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WD 2008/ 049125 PCT/ US2007/ 082024 METHOD AND APPARATUS
FOR MODELI NG ATHEROSCLERCSI'S 1. | NTRODUCTION A. Field

wo@Rosl®@1kfhiventi on 5 The present invention rel aP@€BUS2007/082024
generally to the field of conputer sinulation of
at heroscl erosi s and eval uati on of the associ ated
cardi ovascul ar risk. B. Background of the Invention
Car di ovascul ar di sease, principally heart di sease and
stroke, kills approximtely one mllion Americans

METHOD AND ARPARATUS ¢ ORI DEIEING AFHEROSCLEBEROSIS
United States. Elevated cholesterol levels in the
bl ood have | ong been recogni zed as a risk factor and

I pINERRIMICTIONG wi de range of heal th problens.
Car di ovascul ar di sease includes conditions that |ead
t g narg e of the heart, arteries, and
va'ns. Fi%yc}ggllgpggﬁgg often described as a har deni ng
ofThel@resanttieverdion retates gembﬂaﬂyttommﬁeldaif domputgr simuiditeon of
arteries deterjorate the walls of 15 ar[’i|
ather?ﬁ‘r"@ﬁ@én‘?a SV%I'é‘EEi%ri‘Piﬂ‘t?fasf%ﬂC'a&ﬁ Cardaa\c?esoa dili up

within the arteries, causing narrowi ng (or even
bippckaggilckg W@ﬁat&qﬁbqnvemoﬁn gh bl ood pressure,
results from narrowi ng of vessels due to simlar
dé&@odiovasculpi @uaeawwwmﬂig heladadiseagspanyd sisol, Killsar eas

oo iRy BREIMCERRIEES Lo te At Rt MR AR in

the Uhfed ISRatesaERvatats e5ole$terdl éeveld irFihe ilosdeatélong been
pollution, daily stress, and |lifestyle behaviors can

recogilizectam 8|Sk faetor a8 PEPCHIE0RIE @ WidedPRga O heglth geokdems.
Card BUQ@&{ Iaroélsggé% h"%TJo‘zélsaéo%gi tE)'ﬁlg%étDI%ﬁg th %H&W rﬁ?og BB%R&&@ of the

heart Tadgti¢s, amall vdnmgaﬁthemSclao@sp@fwedes;mcﬂedd& m@r@aﬂm@ of the
and SL&&%ery, scientific studies show

arterl%,sqqq W@ﬁf‘ée? ”PF’B 'EH'&%&E@Q ariefies %tgaqutep%g%wgalls of
arter%g‘ﬂgcké’rptdn@a&eﬁ 3ﬁ§tdir%t r{oeﬂﬁgﬁ?‘z)gé 8“\@'[}] rﬁ&&?ﬁ@tiﬁ%-causing

Iovdscul ar di sease IS t
narrouang (e nvimotkhgem i—typkalrtSnslondelalmgh Hoohpressute, desdsiEom

and roke, accounting for % f. I | i )
narroying éﬁ\(%qsglls ﬁ%%g} ]‘SIIHB%&PSBQSI ann a gﬁ%&oldt gupply to all
areas%'ﬁtﬁ@?o?fog' ahfhaseLthd Redrh® \W@FH ﬁ’ardegwﬁﬁfﬂp'tﬂg savfd amount of
005 alone. Wiile it is clear t | oweri ng

blood: izatieqtiats exygarilow 10 We DGIBLaUSERSIrET/ US2007/ 082024
(LDL, lowdensity |ipoproteins) can help prevent a
hé&stvirohmeatdl pofutian, diaidy streas aand lifestyle behaviors can all contribute

to cardiovascular disease, as do a number of health-related behaviors, including
tobacco use, lack of physical activity, and poor nutrition. Traditional treatment
approaches include medication and surgery, and many scientific studies show a
positive effect from changes in diet and lifestyle. Thus, optimal treatment regimens

can be complex.

Cardiovascular disease is the leading killer in the developed world, with U.S.,
deaths from heart disease and stroke accounting for 35% of annual mortality.
Cholesterol-lowering drugs are one of the most successful therapies in the world,
generating over $27B in 2005 alone. While it is clear that lowering “bad” cholesterol
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events and raising "good" chol esterol |evels (HDL,

hi gh-density |ipoproteins) correlates with inproved
w@amdisazheal t h, chol esterol |evels al one are POI/US1987/082024

only inportant factor determ ning cardiovascul ar

risk. Thus, it is inmportant to understand 5 the |inks

bet ween hi gh chol esterol, increased build-up of fatty

(LDLQSﬁpﬁ%rEsﬁt%/SI@b?Fﬁiéﬂﬂs h Ban h@g; Grelveht &9 sBOCs RSt ciliDeas&lar

ments’can b optlmze to specific
eventsaricemaising fgoodSdkiERieroeVels (HMENTgIeNenity beqrroteins)

correlgiee W8 P LB dinat s Py ESie €13 Blans g not the only
mpor’i@rﬁt&ﬁ@ﬂo‘r %ié‘téfﬁﬂhih?’cahiloﬁé‘s@ﬂmm FRAS] is iRiPYr&int & dndédrstand

a pl aque stabil nodul e QOtlonaIIy, t he conputer
the linksdegtwegn High ph@lestempmosga%ed b,la}dduwé&im dgpasits kplaque) in

e B0 e e 5ESE P AR A B SRz b

patie@goB- 100 and apoA-1 particles. In another preferred
i npl ement ati on, the atherogenesis nodul e conprises a

IL. 1isumnrm¢ra5rﬂtrH@|meNmfd>Nx of cholesterol into a
vascul ar intim. Preferabl y, the representation of
influx of cholesterol is representation of diffusion
oOngpapert {)theplgyent@rbgrqvm%; gavepyter magelsrakatherosclerosis

comptn%Wge eé‘Eﬁ(Blbgtrér&fmgfabfoH%(?ﬂoa’uIeaBﬁF% %ﬂ%ﬁB@%ﬁésﬁé ﬁ‘?‘oddqé,oand C)

iF'Se”a represe

a plaguisl stalbéity edoduds. rO@tloiﬁaltycth@nombbte?rn‘i@diél\calnyfurthm tomprise a
addition, the representation of diffusion of apoB-100

Cardl%\éﬁqcp@ré§k|rﬂ9q)me2¢n arreferiadRiementaion; §ie %holesterol
metaB&%rn‘?irﬁﬁtﬁr{, bSHlﬁggeé %tr?EFS\%éﬂté%fon oB-980 BAbtd g‘blAeF’ngdes In

extra trix pr ot eogl'ycans or c¢
anothcanrppefesredar’rmérﬁemtatiohaﬂheraiherngneshsfrﬁod;wlem:of’rmrlsep@B 1

B o BB s e B B
repreéé@t‘éﬁéﬁ‘%ﬁ‘ ﬁ*ﬂu‘k%f%o@s@&r@ﬁ%‘d‘ fd?és&hgh&#;b%ﬁ’usioﬂ & apoB-100

vascul ar |nt|rm whi ch itsel can rrse a
partictespings thet iatimen e tRgsesentation of dkfthIOQSlf@p@lB-ﬂQD particles into

. trceII lar _matr or 1 QO rticle
e irfle S5 afe 2ebtaiandA e iR Befordpn i <! °°
Alterna’mb@ﬁbmrﬁéd@ﬂon tth@ r@?#@%@ﬂ%@ﬂsdf%lw ef apeB1i0Bgsarticles into
representation of ux of cholesterol froma

the infigceAMEOMREIFEE, rewrﬁsmta,tm @foefantioa of m%@@;ﬁﬁﬁtq%by
oxvahy bR Bl LSASANEAS Tk 1SS e st o

diffusiarpioe aponBat 0@ paniciesrofefifferent sikzef ree chol esterol in the
menbr anes of snooth nuscle -2 WD 2008/ 049125

PET éh&%@@bf&gﬂf@a‘imf)réﬁ—‘héntéﬂ&ﬁ Ghe athiéBGERESIE Addile @bnplises a
effect of free cholesterol in the nenbranes of
representation of processing of cholesterol in a vascular intima, which itself can
comprise a representation of deposition of cholesterol in extracellular matrix or
uptake of apoB-100 particles by macrophages or foam cells. In yet another
implementation, the atherogenesis module comprises a representation of efflux of
cholesterol from a vascular intima, which can comprise a representation of
cholesterol incorporation into apoA-I particles in the intima, which itself can comprise

a representation of an effect of free cholesterol in the membranes of smooth muscle
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macr ophage and/or foamcells. Optionally, the
representation of efflux of cholesterol fromthe
WO paosigv1en conpri se a representati on of nmacr opCEYS2007/082024

and/or foamcell mgration fromthe intim, which can
conprise a representation of inpairnment of 5 mgration
due to cholesterol loading of cells. In yet another

cell aﬁﬁ/%)fr‘?a'rrlr g)ijeéé?%tﬁﬂ‘%‘ltﬁ% Eft8et oftffte @ﬂ(ﬂ@ét@ﬂﬁ W?ﬁiesm'éﬁfﬂ%bﬁes of

conprises a representation of deposition of
macropleages ard/or faam celie Optionally, Wt ogprepemtatian lof el of cholesterol

irom 3 BUirBCE EHTPHES 1 aurs eBlL B Ropapor asaegar doar Cel
mlgr%ﬁrfﬂﬁﬁﬂg@ﬁtm vﬁﬂ@ﬁ’bbn FeRfdrRe éﬁédréserﬂt@tlérﬂoﬁﬁﬁéa'#rﬁent of
i npl enment ati ons of the conputer nodel

mlgratl@p@@etmcmqleﬁ’qe@ﬂ Iqaq]mg gf @ijselrbyﬁtrﬁn@r@gr @referred implementation,

L af i 0 g I " l.der :
the afh RO ERI oo Brfad s fodRBefateR o RBbRLSR R Hfifesterot i
the ingieliwhitty optichdllg danr ¢drepriseoapepreeentation e lapdptisal ofoa cell type
of lipidinflux and a representation of |ipid efflux,
selecigdl Eamdpeigaep coneiating @B%@m sellsy W%P@%%Gﬁsa@n%ﬁ”@th muscle
cellg decreased lipid efflux as a function of size of the
‘pl ague 15 cap and plaque shoul der. Mre preferably,

- dppRhafpRAREP aRCH B o pERT BT Breniog of the
plaqu%licﬁiifn@%eg@%rﬂeb@ﬂ@ﬁoﬂﬁﬁ afpragoecehp anda lhgue Bhoumer. In
Preferably, the representation of Eto ptosis of a

anothes guplemesiiatien etihesmedaip e plgaye siqhily snedilp durtegr comprises a
eore RGP Pk b R0 8 4 BSehEF I5ED B can

r"to apo
compZi8e tahre preserdstion at deoreadedfipigteifurcast fangtapudfatize of tbfe plague

cap AHIATHA ROyt Uere BecTEReD . (e AT Panesis BRE A tner
come}h8 2 BRI SO0 RhogPBPbEREE or Ry o of

er conprises entation of apoptosis
macropbhmmrlrd fosse cells il the inima. Rraferakly, tie r‘epeeseeﬂtaimeofof
25 1 n _anot her

i nf | . Ki .
apopiatis AT RPRUBISY of feTs Sompiane BT eREnaReT ol HBPstion to the
lipid dcﬁ@bfﬁﬁslﬁltrétsid@ﬁt Wthér&ﬁuﬁbtw cells ?Jrlloﬁ to Bb@ét@é@bwterhé\ﬁ/ely
representati on of snooth nuscle cells conprises a

the repspseiatiomof aporipsia af id RKpBEOHET ealls Gam Garapristhar ei n

reprepiipinihal [ QR0 T mIETFRRSL BokRrBs TaRHE Fulba, Rugferaply tis

reprebe@tladod@ﬂspbytdsis éﬂmpomleﬂm of belfarther comprises a
npl enment ati on, _the plaque 30 st abi Iltfy nmodul e
up

repreggm,tgﬁlpggé aQOP@ﬁfSe%fe‘-'rW%‘?thdﬂuwe cebg a8 arfupelipreobihg releage of
nfard BB SURISR0125 peri Usoor oszoza ) o P A

In another preferred implementation, the atherogenesis module comprises a
representation of smooth muscle cells. Preferably, the representation of smooth
muscle cells comprises a representation of a thickness of the intima, wherein the
thickness is responsive to a measure of inflammation that may be a function of
macrophage and lipid density in the intima. In another implementation, the plaque
stability module comprises a representation of plaque rupture and/or a
representation of blood vessel occlusion by a plaque.

-3-
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Anot her aspect of the invention provides systens for
sinmul ating atherosclerosis conprising: a) a
W@ 0vpisEes execut abl e data editor, capable of PRCTESI0DTIER2024

data describing a subject; b) a conputer-executable

integrator, capable of executing a conputer nodel of

at herosclerosis with the data to generate a set of 5

0 LAL

e b e e A A6 [ L
athergscierasisocoroppsibgeaod co&mterre@cutable dataéditan papable Dhe

scoo YA s £ AIBeLL et Bl 47 e o
execmﬁtlr@{lé‘%oﬁip@bér' mb&elfﬂi‘cﬁ#h@rosblérc%ls@mfﬁhé Q@ita to generate a set of
ementation, the conputer- executable data editor

outputs dea@rbln@ thmmwlt@féhe stradptiomgf ath§é<t>8dﬁr09§r aneice escomputer-

execiiFBElEPoRYehir Aot kbhits o endhe ERLR JIRB e computer

model Bbegristeri) buhohsteros ntgddlisen Afodeke dijahrghérlogenesis module;
conputer nodel with the set of paraneters describing

and iij)irePlague séabilitpreedigp|iy a Rrﬁ@rm‘l’ﬁlﬁl%me@t?é'@ﬂt Eﬂﬂ Orayigr-
execmﬁgbfeocgaotia gpfi{gtHe? 6§@Q§‘§¢IS g)fég@t?ﬁtﬁ"@té Qgt gr a tfiers describing
a wrtuainﬂﬂeat drh yekan@engre‘fhleed mnpl@mnta‘umhzlthwcbmmjh@r -executable

ooy LSS S B Sy TP Bt
pararhﬁ@ré‘%é‘&ltﬁw §ubjéétaqﬁ%*élfé‘rabﬂlsEHéJEér*nBUf%r%tx@Eﬁ%ble data editor

reon that upon execut1 on a processor, cause
furtherhie cppallesd @ccepting anvirhuad pmtbemlc&rml ’réueamrsputby -ezedutable
nal, the.first user, ter naI era

'”tegrﬁi%re'ﬁ&épﬁ '&s‘é’reﬁeﬁﬂhﬁlg L*t?e%‘?’?‘%?é i V‘Sﬁh

p assom ted with one qr nore nmat hermtl cal

¥ BLaEAPoBRY &aNa dIYERUEN BOYIAES SYMBIIEFOPARIA! @) @
procesadt ng @éom?ﬂf&r%aéa@l@‘?ﬁ’{%dﬂ%ﬁé s?c%g"tﬂé%leonttHSt upon

secon m nal operable to provi the set
execugionpoy 8 QrQC%ssaeoccaWedberproc'ressor tmsaiputlate atberpsblegosis; b) a first

o th tical : .
user (el che St RoisR Baluper AplFEoT PR Holrer PR sesiing one
or mcre $REAMERIs Wstbciateel Wi 8helor iedrelpbineMatitarFer8séritgtions
one or nore biological processes conprises synthesis,

defineciby s cempyiereadatieiingrutiops; afwbe) a seeopdrserciesinal, the

socol Uy TR fBleLEPISRRN R T BLIREE 5 BB peor Tho

compﬂt@fr@edablbenﬂhﬂht@hsmrtyeoi)@n@ﬂhem@fcm e§esentation of one or
onprises a biological process selected fromthe group

more@q{gg@gl W@C@ﬁseﬁ ﬁ$$Q9@t@fj vathotholesteral mefpboligm, whened) the one
t
or mdg‘%?q? §|c r%fgfagg% 851?15@% %‘ﬂ'fﬁtﬂ%&s ér;bftalr)rgﬁénﬁr%r {é}g%ellng of
apan‘e(lpraarﬂtiesalu) rapateemtaal mpreferdatornof 80e wonere biological
[ i cal esses associ ated wi

bi ol
processgs PReSeiaied e b s st v sTe hEaTs ol Sgre iological
proceS8 @5REPIsBa bR Ea phicHkeUerePTBREE GBLE oAU lnger

e group
|nflux of cholesterol into an intima, processing of cholesterol within the intima, and

kEueﬁ protocol

efflux of cholesterol out of the intima; iii) a mathematical representation of one or
more biological processes associated with plague progression, wherein the one of
more biological processes comprises a biological process selected from the group
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WD 2008/ 049125 PCT/ US2007/ 082024 consi sting of

di mensi ons of a cap and shoul der of the plaque, influx
w@Rooskgdiesterol into the intim, processing OPCT/US2007/082024

chol esterol within the intim, and efflux of

chol esterol out of the intima; iv) defining a set of

mat hemati cal rel ati onshi ps between the representations

consiﬁg?gggp{j PO PHOL BSS BRd %ﬁ%ﬁﬂe@b?ﬂwé"‘ﬁl BuePhER bBERbIesterol

Ism 5 atherogenesis and € progression
into thaihtim)a, gwptedsing af Qh0|e$tar0|mlti$tll’®ﬂ'lﬂ |nt|ma, lmed=sfuxef cholesterol

ot of . el SR BB e e
repredehta8bRE bf bb%éah %ré@é?é%%@ dé%@élatéd With %Rblé%t&gﬁﬁ&éﬁihgﬂ
OF THE DRAW

. The ski l artisan wll understand
atheroggmesmgndrpéwu@@rogmn @@@i \bapﬂ}ylngae\/uﬂ@al prowcol to the set of

et B B RO BERe DL Yo AN B A 08 ey e e
same s anyifferant tarthelsedopidi wkss. an over vi ew of the nodul es
that can be utilized in designing a conputer nodel of

. 2HREFDESCRPTION!GF THRPDRAWSRGEY Sunmary Di agram
illustrating an overvi ew of the 15 cholesterol

et abol i sm nodul e. FI G provi des a Sunmmary dTgr am

i IThgskilled &@smwbwd@rét@r@fthah@e dremingsy ssdiiaechbelowe are for

|IIustrg{&Ep§68f %\élr i e 5&%\&% s%r@%PaﬂtérE%cg@elg{é%ﬂ% s¢ope of the

preseelftft@nhurcg invamyl wag. enzynatic activity on the flux of
lipids 20 between the various particles and how

CFa0geprovidés Bh Gvepnéw b th?é hRyfuldshpat esh desitiizé@in @8signing a
of these particles. FIG 6 provides an Effect Diagram

compuggirraedeltafiheiosclesesis.cl e dynamics. FIG  7A provi des
an Effect D agram depicting VLDL1 and VLDL2 particle
r 502 lpragdes-aGSurBnproiagssmaliugfdtingt arbbeenviaw of the

rt| cle renodeling. 25 FIG 7C provides
choIeg%D@fmggq%o& dﬁ 8ep| cting LDL-L and LDL-S partl cle
lin FIGS. 8A and 8B jllustrate exe
e%ﬂ‘gdg \gge%{a Sqrﬁma%&'@faw\ RIFRHNPsAN PHET, T%e

atherbhSSaLs ﬁgﬂ“p@rl pheral tissue depicted in FIG 3. FIG
gg\ provides an Effect -5 WD 2008/049125

P U
cée?%?%@éé@%egm% RS PR AR08 o s
% égh&& %'c &cfjth%tecffe%% of various enzymatic activity on the flux of lipids
between the various particles and how changes in lipid content affect the

reclassification of these particles.
FIG. 6 provides an Effect Diagram representing HDL particle dynamics.

FIG. 7A provides an Effect Diagram depicting VLDL1 and VLDL2 particle
remodeling. FIG. 7B provides an Effect Diagram depicting IDL particle remodeling.
FIG. 7C provides an Effect Diagram depicting LDL-L and LDL-S particle remodeling.

FIGS. 8A and 8B illustrate exemplary embodiments of lipid molecule domains
in hepatic tissue and peripheral tissue depicted in FIG. 3. FIG. 8A provides an Effect
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FIG 9 provides an Effect D agram depicting the
effects of apoB-100 and HDL particle synthesis and
W@ 200a¢l1zsm on chol esterol ester and tri gl ycerPdEES2007/082024

stores. 5 FIGS. 10A-1 OD illustrate exenplary

enbodi nents depicting the affect of hepatic and

peri pheral enzynes and receptors on the delipidation
Dlagrgf’no Hgaﬁgp?tﬁb;‘rﬁlﬁ %'tcgrgrs gﬁ]@dg‘%—cﬁ%éstc r?Eﬁeﬁ Igigtg?%fr depicting
peripleenal hpld gteneat i ¢ and peri pheral enzynmes and receptors

on delipidation of apoB-100 and HDL particles. FIG

1GlB3p9 @V(F\dess an EEffe‘ceaj%gBFagd@ﬁciﬁr’fgatmceﬁfedm wf apoBA00 and HDL

c lipase L) an i poprotein |ipase L

pa”'cﬂ%gyrﬂth@$'§@6‘@ Qﬂﬁéb@lfﬁrraomqm%s% @f eSt@bé”Ert@Q)VéFé génstores

Ef f ect ramthe activity of scavenger receptor

cF¥sS. E%;ﬂ I”USKFMXQWNQF&L%Podﬁfderitﬁéﬁe@ffﬁlégtth%ﬁﬁeCt of

hepa{d;%3 Bhd toe# gﬁ?raﬂagpf ggn? rfglfé& en3| ttr)fé {jgﬁé%%aécﬁg&agﬂoB 100

partloies:amm BIDL( ﬂl@ltlbbesad:ﬂG\ll’IOXk prélides anlAffestiagesn appictihg the
gram degl ctin article rem)dellngfs FI G

eﬁec@fﬁe&\ﬁ'rﬂj% alie &7 Qéf'p r24PRAMeDABE IrRECR %gyp,gdatlonlof
apoBU0 é{r'\c'i HOL é?lf%sarlﬂd"%ﬁ rﬁrgéirdbb%{neé'ﬁecﬁﬁa%ﬂai’nnghe activity of

provi des an ect Diagram depi cting net enz
hepatictipade @-Ih)rand-ltplobr@mm ligdses(LPEl) G8d theiAeffindt cmza)id flux. FIG.

100 BN FLEARRL Y, BURIMIE) St a0 Bighe
(SRBY gi'ﬂSRJEH)%deS éﬂct%qlpﬁ’d)ﬂl%z 188G pAdD infb\RSes ar EffdcEDiagram

12A provides an Effect Di agram depicting CETP activity
depicting Kok effpetrafilewstensity Gpoprpieiprecenies (Lddd) BCfidiv
Di agram depi cting CETP activity in HDL2 particles.
FFG. 112 Qrovides defhawt Diddraot dépiairg kDdepartitiemgnCgeing. FIG.

activit artlcl . | Gs. 13A. .and.
118 ipyigés A efesiipo BT CefisiRe meheuzuas Acti Mg nada 2L
partic<0! P, CAIC ProvicRES&S EFBat Diejfardl defidtinig et gﬁ@éé’cmty in
cat abolism and lipid conmposition’ 257of apo
HDLfpparnticleses and HDL particles. FIG 13A provi des an
exenplary Effect D agramillustrating characteristics
r EII@SediZA@ndDTQB iillu'stlrgtet éreenoplaposmbodimerits idBpicting cholesterol

cl es es an fe agr.am .
ester RSt iei A s e R, Far s Ton o HOT, 36 BRoRy 100 particles.
FIG. ‘I?Afﬂrb\ﬂaeé gn@keo@ﬁfégrﬁhﬁéepﬂ@ CEIP ReydeHAM Faftefds. FIG.

Diagram illustrating nodifications that can occur to
12B previsies mpdHEfecihilagmm gepictiog €& thactioynn HOLAPRdiles. FIG.

120 F%%%" SR 3 0IA0 A BeoEind Gt Pg i atnappringe

g.pg’gﬁp %n8f1 3% iﬂosdtlfls!ltg e%%%;ﬁarlyne%gogl n¥s dggi%{ir?é ta%f’[’ilonal
biological processes that can affect the synthesis, catabolism, and lipid composition
of apoB-100 particles and HDL particles. FIG. 13A provides an exemplary Effect
Diagram illustrating characteristics related to monitoring the composition of HDL
particles. FIG. 13B provides an Effect Diagram illustrating various calculations that
can be mad relating to HDL particles. FIG. 13C provides an Effect Diagram
illustrating modifications that can occur to existing HDL and LDL particles that can
affect cholesterol metabolism.
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FIG 15 illustrates an exenplary enbodi nent of a
nodul e depicting various clinical nmeasures used to
w@e@sioga2ziat a for the biological processes depPCT/Es20071082024
the 5 nodules. FIG 16A and 16B provides an exenpl ary
Effect Diagramillustrating the effects of various
t herapi es on chol esterol netabolism FIG 17
"F'I(qs‘iiﬂb%%afé?fﬁen aﬁéﬁgwéﬂ%airﬁép%@& dufd ibﬁﬁ%ﬁfé‘i'ary
18 provi des” an exenpl ary Effect agram
cholestdrobtranﬂpqn@ cholesterol flux in a 10 bl ood vessel.
FIG 19 provides an exenplary Effect Di agram
i IFle(Bsil 5 anJistrgthei@agl(alcy)b)anmnehr@‘té nmdutmdé;bubtnag 'walnous
...and retention ood ve envi ronnent .
C“”"’%r@@?%‘é@séﬁe@@ rP;S@‘éig9 gt ggtth@)gggﬁ?giﬁal. 9r99%$%e§t¢%0tﬁﬁé” the
modtﬁt%g ect of serum anyloid A on apoA-|I particles. 15
FI'Gs. 21A and 21 B provide an exenplary Effect D agram
i s§ |
oA AOA A% ) BN es” P bREITBEPY, £kt Bl lysifoging the
eﬁect\sa)“flv@mublth)éraglesain chiolestess esetabbidrnng to early-stage
foamcell lipid processing. FIG 23 provides an

ereaPl 2hlskhicthe Phizgs 8l di det o bRiduedoMaatievand growth.
bi ol ogi cal 20 processes relating to | ate-stage foam

C?'IG I8 Bk&(n@éé’éﬁ%%bﬁﬁ)la ?'éﬁec?‘ﬂ)léﬁrﬁ}ﬁ Fﬁ@§tr§ﬂhg‘3&%'@ét§w flux in a

f ect agram il lustrating various biol ogical

bIoodp\res@elsses rel ating to macrophage |ipid processing.

FIG 25A illustrates one inplenentation representing

nﬁt@om@gm/ldesjarh eammpdmrlylEffeot OiagrahreitiustnatingeapdBd 0. (LDL)

Ilust ates one ntation re resentlng
pene@@t%&l% P f%sm'%b%%gk%emwéﬁ?' B s
FI.G 26 provides and exenplary Effect D agra
i FlGs2® chp\ﬁ@esrg@ ,eeggﬁ*@dﬁr ct geilystrating the effect of serum

C i n which nacrophages transition to
amylcglgﬂ 9-5 g)éelaééorgﬁwegel s which transition to | ate-stage

PERPbE ST B SLIOVIEE Semplny BB bRt s gpting plaue

choleEfdreicéfiilk agr am descri bi ng macr ophage recl assification
and mgration rate calculations. FIG 28 provides an

e’F@(‘J’PQ@bYoﬁié@ﬁﬁ e%ﬁﬁﬂlaW‘Eﬁé&'ﬁlé&bhﬂmuyﬁéﬂlr@’%nous blologlcal

bi ol ogi cal processes rélating to snooth miscle cel
processeyelhting to pady-stagerfgam cell lipid processing.

FIG. 23 provides an exemplary Effect Diagram illustrating various biological
processes relating to late-stage foam cell lipid processing.

FIG. 24 provides an exemplary Effect Diagram illustrating various biological
processes relating to macrophage lipid processing.

FIG. 25A illustrates one implementation representing macrophage and foam
cell life cycles in the plaque. FIG. 25B illustrates one implementation representing

macrophage and foam cell recruitment and apoptosis.

FIG. 26 provides and exemplary Effect Diagram illustrating macrophage and
foam cell reclassification, in which macrophages transition to early-stage foam cells
which transition to late-stage foam cells and the reverse.
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5 FIG 29 provides an Effect Diagramillustrating a
representation of effector cell <calculations. FIG 30
w@e@sioghass a di agranmatic illustration of an  PCT/US2007/082024

at herosclerotic plaque, with a lipid core, cap and
shoul der. FIG 31 provides an exenplary Effect D agram
descri bi ng bi ol ogi cal 10 processes associated with
t I HeRfe
of a t]7a osc @reg(tehigé?rp/géfﬁég? O) Hﬁdé&??vrﬁbg@s?%g%
reclaﬁiﬁ@tbnmmigmmratlomjsatealallmgbattm | nt eractions that can
lead to calculation of a tissue-averaged inflamation

| FiBx28l ppevidesitin epemplary ffBva Qéagrdenitiustyatamglvarious biological
extracel | ul ar chol est er ol g&r&ﬁfh@ 15 FI G 33 provides

proceéﬁeéiaﬁﬁn%m/sw&m%p@gq%' It rPERFHID | ogi cal

processes associated with T-cell and endothelial cell

dﬁﬁn?%@m\mi@ aBEfﬁﬁCbDilaﬁgﬁalHdSt&W seryesgmtation of effector cell
idgcam of extracel lular matrix (ECM synthesis and
egradation in both shoul der and cap FI G 35A

R e R B R R o ThEFesqirog graaue, wit

a||p|d)f;@f\él ¢ap and sheemerary cal cul ati ons of the effects of
the snooth muscle cell popul ation and extracel |l ul ar

[ ry
TG BT T ERS Py B et DradteRIUERany SoRgmea

procgsses psmetﬂdnglth simooithimetscleoeell life rCIyolm indheiebotilder ahe cap of a

h ﬁ% a roductlon rates of each inflammtory

ather %l?%?(' (ﬂLHathe pl ague shoul der are cal cul ated. 25

kgé ,’g%p P\ e;ésges eggBlagK%%Ih@gra?ag@gl lrgérf@rc %sn gl?é can lead to
calcu%ftl H'd?ea @&%@%@ra%@é rBamHAGSH MRx %ﬁb@htn@pon mac(rjophage

| amat or tor production In pl aque shoul

densﬁ;BaW)eXtDa&lmma)'mIME’VdUSQm@m 082024 FIGs. 39A and 39B

illustrate regulator structure in a plaque shoul der.

FFG. 38 preuides deexemptargrefieat gliagrarastusitatiog bidlogical processes

i.nfl anmat ory nedi ator pre- processing, in which a
assoq'ﬁﬁﬂé’éﬂ%ir% gneken tf‘%'l'ﬁjré:?grd}’ NABYtSat ors i s cal cul at ed.

FI.G 40B provides an Effect Diagramillustrating

cbl® e%pr@ﬁd%%@% exeaplannistechbingiany ofexmeetuar matﬂh (ECM)

syntnB3H difeddiation E‘FH&WSWOU%%%?&S}P ons in an

erosc OVIdeS exenplary
lea(g_ 55R p'rclj\lna'éé % gary ca cu%ns W av average |‘ﬁﬁammat0tey mediator

concentrations. FIG. 35B provides an exemplary calculations of the effects of the

calcu

smooth muscle cell population and extracellular matrix on inflammation.

FIG. 36 provides an exemplary illustration of shoulder inflammatory mediator
pre-processing , in which equilibrium values for the per-cell production rates of each
inflammatory mediators in the plague shoulder are calculated.

FIG. 37 provides exemplary diagrams illustrating shoulder inflammation

switches.

FIGs. 38A and 38B provide exemplary effect diagrams describing
inflammatory mediator production in a plaque shoulder.
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cap of a plaque. FIGs. 42A and 42B provi de exenpl ary

ef fect diagrans describing inflammatory nedi ator
w@e@dnetizon in the cap of a plaque. 10 FI Gs. 4BGY/H{ZH07/082024

43B illustrate regul ator structure in a plaque cap.

FIG 43C illustrates additional regulators that my

be included in the nodel of atherosclerosis. FIG 44

p'F‘?Gé d85A aRd BORMLSE e rbeI%Edr%‘thﬁEhr@fm %gfgadq@é ROTBERT Y

medi at or pre- processing. provi unmar y

r id [ \
STI3, FR prodiats ghidigniia g @%Sé*sa?ﬁfr‘gf R Fedidog pre-
proce%@ur@r oviviiieh alunoyedt valew forf mﬂamnmierycdmedmtorsrus ssblou&ate@d FIG.
hat can influence %hje vol ume.

40B FS’PW?@@@ e Ringiasm |ugiraing ausoa afian WW@@P&?{ liU.%oed mediator

i
conc%@t&&aérhdé?ﬂ%f\}lk{j}gl res eéﬁ{rﬁg 8@@?@%8%%@?&5%@@&%%%— plaque.

r %llé‘t M) |5’e{£xérﬂﬁllg%a%$garlng§l L%gjaltlhg%ﬂdrﬂr%%ﬁof] PW|t)ché§ in the

a hazar
cap ofampagqueson of the PH as a functl on of tinme for a
reference virtual patient having two or three risk

f geGoramA @hdaﬂzmsmrdeeéwmaryﬂeﬁé@ di Fr%@d@étr@trﬁgf e
and treated with statin therap

inflammptigsy madiator ﬁ@dmtiaml@th%@araoga r@d;ﬂ%lesubcl ass of
| i poprotein particles wthin one inplenentation of
t FréGs 3 and i 3BHIGSrate reg8latad stiuctigeriaiaeldidé eaprklG. 43C

st B aditiclis e Bioss B Pl BRTI bl B madt! ibeTgsgierosis.

i rates the apo article_conposition

Eﬂé %ﬁ@gow?st g3 95’51][ gryffustrafien OéQBpu'” %’“@W@é‘t%@%q‘iétor pre-
proce%%ngu of the therapeutic agent, atorvastatin, on the

apoB- 100 particle conposition in a reference virtual

DRSS e S A Pl 908751 S B

stabllngamme aﬁd@arcﬁéﬁbsddlarsiskahedulehe effect of the
therapeutic agent, atorvastatin, on the apoB-100

PFEIGI 46 BreAABOSH Overvidw of vabiees Ehdradicistios dadipathways that can
virtual patient.
influence plaque volume.

FIG. 47 provides an exemplary Effect Diagram illustrating calculations that
describe plaque geometry and IMT.

FIG. 48 illustrates the derivation of the relationship of the plaque instability

index (PIl) to a hazard function.

FIG. 49 provides a graphical comparison of the PIl as a function of time for a
reference virtual patient having two or three risk factors for atherosclerosis in the
untreated state and treated with statin therapy.

FIG. 50 illustrates the behavior of a single subclass of lipoprotein particles

within one implementation of the invention.

FIGS. 51A-51H illustrate different configurations of vector diagrams of net TG
and CE fluxes.
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FIG 53A illustrates the HDL particle conposition in a
reference virtual patient; 10 FIG 53B illustrates
wo b@seifiext of the therapeutic agent, atorvastBET/HS20071082024
the HDL particle conposition in a reference virtual
patient. FIG 53C illustrates the HDL particle
conposition in a Type Ilb dyslipidemc virtual
pﬂGeﬁiA ifdsFates3Re éa{id@q Déﬁj%?tlélé‘@oﬁ%@ﬁibn% allBference virtual
t herapeutic agent, atorvastatin the 15 HDL
patieplarti cl e conposition in a Type |Ib dyslipidemc
virtual patient. FIGS 54A-54B illustrate the effect
oFIGh8e2B liksstpéad the effpohbf that thevasduici agentatoplagtatin, on the
ljpids in a reference virtual atlent FI GS. 54C- 54D
apoBy 1&%@@&“5’@&@%@?‘%5\ a pgfefence; \H@H%d@mﬂ& agent ,
atorvastatin, plasma lipids in a Type Ilb

dydbi ﬁ@éiﬁsér%& maapqﬁxﬂ Pemarticle CPRWDOQEDAH'EE[SWDG llb
Ov Th t
dysliigetE con%at@%di{? o Rer ouel oromi o o e oS
dev d
LPiaPssd s i R AR In RSBl ek e lyastatin, gp the

apoBL1GtKpartiBlePsgrhpSsHicH in & Wpéowsﬂpud@ﬁﬂ@knr@fm patient.
at heroscl erosis 25 conprises a) a chol esterol

bQﬁAfﬂmsﬁ’% e P@Q)L%rt"i’él@%bﬁﬁb%@ﬁ%hﬁn 'H%‘é‘l’ér%ncéw'tl@ patient;

aque stability nodule. The conputer

°PE% 1838 st AR ?Eﬁ%ﬁe%iﬁ%%gﬁ%@%ﬁéﬁ’aéﬂtﬁk°” the

HDL pefticla ¢toropssiien usadefeesrmanyirtaal’ pat@ndgi cal systent can
i nclude, for exanple, a collection of cells such as a

celiG. s3CtiIWstratether 9B, pattidle TBHMosRioMUhtd Tysd [Iblogslipidemic
organi sm such as an individual human patient, a

virtuakpBHeNt. of cells of a nulti-cellular organism or a 5

popul ation of nulti-cellular organisms such as a group
ofF lGuddla I|b@ttﬁ8é¢ﬂ emffadt of theeiherapeuiigragenpoarastaiin, @8 the

oL Bl Eomorlith P el C BIbRRNEN e FREEE: L on
BT bt by Bupadob eet SPBEURERB LS poBl aiorpoiin, or

plasni ﬁ’d)l@g'lr?§|rem%‘x‘§r‘i<%n/|rtﬁal p&idhtol ogi cal conponent that is
part of a biological system can include, for exanple,

| G8X5AA-Sfh lill%ﬁ'étecﬂ’igsé Phe tﬁeFé?déLMlcathent atgrvastatin, on

constituent, an intra- cgﬁwﬁar const'1 tuen
plasma lipids in a Type lIb dyslipidemic virtual patient.

IV. DETAILED DESCRIPTION

A. Overview

The invention encompasses novel computer models of atherosclerosis and
systems for predicting development and progression of atherosclerosis as well as
associated cardiovascular risk. In particular, the computer model of atherosclerosis
comprises a) a cholesterol metabolism module; b) an atherogenesis module; and ¢)
a plaque stability module. The computer model optionally further comprises a

cardiovascular risk module.

-10-
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conbi nation of them Exanples of suitable biological
conponents, include, but are not |limted to,

woreaodfo¢iies es, DNA, RNA, proteins, surface and PCT/US2007/082024
intracel lul ar receptors, enzynes, hornones, cells,
organs, tissues, portions of cells, tissues, or
organs, 15 subcellular organelles, chemcally reactive
my_eculpRgidifibfs Ht: superoxides, ATP, as well as
conbi nat1 ons or aggregate representations of these
tﬂsesedfherem agbuddqicalayistdrh'esan Incluiidifer example, a collection of

ot 5489458 SNBEES R LBSH SRR AR GBI oo

|nd|V|dG’<§l' Hrh &t paﬁéntaa(‘s@%lséﬁéﬁéé?lls cﬂ%sr%ﬁitd:élmﬂar' dtgbRiskPlor a20
he term "bi ol ogi cal process" is used herern to nmean

p0pulaﬁon of erditcelapprgaeisnas sue ap m @oaptaf twenasepaliems or the

genelgd ﬂ(‘,{gesse@épuﬁ%{r%ogggtvgh?l ?\gﬁ)lﬁ)ﬁ{i; (T% ﬁ?%‘t’gkﬁ%ﬁ ag' h&%ga}or

exampld, iavallttssLepsyRteraistichrasi the nenamNsystém, memuae Bystinh,sor
(such as nmacrophages), inflammtion, cytokine
Cardnb\f&wuansaﬁteﬁand the like. The term "biol ogical
process" can al so include a process conprising one or
mihe tesn {hielagiealicompegent’ Jefers to axartivreoba bigogicalsystem. A

piologiBel Eachert Mt Bour r 2ot Bkl oA gt Reotaffe. an
extra&iellbl%&%bn@tﬁaentobf‘t&ilIul@ir@bﬁgﬂltgéht \waringdlcellular tbestituent, or a
bi ol ogi cal process sone bi ol ogi cal nmechani sm

combypation qféegmn&xaé@p@g@é stitelle iolegieal carABPRERIBAINCAGeE, but are
not Ilrtnﬁé@to RAS&LBiRS Qh&ggﬁr@%t é@g@h onLR‘E cf‘m}(%&@gléﬁn?ércgptors,

aracteri zes th

enzyroes) Wescomﬁ?m@arss /tuEsmlmxtuMs omals&e;lsslms oft brgéds,
049125 PCT/ US2007/ 082024 init
subcdliAr ApaeTaa,chrincaly seacid molaciies ke B supeldkidgs, ATP, as

well é‘seédrﬁblné%rg%??ﬁ{;@r%?%use cﬁ)rﬁééﬂtﬁtl&?sr ?f thk&k déé&f%élo?-l?%?

term "vari erelnre erstoava ue
varialklrar &t additize sbialodidad icogipoaentsotarvinehtde tEmeanﬁwbls agients such as

an HYBLERAR 23,608 U%HB @rgiatcgéﬁgd @gﬁer ggfa - HRER) BBsorption

inhibifgtncentrati on of a cytok| ne, such as IL-2 or IFNy
The term "phenotype" is used herein to nmean the result

0f|'hbh§rrﬁ“’5i6fdg‘£é{¥§ %es% iS§sdPRerein B ﬁ’l'e%ﬁ'a?ﬁhteractllon or series

processes. ogi cal processes change relative
of int¢ractanh bevidesr biotdgecam Iaemmyupetsal sxaroples rof segaklbdnglegical

processEsEyes Dydedint JoMerip s Hana N, aneniGs st dpagHimant of

certai?l @886 a& nfacr6pesd dd) eiffl&inRatind cgt@uﬁfe gattlidrednd the like.
experinental or envitonnmental condi S

The term "biological process" can also include a process comprising one or more

therapeutic agents, for example an HMG-CoA reductase inhibitor. Each biological

variable of the biological process can be influenced, for example, by at least one

other biological variable in the biological process by some biological mechanism,

which need not be specified or even understood.

The term “parameter” is used herein to mean a value that characterizes the

interaction between two or more biological components. Examples of parameters

-11-
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A phenotype can include, for exanple, the state of an
i ndi vidual cell, an organ, a tissue, and/or a
woredosio4aes | ul ar organi sm O gani sns useful i n PEEUS2007/082024
met hods and nodel s di scl osed herein include ani mals.
The term "animal" as used herein 15 includes manmal s,
such as humans. A phenotype can also include, but is
incIucﬂé-’!én‘fin|t¥1 'Ebﬁ@tgnﬁso]K beiawl,Ohaflifd, lof n%Yﬁ&)‘?BT esiis sWBR hfacrophages,
e.g. the rate of progression an erosclerotic
into parrteples. tisBhhescondi ti ons defi ned by a phenotype can be
i nposed experinentally, or can be conditions present
| Mhe tpah i“earialig pas used hexeinpetera tomarvaile thatehataoberizeara

i.nclude a certain amount of infl or t oki nes_and
biologjgalrameanest: 556 MARies PEV@rﬂ?b&e%erwa% éia%liﬁ‘b&ﬁg fram cells,
the n@?ﬁ%@Pb?ap t@b e}ﬁSCHBEﬁHQéSY AR ddMekHHStion QFé e, such

amount' s ammt ry cyt I nes, I ncreased numnbers
as ILQ‘orfIEahycel I s in a blood vessel or a lipid core,

pl aque, shoul der or cap of a particular size. In yet

amakhem eﬁﬁéﬁﬂtme tiB@iseHeREEMNE riddn tHRCleddR of e 868URIre of a
of deposite pid in a blood vessel for a patient

seriepef higla Q*@Qi@é@CQﬁSleﬁ d¥iethgrbiglegicabpracessenehangatalative to each

T n
ot B g B AR UTRAGIAeR0 00 pSSHIER! 4 fronone s
the Ievat djmmtvitgl@lf vanalsies, farantsterspbed/os biolbgitalqirocesseeata
nurerical integration of the mathematical npdel

specihed it @%Ha&i?rp%o fachRtpasimental oreidiongientpl gonditions.
dx/ dt fg t). The term "biol ogi cal characteristic"

| & phenotyie am Irtcdudeeff@rr example the stateekan ngividwal ceg, an
e 2R R ch LA PUERE RSBl DL SR o

and rﬁsaréwameaawém inchideagiimaisst Tras tapin ‘Skimald @ssisedvreerein

to a chenmical include clinical signs and di agnostic
includqs Mapraalgssed as BHMANSh A RBSRAUMBE CAR ST IChdeTRit is not

IlmlteE 8! S KA SHAE %g%@tﬂ 51% acv?lh&Fa égﬂﬁ)f&éé %?Ero@féé&&h GAn

e nmeasur ements ogl ca araneters,
atherasclémtic phagqoestes cosditibadp Idefuee«dabplaersheﬁotype)barg beadnposed

expef N i, OlEAN 5 SORATONS RSt ity a BRUaEL ik s SxpMRl g normal

phenbb?rf@r&:aﬂ%&udé &l daHah ahbund P Hﬁl‘anﬂﬁé’to@&b#g%ﬂh‘e@%r@%meer of

concentration of certain [ anmat or .
foam @ﬁtlmn adodiyessesr n amﬁhpuemmp@aam$®smhanﬂtywescm #glude

L, um

ncreggef pighBls b RRTn oot Brepned piBERE G o cels ina
bloodPR¥dser 6t adpideore 19atBé WIWGM dpakichlareeCaARn yet

include, but not limted to, tical and/or magnetic
anothgr@p@g@IQjébe @@@nQW@ﬁcCrandn@Idget @ anunts ef derpesited lipid in a

bIoodSvéJs'§@| fora patient being treated with one or more of the therapeutic agents.

The term “simulation” is used herein to mean the numerical or analytical
integration of a mathematical model. For example, simulation can mean the
numerical integration of the mathematical model of the phenotype defined by the

equation, i.e., dx/dt=f(x, p, t).

The term "biological characteristic" is used herein to refer to a trait, quality, or

property of a particular phenotype of a biological system. For example, biological

-12-
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C. Methods of Devel opi ng Model s of Atherosclerosis The
present invention provides a mathematical nodel of
wa@elsnedges erosis as part of an integrated i n PCT/US2007/082024
silicol/ experinmental approach to the assessnment of 15
cardi ovascul ar risk The exenplified conputer nodel of
at herosclerosis is a large- scale nonlinear ordinary
h drisRicEof sRh e bQBab@r%?ﬁ BERERRIBHIRIdaPBigAE dnldtdik§osti
¢ ar%::t r] oI igca mech anfvsms I NVO I\c/:edI In theI cﬁoFlgste r ol iagHostic
critermsa%bolat@drwuthtthe isegeitized sklan d hesbialsigidal ghafacteristics of a
ero clerotic Iaqus ter abl e
blologjpa rgtclaﬂé)e(rﬂ as|EMeIts gb?igﬁjp% rlggpeévgﬁ{ag’ne ﬁ and/or

procesaes eS‘uﬂé@l‘e SRInabI8s io$ Blold éal@h@%@eﬁﬁd@éés@ebat@c@wnh
row h and regression; ( pl aque stability and

sensn?z@d akis:inelrde (ayt ara@ot Emiteditagmeasyremanis ettaial lympk nagde

celluBi8" by af B of P s, SR s RFR AT B bR
inflanGragtory eytokip@el can be built using a "top- dovvn
approach that begins by defining a general set of

behavbeh ScoPledrbd§aé ndedilil ROLSed h&%urﬂtﬂ%‘ddo‘éﬂany medium
e.g. development of an atherosclerotic plaque.
whichvistrapiabtesofastering en enog@itlg @ssesesce if insiruptions éoraqarfcufmmg the

et i RS P BRIGHE R B R cPartor mgnet

storag depices aiduedisks) ehd\adriershave g@nalsi pi d deposition in
the intima of a blood vessel, the specific nechani sns

| ndu0| %the behavi or  can each be nodeled in turn,

Cel di H°9§t°fd?e‘éﬁJBE’m Madelsof Atheegsclerasignsel ves

R

part dfaesintegnategsn esmcol@gpetlhmnMIcap@roath it abskEssenbyf t he
behavj orst t char Ierlze t he

cardiQ{ASCUlAT s5ka TiePEMAIEC FEorier TIELR! PBEEeisoSis is a large-

scalec‘rﬁﬂﬂlheéheérdlrﬁ'ﬁ}‘?@lﬁé}an@re%u%ﬂgnfﬂ%fs@d%Qﬂé%%tatlfoh%?tﬁé‘ﬁey
down, until there is enough detail to replicate a

op
blologcarle"nedﬁc’m|sf@s¢|a\rolmtmhercholeﬁa1ql metalbelisnn ddherogenesis and

stabi iR AR RIE N Ae}. of & CRoPAer b BTN Faatdlor SPyfing the

foIIOV\!TIfBg?1 Bedsenteesf é@rﬁ@%@ @Iﬁol@@tréﬂbltrﬁétalﬂi@ﬁﬁhs(zafplaque formation,
at her oscl erosi s ti/a@@ca y begin dentii f %I ng one or

growthand gsesaeRdB) p és%@@'“té(s%ﬂ?cw@ltl@@ and k4 kcihsiresvliEng|
cardlws%gpér r&gllﬁ%?%aqfémor nor e bi ol ogi cal processes

assocCl at e erogene3| s. The identification of

bi,ol oqgi cal ess SSOCI ith chol esterol .
Ao b iRy 88 B SSTEREI otk S B BRS Bicfogicatar
procds%b@blr fAehdtiens. Wﬁb&i@hpmﬂeﬂfndd@ﬁ@alrh BE RNMBUSIAY Y “togdbwn”
portion thereof. Optionally, the nmethod can al so

appragshghakleging bytd@fﬂnmg 2 geneff $ehef behaviors indicative of a biological
condition, e.g. development of an atherosclerotic plaque. The behaviors are then

used as constraints on the system and a set of nested subsystems are developed to
define the next level of underlying detail. For example, given a behavior such as
lipid deposition in the intima of a blood vessel, the specific mechanisms inducing the
behavior can each be modeled in turn, yielding a set of subsystems, which can
themselves be deconstructed and modeled in detail. The control and context of

-13-
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one or biological processes associated with stability
of an atherosclerotic plaque. The nethod next
w@ovpiges the step of mathematical ly represene@ngS®arhn024
identified biological process. The bi ol ogi cal
processes can be mathematically represented in 15 any
of a variety of manners. Typically, the biol ogical
hSicdefd ty ' i t i
eSS SRS S B PR e IfRisR e etBior Al clefdoterize
the dymarhisgiad dhe systeness ewhays odinatdstonstructimopresess obntinues

nmet abol i sm and at herogenesi s, are conbi.ned, .thus .
modelige indrs FILacEe BISHOABI T ot S il iste &5 €pdugh getail to
replicBteH igilRs @Blogvcﬁw vepuviof. Iddify MBduhsgeltisdbpaRe d?enodeling

~utilized in designing a conputer nodel of .
biologic@larosessasdbptcarpbe Inmaripylatdceby adirugnor etherttherapgute agent.
the invention, identifying a biological process

adsecnethedswiset toldeleperanputet atvdleissof atbetoscizesis typically
veain 7 Bl S B Eio e haPL e e A bR B o
metab®listP 8Ad loneRsH rhbfd iBlogldtf pPhdb&se8s eBkoBIEREEREh blerb§hesis.
to apoB-100 particles can conprise apoB- 100 particle

The identifigation 9f biedggical processessassoeiatedwith whptasterel metabolism or

atherBidndiis SFl b5ty St FERlb 1Y 2 BGRIG oE FpEGiaggystom or
any pdtidr tleeeoft edpttelallpothermetiodndzer alko Icopiptisettbe esep dhidentifying
anot her preferred I nplenentation, identifying a .

one gh iWP'@@'iC@gN)roﬁ%%%Ss%SSO&%%IG@ withestabilitrofanaiberesagrotic plaque.
The fiERBIYIAE EFRIRES e P A hotffbRal, e Rind bt RRntied
biologieslqrbeess. nTherbicdogicaldgrotedsasrapnebehadthernatcalgl represented in
any R e el S e ae by e Bpesa ohdes S Hehes B Hhe
equafién/ /gsz&galﬁngén?ﬁiégcﬂj}ﬁi %O\VW rﬁebtie‘tﬂr%%rﬁﬁﬂions of biological

processes are e contex e net hods
proceskes aesdcig@at with chelasterdli roetadpotisin gncbatbesogenesis are combined,

v RTS8 c AT BrotdSs SR o
the middufds et beiBkitfked f @ééi@ﬁin%@c&nﬁ@t‘“e@'ﬁﬁbdél of atHetd4clerosis.
process using a second 5 mathematical relation. A

Coal . i e
v PR R AR GRoh X 4R et O PG ol firedt process

assodiatecdhvittanhdlesterohrhatabolidry comeprisesrpen tfyingodeiologital orocess

rtic , thematical .rel gtions of the c uf er

relatelfYqaeott 10 fertties e ileiiviashe LinAel aricass 8ot § apoad

partici&s CThd bilodieNUrécéss It ith apdBOf0(/ Bartieles ca QRS hpoB-
conponents of the biological systemas well as |evels

100 particie rempgeling, dfepatic dipishstaeas, onenaymatig Aelties, e.g. CETP

activiy P RN Waften REueRio S¥8an sRded So GHERSEERIDY partice

remotiBling eeperishergnlgi¢didres.t he

In another preferred implementation, identifying a biological process
associated with cholesterol metabolism comprises identifying a biological process
related to flux of cholesterol into and/or out of a vascular intima and identifying a
biological process associated with the processing of cholesterol in a vascular intima.
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physi ol ogi cal system The mathematical nodel (s) of the
conput er - execut abl e software code represents the
wa@I208/04929i ol ogi cal processes related to PCT/US2007/082024
at heroscl erosis. The form of the mathenmati cal
equations enpl oyed may include, for 15 exanpl e,
partial differential equations, stochastic
ddrc@r &y b@t'n f@%ﬁég?@aﬁ rebéés%%edib'@Arnt.f@b%%@bsntext of the
equati ons, erence uat| ons, cellular autonmat
methodsipf det m*amt;on equbtbuojoglcalfprneesmmatlrfenmtmwamemesented
fuzz Io et wor, et c i.mpl enent ati ons,
For ex IR RERATPLIT HREGas e PRsst F s HOTGua Pifiess U3ing a
first n%tﬂbﬁ%ﬁlbald*efét%rneéﬁd Q'se@@h@blc%@cél ci)rbbé’ssf @élﬁ%} aZ&cond
dt=f(x, p, t) where x is an N di nensi onal vector
mathe\m@@ale"e@ﬁi@ﬁt A mathersatical relation dyrieallyancludas oalassnerie

vy, R 5, SHTE 5y b e

comp@t@r rhodlsl. Mbrensartionlatipatatrengiaenteatibies otheotxputer model
i nteracti ons anong bi ol ogi cal variables. In one

can qeﬁﬁe ém;gmcéipng,amqqgevqr@% gmr@@ lgvels regctivisies of various
bioloquééﬂr%%%i;;kﬁnéd?é B’f gfag;i({az‘réggtfeh?%é G2l & Bvel s%‘?%j‘;h{n%es of

Al aCter ISt cy
combea1at|dnem1rmgga¢gétecre|mes)3nfamlona obithod waniced blsyxgum\corrimnents. In

I t at th h I
additiggy ﬁé@?gEgnnygw'@ggﬁfew@sp%t'eﬁﬁimﬁﬁeéﬁ Be Sorlsd 9 the 4

phys%!‘?t\gﬁ‘dél Sem. Q?'Feem%tk@h%t?aﬁ/%o@‘ s BPtHéD&ﬁhputér-executablhe

| cally specifie numer cal I ntegration of
softwatsoedee tpraesents dise dgnamBobiological proatsses m¢lated tof or
ex | e he _time. evol ution of bi ol o
athergadRisi s T far G Bétarbe oLt Fattins, Fp6Prg may include, for
examphe Hair A @ iffarehtidll diRratiohs, NELREER diHEABal equations, differential
CT/ US2007/ 082024 ' The representation of the

algebsaiglesgiatians, pﬁlﬁ%r@Q§@§QHﬁ§0@%rﬁﬂ||H@d au&rg@haec@u@ed ek |

A L
N?%P%'395§17F>1%§%%?3585 FR5eR B bl b sor b B B Pl are

ordin&- diffefshfiaBéduatRmisi dfltieél fdrm: Syst em and Met hod f or
Si'mul ati ng Operation of Bi ochem caI Systens"; U. S.

Patent No. 5,930, 154, F(L(Sg Corrputer-based System
and Methods for Information age Mbdel i ng and
wher&ixrisiaatN dimerfisi@uaipleeior Sylxisenale Qregéshrepgdsent tﬁ)ia sbdnlegieal

. Ti P
varialgegt iRgIE S, 118 e Ak BIRE el nBRe T & BiISANAY
dlmerﬁsﬂbné! da Bﬁﬁi{ﬁeﬁl ﬁéﬂafﬂét@l‘% MRelis b’tfuhétﬁdnﬁﬁggl%gfgeéélﬂs kh ek

Representations"; U S. Patent No ,
compéfm ||nterg|t|ormam11@ag @ﬂolgglgei mr@aleﬁ;d@me |mplementat|on the

parameters are used to represent intrinsic characteristics (e.g., genetic factors) as
well as external characteristics (e.g., environmental factors) for a biological system.

In some implementations, the phenotype can be mathematically defined by
the values of x and p at a given time. Once a phenotype of the model is
mathematically specified, numerical integration of the above equation using a
computer determines, for example, the time evolution of the biological variables x(t)
and hence the evolution of the phenotype over time.
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to Qbject Paraneters Wthin a Sinulation Mdel"; US.
Patent No. 6,078,739, entitled "A Method of Managi ng
waRjososg2iand Par amet er Val ues Associ ated Wt h P¢BEUS2007/082024

objects Wthin a Sinulation Mdel"; U S. Patent No.

6, 539, 347, entitled "Method of Generating a D splay

For a Dynam c Sinul ation Mdel Utilizing Node and Link

1 P [

200Ea5RE58E!Aon¥Tihe iRk ESA A erhbRaY (9 Behrate o
modeCohdtherosaenosisk e(aelﬁi%rmtlbatqf oroagieobbiomgicadlisistem ngreadescribed,

for ©xg813. i) SCRER S R RRL Ao 200 5 RERO1 81 PRy arg@relca

Biolo¥ickhiiBdaliry B’zé‘@m 8Ad Mpéiﬁbd UTBePﬁﬁirﬁ!‘NBS 5914, 891 &tfiled

conpri se net for validati ng the COﬁ'pUt er

20
“Systatdene Messed f%e&jnwéat@gr@pﬁ@tloemm@emlﬁél bestaogs, Uan Patent

No. 5.4} L. 1 BBH Clibufor.adBd Sisientoy SRS tor mrormation

Stora'eomoeleﬁm@@ndf&mlatdmecsqu@hpre&tsyst@ms@tgan&@d in Dlscrete
nparing _t he sinul ated bi ol ogi cal characteristic w

Com%artraerﬁ'ﬁéﬁ Jonaiang Peaes eHe %?ténbﬁpc@o%k%%&ngﬂﬁ@tM@thOd of
Gene?ﬁﬂ%“é s piBy Yorv %D&/@ﬁné gﬁHulhtu&ﬁ MdHet Utﬂ?@%é&é’&nd ink
co may confirm

nation’ w t nam c constrain
Represargatiary’; @5. d?atehENmJGIQBQ 629, eaiitlgubfMethiokdeoflrevidirgg Access

oG DA S IV
entltlé@qﬁ?i\/letl'\@é BP%na@Tn V@bjé&g%éﬁ‘@ Pa?é}ﬁet@r\iaq’&és Kgg(ﬁiéted With the

descri bed herein~are In US. Patent cation
Objects d¢ithio EoSOMgatiemMaded’d U Spipateat Mo. BraBNR4 h auhtified “Method of

Val i dati.ng A Co ter. el,".a i,Nn . S, t.ent ;
GenefRtricha phsflaft FEF AN i Eatich Wond: ubfidhg KRu8Hnstiak
Repré&sirhiidis”al. SApkicBtion PRbliéamapuNe! 20032068, entitled “Method

At heroscl erosis -16 WD 2008/ 049125 PCT/ US2007/ 082024

and Apparaiosgor epneeetilg ldnked Bémuledipe Qperetiansl Ubkzag isdtemputer-

Base§§a}§ (ﬁ?ﬁ égéelgsand' ﬁgT%rut%xggt‘?if} %? 7'44§0§§ﬁ‘€?éd L0 Method of

Momtbhuagamués ®Athinpa Simulation Mmélrrent in large-scale
clinical trials. In a preferred inplenentation, the

myeel mepbhaiftehdraddn ERHPHSS methods f@#tv@rd%tmgsﬂh'e%omputer
mechani stic nodel of cholesterol 5 netabolism 2)

modedpgescrifed: hrrei. skersexareriBaltiesnsthasgaanyinalgde generatlng a

S|muI§ glﬁtﬁ &%‘pycear gﬁé%ﬂﬂs?lgtagﬁégl X aY?' tp{@g&?%ﬁnéﬁto?lp?g@r%ssion of an

atheroéc|dicticasaguearand cdmpdigy thedsiutzasd ibiologiedl draracteristic with a
establish a population of virtual patients

corregpaiing Exferantye-biolic 9%&6%@0&&%&%%@% yives)Thegesult of this
comprai’;'@{%ﬁi hry c@r%ﬁ%?wh%tk?%c?ﬁ rfn Mt%‘irﬁtgg?ay confirm some part

-Sensitive targe ways on key
of theenmddel ot snayl poiatithet usen,to a change of a mathematical relationship within

the model, which improves the overall fidelity of the model. Methods for validating
the various models described herein are taught in U.S. Patent Publication 2002-
0193979, entitled “Apparatus And Method For Validating A Computer Model,” and in
U.S. Patent No. 6,862,561, entitled “Method and Apparatus for Computer Modeling a

Joint.”
D. Computer Models of Atherosclerosis
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10 researchers can assess the efficacy of novel
t herapeutics, and identify biomarker patterns for
w@e@diogtizhg | ong-termclinical efficacy. The nRCTOs207682024

devel opi ng nodel s of atheroscl erosis described above

can be wused to generate a nodel for sinmulating

devel opnent and progression of atherosclerotic

PagUSMEREr floReherARbAiRibrE8iE Y zf’sfs%wa‘"i‘éd E:él%fovds%ular risk

such a case, the 15 sinulation nod may 1 ncl ud
prowdmmulre@hntlverpowerrtotrapldwmsef e ghjtbetefficasyci r\@ﬁ/ek/\ﬂhletﬂ‘peutlcs

prior (5 Py aRali i BB ca r dinicH 1l o) & pec Ry BfGnigRentation, the
mode$ 'cBHiaﬁHsl fur i’f%&ﬁlles 1) d GetdFfinitict MeBBABSEC AL BF ehYRsterol

the input values of <certain key parameters prior to
metapelisnor Heth 8wdet obthei disgags mecopripars Witleriying athstosclerosis

proorR&FiShor o Lo BFRISGLR il Bhd 9 afbut R RelBlat  on.

cardid\zastary righ!l ameleahsdealrcan e Lsge to establish exwpeisionrofafiriual
and are affected by, a relationship between two

patieryj(Eritresertingody é‘,‘ﬁ'@@tylﬁiﬁ'&(@bpmy@@) taxapidlyeassess dne effects
of mo%%ﬁeﬂfﬁ@trﬁ{;ﬁlyastenghfvgq([:nw‘;??%aﬂf% ‘ SChh Re Elllr%élm&ts F& addition,

APEU
researd@&rsmacas‘syess fthee efﬂbecy sf aoggleoerfapeutics, @cnd idbatfydioraarker

nu ot her al so paraneters that
pattegﬁggrPSﬁC[%ge'Pf‘g |n|§gl %ﬂ%@‘é’ ot her objects upon the
ecific object. n’p ex nodels are also often broken
d \Wﬁ metheds 0§¢§V@|ﬁ’ptﬂg rHegelsniatherogrlerrsis des¢rgped above can be

used 2(9&[9?’1\@&% faqﬁwélefér SimdiEt C{?qqéf?\g’éfoérl}\%nt gl‘?&*ﬁk‘fdrgéswn of

venti on i'S accor fen use
atheroscletatic Hamas amamasahssdctated lcamlewﬁsmtaedlskarrasmﬂea gase, the
cont ai ne V\Athlnasemflc sub-

simulgtien 8tode! My ipelude|undredsiof &V&y u§@g§l%8$99]ep§§eepgf&pf which
can ﬂ@@(‘ie “a% i u? rgﬁleféfr n%eW?érfWeﬂ@étn}éemﬁ%t i analyses

mut ua Ve W h respect arameters, 1.e
usingsa almtdalpm‘r enoeletrit isagefip pe access and@bmvmbeﬁm@yames of

US2007/.082024
Certa'!S‘giTﬁé/ PRSP R t%&&%&’“@?‘%ﬂgﬁ ﬁ%ﬁ'@y% OPﬁEat}%‘déPd also

possiBlab\EerSuplERSIBEs $GPBEEE keTPRAPIMERPS 85 &Y Sonclusion of such
bi"ol ogi cal processes at nult |LIS{)Q§I dI evel s and then
ls)

an opgraliaitAssMeny Perarsetersare ins he gxpfassinsseleendimre

attecigig PuyionsREATaRER RE s isBRrinal Bifineeg 0

examing tertyiapaadineters ewehererd of girtalrelalichsip. IchTGexampIe a
created conputer nodel also, referably, provides

modelergBay Wisht fHeXFRINe RATIBISINS tBﬁESQQﬁ*fM 4o eéfppisrrspacitig object
ns 1% 10001 5 OERLD 900 R0 Bofl e ASPRER IR, ey o
thesenmttiet ebjeltt upc&pthes&pﬁmfd: dbjecte Contblex mudefeare also often broken
down into a system of sub-models, either using software features or merely by the
modeler's convention. It is accordingly often useful for the modeler simultaneously to
view selected parameters contained within a specific sub-model. The satisfaction of
this need is complicated by the fact that the boundaries of a sub-model may not be

mutually exclusive with respect to parameters, i.e., a single parameter may appear in

17-



10

15

20

25

30

10 An exenpl ary conputer nodel reflects a particul ar
bi ol ogi cal system e.g., the vascular system and
wa@pasosieal factors relevant to issues to be eR@I/ORWA7/082024
by the conputer nodel. The | evel of detail
i ncorporated into the nodel is often dictated by a
particul ar i ntended use of the conputer nodel. For
many iTRloRelS FRHBRY.4Ab boEATRASEE! §u6>ﬁ\ §8ﬁéh‘€ﬁ§ﬁ’%@5§%model
operate at a l'ul'ar Ieve ere ore 5
evolvesbcel | ul ar Ievel can occupy the | owest |evel of
detail represented in the nodel. The subcellul ar
I éﬁnelcreanteblmﬁputéomoebearqpireser’ﬂs bliclggical prooegsereattraultiple
otein thera eutlcaent and

'evel%%‘é qum?\éﬁ'u%ﬁeagﬁ% |e|ffg§t féhﬁ'lsh iglpgigal proseasriPn & gjeal
proc%%ééé uakRd a"}FIe(/?I% ARHUS! légérﬁat‘ﬁgg{: éﬂsﬁ\’féat@dﬁ cEMRI dé}zwbﬁ‘@l provides

vel of a whole organ e an I ndivi
a mulhr\carxa@ie:wlevx&yfsa bivlogica) syatesin.nghe cheated contpudecimonehalso,

prefefti. dfogHes o3 Rbaa dRHEERE ol Fatlidn Gabfrormation
from M@bpm&éldlsiﬁ@ﬁw%mrﬁt@ @s.ngreeé&rﬁﬁﬁt@tr ftbdel of Bftoligh Hhr@iﬁg two
clinical outcones) is the highest |evel represente

computertrnedelg shatmeprasmt dsfferarmtddlscm@hrmeut ic interventions
are introduced into the nodel through changes in
p &nagweneplaryacormpuier niaolst Irsfecls afparllmuiarclaublogmai spstem, e.g., the

vasoulgt e, 39 apatnstisb (B Pl ASER sSSP Piplggpd by the
comp@'tér%bbé‘l Cﬂ'}%"l@w&goﬁd&aiﬂricfbw&btééylhf&ﬂ% M@ﬂéﬁ@'o?t%n dlctated by
Typically, the nodel represents evol ving gnam cs of

a parteylar pigneesk usmef themmutehmdeheForse)eﬁmnlee wlogieaint s

compigBientt, B4R Faled ol ob8)HT: aLh ibcBhuaf BV8, Wikteldte ine

subceiRidH 18Vél Gin sutud th@&)vv@étwiel@ﬁﬂétallf'_r@ resehed intkareodel. The
setting, especially for use by 30 nenpbers of the

subcgliuian I@vehnﬂclnﬁ@s der GWP%b@'@Qﬂ%'rﬁﬂWﬁ@%tﬁ SEel2ASINA| MRNA,
proteﬁlf gﬂ%%’? eve(i é’%l?rﬂé‘ a Ilﬁla‘f‘%@%eqres”@ﬂnarlg%? model can be

abs rac ion canshow, f
evaluaﬂhéﬁ WlthOﬁBI/uGéJQﬂé’r‘SlePélerLﬁ@héﬁ‘thSm of enylwle organlsm
Si Q j ca tens and thejr interconnections,
Becaﬁ apd V'ﬁ‘Ht?'l P'QE&"Q SYRieNhi &9- o%ﬁaﬁieeﬁur@@an@rﬁ corMargntity of
mtere%f’mHtrééﬁ)éﬁgslthe uftimdtedHechst WQ‘ tﬂ@lggka‘ BSmP8RENts, the individual
l1cit eciding to viewt etailed elenments.
buolog‘ba@ylsteghée gl eeptesentexbit thadoimo of cimicalppudoomes pis the highest

t f t t | t t' h t . d
level (ERERH R T sY Sy s iaibitid Etade BEREN TR Gug
mtrod"u‘ébd'lrﬁl@' tHé?n@@élttﬁ*d&gﬁQ!h@ﬂ?bé lire p§|%trﬁét€@39aﬂ4§%r1éi/e¢§ gatclinical
virtual patient in The conputer nodel

outhrreqﬂ I@%Iégtqhﬁggeﬁ@s@we@ylt of hhcssawlpw%deweévbangeﬁ as opposed to

repreRRiISER o8 SlieCBL ERaRGInY 1 cliEe! AREERE eiBRIDpisaly.

the nmiideltepirésdritglevekireptyarias o el papulationsDaeier thars tis et
sequence of events for a single cell.

The level of detail reported to a user can vary depending on the level of
sophistication of the target user. For a healthcare setting, especially for use by
members of the public, it may be desirable to include a higher level of abstraction on
top of a computer model. This higher level of abstraction can show, for example,
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of outputs of the conputer nodel that is particularly
rel evant for subjects and doctors 10 can be nade
wo eadiokyi2iiccessi ble. In an alternative i npl enePCEHUB2907/082024
the output can conprise an identification of one or
nore biol ogi cal processes that nost significantly

af f ect whet her an at herosclerotic plaque will form
joPpIAEEISI8gical S RYRASIF BrtercBnnE&IdR! But t
o gl g >t andicll ieroOnnesiar™ Bripged nojrepor

certa 'vmgwgﬂaed alemeards ob theusadputeo naadad ssattle@stinot alithbobthet inser

expllcg%a%%; altng&ga \)zgqv&?r\éel O%Jat h rrﬁérﬁtlser S' nd éqtvlezgﬁ abstraction can

prowdé@c%@%ﬂbﬁ’éh 8hMthel IRu&IPEYEhEes pﬁ@ﬁ@iypb%r@%ﬂdéﬂ%rﬁdpﬁ@slolog|caI
l'ow visual representation of henat i cal at1ons

chara@éerwélps big negdengtdnelude gsrnipsparamedia setiings ased 4o create that

wrtuaﬁ)géﬁ‘%ﬁ rﬁ ttri% c@@%ugécrﬁhcg%@(:%% ?%r?%gﬁﬁtgm-r@'ise?%@ﬁieg,uﬁlis higher level
of ab$tuastionasidl dedoride Wingttthe Wherapgidoeenlit hegétidginclude certain
represent a large 20 conpl ex nodel of a biol ogical

parargglicaeiings wied Prpmelin B SROSITe I BeiCOMAHBERIPREl. A subset
o oIS AR RPNy TR SEn RS o cocrs

can bb%adé@@ﬁdllyta?ctdeeshbw—liheearaiﬂeirmatlvemale:rgbnwtlothﬂml d)utgut can

omp?éﬁ a%r1r|] gﬁ’gfgrﬁltoﬂtqqtqngéj)rsmprgagpmﬂ p?cgisegggg ] |rlngsst S|gn|f|cantly
U

aﬁect'\@ﬁ@t'h'egggSen\(lﬁ'%r?gbelg%crzﬁa%@é Q@gz%m ip%qrggé," fess or rupture. In
certaiBsmpiementgtions memwx}yutfmay augge&trbmlogucauamay@rthabm be used

Util Node, a Li nk . Re tat ons
to asqgss E4BEINEH LS Aol MTAYLE8 ol i eiBecierSisang e of
assodémateer &rdidgascUPhshdiey For a Dynamc Si mJI atl on Model

Utilizing Node and Link Representations” U S. Pat.

N?% Ng)rgf@ve@%yérﬁéHﬁ%gﬂa e c?o'?npl?tgpgwoote'l H &hrighrd®idQtbw

nagi n ects and Paraneter Val ues

visualamaJesattahbrvof mnathmnmaceletuws hs wedl & intarealationships between

variaB§8 pararfits: 2t A0 isE HpRb R, o s LR fepreSdalen includes
mth@QQﬁé&ﬂ@é%fﬁ@T bh@@%é@@é’to%en@%@ﬁéd et Eé;ﬁ'esent a large

hin a Sinul ati on Model An exanpl e of sinulation
comnlﬁsd@pﬂﬁbof a biolegieal systefeund in U.S. Pat. No.
6,078, 739. Various Diagrans can be used to illustrate

t Hreodgrimpiemeréamm arbighienanode)ingt Suétvedrene nsed ¢d ptdvide a

compiReigrate: §4 s o e S B et 05 Or25 SRsd Ava. 12,
1997 iﬂlﬁmwe@raﬁiﬁémléﬁi@dﬁl Mdd@ln%rsc}i%‘{@rh\ér@/m%fhdd" eUVRIPRURo.
pat hways nodeled in the net and nodel s descri bed

5 80&13183||$\suqdo$e|@x‘gﬁrp1|9@8 tm@d Ydienerchical Biological Modeling System and
Method"; U.S. Pat. No. 6,051,029, issued Apr. 18, 2000, titled "Method of Generating
a Display for a Dynamic Simulation Model Utilizing Node and Link Representations”;
U.S. Pat. No. 6,539,347, issued Mar. 25, 2003, titled "Method of Generating a
Display For a Dynamic Simulation Model Utilizing Node and Link Representations”;
U.S. Pat. No. 6,078,739, issued Jan. 25, 2000, titled "A Method of Managing Objects
and Parameter Values Associated With the Objects Within a Simulation Model"; and
U.S. Pat. No. 6,069,629, issued May 30, 2000, titled "Method of Providing Access to
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Diagramillustrated in FIG 1 provides an overvi ew of
nodul es that can formthe atherosclerosis nodel. A
w@EoRRea2D agr am al so can provi de an overvi ew BPET/LS2007/082024

pat hways nodeled in a particul ar nodul e. For exanpl e,

the Sunmary Diagram illustrated in FIG 2 provides an

overvi ew of the chol esterol netabolism nodule. The
ObjecchF‘ﬂFBF%tQSEW\’tﬁlWé SLH"I&I%E@H Rhbddr. ﬂn%xé’fnﬁlb%f's‘fjrﬁﬁlaﬁen modeling

overvi ew of erogenesi s nodul e.
softwBreaigrfarmd énUab sidatpNov 6y 8,78ks t o i ndi vi dual rmdul es

of the nodel. The nodels represent the rel evant

CMmplonerﬁllagrrafnst tan poesettpdiustrataitie dyraniib reméonships among

and " " nodes. whose rel ati ons
the e'&éﬁ'%%f ther '6‘98[%' 9*1@'rm§@n%¥'zatmnag§>sﬁmake§@ §PF%@:€ diagrams

mcluosé/ 0ktSan TQHﬁ’rr?ér?Qm g%@x and dynami ¢ mat hemat i cal

at 1 onshi ps vari ous el enents of the
gﬁg@% Hig BRT bhal pFEREEBAVRIVER, A 1ndR8Fold batiays

moddapwe&en‘nahode avid mbédelsaibzcribed hitrains F@n@xa&@le the Summary
| ustrate the dmm c relationshi ps amon

DiagraeRHaegrN FE. FOUeTIdePr0UEM B Tei g Nl &ApI B he
atheréé‘cléfd‘s‘?scltno@}e?‘gﬁ\ & Hn'aHf’ F:)'lr H\gaIES\é’aﬁg)‘P&/ ide %IQI cR)%rr\tan &S

can reclassified changes n lTipid
pathveayst rantel@nddn eqrartisular UmduTléheFGf émrnpla tor Sommary Diagram

iIIustr%@gﬁﬂgﬁgjd'gle(g’to?lggg%%g&\?erylgwréégm Ihgﬂaétqrg[ a?mmgﬁirrg&]odule The
SumrﬁBB(s}ﬁD%'g%% |I‘R§st|tal?@d WP!@WER)V‘R%S”&W BRERASRH of #ie aﬁhékﬁbeness

functi on nodes show the nanes of the variab
moduléeyA Selmréareyrﬁ)la@rﬁm Genedlgo popvide binks h@ mdyldmumodmﬁeof the

mooef; TREmAels TRResHl eTBEVebl SonBrRbh§al tif phipnd DR througn the

use offtstate” abdatfithaiol” hodes WbBse ediesondbePdeMidcinfoldrethe use of
paranmeters and equations that are used to conpute the

diagrgmmeaic Qj’fOWtSM@bpﬁ i Aivsdhe ﬁ@mpé@? aredynamicmaihamnaiical
relat@%(s(?‘ﬁéé RS vatiGus I &I B é‘notg @a?@e?é @{%g?én%q%%%in a

I On nodes ar é represen acc
user-fiepcliy adnen U. S, - 20 WO 2008/ 049125
PCT/ US2007/ 082024 Pat ent Nunber 6,051,029, entitled

" it Hﬂ&:t@m%ﬁﬁ’béﬁ ibeda alsDalsr@paesérWétm &th@rm@del equations and
Si mul ati on del Utilizing Node a

nd
illustreepihesdmemic splationshied ppwingt tee q*\@ﬂénh? Qf)ﬁhe me9es e fide. 4
prow@‘sggp le?ﬁrﬁ)bee }‘S’ovv. %Q?EEQ oéttn' |FI’L515thCE91§Sn&‘I5 %R%)y{d[g)eﬁartlcles can be

cusse es are represe

reclassifig to lefledechang@ssindip@l camerisand compoaitibrs Ti The Ef$ectt iHagram
m  the val ues_of which are determ ned

is OrQ@}é%ﬂddf‘ fo/@ogtiese P& fupCtipng Areas.oyiien tyhan grOPHEQttegether
rep e e HB A Loy T e Rl Pe e lels

f Qtatd aﬂoaﬁﬁcp&gﬁo&g@ Eﬁé\ﬁ%é A resrin <'i'l[‘ah!aﬁlegsthey represent and
their location in the model. The arrows and modifiers show the relationship of the
state and function nodes to other nodes within the model. State and function nodes
also contain the parameters and equations that are used to compute the values of
the variables the represent in simulated experiments. In some embodiments, the

state and function nodes are represented according to the method described in U.S.
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can be LDL-L synthesis and LDL-L particle catabolism

State node values are defined by differential
weowaniues. The predefined paranmeters for a steCEUSAIT082024

10 include its initial value (So) and its status. In

some enbodi nents, state nodes can have a half-life.

In these enbodi nents, a circle containing an "H' is

Paterﬁtmlﬂﬁbsﬂe 08110, eRAiSH tmé@ggﬁfe@%@gﬁné 'aflﬁlspl%grf&t h®Ynamic

nodes are represented by er-oval s
Simuladipnddeda! Utitizingadods and LimeRepsasemtatians,iatereeraiéd herein by

refergifet Exitho B br 318 g be G fdis e REReDfRelead Boigw.
BlBaces %s?gﬁ@éﬁgefd? B SigO R AeiCieb VRIS AR TheraRait Vagables in

the S%%léltnl fhe \‘/éh?? of 9’5 h &etdtbim ﬁe@%{}?the%%‘rﬁulﬁﬁhé Bffe &S B tduts

a node e ow t he val ue the node 1s
over titeeer’ mpmeorefa'rhéo smatpmamiatea teatatan aﬁecﬁtmlrnetvaoabledmmg: aodeled

by the' Siate hogp ok Sapiiie ineyt 8 a s dpoR g ERisentng Lot darticies

can b\éq_D'@-L' @n‘ﬂ@ééi‘s 8Rd CF_‘ULSL PRk AR BhtabolBh. Gtad nGRechiliesdre
e., the value varies with tinme according to

deﬂnq:d bM@Iﬂffefeatlaia&oalap@nﬁt dhe sredefinatdodramsatersifon e gdateqmge

ol EREENNpRE (R aBTE S b TR TrEnEM By i s can

have (aSr@ﬁ life. dn thedené@bogeents ) Peirflardonedigidg dm“HPliSattdthed to the
e and Function nodes are also defined by their 25

node;ﬁf@%tuha%hawhf% respect to arrows and other nodes, as
bei ng source nodes (S) and/or target nodes (T).
Sbuncomoaees arecrdpsesarded &y dauble-apider oivaksr ansheeraesent

vario BhaE e T, eP A SEF o oty oESBRITA Pl S ptgamined by

inputdatgR $amé podetin fekesF@idionevdesent defifeddlyRegatrakafunctions
rel ati onship between the nodes. Arrows can be | abel ed

of theji inRUtS r theekrededined paramaeters f a tmclen npdeyn@epde He initial value

(Fo) q%@clﬁaétwéejaéske\%’%t{lﬂ%tt %ﬂ%&%@g%%ﬁg}%ﬁ k&L 8Selof the node is

deterﬁ’(ﬁTédJSm@yetlas’aieﬂé stéxtefdr fonctiver nafe earc beeﬂf) Sumpiteds ke the

r owhead i olid, th ffe i.tive.
Va'Uet'ﬁga&U? WE@&? fesu &?I'té\)&‘pl{tﬁefg ﬁeqlg tieydhe N@IUG is held
constfal‘;lf S tirESG 3 C)F%ﬂ)émﬁég Dafd QY. th¥R&fie \?&Frfé%"‘&wth time accgrdlng to

aracteristi and arrow equations, see, e.(g.
predefmedrdatdNpoint$, 051, 029, U. S. Patent No. 6, 069, 629 U. S.
Patent No,. 6,078,739, and U S. Patent 5 No.

6 Stat@, adirfunchien nodesiten appdet mote then omoeeintthermodule dlagram
i ncl udes tlhree mai n nodul e pl us an %atl onal fourt

as aligp dQres( Alias neges frg indi %ﬁ}ﬁé bé/t%ﬂﬁ Ph NPredais (Eeexe Snd%ate node
“IDL PARicRls' M ERb. 4). State and Function nodes are also defined by their

position, with respect to arrows and other nodes, as being source nodes (S) and/or
target nodes (T). Source nodes are located at the tails of arrows and target nodes
are located at the heads of arrows. Nodes can be active or inactive.

Arrows link source nodes to target nodes and represent the mathematical
relationship between the nodes. Arrows can be labeled with circles that indicate the
activity of the arrow. A key to the annotations in the circles is located in the upper
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out puts of the atherogenesis nodule to endpoints of
pl aque stability, while the cardiovascular risk
worc@al12e. g., enploys statistical methods andP@EHUS®AT/082024

data to 10 translate the outputs of the plaque
stability nodule into a probability of cardiovascul ar
risk over tinme. The fully-integrated conputer nodel of

left cé}%aﬁbpééﬁﬁéﬁéétﬁjiﬁgﬁérﬁr ¥odry afrSwhena Ry §o|.oofth§ BREASE Pokfide. If
a breadth of pati&nt phenotypes in terns

the alrrowhaa@ﬂsahollm theaaﬂf@lct |sm@atwes IEof darthergdefseription of arrow

cardi ovascul ar,.di se and al.ternate ' nd/.Qr

types; 3Ry T EC e Daict 2ER Al FRugtd et e Sl s Bt g

6, 051V029 Ugls. PeiteNG. 6:069820UBesl patenPRBdiccH7d Meoeinets OFf’atent
t erapeutlc and/ or di etary intervention on the rate of

No. 6f#34@/- progressi on and changes in plaque stability
and risk of cardiovascul ar endpoints. The nethods
diTvel cosgulitbemeidel obthebeverdaxh inolufies threaegvaipunedulesdelus an

bl e I d f h
optiof Ao siostia el Ho duBredie SBRRANMAERe BRigoHs A Clnjgel
outpd’c‘@b{r tm",ﬁath@ng%@r%@% ABbiale! tol dhapeiite BE plagud!stasmty, while the

nmodel ed. For  exanple, conputer nodels predicfi

ng
cardieVaaeytes risk medulet egdyersplaye staiistiealtraeibiods Isaidpalient data to

ransfglE oo tPlsco ik ik by ool Blo AR Shet s ons

cardiodschmarkigk\wveganet i ¢ dysfuncti ons, such as a
deficiency of cholesteryl ester transfer protein

( Sl'ﬁé quPy gwt%gr%Péd %mg@ier%odel%‘f bﬁfér@%é@ss@r@éﬂ@bf‘é%Q:apable
: 03) 'l be appreciated by

of remewtmwa breadte @f patlemieofeanotype@m;termﬁ otihedrlipid geatidad, c

acdiefp R rators T b Bl B P R R AR SR

hypothegRetiehesiifdtic RNt CThE PESIENng DirRlaPphterts kaptoe @sed to
associated with |ipoprotein part| cle classification,

predigtdbe £ffect Pﬁtﬁ\@rwutlcs%ﬂﬁi/w@ﬁ?ry Hrarveatian enitegmrateof F\Mﬂue
progrégggé%ﬁ ;Lﬁn%'(}ggg §%}Qﬁly sqglglﬁ@‘landlrlslpgpéaerﬁb%%ular gndpoints.

€r oscl €r osl rogr essi on

SRETHE B0 L ST By B TS s, b fpavie

of smﬁLhétlr\giﬁéﬁént pﬂ@n@typé%‘ﬁrﬁﬁmethék cb@hrﬂj@ﬁ@oﬂaﬁe ﬁ@mm oPRew
e retention of circulating LDL and HDL

comp@éﬁﬂtSc pe Vel Q&]I%@ﬂﬁ@dpﬂ’%au& @Qmp@h@mtéﬂr@asv n@@de'e& For
examg 8 ﬁ%ﬁglst&e 'chpﬁ%éé?rl %ste% ?fgt géf)li%%@rglg

'C ges 1n Clrcu atl oprote
balancesip dlyslmld:lemdf patientd ewtartyﬁerendgem@twdyshanmmsmbtb@modeled.

e G kst B BT oo §cienc o
choleStER R ReOfadib £ Brdtéin (see, e.g., Barter, et al., Arterioscler Thromb Vasc
Biol, 23: 160-167, 2003). As will be appreciated by a person skilled in the art, newly
discovered genetic defects in cholesterol metabolism can also be modeled using the
methods described herein. Similarly, the computer models can incorporate

biological features associated with lipoprotein particle classification, reclassification,

synthesis, and catabolism.
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descri bed in co-pending patent application seri al
nunmber 11/ 305, 317, published as 10 U. S. Patent

weuBl¢HE23 on 2006- 0195308, provi des this capabPdT/U§200%082024
conmputing the dynam c equilibriumof apoB-100 and
apoA-1 particles in the circulation, and predicting
changes both in particle nunbers and chol esterol
conteny. AnchdibsiePdl Mfetaﬁch k&ﬁker ol metabolism
modul e is shown in FIG esterol netabolism
médheresclesasis prdgsession Iaeduregre@atoantm‘eu batieved to be?primarily driven

r assificatio f apoB-1 Oanda | rtlc nd
oy thé Bl hetebh Pafstst B e tan e BRDK Hosp R
chole@ferélecsaéﬁ@énsmﬂetﬂfdl@m bﬁ'b‘é)tﬁ the mervudri étaéurogeétingrum dHe HDL
erapeutl c interventi ons, i ncl udi n

partlmwﬁ@adbe RRGUENMNbEoleaterareriux franvine; aque tﬂ aReAY;| particles.

Dynatmg r%#?mg fcﬁ?ﬂé%g { e#lpc!ulﬂgﬁ)l p%r@t%g{ Bgllﬁlge%alﬂ Eaépgber{s%%'drug
therapyof ersag @aﬁb@&)en%bl&rpredwnoﬁ@ polethicsy egbhgatieds afct
Furthernore,_the nodul e contains explicit

plaquedypaEasSion: | b codlesiesalastabpisManPdus. ag exampig of which is
descr’itﬂe’ﬂ irne(g}‘néﬁrjtidlﬂg g%fted'gﬁarp%)'h%ﬁ)r? (ﬂ'ﬁé?%%'r’r?o 1385 Q?JPgwtﬁlshed as

cl rc at'i on,
U.S. Eélenlt @m@ptairore&(pﬂﬁa@fk%&% @raviges this cppalan‘r@tta; somputing the

ff le-b hol I
dynafnEa BT O GRaRT LD 25 SRpRcl AT licias i sl ead
predl%dj%me%aédtbf it gﬁﬁﬂ@ﬁuﬂn%wgﬁd E%Ieéfe%l chFﬁér?cStAﬁ{ 8lerview of

25 ol esterol ter triglyceride content

the claplegetol00etabadligporeduleiipepowndt RIGparti cl es, (2) the
nunber of particles in five classes of apoB-1 00

P Bbe' ol SRRfie blishh fodui Pt e siresis, feipt 5T anc
recla@d?ﬁn%’ubn FrERoB-10060€ apand yativiek aage chldllates Be new steady-
ynt hesis and catabolismrates of |ipoprotein

state ,ggptl ipeHsthat ajisehEorcReriyrogtiens t@eﬂﬁeé@fiwne@tsgdue to
theraé@] ingkg%@nsd%dlpéz-ﬂ%%%g Eﬁﬁi&la§ﬁ?r{ﬁlblﬁbﬁscEﬁ’Pt|Hﬁ|bltlon
niacin, dibrates of clocliesterol amor;gsm |parb11tlari tenesame Theeffests cﬁlddatary

mod s EshnG TS astehe 8y 5657 BBURR DpvaresalPd.
Furth%fﬂq{)ogl Caﬁ{do%ib cOMBi I|€|t'rék9r% ﬁl\%tlﬁﬁg ﬁfe'@fb h%fnlsms

processes associ ate
criticairior ﬂhepregulatlen of partidle Bmthesxlstlraitfm hepataf ccnrhparémeet cremodelmg

nvol ves t sti nc domai ns: % rotein rpart ef?
in thel GReigtoR, B LIS feeBlor ST aion » EREPGSE B Pardeters Sfecting
wholdgapRHelRterbl REiodiShaRILYARRTLAIY EiiflodieB EXehfpIdY

ti ssues, and i pid nol éecul es thense
pararetesd it 6an qmynamn@gllscmpgted laleuﬂﬂdﬂrﬁp@:ch@leaw@b

cnoioBf B0 BB B 0 VBN ART G2 BB AR b e
partid{ed; [R) thel Mirebéresti Rireclde Nsiivey claspePbPaedBS 00 particles based on
size (VLDL-1, VLDL-2, IDL, large LDL, small LDL) and four classes of HDL (lipid free
apoA-l, small, large, and very large HDL), (3) synthesis and catabolism rates of
lipoprotein particles, (4) the activity of key enzymes, e.g., CETP, LPL, HL, LCAT, that
remodel particles in the circulation and are responsible for their reclassification
amongst particle size classes, and (5) hepatic and peripheral cholesterol stores. In a
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(IDL), and lowdensity |ipoproteins (LDL); and apoA
particles, also called high- density |ipoproteins
W@ ROB)49123 pi d nol ecul es i ncl ude free and est er PET/E82007/082024
chol esterol 10 (FC and CE, respectively) and
triglycerides (TG, which are packaged by the Iiver
into |lipoprotein particles. Lipoprotein particles are
prefeﬁ@erit?lf)ﬁéﬂnaﬂ‘taﬂ@ﬁ thﬁ‘fﬁédul@ﬁrﬁ’cluc‘i@s éyré’é@ﬁé &b 516
the bl oodstream they can be acted upon y perip
procesises aesocategneith batt lipie flux @nd@Epaptbten. particiescl e
remmants are subsequently cat abol ized by specific

HE ARSIt BREnGBHERAa o b b tistnt oo oS! UdnueEif Agicies

that fadilitate the iNtrab&scul s tEgnspdttofcl yaseprdLsiatipies be@ﬁeembba@@and
the concentration of |ipids intravascularly and

peripheras tissuestrad (thelipidrppiesules themarlyese|lapasotein PH@'@QW”SSJ{

of tw{?f‘n&l 6rpélgs§%t ‘ggSE eéé’r‘ﬁﬁles@(yﬂ ﬁ% feeq ar® g@@rre%é?ﬂ}g thefichr,

pro ern ecul es” can
includleg verbled- dassutyrl|pmrotbmsr(WM)nugtermadrﬁeqfenlshy epoprotelns

artnments: the |iv I_(?She atic |liver stores)
(IDL), @rﬁwﬁienwtvdmmr@ feins (LEL)i ARd ppRA w@qle@falﬁ%@a%@ﬁjp@h-
den&%@dﬁ%f&wé £).7(G d%bFé'&ufé%t ﬁbl%@rﬂ%le aﬁd Qét‘érlﬁ%é’%ﬁépesterol

t'1 onal n’part ntS re IngtOCOGS ero upae
(FC a(nei GE, mpecmeiys)tarlchtrlgdwqmdes 1fE6GY,) wich see packaged by the liver
d . T ff t
into 1BRE S Al Livord R P LE ks kS srEraisa bying Lhhtt fre

bloodR&EbNE lbAce Wﬁﬁé‘bl@BQst‘ré‘@m'th@ﬂl daiPleoscitE uﬂ@ﬁ@yrber&ﬂh%ral tissue
nodel represents biol ogic 25 processes that occur in

enzymes ithatageaiave. TGlaedeChbi &5@¢|e aempeotsedreesuisagueity eatebolized

oy srEBfiE SRR S BruibeR ke ST s B EImptio anc

receptoremedtdn@d changeobfédt thaphrtdendeiber sigs, arenglassifigdtion, as
th core components in in vivo pathmays under | yi ng

well qqqt@etqogﬁgptﬁatﬂorbpf inigs intrayeeewlpey apdtindiseeshepat i ¢ and
peripheral tissue, i.e., the lipid nolecule domain or

CARRARIITE Rl cculd Borthid Raslet!iB & SRS RigBRASLEn Gaflous ,,

provi Ive represen ations ero
blologmalmmdmﬁéﬁ& drATipdpRoR M P32ieSs. anrdabolecskasman be described

as prigfatly FRRIOMGUR CORISfn Baco TPUBRAS: IRe IV eRart Lyer sfores),

Ilpoprb?éﬁ?ﬁ%lé§ HRE AEMaRABEHe BABS ﬁ@ﬁ}éﬁrﬂgfthea&%ﬁa‘hon (peripheral
met abol | ¢ di sorders, etc., in healthy and di seased

lipid ?nrtesw AddFJ@mphc¢mpaﬁmebta xﬁé@trﬂg foechaberierol @atamle(etseﬁlﬂ
5
ntesty# B B SRl gap At PRl iiE e

di seased animals. O her uses include, but are not

| Mol dfrettively caprararthe gohipereinterattions b@tweainsthe lipoprotein
t herapeutic agents on the lip %rotel n particle

partiglg 89”13@ and the Brieenolepiie W'Pl & MOofakleprssants Bigiogical
proce%bégm%ccur in both domains. These biological processes incorporate core
components in in vivo pathways underlying lipoprotein particle number and lipid
composition, i.e., the lipoprotein particle domain or compartment, with core
components in in vivo pathways underlying the transport of lipid molecules between
hepatic and peripheral tissue, i.e., the lipid molecule domain or compartment. The
resulting computer models can provide predictive representations of cholesterol
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animal s. Conparison with clinical data can be used to
fine-tune the core conponents of the conputer nobdels.
wa0ap¢B23100 particles can be fractionated i ntRBCT/H8W7/082024

maj or cl asses, i.e., VLDL, 1IDL, and LDL. The three

maj or cl asses can be fractioned into additional

cl asses defined by their size. VLDL particles vary in

i 0

metafik b AEAI P BAGR) PR e TR nodQeRehiiuate | o
pertuthatighy de chalestspolenetaiotismein trhepdmi@ tardjstiary asangesy @terapeutic

stro ter .ran Ihree addi t.i onal 15.
agently FiataBoTesORES arb o Feri ol alsBhsey 3Misaiy iniajisons
betwéé?ptwob(é@k%nsﬁe 48ed qoﬁ@xarﬁble () bﬁéd"@ctthé‘ gEMthQh%S)aQﬁcle

100 to 400, VLDL2 OO and 3 S 20 to
profII@andlmsm@amdu poéle lﬂaheplthh vgrsy@ dlsmﬁ@mlmlszo@ther uses

oludt ik ARy Bt kg el oo HEAhb TP 2R Ry aggnis on

the lifgptoreie paniele pofiecand plasniés bpidtprdfilelibhepAhy vetses digdased
in size from200 to 270 angstrons. Wthin the 200 20

animglf g $1QMBR I Wiy cbmggltdaimcanéwew%qd fodlingstunenthecore
have been identified: LDL-1,
°°mp§§%'§ﬁ‘§”?%)"6@%§?”8??§to 1.034 g/m: LDL-11. D =
1.034 g/m to 1.044 g/m, LDL-111, d = 1.044 g/m to
12ap6B-tpartiskes, cam tgp fra€iaricaed irdo dnrSkeapajer dlassé994., VLDL,

su . Jn one i ntati on the inpventi,ol th
oL, SELBL; Tra ARe i B el e i iR piiiBogs Fasses
deﬂné’@b‘y itidie siz&h &/ LA bbﬁic%sq}eﬁm 8ize &t \é‘BbUff%(‘) angStroms to 700
cal cul ated assum ng that each particle is a sphere.
angsi®wegliampatert ddest of Meididferencecialsizg istde l@athedrlglwcarnde core.

winiff 4 386 BERas oo iimkpletSbBE: b frrlat Biona
subiraelidristsve DBrsidehied: 29LDL, of SPEO1S 800 e VAT £87261b 60, or

alterrﬁtlaglb/a\#dlu ¢fl SrskQ0aioetPQ, iy Ll asS: @At%t@%aﬁidc‘t’l-@hesei@ & $0. IDL
ot VR4 45 06 A R Ao TPrd e
been a:dnfntéled ticfyeare sirnidar inesizeaaisd tiensity, @mddierideassmnot be readily

ticles.. -25 WD, 2008/ 049125 PCT/ US2007/082024.
isolatPge LiLPATtiEle VR K825 SREEDD o 24P a&l@éﬁom%d}?’ﬁawa?&@

angst ?m%% '@V@dar@éEroFrYdfaPr?etﬁﬁagn@% ﬂ'freé 'a%ﬁfo%%lﬁbfkéd?@ﬁ@ have been

hepat’ ¢ ase . and scavenger recepto
|dent|ﬁeasskDLB1 tqaresity (BRI BLP. g/rﬁhmsé 0@4291r’résLI3L{lleD £ Heoazleg/m to

104880 tREAD §5 1 A4a SR8 PP BRD &/E) B o s harg anghennerd.
1997 d§5518). bﬁ%n%@ﬂbﬁfentét%rﬁo%bﬁrﬁ/édﬁi@now Ské oﬁ‘étda@fbléﬁs a

enzynes are conbined into a net and net

measafé ot thenglemetofibe padicke. chm@arélgbadlatr@rt@r @ncbv@umec@ed
calcu|a'?e(li:|ag§0m%'t%gt éa&?ba%leﬂs%sphere. Given, the total volume is

calculated based on an average density for CE and TG in the particle, a total mass

of CE and TG, and an average protein content per particle. Thus the size of a
particle is correlated to lipid as well as protein content. The Effect Diagrams
illustrated in FIGs. 5A-5C depict the effect of various enzymatic activity on the flux of
lipids between the various particles and how changes in lipid content affect the

reclassification of these particles.

-25-



10

15

20

25

30

and "Net TG Flux"). These fluxes affect the average CE

and TG content of each particle class fromthe
we@ousloiadies um val ues ("Avg CE adjust - renodel "PCT/L820gE082024

particles are thus reclassified into small ones or

vice versa ("Avg CE Adjust - reclass 10 up "and "Avg

CE Adjust - reclass down" ) FIG 4 provi des an Effect

DR%%Ta%'affc%%ﬁ%ﬁBtrbﬁﬂ)d%H ﬁBoBaq déj ;gérﬁcl 12ELRd oftldy the
apoB- 100 particles are s nt esl ze I ver
actiorPaf lipapreteiratiease (sLd?Lasbematmal'ipaslee(i—lkf),eandssea\mgleameptor class

B tyBRer Bieatece chyReb e fs SBATEGE oY Tanrbiarticie and

hencé "édntfi lﬁ!f@‘t@ chéh%éé/ FEHArEBleadiL 85 plé/lélh‘é)ﬂ/ Qekefisdd. fl\n@dfﬂlles in
particles and ange their size. Additionally, al

whictpiet gusirals action a%enmnnesuareet ¢@nbivgd ine & aekbhl arzcb@et TiGdlux

aech ST o5 sBRAudy RS R AT 9L e g Fuw

and “ReoBGLERIxDarTHeskeluxep eiffeet Bicnaverage OB aad T tormtent of each
reference virtual patient can be determned b

particig gleys I'frﬁ)@1 H}%GQWU@@%@N@H{?SM‘@ %ijﬁiefﬁﬁgﬂ@y} deiBes
parhc?és %r% f i {)% lg(%a O%bﬁﬁe@aﬁﬁ%ﬁf&u@% reclass

up aﬁ?& Av@CESAdmst paetiass dpwd)).r at es of hepatl c synt hesi s
and catabolism 3) nunber of particles.

f BIG 7 efovides o et DlagrBirfhemecherd 'nsgag@l ﬁélp@ Gitignamics.

All apaB- W@pbmd’éé 3R WritRsdizEy PAME vl PAHIGES @RY et RBified”
Furthernore, the 'state variable CE/ particle is tracked

betwées stetashbasesi preon thel eonslestedl qation,of key.enzymes. (LPA, AC) CETP,

LAl ieBresdnfdh KRR RRRT, el Pl oo Brdior

cholesie6l frorapartides andichange diedie sixe N diticnally epPpasicies ihhee
literature. Changes to particle conposition that alter

circulgien gap beciaialaglzede  HecePEesasaiaraot akeAd BRAMSie Syamics in
mpleﬁ*?e{rﬁé&!ur?a ﬂﬁfPar%thu%Z%S%F EEJF??’@T epa”' cle size can be

eterm ne y a nu nt net hods, including
density gradient 30 centrifugation, electrophoresis,
affhierdpoB-¢00 paettobe lippprpteam doidiBsitiGarfer alréferemdeRvirtuaibpatient
WO 2008/ 049125 PCT/ US2Q07/ 082024 S {j to determ ne
can DRI PETBOR WA 249 SO TSR0 Grte S eRgUparaaE ot

expeM@'ﬁ% protBedIdde/dihes Heecdthpilafio? 'e%@ﬁ'p%%dlé RERE 6t dl BFowing
nbined with centrifugation. As be appreci ated

pararbgteas p%)r&lalandkTG lped paricléeie?) aates Qfmefpetlersynﬂn@s‘@earsi odtabolism;

rti obt. ai. ne sing di tferent methods

3) nuter of BTl de oS R St anh o i g M Bn st ce
and Pd-BH coaidéreldao Ueeé%ﬁﬂﬁélbﬁgdué:tdiheﬂﬁlaﬂv@}y faesd@hrkickft

D agram depi cting | article renodeling.
interconversion. Furthermore, the state variable CE/particle’is tracked for each
particle class (see, e.g., FIGS. 7A-7C). TG/particle is calculated based upon the
constraint that particles in a specific class remain at a specified “mean” size,
determined from reports in the literature. Changes to particle composition that alter
the particle size effect a reclassification of the particle into a different class. Particle
size can be determined by a number of different methods, including density gradient

centrifugation, electrophoresis, affinity chromatography and NMR. Generally, NMR
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FIG 7C provides an Effect D agram depicting LDL-L and
LDL-S particle renodeling. FIGS. 8A and 8B illustrate
wex@apseey enbodi ments of [ipid nolecul e domai PGI/UBI907/082024

hepatic tissue and peripheral tissue depicted in FIG
3. FIG 8A provides an Effect 10 D agram depicting
hepatic lipid stores. FIG 8B provides an Effect

is usé-q aBHARRI sdrtiag ndh%érpr@trh%lr Q{éd?is%f%e@ér‘?ﬁmn@'p%rtl&e number

strates ‘an exenplary enbodi ment of a
mcludﬁaﬂnecwsewgf relid &xtled jmaceestelresamjnblnegIvy/ltlfecerdefuglatmn As will

bet ween, the | art nand hell
be anprpeRE Rer I huied ARk ffergRl Ro88 o oiicte8 Ml be
obta.rEéd 8sh lauﬁa@ﬁmrfé%dal ng the 15 effects of apOB 100
DE particle synthesis and catabolismon

cholesterol ester_ and triglycerides stores.

164G 17 bpreyides andzftect iagipar QGQMV#EMSB%MI-@L? mgrticle
o uE EE Voo BSR2 1 e OBl Y B e

FIG. 20prolitep antkfte ot Diagrint tiegdicting EDE-L 2nd RIBE-SIExkticle remodeling.
provi des an Effect D agram 20 depi cting the effect of

8 B SO ST BT
in he;?ée}% R HRFp é\*bl'@ré 3@0@1&8&1 i F'R; aﬁtFl’G L3N %ft))\/ldaer?dan Effect

atic |1 pase poprotein |1 pase (L
Dlagrarredepleﬁm@bep@mc Ilplﬂlsttbrefsl IabG 88 movides g &ifediebiagnam depicting
, Effiﬁt. Dita ramthe activity of scavenger receptor
pe”p%?r& p'gs?'%ﬁe I (SRB1L or SR-Bl) and its effect on
lipid flux. FIG 1 OD provides an Effect 25 D agram

depscoiingtrates @ Ereitnpliry lkeevbatRmnent of 4 hﬂiwjl@tléplﬁtlng cholesteryl
receptor (LDLr) activity and the associ ated

00
ester gkl giyEe iR AWEPPOYRETHREY POBrOGIP AT BTG A M st gl I
mole&i& LY d%ﬁ&g%q [ﬁﬁg@if%g‘f’?;ﬂéﬁ@d% Bméef;%bg ’Dlgér%h?gé&@{mg the

processes a syn
effechs&n‘lamﬁ 10@ ahd ¢iDlapdrtictasaitbesis mandrdaBabdispn oxicthekestarol ester
fect ram depi cting synthesis, reclassification
and tr'@'vw/@%‘égrmms PCT/ US2007/ 082024 and cat abol i sm
of HDL particles in general. FIG 1 1A provides an

EiZfIGS;t 1OnWRMusHER StdrdaRRmPBHIn &S deBiERFg the @ffect of
11 B provides an Effect D agram depictihg net

hepa@maw@eapheml epzymesiond repepter an e delipidatiorroiGapalB-160

partics i DU Rertes domiebfbETe s P, Tt ARy Y rect Diagram

depictihg) tisé Efb6t GPHRRRIrBNYPAIOATH PBAYISeraPenBinh &€ afd Pbestersdn
ester transfer protein activity the |ipid conmposition

delipigatiomef apeP 9o Dbpartielrss FIGFI @B provides a0ikitesct Siagram
the aga\fltt?/%éflhgggﬂéﬂ@geeﬂ#f)térﬂgllr%:p-l;gtezi\’? ib¥dd ALY ddd-their effect on lipid
flux. FIG. 10C provides an Effect Diagram the activity of scavenger receptor class B
type | (SRB1 or SR-B1) and its effect on lipid flux. FIG. 10D provides an Effect
Diagram depicting the effect of low density lipoprotein receptor (LDLr) activity and

the associated apoB-100 particle catabolism.

FIGS. 6, and 11A-11C illustrate exemplary embodiments of modules depicting
biological processes affecting HDL particle synthesis, reclassification and

catabolism. FIG. 6 provides an Effect Diagram depicting synthesis, reclassification
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12B provi des an Effect Di agram depicting CETP activity

in HOL2 particles. FIG 12C provides an Effect
wor@gnaresiepi cting CETP activity in HDL3 partiRCEES2000082024

FIGs. 13A and 13B illustrate exenplary enbodi nents

depi cting additional biological processes that can

af fect the synthesis, catabolism and lipid

t
ond GRS DL FprtaEE G0, £ o il 2l Bt

deplctlhg il paiticte dmaodeling: i 3. d94 Brposided anoEfiecti Riegrang depéesting

net egfBS Beby RO i P pg ot s paftited oflo bt B SWdan Beet
Dlagrila5n @@@Cﬁﬁg ﬂéﬂéniﬁh@bbf'\gt)l iA Hrlﬁh B@fﬂdlé‘é es. FIG 13C

provides an Effect Diagram illustrating nodifications
that can occur to existing HDL and LDL particles that
cEiCSafl 28 @ndchild diysbae exastrlBrl eaRpdiments gepicting cholesterol

I
ester é éalglgﬁe% Ipﬁgf‘eﬁi Q?t \ﬁ‘li}(/e[HB I| c?ﬂ?é?ﬁ gﬁgﬁy‘gj}r%ﬁﬁgé% artlcles
FIG. ti2A proviges an Eﬁfe@t Dlefgrda‘pdepucmigacmachm nﬂﬂ)i[irmupbntm@s FIG.
t he procesacg%? dietary cholesteraol. In_th

12B RRKiSs Abvk Tecl DipGiary GROGHNG ek TH GERYIARIIRLS perticles. FIG. 12C
providid¥ 85 Erfaal Dﬁwh?&r}% rrgﬂlmrﬁ éEéﬁPf’é)(EtR/ﬁg ih MoL3 Bz?rtlcles

ent erocyt es; fraction is directly
excreted. The absorbed choI esterol fraction is
r &b at 3 abg 13Exitlestratke exempary, embediowintg)ddpistiag ydditional

biologire 1rg&ssesdBrr s1h piptidhe iR Mesar satabour ALy JaE ¢dfyposition
of apbBL10ACSArtiled'andNdDIBERIA8S FIG. abal srolRieslan éxdriglary Effect

enterocytes lost via cell sheddi ng) and (2) dietary
Diagrenvillestrating charaagiesieics malategdio sner rlngttégtqom;posmon of HDL

partlc%k? l Iglﬁ elréa tfov?oce[ts' éWE'f‘fggtI Ifgﬁgrérﬂsﬂlds?rattﬂ 95@% Cfalcu atIOI‘]P that

I At racel | er ocy sterol

can b‘ermadé n¢latipg@d HOL pardiogorried 180 prbb@eb@@ﬁEff@ct Diagram
onpartnent via chylomcra. In cert
'”UStr?H@Q Q}%ﬂc;@tlpaﬁghatacqq PRELI &Q BXigHRY H@pﬁ@@ ehtlapargalessthat can

ion by the enterocytes can be 30
aﬁectC% %ﬁb@'%?tﬁ ?Et an explicitly representing transient

Bl O TRk il POPRRAE Mo i

cholebteroketrmvsori. rm@ pbmpraiescnb@@hn BIG (114’ depiettng rrrmh@@df
synt hesi s of rotein particles, conver si on
modqhngdh%prfece&ﬁmg @ﬁ@‘@ﬂéah@?ﬁt%@cr'@tth'érﬁ?mbﬂ%mleﬁé a fraction of the

total ér‘%ﬁ s{)er &S&ngpéhd%gtl i t%%%ﬂ?@&ﬁr‘it?%? %ﬂfé?ﬁ%fﬁé%eﬂe remaining

cho ein e 1n
fractlcbrn mcdlrecﬁly@x@retéa Tlhda abt;orzluedscrmleﬁar@irﬁbahqn sregd|atecd by
vario

t I
extert) BrGee duuding Feteny RS EgrentC i Grettess (Eantbitprs to
the tot& fd8t of MRERIRS cholesterol include (1) intracellular and membrane

cholesterol in the enterocytes lost via cell shedding, and (2) dietary cholesterol
sources. The absorbed intestinal cholesterol fraction contributes to the total
intracellular enterocyte cholesterol pool. Cholesterol from this pool is transported to
the hepatic compartment via chylomicra. In certain implementations, a time-
averaged representation of chylomicron secretion by the enterocytes can be
included rather than explicitly representing transient chylomicron dynamics in the

-28-



10

15

20

25

FI Gs. 16A and 16B provi des an exenplary Effect D agram
illustrating the effects of various therapies on
W@ boBesties ol netabolism Exenplary therapi es tPer/US®07/082024
can be sinmulated using the nodels and systens of the
i nvention include, mcrosomal triglyceride transfer
protein (MIP) inhibition, ezetim be, HMZ CoA reductase
i [
postdré‘r'ik! Bi dt NF%’Q Cf‘fdl&rt%té)g ca Ib%gr‘ﬁtf’noa%g Al%rh g@éﬁ ?Fc?ﬁ)@m&% (1)
packagmg esdsygthesis of hpoprateiropartiolesd(2)rconversion std bile medr

cxcre st Sehunk v STOBPLATL P PR LRbilenea
cho|e%feaawd@of Wthé'b‘il@grﬁt@tthé%tbbﬁweﬂftfa%@t s of circulating
lipid l'evels, sources of inflammtion external to a
pPlEagqu ;
PRSP 1RAfaldsd BISRDRTY cFBeHER{ o1 R o Dius
clinicalf maasurgpiusad"to grdvede siatafastthe bjullegjoal processes depicted in the
dué resentative vessel. The nodule can predict how
mo U& nges in the dynam cs underlying these cellul ar and
hysi cal processes affect cl|injcal IESI neani ng

o351 T Bng R ieroN g A weamoRTL kifessDiagrTpi lssitag the
eﬁect%rcﬁ% 6[]9 t%ﬁag%@fﬁ\t 1) %T’Jl'nﬁletta%hﬁb i gﬁﬁé’?ﬁﬂer pies that

shoul ue grovvt I's driven |p|
can bleexmlukatedi mlsmgdherrpocfheisrandtsyetems; béthe‘lowermﬁomlmcmme microsomal

i G e o BB BB B L D

|nh|b|ﬁb@0ﬁbrﬁﬁ-§fﬁﬁﬁmr@@EFPtlnrﬂb@l@ﬁsﬁhd‘QEémﬂ@ﬂér#@( aolfecbhﬂ)w?&t apoA1
chol esterol out of the vessel Crculatin

particihthas snienies a genetiqeariation fwndwﬂ a pcmtﬂatuine@earrlwmru Healy.
 umen into the vessel wall (intima). LDL can be

retaingd wi nmodi fi ed,
aggr eggt ed ypé@lé% Fgaré]l& @lton"@&thbﬁ%&f% | Laﬁl%o&e@ermot h

nTsel sther@genesis noadle ppdeides adramehadofoy imsgrating the effects of
chol esterol within LDL and process the chol esterol.

circulpiing, lipigddeyel§. spureenef lnﬂ‘lﬁglrﬂqlt@rb%)ﬁ A tpadvaque.@nd - 29
mflarr‘é?%%ﬂi%é@ﬁ%ﬁ%ﬁ g tMﬁ%R@%ﬁ%@%%ﬁﬂma ?{)‘Bl{gttﬁﬁtatg%lgfré\?fh and/or

rom-t elnt na om nan
regrees&lbhunf ad‘ltymd:ﬂjf etteeosilerotic @iaquwnimmdpneserﬁaﬁveavséwi dhe
sterol from

modyq £as Pred By R eNBISeD Mo hAaIEs badeDaay Tescaliuay and

phys&ﬂﬁalt &o@é@%&%ﬁlcaw AR rRipoiHts kiReling iNidnal thickness,
, the sumof the thicknésses of these two |ayers

lipid Qﬁre a5ea randainflamynation wittiie dhe @lasypeoeshand phoulder.e
t hi ckness and intimal snooth ruscle thickness. Lipid
c@daqumgmnlewdrlven bylcmcul'atmgaI|;b|dr1eVéI9nInccfnemmIembawmn the

formatigRyid GRoRkLh 2@ MR e on Bodh TAsS PGS, bpbierpy balancing
ol BRI GEPAI IS8 BLbl ARl ASGosshy APBIRASTInG

s a function of
cholesterol out of the vessel (FIG. 17). Circulating cholesterol, in the form of LDL,
diffuses from the lumen into the vessel wall (intima). LDL can be retained within the
intima. LDL can also be modified, aggregated or degraded within the intima.
Smooth muscle cells and macrophages can phagocytose the cholesterol within LDL

and process the cholesterol. In a healthy patient, the macrophages process the
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intimal snooth nmuscle cell (SMC) conposition and
extracel lular matri x conposition. 10 The SMC

W@ 09p0$4123 on i s responsive to apoptosi s rates,PAVIIS2007/082024
proliferation rates and influx/chenotaxis rates.
Utimtely, each biological process is responsive,
directly or indirectly, to inflammation. Wen the

choIe@ﬁ;‘riﬂlrf%F eFr’ tﬁ’é il e$he ro%‘rniﬁ&r?@p?’a%wg? SHERER %fjclpdlesterol

estero position, a core o orms i nsid
from tHeelnhlrﬂaemtrainSMIdf ther hbolestarel,fm?mamwephag@s/w KDL15 of
circulating lipids increases the rate of lipid
déﬂn@anllustraters aricessi Edlogidal prodekses a8squiateddeith atherogenesis.

._exe ffect D|agr miIIutrai_n chol esterol fl ux
Intima, ﬁn%}, %%&% ﬁaﬁul'“@/o @&kg%??esr ehibeae twve layprs of
the aﬁéﬁﬁ@ ﬁﬁ&gﬁé‘% gtUdtN ﬂle Me?? Eﬁrﬁ@soéhd’fntlﬁﬁ%ﬁﬁfo@rﬁ Rluscle

vessel usion and | anmati on are
thickness. pinpldmoye #mpbmss of turn ps & fdapiian of macrdpinége 1P aptake,

. es _.an, exe fect Di,agram.il |l ustratin
whictDsTESEGRITE 1o SR Eiabet e mens e g PEHOSHGH e blood
vesséle'h@tﬂhél%bdthtrﬁ@s@é%ﬂ tYiERS&s, 6H\thé QB Hand, is a function of

| ammation acts primarily by i nfluencing

lntlmqj@mbumusqbe oell {HO) Icontposiivneanchaxiracaiiuiasynalrix @onmesition.

The sfbcetheedil i1eRPonty o AHOPREXFRE, BC 7 ERERn rates anc

|nfluxﬂj1%|n¢tbtéX|é\ ratesaWimateIqr éacH Bidlogldie peddestis redpasgivendirectly or
|l oid A can be 25 correlated to a bi omarker of
'nd'reﬁBY],-tpﬁ'ﬂﬂ%[ﬁﬁ’@lt'@F‘y effects relating to atherosclerosis
be utilizing the nodel and system of the invention.

kemptheguaiural ipppeessep mbiotgsierol esnsovallis exeseaad ey cholesterol

depof T B VLTI hin SRR dFeri ek, dYfstelofin dbésdd evers

of cirtlaaney Reid®Yhcréhseimesiacabf I§did d@bdélﬁoﬂﬁn bh@n@l'\ﬁéﬂ&e FI@GIS

center of the plaque, as it grows, wl 0 devel op
proviges an exampiRy Dirgrem Héﬁtr@t@%@weﬂﬁl@' fluxdn @tb'@o@ vessel.

oSl B s ROt AR gt of ot

into t@boeintesald thus |ipid efflux. FIG. 21A and 21 B
provi de an exenplary Effect Diagramillustrating

p Do BAd estan@latieh Brélhe ghigan) S S BERDIE d@p@@lt@n FIG.
preferably contains a conposite representation of

19 pr@Y'Qﬁ§ BOrEMRIRY bifed E@agwam ilgstratiog @peBril0 (Lymneanetration,
moo RN R FREERNAY VBs Dol dRISAAIEE! 1rrinatiFbes

acceptor, exe
prumarlluobyewﬁimbat:ungrpertriwbrlﬁapoétterblabd o8ssdl ariddheﬂtg/rajtermg rate of

flux can include explicit resent ati ons
d'ffusmmly ReieViesaneumeiery Efest Diegeam 'Qlﬁi{a@ng thggffect of
| r I int
senrh a5 B0l Byl b e S Lol
correlated to a biomarker of non-inflammatory effects relating to atherosclerosis by

utilizing the model and system of the invention.

In a plaque, lipid deposition is still a dynamic process. Cholesterol continues
to flow in and out of the blood vessel. The flow of cholesterol can be hampered by
the physical structure of the plaque. The center of the plaque, as it grows, will
develop a core that has been described as necrotic, fibrotic or calcified. This core
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Such an inplenentation facilitates prediction of

patient response to a therapeutic 10 intervention,
W@2@8/049TETP i nhi bition, and further enabl es exptDU8100T082024

of know edge gaps associated with the roles of

different transporters and acceptors in the efflux

process. Insights gained fromthis process inplicate

becortn\é@ dﬁ s@éél@rf@%@ﬂ rﬂ'd??iagggﬂh%séfﬁﬁ?' F?(F%'Q’M ahd21B

article capacity an DL part
provum)ao@xerra:tlanyrEffedPlfha@ﬁabIllylstramgmkaemercépiﬁ@m efflux.
smal l er HDL particles as having a greater carrying 15
cEpeczithgrogedesletmmwlelpréferatmtncbatdlrw alcoafddsita re[h@sentatlon of

| arger HPL particle in the nodel, th
tra”SP%'it%rmﬁQ efflopx of &E@@#&Q{ f‘emthsfp'me ¥ard rQﬂr%§eritﬁt'Ve

f n ef fl ux
A P B RP B e OB I P SRS g gest o
impletrenttatididl, {2¢ repreaentatias of cbolesfereleefﬁp)osam mclm@remlw}t a

repreSpeiations EABIA.T AR oot retai R GRIB g lipid-free

apoAQWIbﬁbe Hmsgimeé ) & édidmor’{él%h@%s?éroﬁﬁé’céiﬂo@e@é@@@t 21A).
upon the total surface area of HDL particles; and

SucheirfimptewentatiBodaailitags b@qmthmmﬁna)tlenti@ﬁ@ﬁaemto apberapestic

ntengAB5ET 65 C1F o iehba, pAT s Bheplee iRy of fofedge

gaps iagpbeaR With &% wiés abgiffdrert itteRSponeseRw aCbepWSQH the efflux
particles are passed fromtrans&@tter to transporter,

procet‘,sénsln%lgaﬁtgam@chfrp@fbt’m BragfsS2 ymp @)W“f@ @Vm"@méﬁq’@@pvemmg
chole%{erblré‘ﬂg)gg zgéﬁ gg%adg@rédofcézﬁ P ZI];IE)f_ ﬁ@@%%g&gntra ion.

Prefetably e nmexdel teprasgruis tseralien HDtepalhlmless as Iﬁla\flhglaeg'nbtatdr carrying

capag*yg%({? ptg{ggl’u%ﬂgg QE I%gte%\gln%jp ngfgﬁﬁ-{lﬁL g%ﬁcie%.aﬁpitggl?y in
the rﬁggglfi%é '&?c?b ntﬂﬁbé%&%r%nb@ntﬁé‘ﬂlcﬁ] ) HEL ggrtlllefé&?iﬁrthé‘b‘lﬁﬂfe has a

tional CE and | eave the pl'aque.
greater inueacs iongchahebterap effiuxi tban petahElPILLG. occurs t hrough t he
action of macrophages, foamcells and snooth mnuscle
cEIvid/ﬁncEIuGthe?_Rtefaitore §@$gems ma:‘trm]f)I?JZy as-will Aipid-free apoA-l,
008/ 049125 PCT/ US2007/ 082024 = Ef f ect Di agram .
may Fg'ﬁ}/ @sst'g%'% ICER} ol NIEEYING é@cﬁ%%tﬁr?i fmé@%e%ﬂ@pafﬁ Hgnskprters
other&R&M X gﬁi@ge Ifd?%’ﬁan;p%,l gfaFQﬂvg folﬁﬁ%ass Ir%'a?‘be2§e endent
ry

provi des an exenpl ect Di agram ust at |n
upon\trae tojabsmfaﬂecmjeeaif HDlo pedkes; mebafilungviadAB@Get snaglee primarily

depepdaihuitn el RnbeREREsT 8t IPL 4 bittisls AORHEER, Ta preferred

.mp|emé?it9w¢ma)hows@&©$ém§x5s repldkidhted 8s @%éW%é"&bé’ess in
processing. FIG 25A illustrates one inplenentation

which paitiglesrare mgpsaad floph Hgasperteritodranseprter,icoasisientawth reports on
: il . '

e syRFoBLE ML StRndand B Bohic 8RR 1LBH IR hdle

reached its capacity for CE before being passed to the next transporter in the chain.

Differential fluxes of lipid-free apoA-I, HDL-1, and HDL-2 into the plaque and tracked.

A maximum capacity state (HDL-3) is defined; particles in this state no longer accept

additional CE and leave the plaque.

Lipid processing and deposition primarily occurs through the action of
macrophages, foam cells and smooth muscle cells. FIG. 22 provides an exemplary
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apoptosis. FIG 26 provides and exenpl ary Effect
Diagramillustrati ng macrophage and foam cell
w0 ewBAasERf i cation, in which nacrophages transi®¢DOS1007/082024

early-stage foam 10 cells which transition to
| ate-stage foamcells and the reverse. FIG 27
provi des an exenplary Effect D agram descri bi ng

Ee el o O bR AEOOCES K P iy gtage foam

cell lipdgyoeessing.ubtGa23d pg)vwdfrs @mexemlptﬂrpdﬁfb@t Dmgﬁalasslﬁeﬁratlng

variofe; pidiodidhl cPatfies el RaHE iCiatade lam FrLPIREIBRESSNd IFIc. 24
prOV|d@§éﬁ%§t@ﬁﬁﬂér9'Eff§ct Efég?r‘éhpﬂluﬁ%t'lngf@ér‘ibds%lbl@@%al Eaﬁ)del@ses

anot her inpl enmentation, the nod can represen

relating & MesmMROst ipidrateesshinge 1. tZE%IH@ﬁtEQiG%DOB impieanentaton

repreffatnd s Reri o2 ELliR SRRR il Plaw 1ok 2o Mhsrates

one itbemattatom ageese C?)I’mabfoﬁr@@@ ael fosinaodll tddriiieraeel and
can be i mobilized due to chol esterol overload. In one

apopiogist: ek tZ8: Pronides andeexamriaty biect agraiadlustrgéng masgephage
and f?%@"l‘tetﬂ r%EIa§§i%Qatlc§rP"1‘r’i \Aﬁld@%%%@%ﬁég%%ﬁfgg?itﬂnat@ﬁly' é?aq% koam

attons o virtu subje aque
cells waich trénesitidry o late-sadedednt celis sidthleaeccerse, FHGh@l7eprogides an

B35 B e 0B RS RoPon ct
calcuﬁati%ﬁ?uf-'@bd §%iddstn @9&%} pIE'F)? E%@Hb%%?ar‘nﬁlh?&?dtﬂ@%a@%us

br ous regil on of e p ague acent
blologlcgiumOcesﬁsamUatmgdois@wqthyantﬂe oel) (SEMG)hp@gpr@nehaeg FIG. 29

d
providgk B8 Bk Pt role S R & FrniESeTERon gt SlipdbeBrfLp ibtions.
roces%es assom at ed V\ﬁth spoot h nuscl e, cel Ilfe

Yt PRONET {rRIeaMBLR R ¢ EaBFe%rﬁSQFh%Y% 0iN%ef ¢
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circul tlng lncrease | ammati o
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mflani@% 8r§) R@Qﬁq or%ﬁ%] gﬁ S@'}S ,defs,aarnt &JmplgFfEﬂgcttlﬂﬁgPa% %’es&ﬂbing

biological processes associated with smooth muscle cell life cycle in the shoulder

and cap of an atherosclerotic plaque.

A reference equilibrium state typically exists and can be specified. For
example, in a healthy patient, total lipid flux is in balance and a lipid core does not
grow. A representation of one or more “risk factors” for atherosclerosis can be
added to the module in order to simulate plaque progression. Exemplary risk factors
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Increased travel times also result in increased
exposure of macrophages to high |Ievels of
w@ebwBestes ol , | eading to increased |ikelihood BPET/US2007/082024
transition to foamcell. Foam cells typically have a
hi gher rate of apoptosis than macrophages. Apoptosis
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cyto kﬁ{é%l o%th |f$ ; Aadrd %ﬁ& F%d@%@ﬁ‘tkﬁ ! % ) ¢d t |Bﬁ§r];nHHt8|5JWétQ/ork -

rane ee C stero
a dlsthbluTed pba/rarragtempveereraila:ﬂlcm ahkmgcytomesa phd@ew&nfbctorem
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pref erably reflect cellular free est erol

r W%‘Hl@lBﬁgP? A"G?\T“?'d?:‘tl@it |HﬁE’Hﬁ??ﬁadr8f%ﬁ&%éﬁ[ é{nd gﬁ%oth muscle

| ammat ory al so ca
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may @Lyaj atl t%ré cdéflnr%renm rane fc'o Ievells tﬁat t%e rlg?rgacrétp%u feol%luxing.
High levels of membrane free cholesterol lead to cell toxicity. While the threshold of
membrane free cholesterol concentration for toxicity may be variable among
macrophages and foam cells, it is likely that a two-fold increase in membrane free
cholesterol is the maximum amount tolerated by macrophages. Preferably, free
cholesterol-mediated toxicity are implemented for macrophages, early stage foam
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i nflanmat ory bi omarkers and their key | ocal effects
within the plaque. FIG 33 provides an exenpl ary
w@RGoen91e8 agram il l ustrati ng bi ol ogi cal procesREBUS2007/082024
associated wth T-cell and endothelial cell dynam cs.
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effects on target pathways 5 within a plaque. In order

;)‘I};tsggnﬁrt\b%rﬁélﬁaﬁérﬁ 8fthe AbdEPaTeE state¥ P& rélsresandaor
endothelial cells, as well (FIG. 33). The slow proliferation of resting endothelial cells
can be implemented to replace cell influx as the primary pathway for cell
replenishment and leukocyte adhesion molecule expression by the activated
endothelial cell fraction also can be included. Activated, but not quiescent,
endothelial cells can be represented as undergoing regulated apoptosis. As with T

cells, movement of cells between states is modulated by inflammation in a manner
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factors in the atherogenesis nodul e, the nodel
represents key cytokines with nultiple
W@ b@saetes i stics, which include paraneters PCT/US2007/082024

characterizing the effects of each inflammtory
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concentrations. FIG _ 35B provides exenpl a

or HilLgoallirianiso iy G medialarayt Eiovan ferget rebuYFEIesel is
prefeﬁ?é\%@%th@%tﬁé}% EXLLIBTROAE %&n?ﬁlcﬁllg c%ﬁb%lél@'c%%ﬁ@éé his

es an exe 1 on

concerit:allomﬁeroﬂetabh anadittor yn tI'E;JIpIaQQe shoelder acdcsiprig respanse to
es far th roduct

changes & ‘B TADIAON 4 IRAGINSIS SRet8o6P. refdTab figdodule
dyna@&%&ﬁ@égfaﬁéﬂ 18t str%Is ddetd 'tHéSE(Srﬁbﬁ%d effects of all

ons can be made t osvvltch roma |l unmp
stimuiatolesx pofermlatmsdmd minﬁblmnmﬁeomﬂg each regulaiok binally, |t |s

infla tor Gs, 38A d38 royi.de :
prefeirg iSRS Tisa dE O fhd cFiinlearaiecrndier 246 BelaBF tpecting the
Ca|cu[m@h§ta@bvgroduct| on in a plaque shoulder. FIGs. 39A

and 39B illustrate regulator structure in a plaque
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ustra ion o i ator pre-processi’ng,
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i ndi vidual regulator concentrations in an

,in wameecnsltﬂrmvaweplfg@m@ perta!l predictianstateobeach inflammatory
e B AR5 SHAEEER REoJBRE, (B B Rk ABRE e
can beedlhéé @ Switbh foph aduepedinddd éisshoulder inflammation to a network of
inflammatory mediators. FIGs. 38A and 38B provide exemplary effect diagrams
describing inflammatory mediator production in a plague shoulder. FIGs. 39A and
39B illustrate regulator structure in a plaque shoulder. FIG. 40A provides an
exemplary illustration of inflammatory mediator pre-processing, in which a lumped
value for inflammatory mediators is calculated. FIG. 40B provides an Effect Diagram
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structure in a plaque cap. FIG 43C illustrates
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provi des an exenplary Effect D agramillustrating
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calculation. Finally | aque i nstabi l % i ndex i
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relaties stabpity ofitheysiadué.or the finite el enent nodeling
analysis (FEM to determ ne the 5 magnitude and

;ﬁ\?&%vhég{ﬁlewfofﬁﬁébléﬂw@ébmw SdduRe 6§%6vited imEI®! #8lUeutputs of
the atherogenesis module (e.g. shoulder thickness, cap thickness, lipid core theta,
and plaque volume) are used as inputs to determine the stress at the shoulder
region of the plaque. FIG. 46 provides an overview of various characteristics and
pathways that can influence plague volume. FIG. 47 provides an exemplary Effect
Diagram illustrating calculations that describe plaque geometry and IMT. Variations

in plaque material properties and static systolic pressure load on the vessel are also
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assunptions used to determ ne the PH given the peak
bi onechani cal stress. PHis defined as maxi mum
WG b@aloghaes st ress divided by the stress threshobc/i82007/082024
rupture. The follow ng data-based assunpti ons were
enpl oyed in FEM of plaque stress. A two-dinensional
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range of val ues out put fromthe atherogenesi s subnodel

knowlesige drilsl surmoundimgaineneftanis bhvaryilg ealiubardy apndanatrix on material

prone .8 81 his e RefieS ey 6 Bofted EutiduiShusciatera
propetBes egiematert fedfthe lidrate $ChaU, stadl yAng Bierpet!BrekBE$494-1503
shoul der thickness, lipid core angle (I8), and materi al

(20043) oEE@ madmum $Ysé®|%b|oﬁﬁtpé¢$%lre M@p‘éﬁﬁ eEentadeas g stpticor
presstupglog ﬁ}é IﬂH%fﬁoftbbFHr% ore, and vessel nedi a based
upon éaéa romthnhe

I'terature. FEM anal ysi s determ nes

t HBe BIGTRG fA5HoREs Ao allibet Befe Shufb & fcbimbiigihe pi
from ﬂﬂso@ééé@%&53?@4é@%@wé|@§%@%turﬁah|tI$e $hebigeR, Witksh the Iocal

ranges of input paraneter variation used in ‘the pl aqu
peak @eczmeq:harycaﬁ @H 58 émaXWrSéwgléiecsfstr@ésh@&cqe@lﬁ %%Q%'flc th reshold

(300 RESRTEAE TlasoBBrBghe pRR KifaehBIASA TRERTGI.

bsefve I'ent's répresentative o
propegieser Maximomusraiulder. str%sétcaartda pte-Edicnmatezt foalspecific parameters
properties mere based on increases or 5 decr
PHLie

that SP@Brﬁ ARG e HRHESOW Miihe ANe09gPeRe sHpawde ??See Table 1).

determ ned fromthe .
Peak biomechanical stress in a representative plaque can be calculated using

finite element methods (FEM). Finite element meshes were generated for plaques of
varying cap thickness, shoulder thickness, lipid core angle (8), and material
properties. Different material properties are used for the plaque intima, lipid core,
and vessel media based upon data from the literature. FEM analysis determines the
stress distribution within each plaque, including the location and magnitude of peak
stress.
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literature. TABLE 1: Shoul der Stress Input Paraneters
| nput paraneter Range of variation Cap thickness
waz@ssea2pm Shoul der thickness 70-500 pm Pl agqReT/HIzp0 082024

(theta) 90-180 degrees Material properties Standard,
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cardi ovascul ar risk data and the PH of virtual

patients designed to reflect the clinical trial

pmuat-dumensﬁirml pslyinoalialaseml tys fistonsdtbodimeanaxibrim shoulder
lied to clinical trial data_and used to determ

Stressf ﬁ§ arfér‘ﬁii“?rbﬁgmednﬁ%tt Refametersdnd abke 1ite ditarpoiedne value of the
maxw@h éﬂfkﬁdld%rystﬂzg1 S%E D%ge Hleé‘ efV&H th QQCfSr ﬁ/mc‘ﬁ a value is

el ati ons encode
expligthyacéloulated. hAftemnmakmwmesmuhmmmes'sys déteammed the resulting PlII

con 5SS R PSPy SEP G el A el i, o
PIl ofi“MiB8icatdsd pldR@iel S trRhASSRMS of rupture.

4. Cardiovascular Risk Module

The cardiovascular risk module, illustrated in FIG. 45, extends the capabilities
of the computer model of atherosclerosis to encompass the clinical endpoint of
patient morbidity and mortality. The basic premise of this module is that a causal
relationship exists between the structural stability of a plaque and the risk of
occurrence of a cardiovascular event. Under this premise, the cardiovascular risk
module will predict the probability of the occurrence of a cardiovascular event, both
instantaneously and over time, given a Pll from the plaque stability module. While
direct data relating PII to cardiovascular risk are lacking, the relationship can be
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probability as the virtual patient's plaque evol ves
over that sane interval. In one inplenentation of the
worwe49125 r el ati onship i s established bet ween PEEUSD07/082024
PH of any virtual patient and the instantaneous
probability of a cardiovascular event 1in order to
predict cardiovascular risk. A virtual population that
derivéd Usi%gscllh%I ¥r|a$Earltoq&\fé%rcula?rl"@kQJdté‘bﬁﬁ'th@WIQﬁ'\m | patients
statisStics o inical trial population can e use
desighedde réflect tté slinica|teiali pomthdtipn. The clinical trial
popul ation provides statistical data on the occurrence
ofStatistidaoasaigsis anetbudsntan ibe apsdipdis elihicalk thiel datasdnd used to
rotocol, and simnul ation of that sanme 15 protocol on
deterfiae (e elatfonsoipbRREsR oY 807 des st aoudrpisibaRiity of a
cardréJb%c\Mdr@x‘x@ht p@HHé%l%?@latl hddip Ak He%nd@erﬁ)eﬂpﬁ% encaded in the
pat 1 ent - by-pati ent e actual popul ation t her,
platfoame meJCleul’atlve|p|rotnE£b|I|tpaan‘|aelard|o@eamharee‘tmdylcngrrmg within a time
al ternate esis.of diseas
ntengLogh PRRIPLHRt d5t BpRanat g etient PuBgiE ng fe edhtaneous
probatbﬂlt%%BQﬁe varEUeﬂ bﬁﬁeﬁt%%l@%e 206IvekigVef Blat EBAT eSS val.
in the actual population. The actual 20 patr ents
[ t I
, T A€ IpBlerRiciRs B e Rodt cirpleBothib 8ol St BBeen the
Pl oftany \pdtalquiesi ehddgye crfstarﬁaneows prababilipaof enerdlovascular event

in orcﬁq?- nt . IC rcit,qsl”glpv%gﬂ%on ! h&vd’g{aing\r/)ﬁ%iig@%é%qrrigﬁ’lr(cggfthé plgk factor
and dllﬁi%‘é?éﬁdﬁcﬁﬁ’t tBtigidsBA Elidal € JepulRioRl &th BO UsEE® tdHee this
the corresponding virtual patient cohorts at any

relatigrghip. Thetdlimeal Tal pppElRtion providespstatistiea) giateadn yhe occurrence

ot calf)48Eet U5ef Bl ReBHE ool FRrGhENAER St same
protot&! gt 8@ vitual gupiadtibr providegrtné VIl Talicalgd ttsvitthal population
i nst ant aneous Frobabl lity that a cardiovascul ar event

will ngji pg develaped patigrt- bﬁéﬁﬁt'@'ﬁé@f theeactualronukatian, dRathgr va pohort of
virtual péﬁer&@ ?e? gtdyf”ﬁ' r&agie AaGAY ?sﬁg%% [deaRb! Y
clrnical rla a can be represente
pathapm&pibwmﬁvrwrﬁéydehge? fqur ey pbhewrmj/péwelz:eteﬂschragctesrzedrbi}]/
wherein the zar unction 3 ep ented as t
Spec'ﬁhf gl &36te5s %ﬂda rlr%a'éﬂ%e%reﬁ,ewl?mnéhze @SB{aiPQP%\'ﬁH%r tme actual
patieftsiifieggh h@ﬁéﬁ/ﬁb"eec‘fustér @ilh ljd \Wﬁhlﬂ a f¢ekad ré’rlrggéjgf risk factors that
pressure he nost significant correlations
will be 3geth ﬁes@nmggtmea)aﬂmmhysm@gy OB&I@MHrtlmairaatlemhe@tumarparts

ri sk. The nethodol ogy for the application of this
pDat@ea the cardiovastlulardakafitise wﬁhrbaletﬁabmrhermme cllmstdns

prefer(iel(jnli&1 ﬁrg[orésér?é t 02 %r&ﬁ&a@?@&b@ire@qte@to th ﬁ\}\wgf the corresponding

wrtuaﬁ@é%%?ic%&?eg%ft Sﬁﬂﬁtégrﬁ scu I‘gr‘rléltrré@értsr)@fg <[ed1(/ include the

time toetmiummeetof ee;aré@eascwarcewemeoroea;qtepaiiemt dhjs infarnfiton can
t he sane r

be reied 1 & NaRAICRARoAl nERueeS The BeCTRbSoRs HoRebiibythat
cardi@deGtar event will occur in the next speC|f|ed time interval, given that one has
not already occurred. Specifically, clinical trial data can be represented
comprehensively by a proportional hazards regression, wherein the hazard function
is represented as both a function of time and of key risk factors and/or clinical

measures (e.g., lipid levels, blood pressure) with the most significant correlations to
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t he pl aque characteristics and associ ated pl aque
stability over tine. The virtual patient cohorts can
wheoogiogibait ed in the conputer nodel of the i nvRCIE/USW07/082024
under the sanme conditions (drug therapy, tinme period,
etc.) as the phenotype cluster. 10 Therefore, at any
point intinme, the PH output for a virtual patient can

card.&ﬁaéaapa?%kt Fhel ABHRRRORY ﬁgﬁ@né@ﬁ c%t.BHWH.Q?r&%sstt Survival

enotype cluster It wa esugne represent
data Ba/p@I egtaphsmmism tberlibieapl@efajuree@issoraral ¢t qjhéhulwqf@n 105 310-

315(2@% TBE BT S eedrafd elLftoddh b 0 a 15
b WS Bl 2
devele\?/naeﬁnlrt g%rgegwﬁﬁbdﬂﬁaﬁe tﬁﬁ% aI;FgHgiﬁrf é’zﬁ‘vggg)h(?rt also
capturesthte same sisddaetors aead cﬁmcale”aeaswbenrcapywmllngd”mv they affect
the plgiP LHBFRETRICS R S5 el PIAFGTo DY ofar e Tof vigual

patiefCcoPdPEeHEE binylated! ihtheE abmiplite mBaStSTaRE |rivfient|on under the
simul ated on a virtual patient cohort developed for a

samepeonditiansdrythEresagydinee pstied, etgi)@isdhaphensbmeeduger. PH

0 r rt ' : ] 4
Thergffre, 2t gt Ihoiner 8 BRtanfbittfe Rl Bteplidtng tanea to
the aggiuidtat edzhay fungtionifér tAk prendtyipeadssteritdvas ésghéd
lipid |levels), observed behaviors (e.g., change in
reprepeii d | evel s and i nfl ammat ory blonarkers) and
under |l yi ng 25 hypot heses (e.g., representation of risk
f ABISOMEPPEGLITOLeSS €ambhe diesiosmes)for Alhphenetyge cclusters

reprefReh SR bl iR PefuHS e ro iRty ) K AR

hazardiua ke (illustraed irhFiguge RBREcAIIpideginslitio BelcRting @r@ipical data
will be reflected in multiple virtual patient

set am@gwﬂdﬁeﬁ@strw PeRUalioRINi® REFROLYPREI USRS IRE: ARYA{TAES PMailable
W|th|rb®%‘f\8?\;ﬂ;§etf éﬂ?ﬁ%ﬁrdq‘HﬁE‘t?c{hype ? t‘?ﬁ eB ‘??r";{%%% @é%iéﬁ%\e Efdster

usinggropotidhal hazdrd pegtessin (GNGt lP&A)/I Mmlal/ary-dkﬁér% time period of
2008/ 049125 PCT/ US2007/ 082024 pati ent cohort

the clijgaldd@lly is sinulated to generate a series of P11 vs.
tine curves, one curve per patient (FIG 48B). The
PSu bseqmmtgf, B dllhloahtr;al wrathceli isnsjmulgtachey anaftuia qatiehkecohort

h [N Iaq aracteristics Qf each.vir I
cevelB BN pRHEME NP RPCHI R oieBingdE SPds BhERivgntme curves.
one pe¥iitual bbﬁerﬁ’tl(IF gmsszl e ofEliv@feriéfatioR asdotoptoft\virtdal\atients

P11 curves 8C) for every point in tine over
is ge"deétqde%?ﬁV“a@d“%&l'rﬁandtt@@St(ﬁ%I staeingdpid fevets) r ersarvesh brhaviors

(.9 SARNBE ITROR. 18IS SDnidiin A6 BibABrRRL ! Rl Ay g2 ©

“functrons i Ang
hypotheses (e.g., representation of risk factors resulting from diabetes) that are all

consistent with the phenotype cluster. Knowledge gaps in various mechanistic
pathways, particularly those involved in regulating plaque inflammation, preferably
will be reflected in multiple virtual patient hypotheses within the cohort.

The curves generated in ‘48A’ and ‘48B’ are then combined to create A vs. PlI

curves for the phenotype cluster (FIG. 48C). A clinical trial protocol on the virtual
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covari ates that define the phenotype cluster. Since
there is a cohort of virtual patients for each
W@ b@sotype, there will be a range of possi bl e RIUS2007/082024

val ues for each value of Xin tine. 10 Finally, the

process is repeated for the remai ning phenotype

clusters and the graphs are conbined (FIG 48D).
patier Ut R BB T SRIRREL B GoncRAE B STRSRRTA! . e clrves, one
curvetﬁm radient (F16t. 48BacAhpHalhotipués wikvargiwith timej &$ dregmefixct the

P11 r e.. Th rocess .out]ined,abgve
chandiBg s STterstifaRolsachyitinlbdii B Redediort sUsing the
hazarroeﬁuﬁbh&r?é@r‘vléstﬁ’@loﬁ “w‘/sV‘hr%bfbdr\?’esaat’eet%Mlat‘éH {43! \FQ PIl curves (FIG.
iple virtual patients to represent conpeting
480)mrc¢wany poINt |my|pn@t¢\mélse feal amacimpleded tryad @ecibds tTdris relationship
i t he rrent

can by TREAEREY 48 Merogiherednarl Ang A UEHIdESgiipoth ime and the
covaridlps AT thé RknbRBEYISIEH SRIEAYRSS  Mndl sty iftia

patiemts|fat eacts phenctiipe thetewildpe epange of possﬂoleﬂ?ldasalutasrﬁq @ach
a}tl ent subpopul ation. 20 This approach to selecting a
valueQidgNdiMEP| | curve within this envel ope recogni zes
that any one X-PlII curve has a correspondi ng virtual

pEmlla(t herprogess tsargpeatﬂeﬂefor)tf@/%ﬂr@aia@gvmajmtw vlusta@and the

oot p SR SEFE 4D, SRR WIBH B g e el

a vurtu)@lliidtueouwmwlerre lsabwnpn plnubaﬂgluw opdhé lsamevwlbhlEramrmwenotype
envel ope of possible X-PlIl curves can be thought of as
eXh'béiS@Hj'ﬁ@'iﬁﬁ‘lt atvsoflIr@@ge- hypot hesi s of the nechanistic
diversity wthin the popul ati on and how that
diThersotgssyombsed abeve wilt/geryenam araedwetmaemﬂrmny passibla A-PlI
nner consi stent t dat a
relatiGiemBAPSE ESTOR & Ral ﬁveﬁmgdnul?etq Witdal patiePly to represent
I |
comp e Rl seisy e b Tafpeluster HiaNielgry ithin the
frameyeark ef ize cuMenwmnﬁﬁmﬁ/tbemeﬁéﬁﬁdﬂ%mém@emand imlammatory

risk 1P arh SO U ASGURT Bk At Enthariary, Wing t5p Rl basrefarg. a single 1
PIl reltiehShip *H“"?bg%rg?@ﬁgf%ﬁyebfigé@%%?éﬁ‘?é;:”i?%u%g‘g@% ol

 Rolanibbh b8 p T &7-2l s WEANE cnveippe
recogiZds bt ﬁﬁ;‘/ bRBG ibnrcuwzc,t i£9th drrespoAnG Vit papdiatbA!bfleast

herapy. Ih this experinent, material "properties of
one mamlpm@efwelghied vhstL@d)@aperetsreprﬁen@ng each gihgaotypey) wwhose

ndiviganRishpalgRi By 910 TREPHBy OGr 49heoehl-beun e yp
popudtifl PafARFwithin the envelope of possible A-Pll curves can be thought of as a
population-level hypothesis of the mechanistic diversity within the population and
how that diversity gives rise to varying cardiovascular risk in a manner consistent
with clinical data. In one implementation of the invention, clinical trial simulations
can utilize multiple A-Pll curve/virtual population pairings for the evaluation of

biomarker patterns.
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in the PH conpared to untreated progression.
I ncreasing PH corresponds to an increase in shoul der
W@ 2008049125\hi | e decreasi ng PH corresponds to a BPEDDSNST082024

in 10 maxi mum shoul der stress. The one-year experinment

denonstrates how lipid |owering under statin therapy

translates into changes in plaque geonetry, and

h%”&cﬁnP&iMﬂﬁe'ml ég‘g fORCIRHESS ﬁrgg%r d P@fei"éf’{déeviﬁﬂalgﬁaﬁfent

any point intinme is determned by the rel ationshi
havingdivaearthice rgidfaetord doi atbdrasslatosis us Serlunivested statetdns treated

, I Ef Di [ [ 15 FI G . 45
it T8 e s ot R RS, HG 1 sares paodelign ot e
plaqui(eﬂFé%lﬁP?fg)ﬁ@)dieﬂf__(Plls BferCRiE i Srreféi’lér%e aptual bé‘ﬁkﬁﬂ fenumpstRed

. - For a given virtual patient, t e_plagge
progreagipa@ndrstatin terapy.| Incihémexpeasieent; mederd) properities @éne plaque

and (A0 RSsh WA B Rpref R SRR R Vs B Piagye
geonich§ dhapges veptime; ahegtatisihena®f overroyearweslitdie a decrease
captured by the PH value, and 20 reflected in the

in the RK cq : U%U'Flirgfktegfpr@gr@cﬁﬁl@inodag@@ﬁlﬁ\g R\ enatrespengsito an
incre%@mrﬁfdd%r@#e%ge%ﬁ% !d%Erea% i %Bﬁr.egggﬁé’s & & qHERG sk
represent the cbndi tion of not having a

maximandsitovddensteasse Taatong- year@xpevietent pdeamuthstrbtasavowm Gpial
cardi ovascul ar event ("CV event"). The goal of the
lowerfgiinder St Haraey tpdafsgbibthandes iBpIdie gSomelty, and

hencé a4 Bk MUharPIey e tirAer time, i.e., to determne the
probabiTity of moving from 25 the "no CV event" state

- AP Bl o X7 Bhy pBh o b s TR bY s Lpusnsip petween

and PMpd&ievef as(disehissdt Abovdie i thls dx@edplary Eﬂmbi@dm provided in
occur in the next time interval. Int egratl ng X over

FIG. 45 ntbedgapisisestadionitiads adurgtionref Plbhapapsenintggiaiad inda the
event w,l |l cur. over, tiLAe... The hazard functiaon..

compfif§iThalis § FirftpRiiae! ikt ErEbeh Vit Shvent the

plaquelth&rdcterstids whitchia@ gk @vieh 8med6 euditions Suide &s Mflenrdatiéh
cardi ovascul ar event has occurred, there is no

changes Aceendingly dtll witl vary ayee kmeo asivéll thpaseeiatednt. In this way,
tate. -42 WO 2008/ 049125 PCI/ US2007/ 082024

the piigPion BhraireEHah o A adHb Tl B8 CrP LA BT PUR! e, and
reflectsd frotheEAstantat@odatriskiof@neardidvhbeulgneventi ni cal tri al
containing simlar patient phenotypes, and conparing

t e an Raefh Li%ﬁérﬁ@ﬁtafibﬁ,”ﬂﬁoh&af@%‘%esoére usledr to represent the

atheroscleroSis to those generated by simla
condition b Not bawng lraceitigyaseyarswdrinnef ChVhaverit) mindadf having a
vent..data. 5 E..Sinula

carai B EVERLE DY R n i oo or B Mol Bde tastbggropabity
of a caRdloSaSdupiEeViedit oFbMitnat i.8Jto determine the probability of moving from
the “no CV event” state to the “CV event” state. This probability is represented at
each time step by the instantaneous value of A, which is the risk that an event will
occur in the next time interval. Integrating A over time enables computation of the
probability that an event will occur over time. The hazard function relates only to the
probability of moving from the “no CV event” state to the “CV event”, since once a
cardiovascular event has occurred, there is no possibility of moving back to the “no
CV event” state.
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at heroscl erosis. The system of the invention
conprises:. a) a conputer-executable data editor,
W@ apabka2df accepting data describing a subj eceCT/B$2087/082024
conmput er- executable integrator, capable of executing
a conputer nodel of atherosclerosis with 10 the data
to generate a set of outputs describing the result of
t RRightBH 8f ﬂh%%a?@ovéé&ﬁéroﬁéﬂ RloBBIcScar?Bé %tfoﬁ'ne? using data from
conput er - execut abl e report generat or cag l'e o
a differepbclinicg triallm)rﬁ‘.@mmgfsimijappa’&tentmnomnast end gooaring the

hazarzg?{rgpgses ﬁ1)tha Ch(?' & orbﬁg‘;arogl * %%egloegérqﬁpgyy S|mqar
propdm&hiélﬁazyﬁish@éﬁeﬁ ion éf R @inidy tri?él RAFAE FAKIURS vent data.

conpri se executing the nodels of the invention,
optionally 15 in conjunction with a virtual stinmulus.
ME: hod Siulating AtherRpqlekasisi on of at heroscl erosis can

COTRIARE RN Bib Rued ielttils SOLOGBhS(B: LHR SHRU" o

o genera e a se O represen

atherps‘demsymeﬂmé sydﬁterrbofothegmwaitloayairﬁmseﬁhe) prwmmmeleex@autable
resent a normal state or a di sease st ate

data %‘é‘ Qraf#Pakip ob AEFRRIINAHALa %6“%9@0%@16% ?@rGPﬁTH?Uter'
execlitBblc4ffe g?Qto?c&%%%'lé‘g é‘)?é‘dutlhg%‘%orﬁﬁ%'rw&d& ofP BthePbsdBYoSis with

paraneters or varia es assbclated wth one or nore
the da’mttb@mteratela s@mfmmtatdesnsblpgnbe resulesfebatsimylatibe of
Pr ef er abl

atherGSIBHISH: MBI 6 CmBi el SAPCHapleLipPOs SenREr SBTBR G feporting

the sétrtﬂ‘ dUt[!')tﬁt@mTH%réBrﬁﬁ@tbr nfodeh campridas N & ichdlds@dtoPeabolism
herapy. Running the conputer nodel produces a set of

mOdLﬂﬁLtlﬁW§th©W%nBB6l rogilelal asy §t) enplagse stawildy srmdide bivatiheds of

simul%ﬁ% r‘éerogﬁglr%g@%%ﬁp@% 9%%0@?{9 ﬁé?@é@&gﬁiﬁiﬁﬁ%@?ﬁtﬁﬁ optionally

in corijbRctiormwitatzedrtsaltiteilus.and i ncl udes values or ot her
indicia associated with vari abl es and paraneters at a

PRAdth&ds 8f sﬁﬂd’@hrﬁi‘iﬂdﬁ@t"on 8f AREdSIBB5isOFErh e a%@lylng a

~scenario. For exanple, a phenotype is represented
V|rtuaJ/arQIeSO| tatthe cpapuieruhadelttd igenemate abediaoficvitpus te hepresent a

ari es, i s Si | e for _ex I ner i
pheng bk 31155 ploadbSyElEe: dhe s ¥R Bt ren el B state or
a disgReAéth SInt ceri® fglementaioNe, AOBEBH2Gan further include

PCT/ US2007/ 082024  val ues for the variables at vari ous

acceptingeesainAP HeRes TYiRg wrunpmnp@me{@rwe\fﬁﬂqb&s agspsiated with
|
one dfie e B forP & Rptaft pidiprdettiling 3k (ipyter model.

Prefetaslgetheuser m;EvtebmmrsEs audgfitittorcaina vatuge phti@rhorra definition of
i ncl udi ng aII paraneters of the

exhaustiv port
the vigApRIRIRCITRHI 304U HEAUON iR INEFBRY-of 5 1 kel | hood

of a cardiovascul ar event during a set period of tine.
AlNNinghiile campiteamogel peaduiggn@ P UEPULH EPririBiological system

repreggﬁtreapo%}%'ecco?%lﬁg fhodBl CrhE Ll &Qcph spéﬁre?)'?gsemt%%léeor more

phenotypes of the biological system, i.e., the simulated subject, and includes values
or other indicia associated with variables and parameters at a particular time and for
a particular execution scenario. For example, a phenotype is represented by values
at a particular time. The behavior of the variables is simulated by, for example,

numerical or analytical integration of one or more mathematical relations to produce
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progression, as neasured by I MI. The conputer
execut abl e software code nunerically solves the
woredoResEe3 cal equations of the nodel (s) under PUHDS290%082024
simul ated experinmental conditions. 10 Furthernore, the
conmput er executable software code can facilitate
visualization and manipulation of the nodel equations
vaIue@err {rRsidri 5t B R sRARETBAE hén&é’tﬁé BY’(BIQ&@n oiﬂlihfef ;%é?fbttype
patients subject to a variety of stinu
over 8. HainedavelNidedail ofahemtﬁmg;arevarytde@endNan@e level of
met er_val ues as

sophiSfaerCoflfie thdel TEer FXnHERy, BGRT S tanlid folsith exnqustive
repor‘!"’ﬁh‘cﬁﬁinﬁg3 all B‘éﬁﬁrﬁé’tre?é éﬂtﬁéeécﬁhﬁutéy r’rib'iie'l &5 §rsﬁﬁ{§I% indiddfor of

he conputer nodel (s) can be used to rapid t est
|lke“hﬁ)@ﬁcﬁflﬁe@@@lCa/ﬁQCUHaheté%mtl QHing peeleprriad ofohrrng Mdgml ghinically

relevarl PR e LREBREs et EP D SBPIEMBIRRI S0 pliEe

prograssion tas aaseufed By IMPl aque rupture or |arge plaque)
state of a biological system For exanple, the

C IRBHOPRpUTBAEke dUSHIE ERFWRRE BBE AUMdritally 8bRedlthé h?éihérﬁhatlcal
sinmulate a 20 disease state or a progreSS| on towards

equations df eapedeltsitundernaripus aimutlatedepegiaental cangionsent

FurtnBrHoRF §%0PhRsFrBsheBlt Setdaiiiid 6 iia ypMization and

maniplilates ef Heahedel @quativagrIne, thep arseemawpaﬁahfetem@tsmulate
or environnental effects of a condition on th

differgmideatiopts suiiagistoR weaiety B sieulic Saey hdU S R@tenhb}umb@r
6, 078073 rﬁutlB&“'@ﬂ%ﬁ%gf@[ tﬂg&%ﬁn%He?ér nlﬂgén gééoérét%&‘?m?r{‘ﬁ’we

uces a est
objectmwitlammsm’nulambn Enddet;t thegdisclosutecof wigichneingorparated herein by

referdTies: ofhui 419 SBH eﬂ@?@{@% R, eest e e B Eigpes and
invesfi é@tbd?éﬁ’tlal%égié?ﬁ@ ggg@,@lstragégq@g with a

dification rtual stinulus, can be

SRy 868 RHER e o by c@gfp%@‘*‘gﬁﬁe'é@ (RPN Sl sate s
well a% a dizeast i(e®.s, maqwl ruptuteher largh bliaqaia) state Siia lvioladivelssystem.
be use

For eRpmplS. die cOMPHEIToQInES Phrafreiées Mat 3ré a4ewd to Simulate a
d|sea§9%§ét@ﬁ93?2|§rto§gés'r§?gﬂférgg;@f%ﬁ|se‘é1'sé%H’:ﬁé PR SR Scha anges to

pi cal , e virt stinmulus I's a representation o
repreaeint andisenae istate @ire &ypicalyapydifiCatiors ofrtbeemdnerlymmgl blologlcal
atlent ncti on VVI h t he ut er

proce3Ses P inRE kase et fof dafnrie, BifklesEnt g G688t or

enwr@‘%’ﬁ@ﬁ!a@bﬁ’éct‘éﬂdf% ddHditicd orﬁﬂf@ﬂﬁ@é’r{yl@g paYsisRgyA By selectlng and
ferent virtual patient can be ‘created baSed

alterlngpnegr meretRapameigseatuspy modifies a normal state and mduces a
phenotype of interest. In one implementation, selecting or altering one or more

parameters is performed automatically.

In the present implementation of the invention, various mathematical relations
of the computer model, along with a modification defined by the virtual stimulus, can
be solved numerically by a computer using standard algorithms to produce values of
variables at one or more times based on the modification. Such values of the
variables can, in turn, be used to produce the first set of results of the first set of
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introducing a nodification to the initial virtual
patient. Such nodification can include, for exanple,
wa2pangresri c change (e.g., altering or speci fRETGSWNT082024
or nore initial parameter values), altering or
speci fyi ng behavi or of one or nore variables, altering
or specifying one or nore functions representing
virtual ﬂ'fe%rsﬁ heRs. fIt |€9 %é @ml}%‘fshﬁ’lﬁlﬁ i4Q Fe%@ééﬂﬁéi{ld?{‘of
ereo For | once t Initial virtua
admlrpjatram ofathm‘hpyled ot her wvirtual patients, e.g.,
patients possessing certain risk factors for
d©nsg opmnoge vietbEpatsarite irosogunotipn with the adbeputerseodeltan be

th nitial rtual patient b tarting t
Creat?‘ﬁgﬁlﬁ%h obaarhwgtai?Irwfee'@ergﬁaa%ﬁ%@ﬁpwat%\&“lﬂaanwrp@rameter
value%hﬁ\ différehfli tB%Té?‘t‘r’é Héﬂéj ated%é%d”@r‘i JYeelnﬁ’cPJI @Wﬁ}a‘?batlent by

val ues can r exanpl e, di scl osed
introducihg #atadificatiso. to@h@?ﬁt@%’tuaﬂm@ﬁenhl&t@hnﬁodn‘/leatlon can include,
nt o ff erent set

for e & parael & o i0ens LR o Rebeifyng G moe Mitia

pararflbfel GBRR), vanrehH?lorrs@bbmﬂhg b@hatnlas of 6RERYHSre MRFables8ftering
certaln applcalons e initial virtual patlent

or SpeeifyiNg ona T moreduretions reRERSENENG ttetantionsiamang variables, or a

corbfihofthetedror oy Bafinacbi i hiaintel i FEbe . sifer
virtual patienens.at,i ghients pdesdssingndertin risk fagoXerHeaéiyping
virtual patients were devel oped: a healthy reference

atherpgglersis, may E‘f‘f &reaied bgaed @ﬁtthW"ﬂ'Ha|t\(AR§U@|@at'9ﬁF by starting with

the m?cgl‘g)%?’éméfe? :é?'Log?ler ogér#be&o r@% I pg?ﬁnﬁl r;:}]meter values.

rence ous
Alterdatwerpﬁnamseraxahhmaﬁ gerdeflné*dilespfmrmxemplemﬂatloséd inhig.S. Pat.

can ed to ex atl ent Varl 1t
No. 65765 10 0 bESE AN Srral AIE) VaHES G be Srapsd nto Giferent
sets &'Zﬁdrﬁme%er"\%ﬂ@esc hl%%ﬁlq b%%s%%rtbtﬂet?ﬁb'd?ﬁéreﬁf wrt‘u@?pitlents of the

ference virtual patient wth two ree ri
compuéartroodel. For esnpdio rappdoations', thmmltlalrarrttmd)pbtlem itself can be

creaté‘ﬁ%%Ci (ﬁbgda[m%rﬁe? \flgualé}q&@@&e §h%§ﬂﬁﬁ% wytppé Vir ua?%a’tlent) ina
manniehfasans@iseey arb@t,@/ork (as shown in Exanple 1). The new
virtual patients, A and B, are designed with different

et eEReExtdr &@D@éﬁ@h Bn3H tﬁéfﬁav%iaﬂ@h Offse éﬁ&ngary virtual

pro I feration; ver e|r I'MI growm h' rates ar
patlerst'srwererdetvelaﬂe@sea healthmmfereheeemblent;|arre¢mlenpapabemt with two to

three QaMeFa 4B AaSO8 b A ROBEOIRS Gl 2 Lo efkTice Paliest Nejerogygous

for théﬂé’rnmaﬂﬁy@erléhél%fé‘?él'eﬁﬂa'g'@nbhe reference patient,
patient-A and patient -B follow ng an acute

'S:Tgwm o canté%/nmgl {)ﬁﬂﬂ%ﬁnbéﬁtﬁfne@ér%@gsé@ t@%x?lor%gatlent varlablllty

ferent [lTustrating t nges
and mdegmatjmctqrtawg;yb|T®V®gwnmﬁuaje1wenmblvere createsl @$ parturbatlons of
the rq%%lie@rcg\é//ﬁitﬁ atlen{ w‘?h t’[wo ?o three r|s 5’fgctto(r)s tcr)] Séxpforg some of the
variability associated with the Michaelis-Menten data for CRP, which has multiple
effects throughout the inflammatory network (as shown in Example 1). The new
virtual patients, A and B, are designed with different magnitudes of CRP effect on
SMC apoptosis and proliferation; however, their IMT growth rates are similar to those

of the reference virtual patient over a ten year span. Despite this high-level of
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5 A sinmulation of atherosclerosis using the nodel of
the invention predicts that as ACAT-1 inhibition in

w0 b@soefies ence virtual patient with two or thrRE/DERR7/082024
factors for atherosclerosis is increased fromO0%to
100% death of foamcells and macrophages increases,
resulting in progressive increases in the size of the

cllnlctJaI' sarln@laﬁ@r ﬁ]@ﬂgqué PrGRESBN IR e Féfewk%ﬁa%e%%ilapg&%d

bition i n macrophages and
patlemteﬁjﬂotlewlngnaraasuiﬁxn@areatmrycﬂﬁmﬂgege s priegicied to be significantly
area rel ati

ditfer§its T a4 R cBaEs i thiiidcly Mo bio b Mck FRlttaiE ¥ the cinic

can h%@rrﬁajbhéﬁeét@rd?ﬁé%pbﬁé‘é B isQm oPinté@htidni s not
quantified. The sinulated prediction thus exhibits

t AESiRRAIESF dth&fddcldrosms LB/ 'thb%éé’léi éﬁ théNrvehNah V&l ﬁts that

or In conjunctlon one oOr re virtu patlents |n
as A%”n'-plumb ibitiarbinrtbe ekfecemcenertaakepatenht hakhetvooor three risk fajtors for

atherggcler;og;s gjégi;;%gtgeg ?pggp!g%@lé? (?Qf)%'t a%ét%t if?&@\dm?f% rsaatndorplgcrophages
mcrezﬁ’é&l rERfiy m prfR Xl cAiRere 8RB AR ‘fﬁé@lzé‘b"f the st or@and

Li nked Sinul ation Operations Uilizing A

incregzathiate of Biiswl 9reyit 30 ToleAT;1 | bltﬂilOl‘A@pTﬂﬁ@lmh@geS and foam

cells bbb} sk Bredten e I Ells JOksRBlprd e Fetdve to

the upesétetrdase. #ddis4 Srahcrélsé igndpaiiednn eneical triafss \Abﬁﬁ@ﬂwe
on an initial sinulation operation where, for ex

perceqt infkition @4ACAN  ds nREQuANiTiegl Hiesimuated RSQ@IFJB@“ HHJSaexhlbltS
the eRPkcted nen{ﬁ[?;”l‘ WeS IifePatl F 0duced. In the present

the i nvention, such additional

OB P F B S E B 4 4 0RE i BaGHEN S b computer
moddpaar betdteated tidddadn aniiditizalirtditgatieht L&iag linke@ sRALIGEoN
using the initial sinmulation operation. [n particular,

opergdiops ag; farexanpaei dnelosesh imbhecioiewingzublicatiorprideihed Qi‘]
Appagﬁ% r%@@d%dfl@pqgﬁked §i rﬁlﬂﬁt){)r?g)é)e?%tfonr%u |I@5§At00mputer-Based
SystesnModsl'eit).S. oAmcrIueatum ﬁ’lﬂlb|ICHItIOﬂNOEZO@TmZ@'B&/DIDmeled on

atj e uter nodel
Octotiiy 2007 b Rl LB o8 it RGOS AMBHICURE PfofBIng additionl
simul%86n 6?%%?|0H§%%"se8ror§é’rp?rﬁt%ﬂtsﬁrﬁulla oRP bPa":tE)"r‘l'\K)Here for example a

equi I 'brium or steady-state con |t| 30 Vari ous
mod mnartlouatb tiheinigal tssmolatioh e peoatjmunt @vorra)dtermocahmesps ggmuuced.

the pISERT B BRRIT e dlae AHETTEN e AL Sy BEBn speszins can
be useﬂﬁo%@t@%%foqﬂﬁlb%lrﬂﬁgr Fé@ﬁ@“ 28 hputerimadd ®ase@Bn an initial

how t he bi ol ogi cal systemresponds to a given
virtuas patientitbat Irsrcrgateduttsmgame lntilﬁéSlmU|afmrbolb$r@ltl@gl dmparticular, a

b
viruef REfERTED SE B RRTR GG etk Bl a8 ke DB aSirgqu gre or
moreFiraLiRGibs Yper SipRNaay be geridtelcampr a time sufficient to create one or
more "stable" virtual patient of the computer model. Typically, a "stable" virtual
patient is characterized by one or more variables under or substantially approaching

equilibrium or steady-state condition.

Various virtual patients of the computer model can represent variations of the
biological system that are sufficiently different to evaluate the effect of such
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and various virtual patients can be defined to
represent different nodifications of the 5 one or
woreeos/01ed ogi cal processes. The identificati onP@F/US1087/082024
one or nore biological processes can be based on, for
exanpl e, experinmental or clinical data, scientific
literature, results of a conputer nodel, or a
ialfisHEHM AbWIe HG661E {SH £8SoIeI04 givEReRhAb OW Baticul
Varlaprocesses ate ilssge ste berens?dent 92\%9 vgr flaous pélfticular,
one qvimoneabiolpgtdaéptcmesaes répreseiatdy thy aveipuiengodef ¢a bat
at.ions .to.one or .nore .he ical relati 0
dentfRd 5 ey ng & 1 TSR 1Bls Prbaeratng PRICGRe ibdiseclea terapy,
and v@iﬂbh@%fda‘F @bhé@t‘s%‘a‘n%@déﬁfé@ﬁﬂébreééﬂﬁ dffitee Rt mBBﬁ’léatlons of the
bi ol ogi cal processes. ification to a mathenati cal
one or éNerei kialoginal praceisaes, Thend@mnptl@w ohths=ermer moge biological

proce3aPE RS st oL B biecBiPeERR: RERIBkTRIE, scientitc

literatued,akbaite of alcbeiputer modelpec afcpmignatighinersst. nsetreddne or
nore vari abl es associated with the mat hemati cal

morehiglggicahprogesess algissue B?‘V% peenfigenigiednearipusyyteal patients can
t\ O N

be cr%z?‘t'ég B)@%%fgﬁﬁ?ﬁl’gﬁérﬁ% ﬁlEaMH% %H@%P?ﬁo dd’tﬁér%h@ég relations

includeghinkthe ednputer madel, ewliehr oneod rrioreanatberrfamcabrelatlms represent

neoR8 R B e 2 i BRRIR B Sl g con

includy, fé‘rt &?drﬁ?l%l STRPARetrt @rﬁ‘a‘?@‘ét @%. V‘Ql‘tér"r"‘nn% i gfg%aé‘or more

Vi rtual i mul'us or proto ol represe ,
parame@ngelues adasemate@ wuthﬁmmatbematwaisretadupnbealtasisg@rapedifying

us _ar, perturbati hat ca
pealfot i GnSt Biire SpBrafis aspraesh i it oiheRBHETelalinygtering
or sp@&ifaed 8hedr MdrB fShétimsi adsbetatsl HvitRrthé ﬁ]atﬁéﬁ%tlﬁaf‘r@%‘tlon ora
fromone another. Stinmuli that can be applied to a

combmaﬂO@g?fdaemstheen@m@atermmdejdr@zay perurkased en aeRarsculag

a )
oy BEE RSB S5 PBLLE 381 oo IRy B gomuer
mode$t i mul i include exercise and diet. Further exanples
of stimuli include environnmental changes such as those

r @ aéitAiE itnPlerhamaasns, thé encdel of aﬂ?@?@%é@sﬁspls&ékecuted while
environmental agent. A virtual protocol, e.g.

applying & wistual BEmapis, orrwpt@@émnrﬂgerdmga@tmaa Ohﬁ@gém/d@énA virtual

stlmuRFs !Pé %g V\f)cga%g a%n'ﬂﬂﬂgaﬁtlgﬁ@a é?tltwb%ﬂpﬁtﬂg%% e6€aPP| q to a

blologiaéllsg/@temolﬂjlfﬂerfeﬁswﬂmdl smnmheam berapciatéd withlstimuli that differ in
protocols that can be applied to a biological system

SOMENIANT AT IEONG BROBSANSHELI dialaare BPPISEHis hbiaidgieal System
can |r§£8(ﬁ§98f“éié§rnpe4éxm3?>gg¢/ﬁé %%ée@%éﬂ?%%ﬂ@%@éﬁ%fﬁﬁgfment

ent’'s an at nment Mere passage-o
regimexgpand enddicad nests o ideliticrlal ekamiptes, ofi stiomdeis eldderexeccise and
he |ike. i ' I I
diet. \%{&?tptgégxarlnpises oE%'ysti?TPLﬁ |j i%lclr&%e%n\\//llr{)%runaentﬁ ! ?1%%883 sbgh as those

relating to changes in level of exposure to an environmental agent.

A virtual protocol, e.g., a virtual therapy, representing an actual therapy can
be applied to a virtual patient in an attempt to predict how a real-world equivalent of
the virtual patient would respond to the therapy. Virtual protocols that can be applied
to a biological system can include, for example, existing or hypothesized therapeutic
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patient, a set of results of the virtual protocol can

be produced, which can be indicative of various
webdoensg2of a therapy. 5 For certain applicatiRPCBEUSH07/082024

virtual protocol can be created, for exanple, by

defining a nodification to one or nore mat hemati cal

rel ati ons |ncluded.in a nodel, which one or nore
agen%‘%rf&?ﬁ@ét‘n%t rE§hrsO Rfere 34 s%ﬁ@é 8% Gie, %Qﬁoél!rerf@re‘nwronmental
ogl cal cesses affecte a condition or

toxm%flm@reased;eﬂencmeeahd\/thdwllkdway\ﬂpplyjag qovmualqmbtocal to a virtual

V|rt ro can d i fi tion that is . to
patietf2io8f P LS St FRLPTyrolaes et Wbl 8T gpMEh cah be
mdmélﬂl@tbf%hbgﬁ effeefsesifa thiéeagndi ng on the particul ar

con itions and or effect’s associated with the virtual

FE&H in, aopiigatishE B ViR aIC&B dddF LN Bereatd! for XARPIE by
%

erves a nu er o pur poses.
deﬂnlAgtaemdtﬂcahblon bheor Inwermamemaitclaumtwrsencluﬂed in a model,
h e-scal e conmput er aneI covering, oad rabdgle ofI
w 'C'bﬂ?/% M oAt § A eIqLENS £3 BIFPSE PH%HH(H‘”?{& ogica
procé%@@@'aﬁ@&te@%;ﬂé Reha%IEh I @$eds addtRist¥e WaIR tha ik Ipid®col. A
conpl ement ar’y conputer nodels, such as, for exanple,

virtuak prajeesl sleogiesine & mmsificationdliel is to Perintreduded statically,

aynaif a5 Epn PR Rherdti: el BF i PoflEfbrBocitipps andior

effects@BsociREdBRMtRShe ViRt pratoesir nmodel s can be used to
create a large nunber of validated virtual patients

anfid ifvehtiBH é‘ér?lrfdlﬁiera ‘sﬁfgﬂ@ﬂéﬁﬁuf& rﬁodié%rtﬁﬁt JHHBEh Rimber of
20 chem cals. The invention and all of the functional

purpasesr dilieonativeds dhisdayerigant lnclydego%eiudfula;rg&snale:awnbeter models

coveriia HEM Flhde o rildfog e lstetBs  KE GRS melicibg agnodel of

atherb§€leIsid) titel & pdte MPedTs indiudie et ehieritdrysconspeer frioeield, @0ch as,
and structural equi val ents thereof, or in conbinations

for exgmplacppidgméologicalhenpuien W@'%eFPW$%I’f’EW@H‘Cé§e diREnRy4ter

o SETRAL Sl PRSPPSO St Sy B0 85 i, 1

someciasuainees taegomputeamonieishtarebe eadadld erexte bdgeedawnber of
pro ated si |, faor executi , or to
valid %t%ﬂ tVFIHa' pﬁegnt%ém ‘ioof‘ﬁ’%&ﬁ%te FRILreHPoPEsS (F)Cha %’ BEdrapher of
chem‘i‘c , a programmabl e processor, a conputer, or
tiple conputers. A conputer program (al so known as

PN L ARRL a8 i)

an be witten i n an

specufumiiagdca&gbeampidelnwwted in dtgﬁgp%tggglg%mgmgeer mminputer
can pe deployed in an -4 49125 . .
softwpiey fgwene, ¢amigwarg, dgﬂir‘d'inﬁéhﬁéitwﬁt%é' rReana Aipcigssadn this

speciREQYPEN PEtr@Stufal B afents PEIRBEYr in BYRIbRALOAS of em. The
invention can be implemented as one or more computer program products, i.e., one
or more computer programs tangibly embodied in an information carrier, e.g., in a
machine readable storage device or in a propagated signal, for execution by, or to
control the operation of, data processing apparatus, e.g., a programmable processor,
a computer, or multiple computers. A computer program (also known as a program,
software, software application, or code) can be written in any form of programming
language, including compiled or interpreted languages, and it can be deployed in any
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other unit suitable for use in a conputing

envi ronnent. A conputer program does not necessarily
w@osespend to a file. A program can be storedP@HUS2007/082024

portion of a file that holds other prograns or data,

in asingle file dedicated to the programin 5

guestion, or in nultiple coordinated files (e.qg.

form, |Hr1élﬁéln%;rb%ta§ "d%l@@?p%&rﬁﬁf@r F24uhESule, SHp Bﬁt-gr‘étr §un§'out|ne or

i ons conput er program can
otherdmﬁl wytable for luee lreﬂemummﬂln@rem/fmnmﬂmutﬁemomput@n program does

¢ 'e co grs a]L :}gsite orrlcbes dacrosf fil
no ”ﬁ%ﬁ%ﬁaﬁ vecogr% 9 8 Hee tBRUATSH 06% ﬂ|p85tt%?1 atie
that H@)‘R!é/\@t'hbr Wé&aﬁs@ﬁﬁaﬁﬁsln%ﬂglnb@ﬂllé dfebﬁﬁéﬁecﬂféﬁﬁm"e' H868rd in

hi s speC|f|cat|on |nclud|ng th 0 met hod steps of

quesmcmg arny entliipie coemn@i@dﬁ@s @male@thah@tom OR® e more modules,

sub RSRNLPP BBy EER T AR BRbcBRE G PREploved tobe

executed @M oricHyipafe lorlonNgulkibld cerdpuidas at ene sie e ditiimged across
output. The processes and logic, flows can al so be

mU'“FRi@rSFt@ﬁ 7ed iptercoectashy atqesnidpnication ReBMKon can be
|qplenented as, special purpose logic circuitry,
§e, pragessesand ogicdlqwagesriaes! ia t@latse)earﬁpawn,onclmelnsrthe

methF sfers28e i BncERE be chreBREHRDIl 61 B bispamanle
proceRs0 @mduting wie, ortviompyomplited yedgrams tbqjdﬁ@ﬁ*ﬂmh@ho@ldf the
speci al purpose m croprocessors, and any one or

invengipn yRerating oajputidaéa and GPHREALINC PR ce pEsessrs gnd logic
flows ah dé?&?ﬁé?fer?éﬁ'r%'edrbsﬁ %h&ea g'aP&hé WE MY eAfiGh Qé‘ﬁ ﬁﬁ'i%ﬁented

om access nenory

as, sﬁémalmmxte E:lglcatlenrmhny $ gf aa FERGAUfield parogrammabteegaterarray) or
ctions aT%h one or nore nenory
S

r ex cuti n 1St r
an A%‘ cqtg.}n %ﬁ’ %'@ng{@ﬁdlﬁ‘fq and data. Generally,

conputer will also include, or be operatively
CEUW%Of%Svl&té@ {or thatexeswiian of a coametesProgea 'W%Ud%rby way

of ex%ﬂﬂé bgﬂ?ggﬁer%%ﬁ? @@3&3%&{;})@?8 rﬁlﬁt’l Ca?esf?%rrisén%r alone or

morewbcesﬁorsiosmsy klhdfcﬁrd@tal compaiter. GIBenenally adpmdessor will receive
s SRR SR Y BB S Bl iy oo
The é%‘éeﬂﬁéﬂ é?ém%ﬁ@"@f* §c§t%¥5hfé?%%'% n@b}c/:@?éﬁ?rfbﬂr é’)@é’dlﬁlﬁg’ln&r&nons and

and flash ne devi ces etic
one ouhnsckrae merr@ry dewbes e stoangl ingitrsikions and elataza@leeedallska;

neto, o a| ; and d DVD- sks.
compld Wil ARbloc e it BE Fipelitely CoLRe D 1S emi o in e gy transfer
data ®, or BEE, I@%é&ir%oﬂé“ma’é@%ﬁdr e%@v@ééﬁ&sﬁohﬁ% data, e.g. magnetlc
circuitry. -49 WO 2008/ 049125 PCT/ US2007/ 82024

magnete@ eptieal fdisks; at eptieal idiskswi lnforaatiea carmers auﬁal@lﬁtfpbﬂrrﬂe@dylng
comp%?erj %b?ﬁﬂ%s‘?&cﬂgngand data include all forms of non volatile memory,
including by way of example semiconductor memory devices, e.g., EPROM,
EEPROM, and flash memory devices; magnetic disks, e.g., internal hard disks or
removable disks; magneto optical disks; and CD ROM and DVD-ROM disks. The
processor and the memory can be supplemented by, or incorporated in, special
purpose logic circuitry.
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conmput er having a display device, e.g., a CRT (cathode
ray tube) or LCD (liquid crystal display) nonitor,

wo 2008649pd ayi ng i nformation to the user and a REYO/WOT082024
and a pointing device, e.g., a nouse or a trackball,
by which the user can provide input to 5 the conputer.
O:her ki nds of devices can be used to provide for

r
gg'&jbg% W%’Bgﬁon WiRra GSereld mv%r‘%’tIr or%&?Bbf?mg emented on a

to the user can be any
compslmrsftamg adﬁ;tﬂ:aycdeweege g.,\d €Rdl (cadrmﬂiearay tulaej)cbrt ) (liquid

f.eed k f db i
crysta| PR naBior & djiley FEARDTANGT T e tiar Arcbd kbilioard and a
pomhﬁ@%ﬁé‘?ﬁibe elg.t atholee oﬂé‘ﬂ‘ébkbélp ?%lblﬁ“i’f@é‘béé’f%é?rﬁﬁro@ﬁie input to
errentedlnaco uting emthat includes a

the C@a@uteén@tb@hbloﬁém‘ detéICgS caaéJeaJ&eait@ Rrevigerfor mtenaptien with a

user GEMGHTER sRafffy BRR o ERRRATR e falh 5o B P o g SBnsory

feedback] & gntvismnieddyadkadiditorg fesdydtke ol tatsiry fdedback;anel iaput
a V\éb browser through which a user can interact with

from gie yshsICaRdf Eﬁqe@ﬁ?ddf‘ anydormyieRtudilg agnusdicy SReSAN. LIRS
input®f 15 such back end, m ddleware, or front end
put.
conponents The conponents of the system can be

cOREURTOTER s B Bl 2 RBABRG s leBh b ihites o
back Exéehgsoret, ceamela:aéﬂamm@{ wP e indigdesle neiddleaeaé
area network ("LAN') and a wide area network (

compgngnt, exgre an APSHERLON W&e%&ﬁﬁh@tl'ﬂ@UQ?gﬁéfﬁrﬁﬁﬁ]dlm%)@nt €g.,
a cllege&r:@ﬁgﬁ e?%%gﬁnﬁééﬁga%hlé%l %lsﬁfe MredRE 54 Wéb %Rfv?sreer through which

rom eac er and t
a user nbanratetadthvltbl@inlraplem‘emmmﬁ the mvmttmr br aﬁl'jneomblnatlon of
el ati gnshi of client and server arises by virtue o
such b3 a0 8r AR O F0HH RS CORONETes Hes ePMBOBBRBTdre
syste?r\“ﬁarﬁ‘ Bé'lr'i‘t%rci‘)nﬁle'cf‘é%‘ bfgﬁﬁ)y fSrnf SII' ﬁ‘lte'dﬂfrﬁ Lﬂtlt%| Sél%rbommunlcatlon,
V. 1: Regul ators of
e.g., &icootrhumibgiidren€aidrk PEtxbrrfpdaesaof mmrmlmlcatlanm%\Nofks include a

ocal P st UTMFY ABIWRetarea el CRUBR TS 8- i et
Cm%é@%gg@@% '&%}ﬁéqﬁr = ,%t}s?@r}@a%%e%} Cg C'lQQt anghggerver

are géﬂé‘raﬁi%m&@t@mleaél‘f SHEF8Rd B @?Igﬁht%&r}ﬁ%d ?’%Bh@ﬁhmcatlon

araneters characterizing the effects of
netwonkf | Ténennet adiop s hipdofatliens andh seaee @riaes Bwlrple)bf ¢emptteo programs

NN IR S SO asRa0 SATIRIASTS B RdvIng AP GRERr gelplignship to each

otherdose-response data according to standard nmethods in

V. EXAMPLES

A. EXAMPLE 1: Regulators of Smooth Muscle Cell Proliferation

An example of Michaelis-Menten parameters for a representative regulator
and the structure implemented for dynamic computation of mediator production and
signal integration are provided in Table 2 and FIGs. 42, 43B and 43C. Table 1
provides data for Michaelis-Menten parameters characterizing the effects of specific
inflammatory mediators on vascular SMC proliferation. Kn, and Vmax parameters
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the art. H Il coefficients were determ ned by curve
fit of Mchaelis-Menten equation wth associated Km
WSSt 0 reported dose-response data. TABLECRUS2007/082024
Regul at ors of vascul ar snooth nuscle cell
proliferation mnediator effect coefficientH |l n |I/nL
Vmax | FN- inhibitor 1.94 8.18 0.5553 |IL-1
were g%%%rg‘h%@(ﬁs ggmorn vtré o@@? ﬁé?% cﬁ;ﬁg gl:fé%déﬁqlt@ét%hdgr@%ethods in
the aftnitilbcoefficienEOwereddetedme@ady Ti@ve fit o MichaelisdMeooted. éxfiation
62 TNF 10 0. 5 5 FIG 42
with g6 el Kbl 8 oS AP TR LA SPGBy oduct | on of
inflanmmatory nediators within the atherogenesis
nodul e. Changes in effecttaBLgepl popul ations of the

r epresent ed cell tvpes drive the prodiuction of each

medilator  Regylatersefivpsgularsmedtivipsgle ¢ell pratiferatign and |
shoyl dediatbe i onsemk: t he pl adlle i g detfer mi ned kased
uporl—10Q_the Qn.‘:lfl ::1I di Q'I‘ icogtiigienh |nf (Ngkpl) popul afians.
Fl Gs s of18y pn i :-'95553 t hat
can |belli-hel P d3endsi s0-H82dy ?

r egy- LT mdesé'm“m%ﬂm cal 9*6! At egr(}ﬁ?oﬁ3 the ¢ -33!%! s
1 orh-tHOR ot i o BIMURIY o iy 0/ 78 ppeli o1 408 ooly HEF107
condeBIRE - bawidRlYr hel el 00 aq 1op 0032, be 06000

| a CTGEB LI Tinhibit ool 0006 , 10.3622

SO P o A T2 S A S O MR 1 B WAL
pole al UllTo arl C 1 Cyl UllTo vV Ul mme. lJyIIClII |3 P | yllal

integration is 15 based upon data reporting

CEld- 4?@)%Xﬁl@és Bh @bﬁ%bf‘ﬁﬁdhﬂéct@?e frrodBeticrt Sfinfldmmatory
each cell . Method for Devel oping a

medigiorpwitein tlvaceémemgene@acﬁn@@ﬂer §ihangea v effeatopge gopulations of

the r%?ﬁé%é@éﬁ R TS G e B TR sad DRt B bR,

proddtftlioﬁah e aé;eahb@hbaldeﬁegubug ofithe platud & détexmindd Ieesdal upon
i poprotein particle class. The net CE and TG fl uxes

the seaifal dibioWON AleapltRoRMANIANS: nkl et 3B ABHSCopramigesexamples of
egupEOTENLSl b AR ROTRTOALREPBNE 1AL SR poces
dynamicdlpéntegratalthe signaksdfrom théeaaquainﬂama&ry& hmdmtb&t asvtheir
concéns’trlation within the cap and shoulder of the plaque change over time, due to
varying cell populations and the regions’ volume. Dynamic signal integration is
based upon data reporting cell-receptor binding kinetics of each mediator to each

cell type.

B. EXAMPLE 2: Method for Developing a Computer Model for

Cholesterol Metabolism Based Particle Number and Lipid Content

The key equations that define the models described herein are those that
calculate the net CE flux and net TG flux for each lipoprotein particle class. The net
CE and TG fluxes can then be used to determine the dynamic changes in lipoprotein
particle composition and particle number that can occur within each size class. An
explanation of the variables used in the equations is shown below:

-51-



WO 2008/ 049125 PCT/ US2007/082024 1. Indices and

Subscripts Index i covers apoB-100 particles (5
w@b@s®eg»3s VLDL-1, VLDL-2, IDL, LDL-L, and LDREBUS2007/082024

(index increases with decreasing particle size) |Index

j covers HDL particles (2 classes): HDL1, HDL2 (i ndex

increases with 5 decreasing particle size) CE

Chol esyer ol ki an‘a%ug%ggéﬁlceri des Variables N :

nunber of particles 1n c 10 SA;: Surface area of
péndexcilaoviers apel<l 00 EHficlea e clgeseE BdHt-¢nVYLDL-2, IDL, LDL-L,

ons L e 508 s T g L), o e

content of particle in class i R : CETP exchange nol ar
I fidex jfdverd ASR. partidles @2 c&’-‘s@b@{;f’ﬂ BN, HDBY finbes iiscreaéds with
for particles of class i catab;: catabolismrate for

5  decrggsfngd Rardslectze) ass i V:: specified vol une for
particles of class i dcE density of CE 20 dTG
d [ ~ nmolar mass of CE -52 WD 2008/ 049125
Pgﬁug%%%}%@z%%r MIG nolar mass of TG A: Scal ar for
hepatic flux fromparticle class i B: Scalar for
paiG:pheglaterfidask from particle class i C  Scal ar for
CETP-nedi ated flux fromparticle class i to particle

Vari lass j 5 WL-WL0: Wi ghting exponent 2. Cal cul ation
arafY€Set  CE flux and net TG fiux based on enzymati c and

r@@ﬁﬁb@ibeﬁbﬁﬁéﬁti@(és&ﬁtdléﬁﬁsi for each particle class An
exanpl e of the flux equations for apoB-1 00 particles
I

are shown bel ow o )
10 SAi: Surface area of particle in class i

CE;: average CE content of particle in class i
CE™ : CE content of newly synthesized particle in class i

TG;: average TG content of particle in class i
Ri: CETP exchange molar ratio for class i

15 C. Scalars
syn;: synthesis rate for particles of class i
catab;: catabolism rate for particles of class i
Vi: specified volume for particles of class i
dce: density of CE

20 dre: density of TG

Mce: molar mass of CE
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Hepatic CE Flux via SR-Bl per particle class i 10
(HZIE)=AZ CE *nZ . *(SA W *CEZ .W2) Peripheral CE

WO-RaoR/044125 SR- B1 per particle class i (PCE) = BZI/ESI0H/082024

nZ . * (SAW * CEZ .W) Z CE Flux fromparticle
class i toj via CETP (F,CE)=CCE *TGA5 *(ni *SAi )W
15 CE Flux fromparticle class i toj via CETP FCE TG

i M Télarrf%s g dfic Hepatl c TG Flux via HL per

particle ass I (HTQ) ATC * ni * (SA. W * TG W8
Peri pheral TG Flux via LPL per particle class i 20

( A Tyaiamiechepatic flux Sam pagicteTdiassv) Z  Net CE Fl ux

per particle class i Ft=CE=-HCE - pCE + Y. F CE

B ol sBbai S tart bR e 1100 OV

Fl ux equations for HDL particles are not provi ded,
b€ex aBsalat foeyCETR-nsédibiealr fluxofrorhhsartic e alassndo paetitlé olass |
the apoB-100 particles. 3. Calculation of renodeling

assification terns for 5 each particle class
bggiewgér W% RN LA const rai nts of each particle
cl ass being defined as constant vol une As depicted in

FI'G 5@, and dliélatioh’bfthett OB B ald nlet TG AOY B¥led’én

flux can be conbined in a vector sumto deternine the
net ef eagymaticanrd necrptoyimediated agtiops fanegach particle class

CRECRBRa R iy BLAALR R 2BBB™M AFBAHEIES drb3hdwn below:

Hepatic CE Flux via SR-B1 per particle class i
(HEY= A% *n *(SA" *CE"*)

Peripheral CE Flux via SR-B1 per particle class i
(PEYy=BE *pn *(SA" *CE"")

CE Flux from particle class i to j via CETP
(F,")=C" *TG,"”” *(n, *S4,)"*°

CE Flux from particle class i to j via CETP

CE
G
(£} )_T

Hepatic TG Flux via HL per particle class i

(H[7) =4/ *n, *(SAiW7 *TGin)
Peripheral TG Flux via LPL per particle class i
(PZ-TG) — AiTG *ni *(SAl-Wg *TGiWIO)
Net CE Flux per particle class i

CE _ _yyCE _ pCE CE
F “=-H*-P¥ Zj F,

net;

Net TG Flux per particle class i
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10 defined by physical size, the conposition of a
particle class is constrained to |ie along an
wo s@spgiiede contour depicted within TG CE spacRCHES207/082024

di agonal Iine whose slope is determ ned by the

relative densities of TG and CE. In the di agram shown,
the vector sumof the two net fluxes |leads to two

disﬁt ird1Ct EJ rc a rpd@l ing term which is along the

i So=tvolurne: co tour& thi s case, |ncreased CE and

decreased. TG 15 a_net rmverrent ht a :
ﬁ: sayatiangdes Hbia?%ﬁ'e?@rr%@ Hrq éuse ﬂ?@{a@rﬁv‘é’“"arto
the egl%tfdd% fo?tHeeébéﬁsl'OfO'pfa?{léIQQ of pa”' cles fromthis
ticle class to a snaller particle class along an

i so-CE contour). FIG 50 depicts only one of 8
possi bBe coﬂalgulaaphmfsre@ﬂodelmg/eoddnctaaalﬁwaumtemm for

Tonf T affaninatieh RS sk h e HulkS Alld e BRSFAMES qf each

differ tl§|'egﬂ§S§Wélﬁ§H@flh‘é§ d@@&héﬂéﬂ@&oﬂjmbhe fl uxes:
Tabl e vector sum FneE FneG reclass CE TG i ndex net,

né6 GREECtad® EYAdPQ iaﬁﬁ_FdGISeéﬂAd'h the net CEflun agd npt TG flux can
+ o + -+
be cointgrlnlgﬂ% g’g_%\’/gg’%% sup1 to dets | so(%Ee et eg"gc% té%%ﬂ%ﬂ%%&hzymatlc

and ré’é&ttb\sﬁr%?dt@&&ﬂéns On-each+patiiclg dhsm Siice each partige class is
down FIG 50 is an exanple of vector sum.index tree,

defingf by &hya'icﬁb$'§%thf9&°”é@qs't@rb9fta podiclerlags i Fonftainedjodie
alongsﬁﬁ)l% \Pd?ur'ﬁb@&t@}ﬂ%le?ﬂt Wik T gEhfpa%egég a¥ i fal @r‘r’énNhose

ndices in ts in a rent set
slopeosnieterrmmled bidite o@ﬁil\r&edemmtlmqohTGmm €e&r Ihhlee ﬁiagram shown,

dt late th f t
the ve @bl SuBiq Ra Ve oL eSleBat s S ORUTE! Rt PfenSddiina term

whicH Ereﬂéng ﬂ@%bt\}&lﬁ}%e%ﬁbuﬁ‘?fﬂ thes ézi‘efé AtrahdNE R é@é}%sed TG
bel ow. i soTG reclassification results from an excess

for a pet meve@ENt pUsighteAngt daven}, avithna reclassification term (in this case,
negative TG flux for a reclassification of particles from this particle class to a smaller

particle class along an iso-CE contour).

FIG. 50 depicts only one of 8 possible configurations of the vector sum of the
net TG and CE fluxes. Table 3 below lists all possible configurations of the vector

sum resulting from different signs and relative magnitudes of the fluxes:

Table 3
vector sum anf FnJ;,G reclass
index net, “ net, " dCE dTG condition direction
0 + + diag up
1 + + diag up
2 + - is0TG up
3 + - isoCE down
4 - + is0TG down
5 - + isoCE up
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net TG flux for the iso-volune constraint. As a

result, the particle is reclassified in 10 snmaller or
WO 2009049123 ass with the sane TG content as the PCT/{jb20a1/082024

particle. isoCE reclassification results from an

excess of net TG flux relative to the net CE flux for

the iso-volune constraint. As a result, the particle

kS Teqrassified in smalter or Largen class, W N Thg.,
sane CE content |as the original partilcle. diag:

ecl agsification results ffom either |botliaget f|l uxdswn
being poeifiun 1R (nnrfin e rnnlneelflnd |n | rmnr

cl ass) or both net fI uxes bei ng negative (parti cI e

r ¢§Ga56 4 %ﬁ@xéﬁﬁ%@* 'é‘&oﬁé@rﬁ%de%&? n\/febﬂi?%légg’ép{sh% r all eight

ternms used in the equations are as
vector aum iaticekiard shawniinld&SabéAr&tilassi fied into a
smal ler particle class 20 reclass7 rate at which

pErabhcdfetse sight wectbasairf inditesnith Tabld arwtsparatduﬁéﬂant set of
CE, recrass nposition of particles up

condifiags Qe B R HEHRIIEIO! Tras ge T BRBREGIO GHEH Bl thes
aynaf i Al RS Rl SRnpacing DEIRLBAR Ff e three

conditionslihat aledine ¢iseleguatipris ama shoevrvbeloar. sum i ndi ces are
shown below in Table 2. TABLE 4 Condition TermisoCE

| $80¥& diregasdificationfre€lits b iSekbEs FITn et @B florirelatives to the
netj nets nets + nets reclass. - - d CE dTG dCE dCE
net Terittxder e Io-y@lume copstraipt.. ds @ resuls ibegiartele isregagsiied in

smlE1G B 81y BB, T R 3 GF D gl 9

down: for reclass down:
iSOCE: reclassification results from an excess of net TG flux relative to the

net CE flux for the iso-volume constraint. As a result, the particle is reclassified in

smaller or larger class with the same CE content as the original particle.

diag: reclassification results from either both net fluxes being positive
(particle reclassified in larger class) or both net fluxes being negative (particle

reclassified in smaller class).

Definitions for the terms used in the equations are as follows:

reclass’®"  rate at which particles are reclassified into a smaller particle

class
reclass;” rate at which particles are reclassified into a larger particle class
CE"™ CE composition of particles upon reclassification
remodel, rate of change of average CE content for a particle class
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dCE V+1 - TG CE. - FeEdCEATE V -V+1 FeEdTG + Fet d,
CEreclass CE | ; for reclass up: for reclass up: TG
WOR00d0EdIXS | -V CE. + dCE V-1 dTG net TG + neECT/TR007/082024

FCE TG nets nets renodel, N, -dCE F dTGO N, 5 4.
Cal cul ation of final renodeling (CE/ particle) and
reclassification (nunber of particles per class) rates
T uﬁgHﬁé e HIPahd cgﬁ&'tiﬁnéfr I ir&efr&‘i’l“fﬂb%@tdr%um indices
provide a final equation that calcul ates the

are shewh &t irchabler?.rat e: dN, = syn, - catab, + reclass_n
+ recl assupl - reclassaown - reclassup dt 10 and a

final equation that cal cTABLE4t he renodeling rate:
-56- WD 2008/ 049125 PCT/US2007/082024 dCE. syn CEs''n

'T@%Ei rec¢l ass down (~r~+-cl as€andgpn recl ass
(CE'rcl ass = CE a a + a1 ai I O I det
dt N, N, [N, EEO anpl e 3: ﬁTpﬁter S| nul at ed 85@3

Li poprotein fi of| Vi|tetjal |-rHat i ents t tedywiY h

HVG.CoA Red Pdilbel t)itiﬁtﬁﬂtﬂéﬁﬂpy A she@ni&i
44K the|CE dpd TG.content dpf edgh pafticle drassie
be 5 conputeg and plotited gt _gach tipe pointydyring a
simulati on to ‘provide real -time’" insight into'thé'

dzﬁ&i reg erence vi rtal ~ e
"Gabrient' s baggl i né..(equil i ki umy,) i popr ot ei ndprofid e
and that exhybited after afypycal HMG CoA Redugt ase
i nhi bition thefapy are|shown™in’ -

chan;g g t?%x’?&f pat’: ﬁﬂﬁé“ﬁpr ofeln pr[p(fEi I @16

for reclass down:
for reclass down:

d v _T_Gi CE. — FnideEdTG(I/i B Vm)
CE i+l d i FCEd + FTGd
reclass G net, TG net, " CE
CE; CE;
for reclass up: for reclass up:
TG. EqideEdTG (VH - Vz)
dCE VH o : CEi + CE TG
dTG Fnezi dTG + Fnezi dCE
FCE FTG
net; B d net;
remodel, N, CE{ dg ] 0
N,
4. Calculation of final remodeling (CE/particle) and

reclassification (number of particles per class) rates
The equations shown in Table 4 can be combined to provide a final equation

that calculates the reclassification rate:

down

dN, d
7’ = syn, —catab, + reclass;”" + reclass)”, — reclass;™"
t

—reclass,”

and a final equation that calculates the remodeling rate:

-56-



10

15

20

25

30

FI GS. 52A-52B and 53A-53B. FIGS. 54A and 54B depi ct
the reference virtual 10 patient's baseline plasm

wo pEBd4gedf i | e and that exhibited after a typiR€I/US2007/082024
HMG- CoA Reductase inhibition therapy. The direct
effect of a typical atorvastatin (HMG CoA reductase
inhibition) therapy on the Reference Virtual Patient

i's reduc@%r,; |§£Eepat{| Cdocﬂgge@tsergé)st orfs,,p G‘% )
n%@&n £, + remodel.

resdjltl ng inV;1) a 15 decrea$e in the nunber ofNapoB 1
OO particles synt hesi zed (see FIG 8A); and 2) an

O o ainle B binrilef Bmuate U PPPERtels ﬁ%g%m;ﬁ:'gfemua.
¢ @E@Feﬂﬁé 'tr%'étéli V\hﬂ? AN GO A FRRILESSe FriiDRtfor? Bhdrapynet

reduction in the total nunber of apoB-100 particles
ciAsaliostri ing-1iGh 113K the &dnancin & eonteotinefeddnaparticledirss ean be

[ I t al | est I | G _.54A).. Th | at
complyep BT PR et BR utibad eifan BBk 85l e
|nS|grﬁ|n§!t6| tﬁé@h@hgé%@‘é(‘«hﬂt@é] patiches hp@ﬂ)rﬁtelﬁ ??@ﬁié ,duﬁﬁ?(éebreatment

LDL-C is al so I%reatl reduced eedback

regimess ph referanse \iRwalsatienss @aselme Wllar@m)fllp@amtem profile and

that eé%ob‘?t%td At & at%lc? BMEG %ﬁ%ggcfggeqﬁﬁlbh%hethegﬁ)g Oa‘?e sh'bWﬁ in

|on|n clenurrb

FIGSt 62A1528 asd83AG3IB. WE(BS SfA@ndMEB depibethe reference virtual
t her apy-i nduced changes to apoB- 100 particle synthesis

patieny Ss*aa&‘r%@@mlasrﬁe lipjgl PrRodler @%t%@sh@'t@é 4o apippicgbi MGGoA
ReduEPé&%hﬁa‘itfbﬁst eFag;fy exanpl e, the sinulated therapy
S

causes a the |ipoprotein TG CE content curve

o bRt Bt il Biepd PRyt Iy [paBRes R ifion)
thera Bh-the Ruféietice \ditasisRstigd a redadtiornh k(eﬁbﬁ&chE@éteEbl stores.

i s behavi or can be explained by a reduc
Two 'BQﬁP?n(ﬂﬁﬁt feedkackleaprs f%%ﬂ@l”ﬁ'é@l“?'éd egaetiane Ir%"é“t'r\}@ﬂrb hl)a

decre%%@ ﬁ“tﬁb ﬁQmI Pﬁ%@@ﬁtdo"éﬁrtlclhg s e%%de(gla‘é g}év\g*)n and 2) an

Sondi tion un era see vector math
mcrerﬁé)ﬁh/ W@Esd?&ﬂ'dliSBQODé[chB’rZOa@anaaduene)Jpregulatlon of LDL-R

(see FH LN ol aomBiatBn & esy Ao bSReRees BaHSRS #9108 Fetom
recucHBfn In OB B eSt Aien 10aA hes Lialng TS disema and o

| ected In the reduced TG particle observed i'n
concqﬁtt@mt reduaticn dolasmadptal cb@lle%rols(EAGBMA)s Enaslralulayon

.t he, basel.ine | of fil

predigiBipArBE LTI plasSabRREL bRt siapdtnd i ERepifbfrtcle

numbér{ fiatide, PEILI-E€N$ als'U?gTebWGedddéd $dal B4 AENNG fé‘édﬁatﬁd response to
patient baseline uil1brium orote|n8r0f| e and

the Smateélﬁhempw&jg@flwﬂlyaafquﬁ §t@|ady+€nt@ecamaaéa diGparticle; hence,
the relé@@ grgt[@ Rﬂaltzﬂ%E?%O?) ﬁ.&@ﬂ%de? rgé@s tg?aq:p?gs%é?‘% as well

(FIG. 54B). The therapy-induced changes to apoB-100 particle synthesis also result
in modified apoB-100 and HDL particle compositions. For example, the simulated
therapy causes a shift of the lipoprotein TG/CE content curve to the right, reflecting
increases in steady-state average CE/particle for the LDL-L, IDL, VLDL-2, and
VLDL-1 particle classes post-treatment (FIGS. 52A-B). This behavior can be
explained by a reduced contribution of newly-synthesized particles, which contain
low CE/particle, to the new equilibrium condition under therapy (see vector math
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FI GS. 54C and 54D depict the type IIb dyslipidemc
virtual patient baseline plasma 10 |ipid profile and
W@ bas/oenks bited after a typi cal HMG CoA Reduct BGEUS2007/082024
i nhibition therapy. The qualitative response of the
Type IIb Dyslipidemc Virtual Patient to sinulated 40
ng/ day atorvastatin therapy is simlar to that
equaﬁ’&%?r \RthePhokd! %w@?%@"s 6q5 Hod@arfiaks ﬁ@Eeé’eﬂtate 24" reduction
vastatin. articles increase In st
in CEdtFatrediated éi'@ﬂl{DEfrpHr ap@Bé OOrrm‘ud:Ies m@ijDbr%ﬂmrtlcleef TthITGEIS

refleclyd g Rt Sk tER Stberiad i P-4 Atesipufaiee therary
(|:|Gg_l-‘53;{5Dl)_53C D). Finally, plasma TO LDL-C, plasma TG
and LDL-TG are markedly reduced as a result of the

S S A AP R s

modetexdi&lr eotfypat! toed ystipldenuis ivetuzd pptiest. nthe typedllctydlipgiemniolvirtual

patieyoaeang U LOAAT] 1RGP RS P 2N o U o s e Pige
HMGO(t@A 'Rébucféfsfet |hﬁlb|tﬁﬁ1”ﬂ%k§mﬂ§reasrﬁﬂﬁrdlnolvlw WAE-5PDS¥Nd 53C-53D.
nodul e. 3. The conputer rnodel of claim2, wherein the

FIGSc§4@|a5\da@@|dgplqt thek typedin @yshp@amlﬁpmrt@§a§ent baseline plasma

ipid G} kRfjpgec %ﬁ%ﬁé% R Gon RER AP Htfion therapy.

t f Dbl
R P T
simulétedM® ARj/Bay Bf%)r(?é’étgllrﬁ"ﬁb?ﬁ & sﬁﬂ%ktd@%‘k‘bﬁse%ﬂ%#ﬁ*\%s a
representatlon of endothelial erosion. 15 6.

Refereorg Midualriatieint on atoranaﬁiazln vinoEei 00 pagices @cma@@dmsé@ady-

state gV Blagl bl VARG Ui e TR BE T MR cBhierRichfys o the rgn

(FIGS\/fBﬂ@ HBL-ohedregbserhibited rRIctisMiMPdud &rticleqFPGSS8SCaD).
epr resentation of apoB-1 00 and apoA-1 particles. 8.

FlnaIIYh@Iagmap'[,@eL h@,ecplagpaCng and L Dlihip @rey matkedly reduced as a
es 20 a representation of
result?éfhtﬁux o %Lé {))VGZ\ vascul ar intima. 9. The
conput er m)del of cl a| m 1, wherein the atherogenesis
nodul e conprises a representation of processing of
chol esterol in a vascular intinma.
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10. The computer nodel of claim9, wherein the
representation of processing of cholesterol in the
WO paosow1edNPri ses a representati on of depositiPeT/082007/082024
chol esterol in 25 extracellular matrix. -59 WD
2008/ 049125 PCT/ US2007/ 082024 11. The conputer nodel
of claim9, wherein the representation of processing
of cholesterol in the intinma conprises uptake of
WHATRSECLANMERPAIS: | cl es by macrophage or foamcells. 12.
The conputer nodel of claim1l1l, wherein the
at herogenesis nodule further 5 conprises a
1 represent at | o o; i pid influx anrd .a representation of
| R MOde] 8T Ao RSSO BRI of ' cl ai m 1.
a)VaedrR)lébté P nRltaSs|Ree ARiiuse;modul e conprises  a
representation of efflux of cholesterol froma
b asAiheiogenesiganodule; amé conput er nodel of claim1,

i n - nesi s nodul e conprises a
C)\pggjrlgé%%%%t%illgzﬂgc{&%:posi tion of cholesterol in the
intima. 10 15. The conputer nodel of claim1, wherein
2. tbeatomgpuigemesiesohtldinh ¢, fother iceaprising @ parievasaul apmisk
f a plaque. 16. The conputer nodel of claim 15,
modulgrer ei n t he representation of the plaque conprises a
representation of a plaque cap and a pl aque shoul der.

3. 1TheAonsiterhioRle| 8f dHIADI M8 erdih ehOeSIRsRBLEIar risk module
conprising: 15 a) a conputer-executable data editor,

compeiapalal reprgsentain ofngjadee suplesscri bing a subject; b) a
conput er - execut abl e i ntegrator, capable of executing a

4. CHTRUALIBIBIAR of ALAFSORFLELATE M ANEARR ddhuie

rat 8 SCri bi sul

comprriges i reptesdntdaticdf ofadlbed 9esset oesiusionbes @lagudie
conput er nodel conprises 20 i) a chol esterol

abolismnodul e; ij) an atherogenesis nodul e;: an
d. .rrﬁ'h% anmtga[,@ogteggf ¢Iap§1, 2@@@@9 trﬁgarbd)uogscular risk moéjule

L Rbr SRR AP BT RS fal BREERL or capabl e of
comp?igggr‘étri%% thgé{set % out FfJaut%s. 25 18. The system of

claim 17, wherein the conputer-executable data editor
6. fdheleamputer owogbbkclaim 2cwbprédindhercarsiovsfscplar aiskneodule

compgggg A r%'ppegse%té/ﬂornt Sahtr8 "J‘p'ie'uqeunet her'ngﬁ)*hage.

7. The computer model of claim 1, wherein the cholesterol metabolism module
comprises a representation of apoB-100 and apoA-| particles.

8. The computer model of claim 1, wherein the atherogenesis module comprises

a representation of influx of cholesterol into a vascular intima.

9. The computer model of claim 1, wherein the atherogenesis module comprises

a representation of processing of cholesterol in a vascular intima.

10.  The computer model of claim 9, wherein the representation of processing of
cholesterol in the intima comprises a representation of deposition of cholesterol in

extracellular matrix.
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WD 2008/ 049125 PCT/ US2007/ 082024 19. The system of
claim 18, wherein the conputer-executable integrator
WO eooBler12s s  capabl e of executing the conput erPEDT81007/082024

with the set of paraneters describing the subject.

20. The systemof claim 17, wherein the

conput er - executabl e data editor further 5 is capable

0 r : :
1. CanSRERAEE A LA B RhERah (R R Saatiay of processing of
cholestazaluiniting intnea compuises uptake! ofvdpai3-1 6@ paitialesaby macrophage or
f protocol. 21. The system of claim 17, wherein the
Oamccgﬁ‘?ruter nodel further conprises a cardiovascul ar

ri sk nmodule. 22. The system of claim 17, wherein the
12. clrakeshngiakr Moidabet ¢iaim M dwhereid the atiekdG&fes®s module further

representation of apoB-1 00 and apoA-1 particles. 23.
compriges gyepeanentationa@fipidr infiyk @ngli srepiesentaben géhridiesflux.

nodul e conprises a representation of influx of

c j I koL i ; ;
13, CTRPRPTS Ao el 1 HERE Y, Bhskih P arboo RN Bmprises
a represgnéstiomt agitafux of cholestesd ifrogn afvasbolae gitenal in a

vascul ar intim. 15 25. A systemconprising: a) a

ptocessor .i ncl udi ng .conput er -r.eadabl e instruction ,
14, CUBPEATIPEEIP0EhAr oIS o HNEIEE 1 BieEgoanqsT o moBUls: comprises
a repfediehtatidnco iR RA oflchofdsietbRinttheahtitphoscl erosis, the

conput er readable instructions conprising: i) a

mat hemati cal representati on of one or nore biol ogical .
15. prloe«coseputepmogeseictlained. whereie g ateseagneasnis aesiuieseemprises
a replXeh Bt % @{Agu@ more  bi ol ogi cal processes

conprises sy esSi s, catabolismor renodeling of

apoB-1 00 particles; 1i) a mathematical representation
16. ofl rr:ertxﬂ)nnqmuttﬂ.\ﬂomsaﬁd\lf\:,lnoi ciginc aE, whe:eérsﬁ&remeserﬁ}a%redf ?n'et plaque

at her ogenesi s, wherein the one or re hio ica 25
ComEpgs eILBERIRIN SO HABHEICER e & pIRE S ey ad 1 1o

the group consisting of influx of cholesterol into an
17. 1 N $yBemRHPSiARBAINY SthefddIQdERI@mMAdidy:n the intim,

and ‘effl ux of cholesterol out of the intim; -61 WD

a)2 a08NAg e BxeTItARIS T 20800 Zapabiei 9f accenting data degcribing a
rgggﬁ%gnt ation of one or nore biological processes
a rated with plaque progressi on, wherein the one of

b)Marédnbtbeekéclitable integrator, capable of executing a computer model of
atherosclerosis with the data to generate a set of outputs describing the result
of the simulation of atherosclerosis, wherein the computer model comprises
i) a cholesterol metabolism module;
i) an atherogenesis module; and
iii) a plaque stability module; and
c) a computer-executable report generator capable of reporting the set of
outputs.

18.  The system of claim 17, wherein the computer-executable data editor further
is capable of accepting a set of parameters describing a virtual patient.
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processes conprises a biological process selected from

the group consisting of dinensions of a cap and
wabealoghaes of the plaque, influx of 5 chol esterPCT/U81007/082024

the intinma, processing of cholesterol within the

intima, and efflux of cholesterol out of the inting;

iv) defining a set of mathematical relationships

19. beheegRidmer craﬁﬁﬁ%s,%meff‘éih(iﬁé c%eﬁ%dg%@r{-%&@éblﬁﬁr% B6Sturther is

assoclated with chol estero ol rsm at herogenesis
capallrdfeixaquiingthegearsgiten matel withadpelsgt abparametersadescribing the
. protocol to the set of mathematical relationships to
SUbJeg nerate a set of outputs; b) a first user termnal,
the first user term nal operable to receive a user

20. | MpEtsysEPROf titirn g 70 M ePéinTRE @oRfiLAdRE RICuUtAIS6 @it baitor further
with one or nore nmathematical representations defined

is CaFIt%P'@ ﬁéa@@ﬁﬁi@ge& virigabiargtecql @@grtheppwteraWW@QJ? infegrator is
ca patglggo‘r? %%Fgél?{@ fh%régrﬁéﬂltteﬁme? &A1 Lé/t'ﬁ'g.{ﬂl @?@gb&?'

provi e set of ou a second
user. -62

21.  The system of claim 17, wherein the computer model further comprises a

cardiovascular risk module.

22. The system of claim 17, wherein the cholesterol metabolism module

comprises a representation of apoB-100 and apoA-| particles.

23. The system of claim 17, wherein the atherogenesis module comprises a

representation of influx of cholesterol into a vascular intima.

24.  The system of claim 17, wherein the atherogenesis module comprises a

representation of processing of cholesterol in a vascular intima.

25. A system comprising:

a) a processor including computer-readable instructions stored thereon that,
upon execution by a processor, cause the processor to simulate
atherosclerosis, the computer readable instructions comprising:

i) a mathematical representation of one or more biological processes
associated with cholesterol metabolism, wherein the one or more
biological processes comprises synthesis, catabolism or remodeling of
apoB-100 particles;

i) a mathematical representation of one or more biological processes
associated with atherogenesis, wherein the one or more biological
processes comprises a biological process selected from the group
consisting of influx of cholesterol into an intima, processing of

cholesterol within the intima, and efflux of cholesterol out of the intima;
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iii) a mathematical representation of one or more biological processes
associated with plague progression, wherein the one of more biological
processes comprises a biological process selected from the group
consisting of dimensions of a cap and shoulder of the plaque, influx of

5 cholesterol into the intima, processing of cholesterol within the intima,
and efflux of cholesterol out of the intima;

iv) defining a set of mathematical relationships between the
representations of biological processes associated with cholesterol
metabolism, atherogenesis and plaque progression;

10 v) applying a virtual protocol to the set of mathematical relationships to
generate a set of outputs;

b) a first user terminal, the first user terminal operable to receive a user input
specifying one or more parameters associated with one or more mathematical
representations defined by the computer readable instructions; and

15 c) a second user terminal, the second user terminal operable to provide the set

of outputs to a second user.
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