, €3e" 46T"V}' OL DESCRI PTI ON DATA ANALYSI S SYSTEM AND METHOD 5 TECHNI CAL
FI ELD The invention relates to nultivariate anal ysi s between a bi ol ogi cal
condition and gene expression |evels gnd/or quantities of intracellular

'subst ances, and a neasuring instrunment therefor and a testin based
on the analysis. 10 BACKGROUND ART Since the declaratidﬂ“ \ m
decodi ng of human genone in June 2000, it is said that era

has begun for elucidating how genetic information witten i msB¥ genone is
expressed and_f In the 16 progress of human genone program
SErabATbN L

nethodol @ ng the state of genone express

devel oped. An oligonucleotide array and a m crochip havgmmmmﬂmmmmmmgped for
measuring transcriptome (mMRNA). Recently, nass spectroscopyﬂgﬁa*also been
advanced in addition to conventignal &gf— i mensi onal el ectrophoresis as a
measur i ngD ABARNASY S8 ST ENRAND METE R Ot her advanced t echnol ogi es
such as anti body chip have also attracted attenti on. These neasuri ng

t echnol ogi es are epoch maki ng over conventional technol ogi es because they
can collectively obtain biological state paraneters in a short period of
tinme. 5TecHDOHNI@SLAAEINfi ci ently measuring the gene expression are as 25
follows. For nmeasuring transcriptone (a total assenbly of nRNAs), a. DNA
chip has been dawehopsdion pelabésho m\dltmaaiateyaltﬁlymﬁbetafre@nrfét‘%ﬁ’lﬁéwa!)n a
substrate in order to detect nMRNAs conpl enentary to the DNAs. Exanpl es of

the represeai@éh Van PNPerdi iprbsuibn divalsgemel/ahi quaartities DfAinHraecdlway ay.
Two- di nensi onal el ects ophoresis, an anti body chip and nmass spectroscopy 5
have beengysedhddl difent nfodstgind engtiaheanetianfas andbh ytestingr utethod)
based on the analysis.
10
BACKGROUND ART
Since the declaration of complete decoding of human genome in June
2000, it is said that a post-genome era has begun for elucidating how genetic
information written in the genome is expressed and functions. In the
15 progress of human genome program methodologies for measuring the state
of genome expression have been developed. An oligonucleotide array and a
microchip have been developed for measuring transcriptome (mRNA).
Recently, mass spectroscopy has also been advanced in addition to
conventional two-dimensional electrophoresis as a measuring method of
20 proteomes (proteins). Other advanced technologies such as antibody chip
have also attracted attention. These measuring technologies are epoch-
making over conventional technologies because they can collectively obtain
biological state parameters in a short period of time.
Technologies for efficiently measuring the gene expression are as

95 follows. For measuring transcriptome (a total assembly of mRNAs), a DNA



Measurenments of netabol one (an assenbly of netabolites including nmetabolic
i nternedi ates) have al so been attenpted by using nass spectronetry, and
this method is nowin progress. Since he conditions of the cells in a body
can be described precisely 10 by the pressi on of gene products, nore
accurate diagnosis may be expected by these neasurenents even when
conventional diagnosis markers give insufficient information. Exanples of
such studies are as follows. P. O Br own et al. neasured the transcriptone

in the cells _ of 0 atients (PLB i TR Ghis Py C ified
the pati ¢hR hes {)(%/ﬁnrg %?&PBP&M” 8‘%‘%&? %lslhléem%};%fgn an Ire}g]ﬁtg{r%%rﬁlt L)?;s/as nphona
by cluster analysis (Nature 403 , 503-11 (2000)). ,,Ho , EhAGRes Ni S
net hod Cm@tl‘aééti@.ioﬁ or Fmé%ﬂecbpgﬁﬁééaoméFm%Pgﬂ"b% %oo}:l}eepg\?’g%n ) ?:%nnot

deci de which gene is inportant to what_ extent. A Alai t al. measured

pr ot eonefitherhprasentative INA chins meludmagensship and Z)m B2 @ HEnsi onal
el ectrophoresis, and constructed a di agnosis npdel based on a partial | east
squar e nelwodifoensional ®ledtrashqrasise mns antibedy«hip c?réf@é‘i‘ﬁaf%e 5°GRéncy of
the disease (Int. J. Cancer, 86, 731-36 (2000);,6 El ectrophor esis,. g},

1210- 57 (R0QDbeehnueschdor ddehtiflibei the inanteam@dprogatmblyTak metsings of
cross-validation is inproved ((a2 = 0.84) by 25 selecting 170 varj abl es
havi ng | aNgasheading fofomdtabsBbmar (@bl assembly fof| imetaBo |inchiingor r ect
answers were obtained in a ratio of 11/18 with respect to degree of

seri ousnegstabdiEeintéaedinted) thwve eiro nibegn 1&itpanptatd sby Tt MASS

i ndi cated that the cross-validation nethod can be used as an index for
ConS”UCt%ﬂ&t?mﬁ@H@J andiENRVABthal fsidw mgebgiehoul d be established in 5 this
met hod bef'og a loalling is obtained. Fur then, alternative nethods for

sel ecting the V?ﬂc@b&xgscolﬁ@ftﬁoﬂ@%f WS cd1eeih devddsechn Be débavibed paéciselzasur ed
the cells of infant cancer patients with DNA chi ps, and el uci dated

mal i g gfx%@}% hegnpgi_eg,ggﬁggg{ e)rﬁfaa@;o&act@n bt fd@udhten@liaghosiet miayk beNat ur e

Medi ¢ e aut hors
expected by these measurements even when conventional diagnosis markers

give insufficient information. Examples of such studies are as follows.
P. O. Brown et al. measured the transcriptome in the cells of
lymphoma patients (DLBCL) with a DNA chip, and classified the patients
15 into different clusters of benign and malignant lymphoma by cluster
analysis (Nature 403(3), 503-11 (2000)). However, since this method cannot
obtain a model of causal relation (correlation), it cannot decide which gene is
important to what extent.
A. Alaiya et al. measured proteomes in the cells of 44 uterine cancer
20 patients by two-dimensional electrophoresis, and constructed a diagnosis
model based on a partial least square method from data of 22 patients in
order to elucidate malignancy of the disease (Int. J. Cancer, 86, 731-36
(2000); Electrophoresis, 21, 1210-17 (2000); International Publication WO
00/70340). The results of cross-validation is improved (Q? = 0.84) by

95 selecting 170 variables having large loading from 1,553 variables in a full



10 neasured transcriptones (6,567 genes) of 88 infant cancer patients
(SRBCT), the data from 63 patients were conpressed into 10 di nensi ons by
princi pal conponent analysis, and ther‘):YI an artificial neural network

'di agnosis nodel is constructed. Effectdve high-ranking genes were sel ected
by cross-validation nethod, and the best result (100 % is obtained with 15
respect to 96 genes. The renmaining 25 patients were predicted by this nodel
to obtain a result of 93 to 100% However, a full nodel should also be

established_ in this nmethod befog a obtaining eff.ecti 18S .
al t er nat imedeteandgeryest %Wﬁ?‘ﬁi"‘g ‘ew%galrn&& 1852 fala Oh&tiﬁy%%rﬂ%lele%s%ggw% ed.

Wiile this nethod is valid jn the cas Oga ing variabl as..small s 10

di nensi ordegree OIOS@‘WS%J%W ﬁﬁ%getsg g'eg’lanélqgaﬁgep Uﬁﬁr%r o’fhe

vari abl es. Recently, D. M Rocke and D. V. NgLi)yen reported the us& of the
partial |ashesquatieates: hed thercropevalidatiengngthodnga WSRAAY FRLBRRL i onal
Publ i cati on WO 02/ 25405 Bi oi nformatics 18(1), 39-50 1(2002) Bi oi.nformati cs
18(9), 1Xbf-cdGshR0fay Bimoadlor Fuwever18(full) modebshguld beozsfablished gn
reported 25 that good result is obtained by using |atent variables of the
parti @ |@astmetidbdshekare lordingdisasbimiptdnaltiorthevaaltamativeometbiods fati at e
anal ysis such as linear discrimnant analysis. This nethod is usable

because t{igodtid {1 vhRablesdfi@neotiRithednideviddde to simul taneously perform
reduction of dinension and nodel fitting. Reported exanples show that the

partial |east 57sKNahetHEtedsintdenretdBnif infart conrbel patients with &N Aet hod
for DNA chip information. However, the report does not nention

app! i cabi by ghalA6cRRAL: thaligdshepanane dredadbgsmorasoffar asefienting the
expression Tevel of inportant genes, and the nethod al so i nvolves the

problenms in t e@@&&'ﬂk b%\u%m-éd mééﬁci% aj(g) begaure (R0e1yat aTheeanatirgzed by
usi ng all expﬁ anatory 10 vari abl es sel ected in advance. Mre accurate

ST, ATl SRR, TOAE FAEDL 2, 42 g grsmme

i nfor I cie mat 1 on cannot be obtained with

convent | opak e <Alea o FETHES st ISR GENks 0l GRSl PARRESSLADDAS 2

feature a nformati on 1's obtal ned, and 15 the data

cannot be used fully unless t data_agre,effectively.nr Stwiagk t he
| ar ge anoBERCHRl; HP%WHEFPgnanﬁ'iSWCI ﬁagdﬁhi%cggldia\r{lg lgé,wﬂe %212??3% i nf%r mat i on

processing. is inevitable for acqyiri useful, kn d L& sSleHRIET
anal ysi s MRAEROSH %dﬁhs F@b%}/u%tggde]g@g‘ftb\éedk bV otheT er?evéphgegg such as
princi pal conponent anal ysis have gl so been enplo Howeyer. 0. shnce
cluster ahl ?wg'vahéablpnnm%%@caﬁaoﬁ%?’e ﬂé?g&ts&g@‘y Aol® ﬁtségglgﬁ%evrv\ﬁjih sed
| earni ng, a nodel of causal relationships,_(core elation) qf dise .
condi 1P onzesnashdo B@ gMResi nddie FAMGIHEE %r%t,lel?tls V&Y% g‘}ft%%?bﬁ?%ﬁhsat t he
results of analysis do not tell whi ch0 ene is inpgrtlant tlo vvhg(i iextent.
Wi | e t he matelitalobtaiaca resplbod IdeHO0% s Hovwyrsr # foll mpdel sherld a8 ysi s
met hod 25 for sinultaneously performng reduction of dinensj oln and. nodel
fitting, wetablished in this method before obtaining effective genes, and alternative
methods for obtaining variables have not yet been devised. While this
method is valid in the case having variables as small as 10 dimensions, it
20 cannot be applied to a case of a large number of variables.
Recently, D. M. Rocke and D. V. Nguyen reported the use of the
partial lest-square method for the analysis of the DNA chip (International
Publication WO 02/25405; Bioinformatics 18(1), 39-50 (2002); Bioinformatics
18(9), 1216-26 (2002); Bioinformatics 18(12), 1625-32 (2002)). It is reported

25 that good result is obtained by using latent variables of the partial least



5 often encounter a situation that significant results cannot be obtained
when the nunber of the variables is very large. Accordingly, an effective
Information processing is desired for acquiring useful know edge from a

| arge anmount of information of gene efgression. Al so expected are efficient
5 nmeasuring instruments and test nmethods based on the results of

i nformati on processing. DI SCLOSURE OF THE | NVENTI ON ( Techni cal Problens to
be Sol ved by the Invention) 10 An object of the invention is to provide an

effective information processing nmethad for. i nformation o l|tiyarlate
gene exprod¥eremetnodo ARgRXP 'T‘\n%tr?%y nfarakles A uliikariaie sna Sgy tsr%lgxl ‘{lie.

Anot her object of the invention ig to prqvide an g%% ctive §§anin§t’on

met hod t Haresirodiscrimsinapg Analysis. sdiis fgethed B J5p ﬁewgt ARETYer s
system according to the invention determnes a correlation del mﬁ%h a

bi ol ogi cdkastormdiuerenmsthed cimngfelei ot FEnBltanegTly| PeHRYM ji§quction o
probabilistically generated with tinme as an qbject vat fable and gene

expr essi alinemsidis anddhodelditaing. t Reposed iexarendes phew thatithe parial leash

expl anatory variables. The system has an input neans for receiving a sanple
set i Bcl udjuage dabthahid becdleitoss @amodehdpnstancden daethdd b WV Ahime

bi ol ogi cal condition is derived, or data on the change in the biol ogical
condi ti onppsieRatioh i SHowdvey, ghaarepoed does ndti mention appdicekiditysef dhel evel s
of a plurality of genes and/or the quantities of intracellular substances
(A) a 25 ﬁﬁltﬁéltlieﬁélt-ﬁgi’dlﬁz fetho&|seCineags efsplsahatingy theapkpidseon Byved of

cal cul ati'on neans for calculating a result of cross validation by

execut | NGixfpRhhi BbnbLatd Aoen S ahiedinvelvek aheqabblimd ingha stedyby of
cross validation Dy executing a partial |east squat a nethod by using a

conversi of rAsild ofSull BecRRiE the ViPital 31 @nalPRdACBHVELiaLoall reglhhateiyng
obt ai ned by coriverting a probability that no change 5 occur s by applying a

(i1 fGabl 6, A540% Lidied i Kaphats Vei er met hod or Qut er

More accurate (higher resolution) diagnosis may be expected by
using gene expression information even when sufficient information cannot
be obtained with conventional markers. A result of a measurement of gene
expression has a feature that a large amount of information is obtained, and

15 the data cannot be used fully unless the data are effectively processed since
the large amount of information is included. Accordingly, effective
information processing is inevitable for acquiring useful knowledge. While
cluster analysis is used mainly today as described above, other methods
such as principal component analysis have also been employed. However,

20 since cluster analysis and principal component analysis do not use
supervised learning, a model of causal relationships (correlation) of disease
conditions cannot be obtained. In other words, it is a weak point that the
results of analysis do not tell which gene is important to what extent. While
the partial least square method is a powerful multivariate analysis method

95  for simultaneously performing reduction of dimension and meodel fitting, we



Ederer nethod to the data on the change in the biological condition, based
on or without an assuned distribution (C) a discrimnative assessing neans
for judging adoption and non-adopti ono,ﬁf t he expl anatory vari abl es by
assessing the result of the calculati by the calcul ation nmeans and (D) a
10 decision neans for deciding a partial |east square nodel by continuously
i nproving a function having the result of the cross validation of the
partial |east square nodel as at |east one of independent variables by

using the selection neans (A), the calcul ation, means L udgi ng
means ( C)ofterpenesuntpr @ sityabids fhgk ?%Hliﬁ@éﬁs‘eglé]ﬁﬁg%?%{ ‘%,0?2%8%? gvjtl e

expl anatory 15 variables, or selects them by usi a.genetic akgarithm The
cal cul at ithve maanker: #if cthet eariablegsif (vesy 1&ecr o‘ggc%gﬁqigg%lt 28n eg%fil#’%r

exanpl e, applying a partial |east square nmethod after excludi ng one or nore
sanpl es, isxémunmltiblalplyocesﬁmgj@dé?ﬁ%dréﬁh?cﬂéiléﬁlgﬁ‘ﬁ@@f fowds gﬁ)l%b?maa
representative value of an error between the object vat fgbl e OP t he

bi ol ogi calargeagidirtnofZitfpmeaiicn of depetdxpretsien e Xidse e¥Pofe rarerdfigient yded
sanple in each cal cul ation and the object variable on the biol ogtilscal

condi t§ onpehstfiagexakugetersanpirel Hse mesthiodsofbashd enosthey atasylisi o i s
judged to be inproved if the representative value of the error is reduced.
The di scribfahii¥e proeasegent of the cross validation is rep Bated while

t he explanatory vat fables are 25 sel ected by inclusion or exclusion.
Alternatively, it may be used as a 7 criterion of discrimnative
assessnent, instead of using the doss validation whether a function having

the resul DI?EL@CJ‘?@RE’@@ PHE POVEINTI@Nparti al | east square nodel as at
i ndep

| east one o endent variables is inproved or not. The deci sion neans

det erm ne@%ﬁﬁi&%%-%)ﬁgerrﬁseﬁéf)e SANAELY B In®ntiddr 5 exanpl e, continuously

i nprovi ng e resu cross validation of the partial |east squat a nodel
by repeatedly uging Lhe sefect] tE‘f&?%’tC LGHbat ARNeffRARe Afdrinddidnng
rreansf(?The sel e%f’i g‘r’?eﬁgé)zfséhfngh{g%f cul ati oonBrreans may be executed with a

plurality of conputers. VWhen a eq . at i .S, 16,0 ucd ghbhmal Iy,
t he expl aﬁé‘f%ﬁs?n\gatmf@'bcfdesﬁ)ér éngog%%‘g% ggsggg%#\vatlﬁ%t%l rgsul}?qgf Cross

val i dation,,and a good nod is_obht.ai cing the dinmensions of the
expl anat of§foymation %?nt*ﬁ‘éﬁl:‘gﬁbg}lglstgﬁﬁggge t(ﬁ)lﬁeﬁai%né'assumsd di stribution or

wi t hout the assymed distribution is perf.or L: rd -
probability of %lw(g}éﬁaﬂ Scfﬁt{tihr‘?emb’%ﬁffﬁilggﬁ%g%"ﬁ F%no%‘f%&%ﬁa‘%@poi yrg%)dr%fal of

t he explanatory 15 variabl es. The conversi on based on the assuned

di st ri but neethiodcdhgefol di vision of a logarithm of the probability with a
negative sign added after the | ogarithm c conversion by the observation
time &b tHMeemsfowr Splvingdhe dnap , a division of a logarithnic value of a
negative value after a logarithm c conveysion Of‘ t he g;,oba iIi‘tg?/. bg/ t he
observation ti mé late henglgsishavgemiacepslingnty theaveghoy geterefighc &t a

cal cul ated val ue of probit (probability unit) conversion of a.val ue
obt ai ned kypredlbtioachpdel witdh prloiokdsicalt sordigan 101p9 ¢ gﬁb‘é‘eF%lbll‘aﬁg‘(cP}m of

t he change of the conditions. On the other hand, a logjt transfqrnation my
be used whenditien genbabidistically grveratareavith (thmet as A RBIPCH AIIHEITHh. A
conversion nmethod may be 25 appropriately selected by deci di ntg what ki nd of
assunpt i orgene ‘eapiehksicar lehels and/or quantities of intracellular subsfances as

20 explanatory variables. The system has an input means for receiving a
sample set including data on the biological condition or data from which the
biological condition is derived, or data on the change in the biological
condition probabilistically generated with time, and the expression levels of
a plurality of genes and/or the quantities of intracellular substances; (A) a

95  selection means for selecting explanatory variables; (B) a calculation means



8 distribution or not. An exanple of the function having the result of
cross validation of the partial |east square nodel as at |east one of
independent variables include a functieéK)n of the representative value of the
error and the nunber of the sel ected pl anatory vari ables, or the function
may include 5 other independent variables. The function is desirably a
nonot oni cal | y decreasi ng function of the representative value of the error,
or a nonotonically decreasing function of the nunber of the explanatory
vari abl es, The function can _desirahly be cal cul ated sinply,in.order to pr
event i ndpegaleulatinga l'ﬁ%ﬁrﬂf CB?SSc‘éﬂtiHi/ﬂt‘a‘P’r exg l%ag?gﬁlﬁ?( e EWEtei s a 10
function -PRESS x al phaNP wherein PR&SS is a _ar edi ¢t ed re%i dual e‘ﬁr?r sum
of squar evethqd, oz fonealeulatane grrespl egoan FAHAGLIORQLBFRUNEGA PALHA o) pha
is a real nunber larger than 1. Ot her functions avail ahle inclgpe - PRESS x
(NP + betlapst~square mptirgksby usieg a QOHNP)‘Slgna"eWI:]érf’é eefetiakles thesiti ve
real nunber. 15 A usual statistical nmethod or multivariate anal ysis nmethod
may be apphniversioharstltdeiugiobtaiokd thyecanssitingtopyohadulityphatisnp shanggyced. A
better nodel can be obtained in the invention by using the explanatory

vari all esoalebyeppdyingsa hide taslepacoiding|tedSaplanubletemmenioetl a8 Guider-

expl anatory variables in a statistical nmethod or nultivariate anal ysis

net hod. 2R3 dramvtis®l t@ theidaes ofbell climygdin ohé dislegich) cosditipn, ased
variables in the partial |east square method with the sel ected expl anatory

vari abl esyg; WithfRlashihyd Mtk RRites; i(C) bhlisqiminstive absessingonheans
mul tivariate analysis nethod. The |atent variables are used usually in the

parti al 'fa%S}u(%Hé@dJﬁtmp%nm-s&@@moéf dheengilanstory vhraphst bal | east
squar e met hod nodel” fitting is perfornmed by extracting |atent variabl es

(T; k) of §§%_Eéin§nt§1e?-'m bPTRe CAITMALISS By BRC kalcalitbd inddifs; ahided) a

vari abl es ; e explanatory variables (Xi;). Yil= EQtl x Tik +
o 81 el o e o M B8, bdnognd  sompheounber.
and £ denbreraf du e BRDR e Rt B e Lok S AR MO RIATAr e
analyst s kst anye rasadl’Ss 3c1htl BhE SPHRBRAGMAVRUBIA b MSRE the
selection means (A), the calculation means (B) and the judging means (C).
For example, the selection means sequentially selects the explanatory
15 variables, or selects them by using a genetic algorithm. The calculation
means calculates a result of the cross validation by, for example, applying a
partial least square method after excluding one or more samples,
sequentially. The judging means determines, for example, a representative
value of an error between the object variable on the biological condition
20 predicted by the gene expression of the excluded sample in each calculation
and the object variable on the biological condition of the excluded sample.
The result of the cross validation is judged to be improved if the
representative value of the error is reduced. The discriminative assessment

of the cross validation is repeated while the explanatory variables are

25 selected by inclusion or exclusion. Alternatively, it may be used as a



adaptive | east square nethod, logistic |inear regression, proportional
hazards anal ysis, discrimnant analysis w th Mhal anobi s di stance, kNN
yethod and artificial neural network. -The inventors also find that the
expl anatory variables can be 15 arbitrarily selected by optimzing a
function having the nunber of the explanatory variables as a second

i ndependent variable, besides the result of cross validation such as (a2,
PRESS val ues. When the desirable range of the nunber NP of the extracted
expl anat ory var

i abl.es.is det ined in.relati : . Of s

sanpl es ic't?ﬂgnli’gdia\gcsrélf‘l Iy ?th?e%a%Esﬁﬁ}%:gg1rgs§89§b?%ﬁf1?q \E/}g?f:a 3 G ;lsclms]e
thod, the f ti J bi t ily.b di fie ' tg.t ired
umbor ” ofvIsehEE i BiRCHETL RSB E ROt gh o FUMALT o el " °

- PRESS x al phaNP, for exanple, the constant alphg,is.desirably in the range
of 1.0 t®asape mefal aredt rl%ﬁﬂtym}%ofh% %%’Z’@"&fvaﬂ%’l?% 1%.1’6{P1P}ﬁe%r°he‘?'°tt 0
decrease t he nunber of the explanatory variafles in the 25 rﬁB%e f severa
to sever dThe alesisien i miehns. dateamines dhieopastial Heasta pAuATEdMOdely Y fohave t he
same advantage in other functions f(PRESS NP) such_as,f(PREgs NPLaLpha, VP
+ 1) 5 f(RRESSe MynthR)ously improniag) ulgoigirosh ualidetian of the peatia

expl anatory variables and the value of PRESS MP wth respect to_the

sel ect i oneadt bipeamamabileby 1Bpeatridhy wminapihreopeliegtion Smeans: caleulalioescri bed
above, the nunber of NP of the explanatory variables to be selected can be
wi thin a eshs ahtigudgiigemeAnspdiie siieaticrethdapstanal stlaulagioncaleanstrhay] or

mul tivariate analysis nethod can be constructed by further selecting the
expl anat g§¢/ e¥akitall wscheapplRy ety of tdvenpmdes. déthennhnedrdption npdehasresul t
of the cross validation. Consequently, data 10 analysis is possible by

usi ng t he,sisptictbd GRtiniENY atheOsxpTHhhtoter vatigblepahysicdected Hudedhas sheat ure a
has been fully elucidated. A correlation nodel between the change in the

bi ol qgj calasaANgF b ?m@@m%ﬁj shical dobdoaivaertie bbthided bieredndingehgene
expression levels and/or the quantities of the intracellular substances can

be deterd@%ﬁﬁﬁﬂ@¥%§pggg?ﬁﬂ;§%aggq%&hﬁﬂggrived fromthe biological condition

generate I'me as e obj ecCt vas ffa'bl e. "The change in the biological
condi tion prob (lalc%yvg@i{nx BRAR" & 6th VMSEQD‘%]e'dnﬁ'i'sti'i%utfoﬂr o X@ATRbEs the
e partial | q t hod d

survival tine. east square me is conbined with

Kapl an- Mei Cut er - Ede et had . o Con Th
ogjpeg'? va%ﬁ%&ﬂlneg& B?Fq{ﬁé t’ﬁ’zﬁ’ﬁ ’tsﬁé‘?ﬁ@%% 1%5 85 t@Qﬂﬁig?ﬁg:h th3Bah At TR ItAB e

( ne square I"s obtai ned by
cal cul oL g 5 L R80T OF 5 B AP MNP byt
L
ca ol o0 A 3 SRUSSLEN o 6ol S Bl -PEFRLASE 10
the logarithmic conversion by the observation time of the change in the
condition, a division of a logarithmic value of a negative value after a
logarithmic conversion of the probability by the observation time of the
20 change of the conditions, or a division of a calculated value of probit
(probability unit) conversion of a value obtained by subtracting the
probability from 1 by the observation time of the change of the conditions.
On the other hand, a logit transformation may be used when the conversion

is performed without assumed distribution. A conversion method may be

25 appropriately selected by deciding what kind of assumption is valid for the



11 result of cross validation is calculated with the partial |east square
met hod by using the logit value as the object variable. The survival tine
Js analyzed after extracting the expl gnatory variabl es by taking the cross
validation with the partial |east square nethod into consideration as
descri bed above. 5 A usual statistical nethod or nmultivariate anal ysis
nmet hod becones applicabl e when the nunber of the explanatory variables is
reduced. Then, a nodel of a statistical nethod or multivariable method for

el uci dati he.change  in,the biol ogi gal .condi tion. Ll

gener at edﬂ%”h}’r‘tlc?%ri tco‘?‘rgt"r’ﬁ"&?&ﬁ %Iyﬁhesf%&%‘ﬁleh%)?b%ﬂﬁ%?%%“\?ﬁﬁ%h%%S or

| atent variables thereof 10 enployed in t det et mi ned nodel ; Faor,_exanpl e,
a better Viebidationy §t9 Battaahagshyalprs W‘?fgﬁaﬂ'?o?%&?asgtoé’tei %ﬁncda °pdp ﬂgd or
mul tivariate analysis method (e., g., a proportional h rd_nqthqg or a
linear regrisevindnde psfunchigp) qfég‘et‘%S’PéieiF&’rtéﬂé(F r\qaiu%pgfﬁ? G A B]%e usi ng
the explanatory variables determned wwth the logit value as the oggect
vari abl e.nuihbepobsbe tsebaraed B3planatery yeriebiesd oFefspBmaiencmas made he ¢ ne
into consideration in the analysis of the survival ratio, and it can deal
with Bul tdthar iiafkpendértte variablesi s The tfhnctienpsr derably hazmogopaa uses a
hazard val ue that influences the survival ratio defined for each individual
of obser whicressiagd fanétimet obHnthehi odprdeentasivet healhaz af dtlval eetorkapn am- Mei er
met hod shows the 20 survival ratio for the total set or for each group

t her eof . hbRotrai@Bt rdecrdasingi fuhition mefinthea ypurabebi of tthediestplamatoryn

cal culated froma normal distribution proposed by Gauss, and an exponenti al
di stri butyQMablas VeThY! furbidhy 518 d¥shablpgdrd thieutatadr sieplgi 5t ordert iton i s
used in the analysis of the survival tine. In the fitting to the

exponent i @lev@ht 9 HRhsdis ttheithb @RS of 8aRB14y,naid ah ésarmplel thadof is 4he
formul a, 'and the explanatory variables is 12 selected by taking the

resul lg)e?fl‘iutnr}?ioﬁ_rI_QPRES@ ixdgfﬂh%'qu{'hEanPRFjS@ id @aptediciédr fosi@lidloehiont 0

consi atiton. The expression |l evels of the genes and/or the quantities of

the intragel! i 8l SURSKANELINE SARKEL oRth NEpPlBRALAIABISY 1dDI eandY the

i nput 5 neans ar "reéstricted to the neasured absol ute concentrations of

the SUDStANEESs hrda AhmbBEYal Y. fifufal CHALE TuBPHoRE OFATRBH YALIMAS.

relative r-quan I'es I'y representing the quantities of the
subst ances e I aycorrel ati e at NFrathhd . glate

t he obj ecTPﬁiﬁsaBr(gmr)gSl?eéggnti ng™ hﬁ%?%?g(glkbc?yi; c%ﬁ%i ti on%{/?\ﬁtetk% g%%{sré spectra
may be

denotes a positive real number.

15 A usual statistical method or multivariate analysis method may be
applied when the number of the explanatory variables is reduced. A better
model can be obtained in the invention by using the explanatory variables
selected by using the partial least square method as the explanatory
variables in a statistical method or multivariate analysis method.

20 Otherwise, a better model may be obtained by using latent variables in the

partial least square method with the selected explanatory variables as the

explanatory variables in the statistical method or multivariate analysis
method. The latent variables are used usually in the partial least square
method. Compression of dimensions in the partial least square method

25 model fitting is performed by extracting latent variables (Ta) of small



10 constructed by taking an advantage of the ability of the mass spectra
for measuring protein expressions. A single spot in a DNA chip (gene chip)
anufactured by Affynetrix Co. does nqt always identify an expression of a
singl e gene, and an expression of a si“ngle gene may be identified only when
a plurality of spots are used. Accordingly, a correlation nodel for
directly 15 elucidating the biological condition may be obtai ned by using

t he neasured val ues of respective spots as the explanatory vari abl es.

Mor eover,  each peak in the el gctrophores| attern of rotein not be
assi gned HBCRSIONS fORBOP: 8F g%ﬂiglguﬂflu?ﬂaﬁ?‘??i’%ﬁ“ pvra&faetieiﬁg (ﬁﬁ); aBng%{eer | apped
in a single peak. Accordingly, each peak intensity may be used as an
explanatGKPEVHﬂpﬁmVQFHQﬂeSB%hiIucidating a biological condition. This is
evident fromthe fact that Al aiya et al. enployed the peak intensities of
the el ectrophoest & Q@artBrr a5 t he expl anatory variabl es of uterine cancer.
As nmentioned above, an experinental approach starting fromthe substances
in a liviamg body (cells) totally has attracted attention in the research
fields such as transcriptone 25 anal ysis, proteone analysis and netabol one
anal y5i s in t h&;postPsediends;, 13 era. Absolute quantification of
respective substances is not essential, and neasured values directly or

i ndi r ect lwheveps e sddnvged bhe Gaatilet hembef, lsdbstteacde ouariter fifethebybjeoch an
experinmental nethod and val ues obtai ned by processing them may serve as the
expl anat Qiayiatdé | pRERStek thethbitibdatof tfe Soxpien Sioey ogirtailes do dienotes thair t hen,
a not a effective result of analysis nmay often be obtai ned by addi ng ot her

expl anat giyn¥&y¥ bPHER tEMCHmasblel hid ®hnd R @énde@Wsitaiads Ot her than the
expl anatory variables for elucidating the quantities of the substances as

descri bed abovegy Rt ofNehy SitatitbilcAPdnReRA] dhRg hiultiariaiyeahabis
determ nes a 10 correlation nodel with a biological condition or a change

in the birglagg{dgﬁiachgwsgixﬁh&gﬂerreg?éy'sidnsam@gisy 19RAE R QM 4t 51%5195@ an

obj ect vari n ene expression level § and/or quantities o

| ntracel Iyl o Ru lﬁ&g’ﬁn gs%?g?éi ﬁ@hg&?tlggﬁéti\éarﬂ 'S%gg@é@iom?t PP&b&%ﬁm}ahe steps

of : receiVing a sanp I'ng data on t ol ogi cal condition or
data from whi gh the hiol,ogical 15 conditi ' ' . OF he
change | HAREEE ARG Ea RS RSBaL it AEER 00l s BRES, RERTE o
and the expreigio Leﬁeli of.akﬁlyra;ity of genes and/or the quantities of
i nt r acel IBPEOkyRd pLHEERL pRYr ARy t he expl anatory vari abl es (B)
calculating a rgsult of cross vali ion,by executing a paytial |east
square met hod, ‘of® cAVERIAS; ﬁg‘i"a%”é’g%?%@%fex@?%‘%%t%gl Y%‘g?ﬁ%ﬁ 5?/ne§%cuti ng
a partial |east _square t hod by. usin conversion result as th bj ect
varidﬁleﬁ“@ﬁ@ag@ﬁV§$@ﬂ6 b%éﬁﬁfgﬁgpﬁggJﬁﬁﬁgﬁgd Byuﬁbﬁsgr?F 4 g?&ggbility
Kapl an- NEAMANeIOND 3Tt Péra BB THRRBCRD VEHEbE BPUET HRS Zheibe i n
the biol ogi cal condition, based on or wthout an 25 assuned distribytion
(O j udgiofcrasopalidationsushrasa@dpPRES7alugs. When the desirable range o

the number NP of the extracted explanatory variables is determined in
relation to the number of the samples in the usual statistical method and
20 multivariate analysis method, the function may arbitrarily be modified
according to the desired number of selection to be attained. When the
function is expressed as —-PRESS x alphaNF, for example, the constant alpha
is desirably in the range of 1.0 to 3.0, more desirably in the range of 1.0 to
2.0, in order to decrease the number of the explanatory variables in the

25 range of several to several tens variables. The selection of the variables



14 expl anatory variabl es by assessing the result of the calculation by the
calculation in the calculating step (B) ~ and (D) deciding a partial |east
Ssquat a nodel by continuously inps ow'ggg a function having the result of
the cross validation of the partial |€ast square nodel as at |east one of 5
i ndependent vari ables by using the selecting step (A), the calculating step
(B) and the judging step (C. In the data analysis nethod, in the selection
step, the explanatory variables are sequentially selected or they are

eneti¢ algorithm, In_the.cal t he result

| ected b i i
?)fe g?ogs E‘é’lﬁfg?g}% ggmfoa LpRiALs: By othey f'é&%wse?@ﬁﬁgtn ﬁ\if))gg}l?}il &° | east
hod b | udi t | , tially. t
S eer s e Snhen B D 5 PR bs B SANMNET suovad dhe srbeabbt bet veen

t he object variable on the biological condition predicted from gen%

expr essi the datuale setettadeexnlanptosy wamdables amf valeapf & BIiap Mt ng t ne

bi ol ogi cal conditions of the excluded sanples 15 in each calculation is

det er ni nedth veepett taltbal salediohad etheomariablases Byt usinaiare dpptioptiate

calculation step. The result of the cross validation is judged to be

i npr o¥ed fuhetion e despribed mbave viherahmbenfof B ofrtherexpsanaiguy edriabhes

di scrim native assessnent of the cross validation is repeated while the

expl anat @b\bev asleatdldesarabe sétlant #dlesimmbldheadgei sA anodelephtaangdibyi the | east

20 square nodel is determ ned, for exanple, by continuously inproving the

resul t ofstdtisricdlometNad iofl atnudtiivafiatd@anphfsid ahethedséars heacenstpaekd by

repeat edly executing the selection step, calculation step and

di scri m fghihee ABRREHFEtheSt &pladiorsehaeidNgs steplad ciadl ctiat iddebt ep may

be executed by using a plurality of conputers. 25 A data anal ysis program

execut ablRi¥Wirhthed MR EEhETEAIEIThb Lrosd ValiBBtibRY CDénudater Ahaes a

correl ation nodel by using biological condition or change i1 n the biological

condip %n%]ﬁyaé‘% bbgéib&aw XsB) %@%@ﬂim&h‘ rhi(HodaG: ARIIBCHriYes haklyrss and the
of ap Ity o of

expression I‘evels ura genes and/or the quantities

|t r acel Ll alo SURSLARGRR oA BRLARALOLY NBRLAD! es. The 5 program has the
steps of: receiving a sanple set I nc¢luding data on the biological condition
or data fromwhjch the.biol ogigal caonditi ' rq n t he
change in the 8?’65?% T %%(%iltcl?e(gﬁveSPg%léebl a|'ﬂs%96| ggf’f‘%é@r?%?"&? %éﬁ\(/l\n&?%ﬁti ne,
and the exp ion levels of Lur.al it genes and/or tihe quantities of
intr acelHlﬁf’gsﬁ’sbfg'é’gierﬁ?é’?}a‘(e&? Wgt(h é(‘ﬁ‘el ﬁédﬁ{% =251 SHECETY V'\a/%rall% Phs - (B)
calculating a result of cross validation by executiing a .partial .|east
squar e net?‘ﬁdﬂl,alﬁwltl%%Pfgmeaf‘Wi@céﬁﬂég&Pk’s&ncéﬁ&§§Chﬁafl?ﬁaéwgﬂdw BREERing a
partial |east square t hod by using a conversion result as.the obj ect
vari 3Bl e, AUy oderived drpmdig b ‘églgl@l B FIHBdg‘H}FI@g‘?fté‘Pf}? Y8 5 6d%bility
t hat no chang{e occurs v'\‘/hen alife table is app{ i ed_accordin _i,o_
Kapl an- Mgbiect1 sayiableod "dhecehrange indher biplegisgyl condiongrrebahilistieallhange in
the biol ogical condition, based on or w thout an assuned distribution (C)
j udgi ng aateyrated sith dme adepfaroexamplaen supyirhttomg. vaheaprtialplpagtsessi ng
the result of the calculation by the calculation in the calculating step
(B); and faDprdewmiethordy ia qoarhingdl withs KapdamarMeiey datethyd coynCuplesifadaper
improving a 20 function having the result of the cross validation of the
partial |mathodqudrlegitotimnsfanmtidreasthonbjest viarthdderdetite partiablesst by
using the selecting step

20 square method is obtained by calculating a probability that no change

occurs by applying a life table according to Kaplan-Meier method or Cutler-
Ederer method to the data on the change in the biological condition
generated with time and by performing logit transformation of the
probability. Logit values are calculated with an equation, logit = log {P/I(1 -

25 P)}, based on a ratio (probability) P of a class in the classified data. The



(A), the calculating step (B) and the judging step (C. In the data

anal ysis program in the selection step, the explanatory variables are
Sequentially selected or they are sel flCt ed by using a genetic 25 algorithm
In the calculation step, the result of  cross validation is 16 cal cul at ed,
for exanple, with the partial |east square nethod by excluding one or nore
sanpl es, sequentially. In the discrimnative assessnent step, a
representative value of an error between the object variable on the

bi ol ogi cal ndition predicted fro ne ressio in the exclyd

sanpl es éiﬁﬂﬁgﬁg C‘SOSSbY%b‘faqVH‘r f%B?lﬁu%ggé@Fﬁﬁg‘et%t‘@?i?%‘q&i e %ns of

t he excl uded sanples in each cal cul ation | term ned in each cal cul ation
based onP¥ H’é“ﬂ%gﬁ? O%Y)Y%“r?e%?ﬁf?? 8th‘é?13ﬁh’]§ti §‘P'evb‘.’gl'ltﬁ’§ler1§salﬂaﬁy?ﬁ‘ft he
cross validation is judged to be inps owed when the representatjve val ue of
the errorfier extipeiongibaseyplapataysyagjableschy ﬁkh%ith(j FUQES 1% 8 ative
val ue as an i ndependent 10 variable is reduced. The discrimnative
assessnemtitlythe herdableast anarse methed interensidgrafipn astdescuikpd akaver y

vari ables are selected. In the decision step, a partial |east square nodel
i s deberm ned, Aesuaxaatisticabinethod onuouktivariatesanalysig mathadebegomes t he
cross validation of the partial |east square nodel by repeatedly executing
t he sel eapbplivableephen ahe uahbanoftieperpldndboryi saviablienas redueskedhrent st ep.
The sel ection step and cal cul ation step may be executed by using a

pl uralitw slodeboputeatistidhlenethbdpatmualtiwaialdbl mstlardeforatlucidaltingetheat al |
or the full explanatory variables are included in the initial state in the

sel ecti ophahgbha hePbanedieal cviditdil peobabilistiealliaganaaby siithptiogs #m t he
bi ol ogi cal condition includes a 20 nmeasured val ue representing the type of

di sease, BniRastdEly URliHg thePs:§sienhicdy WAgHses O Ritbiht ¢aliablesdils@ase, a
result of diagnosis representing the types of disease, a result of

di agpgsi %n‘i@lB%@&‘?Htﬂ}fégdgﬁ%ﬁﬁe@fmﬁaélt.i Rl AlandhleeaskettOF riodd! Mayahs ai ned
by secondar rocessing thereof. For exanple, predicting the survival tine

o o o RS PO AL 7R Pl i
method (e.g., a proportional hazard method or a linear regression analysis
applied to a parametric distribution) by using the explanatory variables
determined with the logit value as the object variable. The proportional

15 hazard method developed by Cox takes the time into consideration in the
analysis of the survival ratio, and it can deal with multivariables. The
analysis in the proportional hazard method uses a hazard value that
influences the survival ratio defined for each individual of observation and a
function which derives the hazard value. Kaplan-Meier method shows the

20 survival ratio for the total set or for each group thereof. The parametric
distribution means a probability distribution calculated from a normal
distribution proposed by Gauss, and an exponential distribution, a Weibull
analysis or a logarithmic normal distribution is used in the analysis of the
survival time. In the fitting to the exponential or other distributions, a

25 polynomial is included in the formula, and the explanatory variables is



design as will be shown below in exanples, so that the program can provide
a val uabl e di agnosis nodel for the society. Predicting possibility of
Jecurrence of cancer may provide valuable information for making a

t herapeuti c program considering QOL and for deciding selection of therapy 5
by a doctor or a patient. A data analysis apparatus according to the

i nvention includes an input neans for receiving a determ ned correl ation
nodel and expl anatory variabl es adopted in the nodel for the sanples to be
predi cted,, and ns far predictd and di sgrijn natd t he bial ogi cal
conditioﬁe%?ﬂfhiys nga¥b18§g£dﬁgﬂ%%ﬁ%o?%ggﬁggﬁng% gﬁ%ﬁﬁ?§mggﬁga les. A
data anal ysi s netgqgiactor qug,to the invention includes the steps of
recei vi n§IUAke MOtRP¢IMOroNSI4eTaHAR: on nodel and the expl anatory vari abl es
adopted in the nodel for the sanples to be preﬂict d, and ptedi%ting and

di scri mi nat i ng Thee esprassiginc devalsnefi thergegrest redanphe upptdiies ot the

recei ved expl anatory variables. A 15 data anal ysis program according to the
i nvent i opntrasellnlar stubstangesrisseivedrp the edplametoryevariables| by the inpeel and

t he expl anatory vari abl es adopted in the nodel for the sanples to be

pr edi Bt edneanrd ape aditcrastjctadd telitber measardchgbselateiconeepizationsrfi theon of

t he sanpl es based on the received explanatory variables. 20 The conputer

r eadabl e substmieng Instiadmthey onaly bg dadculhted andmrooessedcwmldes,awlatovee of t he
prograns descri bed above. In an intracellul ar substance neasuring device, a
det ect i ovaléh@dqhheticiof in directlyeéhedentingehanjuantitictesfrthe wofbstandescal of
diffuse large cell |ynphona based on the detection according to the

i nvent i ooyt BRARIYE,CE dirrERitRE nedd]! Hsti ofin Odlivattly easieclabe thenebjpet ect ed
substantially in a gene group 18 of gene bank accession nunbers U15085,

M23452, Xodthile 1dpPdsitind (88 bidluEiSlOdHAitiBheketh akdds, sPXi£S8h9rbef at

| east one gene selected substantially froma gene group of gene bank

accegg Or&og Bl H93338n e MerQACanHER0dO e a8 8B €he XAL3 dpedtid 369,
H96306, AAB830781 and 5 Aﬁ%04793 may further be detected. In an

| ntracel lbAwhPIhBNGR SEARHLLAG IRVIiGEle dpseAs W TANBLiROGehBeHARS . of 2
g degree of critical of breast cancer based
manufactured by Affymetrix Co. does not always identify an expression of a
single gene, and an expression of a single gene may be identified only when
a plurality of spots are used. Accordingly, a correlation model for directly
15 elucidating the biological condition may be obtained by using the measured
values of respective spots as the explanatory variables. Moreover, each peak
in the electrophoresis pattern of a protein may not be assigned to a single
protein, and a plurality of proteins may be overlapped in a single peak.
Accordingly, each peak intensity may be used as an explanatory variable for
20 elucidating a biological condition. This is evident from the fact that Alaiya
et al. employed the peak intensities of the electrophoresis pattern as the
explanatory variables of wuterine cancer. As mentioned above, an
experimental approach starting from the substances in a living body (cells)

totally has attracted attention in the research fields such as transcriptome

25 analysis, proteome analysis and metabolome analysis in the post-sequence



on the detection according to the invention, intracellular substances
cont ai ni ng gene products conprising substantially genes of gene bank 10
accessi on nunbers AA598572, AA703058 d AA453345 are detected. Prefer
ably, intracellular substances containing substantially at |east one gene
product selected froma gene group of gene bank accession nunber s
AA406242, H73335, WB4753, N71160, AA054669, N32820 and R05667 are further
detected. 15 In an intracellul ar substance neasuring device, a nmeasuring

met hod thereof, and a net.hod .for .exam nin ssibilit f recuryence of

br east c&ﬁ%'er&bsé’i'é'if 8Ha’3ﬁ capR li‘fﬁpﬁ(éqt‘%eg sggﬁtﬁnfgs t‘%é‘)?ﬁ\?@?‘ml%ln,ande
intracel lul ar sybstances, containin ene, product s, conprisi ng substaptially
genes of TARAFILE nk’ag‘b‘lcses%‘i"ﬁﬁﬁﬁu%e?%‘gm ICXAFSHAE 04@‘7%&1%% 93[]250654
are 20 detected. Preferahly, intracellular substances containing.

subst ant isubstanges oaaatifiedeby eneh QW‘I@?H@A ﬁﬁgﬁg’él @é‘g é(ahﬁso?htél%e group
consi sting of gene bank accession nunbers AA448641, R78516, R05934,
AAG29838 barpirddssi8g them iyt hervedas ¢he edplanatary ivariabies fay elucklatinence
measuri ng device, a neasuring nmethod 25 thereof, and a nethod for exam ning
possi i | ithy iblogezlircoaditgonf Buctder, a more affeetivbasedltosf ahelydist sy on,

i ntracel | ul ar substances contai ning gene products substantially conps ising
genes of offemebbasttanoek by addimgnbtrerseyl484897, vaB83aBRS. sNdB427¢liN29B39,
AA485739, AA425861, H84871, T64312, T59518 and AA037488 are detected.

Pr ef er ablisitervivw adegthal utlesr bhsnihdicangpnaoniyaivairiablgefe pluwddating the
substantially of a gene of gene bank accession nunber AA406231 is detected

further. guan®itidsdfitheaubdtices UhslcaotiBed®dsyei Nng devi ce, a measuring net hod
t hereof, and a nethod for exam ning possibility of recurrence of breast

cancer based onAtdigadgh8BiiOMARGAr déddgding tHahlNRRhtRRA dbfirhaasl |4l ar 10
subst ances cont ai ni ng gene products substantially of genes of gene bank

accesgpi onPTRGES Iﬁaéél%lthTQ%%?og"i‘M%Qﬁﬁﬁélq A& &%h%%ti%dthe biological

condition probabilistically generated with time as an object variable and
gene expression levels and/or quantities of intracellular substances as
explanatory variables. The method has the steps of: receiving a sample set
including data on the biological condition or data from which the biological
15 condition is derived, or data on the change in the biological condition
probabilistically generated with time, and the expression levels of a
plurality of genes and/or the quantities of intracellular substances; (A)
selecting the explanatory variables; (B) calculating a result of cross
validation by executing a partial least square method, or calculating a result
20 of cross validation by executing a partial least square method by using a
conversion result as the object variable, the conversion result being obtained
by converting a probability that no change occurs when a life table is
applied according to Kaplan-Meier method or Cutler-Ederer method to the
data on the change in the biological condition, based on or without an

25 assumed distribution; (C) judging adoption and non-adoption of the



Exanpl es of the intracellul ar substance neasuring device include a DNA chip
such as a DNA micro array, a gene chip, an oligo-DNA chip, an

.el ectrochem cal DNA chip (an ECA chip 4 2 fi brous DNA chip, a magnetic 15
bead DNA chip (a PSS) and a bobbin chip (PSS), a nacro array, an

anti body chip and a kit of neasuring reagents. A neasuring instrunent may
be integrated with these devices. BRI EF DESCRI PTI ON OF THE DRAW NGS 20 Fi g.
1 is a block diagramof a systemfor analyzing gene expression. Fig. 2 is a

[ owchart of 20,200 125,59, s Brossam, Fig. Schs lgmEnety for
F1 owchar C-FBIGenapy LER | FHEHaNB8oF Pof BLorRir g leciae 4 aprial 127, 6 1 s
s & f ouPERATS BIRSRAPY BITIONSAT UBPI NG ArOUSHFoReeohe D eical os. |
Fig. 8is afifth flowhart for constructing a nodel for selecting
vari abl esrossi alidationa ofjrthyeh pattinhelepsts Hquage medel casstatsderateonndefl . Fig.
10 shows conpari sons between the survival tine of patients and 10
di agnbst iindéprtidens veiridhlBCbyotsipgt thensalecting step (A), the calculating step

(B) and the judging step (C).

In the data analysis method, in the selection step, the explanatory
variables are sequentially selected or they are selected by using a genetic
algorithm. In the calculation step, the result of cross validation is

10 calculated, for example, with the partial least square method by excluding
one or more samples, sequentially. In the discriminative assessment step, a
representative value of an error between the object variable on the biological
condition predicted from gene expressions in the excluded samples and the
object variable indicating the biological conditions of the excluded samples

15 in each calculation is determined in each calculation based on the result
obtained in the calculation step. The result of the cross validation is judged
to be improved when the representative value of the error is reduced. The
discriminative assessment of the cross validation is repeated while the
explanatory variables are selected. In the decision step, a partial least

20 square model is determined, for example, by continuously improving the
result of the cross validation of the partial least square model by repeatedly
executing the selection step, calculation step and discriminative assessment
step. The selection step and calculation step may be executed by using a

plurality of computers.

25 A data analysis program executable with a computer according to



Fig. 11 shows a plot of the survival time of the DLBCL of patients in
Exanpl e 2 agai nst diagnosis score. Fig. 12 shows a plot of the survival
time of the breast cancer patients in gxanple 3 agai nst di agnosis score. 15
Fig. 13 is a plot of the survival i mt agai nst di agnosi s score when P >_
0.0005 is enployed as a variable deletion criterion of the breast cancer
patients in Exanple 3. Fig. 14 shows a plot of the recurrence tine agai nst
di agnosi s score of the breast cancer patients in Exanple 7. 20 Fig. 15 is a

plot of the.recurrence ti.ne against .di agnosi,s score when P > 0,025 is

bripl oy ed tB8 VTS BF G iRiRGs AgEAin iah TEROGY Wons bialoE vl eRtttis Pents | n
Exanple 7, Fig.. 16 shows optimzation of the partial |east square nodel by
usi ng t h&hgegednct IE’S\I(\‘/?Sﬁl ?W‘é&%ﬁﬂ’@%@bﬂﬁlqﬂ%@. g‘inim@ﬁ‘%fié‘”f?)élh‘m?oﬁ‘)’bl ogi es
in hierarchical artificial neural & 21 networks in Exanple 10. Fig. 18 is a

graph of oRiqck|vatiablehppdjdewaressiandayels\dla pluralisy @of gengn eeidéorsthe e of
breast cancer patients in the proportional hazards nodel with the |atent
vari abl esuantitiesnif e intracélbay. substiances gaspéxplanatory| aeriobdéd.p BBieveen t he
survival time and predicted values of the diagnosis score of breast cancer
pat i edt s pragtamn lpaspbet stenal ofhazeeivmgredebampile rset haclutiegt datar oabthes i n
Exanpl e 11. BEST MODE FOR CARRYI NG QUT THE | NVENTI ON
biological condition or data from which the biological condition is derived, or
data on the change in the biological condition probabilistically generated
with time, and the expression levels of a plurality of genes and/or the
quantities of intracellular substances; (A) selecting the explanatory
10  variables; (B) calculating a result of cross validation by executing a partial
least square method, or calculating a result of cross validation by executing
a partial least square method by using a conversion result as the object
variable, the conversion result being obtained by converting a probability
that no change occurs when a life table is applied according to Kaplan-Meier
15  method or Cutler-Ederer method to the data on the change in the biological
condition, based on or without an assumed distribution; (C) judging
adoption and non-adoption of the explanatory variables by assessing the
result of the calculation by the calculation in the calculating step (B); and
(D) deciding a partial least square model by continuously improving a
20  function having the result of the cross validation of the partial least square
model as at least one of independent variables by using the selecting step
(A), the calculating step (B) and the judging step (C).
In the data analysis program, in the selection step, the explanatory

variables are sequentially selected or they are selected by using a genetic

25  algorithm. In the calculation step, the result of cross validation is



10 Enbodi nents of the invention will be described hereinafter with
reference to the appended draw ngs. Determ nation of a correl ation nodel
bet ween a sel ected bi ol ogi cal conditiﬂy and the gene expression |levels

and/ or the anmount of the intracellul ar” substances will be described bel ow
The term "gene 15 expression” is used in the invention to include
expression of nRNA (transcriptone) and proteins (proteone) forned as a
result of transcription of nmRNAs. The ampunt of the intracellular

subst ances ng, .for_exanpl e, nmet ahol.ome correspondj ng,to all .t he

et abol | GRS Lo PRIV Ithy R ALCIo RS, SWoig BEthpd BYCe Sttt e ach
sanple data in the analysis of Zq@thﬁltragscriptone (nRNAs) and. proteone
(pr ot ei n&NeREMErsHNBliSe AP ARGHIR LY ofP Haf ARHENEIAESRTERSENEFEEP: Bach
sanpl e contains a_|large anount of gene expression |evels of not snmaller
than 1, ogepypspatativgyalaeidamespy febneen thpipbieshrariable enpphebiglogigal gi sease
types and di agnostic indices of diseases, they may include biol ogical

i nf or mat iconditipnaprastictedgrnm geme sspressions iththe drdyded sanlag@adothedi sease”
i ncludes the extent of progress as well as 22 the type, degree of
critial objedt dagiabde ohdiwatingutheebladicalneordlitions of tBereludeel pmaplesed dat a
such as the gene expression |evels have a | arge anmount of information, an
ef f ect i vén mschi ssdenkit®nairaldygsdininedng aadorplthdatios bagdi 6 dhebrdsmltdat a
acqui sition, a biological condition such as a diagnostic index is

di scri m pbtdteflan thervaldhdatioh sseppThe, resalt of thie dibssd dalidagonasphdged rom t he
sanpl es, and the gene expression levels and the |ike of many gene products
in the ceblbeliaiprobed dﬂleaqrﬂld]ﬁ%ﬁ-uf,eﬁd;atﬁea@ﬂﬁ@bﬁt}i@&-ﬂmdﬁla hbabtoauslyparti al

| east square nodel is obtained in the data analysis according to an 10

enbodi m%cﬁﬁasﬁﬂ% fuR¥Q0h| RAviRY kRO UldphB8tariekSvaliuct BE SEN dRYRAASSEE ON
| evel and the like and a biological condition such as a diagnostic index. A

causg ar%%ﬁé%iléié Ped%fétéa.or dai@¥%iHihAfva a@yéésirﬂ(ﬂ{eti &{tﬁe%’ﬂééé’%l?% ggiamin a

conput er by assum ng e diagnostic 1 ndex as t obj ect variable and the

gene exDrrSﬁé&t%ﬁ &gﬁg'tﬁe%’%ﬂ{aq{at’oﬁ‘?v ie"i%'ggéstjieessqucdeat MRC é&é&éioﬁ“ﬁé{)?”ces as

15 the explanatory variabfes 1 n ‘or 0 obtain information on t
PR S ot [ BRE ST RO SO el
val ue obl gt e et SR QLY AREa 06 31 the B ALY S SR SRRt 1O 2
by repeatedly executing the selection step, calculation step and
15 discriminative assessment step. The selection step and calculation step may
be executed by using a plurality of computers. The explanatory variables
are not included at all or the full explanatory variables are included in the
initial state in the selection of the explanatory variables.
In the data analysis program, the biological condition includes a
20 measured value representing the type of disease, a measured value
representing degree of critical of disease, a result of diagnosis representing
the types of disease, a result of diagnosis representing degree of critical of
disease, or a value obtained by secondary processing thereof. For example,

predicting the survival time of a patient gives important information for

25 deciding a therapeutic program including QOL (quality of life) and a life



order to obtain a nore significant result of data analysis. 20 The
inventors find in the field of nedical diagnosis with gene expression that
a good correlation nodel (e.g., a pari%al | east square nodel) can be

obtai ned by selecting variables so as"to optim ze a function having the
result of cross validation used in the data analysis as at |east one of

i ndependent vai ables. In the cross validation, the data at hand are divi ded
25 into a plurality of groups, and a nodel is obtained by fitting for only

a part 23 of the.divided data groups (a training set) while predjctive
pover - of dBRiER AL Pe Stipith helin g BXEaRLE o Ytk e PRt Risnd BPSHS (4 Fest
set). The cross val.idation has been ysed for selection of dinensions of the
| atent varivabrakle; fagnoesisipedel danl H’p‘%\rstof”&ty-l ediedichng P onst E\HY(ﬁfS) .
However, 5 in the partial |east square netggg_of the .invention the |atent
di mensi oleswrense Pk saBeRd) MAY Brevide: velvakly i indonmation ot yapkigg: jgon
(e.g., a predictable error of a sumof squares) as at |east one of the
i ndependéﬁ@l‘wtlézmlé’gl'ﬂ@ eqnsidering QRL and i decidingeselaption wi theranss
(expl anatory variabl es) are selected successively. How ever, the advantage
of the i hyendoctnr puy Hadiexd. obt ai ned without restricting the di mension of
the latent dinension to one. Consequently, it is found that a good and
powerful ly predi datdblamatyris elppiaratnsmadedrdiag tb ethebimientibre vedludée mm
significant correl ation nodel cannot be obtained by using the ful
vari abl esnpvt aicalblsefot epedivalg arlaterialnddbyorbelativhamaddd] ynd bepegwent i al
selection of variables with the cross-validation. 15 The inventors al so
find thatvagiahdedadsptedliattheimsdslelor Bhs edntples tabe predrtad)hrilh hhyaid at e
anal ysis other than the partial |east squat a nethod can be obtai ned by
sel ecti ngoit pPedicPnanahdr disvanlinhtiag the %@&6?&&1 oAlMiSetoErthid BARGles
function for m and that a correl ation nodel suitable for an object
vari gl e photd d&s CfHeP - B&ifed SRS Ay D AligBIesal £ anfliat hARIFR BBt | _
obtained. "Optim zation” as used herein neans that the cross validation is
i mproved 13k fart Mpeals i iRl kil j Ng
anal ysi s agg(%]lgllutl ?gﬂsﬂﬂvﬁ]gﬁyet t@e%ﬁqgﬁ‘% 8Ir1;é/ S\?@%é’ l1§gél§}%§‘§}é§g£e[tg , and it
never neans. r | j . £l i onbi i on anong
Ea0 eﬁ%ﬁt{ir}] (E;ngéi Q&f t¥%6é§§5*8&1§%1gémgs a%oggéd EHr@h%. H%%dtgﬂtef&z e

the entire co fons o planatory varr a y using

vari abl e | ectijon snak.l , nunber. of.,.factors for.determ n ng. the di seases
24 can bebr aeerY ioyBe RAGighlh AR pabeics B R o SR B dBiologieB °na

hi p, t.i bod i d DNA t ent t be desi g t hat
ShLP, 21 SRSt ShLe. A 8 PACoRLSRt vClor Can e, Segl Mgk, 5 Lol
o e I R Ao o, LB, o tatlabl splectien contione (o

sequential ly, sel ected based on the crqss validation. A fynction ving the
cross va|ti1é%qt%1ﬁngse ‘EOIF‘%]%PDOW@HP%aégeti‘ﬁe‘?ﬁpl?f%%toﬂ‘&maélﬁ e, 88aPFest It he

sel ection, Wen an explanatory vas fable is _added tenporaly but the
f unct i on the model for the samples fo be predicted, and predicting and discriminating

the biological condition of the samples based on the received explanatory
variables.
20 The computer-readable recording medium according to the invention
records any one of the programs described above.
In an intracellular substance measuring device, a detection method
thereof, or a method for examining degree of critical of diffuse large cell
lymphoma based on the detection according to the invention, the device

25  detects expression of at least one gene selected substantially in a gene group



10 judged not to be inps owed by adding the explanatory variable, the
addition of the explanatory variable is cancel ed. However, the addition of
the explanatory variable is accepted en judged that the function is

i nproved. Alternatively, when an explanatory variable is excluded
tenporarily but the function is judged not to be inproved by excluding the
expl anatory variable, 15 the exclusion of the explanatory variable is
cancel ed, while the exclusion of the explanatory variable is accepted when

j udged to_be ingproved. \When one or t I el ect ed,
assessneff gSPegEQﬁ&CGEESl%F’i“&% 1§ f@%‘%ﬁ‘ﬁ%?ﬂ@ g@%ﬁl@ﬁ@iﬁgﬁ@ | east
square nodel s_are obtained b¥ excl udi ng onf or re sanpl es annﬂg E{e n
sanpl es 28qued90 y, Bipderablpo expeessioniert t Ak 98skcPNGaLPRBI SCtSteG he

bi ol ogi cal _condition of the excluded sanples) predictable fromthe gene
expr essi shbstansiallipfromne ggee wrewr srgsneshank focpision, mepbeseH038P8e val ue
of errors relative to the object variable is determ ned. The

"repr esedMaf066k: AKO00E546s BEXOB5R6r X09488f 47 82979, 4196306 SA8BACBEENd ng t he
data such as a sum an average, a nmaxinmum a 25 nedi an and a node val ue.
The cbHosAABD4 TR inay fustherdgedetieotdde | nproved 25 when the val ue of the
function having the representative value of the error as at |east one of

t he i ndependentln\aar irtbhadlulsy sebktaade nseasubbatig dévdce or nespancgngetxgl anat ory
vari able is added or excluded. The function is continuously inps owed by
sequent i ghkyeds 6L aSBthdd forcéampiniag idégié® of whitical bf bheasexahasnbased
vari abl e(s) are sequentially selected. The selection of the explanatory

vari abl ey sheonRk&dtesh WRBrd&idg B @N&MBiVlenition, UiPdcdlulae SWbshness because
the cross validation have been optim zed. Consequently, an optinmum parti al

| east Squ3heaiRde! o didY iRgdacts! H@)ﬁq?gis’f&&@bﬁfbs%nﬁigﬁﬁsgéﬁ&é e géﬂé anatier y

vari abl es I's obtained. Actually, e processing 1 escri bed above is

bl . ! i I f gPRESS
o oYY e i PR SARGO, 05 0 WAFOIOHE pufl LRRABITNO! Al B81cdPRESS)
cal cul ati eyice d 1. Nl t i abl e
Shen't e RFEEEE n BRI SUEL L Gl IR s ke aHR PO ©
at arateeualéitoo smal I.er than_a threshold fer
i

r h I A5

var | abl o BRepiochlt BRI PR rEmi 4 2hn® ArSPr O ke Shal SRR BRI
anal ysi s | or i~QNShi y 441 ng" ed herein
nmeans thdﬁ%gﬁg%%ﬂggﬁoftg’i@éﬁc&@tham%ﬁ@mﬁé%?n?h%é‘%ﬁa@ah%ed for
the nodel, fitti since the nodel fails to describe a true correlation due
to a 20 ﬁHBﬂFgﬁggeﬂﬁaber of the explanatory varabl es al though prediction of
t he nodel happﬁn to,agr%ﬁbﬁﬁth éhe data used foqr the nDdeI‘fitting. The
partil8l |east d9R nthaselbtar substamce megsaring deyise; 3 psasysinemethiodng j ¢
is said relatively powerful against the problemof over fitting because it
is a powdhrbeofmamd wamethedafeal oxamsiniagnpassibidity coh rpanrenes it Praastiuct i on

of 25 dinension and nodel fitting at the sane tine. However, one is
confr ont edncer based on the detection according to the invention, intracellular

substances containing gene products comprising substantially genes of gene

bank accession numbers W84753, H08581, AA045730 and AI250654 are

20 detected. Preferably, intracellular substances containing substantially at

least one gene product of genes selected from a gene group consisting of gene

bank accession numbers AA448641, R78516, R05934, AA629838 and
H53037 are further detected.

In an intracellular substance measuring device, a measuring method

25  thereof, and a method for examining possibility of recurrence of breast



26 with a situation that a significant result cannot be obtained when a

| ar ge nunber of variables are dealt as in the analysis of gene expression.
Si nce the nethods used by Al aiya and an described in the background art
are valid on the premse that a full s fables nodel is significantly
valid, they 5 cannot be used genes ally for selecting the variables . On
the contrary, the invention can reduce overfitting by selecting the
variables so as to optimze the result of cross validation prediction. In
addi tion, [ tio rqyj des a tho of n edln r.ocessi ng such
as prlncf%g &‘tg¥%%é% q%%aﬁ hm]oncﬁ ggﬂlrg ?H@P ﬁﬂpgag@“%ethods

since a SI |f|ca cannot. 10 be obt ai ned t he nunmber of the
expl anat 5’r1y %ﬁsl %lrb}fségnﬂg lﬁu?qnéplllﬁlrngfege’??ﬁeo ﬁ?é‘ﬁsigh%igi%c%ﬁ‘ﬁ?e% efith a

pr epr oces p one al ysis based on the ful
explanat5§§ﬁ%g§ﬁgbﬂ§§265 deghégzxgﬁ%ﬁggg ¢¥£%§9F%blé%*ﬁﬁﬁ§|ne536@

pr eproce ar used fo anal i However, in _this nethod, the fuI

expl anat %%agr %/fbgsoe?éﬁs dgtected + h@Prefargbbiciniteacediulathe nodel
are ipevitable for predlctlon For exanple, all the genes used for

const Puctihgtances reataining genecrrodupts substansiadlyoof a ghrmgnbgene hyede chip,
or the variables should be selected with a different nmethod. On the

cont r ar y acpgssidreninmbentA 4623 Inisalatbeted fnbdrerof t he expl anatory vari abl es
is decreased by selecting them only the genes 20 corresponding to the

sel ect ed expl adataor intvarellabhesulastence maasadingodddcdiel theasuringi gtiast i ¢ gene
chip as far as they correspond to the gene expression | evel. Todeschini et
al . obt aitherbod, amdt a phethed rfes séxmianag ysessibibige| ofbyedrtsdd B8 Brdast
variables so as to optimze the cross validation by a genetic 25 algorithm
in order cancqr ddised slecthirpdsiddtion @lcaidii@gi o ¢REPRMRAS IO ihifacelldlar

at nosphere (P. Dramatics, V Consonni & R Todeschini, Chenospher a 38(5),

1371178 (saa%_)rbces Toatamdel gesleclenﬂdcwtse@s%t&biw%f%m&@”@Pgaﬂé ik 175
descriptors (i, 0.79) to result in selection of seven vari abl es and

predi cti (a@cé%fsm%nﬁﬁiﬂé%l!BPBZL(S@ZTEAIQQQ}MAﬁ?%?&ﬁf Qﬂgd{zt%cwae same as the 5

method in the invention in that the variables are selected so as to

optim ze the C'E?%?nﬁ’l@% lo#3h YRt Mﬁr %ﬁ%sgle%s I Bl Gl gﬁgﬁém on model

i s used, the nunber of the varia es set anong e exp

vari abl e@Ng{] f;cs‘?{%hté’s QeDmlnluc eve Qhang% ?‘ canno?}lIgl ﬁ?ﬁ%pl | ed a0 t he

anal ysi s of € gene expression qua

t 1,
ot hod f ot enyRataTbaty s RalCA thS., Eﬁb@kﬁéfeﬁmcw PRSI anat ory
I h d d | t
var | 591 CReIAR, LARMLIVAs iR {PLARUE By Uttt e 20 m%‘élqjé Sn6t ment i on
any effectl% nmet,hod ng gﬁjegtln t he ezflanato y variables. This is
because PREPAANHENP Fpda IRACYLIE BFAgomEs or A gnART LIRS IRAHUgRNt

variables is 175 at st,.and it is not necessary to select the explanatory

t
vari abl eglaﬁ—B%\é’\‘/t@rgla‘i ‘YW@ these devices.

BRIEF DESCRIPTION OF THE DRAWINGS
20 Fig. 1is a block diagram of a system for analyzing gene expression.
Fig. 21is a flowchart of an analysis software program.
Fig. 3 is a flowchart for calculating a result CV of cross validation.
Fig. 4 is a first flowchart for constructing a model for selecting
‘variables.

25 Fig. 5 is a second flowchart for constructing a model for selecting



anaklytical field of gene expression quite different fromthe nethod

descri bed above, the nunber of the candi dates of the explanatory vari abl es
.amounts to several hundred and severa% t housands, even several tens

t housands, for 20 several tens to sev Q al hundreds of sanples.

Accordingly, a quite different idea fromprior art is required. Wen a
correl ati on nodel between a biol ogical condition and gene expression |evels
an/or the quantities of the intracellular substances is determ ned, a good
correlation nodel is obtained in this enbodi nent by 25 selecting the

expl anat V'A% abl es by sequential ly adding or excluding an 28

expl anatory varjable so gs to, optimze a function havi the cross

val i dation as i{lg-l 8alst aoﬁ}él‘ﬁa Apehatd rv‘éﬂﬁ%’&f"@“&ﬂv%ﬂ%&;e@“ osfeli(fqi}%g apps
oath are as follows, as will be apparent fromthe exanpl es expl ai ned bel ow.
A) Inporﬂ@ﬁvﬁﬁﬁhes and nechani snms working in the background of a 5 disease
and a bi ol ogi cal phenonmenon can be estinmated or identifjed and they can be
under st ood wel IFigBy ianaifauxibeflomichant fephsensteuntingra apodel fon selecdtina chi p
and an anti body chip) can be designed by selecting a target to crucial gene
pr oduBt s vamthbles.r acel | ul ar substances. 10 In this enmbodi ment the

expl anatory variables are selected sequentially so as to optim ze a

functi on havi nFigh® o esfifthalflatathagh fas @nstivusing ae magdd fendwecting i abl e.
For exanple, follow ng neans may be conbi ned: neans for selecting the

expl anat arayialded.abl es as represented by a stepwi se nethod, neans for
calculating the cross validation by applying the 15 partial |east square
met hod as repr gggnd egalyapheflkkayesiloef ok lomt bgdarewdsl.f or

di scrim natively assessing adopti on and non-adoption of a explanatory

vari abl e by asgggsighbRe chbBParisons Helbweealthokaivieal e sf patie@tsheid wor d,

t he adoption and non-adoption of a selected explanatory variable is decided

by sqhectdiAgndtid RBLesUTDERDIIANE) Aisntsar i abl e anong m 20 expl anatory
vari abl es, calculating cross validation by executing the partial |east

square met hod, #pd;RSRERSIIGlotRE thekaiVidhl Bind 66tHd DIBCLRE pasRass Nt ,
bl £ SROTR Bt S, P

based on the restlf o e calculation, a representative value of the error

is obtaiqggnhﬁgggggaﬁﬁkqﬁégﬁ+§%Sgﬁ%meen t he object variable on the
conhai Ti cte

bi ol ogi ca ns pre rom gene expression of the sanple excluded

25 and the obj eet vayiabl i.ol 0gj Ltion ofy 1 . uded
camie. 20 ok, “EhanOuR.Rr plit”of Bro®hiRkaf TPk MIRE RIS SHEUICC,

when the representative val ue. of the error of the nonotonically decreasing
funct i on,pﬁg‘?ﬂtﬁdnﬁﬁ@m@&%ggﬂwid\}%g’v)ﬂ%%coéf”'the error as at |east one of

IOP d,? ﬁg’ng:pi i \;?r 1agb llgsié adp ort %?%ﬁg 'su-llj\rfll%afl "H]I%te Ia%%ir?s%vdiggngsqg s%(r)loes\%h\égl P dation

> 0.0005 is employed as a variable deletion criterion of the breast cancer
patients in Example 3.

Fig. 14 shows a plot of the recurrence time against diagnosis score of
the breast cancer patients in Example 7.

20 Fig. 15 is a plot of the recurrence time against diagnosis score when
P > 0.025 is employed as a variable deletion criterion of the breast cancer
patients in Example 7.

Fig. 16 shows optimization of the partial least square model by using
the genetic algorithm in Example 9.

25 Fig. 17 shows four topologies in hierarchical artificial neural



5 |l east squae nethod as at |east one of independent variables is
continuously inproved by using the selection, calculation and
discrimnative assessnent as describeg above until no inprovenent is
observed, and the partial |east squar lhpdel is determined. The sanple is
excl uded one after one sequentially in this enbodi nent (I|eave-one-out
nmet hod). However, a 10 plurality of sanples may be excluded to assess the
cross validation (leave-n out nethod), or another nethod such as threefold
met hod used by, Khan et al . .may be used. In the threefold nethod, the
Gtk Hp R xEinpe 1000

expl anat &¥ andomy shuffled to divide theminto three
groups. A nodel . is_ constructed using tw of the three groups,.and i} is
assessed for tIlEég-r L3dp i REARInOL g BFHBUOESMRI bettean fhe y}lr‘gvgf PP Sdret hod

or a non-linear algorithmsuch as a genetic algorithmnmy be used for
sel ect i ngliagnosis peanidnpagheargsrarationis maﬂ@eprcﬁpoeﬂengbﬁﬁwdmvmdel
restricted when sone conditions are known with respect to the sel ection of
t he vari attleshe higben) vaatahlescipusampde lAnd anal ysis will be described bel ow
in detail. 20 Fig. 1 shows a gene expression anal ysis system D agnostic

i ndi cés (e.qg., Rigpt9os algsadsef sarelatiogrkip bétwieae the sauvivat simatandf sone
sanples are discrimnated in advance for data acquisition, and cell fluids
are col | epreétéd omlade of ahel didgnosiasune bfidrexgpr eancan phéeaks inf thmny gene
products using DNA chips. A cofocal |aser scanner 10 (e.g., a 428 array
scanner 2yopartidradhazacddynodlel with thelafon) vasabksdnfOxarpte dkasur enent of
MRNA by 30 absorbance, The neasured data are sent to a conputer 12 and
anal yzed there. The conputer 12 has a usual structure having a CPU 14, and
neasured data 18 and a data anal ysis program 20 are stored in a recording

medi um (BPST MO &R TARRY IR AT FPEAPVHNTIONE- 9., a hard di sk drive)
16 5 connected to the conputer. The data 18 is analyzed with the data

anal ygi S _pr ogr aB0 RIS 8 Th0Sndoflbh ShALIRN dBREThed HaBRIdICWRIP! 00 cal

condition and the gene expression [eve Sel ection o e expl anatory

vari abl es,.an i lying the partial |east square nethod to
t he predﬁgﬁlgﬁ?‘%wt}#‘%&@% e?{j%%nln)élsnhy be 10 executed by a plurality of
computer s 12 i), Qf A&l aion 3FGCLSlGi trl‘gncc&'lcb“'t%te'e Ma *%)ém%k%&’%ﬁ(ﬁbgl%ai he

cal cul ati on of pred’in(lzrtllon of Crogs-Val dation 10 °t he computers. Fig. 2
shows a flowchart o he data anal ysis pr.ogram exgcuted by the conputer
12 for "ot RNG 4% olE EHS PHBaETOR e adh PhARE T 8 hERIEs Lol 1) on
and the gepe e ession, levels..Wyjle -PRESS is enploygd as a fynction
havi ng t HBOEPELLIaya) THR3ERRR¢ 0 ¥ ilhebfalerabach BelosG  ar Chfr MR asESR® | east
ot ShenReRon ot SPa Dl i R S (hE Fplibidt AR 0t
[ ent ns>a S t A -t n st ep,
data for preparing the correlation m)des are received 1&2&? The data has
been 20 dbramsexiptompt And mptging Hppoteome) ifpyned dat & resld offr ans@intionss a
respecti \&%ygﬁ %:t ’\fgrl abl e t( eﬁ'ﬁ@’i@gl a%gl%aztpl C ];)S{r;dex) and m(e.qg., ééOOO)

expl anat bl 8§ aneoyyt o PRC lsgbygances Bloans, OrNaARREe; t he
data of the test set are received in addition to the above data (a training
set). The tmestabpdemas corwesppedizign tdoadl ndre matrbeligamaodnetsp indudingessnent

of cross 25 validation, but it may be a data group for testing predictive
power af tisternheliate metabolites. For example, each sample data in the analysis of

20 the transcriptome (mRNAs) and proteome (proteins) has a biological
condition and gene expression levels. Each sample contains a large amount
of gene expression levels of not smaller than 1,000 genes. While the
biological conditions are, for example, disease types and diagnostic indices of
diseases, they may include biological information in a more general sense.

256 The “diagnostic index of disease” includes the extent of progress as well as



31 nodel is determ ned. The nunber of the explanatory variables sel ected at
the initial setting is set to zero, and the best value CVo of the cross
wvalidation CVis set to -o0 (S12). Thzg, t he expl anatory vari ables are

sel ected. The nunber i 5 indexing an pl anatory variable is set to 1
(S14), the i-th variable (gene expression level) is tenporarily adopted
(S16), and the partial |east square nethod is applied to calculate the
cross validation (S 18, see Fig. 3). Leaveone-out processing is enployed in

the cal cyl ation. ,For e l.e,, in,t;his prpcessin aJgesult predigcted in the
traini ng'ﬁ%%ttyﬂﬁvﬁi?‘@regoo)&?%ﬁtﬁﬁ:dés?n%965W$8ﬁ§?ﬂ?% g oL I‘ilgeg?et‘eg%&ecl udi ng
sequentia%ly one sgqghe fromall the first to 50t ggnglef is co red with
a resul t tpedacasEadraalm YREHASHE ‘?ﬁ@n‘éfépb%@bo%i‘ﬁﬁ% avafu'atge 3@ arily
sel ect ed expl anatary vargigle,(that Is, . the i-th variable) is judged not

sui t abl e ohhidoxmpatieh, g siiackive . mplbivatighe | anglysise Using 4 -¢AMRUTaH e i s
adopt ed when the results CV is nore optimzed 15 than the current best

val ue Cyrequi¥e$ in S20), and the best value CVo is updated by the result CV
(S22). However, when the result CV obtained is |arger than the best val ue
CVo (MO in S20)n ddte scquisitiani athielogicahspndidisp: seck 894)diagnheic index process
returns to step S 14 to repeat the sanme processing. This processing is

r epeat ed isidiisdrimimadteyrfovemenmhbies dfowamples, télbular dhsidaGread drdpledofrofNO i n
S26) . The result CV is discrimnatively assessed stepw se by increasing
(addi ng) the setapkasiang (kxcdandi pgprdsbivnekplednaindr yhe dikellf embaybgemsdopt ed
one after another in the correlation nodel. In other words, each

expl anat giryduedsiiabihe ¢l gl Ehii@s aby nsaguesd | & borrelidimaotebthel akhe

expl anatory variable to be added to the nodel inproves fitting in total.

This 25 py€i8$3edst JRPRPAUAOISINSI dbtAthdd R ENEMRIDA dralphis eickeding thidd i ng in
total. The 32 flowreturns to the start at step S14 with i =1 when the

resullh i SrhRBNiIRed JI¥hE HRvELIRGE BT iRBuBRAY Seval df tRE ¢8R6 B QRid 16vBE
explanatory variables is repeated based on the explanatory vari abl es

al ready sglegiefke A §8iQodical 2PRAAshdh hHe &iflagﬁssﬁ@maéaaeﬁ RRREESSI ng

by using a data set or a 5o rairing set as one of two data sets divided in
advance fr dat . : eci r.edi ¢ . P . nodel .
& oot naugidls (L Dol U RSAg £ChhAGRHAE CPRLESD BGRh B TI0
set, a test set ihs predicted fromthe. result_ t sgess Jithi e
nmeasur ed c&ﬁpél%féé)éf) .BSSA&%g‘he éilﬁ R SeSSTEnt® :ﬂégr?% ecglv\ﬁéi/asblggaﬁllcﬁ){ Flté% it is
effective for deciding t redi ¢t abl e 10 .power.., Fi g sh a flowchart
of the caerg aitieridgvel SaPRLThEradamibO 8t ioubedny et e R A gt he
I eavi-éone-out rocessin he.resuylt of. cross.validation,of.the selected

vort 351 edbPooliRtiony sariabies i Shie 0 abfaf ShreBna Gy oh th4 i SyAREE  of

PRESS is se o0 0 (S180).. Then, the nunber j jndicating.,a 15 sanple in a
Set of | n At altpahetnes 6t roRnsray SRRAREY AL | THS O APR e Rod | o
applied to n-1 sanples except the j-th sanple (S184) to predict the object
vari abl e Wt alWayp reauiygaiprde & numsured yglug vsel. vhealuer gtampprdby dogit

cal cul ated and added to provide PRESS (S 190%. . Subsequently, one is added
to the numpesfopmagiongoy sadiscrets walug reprasantivg f shoupertaydbe Thies in
processing 20 is repeated for each sanple until j = n. PRESS obtained in

t hi s way drdentgohtaih asopoae eignificaferasidtf eff datecarimdysieen t he predicted val ue
cal cul at ed by excl udi ng one sanple sequentially and the neasured val ue, and
repr@ents a prBui dneentrsofind Whethealfiedd hefvimmeglieal idiamrases svigh géne he
predi cted residual error sumof squares (PRESS) is defined to be the

cr 0ss- val éxpatsgion thatiat gdod @frélatida)model (e.g., a partial least square model)

can be obtained by selecting variables so as to optimize a function having
the result of cross-validation used in the data analysis as at least one of
independent variables. In the cross-validation, the data at hand are divided

25 into a plurality of groups, and a model is obtained by fitting for only a part



33 The cross validation (CV - -PRESS) is optimzed in this enbodi nent while
the i nput variables (explanatory variables) are added or excluded stepw se
.one after another by using the cross- §Jidation met hod. Fi ve nodel
construction nethods are described beTow as exanples for easy 5 recognition
of the stepw se addition and exclusion of the explanatory variables. They
differ fromeach other in the procedures of sequential selection of the
expl anatory variables. Fig. 4 shows a first nmethod for constructing a

del . i.piti.al i s defied whe j.abl
Cel ect caof tie T rtihs R IAed e T Ph AL TR BRSO 0 (e

cross validati.on is.inHﬁgveq r..not b selectéq%aan ex I%n%to%y riable (S
120) whi [PROGEH) 1§ SFATUREH1 DY PEGFIGHNE (b TEMALRING R gVBH’@S i S R eat ed
with the | eave-one-out processing for every explanatory variables that have
not been ciessevalidation t}laﬁ’ Bﬁ%nf‘il fory splegtion ek dymepgio a?fgrtsev]épi’%tbl es,
and the explanatory variable is added 15 when the cros% validation is

i npr oved vasiables in e synventsonal pastial dpasth sqwaue mathesh (Bhet atlaveves,
repeated fromthe first explanatory variable until no inprovenent and

addi t fon iartheparsiad|leagtnauaresnettsyd of the imyentinn she latens dmewsioNm of t he
sel ected explanatory variables is set to O while the best value CVo of the
cross valfixedt iooon€\and asbinction- baviag (e aoy vadidation (v.g.i al peestictable The
expl anatory variables are then selected. The variable i is set to 1 (S
114), anértdeof atduniasfi sdplsreb)s at extplenat iohy fdidpt brlepSndén) vakimbdeseis t he
process returns to step S 114 when the i-th variable has been al ready

adopt ed (OY¥EPniz8d Swhile) onSWsapueninpyt vAeakless@xphladaty anriables asd cul at ed
by applying the paetial |east square nmethod (S 118) using 25 the

| eave- on@pRidte P RACESHIVy. TIRwWeveh YIRS iallanthge OfHeE thvditivd hRay dsall t S
34 CV obtained is nore inproved than the best value CVo, and the forner

best jgal yptied with8AeWeskriitd ehé dMlchsior 65RL) atee WBHRsidh€o lonkh
vari able is not adopted (S 12 when the results CV obtained is not |arger

than the dagabquahtis, VO 6N thabalefll and BeRertllR; PFQGERDLS BbMENRiAP Step S
114, and the g sane processing Is repeated. This processing is r epeated
until thg Ei8S&n be obtained even when a significant correlation model cannot be

obtained by using the full variables. A stable correlation model may be

obtained by the sequential selection of variables with the cross-validation.

15 The inventors also find that a good correlation model based on statistics and
multivariate analysis other than the partial least square method can be
obtained by selecting the explanatory variables by appropriately
determining a function form, and that a correlation model suitable for an
object variable for describing a respective biological condition can be

20 obtained. “Optimization” as used herein means that the cross validation is
improved until no further improvement is possible in the corresponding
analysis conditions when the explanatory variables are selected, and it
never means that the cross validation can find an optimum combination

among the entire combinations of the explanatory variables. By using the

25  variable selection, a small number of factors for determining the diseases



val kdation CVis not inps owed any nmor a (NOin S 126). Wen the result is
i nps owed by the above procedur e, the process returns to step S 114 agai n,
and starts a new | oop. The sel ection Qi the variables is repeated herein
based on the variables that have been®Sel ected before. A correlation nodel
is 10 obtained by using the variables selected by the data set. Fig. 5
shows a second nethod for constructing a nodel. The initial state is
defined when all the explanatory variables are selected (S212). Then,

whet her the.cross,yvalqi dation.is inproved or not; hy excludin xpl anat ory
vari abl e 8 B SERHRdABY TERBP R R naslE deien by APREA. of i he
cross validatjon.is.repeated I n he | egve- one; ou r ocessi fgqr every
expl anat oy AYLPPLLICHIR it RabhbaGRtalt KEREH PB: DY eshiec mor Hia 1hes

(mth) explanatory variables, and the_correspandi pg explanatory varjable is
excl uded VAREDLS ﬁﬁ%s%a ifsghiis ugqlfzﬁhlsmé%ﬁfﬁg &P %rwatqa@nnbwaﬁé is
sequentially repeated fromthe first explanatory variable until no 20

i mpr ovemdngether olsibr g sthriNG typs2fojarighle mplectim gpnditions trubeesetNm of t he
sel ected explanatory variables is set to mwhile the best value Cvo of the
crossSvaladganeen CV is set to -o0 (S212) as the initial setting. In other
word, all explanatory variables are then selected. Then, the explanatory
vari abl es are da estdonétheaboarj dbkeekpl2abateysenriablds (a881d9queantihlishe i-th
variable is tenmporarily excluded (S216) . 35 However, the process returns
to step SEletteddmsede on- tthe vardsabivalidatioeenA afuredibyn dwotinglethd ¥kESsd n S215)
. Subsequently, the cross validation CV are cal cul ated by applying the
partial helidat®auas extnRiabd dneShidependben vairtiblé éavesednforothie BeReESAI Ng S
applied. The i-th variable is excluded if the 5 results CV obtained is nor
a opti m AFHeh hal d:ipBaRSshyVediugbleVes GUESdl tbnBaQdrilyabat (the fulidiPh Rest

val ue CVo is renewed by tKe result CV (S222) . On the other hand, the i-th

vari apl e ;] hdck n ot . Lh L | ar ger
! hanPhe BaERE pof HE MR P BT 0 S AP a2 0

and the %@@ﬁoggﬁﬁa?ﬂt%i\%ﬁﬁﬂ@?‘f e@an&ﬂ%&. 1%&&9&&5%%%3@2@%’%? aﬂeeunti !

the cross I on i's not |r$ps owed any nore ( n the
It il 10 S214
ngai . aniPlRRBEP taRibleR ARKEELACH WIRed iR MO NARIIH Ronhibll 1203
based : i abl hat ) hect A : ' del
e ot ai Aoy elveRt o ek A0 PR B RGO JEA PR Rerp oSG ARLIRD £00
h third nethod f t ti l,.. Thi t h i .conbi nat i
of the.fihepiaher SafesCho At Bt e Re BR g eSS naRfoCy B AlRR o i s
defined I t i abl es. . sel 1 . Then, th
o OB R P TR PR Sholic RELET s b confiuelrs ™
variable is discrinm nated ile assessgent_ t%ﬁs gf .the crpss validation
are sequdheieXP %Pa\«tebvéé{t”éab@;w&#ﬁ@tetdh‘@ PRAYEeshER BeimprovessRey ehe every
non-sel ected expl anatory variable of fromthe first explanatqory variable to
the | ast qEmmeope gielamerexpauables: yproapelested. | assasamengnaf | theseees ed when

the result is inproved, and the sequential discrimnation 25 operations are
r epeat ed edislationgistnesfarmred a5 fellovescp Pantiablepst sanats mogsly prerpbtained

by excluding one or more samples among the n samples sequentially, and in
20 each model the object variable for the biological condition of the excluded
sample(s) predictable from the gene expression levels of the excluded
sample(s) and then a representative value of errors relative to the object
variable is determined. The “representative value” as used herein refers to
a value characterizing the data such as a sum, an average, a maximum, a

25 median and a mode value. The cross validation is judged to be improved



36 inprovenent is observed by adding the variable (S114 to S126).
Subsequent |y, whether the cross validation is inproved or not by excluding
an expl anatory variable is discrim naégd whi | e assessnment steps of the
cross validation are sequentially rep&ated using the | eave-one-out
processing for 5 every sel ected explanatory variable of fromthe first
expl anatory variable to the last (mth) one. The explanatory variable is
excl uded when the result is inproved, and the sequential discrimnation
operations, are repeated startin or. mithe first expl anator ari able until
6" mor ovehiahte SRER,GE R e bBrink HF v’ St iBroTlusor 8 adsey 10
Fig. 7 shows a fourth nmethod for constructi giarmdel. Thi s thod is a
modi f i catdSoRtoleasheothi¢q thet penfent n‘f""cl?a;tf ey is; deduceskt shhakhihe no
expl anat ory vari abl es Elre sel ect.ed £eS,112). Then, it _is discrimnated

whet her tORErespeREINg pxianatery ¥ayigple wyadded asorxabyded e fgnetion is

expl anatory variable (S 120) while assessment step of the cross validation
(S 118) icontimgouali Bnpyoved by seanentiply wspespingshe ezoes vakdatien prhideessi ng
for every non-sel ected expl anatory variable of fromthe first explanatory
vari abl e the expdanatory (varidbleehare Heguenpiadlyasadestedar Thblseléctionddf thenal | y
sel ected when the result is inproved (S 114 to S 124), and the sequenti al
di scri m reaiplaamatopy vairiadies as eongiet@ided hehand i ingpriooemenhds fjudged edpbanat or y
variable until no inprovenment 20 is observed by adding the variable (NOin
S 126). Ndstyvdd bécawdesthiel ciosatvadidabiehhiedvd bees ropsiinizalli ddbhesyentlynpr oved
or not by excluding an explanatory variable (S220) whil e assessnent step
(S218) ofard ptehess puatihHdARNs disaree Il il didg r £naaied AMnberngl the

| eave- one-out processing for every selected explanatory variable of from

the fir Stseﬁéﬁﬁé@né{(jﬂhﬁa\(&? apheaBles the shtal@Rl (Mdthhl9Nehe Thi oBgpat ory
vari able is excluded (S214 to S224) when 37 the result is’inproved, and

the 380ueistAbediabblé 14 BALARELIRRSY AhbMYind 1re%ﬁ)&@aggsﬁh%[ Ei-lgﬂ Sdh ofn the

first explanatory variable until "no I nprovenent 1s served by excl uding

the vari & ' T S - n sult is
i npr oved%gl[Iu fé%gRgﬁﬁ%%{;g Pﬁdegzgf%}{eﬁg{lﬁeoé&sezéﬁ’gﬁt i aﬁa\ﬁﬁgll %l}:t}rél?%‘écgat ed
addi ti on J4mr Qv e se i ally. di i cl.usion .

i npr overrevlrll s?e‘%{[@%ﬁ"h@% c(?(/eaq%%erbyat%ie‘ééég%@él@ ?ggégf%( eé#gél} eBle%lt ed.
This flow js hepeated,until no inprovenent is;ohserved (NO. n S227).. Fig. 8
shows a f‘fafl%a}'ubl?re ﬁ%%lqbgrvaclgﬁs r%’(‘f’t Pheéﬁ‘éteabltfeslu.lu hi'd Ot c?fi R oY 1%ar al | el
conmbi nation of ,the first and second,schenes. The.initial,state is defined
Shen no. dRBRErd et toles sabtlow B SMaLREREE  ¢hiesold FhdihS [efbfanatoty

di scr.im nat eq .whether the cross validation is inproved or not by selecting
an edpl anGRlevariabl e (S 120) while assessnent step of the cross
validation (S 118) is sequentially repeatgd by ysi he .| eave- one- out
processing for ‘%581'@\?%??“50 s AVari1gd QYﬁl'fétﬁH’cgor%;w\‘/‘i‘?i é%l ‘é%"lé?‘?f Pord® he
first explanatory varjable to the last (mth) explanatory variable. The
expl anat cmplysisimpthod orm Har gapainrelptionship. ¢ “Oyerfiimg/cts usedshergim124) .
On the other hand, it is discrimnated whether the cross validation is

i mpr oved meamdthat acnedeldhasg nenpredictahla abilityaexcebt doy Hrodatavvispd for
assessnment steps (S218) of the cross 20 validation are sequentially

r epeat ed thisemodélcfidigg simae dhy meadéldbile thalestiibe agirne adyredatientda. toThe
explanatory variable is excluded (S216 to S224) when the result is

i mpr @@ed, toandrgdherusebereof ithe ekdanaturpararsablep ealthowgls predictiepeaf ¢hle
starting formthe first explanatory variable until no inprovenents are
obser ved rhydeddapenoto exclendithgtHehdatwausaalfoe thblnodel FottHlg2 6The partial

least square method is used as the correlation model here, and it is said
relatively powerful against the problem of overfitting because it is a
powerful multivariate analysis method that can perform both reduction of

25 dimension and model fitting at the same time. However, one is confronted



38 The case when the fourth nmethod for constructing the nodel (Fig. 7) is
applied is described bel ow by using the data set in Table 1 as an exanpl e.
A correlation nodel corresponding to g is data set is determ ned by
analysis with the partial |east squarg& nethod. The nunmber n of the data in
Table 1 5 is 10, and the nunber m of the explanatory variables are reduced
to only 19 for easy explanation. In Table 1, p 1 represent the object

vari able, and p2 to p20 represent t he expl anatory variables (data in pl6

and t her re.om din Table 1 f t he i ence of

pr esent a&% gllrll) SRPﬁtl%nt{hiﬂ s"i Sf%n AT ucligl cgnaoﬁ%gzp ﬁ“’c%wglé’ﬁr?ﬂa% hod
(Fig. 7),..1 sent anator 10 varla le is sequentially

pr ocesseamir?lbeflh%fev?ﬁ}@t’geg Yed ‘? gfaspl?ot Gapolysyhe BPRRICEPERFSIAL| age er r or
sum of s uares ( PRESS) ?dppted rein for, assessing the CV value. The
smal | er gaethods uisg QtlfﬁéA Y8 aryflesqyibed /iy, the backgroundaetr ange of t he
explanator, variable is 0, and PRESS = oo (or CVo = -00) in the initial
state. 15alid o the pyemise shat agllavauiables madel sssignificap2lyp8alid, eyp8 p7 ps
p9 pl0 pll pl2 pl3 pl4 p15 1 0. 713 0. 105 0. 782 0. 425 0. 164 0. 023 0.
696 0P 593npot Bgned goterolly3oe electisg the Oaviables06 Or0th& cantrarg3thed, 009
0. 071 0. 002 0. 793 0. 872 0. 092 0. 391 0. 63 0. 241 0. 517 0. 369 0. 166
0. 841 OinverBidn c&dFeducd oGerfittingohby seléd¥ing,thieGriable88o Gs a7/ tmifAb2 0. 38
0. 501 0. 729 0. 91 0. 865 0. 389 0. 8 4 0. 752 0. 915 0. 472 0. 999 0. 798
0. 363 0thé2gsult of 8iod3. valEitin PHiOtior.7 8nidd¥ién Oth bk ehtiodBPrd¥idds 5 0. 9
0. 4D7 0. 534 0. 816 0. 806 0. 42 0. 572 0. 957 0. 12 0. 696 0. 833 0, 051
0
D.

377 0Oa 134thdd nét Hedding5pbpro8ossthg d@éh Qs p5ﬁlc@pal2&%'1 neht‘arldlyd§2 0. 486
741 0, 243 0. 893 0. 997 0. 4B2 0. 952 0. 7 0. 427 0. 65Z 0. 515 0.

426 D. T Ghe 28»t18ry biPStHd ph3s 4t méthods, @Ql@eoa si%%@ﬁ@antlﬁl%dgl cg’ﬂ'ﬁoto 718
0. fi 8 0. 042 0. 902 0. 274 0, 899 0. 402 0. 469 0. 668 0. 945 746 0.

912 9%e e a I 54 0.
012 0 ShoQusiSi0 BRI Al P s Ay e O

0%, Sy 0 Ty, e 8, 8, P
10 steps cQﬁ'lpgaEﬁt '£ha-ﬁ991|se bhsed on the full explanatory variables, and the
explanatory variables obtained by the preprocessing are used for analysis.
However, in this method, the full explanatory variables used as the basis of
15  the construction of the model are inevitable for prediction. For example, all
the genes used for constructing the model are necessary to be held on a
diagnostic gene chip, or the variables should be selected with a different
method. On the contrary, in the invention, since the number of the
explanatory variables is decreased by selecting them, only the genes
20  corresponding to the selected explanatory variables are required to be held
on a diagnostic gene chip as far as they correspond to the gene expression

level.

Todeschini et al. obtained a multiple regression analysis model by

selecting the variables so as to optimize the cross validation by a genetic

25 algorithm in order to predict decomposition of organic compounds in the



0~_1ADDp200. 111p202ADDp 180. 090p

188cp203ADDp160. 073p16~, p18&p204ADDP100. 073p10&p16&p18&p205ADDP60. 062p6~, pl
08cpl6&pl18&p206ADDP30. 060p3&Ps&PL0&PLLEPLIE &
p207ADDp120. 055p3~, p8&p108cpl2&pl16&p188cp20$EXCLUDE p200.

053p3&pfi BcplO~pl2&pl6 &IEXCLUDE pl00.

050p38cp6b~. p128cpl68cpl810ADDP130. 048p3&pfi &p12&p13&p16 & pl5 The vari abl es
are treated in the inverse order of p20 to p2, as descri bed above. The

nunbers in the |ef t cqlu i1 _Tabl e show 10. 5 eps in whj t he
Fooutt i @R oG Fo Y antabs N, Conacat sdp, Letescint ChalRehBerDpbBl "ot at e
"Addi tion / usi.on" in the next colum nean. operations in the

addi ti onql?’gg%%a@%h'thgeé% fe}sliso%nﬁtmreq\ BY JistRE v RARAPAES | n ¢ he
third columm show § he add or excluded variable. The figure in the fourth
col umm ad@S@mtorés{fS% %fO-ﬁg)e o gegulfain gsgleetion gok/iseven ypriablesppad by the
nunber of the sanples). The fifth col uim shows the variables) selected at

t he st eppratigtienief 9% cpmuoamids U2 7 0.78). tTaisi miethed isthe sarag@sPRESS | s
set to 00 41 (infinity) . As shown in Table 2, when p20 is adopted as
expl ahat ongthedrinaibecinfviention iBREGS the aridliles Bireselduted xplaartat eptymizer i abl e
p20 is added since the result is inps owed over the initial value. Then,
when p 1%he sradoptlathtam . ekphavetr dsgcavas iaalnudtip leh® gaaskip? nedd issgddas t he
expl anatory variables. 5 However, p 19 is not added since PRESS = 0.129 or
t he resulthe irurmbér ioffftheveskiablext selpetd8 amoadddt: arplaBRESS waflabB. isThen t he
expl anatory variable p 18 is added, and p 18 and p 20 are used as

expl anat @gsiced aoi labb@all, hidd 1heoaREh6® chn6ObE iapptiddt foctlradhelysi of thay |y as
shown in Table 2. (It is to be noted that p 10 is added since the result is

i mpr oved gahef OkffitebsidClevRls hAdrdia€Re - Uit f fintPdcellR@fr fstibstdiftes.
expl anatory variables p20 to p2 is conpleted, the explanatory vari abl es

adopfed iﬁfb%!)ﬂﬁﬁgpb%’ t}p@’inpeﬂtgrs’pe)&@rie%cég iRng rﬂg@rodaﬂg' B}bﬁn{lﬁﬁféj in & PRESS
0.60. In the second | oop, the explanatory variable pl2 is added, and the
result o S:£.0 i LN i I J V. t is
observed&%y a df??oﬁ?ﬁg%% ?@H?ﬁeggﬁgkpi%Egkﬁgﬁég%éggﬁﬁﬂ%$1§%¥%§:@o 126
are conpl e i e t 214. . The r.esul t t tia
Ieast;sq&@é@f???&?n%igﬁ%ﬂ?ﬁ%g%ggﬁigﬁﬁ6%u§§%¢ﬁéﬁgﬁ%%§?oh§d%ié@ggggggiat this
nonent ar n 3. Aa .sho ere "

onet . sqebphef be TRALS. Iakeni SIOUE AdIS AEP dnifln WS BREIIR
advanced to,st 7 jn,.Table 2. .The 20 err ,or between the cal cul ated val ue
o moed mahoy TPy SeleBrhidne Sadntiory R iabies ST e aies hEddhben o o
sho A n s of, the errors, square aof. the rel ati on coefficient
% andB o b ihs cagfidate o th ortipL ckpiAngras tairaletds I A% BoShOMI &t ¢ ne
bot t om Ofis tltloe;c El%(t:)el)s%érbg 5'co select the explanatory variables. However, in the

analytical field of gene expression quite different from the method described

above, the number of the candidates of the explanatory variables amounts to

several hundred and several thousands, even several tens thousands, for

20 several tens to several hundreds of samples. Accordingly, a quite different
idea from prior art is required.

When a correlation model between a biological condition and gene

expression levels an/or the quantities of the intracellular substances is

determined, a good correlation model is obtained in this embodiment by

25  selecting the explanatory variables by sequentially adding or excluding an



42 Table 3: Results of treatnent at step 7 in Table 2 Model

predi cti onLeave- one-out predi cti onMeasur ed
CalculatedcalculatedvaluevalueErrorvabgeErrorlO.7130.757-0.0440.6930.02020.
133- 0. 0560. 189- 0. 0510. 18430. 5450. 4970:°0480. 4800. 06540. 7520. 6460. 1060. 4950. 2
5750. 9000. 6870. 2140. 5570. 34360. 4550. 489- 0. 0340. 512- 0. 05770. 4270. 624- 0. 1980.
672-0.24580. 0420. 349- 0. 3070. 517- 0. 47590. 9350. 8650. 0700. 7820. 153100. 1540. 197
- 0. 0440. 285-0. 132 0. 093 R2=0.744 0.024 |a2=0.407 0.055 In the first |oop

i 214 f | usi an of, var.i ahl es, the resylt .is inps
oued by SERHFREPyREN0L FLaf KE o inbianfubahoththe the i valklstian
i nprovenent is observed, and the st PS 214 to S226 are conpl eted. Then,
the flow? edLrst ©ge pﬁﬁ&?lﬁt Hﬁ’é‘ég eon%[d}}'é‘nﬂé%‘?ss? Hhigi appregclsare ag n t he
first Iﬁgﬁlli n the ﬂ%t addi ti on prqcessing onl){ adding of p 13 causes

i nprove oW as WH! br@reareptdrerbbihe sxamplesexelaingd usion 10 .
rocessing no inprovenent is observed. The flow returns again to step S
212, and the p riant genesnnd mashspisosMorkingyin the backdnopndvdreent i s

observed in steps S114 to S126 and in steps S214 to S226. Thus, six 43
vari abl edisspsp and pbplogicabphenargengn tan becspimstedr @ idehtifeddrtdtiodgt ai n a
result of PRESS = 0.048. The details are shown in Table 4. Table 4 shows

t he part icah becarderstpodrwelli tti ng and the | eave-one-out prediction when the
processing is advanced to step 10 in Table 2. 5 Table 4: Results of

treat ment at sBpAnGnexpeimtive deagvrdele maedigl (saohleay DNRecBt and an
Measur edCal cul at edCal cul at edErr

or Er r or vahtibedy whvg)l ¢milbe d&81gnéd byOs16&Hn $ @30 85020erh3 R Gdb3holhll 0410. 09
230. 5450. 610- 0. 0650. 595- 0. 05040. 7520. 5240. 2280. 3800. 37250. 9000. 6960. 2050. 54

30. 35760 24050861522 HA1ak3siibsb2beds. 16870. 4270. 638- 0. 2110. 696- 0. 26980. 0420. 189-0
. 1470. 268- 0. 22690. 9350. 841 0. 0940. 7560. 179100. 1540. 209- 0. 0550. 294- 0. 140
0. 0980 R2=0. 765In this embodiment the explanatory variables are selected
sequentially so as to optimize a function having the cross validation as at
least one independent variable. For example, following means may be
combined: means for selecting the explanatory variables as represented by a
stepwise method, means for calculating the cross validation by applying the
15 partial least square method as represented by the leave-one-out method,
means for discriminatively assessing adoption and non-adoption of a
explanatory variable by assessing the result in the calculation means. In
other word, the adoption and non-adoption of a selected explanatory
variable is decided by selecting at least one explanatory variable among m
20  explanatory variables, calculating cross validation by executing the partial
least square method, and assessing the calculation result. In the
assessment, based on the result of the calculation, a representative value of
the error is obtained in each calculation between the object variable on the

biological conditions predicted from gene expression of the sample excluded

25 and the object variable on the biological condition of the excluded sample.



0.022 2=0.482 0.048 The partial |east square nethod is considered
efficient when the nunber of the explanatory variables is large, but a
vesult of PRE SS = 0.124 10 is obtaingg as shown in Table 5 when the ful
vari abl es of p20 to p2 are adopted as“the explanatory variables. This neans
that the | eave-one-out processing has a poorer result than the error from

t he average val ue (0.093). 44 Table 5. Results of treatnent when ful

vari abl es are adopted Mbodel

predi cti giLeave: one~out predi ¢t i onMeasur edCal cul,gt edCal cul af edError Errorval u
eval ueval u¥tb. %os.e“}ﬁ‘%b‘gbo‘ciifo%g%?ﬁ?‘& ‘.’Wssv-%.l*%)‘g%o.“zd%t?.“%@ziz-‘ﬁ. BB0YRP 5450. 56
1- 0. 0160. 5380. 00740. 7520. 6560. 0960. 3510. 40250. 9000. 6910. 2090. 4320. 46960. 455
0. 519- 0. G6BPLHH @‘{fb‘.’eld?%‘@ﬁ Rgfg? 538‘%39109%'6@.Wtenw@g@d?m%smsoﬁw%ao. 724-0.
68290. 9350. 7940, 1400. 4800. 454100. 1540. 182- 0. 0290. 457- 0. 303 0. 093 0. 029
0. 124 R2Imvemg thp representatipampbs of the erynrert pbheast enesel instependentr e
detail hereinafter with reference to exanpl es) but the invention is not
restrict e@riabletsleskeanss e sThecfomabion havipgtthearass vakdatiomoBthe partisht s by
feature extraction considering cross validation of partial |east square
met holl 1deftssuaire 28etbioBCls 41 leapt one of padépemident yhaiabdes fsromtiheustyre p age
(http : // 11 nmpp . nih. gov/lynphomal/) of P. O Br own et al. are
di vi ded iinipromed bgi wsing thetsebéctitat, zabful 2Gop atride diseriamith asi vieesdsesahent dat a
of 8 patients. The
as described above until no improvement is observed, and the partial least
square model is determined. The sample is excluded one after one
sequentially in this embodiment (leave-one-out method). However, a
10 plurality of samples may be excluded to assess the cross validation (leaven-
out method), or another method such as three-fold method used by Khan et
al. may be used. In the three-fold method, the explanatory variables are
randomly shuffled to divide them into three groups. A model is constructed
using two of the three groups, and it is assessed for the remaining one group.
15  Alternatively, a stepwise method or a non-linear algorithm such as a genetic
algorithm may be used for selecting the explanatory variables. The range of
the search may be restricted when some conditions are known with respect
to the selection of the variables.
Next, data acquisition and analysis will be described below in detail.
20 Fig. 1 shows a gene expression analysis system. Diagnostic indices (e.g.,
type of diseases and degree of disease advancement) of some samples are
discriminated in advance for data acquisition, and cell fluids are collected
from the sample to measure the expression levels of many gene products

using DNA chips. A cofocal laser scanner 10 (e.g., a 428 array scanner

25 manufactured by Affymetrix Co.) is used for the measurement of mRNA by



45 survival nonth is used as an object variable, and the val ues of

| og(chl/ch2) of 12,832 spots out of 18,432 spots in 28 data in which both
chl and ch2 are positive are used as éplanatory vari abl es. Determ nation
of a partial |least square nodel is attenpted for the 5 training set.
Leave-one-out prediction ((a2 > 0.5) in the partial |east square nethod
with the full 12,832 variables is not significant. Next, the explanator y
vari abl es are increased or decr eased stepw se one after another so as to

i ni mize th the | eave-one-out_ prediction. The jyrodel tructi
rethod 1 SOSPHIES.  SherdBanfia8h Rt sbhde SeodputeRaDRnaronval

addi tion and exglusion of th xpl anatory vari ables and t rder of
exclusioﬁgﬁfeth@hgaﬁﬁpggan1§h€a$éh§§96Lé¢HHF“ﬁ?d8€§§gn§.Bgﬁ?éﬁpﬂﬁﬁbtory
variable is selgg&gd in the initial state (SllZé. Then, a non-sel ected

expl anat dPegsWgA catpeld and @ datacamalygisoprazinm, 20 sen stesed mnateeqrding i abl es
fromthe last (mth) to the first variable, it is judged whether the result
of 15 crdBedivam (eigrizohavd disk) davedabrstouage uaielstng Hawdkdiskrdiive Yanpl e
fromthe last (n-th) to the first sanple is excluded sequentially) is

i mpr oPed connaetedi o theecoraputey] elhe detd dBtisrialyzadewitddthe dabal anhbysis he

sel ected variable is added when the result is inproved. The above procedure
(S 114 t prsegid6) 20s to edetdrednkr amcoielatiolm eqgaebnbétovaeny ahieabicdogieal | no

i nprovenent of the 20 result of cross validation is observed by the

addi ti on cohditx@l andtthe gevardxpbésioMble]ls.t he expl anatory variable in the
nodel is selected anobng the variables fromthe last (mth) to the first

variable, it i Sdeddgadoniet apldholesakiabdés ahascalvdaitidat fRNapplying
| eave- one-out processing (wherein one sanple fromthe last (n-th) to the

first sanhbeadrsiatieddtdrmhase queitodald the ﬁﬁedimmsﬁerdgg-midétfor@ﬁlagh@e

variable is excluded fromthe nodel, and then the selected variable is 46

excl ged oxeitdd By & phitdlitySofi BRAMEES 1311 RAOVE) RERFAAM thd SatIdi,P226) T

repeated fromthe mth explanatory variable until no inprovenent o

Vari abl . YA PRl A QAIGRAARC o ProlhphiR B G UGS FEP UREL) \p
342) 5 i%°8ﬂ£ﬁ%§§d' Fig. 9 shows the result of the partial |east square

met hod on the ‘a, wherein rhonbuses (fit) show the data of twenty
e "k 2509 R R AR S
Lhe {oot BE compReRald dt hERBing 205 IR o0 SR oR" okl BhiSkical ® ©

15 condition and the gene expression levels. While -PRESS is employed as a

function having the cross validation of the partial least square model as at

least one of independent variables, this does not restrict the invention, and

different functions are used in Examples 2 to 5, in fact. In a first step, data

for preparing the correlation model are received (S10). The data has been

20  collected with a DNA chip. The input data (a sample set) has a respective

object variable (e.g., diagnostic index) and m (e.g., 2,000) explanatory

variables (e.g., the gene expression levels). Otherwise, the data of the test

set are received in addition to the above data (a training set). The test set

as used herein does not mean a data group for assessment of cross-

25 validation, but it may be a data group for testing predictive power after the



10 1/8 excellently. In the above-nentioned nultivariante analysis, the
sanples are the data obtained by using the DNA chip. However, the data
-analysis is not restricted to those ogﬁ]ai ned by using the DNA chip. It may
readily be conjectured that the data analysis is also useful for data such
as the gene 15 expression level and the quantities of intracellular
substances. In Exanples 2 to 7 expl ai ned bel ow, usual statistical nethods
and nmultivariate anal ysis nmethods (such as a proportional hazard nethod,
mul tiple_regn ion anal,ysis method, adaptive |east squat a mnethod,
Iogisticl?égggggﬁgﬁnﬁgfﬁod and |inear discrimnation analysis nmethod) are
applied to 20 rel ativel y,snal | nber of expl anat or ari apl es se] ected
by using the pim pumbets of the, pxp o VBkHEhre S?fe“é?g\ﬁtv& et’in#ﬁéaianal ysi s
of 240 DLBCL patients by feature extraction cansidering cross validation
with par Fﬁﬁlnf LaEet toqieaP can the festrvalag £V %ﬂtﬁ@i@é?Wiagdatlona(%‘érlﬁgefanal ySi s
47 DLBCL data , set of 240 patients (D ffuse Large B-Cell Lynphoma) used is
downl oadd® 7 & Pne 'Hmrabﬁ@eeﬁﬁenamytwl@u@sia;'emleqtedmeﬁ\e number i
(http.//11pp.nih.gov/DLBCL/) by Rosenwald et al. Al the data are used as
t he tPai AdexiBgtan [egglanaterk ypriabde dalsetiitat dShr Hhe ielpaeriable fg889 spot s
5 except those with x 1 or x2 of O in the spot pattern and used as

expl anat expressidralsved. is| tenopntardy tadopték 45b6)e abd theepartial leakt satiaee (P~ at
a tinme when an event happens is determned in this exanple by applying a
life tabmeethoddsdippdiedotot dedcidapd ahe Meossrvatiddtish (S18isderiigg 3).hdleaget i e
term nating observation and death tinme are mxed in the survival tinme, and
t he obj echelfhtvprdcabligi & deiplaadl 19 the dalcQbitfortONP&r skemMmpds, 1hensdr vi val
ratio, log(P~/1 Pte. Wiile the life table according to the Kapl an-Mei er
met hod  slpevsessiieyi ¥ dles@ltOPdditiclyirR$ha HBSSingasdiOUaligd®0 ssmpiad Hierein
that the survival probability (probability for persons wth no change

surviige) ramaifidgl 198 af{pl6€ Bl tdxRTudihgtfequeMaally chePsdRphe hdTh 4l i an
individual j is recognized as a

first to 50th samples is compared with a result predicted from each of the
excluded samples, and the temporarily selected explanatory variable (that is,
the i-th variable) is judged not suitable when the error of the comparison is
large. The i-th variable is adopted when the results CV is more optimized
15 than the current best value CYo (YES in S20), and the best value CVy is
updated by the result CV (S22). However, when the result CV obtained is
larger than the best value CVo (NO in S20), the i-th variable is not adopted
(S24). Then, the process returns to step S14 to repeat the same processing.
This processing is repeated until no improvement is found on the cross
20 validation (NO in S26). The result CV is discriminatively assessed stepwise
by increasing (adding) or decreasing (excluding) the explanatory variable to
be adopted one after another in the correlation model. In other words, each
explanatory variable is selected by sequentially judging whether the
explanatory variable to be added to the model improves fitting in total. This

25 process is repeated until no improvement is observed in fitting in total. The



15 surviving time for the individual j at the tinme of generation of the
event. This probability is used as an object variable by converting the
probability into a logit val ue that eégress t he tendency that a change
happens. The | eave-one-out nethod is ed for the cross validation for the
training set, and a partial |east square nodel is obtained by sequentially
selecting the 20 paraneters so as to decrease PRESS x 1. @2NP. The parti al

| east square nodel is obtained by inproving the function PRESS x 1.02NP in

pl ace of 4 nproving.the cross validation, (.CY 5 - PRESS s_one of the
functi onsfl q@%/?tr?éng £ t@? Sé%l%ﬁlsl ﬁ%gﬁénwgf? le%{ @%fpﬁ%héﬁﬂ?lﬁ HeproveddBhdent
vari abl ecs? PRESS denotes a re iﬂg}al f?gg\ of P(%Har es .of | eave- o,ng- out
predi cti 6 BIFessingpabaym: aad the selestipnorl the edrlapatiiyexpriahliasols
vari abl es. By .sel ecti ng expressions of the follow.ng 19 genes as the
expl anat d'P?e%‘ﬁﬁﬁﬁﬂeéﬁn tal*ﬁee g]@€é§%ﬁynbali1§b]ﬁéral¥%dh‘eiﬁl?%edhi flaka avess
validation CVin the flowhart in Fig. 7 are read as -PRESS x 1. O2NP. Data
I D as usédaheged; in sthavahone mentionerd rpyogessing oby gising wedatmtset ACEESS| ON
means 5 an accession nunber in GenBank, and the line wthout the accession
nunbep cdrdiadpd et asone gl two (dathresis dividedi ini edvamdteyfriom whdater s¢fi imml dat a
or EST, available by the nethod described in the paper. ACCESSION data ID
U03398 #(o2de76) dvBBe ededicealdodiower ¢f(thplhdileAKSINEE4h e#(12B9S )gives B{31372)
U15085 #(28178) BC003563 M23452 X00437 U12979 #(24983) #(16113) #( 16822)
#(2 4433)bbye M@)ot RASTT) bXDRAVOtHOGANGING /426 téAG3D 18 br &S HR3nH57330
S69790 #(17773) #( 165 78) #(19255) #(33358) #(25022) #(26383) #(2 7184)
comment  tthaoresndc teSissedacitbihg( bf ga8dheasured data (S28). Although such

assessment is not always required, it is effective for deciding the predictable

10 power.

Fig. 3 shows a flowchart of the calculation (Fig. 2, S18) of the cross
validation CV including the leave-one-out processing. The result of cross
validation of the selected variables is calculated in this process. At first, the
initial value of PRESS is set to 0 (S180). Then, the number j indicating a

15 sample in a set of n data is set to 1 (S182), and the partial least square
method is applied to n-1 samples except the j-th sample (§184) to predict the
object variable of the j-th sample (S186). A square of the difference is
calculated and added to provide PRESS (S190). Subsequently, one is added
to the number j (S182) and s similar operation is repeated. This processing

20  is repeated for each sample until j = n. PRESS obtained in this way is a
sum of squares of the difference between the predicted value calculated by
excluding one sample sequentially and the measured value, and represents
a predicted error. The value having an inverse sign of the predicted residual

error sum of squares (PRESS) is defined to be the cross-validation result CV

25 (8192).



superfam |y, nmenber 9 protein kinase, cMPA-dependent, regulatory, type I,
beta (Unknown) Hono Sapiens cDNA FLJ10684 fis, clone NT2RP3000220 (Unknown)
faj or histoconpatibility conplex, cl aﬁa 1, DM beta hypothetical protein
M3C10796 (Unknown) small inducible cytokine A3 (Unknown) T cell receptor
beta | ocus activated RNA pol ynerase |l transcription cofactor 4 protein

ki nase C, al pha bone nare ow stronmal cell antigen 1 regulator of G protein
signaling 16 EST EST EST WAS protein famly, nenber 3 10 A proportional

hazards anal ysing i s attenpt.ed, w t ese r.essi ons. as candi dat es of
thé explanatgrgﬁVhr?ﬁﬁfe ?Lﬁﬁmpg gcé?afisgﬁgiﬁﬁﬁp4§ RB? eaoﬁgi§%¥§ng t he
time in the apal ysis, of survival ratio., The anal ysis. i arried out by

usi ng théengl?%gpﬁ%%p‘%}&‘iﬁﬁ eiﬂ@“?fﬁf’%?ﬁ%é“@i@‘@ﬁ%ﬂé‘rﬂlﬁ RLrpqheaet 27513

USA). The varjables are narrowed fyrther by a packwar d. elimnation nethod
with P >-eXGﬁb% stepwise cpp; affey epofﬁleé' Rl ﬁﬁe @r?ﬁﬁmhfaﬂowwmdes) and
the follqQw ng prqportional hazard equation_having expressions of 14 genes
i s obtai Ha¥e rE%éfﬁWHWCM%&@O%@%‘%@@@%b@%%amanmleaémaeasyi s the
val ue_of 1 og(xl/x2) of each gene, and P is a hazard ratio for show ng no
st at i 8t i agrognitianf of ahee stepyisee additign oindieexdusion| of gde asplémathuzar d

val ue determned by the right side of this equation is larger. 10 hazard =
0. 370 #( ¥ardlest0. Ty Akffior Sit6m @asks 6othes 1317 2he - roR@Guldks 08 SeqleB]

#(161 13) +0.409 M23452 -0.350 #(24433) -0.297 X00437 +0.321 U12979 -0.585
X52479 - GelsTiogad4R6 explatitotyA8aMaBles: 0. 430 H57330 +0. 433 S69790. 15 P <
0.001. Rosenwal d et al. selected diagnostic indices of five groups

(sevent een gend¥y. byhuwsngfipstopetliddfial conaaictingad ahodls Af isitimllsate
correlation. Fig. 10 shows conparison data for indicating to what extent

the hazarig defledewhdf)l dny@dixpRiretoRns vhiamdlsh 4R 30t Deledt8d Fhthel AhtABEL t he
di agnosti c i ndi ces obtained
10 (S112). Then, it is discriminated whether the cross validation is improved or
not by selecting an explanatory variable (§120) while an assessment step of
the cross validation (S118) is repeated with the leave-one-out processing for
every explanatory variables that have not been selected yet in the first to
last (m-th) explanatory variables, and the explanatory variable is added
15 when the cross validation is improved (S114 to S124). The sequential
discrimination operation is repeated from the first explanatory variable
until no improvement and addition are possible (NO in S126).
In more detail, the number NP of the selected explanatory variables
is set to 0 while the best value CVj of the cross validation CV is set to —
20 (S112) as the initial setting. The explanatory variables are then selected.
The variable i is set to 1 (S114), and the i-th variable is temporarily adopted
(S116). However, the process returns to step S114 when the i-th variable
has been already adopted (YES in S115). Subsequently, the cross validation

CV is calculated by applying the partial least square method (S118) using

25  the leave-one-out processing. The i-th variable is adopted when the results



by Rosenwal d et al. can explain the survival time. Since the proportiona
hazard equation with the paranmeters of the five groups by Rosenwal d et al
invol ves a probl em of statistical insbgnificance with the proliferation
paranmeter P > 0.05, the hazard val ues“of the paraneters of four groups 25
except an insignificant group are al so shown for conparison (indicated as
50 "Rosenwal d/ 4 para" in the diagranm). In Fig. 10, rhonbuses show the data
of dead or suspended patients, and squares show the data of surviving

patients. el atii.on between t hazard val ue angd,surviyal,tinme determ ned
inthis eggoﬁ%?aenﬁeg {aree M’d’é’ﬁ’?eﬁ ntg‘etqheﬁgé’ aﬁ\‘%\gﬂ’c?stap %ﬁoﬁoﬁ@?? bgstice the
5 hazard val u ecays w th the suryi i e, | ar ger. hazard val ue shows
that the 3at§ gjn\g) %&%H&Weénmﬂvef%‘xbﬁ (éci?nﬁhﬁ%ﬂ‘f%ﬁb? 1thariphle és
obt ai ned by Rosen d et al. are faound_insufficient for judging the

survi val B9t@sopted (313 e bhe resilfs GY ebtained mmpbbﬁraﬁfefcbanstge bestom
hundreds to thousands paraneters by using only the prop ortional hazards
anal ysi s valug %@V@r in 8426}t d8veny dhei prgsest ieturnddr sthptS Haulamdnthie be
obt ai ned befog a can be obtai ned bﬁ conbining the feature extraction and

t he pPopsamehapcassingdianepsatied. bJhimpirocpssings s vepeatati wntihithh dbes
Kapl an- Mei er nethod, logit transformati on nethod and partial |east square
met hod i vadidebioni @¥r st nanimpitovied amexpaet @0 andS HE6)i nNMreasthd hedulstich a
good result is obtained by 15 conbining nodels having statistically

di f f er entimpirgned byatlne abowapoocdairef Hes protadieitnngs 6f ssof WAl agdife of
patients brings about inportant information for deciding a therapeutic

program amd stdrtd @ dewi Wopl Nalhedislectidh of i dadhBIROR Sogladell WisbRl M ned
in this exanple is valuable in the society. 20 The foll owi ng proporti onal

hazard eqaabd 0f thaw #thlbX tIe 8 R PESS $4188% A o fORY. aAgGﬂ:e@aYﬁéMﬁJH% iag

rowm ng the results by the backward elimnation nethod with P >_ 0.001 as a

Crit gpi ORbtaheR Hsﬂh@gghtehz"arYeﬁﬂéé‘?él@?bg&%Hw&@&rse‘%f the sel ected

expl anatory vari abl es 'may be control changing the criterion. 25 51

hazard = -0, 438,55 LRER{ é"gﬁcztﬁgh%%ﬂég f'1oc§1§tr1:1ﬁ%é%% m%gé?oﬁ{%‘)i af 0. 586

H57330 +0.476 S69790. Fig. ows a plot azard val ue obtal ned by
CoL 12 K e BRIl BRI N TAAE ST KESaT 200 !
the dat aﬂenqe\ﬁﬂeﬁ{er the cross validation is improved or not by excluding an
explanatory variable is discriminated (S220) while an assessment step
15  (S218) of the cross validation is repeated using the leave-one-out processing
for every explanatory variable that have been selected yet in the first to last
(m-th) explanatory variables, and the corresponding explanatory variable is
excluded when improved (S214 to S224). The discrimination procedure is
sequentially repeated from the first explanatory variable until no
20 improvement is observed (NO in S226).
In more detail, the number NP of the selected explanatory variables
is set to m while the best value CVy of the cross validation CV is set to —e
(S212) as the initial setting. In other word, all explanatory variables are

then selected. Then, the explanatory variables are selected. The variable i

25 is set to 1 (S214), and the i-th variable is temporarily excluded (S216).



suspended patients, and the squares show the data of surviving patients, as
in Fig. 10. 10 Exanple 3~ Survival tine analysis of forty breast cancer
patients by feature extraction considséing cross validation with parti al

| east square nethod and proporti onal zards anal ysis The data set of
breast cancer patients used is downl oaded froma Wb site (http

~/ | genonme- wwv. st abf ord. edu./ breast cancer/nopo clinical/) of 15 Sorlie et
al. open to the public. All the data are used as a training set. \Wile nopst

of the d . rises 40 and 24 patients nmeasured wth t ki nds of DNA
chi ps of %ﬁ%g@%;&g% cersgslﬁgg’tlﬁ/g? ﬁiféoﬂ ﬁg?éﬂ}ée’bgﬁﬁilﬁg‘dv%ﬁl? e\tlgfbsetﬁe%re used
inthis exa e. Th b, va is  determned fromthe survival_tinme data
as in Exdhpf yze’é‘%fﬂgﬁiggkgsmo%Fg t §H§§%¥B}eé’§fy’ ﬁ%e ceesspradatiemnG Vi arees i n
6, 891 gene XC genes, wi th m ssi val ue of expression nodel are used as
t he expl &@%@?V&?ﬁﬁ%ﬁwg @%Q?E‘?léf?@aéés%q“@éiﬂéﬁéghﬂshgzwﬁ- obhannéhe by
sequentiglly selecting paraneter s so that the value of a function (PRESS x
1. 13NP) cfatgieneoys prpgpssiag iisnapmied. hellhe rittdr vefiabhe ie gqxichrdedoify thar i abl es
is decreased. This function is one of the 25 functions having the cross

val i dati aesalis d8'V| etgineshds ghotecheptinmiepd ibent the b2st anilab|@E, (EESr assi on of
the following ten genes is sel ected as explanatory vari ables by readi ng the
cross val9 i and\theUuerm¢ribest velté GAChar teriawdd by theasesuRRESS(S242)13NP
ACCESSI ON conment AA406242 (guanosi ne nonophosphat e reduct ase) AA598572
(spl een tQm ¢be nthéi hasd) thd7i388 bafibbhoisSagt @duddNSI2) lwhenghé resiges t cDNA
cl one EURO MAGE 980547 WB4753 (Hono sapi ens cDNAFLJ13510 fis, clone

PLACE10051V Gbt#i48030 5t (laygdrofienoicbes) valid 69, (I¥E RCBR20TeTheRXiKIAS e
subunit Vib) AA453345 (a protein tyrosine kinase) AA054669 (Hono Sapi ens,

LI S s o 0 R K I,
Sapi ¢0s] JprBeRRfivg ($¥BPEARACINAT (ROt @38 WAdaRRPON! iJS8Gingoved any
more (NO in S226). When the result is improved by the above procedure,
the flow returns to step S214 again, and starts a new loop. Selection of the
variables is repeated herein based on the variables that have been selected
before. A correlation model is obtained by using the variables selected by
15 the data set.

Fig. 6 shows a third method for constructing a model. This method
is a combination of the first and second methods connected in series. The
initial state is defined when no explanatory variables are selected (S112).
Then, whether the cross validation is improved or not by selecting an

20  explanatory variable is discriminated while assessment steps of the cross
validation are sequentially repeated by using the leave-one-out processing
for every non-selected explanatory variable of from the first explanatory
variable to the last (m-th) one. The explanatory variable is additionally

selected when the result is improved, and the sequential discrimination

25  operations are repeated starting from the first explanatory variable until no



The ‘backwar d elimnation nethod with P >- 0.05 as a variabl e reduction
criterion in the proportional hazards analysis is attenpted with the

above- nmenti oned vari abl es as candidatgé, and the foll owi ng hazard equati on
havi ng expressi ons of seven genes is tai ned. Each term 10 indicated by an
accessi on nunber corresponds to LOG RAT2N 1VI RAN of each gene. hazard =

-0. 821 AA406242 +1.556 AA598572 -1.074 H7335 +1.418 W84753 -1.290 AA703058
+2.182 N71160 +0.828 AA453345. 15 P < 0.001. P of variables < 0.05. Fig. 12

shows a ~of the hazard value obtaj.ned by cal cul.ati he 3 right

si de of %@E%‘get?&%?ﬁnlsl n’ Sﬁé“@‘ir?’?’caﬁ‘&ﬁygs th8ai Yragaklge (Sgﬂ i V4l §]i?r§5é in the
hori zont axis. This also shows the hazard value to be a _good di agnosis
score. | uléis‘égu%];f’ H%h‘?*ﬁ’&rn}%e%‘og%adl AloRdE AMProYet AT ot diysperiading
patients, and.the square shogzthe,data of surviving patients. 5 The

vari abl e&nAxplangtor é(&r’é‘;’l? Kedisstikpiaate Embileraasessmant Bepswiftthepross 0. 001
as a vari aﬁl e reduction criterion, and the follow ng proportional hazard
equati onVh dﬁﬁ@ne%%'ﬁr%eaﬁ@udf refpaged geing the leatapnedut Precessimmge foof t he
expl anat ory variabl es can be controlled by changing the variabl e exclusion
crite?i onvernpselagtedexplanatogy Aasiodda of fibm The £i47080pBINAL0RT7taAMMBARA5. Fi g.
13 shows a plot of the hazard val ue obtained by cal culating the right side
of the etieaidstrim -ph) tre.vEheiexplamatiosy agriabdd is decladed imbain thdEesult ishe 15
hori zontal axis. In Fig. 13, the rhonbuses show the data of dead patients,

and the Smpeeesl, shod tthe dafquentialsudivéniinigafioni epbeatidneamilee 14pedad ysis to
predict recurrence of forty breast cancer patients by using feature

extract i startigsifeleni tig ¢ires expddhstaly ovaable PAtAI Rd GRSV enfdnisUde Met hod
and nmultiple regression analysis The data of forty patients obtai ned by
measur i ngbsotped$si ebudihg the variable (S214 to $226).
10 Fig. 7 shows a fourth method for constructing a model. This method
is a modification of the third method. The initial state is defined when no
explanatory variables are selected (S112). Then, it is discriminated whether
the cross validation is improved or not by selecting an explanatory variable
(S120) while assessment step of the cross validation (S 118) is sequentially
15 repeated by using the leave-one-out processing for every non-selected
explanatory variable of from the first explanatory variable to the last (m-th)
one. The explanatory variable is additionally selected when the result is
improved (S114 to S124), and the sequential discrimination operations are
repeated starting form the first explanatory variable until no Improvement
20  is observed by adding the variable (NO in S126). Next, it is discriminated
whether the cross validation is improved or not by excluding an explanatory
variable (S220) while assessment step (S218) of the cross validation is
sequentially repeated by using the leave-one-out processing for every

selected explanatory variable of from the first explanatory variable to the

25  last (m-th) one. The explanatory variable is excluded (8214 to S224) when



6,891 genes the DNA chip by Sorle et al. are used as a data set of the
patient. A partial |east square nodel having el even genes is obtained by
sequentially selecting the paranmeters,_,so that PRESS x | .| ONP i s reduced by
using the 25 incidence of recurrence an object variable. 54 ACCESSI ON
comment AA434397 integrin, beta 5 T83209ESTsN53427KI AA1628

pr ot ei NN29639cyt i di ne nonophosphat e- N-acet yl neuram ni c

aci dhydr oxyl aseAA485739nmj or hi stoconpatibility conplex, class |1, RD beta

5AA425861enoyl enzyne A hydratase 1, t gxi.sonal H84871St e- 20 rel at ed

Ki naseT6i§.’l elﬁuggfsallé‘pé%% ralﬂ)@e@@xﬁ?‘@%‘g’gbﬁg@ﬁémﬁﬁgﬁ?&BP‘EHaém@ér R¥er
famly 2, (facilitated glucgselransporter) nmenber 8AA406231KI AA0381

pr ot ei nMﬁé%at@gp?tBF‘aBgifﬂrmh@‘ﬁ, ﬁ%ﬂts%?iﬂ(f%‘l‘lté’ﬂ'y\)’é‘rhaiﬁ? VAt ne imprevement by t he
mul tiple regression analysis method as_one of the usual nultivariate
anal ysi s 1% oRgq1NEd YWH€$%¥ﬁgé%ﬁﬂ@§§ﬂ8ﬁ§BK?Htﬁ8z§kl@b@@b“gyﬁygnaﬁesuaed as
the explanatory varjables_and incidence of recurrence as the object

vari abl e SItRewheal Jhe sresylteiedmmevey atsileastt hecer@@hrmp8eRAyenItiR The
following nultiple regression analysis nodel is obtained by furthen

sel ecbi ngeanentially adisssiminathé bdditier dirspraviensdritorsteet hodsequdntRilly: 0. 15
as a criterion 10 for reducing the variables. The significance |evel of

r ecur r encksdrsminaged vixehnsths inglroubmbat sbap,tdnd tieeubbienpesatiesd (S whil e
it is |ow when negative. OLS = -0.215 AA434397 +0.227 T83209 - 0. 209 N53427
+0. 139 N266322H0 atéTeph4tihl/ 39THR. 3% ANARDBAled ArRBAnbBARFlovePaek3isI64312
15 +0. 237 T59518 +0.176 AA037488 -0.278. R2 = 0.84797, and rate of correct
answer ofobgésedi INMah iS2R797. 5% 55 Table 6 shows P val ues and deci si on
coefficients when the above nmentioned discrimnative analysis equation is

prepared by usimg $3kbw9RsiRh théthIARTBhSHusting al AUl 6This method is
10  a parallel combination of the first and second schemes. The initial state is
defined when no explanatory variables are selected (S112). Then, it is
discriminated whether the cross validation is improved or not by selecting

an explanatory variable (8120) while assessment step of the cross validation
(S118) is sequentially repeated by using the leave-one-out processing for

15 every non-selected explanatory variables of from the first explanatory
variable to the last (m-th) explanatory variable. The explanatory variable is
added when the result is improved (S114 to S124). On the other hand, it is
discriminated whether the cross validation is improved or not by excluding

an explanatory variable (3220) while assessment steps (S218) of the cross

20 validation are sequentially repeated when the explanatory variable has
been already selected. The explanatory variable is excluded (S216 to S224)
when the result is improved, and the sequential discrimination operations

are repeated starting form the first explanatory variable until no

improvements are observed by adding or excluding the variable (NO in

25 S126).



Accessi on No. P val ueDeci si on coefficient

(R2) AA4343970. 03340. 090273T832090. 06010. 066005N534270. 00040. 268678N296390. 0
‘5520.069483AA4857390.04210.080733AA42§§610.08610.05122FB48710.0875660.08756
6764312 0. 00040. 263207759518 0. 00660. 157196AA037488 ' 0. 00310. 187627 There
are three paraneter s not significant (P > 0.05) by thensel ves al one, and
none of them has a small decision coefficient. Accordingly, the good

di scrim nation equation as descri bed above cannot be obtained nmerely 10 by
exam ning the gar 0 fter angther. It js also inpossihle to
efficiently fin e?ﬁ%ﬁ??%ﬁﬁ% 9‘3%@t‘8?ﬁ§°2’tfofrc8ﬁﬁhb‘ﬁﬁpgéé‘etn’g° flo é&nz)s
paranet ets_by;.usi ng onl h |tiple liinear repr i.on anal ysi s net hod.
However , “ef® é]é?(i\llsega?céblﬁeéfs]?‘§8%flg’é’§ @%?ngfbté‘ %l&?ﬁ?ﬁ%e Hyas apte¥aERit r act i on
by takingkthg £Loss vaéidagion f the ﬁar ial |east square nethod into 56
consi der &t fBAAHL MPda) cqrespagding teo thisrdatagret is dgtarnaineddyy amalysis obl em
desired in_the socie for planning and deciding a therapeutic program
considerWﬂ@‘Gﬁ%@?rgakiﬁﬁﬁﬁ§u533R#ﬁ%?éiérh%nyﬁ&ﬁkmiﬁéba ade Tdblad + 24
breast cancer patients by feature extraction considering cross validation
of pa?ti & 19 cand thepanebdtemneftherekpdaaptory evarirddes srpipeducedttoarthlAddl ysi s is
restricted to 3,448 genes common to type A (40 patients) and type B (24

pat i ent sforjeasycrradabgtione IDNPaldhilp p 1Aepaetdr theadgéctsgiradlde 1 Andpdelo | S

obtai ned by sequentially selecting the paraneters so as to reduce PRESS x
1. 17NP. PRE repiresaritnthegupldrortoiys velisbloeddiya th SE16 mindatho@adeal Mg S With
the adaptive | east square nethod by using expressions of the selected genes
as expl anatitheyl indPdldbllefor thbeoaigiichics afipeedcanationf. TREHALIARE € kiegdi gh When
the ALS value calculated by the followi ng equation is larger 15 than 0.5.

ALS = 0. SllHahﬂ48214(i)nEﬁe'f6éﬁtll2me@h&2_(P@%?ﬂ@epﬁ@s@&ﬁng%nzeQplgﬁat(ﬁ{}s =
0.13, and rate of correct answer of discrimnation = 90.0%

10 variable is sequentially processed in the inverse order of p20 to p2. The
predicted residual error sum of squares (PRESS) is adopted herein for
assessing the CV value. The smaller PRESS means better assessment of
the CV value. The number NP of the explanatory variable is 0, and PRESS
= (or CVp = —) in the initial state.

15

20

25



20 H11482 is not significant in sinple correlation as showm in Table 7, and
it is a paraneter that could be recognized only sinmultaneously wth other
paranmeters. Table 8 shows the result g predi ction of type B patients by
usi ng the above-nentioned equation. Sehsitivity and specificity of the 25
di scrimnation equation are 81.8% and 53.8% respectively, and
statistically 57 significant result of x2 = 3.233 (5% < P < 10% and
ratio of correct answer of discrimnation = 66.7% These are encouragi ng

results ”Ik?a%{le p‘eﬁggé?@pfzo 9%’6’%93‘%5 B could be predicted with a significance

| evel of no arger than using the nodel trained by the data of type
A, although the data of type A 5 and Type B seens to invol ve neasurenent

errors asgrilbed to the d'ffe{ent constructi ons of the DNA chips. A parti al
| east squar® nmoffel By u® ng®} heP® oPf owPhg Gene Expibs$ibndlhs békplpEhat ory

X%: r Lfelé:s%s‘xi"?@h@g Do 04855 165k 488 bp 881 ?ﬁ%‘géﬁ*ﬁf‘z?%?i@é %séﬁ%‘-l?%fw%fg?oéi”e
lvarei L oot 00 fiond ol 71 AHoh 8o BR b baaL SR "G o g ool e 8 Eory 0
- i = 4 - (). 43 -0. 33

Roova o SEeeTaeBReer S A gl BEg s §logh T gy 83 ot raag olle B CHE .8 oot

answer of  di78£6igfd DA 61307704000 980 0 80 #4800, 364 MU, Ysy5Ugh hop 2o the
above one could not be obtained onl'y by exam™nihg t i para r 0% after
another. §% d &407 0,534 0.816 0.806 0.42 0.572 0.957 0. 12 0. 696 0.833 0.051 0.377 0.849 0.4

6 0.455 0.587 0.721 0.53 0.252 0.434 0,882 0.486 0,741 0,243 0.893 0.947 0.462 0,952 0.2

7 0.427 0.652 0. 516 0.426 0. 764 0.692 0,595 0.595 0.551 0. 606 0,416 0, 163 0, 316 0. 718 0.6

8 0.042 0.902 0.274 0,599 0.402 0.469 0.668 0.945 0.746 0.912 0.97 0. 515 0,368 0.514 0, 4

9 0.936 0.276 0.936 0,101 0.54 0,366 0.899 0.71 0.924 0. 792 0, 486 0. 329 0.501 0.076 0.6

10 0.54 0.021 0.505 0.224 0.724 0.431 0.071 0.968 0, 482 0.322 0, 773 0.543 0. 353 0.107 0.9

10



i npossible to efficiently find an opti num paraneter set from hundreds to

t housands paraneter s by using only any one of the adaptive |east square 25
.net hod, |ogistic regression analysis gpd ot her discrimnative analysis 58
met hods. However, an effective diagnostic index could be obtained by the
feature extraction by taking the cross validation of the partial |east
square nethod into consideration. 5 Table 7: Interaction of paraneters

Par anet er R Nnis(/40)H114820 361 ~14T643120. 607 |1 8AA0453400. 572764312 &

pat 1 ent s I iRt fap (oD BEARIFR 040 ol dfitin JeBIR 1800

Exanpl e 6: Analysis to predict recurrence of 40 + 24 breast cancer patients
10 by using feature extraction considering cross validation of partial

| east squarg nethod and |&gi stic regression analysis or linear discrimnant
anal ysis The follow ng discrimnnation equation is obtained in the |ogistic
regressi on anappygsi splzgst@alqlof g@e analysis with the first adaptive |east
15 square nethod used in P 59 LORA = 7.92 H11482 -5.69 T64312

L Maiong et g 800 L DR
recurrence \Qheﬂmg hep\igl U@_d)ifa Lﬁ%\& p18 & p20

4 ADD pl0 0.073 plO & pl6 & pl8 & p20

5 ADD p6 0.062 p6 & plOo & pl6 & pl8 & p20

6 AabD p3 0.060 p3 & p6 & plO & pl6 & pl8 & p20

7 ADD pl2 0.055 p3 & p6 & plO & pl2 & plé & pl8 & p20

8 EXCLUDE p20 0.053 p3 & p6 & pl0 & pl2 & pl6 &

9 EXCLUDE p10 0.050 p3 & p6 & pl2 & pl6 & pl8

10 ADD pl3 0.048 p3 & p6 & pl2 & pl3 & pl6 & pl5

The variables are treated in the inverse order of p20 to p2, as

described above. The numbers in the leftmost column in Table 2 show 10

5 steps in which the result is improved by selecting the variables. “0” means

the initial state. “Addition” and “Exclusion” in the next column mean

operations in the addition loop and in the exclusion loop, respectively. The

variable in the third column show the added or excluded variable. The

figure in the fourth column are the result of the cross validation (division of

10 PRESS by the number of the samples). The fifth column shows the
variable(s) selected at the step.

There is no variable at all at the initial state, and PRESS is set to o«



10 calculated as the right side of the equation is positive. Though ratios
of the coefficients and correlation coefficients are different fromthose
in the adaptive | east square nethod iglExaane 5, the results of
discrimnation of all the patients aré"the sane. The prediction r esults of
type B patients are also the sanme as those in Table 7. The foll ow ng

di scrimnation equation is obtained by using the 15 |inear discrimnant
anal ysis instead of the adaptive |east square nmethods used in Exanple 5.

LDA = 2.45 H1.1482,-2, 35 T6 2. 56 45340 -4..03. te of correct answer
of i sor | THE orAs ShEV BB TIAIS Zubther BED B ATOR Peie ONA R E08Y SBHE Ghon  t he
val ue of DA C at.ed the right side qf the e tian

posi tive. llﬁﬁoﬁgﬁ%%a’tsﬁgﬁiﬁ Hﬁﬁ‘?@ THlEnaIY vastrhle P20 15 adddedcives the ent s
are a little different fromthose in the adgptive | east square nethod in
Exanpl e 3estltels, wapyavedopvesr dae dpjt Yﬁquﬁilﬁ‘ﬁé’ B Rl 1 adeptegdsas t he
same. The results of prediction of type B patients are also the sane as

t hose i n erRbanatery varjablesndd and pa0oayecused, Asi Bin explanatxynppuigbles. 5 and 6
whet her the 60 breast cancer recurs_or not. Accordingly, the feature

extr abt i dhowevéwdp B isakdthqdded simpes PRALSYati 042081 ox Hbepaesulhlis| eabt
square nethod into consideration is found effective when the object

vari abl e improhed.ddVextf, erl8t iscadded nal BRESS 5r0.69di riBhers thé @xpldratooyr nal
scale is used for classifying an 5 object (sanple) whether it belongs to a

certai n claaiblem 1I8ois, addid, earidhp18iaar] pAl sedesedan®egpldiatotyasasabhise not
considered. The ordinal scale is used for classifying an object into a

speci fi ed’'ed pBscedwhé lie cobhtinabdthepesdtd@r Sihtendd adssHown e Tible 2. | (Ipest ance
or the like. 10 Exanple 7 ~ Analys is of r ecur rence tine of forty breast

cancer pabithstedythasipl® fsead dodesiaes the hibSilt GO ngipdevéd dt E60ah ddiindat i on of
partial |east square nethod and proportional hazards analysis A parti al

| east oS qyas&) M AFheR AN Gir 8K AGES Sf'oprﬁleotaxﬁia@ﬁt&%,n%riaméw%@bn%i g id!si ng
logit values, simlarly to the nethod used in Exanple 2, 15 based on the

time seridoflalcd thel BEYAREE vaRHIB BRbpNR Rl ESpaSHEl h36! ¥18.0p 18

nmet hod used I n Exanpl e SO as to reduce

ol tes ol Bt BHAORLe Alosht® i PRERSS, | P6dt | AMPIRY edit Mo "EnLE00 11 B

val ues of gerie éxpression as the explanatory variables In roporti onal
A TR A e R S S R T

obtained. In the third loop, no improvement is observed by addition, and
15  the additional processing of S114 to S126 are completed, and the flow
proceeds to S214. The result of the partial least-square fitting and the
prediction by leave-one-out processing at this moment are shown in Table 3.
Table 3 shows the result of the partial least-square fitting and leave-
one-out prediction when the process is advanced to step 7 in Table 2. The
20  error between the calculated value and measured value for model prediction
and leave-one-out prediction are shown. A mean square of the errors, a
square of the correlation coefficient R and a square of the predictable

correlation factor Q are shown at the bottom of the table.

25



hazard = 1.122 AA448641 -1.781 R78516 -1.434 R05934 +2.165 W84753 -1.923
AA629838 +2.665 HO8581 +1.875 AA045730 +1.269 Al 250654. P < 0.0001. 25 61
Fig. 14 shows a plot of the hazard vaI?e determ ned by cal cul ating the
right side of the equation in the vertfcal axis against the recurrence tine
in the horizontal axis. In Fig. 14, rhonbuses denote the data of patients
with no recurrence, and squares denote the data of patients with
recurrence. 5 Since the hazard val ue serves as an excel |l ent di aghosis
score, the nethod of the invention is found effective as a nethod for

anal yzing, not only survival tinme, but also change in a pr obabilistically

generate 0 ition with tine. el ecting the vari abl es
further SVR@%Q gﬁ?&%ﬁPg @%H@Piﬁﬁsﬁﬂihdﬂﬁ%g%héth > 0.005 as a criterion
for reducing the v abl es the propoqugQ@J R rd equation bel ow havi ng
expr essi ons of fod@$ Bgﬁpglﬁ%talned ) ?@ Qﬁﬁ 559 W84753 +2.265 H08581

+1. 473 AA04 H?€3§ f % 4. 15 Flgk@ ws a plot of the hazard
val ue detger é‘a“ A A gmphe ri oEli(k}e equation in the
verti cal aX|%aH-a|nstV?h@ recurrence ti erthe hori zontal axis. In Fig.

15, rhonbuse@7dénot e théYat a oﬂ)®at|edi§93nth nd.02¢urrence, and squares

denote the d of patj S Wth recurr anpl e 8: Preparation of

and neas eﬁgh33by a ﬁ*ﬁgéhip f@# §|agﬂgggi of gﬁb&?ence of breast cancer
containi ng GgRgRank AGLgspion nyglgrs o480 0.065

4 0.752 0.646 0.106 0.495 0.2567
5 0.900 0.687 0.214 0.557 0.343
6 0.455 0.489 -0.034 0.512 -0.057
7 0427 0.624 -0.198 0.672 -0.245
8 0.042 0.349 -0.307 0.517 -0.475
9 0935 0.865 0.070 0.782 0.153
10 0.154 0.197 -0.044 0.285 -0.132

0.093 0.024 0.055

R2=0.744 Q2=0.407

In the first loop starting from step S214 for exclusion of variables,

5 the result is improved by excluding the variables pl0 and p20. In the
second loop, no improvement is observed, and the steps S214 to S226 are
completed. Then, the flow returns to S112 again based on the decision at

step S227. In the first loop in the next addition processing, only adding of

pl3 causes improvement, but in the second loop, but in the next exclusion

10  processing no improvement is observed. The flow returns again to step S112,
and the processing is completed by confirming that no improvement is

observed in steps S114 to S126 and in steps S214 to S226. Thus, six



H11482, T64312 and AA045340 The DNA chip is prepared and used for
nmeasurenments according to 25 the nethod of Naohi ko Seki, Tonmom Nagasugi,
.Takanori Azuma, Tsutomnu 62 Yoshi ka OCsanmu Suzuki and Masaaki Muranat su
described in "Genonmu ki no kenkyu purggékoru", an extra issue of Jikken

| gaku, Yodosha Co,. Ltd. (ISBN4-89705-932-7 C3047), p34-38. cDNAs with
Genbank Accession nunber s H 11482, T64312 and AA045340 are used. 5 Each
PCR product for a probe is precipitated with ethanol (Cat#057 00456, Wako

Pure Chem cal, | ndustr ) dis adjusged wih at . concent rnat .on of 2
-1 ViheRPr Bt P nIBuRlS eBAR AT Felatible BhiiB ot FenIf of

(cat #41051- ,_ @G bco ), 1S,added to th hanol solution. After thorough
m Xi ng t!hsép”géé T)&d&?ct'ﬂ%dﬁt"dﬁﬂiﬁ Wh%iﬁs#ggat 100C 10 for five mnutes,
it is quenched on.ice. Then, the solution is warned t ogm t enper at ure and
is spotted ont fa&lgﬁeﬁtow t %mﬂaﬁeaﬁé‘w&%\%@&amﬁﬁé@ﬁ%\tﬁdow'&uétri es,
Inc.) by using a DNA spotter SPBIO 2000 (H tachi Software Engineering) .
After coritediftinn when theerepeasingisdadvancetde séon d8 ig/ledbde s subjected to
ultraviolet cross-linking with a | um nous energy of 60 15 mJ/cnR by using
U trawi ol et Cross Linker (Amersham Pharmacia Biotech), and is stored at
roomtenperature by vertically placing on a glass rack. The mcro array

pr epar ed Bdlded: Resultref $eshtimerd dil sbefxil@gnsidhle 2on havi ng 3% BSA, 0.2 M
NaCl, 0.1 MTris (pH 7.5) and 0.005% Triton X-100, and it is left for about
thirty m nut dodelpeedictice sol ution adher@YSEPYNE slide glass is 20 drained
well, and the slide glass is dried at Frediction s j de glass is gently washed
with a TE#F buMeasuteH @ad)f;ulamdis:ﬁg-ﬂpoza;‘albhkmm ne Co., Ltd.), and excess
water is Tenvske by geatdsy cent HTUgi ngralh®00 rpm™ 2 ni nutes) the slide

gl ass pl agedgimsa pl atg7hel der. .dNexg, WS are pypgHi ed fromcell saps of
normal manmary gland 25 cell line SV-40 and breast cancer cell |ine MCF-7,

MDA- MB- 468 00.1B347- D b§.01363 usilhiddRI 041 cat #156982018, G bco BRL) and
A i gotex dT30<super> (cat# WO021A Takara Co.). Then, 2 ~.g of nRNA is

di ssol ved3 i n0&4 w  ofV-BEBC r eat&BSDDOWO-AMI a” soI'®0PBn having 9 ~. 1 of
Aigo dT pri o 6 ~. | 5x Su Cri | buff cat# 18089, G bco
BRL). 3 21 Or'%BrT (vviQ'ﬁPﬁ 5 8u8§?2§cri08%’§(,5 0.6 ~‘?‘?7gf 50x dNTP. 3 ~, | of
Cy3-dUTP # cap®hggA53022) gdger shapphhar gegs a Bi otg@glgy or Cy5-dUTP (cat#
PA55022, Anmersham Pharnmacia Biotech) and 2 ~. 1 of Super Script Il is added

to the nFNA 6clobti on. OhBh, it r&G1B8@act®d2dit 42C-0d68t wo hours. When one

hour el apses after the reaction is_started, 1 ~ 1 of Superscript Il is
added. 1.5 ~0427 of ar0-888al kal iheélbuf f&F9% 1N Nac¥288 nM EDTA) i s added,

and the rgacbi@% IS coq_}%lhaued atoﬁgp fCU,zéé) m nut_8§,26and 270 ~, 1 of TE
. a

buf fer and 1. 1 of Cl are ded to the solution. Then, both reaction

sol uti onsgw pp3xBY3 andyp 84D | abelmogre M xs¢l and tpansferred to a

M crocon- YM 30 (cat#42410, M1 Ilipore/ Amicon Co.). The sanple is centrifuged
at 10, 0001Q pth1idti | t @208 vol ur®08% t HE284I uti onOrdfwi ning in the upper
cup isr f i hrough the cup is

—e g t—to—abott—t—t—The—Sol-ti-ror—pasStre—i-
transferred to _another tube, an er adding 500 N, 1 of TE buffer and 20
~g of Human é&g%l DNA (cat# 152%6%%1, G bco BRL)O‘ILHc‘J&t he cup, the cup is

centrifuged agai n untiga—hhgysvol ume is r@@l_l.{p@glfzto 10 ~1 or less. The cup is
centrifuged at 3,000 rpmfor '

The partial least square method is considered efficient when the

number of the explanatory variables is large, but a result of PRESS = 0.124

10 is obtained as shown in Table 5 when the full variables of p20 to p2 are
adopted as the explanatory variables. This means that the leave-one-out

processing has a poorer result than the error from the average value (0.093).



20 three m nutes to recover fluorescence-|abeled DNA. The vol une of the
solution in the cup is adjusted to 20 N.1 by adding DDW 50 ~,g of yeast
RNA (cat# R7125, Signa) and 40 ~, g of Qoly(ﬁo (cat# 108 626, Roche

D agnostics), and it is transferred té a PCR tube. Further 4.25 ~.~1 of 20x
SSC (cat# 15553035, G bco BRL) and 0.75 p,| of 10% SDS (cat# 15553-035,

G bco BRL) are 25 added to the tube, and the sanple is denatured by heating
at 100C for one 64 m nute by using a PCR device. Then, the solution is
slowy cooled by allowi ng the tube to stand at roomtenperature for thirty
m nutes. The whole quantity of fluorescence-|abeled DNA is placed on a

cover gl . and it is _put on the mg¢ro arr wi t hopyt m xi ng bubbl es. The
slide 5 gf%&g%r g%?ﬁé@é%‘%%’%ﬂﬁ‘%ﬁ g‘%ﬁi"@’ﬁ‘ ma‘yﬂﬁt%a sheet of paper

w per wet with water and spread on the fd.QRlREoifne chanber. The chanber is
hernetical |y se&ﬁ’éﬂ{m&?ﬁﬂc is hybri ditp§-§9iF()t 65C over ni ght while gently

shaki ng at tﬁf to f u#ﬁi¥ﬁl g(?spdper m nu N %gon icro array is taken out of
t he hybrigi z&t58H Thanfer'a Wirds geralFyl ?‘g'p@}rbpto 2x SSC/ 0. 1% SDS 10
solution in YAestat eVahh a the cover V§¥&s is placed on the micro array.
The microl arPay3i s shdkéh2for fi0/@0Ohi n&827 f or wad.i1B6g t he cover glass to

be spontapeoysly peeled. After th over ass i s |l ed, the mtt o-arr ay

is pl ace?é]i n843él i de gP-84d rack,o'g(ﬁé i to-'?gé vvashedo-ﬁggi n with 2x SSC/ 0. 1%

SDS sol ut4 on %\fl gentlwgﬁki ng Lﬁ) 1éi Ve 'Eput es. a‘p§7m' cro-array is further
wi PR 6 | - - -

15 washe .2X S 1% SDS'tw ce at 40C for Trve mnutes, and it is
rinsed wigh 9.732x SSC.0.dbe m cr @ g@ogay g.351ransfeg4pgd to a different
sanpl e case, and water on the mcroarray is renoved by gently centrifuging
it with & m0990i terpl&belcentriF20@ (10682 rpm 104BBuUte, room

t enperat ure) he mcro-array is read wth Scan Arr 4000 (manufactured by
GSl 20 Ltén' ngtﬁgés Co. )Q-5iﬁd the'ngg; ig'%‘th]%\l yzed é}}%ém ng an anal ysis

sof tware n ray ( um nop Co. d Chip ce (Hitachi Software
Engi neeri%)b'@arrpl e@:ks%pti m gﬂaﬁ%n o0f'6%é1parti a?'§legast squar e nodel by
genetic 2 abgagi thm (0830The day as®n foOy2y pati egpg2havi ng neasur ed

expressions of 6,891 genes with DNA chip A used in Exanple 4 are used as a
data set.9Th8.99énetic GlYdrit hm(.$40esdr48@d, forOdRdnple, in "Foundation

of Genetigc algqrithnt adashi I wa ha, 1 . Expl anatory
vari abl esfoar Qg]%‘%el ect(ggggy usi r{bb%e d)f-:t ic al ga-gﬁéhm on the above dat a.
The ter T ed usually in the

field of gengtioge al gorithm andnt are expl ai ng en necessary. The
function -M%gg X 1.01INP is use'¢%¥ "fitness" . §&£%otype" of each
"individual" is presezed.683 a sequenceQ{Hh0oB30b2, b3, ...} which is 1 when
an explanatory variable is used, 10 and 0 when not used. The size of a set
of individuals is assunmed to be 100. Initial "genotypes" (GIYPE) of

i ndi vidual s are prepared by using random nunbers so that mn of (Ns, Ng,
300)/ 2 expkangp@lig vari abl es are adopted on the average, wherein Ns denotes
t he sanpl e nunber (nunber of patients), Ng 15 denotes the nunber of

candi gates of expl anahfifon YARLARIES: iR 3ckit 1R SANHANithLorbMrce
conveni ence of practical execution.  Two I ndividuals are selected from the
set, and gne of {the individuals after "uniform cyossover” of "genotype" is
def i ned aonatmRlsg) piHia tnveRtions gt regicrd B shEERaiBles. e doquence of
the "parent individuals" is selected 20 with a probability of 1/2 for each
"l ocus", and the selected sequence is substituted to create a new

oci " of ERAMRLE TnBRls dhasbo o5 DLSiChaprRrRty o8 foakeenexaRien of
excp! anat PSR o5 SadapoR) PRI gash SEUBTOEMEPILy of
10 Data of 28 DLBCL (lymphoma) patients obtained from the home
page (http://11mpp.nih.gov/lymphomal/) of P. O. Brown et al. are divided into

a training set of data of 20 patients and a test set of data of 8 patients. The



25 1.1/ ( the nunber of candi dates of unadopted expl anatory vari abl es) when
"1 66 is substituted (when explanatory variables are not adopted).
MFitness" of the new "individual" prepared by the above-nentioned
"crossover/mutation operation” is conﬁt red with "fitness" of an

"individual”™ in the set that is a randomy selected as "opponent of
tournanment”. The 5 "individual" is substituted with a probability of 0.75
when the new "individual" is superior to the old one, and with a

probability of -0.25 when the new .individual" is.inferior 4.0 l,J one.
Fovever . Sival ToPR B gsod s (0aRkEs AR arieh st 1Bglebd/hd

prohi bite t he "oppo t_of tourn nt" is the optimymsolution in the
Pet 20 TS8R SROAN ALy b 455 SPaFEH FRGAEHAN Syhich ot Il gap-ave
"mutation” -~ "selection". The "nunber_ of generation" is defined herein as
the di vi RUHtive areused as exnlpnstprvyaripblesi ze of the set. The maxi mum
"nunber of generation"” is set to 100. The cycle is repeated by adding 10 to
the "nunber of Peterminatienerfaa ipantiablessy &qwevmg‘f}uelaisn@'webmtééﬂm' the
solution is found, until the "nunber of generation" reaches the maxi num
"nunmbér ofraenerseti daveforseontepreafictioe (QF 5cedsiinghefparhial deastsiquasa of
preparation of the initial set and optim zation until the end is defined as
a run, anghetlod tmtharthepéfnll ol 2832 Fiagiablés sismmat i signifimutt heNegt, rtheat i on
occurs in the 15 20 runs. The best result is obtained by using 25

expl anat osxplanstorplvesialixanpd tndeasddos Heachsed stdpvaisamahel afbar metharchi cal
artificial netural network (M.P) Three explanatory vari abl es are obtai ned

by the feqt uketxiind@izedRhedSeitbi bfPthe (Bavier B -3ut 44-8diceivadN TRN@Sodsd type A
br east cancer (40 patients) 67 and type B breast cancer (24 patients) so

that the {dmeid@bnPRetifod islsikfiNg: tS thatSfUgROshiAd $nddedexélt Heehder dfhe
di scrimnative analysis of recurrence of the breast cancer patients in

Exanplee 5,4difiohnendN@k¥Rissol M eHe LA aNbEoR2S al LS lheWiolb e of

1 0 S | .
structure 5 \%nereln si gnol cf{ngonversmn I's pér faorrre% only once in the inter

medi at e '@;Y&%si@hkaf theﬁ@%g%%éé% ;ﬁ ‘%BB'dlngggnE;b&(i%vocés?siﬁ‘g? N laﬁ?ﬁﬁ' Ing of

wei ghts in the networ orne ropagafi on al gori s;k =

metwork 1minblel is sdidched, RS iindl; stfleY (SUD VTRl & nbplilok@8Y) | S Of

are inf eré?ﬂlaﬁ%’t&-‘i’zp\‘%’él%’%le' ilsbs'elzarc e8| s?egfﬁeln;tially among explanatory variables

from the last (m-th) to the first variable, it is judged whether the result of
15 cross validation with leave-one-out processing (wherein one sample from the
last (n-th) to the first sample is excluded sequentially) is improved or not if
the variable is selected in the model, and then the selected variable is added
when the result is improved. The above procedure (S114 to S126) is
repeated from the m-th explanatory variable until no improvement of the
20  result of cross validation is observed by the addition of explanatory variable.
Next, the explanatory variable in the model is selected among the variables
from the last (m-th) to the first variable, it is judged whether the result of
cross validation with leave-one-out processing (wherein one sample from the
last (n-th) to the first sample is excluded sequentially) is improved or not if

25  the variable is excluded from the model, and then the selected variable is



y=0.76-1.77t1. 15 s 1 = -12.48-42.89 H 11482 +39. 38 AA045340 +29.65 T64312.
R2=0.717. @=0.142. Topology IIb: y=1.19-0.86t1-1.43t2. tl = 2.65 +18.25
AA045340. 20 t2 = -0.40 -2.29 H11482 i .55 T64312. R2=0.626. 2 (a - 0.416.
Exanpl e 11: Construction of a proporti'onal hazards nodel with |atent

vari ables 25 One | atent variable produced in the analysis process of PLS is
68 extracted by using the expression |evels of ten genes selected in the

PLS- CV net hod used in Exanple 3 as explanatory variables, and by using the
l ogit val ue, of the suyrvival.ratio as an-gbject variahle. t al ysis
of *t he pedEBaBe HES AR HoRer g Yad o B6ova Proctruts PRRT ¢ SRAR0T e as
the 5 explanatory variable, .the equation obtained is.significant . wth P <_
0. 0001 P §ob el themsth SR B e g uE Watbbo AREAY B BhPE e ng
the right side of the %gu tion in fhe v&r iCﬁgaaxiE*again t the survival
time in tgeulopf ZgRe% valldation-ds ghsaiye néyt pREHeR oft SEPIRataRte of
t he hazard %ﬁﬁation 10 obtained in this t?chnique t he hazard equatgon i's
produced veyiahde ndhs e neswing semifisarismeteb (Rex (. 988 g2 52 88asNPaAerdd) t he 40
cases used, and the hazard val ue of the excluded one case is predicted.
Fig. 39 dhohtaimedl oFighel whewstthe nesulicef thepattielldanst tsquahenagtdhodgemt i on

g
from 39 cases, and cal cul ated val ues of the hazard equation from 40 cases.
Fig. 19 shevdathhathei®in hbotmbaises dfid sleow gheel atagofotverstyup atientst irethe
predi ction of the hazard val ue. Advantages of the invention are explained
bel ow. Theaminpeet,afriamsslesdve shoanthredaliecokdsedrdsy vadidationngf thieedata.
expl anatory variables with crossvalidati on when a core elation nodel is
det er m nddmhhbyegnatbeskdinnpesiata (8 patinds)osf thel tesOBel. t TROpartial least
probabilistically generated with tinme and the 20 expression |l evels of genes
and/ or t hguavarhbddlesbtafnddtaapebdiet a8 SPRBb a6 et dhits exelORMly, and
mul tivariate anal ysis nodel can be obtained with excellent prediction
pover;g Thi/g oxeéiNGstly.s particularly useful when the nunmber of the
expl anatory variabl'es is as large as 1,000 or nore such as in the gene
expression | evql,. BRY-5R8k : of akha d gpothant 25
genes and nechghﬂgﬁgaoperggﬁﬁggfgqﬁﬁgHﬁggﬁarJﬁ%§9g¥’3¥s§g§§geaﬁg B69
bi ol ogi c h n.. eeh . Or LEd and. c . under st ood
vl |0 nespsB ANATEAELCOBARE BEPNEL RIS, ERREILL PSR AR R REE,
vectors and.antlibedyyehi RoeLatE, deshongd daPaRK! A3 Ry reshiniehing only
to i nmportant gene products an i it racer| ultar subst ances. FUrther " a
correl ati on. npdel tween it he changes in the biqlogical cpndit,ions pr
babi || e b HBR RS daf PPRYRLS dncih Beitt FoE Beff spE s M BEnf e
and/ qr. the quantities of intracellular. substances can be determ ned by
(1 ng Bt h WASHPE PG A0 SEATTUMIPE BEPGLGIT o PRPBrST ogi cal | condi {1 ons

probabi | i sti CalljnyE%gprg)rlgst gdto%ter;(ptlé\irlrl%d below, usual statistical methods and

multivariate analysis methods (such as a proportional hazard method,
multiple regression analysis method, adaptive least square method, logistic
regression method and linear discrimination analysis method) are applied to
20 a relatively small number of explanatory variables selected by using the

partial least square method.

Example 2' Survival time analysis of 240 DLBCL patients by feature
extraction considering cross validation with partial least square method,

25 and with proportional hazards analysis



10 Further, conventional statistical nmethods or nultivariate anal ysis

nmet hods can be applied when the nunber of the explanatory variables is
reduced by using the partial |east sqyare met hod. 70 CLAIMS 1. A data
anal ysis systemfor determning a toss elation nodel with a biol ogical
condition or a change in the biological condition probabilistically
generated with tine as an object variable and gene expression |evels and/or
5 quantities of intracellular substances as explanatory variables, the

system conpri si hhpu f.or..receiVi sa € t- 1 ncl uding data
on the bi ol ogi cIangT ?CT)‘n e %%tngfaagt%atf?%% %k@%et %‘g%ﬁ%%féﬁﬂnﬁ%%ﬁfi on is
derived, or .data on,th ange jn {he, biological gondition
or obabi | iEeACH a?wdgﬂ%(f‘ﬁfgﬁo th?t‘i?r{lapﬁﬁ‘? ‘ﬁ%ﬂl ﬂeﬁﬁ’x&’é’lﬁ BA tha &1 of a
plurality, of genes and/or ntities qf intra I%yl r substances (A) a
sel ecti or‘hﬁté’éﬂgmp&mgeﬂoé(épi‘ I@igb’ "ascewq@aﬁti alp| 4l t B)‘fa&acaélec‘&ﬁ%it f%n neans
for calculating a result of cross validation with executing7a gartial | east
squar e mébRoFaIRnes sat. ¢ dhaguat/i Ry axe readenlatest with crespgcty 40 i 0399 epows t h
executing a partial |east square nmethod by using a conversion result as the
obj ech vaxicemt hosereithanl er €20 ¢ s the sbet ngttebe aindedsdsl as empbmdtory a
probability that no change occur s by applying a life table according to
Kapl an- Maiagiables. hbal contr@st teeExBdwmler], the sutvivel rateo Bra atnatthee sHamge i n
t he bi ol ogi cal condition, based on or w thout an assuned 20 distribution;
(O a j udgi rgemiehappbos i ubgengimdbp ithis @xdmpde-lpdapplyongad lifbetable
~explanatory variabl es by assessing the result of the calculation by the
cal cul at iaenordingtoahd Kaplaa-Metdsineshod abbsideringeihiadi £1@inde paFrhimitingast
squar e nodel by
observation and death time are mixed in the survival time, and the object
10  variable is defined to be a logic conversion of the survival ratio, log(Pru/1 —
Prw). While the life table according to the Kaplan-Meier method shows
survival probability as a mass, a novel idea is used herein that the survival
probability (probability for persons with no change survive) at the time of
generation of the event in a mass including an individual j is recognized as a
15 surviving time for the individual j at the time of generation of the event.
This probability is used as an object variable by converting the probability
into a logit value that express the tendency that a change happens. The
leave-one-out method is used for the cross validation for the training set,
and a partial least square model is obtained by sequentially selecting the
20 parameters so as to decrease PRESS x 1.02NP. The partial least square
model is obtained by improving the function PRESS x 1.02NP in place of
improving the cross validation (CV = —PRESS), as one of the functions
having the cross validation as at least one of the independent variables.

PRESS denotes a residual sum of squares of leave-one-out prediction, and

25 NP denotes the number of the selected explanatory variables.



25 eontinuously inproving a function having the result of the cross

val i dati on 71 of the partial |east square nodel as at |east one of

i ndependent vari abl es by using the selgction means (A), the cal cul ation
means (B) and the judging neans (C). % The data anal ysis system actor ding
to Caiml, wherein the 5 object variable is the biological condition, the
data received by said input neans are the biological conditions or data
from whi ch the biological condition is derived, and the cal cul ati on neans

(B) cal cul ates 4 he cross validatio i th.executjng the rtial |east square
ot hod. 3. - The BiatclSHfER s ¥Pul<Shinecth the JoPEF te L4 Winis s 16 iBlasiaiorhe 10
object variahle is the change in the bjological condition probahiljstically
gener at ed AT i e, PATESHRE 45 REL 1%#5@#%& fhsurone asdidation; ﬁy Hhta on

t he changﬁ_in t he bipl&gical condi tion grobabilisticall generated with
time, andhenflowehart iy e rdeatesreas) asarEBEsT e D2 aDaty 1D rassused of
cross validation wth executing a partial |east square nethod by using a 15
conver si derpBsEhewsshe BP mwnbet méﬁe spiganak Webcdataer ACHIEIREINtmMpanhg
obt ai ned by converting a probability that no change occur s by app lying a
| ife Dablee accesstomgnumbke pinari>evdBank mendotherligetwihoBtether ave¢dsosh t 0 t he
data on the change in the biological condition, based on or w thout an
assuned diwhbébotiresporly th a Beaedanknawal) ydasfisy sindyninthoradigigat datd ai m 1,

2 or 3, further conprising a final nodel decision neans for constructing a
nodel of ox B$Btdwiilabdd byehhaodethiodrdstiibad iiatthe papeysi s nmet hod by using the
expl anatory vari abl es adopted in the partial |east square nodel determ ned
by the decision neans or |atent variables of the partial |east square

nodel . 25 data apal ysis system according to any one of Clains 1 to
4, 72 %ngggﬂéﬁt hgaé%(ﬁzpanat‘?@WnQ%i abl es are sequentially adopted or

excl uded B33He seMe nganmr recrdsie facton (agand)si s syst em according to
any one of Clains 1 to 4, wher ei rsupleefsanidy,anainbiey dvari abl es are sel ected by

using a odBBL6E al gozT73duN 5 hvtdiNgkif’ESEMPA-dBpRATdent’. The data anal ysis

system actor ding to any one of O akhb&v1t bephierein the result of the
W thg’lpbg%t?alew?east squar e net hod by

crolssdyal,l dation i %@m at( o} > AR
excl ual n e C cul atl on . . e gdata
el L A A oy O PEVEL By o
NT2RP3000220
- #31372)  (Unknown)
U15085 #(28178)  major histocompatibility complex,
class II, DM beta
BC003563 #(24983) hypothetical protein MGC10796
- #(16113)  (Unknown)
M23452 #(16822)  small inducible cytokine A3
#(24433)  (Unknown)
X00437 #(27480) T cell receptor beta locus
U12979 #(24377)  activated RNA polymerase II
transcription cofactor 4
X52479 #(17773)  protein kinase C, alpha
H96306 #(16578) bone marrow stromal cell antigen 1
U70426 #(19255)  regulator of G-protein signaling 16
AA830781 #(33358) [EST
AA804793 #(25022) EST
H57330 #(26383) EST
S69790 #(27184) WAS protein family, member 3

10 A proportional hazards analysis is attempted with these gene

expressions as candidates of the explanatory variables. It is a statistical



10 wherein the cross validation is calcul ated by applying the partial |east
square nmethod by excluding a plurality of sanples in the cal culation neans
sequentially . 9. The data anal ysis syéten1according to Claim7 or 8,
wherein the cal cul ati on neans deternié S a representative value of an error
bet ween 15 the object variable showi ng the biological condition predicted
by the gene expression of the excluded sanple in each cal culation and the
obj ect variable showi ng the biol ogical condition of the excluded sanpl e,

d thg efror.as.an.index aof the cross validation.,. 1 The dat a
onal vers hith sollsidSf she§ e h e IR, ol Vsl Gatios ThhE A Aife

function.s the,resylt of the cross validati ....The data anal ysis
syst em adt GRUIARY Qt“?tﬁ'nysﬁﬁet p@gﬁ?ﬁtpick%g%%éﬁffrgﬁﬂﬁé Sﬁ%&qfﬁ?u%f t t he
result of_.the gross | | dati nd the nunber of the sel ected expl anatory
vari abl e?%‘lé’eu‘g%‘a‘.y: &5 ﬁ%ﬁ%ﬁ@an Resivariabless re vgrewag fusthgrapm &,
wherein the 25 decision means repeats_discrimnative assessment by
i npr ovi ngPagkiaeslgpinations methpd gvithel eQ 05t anh eifertmofy’ reslucie the as at
| east _one of the independent varjables. 13. The data analysis system
accor 8 ngrumbenyf vaxiablesCandthe followirsg pwhrensional hazasl equation dwansg (A) and
the calculation neans (B) conprise a 5 plurality of conputers. 14. A data
anal ysi s eypsesmonsipf Adrgeaamspisi ditaineanoflaeh tenpuindieated by the accession
number or data ID is the value of log(y1/%2) of each gene, and P is a hazard
ratio for showing no statistical significance. The tendency of death is larger
as the hazard value determined by the right side of this equation is larger.
10
hazard = 0.370 #(27104) +0.589 AK001546 —-0.366 #(31372) -0.276 U15085
—0.307 #(16113) +0.409 M23452 -0.350 #(24433) —0.297 X00437
+0.321 U12979 -0.585 X52479 -0.457 U70426 +0.561 AA830781
-0.430 H57330 +0.433 S69790.

15 P <0.001.

Rosenwald et al. selected diagnostic indices of five groups (seventeen

genes) by using proportional hazards analysis of simple correlation. Fig. 10
shows comparison data for indicating to what extent the hazard values

20  (indicated as Hazard (pls(14)) in Fig. 10) and the diagnostic indices obtained
by Rosenwald et al. can explain the survival time. Since the proportional
hazard equation with the parameters of the five groups by Rosenwald et al.
involves a problem of statistical insignificance with the proliferation
parameter P > 0.05, the hazard values of the parameters of four groups

25  except an insignificant group are also shown for comparison (indicated as



for .-receiving the correlation nodel determined in Clains 1, 2, 3 or 4 and
the explanatory variables adopted in the nodel on sanples to be predicted,
and a neans for predicting and discri g’bnati ng the biol ogical condition of
the 10 sanpl es based on the received explanatory variables. 15. The data
anal ysis systemaccording to Claim2 wherein the object vas fable is the
bi ol ogi cal condition represented in nom nal scale, ordinal scale or a
continuous quantity. 16. The data anal ysis system according to C aim4,

Fear osi onesRarILPE vk Bl BEHNARD, W Blecl: P GnBRCrt i The ARbu ol
Cor ol at (RO BRPHF RABBbGELs AU RE P Bt S A SR PRBBLS | ogi ca
Genc. expr ebsi o TRV T IPRINSE TR GRAIRL U BTG RE ALY HnealoGppinehcos as
Al o s a THIE PEATIRS dn B CHERLAONGE Dot ecdngnorioh tohicest S8 Hhoh| ch
the biolqgical condition is derived, or data on the change in the
bi ol 08i cdtazasddialne fesays anithi thei swrviyalgtines, sa dargert hazardeyalaedshaves 25
expression levels of a plurality of genes and/or the quantities of
i ntracel Ithabrthe patiombs tamoets sufWves dngstri ngOnhéhe xqindratyorthev andiats es; (B)
calculating a result of cross validation by executing a partial |east
squar e nmetbiaichedory Bakenwald agah aresfolindoisafficient firi jddighwn thé shrvival
time. It is impossible to find an optimum parameter set from hundreds to
thousands parameters by using only the proportional hazards analysis.

10 However, an effective diagnostic index that could not be obtained before can
be obtained by combining the feature extraction and the proportional hazed
analysis by taking cross validation with the Kaplan-Meier method, logit
transformation method and partial least square method into consideration.

It is unexpected and of interest that such a good result is obtained by

15 combining models having statistically different significance from one
another. Prediction of survival time of patients brings about important
information for deciding a therapeutic program and a life design including
QOL, and a diagnosis model determined in this example is valuable in the
society.

20 The following proportional hazard equation having six gene
expressions is obtained by further narrowing the results by the backward
elimination method with P > 0.001 as a criterion for excluding the variables.

The number of the selected explanatory variables may be controlled by

changing the criterion.

25



5 executing a partial |east squae nethod by using a conversion result as
the object variable, the conversion result being obtained by converting a
Jprobability that no change occurs mheg alife table is applied according to
Kapl an- Mei er nmethod or Cutler -Ederer hethod to the data on the change in

t he bi ol ogi cal condition, based on or w thout an assunmed distribution; 10
(O judging adoption and non-adoption of the explanatory variabl es by
assessing the result of the calculation by the calculation in the

Cont | nuous! y oy - 28 i8R SoeMaBRc ol B, kE2E o 3222502‘3"’% at i on
var abi ba. by usi ng. CAESCGP AR FagORe ABAT0 PSR i ng step (8) and the

judging step (C). 18. The data anal ysis nethod according to Claim1l7,
wherein the object variable is the biological condition, the data received
in said input step are the bjolaogical conditions or data from which the

bi ol ogi cal condiigi bhshewsa ﬂ@ﬂwgh,e harard valee ebtaingf ihyaedlenlatingtheul at ed
inthe calculation step (B) with executing the partial |east square nethod.
19. The dight sidebltheeqpration inmthevediticaltaxiChgaimst The shevizahtimreimtject
variable is the change in the biological condition probabilistically

gener at edhonizontali @sjs.t hbr déiga Ylecdievetiombuske shputtlst dataref thaddat a on
the 25 change in the biological condition probabilistically generated with
ti me, anduspéibdédipatientsalandl tdiel sy aategh6B) thehdatmeddurvifing pesiental agdat i on
is calculated with executing a partial |east square nethod by using a
conver si @n Rigswdt as the object variable, the conversion result being
obt ai ned by converting a probability that no change occurs by applying a
life table according to 5 Kapl an- Mei er nmethod or Cutler-Ederer nmethod to
the data on the change in the biological condition, based on or w thout an

assungd dieihpRUST Dibvied) tidfdeasal & sHTFoWS 5raBt b%c&cﬁﬁg%gsﬁ%gﬁ f?ag%?é m 17,

18 or 19 further conprising a step for constructing a
statistl %%ltrd&foﬁo&ngfdering cross validation with partial least square method and

proportional hazards analysis
The data set of breast cancer patients used is downloaded from a
Web site (http://genome-www.stabford.edu./ breast_cancer/mopo_clinical/) of
15  Sorlie et al. open to the public. All the data are used as a training set.
While most of the data set comprises 40 and 24 patients measured with two
kinds of DNA chips of type A and B, respectively, the data obtained with
type A are used in this example. The logit value is determined from the
survival time data as in Example 2 and used as object variables.
20 LOG_RAT2N_MEAN values in 6,891 genes except genes with missing value
of expression model are used as the explanatory variables. A partial least
square model is obtained by sequentially selecting parameters so that the
value of a function (PRESS x 1.13NP) of the cross validation and the number
of the explanatory variables is decreased. This function is one of the

25 functions having the cross validation as at least one of the independent



a multivariate analysis nmethod by using the explanatory variables adopted
10 in the partial |east square nodel determ ned by the decision nmeans or
latent variables of the parti al Ieastséquare nodel . 21. The data analysis
nmet hod according to any one of Cains™t7 to 20, wherein the explanatory
variables are sequentially adopted or excluded in the selection step . 15
22. The data anal ysis nethod according to any one of Cains 17 to 20,
wherein the explanatory variables are selected by using a genetic

[ - ' hod di, f Clainms 17
fo 22, wherEbiot nepTdhifh G (Bh 3oTPuat y& iedes 4n telsetsil Veieplanatpth 1 ne

artial 20 | east, square thod b cluding o sanple in_the cal cul ation
gt ep seql}’élﬁﬁ%i?sl by (il?ﬁ‘.imF@eo‘aPﬁs gﬁﬁé?@f’% Vﬁ‘g‘t‘?@ﬁ’ g the diowghest inyione of
Cains 17 “13 wh re'&\I the result of the cross validation is calculated
with the3jar t}%éssl"eié@ Equare nmet hod by excluding a plurality of sanples in
the cal culation 25 step sequentially. 76 25. The data analysis method
according to Claim23 or 24, wherein in the calculation step a _

repr esentAaldRSSIHY ugmg;negﬁ error between the object variable showi ng the

bi ol ogi c iotiop predicted by, theg gene . expression of the excluded
s:arrpl g i %%al ct1 o ogﬁleamﬁmf’ﬁboﬁg‘%&leg%%éﬁ e showi ng the 5 biol ogical
conditio ex i%“éﬂtbél'éﬁﬂeekliné‘s eter mined, and the err or is used as

an i ndex I&f333%e cr ooyl i sizpicon. PENAhefudht demgthl ysnserietddNAacclondi ng to
any one of dains 1EUROIMAGE 980547

W84753 (Homo sapiens cDNA FLJ13510 fis, clone PLACE1005146)

AA703058 (myeloperoxidase)

N71160 (cytochrome c oxidase subunit Vib)

AA453345  (a protein tyrosine kinase)

AA054669  (Homo sapiens, clone IMAGE:3611719, mRNA, partial cds)

N32820 (ESTs, weakly similar to ALU1_HUMAN ALU SUBFAMILY J
SEQUENCE CONTAMINATION WARNING ENTRY [H.
sapiens])

R05667 (suppressor of potassium transport defect 3)

The backward elimination method with P > 0.05 as a variable
reduction criterion in the proportional hazards analysis is attempted with
the above-mentioned variables as candidates, and the following hazard
equation having expressions of seven genes is obtained. Each term

10  indicated by an accession number corresponds to LOG_RAT2N_MRAN of

each gene.

hazard = -0.821 AA406242 +1.556 AA598572 —1.074 H7335 +1.418 W84753
-1.290 AA703058 +2.182 N71160  +0.828 AA453345.

15 P <0.001. Pof variables < 0.05.

Fig. 12 shows a plot of the hazard value obtained by calculating the



25, ‘wherein the function is the result of the cross validation. 27. The
data anal ysis nethod according to any one of Clains 17 to 10 25, wherein
the function of the result of the cro§§ val idation and the nunber of the
sel ected explanatory variables is used. 28. The data anal ysis net hod
according to Caim21, wherein in the decision step discrimnative
assessnent is repeated by inproving the function having the result of the
cross validation as at | east one of 15 independent variables. 29. The data

anal ysi s pgth rding to.any one.of, Glains. 17 to 28, . wherein the
sel ecti on r{@%te%g? %? %gﬁﬁ qyggogépgﬁfé’te?gﬁa]s?’gﬁ a@%}nsoitrtl‘e&‘é@d’taéglmﬁ 1%”3? urality
of conputers. 30, A data.analysis nmethod conprisin he steps. . of: 20
recei vi nd'@Hetl AxiSat itlgﬂs ﬁiﬂgﬁh%’?eﬁ’ﬁﬂ%@lﬁ"@u&i Fgﬂs{’i?, goad diggpesisp and
expl anatory varjahles gdopted in the npdel on sanples tq be predicted, and
pr edi ct i ri§O%hd Iy g Bﬁrfglqméu%ﬁ%ls gvche datai of sheads ox ryspangdeds based
on the received explanatory variables. 25 31. The data anal ysis nethod
accor di ngatientsaand the saearasshonethe dataef snviviagingsiantss t he bi ol ogi cal
condition represented in nomnal scale, ordinal scale or a continuous
quant Pty. 32. Thee dvattiablesargsieleoted hydhadwokdiang alimidadion 2etheherthn t he
statistical nethod or nultivariate analysis nethod used in the final nodel
5 deci si dh2s0891i s a vagakkesraluctioal aisieriorgtdrot the @bllewlitgo paogortipaal i onal
hazard equation having expressions of three genes is obtained. The number
of the explanatory variables can be controlled by changing the variable
exclusion criterion.

10

hazard = 1.453 AA598572 —1.473 AAT03058 +1.071 AA453345.

Fig. 13 shows a plot of the hazard value obtained by calculating the
right side of the equation in the vertical axis against the survival time in the
15  horizontal axis. In Fig. 13, the rhombuses show the data of dead patients,

and the squares show the data of surviving patients.

Example 4' Analysis to predict recurrence of forty breast cancer patients by
using feature extraction considering cross validation with partial least

20 square method and multiple regression analysis
The data of forty patients obtained by measuring expressions of
6,891 genes the DNA chip by Sorle et al. are used as a data set of the patient.
Apartial least square model having eleven genes is obtained by sequentially
selecting the parameters so that PRESS x 1.10NP js reduced by using the

25 incidence of recurrence as an object variable.



hazard nethod or parametric distribution. 33. A data anal ysis program
executable in a conputer for determning a correlation nodel with a

bi ol ogi cal condition or a change in t%g bi ol ogi cal condition
probabilistically generated with tinme-das an object 10 variable and gene
expression |levels and/or quantities of intracellular substances as

expl anat ory vari abl es, the program conprising the steps of: receiving a
sanpl e set including data on the biological condition or data from which
t he biological condition is derived, or data on the change in the

bi ol ogi cal condition probabilistically generated with tinme, and the 15
expr essi hCCBASIONT eomhieml ity of genes and/or the quantities of

i ntracel |AAa8439bsSt anﬁﬁggl(lﬁ) b&el gcting the explanatory variables (B)
cal cul at ipgpapg esul t pigpcross validation by executing a partial |east

square nqﬁgg n Or cal 28 £esult of cross validation with 20
execut i ng}@%@f%“ 36%5\9 A8t hod by using a conversion result as the
obj ect v the © P@%"HI&S@ betedN aeetynetivasiniyacidnver ti ng a
probabilltg that no chetugxytaseurs by applying a life table according to

Kapl an- 48%Ei%hod oma@tlhmtecﬁﬁqrmbmyhmpu@c tchessddf @ on the change in
t he bi ol ogi cal condi tRdnbethased on or w thout an assumed distribut i on; 25

O j udgiAwazsret i b 78 b
(9 Ju gléﬁllfmlr i f)? ggg&lmrﬁfﬁ&mﬁ d?étgfsaflhgép&ﬁ%}@ [y variables y

cal cul ati 4bep (B) artlal | east square nodel by
conti nuoggig% rrprow @PICS o ?\?&H& sqd 8288 t of the cross validation
of the p 48 Ieast 1é1 aanlyng, dacilipated elneosst i ndependent

vari abl es é usi ng tHéa§ém@éelngesﬁ@p8(A) the calculating step (B) and the

j udgi ng §291. KIAA0381 protein
AA037488 prolactin

Then, discriminative analysis is performed by the multiple

regression analysis method as one of the usual multivariate analysis

5 methods wherein expressions of the selected genes are used as the
explanatory variables and incidence of recurrence as the object variable.

The analysis is executed by using the program package JMP. The following
multiple regression analysis model is obtained by further selecting the
variables by the backward elimination method with P > 0.15 as a criterion

10  for reducing the variables. The significance level of recurrence is high when

OLS calculated by this equation is positive, while it is low when negative.

OLS = -0.215 AA434397 +0.227 T83209 -0.209 N53427 +0.139 N29639
+0.165 AA485739 +0.133 AA425861 —-0.084 H84871 —0.193 T64312
15 +0.237 T59518 +0.176 AA037488 —0.278.

R2=0.84797, and rate of correct answer of discrimination 97.5%



34. "The data analysis program actor ding to Caim 33, wherein the object

vari able is the biol ogical
ar a the biological
10 is derived, and the cross validati é
step (B) with executing the parti al

conditions or

condi ti on,

from which t
i s cal cul at

dat

the data received in said input step

he bi ol ogi cal condition
ed in the cal culation

| east square nethod. 35. The data

anal ysis program according to Caim33, wherein the object variable is the

change in the biologica

con\éi&ﬁl

t he data

bi ol ogi cal

calculathggnﬁLg

executing a par

recei

obj ect vq@jable

pr obabi |
Kapl an- Mei er
t he bi ol ogi cal

The data
conpr Fsi
mul tivar
25 the p
| at ent

anal ysi s
expl anat
step. 38
36, wher

10

he r.esul

B4 B S5 s
he conversion result being obtained by converting a
8“%hange occurs by applying a life table according to 20

¢ Ham
met hod or Cutl er-
condi ti on,

610 BROuRabi 18t ] Jegaliar Srdntimtn whsh han

validation s calculated with
ab

t of.cros%

RP SRLsHa%e

Ederer nethod to the

based on or w thout an assuned distri bution.

condition probabilistically generated with tine,

e in the
GV®"t he

nsing sack esarpf as the

data on the change in
36.

nilésis program according to Caim33, 34 or 35 further
i}be tep for constructing a nodel of a statistical method or

by usingthe expianatﬂry vari abl es adopted in
€

deci si on neans or

nodel . 37. The data
to 36, wherein the

xcl uded in the selection
y one of Clains 33 to

by using a genetic

ate anal ysi § nmethod :

dcbadioh @88t [Pauane MDekistel &loMi &8k Byt h
79 variabl €s of the|partial I'east squar

AA4330% accqbdiddg t o [@opoene of Cains 33

ory variables are seqyentially adopted or

T8B209dat a an@logdils prmgsaddmccor ding to an

ein the explanatory variables are selected

N53427 0.0004 0.268678

N29639 0.0552 0.069483

AA485739 0.0421 0.080733

AA425861 0.0861 0.05122

H84871 0.087566 [0.087566

T64312 JI0.0004 0.263207

T59518 0.0066 0.157196

AA037488 0.0031 0.187627

There are three parameters not significant (P > 0.05) by themselves

alone, and none of them has a small decision coefficient. Accordingly, the

good discrimination equation as described above cannot be obtained merely

by examining the parameters one after another. It

is also impossible to

efficiently find an optimum parameter set from hundreds to thousands

parameters by using only the multiple linear repression analysis method.

However, effective diagnostic indices can be obtained by feature extraction

by taking the cross validation of the partial least square method into



algorithm 39. The data anal ysis program according to any one of Cains 33
to 38, wherein the result of the cross validation is calculated with the
partial 10 | east square nethod by exclgding a sanple in the calculation
step sequentially. 40. The data analyé s program according to any one of
Claims 33 to 38, wherein the cross validation is calculated by applying the
partial least. square nethod by excluding a plurality of sanples in the

cal cul ati on nethod 15 sequentially. 41. The data anal ysis program accordi ng

to daim oy 21 iDL fhe gal cul ation.step a representative value
of an erf%?sﬁg %g%%m?ﬁégéﬁfgg%uﬁh?féﬁﬁglgﬂ%?ﬁﬂg;?%%;%THPbdFth;é%ﬁFZL:g?ion
redicte Whh ne_expresgsion of. the excl yded sa e in each ci
gnd t he (;ddoejgiég%i &a&ﬁgbf%m‘%%%%QT‘PHH“_QO""B oﬁ%&@&l ac " ngﬁtcﬁgltgsgggxcl uded
sanple is_determ and the error is used as an index o

45+ m e 508,

val i dati 612 ta anal ysis nmethod according to any one of Cains 33

to 41, wherein the function is the result of the cross validation. 43. The
data anal ysis nethod according to any one of Cains 33 to 25 41, wherein
the functjon of the result of the cross validation and the nunber 80 of
t he sgl ectRMRlesd ahaelsisls trapreditteredugrersedol 401+ Fhbretataannat patisnps ogr am
according to Claim37, wherein in the decision step discrimnative
assessme%b’ fesitueq)@atmtbyn compsdeninggeitohe validation of partial least square

method and adaptive least square method
Analysis is restricted to 3,448 genes common to type A (40 patients)
and type B (24 patients) detected by the DNA chip. A partial least square
10 model is obtained by sequentially selecting the parameters so as to reduce
PRESS x 1.17NF. The following equation is obtained by discriminative
analysis with the adaptive least square method by using expressions of the
selected genes as explanatory variables. The significance level of recurrence

is high when the ALS value calculated by the following equation is larger

15  than 0.5.

ALS =0.31 H11482 -0.29 T64312 —-0.32 AA045340 +0.01.
R2=0.65, eps =0.13, and
rate of correct answer of discrimination = 90.0%.
20
H11482 is not significant in simple correlation as shown in Table 7,
and it is a parameter that could be recognized only simultaneously with
other parameters. Table 8 shows the result of prediction of type B patients
by using the above-mentioned equation. Sensitivity and specificity of the

25  discrimination equation are 81.8% and 53.8%, respectively, and statistically



function having the result of the cross validation as at |east one of 5

i ndependent variables. 45. The data anal ysis program according to any one
of Cainms 33 to 44, wherein the sel ecthbon step (B) and the calculation step
(C are executed in a plurality of coﬁgut ers. 46. A data analysis program
conprising the steps of 10 receiving the correlation nodel determned in
Claims 33, 34, 35 or 36 and the explanatory variables adopted in the nodel
on sanples to be predi ct ed, and predi cting and discrimnating the

vari ab Ziskgr%%@%*'# LIPhL D 2938 65 DIPRA AP LAF Leceveg cxpLanatoLy
scal e, orrRiidy eJor%fst Bort? éa‘%%%éea'aaéq%d' JAE JeS T Ghtlat &TARRSS RS met hod
anal ysi 2%@?@0 WL preiste ST sgusicasedaesiSriorpideeken than | Gfrisssi on

G ot 11 butteoh the ThadR T5ROAaRY 466 13 Be chaalihOTEN dherdeicn af tEpe A
expl apatory, iﬁélg}gl es are not_included at all in an initial state in the

sel ecPi o1&k SeerRa rlégﬂhfm aeasuiment erdraiascdbed whethe different ul | 25

expl anatory variables are included in the initial state in the selection
st ep. cghstructions of the DNA chips.

A partial least square model by using the following gene expressions
as explanatory variables is obtained by selecting the parameters so as to
reduce the value of PRESS x 1.12NP

10

H11482, T64312, R99749, T65211, AA427625, AA455506.

The following discrimination equation is obtained by further
selecting the variables as the candidates of the explanatory variables by

15  using leave-one-out method as an index.

ALS =0.53 H11482 —0.31 T64312 -0.33 R99749 —0.26 AA455506 +0.10.
R2 =1.00, eps = 0.10, and
rate of correct answer of discrimination = 100.0%.
20
A good discrimination equation as the above one could not be
obtained only by examining the parameters one after another. It is
impossible to efficiently find an optimum parameter set from hundreds to
thousands parameters by using only any one of the adaptive least square

25 method, logistic regression analysis and other discriminative analysis



51. 'The program according to any one of Clainms 37 to 50, wherein the

bi ol ogi cal condition conprise a neasured val ue representing a type of

di sease, a neasured val ue representing,degree of critical of disease, a
result of diagnosis representing a ty%g of disease, a result of diagnosis 5
representing degree of critical of disease, or a value derived fromone of
them 52. A conputer readable recording nmedi umwhich records the program
according to any one of Clainms 33 to 48. 53. An intracellul ar substance

measurin &€, i.n_theedevice 10 detects expr,essi on of at |east one

gene sel g'gtggiéi(%ijbsﬁantv%’l ?{1/ e?%ecglvﬁeﬁggﬂ? tpItexye dg}g%IQgE%l@éésbbbﬁhﬁunbers

U15085, 2, X52479, ,Ur0426, 7330 and. S69790, a detection nethod

t her eof , IY%%@%HGE)%%C 191, by éﬁgmgﬁ § Bsgr elidation pt thepastiallgast squaze ge cel |
| ynphorma based, on the .detection. 54. The intracellul ar substance neasuring

devi ce, tREIREDNP CARS 1984 od t hereof, or the examining method actor ding
to daimb53, wherein expression of at |east one gene selected substantially
froma gene group of gene bank accessi on nunbers U03398, M55066, AKO001546,

BC003536, 38473]{7{1 U12979, HI6306, AA830781 and AA804793 is further

det ecPed. Labke 7 alntepactinrepf pavametenst ance measuring devi ce, when ein 20

i ntracelll ul ar substances contai ni ng geme pr udubtAK cofpri+stng substantially

genes of| dranambask accession nunbers ANS38572, N ?/%O ngd AA453345 are
detected, a neasuring method Thereof, or a methog—tor—examni ng degree of

critical Hbfl482east cancer based on the|dgigggti on, 50 The 1ntrace||u|ar
subst angce neasuring device, the neasuring 25 nethod thereof, or the
exan ni n§'648lBod according to O ai m 55| gierein | 8 |

AA045340 0.572 9

T64312 & AA045340 0.716 6 |

H11482 & T64312 & AA045340 0.804 | 4

Table 8: Prediction of 24 patients of type-B

Observed value | Predicted value Frequency
- - 7
+ - 2
- + 6
+ + 9

Example 6' Analysis to predict recurrence of 40 + 24 breast cancer patients

10 by using feature extraction considering cross validation of partial least

square method and logistic regression analysis or linear discriminant
analysis

The following discrimination equation is obtained in the logistic

regression analysis instead of the analysis with the first adaptive least

15  square method used in Example 5.



82 i'ntracel l ul ar substances contai ning substantially at |east one gene
product selected froma gene group of gene bank accession nunbers AA406242,
H73335, W84753, N71160, AA054669, NSZ% 0 and R05667 are further detected. 5
57. An intracellular substance neasuri’fig devi ce wherein intracellular

subst ances contai ni ng gene products conps icing substantially genes of gene
bank accession nunbers WB4753, H08581, AA045730 and Al 250654 are detected,
a measuring nethod thereof, and a nethod for exam ning recurrence of breast
cancer based on the detection. 10 58. The intracellul ar substance nmeasuring
devi ce, the neasuring nmethod thereof, or the exam ning nmethod according to

C aim 57, L jntra ..substances containing substantially at
| east one %@2{ 5&0%%211#%%&%%%%_&4*Aéﬂ‘ié%@n'@-@-oup consi sting of

gene bank accggsi unbers 48641, R78516, R05934, AA629838 and H53037
are 15 furthe d“e?(gégec?? £ 59.3% ?ﬁt??ﬂ:@@@f}b And gpta oh cerreshisanswey dévi ce,
wherein ipntracel | ul ar substances contai ning gene products substantially
conpri si FE°gERRAt b0 %ank accessi on nunbers AA434397, T83209, N53427,
N29639, AA485739, AA425861, HB4871, T64312, T59518 and AA037488 are
detected, 20 a neasuring nethod thereof, and a nethod for exam ning
recurrence of breast cancer based on the detection. 60. The intracellular
subst ance neasUetg wiewlidcles at highneiakwfi rgumsitvedvhbertdefvalae dfEORYAN ni ng
met hod according to C aim60, wherein intracellular substances contai ni ng
gene prodabudatedbast thy right widf ofitlgeaguatior?®s pesieivearkh ALALssiisNoNter
AA406231 are detected further. 83 61. An intracellular substance
measur i ngoefficicqds whér enmelationaeebffichetts SRS tHMGESC FYRI LS n%,fpr oducts
substantially of genes of gene bank accession nunbers H11482, T64312 and

AAD45340 adaptivadeastrgusrehastHddeieBkanie 52 tHE L Badtd 8F dRtAIhINAD ] §EUT T ence

of breast cancer 5 based on the detection.

A AIG\ AaR. tho athorts A DA AF. A3. AFU. A A
AAAA AE.Q%?A. A A%&z%e%agg&eﬁ% .?Adé‘(ﬁ?l%lall éi%“]t@xf 1%AQ%A"A‘é‘kﬁ\?ph"ﬁ HELY. A

CACA also the same as those in Table 7.
u. A Auy. A AAAA.AAAAE A A A A AF! . AF. A A AY. A A A2. A A A3. Aul . AY. A AF

0. @+: }Zmi6 collowing discriminati ation s obfai .
I(Dg xs% d_}Z] caj cg‘]h%a' ég]“(’:g]gcg'} cajea e S04 O8] 4% V4piad v dping heca] ca) ca
L tHPy ..
% ?i]sﬁ?gi%%lgg% c(ag%‘%gn%g%rgt:}lggl}}%g ca tl%%‘?coi])%i‘g] %(g‘irf:té‘f%é‘ial?ﬁ] e g eathodsca) cal ca
G Li'nZrl; bl """ " $s$%0
J %a% (C?Lgﬁ%%%g]g%%lgiglaﬁ?2!31]021;1]02!31]0%5 caj (r:a] cal ca] ca] ca]sca] ca] cal ca]ca]ca]calc

a] cajga] cal caJcal ca] cajca]cajcajcajcal }(()>*?*@B I ++,,-U--).r.//1V1X12232
4#5h5667F8H888} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c

' 8888, OWO99A: : 1 : 3; };
iﬁlﬁi%‘%%%g@@g%ﬂ@ﬁiggl A %’%ﬁ@a-}%ﬁ?ca] ca] ca] ca% ca] ca]ca]c
I XxEzE} EFF" Hj HI
51 33 VI CUGRURRAGRDER ot SS0sepabianc: B) 18] cal ca] ool o] ca] oa] val cal ba]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! UdUUU
VE VW XNYYZ[ [ 1\\\\ -] s]]*B_m "aaa*cscddf nf}xsnid_Z] ] ca] ca] ca] ca] ca] ca] ca] ca]

ca] cal ca] ca] cal.ca] ca] ca& cal ca}]l.ca] c‘aLcat] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca!
nf gg) hahhh>i Ai §pgre would be a high risk of recurrence when the value of LDA

20  calculated as the right side of the equation is positive. Though ratios of the
coefficients and correlation coefficients are a little different from those in
the adaptive least square method in Example 5, the results of prediction of
all the patients are almost the same. The results of prediction of type B

patients are also the same as those in Table 7.

25 It is used as the object variables in Examples 4, 5 and 6 whether the
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2 1097& (151_ e horizontal axis- Wk (jrombuses denote the data of patients
with no recurrence, and squares denote the data of patients with recurrence.
5  Since the hazard value serves as an excellent diagnosis score, the method of
the invention is found effective as a method for analyzing, not only survival
time, but also change in a probabilistically generated biclogical condition
with time.
By selecting the variables further by the variable reduction method

10 with > 0.005 as a criterion for reducing the variables, the proportional

hazard equation below having expressions of four genes is obtained.

hazard = 1559 W84753 +2.265 H08581 +1.473 AA045730 +1.237
ATI250654.
15
Fig. 15 shows a plot of the hazard value determined by calculating
the right side of the equation in the vertical axis against the recurrence time
in the horizontal axis. In Fig. 15, rthombuses denote the data of patients
with no recurrence, and squares denote the data of patients with recurrence.
20
Example 8: Preparation of and measurement by a DNA chip for diagnosis of
recurrence of breast cancer containing Genebank Accession numbers
H11482, T64312 and AA045340
The DNA chip is prepared and used for measurements according to

25  the method of Naohiko Seki, Tomomi Nagasugi, Takanori Azuma, Tsutomu
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numbers H11482, T64312 and AA045340 are used.

5 Each PCR product for a probe is precipitated with ethanol (Cat#057-
00456, Wako Pure Chemical Industry, Co.) and is adjusted with DDW at
concentration of 2 pg/ul.  An equal volume of a DMSO solution of
nitrocellulose (cat#41051-012, Gibco BRL) is added to the ethanol solution.
After thorough mixing the PCR product is denatured by heating at 100°C

10 for five minutes, it is quenched on ice. Then, the solution is warmed to room
temperature and is spotted onto a sheet of carbodiimide slide glass
(Nisshinbo Industries, Inc.) by using a DNA spotter SPBIO 2000 (Hitachi
Software Engineering). After confirming that the spot is dried, the slide
glass is subjected to ultra-violet cross-linking with a luminous energy of 60

15 md/cm? by using Ultraviolet Cross Linker (Amersham Pharmacia Biotech),
and is stored at room temperature by vertically placing on a glass rack. The
micro-array prepared above is immersed in a blocking solution having 3%
BSA, 0.2 M NaCl, 0.1 M Tvris (pH 7.5) and 0.005% Triton X-100, and it is left
for about thirty minutes. Then, the solution adhered to the slide glass is

20  drained well, and the slide glass is dried at 37°C. The slide glass is gently
washed with a TE buffer (pH 8.0, cat#316-90025, Nippon Gene Co., Litd.),
and excess water is removed by gently centrifuging (1000 rpm, 1 minutes)
the slide glass placed in a plate holder.

Next, mRNAs are purified from cell saps of normal mammary gland

25  cell line SV-40 and breast cancer cell line MCF-7, MDA-MB-468 or T-47-D by
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SuperScript II buffer (cat# 18089, Gibco BRL), 3 ul of DTT (within
5  SuperScript), 0.6 pl of 50x dNTP, 3 pl of Cy3-dUTP (cat# PA53022,
Amersham Pharmacia Biotech) or Cy5-dUTP (cat# PA55022, Amersham
Pharmacia Biotech) and 2 pl of SuperScript II is added to the mRNA
solution. Then, it is reacted at 42°C for two hours. When one hour elapses
after the reaction is started, 1 ul of SuperSeript II is added. 1.5 pl of an
10  alkaline buffer (1IN NaOH/20 nM EDTA) is added, and the reaction is
continu.ed at 65°C for 10 minutes, and 270 ul of TE buffer and 1.5 pl of IN
HCI are added to the solution. Then, both reaction solutions with Cy3 and
Cy5 labels are mixed and transferred to a Microcon-YM-30 (cat#42410,
Millipore/Amicon Co.). The sample is centrifuged at 10,000 rpm until the
15  volume of the solution remaining in the upper cup is reduced to about 10 pl.
The solution passing through the cup is transferred to another tube, and
after adding 500 pl of TE buffer and 20 pg of Human Cot-1 DNA (cat#
15279-011, Gibeco BRL) to the cup, the cup is centrifuged again until the
volume is reduced to 10 pl or less. The cup is centrifuged at 3,000 rpm for
20  three minutes to recover fluorescence-labeled DNA. The volume of the
solution in the cup is adjusted to 20 ul by adding DDW, 50 ng of yeast RNA
(cat# R7125, Sigma) and 40 pg of poly(A) (cat# 108 626, Roche Diagnostics),
and it is transferred to a PCR tube. Further 4.25 pl of 20x SSC (cat# 15553-
035, Gibco BRL) and 0.75 ul of 10% SDS (cat# 15553-035, Gibco BRL) are

25 added to the tube, and the sample is denatured by heating at 100°C for one
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5 glass is placed in a hybridization chamber with a sheet of paper wiper wet
with water and spread on the floor of the chamber. The chamber is
hermetically sealed, and DNA is hybridized at 65°C overnight while gently
shaking at two to four cycles per minute. The micro-array is taken out of
the hybridization chamber, and it is gently dipped into 2x SSC/0.1% SDS

10 solution in the state where the cover glass is placed on the micro-array. The
micro-array is shaken for five minutes for waiting the cover glass to be
spontaneously peeled. After the cover glass is peeled, the micro-array is
placed in a slide glass rack, and it is washed again with 2x SSC/0.1% SDS
solution by gently shaking for five minutes. The micro-array is further

15 washed with 0.2x SSC/0.1% SDS twice at 40°C for five minutes, and it is
rinsed with 0.2x SSC. The micro-array is transferred to a different sample
case, and water on the microarray is removed by gently centrifuging it with
a microtiterplate centrifuge (1000 rpm, 1 minute, room temperature). The
micro-array is read with Scan Array 4000 (manufactured by GSI

20 Luminonics Co.), and the data is analyzed by using an analysis software
Qant Array (GSI Luminonics Co.) and Chip Space (Hitachi Software

Engineering).

Example 9: Optimization of a partial least square model by genetic

25 algorithm
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M 1090 a(lgout]l{) %’)%y )I‘ada&u ?nlwa (Ohmsha, 1994). Explanatory variables are
5 selected by using the genetic algorithm on the above data. The terms noted
by “ and ” below are technical terms used usually in the field of genetic
algorithm, and they are explained when necessary. The function -PRESS x
1.01NP js used for “fitness”. “Genotype” of each “individual” is presented as a
sequence {bl, b2, b3, ..} which is 1 when an explanatory variable is used,
10  and 0 when not used.

The size of a set of individuals is assumed to be 100. Initial
“genotypes” (GTYPE) of individuals are prepared by using random numbers
so that min_of (Ns, Ng, 300)/2 explanatory variables are adopted on the
average, wherein Ns denotes the sample number (number of patients), Ng

15 denotes the number of candidates of explanatory variables, and 300 is a
constant for the convenience of practical execution.

Two individuals are selected from the set, and one of the individuals
after “uniform crossover” of “genotype” is defined a new “individual”. That
is, any one (0 or 1) in the sequence of the “parent individuals” is selected

20 with a probability of 1/2 for each “locus”, and the selected sequence is
substituted to create a new “individual”. Subsequently, inversion of 0 « 1
are carried out for every “loci” of the new “individual” with a probability of
1.1/(the number of adopted explanatory variables) when “0” is substituted
(when the explanatory variable is adopted), and with a probability of

25  1.1/(the number of candidates of unadopted explanatory variables) when “1”
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is substituted (when explanatory variables are not adopted).

“‘Fitness” of the new “individual” prepared by the above-mentioned
“crossover/mutation operation” is compared with “fitness” of an “individual”
in the set that is a randomly selected as “opponent of tournament”. The

5 ‘“individual” is substituted with a probability of 0.75 when the new
‘individual” is superior to the old one, and with a probability of 0.25 when
the new “individual” is inferior to the old one. However, “elite strategy” is
used here in which the substitution is prohibited when the ‘opponent of
tournament” is the optimum solution in the set.

10 The set is optimized by repeating the cycle of “crossover” —»
“mutation” — “selection”. The “number of generation” is defined herein as
the division of the cycle number by the size of the set. The maximum
“number of generation” is set to 100. The cycle is repeated by adding 10 to
the “number of maximum generation” every time when a new optimum

15  solution is found, until the “number of generation” reaches the maximum
“number of generation”.

A series of the processing of the repetition of preparation of the
initial set and optimization until the end is defined as a run, and 15 runs
are performed. Fig. 16 summarizes how the optimization occurs in the 15

20 runs. The best result is obtained by using 25 explanatory variables.

Example 10: Construction of a model by hierarchical artificial neural
network (MLP)
Three explanatory variables are obtained by the feature extraction

25  with PLS-CV from 3,448 common genes to type A breast cancer (40 patients)
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is reduced, and they are used in the discriminative analysis of recurrence of
the breast cancer patients in Example 5.
In the analysis method, the MLP has three layers with a structure
5  wherein sigmoid conversion is performed only once in the intermediate layer
(tk) , and four topologies in Fig. 17 are tried. Learning of weights in the
network is performed by a back propagation algorithm.
8, = ZJ_ Wy - By
e =1/(1+exp(—s,)).
10 DI
The results of network topology I and IIb are as follows. Topology
ITa and topology Ilc are inferior to topology ITb.
Topology I:

y=0.76 -1.77 t1.

15 s1=-12.48-42.89 H11482 +39.38 AA045340 +29.65 T684312.
Rz2=0.717. Q2=0.142.
Topology IIb:

y=119-0.86t1-1.43t2.
tl =2.65 +18.25 AA045340.

20 t2=-0.40 -2.29 H11482 +3.55 T64312.
R2=10.626. Q2=0.416.

Example 11: Construction of a proportional hazards model with latent

variables

25 One latent variable produced in the analysis process of PLS is
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value of the survival ratio as an object variable. When the analysis of the
proportional hazard model us attempted with the latent variable as the
explanatory variable, the equation obtained is significant with P < 0.0001.
Fig. 18 shows a plot of the hazard value obtained by calculating the right
side of the equation in the vertical axis against the survival time in the
horizontal axis.

For assessing the prediction performance of the hazard equation
obtained in this technique, the hazard equation is produced by using
remaining 39 cases after excluding one case among the 40 cases used, and
the hazard value of the excluded one case is predicted. Fig. 19 shows a plot
between the values predicted by the hazard equation from 39 cases, and
calculated values of the hazard equation from 40 cases. Fig. 19 shows that
the technique can give a good result in the prediction of the hazard value.

Advantages of the invention are explained below. The number of
variables can be decreased by selecting the explanatory variables with cross-
validation when a correlation model is determined between the changes in
the biological conditions probabilistically generated with time and the
expression levels of genes and/or the quantities of intracellular substances.
Thus, a good multivariate analysis model can be obtained with excellent
prediction power. This method is particularly useful when the number of
the explanatory variables is as large as 1,000 or more such as in the gene
expression level. By decreasing the number of the variables, important

genes and mechanisms operating in the background of diseases and
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vectors and antibody chips may be designed and provided by restricting only
to important gene products and intracellular substances.

Further, a correlation model between the changes in the biological
conditions probabilistically generated with time and the expression levels of
genes and/or the quantities of intracellular substances can be determined by
using the quantities derived from the changes in the biological conditions
probabilistically generated with time.

Further, conventional statistical methods or multivariate analysis
methods can be applied when the number of the explanatory variables is

reduced by using the partial least square method.
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M 10%3& (4).- QA %agb dnalysis system for determining a correlation model with a
biological condition or a change in the biological condition probabilistically
generated with time as an object variable and gene expression levels and/or

5 quantities of intracellular substances as explanatory variables, the system
comprising:

an input means for receiving a sample set including data on the
biological condition or data from which the biological condition is derived, or
data on the change in the biological condition probabilistically generated

10 with time, and the expression levels of a plurality of genes and/or the
quantities of intracellular substances;

(A) a selection means for selecting explanatory variables;

(B) a calculation means for calculating a result of cross validation
with executing a partial least square method, or for calculating a result of

15  cross validation with executing a partial least square method by using a
conversion result as the object variable, the conversion result being obtained
by converting a probability that no change occurs by applying a life table
according to Kaplan-Meier method or Cutler-Ederer method to the data on
the change in the biological condition, based on or without an assumed

20  distribution;

(C) a judging means for Judging adoption and non-adoption of the
explanatory variables by assessing the result of the calculation by the
calculation means; and

(D) a decision means for deciding a partial least square model by

25 continuously improving a function having the result of the cross validation
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means (C).
2. The data analysis system according to Claim 1, wherein the
5  object variable is the biological condition, the data received by said input
means are the biological conditions or data from which the biological
condition is derived, and the calculation means (B) calculates the cross
validation with executing the partial least square method.
3. The data analysis system according to Claim 1, wherein the

10  object variable is the change in the biological condition probabilistically
generated with time, the data received by the input means are the data on
the change in the biological condition probabilistically generated with time,
and the calculation means (B) calculates calculating a result of cross
validation with executing a partial least square method by using a

15  conversion result as the object variable, the conversion result being obtained
by converting a probability that no change occurs by applying a life table
according to Kaplan-Meier method or Cutler-Ederer method to the data on
the change in the biological condition, based on or without an assumed
distribution;

20 4. The data analysis system according to Claim 1, 2 or 3, further
comprising a final model decision means for constructing a model of a
statistical method or multivariate analysis method by using the explanatory
variables adopted in the partial least square model determined by the
decision means or latent variables of the partial least square model.

25 5. The data analysis system according to any one of Claims 1 to 4,
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6. The data analysis system according to any one of Claims 1 to 4,
wherein the explanatory variables are selected by using a genetic algorithm
by the selection means.

7. The data analysis system according to any one of Claims 1 to 6,
wherein the result of the cross validation is calculated with the partial least
square method by excluding a sample in the calculation means sequentially.

8. The data analysis system according to any one of Claims 1 to 6,
wherein the cross validation is calculated by applying the partial least
square method by excluding a plurality of samples in the calculation means
sequentially .

9. The data analysis system according to Claim 7 or 8, wherein the
calculation means determines a representative value of an error between
the object variable showing the biological condition predicted by the gene
expression of the excluded sample in each calculation and the object
variable showing the biological condition of the excluded sample, and uses
the error as an index of the cross validation.

10. The data analysis system according to any one of Claims 1 to 9,
wherein the function is the result of the cross validation.

11. The data analysis system according to any one of Claims 1 to 9,
wherein the function of the result of the cross validation and the number of
the selected explanatory variables is used.

12. The data analysis system according to Claim 5, wherein the

decision means repeats discriminative assessment by improving a function
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13. The data analysis system according to any one of Claims 1 to 12,

wherein the selection means (A) and the calculation means (B) comprise a
5 plurality of computers.

14. A data analysis system further comprising another input means
for receiving the correlation model determined in Claims 1, 2, 3 or 4 and the
explanatory variables adopted in the model on samples to be predicted, and
a means for predicting and discriminating the biological condition of the

10  samples based on the received explanatory variables.

15. The data analysis system according to Claim 2 wherein the
object variable is the biological condition represented in nominal scale,
ordinal scale or a continuous quantity.

16. The data analysis system according to Claim 4, wherein the

15  statistical method or multivariate analysis method is a regression analysis
method applied to a proportional hazard method or parametric distribution.

17. A data analysis method for determining a correlation model with
a biological condition or a change in the biological condition probabilistically
generated with time as an object variable and gene expression levels and/or

20  quantities of intracellular substances as explanatory variables, the method
comprising the steps of:

receiving a sample set including data on the biological condition or
data from which the biological condition is derived, or data on the change in
the biological condition probabilistically generated with time, and the

25  expression levels of a plurality of genes and/or the quantities of intracellular
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probability that no change occurs when a life table is applied according to
Kaplan-Meier method or Cutler-Ederer method to the data on the change in
the biological condition, based on or without an assumed distribution;
10 (O) judging adoption and non-adoption of the explanatory variables
by assessing the result of the calculation by the calculation in the
calculating step (B); and
(D) deciding a partial least square model by continuously improving
a function having the result of the cross validation of the partial least
15  square model as at least one of independent variables by using the selecting
step (A), the calculating step (B) and the judging step (C).
18. The data analysis method according to Claim 17, wherein the
object variable is the biological condition, the data received in said input
step are the biological conditions or data from which the biological condition
20  is derived, and the cross validation is calculated in the calculation step (B)
with executing the partial least square method.
19. The data analysis method according to Claim 17, wherein  the
object variable is the change in the biological condition probabilistically

generated with time, the data received in the input step are the data on the

25 change in the biological condition probabilistically generated with time, and
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decision step discriminative assessment is repeated by improving the
function having the result of the cross validation as at least one of

15  independent variables.

29. The data analysis method according to any one of Claims 17 to
28, wherein the selection step (A) and the calculation step (B) are executed
in a plurality of computers.

30. A data analysis method comprising the steps of’

20 receiving the correlation model determined in Claims 17, 18, 19 or
20 and explanatory variables adopted in the model on samples to be
predicted, and

predicting and discriminating the biological condition of the samples

based on the received explanatory variables.

25 31. The data analysis method according to Claim 18 wherein the
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20  executing a partial least square method by using a conversion result as the

object variable, the conversion result being obtained by converting a
probability that no change occurs by applying a life table according to
Kaplan-Meier method or Cutler-Ederer method to the data on the change in

the biological condition, based on or without an assumed distribution;

25 (O) judging adoption and non-adoption of the explanatory variables
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34. The data analysis program according to Claim 33, wherein the
object variable is the biological condition, the data received In said input
step are the biological conditions or data from which the biological condition
10  is derived, and the cross validation is calculated in the calculation step (B)
with executing the partial least square method.
35. The data analysis program according to Claim 33, wherein the
object variable is the change in the biological condition probabilistically
generated with time, the data received in the input step are the data on the
15  change in the biological condition probabilistically generated with time, and
in the calculating step (B) the result of cross validation is calculated with
executing a partial least square method by using a conversion result as the
object variable, the conversion result being obtained by converting a
probability that no change occurs by applying a life table according to
20  Kaplan-Meier method or Cutler-Ederer method to the data on the change in
the biological condition, based on or without an assumed distribution.
36. The data analysis program according to Claim 33, 34 or 35
further comprising a step for constructing a model of a statistical method or

multivariate analysis method by using the explanatory variables adopted in

25 the partial least square model determined by the decision means or latent
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the excluded sample in each calculation and the object variable showing the

20  biological condition of the excluded sample is determined, and the error is
used as an index of the cross validation.

42. The data analysis method according to any one of Claims 33 to

41, wherein the function is the result of the cross validation.

43. The data analysis method according to any one of Claims 33 to

25 41, wherein the function of the result of the cross validation and the number
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object variable is the biological condition represented in nominal scale,

ordinal scale or a continuous quantity.
48. The data analysis method according to Claim 36, wherein the
- statistical method or multivariate analysis method used in the final model
20  decision step is a regression analysis method applied to a proportional
hazard method or parametric distribution.
49. The program according to Claim 37, wherein the explanatory
variables are not included at all in an initial state in the selection step.
50. The program according to Claim 37, wherein the full

25  explanatory variables are included in the initial state in the selection step.
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X00437, U12979, H96306, AA830781 and AA804793 is further detected.
55. An intracellular substance measuring device, wherein
20  intracellular substances containing gene products comprising substantially
genes of gene bank accession numbers AA598572, AA703058 and AA453345
are detected, a measuring method thereof, or a method for examining degree
of critical of breast cancer based on the detection.
56. The intracellular substance measuring device, the measuring

25  method thereof, or the examining method according to Claim 55, wherein
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intracellular substances containing substantially at least one gene product
selected from a gene group of gene bank accession numbers AA406242,
H73335, W84753, N71160, AA054669, N32820 and R05667 are further
detected.

57. An intracellular substance measuring device wherein
intracellular substances containing gene products comprising substantially
genes of gene bank accession numbers W84753, HO08581, AA045730 and
AI250654 are detected, a measuring method thereof, and a method for
examining recutrrence of breast cancer based on the detection.

58. The intracellular substance measuring device, the measuring
method thereof, or the examining method according to Claim 57, wherein
the intracellular substances containing substantially at least one gene
product of genes selected from a gene group consisting of gene bank
accession numbers AA448641, R78516, R05934, AA629838 and H53037 are
further detected.

59. An intracellular substance measuring device, wherein
intracellular substances containing gene products substantially comprising
genes of gene bank accession numbers AA434397, T83209, N53427, N29639,
AA485739, AA425861, H84871, T64312, T59518 and AA037488 are detected,
a measuring method thereof, and a method for examining recurrence of
breast cancer based on the detection.

60. The intracellular substance measuring device, the measuring
method thereof, or the examining method according to Claim 60, wherein
intracellular substances containing gene products substantially of a gene of

gene bank accession number AA406231 are detected further.
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61. An intracellular substance measuring device, wherein
mtracellular substances containing gene products substantially of genes of
gene bank accession numbers H 11482, T64312 and AA045340, a measuring
method thereof, and a method for examining recurrence of breast cancer

based on the detection.



