1 Histol ogical Assessnment of Nuclear Pl eonorphism This invention relates to
a nethod, an apparatus and a conputer programfor histological assessnent
of nuclear pleonmorphism it is particularly (although not exclusively)

rel evant to assessnent of histol ogical imges to provide clinical

I nformati on 5 on cancers such as breast cancer. The nethod is al so rel evant
to ot her can@é@"g'@a'gj\ssem%°5HH°'E@'rF\’)F%‘ﬁP"PB¥§Hber as well as breast cancer.
Breast cancer is a common form of fermale cancer, and it occurs also in the
mal e al beit | esser extent: once a |esion indicative of breast cancer

has been det géiﬁelﬂ“’e‘?ti@su@ate§a??plae§"e&hqg t 2k ARPATAIS BRA; AeOTBRUtgr program for

hi st opat hol oglisgdiodical esdsabdrhédt of d1ué&55$léom6@h|BMOGBQ§l BarBfladty qaitHbRgh mdtan.
However, pathol ogical analysis of tissue sanples is a tine consum ng and

Subj ect | vo. pPYIEEN) relewant io pesessmenteidistolaRalimapas ierowie i InfagRation;

can be char agh@ahssd sbvh h@%@éh%t%hﬁé&?' ?ﬁe et evanPio biner eaniRrsS @@l es
by different observers and even the sanme observer at different tines.

For exanpl e, C?'Wiba”@lF?W@Pb‘Pﬁncé'b%%WQ‘ﬁ?%b@@@eC@@Fﬁ'g i mges of the sanme tissue
sampl es may give different 15 opinions for a nunber of the images. Different

opinions may_arise in as many as 30%of the inmages. The problemis
exacer bat ed” B{Easke@cshismerepmon farm BBW%(PQ%Febfa"gdhﬁccuﬁ s dn hempele albeit

features. They g |dszePet@RE ohbe Bﬂ@%rﬁ%d@d&ﬂ@@bﬁﬁrﬁa&@cdﬁ%@ﬁ Hé@BSéH defecfehetisiear ee
of nucl ear pleonorphismto support the pathol O%Sl‘? di agnosi s and the

patient's tr8aPEgRtare2takemcanst @%fﬁt”eﬂ nie i histe gt stog eftablidy aoplagn03|s
hi stol oghgal Fb@ﬁﬁf§ %Httrégtm@h'tcblgﬁrHoﬂb\?é?nﬁétﬂglb lb%(nélﬁﬁis‘bf ftl¥éd%gsérﬁﬁ9f is a

regl ons pOt entra y Ccor raenssfondl ng to cel nucl t ol ogl cal our
i mage data, tiMe qoEsWOND] glehjerdive rnf@@qgar &tqrntaglsunf@rmetapgn@f !mageq Pahumenni ng

the i st ol ookfigly &l nd ARGRAHANSHMSICREH BbEerlaAE of Heisiiht BambBREGY O

i mage definifion conpared to an 1’'n red reen or blue ane
col our i magediffatent objervers @nt siven by thehsarge eps&m&reatuchﬂegewtdmeﬁ For exampie two

binary, c) dgkerm %PQ&/Q.%VA&EE@E& lrﬁ%ge gnfef?'@ A ﬂ?é?}ei Ldrfifled ;ﬁ%gﬁ%.cs%;@?an in

the binary greyscale ina 1% Ing 1 mage
factors fi Oerp!thp&JTIE"B.II‘dDEB' ol ttek inmagaes. RifierenBdpiniose sl rayspireammaph as 30%rafm

the shape faﬁlteo{n?algeﬁf[ %gsériaglg#n %aé)?a%%};b%liesd by heterogeneity, i.e. complexity of some

tissue sample features.

There is a need to provide an objective measurement of the degree of nuclear
pleomorphism to support the pathologist’s diagnosis and the patient’s treatment.

20 The present invention provides a method of histological assessment of nuclear
pleomorphism by identifying image regions potentially corresponding to cell nuclei in
histological colour image data, the method including incorporating the steps of:

a) transforming the histological colour image data into greyscale image data with
improved image definition compared to an individual red, green or blue plane in

25 colour image data,

b) thresholding the greyscale image data to render it binary,

c) determining perimeters and areas of identified image regions, in the binary
greyscale image data, and

d) calculating image region shape factors from the perimeters and areas and

30 assessing pleomorphism from the shape factors' statistical parameters.

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

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



The invention provides the advantage that it is an objective neasurenent of
pl eonorphismto i nforma pathol ogist's diagnosis and patient treatnent. 2
The shape factors' statistical paraneters may conprise at | east one of their
mean, wei ghted nean, nedi an, node, maxi mdn and m ni rum The step of

t hreshol di ng,t he, i d data may be Oxsu threshol.ding. The step, of
nssessing pl TESPARE STy SHLHRhPREMAIEIS TR ROTRISS i3 Bl o 1ok eans

| ow, noder at geightedi rgbard atedigh, NPodd) mMéahberarid@invaam, The Sesp anthedshblathgsthape

factors is relatively |ow _.noderate or high respectively. A shape factor S
for an irrage'"?a@&fj&??a %92%58%‘!’1&’ %\Oﬁj'%rrespondi ng to a cell nucleus may be

given by S = A, where kis a constant, P is inage region perineter and A
s image region area, and.a nean shape factor .S. for a set of inmage. .regions
ot ent Lal |y UBF SBBGT ARG T PEBOTHREY a1y RS Bune, HeBmeB TN 8 el Sratei o
(1 ow, 30k<Sww, afdela1®dehighccardimgSo whelfel tHemmghn or Arediafsq el singpet factors is
pl eonor phism being relatively |ow, noderate or high respectively. The step
of transf or nfek@ivelfdowi Blogewis eahigdhotespectivelinge® ghare fastas Sr@\j@@a‘ﬂ'@gprfﬁ@'@” dat a
may be carried out by Principal Conponent Analysis (PCA) iwi ch the

Ile s

greyscale i .data i |J St Iy e . I t f. .
I denti fyi ng Pﬁggtéﬁ?ecg{%%%&gé eﬁ)t?%lrell &%é%ra%gg on%i%ﬁ%ht%'l?el I A\U’cﬁ’gler%ilﬁ's 2
hi stol ogi cal imge data includes filtering the image data to overwite

regi ons whi cﬁ;f&iﬂi‘tv Ry imAge regionaasrimeterrandaA fis imagei Tegiopraeasandiaimeenciepe not
Serting rel albi 3 el BEiRohe RRiHbewaI S RERtd Mol GllifBHal e’ O

settng il euplarglaal B 16! A hg! fouharRted IRGRL FRLGATC 8nd 520 R S,

i mage regi on pixel value.” I'nage i ons pdéten correspontin

nuclei in his4plspehGAg td PSRRIt BBNg RifativeSoW,| rhb@tatdYorigh l%gﬁé’éfi(/&%.)

I ncluding: a) dividing the imge data into oOverl appi ng sub-i nages,
applying PCA to each sub-imge to provide a respective greyscal e sub-i mage,

25 and c) remRysep diltrmstdRing’ B HidbiBgieaddiRdRage Watd NRD§rel SEHIO adeOdthi N9
or intersecting sub-inmage boundaries ) . .
may be carried out by Principal Component Analysis (PCA) in which the greyscale

image data is a first principal component.

15 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

20 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,

25 and
c) removing from the greyscale sub-images:
i} image regions touching or intersecting sub-image boundaries,
ii) unsuitably small image regions, and

iii) holes in relatively large image regions, and

30 d) reassembling the sub-images into a binary image.



1) unsuitably small image regions, and iii) holes in relatively |arge inmge
regions, and 30 d) reassenbling the sub-inages into a binary inage. 3 1In
anot her aspect, the present invention provides an apparatus for histol ogical
assessnent of nucl ear pleonorphismby identifying image regions potentially

cor respondi ng, ta.6el! agrgjlég{ e{hengn{gbﬁf ‘?rl.\%%&‘?‘ rg\ﬂ%ié’é”arg’%%ﬁra% Gor thrk?? ogical

appar at us I hcor por at rogra transtorm
hi st ol ogi cal agssisement rﬁg@uqlaana wlmm@hepscwl gdentifiyjeg dimageni rebions npetentially

; dofiniti i q \
col our 1 rmge 4EERERE fF el Alcbfich hisRaicaf CcollliSHhall. Fad? a7 BBoqrius
bi nary, c¢) dlﬂ:enpnfa’aiegpszdmmltqrmogrEMndetas of i dent ified inage regions, in

the binary m&fhgrﬁé’r?s? the%&agugélgcglso%gﬁnaé% &t ﬁm‘t‘é g egséa{i@ﬂﬁaiee (9 hape

factors fro e perinmeters an SSEess romthe
shape factors' stiatpreteddadage @efimtdrecampdred o émmﬂlveiuabmdegrtean tohblup péserin

I nvention provi desol?cﬁgj g&ﬁr oftware for use in histol ogi cal assessnent of
nucl ear pIeonDrph? 39 hg instructions for controlling 15 a conputer
to identify b)mgethrmbmirthegmysnaléahége @aialt@mdedlt b@atyo cell nuclei in

hi st ol ogi cal _col o ' re..al so_having i nsh]re;iﬁt Il ons for

| rage dat thcg softﬁ% )
controlling 8) co E'E"%'P pgnme%s PLAEAHP ?rﬁg'eﬂl"g'f’%ﬂ)egq r 2 rParlymage dat a
i nto greyscal e | ng@gschid magetdma iangr oved i mage definition conpared to an
i ndi vidual red, gr or_blue 20 .co b) threshol d
the or eyecal 8 | mogRcHREImRas fesfRrcahap fest iR AP B neufiers ABY Btsam A AREoSa
areas of identifiggombRBRm #ENARS sha fatlors stagdstical parametdrgary greyscal e
i mge data, and d? cal cuI ate |nage regl on shape factors fromthe perimeters

and areas anE'iLh S § ormr eegm t he . hape faget or a}t i stical
paraneters. Thé [ltaéPe pgﬁ‘?d’t’ %LH@Y‘ COMRHE BF Ueh"
i nventi on mayistoRigroal aéséfsemémdoffr@@teur ﬁl‘éoﬁ“@tbw and hb@ingmfst:@amdbngommhgd
aspects of t he i nvent i
a computer to |dent|fy image regions potentially corresponding to cell nuclei in
histological colour image data, the software also having instructions for controlling a
computer to :
a) transform the histological colour image data into greyscale image data with
improved image definition compared to an individual red, green or blue plane in
20 colour image data,
b) threshold the greyscale image data to render it binary,
c) determine perimeters and areas of identified image regions, calculating in the
binary greyscale image data, and
d) calculate image region shape factors from the perimeters and areas and assess

25 pleomorphism from the 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
30 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
35 accordance with the invention for use in the procedure of Figure 1.



In order that the invention mght be nore fully understood, enbodi nents
thereof will 30 now be described, by way of exanple only, with reference to
t he accompahQiMy/04e#®4wi ngs, in which: Figure 1 is a bl ockPET/AR203084916
procedure for neasuring pleonorphismto assist in fornulating diagnosis and
treatnment; and Figure 2 is a bl ock diagramshow ng in nore detail

pl eonor phi sm feature detection in 35 accprdance with the invention for use
in the procedure of Figure 1. WD 2004/ 046994 PCT/ GB2003/ 004910 4 A
procedure 10 for the assessment of tissue sanples in the form of

hi st opat hol Agereeedureipder thef assesemaaineidissie sa@plesdadhe farms plobistopathplogisak 1.

Thi s draw ngyddsl E?%h%@aé%f"ﬂ?é%‘?%s%é Céhgﬁﬁaiﬁuﬁ uPeegr. eﬁmie‘ﬂgr&\hﬁg”ﬂﬁ&%&“ for
use in assessnment of patien condi t1on. he priocedure enprFoys a

dat abase 12progesess Whichro¢assirelidggteesefcpleoragrehigan for usit iai arsdssmenh of patient

hi st ol ogi cal:oﬁdi{i&es as wll be described later. Sections are taken (cut)
from breast tissue sanples (biopsies) and placed on respective slides.
Slides are stained using the staining agent haenptoxylin & eosin (H&E). H&E

is a very c .0 fpr I peal.] tkssye: an Jul ar...

Ti ssue stai ;rggo %oéiﬂ[ﬁéoﬁg m&i@é ?o@éa{éé%gsHé’l%%ﬁe@ﬁ@?%h#s#m%?{:ﬁg% ata

pl eonor phi swobiained fromabistodogicel slidescmsgwilt be dbsarihed ddiet. iSegtions arbdgendcut) frem

nucl eus of ells within.tissu narJymal  t.iss Il nuclei. have a
Foqui ar st r RIS desufsqriie BlpPare At pgbly 08 Phhenild Siien, Klives 8 sfing?

Cﬁ| S cag besiagehd atatning ageht Hasmegxyir &lyaosina(pmt). M&EHs alvmyleextrhmlrétaihifom in

shape and size. 15 ILn a prior. art manua rocedure | Di.ci an aces a

a1 e under datTieaRog, o8k, B Ban Tog, SRR TGS Sranishoding &5 i Red T H8Brdn of
it (oftap rpfg@m@higrﬁ, as a tile) for indications of the degree of

pl eonor phism This manual procedure requires a pathol ogi st subjectively to

assess unusual si:ze and shape of cell nuclei in a tissue sanple. The val ues

obt ai ned i nNuglear pBYMBIhIsHP BA MRdstremenyst degide s hvariabity i et offtiee ndflewsse in
di agnosi s. The rgr(?_ce?ls of . the inyention replaces the prior ar} subj ective

procedur e wet FHBRHr A51E pithipe tissuge &y pPEnal I“ﬁSlf%é’eﬁr’E@lﬁthg&é‘nﬁgH,ari% Ureidt a
wer e obt ai Negiist Mshapd ahQigat| whbre8e i @f cancer cells can become larger and

irregularly shaped, with a marked variation in shape and size.

15 In a prior art manual procedure, a clinician places a slide under a microscope with
magnification of 40X and examines a region of it (often referred to as a tile) for
indications of the degree of pleomorphism. This manual procedure requires a
pathologisf subjectively to assess unusual size and shape of cell nuclei in a tissue
sample. The values obtained in this way are combined to give a single measurement for

20 use in diagnosis. The process of the invention replaces the prior 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

25  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
30 pleomorphism assessment. Each of these regions is then photographed "using the



pat hol ogi st usi ng Zei ss Axi oskop m croscope with a Jenopti ks Progres 3012
digital camera. ?e data fromeach slide is a set of digital inmages

obt ai ned atw‘azm“ﬁé@P 25 magni fication of 40 (i.e. 40X |inBaF/GBI¥3HII%¢ ea) ,
each imge being an electronic equivalent of a tile. |Inmages -obtained by

ot her m croscopes and caneras can also be used. To obtain inages, a

pat hol ogi st scans the microscope over a sgfide, and at 40X nagnification

sel ects regions of the slide which appear to be nost promising in terns of
30 pl eonor phi sm assessnent. Each of these regions is then photographed using
the WO 2004m@mgnemwmmn@med 2hoiP.c AR cthise PEASHCER EF PARENTaiNTe A

anove: and JoBbsRE ifesn Il Rrihied ahelsn red c5RES deoled (6o ko 1

three col ours) red, ree intensity v ]ues are
obt ai ned f ointepaighvalussara abtaingtfer eam piyelt ip qopw;eh areayaio praxigle alsimage as a

conbi nat i one Al (?'ﬁ é zfﬂaag'?mgb@ ?H?TGSTQH’? els' s?ton%tﬁotreﬁﬂ)of'ﬁgljg{ 35 y at .

12 for 5 Ia? use. €s are r urre eonor phl 'sm neasur enmegn
process 516: latdnelser twoltiles ark rehqunﬁocplmrrmmsm mrameraicbyi mpmcassrﬂﬁstheenent

the. pl comor BREof o eReRB8 R efe RRbbalnd s sBaalien? o 41 BRLIT ="
i s carried diagndstic rqmeiat@2.t he two tiles or digitised images (raw (RGB) 10
i nput i mages) nentioned above, and will be described for one such i mage. At

a first stage 30 the raw (RGB) input inmage is separated into overl apping
wi ndows of BeteginglrkextbFBgyrea; tha pleomerpbismieativeletedtini prebessoliisishpwairt h 64

pi xel s of r e b I n hortz rtical
G recti ons. BB oalfip BEHH b i, B HER 0 bigs P aiiegh VESEasP Ui
128x 1281a)veinbaudmaggs)\mmﬁmned aboves andadrbe/\dmbedﬁaronersuapsndgml ft afiirgtach of
|ts row and coI iygﬂ@% To each win g % rdbferfredto as
"Principal ©8% igput d W'S@PW@ mf’cf@’\? aRR! ¥y 9T §"2€ appli ed:
PCA is ast ammcnda mbheﬁfédchahn&mfmlm srsiap mhmcemxe]@bi iepéctie, ' Princi pal
Oorrponent Anal ysi s, gbi‘rlesm stat|S|cs gdg ger Verla 1986
It is also %I@@'B%M"&P 5 ReBmosizental a"ﬁ!‘@é‘&ﬂ difactians. §op KEpls aF“
Conponent s’ of mhﬂsa/\hbmu gfe2D3:8085 of 195428 RRerapping WIRdows: tAus, reaaﬁwcmt i on
into a donmain or ?resentatlon in which data is nore eaS|Iy
15 overlaps hal of each of its row and column neighbours. To each window a technique
referred to as "Principal Component Analysis™ (PCA, Karhunen-Loeve Transform) is
applied. PCA is a-standard mathematical technique described by Jollie 1.T., ‘Principal
Component Analysis’, Springer series in statistics, Springer Verlag, 1986. It is also
described by Jackson J.E., ‘A User Guide to Principal Components’, John Wiley &

20  Sons, 1991, pp 1-25.

PCA is a transformation into a domain or répresentation in which data is more easily
exploited or understood (e.g. separable or classified into different classes or
categories). Itis a standard mathematical technique for transforming a set of (possibly)
correlated variables into a smaller number of uncorrelated variables calied principal

25  components. The principal compoﬁents are associated with respective eigenvalues: a
first principal component has the largest sigenvalue 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

300 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.



expl oited or understood (e.g. separable or classified into different classes
or categories). It is a standard mathematical technique for transformng a
set of (po3¥Q HI0YN469%brrel ated variables into a smaller nuRBEEBH03/004910
uncorrel ated variabl es called principal 25 conponents. The princi pal
conponents are associated with respective eigenvalues: a first principal
conponent has the | argest eigenval ue and agcounts for as much of the

vari abl es' variability as possible conpared to -other principal conponents.
In this first_ principal conponent, image definition, contrast and

char act eri st iT@ereaane qthgstapsiermatonsdaealysinterhniaies orfitlerm) ghigh eqwidalsabeol our

but ol tor nat Foeiy e ich Ao EnartlcrRiENE inaes of Rt hfler, Uolofifda”. |
be used and whgiactedsisticsy preaps. ariancds attdn differege ways)ublsurab networkstadaptive
di ff t. 4 0049 . .
t Ir an 21[ gp mat Y@ﬁ@%ﬁé}g?@gﬁ?%eﬁg%ﬁﬁégg glleoeﬂéq 'i:]ﬁ%tdé(? éﬂa\%ﬁ\%(@#@c&%%%g?@g“%%s' used,
and whi ch have particular characteristics (e.g. linear or non-Ilinear,

Loiti g . Usiios. : - 0 i _
Neur al  nofupr i) ANSReR EREUBINGCS: oBRRRee RERE oy, JoF 1B biPhBles BT
i mpl enent  suciganvestefsoThaimagesis ewRtatechaobaing arahgad as andNx3 rozivigriieahadng

matri x and sql vin I1s_gi al.u ej vect . 1he | IS _Nnow
reated as bal HheR R kee nBnds B Flt Bl SN Ricton S8 saPert o
pl anes (R GfamntlidBjor it$ heatboslamientsds;; asfollows:i s cal cul ated using a fornul a
for its matrix elenments C, as follows: E\xk JUAYK -,uy J G,i = kd N1 (1)
lo where G f is the covariance of variable i with variable j, xi, and yk are
the ith and jth gfture’ al uesyof the kth object, gx is the nean of all N
val ues of xk, y i, ,the Keah o#yall N values of yk. The covariance matrix is
3x3 and PCA ydjiglzdéfl-t-b;‘rie%ed—ge-m/-ectors: the eigenvectors are treated{1ias a
3x3 matrix, which is udédlto nultiply the transpose of the Nx3 inmage matrix
to produce a product matrix. The product matrix has an Nx1 first 15 colum
which is the first principal conponent, which nmay be considered as the nost

i npor t antl0c opwne y isithe jcovanance stpigriable /withhvariablerd ¥ aneh X ajertbalieandajif i t

provi des  a_Qegynlifes il RRRidcR)E it Fheattr 4l N Qiug@6H Ok, N b Hidhfi br 4 t

a maxi mum r ange
N values of y,. The covariance matrix is 3x3 and PCA yields three eigenvectors: the

eigenvectors are treated as a 3x3 matrix, which is used to multiply the transpose of the
Nx3 image matrix to produce a product matrix. The product matrix has an Nx1 first

15  column which is the first principal component, which may be considered as the most
important component:' it is the component with the maximum eigenvalue, and it provides
a greyscale sub-image (one pixel value 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

20 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—irriage
resulting from 30 to transform it into a respective binary sub-image. Otsu is a standard

25  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 to between-class variance: i.e. the higher the variance between classes

the better the separation. Otsu is a particularly preferred thresholding technique. in the

30 present example the two classes are a below-threshold ¢lass (pixel value 0) and an



I nformati on conpared to equival ents associated with other conponents. PCA
therefore ‘Broduces nonochromati ¢ or greyscale imge data. It is carried out
for each ofWPRMA46Yéer| appi ng wi ndows defined above, andPEEEB2PIPIIILs a
respective first principal conponent and greyscal e sub-i mage of size
128x128 pixels. At 32, a thresholding technique referred to as "Qtsu" is
applied to each sub-image resulting from to transformlIt into a
respective binary sub- inage Qsu is a standard 25 threshol ding techni que
publ i shed by QOsu N, "Athresholding selection nmethod fromgrey |evel

hi st ogr ans' a@&tm@h@d@@e&w@ Valie &Y Op0 £91Rk tthiesholoipD . canverts zach g5eeealg6.
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PCT/ GB200%F 00H8Hmay hatmheles [ pixehalub G)mhthsm (pl xel value 11, so OsU

threstiddi-ng converts each greyscal sub-inage to a binary sub-inage

containing a set of blobs: here blobs are inmage regions (objects in the
i mge) each oAt @iafitblolss that deypbcdr are igieoegotenf bynstib<dinbge boundarmsoare rpmoedc

al | having valu and W] Udd s ondi t.o a cell u
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ar gl i Bt er sectmt:kb;ol.mdlmtemgmebdihladgrblgeaJsartmundameedmeetlﬂ'@bB)bSIﬁroduceamwlthbﬁgl
a bl ob neets isr ve its pixels_to a un
pi xel val ue. qﬁ"%@éﬁﬁ%é’"%%ﬁﬁ%ﬁ"és"“é ’%g sla&?f' -oBGeaYSg 91 §4 lijgli"“flgfay
strai ght W obomiaFSa\Mmbc\hh@nra bare pErth ifashenithage SHay Sppédranholias ans@epbub-
sub-image 10 overl ap, I ch agpears partly in one image nmay appear

whol Iy in anoﬂ?@ﬁ%‘@tﬁm?ﬂﬁ@@cﬁﬁ%ﬁr OPls not necessarily lost. At 36 the

sub-inmages from 34 are inverted (pixel value 0 changes to 1 and vice versa)

and connected,c one | abel | in d to renpove hol n bl Qb
oL 1 o koS8 S mages iR ot BiE Ve (RBh AR scHEBagS o8 2 vide Ve
col ouring") 151@@@1de&féﬁ¢ohipoﬁémtlél§bllﬁ?}g (om;om,eé b@t&remoddam@mlblws C[DEQ@&

Proce55| ng Operators', John Wley & Sons, and Rosenfeld A, Kak A

‘Digital Pi ctW"Pr‘%‘@é%sP"t‘P@ess'%ltgc}‘m%e&(@mﬁ@éﬁfeﬁ?@"ﬁﬁﬂe&% a?\IeWRYOP‘PJO'"!f@QZ
CCL gives; 9 reuhekdd ¥ KI@_#P@'FLI 2afpeiontll PUPHAAdbook of Image Processing Operators’,

John Wiley & Sons, 1998, and Rosenfeld A., Kak A.C., ‘Digital Picture Processing’, vols.

1 & 2, Academic Press, New York, 1982. CCL gives a respective label to each group of

contiguous pixels of pixal value 1. Because of the in\'Jersion, areas of pixel value 1 which

are labelled in CCL are now holes within blobs together with background pixels. Holes
20 within each blob are now removed (filled) by setting their pixels to the value of other '

pixels of the blob. Background pixels are left unchanged.

At 38, the sub-images from 36 are inverted once more and CCL is applied again: due to

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

25  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 least 400 pixels are accepied for further

- processing as set of Iabe[led blobs. CCL also gives for each remaining blob its

30 perimeter Pand area A in number of pixels in each case.



contiguous pixels of pixel value 1. Because of the inversion, areas of pixel
value 1 which are labelled in CCL are now holes within blobs together with
backgr ound YO8P4046994| es 20 wit hi n each bl ob are now r enpPEF/GBAHIWAI10hy
setting their pixels to the value of other pixels of the blob. Background
pi xel s are | eft unchanged. At 38, the sub-inmages from 36 are inverted once
nore and CCL is applied again: due to thisgsecond inversion, areas |abelled
by CCL are now filled blobs within each sub-image. CCL has a facility for
renoval of blobs with areas snaller than a user-defined m ninmum 25 area
threshold. In this exanple, using 40X magnification, the m nimum area
threshold in this exanple is 400 pixels: all blobs wth areas |ess than 400
pixels are therefore rejected and nerged into the background by setting

t hei r pi xel Aftes stegssdi0gtoolth @aghisub-imagg is cearsdfinwgniacbemalhblobsaalk rmainingt

| east 400 pi . f ; eSSy : I

bl obs. oL s lebeRfiRBl 86 ortve ttlos i Bt EPnAE BRsiSFlr dheig AN &
i n nunber ofaligha eameivalueatite advaptage®f 26Qes G036 88 iPOa! BRY RooVidogstal filringt er
stages 3Q t 8. 2l ' . 0 t . JDl.ohs: ‘
Femai ni ng L0 S iR el pehiiBler Mt BRERT L 1 poft, or
consi st of pEubsbguanhiprocessing. Btcht filteripgnis netl essentifle badtaist hglpfulftosralpyes 30
to 38 is that the royide spatial filtering 5 but do not appreciably affect
peri nmeter stPa{B}éess%]p%é‘Ir%%'s, which is, inportant for subsequent processing.
Such filtering is not essential but it is helpful to reduce processing

oinary 1 magett 40 S I BRARS Rt Rl L oRSodihied SR8 Sy Bl e

(RGB) input themge, biamg imhge hastthe samerdize hé ofis otigingl raiv (RGB) mpekinses, and
subsequent pl epnor phi ocessing. Stepns 30 to 40 are £-processi ng steps
wht o i cltne FEep R BTy BPbR raH SHe Fhorsiarn sipssonant PSP PRER PRARRING rage.
each of these bl obs should now correspond to a cell nucleus. At 42 a
statistical @analysis,.s.applied. A shape factor .S = i al cul.at.ed for .each
bl ob ~f rom 108" B0 4088 B arRtpss P ARCHUER . ool o ittus i a1
be a nul ti plrawqRGH) inkut ikt bach offthdsansiolss shoutd hiow berrespovd o aell naclduntaber
functions of P and A could be used to indicate shape. The value of S

| Ncreases ""'izh a 'sTatisHcal 'aplgly'sié s QH}:IJI%rd! }Aysh%];)e %881’ g'h:a%é-’ is ct:alculated for each blob

from biocb perimeter P and area A obtained in CCL at 38. § could also be a multiple or

P? . .
15 fraction of T were this to be convenient, and other functions of P and A could be used

to indicate shape. The value of S increases with increasing irregularity of blob shape, it

is 4n (~12.57) for a perfect circle. A mean value S,, of S is calculated for the complete

image by adding the S values of all blobs in the image togsther and dividing by their

number. S, is thresholded to derive a measure of the pleomorphism of the original raw
20 (RGB) input image: S, thresholds were derived from an analysis of a test set of 200
pleomorphism images. There are three threshdld categories, S, < 30 (low), 30<S5,<

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

2
tabulated below. These threshoids are for § = %: other shape factor expressions may

need different thresholds. -



is Or (-12.57) for a perfect circle. A nean value Smof Sis calculated for
the conpl ete e by adding the S values of all blobs in the inage
t oget her anfj® &PW‘@P?’? 4 by their nunber. S. is threshol dedPFEfQ}E-’P?W“%“
measure of the pleonorphismof the original raw 20 (RGB) input inmage: Sm
t hreshol ds were derived froman analysis of a test set of 200 pl eonorphirsm
i mages. There are three threshold categorias, S. 5 30 (low), 30 <Snb 35
(rmoderate) and Sm > 35 (high) with pleonorphismscores 1, 2 and 3
respectively as 2 tabul ated bel ow. These thresholds are for 'S = A : other
shape factor expressions may need different thresholds. W 2004/ 046994
PCT/ GB2003/ 004910—9 Sm _: Mean Value.of Bl oh Pleanorphi sm Shape Factor
Score Low, S. 53Q 1 S i gh, Sm> 353 2 For S =,
where k is a cons 9 hk%evﬁ€gfe§ltg egﬁg?@érc@{sggjl es beconme S. 30k A 1;.
(low), 30k <Sm < 35k (omeRriickr and (Sm > Smxee (high). S. may be cal cul ated by
ot her procedures. 1t mght si rmlv bhg the median off an odd 5 nunber of
values of S, or the avq;v@gse tvvo gentral qval ues|of an even nunber of

Possi

values of S. It ijs alsO eto use the maxi mym or m ni num of a series
of values of S, prwtha |arge|y Tgte nmode dirgtri buti on of val ues of S,
t he node val ue. HoWdadarate, Bhks, w38 |af f ect 2t hreshgl ds. A wei ghted nean
Si,,,,, could be [calcul ated by mlltlnIV|n_g each_ vyalue of S by a

wei ght -factor wi, addll_ﬂ %aﬂh v% ghtgd 'val ugs and dividing their sumby 10
the sum of the wel ghts; wel ght \woul d indicate the probability of the
associ ated blob or ceft—nucteus giving a reriapre indication of

pl eonor phism i.e. Evvizs, S. =1(2) W ‘

For =—A—, where & is a constant, the three threshold categories become §,, <30k

(low), 30k < S, < 35k (moderate) and S,, > 35k (high).

S,, may be calculated by other procedures. 1t might simply be the median of an odd

5 number of values of S, or the average of two central values of an even number of
values of §. 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 welghted mean S, could be calculated by multiplying each
value of S by a weight.factor w;, adding the v(reighted Qa!ues and dividing their sum by

10 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.

Zwr
EW: 2)

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 -
15 mean, weighted mean, median, mode, maximum and minimum may all be used

individually. | | |



The above di scussion shows that there are a nunber of ways an overall shape
factor can be determned fromthe statistical characteristics of a set of
shape fact oVQ20M#46%¥heir 15 nean, wei ghted nean, nedi an, PROGB20REM4Mm and
m nimum may all be used individually. WO 2004/ 046994 PCT/ GB2003/004910 10
At 20 the score for the nucl ear pleonorphi sm nmeasurenent has a value 1, 2 or
3 and a respective score is obtained for g¢gch of the input tiles. The

maxi nrum of these two scores is taken as the overall pleonorphi smscore.
Measur enent of Nucl ear Meaning Points Pleonorphism M nimal increase in size

and vari ati osy 2gthbacbr1e? mbaﬁzc@aﬂp@bmrmnmﬁfmureﬁ@nk has alvalue 1,-2or Jandlcl ei
are relatively small and uniformin Moderate Variation NModerate

i ncrease andebRAdte seere; i taiped foraﬂ%Phsﬂfaﬁ@ RPuhtless The raaximum ef thepa twaq
Vari ation Magdegsd |¥?&[Ideﬁtab‘?ﬁb bvergil 5|goﬁagbh§ﬂ§§&rg\n th 3 vesicular nuclei. 5 The
measur enent of nucl ear pl eonorphi smmy be conbined with others obtained for
mtosis and tubul es by dlfferent nmet hods to derive an overall grading
referred to in nedicine as a "Bl oomand R chardson gradi ng" or nodified
versi ons 0f4 s gragi g Tt TS| usSed Dy THTicrans as_a NMeEaspr e of_canger
status. io. Hﬁemamleatothuelaar the foregoMegnttegscri ption fof c&oinbsati|ng
results canjcl ea hé/ val uat ¢d by an appropriate conputer program on |a
carrier medijum a? %ﬂr?hﬁ on al conventional conputer systerr Such a
programis gtraightforward for Ip@kﬂled Dragr anmer tq eTent w t hout

requiring ijvention because t he |pH5iBAjAcEease 1 siggignd vaRalei inghd i ¢ Wi 1l
therefore ngt be de¥Bi¥Bed furt esize 3mpardl Mbnormal cell nuclei, Le.

nuclei are relatively small and uniform in
size.

Moderate Variation Moderate increase and variation in size 5

and shape with.vesicular nuclei.

Markad 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 because the procedures are well
known, and it will therefore not be described further.

15



1 A nethod of histological assessnent of nucl ear pleonorphismby identifying
| mge regions potentially corresponding to cell nuclei in histol ogical

colour image data, the nmethod incorporating the steps of: a) transform ng

t he histol ogical colour inmage data into greyscale image data wth inproved
i mage definition conpared to an individubl red, green or blue plane in

col our i mdelAlMSa, b) threshol ding the greyscale i mage data to render it
binary, c) determining perineters and areas of identified inmage regions in
the binary greyscale inmage data, and d) cal cul ating i nage regi on shape

factors fr th ' r Al [N |, Si t he
Shape factors: & Bt et aBgic8) S&Rsaeht, B R0 "Ble B SRFRGP B Fphir)
wher ei n t he shap®agecegiens patentially coreepopding taecall ryclat anfpstiogicat cdlerdmageme of

their nean, wei %\rﬁ% | ; k.rum and mninum 3. A nethod
according to C g:lmrtr%clih eﬁhgidn %g&g't'@ﬂg?te{ag)r&gshol ding the greyscale image
data is O su thrasholtdinstprming the histdlegica coloutimagetdatZinid greysodieimage dde st ep
of assessi ng pl eonor ghi,s ) ne ' a |: t] | ow,
moder at o or hy gh accal P BsR derhiogR TR an MG P ki b
factors is rel ativel wllopaneodmiar énage datagh respectively. 5. A nethod

according to Cl gi\m4 Iy ) tor for_an | e region z
potentially corﬁ%spo&ﬁgﬁéaglﬁg?ecgﬁ%pgﬁ?&ms q%ga t&ire'%%er {B} kA , Where k is
a constant, P iy i nmagptermirgng penireetersedrel areaglofAdérgifiedimage egioos iratheasinaaynd a
mean shape factor S._for _a.set aqf inege regions potentially corresponding
to cell nuclei is't 3%%8%(@893@3@: a'l‘f 30k (low), 30k <Sm < 35k (noderate)
and S. > 35k (hidyh) camufatingimaljerggion shbpe fastqpé frem the padmetersaiand alegs boay,
noderate or high respect i.vel%. 6. . A rTFt hﬂ(}jﬁj%ccordi n ,ttot.g a]i m 1 %xgerei n the
step of transform ng The SSRIGPYGPLEM TR R FaPRiEdoR 3t AR PABGE Rl o
I mge data is carried out by Principal 12

2, A method according to Claim 1 wherein the shape factors' statistical parameters

comprise at least one of their mean, weighted mean, median, mode, maximum

and minimum.

3. A method according to Claim 1 wherein the step of thresholding the greyscale
image data is Otsu thresholding.

4, A method according to Claim 1 wherein the step of assessing pleomorphism
determines pleomorphism as being relatively low, moderate or high according to
whether the mean or median of the shape factors is relatively low, moderate or

high respectively.

5. A method according to Claim 4 wherein a shape factor S for an image region

2
potentially corresponding to a cell nucleus is given by S = 7 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 <SS, < 35k (moderate) and S, > 35k (high)

corresponding to pleomorphism being relatively low, moderate or high

respectively.

6. A method according to Claim 1 wherein the step of transforming the histological
colour image data into greyscale image data is carried out by Principal



Component Analysis (PCA) in which the greyscale inage data is a first
principal conponent. 7. A nmethod according to Caim6 wherein the step of
transform ng the histological colour inmage data into greyscal e i nage data
is carried out by deconposing colour inmage data into a set of sub-inages
each of which overlaps half of each of 12s neighbours, and by inplenenting
PCA for each sulGomparent Analysit PGB} inoshictathecgreyssialediemgeatabey isnayfifst primaizet h
sub-i nmage regi OQ%nﬂ)tonéMb'i mage edges potentially corresponding to cell
nuclei. 8. A net according to Caim1 wherein the step of identifying

I mge regions potentially corresponding to cell nuclei in histological

i mage dat a 1.ncl udeethdd aesefding to Glaim Gewfereinitbe stepaf drapsforrsingdbe distolagidath ar e
not of interest I e o) r ffect
"mage rogi on' per'bRkt arlot e iBreRieRC ol it G burBY REOFRNG 0t
overw iting regictirishagshdata into acet off subrimegeseadhnafiwhieisovegtaps hyf olgaghiofel y
smal | i mage reg'.&'ﬁe néﬁrfboﬂrsb%ﬁﬁ%’gf’#@i’eme‘}{tm&'P(}’ﬁ#o‘ﬂ%a%ﬂ%uﬁﬁﬁqgg@,ga%"!hﬁ tf\SéS '
relatively | arger egl on a non®hol e ~ifmage reglron pixe

A met hod accor dlaisy umI:ILLdeal renovivge fioim eable sitbeipage regéomsi éyisng-imagegedgegl ons

potentially cor n histol ogical image data includes
dividing the i et 3’3 ggw &fqnetsg‘ﬁ@@ }° %@ rﬁalegub | mges, applying PCA to each
sub- imge to provide a respective greyscal e sub-i mage and renoving fromthe
greyscal e dub-i rageshodaciamdigg to éjaiond whereihithg step ohidentlyingi inpgsubgionsge

boundari es, n hol & ely

| arge i mage reglp%ﬂen‘flaygclroe)siﬁﬁgggEg%ﬁﬁ-wa%? Wj" 533'839%13%99%3% 'n{;in%% n#gt%b S?mage.
11. Apparatus f dhe limageldata toabvemates&gmms wifichand eatr opInterestr yding  filtering
identifying inmage re%@onsd ote tiall é Efre{fjgondi to cell nuclei in

hi st ol ogi cal col Ve bcg &3{‘3 ARkfec ?J E\alY a%?@?’&&%‘f‘?%ﬁ a conput er
programmed to: a) transformthe histol ogical colour imge data into

greyscal e i9mage Aiatemodvaid:brdlnmmmaim 8 whg&enrdthbistéﬁ bﬂnveomitmrregionswaimh are

' ndi vidual red, ot BF iht&fest mcHx%eg sett |?1g|rglaF\9eI39Ls]Fna|l |mgge reglohs to a background
pixel value and setting hole pixels in relatively larger image regions to a non-hole

image region pixel value.

10. A method according to Claim 1 wherein 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

d) reassembling the sub-images into a binary image.

11. Apparatus for histological assessment of nuclear pleomorphism by identifying
image regions potentially corresponding to cell nucleti in histological colour image
data, the apparatus incorporating a computer programmed to:

a) transform the histological colour image data into greyscale image data
with improved image definition compared to an individual red, green or
blue plane in colour image data,

b) threshold the greyscale image data to render it binary,



b) threshold the greyscale image data to render it binary, 13 c¢) determ ne
perineters and areas of identified inmage regions in the binary greyscale

i mage data, and d) cal cul ate i mage regi on shape factors fromthe perineters
and areas and assess pl eonorphismfromthe shape factors' statistical
paraneters. 12. Apparatus according to d&im 11 wherein the shape factors'
statistical parcamet alederoimpperiaectats dndaseasoofadertifiedhimnagemegions wethg btrady nean,
medi an, node, naxi Appar atus according to Claim1l
wherein the conputer s?s%rgl(')ag?rn%h%giat %'%dthr eshol d the greyscal e i nage data
usi ng G su t hreshol dicalpulate imageregan shape faotods figmttbe @krimeteislandhaeas and he
conputer is programe ' | s ely | ow,
noderate or high accoa%' %%Sgplggﬁgwgpﬁ r&h?ﬁm grggéglr)'% stgféélﬁgl(}{a ?‘%rﬁ&l’ey ape
factors is relatively | ow, noderate or h| gh respectively. 15. Apparatus
accordi ng tt2. CI Appatatusvhacerding hie caputer whereinodheansteget dactare't statistical a
shape factor I . el |
hucl ous s give rp%parﬂ%eks”@%ﬁpr s%gét?éLsEBEeeBF e Ir ea [,J %@Pe%ﬂbgﬁgrégdrugbi@%o%,
perimeter and Amaxnmnmgmdreglrmnmar ea, and the conputer is also programred to
determ ne a nean shape factor Smfor a set of inage regions potentially

co =P8 gl LS T A b TRCOSRAORE e 20

pl eonor phi sm beithgshelt #te greygcdla)wmagsmiam adimg Otsulthgsholdiegect i vel y. 16.
Appar at us accordi ng to Claim 1l wherein the conputer is programed to

Lransform tie 1 A0 ALoARON GURIS 1 IGhatel i SEREHAP! € bR ! 3 Uo N9

PCA in whic reysca Frst prin |paI
Appar at us accor dleteyminge ﬁlbammptfsnwlaeming rEMVeipriqmtmoderatepmrdgglame:ddmg.to a)

divide the i magg,gag thg@eﬁ Veirrbgé’.g gqga%?-.@pgﬁgﬁérs ®) %Igm)elly oW hddRrE P

sub-inmage to pr o
high respectively.

15.  Apparatus according to Claim 14 wherein the computer is programmed to

determine a shape factor S for an image region potentially corresponding to a

2

cell nucleus is given by S = , 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 S, > 35k (high) and to indicate
pleomorphism being relatively low, moderate or high respectively.

16. Apparatus according to Claim 11 wherein the computer is programmed to

transform the histological colour image data into greyscale image data using
PCA in which the greyscale image data is a first principal component.

17. Apparatus according to Claim 16 wherein the computer is programmed to:

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

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

c) remove from the greyscale sub-images:
i) image regions touching or intersecting sub-image boundaries,

ii) unsuitably small image regions, and



c) renove fromthe greyscale sub-inages: i) inmage regions touching or

I ntersecting sub-inage boundaries, ii) unsuitably small imge regions, and
14 iii) holes in relatively large i mage regions, and d) reassenble the
sub-inmages into a binary imge. 18. Apparatus according to Caim1ll wherein
the conmputer is programmed to set relatid4ely small inmge regions to a

background pi xel val i® ancoles i8&elativelydajgierimpge régionseded i vel y | arger i mage
regions to a nongphol e | QR iR . . nputer software for
rac)al GreaS&HfhIE FHY |FH3§@§ mﬁg@ﬁgﬁgﬁg@
y

use in histol ogi assessnent of nucFear rsm and having
instructions for controlling a conputer to identify inage regions

pot enti al | y1%&or rAessaits rgeerdingelel Claing [1d; wheteini the slooyiutes| is qup@ammedaigesadat a,
the software al : i Is : | f ' vald)
transtorm the hi Sealahaf iBaps rEd D o Gl el Dilud g RPRHoBe®) L 11y
i nproved i mage defelativellargssimageregions ima naatholedmage region pikelaalugr bl ue

pl ane in colour imge data, b) threshold the greyscale imge data to render

it binary, d ' | ' | L ' QRS 1IN
the binary Fir eycanpuel sBfia a0 tes A¥isBlobEs) HechlRbt dn Rida Rk iFAER
factors from t heansehayieg enstrugtionsa feraconiioling o eswulsrelonisieptify simage oregione

shape factors’ ﬁﬁﬁﬂtﬁl*%@e%{@g@;ﬂ gttell %cheﬁnﬁﬁfogégc}?n;&mf' ‘?mg%qa‘ig,ncﬂ?t 0

Cl ai m 19 wher ei e s ‘act ~statistica ters cohlprise a
| east one of t hesaftwarsalso wevighinstiuctioas forrpedirelling avomputentoxi mum and ni ni num

21. Conputer softwar LOg: ' rei | I | provi de
for thresnol dir) t naray rhP fstdlodddl BborimdbE cidiols el dale/bboa b
Conput er sof t war e accwithdimpgoved iDage deflritionhengianed toean individusk redrgreen ovi de f or

det er mi ni ng pl eonor phyi el I Lwely low, noderate or high according
to whether the rreanhrgg%ﬁ?ﬁa}'nédg) rt"ﬁé&ésh%tge factors is relatively | ow,

noderate or hidh restheshoidhg gregScaleinmpetdata wokhderiebiaarygor ding to C ai m 22
wherein the | nstcr)uct ié)é?érwﬁﬁé) Xérgrﬁ“etfe%rand areas of identified image regions in the binary
greyscale image data, and
d) calculate image region shape factors from the perimeters and areas and

assess pleomorphism from the shape factors' statistical parameters.

20. Computer software according to Claim 19 wherein the shape factors' statistical
parameters comprise at least one of their mean, weighted mean, median, mode,

maximum and minimum.

21.  Computer software according to Claim 19 wherein the instructions provide for
thresholding the greyscale image data using Otsu thresholding.

22, Computer software according to Claim 19 wherein the instructions provide for
determining pleomorphism as being relatively low, moderate or high according to
whether the mean or median of the shape factors is relatively low, moderate or

high respectively.

23. Computer software according to Claim 22 wherein the instructions provide for
controlling a computer to;
a) determine a shape factor S for an image region potentially corresponding

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

region perimeter and A is image region area,



controlling a conputer to: a) determ ne a shape factor S for an inage region
potentially corresponding kP2 to a cell nucleus given by S = A, where k
is a constant, Pis imge region perineter and Ais imge region area, 15
b) threshold a nean shape factor S. for a set of inage regions potentially
corresponding to cell nuclei as S. <_ 30k5(low), 30k <Sm < 35k (noderate)
and S. > 35k (hilgh), taredhold d maan ahepe faros plidrssdtedfgmage iradionepotehtially
noderate or high respectively. 24. Conputer software according to Claim?21
wherein the instructicresporaimgi®e detinuclebas 5914 80ig(law)c BdipaSek ISkhémoderate)

hi st ol ogi cal col our inmage data into greyscale imge data by PCA in which

t he greyscal e i mage dmdaS,i,e&ﬁkf(hibl apdi nci pal conponent. 25. Conputer

sof tware according to C aim 24 wherein the instructions provide for

control ling a cduput dRdiegfe PigOMarBST deinadBlabYAlY lowa Grodgeate of Wb refregiieln e

i mge data by deconposing colour image data into a set of sub-inages each

of which over | apsohghibr 8bftwsadeceiding & @%irﬂ*ﬂ%o\%érelnbﬁhe' BInGdiBAé pRiviie RF each
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sub-images into a binary i mge Conmput er software accordi ngpto daim19
wherein the instructions provide for setting relatively small inmge regions
to a backgrdund (rmRyter, softnare mecorsindsier blaify 2anwhereis thel lgswptlp@ REqWds fpr
l'arger image regiafdlihgadofpleh®):e | mage region pixel value.
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:
V) image regions touching or intersecting sub-image boundaries,
v) unsuitably small image regions, and

vi) holes in relatively large image regions, and
d) reassemble the sub-images into a binary image.

26, Computer software according to Claim 19 wherein the instructions provide for
setting relatively small image regions to a background pixel value and for setting
hole pixels in relatively larger image regions to a non-hole image region pixel
value.





