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WO 2004/ 046994 Hi stol ogi cal Assessnment of Nucl ear
Pl eonor phi sm PCT/ GB2003/ 004910 This invention rel ates

wo o00a/0m®phod, an apparatus and a conputer progPEGBI03/004910

hi st ol ogi cal assessnent of nucl ear pleonorphism it is
particularly (although not exclusively) relevant to
assessnent of histol ogical inages to provide clinical
informati on 5 on cancers such as breast cancer. The

method is also relevant to other cancers, e.g. colon

and cervical cancer as well as breast cancer. Breast
tistegical Asgeesmmarb /T NyelaridriepBa@hiEMancer, and it

occurs also in the mle albeit to a |esser extent

once a | esion indicative o(% breast cancer, has ;
dbise bwveption; iralalgs 1os amprelio r%ntwef@%@ngxam@amﬁ& pfogram for
Ris&i Y halResmbnit of %@@F'ﬁ@orﬁo@hi@ﬁﬂ%h@ E&r‘ﬂcular!y (although not

progrniosi s and treatnent However, pat

arxciisivaly refevantde @@S@g,ﬁﬁnggf hlgto@glcp{ lﬁ@g@%%amv%% cilﬂgal information
fﬂH @aﬁ&erg‘é‘aﬁlﬁ’ RGRESst ahc&N Ak |n$eth<5ti RY RES bV t®bther cancers, e.g.

eye. It can be characterised by
Dd@@ﬁlﬁﬁ@ﬁ@ﬂf@i e@oﬁhaﬁ)b/%ﬁ%ﬁfqaéh%a%?rthe same sanpl es by
di fferent observers and even by the same observer at
different tines. For exanple, two different o

rs :

Bseass SRRRPY IS GOMMSM M 06 IATRAIe CARGRS At PRI Ao b Male albeit

% }aflgés%wexﬂe%t YcBiz0RSioh Ahdidatio P BFec@f chritr | |hﬁ§£b@en detected tissue
ferent opinions may arise in _as many as 30%

|samg@§ arehéa@ﬂoamcérﬁmagwlre@a@ér%am%apqspolﬂ@ﬁ*e%geeﬁ%% 2 ‘iagnosis,
no%@r%lcff?eé%eﬂf %‘ﬁmﬂoﬂe'véﬁ YRtRAIGRE ahBighis R SissldBmples is a

nee O provi e an obj ective measurenent of. the
dﬁe@r e@sgfnlrrg@h@@pbjepm\@on@pgeﬁ dinentails lmgqegatpﬁeof images by human

%8eh g Egrg b8 bhratleROLP 5* %o@ﬂgs&ﬁ&e@ﬂd&@h&ﬁoﬁg @ﬁhg%ﬁhe samples by

Fresent 1 nvent provides a net hod
rdlfmreht@@selafbrmie%\mém thefsam@cqbéawer pl @ﬁ%f‘bﬁ“@ﬁa iRy example, two

cgrfe{rle %t%sgg/erér:ﬁgﬁe fﬁgl 19%e9%§‘ s 'sé‘rlnleyt:sg% Is8mpRAdINAg Qtnﬂa different

0og ircal I mage. dat a, characterlse o
|0|p|mdimstfot meumbehofcthanre@gem Diffediers opiniaRSHERIRIIRG if 136 many as 30% of

Hﬂ 9@;5@% a”% ep aog)n S apérBereX bfﬁét@?cﬁﬂeﬂlg@?c%ﬂddﬁ%léﬁﬁ of some

I mage region ul ati ng
Itisage sarapie deatsteape factors fromthe perinmeters and
areas and 25 assessing pleonorphismfromthe shape
factors' statistical parameters. The invention
p‘lﬂreve desa tieed atdv pravisge ab hehiedtive | Reaguremppeic of Jige degree of nuclear

; t LR Hettment.
T EEMEM o upadtt BRBEHRLAE S dadr (R I ERRERN 6o
PCT/ GB2003/ 004910
The present invention provides a method of, histological assessment of nuclear

pleomorphism by identifying image regions potentially corresponding to cell nuclei in
histological image data, characterised in that the method also includes thresholding the
image data fo render it binary, determining perimeters and areas of identified image
regions, calculating image region shape factors from the perimeters and areas and

assessing pleomorphism from the shape factors' statistical parameters.

The invention provides the advaniage that it is an objective measurement of

pleomorphism to inform a pathologist’s diagnosis and patient treatment.
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carried out

2 The shape, factors' statistical paraneters nmay
conprise at | east one of their nean, weighted nean,

wore@damosrode, maxi mum and m ni rum The step OPCT/GB2003/004910
.threshol ding the inaged data nmay be O su

t hreshol ding. The step of assessing pl eonorphi sm nmay
det er m ne pl eonor phi sm as bei ng/hr elatively 5 | ow,
noderate or high according to et her the nean or
medi an of the shape factors is relatively |ow,

'T‘Pl@eér%tp% Rkt HiatlcBsN fraryi8leYs nfays BeRpridest wasﬁoﬁ@fof&helr mean,

e region 2 potentially correspondin a
%@@gm@y\ g@d@nvgwdgyrrgxmq@andvm@wrg '?Ig e gleR of thresholdlng the
gé@&éta nﬁ’ajﬁebf%&ﬁre&ﬁ&ama perimeter and Ais inmage
reg on area, and a nean shape factor Smfor a set of
i mge regions potentially corresponding to cell nuclei

Mg f8p b9 a&ﬁs@ﬁ%‘ﬂlé@ﬁ’oréﬁns@ﬁn& d@%nﬁrleo;\%oma%fsﬁﬂéa b3l relatively

noder at e? correspondin
wonBRYATeseh igh ﬁf@cqr@n%fq W@@fiﬂew 6%, MeRIueT @?@lag of megq;hape factors is
el t ol d ol t;
(BERSALIE, orsFRE, 5 R SO0 B T80 Satace regn
col our image data into greyscale inage data wt
o comegpendidgfib ri télbnuclerparagdd givan byndi=vi-edual where k is a
red green or blue plane in col our inmage data, and 15

c%ﬁst%h? b %flmtaggqégﬁtln %'eﬁtg\e{el? nHW%em%teg‘apﬁmt#ﬁ and a mean shape‘

e greysca e i mage

Ghctbf @S farrarsegoic phayer reighohg epatirttially mbnegme@srgaioecellmmgﬁe: may be
data may be carried out by Principal Conponent
Ahrlslislded (£2CA), En30hi(lo)t Bek gieys 8ak dmodeugée)danc S,,s > #85k (high)
first principal conmponent. The step of identifyin

i m@epwwg)mlm@gﬁw hejna-islatively b rn@dqr@’rec,omghf@ém%ﬁlvely

in 20 histological inmage data includes filteri ng t he

i mge data to overwite regions which are not of
i e stept oligiraghodding [theimage slatt da JenfRrch Rivrry M@y be preceded by

aARNRirh Y Yoldlf § ér@eﬂg lﬁﬁzg'g‘?éyscﬁl%ri € ldatal RAth lmFroved image

overvvrltlngs epﬁ]tl’?g I ncl settin re atlvely sSma
i dedigiion @grrmaseotf@ an lnsu@lugk @gin@fegn RePlugaplae EnepleEtinpgg data, and

ht% %h% & h?‘eéh'alar r@ el iMBlY da® %efheh'@%of S Q% the Reyscale image

ron prxel value. 25 I'nage regions '
piﬂt@nTheaIStep @ohratr@s‘,cp:rmnﬂ pgjotioineagel datadniei grehscale image data may be

hi5hd O b?/aﬂ’rlricfﬁggéomﬁ r;?erg%aggls éP@ﬁZH \K/i‘\l@l‘ﬁlﬂ?/%ﬁgyslcg{eolmage data is

procedure’inc I mage
oav‘emsl Ui e cembemem,g es,

The step of identifying image regions potentially corresponding to cell nuclei in
histological image data includes filtering the image data to overwrite regions which are
not of interest using a filtering process which does not appreciably affect image region
perimeter. The overwriting step may include setting relatively small image regions to a
background pixel value and setting hole pixels in relatively larger image regions to a

non-hole image region pixel value.

Image regions potentially corresponding to cell nuclei in histological image data may be
identified by a procedure including:

a) dividing the image data into overlapping sub-images,

b) applying PCA to each sub-image to provide a respective greyscale sub-image,

and
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b) applying PCA to each sub-inage to provide a
respective greyscal e sub-i mage, and WO 2004/ 046994

WEAAGBR903/ 004910 c) renpving fromthe greyscBtBGB2003/004910

sub-inmages: i) inmage regions touching or intersecting
sub-image boundaries, i) unsuitably small inmage
regions, and iii) holes in relatively |large imge
regions, and 5 d) reassenbliné the sub-imges into a
bi nary i mage. In another aspect, the present invention

Re)OVi GBSoRNg MORAhA IgHSysEak shbshadagi cal  assessnent  of
nucl ear pl eonor phi sm’by identifying i mage regi ons

pot entll al | ymagefegiansdakrhing erdnteEerting yksimage boundaries,
hi st oliggi cajslEHLsHAl fhageh8giasd, @ntised in that the
apparat us i ncorporates a conputer programmed to
thresHdl d thetesi ifugjativeltlaraedmag EREHONS; 309 bi nary,
t er MLA& RARih§Hldb-iRdediida bifar) Aeiyel T ed i mage
regions, calcurate 1 nag region shapé factors from
the perineters and areas and assess pl eonorphismfrom
UReanstheP@ish8G! Ghe prabért! vbGiih PASVIER! @hS apbdtatus for histological
further aspect, the present invention provides i i
caepeAreents of t iupleart GleaRAEPiTM by s idandlind imaggegagiang potentially
Oéor@eﬁ+,ﬁﬁsg R SQUPRELILIS A AREbISHNI niﬂ"_ldfg@SHéi‘é‘?tthFh%iér%(ed in that the
controlling 15 a conputer to 1denti % |rmF1e regi ons .
preratusincyrPotaieea pemBuieyPograremed iugresholdthe image data to render it
i.stol qai.cal. i t. t.erised i .t he ,
47,585 RIS e, 8838, G500 b hohd it e
cegiontsbepe tactdrs &omolhd perimetaraged ataes ang assagreplepmorphism from the
bélﬂfé £ YactSlet &4#0:08) pal %ﬁ% prters and areas of identified
inage regi ons, calculating i rage regi on shape factors
fromthe perineters and areas and assess pl eonorphi sm
frlﬁogn fuRReS BaRst A E)%teﬁ{ gw'veﬁfi&ht Ipdviddl cBRAPaRR Ritfrare for use in
e conputer apparatus and conputer software aspects _
ofistplegicahrasessoant aianiclraileopp@hisnt aad haveg fnsyuctions for controlling
equi t di . P . ..
IO, o] QoS RtL TR Bl eh ey SpBhohE o goll nucil n
fhistblpgicat énageo ddia, shbradiareed dn tihairbef safiware atgpwhie instructions for
d i f 0 ' nce.: .
CEAEUAETE el SLURATE B Tle DS BERLETFBil. dotomin
aperintaderls ainchgrean of idenbifiet dlage regionseaslaulatigg image region shape

ﬁagtgf@n@’ép{ ?!géné%riﬂw%%rsc‘ tanidnarefag réH%J Qgé&g gliegrg\%ﬂﬁ'liis?n abeqn thé shape

factors’ statistical parameters.

The computer apparatus and computer software aspects of the invention. may have

preferred features equivalent to corresponding method aspects of the invention.

In order that the invention might be -more fully understood, embodiments thereof will
now be described, by way of example only, with reference to the accompanying’
drawings, in which:-

Figure 1 is a block diagram of a procedure for measuring pleomorphism to assist in
formulating diagnosis and treatment; and

Figure 2  is a block diagram showing in more detail pleomorphism feature detection in

accordance with the invention for use in the procedure of Figure 1.
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Figure 2 is a block diagramshowi ng in nore detail
pl eonor phi sm feature detection in accordance with the
WO pweoidoen for use in the procedure of Figure BCT/GB2003/004910
2004/ 046994 PCT/ GB2003/ 004910 A procedure 10 for the
assessnment of tissue sanples in the form of
hi st opat hol ogi cal slides of Zgar ci nomas of the breast
is shown in Figure 1. This drawing illustrates
processes whi ch neasure degree of pleonorphismfor use
Ai p’ro@@iﬂes soHsoit thef agzatsaait of distub saraples In 'inééquﬁ”O@feldstbpathologwal

St GOl N oFSh/h LB i BRbrLr A dEifing  ustates

phﬁeé@&ﬂhlmdnéa%tlﬁﬁ de§eetdf gicorasrphibimkiif UseUh )askesdtent of patient
ast tissue sanples (biopsies) and placed on
tiﬁ’@ct ive slides. Slides are stained wusing the

stai ni ng agent haenotoxylin & eosin (H&). H&E is a

n .St ai for i ne i ssue .and,. cel lul ar
TH e RS "o BBy, By et Tt ichu TR Sidifedt e date
oBiainet éonphipidlciioal Blidesearwilpbe desuripbl seten. Sestiordass takerrtut) from
ree of vari.abilit 'Blaﬁe%aﬁe of t

of d | eys., of .
Db BT BTG (HPRE9)s Brrienectira Slites- Slpips are stained
uéiblg ltied stbﬁh\/r@ @gdr@gxabﬁbmylrm&te@em (H&E)t ie&HEs afvesn a@rﬂm@ﬁdstaln for

" wher eas h"ﬁ f cancer cel| s can, Ee_g%ére c?t
d%‘\'HEFa NG F'%%j{ﬂ 3’? %’p%‘&JC“\WPt 'Sa“?ni dh UPRY to assess
p@bﬁ@q)mm si ze. 15 In a prior art manual procedure a

clinician places a slide under a mcroscope wth
magni'fi cation of 40X and examines a region of it

N(l@lietalemledirﬁf)l%rsﬁdlstaf)méas@emehl@f degree cbfﬂldhé}tﬁlity @nshapl df ige nucleus
g ree o]‘l tEom) i’}m Thi s, manuahggjr dure reaw res

%SY n gréna)} liggHe, cell duic l(ff"ala goylar gifgeture in
teslg?p@r QFgapfeeht]% rwa leherﬁasa ﬁulr:r%s oe é;a?@érpb@ts dare b‘éaJ|>M@Slarger and
(0] al ne I N are co I ne 0 |veaS|nge
irRo&Ty shanad, f"’btt‘ ajpa @Vﬁvﬁt@ﬂé@ﬁ'ﬁﬁqesa”d?%@ process of
the invention repl aces the prior art subJ ective

rocedure vvlth an o e rocedure. In the pre nt
DR At TR AReSOue: & BB a8 ;P LindRe B Garoscope with
nﬁghlﬁ@&lthOﬁMtKﬂérhwgeQQmﬁest@Ir@@orZQifSIS é%@g&@ﬁtedlto as a tile) for
m cr.oscope w a Je | KS [ a
indigatiens g nﬁ@e dggres ﬁlﬁeraewha? diﬁiss ”é?”é‘é{ %6?0%91‘15% trgpuires a
paﬂ%get ghbjebiel, & adsdssn@risu@Ssiraant fdrapbi A@ncdlf ntlhi in a tissue
40X linear, 1600X area), each jmage bein

(i
S@'I“@l‘?t Tonvauesghipipgr dnthisyayars; qoaﬂb'nq?d@&veo%eag%éaewremem for
u8é NBT difidrfisRS CONRS pARdsS JMBhaSinfaHtioR! ©PIaBEs tHS Qshior art subjective

procedure with an objective procedure.

in the present example, image data were obtained from histological slides by a
pathologist using Zeiss Axioskop microscope with a Jenoptiks Progres 3012 digital
camera. Image data from each slide is a set of digital images obtained at a linear
magnification of 40 (i.e. 40X linear, 1600X area), each image being an electronic
equivalent of a tile. Images obtained by other microscopes and cameras can also be
used.

To obtain images, a pathologist scans the microscope over a slide, and at 40X
magnification selects regions of the slide which appear to be most promising in terms of
pleomorphism assessment. Each of these regions is then photographed ”using the
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To obtain i mages, a pathol ogi st scans the m croscope
over a slide, and at 40X magnification selects
wo e@ion®9pf the slide which appear to be npost PeDGB20MEH4910
in ternms of 30 pl eonorphi smassessnent. Each of these
regions is then photographed using the WO 2004/046994
PCT/ GB2003/ 004910 5 n1croscog§ and canera nenti oned
above, and this produces for "each region a respective
digitised image in three colours, red, green and bl ue
micRysc@p&: @Bid. caimeese memibea@iabpve,alaudesthw erazhicas rfed daoh region a

SRR e Bl Byl B UEE AR VIR €. Threo

intensitye daltesrpre abtalnydefbr é@crf pixelSn|aapizel arsay. tol providel @simage as a

o U7l e BiRBHR PR ot BN R BB e B v2 ror

latser rmasﬁwemi%taratreé;@refdofbr pmoutormrdsra m@hs&g&m@’mby a ppomess 16: the
22, Referri re he pl eo
Pl B PSR oif Bl ool s s, e fRTaE A Aol fout to s
didgndssic egpori aed2out for each of the two tiles or
digitised images (raw (RGB) 10 input inages) nentioned
above, and will be described for one such imge. At a
Réfierrsty nost mg%igm@ 2 e placwnorlﬁﬁsyn ﬁeatnm déhesai‘y:m processpH iats(ade in

t j j |

bl PRI B S e P ERAER BB T
mpelspagés; \reentioaed boue, iand wil M@@Erlbm foobhe IBoch intaygealAt a first
SB35 8 L0 BIETBl s g
1%m9©p&elst hh@ch@ﬁﬁdlbWMMdﬁ»Wlsl&/aBMﬁ wWith (8t ghadié oblespertive of
S ARG L B T PR MR, i, g
ofAAEBkYSE Woulll Igvd, a & sulpen28x1e8 @v&:ﬂmﬁgmnﬁowg tha ehtle dindow
oB5Poh Befor LSS LRSI oL SEI QU Sescrlnen B

re$@fdded asﬁPﬁhcgpalﬁdn%neﬁpAmm" (Penl nghuﬂx&&@oe\bd Tia®sform) is
e

scri
oS R e B RS irnye Rosty e B Slish . anoiel
Cémgénerl?@tﬁalty&sa Sbﬁﬁ@h&fs@h@@hl Shaistied, @pﬂné@ﬂiﬂfr&goﬂ 986. It is also
resentation in i S nopre easi ex
ST IDAIEY SAsan JEgh LS Gl te FRnCBRLGENPoRAnty ichn WIS &
sg,hg‘ f1ggerﬁp f_bgsses or categories). It is a standard
mat henati cal techni que for transform ng a set of

(possibly) correlated variables into a smaller nunber
PCRA islaa@hsielra4iRmh iMRrd adth&n o@&édr@s&bnt&tbﬁ@nﬁ wBich ata is more easily

SRS s, e B0 ncl pal CONPORENL 3 218, 2RRI AL

categories). It is a standard mathematical technique for transforming a set of (possibly)

correlated variables into a smaller number of uncorrelated variables called principal
components. The principal compohents are associated with respective eigenvalues: a
first principal component has the largest eigenvalue and accounts for as much of the
variables' variability as possible compared to other principal components. In this first
principal component, image definiﬁon, contrast and characteristics are improved
compared to R, G or B image planes in colour image data. Only the first princibal
component is used in this example, but alternatively a linear combination of all the
principal components can be used and might be appropriate if their eigenvalues were
not very different.
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conmponents. In this first principal conmponent, inage
definition, contrast and characteristics are inproved
conpared to R, G or B imge pl anes in colour imge

data. Only the first principal "30 conponent is used in
this exanple, but alternatively a Iinear conbination
dteed retdilger tpan'sfmmamnsc(anaimmmchniqa% brfiliess) dvidctdeouildyalso be

SRRk st oR iRt titn Bt o1 % ey giting data

aheraetdnsticd, nmaaé ovarahcasstc.(inaifeysit sray€)c Nelgil estwarrks/adaptive

Sahts pad PR B Rlate ui b TmBRmeS S P rrmatons.

exploiting data characteristi cs means, vari ances

ﬁg(g%?‘{ibl‘%l ﬁ?‘ﬁgti{}ge y?%v l%kﬁ at'g)r?e alrgo vnﬁgafgtr %eelgenvalues and

|engﬂrweants §‘ be hrnagamsfmr mmteobas beibg BEAngew) as wa Nx3 matnx i.e. having

| cul? r%% B a\r/%%'ééh§:@?%% 'f(hﬁa: aﬁélac\‘é/e' . trifjfg\rﬁ calculated using a
tfomail&darats nitinglearehsnQeas ffowsn Nx3 matrix, i.e.
having N pixels and three planes (R, G and B). The
covariance matrix is calculated using a formula for
|ts IT%I‘IX elenments\C,,; as follows: | (xkllX)(yk -~y)
((&1 Mx y&(‘l)“y)o where C, ,1 is the covariance of
V@fl@ able j, xk and yk are the ith and (1)
Jth featurlg‘\,lal ues of the kth object, u, is the nean
of all N values of xKk, ylsthemsanof all N

val ues_ of I\ék The covarlance matrix is 3x3 and PCA
y’l’f@rﬂﬁt §rieg C@W@'@?ﬂ?@&fo\faé'ab'?HéM%Y@j@‘?{Pebt’@raé’daYlear e the jth and jth

tfé&ﬁ]'fee\‘}jah?e% & tﬁé( %thr@)ﬁédt X1y, idMMeGhedrPoftHad vélgeérli”t 5(,(, R, % th& fhean of all

transpose o |mage matrix to prou
mé velues qerrTh@ cmreéxapqa@maémx 9P anthRSAayielNg J.thlfaer ggerngctors: the

é?ﬂ/gctm &r]% teditd §s '3?1<§tmzﬂ|rl>l chﬁ)ﬂg uggm%rr%) c},nenltt%is?ose of the

consi ere nportant co
|l©<3t heagsomatrixetot pnmwe ehwodwotimairix.el e prasluge madive has an Nx1 first

eagﬁhﬁﬁ\%ﬁhalsgcﬁ?%fé}%rf\ﬁrwlbcd %n{ Q/vqﬁckphfé lbe"@{;r‘rﬁ?dér?cﬁ as the most

|nun1range 0 ormati on
dowpdamicconposgui it i brtcompesetivdihde wiakimuwt lstgenvalue, and it provides

Y Bﬁ%&ﬁé §Ub-ﬁ>1%et {5‘?\%%)@1 Galue for each of N pixels) with a maximum range of

information compared to equivalents associated with other components. PCA therefore

produces monochromatic or greyscale image data. It is carried out for each of the
overlapping windows defined above, and each provides a respective first principal
component and greyscale sub-image of size 128x128 pixels.

At 32, a thresholding technique referred to as "Otsu” is applied to each sub-image
resulting from 30 to transform it into a respective binary sub-image. Otsu is a standard
thresholding téchnique published by Otsu N., ‘A thresholding selection method from
grey level histograms’, IEEE Trans Systems, Man & Cybernetics, vol. 9, 1979, pp 62-66.
The Otsu threshold selection method aims to minimise for two classes a ratio of within-
class variance o between-class variance: i.e. the higher the variance between classes
the better the separation. Otsu is a particularly preferred thresholding technique. in the

present example the two classes are a below-threshold class (pixel value 0) and an
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princi pal conponent and greyscal e sub-i mage of size

128x128 pixels. At 32, a thresholding technique

referred to as "Qrsu” is appllgd to each sub-image

resulting from30 to transform'it into a respective

bi nary sub-image. OQtsu is a standard 25 threshol di ng
tapehettreshdid Rlass f(ﬁﬁt“byalﬁﬁ gy, 8 OtSlAthrbGIaﬂdiiDd_J djongerts each greyscale

ection nethod f re evel histo ,
HLb9285 do Dk R g e CHBEFVE 235t O blogs Berepfiobs are image
&dgidhs (oEIéEtsQrStthd hmagéyObdchsedf ewhitions nEtrlé@;decawmsgrbop of mutually
m ni.m se sses a

PATERS R al Sedns srzesT ot Pamidy cprteseaniorp st nucleus. The

tihi6bsiRkY BAEENDISS I\EiRSl valLRSE @Sthebhe better the
separation. Osu is a particularly preferred

threshol ding technique. In the 30 present exanple the
tAYO3L bR IS waE tauich elrawe tihteasebizlddbye kbalstmégs kelndadieseare removed.

Q%ﬂﬁk? O}t n%&bsﬁgog{@éggg%tggéﬁ?o ?fégg#n%%%d é/s%attlng its pixels to a

tBHcRGOhiph@! oamarermns i€ detaugeytnahtes BiebtingTBIBRs tpPoduce artificially
bi nar b-i nma nt aining a set o th: hﬁre bl ok%s .
ayeg eP‘@Eﬁg (Eﬁﬂ Sbesmisieading rer?aba)atsac eggpise of sub-image
WlieBilip,i & bRobI \@SIBIe @ppakes Paftylin Wnelhiayslrhaly agsadriveisnyish another sub-
pi xel s all havgﬁg val % 1 and possibly correspondi ng

tigage g |so iR eet essplqE/ °%. phl.obs may have hol es (pi xel

value 0) in them At 34 all blobs that touch or are

R BRr oS BB AP PR EEbEP Rl pLEREES fo 1 and v versa)
r @Tnoeebigd etrpbRghtildislipig(ECs) fstapplied BCHavETbIgy iKdlobs. CCL s a
value. - This is bec:au§e boundar i es,( neet i

T STE9T | R PRTRRING, TSP g O GE S dBE N o b colouring)

ggbl)tfﬁlslﬁﬁcﬁ bg adéteg R eBathpsrohiat I, .‘HEsibdR eofoimagiebProtegsnd Operators’,
overil a

adshe il %%|%§,PW\6A§L]%{]%§B§§%§ PR GhDlaS EREE Proskssing, vols.

NEQEs FRhbbMmicl ess, N‘gw $5rkt h%?_s geli @'ﬁ%é régpeitividaBElBio each group of
inverted (pixel value changes .to 1'and vice versa

a?Rﬂml%?H?e%%OfcRm%dﬁ'é'ﬁﬂ ﬁs%ﬁem&e(wr)ﬂqnsa@sa @efeg\@'uﬂ which

r%ﬂé(l?ell'é@h@@dmar@'rfbb\ﬁhol%xthﬁ Hlobgkidguihek WRBQ)ackground pixels. Holes
processi n%’tec niq (sonmetines referred to as

R 50,om Al JobTT SN FerHeebyIadichst S0 Tisknieelsip qhvalue of other

“ 5iREEBPRE b, 'Hé%?oﬁ’ﬁ&ﬁnﬁé@'a@le%bl@érge‘é. _John Wley
& Sons, 1996, Rosenfeld A, Kak C Di gital

Pi cture Processi ng , vols. 1 &_ 2, Acadenmic Press, New
Y;fszf 48, tHO8db-intldes FloneSe ard ifsdiRetdrice rhaBeindtCTIe RCdppUE@HGain: due to

0
this second inversion, areas labelled by CCL are now filled blobs within each sub-image.

CCL has a facility for removal of blobs with areas smaller than a user-defined minimum
area threshold. In this example, using 40X magnificétion, the minimum area threshold in
this example is 400 pixels: all blobs with areas less than 400 pixels are therefore
rejected and merged into the background by setting their pixels to a background value
(0). Remaining blobs with areas of at Ieast 400 pixels are accepted for further
processing as set of labelled blobs. CCL also gives for each remaining blob its

perimeter P and area A in number of pixels in each case.
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15

20

conti guous pixels of pixel value 1. Because of the

i nversion, areas of pixel value 1 which are |abelled
WO p00@CLs994 € now hol es wit hin bl obs together w PET/GB2003/004910

background pi xels. Holes 20 within each bl ob are now

renoved (filled) by setting their pixels to the value

of other pixels of the bl ob. % ckground pixels are

| eft unchanged. At 38, the sub-images from 36 are

inverted once nore and CCL is applied again: due to

this second inversion, areas |abelled by CCL are now

filled bl obs within each sub-imge. CCL has a

facility for renoval of blobs with areas smaller than
A&eUSﬁgedebitoe)ﬂ pach subvin2dgeas exdedr fof embvahtéd drmallt hiblss: all remaining

, [ 40X na i ca the .

ofaR FBiEinaeT i1 e U Biomy ol SRRl gt whih are

aWitHdlsaih@@@ué e ddvantagdof phag&d; 80 & 88 tshbatethey provide spatial filtering

rej ected and ntot r in :
i e 2BPecRBa etk bATRA VRREE 4 OfioBtkeREch; g mporant for
sbbs‘dlf&lem pfoceesiag. Slichatfiltemastis 400 gisentics theltatecleetpfetd to reduce
for f.ur&?hg processing as set of |abelled blobs. CCL
PEE5S199 PHE' e or each' remmining blob its 30 perineter
P and area Ain nunber of pixels in each case. WO
004/.046994 PCT/ 3/ 0049 8 After ta 30 t . .
A5 00 B Fhage U LR PP SRR GBS BloAcIEpidry mage:
thiee rawrbimgy irnhgbhad theeshreersidel 4d b d)rtglmeemawe(HG:B)eeput image, and

L 58 B 0B A R B .

that they provide spati al flltering 5 but do not

recia af f ec rineter f i S
G TR e o Tt TS, iF BB 0 ARBiop S i e oriina
rfw [(REB) ingut isnaget eaxhis nihésal bldhst sHould reovhedrpspbnd ® a eelliogcleus. At

processi ng burden At 40, the sub |rrages out put from

{ I_nar y;.l
5B SIS A A8 888 BN R Wi v
( Pln put image, and |oconta|ns only blobsth
fign blobeRmetardahd A1eauthBGIRGALN piCbaRicidl§ SRH also be a multple or
processipg. Steps 30 to 40 are pre-processing steps

f%t.@rhot Eentvéﬂ‘e»th@ 16 86 cBhvdMiedSandl dthérTfuhdidn®bf BidhdlA cédivbe used
(RGB) i nput |rmge each of these bl obs shoul d now

?{5{3@? gh]qdpgt %yelga of &ugﬁ%éee g/gh a}cr%aasmsgt/_\l?r&egalgrlty of blob shape, it
|§%§u . '@%lf é’beﬁ@cﬁ%nrgeoﬂ méarnc\mh@ 9b Jpey '|éT§él&5Iath§&dthe complete

are t ai ned at 38. S cofild also b

imeb b iop! Ridpg the § rv@ﬁ!elsQﬂl a0 fbldbsRriBe iMhge tdgeltﬁer and dividing by their
conveni ent, and other functions of P and A could be

rusgrer. S i$ teshetdeddo dpdve Tmeagureud the pomerphisms o6 tha erginal raw

increasing irregularity of blob shape, it
(RGB) input image: S, thresholds were derived from an analysis of a test set of 200

pleomorphism images. There are three threshold categories, S, < 30 (low), 30 <S,, <

35 (moderate) and S, > 35 (high) with pleomorphism scores 1, 2 and 3 respectively as

2
tabulated below. These thresholds are for S = %—: other shape factor expressions may

need different thresholds,



Is 47t (-12.57) for a perfect circle. A nmean value Sm
of Sis calculated for the conplete imge by adding

w0 b@4B40994 ues of all blobs in the i mage t oget heCT/aBe003/004910

5

10

15

dividing by their nunber. Smis threshol ded to derive
a nmeasure of the pleonorphismof the original raw 20
(RGB) input imge: S. threshol gs were derived from an
anal ysis of a test set of 200 “pl eonorphi smi nages.
There are three threshold categories, S. < 30 (low),
30 <Snx 35 (noderate) and Sm > 35 (high) with

pl eonor phi sm scores 1, 2 and 3 respectively as

t abuljat ed_bel These thres .are(for S = A -:

ot her, *%héfﬂ?af‘g)g“?roqeaj‘ﬁt? es'ﬁ%ﬂﬁérﬁﬁ?%eed di fferent

t hreshol d / 046994 PGEO(EB2003/ 004910 9 Sm :
Mean |Val u?héggﬁg%ﬁﬂ eonmor phi sm Shape| Fact or Score Low,
S. <] 301 I\/bdresyatg 30 « Sm < _,352 Hi gh, Sm > 353 kP2
For $ =, LMere % Ps a constant, the three threshold
cat egortes—becore—Sm—<36k—A(+ow1 30k <Snx_ 35k
(moder pcrieraagd0Sas ><38k |(high)2 S,,, pay be cal cul ated
by otlher procedures. It {mght sinply be the nedian of
an odd 5 punber val yues of §, 'or the average of

t wo centrg{?g%aﬁe"uéggof an even %un‘oer bf val ues of S.
It | s—atsopossibletousethe maxrmom or m ni num of a
series of values of S, or with a largely single node
di stribgp?on of values of S, the node val ue. However,
t ForsSwk H—afwirere kit peshstads theathves reshdldnstegcBrmbeound S,, < 30k
be cal cutat ed by multiplying each value of S by a

wei ght factor w , adding the wej ed val ues and
d('Q)’P%di?’ <t9héi3157¥§m?385?@@”@h‘§n §L'r’hr’%2%“9ﬁ)ne wei ght's; each
wei ght woul d indicate the probability of the

associ ated blob or cell nucleus giving a reliable

| gdi @@ bercaiuldb® Bt Fotedurds. I Mgt sinfplyBe the median of an odd

[da)
7

number of values of S, or the average of two central values of an even number of
values of S. It is also possible to use the maximum or minimum of a series of values of
S, or with a largely single mode distribution of values of S , the mode value. However,
this will affect thresholds. A weighted mean S, could be caléulated by multiplying each
value of S by .a weight factor w;, adding the Weighted Values and dividing their sum by

the sum of the weights; each weight would indicate the probability of the associated blob

or cell nucleus giving a reliable indication of pleomorphism: i.e.

ZwiSl.
wm = Zwi

i

S @)

The above discussion shows that there are a number of ways an overall shape factor
can be determined from the statistical characteristics of a set of shape factors, eg. their
mean, weighted mean, median, mode, maximum and minimum may all be used

individually.



YW i (2) The above discussion shows that there are a
nunber of ways an overall shape factor can be
waledoanmioned fromthe statistical characteri stikEST/GB2@3/004910
set of shape factors, eg. their 15 nean, weighted
mean, nedi an, node, maxi mum and m ni rum may all be
used individually. WO 2004/ 04?&94 10
PCT/ GB2003/ 004910 At 20 the score for the nuclear
pl eonor phi sm nmeasurenent has a value 1, 2 or 3 and a
LV ' ' he_i npyt
AZBAEE S48 L0 Ry B DbRABEA D neBBi Bl iPa MY, 2 o anca
rema'wessabrle iplabtaimed Forseachcalr e iNpaisileen®md nefximum of these two

L TR “%F? RPN SR Compar ed 10 nor mal

ceII nuclel .e.1 nuclei are relatively small and

unlforn1|n S|ze Nbderate Vari ati onMbder at e i ncrease
el ~ | ol li- H M T

Clllu VClI I Clll UII fll QI CL Clllu OIIC!.'JC \'J L] V\,QI \JU' AT

Miedstirembht afeiduciasan ft i onVar ked Meahiig on in size pndPoints
shape wi t h3 vesicul ar nuclei. 5 The nmeasurenent o

nucl gEFP“b?rQ B phi sfn may be conbi ned with others

obtained for mtosS{S and tubules by different nefhods
to derive an overal %P%'H&r?aeﬁeé‘ﬂls% apg VaratioddRi i ne

as a " B/¥and R chaislsasimgradid Eml odPdiddiad.
versions of this grading; used by clinicians as

a neasure of cancer |dW& §r.e rf@t"’m)és@%ﬁm gBifyminf i n
the foregoing description for calg ating results|can
fclearly be evaluated by an appropriate conputer

programon a carri e I\r/lre((jjl um and runni ng on a
Moderate Variation oderate increase and varlatlon in size 2

and shape with.vesicular nuclei.

Marked Variation Marked variation in size and shape with 3

‘vesicular nuclei.

The measurement of nuclear pleomorphism may be combined with others obtained for
mitosis and tubules by different methods to derive an overall grading referred to in
medicine as a "Bloom and Richardson grading" or modified versions of this grading: it is

used by clinicians as a measure of cancer status.

10  The examples given in the foregoing description for calculating results can clearly be
evaluated by an appropriate computer program on a carrier medium and running on a
conventional computer system. Such a program is straightforward for a skilled
programmer to implement without requiring invention becéuse the procedures are well
known, and it will therefore not be described further.

15



conventional conputer system. Such a programis
straightforward for a skilled programmer to inplenent
WORahowu94 equi ri ng i nvention because the procepUr/e82@8004910
well known, and it will therefore not be described
further. 15 WD 2004/ 046994 PCT/ GB2003/ 004910 11
CLAI M5* 1. A nethod of histolo?'cal assessnent of
nucl ear pl eonorphi sm by identifying inage regions
potentially corresponding to cell nuclei in
HPIsAIMSogi cal i mage data, characterised in that the
nmet hod al so i ncludes threshol ding the i nage data to
render it binar detern1n|ng perinmeters and areas of
1. i defiteihed @fnﬁ@él §eSSH@&F&J|W%¢; Rlegrgarphisgi &y identifying

shage fe%bi%h§ Bfe‘?nﬂ&ltyt%rn‘e%bbmgefoscém%cﬁ’él §8$isdé\8gical image data,
assessi ng eormﬁgt i'smfromthe shape factors

st a@haé@qteréﬁedplarta her methpd. akscrrmmSatb@h@hdﬁ@ the imagierdata to
1 chaback Hinate dadtBrmhiRRg ﬁehﬁ\e%@%dfﬁ‘é&é’ro? idsHi@bd $hhg&lregions,

pararret ers conprise at “I'east one of their nean,
wei efeuaiinge KPagenseDiem shapeldactorss Foru amerimaterauand Breas and

hersrengPeRRPIEitah foRR Mo RELRS SRR paBrias.
t hreshol ding. 4. A nethod according to Caiml

2. Chag @ﬁétﬁéd] §€cg>r&ilﬂg &) @iaxﬁﬂ%fﬁr@&e@edﬁﬁ ?ﬁaststhé‘ Qhape factors’ statistical

pl eonor phi sm det érm nes pl eonor phi sm as bei ng
r el PAREIS)S Comprispatieastonsrofiighmeancweighies Meamwaedian, mode,

t hep @B indBEHiR0mef the shape factors is relatively
| ow, - noderate or high respectively. 5. A nethod

according to Claim4 characterised in that a shape

3. f achQhetfod QbcAding ﬁ@%%egbt@d?a&@ﬁ@&t |h6thé’ryth§%‘ié;ﬁ§fp@|ﬂ5§h69hng the
to a cell nucleus is given by S = A where k is a

coninaged dafa isOtpurifesholdicon peri meter and A is image
regl on area, and a nean shape factor S. for a set of

ge reglons potential |y correspandi ng cel
nuc enethod: agaoeding de Llain énPBﬂFQ@Q”??doM tha}oﬂ‘%s’fsp@f assessing

35kp I@Bﬁ@ﬁiﬁrﬁhet@ﬂﬁln&})@oﬁéhﬂéﬂh g@beﬁgrrélﬁﬁm%m%dd@rate or high

pl eonor phi sm bei n ativel der at
according to whether the mean or medlan of the shape factors is relatively low,

moderate or high respectively.

5. A method according to Claim 4 characterised in that a shape factor § for an

kpP*
image region potentially corfesponding to a cell nucleus is given by S =——,

A

where k is a constant, P is image region perimeter and A is image region area,

and a mean shape factor S, for a set of image regions potentially corresponding
to cell nuclei is thresholded as S,, < 30k (low), 30k < S, < 35k (moderate) and S,

> 35k (high) corresponding to pleomorphism being relatively low, moderate or
high respectively.

8. A method according to Claim 1 characterised in that the step of thresholding the
image data to render it binary is preceded by transforming colour image data into
greyscale image data with improved image definition compared to an individual
red green or blue plane in colour image data, and the step of thresholding the

image data is carried out upon the greyscale image data.



hi gh respectively. 6. A nethod according to Claiml
characterised in that the step of threshol ding the

wopmge4cdat a to render it binary is preceded byPCT/GB2003/004910
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11.

transform ng col our inmage data into greyscal e i mage
data with inproved image definition conpared to an

i ndividual red green or blugyplane in colour inmage
data, and the step of thresho%dlng t he inage data is
carried out upon the greyscal e i mage data

- 2004y DwHyghagRordiagio ?“U’O@gi@rqfﬁerisedﬁlnn@ﬁhﬁl? g@@oqfdﬁrm@formmg

to @o@hFﬂ lﬁaﬁgaﬁ%t b S&l@yéc%lé hﬁfa thgatdt &P c%frrled out by Principal
transformng col our inage ta ’nt o gre yscal mage

dat &ompasgnt fealysutPes) Iprwhﬂ@h B gre iasge ¢@tau§/§| figst principal
( PCA), B ki ch the greyscale inmage data is a first

princi conponent. 8. A nethod according to Caim7

char acterl sed in that the step of transformng colour

1 mage i b PRy Y BEhE 7 FREStSAA lhsthﬁ’@ﬂfe' 8Rp it tréstormlng

deconposi ng col our inmage data into a set

subCPipHE ERAGEHata B0 W@W’%V@Qeﬂﬁa Iagarriest Ole,iatzyﬁ:le@pmppgng colour
nei %Q@é’ ld&ia rﬂfbda béét bFEhl?—iFﬁé‘g?ésn&c‘ﬁ% WiREh %@Erhaps half f each of its
sub-inage, and the nmethod al so 1 ncludes renDV|n%§'rom

eaceighBoiivaged P)égﬂléiﬁ@eaim$BGA frtgechedipeisngest and itha mpthod also

CorF j t
G o RNRRRCROYG 1t oo Sl AR MOTLPRER diEs pRtontialy
i mgerrespayidingsosell Buali¢ial |y corresponding to cell

nucl ei in histological inmge data includes filtering
the image data to overwite regi ons which are not of

-i nt éy B&thodsAcRyrding tpiGleiet 1 shaigeiveised indhptihedirmsohigentifying image

appregbRbhdteRidlG ehrrb @ln"gecg'c%f‘ 1 nB&Ei 1%&@0?%;9-'#@?9 dﬁta includes

met hod according to alm9 characterise
st epiltgiingiher ipags fgfa tpe@){em@,tevmg@ns avhichh gre opt phinderest using a

'”C|f|H?r“ﬁ~3; @%Eéésﬂ%n&?{j@éé N(ﬁ Sem df%%?ﬁwég%%@ﬁﬁ pbfmefdr.

backgro pi xel val ue an
relatively larger image regions to a non-hole inage

olélalrﬁ\ Mﬁ%te?lgé@rnq'tﬂ& e HeBl & dverwriting

HE - t
characteri sed l? he step of identifying | mage
r eglr%@n%Wh'éhtaT%lP@tyOfdf@i?feéE ietdps geﬂtl@g eedptivepemall image regions to

hi sty %é&ﬂgl‘b@lhd RROGIGa LAY bé‘tﬁh%ﬁ@l% pielY/ n%%ﬂv%ar{;%ﬁgggﬁ regions

data into over I"appi ng sub-i nages, app yi ng
sub-0 pregeciimageveaen aixeb@lest i ve greyscal e sub-image
and renoving fromthe

A method according to Claim 1 characterised in that the step of identifying image
regions potentially corresponding to cell nuclei in histological image data includes
dividing the image data into overlapping sub-images, applying PCA to each sub-
image to provide a respective greyscale sub-image and removing from the
~greyscale sub-images:

a) image regions touching or intersecting sub-image boundaries,
b) unsuitably small image regions, and
c) holes in relatively large image regions, and

reassembling the sub-images into a binary image.

12 Apparatus for histological assessment of nuclear pleomorphism by identifying

image regions potentially corresponding 1o cell nuclei in histological image data,

characterised in that the apparatus incorporates a computer programmed to



greyscal e sub-i mages: a) image regions touching or
i ntersecting sub-image boundaries, b) unsuitably

W@ peklo4d9pmge regi ons, and c) holes in rel ati vePgT/GR2@8/004910
I mage regions, and reassenbling the sub-inmages into a
bi nary i mage. 12. Apparatus for histol ogical
assessnent of nucl ear pl eonor pggsm by identifying
i mage regions potentially corresponding to cell nucl ei
in histol ogical image data, characterised in that the
appairasibid tHac aP@r@Ht@% ?elﬁéf'ﬁtﬁn‘?e[r%/ PaREAAE R ifretfOand areas of
2004/ 046994 PCT/GB2003/ 004910 13 t'hreshol d the | nage
dat engfiecd feegei fegipnsar salcyrie e iMagRe rpaiennehanss fapigrs from the
ar epgridbterd é#ﬁ:ﬂ&r‘eﬁé afd 85ae ﬁlé%ﬂﬁ&ﬁl%sm‘?%n? fHeaél% b'@&@rs statistical
regi on shape factors fromthe perineters an are
andpa?é‘@%rspl eonor phi sm from t he shape factors'
statistical paraneters. 13. Apparatus according to
Claim 12 characterised_in that the shape factors'

135t afPRERMS 2peRrdiRgt & LB §Baféﬁter'é%£tm ofhat dhet shape factors’
Wa@’sah%a(]ib‘aﬁﬂnéf@@”comﬂﬁﬁ a0 led8 Ashe %ﬁ’ihéwmwé’d}g weighted mean,

mnimum 1 aratus according to Caim1

chafsciasy F‘:‘?@Gf mﬁxwmaq%@%wmer is progr amTed to

threshol d the image data using Qsu thresholding. 15.
ratus accorgl ng to C aim12 characterised in that

14me PBABIMSe ACPYdingr &yr GlRiR d 12 oChpsadprsase ip H‘@ﬁDV‘ﬁmC@WPUtef is

as peRighemmel ad trvsshvld BWimagsigsat &y otBUQHresﬁa@%dl ng
to whether the nmean or nedian of the shape factors is

relatively low, noderate or high respectively. 16.

15AppAppiratisageesrdingd té oCkimi M2 Leharhqedsdde i Sﬁ‘ﬁt ' ﬂF\et I&éﬁnpu’cer is
t he comput er mTedto deternm ne a sh

f acPERTRNIGH o fetel iR BIeORATRHSTE 96 HRINGAPIRgvelk Sy, moderate or high

cor am@ﬁ@ ith Qhehed te MeaR U | rRstiant 8f BleVeiapBYastors is relatively low,
wher e constant. P is A inmmge region perineter

and”}Qd?Ea‘?% gh FeSBEEHYelNr ea, and the conputer is al so
programmed to determ ne a nean shape factor Smfor a

set of on
16 Appara{n%g accorgmg ‘?o Claim 15 characterised in that the computer is

programmed to determine a shape factor § for an ‘image region potentially

2
corresponding to a cell nucleus is given by § =7, where k is a constant, P is

image region perimeter and A is image region area, and the computer is also

programmed to determine a mean shape factor S, for a set of image regions
potentially corresponding to cell nuclei, to threshold the mean shape factor as S,
< 30k (low), 30k<S, < 35k (moderate) and §, > 35k (high) and to indicate

pleomorphism being relatively low, moderate or high respectively.

17.  Apparatus according to Claim 12 characterised in that prior to thresholding the
image data to render it binary, the computer is programmed to transform colour
image data into greyscale image data with improved image definition compared to
an individual red green or blue plane in colour image data, and the computer is
also programmed to carry out thresholding of the image data using the greyscale
image data.



potentially corresponding to cell nuclei, to threshold
t he nmean shape factor as Sm 30k (low), 30k < Sm 5 35k

w(@ pwdots@ve) and S. > 35k (high) and to indi cat BCT/GB2003/004910

18.

19.

20.

21.

22.

23.

pl eonor phi sm being relatively | ow, noderate or high
respectively. 17. Apparatus according to Claim12
characterised in that prior 4o thresholding the inmage
data to render it binary, the conputer is progranmmed
to transformcol our inmge data into greyscale inmage
datAaDPﬂ/r&W\S i agporsiied omddrimddf7i shalagterisedplr ddatt dhe agpomputer is
datbrditihed BUCBLRAR loul IMGNAE F1b DrRLal b8y using POA
outm whichshe pehyReple fmadecdatarisgrefingtprinaipsl agmporengr eyscal e
I mge data. WO 2004/ 046994 PCT/ GB2003/ 004910 14 18.
Apparatus according to Claim17 characterised in that
t heARPerAIUR ercdordingriggCiaitre d & shelegtesised ninc dhaju thé neageputer is
dat yscal e image data using PCA in which the
éﬁ% frpn%rrrtgge data is a first principal conponent.
19 a App@\adm@ea@@ge dategntoeveranpingiBikeimagast eri sed in -
thafy th e ) )
| mie. daPRY Pen 5, ehph BUORRAGTHS driiadle fustelfid BRugoale sub
to eachimapei mage to provide a respective gr eyscal e
S“ ) '”f}&%ové‘ roﬁletﬁg§??¥g5éw]s&@ﬁn gyscal e sub-images:
I'mage r eg rsectlng sub-i mage
boundar iles, mnag;e mmnsttalhﬂmngsmhﬂersen&gyswtegmag@ouaddries,
iii) holes i ' A regions, and d)
reasserrb'?e thrngS %‘“{ ér/rrﬁéglg'ﬁaggggg'bﬁ%%ﬁgry i mage. 20.
Appar at i) acdwoiasiingelatively laigmirb2ge legiast end sed i n t hat
t he,co I ) Iatlvely smal |
[ ed&e ?Egé%;egﬁbt%eotha Bq'% oung> %S'Qéﬁ't'mggue and to set
hol e plxels in relatlvely | arger inmage regions to a
nor}ﬁp&%lrﬁu n?&%r&n‘??' t%n.CI fnxellz cﬂ%r‘é%ter%&d ﬁ?orméit e cfomaputer is
of t or use hi's gl cal ‘assessnent nuc r
pl ewogreptmerhto set relatively smaII |mage regions to a background pixel value and

to set hole pixels in relatively larger image regions to a non-hole image region

pixel value.

Computer software for use in histological assessment of nuclear pleomorphism
and having instructions for cdntrolling a computer to identify image regions
potentially corresponding to cell nuclei in histélogicél image data, characterised in
that the software also has instructions for controlling a computer to threshold the
image data to render it binary, determine perimeters and areas of identified image
regions, calculating, image region shape factors from the perimeters and éreas

and assess pleomorphism from the shape factors’ statistical parameters.

Computer software according to Claim 21 characterised in that the shape factors’
statistical parameters comprise at least one of their mean, weighted mean,
median, mode, maximum and minimum.

Computer software according to Claim 21 characterised in that it has instructions
for controlling a computer to threshold the imaged data using Otsu thresholding.



and having instructions for controlling a conputer to
identify imge regions potentially corresponding to

wa@edos/omeed ei i n histol ogical image data, charaPCEGB3@d/004910

24.

25.

27.

28.

in that the software' also has instructions for
controlling a conputer to threshold the inmage data to
render it binary, determ ne'gerineters and areas of
identified i mage regions, calculating, inmage region

shapsmb@et Séiswdre ARLSAMgRE CIARE B EhaBsteAsRAR thaifihas instructions
assess F‘l eonor phi sm from the shape factors'
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of iEKRlivehpan, mpdpigia @d"%@‘fpe"tl’i‘@ﬁr an, node, naxi num

and m ni num 23. Corrputer sof t war e accordi ng to CI aim
éharacterl sed in th it has instructions

con

COPYEh OIS RRREING B AAFChIRTeRES s hgast iags nstructions

usi fag cGNtRinghY @shAieh t8g. WO 2004/ 046994
PCT/ GB2003/ 004910 15 24. Conputer software according

to @ ai magteroingreadeerifader Snfor Amimage frgion prientiady Foiesponding
for controlling a conput er to 2et2erm ne pI eonDr phi sm

? g \?ﬁletn ﬂtgrae ltcgi hv(ﬁLﬂs gn %h bgl ) = oﬁ\t tehvgﬁesrg ﬁétgﬁtng’i is image

relatively | ow, m)derat e or high respecti veI y 25.
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hat j

Ut erth%esﬂglg)é E{Tc'etaélrjﬁ%tahg qgctglr gpef%?) :{ ?l If 'gﬂ%g? reaq]ons potentlally
' rrage r e&r%%@r%ﬁ% d @élll riugfe? 6§ ess Pg%'k Iﬁ? 2 3%?' rlnoderate

nucl eus @i ve on ta

i mage I QI @g(ﬁ teg and A |s i mage region ar ea,
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Co ﬁt@?)trj’qe? g%g@%{;%&@%ﬂs Eﬁalgnozpchargnct%gisec ar’tﬁa’c lte Fas instructions

Afor controlling a computer so that before thresholding the image data to render it
binary such computer will transform colour image data into greyscale image data
with improved image definition compared to an individual red green or blue plane
in colour image data, and subsequently such computer will implement

thresholding of the image data using the greyscale image data.

Computer software according to Claim 26 characterised in that it has instructions
for controlling a computer to transform colour image data into greyscale image
data by PCA in which the greyscale image data is a first principal component.

Computer software according to Claim 27 characterised in that it has instructions

for controlling a computer to:

a) transform colour image data into greyscale image data by decomposing
colour image data into a set of sub-images each of which overlaps half of
each of its neighbours,

b) implement PCA for each sub-image,

c) remove from each sub-image:
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the image data to render it binary such conputer w ||
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29.

with inproved i mage definition conpared to an

i ndi vidual red green or blue plane in colour inmge
data, and subsequently such conputer wi Il inplenent
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i mage data. 27. Conputer sof®ware according to Caim
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characterised in that it has instructions for
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sub-i mage: WO 2004/ 046994 PCT/ GB2003/ 004910 16 i) ,
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bOGQ@@ﬁF&éhﬁMé) unsui tably small i nmage regions, and

iii) holes in relatively large i mage regions, and d)
reassenbling the sub-inmages into a binary inmge. 29.
Comput er software according to Caim 21 characterised
inthat it includes instructions for setting

relatively small inmage regions to a background pixe

value and for setting hole pixels in relatively

| arger inmage regions to a non-hole inmage region pixe

val ue.



