WD 2005/ 001438 PCT/ US2004/ 015834 SYSTEM FOR CLASSI FYI NG SLI DES USI NG
SCATTER PLOT DI STRIBUTIONS FIELD OF THE | NVENTI ON This invention relates to
systens for anal yzing biological specinens, and 5 nore particularly to

systens f {s£yi ng bi ol ogi cal specinens as nornmal, r

suspi ci ou?@??@%ﬁ% ter plot distributions. BAG(G?@NSC@Q%WI\WI ON In
the nmedical industry, there is often a need for a | aboratory technician,
e.g., 10 a cytotechnol SYPIEM RQR CAASSIFENG\BIADEGIURINGspeci nen for the
presence of specified cell types. For exanple, there is presently a need to
revi ew a cervi co-vagi nal Pﬁﬁé%fEBlpé&TQiﬁi%pBléﬁ@&lS slides for the presence
of malignant or pre-malignant <cells. Since its introduction over fifty
years ago, Pap snears have been . a powerful _tool for detecting cancerous and
precancerous cervical |esi onsfiwgﬁJW&VEtNT@N the 15 Pap snear has been
credited with reducing nortality fromcervical cancer by as nuch as 70%

mortality rate TE CHEORTREl & SFiFle bl dng PRoBkRl e M S a, nae

remai ne j | nst.ant . .at about 00 _per vear -since the
mi d- ei ggti Highd #%’E?Lﬁ?rﬁ’rq&s@%‘ﬁtf” g Piglogialiec 588 "REPEn di agnosed wi th
cervical c nual | » e because the cancer was detected too
late. A fusﬁi@ﬁ’aggfglgmf%}]g@%'H%g?aﬁgfB%Rﬂﬁngﬁ%ns' Cancer Institute data that
shows an annual 3% increase in the incidence of invasive cervical cancer in
whi te wonmen under 50 years of age since 1986. A nunber of factors may be
contributing to this curreBACKBRESIND OF THE INVENTIONSt of which is the fact
t hat many .wonen, particularly in high risk populations, are still -1 WD
2005/ 001438 PCT/ US2004/015834 not participating in routine cervical cancer
screeni ng. Anotlhdée pedicalimdusirpghérads oftent enaged for a laboratory technician, e.g.,
10 a cytotechnologist, to review a cytological specimen for the presence of specified cell
types. For example, there is presently a need to review a cervico-vaginal
Papanicolaou (Pap) smear slides for the presence of malignant or pre-malignant
cells. Since its introduction over fifty years ago, Pap smears have been a powerful
tool for detecting cancerous and precancerous cervical lesions. During that time, the
15 Pap smear has been credited with reducing mortality from cervical cancer by as
much as 70%. This once precipitous drop in the death rate has slowed however,
and the mortality rate in the United States for this preventable disease has remained
virtually constant, at about 5,000 per year since the mid-eighties. Therefore, about
one-third of the 15,000 women diagnosed with cervical cancer annually still die,-
20 because the cancer was detected too late. A further cause for concern is National
Cancer Institute data that shows an annual 3% increase in the incidence of invasive
cervical cancer in white women under 50 years of age since 1986.

A number of factors may be contributing to this current threshold, not the least

of which is the fact that many women, particularly in high risk populations, are still
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has received nuch attention is the I[imtation of the traditional Pap snear
nmethod itself. The reliability and efficacy of a cervical screening nethod
is measured by its 5 ability to diagnose precancerous |esions (sensitivity)

while at t{e HadRi4see avoiding false positive di agnospsrishRmhisseity). In
turn, these criteria are dependent on the accuracy of the cytol ogical

I nterpretati gn. Traditionally, a Pat hol ogi st may performa single cell
anal ysi s ol p@?’ﬂP%@’@dﬁl""‘ﬁ'ﬂ@&PWéﬁ‘ FRPCRIOBRE e %atAncther caaYibdtingfadter that of
i ndi vi dual cell nugl ei, q{? E cont etha«%I apal ){si s on the biological specinen
by | ooki ng "Ed "95ivegaychatientien s the limitalipn of the tradionsl Rapissraai Mt t he cel | s
as they appte%lg on the slide. Even when performng both single cell and
cont ext ual "§ | yses, the conventional Pap snmear has fal se negative rates
rangi ng bet ween 10@50% Thi sffi S ue in Iaérge ,Bart to the vast nunber of
cel I's and obj ect 2 [ighlity an pfficacyofa cendcal seigepioe methosp messyredipytitsust be
revi evveg by a techni cian to determne the_Ppy%si ble 15 existence of a small
nunber of MRIYJREIRINGPE Precanperauslesions(sensitivitpyille abile samaylime axaifiag as wel |
as ot her t?%ts [ & uiﬁ:,:i n% .deit ai l,e;ii r«]evi ew of bi,ol_o%i{cal mat eri al , have
suffered frong BOSVgIFiglpsis (FRAFUICNe In WM. these cfits'ip 2r¢ derendapladdhcon t he
technician. _ To faci]Jitate thi.s review process, automted screening systens
have been a&%l{f@?yo%]éée. cﬁﬂloglcglyﬁtieﬁp&?tag%%g@u Iy ARatholpgistypay BeERIM® provi de
a series of i ) 0, of .cytol ogi cal cien slide, each depicting a
di f f erent &ﬂg[zﬁa %ﬁ aaﬁgfﬁ'ﬁé’“ﬁﬁ?'ﬁﬁg'ﬁSﬁ?ﬂ@s@gf"%m@f H'}ecﬂ@é%‘é%“sﬁ'%%fg i mages to
furnish quanti.tative and prognosti i.nf ormati,on about the cimen. The
processor é@ﬁ]""ﬁ)‘@ﬁ ?%fwcgq"tq%é"r &Peé‘{%g?'@%@l ?nntﬁﬁﬁéﬂl%? SB‘?G"HGEB‘EF ngal
anal ysis, qr both in providi this diagpostic information. en
per f or 'ng?%{ cgﬁﬁeé'sﬁ%ﬁ?&é?ﬁa'f’ Ef@f"*“f%ﬂ"‘f)ﬁﬁ@@%@?a%%?y &B‘P"é”?’ﬁ’f‘ﬁ'&e\,\gl‘i’@h cell 25
characteristics_as cytoplasmc area rati ucl ear integrated optical
density, averag%ven-"éw?&i? W@&fﬁéﬂnwlfﬂ%ﬂ%ﬁ Qﬂa'ygﬁ?cfr@ar opti cal
density, n%grlwee%{iorga?)f-’%grs?ﬁea?ﬂgs FaYsteorJ%lggtlsv@rgteglflaerigilyg\hger%w grq flgrs(r)q/ongrh?s is
due in large part to the vast number of cells and objects (typically as many as
100,000 to 200,000) that must be reviewed by a technician to determine the possible
15 existence of a small number of malignant or pre-malignant cells. Thus, Pap smear
tests, as well as other tests requiring detailed review of biological material, have
suffered from a high false negative rate due to fatigue imposed on the technician.
To facilitate this review process, automated screening systems have been
developed. In a typical system, an imager is operated to provide a series of images
20 of a cytological specimen slide, each depicting a different portion of the slide. A
processor then processes these images to furnish quantitative and prognostic
information about the specimen. The processor can perform either a single cell
analysis or a contextual analysis, or both, in providing this diagnostic information.
When performing a single cell analysis, the processor may determine such cell

25 characteristics as cytoplasmic area ratio, nuclear integrated optical density, average
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contextual analysis, the processor nmay determ ne such architectural
characteristics as (1) average internuclear distances within clusters; (ii)
standard deviation of the cytoplasmc grey values; (iii) neans of the area
of bare nuclei; (iv) standard deviation 5 of the area of the bare nuclei;
(v) averagwaybemhassm area of clusters; and (vi) i nvergeridosdifisssh

di stances. The results of the single cell and contextual anal yses are
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systems, the processor uses the diagnostic information to delineate between normal
and suspicious biological material within each specimen. That is, the processor will
focus the cytotechnologist's attention on the most pertinent cells, with the poten_tial to
15  discard the remaining cells from further review. [n this case, the screening device
uses the diagnostic information to determine the most pertinent biological objects
(e.g., the cells and cell clusters mostly likely to have attributes consistent with
malignant or pre-malignant cells), and their locations on the slide. This location
information is then passed onto a microscope, which automatically proceeds to these
20 locations and centers on the biological objects for review by the cytotechnologist.
The cytotechnologist will then electronically mark the biological objects that are the
most pertinent (for example, the objects having attributes consistent with malignant
or pre-malignant cells) for further review by a pathologist.
In general, the use of automated screening systems has proved to be

25  successful, since the technician's attention is focused on the those slides that are
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aut omat ed devi ce, however, has thus far elimnated fal se negative and fal se
positive results at sufficiently |ow cost to be practical. In addition,
there is also a commercial aspect that nust be taken into account. The cost

borne by l\g§9%@joffss£S tO review S cytol ogical speci nengcrfidsidedssidap snear
specinens, Is tied, at least in part, to the time taken for a technician to

revi ew each sl.i.de. That . nore slides that a _cytotechnol ogi st nust
review, or SEFRICIGHF QT gng im |fe[d '1"5'%% %@Prefq@@‘ih?'ﬂ?%“ﬂtﬂ'"reé\?héwe &Eh slide
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The occur Sl BrsuierY Itodtt T’ Saetent 1Beofiugh Rﬁée§'$ %l#%?cﬁff@éq?éé can save.
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Cuspi of ous) Oéi’é@w ot fﬂssepécﬁ‘s?ﬁ\‘rs% sGRimereali P BB s w thin e
scatter pl OteCImgnsoﬂlﬁ'\ [%U\B?L%'Il stams. or exgmple a Ezclmmnan may fail to follow the
proper protocol for applying a particular stain to the biological specimens, or if
correctly applied, the shelf-life of the stain may have expired. Oftentimes, specimens
15 are not flagged as having a low-quality stain until after they have been manually

reviewed by the cytotechnologist, thereby wasting valuable time.

SUMMARY OF THE INVENTION

In one embodiment of the invention, a method of classifying a biological
20 specimen comprises identifying a number of objects of interest (OOIs) within the
biological specimen. This can be accomplished by acquiring images of the blological
specimen and processing the images to identify OOls. The method further
comprises measuring a first (e.g., nuclear area) and a second {e.g., nuclear
integrated optical density (I0D)) feature of each OOI, and then generating a scatter
25 plot of the measured first features versus the measured second features. The
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classified as normal based on a spread of the point distribution, which is
relatively small in the case of a specinmen exhibiting normal cellular
attributes, and relatively 5 large in the case of a specinmen exhibiting
abnormal c tributes. In this case, the speci .1l be classified
as nor mal %d%hh%}&“ﬁ%%nt distribution spread is below a n?ﬁjr"ﬁ%%gﬁ’%.ss%he
speci nen may al so be classified as suspicious at |east partially based on a
di st ri but i capecifngnds tiep dassified (a.deassartrabor pispiciousybased at [sastdn pattenapeci nen
will be classified as suspicious if the point distribution spread is above a
t hr eshol d. digiribuiion of peiptsivithinathe snatten plob elnamel enewbdimerndnthe specimén is vari ety of
scenarios, e.g., to renove normal slides from subsequent review or
provi di ng &'assiiind as aofeal baserbon & spricad of the poimh distrivbitiahi, veidh, is redativaly speci mens
are flagged as not requiring further review, in which case, subsequent
revi ew of tsmealldpthe casa of aspeaimen axfibiticgndrinal callske ditritiuies, @by relatirelyi ng t he
nunber of slides that a cytotechnol ogist nust review. 15 In contrast, a
suspi ci dus laigedn thercase of 4 spepirdernexhihbiting atinogndl wellian atiribuieswin thBudeasequent
review of the specinmen can be perforned in any one of a variety of manners,
but pr ef er db¢ gpecipeuwillbetgjassified ae ndenal if thenpaintatistributivn spresidusibelower 001s are
generated in order to focus the cytotechnol ogist's attention on the
suspi ci ous thiggheldt The spedmenmay alsbdeidasaified a euspidious atilezst partieliyon spread is
guantified using any one of a variety of techniques. For exanple, the
quant i f i cathaged on @glisiibution eppdintes withintthengeaiter glob mirt thisccashatpe specimen  an
ellipse) to the points, determning at |east one of the dinensions of the
geonet ri ¢ ikhpe classifieccamguspiciays i thepaint distabutios sprefadiie abave athrasheld.
di rension(s). For exanple, a conposite score (in the case of two di nensions)
can 25 We Cclhpelassificatidrecandrepanplied incnyene af atvheety béscenarios, @ch.1to rémeve hr eshol d
value. -5 WD 2005/001438 PCT/ US2004/ 015834 The nethod can optionally
conpri se newsualstigesirom sulssequert radew or prosidingeastandard fortdiersipdcesien, wherein
the specinen is classified as normal based further on the

In one embodiment, normal specimens are flagged as not requiring further

review, in which case, subsequent review of the specimen can be conveniently
_passed, thereby reducing the number of slides that a cytotechnologisfmust review,

15 In contrast, a suspicious specimen is flagged as requiring further review.
Subsequent review of the specimen can be performed in any one of a variety of
manners, but preferabiy a plurality of fields of interest that include the OOls are
generated in order to focus the cytotechnologist’s attention on the suspicious
objects,

20 In one embodiment, the point distribution spread is quantified using any one
of a variety of techniques. For example, the quantification step can comprise fitting a
geometric shape (e.g., an ellipse) to the points, determining at least one of the
dimensions of the geometric shape, and computing a value that is a function of the
dimension(s). For example, a composite score (in the case of two dimensions) can

25 be computed. The computed value can then be compared to the threshold value.
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addi tional nmeasured feature(s). By way of non-limting exanple, this
additional information can be used to determne if the scatter plot is
reliable. . The additional 5 feature can be any suitable feature including
the total Ry¥hRigoRis O s in the specinen; total nunberp(ﬂfus%e%{ﬁ&ts in the
speci nen, and nean nucl ear optical density of the OO s. {n anot her

enbodi nent of the invention, a biological screening systemfor classifying
a bi ol ogi cal spEw method sap pplidnatidcomprisesyeasuring atipast ooe additionehffatige 10
station for obtaining imges of the specinen and generating inmage data from
t he i mages of hR&PegMeBnvhareinike srasimen is slasaified anpermah baqﬁdcfuglwm theyr
processing (e.g., filtering) the inmage data to identify a nunber of OO's
wi t hi n t he 2gdiipnsy meapured fratiire(s) Byvay of nerylinaiting pxampledhigreddionalach 001,
measuring a second feature of each 001, generating a scatter plot of the
first measif@matiencan be veadtodetarminedtiba acatten plot isdeliable. o The pdditienal
classifying the specinmen at least in part based on the spread of the point
di stri bat i Htureigar be poy seitabiesfeatyre Pelugieg thertatalnumbennd OQIgén Wanner as
previously described above. If fields of interest (FOs) are optionally
gener at ed, SPerimer,etabiyalansf aditastsdn tha snesinend asg mearinuegaipiicald r evi ewi ng
station for scanning a field of view (FOV) relative to each FO to present
the one or dawiily 0BHDELOPIS. each 20 FO . BRI EF DESCRI PTI ON OF THE DRAW NGS The

drawi ngs illustrate the design and utility of enbodi ments of the invention,
I n which sini| dp aspibgeemBodimentofites inkentiop, ahiologieabsrreaning wistes Mineral s, and
in 25 which: -6 WO 2005/001438 PCT/ US2004/ 015834 Fig. | is a plan view of a

standard nri@pgiingebiclopigal spaeimpnigPravidpd| Beg svatem spaBrisasAn iMaging2 is a pl an
view of a biological screening systemconstructed in
10  station for obtaining images of the specimen and generating image data from the
images. The system further comprises at least one processor for processing (e.g.,
filtering) the image data to identify a number of QOOIs within the biological specimen,
measuring a first feature of each OOI, measuring a second feature of each OOI,
generating a scatter plot of the first measured feature versus the second measured
15 feature, and classifying the specimen at least in part based on the spread of the
point distribution. These functions can be performed in the same manner as
previously described above. [f fields of interest (FOIls) are optionally generated, the
system comprises an automated or semi-automated reviewing station for scanning a

field of view (FOV) relative to each FOI to present the one or more OOls in each

20 FOL

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings illustrate the design and utility of embodiments of the invention,

in which similar elements are referred to by common reference numerals, and in

25  which;



accordance with one enbodi nent of the invention; 5 Fig. 3 is a scatter plot
of the nuclear area (y-axis) versus the nuclear integrated optical density
(x-axis) of objects of interest found in a normal biol ogical specinen; Fi g.

4 1is a sc LgOf the nuclear area (y-axis) versu

i ntegrat egﬁggzpl ca? density (x-axis) of objects of int erSPCLQEszoun In a

suspi ci ous ~ 10 bhiol ogical specinmen; Fig. 5 is a plan view of another
standard mi cros€@piss? P’aeV@afrqfﬁwd@rcbmmrwpmshdescwmnmlolﬁglgal 6 is a plan
vi ew of a biological screening systemconstructed in accordance with

anot her enitSBEFMEAt of the invention; and 15 Fig. 7 is a view of a field of

i nterest and mar ker i ndi cat or as shown through a field of view of a

ni croscope usedF®Bn? {SfP §9§'teé'rﬁf@fb'¢ti)@°a'§Cf99ETFﬂxlslﬁ§)’"I§EB€RI®H f[ON OF THE

| LLUSTRATED EI\/EODI MENTS Referring. to Fig. 2, a biological screening system
10 const r u@CEYARRLEMy %@o?'a%ﬂme%qfwedw@n&%od. nment of the invention Is
described. The system 10 is configured to process a series of mcroscope
slides P2 in orﬁ'@r?’tsd3 gqagggplpgpféhe PyRas G @dﬁ'%ﬁé&?fﬁ%thfmuﬁ%ét shown in Fig.
1) as either, "normal," which would not require review by a ]

cyt ot echnol"¥ggrated QPF'Ca@GB?inF@% ) of aljpctsohipiaregt foupdin-aneraal biglogigal t he
cytotechnol ogist. -7 WO 2005/001438 PCT/ US2004/015834 Al t hough the system
10 can be §REYMEB cl assi fy any biol ogical specinen as normal or suspicious,
the system 10 lends itself particularly well to the presentation of

cyt ol ogi cal “cer Vigchis %ﬁca\‘}tﬁbﬁ”ﬁfsﬂft%’f"é‘r'qaéIa"eas(M@%'SﬂerﬁH%ﬁhetheéhl ly found on a
Pap snear slide. In this case, the ce reflect abnormalities (e.g.,
cytolysis, lrgﬁgraﬁqutlgal dRPEiR(xENs) @&%E%Of'mfﬁqeﬁbfﬁaﬂ%y‘ BHPUSHIGOMS| | gnancy, such

as Low Grade Squanous
10  biological specimen;

Fig. 5 is a plan view of another standard microscope slide carrying a biological
specimen;
Fig. 6 is a plan view of a biological screening system constructed in
accordance with another embodiment of the invention; and
15 Fig. 7 is a view of a field of interest and marker indicator as shown through a

field of view of a microscope used in the system of Fig. 5.

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS

Referring to Fig. 2, a biological screening system 10 constructed in
20 accordance with one embodiment of the invention Is described. The system 10 is
configured to process a series of microscope slides 12 in order to classify a
biological specimen 14 (best shown in Fig. 1) as either “normal,” which would not
require review by a cytotechnologist, or “suspicious,” which would require review by

the cytotechnologist.



Intraepithelial Lesions (LGSIL) or H gh Gade Squanous I|ntraepithelial
Lesions (HGSIL), as well as all other cytologic categories as defined by
The Bet hesda System for Reporting Cervical Nagi nal Cytol ogi c D agnosis. The
bi ol ogi cal | 14 will typically be placed on the ' athin
cyt ol ogi cal %’@%’@ﬁ%r eferably, a 10 cover slip (not shoe\ﬁ’h%"%ﬁéied to the
speci nen 14, thereby fixing the specinmen 14 in position on the slide 12.
The speci men 14Ahppghdhessystened0wan he ased towdlassify anysiielogical spadimeassa
Papani col aou stain. During processing, the system 10 obtains inages of
bi ol ogi cal NepBAoFEwUsPicias, 8’@(%@6‘ Hylends ére¥ ratticulatly wiell fo thetpyesientatiby cont ai ned
within a cassette (not shown). 15 During the inmaging process, the slides 12
are renoved eytolpgicalcendeah ecvaging matsiob suesas iatfypiaallyyfounthored Papnd t hen
returned to the cassettes in a serial fashion. Then, the system 10 anal yzes
t he di git alsmeaagfige. (rihiseasesibeicalls panrefleciahneinalities (e.g.peydapsis.atroply, of f 1 i ne
when processing of all slides is conplete) in order to classify the
speci meds infecioncfamrge) baaiiggancyordireroalignasgy, sudias. LA0GradeRquaoons ng t he
| magi ng operation, the system 10 conprises a canera 16, a m croscope 18,
and a not omitieeditkalisdesions (TGEILE antdigh Grade Spuamass Inrappitheled Lesionmsges of t he
slide 12 through the m croscope 18. The canera 16 nmay be any one of a
variety of (Hﬁﬁ&é-rﬁsi\wibﬂs akoteerayiolagictategorigs eb defireddyulHedBetiesdace ( CCD)
canmera, which alone or in conjunction with other conponents, such as an
anal og-t o Bystemgor BepqriigPeryivaliéaginal CytodagipDiagnesis. aTht jologicalapegimenof
sufficient resolution to allow -8 WO 20051001438 PCT/ US2004/ 015834
processi ng 14iwilt typicalyhapiaced onaihe slidd 2 aex thiptyolagidalgayesl Prefergblyhavi ng a
resolution of 640 X 480 pixels. Preferably, each pixel is converted into an
ei ght - bi0t wavarslig (ot shovary 3y adhepechtsi the spacimerns 14 ghereby fixtingitherspetisneod4 wit h
"00000000" being the assigned value for |east anmount of |ight passing
t hr ough t hén pisition ondhel shdelt21 Tlhkeispebigiend 4trhay Be stainied mitt anglsuabieostain, gr eat est
anount of |ight passing through the pixel. The slide 12

such as a Papanicolaou stain.

During processing, the system 10 obtains images of biological specimens 14
carried by slides 12, which are typically contained within a cassette (not shown).

15  During the imaging process, the slides 12 are removed from the respective
cassettes, digitally imaged, and then returned to the cassettes in a serial fashion.
Then, the system 10 analyzes the digital images (either serially as each slide is
processed, or offline when processing of all slides is complete) in order to classify
the specimens 14 as either being normal or suspicious.

20 In performing the imaging operation, the system 10 comprises a camera 16, a
microscope 18, and a motorized stage 20. The camera 16 captures magnified
images of the slide 12 through the microscope 18. The camera 16 may be any one
of a variety of conventional cameras, such as a charge coupled device (CCD)
camera, which alone or in conjunction with other components, such as an analog-to-

25 digital (A/D) converter, can produce a digital output of sufficient resolution to allow
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I's mounted on the notorized stage 20, which scans the slide 12 relative to
the viewng region of the mcroscope 18, while the canera 16 captures
i mages over various regions of the biol ogical specinmen 12. The shutter

speed of t Qe 5adBifsl6 s preferably relatively high, lsgr,bgﬁ&m?g@“scanni ng
speed and/or nunber of inmages 10 taken can be maximzed. In performng the

anal ysis function, the system 10 conprises an inmage processor 22 that
performs a Ragessing obtheqiaptused ipragesfot exanfleyd digitaliimage badng aireasiition pbm t he
canera 16. For exanpl e, the inmage processor 22 may performprinary

segment at i B0 % 48%plyelpy Peaferably: eaghdrixel i apsyericddatoiapreighihil vetyat(@sa ual

analysis 15 operations to determne if each slide 12 is nornmal or

suspi ci ous.255) depanding; ardts,opiieglikanemitiapee, sl '8RA06A00"theind tha gesighascessor 22
renoves artifacts fromfurther consideration. The inmage processor 22
acconpl i she@luyefprleast amausk piighbpassing thieugh e gixgl, @ad “1 Hedad 11 rheing the t her

consi deration that, b}/ virtue of their Ilightness, are unlikely to be cell
nucl ei . Theassighad walkgigsiaaspatestamayat of light passingdiyeugothedixel.” Bhedlige 1Ravi ng al |
manner of shapes and sizes. The inmage processor 22 then perfornms an erosion
process on I§ ﬁ‘é’UBleS@th%”@FQIBﬁdtS@QB@gD ch peamsthe slider 2 relstivs wdheat i on bl obs
that are only a few pixels in dianmeter and narrow strands extending from

bl obs or cofigvded regipreafjthr microssrpe 48, while thereajecrpriGsepkuss im@genever det er ni nes
whet her each blob in the inmage is an individual object or a clustered 25

obj ect, dep@rgpnipgions ohieriglogieal gpegiingen 2. The sindtepspaed ¢fdhe earagrpl1€, a bl ob
having -9 WO 2005/001438 PCT/ US2004/ 015834 nore than 590 pi xel s can be
consi der ed iapesifershly relatively ligh, soad theascaanipg speashandier nusder of images pi xel s can
be consi dered an individual object. For individual objects, blobs that do
not meet0 cdekeli gandiei maximizgedel ated to total area, perineter to area ratio,

optical density standard devi ation, and grayscal e nean pixel value are not 5
consi der ed f urt leperforming the analysis function, the system 10 comprises an image

processor 22 that performs a variety of operations on the digital images obtained

from the camera 18. For example, the image processor 22 may perform primary

segmentation, secondary segmentation, classification, and contextual analysis
15 operations to determine if each slide 12 is normal or suspicious.

In the primary segmentation operation, the image processor 22 removes
artifacizts from further consideration. The image processor 22 accomplishes this by
masking pixels in the digital image from further consideration that, by virtue of their
lightness, are unlikely to be cell nuclei. The remaining pixels in the digital image

20 form “blobs” having all manner of shapes and sizes. The image processor 22 then
performs an erosion process on the biobs in order to remove from further
consideration blobs that are only a few pixels in diameter and narrow strands
extending from blobs or connecting adjacent blobs. The image processor 22 then
determines whether each blob in the image is an individual object or a clustered

25 object, depending on the number of pixels in the blob. For example, a blob having

0.



In the secondary segnentation operation, the inage processor 22 renoves

bl obs that are unlikely to be individual cells or clustered cells. For

i ndi vi dual objects, the inage processor 22 perforns a series of erosion
operations, which renmove small objects and elimnates projections fromthe

remai ni ng gofssooasw di |l ati on operations, 10 whi ch renopergoegitszpm t he
remai ni ng bl obs. For clustered objects, the inage processor 22 sharpens the

by ect . ¢ n R s Bl 5 B2 ofeirad GrBied P vieiesn = BEBPRRLS havi ng t he
hi gh ' Lcal It I d.th dSfi

p%?t ou 5‘#%sﬁic{s&s?éé%!s?%ﬁﬁoﬁ?&:ﬂ%ﬁ%e.d%ﬁ?@#l%ﬁ%a(' OB w‘?‘wﬁ@iﬁé'acstﬁ om h
52t ot b e i R PR BISH S AL BT 12l
cglr cﬁ?;t eg OPQQaqg%F%@;é&%?%lfdegévﬁﬁb;%ﬁ%ﬁfs % tﬁ%ﬁ%ﬁk&@%%@ﬁ%&ﬁ egnval ues of

t hese feat on this score, the inmage processor 22 renoves
i ndi vi dﬁsgl %I‘)’ﬁjag%rtegﬂ%ﬁ%‘“zo clustered objects that are likely to be artifacts.

The | mage pr oceloh¥ SS4MRBraeEhtr bR crdilin. B e8P itkeo SauePelt T
the. 110D vl el pHREY 5 BEERUa 591 7 cliBimtatbonres PorBon BRI cn of
G gital i mineriretosestd BIRBINER soB iRt don, rletons b sl Th e
1010 2005 AL ST LA 308 208, BT YRAS, *
L R o R 5 RA ) o500 P B B 2 e, 1,
For e Sl st 2o N8 S o fLRlo b a R FERMBrab b0
the defined clustered object, the image processor 22 then selects an individual
object having the highest nuclear integrated optical density (I0OD} and that satisfies a
particular shape requirement. The individual objects extracted from clustered
15 objects will be flagged as cluster-extracted objects.
In the classification operation, the image processor 22 measures various
features for each of the individual objects and clustered objects, and then calculates
an object score for each object based on the measured values of these features.
Based on this score, the image processor 22 removes individual objects and
20  clustered objects that are likely to be artifacts. The remaining individual objects are
considered objects of interest (OOIls). The image processor 22 then evaluates the
OOQls for their nuclear 10D (either corrected or uncorrected), and ranks the OOls in
accordance with the 10D values. The image processor 22 also measures the

nuclear area of each of the OOIs for the contextual analysis, described below. For

25 each digital image, the image processor 22 then stores the OOls, along with their
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FDRs, the nuclear area and nuclear 10D s of the 100 hi ghest ranked 001s, and
generates a scatter plot of the nuclear area (y-axis) versus the nuclear 10D

(x-axis) of each of the OOs. For exanple, the scatter plot illustrated in
Fig. 3 waswgeney@igd froma slide carrying a biol ogi cCapesp@edsRgsM th
normal cells, whereas the scatter 10 plot illustrated in Fig. 4 was

generated froma s|ide carrying a biological specinen wth abnormal cells.
Based on t FA"INgcaRa Brasred nUgledr areaspnd iusieasQits, yithipithe memonees agfassify the

speci nen 14 as nornmal and flag the biological specinen 14 as not requirin
f 5r ther r egﬁf@ﬁldﬁiﬁ r&wﬁﬁﬁﬂ&hwgh%&'v§tra}te%?'%ewa'@§ntf grrradmataly. 2090 digitpl asq )

suspi ci ous, and fl ag t he specinen 14 as requiri ng{sf urther review

I ol ogi ¢cal
by a 15 cylMA%ERD W@i"?fi%r?eﬁggléﬁ@r%av ?”%FWF@BP@éﬁmaé‘ﬂﬁgp%ﬁQ W4t P& ont ai n

cells that rgg‘é}r,ect abn%rqalitéeﬁ end to have a wider distribution in terns
of both nuSCENHEMOYLA M RECRSIda GH (i.e., the scatter points tend to form

a | oosely bounded region), as illustrated.in Fig. 4. In contrast,

b1 of 031 €l spod he-CONTIa! EBAVER APHBNG e EBaS PLicRHY SHeRAN oA o 20
distributi in ter of both nycle area and .nuclear QD (i.e., the
scatter po?ﬁﬁ& th?é'Hgg?'barf’%PHﬁ’ ﬁ“‘%’?ﬂﬂﬁbﬂﬁqgm% ’Qlﬁ’gﬁtfﬁﬁ'}‘?dgp'g-lqr@strat ed in
Fig. 3. Thus, the spread of the scatter point distribution provides an

| ndi cat i onggfe"ﬂﬁéﬁﬁéﬁt??rﬂ’@tlﬁ‘f Hegyictear are@&g’l"ﬁ)éﬁr% the pugiery IQPp ®19iss1 i de 12 is
nor mal or sfus | Ci_QuUS, difference in the scatter plots illustrated in

Th
Figs. 3 an8l ACBaE e QPlsmFoRExaTHRle: (1A apatien Aok Hestated Ndiyd Wegenestiad o have

| ar ger nucl ear areas and hi gher nuclear |ODs (by virtue of increased -11 WO
2005/ 001438°PEMIESSaTUNY 2 ice) gpRrire it ReTgBh EEllS) Whereas s sealtecel |'s, and
thus wi Il spread Ehe_ chat ter EOi nt s gway fromthe of herwi se well -defined
r egi on 8ef PREHUETRGGB Fig 4 was ughsTaied UPBa slige ca6ving p BOIgiqah 8P9SBER nor mal
cells. The scatter POi nt distribution can be guantified usi n@ an%/ one of a
vari ety of WitBagpgrmal gl ; Basgd opdhis seafteg pish 4 € PIOGHE80eA4 VIt efther j s
performed on the scatter o .
classity the specimen 14 as normal and flag the biological specimen 14 as not
requiring further review by a cytotechnologist, or classify the specimen 14 as
suspicious and flag the biological specimen 14 as requiring further review by a
15 cytotechnoiogist.
In general, biological specimens that contain cells that reflect abnormalities
tend to have a wider distribution in terms of both nuclear area and nuclear 10D (i.e.,
the scatter points tend to form a loosely bounded region), as illustrated in Fig. 4. In
contrast, biological specimens that contain normal cells tend to have a narrow
20  distribution in terms of both nuclear area and nuclear 10D (i.e., the scatter points
tend to form a tightly bounded region), as illustrated in Fig. 3. Thus, the spread of
the scatter point distribution provides an indication of whether the biological
specimen 14 [ocated on the slide 12 is normal or suspicious. The difference in the

scatter plots illustrated in Figs. 3 and 4 stems from the fact that abnormal cells will

25  tend to have larger nuclear areas and higher nuclear I0Ds (by virtue of increased
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points, as illustrated in Figs. 3 and 4. Notably, the scatter point
distribution froma normal slide will tend to be sonewhat elliptical, and
thus an elliptical fit is preferred. Using the general principle that the

bi ol ogi cal wpapkhRkss NCrenental |y becones nore suspi Ci pgguddoddisssgcatt er
point distribution varies fromthis tightly bound elliptical 10 shape, the

an” i nai cat | 0T ShupREIATREY BReIaDSplecn i MR o e sedie BUNBRIRNL] ous.

car cul at o Sr BaR bRy le e b o RorB S Pu PR afetorl it 11

conpared agai nst threshol d value. 15 Assum ng that the score is conputed
in a nannerr%g{')ﬁmp&?l’gtnoma & %pi cion of a biological specinen increases as

that "t he bi of og BENCEREPRL AP HiTLerndRantiad U GAY e 2 BN o han t he
thi o case, TnE Pillge R BieERhoosiin oot ue i Per et ar e At ac. nor mal i
L 20,250, KISt . e
oL 1 A eSS Bha T ph e B e 5SS RSB AR,
col = st Lyl BP0, 0 LOE ST LRl o2
R MR TE N PR SIS o S
oSt VR, BbRSFabBE LSS e PP BERRE % SoRE R, U A 1Y
CYL 1 2l S o et e B H5ER NS A SeBlRlE TR ) PeLevied
9., 5% V\é}%lere]sigrllsl &%g ﬁ'la}o?%ng %rir(\:oerrég(gsg%a)? Betwaellg% ecP gnscj lgsie\c/ieig calculate a

composite score.

Once the score has been computed, it is compared against a threshold value.
15 Assuming that the score is computed in 2 manner such that the suspicion of a

biological specimen increases as the score increases, a score higher than the

threshold value will indicate that the biological specimen is suspicious, while a score

lower than the threshold value will indicate that the biological specimen is normal. In

this case, the image processor 22 will classify the specimen 14 as normal if the

20  score is less than the threshold value, and will classify the specimen 14 as
suspicious if the score is greater than the threshold value.
Significantly, selection of the threshold value depends on two competing
factors: the generation of false negatives (i.e., slides containing abnormal cells that

have been identified as normal) and the generation of false positives (i.e., slide

25  containing normal cells that have been identified as suspicious). In general, the
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to increase to a high level, e.g., 50% Although, in this case, twce as
many slides than necessary are subsequently reviewed, the reduction in the
nunber of slides actually reviewed by the cytotechnol ogi st has been cut in

hal f. Not aRbyeosidafesgi M tation of the nunber of OO's angdgfagdodsjoiss only 100
OO's 10 are used to generate the scatter plot), not only reduces processing

requirenments t | so _helps tq saf rd against fals eqgatives, since
e scar t egenyatonpita® phtafiRalslos iRttt faf B sl oL secimsives: of
suspi ci ous T It r..mnimze.false n tives, additional . information
can be useﬁ%?nee%‘%tﬁ{b«ﬂm{%'s?'ﬁ%nogwgtc?s? S%WS\gﬁggﬁ%‘filgtagaﬁl’fsﬂgﬁppﬁsgb'wghest
ranked OO s;] eli . r...15 exa e scat ter pl.ot, base n the
nucl ear ar ég}se%ghﬁb Hﬁ%‘%&?g@&%&%??3|°%&6E2‘ﬁ%%{%*- b lvagﬂg%{p%&re ¥ used to
generate angt.h [,8. Jhi.sS.scar i ke the sc deri.ved fromthe scatter
pl ot generg@éﬁg'?%%??ﬁ%sﬂ?éﬁ%sst%&? ﬁﬁd—?& p%ﬁegfagggﬁag%e n%ﬂiﬂ%sr'gd to a threshold
val ue and . n whet.ber.t he specinmen 14  shoul d be.classified as
nor el 0 TR BEA RilTep, €928 bnie Sigh RS Bircpiiiect B use oS0 bor
scatter pl [ b re [ threshold val ues, the specinmen 14
wil e "creebefe g ln e ST Hfhebh s Vs festdbuifh s iy RS,
classified | t St be] aw the, respecti.ve, threshol d
val ues. Al %%?‘W%%\%%%t%@%@%ﬁ@ewgFF&ﬁﬁ r?‘i“&ﬁé’b'&ﬁhe QE@E?@P‘ squgt s can be
wei ght ed an i.n into a.total,score . which c t hen be conpared to a
single thr gg‘Héfy(T%\\;lgﬁ%g_byf%cx}égeaﬁglgpggﬁa%%eqs@f L']sr?gng 015834 O her
I nformation ca e used .t etermne i f scatter, pl ot ed fromthe
hi ghest ranked Elyit elJl ﬂf’{gfm @th%qm%%whgﬁ)és aq%eﬁdﬁ%e?nlg? &gb?)ltlﬁ acts in the
bi ol ogi.cal ecifen, an evat.ed nber_ of ich may result In a deceptive
scor o2 10 RGeS Sndtiehg SEuRE PGl gal et e Brottabs I mEn®, T hE
nunber of a tihf E}cts 5f i Sarﬁbovesttfhli S thrteshold :{al ue, t e SﬁeCi men 14 may be
classified 8 s 56?8?8%, @98'_51 ?ﬁ%ﬂ_ﬁsﬁa VHE SOEE I%e %3988 Yom the scatter
plot may i rﬁpésﬁ%taglytb% tentelhal(?edS #rt':r%%n]é%rit':hséd set of suspicious OOls,
To further minimize false negatives, additional information can be used to
ensure that the scatter plot generated from the highest ranked OOls is reliable. For
15 example, a scatter plot based on the nuclear areas and nuclear 1ODs of all OOls can
be generated, and used to generate another score. This score, like the score
derived from the scatter plot generated from the highest ranked OQls, can be
compared to a threshold value and used io determine whether the specimen 14
should be classified as normal or suspicious. In this case, if either of the scores from
20  both scatter plots are above the respective threshold values, the specimen 14 will be
classified as suspicious. Thus, for the specimen 14 to be classified as normal both
scores must be below the respective threshold values. Alternatively, the scores

derived from both scatter plots can be weighted and combined into a total score,

which can then be compared to a single threshold value.
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normal . Al so, the nunber of OO s can be neasured and conpared to a threshold
val ue or a threshold range. For exanple, a relatively small nunber of 001s
may 10 Indicate that the pool of OO s fromwhich the scatter plot was
generat ed i wosioeduesdskcal |y too small to provide accurate sults

relative |arge nunber of OO's may result in a large nun%@uwo"é{'ﬁs?? acts

t hat may SkeWCUS res |ts obtaiped fromthe scatter plot. In this case, if
t he number ‘Prg?é'o'f‘ ﬁ%%b%“§Wﬁ§Fe@§H‘6Iiﬁh9§F@I@r@f°t ggpesgied frofhan a

hi gh thres of OO s falls outside of a 15

t hr eshol d :}ﬁ‘ﬁg@Ke?tﬁ%d@HﬁQﬁé?\reT'ﬂ&ﬁango‘b‘?‘am%mefmﬁﬁpe&@ atifanieindiy, even

t hough the cqr derlvedfrom?fges catte F‘E ‘3/ I ndi cate that the slide
12 is nor nmelOO¢RL speciineg, A glayat ?\‘é‘]“?%f of whic g,*.ay(,rgﬁ E‘Etale"SPt’Vﬁ@P?reof snal |
Cds or all 001s can, be neasur an agajnst a threshold val ue or
t hr eshol d r%fi gm?—"’lﬂ"ede%@rﬁﬂ"?ar ?951‘ ngg‘ l‘é‘ig)t'lfg‘ﬁm’d@%ﬁ?ﬂ‘ﬁﬁgﬁ i ndi cat e
t hat the specjne ficiently, stained, ereas a _relatively high

optical der¥ F?Veﬂﬁ%fﬁﬁ“‘%‘éw“? Hé? speimens b paKLR classitied a3 SYsPgiousn@¥enN Ei t her
coore 1 n” g 8567 A8l TR e ehaTet renfarleg et s dloe i 2 Tom ¢

threshol d val ue or greater than a high threshold value, i.e., the nean
opti cal ded®™M§" falI's outside of a threshold range, the specinmen 14 may be
-14 WO 2005/ 001438 PCT/ US2004 583 cl assified as suspicjous,, .even though
the score deri véé Sr’ﬂ”ﬂ%@rgf é&lsé?a”g’ied'f‘eﬁgp Q"Hdﬁoﬁﬁlaéecf‘f%ﬁthfeﬁg"'gl ide 12 is
normal . |t s oul d 5 Efgted th the %ste 10 can clagsﬁ&gpem mens for
pur poses rortaH %S f’é?r?ﬂen (ohd & reietively sgall sum s&A@ewed by a
cytotec nolo or e | e, speC|nens as cla sified by the
system i'&‘g‘?fﬁ%g‘aﬁgﬁopqo Ozﬁﬁﬁdmwgﬁﬂgwcaﬁgrﬂ‘) v gpngrated Beeni ng syst ens

Lgﬂm{ egglezﬁ E(Eallgﬁar?m ecg'?] ggcgiez {;,\gﬁlltsev%)ra z!a ll'elastévle?g%e numE)er é%rg)l e the

may result in a large number of artifacts that may skew the results obtained from the
scatter plot. In this case, if the number of OOls is less than a low threshold value or
greater than a high threshold value, i.e., the number of OOls falls outside of a

15 threshold range, the specimen 14 may be classified as suspicious, even though the
score derived from the scatter plot may indicate that the slide 12 is normal.

The mean optical density (either corrected or not) of small 0.0ls or all O0ls
can be measured and compared against a threshold value or threshold range. For
example, a relatively low optical density may indicate that the specimen was not

20 sufficiently stained, whereas a relatively high optical density may indicate that the
specimen was overly stained. Either case may skew the nuclear i{OD
measurements, thereby creating a deceptive score. In this case, if the mean optical
density is less than a low threshold vaiue or greater than a high threshold value, i.e.,

the mean optical density falls outside of a threshold range, the specimen 14 may be
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the screening systemto provide a standardi zed nmean nucl ear optical density.
Subsequent unprocessed speci nens can then be processed through the screening
10 system |If the subsequent speci nmens have neasured nean nucl ear optical

densities WqbopNadyas rom t he standardi zed nean nucl ear egii8Rbs/6leRHSI ties a
given anmount (e.g., if the subsequent speci mens have been stained too nuch

or too little), the results will be rejected. The use of scatter plots can
al so be useﬁla%ﬂﬂeg(?rséé‘ﬁ'?'ﬁ'ﬁu‘%fé’ﬁ%f@“ﬂhme %TBTQ Grsied fromghe seafise RlohBi@kal  and

suspicious cellular material w thin each specinmen. Specifically, wth

ref erence t'Bg'ﬁ?tﬁ.th%,theaS'Hiec?I%dﬁf‘e'ma"scr eeni ng system 110 constructed in
accordance with another enbodi ment of the invention js illustrated. The
screening syst étrﬁhﬂlgaeé’oé%ﬂg?&s??y%ﬁ@1 £78 classiyRPegimansdaAUPRgS cr i bed
system 10, wth th exception that, . the stem 110 requires the,

cyt ot echnol%?rs an g‘“@%%‘ Mﬂ?%ar-sé% Q'A\Hu%beaqeyleglpp@gg %e?rﬁ'ﬁggﬁlown in Fig.
5), focusing the cytotechnol pgist's attention only o t hose regions of the
Speci men 1160 EETBle; BT SEROTIRES. a8 clgesiiar iy e SVsthrm 1) pan hebised

suspicious. ,That is, no slides 112 (even if suspiciqus) are di scarded prior
to review ﬁ?”‘%“@ﬁ BIURRAY B ﬁs.scﬁ?@YfQﬂﬁtQWFi'l reure the eyiglecnolodiglt t o
indicate which slides, 1 are suspicious, thereb autioni ng. the

cyt ot echnol @d?‘g?wlaﬂs'ﬂﬂf?' %gf P\‘%’ﬂﬂﬁ%rtﬁ%ﬁ"rg{aﬂ SPRATBTS ntctweprgggﬁ:}p&#gwhg i des.
-15 WD 2005/ 001438 PCT/ US20041015834 = The system 110 general ly conprises (1)
an i magi ng GESEREERNG Systerm to praviden signdacd e?'?rﬁ‘g‘é%afdﬁpﬂ?ﬂé’efﬁ'él ogi cal

mat eri al copntained on the slide 112 and generatin el ectroni c i ntage data
from the i naSedUgnS fngrocesseH sPSGkISfE FaT 11k Bp PrRseRshs (TFANgR (e iR obt ai n

the OO s and for assigning one or nore of the s to each FOR and (3) a 5
plural it ofystedyi 'éwer%glb§?c§Wb$&ecw3(@V% ﬁ‘@\ﬁ/ﬁ‘ir,eéjg?@ﬁ' oeleRnPRYSaDbr ovi des” a

ach FOI | riRISEF b Soi e Saeareiied s heioas oRlcBLIRBBESNEr The  Syst om
110 may al nggc.?nt eric;?ﬁ ﬂ% suu%%crequent specimens have been stained too much or too little),
the resulfs will be rejected.
The use of scatter plots can also be used by screening systems that delineate
15 between normal and suspicious cellular material within each specimen. Specifically,
with reference to Fig. 6, a biological screening system 110 constructed in
accordance with another embodiment of the invention is illusfrated. The screening
system 110 is generally the same as the previously described system 10, with the
exception that the system 110 requires the cytotechnologist to subsequently review
20 all slides 112 (one shown in Fig. 5), focusing the cytotechnoloéist's attention only on
those regions of the specimen 114 (referred to as fields of interest (FOls)) that are
suspicious, That is, no slides 112 (even if suspicious) are discarded prior to review
by a cytotechnologist. The system 110 uses a scatter plot to indicate which slides

112 are suspicious, thereby cautioning the cytotechnologist to pay particular

25 attention to the suspicious slides.
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I nterface (not shown), including a nonitor, keyboard, and nouse (all not
shown), so that the cytotechnol ogist can interact wwth the system 110. 10
The imaging station 118 is configured to image the slide 112 in a manner

simlar tovdadosoResy | bed above with respect to the screepipgmosyisérm 10. To
this end, the imaging station 118 conprises a canera 124, m croscope 126,

and motor zed st gevosn BB ShBR o Iere R e A S cnever
2 e A A L

EI' [1 2(8:2 1(:: ggr g_elF gi{ff; gts'ggge d\fl’faaf\F/gg\t' g{i 'P]ngf%gai g%if’ (;?6?%:@8'3 E‘ﬁﬁma%? F?anal ﬁ)’( ren;gi (r;g.
th slide léi@ _bsheoyvn ?%Wq;f.%gg%} .'@As évmgrﬁT rgé) g’eé@?ﬁﬁ%&% él’]%ﬁé _aZO detai |
122"t chaop ] el SRuci (s snBhip oo B icubro B PN ST PRE, &\ o
0ot ai ned aufio\g (i e, ™ b iBattich BREIS b3 bt Buk) 21 | age
L AR i b
ra; (2 o PRI s e SRR Pkl IR v e
and (?) nermrymf%gm?:e%ﬁ#lg@?te%%f'gya s‘f’@fﬁﬁ@c’%tgrga‘l_ s and FA s, the ranki ng’
Shout o” B appr oaretabios ABukaT [ARdiRE daBle WEShR' e hbé ridfec i ve |

Bl Cernati et e cRSoRd bR RR Bt R B e BbuBo 3y R0 T RER .

the imaging station 118 comprises a camera 124, microscope 126, and motorized

stage 128 that are similar to the camera 16, microscope 18, and motorized stage 20
described above. The motorized stage 128, however, additionally keeps track of the
15 x-y coordinates of the images as they are captured by the camera 124. For
example, encoders (not shown) can be coupled to the respective motors of the
motorized stage 128 in order to track the net distance traveled in the x- and y-
directions during imaging. These coordinates are measured relative to fiduclal
marks 116 affixed to the slide 112 (shown in Fig. 5). As will be described in further
20 detail below, these fiducial marks 116 will also be used by each reviewing station
122 to ensure that the x-y coordinates of the slide 112 during the review process can
be correlated with the x-y coordinates of the slide 112 obtained during the imaging
process.
The server 120 comprises (1) an image processor 130 that is configured to

25 obtain the OOIs from the image data acquired from the camera 124; (2) a FOI
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can be appreciated that the nenory 136 can be divided into several nenories.
The i mage processor 130 is simlar to the previously descri bed I mge 10
processor 22, with the exception that It ranks the ABCs (i.e., the abnormal
clusters) shosbAkRS the ABCs, along with their rankin FDRs.
The i mage ;ﬂcegs(grﬁ 130 additi onal | y stores the coordi ggthgg!ob{)m%@g Od s and
ABCs within the FDRs. In the same manner_as the inage processor 22, the

i mage pr oc&ERwEsarIG2onkigh #ﬁs,chdttmessmeOlSﬂﬂ@a%E@gﬁ) afostidgind nucl ear
|OD's of the 100 hi hest ranked OO and enerates a scatter plot of

t he nucl earp“?;Fre('éﬁto"(%3 aWhigh %/‘é?‘@&'é’ef' FFémﬁElél"%”a‘V‘gl that theireyiewigg sBleh of the

processor 130 t

oa Th I | f th lide 11 I
suspi ci oﬁs'%??f@auwtsaen om e e e etk abgf‘})d’ﬁﬁg{ﬂgfyl‘éﬁfoaéqﬂf?q Bhal

i nformati on, th 2|s classified as, suspici ous, the inmage

processor Pﬁ'nﬂnﬂ"q 802% E'F@: é "ﬁd'a'i"ﬂngﬁ?ﬁy’wcﬁ‘l@“ﬁm of Hhe Bl 8nd vig The FO
processor 132 defines FQ s based on coordinates of the OO s. In the
i 11 ust r &t edOWiRgRIMORiNe @'SF@%’OQF’QE@BP’eﬁ@éd thet tae fupstiens rerorpedBY ved  for

OOd's, and 2 of which are reserved for ABCs, i.e., abnormal clusters. In the
si npl est cAQRTeSPELtye Praresears 432,134 @t Qﬁquincp@é}erfpﬁ'ge@gy AisHi9ist ranked OO s,
and the remaining 2 FOs are centered over the 2 hi ghest ranked ABCs.

Al ternati Véqr?pesgq{eorz'gteﬂ@tlgel&r%e ETehBYMPEe thamHieRpProcassoravigkedse el usi on of
OO's and ABCs in an FO -17 WD 2005/ 001438 PCT/ US2004/ 015834 are

al ready i nEP0@&@PRIeciRtar tﬁﬁbtf‘ﬁé‘?e"mm@ fan b divigadh ke several negmeriesng ABCs can
be grouped within the FOs in a coordi nated nmanner, so that the nunber of
001s and ABCs fPMageroersserdtly issipiiphiopty Bre(\f*&HS'béeﬁﬁsbiem"Ee%P
Alternatively, t he nunber of FOs is not fi t he nunber of FO's
requir e t(?r‘%/‘ﬁé?%?@ ‘é(lﬂp therexcgpiiondpat 'HHWSAB%B% (b%tnthB@bHPﬁi‘?hc%@Ffrs After the
FA s have been,f%(aanerat ed, the FO processor 134 stores the x-y coordinates

of all of tAWe Sfrest Prf‘a%ﬁwﬁmgﬁt@ theli rapkipgs, WE@%@BF@W%W?W"BF%@"SSN

130 additionally stores the coordinates of the QOls and ABCs within the FDRs. In .
the same manner as thé image processor 22, the image processor 130 obtains from
the FDRs, the nuclear area and nuclear |OD’s of the 100 highest ranked OOls, and.

15 generates a scatter plot of the nuclear area (y-axis) versus the nuclear 10D (x-axis)
of each of the OOls. The image processor 130 then classifies the slide 112 as
normal or suspicious based on the scatter plot, and optionally any additional
information. If the slide 112 is classified as suspicious, the image processor 130 will
store a flag in memory 112 indicating so.

20 The FOI processor 132 defines FOIs based on the x-y coordinates of the
OOls. In the illustrated embodiment, 22 FOIs are defined, 20 of which are reserved
for OOls, and 2 of which are reserved for ABCs, i.e., abnormal clusters. In the
simplest case, 20 of the FOls are centered over the 20 highest ranked QOls, and the
remaining 2 FOls are centered over the 2 highest ranked ABCs. Alternatively, the

25  FOls are defined in a manner that avoids inclusion of QOls and ABCs in an FO! that
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136. Specifically, the routing processor 136 maps the x-y coordi nates of the
FOs wusing a suitable routing algorithm such as a "traveling sal esman”

al gorithm which 10 deternm nes the nost efficient viewing route for

presenti ngwdwodsdisi N the review ng station 122. The pOpisRdissagessor 136
then stores the x-y coordinates of the FOs, along with the routing plan
(which in the illustrated enbodi prent. is _acconplished by sinply placing the
FO's in a | ME@rpRd RelsRcutD ARetheT /. Ui s Benies PeiaRl and ABRESRPe 134 f or

subsequent acces sfation 122 Referring still to Fig.

) h evi ewi ng, .1
6, in one eBYRf 'ﬁ?'{f} %@eﬁ@ﬁﬁag‘?"r Kete WWPE@PN@S’?%W'BH@'“@SQF‘E shown
coupled to erver, 120,. s0 .t up .to three cytotechnol ogists h
S il ¢ aneouhBGe ek elindiars e Fils sk teTaortages . ARBRUUEY I PREUTORver 120
Not ably, t tem.10 can typi call rocess.the sli 1 i ck
o s oye BN, S SOl RAS03R e Bl L e
speed of _the , eén 110 is slower than the specinen review speed of a

20 %i/st
cyt ot echhol BiR&MNfmiged.sy st em 110 can general |y be operated 24 hours a day,
whereas the typica

t he bottl eneck i e%WQ(i:ygtg gﬁﬁha%nogng%é&h{%pc@lréoégsgﬁ %hﬁofg"rﬁsﬁ ﬂ?eegg?/ ;I'hgs

o U AR G § e IR BBl 5
e L5 BT 8 B MM SNIEES oy 1
doe 12 01 S0, LU LA, Sl S e o e s e
e FOl 10 5 SRLPTTIERD (55 MesHSHOR Yevgrd R o aPe RRe s RO ot Pl ROV I

t he actual epbodi t, the borders of the FO_ are i i nary. .and _cannot be

boen, oo sfaon 1h2 e oue P 18 (eAiPiEs thes Y GepETIaled B Lot ed. I
der t

Oraer 1O o 8hg with the routing plan (which in the iliustrated embodiment, is accomplished by

simply placing the FOIs in a list in the order that they will be reviewed), in memory
134 for subsequent access by the reviewing station 122,

15 Referring still to Fig. 6, in one embodiment, a total of three reviewing stations
122 are shown coupled to the server 120, so that up to three cytotechnologists have
simultaneous access to the pertinent information stored in the server 120. Notably,
the system 10 can typically process the slides 112 much quicker than a
cytotechnologist can review them. Even if the specimen processing speed of the

20 system 110 is slower than the specimen review speed of a cytotechnologist, the
system 110 can generally be operated 24 hours a day, whereas the typical
cytotechnologist will only work 8 hours a day. Thus, the bottleneck in the screening
process occurs at the human level, i.e., the detailed review of the biological material

contained on the slides 112. Thus, it can be appreciated that the use of multiple
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qui ckly direct the cytotechnologist's attention to the FO and to provide a
reference 10 that generally indicates the exact region bound by the
i magi nary borders of the FO, an L-shaped mark indicator 142 is provided.

The mark i '26%963’1'4&42 captures the FO (i.e., an operpEguaiRopassi on 144
of the mark indicator 142 borders the left and bottomsides of the FO). A

0.05 mMmmargi.n i S pr.ovi et ween, the, mark ..i ndi cat ar, 42 borders and the
raci oty Br RS sty 52 apials BisnoRienats mefshy o ghng i a BEULEPE a1 ng
out si de of tfﬁ}geleftc and bottom borders of the FO (resulting froman 001
that is inclu efﬁpw PR¥'n t he FO , but centered near the |left or bottom border

o i1 O " g0 eRE e s el S SFh 524 St Bl ™ .o
oL eCt ol Tch 16 s el LB B M BB B Sgh oo
b2t 1ol 0 St a8 Bl BhuBhe PR PR S BB B B °5) e
13 and 2 TR B0 Rebapb 8T Lm sl Bt BRI IEY Lo
e ot o0t 1% a6 BAAARE RS- D ottt b 33" 20 Y
g, oot A% bR o A A B SO SRR S e
(9,90 01 & AR RoBRR B Bh oL A B By BO LBl o
Lhese Y bR ool ol P P Bl B e T 0
coor oL et SYELElim Ry BIHRhEL B h3R AR IR k5, 10
< S0 OBl b Bl e 94 S R B M RS e
bottom sides of the FOI). A 0.05 mm margin is provided between the mark indicator
142 borders and the imaginary borders of the FOI, so that the portions of COls
15 extending outside of the left and bottom borders of the FOI (resulting from an OOl
that is included within the FOI, but centered near the left or bottom border of the FOI)
will not be obstructed by the mark indicator 142. The mark indicator 142 also serves
to provide a means for the cytotechnologist to electronically mark the FOI (e.g., by
pushing a button that electronically colors the mark indicator 52) as requiring further
20 review by a pathologist (e.g., if an OOl has malignant or pre-malignant attributes).
Referring back to Fig. 6, each reviewing station 122 comprises a microscope
138 and a motorized stage 140, The slide 112 {after image processing) is mounted
on the motorized stage 140, which moves the slide 112 relative to the viewing region

of the microscope 138 based on the routing plan and x-y coordinates of the FOIs

25  obtained from memory 136. The slide 112 (after image processing) is mounted on
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I magi ng process. The notorized stage 140 wll then nove in accordance with
the 10 transfornmed x-y coordinates of the FOs, as dictated by the routing
plan. In the illustrated enbodiment, to advance fromone FO to another,

the cytot eglygbidisat Presses an activation switch (notpEGWHsr01dshs t i S
sense, the reviewing station 122 is sem-automatic. Alternatively, the FOs

are automat cal ly a fromone t next. In this case, the

motori zed s %515":%' gﬁ%ﬂ 6891 ‘B'ﬁ'ﬁh W" [?i'?ép %?1Zafeﬁv?ﬁ%@sw@wwm@@'oar%unt of
time for eatﬁg FO tép ﬁ_'& rV|eW|n station 122 is fully

aut omat i c "1'9{85998?4 383 r"%” g Fansferaagiesyobinetne ni cr oscope
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capabl e of @Qﬁﬂrgﬁ?%&'hfcgsvg\erﬁ%@w@ﬁ§ '?t"(ﬁutg X 600%'“% ﬂ Ogrrgfn nz to
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speci mens Vgresr}.e!s %n activation switch (not shown). in this sense, the reviewing station 122 is
semi-automatic. Alternatively, the FOls are automatically advanced from one to the
next. In this case, the motorized stage 140 may optionally pause for a

15 predetermined amount of time for each FOI. In this sense, the reviewing station 122
is fully automatic.

As the selected FOls are presented in the FOV of the microscope 138, the
cytotechnologist reviews the FOIs and makes decisions about the level of cell
abnormality, if any. The cytotechnologist will then electronically mark FOls fhat_are

20 suspect. The cytotechnologist is capable of returning to a previously viewed FOI,
and manually moving fo {and viewing) locations on the slide not encompassed by
FQls. Foliowing review of the slide 112, if any of the FOls have been marked by the

cytotechnologist, the reviewing station 122 automatically scans the entire biological

specimen 112, so that 100% viewing coverage is ensured. The cytotechnologist is
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10 quality stains (e.g., the stain protocol has not been followed or the age—
of the stain has surpassed its shelf |life and has deteriorated) tend to
have a wi der distribution in terns of both nuclear area and nuclear 10D
(i.e., the scatter points tend to forma |oosely bounded region). In
contrast, Qi ' specinmens with high quality stains to_have a
narr ow di sﬂ&%ﬁ?é“@%si n ternms of both nuclear area and nﬂ@t/ﬁgzgoﬁl@fi .e., 15
the scatter points tend to forma tightly bounded region). Thus, the spread
of the scadbieto paosathedadbsdaband tmprethedteyeaid0iindrdeate mapositiont ared qual ity of
the stain on biological specinens 14 |ocated on the slides 12. The
di f f er ence dpsessdecatvoapndhne gidet1d2, gstesired.ed from high quality and | ow
quality stains stens fromthe fact that a low quality stain Is non-uniform
and thus will splotahiy, theeresiewingeatationi 18R svilbappyisé trencytdtectB®logidt if thef | ned r egi on
otherw se resulting froma uniformand well-delineated nuclear to
cyt opl asni cspedimendd#é. hasihees cassitied amsuspicidius (e.g9h by puviding araedible peci nen can
be quantified using any one of a variety of approaches. In one enbodi nent,
a geonet¥ i cviiple signal ér Woichreaseo the aytodechoalpgiet will prorhpted alperforal aimoies conput ed
i n the sane manner described above In 25 determ ning whether a specinen is
normal or dheplgh myiew of the alident@ asadompaiesi to lagaview2at\ie 2@oRLOGIcHES
PCT/ US20041015834 cal cul ated fromthe val ues conputed for a batch of
speci nens (would perld@@® orsd slidermanying aspetien thdtdas baen clgasified gs ndrmahe speci nen
batch, as a whole, can be quantified. The nedian of the point distribution
val ues for the 3Ihevseshscattanplbie canalsobeatsed to détermminathevplality of He st@idi an of
poi nt distribution values for a percentage of 5 the specinens (e.g., the
| owest 10 pai anbatdi ot spesimensn s besh diseovebed that kiclogicebspeciReniaavithtidvan usi ng
t he nedi an, the node or average of the point distribution values can be
used. CHre qualitystatisafe.qatheetdirproteeerhasmepbeardpliowedenthé age skitietstairdet er nmi ne
whet her the current speci nens have been properly stained. This can be

has surpassed its shelf life and has detetiorated) tend to have a wider distribution in

terms of both nuclear area and nuclear 10D (i.e.‘, the scatter points tend to form a
loosely bounded region). In contrast, biological specimens with high quality stains
tend to have a narrow distribution in terms of both nuclear area and nuclear 10D (i.e.,
15 the scatter points tend to form a tightly bounded region). Thus, the spread of the
scatter point distribution provides an indication of the quality of the stain on biological
specimens 14 located on the slides 12. The difference between scatter plots
generated from high quality and low quality stains stems from the fact that a low-
quality stain is non-uniform, and thus will spread the scatter points away from the
20 well-defined region otherwise resulting from a uniform and well-delineated nuclear to
cytoplasmic contrast.
The scatter point distribution for each specimen can be quantified using any
one of a variety of approaches. In one embodiment, a geometric fit is performed on
the scatter points and a value is computed in the same manner described above in

25  determining whether a specimen is normal or suspicious. A combined value is then
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10 acconplished in a variety of manners. For exanple, the nedian val ue can
be conpared with a baseline value conputed (e.g., by taking the nean of
point distribution values) from specinens that are known to be properly

stained. Qiefbdsplsy, the nunber of specinmens used to carPuéReddissspasel i ne
medi an val ue is Iarge enough to provide a normal sanpling of the specinens

dth 15
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Il (fo - t)2_ /i anre c2 equal s the Chi - Square, fe equals the obtained nean
val ues, and®®&% e t's the expect ed nean value, it can be determned If the
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compared with a baseline value computed (e.qg., by taking the mean of point

distribufion values) from specimens that are known to be properly stained.

Preferably, the number of specimens used to compute the baseline median vaiue is

large enough to provide a normal sampling of the specimens processed through the
15 site at which the imaging system is located.

Assuming that the point distribution values are computed in a manner such
that the values increase as the stain quality of the specimens decrease, a median’
value higher than the baseline value by a given amount will indicate that the current
batch of specimens may have a low-quality stain. In this case, the image processor

20 22 will generate an error or a flag indicating that the recently analyzed specimens
may not be properly stained. A subset of these suspect specimens may then be
reviewed manually to visually confirm the quality of the stain.

Alternatively, a Chi-Square statistical method can be used for evalulating the
median value of the current batch of specimens compared to the median values of

25 previous batchs of specimens. For example, given the equation:
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conpared to a cutoff value at a given confidence |evel to determ ne whether
the nean values of the specinen batches fall within a normal distribution.
If not, it is 10 determned that the |atest batch of specinens has a

| ow qual i tywoIbdlgrasdN t ernatively, rather than determ nigggaieRaisssd om t he
conput ed point distri buti on val ues, and then conparing that nean to a

basel i ne valu t he 2strl but| on values can be directly conpared with
the baselirfé egl(fre'f)l iWh%eé asqalsdhe GihrBavareffo eeualp tiernbtainest ME&Ut | on val ues
t hat surpass the baseline value by a given 15 nunber can be cal cul ated, and
conpar ed t calme$,randShequblsihelzpectédmean aame gt canfbe derefiiyediethesatestof t he poi nt
di stribution values surpass the threshold value by the given nunber, it may
be det er mi etthtdfapedimensiuas a low-qialitystaint Fomexampty) §RBE ineah haluedyf ther onpt i ng
the generation of an error or a flag. 20 -23 CLAIMS 1. A biol ogical

screeni ng dass fienbdtchiescdfapscinghs gread 30, ¢S5 di10 a1 00S ped il 16 tespeetif@ly, & Ng:  an

i magi ng station for obtaining scanned i mages of the specinen, and generati ng
i mge d%ta fronﬁohesmaomeob+mges and .at | east one processor for

filteri P rage datg to obtai - 6@@ ‘dentlfyl ng a nunber of objects of
i nt erest (OOI s) within the biological specinen, neasuring a first feature of

each 001 Sur.lag S d at e ,0 egrating a scatter plot

of the fir M%M&MMmd feature, the

scatter plot A¥ing a &%tributi¥h of pol¥rs havi¥y a spread, and

cl assi fyi nd-a30%+ 2445 106 s 7.ABISHAD.933 4 28483 parti al | y based on the spread

of the point distribution. 2. The biol ogical screening systemof claiml,

wherein the at Usiagh stargany stagstisg)hahdbdok] the@hi-Squarefd® 2gythen kg nor mal

speci men as not requiring further review 3. The biological screening system

of cl ai m 1 combareditd atdomffataldecst sit givimacopfideres $eve) fodetanrildewhdther tha cl assi fying

the specinen as either normal or suspicious based on the point distribution.
mean values of the specimen batches fall within a normal distribution. If not, it is

10 determined that the latest batch of specimens has a low-quality stain.

Alternatively, rather than determining a mean from the computed point
distribution values, and then comparing that mean to a baseline value, the point
distribution values can be direcily compared with the baseline value. In this case, a
number of the point distribution values that surpass the baseline value by a given

15 number can be calculated, and compared to a threshold number. For example, if
twenty percent of the point distribution values surpass the threshold value by the
given number, it may be determined that the quality of the stain is suspect, thereby

prompting the generation of an error or a flag.

20
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4. The biol ogical screening systemof claim3, wherein the at |east one
processor is further for flagging a normal specinen as not requiring
further review, and flagging a suspicious specinen as requiring further
review. 5. The biol ogical screening systemof claim1, wherein the specinen
is classified as nornmal if the poinpy gdihsdribution spread is below a
threshol d. 6. The biological screening systemof claiml1, wherein the at

| east one processor is further for quantifying the point distribution

spread, 1.debladdigl scrthiing basdn Y@l iesifEng a Ganpaed] Rpedifen, cgupmikinki #d poi nt
distribution spread to the threshold val ue, wherein the specinen_is
cl assi f inggIngstatw frppbtpinmgscapnedimagesi dhs sspimen, andgengragingdginagd dadr eeni ng

system gf .¢hakdthRed WSELINgt he at | east one processor quantifies the point
distribUt?On spré%dmﬁ§ %ﬁ??ing a geonetric shape to the points, determning

at |l east one dinension of the geonetric shape, and conputing a val ue that

i's a fumgtdsoBndprotddeordor fiRasig theMBagh MR Dfain DT s Wk Hyhglahfmdder beast one
processor and conpares the quantified point distribution spread to the
t hr eshoblicstapliatassst €3 iRy thsdielogipdltspecimanuaeasyringe trf fedmslof cadhal ue. 24

L hr eshoticqpt ! _ _ _
s an- e pea e GRESE I LAY, ool o LRGP oL ASPHRLIAE, *TRE"

| east onapE 0eesShE spdalhichiged fdatiee, iRt Ratteh [BotrHab iyl dissipugadotpoigenput i ng a
val ue, wherein the conputed value is conmpared to the threshold value. 10.
The bi ohesgneaspreet ashrlagsihing BespscipemisHormaldeast partiplly based enshe sprrad

prOceS$8f@E§o%Hﬁﬁgﬁhﬁaﬁor measuring at |east one additional feature of the
bi ol ogi Ca pecl ren, erein the specinmen is classified as normal based

further on the at |east one additional neasured feature. 11. The bi ol ogi cal

screeni NOTIEMHHBIICEN schdefing s} GemMTRIAMN] LR rélh theeaIbasOhR ROOGESSOFurther fadr t her
for determning that the sCatter plot is reliable based on the at |east one

addi t i oflaggingasonmed spdeamempenot IQquiriietuihel wyiceal screeni ng system of claim
10, wherein the at | east one additional neasured

3. The biological screening system of claim 1, wherein the at least one processor is further for

a classifying the specimen as either normal or suspicious based on the point distribution.

4. The biological screening system of claim 3, wherein the at least one processor is further for
flagging a normal specimen as not requiring further review, and flagging a suspicious

specimen as requiring further review.

5. The biological screening system of claim 1, wherein the specimen is classified as normal if

the point distribution spread is below a threshold.

6. The biological screening system of claim 1, wherein the at least one processor is further for
quantifying the point distribution spread, defining a threshold value, and comparing the
quantified point distribution spread to the threshold value, wherein the specimen is classified

as normal based on the comparison.

7. The biological screening system of claim 6, wherein the at least one processor quantifies
the point distribution spread by fitting a geometric shape to the points, determining at least
one dimension of the geometric shape, and computing a value that is a function of the at least
one dimension, and wherein the at least one processor and compares the quantified point
distribution spread to the threshold value by comparing the computed value to the threshold

value.
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feature is a total nunber of 001 sin the biological specinen. 13. The

bi ol ogi cal screening systemof claim 10, wherein the at |east one additional
neasured feature is a total nunber of artifacts in the biol ogical specinen.
14. The bi ol ogi cal screening systemof claim 10, wherein the at |east one
additional neasured feature is a nean nuclear optical density of the OO s.

15. Thegbj ' ' | al: o i r of Qs
o prodelravieERel SECARR DR T sl ol el SR Rap Sl Werei
the at | east one processor is further for generating a plurality of fields

of i nt epeplle Biblobital dta@niddesy9@h &F didimtd) VIRRE IR 1dast SiedpSdebdouariifies
suspi ci ous, the system further conprising an automated or sem -aut onmat ed

revi ewi Hg positglistobutfosrspeed biicampating evduetwherantheedomves! tadueciacpmpirefld of

i nteres Q.present .the OOs. 17. The systemof claim1l, wherein the first
featuregqtéeéﬁﬁ%ﬁd;‘éalluear ea, and the second feature is a nuclear integrated
optical density. 25

10. The biological screening system of claim 1, wherein the at least one processor is further
for measuring at least one additional feature of the biological specimen, wherein the specimen

is classified as normal based further on the at least one additional measured feature.

11. The biological screening system of claim 10, wherein the at least one processor 1s further
for determining that the scatter plot is reliable based on the at least one additional measured

feature.

12. The biological screening system of claim 10, wherein the at least one additional measured

feature is a total number of OOl s in the biclogical specimen.

13. The biological screening system of claim 10, wherein the at least one additional measured

feature is a total number of artifacts in the biological specimen.

14. The biological screening system of claim 10, wherein the at least one additional measured

feature is a mean nuclear optical density of the OOls.

15. The biological screening system of claim 1, wherein the number of OOls is

predetermined.

16. The biological screening system of claim 1, wherein the at least one processor is further
for generating a plurality of fields of interest to include the OOl s if the specimen is classitied
as suspicious, the system further comprising an automated or semi-automated reviewing

station for scanning a field of view relative to each field of interest to present the OOls.

17. The system of claim 1, wherein the first feature is a nuclear area, and the second feature is

a nuclear integrated optical density.
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