@ég@%géf%%%pg}esgof the pilot study
[000BPRUhRLT ©ls IBRR AR BinkIRSE u_gﬁ% Qi@éo?i&:]ﬁvg sﬁﬂ?ﬁdﬁ[ %%e% of extant
I en use nte

“patient response, a sinulation teamcan t
patiegh rpopukkiond, atyipisally ethoso| dwgwe sfrom  pillot, clinical Itiigde, MRoekexample,

akeal trialks. The output, of .t he si ials is
PHARSYBHET wt] P ool s Rl tohniattS FiccrNEAMEND' © Renily, post
hoc, Rb®aaite Pl &idnShipiRhd/et bbYio8eblovBHs st @S, F fRE&Nsmoking status,
s_antgl i ng schenme_underlying the nte Carlo o
etc.) gt the defPense. prodides7pl thechpilaiestudyi pepudatispor Bassgdsor lsese afescriptive
D A ry ' t mght affect t . .
ol ol A88 Lo LE Y SRS KA ff, 8. B S K gytsion
techistlogleset®® wh, ireslicpopotlathimios trildst Thecdutpmas] the dinwlNed trials is a
. permt. popul ati.on | evel inferences that reflect the
Smg‘ﬁéiwlﬁﬁl_ t@ﬁ%ﬂm g ychypaticatiprsyalpisgds Bpicity deriyrdeony thegrandom
samTRERANN Bnddhy e3R8l ChliPmitBadtbep. of biol ogical
characteristiCs and processes contrrouting to the
(0008} Sechsdecisi@Dagiportisystemd esi helpl idertify hateeveations thatmighataffect the
. m the use of simulations of indivigdu atients
incid0 kit ™ orbadty ish) uf Pt st phich] adbhlaons mut such
modéle aloURGSp@ni@ 6]]§iﬂ!1ti<ﬁp ReveRirfeBnced: thAUPEIREY 1 welléh of knowledge
. Invention [ 0009] m one aspect, the invention provides
gaingeoby gigdels (f the vnderhang merhanisms phdisease op dheimanng ofbiological
gat i r . ' real subjects in a
charSaW%Q%ggﬁﬁtgﬁsg%ncoﬁgﬁggﬁéfoﬂé.Eﬂsgli Sr%}'ul ated neasures for
[0008]akt his dbsitabte tr hawer £ nwtlidduthlat paiiignths e &fadfulafiesh of individual
.Sggigarity between the virtual patients and the real
patie@isfo be pseditg agcass. Fhpragterizs. g Predisth frasirepef & eel pRauiationr
data for at |least two of the real subjects and a
subset of the sinulated neasures for at |east two of
D.he vi r$wmmapitof ¢he Baveliian subset characterizes one or
nore features common to the at | east two real subjects
[0009nld phe aspedtedlst invemtion r prowidep anéthodss forAdpfisngl @ ndeiisl patient

Sign 0 each virtual patjent based on. the o
pors 30 2k Rl B %ot ik HRRPRF ppaitiectoin peumale pgation i
obtaifiéd. t MEimluled imdaBires \for eatd oP &b &5t oRE SREAN Matibfs (e dbquired.
. respective preval ences.
Similarity between the virtual patients and the real subjects is evaluated using a subset of
the datum or data for at least two of the real subjects and a subset of the simulated measures
for at least two of the virtual patients. Each subset characterizes one or more features

common to the at least two real subjects and the at least two virtual patients. A prevalence
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[ 0010] Advant ageous i nplenentations of the nethods can
i ncl ude one or nore of the follow ng features. The
waonalostiedl nmeasures for each of two or nore viPCT/EB2006/003970
patients can be acquired by using a nodel of a
bi ol ogi cal systemto generate one or nore sinul ated
is assigmsiup escH virtuelgmient based oh Vi omluatiore The vidakl paicnepéilation is
The subset can be | of the gjmulated neasures or all
defingfl ag ﬁi'&%apam%? Hivats asgordiodo Mg oSt pyRedencss.
[0016 AHPASIzcOne intpletndAlatiBR) bEMhe nfoifdd¥Sdafl inehudb ¥heObr HREE of the
virtual patients can be identified, and a sane
follopying/faperese Thaimelated snepregs far eacle hf ofo otmoteirtual ratierts can be
Vi | .patients in_t | uster. datum, or data for .
acqulftd WOyBE NG, o o DBl b Jo B bod e ot simulated
measttdsHfoioeaeh of theawe 08 indrb eirfialbdtRhRd THE 36bkesan! BY alB&CiHe Simulated
the virtual patients tq identify features comon to

measupes o alk efathe shita. e Breplanderef Festicans bjassigned PoBledst vhe virtual
patieh nﬂ%’g\fsge? Hr 6 r Ditite Vihlal ggtiéﬁ@sec rt{erq‘aéﬁiﬁ%l? GRE Q%E&E Dreyalence
vari a es. The one

es and one or nore dependent varil a
can terassignel tegeh dé tite twar oralnbesvirtaal patiedts detherdsstere e dhism or data

of a.biolqggical feature at nultiple tjnme intervals, |
for o3t B P iE deel BBl o e e e 1t e o Japermd b simulated
measifes FBPERA VT ithe/ ﬁEﬂuﬁlbﬁaQﬁflts% Sty RhnirE&ESImMBOE 1 Ble! AREA patients

i s a_ continuous variable. The common features can
and theyedalisbiestfe or nore categorical variables. [0012] The

| ' rrtual patients and the .rea
1001} Ad Bt JELUE Db 18044 b or Bt AR s vaRatiER tnd one or
morecdepbhdeat Vatubledf Thb@ne offivie HQRLUEE VafiileLoRArAEINGS nthiBements
each, of the virtual patients and the real subjects in

of a higlogicalfeatpraat apiipisdime wéervath e Tho pasnman feares ean ipglude multiple
ded ok j I PR l.ysl. s: .
el A8 ERSAC BRSSP QAP LR Gl e
The @anmem fegtuagsdcan fiwcludeadnesurim@re tategaivabearizblesact eri zed by

001088 Bt B b Bl e i B vt by
identPHR R NYrSmfe RYnHiRGH0RAE Df URS EotBRA0A TR End chAGLRYSing each of
onents. The simlarity between the two or nore

co
the VVIH;%) patiensnend thesrealnsibjdsts inclermss obthetombinationpe The combinations

val L denti fying one or re c inations of
can ) Bl A b FFP] hilo @l g PP SRR e Somponents,
and the aArachl Ppatidms and €t el afbjéclenchdeitrad@idea ye®catifd0dazh of the
.. The simlarity pbetween the two or npre virtua
virtug) patignts and ithe teRbsybiaets b s defingd By thepringinle gomyponents or by
BN e GROSGIALSARERIAD HARG6REAUE o or mor
virtugupjteentss andighermeblnisnigjetth ecanobe edvatvated bet idestifytdee one or more

i.ndependent variahl es a t he dependent variabl es for
comtifhicDs of (o RO Jeares Tt SRR R RIents Ao OItiRg f9s vector of
indefefdedt RErida. subjects with the correlation for the

virtual patients. The dependent vari abl es
[0013] The similarity between the two or more virtual patients and the real subjects can be
evaluated by determining a correlation between the independent variables and the dependent
variables for the real subjects, determining the correlation between the independent
variables and the dependent variables for the virtual patients, and comparing the correlation
for the real subjects with the correlation for the virtual patients. The dependent variables

can be expressed as a first function of the independent variables using data from the real
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can be expressed as a first function of the
i ndependent vari ables using data fromthe
WO e@bdstipect s; the dependent vari abl es can be BPXPUSHS&N3970
as a second function of the independent variabl es
using data defining the virtual patients; and the
subjedié;Nthé depaldecariblévicmt boagpreaed bea smpérﬁawtlofmé tlfq independent

function can_be first |inear SIO
varialp e NRAPTE SRTBES D1 HEDH PR P @5?‘% rFeC a‘rsﬁldﬁ‘%&?&% can be
compac.'ljeg pqhgfqrgthﬁn&;cfnséanlﬂen@ﬁfst 1i86HraSSrlesiion; ae Reofd fiprtion can be a
ope of the second |linear regression.

seconASlmegmreggpsaomr avad dnpeof thedishlingar r%*rsswatqaerhe cogppared with a
c] ude aqj.usting the 0 I

S 5 A S SUR olbls PER A s o

mclu&ehﬁljﬁﬁf ahahh@meteds of iR doerlatidbulbe desvirthflQiuiknt§ite more closely

simlarity between the virtual patients and the real
approsumtedtescomlﬁtll@éf@\ﬁhﬂﬁ"&i WIS i dentifying two or nore

[00143 usirplsl pas’l eﬁ?éen%ﬂé’%%ﬁ%[gﬁféﬂtsaaﬁa'tﬂ@feﬁgsu%i’&:th &in Beh&aluated by

S to one e two or nore clusters.
identiTyifig @k o BPfRretiusttsof real sulgedts amb;mrgnmgmnh péthe virtual patients to

identified, stance bet ween .ea he jvi.r
one of Q“tq taerar MGTE Cg,lé wQ ﬂ]émp%glgeterlsrgf éeagf ?cég a%l%e 19%1% ed, and
a dlstﬁﬁl ‘t%ﬁvéeﬂs hRg tlfeaiflﬁﬂhlaﬁa@ﬁnts%ﬁaleﬁéh 8Etha tivh &Y ah@ s @Blste@s of real
virt u patient can include conputing a weig

subj eb‘ascfad on calhdatwdnbésmgnnlg & mewdpnqeytoopa%grtughgﬁttgé\{ §an include

det erm ne t hin e
COMPHHBE @0 t l?agg BP € Elélﬁb (#n %fta%%l ﬁﬁgéc% ddt8Birda to be
thlﬁgrﬁmﬂ %}Mg{aﬂmdent var i abI e, and eval uating the

simlari bet ween t he V|rtg patients ang Egg real.b1 d
[Oﬂlﬂumee@qmm@mfeth@qs gere inchide At 483sh g SRNTHIUOHY FEPLGfTaYA a0 e, an

! Sp NEleNtheV Akl atMjeets Van include

evahiahn t@%ISﬁﬁﬂ%ﬂgct B’ggaeﬁgﬂﬂ%o\?&tg e %%ﬁtﬁl nuouse dg pen e(r>1t o
calcu\Yaifrigadnieeoxf @bret frenmanyt st stips forethe sontimupus ciependenigvaripble for the

one or mma stati,stics for. ereI

real SRR s iy ceain Gy oo sy fpudte L efonts, and

comp&]fgl Sﬁﬁ@‘mfeymsﬁﬁ}é Shihfdrye aRtibing! fd)@l ehé rém adilbj’eetso\fvltl‘i&hél summary
§ standard devi ati on, vari ance, skewness,

statidtios farsths vitwal tpatierd® n{Tha sbusnale SEHstigst can Apeluds a mqaeefeqf mean,
eval im | arl t S d S&

mod%eﬁt%\é%ﬁ&l ?l ti tslﬁevgé'&? ot ?Hrgés\lls? ?(?r ﬁ’lI% paﬁ{m&i dependent

L1 ents
varig®id t he common features for the real subjects can be

cal cul ated. A _neasure of goodness-of-fit, bet
[0016b%.qvah1a@rssmamwh@ TRE3FHFS rPL1E0RE RSEO T cipffan i poson featores

for the o?’ ﬁatiaeﬂfg dld&ng Qféﬁgh{g) s%r th %eél% Bsfc8RbYcRulated. A

real” subjec aI cul at ed he neasure
measire lﬂg@hﬂﬁs&oﬁﬁtfhetw@anhéaeomblmorsqxﬁ treccomanen fegturessfor the virtual

i o S T 1 SSHOh SRRTDAF B 0 Bt can v

calctiBRE U thPineARRIBE ?§od?1%s§c Lot fiCadh B€ adCllsghart abst, Ve-test Analysis of
assessnment of statfistical properties of the comm

Covirbatoar( NN A) Rolmogonsa ST clals v ocCuid ot determination.

The mc?atsﬁjrreesf gfo%Elnetsrs]-%f rﬁ% %gba] C?Lﬁltll?atlve assessment of statistical properties of

the common features for the virtual patients and the common features for the real subjects.
[0017] Assigning a prevalence to each virtual patient can include matching each of the two
or more virtual patients to one or more real subjects, assigning a matching score to each of

the two or more virtual patients based upon the matches, and computing a prevalence for
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[0017] Assigning a prevalence to each virtual patient
can include matching each of the two or nore virtual
WQ2106084136 t 0 one or nore real subjects, assi gnPCUS2006/003970
mat chi ng score to each of the two or nore virtual
pati ents based upon the matches, and conputing a
eachprixwead Ipeties Hasedoamin itd matokihg pedr e Baclbamething@ord ¢as be based ona
Each mitchl ng score can be based

meaffie 6 3RS B Siosh Ao AL BBRHSES) ¢ gL PRt 8 A oPasRiogtined by the
commBA | festthRh £ Clhel MesufaCBistiRld BEHwRiEht ik &fﬁgﬁﬁBﬂ fﬁatures differently.

features. The neasure of distance can
Eachc mgtebing seoreican bei ased emthey diskeh betwesh eng'lmxad) patiewrand a real

subjé%‘? rng ZEIS g;gac %{ﬂgd %ysﬁlgg) 81p é%\gﬁga&gysl {nth at | geréveg Igrjom the

pnncﬁpulmﬁ@bhmtar Npyicliing eashSo Oe iw@ehl fyadiBath ff@ oﬁé |oB @hd?@lreal subjects
ents, .. Natchj g each of the virtual patients to
X

can RS Aegppiaing, efvr S PE e mar i seni niigncs byeach of
the 0BR8P nffre H&? $ lﬁ%g 'nﬁét&ﬁ:%;g Bk BN Lagh of ufl twoazﬂ nefore virtual
to each orie 0 re rea | ects; assig
patlen'astctahumgjuéc; cfoeeaoh reelcslubpﬁt hbﬂndlmg)melmstxmces of t}&l v1rtua1 patients
afients ch_real  subject
that iRy Sooh Skl S def i Bl B bl Siabs an dok sagh vitua
patiefB sERntiRe tHeRrmakRidgset sﬁtﬂed‘i‘ %fs'tdi‘l%esatorﬂyﬁ% lai V;I%&idl Ip&fient total score;
subj ect distance an for each virtual patien
and eQIRFHIING & nwnbnmcanz@qluée noxudljzing thei tetehneares t‘cas thetwmer more
virtufl ﬁ’a'n%{l al patient total score; and conputing a
preval ence can include normalizing the total scores

[OOISpAdVdiﬁageﬁﬁs omplemicatationist efathe pRdthalt &n HBdBihclude one or more of
vant a eous i npl ﬁ!él’% ations, of the nethods can

the fpHowWier F‘WE‘PSU deiny chisF e virfrel patienswonglatiem eid dre sample
popuﬁltﬂhlc@ﬁ 'bEBévQﬁa ﬁﬁn OnthoPeaR@ld, €0 eagﬂwa%nﬁg RarPPassigned

he sanpl e popu ation can be eval uat'e
to ethJ wirbnl paEntibewd oA thesimplastybetwesn thaviduel asi$éng pepulation and the

ach t ua ed o the sim | ari.ty. bet ween
somsjGORNpliory THE A RBORY BOPRBHOR et (Rerealaipi: 3 T o or more
virtu@GRukH% |a@d5brdﬂi§¢o MiefrirbiplectBalide® PrePABideat i On can be

re-defi ned as the two or nore virtual patients

[001 - Bigri ity carobe evaluatadarsect mgasureeal gﬂoéneﬂsafd‘ebetvmo 1184 common

93 easur
featug%gg@ % Zl{sés\tn)f?.\glfaﬁe%tggts ac"élJ)r mg, tg tﬁgll' e?tlvgtqffzxéeger}%? a{x}] &he common
featuvdsrfori dle fealt subjdcss. ameoméasn@ d@doﬂﬁbgs-dffﬁtﬂﬁﬁtbe\aecm -square test, G-
evaJ c s and t n_features for the real

test, Appfygisiad CaviBanesa AN EOUA)gBoUHRERO G STRIIOY deih Weighted coefficient
f d&?@l‘m BEGH. © 0 r
0 i Slt'iA’()?H %l?eﬁ%ngeg%%%g rﬁdﬁﬁ%{:/s)ﬁ t%gzitt éav%cﬁé g glgaﬂﬁ%?uve review of the
StatlS@G@le‘DlQﬁl‘beﬁt ofdghe detmpnifeattresofor tmmrtmiqmtlerﬁs afid the real subjects.
dness-of -fit can be.a.q itative r.evi ew, of e
(00288 B 83 Rn et i dSet e Hnlsmt Siarofoni Be i perdst ppable and
similufifytdadbeRabiugiel ydakulhife b8Abr BRI REdtary SRR fihe continuous
common features can include at | east one continuous

depeprisyb waaahle forrthe pab sehierts |cﬁricwa¢mg yhecene Qrememaamw stayistics for

t r t stl cs . for t
the c%gjﬁft}ll%ﬁﬁ o%%%@%‘z n‘%hnﬂgvfgh abl'e 1% ﬁ% > ra(g%(frdglﬁb eg respective
prevalaices||aatlicomphtigg the@ne br Motesudungsyatistias fos fheQ*Salfsﬁ'ISJ ects with the

summary statistics for the virtual patients.
[0021] Another aspect of the invention provides a method for defining a virtual patient

population. A datum or data is obtained for each of multiple real subjects in a sample
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the continuous dependent variable for the virtual

patients according to their respective preval ences,
war@eostp@ri ng t he one or nore sunmary stati st PCHEUBNG/003970

the real subjects with the summary statistics for the

virtual patients. [0021] Another aspect of the
populaticantQemorpmons siewlatedmedsorts facy adjefrediforgpre orimaéreafirtual patients.

. patient popul ation. A datumor data is pbtai ned fqr )

simifi} B veE e Bl Paore Vi e o Gaf st sy ped vsing o

subs€Vt theé datmeor Safi o bERadTBRS Uf 8% radl Qubjetidiah89 shit¥et 8'ie Ymulated
nmore virtual patients, Simlarity between the one or

measpgsefoyiat depst opaof dhe iraabpativatsy eBachssibjsetcelmracterizes one or more
' . r. data.faqr at

S DS B I Gl . v

morsadiiticuiabirtwebpatieats dre builitbak&bard therealohtidhend/éindilatly between the

atients. .Each subset characterizes one or nore '
one 4 mers, Vidial SARGNS [RgethRE D tiecanstorragge AEGHOBY B8 oot and the
real §ubfech! is!r8RFhIuARA véingltHakoRRbh %&tgrgﬁ”t@\ gfev Bgenist ehsseigned to each

. additional virtual patients are ase
virtual/patigat basad andhe irerevalvdtiop. Ritevwdsmaltjatiennpopoiativarie defined as the
i l. tients together, with the one or nore

two é&éﬁé%&rﬁ%ﬁl p@&?r%tﬂ cfco%g?g g)nql%‘r IERBCHINE PFYAIeneenj ect s i s

[0022Advaliarbed impieR@ntaiions QMMBN @RI &% indludeeNR 8N Gfre of the
is agsigned to each virtual patient based on the .

follopgngspatuipst iBsplding@naarmeqrg |ad<§;§pmg iirtysd patients baseil on the evaluation
. ' . . ot i.ent ording. ., .

can S0P RS 5o bIRSOL RS M LU B 5L S

to onerpk eneet @al culsjects dndelowe tindtisitg an drec bt dgoroNGrted]l padichts, and

of. the followi ng features. Buil ding one or nore )
goneLaing SBLHo, FIEPISPS [kt 1% TI95S SIGRNA S PRt ivherein the
simufedll mRedur&searkAGmilhf ¥ 18 HPPpBAEREH !\%ﬁ*es.v afﬂéeﬁgﬁy of B&iding one or

common features that have high simlarity to one or
moreysiditiqnahvirxabpattents basdd bowhe evaliation tapdteyabmating sinmitariey between

e b5 ok OAER s AR BE AR} B SRS Eipins na
the rehleswbijeoid abiag feasiniten Fefush Mah e tépehiRl ShePeF hgdrk Gihes. A
val ues. The steps of buil ding one or nore additional

prevajence gah bp assigned Jo pachadrten patirntehased an itharesvaluation.

\ i i ' . ) r i rtual ..
ou28) PSRRI LA YR MRS b 856, A RSl oo co
be evaluatadalsinget new ubsanaf thérdattaalr datakibestt 1sas s of thegeal subjects and
conl'ne‘rﬁgp {@gt ures can be r Z&eat ed one ?r nore tines. A
a new) sbsst ehthe Unlaed meashig dor #1doashiwo of thadrtuplpatinsswhere each
new B8 clRRadt&ifres Sne VR Héde! Bfferehf @i%t’?ﬂres-r@&tﬁfog‘ th ﬁcﬁé tag leaftetwo real

_between the virtual patient population and the sanp
subjestspandathp ah lesahtvie vistual paticath. udimay aravelenseibarebe assigded to cach

. a.for at.least t of the real subject
e BN 4 B 08 5 SR lorb Rt sampe
populaties tustnpothef diffeeny icointifh Ratur®&Nt The WikhS Rificht lation can be
ﬁ;}uﬁbset characterizes one or nore different features
redefmsas the tyor g anere vitad patiots aceending iptisit respastive hew arevalences.

11t irt i . e n._npe .
002 BEE SR DO SP R B AEPES UG Sz
abovei miay abé t yseldetogethert e anyr twigdblep adontbihatiopp ud apérerat@ngtiditional

the sanpl e .
. embod1mensts ﬁgt expressly recited above, and that such embodiments are considered to be

part of the present invention
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popul ati on using the different conmon features. The
virtual patient population can be redefined as the two
W@eroNm084H9&/i rtual patients according to their rpCSpPES100&@3970
new preval ences. [0024] It will be appreciated by one
of skill in the art that the enbodi mrents summari zed
II. abBREMBYSARIPTIONORTHEFIGERES N any suitabl e conbi nati on
to generate additional enbodi ments not expressly
[OOZSEEDI e detibromslerstandirtghaf tteucture mhddjbjmmi of sunge embodiments of the

i BB R e SRS eL en tke i

conjtﬂtiﬂﬂhﬁﬁlﬂﬂﬂb B&oRfpahfifig Aedwings, @A} ects of sone
nmbodi nents of the invention, reference should be nmade

[0025bF¥¢}e1 d%fzmlmﬁnaﬁ@eth@d ﬁirldéﬁm@sgomhgﬂl patient akpation.
0025l o8t o 36 ORARY AP et B e

building hddifiorphvireal paiepts| ati on. [0027] FIG 2 describes a

d, for ef| ni virtual patient popul ation that
l‘mgﬁﬁf@d%&e TP @rﬂgetga@ ifer éﬁfa}m& iBr YTl mentem@ﬂaq(m@} includes
optidahCstegs gﬁﬁ&ﬁh ﬂeVVFcB_ fidd 8 }ﬁg tshﬂﬂént between the

patient population th |nc es optli on
Vlrtuab[mmentfgqpnlgttlnewnd:ﬁlmmpieqmpu}aaen and eval uati ng

bet ween t V|r ual L,ent. popul ation and
100294 Bl gl Sl oo oo o R Bl Gtstems o
deﬁﬂé&‘ﬁveQﬁff@-eﬂﬁﬁhﬁlﬂlpﬁﬁéﬁs model of several bi ol ogi cal

ens_to define five different virtual patients.
[003?%5@]5 Hpstrates 3 popietion kaying ﬁb@mf&rmﬁ iyrea wif mepl fsivigjects, a sample

popfliohChHhe, KRR PBpot 8 R Sy T BE BBl il o e

populatiequendi £ svisuali paient pophlatipw puiliativen typas tbhfavittual Yatients each
atient p ation th five types of virtual patients

analdgRpn 16 956 S okle RPNt StEcts e Sraehtpd dp Q@GW] @dthsprevalences
s1m11@f‘ﬂ> HE GeRiRdich Bf O&EHndd 5f*]ts%fr¥§40ﬁﬂﬁx Sl sObiear e o the

%genm es of occurrence of cor espon I'n eal
[0031;]uBi ®tis aylpﬁéogr{nﬁtsh(l\]wrigl a®ss&ectional vermbiity amtlﬁhxai/uen 9 gf features for
arlablllty in the values of features

asmigpc} @%H’ﬁl gqﬁadﬁ 8¢%on of real subjects. [0032] FIG
[0032] FIG.&7 & @ pPaphdohvies 8 EMBAIY Gajbétdhyest Rinkit@dinal data for two real

[ ongi t udi nal data for two real subj ects. [0033]
su JeﬁFSesents two hi stogranms, each show ng cross sectl onal

[003%]2151'5?2% lp%«%s)éo rfwtoh 1s% atis e%];h Sﬁg&l{ W eérﬁ §e8§f)%aﬁ,sn\par1ablllty in the

] ects,
Valu&sag‘efehmresdﬁ)mnmlﬂé Ipbgullatidilg lof wetil rsabjevy tt@biwd hikto g;rams together

dem e A S O USHBLOLS oo VL LUl patients and”real
[0034] FIG. 9 shows plots of virtual patients and real subjects in a two-dimensional space
defined by factors 1 and 4 from a factor analysis and a two-dimensional space defined by
factors 2 and 3 from the factor analysis.

[0035] FIG. 10 plots virtual patients as a function of factors 1, 2, and 3, and shows spheres
enclosing an expected 10%, 25%, and 75% of the virtual patients.

[0036] FIG. 11 is a histogram of values for real subjects, showing an analytical expression
of the distribution of values, and a histogram of values for each of two sets of virtual

patients, also showing the analytical expression of the distribution of values.
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defined by factors 1 and 4 froma factor analysis and
a two-di nensi onal space defined by factors 2 and 3
wo e@ios41e f act or anal ysis. [0035] FIG 10 pl ot BCWUS1006003970
patients as a function of factors 1, 2, and 3, and
shows spheres encl osi ng an expected 10% 25% and 75%
[003GfFIGhd 2vs atpliatl shpaingdrvs soh® 0BGl patentsldre oserarchfes¢nvet, and need

f values for real subjects, show ng an anal ytical
to be domhaEicd gind e ara e TRPeRnSH 504 peR0 g-ueishted
[0038])i HGRARaR 2 exéaiplie$ pldlofeaftalfatichOvaRdss sRdwink thé!Blevalence of
patients, also show ng the anal ytical expression of
each pigaswgp gmeng thei bituad patjity esd pobd Pf prvaenae of ¢heviphatpatients.
showi ng how sone virtual patients are
over-represented, and need to be down-wei ghted, and
III. sddeTaceD DigerwragN esent ed and need to be up-wei ght ed.
[0038] FIG 13 is an exenplary plot of virtual patient
Aval ues,Os&ienéwig t he preval ence of each neasure anong
the virtual patients, and a plot of preval ences of the
[0039]i THis 8pecifddation Uescribéd melBEdA)ihERiRE SR HEr-Db®mented methods, of
Overvi ew [0039] This specification describes methods,
definjnge puvirty palissh topuiation ewd nbappingtthe dgrtualf patient ponpglation to a
populttibh ¢f redl ., PO HLRASAD SRS FRRRRRS: ke Yrhlet Bjents having
virtual eeasuneg,rfbor exanipdgfros avunblelafea wologivakbsysient, uad npdtiple Btisjects in

o s BT SR RIRME S oLk cxapLe, Lol 2,00l oL &,
for efuggﬁ% AniaQdIEQRE] WoICHutieRRTiR 2RI bl e BA %ﬁﬂg@?gb ¥Ral%udy of a

subjects in a popul ation, for exanple
real pemlaiioned Theowmvprtioneinchiden exalupting dlag similadty dretwgen the virtual

. i 1.0 L.eal . s . a al, paopul ati on. .The
vaticfF AT M AN bl Bhird drE M ROEIE B\ Plie) BRenjahgrod on the
evalubtien.viTh¢ siadilapiest capricsasadsfed foe féRades B14DpRCIOSNmANE at least some of
assigning preval ences to the virtual patients based_ on

the viriygl BRtignErandovemertfdhe ropl paIeets; uskig wEcaysBkalahe vifual measures

of thé St SN bn@ESnE g{rgﬁ bitf ﬂtaﬁl Sfsthed BTN kedl Mibjects. Any of
virtual patients and some of ‘The real subjects, USIhg

variogp geodnessabf-fiomedsoeeswan thealsedrta svaleste ttie sihglaxity i@l help identify

atien an onme or all of. .t dat a obtai ned for the
provifi@ice'C e 30l PRt ppPuion, ik gt e 4BE yRbRT ol tetpading o
their ¢8peBf/eUsietalbitedV Alhdahfortid aid bk day¥se® butl@inBeldRitional virtual
_identify preval ences. The virtual patient popul ation
patients baefliondte epluation of simikarityef vignalpaticns ped regl subjacksei r
respective preval ences. The invention al so enconpasses
bui l di ng additional virtual patients based on the
Beval uatDefimitibnssi mlarity of virtual patients and real
subj ects. B. Definitions [0040] The term "popul ation."
[0040)sThesten Fpsilationefsaiséd hétrein, BiferdRo Qlgréi dredlie@idnAdf individuals,

., individuals, either real or_ virtual. The individuals
eithey feal (g WEtlecihoAndividnalgiip theollceiinn pkindivduals can be from or

represent, for example, a group of subjects having a particular disease, treatment history,

physiologic or genotypic characteristic(s), and the like. A population is typically a
collection of individuals about which one wants to generalize, e.g., the inhabitants of
Greenland, cancer patients receiving chemotherapy, severe diabetics, hypertensive rats, etc.

The population is typically comprised of mammals of a similar species, e.g. humans.
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represent, for exanple, a group of subjects having a
particul ar di sease, treatnent history, physiologic or
w@ewoyype characteristic(s), and the |ike. A PCT/US2006/003970
popul ation is typically a collection of individuals
about which one wants to generalize, e.g., the
[0041]n’ﬁ1m3tetmmsampl‘e @pekatlbmﬁ ds ueah]@amnpﬁfére nd & subsze bf ind@yviduals in a

era sev re di CS, tensive rats, .
Popu&t Eﬁﬂs aﬁlﬁ{ﬂ Ko &y ﬁ‘olfjeramm%%f{w sof WWﬁﬁﬂﬁawmpaﬁng
ina ‘éflni%alstdﬂﬂ aIdeﬁBth' &8npl€ pBpulBHERAS réﬁ%ﬁﬂatﬁ@ %f ttﬁ‘é [ﬂibpulatlon for
anpl e populatlon as used herein, refers

exampigh Beqanest indidivdlelirathe sampde pop;damn wiate S’di@tedammtaadom from the

porf A B FRRR o YT S Bl LSt ooty o

the pppﬂiiahm hoRa Wlﬁolé epr Raphd pépulaidaf cdnliee RBPsthal ikABHod, @hy moderate
npl.e because individuals in the sanple populatlon

fra"t’\%f aélygggg(ﬁa@ao%tor 3 Rty pbmpematit®oul ati on, such t hat
[0048PBR 2! ApubAsSE haBY Qn&ﬁ@l”ya%' el hetdif, I%E%Flg? any qualitative or

populatlon apply to the popul ation'as a
quan’s‘atrp¢ degures) hehaviors aor mpectnyofstiel pophitationi that, arenyf interest. For
| arge fracti.on, ,or the entjret

ex n?e I a e fra ag]jﬁgni[so%g%fr Pents FRITYBS Lﬁhgmog}erapy, the po%/)ulatlon

charaétbalrsa@st ﬁfablslhbl‘ﬁae turASr HB8J MRLRAP sufvifa8rite! Red@bod gell (“RBC”)
qual itative or Er(gﬁant itative features, behaviors,

counhgq@éc‘{vhlt@ﬁaqudec PIWVBET b aourtiaif ﬁlleePQPﬂllatlnnels esvere Rbabetlcs the

nC t I ent
vopufefBTRbactelisb A RIRAL Bilile S ARE MR TS S Buing fep figy acids
(“FFA8)y cbm:dnttdﬁoﬁsu natd ihghe popekrtivaais Mitehdiver adts, tH&%o ulation
bl ood cell %EBBC count, and white blood cell ("WB
characisgistics may; felylepmean jasistipks Peesyaee( HABO: .dé%stoltch blood pressure

“D dqgdph-¢S may i nclude fasting
Bg‘@fdggﬁgh@ﬁlo%ﬁfe@%r?g ¥ ?:ng free fatty acids ("FFA")

[0043:10Thﬁeimm dvirwakpatigniz’ anusBdhherpimp wfersito a hiypothstipal subfest, \tepically a

el il P ORAGPR R e 3 R pRobEe BT 6 sy BrES Saation of the
hypo(heﬁ)&ﬁ’ S)J.bj eSty ST donpke® QEnBEESS B&Ebd III%&P&D)SUC[OQ %ﬁ@ﬂoﬂ&%loglcal in

term"virtual patient," as used herein, refers
naturﬁy M@mﬂcwﬁﬁb@@t cary p«p mm;pgepted byu dgﬁrmng racdets @f mgte variables,

ook 0B, fHEC B MAGTRRGRA DBy OPH Bvc

physmldgvd sthie@n coaditibe TReitaweivatiblleo barplb‘ﬂi‘cﬁ@émﬁﬂécpﬁl wigdle bfin part by
nat ure,, The hﬁpot etlcal subj ect can_be represented b
models,p1 parfigular kig SISEINS, PHICPEP 5 MeghpRipms.aAhe gepresentation can

be, f&@xﬁﬁbleﬂl |1ﬂath8ﬂétfb§flir¥ 1Rt V%Eto‘?%? Glaffefd \)Mutelé] uékd, for example, in

parti cul ar hypothetic physi ol ogl ¢ st at
a mrrm&etMt wxﬂm a ﬂih@lamsac enogdgl aaalwlltbsthe asysthtas aﬂei;ce]’oml e doipending U.S.

puterl GpBiiony PBltogs polPEist e | TrARBURELED: SBhygossass,

2003[:)@%1)39 aﬁ@BO(@X@Mﬂh% a mathematically expl icit vector
par aneter val ues used, for exanple, in a sinulation
[004% Th¢ g é&&ﬁl@eﬂc avoned hersirirefory leeansyesuadend waisting bstividual,

il FRORENEAI PR DRSO S0E BSREb R

[0045] The term “wrtual patient population,” as used herein, represents the population

characteristics of a population of real subjects, such as a clinical population of interest. The

virtual patient population has statistical properties or behaviors (e.g., mean, median,
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2003/ 0078759, and 2003/ 0104475. [0044] The term "real
subject,"” as used herein, refers to an actual and
we@x008t084196 | ndi vi dual , typically a human and poBEI/DE3006003970
patient, as distinguished froma virtual patient.
[0045] The term "virtual patient population,” as used
varidnee,alympmiaspeted ehat sipploaimap theadthtistical yaopatiey drehawondf #sample

ul gtign of real subjects, such as a clinical
P"P‘%B’Eh 3%?‘%1%“13916 “Bnterest. The virtual patient popul ation
[0046PFhé k@i ShrieCaAbndRORE (idddOiferih tHCRAVHY & Vifud- atlgiﬂaﬁldlcates the
medi an, vari ance, dynam cs, etc.) that approxi rrate

occuzrenes, ¢14: dhe Traupentt B eceireneh anfi et wirtual 9amnt gn a v1rtual patient

poplﬁﬁﬂ)lﬁl ﬂeﬁ@e%lgﬁcie?&fuazrlg?aﬁfchgar xlx%ga& &rlatle atip @ \g%:ixlrﬂaaglilt population

can bxatieﬁmaﬁ by adveighiting fabter oF GieighgN@Bereid. @ich tWigetft 'l %%Y over- or
of occurrence, of that virtual patient in a vir

undegenrescptation Lﬂfa"thF’ o‘ililar a?WEStHiSeQ/fa'fh@nY:lét%lf pafispt g EQ@IA@UOH The

prevéllbﬁéeu@ﬂ a %’hﬁa‘? Rla¥dsth YAt 1Refihdoat thﬁp%%,ikl P Peat %Qb Egt in the
defi ned by |gt|ngfactor or wel erein

Populﬂloghmﬂad}am&itmshos ofboresimilarrto mujaﬁualmatlaﬁe ntation of

[004&&? gar a‘crgt e%r I gs ts-:gi-zig,, aéhlggd «I?rre%lu\%ﬁe 3&9: chngqqit y of two or more
distrib@tiadsgssucR dha pleliRtibh aRdsitiddtionh 86:18paed 3tor & acﬁiépl dbSdrvation.

in the popul ation with characteristics of or simlar
Meaguses ‘Pfegqsbﬁlfl?%aﬂf'fﬁatl@@@ﬁ any m@thl ozrn@op@rbm which one quantifies and/or

R R S XL —

plotsmr&dhertgrqxhlml rq:resbh&tlbﬁsmfimﬁmwtﬁbhtt(ms amastitadle measures include
es Qf goodness-of-fit include a

t an
Statlﬁéﬁlﬁ%vagsllfo%g rpebeds b Y Wikeke Rne guagfifigs thei tetal dgwiation of "one set of
valué%ui%rhfdnﬁﬁle? Ueh eﬁdrﬂ%lk afdidd a C@I’@é Jré“tés‘t’e(}qgs@sﬁﬁsﬁgms of Covariance

i ncl ude vi sua I NS eCtI on and onpari son of P
(ANGON&Y), gr Kohnegirov-Smimee esht Messues of tgeodmess-bf-lﬁut:am rrs:lude both

ntitative asures include statist.icall us
quat Rl o e SR b onp i pestret PRI BRE nked or
categbﬁge&pdlr\@ﬂ‘se ¥@hp@ssohs.om anot her, for exanple, using a
Chi -square test, Gtest, Anal gsn s of Covari ance

[0048]xRlesSomy, “meachanistisymedely asmsedh bereine sefersie asiompitational model, for

i I t d ..
G e T —
behavioc bfid Isygemafdfeﬁampleg: abidedita egdstpal rMedRnBAR&JeRVAA be causal

‘][‘1004 The. t "mechani stic nodel," as used herein,
modsls,r whish, typically fisl &Yq G avorﬁd‘agﬁaﬂyrr@}at%& H#FAblesain qasthematical

relatlhﬁéﬁlﬂ Othat SieheQf @i Bﬁ&e?fb%ﬂ aVI i O%fngéjs ' fot hé{alf&)‘feg Ghé PESlogical

he ‘characteristics or system
mec}@mmgsl affectinpitigiso yhabllessyst em Mechani stic nodel s can

00sBE AP S SEA P BBk g e esctin

poteﬂtﬁll?ﬁmtefa‘éﬁh bioltical bdsEfifesitstiifost BERAIioN dAfl be characterized in whole
hani sn( f or exanpl e the biol ogical nechanisns,

or payt E)é(cql}engr e diglagicalppregesses or mechanisms. A biological system can
include, for example, an individual cell, a collection of cells such as a cell culture, an organ,

a tissue, a multi-cellular organism such as an individual human patient, a subset of cells of a
multi-cellular organism, or a population of multi-cellular organisms such as a group of

human patients or the general human population as a whole. A biological system can also

10
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[0049] The term "biol ogical system™ as used herein,
refers to any systemof interacting or potentially
WO nioesaapé ng bi ol ogi cal constituents whose behe@T/08200&003970
be characterized in whole or part by one or nore
bi ol ogi cal processes or nechani snms. A bi ol ogi cal
inclslgsfoe example; aoiuliiéissueystemeasuph as themeivodis siysterd| ingalihe sydtem, or
dcol I e@ti on of cells such as a cell culture, an organ,
cardlp-Y4SEUHSYSMny| ti - cel | ul ar or gani sm such as an

[0050DTh teiatbidlogipal dombiitaBt” A wePREin0tefER!tbS Rrtiéh of 2 biological
mul ti-cellular organism or a popul ation of
systamy| t 4A- bielogigahconytiagnt sthet supit @4 a biplogipalo$ystenmaan include, for
[ ral h n. popul ation.as a .whole. A
cxanfyil SRR R S GRRIEY, CLirRRRuMeS cBastient, or
a comibination b them. SPEingTesottioRgichheonigfueat Sndidd BRIA; NN Sroteins;
system or cardi o-vascular system_ [0050] The term
enzymgshosmionss; Celly; QrgangeHesues; portipns oficelnitissueseproprgansy sabeellular
i f | i : : ' ' o
o T S R ek, YL S I SROER cndontagc reiula
and rihedombs; afid chemimally ecactive exdleaasesuchl ar HE osvpetdxides ATR, citric
.dceltl ul ar constjtuent 1 an %%t?r a-cel lular constituent,
acd.dyotgt R GRS of Belhn | es of bi ol ogi cal
[005EPTES tebid ©BélRldrtohsteBeddNAs vEWher@hOleflrif a %&%Qi@%? cell or a portion
hornones; cells; organs; tissues; portions o ceITs,
thereof.s Npadimiting gkayaplss of wedept constitusntyainelule snaleatlesagich as DNA,

m ngy. . ' -Qi | gxes, .l ysosones,
RN ROSRACAEKSof) Mon L, 908 BESid! ATES gmones, and
chentiefllyt i reactivel emndleesles U¢hg.as HH, sapgeokidsd, deSTP AT citric  acid);

citric, aci g rotlel n al bum n, and conbi nati ons of
mactoolReufed 98 ]manFé‘ Ferompiensy eallarand prosiqns afrells, sugh oy sepellular
T 1eSi(fg. P 94! 1 i i
orss S, SR, b QUL AmBElls PipRohl LhRbapy o
and sibnsbmde); amsl embisgionsdherad. DNA, RNA, prot ei ns,

oprotei.ns, . | i poprot,ei ns, ars, fat aci ds, .
0051 65 B Pibioical BRI € ooy askeh 1R shhiseistion or set of
interdctiofls betvreen Hi6gieN ERStitubitE of aMBlolgidal Sysi&h dn sompe instances, a

. . macronol ecul es and nol ecul ar conpl exes;” cells an
biolggigat progess 9an eefet 19, 2 sai O biplogiedd senstifhcats duagarfedmh seme aspect of a
. . ]t ri uclei .. &lkgl . conpl ex . .
violdetal eystihl UG iy el 8 UoichBpScBleyn pcpiolosical

constitneiits.n aBiotupical hroasses ¢A0MIIudTheort &fampld)i Bibe@intiadl or molecular
‘groc S, . as used herein, refers to an interaction or
pathways. Jf1ojogical mrocessas caealip delusieofas samples patbiaysthet goqer within

or i cOhtRdtORitE & @fflent Bf %og(ﬁycgg%?nt?s@ﬁe & muﬂk-?gilﬁﬁ‘l organism.

process can refer to a set o ogi cal constituents
Exangplesvaf biodegicd mroasgscinclofle didvhehingl pathways e miickgsioleenles are

wth a netwark of interactipons. between t.he bi ol ogi cal ,
brokf i e celfeptgieri ol eniacligms i YRdUmORGHIEs are buil
up topraviRe CellArQEhBRir€ 8 erRf gy RbRE, HicdheRAS PathSray BlrPlRGh %?Ateins or

processes can al so include, for exanple, a%lhvvays t hat
nucleie agifls @ier inphegized r @etivaiedt, andl tbiochemégal paibmapnin whick protein or

nuclqulalcid Bfe%ﬁlré()rst Lu%s yﬁthe%EzeE”' Esjiélggeilclilu lcgr{stitq{eg%nl)f "uch biochemical

pathways include, for example, enzymes, synthetic intermediates, substrate precursors, and

intermediate species.
[0053] Biological processes can also include, for example, signaling and control pathways.
Biological constituents of such pathways include, for example, primary or intermediate

11
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Exanpl es of biol ogical processes include biochem cal
pat hways i n whi ch nol ecul es are broken down to provide
wa@edob08€p6 ener gy, bi ochem cal pathways i n whi cPCT/US2006/003970
nol ecul es are built up to provide cellular structure
or energy stores, biochem cal pathways in which
signpling giokesules as mﬁlleascpmﬁéiﬁiﬁpﬁnapstyﬁg hesipa#iher control cascades that

tiyvat d bio erricatlpath ys in which protejn
usuai]S' cg‘?rl:zea@‘le%e BROEEYS or £o1g signalifie: patbivayy . bipdisgogi @afignaling
mol &M b t416BEPiRT caitl AirebilP GRAMHR! thRahNY@NS of ']ﬁt]bﬂﬂgdlatte Odignaling

exanpl e, enzynes, synthetic internediates,
molesutasuy @Qd)r gan amdll‘wﬁlb’e rintheknge ethepalepes. of Oﬁﬁc&bhorylatlon (or other
al sq. i ncl.ude,

mod?icgaklg &fg)aggﬂéa ces IbSI. Cﬁlgflﬂ)\%a smgngiuag 8’&19(?5{% can nx@luence activities

of celbntat prowdntyy, Gfr &Pl affeamg&hb %hé!ﬂ@tloﬁél rbaﬁ%@ﬂ%ﬁa cell. These
celhﬁ imary or internedi atesignaling nolecules as well as

fMoPrOtFiEs geg piten gmppHent eiledtera 01 erilular evsntsr wiitiated by a signal.

sl I e
Con’t?rI Ansays, %fa&%ﬁg\gh{%le c\ﬁn gﬁﬁg‘fﬁfﬁ&ﬁ% a{nla lrl]lg&}r?gr\gc el gy?lss share
some sing laeiicowith algndlnngepztthwaysn ffl[are,nﬁeltlpreeand fien on@bing cellular events

i nter dlate lin Iesa nindirectly
are tfnﬁp?r& ¥ &oordmg e&egﬁ ghr%%}ﬁlg %qﬂnfyp éuqvgran&%@ne such as, for
exarﬂ@gl tdraviam vath BRORWAYmE'RERkAFon, Brigd ral coordination is a

gnalln nol ecul es can i nfl tence act|V|t
consgguauae af ter Gnetiondngpf cmrole:»aawraye, which exce thgn ntaehated by mutual

b
ot bhBRSGE SN Rl e 8 Bl ly TURREAES! b 2ot (o,

phos@henylﬁlon)nl Otlet edntkyl Ifat}ﬁzlfmaian ikedidd dﬁ&th\p@shﬂ@t\/&n s%Hl@'Eb mamtaln
ntrolling the timn occurrence of cel

OP“IB@]&P s g%‘l%ﬁlﬂér SiRbOBenTY Hieiftes oghaneing giHATOnApnt.
[OOSHPBM@Q{éaI ﬁ%&(%sesm:!e]lﬂf gl ﬁeﬁ?&u@a{l g@n g{é?ag}:}ﬂgalcﬁp ul; %blnl%tlon of

events are tenporally coordi na AwWth fes
hierardrital oind non-hizhirehiealan Ao Utierarchicak pedress is fone @x aulidhe biological

|1, division with chr rmso gati.o Thi s
consfiiehts; Saf' 4, BrcRd (PG PUOFCRY AL dEAn Suct it fhplogical constiments
beloﬁglﬁg td Qgiaﬁﬂ:uﬁtfr 16RN AR intBAEMWAY Biol¥hiba obuditt %Qlﬁ)nglng to other

diated by mutual influences of proteins on eac

ICVG]Q{ Welticrarchiqgl process gepetiafly originates fonskivlogial constitiegts belonging to

y r_control pat
e BAERRARLY £ G L e S  Gen o n
processl tail amteniet avid iabeter rbidlogichiaeenditucht ClAaN G r?ﬁirther upstream or
enviro Bi ol ogl cal processes can

t 0054
dowpstrepiy, gqnﬁglahlef% a]A PEdCEPTItAas oap oam@tﬂﬁwm:k dmpef A feedback
loopNh & GibRiaRbrBY ﬁ%l E%grsﬂf) 73 ?IOQCQ' (i%&l?ﬁ g#tg A the Riglogical

process Is one in bi"ol ogi cal "tons S “can
processy shgrededchtimolagichle canstiyend bf Itlea/ Ededbackulloptdaat interact with other

bi. o u bel onging to a particul ar
bmlqg&?bsf‘%éﬁﬁ’e ‘ﬁf)@’&f% ‘ﬁﬁaflﬁloﬁpol ogi cal constituents
[00SSETRO @A Fbiolo gl lechfMgh ®- as 'ﬁsé'ﬂ l?éréihcltéfé}ﬁo M ﬁ‘fd‘z‘eﬂ?ng biological,
general |y originates from bi ol ogi cal” constituent

c.g. phydelgeiey, trsoeene thaweives risgetos 2 dinicalyh dbseavabli cchhractenstlc or
nst,i.t.uent

h.a biol 9 Cc
TN TR N S
as, eqoNtiel binding dfhadnigtd uriebgtoru@ailngag) k., the binding constant); the

catalysis of a particular chemical reaction, e.g., an enzymatic reaction (including, e.g., the

rate of such a reaction); the synthesis or degradation of a cellular constituent, such as a

molecule or molecular complex (including, e.g., the rate of such synthesis or degradation);
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downstream A non-hierarchical process often has one
or nore feedback |oops. A feedback loop in a
whi@bogileal process refers to a subset of bi ol BQI/T82006/003970
constituents of the biological process, where each
bi ol ogi cal constituent of the feedback | oop can
the mmdlﬁcamm ofiat dellolah eonshibveht) guclaks ﬁﬂljﬁlbsﬂhldﬁyl&t&rpcﬁr gl?@)sylatlon ofa
mech

k |1 oo 005 e.term " bij ol ogi_cal
proteif {3i6the. R0 ‘%fa 54 b PhoShryimy o %@0% ppgrad e like. A
bioloZidhl ni¥¥KEhiGhOAEF Bhn 1ROREESS ittbALtHEH ¥Edns 'b?cﬁ %}Qalaconstltuent with

clinically observable characteristic or
anotigirofop gkaraplenesymsretis ﬁl@n@ynatmmﬁamedndoglcalh@nkwﬂﬁd imio the other,

a di Etoglﬁic%?llr}tgrggg?enzﬁﬁ fl} ngllorf) coggghentt bﬂaﬁmqga%rac?ion of the

bloldgmstoaﬁit)tueﬂt@ encdadied ﬂ&bﬁglpfint@rr@éiﬁaitb CBiJJl@éleh el or some other
reaction, an enZ){)géatl c reaction (rncluding,
mechanism. /b intigfios o 9ah biolpgisal Fansfitueptwithyanothes icen dnclude, for
r a
exanﬁmge%Sf’éedlzg?ryoﬁog%u gxl; lb(lggfne ﬁgﬁ)%iclﬁg l%g%tltéelﬂ? 'ﬂ)y o?l%cﬁ such as an
inhibitigre oofstipmtdtion yoft hqmaxhlctmn deigl ad]atrdelp 0} ahh&tlwty of one biological
dif'cati n_of ceIIngr con tuent such as the
consfiiignt he aolrond g SatisBine s Bielasical SypemG synthetic, regulatory
homédsfh@lbu&* dogiroBncwerkk N& Hidlh Qcﬂfmééﬁ%ﬁlsﬁ &ﬁ%%&vﬁt& Ak wn.

gnﬁ»eosyl atl on); and the ITk nechani sm
[005 team ‘{bielogioal siate.” s awed hewsin, ajéfenwe dacmidatg)m@soaated with a

n h nt.heti c
biolop AP sttt dhielp PRt Mol b SicHH B el et ipgances, o
biologidab statearetlirs &t cphdisibs absdcmtar ithi the o6durici€e BF alsefbEBlological
const tuen n indirect interaction of the

procgsses ghchie %ﬁﬁy%t%nt Eachs giolegienlt preensg 10l :bilagigalagystem can
interdtt AoOGHIHR! toCWRY Biol %@%h G w fﬂ? %F@Q)'r %re’%%idltlonfﬂhblologlcal

i nteraction of one ogl cal constituent w't
proce;saw ohtheukielogioal syskemrplfks thee bleblglcal @rocessed chadgeorlative to each

e IR SEGR oFRAD) b IO 50 8y depncs on

Varlolug%ﬁilog@aﬂ mdthasibhy by ¥igéh B’i@ﬁ)g‘?dap bﬁﬂzbé‘s@é 1&&9&%1%181% atdther. A
anot her, and may constitute bi ol ogi cal system

biologigal siateican inciugis) for sz}mplhoénmtmn of 2 wrtrieg ot h@ltmone concentration
T TR S

biolognE ktates rasoeiated with 13p0glyténia ARSRFoaisa@Bndthibhré characterized by
bj ol o stem for exanple the state of a

condiogp G5 |agmplog nes ba w Elapadomin rseesAivaly; These conditions can be
1mpo§écpéig%?ﬁ%taﬁg ﬁ ok %ﬁ%ero@l)@?%%glh 1a &Qﬁﬁﬁﬁ?%ﬁoﬁéﬁ Vg'ggt]am As

urren a set processe
anothgr @kmgpbala hwlsglemh stitealf dHinelrogicanlinginds; s exdmyle, a condition in

i cal system cap.inter ccordi ng.t.o sone
Wh“’g 5 BEHGRIs ShiRvian FrTiFA I BAEhJRS AGHEn SGriE SRdrtion potential a
condi¥iod|if e the heGes %el%leﬁgmk fé@leﬁfdﬁlaﬁﬂhﬁt@f éﬁ%%ﬁﬂnaﬁ%n b ﬁlem As
bi ol ogi cal processes change relative to each ot her,

a furthes) ggmple, hielgeisalk yistesaof ¢ eollegtiarhah g’é@maAnmrl@h’r@gq:a@lainclude a

condBEH 4B EGL RN 50 3B L%l e mes

and a:)nmchimm betheﬁ\ntﬁaml 045 @abthsi atanglénhe Hidlog@eal dtE of a rheumatic
a conditign of a nutrient or hornone
joint Ezgh]&lg pé]tgpg'}?ant cartilage degradation and hyperplasia of inflammatory cells.

[0057] A biological state can include a “disease state,” which, as used herein, refers to an

abnormal or harmful condition associated with a biological system. A disease state is
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in plasma, interstitial fluid, intracellular fluid, or
cerebrospinal fluid. For exanple, biological states
was®eosaved w th hypogl ycem a and hypoi nsul i neP€BHUS2086/003970
characterized by conditions of |ow blood sugar and | ow
bl ood insulin, respectively. These conditions can be
typidalp essediatedpeith me nbadringl or haarfulbeffachbfa disehsg ipmddaogicalnsystem.
a particul ar,.biolqqgic system_.As another exanple, a
in sefpfiansh Aisted S S mban i p el pgh g afprnce of
set oflbiofuptd] ipfitekses Whh Bibldgieal RPHERwhére Me € 8F biofbgical processes play
condition in which the neuron is firing an actlion
a rolp gt @ngtmgrmalprdwrrafid eHectiof airease inttle bieloginal system. A disease state
' a a htler r I nati of :
con §E RN 0 HBPL ST T 4P brgod o B8 P ol pammiom, or o
poputationect Eﬁﬂti—@élhﬂhlaw@n{(sm‘sr i fEﬂ&lﬁpléarbfi disdasel ﬁta@?scﬁi&liid%i &hditions
i.n I, per.son a ens from an overnight fast, a
assogﬁtﬁ@hwlﬁ’(ﬂ%ﬁ}% fhag‘P"teé\rA'%Sﬂ% apd rhﬁH’éPaE’l% #HHIS on bet ween
0058F he terfiS dRiO® BE s @R Grefdk I PEAhHSInAT f i
[ ?Eeumfti cjoint csén [ ncl’ﬁge&gsjﬁ)gni fi)g(gir?t %czf?l%i%%grgg of%omplexﬂy
that gargafferita biolagneh! istape mlettsr dydinowif biammletosmybiokgical processes or
0057] _A, bi,al.ogi cal, state can.include a ".disease .
meclgpnt ail fgineP o€ Ror Bl WirieRicaly dndofh IHASERGh dae xers it
effecty bﬁﬁtdﬁéﬁngﬁ@ilﬂﬂhbidl’égi@a‘} 2ohdtiticAtl Whitticah B REQRBIA8 ks a therapeutic
IS

system A ease state istypically associated with an

targeh i dherdrugr Famlen obfrugstinelpde typisdasenl]l madecules of research or
Lol 0gi ) - 1S, ces I S .state .

L R L s e

factood oafe&:air\sm @Iﬁtetaictiit{'g) gﬁthadellpxregqﬁ?seﬁ‘ mlfy gp&i iﬁtr@@illﬁﬁa{r factors such as
syst em re the set of biological processes play a

clemgs of; thtragrlyfir s pafing Paie JRClery Belateds Tamp g akuah sources;

pestitides; PeiQ8éS 8hd mbsdtRIfes ADYISEAA B1BLANRIE 36 BEnPRS Gkt used in
in, for exanple, a cell, an organ, a tissue, a

generiherepy bls¢ DINAand RYehi évigo, entitdpespuirades,dracefia, and bioactive agents

l.ti -cel | ul ar ,organi sns., Exampl es of di,sease state .
prodfiied) b Bt nd JHESRCdei ) i Re FOPHARE B afigio Por certain
applioiiisis] ¥ drég darl HRWERtDESnFIsitvnl inkRding0P 8étl of Tdi8gd 8F Mcomposition
. ."drug, " _as used herein, refers to a conpound of any
includimgraesst of drugnnda et of expapientan aff ect a bi ol ogi cal

state, whether by known or unknown bi ol ogi cal
processes or nechani sms, and whether or not used
G.heGeapaul Mathbdelogyn sone i nstances, a drug exerts its
effects by interacting with a biol ogi cal constituent,
[0059)hAs shown iheFIGeflerar method fas defifing raapietial patichk gﬁFul@fion requires
ruq. Exgr,e es .of drugs include typical snall

acqu{pgllege\gﬁp ness lg%'é/'lilélﬁll Bpthn‘tﬁe(sgﬁewtzp an ﬂlftgilnggs data for real subjects
in a SRAPIE RbpIaBGE ey T9)f AGHEAISSMERs %51? 80 9d0qditedCfor example, from a

. ar acr i ne, O.I‘ autocfine factors or actors | ht eract ng
simuigtiph of elbliclpgicalmystem fof omngr myreeyvirtialtpatiews, wihene tHeadttoal patients

lements pf .intracel | ula i gnal i.n at hways; ..
are cﬁ%%&(%ﬁ%e i o?@?ﬁ@‘f?‘gﬂﬁo‘faﬁ% eﬁab&faaﬁ_%’r g‘?ﬁ‘if‘&l@g‘ftg an b Sbtained, for
examiphs tidh dgsbliftRdbdfdbdas:; ﬁe.égﬂ dhé NEEANES| M databdsHP ligRA] trials, the
al so include, for exanple, agents used in gene therapy
publishedeliteratirgner mkvate repensch effertsh obimalarity betwsers theprral matients and
h ti Cori L
e BB URRISH) Rl AR DnBBS LA Vot o
evaluating similarity are discussed in more detail below. The common features can be

identified by inspection of the virtual measures and data. The common features are

biological variables or parameters for which information is available for at least some of the
14
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applications, a drug can include a conposition
i ncluding a set of drugs or a conposition including a

W@ ea06084106 ugs and a set of excipients. C. GeneP@l/US2006/003970
Met hodol ogy [0059] As shown in FIG 1, a nethod for
defining a virtual patient population requires

virtvat patientsrgd sbmie o thenrealssubjestsf Brefyrabllylitlerdt varfifab mesdued for each

obt g data for real subjects in a sanple
virog B fos o o P ooy, oo i B coelhragh subjedt for cach of
the @sifibh Qébtuﬁ‘e@r T’ R Btioh ro@@ilﬁ‘lla?{t ﬁ@éeﬂgﬁhg nal rPatlents and real

bi ol ogi cal system for one or virtu
subjogriefas théreommonufastupsatis asedso alssigm: pevalehessi tzsetﬂe bu’ruahpaﬁents (step
ects c

bl
120)ob al neg %If o 5%13%%?63 afg??egng‘rgffsgb 1?%@‘%’ ’&‘a?’ﬁbeaa%téljf%elow The

v1rtu{aB p@tient PepWANES ddfinedakahasfiual phiidhite ﬁéco?dlhglté thdif Brevalences
%?blshed literature, or private research orts.
(steps} 1arity between the virtual patients and the real

FRya non, .. .
[00@];%{5 S;lr:l@évZn (st o %U%gnﬁ%tqﬁ og&ﬂﬁﬁ&@ al %ﬁl%ﬂ% pgpﬁ%a]:lgl? F?rymclude
the siepa ofibsildisg addltmnaﬂnwetuaiepMehts hedep\R15).h G‘h@Qﬁ&ﬁﬁd shown in FIG. 2
ures CaEerl:@i dentifie [ nspec# on of th
requisFY SRR AP eSS ISR & oo ane RGN PR (8 Se)cand obiaining
data Bb0le@0ubRIctsViATd #RkS p ulﬁ?d’na('gﬁﬁ)e){ﬁ ).f i 'n‘fébfsures can be acquired

information is avail ab for a east sone
and (dptayeant bmobgmmcbm shmuarseéomh afspebie ta ¢lzd nsathjdesheyn in FIG. 1.

s} SERRY AL 2 TS BEAAE R SRS sapgrmber of

commiah deaftms Eagh2 1®ahls6 ubReilsséDwith Qédﬂ)e@tﬁo&ﬁ@ﬁféﬁﬁ?l%own in FIG. 1
f eat ur The evaluation of simlarity between the

and i pp et%]ab? avt sAHefaevalating ths seilaritydhetwien theramsror more virtual
patichRa4dd 8% a3l léﬁ%%(ét%,) @(ﬁgbxﬂ% a)?x"a?‘f aﬂaﬁ@ﬁ@ ScanOhd h(?eanﬁFé#a 8t possible

patients (step or- assi gni ng preva
inclugion im Ittmonrjudqxassrﬁq)opulanm @helteal braheh ofsteg DE2)Vi I t ual

SR BB AU e e B R bt e
subjéekE0 Wilsb ForFdx@mplo, aadlﬂﬁﬁah QtttfaP patfifls e i@et eHl{ﬁgll in gaps in the

patient popul ation can include the step o
dlstnéwamt pbalpes, of theafPatpees ifenths virsuad pattarsy cofnpaem Iﬂmdvalues of the
re acqui ring . y.i.rt
featu?&?[’égttﬁ eas%béeﬁc(tes v?rr tbﬁ}gﬁ OBREOF ENEe %g%f Lign 0‘2 %ents (step 215),
hypotietiaalnvahges det cnef @ méalf thelRbR&{on ﬂeﬁu?esso'aﬂmeQdentlﬁed and used to
ul at on (st ep 201). Virtual neasures can be
gene%é% na%ﬁlauram of eafh opasp pdditiemalasirtyplspaticstsd  The typothetical

Valués%BQ%lcélgf ﬁeW%rl‘H%{J[ﬂ Qﬁlmﬁﬁllg}y‘@ ol drlfare Yeal §+1}§5]eétg Y wer similarity

bet ween thHe vi atl s an erea
to ongverd nwredirfual paberss. nl).ﬁtteal méasoomsnion the additiesal (\Sitﬁm patients are

adde e il Easbted i B OB PR gi WHBALRATSALS SRRER 1 sep 202, and

similen /! B@cﬁv’e&g thd@xpadilel 360'11%&‘[13%5?‘@/%& L}ﬁh@l‘ﬁ? dpgl {1 feal subjects is
virtual patients and the real subject Itron |a

evalugfed:(stgp 2@9}; iterealyclan ﬂtsaesanrummmqneﬁamms g80%gE bl @uated previously.
Morébﬁan c ﬁiaﬁ?ntjg t%aﬁ Bg i%ed “yQ b'rgﬂlcth &%Pelf)l fltZB oEor( éxgrenplé/ 1fs there are

still gaps in the dlstnbutlon of values of the features for the virtual patients compared to the
distribution of values of the features for the real subjects, additional virtual patients can be
built and added to the collection of virtual patients (step 215). Similarity between the new

collection of virtual patients and real subjects is then evaluated again (step 212).
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[0061] For exanple, additional virtual patients can be
built to resenble particular real subjects. Al so for
we@osHa96 addi ti onal virtual patients can be iPBPenUs100€003970
to fill in gaps in the distribution of values of the
features for the virtual patients conpared to the
[0062] aWH&S tHefsithilaith @Atthe eistublopatiehis ane adal sulb]pets tisssati$factouy (tbe “no”

branq%%@t%[q 835{3 gpggg;ntg%ég%lhe \é{‘éltlfggnﬁﬁ 4 e éSt egq.[%lﬁ V)ll’tual patients
and regla%&f)réﬁ?c% ¢ HRCedriiabh |fEdteds a8 ‘iilséﬁs@&i a‘éé?gtg Pa&/afdnBes to the virtual

nmeasures for one or nore additional virtual
pat1e]§1_§t($temT230) ahdisoyged athi ncspect/anl the anethod Slttqwm @‘aFIGj hawdkin more

detai]hI her T{l%?élltgp%le%to}bon nﬁg%};edre%%l f‘?’ l%/ ﬂg} Sttleg}ﬂéjaccordmg to
oig for the additional virt uaI patients

thelrgf&alggédeeg&té% t(??Z virtual neasures for the_ one or nor

[0063]i A tuethodofor idefiningaacyidiiplanptien papsjption an luds Ii?pﬁﬁm%f various

of th%%apst ﬁgntfﬁ; §| iff F ?gﬁ ?nscf? lsi*“(grvegclalglg éé n%/ ﬂ(;dui%i‘ dpl?rhhg A% ftual patient

popula¥ish Ch| Hcluas 1démfﬁﬁg5femmmm ttr EIE: mtusabpetlents and the real

eval uat ed preV| ously. More virtual tients, c
subjestsdend thepe elg,tg'gmgbp% deptpyes SPERPOY 1) ep}?,rtué& B%befng ang the real

subjetc é'fcﬁ'eé{aﬁl %4 12 ﬂor ; Satlrd §nlﬁﬁﬁx‘ijﬂy35é’t\k79éﬁt fheRifthal k@S 2@ the real

e virtua atients conpared to the
subjetissfor tHeu:bnmmomfeatuad:su eﬁsls@fortehanpba@ wethods for defiring a yirtual patient
ubj ect s, d|t| vi.rt.ua

pop ’&Qdcqnomtc C‘B‘f"\ o mblprl{yﬁ twlglgr%a? ﬁé&‘g "R%éh is' il the real

subjeéAibr sorhdhle@birinYorPRANRRANE BSigitig prebilendes mtmfvmtuaﬂ tpatddnts, and
patients and real subjects is then eval uated

a
then (eyelptitng siijais Pptware e itusl ppfientinopuigHoR Hee. ﬁ%P tiepal patients
s.and d
acco%ﬁ% ﬁonhag r %rgvélg@fi))s %gﬁcgé Z?tﬂ %gt?_;@&t ﬁtﬁ&%é%{/aaf%lg% %dri:lgbeo ?ss1gne
base8, fok lelitplg, betihe mlﬁitmnwfrﬂlmﬂhntydiet\eemsthandrtu@ glatient population
sub ect s for the common features is used to assign

and%lﬁé Wieds to the VI rtual patients (step 220), as
[0062]{13‘9 Hﬁeﬁﬁoglrfgk get al ftu&lcbahglﬁ P5pLAAEN Sk MicThdes dpfional repetition

The 'virtual patient
of sqan@stepd isahows iddlGn éd The méthod/showinain lﬂ%( i3eegyires acquiring virtual
meaﬁ&%snofgdl ngzlagtg%{ervﬁﬁ %i&? ""’%'(encﬁﬁ ( St e(ﬁ)[tam%?&c}ag%o QOQ%Lal’%ubjects in a

samf)l@ %Hﬂ'ﬂﬁtlér‘?@%p' 3019 NVertuay Bichows daﬁ bk faeqtﬁfﬁrlﬁldldd&manfbleeﬂtalned as
and 2. For exanple, a nethod for defining
discwrised uafh mmacém thromethedi bavadR Flk|ludECItHR oppRtyto the virtual

patlegﬁsg i?@ gns%ﬁ)ggﬁ %Jé {1¥4tfffeﬂaésteg (%822: glrnggﬁé% mh)%ot\ﬁ&ﬁl the virtual

patlédﬁ@ aid il @éal Rabjectatis @rahhatebefor glad cembjoacfesfurdsofstep 310), also as

npl ft | uat i
disogisrd Beh omReL it ORGP AID S0) Lond ThAROE s pRigl: 1f new
r:fd:gf]? ﬁ!esd%sfré’& ﬂ’n]éa{g@é CpraficiTBE @&g 100, He i doixiord features are

pati ent ion can include evaluatln
1demnﬁm‘1 (siep 315) mad\seaprs 10He repeatedia If Ip%t‘t panmen feafuneh érerrémdesued (the

]g IR t@ﬁ Etfgé) r311 g), [{ﬁ% C\’ﬂ‘flgﬁlgg}g% gg{n]? ? fERy gq{xﬁ%ﬁ{ugp bﬁgsnts and real

sub]%é,’té1 |f&aﬂ1l3 REmPAIH fedfuldsyis Redd@edisigh @n’eMaIdnlded toptht ivéxtial patients (step
opulation (i.e. the virtual patients
320). Methods for assigning prevalences are discussed in more detail below. If desired (the

]

‘yes” branch of step 322), similarity between the virtual patients according to their

prevalences and the real subjects can be evaluated (step 325). Then, if desired (the “yes”
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according to their preval ences) and the real subjects.
New preval ences can be assigned based, for exanple, on
w0 b@cosabauat i on of simlarity between the virtPRel/US2006/003970
patient popul ation and the real subjects. [0064] A
method for defining a virtual patient popul ation that
branénef stee $2Dpmewnabval@pet an be asfigredrte thd epptal patidntsbased on the

FI.G. 3.. The. net hod shown in FI G ires .acquisrin
evalpfiph gBinfiiey Peer sy el ateis ot il Chcik PEHHIEHE and the
real s(u%jé%ﬁs SRRImARIPRA@ R Merabldd 6F 16 372 ahd BiBInBE bParlch oft step 322)

| e popul ation (step 301). Virtual neasures can be

the ppléent papulatianais d@ﬁn@sb avpthealitend paiends acsasting tavthelr previously
t hod shown in FIG 1. Features conmon
deﬁnteg%?%éfe\r}lse%t(%tgf?’p tients and the real subjects are
identified (step 308). Simlarity between the virtual
atients and the real subjects is evaluated for the
onfiBifual Eatigptss (step 310), also as discussed with

regpect to the hod , shown_ in FIG 1 and in nore
[0063]ed ayirtuglcpasignt, ms édwsnﬁ# ¥AbgVesrefare toldsrepsesentatien of the

a1 BRI RSP e BN RATON. L RALACER, e o

featuasrmftire Yidasluyrabsntye.g. phgtsudegmaqudra@ﬁdﬂas bnpﬂeﬂot@n@hamd) preferably

inclualfnlegt%ﬁé 12&%,%&%% heg}g\@lﬁﬁga%{é% E@F élglp lgc%qr; Iolr;"g/rt AN as represented

in FIGEA! d4ER 8 keveth® OftuhPpARSAEHaAn BE AYBARIR LS cEi®yih D %al‘{d)list dé&binations
pat| ents (step 320). Methods for assigning preval ences

of feafugesdpisthagnesgly wsm,ead@lmsautlssmuw ﬁnfctldwe,smcbpar(cm@c function,

f 3 bet ween h
each v&f?‘t%%laﬁ? é%e%t%gggor g@ﬁ%utg Oﬁ% é‘r eY/nétP R, f computer
simulakien reaal bes uh:jdf.‘ d61S e)@ﬁiplaetoep@klu@d @H’tu(aB neRsdedbf cEh&in, biological
if desire "yes"branch of step 327), new
featupsisetpgh edic go éﬂg%@nés@ﬂ&ﬁboglm BYrd w@eﬂmg fraturesnt dypically, a
virtuB3REEn ORIl Bierep é's"eﬂ{@ri b lrﬁfal ﬁ{eghk@sr fhb¥ inRfld %ﬂl {lzhﬁes Oprov1ded as
virttual patients acco to their preva ences
inputtthe mathématida] ewidsl ofAl blehnrgatal vyeskom @md]ealﬁesq‘)ro&maddiy thé computer
mod tep 327 and the "no" branch of step 322) the virtual
€\Bat ient population is defined as the virtual patients
[0066ICRRMANS EortdR fih A Ivirthil ?\i 1i&Hs it R6drivR@dn B ak@n %%o—pendlng and
(step 330). D. Virtual Patients [0065] A virtual
comrp@nlvmned 35S dBatenietipplinetion Setigl lﬁmb@ Q/%Gleizs’i erditled “Simulating
Pat1eﬁ€€55e%§§@bﬁ{co&%s Y a\?[’ﬁl'&? s{ g%‘:iillill 2o 8rareéf;) ’%’g i Iieeéaec %1 its entirety. In

briefdefodehds defartd tOfsniaﬁhteUbﬁS oﬂindr@ Blold)gltalqiromses%ﬁ systems The
ic traits)

SIO|0 i cal paraneters or phenoty
smu{?fleg éP‘g‘g?Y ;ﬁyﬁ’lﬁ% YuHicHyes datdirdsParpeters; Gat AHectbg hshaior of the
Vanabfés 'ilﬁfﬁ!ldealif?lﬂ%cﬁlédel Féfhe ‘i?éf‘aﬁ%t&s cé'rpge fised 6 RIcARE ggﬁﬁeﬂt, aspects of

4, each of several virtual patients can
the pmeswe,dmb@thetp@aﬁumm ofghe amdegor ofbi exdnipiasthe fpafanadiers espresent

I di t e, liver function,
iitief yalodS o 35 FIeSY e ot BRI TR Fomars pepret pips, and
expohéhtd C"FH@LkiaﬁﬁbI%Pdt%mQﬂytaﬁﬁnt”e{ tr&@e BRlVaARk, dieCRNMRULMility in

experimental systems, and can change over the course of the simulation. Input values of

certain variables can be set prior to performance of a simulation operation. Output values
for these or other variables can then be observed at the conclusion of a simulation operation.
[0067] The simulation model is typically a computer model and can be built using a “top-

down” approach that begins by defining a general set of behaviors indicative of a biological
17
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simul ati on can be used, for exanple, to produce
virtual neasures of certain biological features such
w@sg00blogads sugar and i nsulin, given such under|BRETNYS2006/003970
features. Typically, a virtual patient will be
represented by virtual neasures that include both
conditiin)eg. pdireaste Thadehaviers ateothan eddesrodhiteants bR AR sydfenrBand a set
bi o] ogi cal syste nd val yes produced by the caonputer |
of n?ﬁS%AeF. 8 ]afﬁ/éf?ﬁ%a&edf [ Haéfq Hhenpexy HPY% Af yderlgingdetail.  For
exanfpl€, SRSCA bddior BudPisQaftRh deghiaA0n REAR itjs, the speci
commonly owned U.S. Pateﬁ?J&E%IﬁCation Eg@Fgfﬁﬂghgérespmuﬁc
mecheg]spe1ingpdng the hehevior Slermachmadglelanitems yisptng fiset of subsystems,

iR S R o GRS B, S P Bcomtexs of

thesessubsyaatras @) ehadéford) akReddlythe Gekalion tR4 heRsteAke MESAyRFRcs of the
The si rruieg\tl on nodel typically includes a set of .
systeghasidibeles Thesecopstragtionacese Rentinges wpdeling metiei aadnegre biology,
i el i-n I : n.. d. .
o, B8 45 i) R epg R SR B840 30008, HOFALR vvion
Specifeatlyy ths nufdel seapiblebfimbdelingfhologicanprbessséshthiat can be manipulated
sent initial values of variables,

araneters, repr
byaﬁﬂig_fo-rloltﬂ?ﬁéih%?&\‘}g? Pefes, rate constants, conversion
[0068Pki 86me ARstafoeROMRNESIputie miAL] R4 &by i ﬁ?a!ﬂ&e\(na%*égq Inclel that
range of values, due to variability In experinenta
repres¢iys egreset 20fd bivdagieah aprgecsssseof t mephysilagicadf system using a set of
' t] t | ues, of certain.variables can.be. . .
math?é’t%%a?iré@ﬁ?%sl' Blgfﬁf SHRRIE The porbiiter imodel o TSB@F%’E idgffst biological
procéSutupinig a/ fitstamtentatichlaskation agd Be¥ecord bigldoREl pRedsNBM L second
obser%ed at the conclusion of a simulation operation.
mathppgBeql elEoR hmetheaitisgdiiation wpisplbaincjudes eaemoutraere variables
; a . " "

o O S BB N P LAFL8 SrhARRTNT hERBRBREP widdR. More
partigulaily; ahathematicab rddataine gif ¢hé comgiter arwdelecay. defindi inpagktions among
. The behavi,ors ar.e then used constraints on.the . .
verial, 3. YalitTey St stercelileyn aheacipiica tlel S piglogica
constiRbAte O tthe pRAKSlogiBM Systein AReN lay 18196t AdvitisUF combinations or

exanpl e, given a behavior such as cartilage
aggrepaty waraskations of e wariayis dielpgisel constitueite. dpedditipy, variables can

j | ' t he ayd or, are each deled in
repreflEf 1AL A Mg BME Qb SR B B o ol
[0069]Exmmdles niddeld €60 bifl 6gicd] echseonts R eda@dbé Mise@tal proddBe virtual
control and, context of these subsystens is, therefore,

measyres e fofy VIt pRatights oingludsa sysiems aleseiede in Heo-RRpding d5S. patent

appli&tidnd ebe%ﬁﬁ%ﬁ?b?éatﬁmv‘ﬁﬂkﬁers-r 3RBEAIL 1 65)0?@811{50%%?/0078759,
cont i nues eling nore and nore biofogy, fromthe top

and 2009/01044i5.1 there is enough detail to replicate a

iyen.bi gl ogi cal behayi or. Specificall t he nodel is, .

(00700 R Srine Hhe compatr mpp s Broslgeehone s gBESEls QlpitPH fpriblological

SYSteﬁﬁfﬁgMbﬂE@ Byhle Borpiter Rlodall NOhe bP &R 8P tHeCscRISNbutputs represent
[0068] In sonme instances, the conputer nodel can

one qyenpigiglogiseldatet pithe binjagicaltsyatem; epd iduies valuseor ofher indicia
assocgéet?& ggﬂh%aﬁ)lre? G Saergmg{ersaatpg] 5%181'11819&&%%3 ort Y Ir)r;l 14130 efecution

scenario. The computer model can represent a normal state as well as a disease state of a

biological system. For example, the computer model includes parameters that are altered to
simulate a disease state or a progression towards the disease state. The parameter changes

to represent a disease state are typically modifications of the underlying biological
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mat hemati cal relations. For exanple, the conputer
nodel can represent a first biological process using a
wo 2eos841eé hemati cal relation and a second bi ol gI/T§1006/003970
process using a second mathematical relation. A
mat hematical relation typically includes one or nore
processasiianlead introdieedse kiate] for ekample, toalepregent thwegentii ¢rer) environmental

be sjmyl ated b 0 er ,node|.. re particul arl
etfec i AT O U H IO BRI B0 Bl SRS aaHne ond br more

pararl&bisNg uk& Bb&EHeS AMRHrAA0AGe 4Rl 1iARIRS a dﬁé%eest&@eof interest. In one
vari abl es can represent |evels or activities of

implepagnitadies, Bﬁlcﬂtmguoa: alteringmyeior nwme sar@metm@smecyfgrmdzcb@tmaatwally

10075 VaBEb OB posfBRel B iScifiea 3ol bt GR redbor R et logicar

systefi0 M tpaftit@lir Svariols ilal padients \GREH térdRoded RIpR&s8AY, for example,
varioys stinuli that can be apple toth
differspt, ypepienscaf thy hidagicaloptgm ffergmfginftidngd¢ characteristics,

dlffelk%hpéﬁ%ﬁplf'hai‘é(&ér?s'ﬁ%s th ot 2R Qﬁu i(?ﬁxghpmpﬁlg QUGS iRl can be

sures for virtudl patients I'n
associttet withedparticwlar et 0fl migeifos thqopdrmnetesqcxpﬂ the @bmpuier model. Thus,
ear| publlc on nhunb 2003/.0014232,
virtus] G ROARAL IRtHR GUSE RS ARG 0S 6 484 ity pptignt B may
incluf/ B%le&ﬁldt 8 of PHRHIcR: VARKE thJRTIDES 85 sORE fQé}nd'fpfrgmstﬁE 57ﬁrst set of
of outputs for a biological systemrepresented th
paramgerpyaliess. tgd énstancpdhosecand sctof petanetatvluss rrmtlmluée at least one

parax%?c@r{ \Zaglﬁgg fﬁa%% %orlr'x]lng rcglagspﬁrcl? 3% ?g%}agxiﬁtt%;\ga ue IHS{“HS(} in the first set of

paranhételi wlaesaslﬁacslmﬁleﬂmwmdﬂ, Vigtthlagitiest @mehyiRy SB¢iSes wath @third set
ime _and for a particul ar execution

particul ar
of Pagaé%%rrwéueswtﬁ@ HErsun spmpdesdlonciiom, the fisd and second saippf parameter
valuest ate as well as a disease state of a biol ogical
system For exanple, the conmputer nodel includes
[0073:]%131@36&17@31@ hamdlaom(aagt an eutwaod mamﬁestataao@ afi ashlak)glcal system is

st.ate or ro ressj on .t wards ase . st.a
refersS 10 B s et S5 SRApPGE fondifh-ciBE P GHEn Sym that give
rise fOY’éHeCﬁﬁdn)zStﬁ@ddaB' bAbhRBSorP hehdiR #4088J, | sivitBnmental factors, or both.
bi ol ogi cal processes involved in a di’sease state, for

Phengtypefdica biokpgieab pesiem are dedingd math wng@lﬁgneﬁmmmﬁmty In some
ec h er I al
inst yeg’s e]{)lge(r:l?fyﬁg fcllgdeﬁ %ﬁéﬁt\;ﬁagd %r%glfggrlgt%nr 15 ‘gatgﬁﬁ-}é’tl%‘ & g%se state. A
partlcuﬁz&r plmﬂ)itﬁﬁee%fp&:aﬂg)riswepﬁi(hb&i &i?ddifftﬂﬂﬁeﬁnc&rl@ir@ea&ﬁhnons (eg.,
ﬁ interest. In gQne |nplenentat|on sel ecting or
differgp; gomhigatioRs of EeRsHe apd remvisprpentaks fi5kre)or Resgexample, two human

patiefts LRI ;?v%k by pe [s@{?@r 1y YRERY Duy ohE ¢ah b@aatx{h?@tcsoe@&?se of genetic

associ a ent reépresentati ons o
susceppiibilivyivdele thy eﬁlem:anlbm: gothritic bedamse of/diet amdshfestytb whbices.

ients of e C t er ,nodel ent r ex
10075 0nE P Fiom e} FEES o PRaTE e G e i HAdA Rgsed on an
initiallivirfuRl @Bfiertthat R dsSoctdia@ Jetheinitil 'pﬁfamé‘é'érf VRNt A different virtual
external characteristics, or both. A virtual patient

patientrcan he cresiqsthased erpthelinitialvitual patensibytintoducing amodification to the
e i [ | ar S

1mt1a£ g%r%d&? é%één%ﬂgq‘r&%ﬁéfé gg I%F{c?ﬁ) hlg ttl?ee C(? g%lcﬁﬁ a.'l? cpmgmnlg/ owned
U.S. fRateat Ag@licstionpSerdaiaNieniberal om,,smd Suth hu)ﬂhﬁc&&bn eah ifclude, for

examg?é,/ a parametric change (e.g., altering or specifying one or more initial parameter

values), altering or specifying behavior of one or more variables, altering or specifying one

or more functions representing interactions among variables, or a combination thereof.
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i nclude a second set of paranmeter values that differs
in some fashion fromthe first set of paraneter
WO 200608419¢-0r i nstance, the second set of paranmetBUS2006/003970
val ues may include at |east one paraneter val ue
differing froma correspondi ng paramneter val ue
[0074h Olnc de chdre virtual batienits iahe edmpaemod e call dkWaEdatédwath respect to
manner, Vi r(tlgEﬁlt pati ent C may be associ ated

the W‘Pﬁ“’glr% feryrepEsseypd By theneamnuter anedal as Hagerigpd freerg detail in co-
pendif¥TBmliaghthRidnfy erfeheufs fP&teﬁn g}ﬁ@é’cﬂﬁ %% alOfNumber 10/961,523.

paraneter values. [0 observabl e con
Vah(l@wg typlaailsomfwa tela mmnesm estabbishingf cal“tdundé\aag of adnfidence that the

comfBL VB S 1o KE-RISPONERSD b0 St o s

data 0o €hd’ bRfogicnl tsystep e Fot Yoreaif HpplRatidAs CohrIis 98AH Satients of the
factors, environmental factors, or both. Phenot ypes of

computey BPdeicanibesiplidalag st rgurerhiodons arimensrifienefypesgefabs biological
e

s, FRERGRAE Ukl oA, GSEARRe0 SADEGREYRE e hnotpe of

the biiokgaab sgiteng and\ virndli patiear Bpban ok ywdidaei Wﬁh |r§spe8t to the first

roduced hy .differe n erlyln cond X (e
phenff B G a5 AR PO AES PaHietlso s ne o imepti Fshion from
the firGihehstype. FOr exanpl e, two hunman patients nmay appear :
to be simlarly arthritic, but one can be arthritic
because of genetlc susceptlbility, whil e the other can

]?80?§¥H zuw Pﬁéagﬁﬁfﬁ%ug:et and lifestyle choices.

patients can be created

' i tial
OSBRI S ) A b Bt o
showai €3G. A. dilf ftbs & FLH popiddtiodabf @adl fdfecRe ik s‘%ﬁitatlve of the

uE%SGd on the jnitial virtual patient by introducing
Popuipns (28 atoni by thesimilart frequepey tofatachfi Erie phﬁmtyp%) “then the
[ d Bk | an
col ATEE B A5ERS' Ak 8, 10945 0 RETLAGEDF A9 TBA o
popul:3i086 1F & 2Zamplss has rsholivh i FIGOA, a&ﬁllémlhwfanrtﬁﬂrpaﬁents has virtual
alterin

TN T Prgé&whme IR A—

the @ldresf e 61[1p§e°8fi'tf1é’ 'Iﬁgerﬁ%h@tv bitfjed®’s orIn'TQ&(ﬁuon the weighted
variables, altering or specif ylng one

frequepesc e eash Viﬂ@pﬂ @aident im glel virtteal petiénd Ipspuiabmg 1S\/Sam11atﬂo éhe frequency

of th borfeefBRAS Rl A0 iSol it B berhela dpt R pai Gt pppulaton.

[0076]eApeﬁﬁJaI Patitig bd)}ﬁilzﬁ;ﬂincﬂsl t)gﬂé‘elll@mrft&flfg&tsﬁ)n?)@dreBMes&Iﬁ@uve of the
N nNore et al In

nput er nodel as descri be
POP”E*’é‘ﬁén"&’l th gesrpgt tegrieast yomarteaiungs of thlapemlampl Whathegrihe virtual
pat1e§@ 'bbﬁﬁla“%@? }?zgée?l@élcgé (gfiqth\éahab}glﬁgﬁcg{; s yt?}él%ﬁ}}l X?Jlggteed Sf)y some

to a process est ing a cer
evaluatinh iofl emmitarithafbr themplenpu t(ﬁnpaflmgethe distdiblihasfevalifes or summary

s R U S5 R bl et b bt o
[007APR! dHREASNST vHRfal %ﬁeﬁ’ck thaial BRl&RitRe0bf Eﬂaepc%lfﬂ@i% Ypically

nodel can be validated with respect to one or
mcluéeﬁewﬁtlgln@ée@tﬁ that eregiepteseyitaivie of yeal enbjetsr Fonetaamie the collection

of v1¥r|.1£lt5¢5ﬁ% ns gy %811@?’(:%? e)t()e?ml\allgl f)cﬂﬁttﬁdbg\gé Igluqlga pperggen%agons of those

real subjects and conditions of the real subjects that may contribute to or account for the

clinical presentation. The underlying conditions ideally include features that may have

different underlying mechanisms. For example, in a study of diabetes and obesity, the
20
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t he bi ol ogi cal system and virtual patient B can be
validated with respect to the first phenotype or a
wagewonsiphenot ype of the biol ogical system t hapCTUB1066/603970
in sone fashion fromthe first phenotype. E. Virtual
Pati ent Popul ations [0075] The collection of virtual
virtughpateentssmap be dhahttgrizepbe fanirad inctudidg shwitp @pd lisduliaensitivity,

.,.as shown in Fl 5..1f the sanpl e, popul ation of real
with 3R BroeLpotsHlsdBinga AnOBS BempHEI GO A pares Rolding for
il HAIRI bt (CANOIAS LERS R B v
obesg # subject may fhe obesepfas epmplsabecauss] efgesetic prerlishesitions (e.g., Pima

. I on. | as sh i, FlG_ 5. .
indi B3P BBy e FeRIRs (P2 B e b roeriied; veandingly, he
poolt batvietpglr pxtieies eandyheinplngd ovivingls pahars Viefreséntinde sSjERS ewith a
opul ation (as indicated by the color of the €ellipse
Pfedgﬁosew i obesHY agd grirtug) yatichts sepngespting spbiestadvha eve, ohese due to
lifes/Rl Gldied frequency of each virtual patient in the
virtual patient population is simlar to the frequency
[0078F At ¢rdlectiarr of pirivel patierealis sphjsedtivenof the seppdtenawen statistics

sl g 5 e S S L B BB S0Lhe & s
the F@ﬁﬂzﬂfoﬁm o Véxagfpld, NheP O st 4r@N vilYidrlde F S BRE tort ﬁuﬁgé population

east sone features of the popul ation. Wether t
charagiqristiey obtieivarteal papentats preferebly spmidarentthe imesn @ind tvagiance of the
' s kyvpical Ly i.ndi cated sone.evaluafion
e LU SR IS O e

for estmmiple] uticicoeachfofvaiveiab vivtuab pan@ity isSt@hpa4816 o fa0EolleB@dn of real
.feature in the_virtual patjent population and the

subjegtiy, featrpitncy obgadh Vireal patient Bna yirtugl petient peRvlption i preferably

smiBE8) 04 BAGRESERLAIIR, G AR AR L0 RLERL I gptain

[0079eAhalssibpbe vstuaFpatienk popll@jont dae protidetsight om thevpaplilatibn of real

s B BB o A GOB b S comeences

for afl GREVIduEINSE DprotdiBl FRateaiBit RFtaSdibdasd, ANbekid ,
or account f%rro the cl ier?i cal pres}ent at %@Tﬂ% feRt&puldtion, on

the offira diandsicag be siser ta ensessinopulation-widé aitiébitesaassoaated math the virtual
' upder | vi nechani sns. For exanpl.e,
ol SKE 1 54500, URPClE SRR p IR et
predipitiieepdpmilatioy-viide dhpaacoLnn dsterventidie alin igeferhl) GnbBR DS a virtual
. obesriéﬁ .and insulin sgnsitivi ty, wiith specific virtual
patiept, po %/tsonhléﬁmﬁg 1 Rrmet dnfeksmgesnat prsdictions aboyti g population of real
subj¥Rasur es including for exanple, insulin insensitive to
m|d diabetic to severe diabetic, and normal to
[008¢}v¥irtwe]l gieasures dive 8 ecollActsamb pE virtuahpatientowas ehe fumlyzed in any of

exanpl e,. becau of Li redj spositions (e.q..,
num S PR dpoBaralEingfe P BRSO LG rabSrediual measures
can, 610 Bxdnddle,db&tdetcRBirRYSICHS %ﬁbstﬁﬁﬁﬁ&ddio@&laﬁpd Lheh BRObcRrence of

virtual patients may include virtual patients
anotheg preasisn bpseg opuisiecs teorgistandardstasigtiend dests | Batistisalotosss tltay can be

used g@ g%e\él'ti% g&keéﬁﬁ)tn' &t i?lcﬂaﬁ@ﬁ%? %}Qettrhyglg, ﬁ’rllje%!r %gérgssmoan%iy%is, nonlinear
regression analysis, and rank correlation. In accordance with a particular statistical test, a
correlation coefficient, such as Pearson's Product Moment Correlation Coefficient and the

Spearman Rank Correlation Coefficient, can be determined, and correlation can be
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lifestyle choices. [0078] A collection of virtua

patients is representative of the popul ati on when
W@ b@biost1b€s descri bing the virtual patients areBCBHURI006003970

to the sane statistics describing the real subjects in

t he popul ati on. For exanple, the nean and vari ance of
idengified dasedbpe dstepmining dhat dhercavkeketips tdoeicidnt thlls wiithiny al particular
rangjat! ents is preferably simlar to the nmean and

ari ance of the same one or nore popul ation

[0081 Pod 64 A1ip]8,Ltive Sor nkbre hmamb@rmu hablledtionfof kflal patients can be
Suq%lt ects. Al so for exanple, where each of several

analyrqd; tpaidepsifyyi pofensial bi P apfligative of adispasetsiasp dof brOéwker can
oSG IS AL U] NS B g or et
a pattiveld pempessncopulbfor statd) sach dsheedisaise aampascﬂdsgﬂmdhﬁ n@ire detail in co-

eal subjects.in th ulation, i s, of
vendjfiE ardh ChBbIoat ORI ESo koo Ao (SeSRgiorghe Ag961,523.
Medé@xﬁg'o@tdo%lﬁgtloﬁ@@f rﬁéﬂ@h%ttﬁat Mdidaté2h PR 'o?%t%réé@nfop‘:‘example a
used, for exanple, to predict the particular
diseassritatetdlected by @nothnr mague, ¢ambe tlentifigl, foroxemplay by assessing their
cmr&g&@%nent of a disease. A virtual patient popul ation,
e ot her hand, can be used to assess

[0082ppUhatidanifiohtitt af tcbirblitioss agwag ivated medstrds h&thlE(B bRl used in
nmeasur es_ of the vi rtual atients. For exanpl e,

compination Withap P aiRns ALaReds Parmals.u Steh tr@nmul@@pes caihbe used to
1denﬂg3§:151)éhhﬁ Ty q’lﬁcrlv@ﬁ’ﬁ"’(ﬁ‘fsbgf e 107 ik dgﬁs@lgecirﬂg,?gp W %!’(plore the

ysi s a virtua ent popu
relativef effiney dfraf arietycefthenap putediegimens forathe wirtual paiinmlt abpudation. For
asures

exanfie] SRtenERIRe YA i ik e anh aa Mol aetrign o represent

the %f terHAlBFFEN S WAKW @ WIhé MolBIaRa WRfusékid dimulitd e eBfebt of the drug
esults of two or nore virtual neasures can, for

on eé@&bmu@ﬂarbertwémefrl@ﬁtn@@theddﬁ@almb@tt@npmlaﬂww correl ated

008 0 USO8 5 AP B S R e o

corrélafidnse aah Ihﬁechtareldtlbﬁshipéeﬁtal ﬁo)bulaﬁbﬂ of adal SubjedNwhae théd®llection of
r exanple, linear regreSS|on anal ysi s, nonlinear

f
virtya gRERs 15 AertReniaive of Mhrapenmiation i redl sublgets. M general, the use of a
corr&lafit ﬁgrg’tﬁ& d%érb?t??noﬁ the GHhal %ﬁfeﬁ{sgﬁ tlﬁt@%h;tto? g}edl behav10rs in the

corre lon coefficient, suc ear s
popibiiendf Gat sedjatts mg@wﬂl‘y moetnapmophatm whSpehH pmVa]EacH( of various
. rrel ati.on, Coeffi.ci e dete
virtygD R 18 ihg el PR EopHeoR o BRI oRe PR AR TiAte of the

prevaltfcs of wcgébu@ ool @@éjéag € fHe IS@Jula%low thkding vﬁﬁfal p&ten® are over-
range. For exanp e, two or nore vi rt ual

reprw@a@d rlé§h¢ @rrtlal patidné population compangd|to the pepulatiaranf b@l subjects,
thos@rlf’ﬂté(age;gah%&s' nt 'afcé( &pgggﬂégb ong)tI %lfefe rgnt Ql%o%a % observed

I'sease S er C er

corrélaﬁd)rqgwheiéasai&“tsbhiéuhﬁu@lr patity mtmrﬁliér-&fpr@teﬁtbd bﬂttﬁé vifh@dl patient
can be used to_infer or predict a particular_ process
popylation somppred foufhe posulsfion Hf ae2] subieets, hosq Wirivak patients will make a

dispfipofidriRtly RaMbuBaLA o e GOREAA Bffrelation. When virtual patients

over- or under-represent real subjects in a population, conclusions based upon the analysis
of the virtual patients may not apply to the population of real subjects.
[0084] The definition of a virtual patient population as a collection of virtual patients, each

of which is weighted according to the frequency of occurrence of similar real subjects in a
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and comonly owned U.S. Patent Application Serial
Nunber 10/961, 523. Measures or conbi nati ons of
wore@s8496 t hat i ndicate a state of interest, fBCT/US2006/003970
exanpl e, a disease state reflected by another neasure,
can be identified, for exanple, by assessing their
sampdmpcvmﬂa&iomozﬂlowmaﬁlhsﬂﬁhsabasdé opod aedysioor thé vizmar pﬂtmhﬁsdm Be more

o R LTRSS e g be b 0 o ety T

popul#iBh RedeAIHIQNSe %ﬁﬁpféebdﬁﬁﬁﬂoﬁ Oariddfretdrdbly RIS ﬁ(ﬂjél eﬁion'}@ﬁﬁ‘esented by
interventions, e.g. use of an antagoni st rug,

the smplem@utdﬁen;@bamtwé mfapurenfyr the virtushpatiengs cdn be used to explore

ond ey REHRRF A bR IE e pBbu AT Sk FhiebRe Vil e of che

[0083]i Vilttval patisms thopiilaficis dn LRI dseq Gh &éseﬁ@ﬁ%ﬁ%vél@ﬁment clinical data
represent .the potential effect of a new dr

ug. The
managgipsnt; ﬁw% tﬂéle des®n snfumatagereat; eprasht diggnaskie, andJ gompound
i
o, SRS 60 SN Aol I BB bycreion,
tox1cay|)a¢qpkysss <af1d btwlarkﬂmd@mhdﬁahtmn r Thea hnahydis eﬁMﬂualWhnﬂﬁopulatlons

correlatiogns, can ref tlonShI sina_ .. |
may gide, Hsight ghtor B8 prSalspict oC Rafieh BRS Bofeckappliions improve our
abilityitd predictABd b@Béhed 6f 4 SRS Qﬁélaﬁﬁd/ %&fal&%l}?&@&éﬁaihf&ﬁlanon and
of real subjects. In general, the use Of a correlation
insighfis fesmen siblse anechanigic Sndienwithi whelalorgrisne ssarch on real subjects,
. r ' |or3|nthe popul ation of
mdu?i(rlellg%hsu Jec é)%liegggléglera%?\y ost appropriate when the
preval ence of various virtual patients in the virtual
atlent pﬂﬁ#' ation is simlar to or representative of
he T yResdiate ar ¥irtadlYlsdames real subjects in the
[008«50 ulagion. If some virtual patients are

Aeline 3 it patientRopylatiopayiryak mepgurgsopfuthavigpal patients are

r |
comPOFI A nRoOY 3L S TR BT g o
evaluatmﬂamsimﬂmﬁy af ghe hmtuabpzmemmdtocthe redl subjects vahedgrading upon the

S vif tual, patients are under-represented in the
typeefﬁ% ﬁ’?léﬁ?asﬂ’i‘?ﬁﬁfaé?ﬁedﬁe@onpared to the popul ation
[OOS'QfDﬁtS Fbr Mk in hRAS ?’le\ﬁoi)ﬁ}éﬁbn BAd {BRLBmMsutesTBK&CR of two or

i sproportionately snma contribution to the observed
morecyitugl eties comeforvexamp¢, yeatdsentt mdgpmdentoor dependent variables.

Indeﬁé'ﬁgg tVarbfes ecPe% a%e ﬁllr'l?ghg%t S I gess aBeP ylphcg l% §re{ lj)glknown for a

conclusi ons” ba

partiquddri iaditviduaR ywHesdas allapén)dehtovdrfaﬁle@ QRbdrivel fodturb Wit values causally
bjects. [0084] The definition of a virtual patient
deper'gg (g

gthethar i ya)r é’éfp‘l)féé’fﬁab‘% wowthetmespa‘tth@m pensigah variables.
Data 8f mMturls fo% i gl i a?féﬁf%F gbﬂ‘% }é%eﬁtm:fe b e¥s HMa physiologic

occurrence o rea ects 1n asa
state papeblas iobrihe @blblﬂaﬁaom amt ralated sebmstationporfoa rwhmples independent

variab o, dsiiStbe Ene onch 8 Dokl Fhs Snder aih drase state
body\/\*/é@lh’tabo@}aﬁa@s"{ndgﬂp Wil #}ﬁsfoﬁﬁéﬂ? IeSsiBe (S8 m?ﬁlﬁal HbAlc”), and

popul ati on, and preferably the popul ation Tepresented
Patl%tyclmeprséﬁii@r%(e@ LRI mﬁmenéomﬁm fmaﬂiemaagumewem icandeg). The

valuegI 3t ﬁ’l%l de%%ﬁde%P tv%ngbéfes %%10 g“/dchtagac ex De W€ state of a particular virtual

patient or real subject, and can be used to answer a question about a possible relationship

with the independent variables. Data or measures of dependent variables represent, for

example, physiological features that depend on environmental or genetic features, or the
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and extend our understanding of the popul ation of rea

subj ects. [0085] Virtual patient popul ations can be
was@d/ 084196 esear ch and devel oprent; clinical daP@r/us2006/003970

managenent; clinical trial design and nmanagenent;

target, diagnostic, and conpound anal ysis; bioassay

resultl @ t@ninteNAidn (825 Ay thefipyyli The déNidration ofRlddhids dMhdependent
excretion, and toxicity) analysis; and biomarker

or depgadant mayeprsrent shepethedized; caus relptionship Ysawecaythe variables that is
iy

ot SRR O, KUY e L0 LB BRSO of

subjeots qrvéntiad tpatitigs.out comes of a clinical trial, and

ral el wid i.nf ormat i n a d n hts fromin .
oos§°RRE FuirteEinpe do ff aueds Rd hoBRE sRgaFs Apaied fof virtual
pat1eh%3@ﬁrl§éhmﬁ’0aﬂa$@|e gisqﬁua@“hg a glgé la%&gr ¢seht® a 3f¥le variable for

epi deni ol ogi cal udi es es of ta or Virtual
eachyealublest pOVIgHR! mrRiicaef Aliernativa Y,tth‘a datpfox reat subjects and the virtual
of t
meas%%e%l‘f%:ng{lfrﬁgle%ﬁ eHs a%ggrﬁglgttﬁfea% ‘ﬁat e.g 1nr%leuéllr{g3\5@]k Q?II mﬂ}lg?ﬁ variables

as ammrlfadeamhreé[hebjeﬁtdmdmalbmenare used to evaluate the
he V|rtual patients to the rea

f
lﬂﬂsihﬁl‘ég{f@ ?gﬁa SpRIRCH fgduhenvirth IgpRiest fgayiguginpatients can be
categdrfcﬁlu %at@?ﬁﬁ%lf %aﬁ[kgtar@é ioHSEPalud n%:%@dlﬂ%ﬁgﬁh&? Ettﬁﬁﬁés (nominal

Subjects Tn a sanp pop ation a measur
varigbéas) enrnked atonoding tcnﬂjuenr magnitudé (qrdinkevermbleah, Fdiroaxample gender

re sent endent, or de end t variab
and. T8 BB icer o oBenebicbe BRSRF BEer g, oI e Citegorical
variaBle8 chiy Bb @sdd, Yorshmple, Kﬂi@‘éﬁhﬁy%ﬁb@pﬂib’tﬁm@ UCategorical variables can be
i ndi vi dual ; whereas dependent vari abl es descri be
appropriately canalivsd eUsing (BY ehEEPNS an@ plean ieatiseametric methods of
stati@gual 'y or hypothetically, upon the values of the
I'ndependent variables. Data or measures for
[0090hdh¢)e1|adxefdr wal isaljees abdnthe egirteslemeaduiey fte vagoalppativts can be
dg$ é§é0|o ic state variabl es of the population and
contiogpus g ust | GRRINYeYF VaRablst can HydifoRkettsume an infinite
numHé}r ooPAIeSs Eétﬁregx?%ﬁﬂl't@@ fiRAl PEiRR. SHGNeRindle, oﬁglgﬁg is a continuous
factors (e.g. gender, ages, disease state,
variajws berausd dupye mgnlmﬁlmt@) pumnhért Oﬁlexqﬁnymvashwglen‘al between any two

neasu r and tient,.cl
meafJFE5 ! Tifeofiplony VRIS ol5S) Kol B rromtitsy STt Naripbfes, are
ordefd S ha el rckﬁalﬁhﬁ(eﬂaiumcﬂf vk, GeReRGamYdhicaRhRS possible
typically characterize the state of a particul ar

in befveqny dior sarmple; themupmbsr ofesspaences ghen et i diswatingous variable
becafilS iR HERH R ARO bt BoRile! BoRiAGHRNARAL Bt Bome cases

pendent varl a measur es o
dlsccﬂmwamwamnab@esl aiml BS appropestelyt anadlwred enshgphgy of various and known

Si oI | cal at.ures that de end on en ment al _ or .
Para%@%@ IO, s éaglsﬁeﬁ B85 tcsi e TRYierDBh Bregowhen certain
assuﬁlﬁtl&is’ gre HSmd ey GRYe dlsmueﬁssamwﬁ s&hp Pl bROLASHAS

i ndependent or de endent nmay represent a ypothe3|zed
[009&}3@13%1 Hate @btainasnion [rgal lseljeete and lih@ vignalabeasgres et virtsalnpetients can

be st‘a{"l $ BP&} od fk;) Z %aée d%l%l qaréaeoqrsllg%s ilgl represen? cross—sec%onasl variability.

Cross-sectwnal studies sample variability across subjects or patients and may approximate

or be represented by well-_deﬁned parametric distributions, e.g., the normal Gaussian curve,
as shown in FIG. 6. Such variability can occur causally due for example to differences
among subject or patients in underlying biological factors and typically also includes a

24



10

15

20

25

30

subjects or virtual patients. [0088] The data obtained
for real subjects and the virtual neasures acquired

wo eooeMs4ibaial patients can be univariate, e.g. POTUSZNNGI3970
a single datumrepresenting a single variable for each
real subject or virtual patient. Alternatively, the

compab@ Hi@ibufaBRY toShiioRe t/a:i@ndf/ tah@ méasurerabntreeas U Besrd inrsampling of
virtual patients can be nultiyvariat [

, e.g. . | udi

o pONAPBgISEREH It A eon PPRTSFBLoR AP R il S anl s erved for the
i i . - t Y f

samp?ee §+pu§%{ Jn:C d il tﬁie{ %ﬁéﬁb}lﬁaﬂa lﬁﬂa o;#@s.lpﬁl%%] ﬁﬁ?ab‘i’iﬁ}ra}n fedtures from

e s an ures for virfual

subjeeaittd subjsctcan fiemcpdtiegotd patient,Cadne jo rcheracteviaed, afor exampls, by a
assifgged v(?l gllj?is .accor di ng]ilt o their attributes (nom nal

measps AL ¢ gy % PHARIHOEEBIF ng to their magnitude

[0092PHYh PR Viahal AR @fasurbP! tyBallp| Rpregenidesngfididahe(e.g. temporal)

presence or absence of a disease state are categorical .
variability.alcagitudiaalesjudics shmplgrvasipbitity @athiae sybiegt of gptient, typically

exanpl e, to, identif o) '
over SR o B B, e AR Lo GREBPLE Bl oot o e
dyna&tﬁésit @ptﬂl_eaﬁdloFy,om f9icallpaiotihcludese chmpenatt attributable to random
statl stl Cs.

e 0090] The data for real subjec dthe .
fluctyationg ayithis gm@@é Bid PeIPFEen ST TTe A @%Lmo_@%- 7" A coffection of
real &%?%%M%%uaﬁ i)agérﬁg ent %ﬁ%teﬁ%%ﬂb‘tﬁl&o%%Ebtﬁﬂa?&@l@ﬁgitudinal

I n eory, assune an infinite nunber of val ues between
variabiljty asoshowneint i, 18t sLorgimdisslaveslabilitywsig e stmpled, for example, by

.continyous variabl e hecause ther re an infini .
OPUIHﬂn’E?é‘i‘PLiEﬁ CFS s ﬁr’ e ﬁén fe‘“éOPﬁlgiﬂ?\é%ﬁlggﬁytot S\%m?‘%éaglllﬁ ggpropriate
varie{éké-eemriaﬁé@ WSty @i Rbthafie datas OTh&e s MRpéisd bgpliitly on a well

I screte variables, are ordered but have only certain

defirfad)charantgrizationadf thelynasmic pjeetorio i nt er redi at e val ues

si bl.e in bet t . . ful
0053035 Pl PR, o BT Bl WA, mey e e
to alREAUDE varidsilityomadhe destures ofi tles viatuel pattenpoasi theaeal subjects. For

Conti nuous variables_and | n sonme cases..di scontinhyous ...

example, @ptseseciiont! YataL9p rbsﬁw?dawe?sy%Ywé&% 4mege afﬁ%LfWSF of interest

| tbh &Rl Qdf Qi BE AbddStd Edimate within-
of V@%%ﬁ?ﬁ%%?%@?ﬁg@aﬁﬁe périef eraabl y used when certmaai n
paticas andrpfthimsubjeet garisbilityeh feaures oftintsrest, Snelinding iforexamplp the shape

andom sanpling, .are satistied. [Q09 he dat
or C{yagrg}qqe Potpmpglal qgﬁéﬁﬂ%%gt S%gare%ref Hag’ol\p]%‘cjﬁ% Jpclide ;%hu(r)sgsthat can be
charg&éﬁéfédfﬂyl@peﬂ&énit QY b1 &R eI pbiRicn e vaTablsn dfd ependiind vingables that

ata or ‘nmeasures typically represent crqss-sectional
mayvezcduifol variablity éw theedepersient varialifs €an dggendified and used to reduce

ar i.abi | i.ty::aCcr.0 ' i . . : . 1
T
rela@@fsBie of itedbts tFdrkepthinples categogical taniables snet asGzEmdet, age group, and

_curve, as shown in FIG_ 6. Such vari.ability. n occur, ;.
diseas SRy anfl CORGHIOBR AN S 75 EFISHE COSCHRITG Ageepd disease
o : . . . . Hlos.

g BhEAY L dpli o iaioek pimremate,
[0094) Bhsed upori i diinilgrityriottweans e drasnies oxf ithe reabsuliegs japd the virtual

patigra:gp ‘lhlengregeftlence of each virtual patient in a virtual patient population can be

adjusted. For example, if the real subjects in the sample population fall primarily into one
age or disease category, the prevalence of virtual patients in that age or disease category can

be adjusted to approximate the prevalence observed in the sample population. In general,

- the prevalence of each of the virtual patients is adjusted by assigning a weight, or
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a population may result in deviations between, for
exanple, the variability observed for the sanple
w@odlosatipon and the true variability in the poptl/as1006003970

Variability in features from subject to subject, or

frompatient to patient, can be characterized, for
prevaixmptoeeacb yireuairpatsant @asell dohthe stalogtionchfdauilaftyo nI‘herasmgnment is

r| a $0096]tv nam, .d a or rreasures typica

typicaly GBICNE QRS b GRS TP ey gHual patients
andth@%l ﬁbgléc%al studi es sanple variability within a

subj ect "or patient, typically over simulated or actual
[0095) Fmr egute,v &ri Emi\’iﬂil?tt? aress-secttanal clatss and yn@hsere& oof a dependent

v SR i b HRR e o R B B o e

evalfatddChy edrhSerthgVthé MdantvatuePstt the Featave q‘oﬂﬂ@&‘é&leé%ﬁgctseﬁvftﬁ 'the mean
shown in FIG 7. A collection of real subjects or

valusgﬂtba fratyse fardhe wirwalpasienippulssionr Alletaliyelor in addition, similarity
- | |

betwEP fi% REGH Lo i tllldf‘ 3%1 ns‘aapﬁyg ggigba yl%maﬁat ag'&% galf*%e d@v%mwd by

comﬁamimgethemmkie,, stmdanbdwmiom: aamdnca,gsk‘ewhm;e 85 kl_ﬁt@as &F the @eature for

. C-opt.i.nal s ethe appropriate .
the 153} Subiges cvzs‘@h %C[erm?? dPYighin HEriate. Skptass, or kurtosis,
respééﬁ%lﬁ n§f @%Oﬁi‘aglr@ﬁ@tl kigd Hrbﬁapga@enwl hwa& 'oﬂl%ld al%’ statlstlcs are

characterization of the mc trajectory. [OO
availablg| oatthe tisal subje¢tar mfynmftlonhen vaddttuzmlal pzanaldns swnllo tym@uy be
jects ccount
necelyf PRl ok BUUBTET abtion FF Plilfotpaf tae are data and
measafitd foheneed ndudjiiehendend rvaﬁéﬂﬂ@'tﬁe HEDS Sn&ﬁCtst@xﬂ&'d deviation,
data can be used to_estinmate varlablllty anon

variafge sV sy o1 kKpttevigef thefeapymetfpathe peal sehieds e bogglculated for each
value Hpjﬂfé:hﬁle ehoD efb!l‘éj' e gxt et AP SE Vﬁfuq &)gtlgrﬁg LT8hE virtual

hi npatT ent an W t hin-su var I ab
pat1ef1'elatmllai:19n@ﬁn thendreaslijystddnsol bhaill Sﬂ@lsflcﬂ’ foexlampkteal peticatsdaeing each

T N S I I T

[0096&%%%%1 Ml Bl @fd aRchshRdesrendaide MakdnabhiSoariable, and if only
I'ndependent vari abl es that may account” for variability

p0puiaﬁ10nﬂ@d@| spanyendataas jaxbilable famthpaeal dwhiectsi #dis satdeasts pdssible to

denl SEHGE SRR E RN, b, 55 SREREGon o v

patientg| it aoﬂﬁtbalpgatﬁfnt | piipRlagidh - cdnObe QXARRIIE so GRAC BRI GBfectories are
varlables such as gender, age group, and di sease
repregeniafiye (&g hame ﬁwg%agnwrﬁraamt@y, siler shangd feajecories, etc.) of the

meart?ﬂgaﬁﬁcgfrg/'&'tjhaééls%@cts and di sease i ndi cator can be used

o2

account r variability in the dependent
[009Y)aWhaibdets. arg @@ﬂlh]oleBﬁﬁeﬂleLmanoﬁeH‘Eamrw dfatach wf ltied veak subjects, the

o o B S A 8RS PR PSR st

the Wittlid] Yatiedat "Hﬁt prROABAR! HOGiraNp Qfén%dd:dﬂsﬁl@f'ﬂ beF&fJusted so that the
exanmple, if e real subjects | n the sanple population

distripatign pf iveles Ifgr thet ‘armaiep@t@etsomom sleaeé:e resetbdesr the dikteibution of

valudd rf?n\e/ g’lgfrg&c uﬁjectsI rIEOL% xa&q id tthS dlsmtt)uhtiaotns aageeas%{lm%“d 35 B2 Gaussian
normal, various parametric statistics can be used to characterize the distribution of values

for the real subjects and the distribution for the virtual patients. For example, an estimate of

the mean and standard deviation of values of a feature for the real subjects can be used to
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be adjusted to approxi mate the preval ence observed in
the sanpl e popul ation, hi general, the preval ence of
weawmha/08f19¢ he virtual patients is adjusted by aBST/gaiong003970
a wei ght, orprevalence, to each virtual patient based
on the evaluation of simlarity. The assignnent is
detetryiie cgirblyabiility @i dbsisrvlng Bmartiver tvikie Dif iid Ratute/adofot Weaual patient.

nf res e.virtua ients and the real
PregfipEtT ¢ VbR aper 67 b dSTHEned w4 BHFQRR IRE probabiliey:
0098} T5& 1888 viflBhidafbts TR
[ v!arl agﬁé sim Igrl t?aabet \?\eenﬁité%z)éfagafﬁgggwqxaﬁg smmla]r statistics
for the pireet patients talem agperding to tladir provalen@mgh soew allosaly epproyimate the
Stangﬁ)%qgl(rﬁhggeatl ebj?chan value of the feature for the real

€ nean value of the feature for the

[0099] Stmﬂdxﬂ}p ot efivan ldnpituoial ddthewhed duelaYe Sailable for each of the
‘ﬂ)é ion, simlarity between the features of the real
real syiiecls the valuestipvethy o aamopalcniursof cach 19al whisctieanche doynpared to
S v
the GERA0L 18 Vift) fients. TRP SRR AL Siks SPFARIER: subjeot and the
varigiohp @besvead adnostsrthemwde besas’eimd&dd ’Klﬁv{hﬂtlalcmtlema thia@ifg @rajectories

. .sk . kurt.o re e of the feature
B L35S SE0R A o et et o
simiRf emaysatd P! puRtiohd&vel e@l\!naﬁill‘ll@}L eCHS thekd' T84 MBEd 9A4 oﬂleasure:s for

addi tional variables will typically be necessary
indepensieninvasiables) waces identify @nduacpmait fplaberfQUMGrS:(lre subpopulatlons

and gmie%d%l %{eah of!1 1 {h%v ar| a% argur?{tglg %% % g_lr tgai] %%%(rta -trajectory

variaew, aidisenssed praviviely, skewness, or kurtosis of the
ature_for the real ubj.ects can be cal cul ated for

[OOIfQ h valVirduah patients cagy Béﬁggﬁed\mp$mm@ly,m§h that virtual measures
are aic%ﬁfr@cf on Bﬁtfdroﬂﬁo&f vithial ﬂ%erff@ttﬁa? ebdht Iﬁg A #&)%:akeal subjects in

pat i ent pul ation can then be a Geted Sot
popudatiomi SAlthmatf\@ly, vireal inrebsiaes mtbaeamalréthfdrmgvm@hof/ﬁhu@l patients

and e pf BiorE S RETITRG nBptolit Serel® (opegaieys that do not represent
featur & \6fi reAllybRbts d@h%e%@ﬁglmt’é'rﬁ %ve‘?éhtﬁgs tTRe lvﬁlu@?@?fé‘iﬁl%s of virtual

variable, and if only |i)opu ation-w de summary data iIs
patieaishptase avoighted asezerenill sotheinckided in statistics balastated for the virtual

patw?ﬁé%\.fﬂtﬁ 2?13'& g?&&%&g%@?@%@g %’r??ff f:ezl}%vmoj%ﬁhe virtual patient

fromph¢ vetuabpdtienBpopuldiival pati ent popul ati on can be
001 gjusteg SO that their traj ectorles are representative
[ ? . mplidyasiate, datgeand messwes gyfya dsppadeat venabled similarity

bethé@Jﬂ?é:?éé"tdr%‘ of Ei & V% 3}&% BRAthd (Iﬂf\ﬁﬁﬁ)%%ﬁtso ad 18 Efifllated by

Subj ects. ata are aval or one or
compeging th@ateam ealum‘ ofcthe lﬂeabtﬁre!; it 4 thefdal sublj¢cctvith thdmeslal@ss of the

for,.t n re feature chreal supj ect. can
featuges %"63@% Bﬁ‘é‘? é’aﬁm S\ aIsyegy @ 8 97 wavatsaﬁiaenﬁgr example, a

vectokBniMBNALRAE & Bbdy ot bHAImdAA thERAEInGRA 1EREY { subi
adj ust ed@so t hat t}yhe di stri buti o% %f val uesmjié‘]ﬁzlre r%esubjems can

be comparg 49 a ygetpe penfaimmeaneano¥ebadyr fak andomean fasting insulin levels of the

o] LR PR 4O ol 5B AR 5Rbis, ssions

mde}fémd&ﬁlxanables can be used to account for variability (e.g. due to subpopulation or

covariates) and adjust the prevalences of virtual patients.
[00102] When multivariate cross-sectional data are available for the features of each

of the real subjects, the values for the features of each real subject, or preferably statistics
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normal , various paranetric statistics can be used to
characterize the distribution of values for the real

WG iwpo84196 and t he di stribution for the virtual PCT/US2006/003970
patients. For exanple, an estimate of the nean and
standard devi ation of values of a feature for the real

based uppre tem, can bb eompadd tothetsahilarnalwes i ehdkidsifbythefvirtual patients.

obser.vi ng articular value of the feature as for a )
For gyamRley H}?a@? s, ofpfheisplesbiedoin 3o, paiRRlg | Populatiemtand ke virtual
: t ' : t.] 0 i :
rric ) ST REC B LA Cndd e RAC Ll i e cn
then d¢j aeotpereds dort érampld dyequalititively evabiatisg itleessifndlarityhim magnitude of

| rtual patient k di ng to.the] , o
comelpladifl nBlY, Seuiise Ao 361 el RPadoty ke anslysis of paivariate
data bed nicagureLadn Sbitefded to IRARRImGtiPle! kihdles.f @br exainrpé%laevector of

.univariate longitudinal data, when data are ava '
estingaggs Qifhe myentand staadrd slgbiation of valbes obthgdsattuss forihe gend subjects

L. j.ect can be ¢ ared
can sBILS ALERAHE B ARG Br b RS BB enfeR Jer 3% AR B i earures
for atvimjat phtiente Prévaleneaddr adfthal Patier@ahn &8 detchinédak atfingdtion of that
hserved across them can be estinmated. The virtual
pr"b%ﬂﬁ‘?yent s having trajectories sinilar to the

[00183)12] €Ct Qfrhi®F1y0 for M ti MhrialPloReftGfthal SR ?fﬁ{eﬁ d63%rd D30aRE for each
i dto ar re o

wei ght e foduce sim measu
of thp @@Bglsabjiednfﬂleweluew &orithb ifdatirys of ¢achhrealesubjeet chmtte @mapared to the

neasures.for independent ..variaples, .we_.can jdentif
valu%snﬁ)r g?.{:‘% oliviyal epgc On?gﬁ ﬁ’&‘g?@uiﬂi .g@.e‘,’tog% fapeac tﬁeg]n?%‘?fﬂ and the
variaGONaObRIRS) ackdi ithéth @€ be lebtEmMad.| e S/idiQ Waferdtd Baving trajectories
. frajectory and the trajectory-to-tra; ectoré vari ance,
similgs ty thecrajeetaripy el Pt oF yore aeil Gupievisrcandhem heiwesighted 4o produce
o ' i fi ' . \o12,SUC t.virtual .
similaf AL orgRpBAORES el (i C TACR, it I bRl fo spmate the
dynatriiext of elps ésdinidualnmutiivarinteemesaland Udack Ghéividal variance-covariance

opul ation. Alternati v? y, virtual neasures can be

ma gu‘g thg

TYRRE frgtsyLigen) to estimats geehe Mdavidyal soh&opy the data,
dHR' &tiffatd ' R . AR RV ¥ LHA ;
e e POy Pl Pikice bPLarBATA 2 R if we assume
multiyatijte aosmalitan wosan siagmed statistical distangletand gleteTininevtak pesbability
f features,of wvirtual pati.ents that are wej.ghted as
of Obg%rrvgl% ]ieﬁlesr?giecbl_éavin?’?cﬁ'adlﬁéédls ff(?f as?ai{‘?@?rl ‘e’guilzﬂa[!%pat ed for
[00104]e Vi rUsiag spaflarabéhnRpiResl il fiksibld 1@t idetify &vatRk QRtitddsres of real
.of zero has the effect of renoving the virtual patient
subjectsdhati aie not wellgpressnted gmops phe wirtuakpaticnd1 Fof exaeple, if all virtual

R i e ST W e ——

has feartmeamtues tiut atchdoset ot thamep@bt tetodbs@rasd Rgusyal uat ed by
npar i t he an values of the features for the real
[""1@ bj ect ?ﬁwe@t Af 44i8 asyEgs it 257 vierdo fetaring Sregloneqweighting
of vidhall phtienBRaah Bl the sifie 48 OF HFRLCLtARAY ndaShired! 'EHaX/ éo ;:8 o analyze
0

data. For exanple, a vector contalning nean
relatignehipreamon g yatiahjesi fos the mirtuel patientsf andier reehbubgedty. eTypically, the
N 0
ot 580 s TRR el R i By o E R B2PEN L o mat

predictions, for example, about the relationships between independent and dependent

variables. Alternatively, one set of common features can be used to evaluate the similarity
of virtual patients and real subjects and to assign prevalences to the virtual patients, and a

different set of common features can be used to evaluate relationships between the
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virtual patients. If there are data and neasures for
i ndependent vari abl es, additional independent
wo arseailee can be used to account for vari abi | PCUSBNE003970
due to subpopul ation or covariates) and adjust the
preval ences of virtual patients. [00102] Wen
indepehdbntvaid adRneémSwriakied Wamhal tidatane HopulatibR bl €hd Ofrtual patient
the features of each of the real subjects, the val ues
populagdiont he features of each real subject, or preferably
statisticsbased upon them can be conpared to the
simlar values or statistics for the virtual patients.
Gror Erxaplse, the features of the real subjects in the
sanpl e popul ation and the virtual patients can each be
[00166far act The Zetowingaexamvses areC @ravaded Yo ilfrato \eatbodingshts of the

. matrices can.then be conpared, for exanple, by . ..
mveRfiph ‘?St‘f‘fts‘?w;}leé‘?}% preqgt fiended &9 [lﬁ’nl‘i ‘39 S?We#&gﬁﬁ nygpilon n any
way OFoCOIch RRRAPRI A8rdiRk bbat iCAGTRAL e sbhigOof B d%?a&?]lgpjdx%’real subjects

~ “methods for the analysis of univariate data
is providedirtbe netme be thexdatm iedeseribadn tHeusbargeud ff thp [virtual measures for the

.. vari.ables. For. exa e, vect or ~of estj.nmates..of th .
virof SR el PR 0F e RS, a8 By S asvigning
prevhleficek iedis@bedsubj ects can be used to determ ne a
probability of observing a particular set of val ues of
t helf eaDifferentigtion; ol hematglogy dntesypntions ey gl ence for a
virtual patient can be determ ned as a function of )
[0010Pat pr dhalgorl ©f thisomroBFt B tpadqtermipe opfimial ideging aytrategies for
. i ' . vaj |
i G () L Rl Bt SF s e
obtained Hros bptecines afl chiantcahimral stldies forhthe tab ulrsgs OThd &®a for the real

Vi rtual ient,. The jndividpal trajectories for each
SubJ?%F“@%ﬁZ‘%’P@ﬂfhn% H@ublaﬁm%t?icéﬁ?s dw?@r% BtRY Jepopsfef therapy,
dosiﬁgaﬁr_o@&ofs? _tahﬁ%ﬁﬁéht d-Eﬁl%Ff‘abﬁch.a IThi HepEilfent DAYILNG of interest included

tTajectories simlar Tothe trajectories of one or
RBGydrematecait, subjreticidoaytan coundn béirtuel givtasetes dopvortiwt epatients were

si m.l ar asur 8$,.0f. lation-l.evel yar.iability. That. .
acqufigl elofl pBRRMST nelio BRR Biied Sipit Togh ik Eoimonty s Wribed in
co-peitiihgy | UMR piwdnit i \epplicatienyTeReariapd pabhéutiondindntbéad 2003/0014232,

vari ance-covariance matrix, S. Assum ng the data are
20035@938%5,&9@340@7%5& it DBHURN4H A vi dual s S fromthe
00138 7, 1AL TR SRS e o e vl s
werentilrdti readiedit for remalysisi t W staﬁdarémeﬁ&ﬁsmasmesshaﬁi@ﬁhe@lfor use in

di stance and determne the probabjlity of observing a
charpcterizing, fppies e AP ez aSRaeRY 1yges A TeERARaFS. 11 tiapdard set
of mR&r&Was cﬁé}ﬂﬂlgﬁl:] byt GvaFlable {8F theGEANHBIEER anll fcolr€sponding virtual

possible to identify val ues of features of real
measyues thaft eouldhiza madeavadebledon the eiyekpaticats. drherstandand set of measures

virtual, pati ents., Far. exampl i,f, all .virtual patients.
was calcutifeq e v gt pliieot G e Sefe Rjaed e by tfplistics and
histogtdnhdItkrepgineidd Rahdesitdatithd distiutibaSfivaRicy F& d4ch B&Bure in the
that are closer to the nean of the observed val ues.

Staﬂ‘ﬂ*@@)i‘ﬁﬂ The set of data and neasures that are used to
[001691t er m Rfe RARYA! HOEEWG8M! 39%efine the standard set of measures for a

collection of virtual patients were generated with a mechanistic computer model. The
virtual patients were defined to be consistent with all data and behavioral constraints

available for the real subjects in the sample population. For example, certain values for the
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of virtual patients can be the same as or different

fromneasures that are used to anal yze rel ati onshi ps
w@arwags4ias i abl es for the virtual patients and/BCT/USEN6/003970

subjects. Typically, the data used to assign

preval ences to virtual patients are the sane data that

virtudll fatlen@dwefe ERajsen B6 SR &bieddifativieOs! theabiblogicadRatbbilifyeknown or
rel ati onshi ps bet ween i ndependent and dependent

hypothesizad te giveaisederthe iobaaryed wiabdity infeatwienof theeel pibjects. The
. S ) | .
B
input © théemodeY dndatariables dofised ynithe @uthiut bEthenhodett wak wseadrtvoerlculate
an be eval uate rel ati onshi ps between

featyre ed to
the s{aRGRIH JEL RS TRRATIIS RHEHAAcYSr i abl es within the

[0013@P| € PROPAambEs 8f theh@inidal dinRAihe Me RAPIHRELOWere used to
G Exanpl es [00106] The foll owi ng exanples are

help defing vratibles apd pargmetare fos Wodirtmelnaticass. s,i the sintulasionapd virtual

- . described herein..and.are..not, infended to limt the

pat1e§Esgﬁ%re%qlgetdhaemlﬁﬁgagﬁ iocf)n G Cﬁlma(fﬁ i y. For each example, a

[001P1]0] ect THO&thndasd stfof Medhsured for Sefeabsubiecisandifdt ehef ftual patients
the real subjects.is provided, the nature of the data
werej aialyged £9 preuate HisisHmladtyof Atcheck ey ade S aisgpewhether, for cach

meadu&in tHet slt’zﬁlldaﬁggét,eﬂ% Salwls 95‘ W edal }?&Rfénfs heveRihed 9411%9 ?6; values

'or evaluating simlarity and assigning preval ence
obserhied dorsthe deal dubj&its. f o dretdxaint trat thiercdhwemtgapoigythe coverage, additional

oSS L e S Aub SoRE S5l vt vy
dupuéhﬁﬁ%eéﬁmﬂgaﬁh@a PREENESRY ERgiRb ifevaids B RbIIS®Rda® input to the
treat anem a. Data for real subjects were obtai ned
modé¢lrandios fingdnring phrametern thag mightedfectbigligical tipgertaindies jpthe mode,
ruqgs e i e i NG d s )
SHSecda 0 B S AL pACE D HRSHAET pgions v

patie:(ijifssdaﬁfbﬁeaﬁilﬂbi mﬁmonmghm@ rﬁﬁv&ﬁﬁﬁfﬂ;ﬁﬁa}?@ tayag iveluks of variables
enpgr aphi cs. The dependent vari abl es_of interest )
used; g5cinNcle themodet aa¢/SE priametesy thﬁé@rec&f’@th dharpihese for previously

j V] I ' wer e acquired
Sl pIRASUA SR, ARGV ¢ nc
[001#2fchani Btevelenaed sbaresrwerd eassignbé daccording: genthientpllowdug matching
0B3RS S5 B B BE 50 o5 oo of mesures
descABR3/tR B4t of PiEckER] i.cT e Pttt bt tHeutieRPd r3pBs8Ed $he clinical

~and the virtual nmeasures for the virtual patients were
trial prategolr &meenstils Hr aawaibes pErealasubyesttd AY; @ mwbesfof iyishgl padients, V;

£ . bl 't )
and %’gﬁmgeer of %e%s%rgrggﬁt% 21{1 Il{é s %é%gséﬁ %,ét'h? is Eﬁ“N“{ ﬁfrﬁ%{rgct (bﬁneasures

I'ents suc ent esponses.

for redlanbjactd adéta Vix Medsktixes viddal dedaknaletsbyT imbth real subjects and
avai | able for the real, subjects_ and correspo

di .
virtug} patigats apeerdinede thaimilanty| of thedr featieesatanty witval pegshtisawarded a
matchidgl d8le BRIV subjéet Hlaf R AHiChed Shin@ th dRAR WIS algorithm.

[00113] For each measure in the standard set, the mean and standard deviation is

computed for the real subjects and used to normalize each value of the measure for the real
subjects and the virtual patients. Each value of a measure is normalized by subtracting the
mean for the real subjects and dividing by the standard deviation for the real subjects. The
measures are weighted according to their importance. Then, for each possible virtual

patient — real subject pair, the distance between the weighted normalized measures of the
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was cal cul ated for each real subject using the data

obt ai ned. Summary statistics and hi stograns were
w@eomenstiesl t o understand the distribution of vRCTiE@S2000003970

each feature in the standard set. [00109] The virtua

measures needed to define the standard set of neasures

virtdaDpatent Md 86 hbAhalied Widabitds oPfheir€) isEhj 88 fe G&ﬁ?ﬁt@& £¥or example,
with a nmechanistic c?grﬁ)ut er nodel. The virtua

if eaght mEpsUESTHRRE anighas) Weieht gvibéhenothsi distepee hptwigerthe giandard set of
t I th |
mealifh SEPRLS HenP QP D IAISPUALAT @piply Lhe T en

certain values for#hevirtual patients were chosen to
be representative gtOtR& ot vyl BBIMari ability known
or hypot hesi zed toYive rise to the observed

A m¥RhitReitold, Y, isRefl eRHLAS pRiedt ReawfBéd §Hﬁk&1ﬁ{gsscoi@ﬁ the distance is
virtual measures, i ncl udi ng bot'h vari abl es and

belopathartbreshald 61 Hcwmaller thea ﬂlsmm,ethc beisdri the dnaich iang tite higher the
h of, .t he
scork P P00 5 00 LRSI el B bt

fittinpeasnsre sndlgsivet eeofnatchial spaes pnt s. [00110] The
[mniaraneters of the %slnlcw trial involving the re

fibj ect §o163%8 Tedletrbist. Hap aieing ecoyer Pured tafe matchmg virtual
I
patifl AT RRRORI LT Sove (e sofflo PR%y #Riding SIS AR by the com of al
Thers i fouleath wirtvaf patient,ch itotak a¢ore ris dbten{lmed k] thd kems dAitsl avodnalized
s for. the rea% suhjects..and for t

t of
i arop duTR: D01 SERIET 95 U VHOEATGEP a1 Respalized actoss the
entir® ivifithal bhtisht pdpilesiKsoVAat the¢ Surh o aS(t;ﬁ aﬁvlaiﬁgteh&f @f tﬁl@ﬂh by the sum

each measure in the standard set e val ues of
of alj). ' Fheatorpalizedriotal seove pb gachrartval pgtiersis thel \a@galmagemt\sauevalence
asm%m%en&he real subjects. To the extent that there were

aps in the coverage, additional virtual patients were

[00108] | t t @ Viituhl ﬁdenwmﬁﬂathizési defiabd ik EHeeiktuplapdtiefts ccording to

were huilt by duplj atlng eX|st|ng virtual patients
theiraigapacHym grevalentrewe! hiseiian e detpraincdseeng e pYioug glgorithm.
To Al ARGl Bhq ulcREes WaHPpRRHARIrionl, 8 ifhily satstics for
the g'em@i aatingt poptpialtuon‘ overe hm;@md ttu asunpagrye statistiaso fort ﬂE sample

d|t|o Vi r atl can be buyilt b .

porpist ; o{fCite o5 St SfripRPad I o el walisnh gobutation were

cach@ieH%Scd?iﬂmg@dﬂl@%lﬁ%n&iﬁ%@uzﬁﬁm‘snpUt to the nodel and/or
paranmeters that are different than those for

' [001§6bw ou&py eeghestendard, imeagere, mﬁmSemé standprg d@@taapnm épr the virtual

pa’ue%ltjsI Qt%t c d&ﬁc@e& *hgc&ﬁ to Lhe?rléxl%lral @ﬁfﬁﬁl‘ , aFc%Ia\@%g summary

accor
statlaidg Cfbr tiensanipde boptﬂalions lehnzﬁoxi'elght Mi g’ifleiﬁ‘[o aﬁhlﬁmbnﬂ Jor the virtual
characteri ze a vector of pneasur es descri bi ng the

patignh pppylation, eag Y]éwélsyathnt’é CO?\H]@UB% tothe sypEmary statistic 1s weighted
e
by t}&axtlftﬁﬂtpaﬁeﬂt%sﬂ}% E@c&r? FSf ﬂlgﬁg% £b d &%&E@ﬁféﬁ%e}ﬂl,g}cmem i

general’, for "a nu er of rea ects, N a nu
is dvfmfiduai apﬁmpmn of Y vignel aatmmntﬁbeVPJofwhmas'uF eftert,s..i V), having

provhlBRecH SRR ShofPhner’ /1252 19,30 g L1 x of

= Z(Viji * prev;)
Jj=1
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for real subjects and a V x Mmatrix of virtual
nmeasurenents. To match real subjects and virtual
w@atoe®st1s6 according to the simlarity of theirPCT/US2006/003970
features, each virtual patient is awarded a matching
score for every real subject that it matched using the
slmﬂaﬂy v ® gtandegod hicahure ni; 09 ithdarfaeviatiom ofrendefiredias o faaction of V
Landard set, .the rre%n and standard _deviation is
nisor (Yl r ed/N%Ribj det s =and Used 40 normal Ve  having

vi asyre fotnt subj ects and
prevtgﬁgai/?(’r tgldai pdfﬁrgﬁﬁg %agh vg uagqglg&? neasure i s

normal i zed by subtracting the anfor th 7 eal

subj ects and 4li-vi E nb“y*p,l@e st 3heRRg* g gt i on for

the real subj ect ,_1T e nmeasuf e ré wel ght ¢d accordi ng

to their inportance. Then, for each possible virtual
[00133} i ent The memhs smbj;tamd‘arcbdéviatidﬂs&fdhe;pramdendmewwghﬁedmmasures for

wei ght ed no | zed nmeasures, of .thevirtu i, e
the ViRt ptial POBTR DAL TP GOMPR S e dhonat B stehdirt evialOs of the
real %%H}%H@sedMé:a% a8d &fiRld8rd dbviBRGH: HRAS Uérﬁﬁﬁ‘@& cﬁﬁ‘aﬁﬁﬁvely, individual
wei'ght W, then the distance between the standard Set

mean§ cordd lpodse esfmpared geantitivelsi forlexaumlly, uging Refandard t-test. If the

USRS, ' B AR o S st

meaﬁﬁéﬁbﬁﬁl gve.iigﬂﬁ’ @nilfor tthe Hirsheldcealus el ol tl’fbeptéva&ﬁb@admgnment
. The smaller the distance, the better the match. and
algoaﬁan,h%@focpm of @sHiging TPISVHERes, MM | gRiugtng the Fimilarity

betv&;elaﬁ af‘!ﬁf‘tﬁl%tlgntt p&AldE Ad 1S tr@ﬂ shﬁ;agt's \8n BeRE1daRld ljlntﬂ a suitably

ting or nore inclusive set t ching scores.
s1m1ﬂdﬁ®ﬁ11¥b]lpﬁmntpqnﬂatroaa‘s ideutifiett, the matching scores

rded t he i ng virtual ent s
008 T A e et R GY et miEBtes SF e Gl Hefignt apppiagpn and the
real ts0Bf8LRYcah 2 HldiR B @édtng HiE‘t@?ran‘fsode 2RCHedsufd fitl the virtual patient
patient, a total Score I's determned as the sumof its

popwatiomindredl subiestsi rikp gensrase a hﬁtmam;for & meaguge.dhe sange ©f values is
dlscpet Eé]e VMS% %m g‘g{ I{h%nx{egl ﬁ{bg? ?%){sn& été(? %Kact%'ﬁ ?ﬁr%ﬁﬁ nuntaber of real

|re vIir I'on SO t

subj écté bshoskt vilgésnfgr tac hleﬁﬁuré ﬁﬂlﬁnﬂy edchelisstor afnga) dn)l. pla'thﬁg the counts
normalized total score of each_virtual patient is
as ayfipgtipRy T qxaftxlﬂ@ﬁf of Preceanerrlae a%gwegﬁwéme 4 destagpmor e virtual

patléﬂt tﬂogéfatl&ﬂé &84 edP 99 lé{u?ﬂr {W¥pre JREh RS df Fiufal ?afférﬁst Wabse values

nts accor spective prevalence
for ﬂzat giasyre viall ahtowaacch <ﬁe¢reﬂemangcj angli plgttinigethprsswisoassa function, for

algorithm To ,asc ai n_ whet her the preval ences were
CXNBB% %%tilgglegng?luﬁgg%peaﬁwg summary statistics for the
[ooniof t ual TRtd RRS EMMhﬁ%h%nb&We&l afmadsarks tor ﬂiérﬁiﬁfp}’e population
statistics for the sa popul ati on. Means_and

and dheywarmekipationt pepwation; oBothhsimpler statigticpand disiribyéigns farj the clinical
simWf&ién of the virtual patient population resembled the statistics and distributions for the

real subject population. The virtual patient population was therefore deemed suitable for
use in prospective simulations of possible future clinical trials.

2. Biomarkers for Insulin Sensitivity

[00120] The goal of this project was to identify an optimal set of simple, non-
invasive, single-point diagnostic tests to serve as a biomarker for assessing insulin

sensitivity. Data for real subjects were obtained from publications including values for two
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cal cul ated according to the follow ng equations.
[00116] For each standard neasure, neans and standard
walewicasdilions for the virtual patients are cal cubper/@82006/003970
according to their preval ence weights. In calculating
summary statistics for the sanpl e popul ati on, equa
standaRi @ditved Sn@isin@s of asseciatior ORI and QUICKE, betwednadnsulin resistance

atient population, each vjrtual patient's . )
and fg%wmlﬁmq PHoass apdh glsgﬁrhfﬁe{fs{;- chstdagatftpa 81%3%@?151%% doqlyded cross-
secti(%ﬂ%@ bWaHEféaJ:é)ar ioﬁrﬁétasdﬁ{y%\iaﬁﬁﬂc@lué&rlﬁgsf&f REXE(BIF) observed

or a stan measure m, a nean Is defined as a '
undef udletiporconflitivnyi (hotial hyperinewliremivejiglycaier @ngl hypdrinsplinemic-

iso gl%’(ie:mi\%/?cla@p%y I\/){}%h%i %g%ﬁ 0 r Wﬂf)?t{;ﬁﬁr\g% ’g\c/ﬁ%%rdefrdm an Entelos®

PhysicEAS®MNylsthl;Va silfifar ndeh@SRS shodBIaS WeScriBled i colpundalpdU.S. patent
deviation s2j is defined as a function of V virtual

applipatidndiepdng pyhlicatigpmyrabgr 2003/0058245 . v) | havi ng
eval i . Yo r: rei = { A }
00cB11° ) SRS VEREIL PR3 b ek, (e 3 inay s who
estabtithddnstalile 3IRls avitian ik glhdted oxpasmestswindowt he., dhost waltual patients
pati ent population wer e . caonpared to the gﬁans. n

, d )
who pasgedihie Firpgied arerRanG? chitgra fupntry irfp suds siligp il werg used in the
ew i ] td : . .
follo%%%?%%g?. \M@ﬂ*lb@éq%r%ﬁgr@gr%@i & @ q}ngﬁﬁ pa¥iBht¥ ‘are described in

In means coul d e conpare ' '
moreqdedail iin &piperdipg ahdrcomaandy ewned iUh§. RawntAgalichtiontSesinl Number

e match,i s not .sat.isfactory, .the prevalenge,.. . .
063D TS Careotne Ao By ek Vet R P IBMBFE rarich is herein
incoryeiagdul sy Ak ih Reehttegshol d val ue used in the

eval ence assi gnnment algorithm the process of

r -
[001£2§si gni Ree pridyal| paicatsnandthe gl sekigets aWetegbethecharacterized by

i laritw. a Vir i.ent | at 4 d
s bR LIRSS o e AL OB Sy, o
hypesinstilinamiceugl yeemip ahd diyperplihahicdsoglgeeime rlanfisedThese measures
werey5Hq oI HIAF GMICIa Skt RS aier iobT 831 LD BT Sg an

[00125 mRdeTHL ALL8 i Skl QIR ®ntthod REIFBRASKURE rdaPEubtidies and the
virttual patient population and real subjects. To

virtugle pgtteatse and RFggogrevaichos weightssiirveas essemedibad there was a linear

com el AT Sl SR AR 85, A5l Rbips of vt

sensiivily Efedrs thBOSIE,, Y aford alie Fvartudl htienBasy Had fiideh dbsE@e@doh the real
discrete range, and plotting the counts as a_function, _
subjecsy & Wasrplse assymed feat iviriial paticnts wereppEmaHadisiributed about the linear
C a . . _ . _ . .
el PRSI ARV bRl AARYL L Wl g ot and
the appiopriatearaigsidge sinidi@heomBsure fall into each discrete

| ot t.i [
[00153]nge’ ﬁfpa%me?na%calllﬁ et rrtl,ﬁltigrlljs p ggulg bE: %})%et:slegt%ﬂ ag or

1 (=)
! = .+ 5 W, = —ex M T
Vi =mx =G p[ >

where x; are the simulated values for QUICKI, y; are the simulated values for Slciamp, ¥’
represents the linear functional values of QUICKI that best approximate the simulated
values for Slciamp, o” is the standard deviation, and w; is the prevalence of the virtual patient

i in the virtual patient population. C is a normalization constant for the weights.
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exanpl e, of the nean value of the neasure. [00119]
There was good simlarity between the neasures for the
wa 20plogtipopul ati on and the virtual patient popPCBUSZNG/003970
Both sinple statistics and distributions for the
clinical simulation of the virtual patient popul ation
[00128)senb| Ehiust Ipesedt dhe giroismands dimgitr-cdustraiand. f Ar peiwity term was

r.eal at.i The virtual patient
therqfss a3 isiqt%&éﬁ e iBibd saterbera tbaliRuaifojermdacreases with the
depaﬁ[lfésd}ﬂ:ﬁ& 'W‘é inBY 68k LBt MOSBUROE ahd s Ferlty Fbrcc?e'watlon from
trials. i omarkers for Insulin Sensitivity

uniforpétygdae Obfecthﬁ Binptier), dcto beamininaizeditorroleyfonthequatanmadrs was
set of sinple, noninvaS|ve S|ngle point diagnostic
tests to serve asya £W %éssi ng insulin
sensitivity Data f real sub re obtained from

Whel%ékggﬁﬁlg egg C.| udi ng valigéif/)s& f@ﬁ‘f{i { wost a({i%ﬁééj deri ved

[oo126ysul i nuglﬁgltﬁé g @ozatﬁel virBgl hbAknR ﬁa%@lu%éh?%@s&%h for m, b, and
insulin levels. The data for the real subjects

a by miviroitég br Blscssmaltymlapplroxanataiwecqudrtpehmum f dquiaaed errors and

yleldgﬁ &é}\ﬁ%d"i’lghﬁ gﬁgﬁ{?ﬂ ﬁlg nleag St ﬁi‘x’] cli:z{i1 repo 2heq1bt§r%rturvee gnd an R? of
8%hHlﬁiFeiv815 td 1658 6F tBe Ghy GaFh6t Wikn the 99% confidence interval of the line
throqgé peri nsul i nem ci sog| ycem c clanps). Virtual neasures
r

dafa rfrqral Kptat ident r 8-Sac dlathasd K.y Barem AR, eIFQBJ(na)m DA,
S5 48P0 ) Bt Tl PG50 5 o v,

accuk‘x&a re@dpubukwating insalinbensit 209 34 @9528%‘; 57 [CQQllBﬂdocHﬁélaMetab 85,
patients. The 62 virtual

acaquired for 93 virtual
2402&‘{1:8ent USSR AN SHAGL soRpirantGiRE (e Frpartedhalata, a weighting
func@d frtBd sﬁﬁﬁﬁféd”ﬁﬂgalv‘iﬁﬁféﬁt’é’ sz aties ga\)@ ﬁe{cygt) ulation statistics
e e simu atél’é1 accept htera

patients who pass ance
Slmﬂﬁototbmerryportetidomeal subgdctsi co trial, were used in the

[l ow an ses t hods f.or _acquiri dat.a f
0011, + yal 8% @‘Hﬁ rfg'qﬁ‘*ésr‘é DRy ?W%W&%’gng heme that iBuded a
penalt f@aRdiation Hoth HEETRELNOOVSMEECIbY, 610th6 Bhta ABRIric BY KO ot al.:
Serial Nunmber 60/637,309 ent | tled "Assessi ng Insulin

Resi st ance Usi rke, S, i chfs herein
i ncor por at ed bi}g &é"n@nc% T r?‘ i enrt) i‘Lg[} th{ZXOlZZ]

The virtual patients and the real subj ects were both
Valuehel @ané Piveed chgsemsaduthe’sa tifie thnsugh the et fot drogrt@d ghatients was

w1th1%3§%§&% ézgp{ﬁe&ﬁe %tét%{é E(ﬁﬁr&é Tgs}‘fgllglhr%hel gt}llgilngl chfmcal regression line.
[oordgper i nppd irbKRfesd %P%é/ %%Hrtm%l SiEre ww%%téaeéss Wifows. In the

were used to cal cul ate KI “val ues and
correlatiog| anplysisrfor thwhmennsdm@meuglmnﬁe]claﬁ@ elvrailaiame, sehsitivity to

|nlar|t of the co eat ur.es of. t
the iRt rar SFainel PLaliaELE s feiie st T Hpothesized
Gauséﬁhqbtlﬁcrehste vRssansdhRe 100l NeRh&@ WeScodffididi@for the regression
correl ation between the derived QU CKI val ues and the

analygisinay dbe geedngsweel BF was aligred when the standard deviation was 1ncreased by
50%. When the standard deviation was increased 100%, there was a change in the

magnitudes of the coefficients and deterioration in the goodness of fit of the biomarker, but
there was no change in the signs of the coefficients or the biological components that

provided the optimal fit,
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sensitivity fromthe Slcianp for the virtual patients,

as had been observed for the real subjects. It was
wabkee/ossgsauned that virtual patients were nor maP€TUS2006/003970

di stributed about the linear regression line. Thus, it

was possible to infer the weighted | east squares fit

[00129] t he ¥Rk Bosdifési-BEARBPIRRWo3h&sHRE Sk ide@Pmined by minimizing the
si mul t aneousl g&& 00124] WMat hematically, the

weighéqda eofieianty of dlgfeaminatipn fi.e dhe sipighiedyidyy Riusing ethe Hevalence
. S for QUCKI, yi are the simulated

Wel@gﬁge"g;aggsrys?f)glg%ﬁp, y'i represents the linear
functional values of QU CK|I _that best, approxi mate the
si mul ated val ues for §)ci app(@-Fithle standard
deviation, and wis the Peye w0f - #fffe virtual
patient i in the virtual gatienf population. Cis a
normal i zati on constant forw(herwei ghts. [00125] Thus
posed, the problemwas T eIy, cPpst rained. A penalty
termwas therefore added t he sum of wei ght ed
squared errors; the penalt ) tgyayinereases with the

departure of the wei ghtTWZg. 1LEpr m
distribution and is a peralty tor~devi ation from
uniformty. The objective function, J, to be mnimzed

whefeOx;50¢ MR difilatdievAAELIRIGUEKYER ade the(¥mulated2vatueklfol Slciump, Vi
where N is the nunber of virtual patients and y'i

representsvihe limear fmnctiendlneaduesbel QUICKD 1th®)] bass iapgroximatdahe simulated

valu]%ﬁo Eorta nﬁmné,' a{%it{?f: 18 n% %e?aﬁgv%yrg\ﬁeen%% é?tgllre? {&rtﬁ pdchoeln%/ ﬁidth]; %ropulatlon,

and approxi mately equal to the sum of squared errors and
yielded a line with a slopée simlar to that of the

data reported in the literatuse,and an R2 of 48%

However, the slope of the |inéwas not within the 99%

confidence interval of the PEpRewwhrough data from

Katz, A., Nanbi, S.S., Mather, K , Baron, A D.,

Bal | mann, RY i \ .
10088l Ao gt I eliBns R aiERy by bGEERY to the vira
patigitsnol d2finea elitual patiedt pesilition. assessing insulin

sensitivity in hupans, J Cl.in Endocrinol Metab 85,

2403: 24 Charastexization pf Type 4 Diabpies Patientsuying aralinical challenge

t he rep®retegeldata, a weighting function for the

simulated virtual patients was found that gave had _
[00138bul at iTha geplked ts projest was de identifh and charpeietiegsybpppulations of

oo} 33aBUR 51 S0 iy AR B LB AT s and
thenf buildihey iadditionalf vietomk batienes, r @add if@nreabslibjects emére oainad from a
the data, r egort ed hy, Katz

| ) et al.: Values of a and b
propfistaey CHasahsydy Anyhgipg£n Ord Q?W%ﬁﬁgﬂolm@cﬂ gt ?%STifh ghallenge.
TheVa4th URL 1ABL AN IBHIBR WMchiled hilRivaRak C@MntlENsSfil dat

ei nterval of the I1ne tr?r ough tﬁle or | gi@%}g CPI?lﬁi cealreSpOnse -
desaribipgegloicene arichénsulif(eed3 befoee modudteness glucodeechallenge.  Virtual
mea\sl\lllerlesgﬁ)tr Kr{'rﬁlaflgﬁ?eg?s Were atcc?lfi}'e%dfroarfcl’ a}cl lnlte?cy\s% Plll}psigIPa%® system; a similar
mechanistic model is described in co-pending U.S. patent application bearing publication

number 2003/0058245. Eight virtual patients were used initially; twenty-five additional

virtual patients were created to represent biological variation within clusters of real subjects.
[00132] The data for the real subjects were analyzed to identify subpopulations.

First, data that were derived at fixed times following OGTT challenge were used to
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correlation analysis for the

hyperi nsul i nem c- eugl ycem c cl anp sinul ati ons,
Waensiogdlvéty to the wei ghting schenme was exam P€TiUB3006/003970

all ow ng the standard devi ati on of the hypothesi zed

Gaussian to increase by as nuch as 100% Neither the

chargQeifihg ic@tH $edl Osubjddes I BALMES r@Podseapile Tdal tduBjects were then
goodness of fit_ was altered when the standard

clusfeée\vlu 1810 FAURSa sEachograuR tsluled seal subigels haxiag simiers¢ymamic response
t

profiR il 18RS hARIAAE ottty B fsfoa Al Wpserved for

the real mlbjrctgo diheasa snubjebtstwcré grovpeb neing rskaadardbstérivey ﬁg«m&ms and

of .the coefficients or the
statigleaf mar D oL ghErE HEES eV reaiat SBHE opt -
[00183f - [ 00FRIkindilkRitP QP IRE $H 1Rl phtidntOfo MBGAVRILIRAS WaSvaluated by

was determnmned by mnimzing the weighted coefficient
compdringegagh af thetvideal (Platl@,nts ta the amgmp@@nt m)eac];z'chlstpg iof geal subjects.

e e A

centﬁ)thﬂir dieeehlwesloff €t thedsui®s Of 8ieredl subjeep e s ehkter.t A&/lfthaﬂ @aﬁent was
. 1gnctl onal val ues of QJI CKlI that best approxi mate
identificd) jog tRbgQAPIGRIYY sispilat) (O amnaverage PP Whe qhester by equahtatwely

comgﬁrg%/g?‘ég %ﬁﬁlo%%rg%bfoféﬁg gf,?‘{uaﬁgr{ﬂeﬁpe{%étr :ﬂ r?hﬁl?l ﬁﬁ%ﬂlﬂ et negle OGTT
curvby)ﬂ:the BBLSIagS $¢ajj rsebjetto Hach wff thelaighp ah‘hmh tpati¢ds chedsi aseigaed to a

| at 3. Ch t
clusighy 4nd580 o5 R o B iU s SOHRPORErY B FIRb glusters.  The
cho1é€s(ii'&§ %nﬁémaﬁelcﬂmn@mb vittual Phtfenky DbRLW AT 6ri)g1na1 cohort, and

dent i f%l and characterize subpopul ati ons of Type
G

Venﬁmr@ofé@ﬁ canrdidate yidipd petienie pluaisradorpprentiafely mith the subp0pu1at10n
virtual patients and then buil ding
they%‘géé‘??ﬁﬂoeﬁg %\;&&t%al patients. Data for real subjects

[00184) e obiaprwdlché Meightrwiy bsdigied w0l eavhCaltual payent based on the
i nvol vj gag an Oal d ucose Tol erance Test

properion of igal subirets @hseavedon the glustenfo whish dbg %ﬂ’quﬁlcw%@abwas matched.
For 93 lé/ L9 Eé’cfem fs agrs%fxéd E) e¥ ERRe Gt H@H@Zg‘?os&fr th @ subjects,
I NSuUl I N e

gl ucose an ore an ter oral
that g/llrmarbqaatwrttawae a@égnedf i @ preahleneasueight choivalent ta@5% of the sample
tients were acquired froman Entelos(r) Physiolab(r)
poptﬂ% Yem a similar nechanistic model is described in
[0018S} PeNndiTRE rebuBind 3B FHtehi $o %ﬁl@tﬁbrb%s' bdPPlekpBtd Biblogical
nunber 2003/ 0058245. Eight virtual patients were used
varigtions fht pyghtageenny fari the obspayad differencasrin phenqgie. earseach response

ol SpBERRE Yo RSEARY o000 ARG i
mechBaidmss wbaredﬂmtm&easap@sthﬁdcct@nﬁﬁig 61 fhe particular response profiles

subpq tions.
obse:rvedp \Plrtua patients having features that span that uncertainty space were created and

virtual measures including values of their response variables were acquired. The virtual
patients were validated to ensure they are reasonable representations of human diabetics.
The virtual patients were then challenged with the same OGTT protocol and the set of
virtual measures were then used to assign the original virtual patients to phenotypic clusters
as described previously. The assignment of a virtual patient to a cluster as expected

provided support for the assumptions made in creating the virtual patient. In this way, the
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First, data that were derived at fixed tinmes follow ng
OGIT chal l enge were used tocharacterizing each real
waaiee84196¢ dynani ¢ response profile. Real subjPBCI/ESWe6/@03970
then clustered into groups. Each group included real
subj ects having simlar dynam c response profiles and
impakh end) tebigtes an thedassiapiiadsi Rhdihg tty the boidiagiof the smow eatients
of il es observed for the real subjects. The real
CO“I‘EE‘BF ®Wleedyer e grouped using standard clustering

I t t I
e 'Vagﬁgr%,ﬁ%g&'@pm ? PR e MGG irucr
the vir patl nts to the real subjects was
| uat
oo R e Pl oo BF ROl BAD msletEp LT y R RIER tofutaion

with Ehealﬁtﬁ@g@opﬁlﬁh@musm@ both anffuspenhophic dnd rde’tahxﬂm phedotypes and

t trojd f
to prpSils GRIeGRon e oMbl VEBY Pl GBPUsignig it caphre the

dlvelﬁity' $iiRfent th é( h{ai Hﬁbetﬁ@ﬁd&qﬁtloﬂ’a%d&g Rﬂ'trézfl 58658 were obtained from a
phenotypically simlar to an average patient in a

publiclyusitadlabligydatpbasei afdhe ﬁet@Netmp’é Healgh ahé NOGitoncExaeigatdn Survey

e ERES ol B b oS J3e%) oXhElis B BRER s included

cross-§eti6hd Miulivdriatodatd) ahdledihg overs3, 05 meaReed rablek W %frommately
and 80% of the patient popul ation was represented

33,09 éndiyigrelsc ith epults foreblepditestiognbedy vamppsition,pynd otal glucose

tolercrirﬁ:ecﬂeéﬁt bheﬁiu‘ftk rotvuf‘!f?rg? acl 1’?1[3 ﬂgesv‘fo} QII patlents were
orig naI r and veri at t candi

acqmredl fnmai amﬁhtedxrs@sPhjrsuﬂlab@esiysmn rsumrlaxathemammt Imddels are described

on t hey re, ai tor resent 00134
in. CBREDPEn S vt WALCHOB GRRGUN oPUEROGT e oA 08014232,
2003%%%@49@00@/@0’%7‘590&1&1'20@3%0‘10&% subj ects observed in
he cluster to which the virtual patient was natched.

[0013fb]r ex aBptae)btamedafrmn rchaﬁé{HA@éES Swvey Ba@ezmdgmwl tmﬁaaures acquired

el at hal ds 25% eal t
for 155 A msifte S Ser el b AGBRif P pR I RE Gisotplph set of features
comBaH ity &h€ Réal tsabiebik Aid thbevifadppicARP UVRLHREs of BQ)l)a5ﬂest1ng, body
The resulting virtual patient ulati on was used to
compagiias andpigl glgr:@sg|t01@%?pp@tqst§r(9<fﬁ%l§tln Aty ovaE Eghyhweref particular
interbd1® PIRET 9 thd ﬁ{lﬁ%(hef’aﬂaﬁleg NERCK YR eleRld B2%0e in the analysis.
response fe ure features, ‘el udin 1?
Thesexxaamabbs Eaistwipfor hoth @exl embpant* ntytha nNHAmmfha‘ﬂl Masmnda virtual
entifie possi bly a ting.for the r
PatleP@s%’B‘HLaéedg‘%ﬁ}q WL IRQ e ghibe ‘é]ﬁ?g Ee feature of
fastnfxge adoiEdeddidl hPARathRALL %@?Tt %h&‘ts)bn%péés%n% ltRe %ﬁﬁfee df body
d virtual neasures |nclud|ng val ues of their
compcsstpmnse vari abl es were acquired. The virtual patients
were validated to ensure they are reasonabl e
representations of human di abetics. The virtual
patients were then challenged with the same OGIT
protocol and the set of virtual neasures were then

used to assign the original virtual patients to
phenotypi c clusters
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as described previously. The assignnment of a virtual
patient to a cluster as expected provi ded support for

WO b@easHoept i ons made in creating the virtual Per/Usmwne6/003970
In this way, theinpact and robustness of the
assunptions |eading to the building of the virtual
pat i entgpl€ pulverilisteeuspll Girdidth ¢bal Sibdocacinerinted] ipaticnd,

Type ZdanftefehtffesicBmhid tERidient bjegiseal the vienaltpatients.
(NHANES ['117) [00136] The goal of this project was to

correl eXT St inYidg U&l _pati ent population W tlh
a real i ¢ popul"ation using both anthroponprphilc

and nmgtqRel 1 C pheng@mﬁqglﬁdéﬁdé@(nﬁg/du) de di rectl on flor
creatilan of additlional wvirtual

t hat caﬁlHPre t he dlqlﬁ“raﬁdt}}em%@“ér{t/‘si n a real diabetfc
popul & Data | bj Were obtai ned from
a publji Q@ a %asg‘gétd%%cz\)gghggd%e third National '

gy,

vail apl'é
Heal t  an@TINVL I 1 | OViinkes Beivakh drinlSund sacodHANES | 1 1,
condudted from 1988 until 1994) The datafer—the r\_ |

subj edt £€1Pncl uded Seoun Cspaptide oVl i vari ate dat a,
i ncl udiraggover—3; aoles N

appr oxi ;q% ely 33, 3%’ [ nd%'ti ﬁgul?ﬂ{]iw th results for
bl ood [t @i ng, bo{\Baympasiidean, and oral gl ucose
tol erance tests (wTLin%W
measur e§FM)r vi rt pdiat ﬁa@n@msesmaée o By Yom an
Ent el Physi o4l Y 'BYA hani stic
nodel s frag\/ldescri Jgﬁwﬁsioggﬁen&eéﬁ U.S. patent

appl i catgnems bear | rRkeftd) lnhvsalei mass ALsstimated T0H3 BOA 128
2003/ 0058245 _2008/0078759_ and 2003/0104475 00137

Dat a optGPeRRSPf r om mﬁr@mwkéscwrrewnﬁa@aogm (pefdlar
measur n<ﬁe‘§#' red 'lﬁﬁreﬁl%ﬁta’l’irfsﬁh@fes gﬁ{gb%@bﬁ}]"le(ﬁj/mm
conpared to tdenti an_appr opr escriptor set
f eat ur eCrpREEN t O Ihbnenfeﬁal Cspﬁppdetespamd to D& r t ual
patienfts. Measures of ZrlﬁgOd testing, body conposition,
and oral gl ucose { GMBPIARLE tests (OGTT) in adults over
forty wereof particurar interesi. Tablé I shows the
thirteen variables that were selected for use in the
[00138]al ysi Not Thess subgle«':talinhdﬂse dotilsase dveroindbasted inghis study. Rather a

bj bas
sempJPRAEGOILPFT PP "o dos e G L P i eipe prifreported
fas’tn()(]ge‘%r'erI tﬁﬁn@@l‘f&dr?%dzh@alfd@@?‘l‘e of fasting, sone

e the feature of OGIT, and sone descri be. the
[0018%at ur eThé vaiucg/of:mb of the istee aBfieblss Tovahe a ©al gbiksts and the
f.or h real u I I
14 B o s AL PR VRO o SR i sandar

devift@dnl 8fd fangb 084dBYaliNofor @hdh \F@ﬁble&wzm staridardizedtthdave a mean of zero
dat abase vvere included in this st udy, Rath

and. OBAIR A cMeofDY3 B Tar e e oA YANE A hF 8 lﬁé‘lnaﬁ dijje by its
standiilp) (?e%ﬁlgggvvaﬁ? 3\%&% TEP%E edail 3FhiEQY AldeBlceRirhlARpatiets were

ours an
standardized to the means and variances for the real subjects. Associations between

1AYJ

L_.-

baseline metabolic and anthropometric variables were determined using Spearman
correlation analysis.

[00140] A principal component analysis (PCA) was performed on data from the real
subjects for the 13 variables. The PCA reduced the dimensionality of the descriptor space
with an appropriate combination of independent variables accounting for correlations within

the independent variable vectors. Reducing the dimension of the space is an essential step
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[00139] The val ues of each of the thirteen vari abl es

for the 354 real subjects and the 145 virtual patients
Wow00e/0841p6t characteri zed by sinple statisti cSPCT/US2006/003970

i ncluding the nean, standard devi ation, and range.

Each val ue for each variable was standardi zed to have

in the detseanabysiszasribaligyes abothricarapifica semayy ofiirgeamultivariata data sets
I dd
s A T T e —

The quﬂc@heomnpdmaﬁts geadiinting Sonhe Qaﬁgbﬂqﬂ)&ﬂi(ﬂiszcﬁdhé QaridiRe in the values

Y C for the real bj
wereSelseedr €>5 rﬁﬂb t BAIFibastal PHEcwan 8| K Kew%rn griterion (i.c., retain all
comBHidRkL %ﬂ?te{geﬁvélﬁ‘és' @&hfé? th&a] §)0ghe ru@l: &9 dtifne ﬂile appropriate
pearman correl ation anal ysis: 00140 A princi
dlmmtqnehb'n@f ﬁnmeslmeé spmA) Inmtiss pasef drerrbdr dmgekatpmnfnlpa]n”components

explbilfh B S e Bl 4y B ETER nieER Sipengions to four.

[001MiL] h an AaRRicP RIS witB &R IoRAbEGHAl ViarihiAd @P@AGE Was then performed to
vari abl es accounting for correlations within the

establipheséatistipal medel and dmns@mgl staeamﬁs:ﬁmlgsqrw@mﬁlm@umhlp among
the FizbRS, SR ctoP oy NI rRHEP bR AABnBNALY Bk originat

prineipltdoumonedtend atsaoriey cbefﬁwene siad i reBifisto tthecdadaivaedeicient, R.
of the vari ance,on aut oc?rrel at ed, |nde§endent

For gxamnie, & ¥alug-ior the Seramyiniglycaridi sroming cqe Ph§ 34 in PR means
kgt I [ I

PP P e 9’5‘2%5*‘% SR il Cfict L iepRoibEin Principal

Comﬁétl@éﬁcrlterlon(l e., retain aII components with

T R R i IR ST R

interpldttiopas@s gived fooeHch | AT 86 PrinPfpah CoRPbnHRBRIICAERTs (i.e. factors).
expl ai ned 71% of the variance and so the reduction was

Factesgrtidhft Pregamostiteesibi isflsenced by girculpiing varjabless whilefactors 2 and 3
bSO I max rotation was then
wer%@?#tﬁ@ﬂngﬁg@a?%ﬁg981%@!831\@& i cal nodel and
4-di mensi onal state space describing the rel ationship
antiableh &F actid, a€drize. codfiieidnas ed vaikakyss wsthplagivblé€cantributing

romeubapﬂymemlfa&meﬁmbdf or each original
princi pal conponent and a scoring coefficient that is

r4yatafle TO The correrarion coef P'a&!of %actd?%EE@cBﬂ Factor4
edanple. a value for the serumjfriglyc i ng

C g&drtunatiighyiceitdesO. 551 i n PCA neah®.do3gto.265 Pdoe69 | 0.523

(3Q0xQ 5512y of the variance jinlseri des ils
re@IYQSf@dﬁlemlogl@bPrl nci pal ConpongAf27@ n6.091
f get-ars SOttt =\
e P%P ,ﬁsmarah&og etation was g : 19el 59
pr Ol - f .
P T o o 0 00 [0
ana@uh Befieh €aiehadd es; WhiT e Takiqjes | D.6@0d -6.09¢] 2.4185]
h g e cition. Table 2.
Fdiéasting Seswoinsalgn coef fi cients, pOd774r0. 150)86.0194 DiB38
Va 6. 6—G-0 bbbt ng

Body mass index 0.037 1 0.426 |-0.026 ] -0.176

[ncremental glucose response to OGTT 0.166 [-0.016]-0.228] 0.116

[ncremental insulin response to OGTT -0.264 ] 0.023 }1-0.060] 0.182

Incremental C-peptide response to OGTT |-0.289]-0.031]-0.039] 0.074
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nost heavily to each factor underlined.[00143]
Princi pal conponent-based factor val ues were
w@adoeaved for each real subject and each vi re@EIUS2006/003970
patient using these relationships; in other words, the
values for each real subject apd wvirtual patient we

meteagsby appl yi ng the scor | A@08def-POL] BAfe | ahEB0
BB in terms, for exanpl e, 9104 é@@é‘ 098 -0.237

T THE NEW y Ocl T fIe C | n
H?@étgﬂhﬁ%iom?%sts reveal ed tha %\(’/)(l)qst ug'l%% %‘%% s’
tienpasl daRiaf&Or € N gh tor tactof 23,8 rleiaul hgeto {bedy

ss - probably because they répresdnted hales

[ [0 blafihe tosalvatiandet y bet ween{ t33e8 doAY.8r | 68.4/31 Tk$ L
fl i | . I 3

the real subjects was evaluated as follows. First, a
genetic optim zation algorithmwas inplenented in

Mat Lab to minimze an objective function that' includes
[00148he di Priscipak copwonenthasade factori aplves rveare | edeplaed) fopgach real

subj e%gxp%i 2g%h;\_%%llllﬁ@%@g&é&%ﬁ%ﬁ%ﬁg&%@%ﬂ@kg& Fxﬁ(?t?{&r \L&QL, the values for each

real stBMéal @ ©RtUAR Bt evératcohverted ke bpplgingethaaicoiits chefficients and
the virtual patients, Second, standard statisti %al
combiyng HisEnee thdr Beyseuld be easef \anduplptied du tegms, for example, of
. , I t i
pi i 2B SPBLOEG1, AAA 008 oS L T el
that vdetwed i atients ttendedgio| smoredisigh rfde fistori 3y telading et chod¥hesss -+ woobably
b agg{?oaches re 1%ireaded by a conbination of a
CoauH BN EFEEFIF P Hbt ri cs and out of - sanple testing to
[0014afldi t i amalsifaidtyRtwdcaahe sorblefed Yakide $6iT dable Shirtudl FaeRt and the
detail below). [00145] Third, the statistjical distance i
convetigd gvalvefe fvmibe aedbisebients twasc Syalpptedn sadalleps.  uBirst, a genetic
. | . o) . .
iR Ml S RAL1Sh 948 o6 SERREIA ) LR o
includeg rthé difterexicet beewesathe patitheat otnices atidieeans gf the(dealcabiets and
al | Factor vari abl es re stand rtﬂ%%@j to have a, nean

those of theyigualpatientsn dhe O o Sprioery Bs coyagignce-variance matrix to
deterr%?}%?‘;vngi%g@i for e VARG pAiQkd BebshdS istBh%(rd_t ffistical approaches were

I onal Euclidian di stance, Ztotai

used BQLEMERYCTidrs.2 A sfatistical apioachFent endlapst the Faformatia) to the radial
. i.e., the.radi.al .dista from.the origin.,[00146] .A

cistai o, NaHERETGreL PBRL P o SR 1 e S BRAAS e date

ThesS88S hpRbdttes b&%@%ﬁ&ed‘ B NcbMBindtib iof a S dAet-BE-Mie chetics and out-

assum' ng that all dinensions are normal|ydistributed.
of-sample tastingiti- additienpl dptatfer realsubjeptpddegcgbeddn(monesietsil-helow).
[0014%; sphe e rs?a@isﬁ&l td?ﬁ%rﬁz(r:e{' g)r% the Lﬂd%artlgl?dﬁl.ﬁ %isgﬁfcé)n ﬁ'gm each
as enconpasdsihg an expecte portion of the
virtud) pprikmté the. cehtroideofalpter] pamiaionun thewefhdsd 4dimenpilopalespace was
' 1009 0 0 '
calcuﬁz?e%? n%?ﬁc’csél t?lg ceontﬁoidzgiﬁ theapegl zacs)p/&lg{iorg t1]se ﬂ?eu gkgi%t (cbege{use all Factor

variables were standardized to have a mean of zero and standard deviation of one), the

Mahalanobis . distance Zro is simply the 4-dimensional Euclidian distance, Zrow =
SQRT(FactonZ *+ Factor,* + Factor;” + Factors?), i.e., the radial distance from the origin.
[00146] A four-dimensional probability density function (4D-PDF) describing

distance from the origin was obtained by assuming that all dimensions are normally
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virtual patients can be defined and shown relative to
the actual observations, permtting ready
wo deatsfibe€at i on of subjects or patients fallinpCDUsE0E®03970
the probability limt. [00147] As shown in FIG 11
the statistical distances were summari zed by
distribiugddo he D -RDH i€ eqial i€ 812 PLARAEXP Y1 .de1n3i Ayspherakhtered on the
for the v patient popul ati ons (VP-PDF) were
onglamlﬂﬁléeal ‘tﬁfiq%ﬁfﬁ% PHEICMIPAE RE N SHRTRIEH yrqmogtquwgqfafh%populatwn For
@ta's%dv%ﬂn ﬁtﬁtlen%% ﬁc&ﬁﬁagmgghé% 880ad P759% 3¢ theQbibjects or
€ real subjects’ sumari zed by hi stograns.
wrtuﬁlbﬁattw]s ¢ bd HefsnadagrsldshownFtaB8ivelld thadicti@] observations, permitting

read PRUBN SR of STl R RRR RS o G B Gl of

[oo1imdi vi dyal shotint hh NFiche 132N &stARALM] allisRfcesA were summarized by
probabi |l ity of each individual virtual patient was

histogrrmay ardderppirical Bnob@bﬁatw density fuwélomfmljﬂ:eu@rtngl Ppdtient populations

(VP ‘(IJSHFB il{ﬁcl.:re fll%téa{ugr lﬁttegﬁ &ﬁggﬁl |sg1(k1ﬂ|§15/1&gua? at S{:J 2$t3t18t1031 distance

weremiid @Kttulagaﬁ;]ot Iaarh afaheroal mﬁg’;ﬂecﬂﬁarﬁf‘sﬁrﬂhﬁl‘ll ! 7od bghmgﬁl arhfre
an e VP-P era I a virtua atien
IOO%IS oveff gr"ilﬁrrémné .%D'EGS Rk b ol ensreigl; 48?}@% to each
v1rtu§f]ﬁiati‘éh{3€as¥§ roﬁehs d:olrt@aré@n TR Endi18udl Ve @J)dpz@fjmdlw?]uals within the
preval ence of each virtual patient compared t
sample glopylatigre c Asprobahilityed Gedchapgdividud] vistuehpdtiont mtag aJIbtamed by first

ovanfiio T apH Sthe e SEREC AR 5 g0 G ORACE g the offin. The

prevEléh&d dMig ivdividuall viraill Rfibntpedithed §Q8nERSPA 186 ritld Bdi®een the 4D-
val ues of the real subjects. When the VP-PDF is

PDFgndhe VR-RBE. tInezaperabDE a Yirvalpatientawapayerbhprevalent, it received a

lowd? W%I‘R{Ug%dm QYEL T BRE ESeRbGA q&é‘ ﬁoﬁéa&fzé@%r&@feh%]&f &l virtual
assi gne a pr eval ence Tess

patieiocompased t;o thérsal sdb@ed@aﬂﬂ)ﬁre@lt hlqﬂ&dtdn eachtvirtual Patet,

the vir ul ation S underrepres
100149k ¢ ya rﬁﬁfﬁl gerel e qugn%@sﬁ% R8P RE Bropanag gderSempling
bias& FhE 5x1§t|ﬁ@"v19:ﬂﬁ aklg&l&%hlal_eﬁ BRIpEEH 1Y EheTTdIL & drQhRe fAl subjects.
the sel ection of prlnC|pa conmponents is to reproduce
Whetnhfée pOREDAt 1Sogreaatarr ﬂmdée AD-88¥¢ the erdmay pathient \popiatior has over-*

repr el S b AP R S pr AREPLOPIR B opversely

wheflUghat IVMPyPDRe iglijkdse rtﬂzﬁ? &h@eﬂm t rill(i:)e virtual patient population has
vari ance- covari ance matrices for val ues for the

undeyfepragenitedavirent patigatiand e ilislastignadoy prevalence greatgihancens:
[OOlEQ]dS gowge&) ecﬂtze F Akl TOF 1S sEIBRIGRS ?P tp‘f‘ﬁ’ch% %ﬁ@gnerﬁs is to
€ varli ance-covari ance natri-Ces o
repraduce ltlﬁal pqqmlatleﬁtvaﬁmmﬁl @t deseritd tyt the vagalcesuflthe itdsvidual vanables
respective y 0151 or the_co]lection of unwej ghte
Thus, j3n; 3pRFo GSSr# & ! BEBHOE 3he, Pt SEhTBeS dsdo duantify the
diffeferfeé Q)et\ﬁé%ﬁ'tﬁ@%ﬁ%cé-%b%ﬂaﬁ% Ynalti@H 6k Vs SF ﬁae Vifthal fiients and

virtual patient population (including virtual atlents

the vabues fafi thtgrqabsm)mﬂ Tin@g@deansseofv@ rgﬁng% s1Entesede
statistical M HBys gapdhessZad-Jit rreasure was
0. 485, indica g Iess of qr(@ fzfé"r)ence Thus, the

where Xyp and Zy are the variance-covariance matrices of the virtual patient population and

the real subjects, respectively.

41



10

15

20

25

30

virtual patient popul ation better resenbled the sanple
popul ation than the sinple collection of virtual
w@aicost18¢ [ 00152] The invention and all of thRCT/US2006/003970
functional operations described in this specification
can be inplenmented, in whole or in part, in digital
[00131]ect r oForc the rcoliedtion, obruniweiglned utisnal s pitients; ethis goodness-of-fit

firma ar ..har dwa i ncl.ugj t he _structural ans i
measii THE0 870 oipfing Tesfel e MisiPenen 5ot (Rt pattent bopulation
(incl@ding W@l tiatibhts '8QJrdin@! tol theROFFBYA1GHdeORNSigRE) LA MsingNe statistical

i nvention can be_ inplenmented using one or nore
appreashytlisegoognesgrodmit pregetme twas 0488, indgating tessrof & diffargneee Thus, the

. r ' [ [ n, i.nf Lon .car.rier .
virea 1R o G Bholr SRR EF e S P RrBlalPh R, 5 g cotlection
of vipnaipagaited signal, for execution by, or to control the

eratign qf, data ocessi ng apparatus, e,g., a .
mm%ﬁogr a I(i’é"eﬁ‘FB’& o, ra,Tl é’%c@%p E}ﬁ%%ﬁ?naér Ol?ﬁﬂltiq%ﬁl gescribed in this
specifieBRIH &fnSbe MhAGARMEE in RVIRAE B péﬁ,%hﬂﬁm e?e%trﬁlaic circuitry, or in

program software, software application, or code) can
comphenaoitiaem, firmwarey of bandvatke, pndudiagthengricamguaems disclosed in this

speciléigé:itli T dénglgs&%g{}g% leﬁﬁivgﬁgés%?errﬁgﬁ I%tﬁ S?gé}?}ﬁga 2{8‘2 ;f tl?e%. lﬁ)e invention
can 6¢ aftefleARe WiIRIbANPmER eoniMfLt Bro 3fs, i.e., one or more
subroutine, or other unit suitable for Use in a

compERHRIPSIAGS Engibliparbedicd m eninformatiop cagienm gices machine-readable

sor QP BEASP5 oSG SREPTAR Ll 40! SR  cRopeain o

data progs€ing appamfisa,e.d. aa psogighmablel prodedvs as ebniputdrher multiple
ro r%m in question, or_in nmultiple coordinated files

Comrf%@?rg. A qompmuter prograa(glse kppwn 83 2 pEpegathpipfivese, software application,
oddy chh M #ilen b Wﬁ u i

f)r ¢ ca? Cbe depl of/ned tag9bﬁe)hg>rifc€‘{0 on%gn@%%%’u{ngudﬁgogé}ﬁm ed or

interpratedi lphgnagempudeit ssantbeodepleyade iroanylifetm,i inoludthgaes @sgand-alone

ool %% s P BORE0E 0 e ST HASRL 8 wse i o

comp¥Eiag lehieshment.t Al ol frb&dinl s nbiidcdshany dorRspiided file. A
steps of the invention, can be perfornmed by one or

progrgay @ndestirediepation of @ fidothst koldvetherigosmmsor datgs i a single file
. t e r unct i e

decicERAAM (¢ pRE0Ah A BucRol b S LR e, g that store

one a@utpte modtles, Bubgesgrams.atpdtighs of kode). cArvolpdter 3®ogram can be

d lqperfo med by, and apparatus of {h i nvention can be .

eplqyied i P rtestited on oag sernpptenof eryaltpig Fempyters af eresiteer distributed

@ i sl il FntBFcBah E@@B‘ ARG n ASIC

aere appllligg\gt ison- spegi fie;:% I nt e%? at egmgwﬁl?et“)%r 00154]

[00133] o c es sBhresprocissestand logic fldwes deseribed omthdd specifioatien, éncluding the

e 30 GRS R 0 Bl FRD P A0 5o

executiiige PA® O SEoreS cathp@y pkdgrsn®fto dpgiorml AFRABIL 8F -the invention by
Cenerally, a processor wll receive instructions and

OperaliRg L1 ippth deta eutiswerafingetiipy. orheaproessersanddesis Slavesmesyalso be
perfo%e&’ B&,hand-%ﬁaﬁﬁﬁ %@ttljleafnvention can be implemented as, special purpose logic

circuitry, e.g., an FPGA (field programmable gate array) or an ASIC (application-specific

integrated circuit).
[00154] Processors suitable for the execution of a computer program include, by way

of example, both general and special purpose microprocessors, and any one or more
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el ements of a conputer are a processor for executing
i nstructions and one or nore nenory devices for
W@ b@eiogg9é nstructi ons and data. Cenerally, a cBOPUSENG/003970
will also include, or be operatively coupled to
receive data fromor transfer data to, or both, one or
processore offesy kiklarfaligitali esthpwtsr. f Genahldy, ian@oetsior, will réeeive instructions

etic, n:? net o- opti cal di sks, or optical disks. )
and. 31 o ] SRO-CA: PETErSEY 0 BRI GRoH BT Prdibu (e essentia
elem&¥it 8f @%bin@lﬁfef bield SHB8es8hdrof @{(&u{iigg ktdtlGciRdrls ah@oHE of fnore memory

_hon-vol atile menory, including way of exanple
devicse Avi stating tiestruntionsr andodati. c €enewrlly, 2 cERRANT WEHRIROMnchdd, or be

f devi ces; netjc dis e. ., , nternal
opergliys ghcdﬁmé’g‘g g)r o %IXS\%EI gg_ i %rkt{ans%%g‘ﬁ% & %tl?oéf?xl onf} gfjgrore mass
storagd deGReR@Y aoindOWRaReM , dhakfetic,THRgR60EER iR of Rtical disks.
can be suppl emented by, or “incorporated in,

menory , [ . : .
Inforgygtien Sprrigtr sy alle fgmbodying sompyiter pomRrsB jinstigctionsAnd elata include
! : . . ] © b
RN ST e T —
devices,(r.g., EPRRM,(EBRRONE andflathubemody des@lest hiaghitit diskssk.al, internal

hard i§F o2l s st absal sk god G BOM ang DVIA ROM disks,
The pB&&S01Ndahs HiRGloPREdn b@é&pp'feé'{rfe'ﬂtédr’tﬁl, lg? ﬁ{gg@i%%t&{ vk ial purpose

_input to the conputer. Ki nds ces ca
logicg#editiyo provi de for interaction with a user as well;

r ex . k.provided to,the user can.be. an
[001;{5& m o?f@é%’ggfre?&? 12126%%0 lé)R’ngl. @‘_15,61'3}"% ngﬁn?cgb%}&gnplem%ted ona
compditedi Having 4 dghgcdevice] epact CRE (ce@ebaed dBrod DEWE (HguRiMerystal

. the user can _be received in any form including o
displaydomeniter, fardisplaying infoxmation: te s pser[apd1% &pybpaed and a pointing
denyent,i C Ng ;
cerk{ BN APEAT LRI SERREA B0 AU HIEIBIREl compuir
Othes kinderqf davidehatanibechsedet® prowidédfoeiateeactiompatie atusee ag well; for

examf, 0w broVited %4 YEY ek oot By dboh &8 prgow Gedimkoas viswl
feedbdSIE rautlfibiS/ feaMACIE lor facMbDreRAINIMR Shnd RHRUG I WY Gdir Bart§&feceived in

can interact with an inplenmentation of the invention,
any form,dpgludisgloronstic.cneeh, eutettilpigiut.end, ni ddl eware, or

o0s41°7 o0 RTRRASELSvs FOREBIRIRETE S aR R SR

back-@ad @ompomeini £8] h0N dat@ s@rver, dr CRATTHE 163t d MUANGH O Chmponent, e.g.,
Eran})l es of communi cation networks include a_local _
an apRHEAHORSERSFIT that [pelydes adront-gpd compenenhetgror Wignt vonpyter having
' . T j .
© sy SRR Bk VO YR BRTNA TS AL it
implegeanéationl 9f theninventfonpor @ay rrootbivertioans sughitmakleyd, middleware, or
i nteract thr h a co n.cati on network. The
front i 8?@8%%%013% CoPPERFIS A SYYER can )Qgggerswﬁf@ b agy form or
mediGQ P URYitaP IME! &fBmunication, e.g., a communication network. Examples of

communication networks include a local area network (“LAN”) and a wide area network
(“WAN”), e.g., the Internet.

[00157] The computing system can include clients and servers. A client and server
are generally remote from each other and typically interact through a communication
network. The relationship of client and server arises by virtue of computer programs

running on the respective computers and having a client-server relationship to each other.

43



runni ng on the respective conputers and having a
client-server relationship to each other.[00158] The
WO pwe0841060 has been described in ternms of partPCTIUE2006/003970
enbodi nents. O her enbodi nents are within the scope of
the follow ng clainms. For exanple, the steps of the :
[00158]vent | The frventixeh Jpsrtleon desdribed i teinhd 6f witicdirdibodittlents. Other
i1l achieye desirable results. WHAT IS CLAIMED | S: 1.
embox 1ERts GEe Pty Sn‘FPPFgofaﬂ\?lfP]tlQl‘ﬁlng;fé&lF’éntF%c?ﬁS@mHh the steps of the
1nve&RJﬁFUah %E %Qrfoﬁi%cﬁb N AffeRnOSibAQ's 1ﬁaat:ﬁle(f€ ﬁ?sﬁﬁﬁllg ruts.
nmul tiple’rea jects 1n a sanp e popu
acquiring one or nore virtual neasures for each of two
or nore virtual patients; evaluating simlarity
between the virtual patients and the real subjects
using a subset of the datumor data for at |east two
of the real subjects and a subset of the virtua
nmeasures for at |least two of the virtual patients,
each subset characterizing one or nore features comon
to the at least two real subjects and the at |east two
virtual patients; assigning a preval ence to each
virtual patient based on the evaluation; defining the
virtual patient population as the two or nore virtua
patients according to their respective preval ences. 2.
The nmethod of claim1, wherein the subset is all of
the virtual measures or all of the data. 3. The nethod
of claim1, further conprising: associating a datum or
data for each of the nmultiple real subjects with one
or nore of the virtual neasures for each of the
virtual patients to identify features conmon to the
virtual patients and the real subjects. 4. The net hod
of claim1, wherein assigning a preval ence to each
virtual patient includes assigning a preval ence of
zero to at least one virtual patient. 5. The nethod of
claim1, wherein assigning a preval ence to each
virtual patient includes identifying at |east one
cluster of two or nore virtual patients and assigning
a sanme preval ence to each of the two or nore virtua
patients in the cluster. 6. The nmethod of claiml1,
wherein acquiring one or nore virtual nmeasures for
each of two or nore virtual patients includes using a
nodel of a biological systemto generate one or nore
virtual neasures for each of the two or nore virtua
patients. 7. The nmethod of claim1l, wherein the comon
features include one or nore independent variabl es and
one or nore dependent variables.8. The nethod of claim
7, wherein the comon features include nmultiple
i ndependent
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or dependent variables, wherein at | east one variable
is a continuous variable. 9. The nethod of claim7,

wob@se8419¢ he one or nore dependent vari abl es i PCT/US®06/003970

data.

4.

measurenents of a biological feature at nultiple tine
intervals. 10. The nethod of claim1, wherein the
COWRATIISACLABMETIS:.ude one or nore categori cal

vari ables. 11. The nmethod of claim8, wherein

eVAlnuahddipr tieini aivirual pyudmepayaﬁitloﬁﬂ‘tﬁntpmﬂ@ mor e

virtual pajients an%%r: he r @hjb jects. includes

| o@ﬂ%lm& TR ar datadosrcack g uH wALsubjectsin asamplapopulation;

f el g RABMr B103¢ FEhEl gtk §EC Jac%fwmvlw Lkﬂhm atients;
pati'ents and the real subjects In terns o “he
mosvielveting sindlarignbetween th‘érvmphimmscﬁnddharaai é:ﬂadeonﬂm@ amsubset
identif t,Wo or fth v
in the és/fetﬁgg m@‘a‘?‘rldggoflég a'icl tg subj ?ﬁ‘&‘{ ‘E’Set of the
conponeyiftaalanédsiis Fort? ldackailol cfﬂfhepﬁftﬁél' ;ﬁh@nt@ QSHBR Ql%%\.s
and characterl zing each of the virtual patients and
t he reathatggisrigmngsoneps mese &afusesednmgor tectie ot leastéwo real subjects
vi rtual subjects in a space
defi ned’m@alflé %}%gl&ﬁlgl az%%tghents or by factors
d easisiganhgfarmmaléme b6 ezmhl irttveal patignd basetion thdevaligionpt hod
nb reln eval uating the simlarity between
© et Tt visbREb et posulfion;as Hiestwer il Tpeve virga! patigpisacearding
i ncl udeg thGetegpdttint BebvalehQs! €l ation between the one or
nDre i ndependent variables and the one or nore
ﬁfndent variables for the real subjects; determning

comethed af Flaim hevherein thesubselds ol ofitheavittwel sprasarener all of the
varlables and the one or nore dependent variables for
the virtual patients; and conparing the correl ation
for the real subjects with the correlation for the
vi Theuaéthpdvf eains 1, ﬂlﬂhefl'dfmmtﬂgod of cl ai m 13, wherein

determnln corr,el t|on f r.eal bj ects
Rarintbe e o g Torrdh Ergmaigs Terd; SWhiag pith one or more of

Var | abl 88 vafiaPmehdudds toHBfchio? E’he‘%flrtﬁeh g)aﬁé}ﬁs & 1d€1‘?tff§ features
i ndependent vari abl es using data the rea
subj ect@ndmle‘iotﬂlnWn’glalap@mtseﬂndlthmalf&ubjemse vi rt ual

patients includes expressing the one or nore dependent

B8 0P et £ PGl ARTRARR pBrerb R R h B i

inclupestdssiphing agnel abanep of ¢ty té Mideapo biieligtuhlomntieny, t he real

5.

subjects with the correlation for the virtual patients
i ngl ude 0 he, first. and second function
€ metﬁo& %alm li]gwflerem assigning a preva‘l: ence to eac v1rtu ?paﬁent

includes identifying at least one cluster of two or more virtual patients and assigning a same

prevalence to each of the two or more virtual patients in the cluster.

6.

The method of claim 1, wherein acquiring one or more virtual measures for each of

two or more virtual patients includes using a model of a biological system to generate one

or more virtual measures for each of the two or more virtual patients.

7.

The method of claim 1, wherein the common features include one or more

independent variables and one or more dependent variables.
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15. The nmethod of claim 14, wherein the first function

is afirst linear regression, the second function is a
W@ eweo/8l1bé near regression, and conparing the fPeBHUSENE003970

second functions includes conparing a slope of the

first linear regression with a slope of the second

8. | i TieamethedbEelaind M, wiéreinihe comindf deabires indivde Inulple ifiependent
uating simlarity between the two or nore virtua

eva(i 1 the : .
or degefpdentyasiagles, WlFFéelflé‘éi/ea&ﬂS‘jeé’é’fl%blabﬁ aRpItiREousirighle.
features includes: identifying two or nore clusters of
9. T ephe BBRbE6E NainkNCwRESINGRE Bk §AREreWopddiRnt ViRiaBles TRIKIe
V|rtualfpat|ents to one of the two or nore clusters.
measpiementseofpdtiblogicalf featueg ahngyltiphedingd inteexedd. uat i ng
simlarity between the two or nore virtual patients
a | | he ¢o . features
10. 7 e G008 Bt oIRP) bSO PorhlFn FARTR i 2 5 B ore
categatibjleatishleand cal cul ating a di stance between each of
the two or nore virtual patients and each of the two

or.nore clusters_ of real subjects., 18. The net hod of
¢ Eferﬂlithé%i?lm St‘ﬁ%ef@arﬁ%ﬁa{% sisaiiig FW@%_{ 9 t@g<3r more
virtu8l 3t &R0 hhd Whe Yén] 988 fittudéeideAllyihg GHADreY@E YakhbiBbMEof the

simlarity between the two or nore virtual patients

comraeiifeptweesrand |chatapfiedizing eachoofithie sirtugkpatightstand thaoeel swbjects in
DB YL tistics for the continuous dependent
temg\/rgiitlﬁ%@#e fo)rgretcﬁglbrl%atglon%ubj ects; calculating the one or
nore sunmary statistics for the continuous dependent
12. vdTheahethod of clhinel Y iwlidueih idemtifgng 8io andlofadpibihaidpnt bLthe

. pne.or nore suy ry statistics for the real subjects
varialiof 1 g gole YA CiPgliet ¥4 ¢ NG compensats Falysirip ddentify
principle cotBford@Rishaf &fara%iéi‘fzm&]éch WPGE Shral E?iéﬁ%earﬁrthggffa? subjects

[ ude nmean, node,

~_sunmary statistics inc a neasure
includesdnepding edehofahe wintual patieatscagd tekeksabiectson alspadeateifiaed by the

. for the conti dependent vari abl e. 20. The net hod
princllé gqrifoneds o iy fadtors ARy siEirom K MRSl PorPeTpihit noen
the two or nore virtual patients and the real subjects

13. i nileideBod af €lbilna? i wiger8inrewalabtie BE sBTReREB&weEn tHeltwo or more
het ween the conmon features for the virtual patients

virtug] pgtieHpandfhaseal pebiects wsludss: t he real subjects. 21. The
- o . . - e
e S b MOEKERD. UL U Mo AL e
subj ectmeioncloneldependént whad shlegfoa theraslsubjeok;

opdness-of -fit _ . . .
g ci)egermlmng Ihe correlation between the one or more independent variables and the

one or more dependent variables for the virtual patients; and
comparing the correlation for the real subjects with the correlation for the virtual

patients.

14.  The method of claim 13, wherein determining a correlation for the real subjects
includes:
expressing the one or more dependent variables as a first function of the one or more

" independent variables using data from the real subjects,
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bet ween the conbi nati ons of the common features for

the virtual patients and the conbi nati ons of the
waeoomostibeat ures for the real subjects. 22. TheCTEs1006003970

of claim 20, wherein the neasure of goodness-of-fit is

sel ected fromthe group consisting of: Chi-square

t edeferntiihg atcorrdlatibly fir sheodirtGalvimiticats el ddNeXpAdsing the one or more

Kol nogo ov-%rﬁr\i rnoY) test, weighted coefficient of

det er mi $FREPER varmbleprs as¢ iog|of fthe ong or jEE drdependent

measur eyQfhRLARAE A8 Abfi %thévi?tu&é{?a'tibﬁt@,tdfn\’le assessment
of statistical properties of the common features for
t heomparing she qoaelasion dorthel reah sutgentnwith fleeatonretaion dor thh eirtual
real subjects. .24  The petho f claim erein
noei gni REEsTaalfe cbRer BTN pnf som SondlaRt based
on the evaluation includes: matching each of the two
15. orThemethud bf claim patwisméia thofisnRmetionBadirkElleast¥pt@SibE; the

i gning a matching score to each of the two or nore
secon| {pefin ’%%nglnﬁ%@f@&‘e&%@h apf sompirenedbe fisst and serond ifingtions
e R RAARES gt fRelbic RlRBbh S8 AT BN iner

regressa@h mat chi ng score is based on a neasure of distance
between a virtual patient and a real subject in a

fi b feat.ur . hod
16. CPRBb 3P o e BB TR R Bt o PR pimore

virtualipatier@th afbihic 64l shlic@slugng theeosdddRhfuRR ihdleddsdes:
mat.chi ng each of the two or nore virtual patients to
oriéedHymgtwo g giore elgsieisiod reah sabiegis;dgda mat chi ng score
h - . .
. 2aFhe ol 6 B B Sl Bls RAR 0 e
virtual patient and a real subject in a space defined

17. pyThemethod ntélpines cumgrenentlsaiing similhagytietweaehe weol of mora

il B B OB e L DB BRIy e
S GAeREying two bRALOPRBEINSErs OF rédll Bibjects; andher ei n t he

measure of di stance weights the comon features
di efcatatingaydistarge betecensacivef the twe ef moravirtudlgatients and each of
mat chi t I te.,virtual patients to
one or qgr%r%g&?relgl res%téé%\?g%alngcﬁ%be 'ésé determ ni ng, for
each of the two or nore virtual patients, a distance

18. t d'leanéthod of ¢leinphevioareimihecaneabn $eahjrecinsludaaslegdtiong a
.mat chi ng score to each of .the two,_or nore virtual

contnblg)(qs gﬁl)%i

denyvagialf, a5 avplbating the supilarity petiyees s taor gy more
virtudl pakiedt$and the real subjects includes:

calculating one or more summary statistics for the continuous dependent variable for
the real subjects;

calculating the one or more summary statistics for the continuous dependent variable
for the virtual patients; and

comparing the one or more summary statistics for the real subjects with the

summary statistics for the virtual patients.

19.  The method of claim 18, wherein the one or more summary statistics include a
measure of mean, mode, standard deviation, variance, skewness, or kurtosis for the

continuous dependent variable.
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mat ched i ncl udes, for each real subject, normalizing
the di stances of the virtual patients that match the

WO e@l/0841b¢ ect to define a normalized per subj eBCT/US2006/003970
di stance and, for each virtual patient, sunmmng the
normal i zed per subject distances to define a virtual

20. pPdathegiéthbdbhdlaine O veheréin @valampig the gindilapitgvetiveas the two or more
i ncl udes(ﬂthrmallzm the total scores for the two or

virtugigpidents gnd 1A reph syliprts ey dergal sdatine i eI ET IO dResERE AT
betweQ:F‘x tﬁeb@o %atﬁ?ag for Yid JiHadl RALAE Qﬁ&the%%nnﬂ_dhefeﬁ‘tﬁtég 8k 86 real

aim 1. “wherein assigning-a preval ence to each
subjevtsr t ual patient includes conmputing a wei ght based on
t he nunber and sintlarity of real subjects det er m ned

t be i thip.a arl t.hr.eshol .. h
AR TR G310 Sy PR 8o
vutuatt Ipﬁtﬁéiﬂi arftbihi @&l smbjedtydteﬁtdasiwt@ﬂattr@ memﬁd &ff goodhesk o€ fit

correlatjon for the virtual patients to nore closely

betwegsthe garrbinationseof das qommen foaturesrfor the vigggl pgmteetdsthe 31.
comb-lml?io arﬁﬂ)g/ glfe]fr\%een L sfdr%ﬁ%fb%{s ZéUBs“ sing: evaluating

sim e Vvir tient popul ation and
t he sanpl e popul ati on using the common f eat ur es;
22. asBiegnethgd af cleim PO,evimrein the mensermodf goiodnesslof-fiais sshected from the

based,. .Ssimlarj bet t t ual
erourp SRR BF; CiaapHG RS iblest ASpar s Gitvedie (AREGT Rbng
KolmoB8roviSrhitady 8 veithtddQRefRidnPOf ddteridiBatio® or nore
virtual patients according to their respectlve new

preval ences. 32. The nethod of claim 31, wher
23. evEhegnethng of elam 2P, Wlter%ethséeﬁasvt?eof\ﬂwflwri 0|§'§tt ilsefhﬁ“ahtatl"e

assesﬁﬁ loifi“s aﬂ&t&?ﬂrﬁé@ﬁé@f‘m %o@%%nessth&? f# %Vﬂﬁﬁl %at%eﬁtes and the

cu a I'ng a neasure o et wee
commmnfmtmréset‘at theaesalfsobjetthe virtual patients according to
thei r respective preval ences and the comon features

the real. .subj e 3.. The claim3 ]
24. vvh hf@g% Eﬂgﬁﬁgﬁngﬁg%gﬂgg 8 p&elw enf:e {0 eag@w&ttaggattent based
onthéemamﬁngaga@,con& sting of: Chi-square test, Gtest,
Anal ysis of Covariance (ANCOVA), Kol nogorov- Sni rnov

t eettchmeuegqah elcthe g o1 mpreriirtesl patiends b engrarapore Zopl suhigcts;

Fﬁ%gm%fa rﬁ%lt%fl Sdore W&rc lof tﬂe%ogg e g y nrﬁfﬂ g Es based upon

e ~at eas oneé cont i nuous
and evathe aiatelgs;tdnd simlarity between the virtual

pati ent, popul ati on_and the sa opul ati.on incl udes
c OSNUERE RPTE WL“&P forspen M@%ﬂ%@?@ww s1gpiching score.
conti nuous dependent variable for the real subjects;

25. Cafidihahbaas Eiafin 0B, SRrcifRAh ﬁHﬁHﬁ{g)écéﬂééi& bl 68 afr¥ashiR@f
conti nuous dependent vari ab
distance between a virtual patient and a real subJ ect in a space defined by the common

features.

26.  The method of claim 12, wherein assigning a prevalence to each virtual patient
based on the evaluation includes:
matching each of the two or more virtual patients to one or more real subjects;
assigning a matching score to each of the two or more virtual patients, wherein each

matching score is based on the distance between a virtual patient and a real

48



10

15

20

25

for the virtual patients according to their respective
preval ences; and conparing the one or nore sunmary
wa@bios4ive€s for the real subjects with the sunPer/ys2006/003970
statistics for the virtual patients. 35. The nethod of
claim 32, wherein the neasure of goodness-of-fit is a

qual i t agibyext ey kRioe aéfitdddythépligdiple RbmpbRRERS &1 BSfablors derived
the co n features for the virtual patients and the

real subp@dhe pringpal Kompereis, fRt defining a virtua
DL BIrRQL A 050t QR BB Dot r
ot LR (06 a2 LBl i bl scores
popul ation; acquiring one or nore virtual neasures for
27. onEhemethod of ¢laim 24] whereinghe sieasvabidistance weighisalid ¢common
et he one or nore virtual patients and the rea
featy ?fb(}ll\ggl{grslﬁ%si ng a subset of the datum or data for at
| east two of the real subjects and a subset of the

28. Vi Thembkthod a$ dla@a 2#owhatinlre@chin® BE&hSf thd'Bvo/dr thélvirtual patients
pati ents, each subset haraqterizin% one or nore
to one o5 mpre.eeal s ingludpedetgrminipgfor gashrad she Eippraners il
tichf3€a Bfstah68RS " | B i o ' i
pichs Bechets s o o bRLI GRS LA Biingscoro
each off thegwo qpandre virtuabpatiedtsdior ¢dok of tee anator amoransh! §ubjects that is

er eval.uati n imlarity between _the one of _nore ]
matcyd e Tor el o sutahdorpbiaing s Brincss o fegiriual patients that
matcBEH fehlaiBjechiof defidk aRBihAReS paWibjdiedisRte MPIG%EhS virtual
usi ng the comon features;assigning a prevalence to

patiegl spmuping themopaelized pebabiagt distaners tp defined vistualyratieatrtatal score,
L . iy e he. 1
and SR okl PR R8s P il e

virtugirpaviedte fcésfinedvprevdlencaddvach of theltab B Sfore WiRBEpdtients.
bui I ding one or nore additional virtual patients based

on.t he eval yation inpcludes: jdentifying h t hetical
20, G RS b LS g TR 8l
inclu@éd@onBfuting alvieiDMBDa8d SHLE nl§iBlr adRiGAkStydTdedl %é'ects determined
simlari t% to one or nore virtual patients; genérating

to beyrithin alsi Vitlegshobl. one or nore additional virtual
patients, wherein the virtual nmeasures are simlar to

i : . d of i 6.,
20 ¢ (P EPRLES e LAV ol R RSl el FleCPuise
inclufies) adjusting phraniegers of 1 cerrélati®@sfor #ilvirtual patients to more closely

approximate the correlation for the real subjects.

31.  The method of claim 1; further comprising:
evaluating similarity between the virtual patient population and the sample
population using the common features;
assigning a new prevalence to each virtual patient based on the similarity between
the virtual patient population and the sample population; and
re-defining the virtual patient population as the two or more virtual patients

according to their respective new prevalences.

32.  The method of claim 31, wherein evaluating similarity between the virtual patient

population and the sample population includes calculating a measure of goodness-of-fit
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wherei n assigning a preval ence to each virtual patient
based on the re-eval uation includes assigning a
wee@séasance to each virtual patient based on tPEI/US2006/003970
reeval uation in a repeated performance of steps (a)
and (b). 39. The nethod of claim1, further )
betweenrthe Parnmgn feapares forithegvighatipatients pedpeding émtheingesppetivgal
t] ti t 2 _popul ation using a
provd S B R Ay s oG b e SRR Teaet two of
the real subjects and a new subset of the virtual
33. neHmunethod of claim BZagterdimtheahedshee ofi gobdmdsspétfit &rsekected from the

each, new set characgferjizing on r nore di nt
grous P IPRR oL TOHUAS G- GEb AEATE RS SV EaTes (NG Rng
KolnId%@ro%ltSIhﬁﬁ&F te%%ei@h[dd%bffﬁ%’t Pi&ermBAMIAN! Ng a new

preval ence to éach virtual patient based on the
simlari t% bet ween the virtual patient population and

34. t nkhegapthp@ opelpim AL.iviereis thegomraon feafrapssineludoatrtoast one
consh L ROCA 1 0 QPSR R B4Rt pn
popubdionand thg shmpieipulaties prebideye new preval ences.
calculating one or more summary statistics for the continuous dependent variable for
the real subjects;
calculating the one or more summary statistics for the continuous dependent variable
for the virtual patients according to their respective prevalences; and
comparing the one or more summary statistics for the real subjects with the

summary statistics for the virtual patients.

35.  The method of claim 32, wherein the measure of goodness-of-fit is a qualitative
review of the statistical properties of the common features for the virtual patients and the

real subjects.

36. A method for defining a virtual patient population comprising:
~ obtaining a datum or data for each of multiple real subjects in a sample population;
acquiring one or more virtual measures for one or more virtual patients;
evaluating similarity between the one or more virtual patients and the real subjects
using a subset of the datum or data for at least two of the real subjects and a
subset of the virtual measures for at least one of the virtual patients, each
subset characterizing one or more features common to the at least two real
subjects and the at least one virtual patient;
performing the actions of:
(a) building one or more additional virtual patients based on the evaluation
and
(b) re-evaluating similarity between the one or more virtual patients together
with the one or more additional virtual patients and the real subjects

using the common features;
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assigning a prevalence to each virtual patient based on the re-evaluation; and
defining the virtual patient population as the two or more virtual patients according

to their respective prevalences.

37.  The method of claim 36, wherein building one or more additional virtual patients
based on the evaluation includes:
identifying hypothetical values of the common features that have high similarity to
one or more real subjects and low similarity to one or more virtual patients;
generating virtual measures for one or more additional virtual patients, wherein the

virtual measures are similar to the hypothetical values.

38.  Themethod of claim 36, further comprising:
repeating the performance of steps (a) and (b) one or more times; and
wherein assigning a prevalence to each virtual patiént based on the re-evaluation
includes assigning a prevalence to each virtual patient based on the re-

evaluation in a repeated performance of steps (2) and (b).

39.  The method of claim 1, further comprising:

evaluating similarity between the virtual patient population and the sample
population using a new subset of the datum or data for at least two of the real
subjects and a new subset of the virtual measures for at least two of the
virtual patients, each new subset characterizing one or more different
features common to the at least two real subjects and the at least two virtual
patients;

assigning a new prevalence to each virtual patient based on the similarity between
the virtual patient population and the sample population using the different
common features; and

re-defining the virtual patient population as the two or more virtual patients

according to their respective new prevalences.

51



