WO 2006/ 118888 PCT/ US2006/ 015720 AUTOVATED | MAGE ANALYSI S FI ELD OF THE
SUBJECT MATTER The subject matter described herein relates to nethods and
devices useful in autonmated i mge analysis. 5 BACKGROUND Cyt ol ogi cal

i magi ng of %og &6% gem mens is a tedious but crucial topég{]%m/mbcal

anal yses. Automate cytol ogi cal imagers have been devel ope neet th
need for nore uni form cytol ogi cal inmage anal yses. Autonated cytol ogi cal

imagers do not vary as greapUyoMATEIRIMAGRIAN AN Qti ons of slides, are |ess
subject to fatigue, and 10 can provide nuch greater throughput as conpared

to humans. Seygfgbr PiEyisdugadayel oped and sone currently avail abl e
automated systems are used in conjunction with additional human analysis,

and are used to i nﬁfe%ﬁﬁcttmer HderHRA h&tamsfaaaeé t%sm@tﬁ&gxﬁai d8fcks g sen the

fatigue experienced by ‘the human analyst. Automat screeners can be used
to sel ect fronvtermad magphnalysisbj ects for 15 further human review. This nethod
can increase the sensitivity of such assays, as the nmachine nay nore

readi |y and eBOREPRHPIy identify those objects of interest in each sanple
to be analyzed by a human. However, automated imagers are |imted by the
sanpl e and data preXplasieeltimagingefmadigel specimes s prietiousrivt rycialingl faronal |y,

for conputati gRakal'BAFRES AutofRER StologRal REGShiv DeSLVBIBRSI YGRS e, DI ack
and white inmages for their analysés, whereas the sanple itself may provide a

great range ofeedfermprst unifgrs cxiplggienl Hupes aarlasaravivamatedatdloeisal Epaggrst or

cytol ogi cal |y 4§ héti vagthsSpdsmy ﬁﬁthef&feqﬁét@t’iﬁﬂk 8f stidbs, Ex'é%s@'sﬁ {osehidueBmg anal ysis
of pap-stained sanples,” the classification of abnormal objects in a

convent i oddl ammw@eerau@cﬁr@&ﬁrwgb%@marﬁdtoz@n@es conpl i cated by the
presence of normal netaplastic cells and other confounding objects. Sone
i magi ng systens i deyeiet BFCE%‘ISlysdebqloﬁeﬁta@*WCPﬁe“ﬂé{ﬁ"%]laQF ﬁ'étﬂmétﬁ‘éébisﬁ'ﬁ‘ﬁs on the
?aSI s of thei kreQREd MAonfdBADh With 2B8itibAAE Yurkin dnBI9kE, B4 GleRisedBYindRBSRE " dar ker”
nor e
number of samples assayed and to lessen the fatigue experienced by the human
analyst. Automated screeners can be used to select from each sample, objects for
15 further human review. This method can increase the sensitivity of such assays, as the
machine may more readily and economically identify those objects of interest in each

sample to be analyzed by a human.

However, automated imagers are limited by the sample and data provided to

them and by their programming. Additionally, for computational reasons, imagers

20 typically use monochromatic, black and white images for their analyses, whereas the
sample itself may provide a great range of spectral data and other information,

particularly for cytologically stained samples.

For example, in the automated image analysis of pap-stained samples, the
classification of abnormal objects in a conventional automated screening system can

25  be complicated by the presence of normal metaplastic cells and other confounding
objects. Some imaging systems identify cells of interest in pap-stained specimens on

the basis of their optical density, as they or their nuclei may appear “darker” (more
optically dense) and/or larger than do normal cells in the specimen. Metaplastic cells

in the stained specimen also have dark cytoplasms and consequently reduced

30  nuclear:cytoplasmic contrast that may contribute to errors in measurement. The

metaplastic cells can be quite numerous on a slide, while abnormal cells may appear
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optically dense) and/or larger than do normal cells in the specinen.
Met apl astic cells in the stained specinen also have dark cytopl asns and
consequent|ly reduced 30 nucl ear:cytoplasm c contrast that nay contribute to

errors in . The netaplastic cells can be qui on a
slide, while a@p\‘gﬂarm cells may appear -1 WD 2006/ 11888%8%%&9/ 015720
infrequently, and thus automated i nagers can undesirably select the

nmet apl astic ¢ r i r i V. : rk to the
T o o e P WL g, UPIRORES R ALY o
sel ecti on rat érdumeaneevigveaptbeit 4ppeay equivalantly dars e theiimeges butrpegyau¢h/monget apl asti c

cells by the i W C j t i RY OF THE
SUBJECT NATTE&%%%%%%%%%@’%&?%%E@@%E géé‘?%rﬁr%ﬁ?]{ateg‘}fg‘gl fgeg{ééé‘agg?"gfl’JWan

aut omat ed i magindiseass-negetie mnepladie scella py dhet &magen thuslilgpitsadecuratagiisasef obj ect s
in a biological,.saqple; b) selecting a plurality of objects of interest
fromthe di gitatle I'nmages; c¢) obtaining 10 multiple i mges of the objects of

i nterest at aSBM%ﬁkbﬂ’x—m‘gUB?chri\ﬂ nt wavel engths; d) conbining one of said
mul tiple imges wth a corresponding digital inage to produce a conbined

i mage; and e) anal yz|ng4iie iRk %%&img'sklgseg:ggx%f,tagaﬁ Et%fn‘?efginge the

bi ol ogi cal sanple. In accordance wth anot her cenbodr ment di scl osed her ei n,
an aut omat ed PpiBessringides @) obteivingidigiteliiseeges of) objrstsain 1z riglogicalisemplej lages of
objects in a Rj i . =N td { S: e i of

i nt erest fromg%lﬁééﬂgia;?ituéﬁll?ﬁw;é)gg?tp%f%gtrtsgif%\@%éﬁe gi{gﬁ?elgns??&br?g%ﬁg%ng of the at
| east one l§bj ewttipdé imageeokbe objectsofinterest attayplusalitti of fdéffesent wavelengthendit hs t o

wavel angth | gyl 88 GF 00n ol FRARE il o ERRHRIAP A BB Gbdllhd |
accor dance wi tfropbined inaghcand girbabizing the Wimbined image e prdpmio characigrisathst us f or

use in a automgf ailggFrg)ileng process includes: a) at |east one |ight source
t hat can provuﬁ ast one spectral region to a sanple; b) at |east one

detector that can geh&etdance with another embodiment disclosed herein, an automated
15  imaging process includes: a) obtaining digital images of objects in a biological

sample; b) selecting at least one object of interest from the digital images; c) obtaining

at least one image of the at least one object of interest at a plurality of different

wavelengths to form a set of multi-wavelength images; d) analyzing the set of multi-

wavelength images in order to characterize the biological sample.

20 In accordance with yet another embodiment disclosed herein, an apparatus for
use in a automated imaging process includes: a) at least one light source that can
provide at least one spectral region to a sample; b) at least one detector that can detect
at least one set of images of portions of the sample when illuminated by the at least
one spectral region; and c) at least one computer that can select at least one subset of

25  the images based on at least one set of criteria. If more than two sets of the images
are collected, those images may be combined to form at least one combined image.
Then at least one computer may also analyze the sets of images for the selected subset
and can select a further subset of the sets of images based on a second set of criteria

which may be the first set of criteria or a different set.

30 In accordance with still another embodiment disclosed herein, an apparatus for
use in an automated imaging process includes: a) a first light source that can provide

a first spectral region to a sample; b) a first detector that can detect first images of
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at | east one set of inmages of portions of the sanple when illum nated by the
at |l east one spectral region; and c) at |east one conputer that can sel ect
at | east one subset of 25 the images based on at | east one set of criteria.
If nore th t e of the images are collected, thos be
conbi ned tgovpoﬁ\ﬁﬁg/lé?{gs?east one conbi ned i nmage. Then at 1’;aJrsE; ﬁ"z g%%‘rput er
may al so anal yze the sets of inages for the selected subset and can sel ect
a further subsp%ﬁloei of e St Qfheh m&@%ﬂww SSREANFboRAL cpa fad teria
which may be the first set of criteria or a different se# I n _accordance
with still ancemeterdhgsan selent agubsel f shecfirptdmagss based aafﬁﬁféPtanLFé“eF'B’rd) 3se in an
aut omat ed | MagLAGd BEIRGESSe, Wifch WS Be tlfélirs@lléﬂtE&Irceldrgtaifféé?&'f@@ shi®! thgdn provi de
a first spectral region to a sanple; b) a first detector that can detect
first i mages ofn ProYidar sos) weags gegiuriifisuyokyrn L7 fint spreiralitegien: s & he sanpl e
when i |1 um natechndMelcbir, ficht m%ggkﬁeaﬁrstr&wcfép or Q)dlﬁerédtrcﬁkctopomﬁPEﬁr that can
sel ect a subset of the first inages based a first set of cri'teria; d) a
second |ight si§teplcaesecons @wgmﬁfthbemw%quh@ selectadghbsets whencilluminated &y thieer ent

| i ght source, &hak spde v GP O RRE Gl fromthe
first spectralS ‘?)(fe}gls%n{mrg)é’(Sh 'ag@% éﬁ det Eéor l%nm%ﬁ&tﬂgﬁg{&hﬁﬁé?l&rs
detector or a adiliffbrsntepamuuter.ctetosan prodice @zambined emgeacomcl@lngi thersegendof t he
images in the ﬁ;‘.yttl pagtral

regi on; and f)ﬁlg egaglgg% ﬁﬁ{% fé’{'ﬁ‘lgv\% eﬁ@h&@é Bl c ?ﬁseﬁe?&fu?[ﬁéc\r%%ﬁltser or a

di fferent Hbnpambined timages (bmdpmcnjmendasetofrbnltn@ajwmwhgmychm’fhp|fs$trsgt ofhe second
i mge and the c%%‘;r n% l%ng‘sg{ the sel ected subset and can select a further
subset of the I ned | mages based on a second set of criteria which may
be the first set of, a&deExﬁ:re' Eloaf stfll ﬂl’tlflefr%fngg&m@ﬁtdwci ?edaffe%?ﬁ %ﬂ%ﬁ&lr%ﬁst hastill
further enbodi nent disclosed herern, an apparatus use 1 n an automat ed

i magi ng processr Pfr?clmﬁﬂe%l’fm@}edamfagmgtprqcPngml's‘i?Err@ea firshlight squrcp gt patle a fir st
spectral regi gpofi@ @ﬁ%@r;péc@ral leoﬁ‘ td 'ars%?lgeﬁ)e&m& detba&r fﬁancaqeaeéett fikd rst 15

i mges of E)ortlons of the sanmple when 11| un nated first spectral
region; c)la imagestof pertions ef the mplwhens@ul@@@teébwws tmcttahéegfonr@)ta i mges

based a first f@lcofbutef thit@hd &lectd subset of the first images based a first set of criteria; d)

a second light source, which may be the first light source or a different light source,

that can provide a second spectral region different from the first spectral region; €) a
second detector, which may be the first detector or a different detector, that can
20  detect a second image of the images in the selected subset when illuminated by the
second spectral region; and f) a second computer, which may be the first computer or
a different computer, that can analyze the first and second images for the selected
subset and can select a further subset of the first and second images based on second

set of criteria which may be the first set of criteria or a different set.



a second light source, which may be the first |light source or a different

|l i ght source, that can provide a second spectral region different fromthe
first spectral region; e) a second detector, which nay be the first

det ect or ow@:2mrfifsessent detector, that can 20 detect a PEFAISABMAEGYW of t he
imges in the selected subset when illum nated by the second spectral
region; and f) a second conputer, which may be the first conputer or a

di fferent conBUERPESCREREONQBAHEGEIREze the first and second i mages for' the
sel ected subset and can select a further subset of the first and second

i mages based on sdé®Rll depigts te incremental muclgpryioplsgRyicisantrasidleyaly for a dual  of

iteri i R/ BRI EF
L L2, ATy 38 WA AR 0 SO S

nucl ear : cyt opPasingth&h aakimage.fay Ll mepsurgd gbisgts: GHeT aerehintesmediate pl us 2nd

wavel engt h} ceumbiRend FREBladR E0HBEaBfbrhA call.Si ngl e  wavel ength (570 nm)
i mge, for 11 neasured objects. Crcle= normal internediate 5 cell,

x=nor mal et apkastaipOserbrioiot =abnormal cel |. DETAI LED DESCRI PTI ON Aut orat ed
i magi ng processes and/or devices utilize nmultiple wavel engths of light to

illum nate the sanpli@nAaHin@RingiphockdBARY/ok BRlices afiliAeniTBEIE Ndl @édths of _
automatically _or by _an operator, as described herein. |Inmages that contain

rel evant 10 i H8Wr Wadiusngte the | sepplse anshohiaie dmages othptr spierhe wavigrlatsdt hs in

order to subj ggémithally OB EEbrdtSFREE ddseHitRE RbieinO MR ag@NBhtYDhin Rvaddi tion,
objects found, in one inmage can be subjected to di gf erent wavel engt hs of

light in &P deinfarpationasap,asa bro obpinest ot differgeipvayelepgihy ineorden@esubiset %e di agnosi s

based on the S3RRAA imhgk BAUTBEHER AHFBNUS addifInC¥H&Es fobff A FRBGLAR &AN be
obtained by illum natlng t he sanpl € or sgem menwith white I'ight 15 and

placi ng at | eBsfubisaied éofigfereny wavelengihs afdight intnedes frowiolven s shispldn dppth at | east
one TV camer gl rHdafifg & ATBRQRis HAsAFBhE s ﬁlv‘éohférl%@o?ihnﬁmspfele@érht ers my

al so be utilized. In sonme énbodi nents, an operator e system may go
back to the c&fermatingan b obtainedby Blyminating the sapenle off sPRGvage Wit 31 ligés a "cel |
of interest”, a@NdadtOf a& oRE cdIS flleP¥&ween the specimen/sample and at least one TV

camera or other camera. A camera with switchable color filters may also be utilized.

In some embodiments, an operator of the system may go back to the cell location, if a

particular set of images comprises a “cell of interest”, and produce or retrieve

additional images to aid the researcher, computer or technician in completing the

20  information about the sample or specimen.

Also provided herein are several methods, processes and devices of and for
further investigating a set of objects by an automated imager, which methods,
processes and devices may be used singly or in combination. Through the use of
information obtained by analyzing objects at multiple wavelengths, cells or clusters

25  containing features of interest (“positives™) can be better distinguished from false
alarm or negative cells in a selected set. Specific cell types, such as endometrial cells
or endocervical cells, or cells of a certain abnormality, may also be identified through

such interrogation.

A number of discrete imaging systems are commercially available as of the

30 time that the application for the present patent was filed, including Cytyc
Corporation’s THINPREP® Imaging System, the TriPath FOCALPOINT™
Profiler, the ChromaVision ACIS® System, the CompuCyt iCyte Imaging System,
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additional inmages to aid the researcher, conputer or technician in
conpleting the 20 information about the sanple or specinen. Al so provided
herein are several nethods, processes and devices of and for further

i nvest i gat iwig2e064e880f obj ects by an aut omat ed i nager, RGTABPHOHGYs,
processes and devi ces may be used singly or in conbination Through t he use

f inf ti bt.aj d. b | i t I t | th [ 1
o ol uetere bB e e lfnsioRt SRty it B Viert Tose® Bainge het tor
cSii sti Pgui shleldsf/stanm ftalitide ap;bramtzd)thautﬂth%tapyaeatafhddsdewmsgcaae:leeﬂddﬁr:tdselt I

ecific ce endomet ri r,.endocervical cells, or
cgl s of a cef r‘[%&ﬂrafﬁlﬁla‘glﬁ%fsn}aﬁmg FED> ?chESS %856 dgstfﬁg HEE t hr ough  such

t t
e cosacion, A I mhpRERR B SIRRIETAMAL ALY
filed, incPudhangOnteyar méeopjectanf dmeérsst Tri-thE!RER(nr Jampleegidegn@ydingehytht he
Tri Pat h FOCALP i L t Co t
1o e AL B sl 5L S AL AL B, PO
| magi ng CYTOVInBIZONTMeSHS camgonwile a fibtefovermapts, ofitbe H\sSIEM dbm‘gwng givBgstem It
wi || be appre dx?ﬁtlégufe%{h th@ﬁ%ﬁesgpg%gﬁédg%éigﬂ %ﬁ% aﬁcf"% E@&t NEﬂLtEHsEd to

i ncorporate a ional I magi 0s escr| erein. The
current THI NPREP(fhe)hlghMchrgg@gmitzdrdﬁl(SitYI Sther valeastof f)bJEQtS frndglludtsrsofanbeew 5

havi ng Ona00r colR:fd %Q%% trsoe@(v ﬂh@tﬁ@ Gt 20 Q%lg‘es “hEA Jéﬁ”de?ﬁiﬂ% € Al ' NC! uding

bot h S|ng S an ers al ned i col aou alnlng process
and di gi tal | yandlysssgscprovided hdieh m'@mvemmpcrinenamoh,l [Boper fseziesctlexxamq:)inmrox@ﬁ t he 100

si ngl e obj ect . S est i nt egr d opti cal
denat ty and. a ity eleens RS, T ik e oMU sV BRESR Y, 0
density. O heitivfabused ooklernibied othjsctsand inblyed the sseafispebieal akhlwol | ect ed above or
bel ow the 100 and 20 val ues previously described. Additional analysis as

provi ded herei n i ngontengdateli sethods nﬁidenﬂ'rfyingr\wellengtln{b)ecﬁ light @loe fonpnoved
32?;&2' IanISht h‘ﬁ?rgvédd%g{géo;&ag%nogf %Ctbﬁblo calllssa?h eI tiril\%rl]v%l sc!aﬁr\{lgé Y fsm%&gl ysis is
throughout a spectral region and determining if particular wavelength(s) within that
region allow for improved categorization of a sample parameter. The sample may be
scanned at regular or irregular intervals throughout the spectral region, and then
combined in different ways with an unmodified image and/or with one or more
20  different wavelength-specific images. One portion of the sample may also be scanned
at regular or irregular intervals throughout the spectral region with each wavelength-
specific portion being reviewed automatically or by the user, thus creating multiple

wavelength-specific images of the same portion of the sample.

A variety of different sample parameters may be analyzed to determine their

25  affect on the ability to more accurately categorize an imaged sample. In some
embodiments, it may be desirable to identify the border of the nucleus. The regularity

of the shape of the nucleus can provide important clues as to the status of the imaged

cell and an irregularity in the nuclear shape can indicate a pre-malignant status.
Therefore an improved ability to identify the nucleus, for example, by increasing

30 contrast between the nucleus and cytoplasm, would yield an improved method of

automatically diagnosing the condition of the cells.



it is focused on identified objects and involves the use of spectral

anal ysis. Contenpl ated net hods of identifying wavel ength(s) of light allow
for an 15 inproved categorization of a cytological sanple involve scanning
a sanpl e tWORMABB8a spectral region and deternining i FCPUTRAUFAP

wavel ength(s) within that region allow for inproved categorization of a
sanpl e paraneter. The sanpl .be . scanned at. requl ar, or jirrequl ar
interval s througho{TtsoP’ﬁe?g@B‘gEan?‘%llm?%n @ﬁ,nuc i Q?III engﬂ%glﬁ%l?eﬁedﬁ{ep?ﬁﬁﬁfferent
ways with an tireredutioéthe nndgs, igrbipe,theintegrated dabinessliccav2@gadaiiressent

wavel engt h-specific. i es ortion of the sanple pay.al sa he scanned
at regular or CPM"@%}W;}?&F% e%}%r rf%?otﬁg%(%fm% ﬁ%‘ g@%"cf’%gwe&gi’% With each
\t/\/ﬁvel engt {1_— spaﬁ%aefri_sm} pih tni:igllftioheg ?i%els,emikg?v_e:dirmhé anﬁsh?paloﬁxybodethmiﬂehte_ user],c

us creating nultiple .wavel ength-specifi.c i es.qQ e_same portion o
the sanple’ Aﬂyg‘flqthe%)‘iy B'f'tv‘"\‘,g]ieftf:%r”g’ﬁ?’ %gﬁﬁ@plﬁagygﬁ%‘f’g@“m Baélara?n%{)&?ed to
det erm ne t heiperim@é&r dividedt bpnrint timesalardai t VAddbaionallye tAe Cringt of yecyemlaegor i ze an
i maged sanple..  ln so enpodi nents, it be.desirable to identify the
bor der of ¢ he *HIRAE reRERACEAT B0 b beegy e iR Brornt SutlRRLE Lan
provi de i npor thntingheebe subtrdcedidipitakby fadm shedinagelte providg & inotankdd ability @n

irregularity in_the nuclear shape can . ndicat.e re: mal i gnant status.
Ther ef orc. an (S0 L8 MaHF T epd PRt E P he et e SRR 1 oy
i ncr easi ngl030 cgopiasmasf diffatmeelis dvertaprach ches incnsdmelet opl asm woul d yiel d an
i nproved nethod of automatically diagnosing the condition of the cells. -5
WO 20061118888 PCTAlUBR@DGhE k5aniles haneis oivwriberizpublogiealt samplesagainggl bhe nucl eus
of the cells i er m ning .t t.ur aed-lis.Shape, the
i nt egrated darﬁ%ﬁienzk g%&tl %g}ngr{;gérgcéagsg éta{hlglﬁlg?é L}(BIIP ggggdc%%tlhggﬁt@g§ tdﬁgé%ﬂzegf . Texture
refers to analhprimepnt bee used| ineconfinctiogiwithinsapiplee|stained byostiearsuiahle wid/d¢r
nei ghbori ng pi : | I QQS . ] t hr ough
any suitable tcéc eﬁtllcaﬁg pll%? %}é@eé?g/r?% quate%lﬁfsdeéglr m rll?q?ldg; Stfglﬁlenggléﬁggr&é qﬁ‘ﬁu{éhe
perimet er i vibdmatokylindnd eosiregaiging Feuldetostdin, dNeA btyining heoithiomegtic géiniogit opl asm
i ;[ Lgfgg 'm”ignt Na WELEHInTRY B! SPhe Gntdifitlnt e RBhddshay BRRAS ¥r Aiiden®

samples which are not stained. Additionally, although the examples depict the use of

the methods with regard to gynecological samples obtained from pap smears, any

suitable biological sample may similarly be utilized in the methods described herein.

20 Where a combination is disclosed herein, it is to be understood that each sub-
combination of the elements of that combination is also specifically disclosed and is
within the scope of the subject matter. Conversely, where different elements or
groups of elements are disclosed, combinations thereof are also disclosed. Where any
element of the subject matter is disclosed as having a plurality of alternatives,

25  examples of that subject matter in which each alternative is excluded singly or in any
combination with the other alternatives are also hereby disclosed; more than one
element of contemplated subject matter can have such exclusions, and all

combinations of elements having such exclusions are hereby disclosed.

Unless defined otherwise or the context clearly dictates otherwise, all
30 technical and scientific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this invention belongs.

Although any methods and materials similar or equivalent to those described herein
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this ring may be subtracted digitally fromthe inmage to provide for
increased ability to neasure the nucleus and can allow for inproved
visualization in situations where the 10 cytoplasmof different cells
overl ap eawb 206chessssn a sanple. Al though the exanpl es hGEVRIUEITY be
cytol ogi cal sanples stained by a Papanicol aou staining process, it should

be understood that the nethods described herein can be used jn _conjunction
with sanpl es &t 55 Hesd 1ythe prAstCesef ?%{Egé’%é%f‘g’ﬂe“ Eﬁﬁ?feqiﬁ?%ﬁgﬁerﬁ‘%@@sses and/ or

mat eri al s. Conferphriteds aldahdidriag armWadscriba:| ude 15 hemat oxylin and eosin
stai ning, Feulgen stain, DNA staining, stoichionetric staining, and

count er st ai ni ng. AR nSatitned ndaflidt, MRah@ls, proeessrahdiadsppamis i dasdribete herginut i |1 ze
sanpl es which are not._ stained. Additiagnally, although the exanpl.es depict
the use of tcﬁ'g{”ﬁ%ﬂ'ﬁ(?li@%\?t? ‘SP%%‘?O(T&F "é‘%é?cﬁﬂ“ﬁ@‘?’csa ¥4 T@swgﬁf}’ﬁi ned from
pap snears, additioallcipabilliey B alabgt aAlidadfigd eubs@yofSiobjebtalof YntBesttin lai zed in the
nmet hods descri bed herejn. 2 ere a.conbination is di sc#}osed cheflrei n, it is

Wh . [
to be under stREEHRMOPEAR TR POYIS AR BHoBFtict ARl pormal cefly ¢

conbi nati on iabncahsi@ely patifula @isesse-tife] RE@HoRNG aicombinktidditierdoie scope of the
subject matter. Conversely, where different elenents or groups of elenents

are di scl osed, co0hé aadrhaesiniab@p @etestrae dedcibeddietei, oaastisesN W obtaimitg el ement
of the subject matter is. disclosed as havi| Jurality of alternatives, 25
oxamt ea-of CpE ifsatpoli i B hef A end gt O et tded o noty
or in anyl0 cadarereqdifomoifie Rigitd] ithipes;@) biRdinial fraltipitindgs ofithe oblkaooffiaterby

di scl osed; .nore_th el ement of contenpl ated subject matter. can have
such excl usi (#%I?IUE?ﬁg' Og{a%fer@BWﬁYeﬂeﬁg@%ﬁi C%‘Fblgp%ﬂ[é@ﬁ)?ﬁalﬁﬁbﬁw& im3ess Wathe| usi ons
are hereby diaswiegeading)digitsisimdgd tongrdduat hedomibied dmagdehendceninelyting ltitear | y

di ctates ot her ni ific ternms used herein have

i .all, 3 h | d i ent
the same neanfH %g%ml%éﬁ%oﬁ‘??ttoe r&%tgrzzteé%gl”%;é‘lbaﬁgal ®“ordinary skill in the art

or equi val ent 1o Thitio SRS snpdliele Skl RS SRR AR B 0061 015720
can be uskd isamplheangtizntaddidional irhagss ofithese fobfetie asubjaied bprallunenatidg gel osed
herein, the objects with other spectral regions. The additional images may be combined by any
mathematical means, such as, e.g., additively, subtractively, and/or in a ratio in the
combined image. More than two images may be combined. The combined images
are then analyzed by a set of criteria as described herein, and the results are compared
20  to those obtained from single-wavelength illumination. In this manner, additional
useful illumination wavelengths can be identified. The additional images at a
plurality of wavelengths may be acquired at the same time as the original image was
acquired and then stored for later possible use. Or, objects may be relocated and new

images at a plurality of wavelengths may then be acquired.

25 Another contemplated automated imaging process, as described herein,
comprises: a) obtaining digital images of objects in a biological sample; b) selecting
at least one object of interest from the digital images; c) obtaining at least one image
of the at least one object of interest at a piurality of different wavelengths to form a
set of multi-wavelength images; d) analyzing the set of multi-wavelength images in

30  order to characterize the biological sample.

In this additional contemplated embodiment, at least one image collected at a

plurality of different wavelengths is used to extract features from the images. For
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preferred nmethods and materials are now described. As nentioned earlier,

nmet hods, process and/or apparatus described herein conbine the ability of
exi sting automated i magi ng systens, such as the TIS, with the 5 additional
capabi | i t ywigmoadrabssge an i dentified subset of "objects BET/USRLYHEET2® jn a
speci men sanple in order to provide for the automatic recognition of nornmal
cells, abnornmal cells, .particular dis -related conditions, ar a

combi nati on tHEPRIGE .ra“@)ﬁ’éegg’i’e&?’rﬁ‘ttgﬁreg ﬁ‘ég%ﬁge FrEmRy ylﬁgfggyd%aglg]refsb'g ®herein,
conpri ses: a)bhelhdofithagpectingivald benmefelsinaharadigrizoigshd image kel Hghdlel sanpl e;
b) selecting.a,pluralit . ohjects of | hteres om.t.he digjtal inmages;
c) obtaining brlroﬁ “iag)?aemﬁ“?mgte“é 3 te?ﬁlétegﬁﬁnké%@géngf‘ s ?er?fgé?d;é)t prg‘flg%mbl!t%lreal ity of

di fferent wavetsprtdson tht sameritnagei angoltentdonodf images froml 4 bigbgicdlvagds i th a
correspondi n igital i to pro Lned. i e: and nal yzi ng
The conbi hedeirRntiongRe B’ GuRuRiae S B Aan FER OGN il V0 T
cont enpl at ed vehbofithempirels willjirethe sudéi front the dfferear mapchegite 4 readt that mdye 15

sanpl e, and then.additiopal inmages, of .these object.s are qbtained,.by

T natt ng TR0 i RaFRe! ThERa R haTESRE Sea R onal i mages
may be conbi néthelipiages fromrthd bielogitdl sahplereans, such as, e.g., additively,
subtractively, and/or in aratio in the conbined inmage. Mre than two

i mges nmay be confi sveet. embodineotsjothe @ohgemfrgteidentifiescthe kpenifiarsabsyizimeedoon a set  of

criteria ribed. herein, and the resul.ts are conpared.20,ta those
Ot o ned 1 orFERRARE ISR el Wrd Rl e Ao RERRE Silifladift [ Por )
usef ul i || um dhatersorin waeteloand spesintanhdxabdetigpicalfy iscluded Aimoankdiobjectnatd | nages at

a plurality of el engt hs .may be .acquired at. t ) L as_the original
i mge was acsarﬁlle\rbga eaaﬁ%fg’isher%n S SEY Py grsuF)SSl;gyipE‘f‘%g‘? H‘gh"ggsd’?rm@bj ects may
be rel ocat ed dhedtsragivalsb seige Sfalst atarmd.’UrEiei falye albrmaeave Hengtths presegycd ben be
acquired. 25 An er .contemlated automated i magin r.ocess s_descri bed
her ei n, corrprre?cg&é%r:ep%{s %Stogpi% ﬁll?snod a{ﬂ% %f’lttstsgq] ?Sr?ﬁlﬁréaé’g%lg %‘6 'i"eocr:f1 %m?a}]gbde i ol ogi cal
sanpl e; b)5 selidcinhangntly ddw tandradt betwveencthg mecieusdnditint aytoplbmsf r om t he di gi t al

i mges; c) obtaining at | east one image of the at | east one object of

interest at a pl ulmbdineyemtoditienfseprevidedhaneis, thegmhger resurh tonthese ideatifiesk

mul ti - wavel enggdy i aRgsties SidRA'A) A biiyssel toker Tt kb #AUS1FAYLH | mges in
from reactive/repair type changes and/or from “false alarms.” The additional analysis
can include spectral analysis or marker detection, and can involve measurements

20  taken from both the nucleus and cytoplasm of the cells.

In some embodiments disclosed herein, a spectral analysis is performed on a
specific subset of objects, such as the top 2000 objects, the top 1000 objects or less,
such as the top 500 objects, the top 200 objects or the top 120 objects. The number of
objects chosen for the subset is a function of such things as the computer memory,

25  computer speed and the need of the user to characterize the sample with increasing
accuracy. Once the subset of objects is selected and stored, an analysis of the top 120
images or objects from that subset can be selected based on suitable criteria. So, for
example, a subset of objects may contain 2000 images taken at one wavelength. At
another wavelength, 1000 images are collected. During analysis, 120 images are

30  pulled from each of the 2000 image set and the 1000 image set.

In other embodiments, rather than returning to the subset of objects, images at

a plurality of wavelengths may be stored at the time the initial images are acquired.
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30 order to characterize the biological sanple. In this additional

contenpl ated enbodi nent, at | east one inmage collected at a plurality of

di fferent wavel engths is used to extract features fromthe images. For -7
WD 2006/ 118¥ER20ME1B882006/ 015720 exanple a ratio of dar RAEYE0PH0IFRE red end
of the spectrumdivided by darkness in the blue end of the spectrum would
be useful in aract.eri zing the inmage taken fromth bi ol ogi.cal sanpl e.

Thi s contenpl at'&y? %%F ﬁ‘éa%fse% ?aﬁgi %eﬁéﬂnet%oonpfh&ﬁuhg?r?ﬁlok’-le tlsg’f Heeehect i ves
on the sane i ndtheuteelocadhd tebbject. of i nages from a bi ol ogi cal sanple. In 5

rel ated enbodi nents, the user mght take 4 or 5 inmages and find that sone
wei ght ed val ue of Muhiplepivavelesgtisd ofhlight taneberusal teidigitizerblack endlivhiteinegts | nages
give a result [T;Ei\?/ i ndi Er&hit IS i S process
woul d give a Iés%g%tt ra gles‘:)rgﬁde{ﬁﬂ% g"a%?%g{ h ‘he ﬁr%grséléglé ??ﬁ%ﬂ%%L %%P%Qf’fs:eal sanpl e.
| n some entfodieasiytcbarattérized thag er sifgle blacki ahdnthitk iimaget He sspeeinbodimenihsiet based
on 10 the hi I: t | I i i st average
opti cal densi ?: %@é%ﬁah&sﬁ §€{Sh@ Oﬁﬁagﬁada%%)?gg%%s%\gb %%ﬁéq?gqgeu%%&s#gtogg% cally

i ncl udes abnoridmtifighplietts aadedisiopaae nidle lts édenlifyrarspetimen as mooraledithepteci nen t he
subset typical|y.} - NOfr i s and al so sone "false alarns."” The
fal se al arns é%(ﬁ’ﬁg@é‘l}?%ﬁ?hogﬁ"g?%évgﬁggh@@- reactivel/repair types of cells or
artifacts such as LG L LEG i koherently

| ow contrast bet \Aeg%e%%%@%hﬁﬂgﬂgﬁaﬁ%o ?f{flesg(g&{ﬁgéqtgbgéﬁ%&tpg t@%?rgy\eee%oaghrrent S

provi ded hEr eienamplprén identifFing rdisuofrriusters it Wewé be desiretilé toddentifib¢ndometrialnd appl i es
addi tional anglysi Yy . . o] jects from
reactive/ repai%F let?y%g?{og%ﬂ%&elsﬁgﬁd}rg}égﬁf%ﬁé "afSI %F rgté&é@ grn ﬁg&" E#ﬁtkeﬁcgég%ll §| onal

anal ysi s can metelastie os peboteraicalaael$ ys btherospecific kell typpet eant boonsefidria thean i nvol ve
measur ement s dg{%lc%fskerin fb%%mwge?st I HOGHGh eE%Fr%‘aﬁ‘ndl Gy c?fpallb?igma%&' tdie,cel ls. In
sone enbodi nent's sclose Fein, a spectra anal ysi's 1S perforned on a
speci fi ¢ subseaieteghinebjheaigh , spetrehamtysis lae projle 0©0in0 b wht meastrmenrttopanl 000

?g Jp e(]:-tzg 8[)]1 gegtslgd“dfﬁ"g&gad%{i% %yrg%eﬁlé[s%)c rgeoagurgsbc;f %x%trﬁl’olotg)b gndt s%Qctr%P&fo?ngt%%F s or the

Spectral information can also detect certain cellular changes associated with

disease or other cellular changes. For example, HPV infection may cause a cellular
change that results in a spectral change. This can be detected by an imager, allowing
the sample to be identified as being infected with HPV, without requiring a molecular

20 assay.

Changes in cells due to the presence of disease or infection are often
demonstrated by the presence of markers. For example, antibodies can detect the
presence of an infection, for example an HPV or Chlamydia infection. Other
molecular markers, such as nucleic acid probes or aptamers, can also be used to

25  indicate the presence of disease or infection. In some embodiments, probes can be
attached to a unique color label that is not normally present in the stain being used, for
example a standard Pap stain. This label can comprise a certain absorption spectrum,
or it may fluoresce only when a certain wavelength of light is used for illumination.
The color analysis and/or illumination of the marker can be done on the identified

30  objects.

Overall, this approach provides subsequent analysis of a reduced number of

objects on the slide, which allows faster execution than can be obtained with a full

9.



obj ects chosen for the subset is a function of such things as the conputer
menory, 25 conputer speed and the need of the user to characterize the
sanple with increasing accuracy. Once the subset of objects is sel ected and
stored, anVa@a00g41888sof the top 120 inmmges or objects fPSHUSHROSIHset can
be sel ected based on suitable criteria. So for exanple, a subset of

obj ects ey cap a0, 8000 | B0RR.I KeTh A IS IAVR) SPUNdl RRIAL

wavel engt h, gés are co Ie rlng an yS| § are
pul | ed from eaidhioodl a:néugsxgtsomm aptjeal @eib;eaﬁsdha:thm dABely selrage as edspicions ot her

erbodi ent s, ARLDSLAAIEELIE DA8aKGhey SRRSO Al RGL, 1 mRges At

plurality of wave e ini i mages are

acquired. -8 V\D%%Q%% ﬁ%ﬁ?n?pqgu 578000019620 IR RIYLEP IR gl yses mey

be performed on the subset o inter ing the
object. Mifti lpg@smmta@dglphmldﬁmltvglﬁmcah beysgmedilizingdi yethpd proyidetk and

whi te | MBgeS Ak e/ \paleaParly A0 b B ik Lo MNPHE00 S deriRBs BIESHL LT N0

"“color" images may be nore aracterize an a sin bl ack and
white i mage. The spentnal amalysisl Panchgtused tagwtalsswdfcat@mtqfwhetmr thasearglsplbwuctei can t hen

be attenpted,  Base ecﬂgpéﬂaltaagns"f‘i@saﬁ&%'sﬁmm tr{%}?atlﬁzé dgntuclel &do Qﬂlo‘?rﬁﬁl%ell a deci si on

can nade to |dent| y a specl nmen as norna requiring %qaddl tional
revi ew by a hieih. Bap@cwnoalthnsrﬁn@ivmdeSI@anarab%maé@thaséu Qlkdellﬁé ly fy

speci fic fypeSeoRfveGfl hd furthdn rﬁg@m be ldduitddent i fying a list of clusters
it would be desgl rvaebl eto |derl11{n|£?a ndorTgte I cells, or endocervical cells.

In identifying a ldd teiaocﬁfn@t%@fdﬁHﬁAa?éds écgﬁ%hélhg?ﬁ&théﬁ% iftflude ARbARL@St i C Or
endocervical cells or other specific ce? ypes can be useful to the

cytol ogi st. | #halysisief sRepimenpior figgnesiss oeing; ersele%tmg eellsdpmaddisipas] apglysiSonor mal ity
can be deterfy gtteéﬁ Q401 msgcet e, %{&a'aﬁahﬁqs PP hAYL b nguch

measur ements can 15 1 ncl ude nucfear and cytopl asmi ¢ measures of r phol ogy
and spectral favtinations ohimag@pehtained frarmtwe eamorncadern oflilbminrtivectAleer t ai n

cel [ ular Ci?a”&ﬁ?ﬁnﬁéosoﬁﬂet%&d b mcl%éefifﬂﬁ YhvoRille mimbpettrd hARges. For

exanpl e, HPV Iinfection nmay cause a cel
segmentation, and/or quantification of the images or objects of interest.

It is to be understood that terms such as “color(s),” “wavelength(s)” and
“spectral region(s)” used herein can encompass both precise wavelengths with narrow
bandwidths, for example as might be provided by a laser source, and somewhat
20  broader bandwidths as may be provided, for example, by the use of filters with a
broad- or multi-band light source. Light emitting diode (LED) illumination can
provide either narrow or somewhat broader illumination, depending on the individual

LED.

The sample, which also may be referred to as the specimen, that is analyzed
25  can be any source of biological material that can be obtained from an organism
directly or indirectly, including cells, tissue or fluid. Nonlimiting examples of the
sample include blood, urine, semen, milk, sputum, mucus, plueral fluid, pelvic fluid,
synovial fluid, ascites fluid, body cavity washes, eye brushing, skin scrapings, a
buccal swab, a vaginal swab, a pap smear, a rectal swab, an aspirate, a needle biopsy,
30  asection of tissue obtained for example by surgery or autopsy, plasma, serum, spinal
fluid, lymph fluid, the external secretions qf the skin, respiratory, intestinal, and

genitourinary tracts, tears, saliva, tumors, organs, a microbial culture, a virus, and
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change that results in a spectral change. This can be detected by an i nmager,
allowing the sanple to be identified as being infected with HPV, w thout
requiring a _nol ecular 20 assay. Changes in cells due to_the presence of
di sease or WRBY18B8are often denonstrated by the pr esgﬁygsg)f)‘s/%?zﬁer s. For

exanpl e, anti bodies can detect the presence of an infection, for exanple an

HPV or Chl anydi a i nfection, her I ar rkers, such ucleic acid
pr obes or aptgﬁ% %fmﬁgwngflbg%awdggﬁgyﬁﬁgbgsgﬁ%ggggmt 8“§¥%§%H@e of di sease
or infection. shwplseiizhéntodntedntin qarobjeetf deresbe attached to a uni que col or
| abel that is not roal Ly..oresent in. th I p bein ed, for exanple a
standard Pap stainTRT%ﬁ?t%33%?“?%%"%5R%¥$§§a§y&5?98?%“3%?5?3??3ﬁ spect rum
or it may fl uanegsasponedtyf thibenme thatris dosineda be desrgddh Noh-liitigtexamplessefd f or
iIIuninatign. qu f°|PE anal %iﬁ.and/qn i1l um nati.on %f' he marker can be
done on the i dEHIYFS BT %?)pog‘ﬁfégg? ide, aRriping 4 Pepyde, APAYNBPBAYS pr ovi des
subsequent anahyspdysaécharidegptoreglydanmaronfdrate Bjligid; $faga célha csll tyfge anwhi ch

all ows faster execution th%n can be .obtained with a nPII -9 !D 2006/ 118888
PCT/ US2006/ 015753 1SMs V% & FEelpes, an anfigen, rigorganic compoynd, prother MOlequlg o g ¢ vi ty
or specificityoshhkbe séer canlelotitainedal anal ysis is only applied to objects
that are already selected a uspi cj ou 0_per cel C ges in a

rel evant property, %F%?plgr%gf?zﬁc'éa ‘E’éﬁ"gé‘?"?‘{ﬁigg@i%’t%?_ prgiﬁl@’cfﬁ)%%gfgﬁrﬁgxanpl e,

i denti fi esl( heprdt€is, BN VECT sapsidi roeein, p16INKH € IE)cadherih, Nloadhesdn, pb §ESIFR-nt egr at ed
optical densit | OD).. systemutilizing a nethod provided herein, a
spectral anal y: féer{%%‘mb]g%d% i aphyirass n?aaln% IB?&F(}%OE%M%E)SO“ FehPY K ed

obj ects. The s@eias, fatitig madoyesd, peda@ntrinposteopahtih, proptatie, iasuliniite gatviton of whet her

these are cell_nuclej avi spe I ‘?ﬁ cteristics gor i+glar to
negative cell fﬁ‘ﬁ%rr él?ro%lia Sqtgﬁo“gn}g%‘é)tgrr‘rélt&b?‘él 8‘§lgé?aéqm°gg’£lsnéld)§%p%r‘f§’t I's analysis a
deci si on can besnealé9-vhan 1543esoslatodiatin, sSydaptkptlyyin, chdonmegmain, kalilaieds,no f urt her
human anal ysi s.,may be uj,red her _enbodi ments of autopated spectral
i magi ng n,et/i o J‘ébr?rﬁg llugé‘ﬁgu#ﬁ%ﬁg' /nen, treponemall g%gen, neuron-spem%1 enolase,

retinoblastoma protein, hepatitis C surface antigen, sexually transmitted disease

markers including the outer membrane protein of Chlamydia trachomatis, cancer
markers, and HIV gp120.

Where the object is a cell or cell component or product, the cell can be of any

20  origin, including prokaryotic, eukaryotic, or archea. The cell may be living or dead.
[f obtained from a multicellular organism, the cell may be of any cell type. The cell
may be a cultured cell line or a primary isolate, the cell may be mammalian,
amphibian, reptilian, plant, yeast, bacterial, mycobacterial, spirochetal, or protozoan.
The cell may be human, murine, rat, hamster, chicken, quail, or dog. The cell may be

25 anormal cell, a mutated cell, a genetically manipulated cell, a tumor cell, etc.

In one embodiment for performing the automated imaging methods described
herein, a device includes one or more light sources capable of illuminating the
specimen at multiple wavelengths of light. The device also includes one or more
detectors capable of obtaining images of the specimen at multiple wavelengths of

30 illumination.

The device also includes a computer or other selection means capable of
selecting a subset of objects of interest from images obtained from the specimen at a
first wavelength. The device may select these objects based on any set of criteria,
which may include one or multiple separate analyses. Examples of such criteria are
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anal ysis of specinens for diagnosis, sorting, or selecting ceIIs for
additional analysis, for Pap tests, ductal |avage, lung, etc.; and inproved
segnentati on anal ysis by conbinations of inages obtained fromtwo or nore

col ors of iMOAPHESEEN. ~ Al so, 15 automated nethods may i RET/UBRIOEPERE

i nvol ving mul tispectral unm xi ng, segrrent ation, and/or quantification of

ool or (5~ REIPEhS e o) AiGh e sy Pty detEESMA NIl 02 SUCD B
enconpass bot fexprecics éFhwdmeemgipme offisnbgimgethe tdwntlfhénbjmtdomstgreﬁ@ta exanpl e as
e e or bt el Bl b e I PURINR i B, ALK fgggw ST NS oo
mul ti-band i gﬁthesbjmte:@ prcbdugdna ccmrhntetlmmggedwludeca(n ieDpe subjestiornddifionl can

provi de ei tsher [, .SQ de na endi.ng on the

i ndi vi dual I%E)ﬁ%ﬁg’ S§]§°t alpa%uvwwﬁria%h %lbe chise sl%se(rig léurrtﬁg ”gecr)lgavgh hne speci nmen,
that i s anal yzex be#ife salaclorbnhffaay céteuaasqaetfbmtedmim@lycal materl al that can be
obtained froman o n ctI | udi 1y cells, tissue
or fluid. Nonlini t#nga ge‘?(ag]befi‘ic{eggqge%?{or Q rﬁd of’nnc Otlcti B e, senen,

m |k, sputum onbycdug;tal;dbueasaFoxfﬁmmde, twpeinvages mdwbedtdded&ygemd:rbz)tuﬁﬂingiod, ascites

f|UId body c Y& br.us Ml N, scr.api ngs buccal swab, a
vagi nal swab, %{g& aorsé’frglgrrnmg sémiﬂ%l" é\?\gl@e Eﬂmé‘%ﬁﬁg{e@%" el%’é%la“gﬁﬁ} opsy, 30 a
section ofl0ti stadlmddmtgtthe inedesfio an axbgptoeedoy nsutlieg emodimendy, the fxayges mhpsma, serum
spinal flui d, dyrq) duadg t he exter nal secretions of the skin,

respiratory, | nt(§s | narf ?gaor‘:&m%?wrl nary tracts, tears, saliva, tunors,
organs, a m crixamalescul ture a virus, and -10 WO 2006/ 118888

PCT/ US2006/ 015720 sanples of in vitro cell culture constituents. The sanple
can be a positive ThafolloWing axquipieswtvisetfortls sdkasomprovide thoset afiordizemy sk mct  of
interest. The 0 tere ec 5 ted
device may be tﬁ)eb]aﬁ%lth L 001% E{e ?s%rh;ﬁgﬁ Oﬁ?gwbt?h ?Je madgsﬁt{eeé'&?egﬁgéﬁggt ect ed.
Non-1imtikg eizwnpd:deber@ﬁ anE areheot aisgreled to lumit tidescapepd| whati sl regarded es the pr ot ei n,

a peptide, a Rﬁ)\le}{'g&c %rfsqlgw been made to ensure accuracy with respect to numbers used

(e.g., amounts, temperature, etc.) but some experimental error and deviation should be

accounted for.
Example 1. Screening for Multiple Wavelengths to Improve Automated [maging

20 An experiment was performed to determine if imaging a sample at multiple
wavelengths could enhance the operation of the scene segmentation and/or feature
extraction operations on an automated imager. Some abnormal cells and many
metaplastic cells have reduced nuclear contrast due to very thick cytoplasms.
Additionally, some staining systems produce multiple colors in a stained sample, and a

25  single color of illumination may not be optimal for all cells in the sample. For
example, Papanicolaou staining can produce cells with red, blue or green cytoplasms,
and a single wavelength as used with some digital imagers may not provide optimum
imaging of such divergent cells. Therefore, overall improvement in contrast was used

as one means to assess potential methods for improving analysis.

30 A set of eleven microscope fields containing normal, abnormal and metaplastic
Papanicolaou-stained cells was digitized using 51 different wavelengths using a Zeiss

Axioskop microscope with a black and white video camera. This was accomplished by
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mucopol ysacchari de, proteoglycan, a carbohydrate, a lipid, a fat, a cell, a
cell type, an organism a virus, a structure, an antigen, an inorganic
conpound, or other nolecule to which a sensor can be obtai ned. Exenplary
mol ecul ar ONPEeAH 18881 ude HPV E2 protein, HPV E6 and E7 PAI/HRMOOIN Hpv LI
capsid protein, pl6lNK4a, E-cadherin, N-cadherin, p53, GCDFP- 15,
Pericyclin, NuMA, carbonic anhydrase, matrix netalloprotelnases nucl ear
matrix prot ePlging £ dperioghrpmeter (EGi&G Aodeler85Zdh Petivaen thetligBhenvrcerind gheost at i n,

insulin-like %&M%EAf ah@% , wirk bn&bhgﬁl&ecgap%belé@%owetw&ﬁz@slo, arAREA,
manmogl obi n, PSE 125, CA 1 sonafostatln

synapt ophysi nPaORESHo ?}ﬁﬁ’sn"f K BIOMRETSe n(gnc mfiplsneavelepgth pRgges wers as,
Her - 2/ neu, tr gioRedrah ageltlmevws eﬂﬂtjﬂ’e@Eb'zﬁiﬂ%@ﬂnf)iln@tl(ﬁﬁlﬁfﬁ&ﬂmagers%gefh@rblalﬁBt ona
protein, hspatltls C su[ygce ant i sexual |y t%ansnltt d di sease nmarkers

i ncl udi ng PheshERPM FEMHRGE r?ﬁ SFveH I endERpiAsPs-s Corist er

mar kers, and Hhé/dmhba(hs t}«{&h e9 léd%ﬁdﬂféteﬁ&i oﬂ@laxm%lkelwoxaﬁtﬂln aRMOReNt or
product, the cell can igin, including praokaryotic,

eukaryotic, of°BREHdS 2 PPHéO E‘é?llbO?‘ré‘S}thBéh? ?mwﬁgmorA diaglg Wavql?ng{haéaq RBd from a

mul ticel | uI ar was gRkdngAat ghitepaMhl conffaét BEm& imdp¥s.cel | type. The cell may be a
cultured cell line or a primary isolate, the cell may be manmal i an,

anphi bi an, reptil |©<51nb1@dti%ﬁ§ of Mﬁﬁ%agehalﬂ{ gel @her m&hgﬁg eleahnalyséd kpchet al ,
or protozaqg @n The ﬂ% man, pnurine hanster, . chi cken, quai

hu
or dog. Th c dptPriRg, séhaz’sé/ in %F#éﬁ%éllq 570&11%%&%@9@1@ egeftical I'y

mani pul at ed celd 1ma%est\UéF9'éddé6|tdgeth€1taﬁ1d tﬂeﬁ dan@daTR9drRRRtl dhews Redft@plt ng t he
automat ed i m met hods descri devi ce i ncl udes one or nore

i ght sourcesgé%éﬁtw@areﬁe151P%&rﬁftrﬁ@#‘?ﬁ@theﬁfeamsssléférn@ﬁdéierww.gb%v Yel engt hs

of light. The bét&r\éérﬁﬁlcﬁh§ﬁldlc%bld§i§&)rQﬁ@lu&lrwa%lér%th HRLE HliisShEaablcs inf
obtai ning i nma YVﬁ@F%g%§S peci men at mnultiple wavel engths of 30 il] um nation.
[

The devi ce al eel tE%WfﬂPPéP“do‘?ytctB{aﬁ@rf‘”s@F Slgle JYRVRlgReL IMagn 8l e of

sel ecting 18 sehalf c@ivedbhjestd for afl 51 Waosl@fzth EdntURatibRYe axBPWah ARds7Ormam t he
specinmen at a, first wavel ength. The device nmay sel ect these objects based
on any set of B%€teri a,

A range (between approximately 600 and 670) was identified where contrast
was improved in the combined image for all objects, regardless of cytoplasmic color or
cell type. This demonstrates that contrast can be improved combining images from

20  multiple wavelengths.
Example 2. Multiple Wavelength Imaging Improves Analysis of Difficult Specimens

In order to explore the potential of using multiple wavelength imaging, a
series of abnormal cells and normal metaplastic cells from Pap stained slides were
digitized using a Zeiss Axioskop microscope with a black and white video camera

25 using two wavelengths, 570 and 650 nm, selected based on Example 1. Full images
were digitized to allow “confusion” of clusters, debris, blood, etc. The images were
first analyzed using only a single wavelength — the standard green illumination used
in many Pap test imaging systems (570 nm). The images were then analyzed using a

combination of the two wavelengths 570 and 650 nm,

30 Cells were then automatically segmented to find the nuclei. The segmentation
algorithm works by automatically finding potential nuclei (dark objects), and then

uses an iterative method based upon the grey level histogram of the image. This
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whi ch may include one or nultiple separate anal yses. Exanples of such
criteria are -11 WO 2006/118888 PCT/ US2006/ 015720 provi ded herein

i ncl udi ng average optical density, integrated optical densitéi shagﬁ,
texture, et®O2PR1IESEi ce is capabl e of imaging the ident PETEEBHIIER0s of
interest at a second wavel ength, and then conbining these additional inages
with the first _igage of the obj.ects to produce a conbined iag whi ch can
then be subj ecTetrEg ‘aafél{"ﬁ %ﬁ%es lg%%%glf%glg"{@ e r&grlkﬂ%?f‘ il §?msaybs et of

t he obj ects bddstaram of tiret drey legels Wwithinahe wditeahoutlineyoflike thject.saNenypthed f f er ent
criteria as per inibtially. | s, can be.added together,.or conpared to
one. anot her bbﬁegﬁiﬁgﬁgﬁ%ﬁﬁ%?% @fﬁﬁpﬁ&@f@?ﬁ; Al s

i mges may be aaddeg. enbiod, Ueaniresgpf otre n are ektoic®d afid & kdjectiomat i on

ol ancous vt e SRR RPN LRE SN OBNELENGRBED T hl 0 ia1d no e
digitized and mddetiner of: tepammbihed FXAdePh ESnilbdisfing bowillsgn exdenpbies ter e set
forth so as to i . o] P¥ inary skillin e. it onpl ete
description o#nﬁégﬁgggﬂéﬁgég% (J@gghﬁgﬂéh%%%cghﬁh?y%& m%geggg£$?ggﬁ her ei n
and are not i riissricgdtary of iafti feattiee neewpd of sliveat Hoveregdiffiedty dms tbhen

i nvention. Eff h ensur cur ith . .10 nunbers
used (e.g., éﬁ%ﬁﬁ?%%%ﬁghﬁggﬁgﬁgﬁ?E@?%a) C%Pﬁégngggé g%%ﬂ%h?%ﬂﬁgéfbr and
devi at i on $houhellittemomgrtboshmbeuhl £dls. Exanple 1. Screening for Miltiple

Wavel engths to I nprove Automated | maging 20 An experinent was perforned to
det er {n ne i $ ![ \glagi Rgticat saawtﬂlseviﬂit“_trmbﬂetsog”enetwéaséd @tlgwhis rmmmld_dheetﬂhaﬂﬁcet the
operation o RIHEAR e e rati ons on
an automated i rrgngtggﬁ{é %S?re abng)e?s#erl &ng{éq&}ﬁ%’ oﬁéﬁ{/ﬁn%%%% g ?@sg%ﬁ s have
reduced nucl eanetamastic asicled were appearcy it hthe Kist pnopd as s . of #shdimal omalel y, sone

stai ning syste roguc ltiple colors in, a stalined s |, d 25
single color o ﬁaﬁfﬁ%]%r?ggl |[E\o4 r%%fqlr%]}ou%gl r(%%)trﬁlhﬁwla Eefﬂ(())rrls’ arg %@F]ﬁgn ?g a?(ﬁe sanpl e.
For 15 more in positions 33 through 40. Many abnormal nuclei were found in the list of 100

nuclei with the highest integrated optical density.

When combined images from the two wavelengths were used to create the list
of cellular IOD values from the same patient samples, however, of the first 40 nuclei
the one and only metaplastic nucleus appeared in position 37. Now, more abnormal

20 nuclei were shown in the first 40 position in the list. Thus, the combination
demonstrated an ability to rank cells by providing fewer “false positive” nuclei in the
top ranking and shows the usefulness of two color analysis with this very difficult

problem.

As a final check, the images were analyzed for clusters by comparing data

25  from matching clusters in the single wavelength and dual wavelength combined
images. The data showed a significant improvement in the difference in standard
deviation of grey levels between the “salt and pepper” appearance of white blood cell
clusters and the smoother clusters (less variation in pixel density) of abnormal cells.

This feature is important as it allows removal of “false alarms™ due to white blood cell

30  clusters. Without this discrimination, an imager may select some of the very
numerous white blood cell clusters to show a cytotechnologist instead of the less
frequent abnormal clusters that might be on the same slide. These data clearly

indicate that contrast was improved, permitting better discrimination by the imager.

-14-



exanpl e, Papani col aou staining can produce cells with red, blue or green
cytopl asns, and a single wavelength as used with sone digital imagers nmay
not provide optimum inmaging of such divergent cells. Therefore, overal

i nprovenent Wh20OHKE#Est was used as one neans to assessPRBUSHO¢/HS et hods
for inproving analysis. 30 A set of eleven microscope fields containing
normal , abnornal and netapl astic Papani col aou-stained cells was digitized
usi ng 51 di f f duehyvaveiepathdhumingtion &lleweddmprovedsegmgntgiorepd flassifisaéinB ani t h a
bl ack and whi teini¥d1d68ica@NBYifk celldrsin PASted S6REP! | shed by -12 WO 2006/118888
PCT/ US2006/ 015720 pl aci ng a nonochroneter (EGXG nodel 585-22) between the

light source and tgus, §Pe6ifi0 SMBREment)BRASING Be hitedppHiabibts A8H improvavel engt hs
bet ween 450 and 700 _ nanoneters, in steps of 5 nanoneters, Once the multiple

wavel engt h i YL@z rimage jegalysis, sxtemy favg| BisR i dissiasedas Texhaulst b aPerrethd
combi nati ons abwbwR, foNRERSsKiIRAEHNEE art 3R rRank NBoe ahd Rt bris M eksdesdRibgy M ne
contrast between cell nuclei and c%toplasns. Contrast, was defined as the

grey |evel di Pfreadydessripid ase Rasxible WP Hengging fiomHhsinysibvecRrpeRtsieredh pared to a
10x10 pi xel box within the cytoplasm A single wavelength, 570 nm was
chosen that gave optinmal contrast for nost inmages. Conbinations of this
image with the ot her wavel engths were analyzed to 10 determ ne the change
in contrast fromthe 570 nminage, for a conbined inage (the two inages
wer e added together and then divided by 2). Figure 1 shows a scatterplot of
the net change in contrast (diff3 on the x axis; diff3 = the difference in
grey values between nucleus and cytoplasm for the dual wavel ength i nage,

m nus the difference in grey values between the nucl eus and cytoplasm for

t he single wavel ength image) for 15 each of el even objects for all 51

wavel engt h conbi nations (y axis) with the 570 nm image. A range (between
approxi mately 600 and 670) was identified where contrast was inproved in

t he conbined i mage for all objects, regardless of cytoplasmc color or cel
type. This denonstrates that contrast can be inproved conbining i nages from
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20 nul ti pl e wavel engths. Exanple 2. Multiple Wavel ength I magi ng | nproves
Anal ysis of Difficult Specinmens |In order to explore the potential of using
mul ti pl e wavel ength i maging, a series of abnormal cells and nor nal
nmet apl astic cells from Pap stained slides were digitized using a Zeiss
Axi oskop m croscope with a black and white video camera 25 using two
wavel engt hs, 570 and 650 nm selected based on Exanple 1. Full imges were
digitized to allow "confusion" of clugtgmss debris, blood, etc. The inages
were first analyzed using only a single wavelength - the standard green
illumnation used in many Pap test inmaging systens (570 nn). The inages
wer e then analyz@shauslinggid préRbdtordirisiagr of the two wavel engths 570 and 650
nm 30 Cells were then automatically segnented to find the nuclei. The
segnent at i on ob@dirGsY difiMmaREsks oblyctdid b GMRjgicahmplef | ndi ng potenti al nucl ei
(dark objects), and then wuses an iterative nethod based upon the grey |evel
hi st ogram of del@ingAB8Ralityl ¥ objects &ﬂn%&t&&@ﬁh&&%@&nd@@/ US2006/ 015720 et hod
nonitors changes in the m ni mum and maxi mum dar kness val ues from a
hi st ogram of gulnish BMtiple WRdgSs Wtﬂehkl@ctéd\%je@td'bf RtesOldh biuRfityadt difRenobj ect . Many
ot her segnentation nmethods can be applied to |ocate nuclei, cytoplasns or
ot her oby@glefgthsd an inmage. After segnentation, features of the nuclei are
extracted and a rejection of 5 artifacts is done, based upon shape and
texture nmeasuositRigdwo bimée dedaid iuliiReimabfiQo pREUcE QLsRBIAR ifbge dTEecaBMdNed
image, a sinple listing of cells in order using the integrated optical
density ¢bjdcfdhind of the cells. This feature is one of the nore
discrimnatory of all features measured on slides. However, difficulty has
been encountfkggngiht BomiidddgRAgas krderdbithaiiefeind the RREtBPIBSES. ¢ cel | s appeari ng
in positions in 10 the list anong the abnormal cells. Patient sanples with
"troubl esone” netaplastic cells were run and the 40 cells wth the highest
| OD wer e2.st or Ba aitamated insdging \Wreess 0fdlaima, ghergh ehewhjeat efigltestwaspriks ebjects of
nmet apl astic nuclei were appeared in the |list anong a set of abnormal nucl ei
relatively high optical density compared with other objects in the biological sample.

3. The automated imaging process of claim 1, wherein the digital images are obtained from at least

one wavelength in the range from ultraviolet to infrared.

4. The automated imaging process of claim 3, wherein the digital images are obtained from at least

one wavelength of less than about 670 nm.

5. The automated imaging process of claim 1, wherein the plurality of different wavelengths are at

uniform increments.

6. The automated imaging process of claim 1, wherein the objects of interest comprise cells.

7. The automated imaging process of claim 1, wherein the process is used to determine a normal
specimen.

8. The automated imaging process of claim 1, wherein the process is used to identify an infection or

other disease.
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characteristic of high grade squanous intraepithelial |esions, one at
position 28 and 15 nore in positions 33 through 40. Many abnormal nucl ei
were found in the list of 100 nuclei with the highest integrated optical
density. Wien conbi ned i nrages fromthe two wavel engths were used to create
the list of cellular 10D values fromthe sane patient sanples, however, of
the first 40 nuclei the one and only netaplastic nucl eus appeared in
position 37. Now, nore abnormal 20 nuclei were shown in the first 40
position in the list. Thus, the conbination denonstrated an ability to rank
cells by providing fewer "false positive" nuclei in the top ranking and
shows the usefhglamesste®imaiging poéso bf @diml 1y sheivthe bhdritkesizaten yf e fddcedbbjects
problem As a final check, the imges were anal yzed for clusters by

conpar i nigclddes detec?ibn dfraamarkemt chi ng cl usters in the single wavel ength and dual
wavel engt h conmbi ned inmages. The data showed a significant inprovenent in
the difference in standard deviation of grey |levels between the "salt and
pepper" Hppealhsieamaed iaetng prrcesal dam !, whyreis i/hé charagtgizatioa okt sl asier obPdst er s
(less variation in pixel density) of abnormal cells. This feature is

i mpor t anfompsses feteqtivp s sPeqiiglugnaiyfe of prpbaarmy aripfsetedsisl to white bl ood cell 30
clusters. Wthout this discrimnation, an i mager nmay sel ect sone of the very
nuner ous white blood cell clusters to show a cytotechnol ogi st instead of the
| ess frequent abnormal clusters that m ght be on the sane slide. These data
clearly indicate that contrast was inproved, permtting better
discrimnation by the inmger. -14 WO 2006/118888 PCT/ US2006/ 015720 Dua
wavel ength illum nation allowed i nproved segnentation and classification in
a clinical application with cells fromPap test slides. Thus, specific
enbodi nents, nethods of use and applications of an inproved autonmated inmge
anal ysis system have been disclosed. It should be apparent, 5 however, to
those skilled in the art that nmany nore nodifications besides those al ready
descri bed are possible without departing fromthe inventive concepts herein.
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-15 CLAIM5S | An automated imagi ng process, conprising: obtaining digital

i mages of objects in a biological sanple; selecting a plurality of objects
of interest fromthe digital imges; obtaining nultiple imges of the

sel ected objects of interest at a plurality of different wavel engths;
conbining two or nore of said nultiple images to produce a conbi ned i nage of
the selected objects; and analyzing the conbined imge in order to

char act eyji ze Amt&%ke@%%lngogpj,&gg&mpasmél{he aut omat ed i magi ng process of claim
1, wherein the objects of Interest conprise objects of relatively high

opti cal denskﬁ%ﬁm@ﬁmg&ﬂqmggkﬁoﬂ&hﬁﬁa@Qkﬁ&M%mhﬂeﬁhe bi ol ogi cal sanple. 3. The
aut omat ed i magi ng process of claiml, erein the digital inages are

obt ai ned fr ong@dtink @A8dst orRIGjWRY RkPROdM ih8 digha ihanRge fromultraviolet to
infrared. 4. The automated i magi ng process of claim3, wherein the digital

i mges are olybainigcht febd Bheditnabesritie at RAL oNRVREENEH; &t SHfintkresi St 4 HaalitRbOdlferf0 NM
5. The automated inmagi ng process of claiml, wherein the plurality of

di f f er enkavaRN@hs@HPrRAS sétlof maki-waiBleh @K Mdghtgr enents. 6. The automated i magi ng
process of claim1, wherein the objects of interest conprise cells. 7. The
aut omat ed | Ma@algndh©Se 5Em@fi-walddngthlimageh @r Rddn td dhrafrerne eifesat iedst usadletted
determ ne a nornmal specinen. 8. The automated i magi ng process of claim1,
wher ei n ddpet. process is used to identify an infection or other disease. -16
9. The automated i maging process of claiml1, wherein the characterization of
the sel ected objects includes detection of a marker. 10. The autonated

i magi ng [ ocels aabmatkdinmgihg pwkes ef dkithh e, vaeadirahe &rl¢aziaint edlecell objhe ofteest ed
objects conprises detection of a spectral signature of an abnormal or

i nf ect edcoagtibes an object of relatively high optical density relative to other objects in the biological sample.

13. The automated imaging process of claim 11, wherein the digital images are obtained from at least

one wavelength in the range from ultraviolet to infrared.

14. The automated imaging process of claim 13, wherein the digital images are obtained from at least

one wavelength of less than about 670 nm.

15. The automated imaging process of claim 11, wherein the plurality of different wavelengths are at

uniform increments.

16. The automated imaging process of claim 11, wherein the at least one selected object of interest

comprise cells.

17. The automated imaging process of claim 16, wherein the process is used to identify a nucleus.
18. The automated imaging process of claim 17, wherein the process is used to identify the density of
the nucleus.



-16a | 1. An automated inmagi ng process, conprising: obtaining digital inmages
of objects in a biological sanple; selecting at |east one object of
interest fromthe digital inages; obtaining at |east one inage of the at

| east one selected object of interest at a plurality of different

wavel engths to forma set of nmulti-wavel ength i mages; anal yzing the set of
mul ti-wavel ength inages in order to characterize the at | east one sel ected
obj ect. 132. fﬂ@mﬁMﬁQ&ﬁHﬁQng&E&%ﬂ&b&h@@ﬁ%ﬁm@%tﬁhﬁhﬁh&%mﬁ%ﬂﬁhﬁkaa&&ﬁm&B | east
one sel ected object of interest conprises an object of relatively high

opti cal iglens! dvecti§l Akl 0 Ot her objects in the biological sanple. 13. The
automated i magi ng process of claim1l, wherein the digital inmages are
obtained fromat |east one wavelength in the range fromultraviolet to

i nfrar e®0. 14.Thf meorsartdomagieglproceagéfittpinp i hodsisinglic wb@ssns 18d toneermeinga bdmealdi gi t al
i mges are obtained fromat |east one wavelength of |ess than about 670 nm
15. The saeeiraemat ed | magi ng process of claim1l, wherein the plurality of

di fferent wavel engths are at uniformincrenents. 16. The autonated i nagi ng
process ?f clgin111, wherein the as_least one sel ect.ed gqgﬁct of i nterest
conpri s&'cel I8¢ aufgmatetgaging BRefeY AR NYeINIREREceHT ' BIeaiHI 48T RHUPLPR t he
process is used to identify a nucleus. 18. The automated i nmagi ng process of
clai m 17" “RAHSEIF the process is used to identify the density of the

nucl eus. -17 19. The automated i mgi ng process of claim1l1l, wherein the
characterization of the selected object includes detection of a marker. 20.
The autonated i magi ng process of claim1l, wherein the process is used to
determ ne a normal specinen. 21. The automated inagi ng process of claim 11,
wherein the process is used to identify an infection or other disease.
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-17a 22. The automated i magi ng process of claim 11, wherein the
characterization of the selected object conprises detection of a spectral
signature of an abnormal or infected cell. 23. An apparatus conprising: a
first light source that can provide a first spectral region to a sanple; a
first detector that can detect first images of portions of the sanple when
illumnated by the first spectral region; a first conputer that can sel ect
a subset of the first inages based a first set of criteria;, a second |ight
source, which nmay be the first light source or a different |ight source,
that can provide a second spectral region different fromthe first spectral
regi on; 28. sedbnaitaettacmeging waceshofiriym be whereinfthe dhtraderizmadnmt therselectadi obfeetr ent
detector, that can detect a second image of the imges in the sel ected
subset wheprises dataviioradf@dpdsiraltshzpatsre obathbspaet arafeatedgilbn; and a second
conputer, which may be the first conputer or a different conputer, that can
produce a conbined inmage conprising the second image and the first inmage
for the Sel ed'dAPEYBSEMPHHEE can sel ect a further subset of the combined
i mages based on a second set of criteria which nmay bpi'the first set of
criteria or &HeMAUEe Rcan povideristspRsf At Bf SEMATFm 23, wherein the
second conput ey, V\hicr%?ln §§et e first conputer or a di_Llferen C uter,
can anal yze taHIEStfi?t?cé‘fr t 6‘% cd H“i”ﬂ‘ﬁ@%%fpf”agpstcﬁéh?éw@&f”@ﬁ“ El'B’é‘étf’cs gyntgggrzih
select a furlt her subset of the first and second i nages based on a second
set of CPYHBYFE°Which may be the first set of criteria or a different set.
25. The apparﬁ.tl%s of cltai m 2?1, t\/\/r1e-b%ei Ft ah | east ong ?f tehefcfjerst set of
criteria or tHESYRRRY hagsanseect @ pybed el he Bshigirpsdascde Tt X4 Pf G¥& ¥ navel engt h.
-18 a second light source, which may be the first light source or a different light source, that can

provide a second spectral region different from the first spectral region;

a second detector, which may be the first detector or a different detector, that can detect a second
image of the images in the selected subset when illuminated by the second spectral region; and
a second computer, which may be the first computer or a different computer, that can produce a
combined image comprising the second image and the first image for the selected subset and can select a
further subset of the combined images based on a second set of criteria which may be the first set of

criteria or a different set.

24, The apparatus of claim 23, wherein the second computer, which may be the first computer or a
different computer, can analyze the first and second images for the selected subset and can select a further
subset of the first and second images based on a second set of criteria which may be the first set of criteria

or a different set.

25. The apparatus of claim 23, wherein at least one of the first set of criteria or the second set of

criteria comprises at least one wavelength.
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