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; vwxye3eU. U v6T. P. Process for Discrimnating between

" Biological States based on Hi dden Patterns fro

~zato~ical Data This application clains benef|mmmmm’mmml,”m |

35 U S.C sec. 11.9(e}(1) of the priority of
applications Serial No. 601232,6909, filed Septenbetsoiso

o " S AT e,
and U.S. Prow:st@0alHi0Reh Peatharbin bBtheilidnig Met hod
Al gorithzxl Reveals Disease wih I0. Protermm-srgnal of

Ovarian and Prostate Cancer in Serum" (Serial. Nc~.
to be assigned), fled May, 8, 200l which is hereby
i ncorporated by reference in its entirety. J. Field of

the I nvent iTofs dpickiien €laidhs Behefii PS5 Qﬂs@@@&ﬁ@%@u) of the
process for determ ning a biological state throug

PO BN o B AN 2o o A R o0 S SR o,

5 di"scrrm nator I ol ogl cal "data pa L A
AR R AR A SRR B s 00m, s

ggglﬁgipal sanpl.e froma human; e _g.. serum bl ood,

i KRy siomakAaplisetiop taled 4 pi Pain Methal AlgprighmiR avieels Disease with
cerebrospinal Fluids, sweat, urine; fecal matter,

Peciein, Sipndied Kivatiah avd Pmstesa@iirienjsSernmetfSeriab P d. &b gssigned),
senmert; vaginal fluids) pre-ejaculate, Etc.), ete.
filhd Wl aly 8, 20GU whizhl i§ bereBy HRbIMBELY helohod RO caltirsiat

of tree donor. The biol ogical state can be a

pat holmadordhatnasiuen toxicity state, efficacy of a
drug, prognosis of a disease, etc. Specifically, the

i nvention ¢ P i;cal hods t hat, a) .di scover
hi dden di sﬁﬁg?a@ﬁ?’%%‘feﬁ%&aﬁ FOSEYigt é%te’?‘él.md“.g,a

t.herns. of .protein .expression in.a se sanpl e t hat
BRUREER bt o Rur Bpd e e oD By Ao v o e
gubsets,of t.he 25 Iarggr datg stream said

PEEPRRIREL B BlesiAb ISR REftleRe R biplogicebdefp san bg fioghhealth data,
between two or nore biological states in a |earning ,
§Bpicak daiaioa fomya Biolegival sapplei (2ag.i ohiokigicaisample from a human,
af orenenti oned patterns to classify unknown or test -
SEpiceyn, Weed sgipes plaswa) tippletaspirante synonalcividgreagbeospinal
nmet hod for analysis of a data stream which is derived
fiupdn, avedtysimgdfecal mehatiean| banshijsiasagy, swabigaps @sedle
(e.g., proteins, peptides, 1~-NA, RNA, elc. ) in the
kit z0pd s¢ BdmeE R Wk i8a)(fids, pr@ejﬁ&ﬁ&te,sé}@.?} drenRR kLY ;ﬁia?’z@ﬁ to
the sanplel. 'These patterns are defined as "hidden"

ReEAUSR thhB%IHi& gfagee&r AabAe. Wb '%moéxchasfrgtg [Cémhggggxﬂmlogac

conpl ex data set and a=e not obvious Or ap
A - rent.classificatio stens., The
SRS Bl PRle, FMIcElor FRAR bethRet BhndiRat o of

three or e val yes such that the position of th.e

vectors i %Gﬁ\ﬁg?ﬂ%ﬁg? Brartancapserns applyieal methedsdhytra) discover
beWeen biol ogical states even when individual 10
ifddradlisraipningprydaolictoet dath patteny (e. £ heatiirscof proteit etpression in a
patterns of the invention are novel because they can
berudesanmee thait tlsify thayidogvdl edgeotdn éi3gn) WenNire sb®RLs of the

rel ationship betu eez~ tile individual data points in

drg6r b @ b0GiE ahi ddAl R hadiyinl HARe T ﬁﬁ%@l 18fdi§tﬂn%uish beﬁoéeeﬁ two

identity or relationship betv~een the eculesint

[ [ : n i cal t hod.t T
& SeBTeF A R T i AN el 8 TR phlieton of he
application of tv~o related . heuristic al goz~dlns, a

| eaning algorithman,d a diagnostic al gorithm
whez~eLn, the paranmeters of “she diagnositic al ggjy
arc set by the application of the |earning al gor ﬂwmmmmmmmum
to a.l1l earning set of data such that two or nore

bi ol ogi cal states may be distingui shed. Such *G00002+
bi ol ogi cal states nay be the presence or
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?0 absence of a disease, efficacy or non-e~cac~~ of a

drug, toxicity or non-to>:icity of a dzug, etc,

al t hough the invention is generic, specific

i mpl ement ations for diagnosis of various cancers

(i ncluding; but not limted to carcinomas, nelanonas,

I homas, sarcomas, Dbl astomas, | eukem as, nyel onas,

et TR Uon RS Palterps (o classiy unkproat 8 166 serighass Miteespeeically, the

ovary, prostate, and breast); presence of a pathogen;

anyenip ednegmaragn @hod dirsohlysisdf a dhta sarephpfvBichdderived from a

enbodi nent of the invention is the discovery and use

ofhysirabovitiemipatanalyats dfftedledubds!(@8!, pkdtEing Weh8HEs, PINA, RNA, erc.)

future biological state of an organ or ti'sSue. other ™~
g ief I hve=atd L . pnatian, of

e e A P B8Rt ca

data describing'th ecul ar pas
state with g¢{her non-biologicgal ,or cljnical data 5 i
(e.~, psycﬁ%ﬁ?ezﬁ%teﬁ‘?fe%? fi%fﬁ]eﬁ@)“ Piddgn’dpegayse they are often buried

cl assifjcation describing the health of a p atient.
I‘i"&m@a"ci@ﬁﬂé Rl B FomRpiex| 1 1 FReoHelvéesicoappdrent to the eye or
changes in biological states. particularly the early
cehecturent elesdficdmseystims. Bbepaters éntlf edn bodufmedhs the

medi cal research and clinical 10 community. The prior

arotm bingtiardeStheseanpinese efluafshed that the pRXtibASE the vectors in an n-
di agriostic information fromthe data streans forne

bﬂﬂ%h’i@hﬂadpa@é(ismmEtoﬁ%ﬁ@é@biggjgﬁ@a&%ggeée?m?ile_ individual

These techni ques are genericall ata-n1n|Sg.
T Bl e b B oy e o B o ave
B T S P SR S a2
ket Erioe ReRirns ilufen onamastiei Bediar s RaRsy: any

gg%gcular wei ght using mass spectroscapy or by a
DB RdSS Yrite i9rBtiEEC ol Telatinpshihbetaen divangecules inghabizldpical
gel technique. Rajesh Parelch and eoheagues have

$$ed protein based data m ni ng di agnosi s of
hepat ocel | ul ar cancer using serum or plasma sanpl es
(" ' xJO 2U 994 b6hiRYical rhete@dbio ROt sudh Ut@oéi&aﬂ%th@es comprises the
sanples (~~,~0 0015~62~) and rheumatoid ar dZritis

UpipHgation SR re Rl @S KR S 8O 65 thin of QP&%%I‘} 4838 m ik £8G0nostc
publication, a tu~o dinmensional gel analysSis iIs

¢ S Ah e ; ﬂﬁﬁ%r b SRS - ring t
Pﬁﬁils 6?wfﬁg§vi ua%ﬁgégteiﬁ%ﬁggmgéfgﬁﬁiﬁg% ijﬁ%ﬂf-D

' i fvi t h t el. t hat I t ed
R A R e T
QSH%%ISEHS%Ue-

o ovEa! HaleE mayka distinosm

Li.oti a.and Petricoin (WO 00! 49410)
%ﬁ?- ¥eh Riplogicat drispassde the presence or
di agnost i c_nmet hods using both 2-D gel s and mass
ectesd @opsrasrisrasasy or npe-cEiraty of & dofe, toxitityarand-toxicity of 2
Petricoinis simlar. to Parekll in that it consists
ofrug seantthofig thepevintion it gevoric,pedbE smplefdeatationd Rr diagnosis
identify tunmor markers have al so been 5 perforned

uivagoti\bantesr QRIUENS. buk 88t 18ite Mb Tarcid PR,
Res. . 10, 1393}6?, de%cribes ef?ortgn¥898%%H§?§§&$§A%?phoma%

¥ [ i nglioblastoma o
e e e e ol 9! B3R et g oreans
alvied. 344, 539 report effortg to identify tunor

i%‘f’kjé/? Sv?l‘r%’ai’ma?ag% iaﬂahf‘igéﬂ: B850k &F  arthagsp. by Yorioty are

breast cancer resulting from BRCA 1 and BRCA2

mut ati ons from each other and fr oni common 10

i di opat hi c breast cancer by éata-nining of DI VvTA

m croarray data. Alon et al., 1999, PI\|AS 9G

6745-50, describe the use of DNA
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m croaray techniques to identify clusters of genes

that have coordinated | evels of expression in

conpari sons of colonic tunor sanpl es and nor nal

colonie tissue. These studies did, in tact, identify

genes that were relatively over or under a> nressed 15

| disdjbeedl WRIp-ERMRALED LA IRLIR. LI SFHE ;However, tree

clustering érgoritﬁn1£as not gsﬁﬁﬁégnf%ﬁ% “%BY%WQ@EUSCQf

i HERES '@gp@ i terns of gene . expression other

thallf;fl glg%lﬁ%oer ”rralr%ﬁléegleg%g CHATTOF R‘%"B&t‘%‘-oﬂicﬁl figicof Rpprgan or

qigggt d %Pmargs_indicatots ot her than tunmor markers

h&VE™ beBRGE BROPEMedt aGHedrEntianisshe edthbinton ofddinédstribing

enplo¥ pattern 20 recognition methods to identify

itRRIMAeRIAT peitemp of pittolneickiettate Bithaias Hohbiological or clinical data

rel ati onshi ps between data. sets. The use of pattern

egogwattiatranueRidions b 9idd ashbSNcABNSE d k0,

cat egori es based on correl ated e:?.p?esgkgﬁgﬁﬁﬁé$a%P°fa

vatiegty of different conditions was pioneered by

risen; M, et al., 199S,, PNAS 9%, J 4563-6i5; Brown,.

¥ PS, 20 NAS .97, 26?-67 and . A lter, O,

et aI:'}?'Il 8?"9&&&§ﬁ57fnfﬁ9 Ol-06. Tn general, these 4

t echni ques yﬁe a vector space in which earn vector

cor r esponds ! Fodsie G ishangss ar biokosivel statesDpebticilsnpihe carly
rray_ Each vector is conposed of scalars that

CRtA-Y PR ahrisyases hackisoratental foeus afithe inedichPredSchdind clinical

expression othe gene under a variety of different

comawiitynsTheTiris artf iatludxoemahmlesBr e #s ik € extbact é‘igaﬁcysﬁgs

vectors in a 79 di nension vector 5 space where €ac

difoenati @nfreny the SRANASah9 @l Linh d stage of ...
the yeast |ifecycle and each g?pggﬁg@(%Egg%Fﬁﬁg“ﬂymSOfusgm
SRLPRSPTREsd ki - [N xecogni.ti orj

R 0cmigs R S BEILL o s

al gozitl~s arc used to entify ¢

) ES§ . coselated with each other. . _
ggggﬁéﬁ“ﬁ‘?ﬁ‘ﬁ?%ﬁ%&‘%ﬁ% S e Boritst S RE B drvedy ofjaRAA

XRLES 8] he netric.that.is ernployed an the

Sﬁ&“{eei oh BY ?B{érﬁﬁ%??tb%l 0 A HigaRugifotie by e LA A rahat@ys”) and
[elqngdfﬁprk§ is_a Pearson coefficient or inner .
o £ IFdev sl el Froteiporreseobin sedleetrin disshameanpiet wherein the
Once clustering is established; the significance of

BELRHDE Fifs?l'!étfacii’%ize@teéflfrﬁ tYegolsyulmortight aiys £RBRRC RO or by 2
properties of the Genes of a cluster. The inference is

heraeieRar of hldele tofigend sbirge agh e e RZB G pRRRS (hound

in the same cluster may share one or nore of these

common pr opRejesleBarekB addeolpAkE@ MAvE ﬁé&ggb{)b{b@ein based data-

tech, ~iques of Eisen et al. were applie

minibly Réiglokis O heh S candicr bl NEngLAINOR! 50,08 YRS, G0

mal i gnancy. Al i Zadeh and St audt Degan

: ' t ir I
O, RO R Yo e 0L 58 e B

ne under sone differentiation condition, e.g

U, i ditier Lion g,
resting per? pPReF RSB8P 89144 98%). fnteegepublication, a two

tinujated T cells. 20 The pattern recognition

1o0ahed ey i ispefamede Tae pedy sic carsthitngr easifigg the levels
correlation of their e> pression and defines a pattern
o ndRpdes pi grine hadeietreink & by thedf-Deatfl HEMB Ml B oteins
state. Sanples of diffuse large B-cell |ynpl' Gomas

thbt BEldlevassdeortdepressial i ;?at_, Q0 of ORNA, -
to the sane Dﬁﬁpnicrog;¥%§§gb§§t%%§%ﬁ oéﬁéyg?ﬁ?ﬂ% HEue-
bene clusters. DLBCL were found to have at |east two

di fferent gene expression patterns, each
characteristic of a normal differentiation state. The
prognosis of the 17LBG was found to correlate with

the characteristic differentiation state. '1-hus, the
di agnosti c question posed and answered in Alizadeh and
St audt v, ~as not benign or rnalignaxat but rather

of deterrnining the type or subtype of malignancy by

. -
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6 ciia~ose biological states using conplex data

i nherent to such t?iological states w thout prior

ext ensi ve know eddc c~fth.e relationship of nol ecul es
present in such sanples to each other. Additionally,
gene capression cluster analysis is limted in scope 5

because such. anal ysts. i nc r an_anal ysi s of al
e:~pressedCg@ﬁ@?“??F%§BE€§%@gm%#ﬁaﬂEWHéﬁe@H@“OUQmeﬂpksoiw
eggre sion of such genes is causative or nerely

iRPEUerAsed disgne s reethedsysing baih Rdh colfs anhoses groassddpat

are characteristic of the biological state. The

dlarster,ithy amaipsiy of Biotteasd Retricbince siitat e PaRkE by tHaPR%Ensists of
genes that aye characteristic of the biological state '

afschrehdoegieciftumds earitdhe Bffbkd © iBa
enanating front the 10 assay, thus ng?p?%gqﬁ%%ggggg?skobem1

GRcraash CUREI AT BHAL SN SR BLESE! BD, i 1sos 0o

anal ysi s nmust involve nucler"c

| Lk conpl ex.. and timeconsum ng. Pattern
F%é#}%a ie{:IPoﬁ a1d§8ﬂ"yttﬂwgr T ?;‘bﬁ&“ugﬂa?r@%@en gbnblesiotha
dift%cultﬁgﬁga.se the correlation of gene expression
HaRIGmee Vg@ki k. & abotil] eNewdinadand Je bEfdt 344,608, mport efforts

i nner product type nmetric, and not a sinple Euclidean

de s@eaﬁ%enwmrrm@rkm én distingwisls thetterdditerypformt oAbieasttda8€er
current invention discover~ optinal hidden znol ecui ar
peiErgfomBROBI end BREAD biut@tidnd FGET e £002%n8 2o, cornmon
field, whereby the pattern itself is disezimnatory

hidibpeais treah egh@aby Sh@ifRing TS Atlﬁﬁr&g{a ent, i mention

avol ds all the aforenenti oried probl ens associ ated udth

th | yti (56l i by t i t

and, oras HE S 5 ro 0Tt e e RSBt i R o
A~ | I~ h |y dd tol ecul

AP AR chaPREL B ety s e beaietbalRreardinung tevels of

health data, clinical data, or biological data. =
Crrsgredt Cdd’%i’aé’sﬁﬁilmb%’?‘a’é? fupd sprgles endpenalicslasig Beshe.
fluids, .such as.senrn, blood, salivs, plasma, ztipple
ijé‘ﬁ?er %ﬁ?ﬂg§?£s Yolrcatacplify grues Bt esreosisiively oveupdisyder expressed
sweat, urine, fecal znaiter. tears. bronchial |avage,
ér\‘I\BEBTlWQE cotRpargh éo aepia Heruas Hoseven thexdgsterad g Aportiithsa was not
pre-ejaculate, 7 ere., making routine sanpling easy;
aksipmdghe te' e eXpeails dmpnodticyaabrmenl gend HprAFoh @RS than a
are characteristic of disease states of renote organs.
Nem@r markek typsieege. of specifc tunor markers or the
relati onship of nolecules present in the biol ogica
sanple to gagh leffoSte bd € hred. The
Ml erots AGEsbd %%ag&s n@?ﬁg‘fﬁ’gse%?’e% %Rmor

current invention al so discloses

ORDRL8 bk AN AN ARl YSl S0 SRR TERNOdS of date anal yoi s

i ncor por at € opt | m saticon al oz hTEs F RN HRE!RE pattemn

nol ecul ar tterns are. recogni.zed, and subjected to a
PRpRs R o Toufhrity MDA AGEBd pRrm kPR alrstigselationships
ghscrininates bet ween bi ol ogical states is chosen for

Fevesn dplpspets. ofhetuse obpastemytecagnitampletimds It lassiSurenes ihto

of the Invention The invention conprises the use
oFpgarieitnsdl et careslytedretjredtorantenh gaidth BB ffPerd @bRGtons was
subtle, if net totally hidden; patterns in the

BIPESSALYIEISdn, BEI &iail.N] 99, SRU S5 1125k Bk 919}0924? MBERL &8, 2000,

that are potentially diagnostic in nature,

T 112501 08,58, 508, B TR B0 e

ession are patterns of protei:z e~:prcssion,

partidul arly patterns of |ow nolecular 15 wei ght
proteins (i.e. less than 20,900 Da). Such hi ddeT~

pat _<esis ofprotein e~:pres~ion may be o btd.ined from
only a sub-:,et of t~"he total dafa-stream provided to
1.1ie algorithm sevora]~ subsets, or maY be obtained
froman analysis of the total data stream The pattern
can be def ned as a. vector of tk~r~e or ruore val ues

1. i " L ) o a1 oy



n

10

15

20

10 regressions. Futhernore, statistical nodels tend
not to, be robust with respect io non |linear data.,
The nunber of independent variables a statistica
nodel can successfully enploy is generally ten or
less, with a practical preferred |imt of hue or six

Hoenmaedsark ad, 8t 9l dTBALNGES R vEEGEL AP L AL, GOHBL &5 1ocation
the beénetic a1eaori€I N an evodlc’ut\i otﬁary cgérpﬁ%ttgfai%’ne%%o“am“

) irectly t aptive patfern recognitjon 15
T B ONE RRES it SR PP e Sl el SRRl
set. See U.tgl.e Fatent Application titlEd "heuristic
| SO BRN b0 tor adalive leuels ghexpressian afghe gens: ungiene vadety of different
2001, clairninb priorit,~ of application Serial No.
eomnditions4Japs.fior exandple, 1Brovd, et 20@O)yz@ecters 1od75 dimension vector
di scl osed by Jas inentiozl consists of i,.vo rel ated
hpeed shie aklditédiith cordh@IRes b kien G i 4 ife-
| earr~ing al gorithm The %I ao i oslt ie?!’ 20 lg!ag%dr:él’etoﬁ-&ﬂ? geaSt life
G8ReY AdedhcR¥% roN® 73Rkt 8h, attgtagge{,@a?%g'pgg%{%hg&{g;&gg@

to a leaming {or training)

dat a..set s ata set zormed. from bi ol ogi cal sanpl es )
PRSP I8 ST PR Mo SRS if el tad with
for. the pattern discovexy operation. For instance, the
|R5P ALiFG Braisedic PREATFIPFTRES WacaTelskien of o epecssion, the
seta of individuals -w-.th an establishecJ biopsy
dreigissbriss emplpyrdan Bermagam ngaegnitiordalgoSthmsngf. Hisen ¢ttattand
tunor. This would c~zablc the |earning aiboxithmto ;
imbited wosGtis e Pepayn noalficienidrahmes prbdet el Betric, not a Euclidean
dise.rimnate normal frorz~ cancerous sera sarrapi es.
Idistane: @ztr0 dbsdieMlsterineds BRbNOHeAGEOEGh L & 51‘*&%'011 clusteris

ir_vention begins by 5 10 subjecting a biologica

SRAERnd Pb R n B ey ERUE BR Un o RRYS bGal; foeM sl
anal ys]ins t%nokl)]?%i " a datlg’qstor gﬁﬁ%{dgﬁf@gf@e&o dpster. The
I; ' jmfed to. mass spectral, data of
Pt e e T R er B Rt BP0 BRECo bt gt st
rrj TZNA hybridi zation to an array . of different test
6%%%/%035? 8%% P oBSre @Le[fg‘%slﬁacrolnwmf Pfgpé‘ﬁ’teér streamis
characteriz%gﬁby a | azge nunber (10,000 or nore) of

i nt ensi fi es 'MAPEFFAFEOgRIIOR At bAiguss af Risyn ehalt watd applisd by
the corresponding individual datttrn in data streans

- dHizadehene Rtauaipihesiaggoge of tens of inetignaihe. AlizsdersareiStaudt

of the diagnostic nethod is to calculate a vectoz-, i.
degap by coBstorctiag edctert cah carsspindingio rixene (Ieieenls that
and 20100, nore typically betwsen S and Q08) that is

clhareaodrel tosht eelafvetlbe:] ddtapreisi@pdfthe gdktunder some diferentiation
transformation o.f the data steaminto a vector is

teRndited e.':gé}k?%tﬁ'@geggﬂer'él HBod B@np@fe@?@'gf rmniéodgeg ;timulated T cells.

ernbodi zr _~ertts, straction I's perfo

' = . spegcii'ic intensities o
el alrEbe Pl U M BRD Bl B oifiing 1o Bk omlation
dicagnosti ¢ ntlggfd%é to d tergine in ~?r>aich. if 20
R e e
mgt hemat i cal constructs that are_tl 3e
ifergntrigpmstatel Samples of deffosedian Bscdt lymphomes (PARGIgwere then
"spheres” of fixed size in the vector space. Such data
crakyred by diybriDowtioras hPek sphetane D& rhiefathpNa8Ald o
associ ated di agnosis of each data cluster is
deterinihd @@ devie LRtk LADDBOY dr8 @b idd 00 W hE t\'?VIS %fii;}éfggt gene
data set. if the vector of ibe biological sarsple Ties =
~~ithin a kno~%n cluster. the Sari7ple 15 gitren the
di agnosi s associatedwth t]]gt cluster. If the
sa~-nFl ~ vector rests outsideé of any known cluster a
di agnosi s can be made that the sanpl e does not neet
that classi icatioai criteria or that it is of an
unspecified atypic, i.e., an 10 "atypi cal sanple,
7~1GS."" ~c~r exanple, if a biological sanple taken
rroma patient does not zrleet the classification of a

Y L L
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In one enbodi ment, the |learning algorithmcontains of
to generic pares, vrhich have been devel oped by others
and are well |I~;no~u~n in the field - - a genetic
algorithm (~.H Holland; Adaptation in Natural and
rlizrtificial Systens MT Press 1~4~) arzd a selF

[ adapti paer n. r.ec iti ystem (T
R e b B Pt B ool Gifientsoneteion Theg
Se~~:es in In:forn;alicn Sciences, Sp; roger Verlag,
RemosioHdhe K LBCL suast fosrgtendozietrte Withdhe Spricngatic differentiation
Verla%b Hei del berg 1997 ). CTenetic al gori ~tbrns
S

staganil bes, dddiagabyiive; wstipl gosed ded ansared RsAlifadbiN8Yd Staudt was
vrere information conprised of individual elenents

trivabegian ob enaligaahibtaheer éﬁeﬁﬂﬁlﬂnﬁ% ‘99?%@ & su%wp\éeb'} malignancy

nat ural sel ection. process

'ntgr\/i%ﬁﬁi?{hg gy S‘f &?FeL Sfiafdlidde Ha\géﬁg p%{: %tg%qeé;ggessmn most

| ecul ar expr S|on t are, I'n

alltatl i fferent fTCh1th
gener gtt% Sté )f "b?’ 1ZRPRCY; n%?é%’éﬂte&i’lr %Qodﬁa‘%aﬂtﬁb h@ﬁ"ll
%%%f%%th . or data-mxjing techniques. Previous
i FCCEEHH%B%C Lsrendiediordistinicuishrbetmeeniadetetrifdleid leukemia and
speci fic nol ecul ar products that are indicative of a
@cursiympbacytonicukergia, Golob,eF.RS enal., 1599, Sdience 286 531 ~537.
a.~-~.sciipts ihai as-e elevated or dq ~r CSSed

pat hol 0gi caAcearditigly,dnsan B ¥esn tl{ahﬁatkﬁl‘ﬁﬁlngqﬁcﬁlgfs based on the
identified nolecular products is ternmed per

Bhegirasdr dherlOf aHAG séviRMBloe Yhirdtiafs, PL OY gte{ &han 1,000, of data

di agnostic v..~ithout any fiU- thcr const @

f y n t he
e e L T %aﬁrmw E15/SHFh 25 gencs
S o,normalize the | evel of the
%*%gé*‘éinaé’%r %%L(@{ess‘f’éﬁ%‘“"i%&ﬁtpﬁf%‘f&rcfé fF PoPresesd in melignant
C ﬂ? g tig %Plecular products axe tunxor makers. By
&6 P 2 Ae1ined tYRE compaTed i apEPel SRk i detememngl Phereia pattem of
EP nvent aon, the di agnosvc si~. Wccance of the |evel
Oaﬁygeaamv@ewam charrERsticeofy, normabdléﬁemnnated reell type is used to
transczipt is a function of the levels of the other
élassifyrafmewnimatligmeet vskaconfingaoaht abend bell £QesemBLigloscly
vector. ~ueh products are ternmed hereinafter as
comepebieial di agnostic products. Thps, in prior
im.plenez~tations of data-nsir~,nd tecIIn|~ues t he

| i keness ben«aaseaf&rmeaﬁéealf@%%b@% e tcf%fteﬂn%eegng 1ecal states

and the | earning data set was ba ~e Specl

QE&Hmlaﬁv icaf ditg%l}@r%ﬁngsil e@é Fﬁ.@@é @8 Jérsp Gt ed t Qi d h»epjhgene

speC|f|e di agnostic ar pr

te n1 al gorjt dlscovers a
BT Sl R kP e o FBEksamy oot i e pablgey o
§n~ Efrlqr i.nforn~ation about tlii: identity or
BEATS BHEHhedeonm and ¢riablishes gwinotten & greaneosthmidr tp tlieamalysis
Input that a specified diagnostic nol ecul ar product is
Phaibéelpgivel spde. phdditiondlyy thebamsilziscat bien 1dcHBz4d 18 508Enal
invention is based. in part, on the unexpectedness or

REEHMS O Wi 0S, shdsempley, obasividiocalizdii RNk G %%%Hl%nned to
di agnostic patterns to yield a ?a classii'Xxcati

ebGin bidyiek] 3EMBRsToR{ailiRe & k\g:'ﬂ&mé}léeﬂs N GEAGEE 2

u
carci nonas. nel anonas, | yrrp omas, sarconas, llngset)g%ﬁg

neural '
PSS el bl B USRS B Bieogionslaced g pfiy o
The invention conprises a) creating a data stream
representing the biolo ical data (or conbinations data
streans representing the' bialogical dai~a within
clinical, health, or non-biological data) and
abstraction of that data into characteristic S
vectors; b) the discovery of hidden diagnostic
patterns of nolecular expression (i. e. pattern
dlscovery) and c) detezn1n|ng mhlch blologlcal state

. .. o - o
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an. organ, presez~cc of a patl-logen (e.g., a virus);
toxicity o! one or rxiore drugs, etc. | S The

i nvention may be used foz the diagnosis of any disease
i n which changes in the patterns of e>:pression of
certain nolecules like proteins allowit'to be

d&: idehdse dﬁ%’ﬂ% Qﬁ%l LRG0 %ngl&e%’?aenq ?Srg,? 10 \m%ll—blﬂo {olgé;ay states

|sease t as a enet corrpone

o€ G abnor mal | ssed,. one in ~N uch the
- SOEE GRS endP&B%eﬁe ¢ Sieaclstioahinef moleconppieasnt in such

urhl h the | evel s of nnlecules intl-~e body are
aFFHEE 5964 oBer20 studied by the current invention.
Such di seases include, but are not Iim ted to,

cancers ( cazgidiioresly. gaelcxprenss cluyePaRRRSs it PMilkd in scope
.1 dodgki n's and non-I| ~od~ki W type), sazconas

bbe2at @ 1aE anhiSbis GEHrASrated U8B b
such as gliobl astons, ef~c ﬂgﬁ?oﬁﬂlﬂé 5§3a¢ednm°f

o Ao e Epr U GRE b AREY *3 S5l %%ebf"fé"éupwméhe

carC|raonas of tile
%HE%%‘% action Qﬁy.“’sﬁg%ersqhﬁ&r? ERfgRctGisge obthettielonival state. The
rcinoznas. The preseztt invention is particularly
Picmpeanalysis Aeeschaod grroaiagatefsolelyebpse gendi thanse shi@Eteristic of
which early din osi.s is inportant; but is
tte hirlegitlystate of ineicst, bubeeatisentie e GHIRENGEaRking from the
synptons, and for which the disease zn.ay be expec?

tassgr, tistsaealding fiesopnsles abdatmBdré e tBEHR R 6rel Ecr{?r&prcssxon
serum because of the rr~etabolic activity of

pahelsogbadhvéive %Hﬁeﬂ&%&ﬁaxﬁa@@oneﬁgh%ﬁdg k@a‘i’(nggzlt S?m{”lneé and time-

mal i gnancies are a primary 'focus o

i U RS 59’°“%%r5’°‘9?%ﬂ%p§ & e Sisegpanged ditfut

treamcan b produci bl e
%ﬁ’%‘ﬁgg gé’;ﬁ%lgﬁéﬁ‘ SP FeEnAPySTIan rF@Pg?Xﬂdd@aeampéearﬁﬁaeson
%.results in a hi gh t hrqughput data stream

EPEBIY &4l h PR PRt POt EiEpes Fuclidean fdistance metric.
characterlzgg by 1, OOO or nore rneasurernents that can
be quantifi cqriregt 10| tBgBHOTErp dift curent nbentgantsdol rsegtimal
i@gnltcant fiwes) azd nore 1 ~ preferably one part in

0 ﬁ‘é‘laéP@FﬁTB-'t as MFﬂs‘“@mmlm h@dﬁ]ﬁﬁ\mﬂatﬁlﬂd w]]cfebv the

veneration o f data st:e~-ns. In one erzzbodi xnent of
trateinniveet i dmcvﬂr&nutbhebdmhfﬁﬁbibbglc@f sthtBd. eTOSL ﬂ@rc%*rem invention
proteins or a tides, "tirr~e of. flig" p P P ht nass

@obida alifthPEFREAL or¥8Y: réiReis ad r
stream Mre specifi c)zﬁlrl y? mat ?%@egggﬁl t‘tﬂg gnflg@«%ﬁ thethods

| = TOF)
e AT 7 A0 B ol b bl
: aﬂg"f’k‘?l“e% s oriy %é@vgé’w@%ﬁ%%%%%s%ﬁﬁ%gw?ﬁﬂs

é aﬁ%i ~JO 00/ 49410. |:.n one enbodi nent,

@‘ doga, ghegak ity e blodagicaideta. Hiole Zl,chhdaté Oiay be
blolotrlcal states representing to:;icity, and
dexieed from mppabiobygiend flulds, sieh aammnebloeﬁmmmisma, nipple
data streams may be generated using seria7-~y azan|~e§

gepisares Brese R oMuil SACEbrdspinal A0RIs SIRAE S8 0O ¥ecal matter, tears,
cl assi Fcation. In 14 SONne C|rcureataanes gl

SRzl 1avie MAYabBEn o ehda1A
rv~o di rreﬁr?gleona% g]d%qyacgre;gl %Eg?{égﬁgeer I vggflg‘]o%ﬂg?@géglawm
(?D-P ~,CGE). lror clil:ical pai~hology. u ~e prcfered
patiei~i sarnple for 2ns|ysi% i's
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serum > lowever, biopsy specixxl.ens that are
relatively honbgenous may al so be used. 5 Por certain
di sease states, other fluids can be used, e. g.,
synovial fluid my be used in tree differentia

di agnosis of a.lthritis or urine in the differenti al

di,acnosi: | o~aer.ul oneph..zitis. The particul ar

or B anmufe Ry e Pl SRR h Birer breBin o b mepslar
M-' LDI - TOF anal ysi s depend upon the sur~l ~ace or

Z REEEPF e hara iy istapr eipeass spte afirpopte-erbins. N praeemowledge of
such as G- 18 arcane snfaees are particularly

ceprcint Brgorooagiersent thorciatioostiip obmot@tilesqbRnbithabRogical

~| owever; those skilled in the art will appreciate

t banplub e 6hSPRGEGErGAN chs) ganepatsd cﬁﬁgﬁttiﬂxecn%%%%)so discloses
sanpl e using different swfaees: These spectra can be

CoREMABRALREG éegleﬁé‘u%}: dng %%’ﬁﬁx}? Eﬁ%rrﬁ%e%iﬁ% ﬁ 3?22@ g.r_%] %sés lk.t)a%orporate

anal yzed according to t ;oen

d t . or zxl or i gh, 15 tl uoushput assay ‘

- S ety B uBi Sl e D, e e subected

the i.n~~ention. FurtheTn~ore, biological data as

a2 AFFsY 1S hin Which $he Riperstnabpmahint tsst fisirnidtasibetween biological

clinical, health, or nor.-bzolo~ical data. V~~I-~atev-~r

sétrfeadecharan £ordtho rndgsib by thabiciogiodl saumpla, ccs and

matl-i~;es are to be used, great care nust be

elder ciSsedmbey uNSelavehaén t ha surfaces are u-nij'orin

from 20 one biological s<;.nmplc to the ne~a. T>le data

stre: ~m ca. THY i80edtdfl bEHIBRARLE, e 5

i nher ent hr oxgaziizgﬁ bgﬁg singP§y§¢%§$%ga%g$%ﬁkﬁggmd°and

siehr ahnnekaht . . : ap.ar .bi.trar . )
6B rigen R &Gith Al el ok ’tOL?lW hllélg%(zg ptaﬁg sin Hﬁl et_g%;eé-aag IO§ certain

order. Thus, DNA m ’croarra~~

&S : Xpressi on ~fels of 3,000 or rrlor a o
g@%ﬁ%{%ﬁ}‘ %gc"ﬁg‘gaeldsaﬁ??%% tﬁ“gtaée %%‘F%‘éﬁ”g( ‘ﬂf@ws{lh@ P3laisy e predictive
15, .s le is a biopvy spGCi nen., zeeogn.izistg that
t P 8}03 m%fs“ltﬁelri M FRRATRCYOf dle nentinn gheh ateme af molecular
is arbitrary. Those skilled in the art will appreciate ‘

t R SOk @ Fafgmwiof Brattia cangssieh pertcutarhr mhtatns of low molecular
enbodi nents of the intstrunents, the description of

r ¥ehSrreivian (i o hess dinei 26009 Rd)e Speh didideh @atemhs bh Bro@élh @xpression
stream from a biol ogi cal sanple anal tl7e abstraction

ofay [re adétipedtromamlpaselsanf theoapibearch@dir6¥ded to the
chronmosone to be two separate processes. | However, it

i dlgayipan antethaibsen) o hahd SRaHes Eef, H%ﬁﬁs Mi; thal data

all ow for phe measuring ‘i nstrunment itsel 0 perfornt

t fﬁaﬂbsﬂéﬁﬁﬁfﬂﬂ C{’Jﬁgg bR aya!\écéog o dO8Y, mgrlr}:an%gegtsltugs that the

A A4
contri bution of Ins-ention 10 such a a§

: e, 10. cl ai ire to be constructed as . )
s B Bk P o Brpeniny QB Gr S SHar RS opoRa e biological
of the clained diagnostic method to be perfornmEd on _
TR PETR VR TE AR dielies By It be Hisarimninpaomnyo e mdlatules of
single data streamfroma patient sanple cart be

AT enax by amineldvanibidiogicehmgesialimichgs phateime t(futid clefved, or

the inveniior~. The additional cost of such multiple

apeatiyBy supressedy peptides| phaspRlipads; BReE, RN, $heps

specific to each 15 di agnosis are conputational only.

The Abst r acti@red2Haassry patms hdtHhscHibBRate BelWeed biological states
di agnosti c pxocess ef the invention iIs ;?le

tr r. [ . tion f the data streamjnto
RLrERT R SR B8 oEIRG PR B e rsirprt O G o ednitey physical
normal i zed prior to abstraction by assigning the

overal | peak an g
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?0 arbitrary value of 1.0 and, thus, all other points
fractional values. For e;;anple, in the enbodinent in
whi ch the data streamis generated by TOF Mass

speci Ta, the nost sinple abstraction of TO ~ nass
spectrum consi sts of the selection of a small nunber
obr etinficihAlSis cFIPSBioR)gical Hnﬁ'ge.' TRus, 1 §radf fot frl'\r"ﬁ %mh

recogni ze that nore conpl ex functions of

P&t .S : Lo t e such as,averages over L
POl Bty balEer 08 9{5&&?%?19‘1 hevecy BRI St 2 megns for finding
nCES | 7etvre dat2 potnt5 that are _at predeterm ' oed .
d?%?%‘ﬁeg‘ et Sffe %a%\”'%%ﬂ“é’dtl@@ W b isppminpery patEmtis r@mated. The
functions of the intensity values of the data stream
ciayFelcil Weotpioratessthe parvdssafiodfiedipg chiedptivaf 4806t fe@Rres. A number
er~uivalentl jJ to the sinple abstract illuarated in
t bfefeumidsdl i 0B XASR i | rtywill .
al so appreciate t hgfss%gér{gi&?fgl%%% ?ﬁ%ﬁ?lﬂtﬂp%ﬁ%é%dnw practice the

- NE; ] r e} t aki ng the .
S N A e PSS HeE. TBtechdid bot e nor
function in th resent invention. .A ccordingly, such
LRI B 5 5 A RO e PRV TG iopives thodsulinesa pBtimization
moré%gg exaypl es are witlun the scope of the
i | (FE- Hlgweeer, statittiss] netheGmyve FomPdintieations in that they are
di scoverJ~ is achi eved by nunerous nethods as
de e Jdncas at feashia thein simple, ywedbineem folmwsualcds, mulfivariate linear
preferred enbodi nent, the pa.ttem discovers conprises

aregicagions t Furtiergord, st eaating db1e andi g @b Ofubi Wi, espect 1o non-
| ~hus, in ord~:r to practice ilrs enbodi nent of tﬂe

Thneant@an ThewkMet bNRdRsARLAAR8E s TVSEsASY 8l .
di agnostic | S algoritﬁ%1by enploy|?%éhgﬁﬁgnggﬁ%nsucu“ﬂhny
AN G PeneralROef Y o ] l go, rithrr~ tl~e
B R

L t ter. s, .t nunber of dim-ri.~i~hs and
f‘% e:&gé gte\g&colg Sré r bgsl %Pen ,“1%§§h%.0§9§%§“ér$€n?f*q algoth R R on
tirthed "1~ieuristic Method of Classjfication," (fiiinc
b opgiat e Sl meBpd, Sl ip 6 rgptivy peerh recognition
%g ILgatiqn Serial |~o. 6U 212,04, filed June 1J,

8@3 76 SHficisrw SR draRtmal fanre het | Ber WiSh§atent Application
algoritlirn can be inplenented by combining two
ditfederéavrisiy péathest opClebsifitajionyAfiliapHate 2amerlioc 2001, claiming
soft~, "are, which have Peen devel oped by others and
i of appitvetinn SeritlNo f60e 10,404 p5186 Tekd £9,200007.1 t hm
{J.1~ 1-i olland, Adapturio~~ ifz Nat~rral and
Arai ficial  Oye el dibiiseBny s 19820t Bisidd of twp related
prUC, eSSeS a set of |ogical cl~crnosomes~ to i der

afendpti¢ ﬂl@bnh@x@,%%%@ﬂowa{]gﬁﬁ% ngla%tle oug}t%res!ggré he The diagnostic

abstraction o~tne data steéam an ada )
{ Zi: ti.ern recognitio tem (see,. . T. : i
A g Pak el 1Y SR o B edtne 2RH R top jeamgne (or

eri.es, in . (izformatjotz Scienee.s, Springer Verlag,
%‘&g}fﬂg} ?‘Zgﬁ 5%9 ﬁﬁﬁe-}eaxglag.d@p sehisRraztagt sened| Imbinlogical samples
Springer Verlag, Heidel berg 1997 ), available from
fpowhichyibe Bigfogical state obnieseshbsairovid Zd/fdp,the pdtieeh discovery
identifies a set of data clusters based on any set of

\petation. gemrénsttedt, the learhipgidalseERbPBBSPHBe data taken from the sera
Specifically, the adaptive pattern recognition

P it HRIIR AIFBEHTRT € 1) : cLars thh% rest irz
honbgeneous dat a cﬁgﬁgdp%&?pg%%m\é{%%?érdsbe?% tm%jgﬁﬂcgﬁ
vectors of the |earning set having only one
classification type. 10 The genetic al gorithm
essentially deterrn,ines flue data poets whicm are
used to cal cul ate the characteristic vector. However,
in keeping with th.e nonenclature of "dr.e tt, the
list of the specioc points to b~ selected is terned a
| ogi cal chronbsozne. The | ogical cluoznosorne contains
as many "gen.es~' as there ate dinmensions of the

. . o a1 a
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data streanms was used, each sanple da u~ str~earn

conta.i nm about 15,000 data points. 10 The genetic
algorithnms were initialized with about 1, SO0 randomy
chosen | ogi cal chronosones. ?.s the al gozithm

pr{;%ressed, the nore fit | ogical ehranpsones are

dupgl gnattddmandThihevdigs sndtld tha € rhik Ml Ak here S ..
reconbi nati on betvxl een | ogi cal c}ﬁlr%orr%?ggﬁeg‘ggﬁ%—d Slgfature paticm

ot ot thigh B1d @REHTSLAY nb ey FARdEMLLERL cec] et of

an el enent of a logical chrombsone. 3 SR permpes.
essential .f ure.of. the jnveption that the |~ _
initially séﬁg%f é%bggﬁ)e@gtt*‘%we 9| 3569161E te Mreorvevien begins by
r=dorn. Certain prescreening of the total sot of Qata
siuﬁ’i‘gc#é’vtcag"-‘P%éfﬁapfaﬁnwlﬁé%é troyahpietplibisivilmg chéruical analysis to
hi.ghest variability may be useful, although such

t YERTA datesireama. Sueh due starmtiucladarbut Bre, ot Ligiies %, mass spectral
Lép.éu.tgl ~| G-".-,tl Ola bias. The best fitted pattern

t fpaa of prviteing Soundiis tipy ©RESS of 5 1HE Bffert @kﬁﬁm LEAkE, .

bet ween bi ol ogi cal states and deter rrs?%’e t he éggﬁ?&égzmnmaﬂ
cireessoff di€fateno tast gy Rucl¥eFatd iz ~eco~c~ilio N
Process 'and Fi t%ggs Score Genegli{as Lﬁlgﬁa%ﬁgre?xf‘r‘%&&%dmzed by

SEREE: f i«cal chronpsornes that are :
gener aﬂﬂsﬁg *0 %got&g%éc{r?)gofgﬂg‘ O?F?%YV Cgi‘%e ERCRGRdApagvay that allow

T; l.ation of. .the fitness scorn requires an

o%t? Ithrcrea O%és’t.’ © an%g}dw Pﬂéﬁ%\nglrb@t@m differenttshmples to be
i.ven.| pgical cl~.ronosone. Data clusters are sinply
giﬂ%n%cfcﬁ_, nes in the vector space in v~l~. ch the 19g
characteristic. -vecRors o f ~ hc tTi'i)T7; T7~ data

set. rest. Thefrgistphddhodiagenae atding & hkecDONLE hakior, j e, an
setd“‘?v}‘:1 J~ to clusters is not critical to the invention ’
sderadl skt &2 moalbindabadbbeleon2 add O TIO VS e 1

nmethod is used to generate the data (:'hus'rgr}y}gti‘éragJ ;%re{%eeensand
208p thas icansidtaisned e dhesdak] ovsei L88s ofi) g8ach
data cluster should be located at ?r%ggogﬁr#taﬁg? 8@# dpfggteam
datocs PRAHiS 16HRY L Grablib itk Nt data chuster. (ii) no .
two data clusters nay C;{J/Igrlr}gtﬁll;?e %%gen?iefﬂilbf Wﬁé‘tsdgl?%)ﬁgﬁlws

i e the ,noxrr~alized _vector space is f
FertSant BL Ve Ston & 4 DAl M b Yo P Eaia® Fiokisngom the et trears

above, to |l oy the |eazxnpg al porithzn, the routine
pxactiti ongfrJ{]?err'fjéséfJ r’%]gté‘p ﬁﬁ%ﬁ?ﬁ%@tl%&cﬁma togdftermésiediptwhich, if
t\/\? cia[%arlf‘]lne.t rs, the nunber of I O dinensions and the
datra =t FUSTR IS SLET TeRss nD A chifisreprs noaihenbajcebatsuisitithat are
routipe e;:perinmentation. Aithougl-~ there is no.

élb"s%‘iu : ‘%mSESIPEESIeFJéWemm;pF pen-dviertupping “dphee s N U daesi 20 the
di mensions in the vector, the learning algori.tl~rr~

veler spacah Sneln ity chisedrs smtmewmmﬁge@ﬁhe%sﬁemiw&%oh Ind
each inpl~rnentatior.~. If the nunber” of dinensions 1s

bgoclaol dizgiodes 6fi ca€h AhtalchRtes ilddi8inihsy b PR1ALSE, Lfhe |
| eaning alaorithrra fails io geﬁgg?gdgn%ell%éﬁgglahﬁlmm from

CHeteARTOGS: {ha L si-fy.all sarrrples into
honpbgeneous %:eFutsfttg%fag%Mnﬁg%%?;%?%éwp%eﬁmfﬂ@ #sRewn

=l i.0] ' an -be.tc~o.large. Under this
Blosizr, Bt SARbRYR e (e diegodin st el et atuster mdfighe sample
l,obi cal _ chrorr :Igi)sorres that have the maxi mum possible f
{ PR SRV Aok 3y Ynoavnglviiers Gemwsisgaade raecie aha itegdaynple
There is only aborhive selection. Sirnilarly, when the
Sppe Bfnecarat dasuficitimstetiaid o thadt Brofah vhspded8 atypia, ie., an
nt, nber of ;~0 elustexs will be found to approach’the
nunnber of sanples in the training data set and,
again, the rolLtine practitigner y 11 fnd that 4 |arge
nunber of | ogical cl - ~ronosdfes wil | yield the
ma. Yi mum fitness. Those skilled in the art understand
that a-~a.ining data set can nearly ahn~5~s be
assi gned i nto honbgeneous data clu.st.exs. 'l"has, the
val ue of the diagnostic 20 al ~,~ri tlzm gerserated
by a learnir;g ~J,~erith.: mnust be tested by its

a o o . o 1 . o,
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These spilled in the_ art v~.~11 f~a~her rccodrni~ a

that the data stream znay be converted into

| ~garithn2ic forn~. ifthe distribution ofvalues,vithin

the data ssearn is |og normal and not norcn~lly

di stributed. Once the eptimal set o.f daia clusters
f.ar8.11091 63 embsone has.been denerated, ~e "
fif}egé“ggﬁg%}gg% ?ﬁgtq%WPgiﬁe%§8ﬁ%"@§ ¢ laker ot g gatisnt
For the present i.nvention, the fitness score_ of o
= R BRGEREl TGRS Qo e BB edor heeeisdraseperoft il be
vectq;s of the training data set that rest in clusters

t At Red 2 worpgemestson-nprma or of bustspesifich atypioritaaipical sample,
the characteristic vectoxs fromsa -~tples havinc a

SNO§’e di agnosis. More precisely, the ftness score is

cal cul ated by assigning to each cluster 10 a

homogenei t Y THE latnin¥BidoitdaniiBSes 4 O | @b bR B St
for hompgeneous cl usters to 0.5 for ¢ ﬁg{gg‘rogl\tnﬁg’f‘ Bethematical

' , mers . of i<k ant and beruen saml.e ]

o T R P BB el BRP RIS F Rimensions

v, fitness ore of. the data clusters. Thus, a
VB eyt ISP BT o bR SRSt TYeryr Bevetiar space is 2
hiasz%ggﬁrds | ogi cal ch, ~ornosozncs that venerate nore
PP REHSY &Y SPAFE THehithiias vangsion o intensitidsio xabsdimession is
15 that have equal nunbers of errors in assignii-lg
tyresthat aThys, the sian ofitho ssteEcan batxuenet asd minitinen patent
~clusterv "ih have a | ower avexage ho.nobgene:i~ score
~gmilansy ambreg hervetfotnestins edthd, the clusicef erred
tectu-uque for generating for genera.tirag data

clusters i STHISAOGbEERAL ihOlaM ZA1G e o b
as devel oped by Kohonen. (K, Oehonen, ET,YCE%S(R)H@“% Jf{t{’blg c%menu

Soatts= Otk k Be TR 1 o paR oy MR Ers YES .Lx%%dﬁﬁk‘%'ﬁi?ﬁ%%ﬁgd -a

'1'997§. This type of technique i s variously

"o I el " ): O " Adapt, ve Feature
Wi RO BRI B Rolland eitdpudisBn on IRl Bl Qe T
A Sui tabl e. vendors and. products

Li il able.
%{% slu g%, .'.i %1?1’%'8 &gli?'o%"fn(;%ﬂ% a%q,t;a/ﬁrgam regoEaRipg sustem (T. Kohonen,

(&rLeeabel t, ), and p~daptive Fu:~--.y Feature Map
'(%f 5@%@&‘&?@ ﬁl&@ﬁsgqcilq{g'e Fpoyy, Sfisaey in Infarmation Sqwehses, Springer

cant 22 advar~.tages i:~ that it is a) it is a

NOREES, 1954;: Kaehongn Aty 8 Fipreansting dikps | Siringk ¥ erlag, Heidaledrg 1997
o~ independent ~r;siables is virtually unlimted: and

o) Ceonpigragpritoms piganizeend anakyar corplek dag stweb ifthepesse

tho L.Cl "~ has the advantage of being adaptive. It can
defevtativoveppatd ef individual Benttatsahtchn BafMaabidE & ouph o
rare patterns. This is particularly inportant 5 in ~

Cdoagpiter @lenan@alseRic8bRYtdRks states, vis, nmutations
to viruses. E. Description and verification of

Specific L I : val.Q t.. of: pi_agnost i
Por Prost at oo rashptentiRy BB oliada 4RI bacerms of

I r~.ng_al gorAthrn,. th rrent ipnyentiqQn was . |
SR Bleaiteh SR oS im i o8 Hiecterhes oY gastiv s Gunbierively
@%&?SELDI -TOP mass 10 spectra' (Ni S§) of 5~ patient

T Sompihase zengraiedihy AYobHMb eyl ericaighensed lparnisial azithms or
cancer_and prostatic senur~. antigen {PSA) levels
faderminingieehnidques n Bravidusdmpl@remaiiom lo§ ddtavhinip RS identified
| evel s below 1 ng/wi. The M5 data was abstracted by
sepleeific moleoflar pradl&s thad hreAndiRb &Y oAl | 18T chRHD 2, ,?@‘ze, ns or
282, 3080, 419, 539 and 13,220 Da). Tle sp ecif%
nmol ecul ar wei ghts are not a critical paranmeter of the
invention and may |' " ; varyinE depending on tl-le
absorptive surface. r'~ caustt7 znap that assigned
each vector in the trainer j data~sPt to w
hon~oger eous data cluster was generated. The cluster
map contai ned 34 clus;tezs; 17 ber~agn a~zd 17
mal i g~~t. The di agnhostic algorithmyv, ~as tested using
231 sanples that were ef:cluded fromt~'~e training

I T . . o o o r T
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cluster; ?) 6 normal, all map to healthy clusters; 3)

39 with beni~ hypertrophy (~PPl~ or prostatitis and

PSA < 4 nghnl, | nmap to di seased data clusters, non a

to 23 heal thy data ciuste,s and 32 to no data

cl ustevgp; 41 1 ~ v~,~fh BFH or prostatitis and r' SA >4
ancknQirtptn giarbre & A@Port dkpedss@bis e 3 B85S Ot Jons
heal t hy data clusters anélJ 9S to?ng%z&ag?caa@%%&efsf %}1&1%16 level

V.of e B 94 R{o%h?&i b 819 domla pﬁr?sclaﬁ%@%g{ifg lbv’ﬁp%\sg%%dwe] of

to di seased data clusters none to"heal

d l.ust.er,, A si> th set of data 5 was devel oped by

¢ B RN SRSl ViudRar dutlshyoaiitsiien tabmicvel of my other
patients haying. biopsy proven carcinoma and PSA % 10
ngrlftilargodugp &@éé.mége hthet theh gerhaps enammaizival molecular product
sanpl es was assigned to a diseased data set. |lowever,

niré 19Rseda0 sanphlezetthk taveCofthe kol piddueg! Yne@xathple of such
time ;~rher~ the PSA. levels had fallen to bel ow I

N@ente divgdostit inglle AR S ﬁﬂ&@t@a&%ﬁ@mgﬁ%g_ set. 'These

results are suanmariZed in Table | . ~Jhen

eval uating t t. f oregoing test, it . .
shoul d be relcﬁ:]%‘i%rﬁg%tt g% qa%]edr%% ea“(glgsbs@gﬁ‘?rgm@éi’éﬁl? SyRRtion, the
I n:.patient:s_.kavi n ~A of. 4-10 ng/rr~l and beriieti

o ok AT DB P 570 il e il oy i or
betlueen.18/ and ~r7%of the patients v~~th elevated

| TERSCTRL#S HETEHeR gEThe sy Rl e other alsmsnts that apowst 36 editulate the
Wi th 1:'ilaehi hl )é accurate assay that correcthv predicts

t REDBleessiEe Syeh pradarnenatern$l Bhtingfterats epngz@sedibnostic
interest is the fact that the diagnostic algorath~n is

abrasducts. cltassin mios igplefrienaiions 6b@kth-ainiak 1ddARi AR EBkeness
in 3), 4) and S) to a noncaztcerous, non-nornal

categenyhaeppidie: shaaplafintkat andusd LRGN ) _
present ed during traipni ng. Indeed, the %’g%)dtr g atas}g‘%fd on the

s gpaiRed RRLPinER LS tRIHasR giﬁ@waﬂlp‘i‘@g&ﬁﬁa‘%c‘! {Mnd Qp(;cl c&é? egl & agnostic

substantial nunber wi th. occnlt carcinoma carfi

abIesANAL R PRVIORE o ] [ t1S. .S | es shou] d pot

be ancl uggd in ?ﬁg\ater al fﬁzit?]%ﬁﬁg%téqn_. gea].ggrﬁwg ﬁ%”‘&ﬁiﬂ)‘ﬁ‘éﬂ@wers

P ~ YPE UDY.ScT .t JC at JCER (. Oi

PO CTR L LA PRSP SN B BN Ao ¢ipysiagabons the

-0Ohal-m U a24 .. ~ 22 920 0 (Oo-ol ~ t8i. )Control

hf%%&‘@s‘lré C%“ﬁé?%’%%f @6.%5”@ PEBE) fe-( YBDOY PEPT Bpsithat a specified

prdovenErPtI rPrc~t2tltls (..t PS397 18.0jo0 (O ol 32 e2 (
lagnostic molecular product is indicative of a particular classification.

The present invention js based, in part, on the unexpectedness or non-
obvious discovery of finding hidden contextual diagnostic patterns to yield a
classification, e.g., the diagnosis of malignancy in cancers such as carcinomas.

melanomas, lymphomas, sarcomas, blastomas, leukemias, myelomas, and neuvral

tumors.
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AK -On glm W~r0.cfaittlSb ~p. np~ F~j O

PS. 13942(30. bj 2 (15v) 0", ~~- (ggw L~I opsV

provenBPH Fratatitls (PS i189(47,0)0(0e)1002 bj~ 1Q
ngl sr(?. Bi opsy pro:~en canter PRE-SUpGRY ~ (PSp>
~Uncy' rrt D77 (100gJ)0 (05a)0 (0,~)c,d Biopsy proven
cahder PeST8WREERY:idsBSt e nvedtiok N~ 1 ?2~1) ~U (U ~JU
(~% ,0j7 (100?" oi ~rnal esubJectsEntered In screening

man ent rancetgg idvehlidh comprils ?g%gﬁt?‘llggg'&:@ strsarm Teppeseating the

a.”™.,vnptonRilc, ~1opsU condu
G 1l e, I | wrectal er.arn. |nclude 6 patients
v Dol ot e A it o8 et sPring Fie tpaopseal dete wits

4-1D.ngf.m , . b.:0-3S50 occutl c~n~r expected o
Pa%lfné?lz?’-q?ﬂp&oé&m&]ﬁ%@faéﬁﬁlt AnG absiractign ofikhat data into characteristic
pcsl suraqenitoll ov~up 2. J?et' el opnoent of a
bIRGFHS Y T ey enyaf Hader dizgnosic fkemsati avteatta ekpledon (i ¢.
met hods were enpl oyed to genez-ate a diagnostic

al ppdter finecrvery)oamtt ¢)adelermiriod whith bi]aiBal wehd\er iSEkDT sudh 2 pattern
OF hl'S anal ysis of patieni serum A training set of

106 realepllesept &Sion S etefedtsC ahst hstgr rnap.

Tne |1°~S dat&gtwas aggt ract ed gglmgtglﬂ%cotq ilﬁélﬁgegcfm%%clmg %, but are

MohRGhthiedd 19ehBRlSs, pORides HBA 3etcl tld ?2.S .
ey e ar hg‘gﬁlcgﬁms’% ST et 88 el dleal sgmftes comprise,

Cl . I l.usters was const z-u. cted.

O TR B 0RO, B R B a S e svgovial s,
pr ria<st 10 cancer, ~0 were assi tined to

di %\é%%%\{%étﬂ%‘dér Py iney %‘éﬁ) DA fears. forenshiah kyags, weiabbings,
of tgg’ﬁ 50. azl_g saml es zrorn normals, 44 were assigned

t o e TRy} Seetivedre Tuds Pirgigviftalese positi ves.

. Lt was observed that for each of the selected

nol ecul ar wefgfhbiglogiqabstptanglintsicsy alay s aghtHohariheéalhdys, toxicity
and di seased data clusters overl apped, |ndeed, for ~.

o gyl e dmmamregnosis ofie diseashestaganga dieesd Biblogical state of
di seased enconpassed tl Ze range for -the healthy dat a

c| strews prevdutatdfenaltiheen (e, diiag)askichy BabiEs o R N, ¢rc.
detected were not caused by tunor markers, but rather”

byTleanyenticnahaytbd Bgd getthe di@gxﬂwﬁn% g i Agnast :ih%nges in the
al gorithmwas tested using a fi.~rther 106 sanpl es;
patterns of expression of certain molecules like proteins allow it to be distinguished
from a non-diseased state. Thus, any disease that has a genetic component in which
the genetic abnormality is expressed, one in which the expression of drug toxicity is
observed, or one in which the levels of molecules in the body are affected may be
studied by the current invention. Such diseases include, but are not limited to, cancers
(carcinomas, melanomas, lymphomas (both Hodgkin’s and non-Hodgkin’s type),
< v Vs

sarcomas, blastomnas, leukemias, myelomas, and neural tumors, such as glioblastoma,

etc.), Alzheimer's disease, arthritis, glomeruulonephritis, auto-immune diseases, ezc.

13
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whi ch were divided into th:ee clinical, pathol ogica
groups. The groups and the 10 algorithmresults were
as follows: 1) 50 sanples Irorrz patients with no

di sease, 47 15 were assigned to healthy data clusters
aﬁg 3 to disease data clusters; 2) 32 patients with
o=ABFREN O& arsieenas 18tladedul e, nok JisdteAno, kardnarhd ofafe
W uch were assigned to diseased data clusters; and 3
Ikidopptliventad Wddh eRihBRikAE&ERGARs St age x, al | of
whi ch mapped to diseased data clusters. These results
are summari zgd

. I : l e 2
Cohoz~1t" Predi cﬂtJ 54’53 é?%a, F%tfoén d, EE) %ﬁ?ﬁ%@%&ﬁ&@kﬁ@éﬁ%wﬂﬁs of

MedEhC £.0034794% D seaseBi opsy _

B s PO B irh B AE B s apyitant it s teviiioplbydifficals
Fg‘oven18f1 SO0100%varian CancerSta a | 3. Scasitivity

£ 67 =B Py Se e cort saspomssad fof whinhdbe diseyseahos Bilexpected to
serg éggé{gromtg]e control cohort arid 50 sera fromthe
dirg@nsedilisranses thankdchierectableinahe SminditcE@RE L SHYAY i activ
set of 300 speci nens was 26 szl ected for 'SELDIL-%@—MCBCUWW
raf ths pathpkef cdkishR--ThRBahY Shdy &Sk trailing.

of . the bioir..formatics rnhe"?%odgn%ﬂ%g@ﬁéh? 1A R APrmary
Ifetenss thi @S¢ @;&,@ihpgﬁlggndent. nol ecul ar wei ght regions

of 531, 989, ? 111, 72251, and L465 ~a di scovered from

a starting . 1.5, 0005 patterxa pernutations

correctly sggtf: gg]tta’tcgldm GaP ?ﬁ%ﬁ%‘ﬁf?{lﬁfn RBOB F&rdeasrikedrictw.

5 s xnples d 94% of the controls (47/50) in the

trainifig setTeaer shtheRstasitseason~i . ¢ pattern,

chal l enged with 100 SELDI - TOF data streans frorr~

di agnosi s- bl Phded stasmsands aapteproancide phasied] yr BréafcAtanalysis

t@g@pggiggég of ovarian cancer ire all 50 cancer

Spées e seaphatatventliiinn HiglerhiQQhbaNiar O, t §

%arrpl es (50/50, 95% confidence int ezvgl 93% t ~0 18%23@13" the
bits throudhpdedate Becganis tkadimedivhi 1C600 Hmofe :

stage 1 | 0 cancers (9596confdeﬁée’intel-vgfhggaéggnmthmca‘

DOQuA i {oeatTBdsht @A iROEINSGI\HELS YL QS blinded

cancer-free sanpl es (ﬁ/ 50, 950%}%0#1 giﬁ%%thfl“e%’tr%%),apgfmm

P £01,9836 pRY &I L e chi - sduared t est) _
These rygsullgs sugjﬁ%?({?j%%e ﬁ?ﬁtg < PYS PRIEC AP &of the Beneration of

Q&idl & aeht .. 1 C ttezns .in sera refl ect )
change. ?WF n @?Eggr%%g?o 54 38/Ia %‘F IRYSBEER WhieR s ymaleculss ghimterest are
I stant, site. eover, such patterns nmay be .

eoﬁgiln? io\%/ e}?qhd Prdto? g? ]g U BPISPPIYT e Ietcinsi el be used to generate
chang&sg SL]PICG' th%v correctly classii:led all 1 & .
§6PY - OV GENSPEBICABY TBEE e2shistrddricadegap @@ ionization time of
iﬁgﬁi mens. 4. Spec3f~cit3~, prediction az~d

¢ (MAPhd QRdrmost surfree Frivsentasafddsarpoish 82 BRACEK of fi ght
and Eeni Sa | Prostate H~-pertroph~.~ 20 Initially, the

(RFZr T OR) spe@ntstopynmunde ebed WRA0RE rfQlefi10d Rt
of pxoteins that could discrimnate the sera from

i peptidieOPSye PERYAR, W@@@/@bﬁmagﬁ%&r{g é g;&[@ﬂﬁ[%ﬁ‘;’na}, be

fi-omasynptor, ~ati c¢ aged- mat
caipi oy ~1.~ C rised.of 56 sera, ~ 1 ftorn
iéisfte ég?%’?%a‘%%‘%gﬁ%%%“ﬁ 9 Piofodisay FEIESgrRAFEmtiBR3eKials and detection
ancer (FSA %9 r~g/nal, avg) 14.% nglnl), and 25
%‘é§§%¥%ﬁe RGOSR et Biears Mot atreraahesiy
|JSA <1 ng/m, avg, 0,3 nglnal). The 56 s~;ra were .
H& Vfé@l’ﬁfmﬂm OFEL R UL SHIFE) hgepacxpressidn ShaoMU8EY In
anal ysis found a sigraaturc. patters! of tlli conbi ned
norrr~alized intensities of 7 proteinpeal;s (out of
| 5; 000 possib)e pernmutations) at the specific
mol ecul ar v, ~ei ghts of 2092, 14367, 2552, 3050, a8109.
5439, and 18220 Da that could distinguish all S6
sanpl es analyzed in tJle prostate sera training set.
lifter training,. the optinal.proteomc patters ~R-as
tested with ?27 blinded sera sanples. The blinded
study set contained a) 24 sera from asyrnptomatic nez~

o B Y

5>am:reas,

n .
%Eliel’Pr otelns
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p<0. 00000. 1 conpared to patients with BPI-1),
including 1?/1 S containinc PSA val ues 1~ of 4-10
ng/ zxal . Inportantly 70% oa the patierlis (137J1 >7)
v:iith biopsy pzovc;n BPY ~~%re classified as

| 7el onQ ng to a uni que (non-normal, non-cancerl

phreB eiryRAst sy dk¥eedansBa 56d g aumfa@@cﬁustiﬁle? @@e%‘%ﬁﬂc%% Bwo-

cc, hoz~t was categorized as a x! orrral phenoi 5pe
éﬁﬁ?ﬁ%@%ﬁoﬁ 3ty B e R B S R R e el o

heal t hy. pat I assified correctly, conpared

to 20 22l 2Jl %élf‘@é\fiaém?%s‘w&{e&?éPété%éﬂmwéer 310581 7:9EBR

)_ In addition., a statistically sienificax!t trend

&y ddowavarhbiopel speriomsR it bretelstiedy hoimogemasimay HST be used.
| evels (normal, BPIF ~x~ith increasing PSA) a.nd

Foccetsi diyemieatats, buat flois ofn seused] ¢ gy spfovil] TRAG Braly el used in
.4 10'i). Tlae optim sed prostate siyatures reversed

fHealerctiaCARBRILSE £Oirils BORGANG AR OUSTL i) Bk 80L ORI )
phenotype in a blinded set oz rrlatched sera ?rom

Eﬁ,ﬁﬁé}ﬁ s }ﬁ%lc who underwent curative prostate.

esect] on % of 7 subjects (1; —O 016; 9S'io
confi dence nterval 59/a.taq 10Ul) | e -Sour.ce
PrcParatio 1 W%’Ieghghat élVaquuﬁ?d m(‘gﬁ’@éﬁEiné TOF and

nonﬁ ized o>>ariazt screening serum study set was
3%5 FPK reaysinderead upopiesutirehoReaEX bat iNeinplayet.
&‘pEDPN ~ | ~tational Ovarian Cancer Ear)y Detection
R@bahﬁ: audesedisngh a0CflGlalkana swifaces horalti R evorBeated:
| RE") oversight. This set contained sera from 200
asmmwmmnmatxomGGMdeh Buaklbanthosasligied af thkhe will
time of sanple collection and 100 control ~WOanen at

pSiecia@ haVAhiEe GRBEEZade genCratrfratdndYant @inla%e usige

history ar precious breast cancer diab osis

Etﬁfécgmyﬂac&f Hpat Eﬁ&&gem@ma@ﬁﬁe@%@ﬂef@ llﬁ;%*?g 0% which

di sease-free for at east zve years.

E%’ﬁ.{ Be %QéngJheé%cﬁidu?J toltBe H ; SIt ‘?mg 'cmt X% gr% &: or' Thore high

e di sease co I nc U y con

ilJary serou endo tr 0. [ aa~r ceII
%ﬁ% £5527 T %%gacra&dﬂ%r’ﬁe wl&%Wﬁi%&ﬂ&vmwed Bufsdpgention.
%H&g stages. ., All rwoznen in tire disease 1 ~ cohori
FRRSTE: @Ql%&%?% ag fesgtibed ndhisimyeatipe femheli Fosdvaith clinical,
FI A staging. Table 3 PANEL SET
heigh, Prupaiaglagiceiéta- ownDL~. GMTGSI S| Pst zent s
Subset Test Set Qvari an Cancer1l UU5050No Evi dence of
di sease: 5 VharcvioiuirdaSs medmi ngcdChbinitte] @OR0H084 0 Mxtixes are
Guvari an Cancer Prostate Cancer31256No evi dence of
th beassl, chSAsdre @Sax beatdicisdd th RhoOrd thaitHesurfacds?AR uriform from
D~;: prostate Cancer: |'SA>4.0_ng!ml~ ~0147Pat h

@hé%ﬁtﬂé%éd BRI 1oRhestat i tisl 07) io sv roven cancer
PRE- SCJFGE~07 " _Ei opsy t~roven cancer Post-St TRC; FR b.

Prastatic C&L. The,an rost.a
screeni ng g@?uﬁ%s%@%ﬂn d%ﬁ@@%ﬁ% F%% SPE %5“6F5§Fé#¥“anh
cancer reeni C mhere anpl es re .obt ai ned

TR E A VB S TSP HBHEaG S o ProIc GV EEN pPhEe o0

3).. A-n additional 20 2nonth||zed speC|nens wer e

edhitrant edent Ths-DNda i G AaryCiec det simeiiamesslyumeesurdsitae
approved i nforned consent. The Chiiedn trial was

ierpreissite tevel s1I60 Gnet tharstgesksfoan bb uyahisa dth etréathvaeh the tissue
eligibility criteria required asym ptomatic nmen over

the age of ~0 with no previous history of prostate

cancer. Afl nen provided a Sﬁgun1sanple and t hen

received a nedical evaluation and a digital rectal

exam nation. Subsequently, nen with a serum PSA >4.0

ng/m, or. suspicious digital rectal exam nations were
subjected tn a single core
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I 0 needl e biopsy for pathologic diagnosis. Tlzc
prostate adcnocar cinomas represented v~%-:re of a
fttl. | spectrumof grades (1-111 and G eason scores
(4-9) . The 20 sera acquired at the NCI were taken
froma) 7 n-en at the tune of diagnosis and six

Uzl <t 26 ibeEy B ' i b _..proven,
O B A, BB Eiuha, 0 o SRR e B OB aspge n e

eyolunteers, PSA < 1.0 ng/m. Al sera were
'Ega tYQaE&”L v ng AT S . .
0 k%fﬁ% be§¥ﬂ¥% | 5 medi cal exam nation, diagnosis;

and treatnment. Al sera were collected. spun doom

al i nuot ed alAesestykesdnithe pit §ull appicciaoybat mrikeping seth the
received sera wire thawed once, separated into 1
Avayghlelcpmeereial erubodimeatsobfttheinstreficoethe idBscripBlth OF the
nitrogen until SE. LD -TCOF anal ysis was perforned. 5.

Revérdmanionsidegl tis pnc2@icies MhweEe stBaarba 0l dISSIQGle and the
to generate protein nmass signatures on, the Protein

Bivetr-oeibndfShe itk sSELPIade4hn {ﬂ@t%’%ti%%; %%?g}ﬁ:ﬁéos%g fo be two

(G phergen Bi oSystens, Freenon

j i pi. ik shed_usi,n iotensin | |
R P AR D bt iR o e B stpacis would
%@igpgrggn Ei osyst.ens, Freempnt, CA) W ~h respective

SLePI 51 15 BN HHENYY 2'se dhRerippbtheizhstpacting fastid® This in
of all proteins that can bind i.o the Ci $
MBS BUBEES the qepiiopstenisf the iavemtiat loowcls adfagoestiniridthed and the
"the 1000- 20,000 Da nma ss range ~Nerc generated. The
crajENsi e schelconstmek as elidioe thasbstraction and vector analysis portions of
a- c~~a~~0-4- hydroxy-cinnanmic acid (CHCA). This nmatrix
itse clréned dingnégicanethys tabd patorMddron NiereRNOL&h Mty Ho WL Es.
for full. protein ionization off of the selected bait_

Sanpl Whahi O HE bd &lta | 14
(51 e A oo G nApe R Bl e et FO i fagmle can be
SARLEd $ROES10fe dikgnRet | %ﬂ{e% o ogﬁ%ri 0. %@ﬁé? The, additional

; 18]
intéraction proteln chip phexgen BI'OSys

FlLet : - LS, Ghi L1l .bind proteins through
S aohobrCT e S ate ForS bt plie-Reguiutmme whon thescs

IALrinsic prinary al aci d sequences specific for a
6@%%“6%&?%.%TQE%§°%56¥%%itri| a application 1 d vras
followed by.the addition. of 1 dal of serum 'The

sanplmg masTgFWﬁWE@C?B“Q?PCﬁFy on the c¢'nip. The

cl Zi ps were_vigorously washed by vortexin~ in

dei oni zed whPeRTH siep4d Mherdiegosp prasletoviste nyemian idmye
Lastly, 0.~~.1 of Cl:I1CA solution was added. A-Fter
ttastpametisn os ot ben df ihe dztacstreanhdintd oot@draddrizfic be@br. The data
natz-i:: was applied to ~acn sanple and allowed to air

dzay. be borevefibnBy @birpali AR &S ibtReGeY SR adstenlASthE QYA peak an
to consistently and 15 reproduci bly produce tile

neis valderber . oghadinh.t e - .d . :
L L and s el b S oAl g gppe: in
t = 411 tric techniqu its best
et PR IR b B SRR EY TR M arecin, the most
gp QbQQ%S.DatﬁT¥ere recorded and optinuzed for

SHAP Y ACSTUGHOR A SRa8 SHEFBRR songists ghe Sjestiened e swalb pumber
2.0 software (C phergen Biosystezizs; Xnc., Palo

of dzta paigts. Ehpse faledingiy apwil aeengnirstth@0ndre compis fagctions of
scaled in any way, were converted to ASCI|I data files
rfgrpapiiys iceuldybet dvasithadted, mich mgatepdes ober iIPRMEM 619000 complex
Drug Toxicity TJzP nethod of the invention was Tested i
on data streans obtained from bi ol ogi cal sanples from

rats treated ujith donorubicin float devel oped proven

31 cardiotoa;icity. Control® we=a treated with

saline. The biol ogical sanples obtained fromrats

showi ng cardiotoxicity were classii cd correctly Wla
10p% sel ectivity and 100% sensltivit~~ a.nd no |al se
positives. Sec Table 4 ~"ablc 4. Count -

Actual Actual ___ -ScoreO 1Total )22esult009 1 ?
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i 8Totall';csult ~30 aG~j LaVl ~y | UU. UU% Sel ectivity
0.00% 7. Detectio~t of Dn-uo Treatnent Rats were
treated Wh. doxorubicin and a cardi oprotect~t. Thus,
some animals had to,:icit~~ while others did not.

Tabl e S shows that using the nmethod of the invention
afumbur diffeneces berbben da@abintstharakd edrsd-emhstdiBstance from 2
correctly identified, whi le only msclassiiying 2

CRNRA pratitiB Sata PESL. Ta@dhefu§ctl%xg §irﬁf% n@xﬁty v {Te]s to&thge)dah

Act ual Act ual 'Scor e 1Tot al

I su 2 =
gl A7 o PESML e BT R0 S gty oo s
cti, n of S S| m an Foanmy ' ~~irus was det ect ed
lﬁ’ flll Fy}'éaé?de’éltﬁ‘liy’é’é}t‘égci‘w}ﬁ nfected cells were

correctly classified 80%of the tine (0/1 Uj withro
fal se posi tthosssskiliesl iggbe aaplilbalso agreciatelthabb@ing.
Count - Actual Act ual Scor e01Tot ai
Regetin@®a@fiob 220 86 6H2E Mteter BbSIHcHidZ B 2R 156 Qfs?amancom slope
=0. 8Seo, sitivit,~80. 00%5el eCt | V10, 00% 9. '"Use of

WNESWa A ﬂoﬂﬁc‘clamdoﬂ% ﬁﬂEtn&%ﬁ&ZtHé Bﬁés&ﬁ'%%ﬁn&f .L.%C%Fdlrxgléhﬂjch

reduction io practice vas based na si

_%nlaﬁe]? SEHAAL LR 0l OF AuRS, 0L 400, O”te,'h;@g S ate Wi e scope

e proteoxulc
,@gnltlgn algorlthn1 the Lead Cl uster h4ap, (LCNI~

v 5P8Y%d. Sampling of the data streamstarted at

a different_point_in tlae data stre-~-n for cacti nzn.

~. runCconsTatterr BsceBtmect i on of 14-15 col | ections of

100 features_ After a series of 2~ ruts, the best

nmodel s accuFatenylioediyds echitved bymmnfecdusmgﬂx@glae dlscussed in the

state 80% vvx~tfz a false 7 O positive rate. of

aPpmoan kbavRatikdvbevedGn YprFBesPerh Bt s, derpaﬁ@:a%wcab&v
the effectiveness of usir~g proteom c patterns s~ thé

\(;\Icl\:]ciartiﬁrhsfes eakd P se alBbothagiced 1e8hdl LA gord tIRe 13ms TRARS to practice
this en’ubodimemt of the invention the routine practitioner must develop a diagnostic
aigorithm by employing a leamning algorithm. To employ the learning algorithm, the
routine pracﬁtjonerusas a training data set and must select two paramneters, the
pumber of dim'eﬁ.si ons and the data cluster size, See U.S. Patent Application titled
“Heuristic Method of Classification,” (filing date: June 19, 2001, claiming priority of
application Serial No. 60/212,404, filed June 19, 2000).

In one embodiment, the leaming algorithm can be implemented by
combining two different types of publicly available generic software, which have

been developed by others and are well known in the field - a genetic algorithm (J.H.

Holland, Adapration in Natural and Ariificial Systems, MIT Press 1992) that
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this level of accuracy v,~ould be swell suited for
batch screening of potentially therapeutic

cozrzpounds. See Table 7. 33 "~'"sble 7 Count -
Actual _.Aci-ual _Scow0l~.otal yeS5ull0 -_1 S _
~,3210.251.01_ 110.2~ __ _S6 ~110-3;S5 ~x

06266220 67714234 182300 Rk’ 1 RSRPRE! dbmos
0 53800 e%%n?%o%ﬁséézgggg%%?%?%’?@?t%ggg&IMme“’me

{h%rt@ﬁﬁ%lé'%)%%g@%ctfoﬁ'oif%@ &té';\&@a%%lés t.aken ~rorrz
pa

0 ira |
breast cancer AL GIESEHARYS B F TR g e raganizing pattern

process ofthe inrJertion. The nipple aspirants ~, , ~ere
sﬁﬁt?f’?élfsl% YR (G5 isgogﬁé‘i& g% Bﬁ%f&’%g §ndderosighye ey,

tg a pattern ending nethod. A scnsiiir~it~~ of nearly

928\ TIgbEEH e dciemes Spabiger Berlam 18R €; ohdBENI T t Sedforganizing
| ~Cti7!" ' nl ACTt 121Score ~0 1Total Result07

28Fps 530IGRENEA6F diatelRegubp1(,aviBRie GonasGidup-Ode/S@ware,
0.6 7 91.67% Selectivity @0.67 0. 0% 34 aims 1. A

et exedelof MUe tviicH idlenefi sedehef dAa BluglepOicad or§§’1§p§e§ of vectors
taken froma subject indicates that the subj éect bas a

disaneq By 2A0BLUZHRIG: SR ALIAR! ﬁ@tapépgiav%%tﬁg&%ergcobg%nion

perform ng an analysis of t ol bgi ca

B RS R e P e B T o e B mastrs e
predet e&_jn{ neg_.ve_ct or sfpace contai ning, a diagnostic
¢ PATSTERY that Rt gt e ieaing sehBr ige anlyiose skesification type.

cluster, the_disease cluster corresponding to the
presence of {i§eEeapliealgerithm essentially determines the data points which are

used to calculate the characteristic vector. However, in keeping with the
nomenclature of the art, the list of the specific points to be selected is termed a logical
chromosorne. The logical chromosome contzins as many “genes” as there are
dimensions of the characteristic vector. Any set of the appropriate munber of data
points can be 2 Jogical chromosome, provided only that no gene of a logical
chromosome is duplicated. The order of the genes has no significance to the
invention.

Genetic algorithms can be used when two conditions are met. A
particular solution to a problem must be able to be expressed by a set or siring of

fixed size of discrete elements, which elements can be mambers or characters, and the

! The term logical chromosome is used in connectiori with genetic Jeaming
algorithms because the logical operations of the algorithm are analogous to
reproduction, selection, recombination and mutation. There is, of course, no
biological embodiment of a logical chromosome i DNA or otherwise. The genetic
learning algorithms of the invention are purely computational devices, and should not
be confused with schemes for biologically-based information processing.
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determ ni ng whether the sanple vector rests within the
di sease cluster; and if the sanple vector rests within
the di seased cluster, identifying the biol ogical

sanpl e as indicating that the subject has the disease.
2. The nethod of claim1l, wherein the data screamis

datrnghese e RkqdGaHTh X RN B SI1I F8RL fso FBbaC Uh It .‘
bi ol ogi cal sanple. 3) The met hod of | alfcrsﬁnga d\}\%ebe abl(’ ‘o

t he)gmliegy 18Pl s Qd, of cla
wher ei n thlél%?rg@%?u es aré(;&%déwreég acﬂlsf}‘rﬁloﬂr%“ﬁ)e Y 15 fitness.

of otein ti phosphol i pi ds, DNA,
aﬁ%‘f@&%ﬁﬂﬁ%zgcgcwﬁﬁmﬁﬁsa?roﬁ 1 GF ke C PR misueleted to e
biolggic I le iis serum 6. The nethod of claim 2,
WHE? eﬁP PS@#%%9”EB%\rr‘bq‘—é'fﬂiléglﬁﬁﬁaedleendc<fenblnzrlmt’idmeany generic
group consisting of serum blood, saliva, plasnma,

mzspﬁéc «éalgmtbamceﬁ;wesy nmwmlerrfyﬂmyeds The aroamtgﬁppaa_pack libraries,
fluids, sweat, urine, fecal matter tears, bronchi al

I avaljjﬂq e ﬁ'mﬁbhtd@ﬁﬁc Nag Qﬁﬂ %a@&@'tc[ll_‘%%t s%uta@gg‘?g? ] %gfaﬁ?réof the fitness

fluids, and pre-ejaculate

Lel i.s. selected fromthe
\é\ﬁra)g&gs (anlﬁllsalslsaﬂ i &?:Héoégﬁggcu PO IR nat ant s,
| yophi li zed i Ldgsulg] cultures, and viral cultures. 35
S. The met hod Bf S ERHNCEXapRkser haipingalat ssbabebaus 1 @heample
mgl g:u ch the patterns of expression of inherent

PECTHERS s e, grebssude detasueam eoniningrabntt 15,000 data points,
th?%?gél n the non-di seased state. . The nmethod of claim

pelialgeritheisyests énitiglized cetfhcabout 1,600 Tl o Ry H’Qﬂcrﬁ)fog]cd

claim9, wherein the cancer is breast cancer. 11. 'fhe
mehfrsmosomes) is gl gwhithrepropteosedC BB eRITe 1% i S b B o Brmes are
12. The nmethod of claim9, wherein the cancer is

sehpbtae {udoine 1436 AGERUBIEAMESE SThae i Ok GASELANT B@ﬁﬂem logical
nel ati ornas, |yznphonas, sarcorxias, blastomas

| enkendsasm BhOARS, ‘ )
net hod of egf“g?/ mug m‘é"’?j&?&n&?h%e%g élﬁl Cxﬁﬂ@t{ni r%{alracepbe.nhg%ﬁx clemem

ot hod o ‘%ﬁ’sngmﬁé’?ég"? ‘b Qfﬂ%aamewepﬂm

15
i s T T,

[2) co SISt ng of. aut oi.nmune dj seases,
eyt g%%ﬁﬁgféé SBhiP Py 95 ol @oinnasvie Hedugest
ein the di sease is gl onerul onephritis.
17“%&”%% u%ff“ cREMER Sucihigrlenanes meydilseatiedie aauynwanted

i ifectious disease. 18. The nethod of claiml1,
wHebalizstionsiagat dhe besditeil pattam thed stryivanthihb@less is used to
t hroughput data generation nethod. 19. The net hod of

c Hrriminatohemern biokes da bats tahé dawrmhisic BRseiren cggst,ﬁcamn
associated with a tinme of flight mass spectrwn.

20. Tho.net Mo Rfttdih R 4o 2@itioWT86 8450 aﬁa?ntn'egges%frcfdengp}umn

mass spectrumis generat ed by surface-enhance

descri pti on TheMRndk sédrk 9PLaciBT S SRELLY P50 smmes that are
generated by the genetic algorithm is calculated. The calculation of the fitness score

requires an optimal set of data clusters be generated for the given logical

chromosome. Data clusters ate simply the volumes in the vector space in which the
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21 . The method of claim 19, wherein the tiz~~e of
flight mass spectrumis generated by matri x assi sted

| aser desorption ionization time of flight. 22. The

met hod of claim11l, wherein the data streamis based on
data associated with a spectrum 23. The nethod of
clehimargyisivrescedm of e tdatagskireamdss Diaseethon odat@rating the
associated with a nmass spectrum 24. The nethod of "

cloptifal sctiof @2 @i RGREE td Kot GHes4185 _ﬂjxes.in@c:rfﬂdnsingq;igﬂ%oc%k%iﬁered

cluster, the vector space contains a secon I'aghostic

cl er SEf di [ uster, i.s heal t h

U S Hopheerh SRR PRI baT0 BEisEHar B B St hep, the map
absence of .the djisease, further caonprising:

dét @ ﬁ‘i”ﬁ&t"\)(ﬁléf‘t AU sl erags B 6o v 0w et adeat the
heal thy cluster; and if the sanple vector rests within

t Rentrediof e tupeiats, thatdimwithipithe dath elusten] (i no avosiatmllesters may
as indicating that the subject does not have the

dicyedspe an2 §iil) Ahaditdradionlof dedealnited AGhMASEABEe @ vector space is fixed
bi ol ogi cal sanple taken from a subject indicates that

t beios ubieGlendl@Bsn bf Ok thgve a di sease by analyzing a

data streamthat is obtained by performng an anal ysis

of the biol ogi conpr.ising:.. abstracti t he

data stream x?%&%!reggﬁggé,gd g Yeth%e@{g'BPg la%ﬁfl%m= thdroutine
characterizes the data streamin a predeterm ned ‘

vECT OB HABESI SR ATITIRG Jat2ichgRfbidics P patemeters Hbe number of

di agnostic cluster being a healthy cluster, the '
héapepsions andithe dete chustspsirgi kgth paremeteabpserimseofisihgeoutine

di sease; determ ning whether the sanple vector rests
wiethemmentet dre atthyughl theteds no ababhitk of BeheseaMpbpsd 1MEE bOkhe number
rests within the healthy cluster, identifying the
bioSiagertsidnssanpd ecas, ihedtgaiigRipd-iad itsBE iSRRG HRES e number
not have the disease. 37 26. The nmethod of cl' aim

2%f dnhededr i RecitidtAe Bt eaen. | B vt BesH rd&xgéfﬁg?r@rls 100 low or the
| anpl €.~ 27.

expression of nolecules in the biological s

TRE et Er cliad ' X ocules are
o e R o S B BB I B P ooy tosicn
are..sel ected fromthe group .consisting. of
OB RO 1B PNk Reaaal s,
ng“gggeod §f Clginhéﬁ“ wherein the biological sarnple
| SORRFEH 1H6° PERE ¥ HBE 3P T P4 b 198 [ogfre Hafst thiesircurnstance,
bi olf ical sanple is selected fromthe group
c ORI AP MY RI6P B ERETBPLBIATY f§a) sbrogtassTass That bpteethe maximum
aspirants, syn.ovial filuads, cerebro spinal fluids,
sweatibleditness eafli imibeetriiog prowas snd, bremdimghathdraisagey abortive
swabbi ngs, needl e aspirants, senen, vaginal fluids,
aneleptien. epiatidryt ehedihe sTheoftet hag chfstedt AitBd 28l WA Bi8Ber of
the biological sanple is selected fromthe group

C NGttt WY beFortdas; URHRELPLAAES; hhd 28d
L oeie SO or ae el R T SO iy b R ser e,
cl.al; , g LI A .S one ijn whi ch th

paet B ro PO Bl U 78 R 31028 ph B WEeieaf pgormosomes
diSﬁasqgéétate.are Jifferent fromthose ia~ the

NOR="dI'SE XSS HIB VEES. The net hod of cl ai m 26;

wherein tl~e disease is a cancer. 34. The nmethod of
cl ai m 33, whEkwkakilled it thecet uridsTdtargath et caminieg. data set can nearly

always be assigned into homogeneous data clusters. Thus, the value of the diagnostic
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35. The nethod of.claim33, wherein the cancer is a
carci noma. 36. The nethod of claim 33, wherein the
cancer is selected fromthe group consisting of
carci nomas, nel anomas, |ynphonmas, sarcomas, bl astonas,
1 eukem as, nyel omas, and neural tunors. 38 37, The
mwb'ncgbncieaa&hﬁﬁ ;F-cmﬂneg elgortihe neRNEek stk L 6 A6 Qm%»n 2 set
said carcinona being a' prostatic carcinoma. 38.
e tdantotbér fhatyp o ar, 9
sai d carci noma Sgﬁﬁgﬁgﬁﬂg%gfﬁgﬁ“%gﬁﬁﬁﬁaﬁgm%§§” %% ales a

r hn_the disease i.s selecte
%%g“ﬂé‘gébwgag%‘é B s G B Fin Fanadasesty poory
Al zhe di sease and arthritis. 40. The nethod of
GPEPR 8 = ABRath e GinedaRs g agp bmerarignbbh it esming
41: The nethod of claim?5, wherein the disease is any
plgEihne (veaiSiagsesulsavhenl thenmpbérod dofiersi@is® @5, large and/or the
wherein the data streamis formed by any high
tskrecafihpddta dhtserganes amidin met hod. 43. The net hod of
claim 25, wherein the data streamis based on data

associ at ed Thd fethddiuied &f ddinedhd siPBSSHS
The met hod of claim 43, vvherngl n %1he ti ngg%;d#f&lmpart"fme

RBEhtRE ThE Msted s%ﬂ?_ %&% Vi W ?&853 nced a;fﬁ@

desozption tine-o SS spec

0 elnth tinme offl|ght rrass
;Eg‘té@??”d‘n‘g‘.s‘%ge ’“a%”é‘amgve R TS] PRRLER FBHTY e mbers of the data
$sorpt on | n| zation time of flight. 46. The net hod
USLTai %“éfrséf%ﬂ‘?h@%%@tw W UirsmisalsE P 06h sidaitaaity is
associ at ed vvlth a spect~nzm 47. The nethod of claim
Suitalip &rahn invepdon dthan e Ganstenbagederard #aSELDI-TOF mass
associated wwth a mass spectz-um 39 55. The net hod
Gpeqtioatonysdata. WilertgirmatichBy ta0fe siafilakit §ltefinassy SRaFHTUAY the
is generated by stu-iaee-enhanced | aser desorption

tistenopfoef deghiny MBS In&RBES bOS 6RBY: i16ss thihe 1 Fethada0fum
clai m 54, wherein the dne of alight mass spectrumis

disnefcatbesh iy totydixts @8 8 hsied ,Je@%eé 4

i oni sat i o; time I{)fl bi ghtj 571 The i ?’ﬁg{ip%d Ca]cu} gon the
whabekihct Ren dat® 84 SO,CI ted

with a sp e%trl?ﬁr% %%ﬁmT 6 ‘et hoxfga%&%fa? ?’lﬁ \ec\ﬂ‘iswe‘f“r‘i’m“

ta asso t
NaBURE A SHERIM B PR B, HEHE oPORRE Rt Bossioe
pace contains a he Ith cluster, tlxe health

SR PR RRBIaNG R Ponihe dnlermed ok thonooth Wonbme N s
fur her nprijsin determ ning whet her the sarzaple

8F°*r@§te§*\ﬁ1fh e ERelidren diamete afsady clugerds then 0.1 x root (N).
pred| cting_that t he subj ect does not have the disease
i f the sanphesresiioromadization efthevedier speed it hyt © biisd feature of
219649 ~1/ RE 4a~5011, DCC 41

thafmaghoA9 TAS fevg b ol rdfthodiway B9e A@N AL ATANASH AN 9 Aﬁgg ative
9. A AU. A & A AS. AU A. A& A AA9. A A{. AU. A . A. AhL. AL&

néérhal @66 cAPLAIRBRUNMEERDy scaling each dimension not to the range but so

that each dimension has an equal variance.
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;0(3#%0&& '(:')M(;J %%%&!%%Escfio%ggw g ?1§°I£ﬁl_t]6‘3/&he( gurrent inventiqn
was employed to develop a diagnostic for prostatic cancer using SELDI-TOF mass
spectra’(MS) of 55 paticnt serum samples, 30 having biopsy diagnosed prostatic
cancer and prostatic serum antigen (PSA) levels greater than 4.0 ng/mi and 25
normals having PSA levels below 1 ng/ml. The MS data was abstracted by selection
of 7 molecular vreight values (2092, 2367, 2582, 3080, 4819, 5439 and 15,220 Da),
The specific molecular weights are not a critical parameter of the invention and may
varying depending on the absorptive swface. A cluster map that assigned each vector
in the training data‘set to 2 homogeneous data cluster was generated. The cluster map
contained 34 clusters, 17 benign and 17 malignent.

The diagnostic algorithm was tested using 231 samples that were
excluded from the training data set. Six sets of samples from patients with various
clinjcal and pathological diagnoses were used. The clinical and pathological
description and the algorithm results were as follows: 1) 24 Paﬁents with PSA >4
ng/ml and biopsy proven cancer, 22 map to diseased data clusters, 2 map to no

cluster; 2) 6 normal, all map to healthy clusters; 3) 39 with benign hypertrophy

(BPH) or prostatitis and PSA < 4 ng/hmnl, 7 map to diseased data clusters, none to
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UYp-~& f &#109&! 10% & () - ! k#10%T& () -
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y, 1109 ()-Gy, ! 109 M & ()- G 10%& ()-3!

v iﬁaﬁ&{ﬂ]@ﬁ Hy%%()s yf Yyt 0" ABles figm patients having
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10! " " 10956 1
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18887 yieze Rotasp 2Ryl EnBTy 1! TOO® reyultsatOY&nfnarized in Table 1.

‘When evaluating the results of the foregoing test, it Shoxﬂd be recalled

that the rate of occult carcinoma in patients having PSA of 4-1¢ ng/ml and benign |

biopsy diagnosis is about 30%. Thus, the finding that between 18% and 47% of the

Patients with elevated PSA, but no tissue diagnosis of cancer, is consistent with 2

highly accurate assay that correctly predicts the presence of carcinoma.

Of greater present interest is the fact that the diagnostic algorithin is
able to classify a significant fraction of the samples in 3), 4) and 5) 10 a nop-
cancerous, non-normal category despite the fact that such Category was not presented
during training. Indeed, the fact that any samples from this group would necessanily

include a substantizl number with.occult carcinoma carriers argues that BPH or

prostatitis samples should not be inchuded in the tfraining data set.
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2, Development of a Diagnostic for Ovarian Cancer

The above described methods were employed to generate a diagnostic
algorithm for ovarian carcinoma again using SELDI-TOF MS analysis of patient
serum. A training set of 100 samples was used 10 construct a cluster set map. The
MS data was abstracted by selection of 5 molecular weights (531, 681, 903, 1108 and
2863 m/e). A cluster map consisting of 15 disease clusters and 11 healthy clusters
was constructed. Of the 50 samples in the traim'r:xg data set Having proven ovarian

cancer, 40 were assigned to diseased data clusters, leaving 10 false negatve; of the 50
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The diagnostic algorithm was tested using a further 100 samples,
which were divided into three clinical, pathological groups. The groups and the
algorithm results were as follows: 1) 50 samples from patients with no disease, 47
were assigned to healthy data clusters and 3 to disease data clusters; 2) 32 patients
Wwith ovarian carcinoma Stages JI, IIT or IV, all of which were assigned to diseased
data clusters; and 3) 18 patients with ovarian carcinoma stage I, all of which mapped

to discased data clusters. These results are summarized in Table 2.

Table 2
Cohort N Predicted Predicted Accuracy
. Cancer Negative
No Evidence of | 50 3 47 94%
Disease
r_lgiopsy Proven 32 32 0 100%
Ovanian Cancer
Stage II, I1I, TV
Biopsy Proven 18 18 0 100%
Ovaran Cancer
Stage |
3. Sensitivity for Early Stage Disease

A set of randomly chosen sera (50 from the control cohort and 50 sera

from the disease cohort) within the ovarian cancer study set of 200 specimens was
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specimens contained within the 100 unknown test samples (50/50, 95% confidence
interval 93% to 100%). This included the comrect classification of 18/18 stage |
cancers (95% conﬁdencé interval 82% to 100%) while maintaining specificity for the
blinded ca;'lcer—ft;ee samples (47/50, 95% confidence interval $4% to 95%, overallbp<
10"? by chi-squared test). These results support the hypothesis that low molecular
welght proteomic patterns in sera reflect changes in the pathclogy of tissue within an
organ at a distant site. Moreover, such patterns may be sensitive indicators of early
pathological changes, since they corrzctly classified all 18 sera from organ-cornfined

stage I ovarian cancer specimens.

4. Specificity, Prediction and Discrimination of the Presence
of Prostate Cancer and Benign Prostate Hypertrophy

Initially, the current invention was challenged to find a pattern of
proteins that could discriminate the sera from men with biopsy-proven prostate cancer
from sera derived from asymptomatic aged-matched males. The traiming set was
comprised of 56 sera, 31 from asymptomatic men with biopéy-proven prostate cancer
(PSA >4 ng/ml, avg, 14.5 ng/ml), and 25 age-matched men with no evidence of

prostate cancer (PSA <] np/ml, avg. 0.3 ng/ml). The 56 sera were analyzed by
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combined normalized intensities of 7 protein peaks (out of 15,0007 possible
permutations) at the specific molecwlar weights of 209 2,2367,2582, 3080, 4819,
5439, and 18220 Da that could distinguish all 56 samples analyzed in the prostate sera
ralning set.

After training, the optimal proteomic pattern was tested with 227
blinded sera samples. The blinded study sct contained a) 24 sera from asymptomatic
men who had subsequent biopsy-proven cancer, and whose PSA values were between
4-10 ng/ml at the time of collection, b) control sera from 6 age-matched males (PSA
<1 ng/ml) and ¢) 197 sera from men with biopsy-proven benign prostatic hyperﬁrophy
or prostatitis (PSA values ranged from 0.4 ng/ml to 36 ng/ml).

Using the prostate signature pattern, the data-mining tool was able to
accurately predict the presence of prostate cancer in the blinded test set (92%, 22/24,
p<0.000001 compared to patients with BPH), inciuding 17/18 containing PSA values
of 4-10 ng/ml. Importantly 70% of the patients (137/1 97) with biopsy proven BPH
were classified as belonging to 2 unique (non-normal, non-cancer) phenotype. Only
1% §f the sera from the BPH-positive cohort was categorized as a normal phenotype.
When sera from 6 heaithy controls were compared to those of the 24 patients with
biopsy proven cancer, 6/6 healthy. patients were classified correctly, compared to
22/24 patients with prostate cancer (p<0.000001). In additicn, a statistically
significant trend emerged in the relationship between increasing PSA. levels (normal,
BPH with increasing PSA) and increasing classification of severity of disease (p=1.4
X 10™). The optimized prostate signatures reverted from & cancerous 1o 2 non-

cancerous (but not normal) phenotype in a blinded set of matched sera from patients
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confidence interval 59% to 100%).

5. Sample Source Preparation and Analysis
a. Ovarian Cancer
The anonymized ovarian screening serum study set was obtained from
the Early Detection Research Network (“EDRN™) National Ovarian Cancer Early
Detection Program according to full Institutional Review Board (“IRB™) oversight.
This set contained sera from 200 asymptomatic women, 100 with ovarian cancer at
the time of sample collection and 100 control women at risk for ovarlan cancer as
10 defined'by family history or previous breast cancer diagnosis (Table 3). This group of
unaffected women had been followed and was disease-free for at Jeast five years. All
sera were obtained prior to diagnosis and intervention. The disease cohort included
histology confirmed papillary serous, cndoxr;etn'oid, clear cell, mucinous,
adenocarcinoma, and mixed ovarian cancers of all stages. All women in the discase

cohort underwent extensive surgical exploration and formal FIGO staging.

Table 3
PANELSET ° | Total | Training | Unkuown DIAGNOSIS
Patients | Subset Test Set ,
QOvarian Cancer | 100 50 50 No Evidence of disease: 5 year follo
Screeping Clinie up.
100 50 50 Path Dx: Ovarian Cancer
Prostate Cancer | 31 25 6 No evidence of disease: PSA<1.0
Sexeening Clinie ng/mL
55 31 24 Path Dx: Prostate Cancer: PSA>4.0
ng/mL
197 0 197 Path Diagnosis: BPH / Prostatitis
7 0 7 Biopsy proven cancer PRE-SURGEF
7 0 7 Biopsy proven cancer Post-SURGER
b. Prostatic Cancer
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182;2 g (; ;] g%z?lgﬁ%g rg}z%?apg%illzg%ﬁc%e( @%3%\]91%& sigﬁ'd(y)s_e? was obtained from
a prostate cancer-screening clinic where samples were obtained under approved
informed consent (277 samples) (Table 3). An additional 20 anonymized specimens
were collected at the National Cancer Institute under IRB approved informed conscnt,
The Chilean trial was initjated in 1996 and lasted for 5 years. The subject eligibility
criteria required asymptomatic men over the age of 50 with no previous history of
prostaie cancer. All men provided a serum sample and then received a medical
evaluation and a digital rectal examination. Subsequently, men with a serum PSA
>4.0 ng/ml, or suspicious digital rectal examinations were subjected to a single core
needle biopsy for pathologic diagnosis. The prostate adcnocarcinomas feprescnted
were of a full spectrum of grades (1-I11) and Gleason scores (4-9) . The 20 sera
acquired at the NCI were taken from a) 7 men at the time of diagnosis and six wecks
after prostatectomies for biopsy-proven organ confined proslate cancer and b) 6
normal healthy male volunteers, PSA< 1.0 n g/ml. All sera were obtained prior to
medical examination, diagnosis, and treatment. All sera were collected, spun down,
aliquoted and stored in liquid nitrogch unti} use. Received sera were thawed once,
separaied into 10 microliter aliquots, and then refrozen in liguid nitrogen until
SELDI-TOF énalysis was performed.

5. Proteomic.analysis
Sera were thawed and used once to generate protein mass signatures on
the Protein Biology System 1 SELDI-TOF mass specuOmet§r (Ciphergen Biosystems,

Freemont, CA). Extemal mass calibration was accornplished using angiiotensin I

(amino acid sequence 1-10) and bovine cytochrome ¢ (Ciphergen Biosystems,

Freemont, CA) with respective masses of 1296.5Da and 1273 0.9Da. Protein profiles
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6. Detection of Drug Texicity

The method of the inventicn was tested on data streams obtained from

biological samples from rats treated with doxorubicin that developed proven
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Table 4.
| Count - Actual Actual |
Score |0 1 Total Result
0 29 29|
1 1 7 8
Total Result 30 7 37
Sensitivity 100.00%
Selectivity 0.00%
5 7. Detection of Dyrug Treatment

Rats were treated with. doxorubicin and a cardioprotectant. Thus,
some animals had toxicity while others did not. Table § shows that using the method
of the invention all but one of the treated animals could be correctly identified, while

only misclassifying 2 control animals. See Table 5

10 Table 5.
Count - Actual Actual
Score |l 1 Total Resuft

0. 15 15
0.1 10 1 11
10.56 2 4 6
1 13 13
Total Result 27 18 45

(@ Score = 0.56| Sensitivity 94.44%

Selectivity| 10.53%

8. Detection of Virus

Simian Foamy Virus was detected in cell lysates. Lysates from

infected cells were comrectly classified 80% of the time (8/10) with ro false positives.

15 See Table 6.
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910% D& & () 1.Udt 1 . : . 5
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OISR €O 690 RO R AR R B0 DA g AT An
0% D& & () - H10% D& & () - H " 256789hD) 10% D& & () - H#3A10
%6 FGPEVE PARAD o5 gnigion Al gerum ske &2td ClustdMie, L€M) Mjas3ruployed.
OM/t|[:)10% D& fS 10%4#& ()- f  109A#& ()-F& SF
109aaligg ofzthe daosreag started at § GF%ier&pOint in the data stream for cach run.
“f1094#8& ()-t}]A) 10% D& #100A#& ()-F #1094#& ()-F
#18%H &ofigisted of ENIRHAA &L {415 LADIAIERE ¢f) FOO features. After a series of 25
S10%A#& ()-° @10% D& #10%d#& () - F

runs, the best models accurately predicted the correct biological state §0% with a false

positive rate of approximately 30 %. These results demonstrate the effectiveness of
using proteornic patterns in the classification of biological states. Indeed, models with
this Jevel of accuracy would be well suited for batch screening of potentially

therapeutic compounds. See Table 7.
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#1094 #& () -
#1094 #& () -

#1094 #& () -

E_#10%W#& () -

F (+ /@S 20#

F #10%4#& ()-F

%
#10&1&%&*2) F #3V#10%#& ()-F

%t10% #& () -F

F_@o0et#Rctodl F #3V(#10Misd| () - F
F Score 0{1] Total Result
0 18 3 21
0.25 10 1 11
0.29 5 6 11
0.33 5 5 10
0.5 6 6 12
0.67 2 11 13
1 4 18 22
Total Result 50 50 100
Sensitivity @ 0.33 80%
Specificity @ 0.33 29.82%

16.

Detection of Breast Cancer

Nipple aspirants taken from breast cancer patients were analyzed using

the process of the invention. The nipple aspirants were subjected to a mass spectral

analysis and subjected to a pattern finding method. A sensitivity of nearly 92% was

gbserved. See Table §.

Table 8.
Count - Actual Actual|

Sé¢ore 0 1 Total Result
10 7 2 9
0.5 3 3
0.67 5 5
1 6 6
Total Result 10 13 23

* Sensitivity @ 0.67 91.67%

0.00%

Selectivity @ 0.67
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~6s10%" T& () -F ~6s109a" T&"¢)F ~6310°/6I'" T& ()-F

#34tr ~6s10%" T& () - F stvxy{| d@w

1. A1R¢B4d pi-BetRAMInBRVEdthe =Biolpdert mwmlpiadcen from a subject indjcales that

the subjgcgt@égésd;% %}&ﬂr( ~%si&£% gﬁ}gﬁ %%%ﬁ%& r%ﬂd% performing an ana1y51s of
e il AT MBS 00T, 1 ) F 03109 TR (0-F v
#34t r aifsschofiflg &' daja Eﬁre&ﬁs@ﬁﬂiﬂﬂ'& g }arﬂple@gqt@mﬂ&h@ctmzes the data
ifé%%-g-r%%%%g%u;q% %ctor sPace cc/)drnltla-{-ﬁgf'né)a diagnostic cluster, the diagnostic
cluster being a disease cluster, the disease cluster corresponding to the presence of the
disease;
determining whether the sample vector rests within the disease cluster; and
if the sarople vector rests within the diseased cluster, identifying the biological

sample as indicating that the subject has the disease.

2. The method of claim 1, wherein the data stream is data describing an expression of

molecules in the biological sample.
3. The method of claim 2, wherein the molecules are proteins.

4. The method of claim 2, wherein the molecules are selected from the group consisting of -

proteins, peptides, phospholipids, DNA, and RNA.

s. The method of claim 2, wherein the biological sample is serum.

6. The method of claimo 2, wherein the biological sample is selected from the group
consisting of serum, blood, saliva, plasma, nipple aspirants, synovial fluids, cerebrospinal fluids,
sweat, urine, fecal matter, tears, bronchial Javage, swabbings, needle aspirants, semen, vaginal

fluids, and pre-ejaculate.

7. The method of claim 2, wherein the biological sample is selected from the group

consisting of tissue culture supernatants, lyophilized tissue cultures, and viral cultures.
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9. Wéze(rgleth?ée%lezr%)‘ W{life%‘i% Qeﬂsﬁs\wciffﬁ/o & ()- {10% & () -
{10% & ()-#3%z {10% & ()- {10% & ()-{_?WW {10% & () -
{10% & ()-#3%z {10% & () -

10.  The method of claim 9, wherein the cancer is breast cancer.

11,  The method of claim 9, wherein the cancer is a carcinoma,

12.  The method of claim 9, wherein the cancer is selected from the group consisting of
carcinomas, melanomas, lymphomas, sarcomas, blastomas, leukemias, myelomas, and neural

fumors.

13.  The method of claim 9, wherein the cancer is a carcinoma, said carcinoma being a

prostatic carcinoma.

14. The method of claim 9, wherein the cancer is a carcinoma, said carcinoma being an

ovarian carcinoma.

15.  The method of claim 1, wherein the disease is selected from the group consisting of auto-

immune diseases, Alzheimer’s disease and arthritis.
16.  The method of claim 1, wherein the disease is glomerulonephritis.
17.  The method of claim 1, wherein the disease is any infectious disease.

18.  The method of claim 1, wherein the data stream is formed by any high throughput data

generation method,

19, The method of claim 1, wherein the data streain is based on data associated with a time of

flight mass spectrum.
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{10% & ()- {10% & ()-{_?2wWWW {10% & ()- {10% & () - #3%$z
{10% & ()- {10% & ()- {10% & ()-[?2wWW7 {10% & () - #3%$z

{10% & ()- {10% & ()- {10% & ()- {10% & ()-[?2wWW {10%
& ()-#3$z {10% & ()- {10% & ()- {10% & ()- {10%

& ()-{ 2w {10% & ()- {10% & ()-#3$z {10% & ()- {10%
& ()- [10% & ()- 2w\ {10% & ()- {10% & ()- {10%

& ()-#3%$z {10% & ()- {10% & ()- _2wWW {10% & ()- {10%

20. 'I%f'le( qn'etl{ojdo % ‘%ld(tﬂw. lé,lg%%x‘girﬂ Midtdne & Q?@fg" hdss éﬁém' s "f;&wrated by

surface-enhanced laser desorption time-of-flight mass spectroscopy.

21.  The method of claim 19, wherein the time of flight mass spectruin is generated by matrix

assisted laser desorption ionization time of flight.

22.  The method of claim 1, wherein the data stream is based on data associated with a

spectrumn.

23. The method of claim 1, wherein the data stream is based on data associated with a mass

spectruui.

24, The method of claim 1, the diagnostic cluster is a first diagnostic cluster, the vector space
contains a second diagnostic cluster, the second diagnostic cluster is a healthy cluster, the healthy
cluster corresponding to an absence of the disease, further comprising:

determining whether the sample vector rests within the healthy cluster; and

if the sample vector rests within the healthy cluster, identifying the biological

sample as indicating that the subject does not have the disease.

25. A method of determining. whether a biological sample taken from a subject indicates that
the subject does not have a disease by arialyzing a data stream that is obtained by performing an
analysis of the biological sample, comprising:
abstracting the data stream to produce a sample vector that characterizes the data
stream in a predetennined vector space containing a diagnostic ciuster, the diagnostic
cluster being a healthy cluster, the healthy cluster corresponding to the absence of the
disease; _
determining whether the sample vector rests within the healthy cluster; and
if the sample vector rests within the healthy cluster, identifying the biological

sample as indicating that the subject does not have the disease.
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30. The method of claim 26, wherein the biological sample is selected from the group
consisting of serurn, blood, saliva, plasma, nipple aspirants, synovial fluids, cerebrospinal fluids,
sweat, urine, fecal matter, tears, bronchial lavage, swabbings, needle aspirants, semen, vaginal

fluids, and pre-ejaculate.

3. The method of claim 26, wherein the biological sample is selected from the group

consisting of tissue culture supernatants, lyophilized tissue cultures, and viral cultures.

32. - The method of claim 25, wherein the disease is one in which the patterns of expression

of inherent molecules in the diseased state are different from those in the non-diseased state.

33. The method of claun 25, wherein the disease is a cancer.

34. The method of claim 33, wherein the cancer is breast cancer.

35. The method of claim 33, wherein the cancer is a carcinorna.

36. The method of claim 33, wherein the cancer is selected from the group consisting of

carcinomas, melanomas, lymphomas, sarcomas, blastomas, leukemias, myelomas, and neura]

fumors.
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39. The method of claim 25, wherein the disease is selected from the group consisting of

auto-imimune discases, Alzheimer’s disease and arthritis,
40. The method of claim 25, wherein the disease is glomerulonephritis.
41 The method of claim 25, wherein the-disease is any infectious disease.

42, The method of claim 25, wherein the data stream is formed by any high throughput data

generation method.

43, The method of claim 25, wherein the data stream is based on data associated with a time
of flight mass spectrum.

44, The method of claim 43, wherein the time of flight mass spectrum is gencrated by

surface-enhanced laser desorption time-of-flight mass spectroscopy.

45. The method of claim 43, wherein the time of flight mass spectrum is generated by matrix

assisted laser desorption ionization time of flight.

46. The method of claim 25, wherein the data streamn is based on data associated with a
spectrum,
47, The method of claim 25, wherein the data stream is based on data associated with a mass
spectrum.
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48. The method of claim 25, the diagnostic cluster is a first diagnostic cluster, the vector
space coptains a sccond diagnostic cluster, the second diagnostic cluster is a disease cluster, the
disease cluster corresponding to a presence of the disease, further comprising:
determining whether the sample vector rests within the disease cluster; and
if the sample vector rests within the disease cluster, identifying the biological

saraple as indicating that the subject has the disease.

49. A method of predicting whether a subject has a disease by analyzing a data stream that is
gencrated from a biological sample obtained from the subject, wherein the data stream has been
abstracted to produce a sample vector that characterizes the data stream in a predetermined
vector space containing a diagnostic cluster, the diagnostic cluster being a disease. cluster, and
the disease cluster corresponding to the presence of the disease, comprising the steps of:
determining whether the sample vector rests within the disease cluster; and

predicting that the subject has the disease if the sample vector rests within the

disease cluster.

50. The method of claim 49, wherein the data stream. is data describing an expression of

molecules in the biologica) sample.
51. The method of claim 118, wherein the molecules are proteins.

52. The method of claim 118, wherein the molecules are selected from the group consisting

of proteins, peptides, phospholipids, DNA, and RNA.

53. The method of claim 49, wherein the data stream is formed by any high throughput data

- generation method.

54, The method of claim 49, wherein the data stream is based on data associated with a time

of flight mass spectrum.
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#39&' () *+,-./0123456789:

<= >’)@\BCDEFG‘-II JKLMNOPQRSTUMWKYZ[\ ] ~_° abcdef ghi j kI mop6
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58. TRE thethod of claim 49, wherein the data stream is based on data associated with a mass
spectoum.
59. The method of claim 49, the vector space contains a healthy cluster, the healthy cluster

corresponding to an absence of the disease, further comprising:
determining whether the sample vector rests within the healthy cluster; and

predicting that the subject does not have the disease if the sample vector rests
within the healthy cluster.
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