Original IHC image stained with DAB and Haematoxylin

1) Separate DAB from Haematoxylin
DAB (Brown) Haematoxylin (Blue)
- -

4) Segmentation of DAB
negative nuclear patterns

2) Segmentation of DAB
positive nuclear patterns

5) Discard non-tumour
negative patterns

6) Assessment of final percentage of DAB positive tumour
cells

< AR e ) 11'0’ IR ;.:' Ry
B :‘ oo Pl ‘ ;-'.‘ '2\‘; '- » ?:";.‘3'&‘-_01,'

y

) t. o
' '4', ) 3 .,' * 3 ‘.‘\--g'.
5 & é . . a1
! ’ Towd b, 04N R AN A N b BN
LR ) wofdly o ot » e Ao ‘_54,; Y ’_' >3,
A
) y \".". i
% Y
| ?Pa: l. MO V~ s ~|‘_‘ A ¥ 1"" :n - 4 |. les 6~ FpR "_." i
; SV s e z AS ".; S e ey
Y VY WO St ; 2 MRS
(i} 4 .
. . ¢ . A
i A L IR NS Ve ey I8 At oA .\» '
AR At 1Y »
o \ A / -y
/ i Y
i) . * /) 3 o 22 | ) ¥
S el &5 LB
2 s L
. . ;h".‘ . "'& : ‘."_'v :u’k» ..,n"
f- A‘J AR -! =X ms. 245, e
' ' ﬂ .\. e »f w' S‘ R IRSS * o ',A
. ' 4 ‘ L SR AN 4
TR

1
= - -i‘v
- - 1
*'. s p (
. ) ’
e 0 /
"} .
g

Figure 1



1) Separation of DAB from 2) Segmentation of all nuclear
Haematoxylin patterns

Representative DAB negative and Convert image from RGB to CIE LUV
uniform colour space and then convert

positive tumour patterns are selected and

converted into LUV colour space the L channel to gray level

9 A 4

Adjust contrast of the gray level
representation above

Mean L levels for each pattern are
computed based on the images selected

above '

Apply mean shift segmentation to
separate nuclear staining from
background cytoplasmic staining

Based on the thresholds defined above
DAB is separated from Haematoxylin

9 9

.

Tissue is separated from slide
background using a set of RGB
thresholds optimised for IHC and the

Aperio scanner 'y

. Adjust contrast of the gray level
representation above

Extract gray level values of pixels
isolated above

4 A
RGB values of Haematoxylin positive
pixels are converted in the HSV colour
space to separate connective tissue from
nuclear negative staining

Apply watershed segmentation to identify
) all nuclei

\

Figure 2



Al)

2)

3)

Figu

Extraction of DAB positive nuclei and their morphological and spatial properties
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Find for each DAB positive nuclei :
- X, Y position in the image
- Area

\_- 1 he small and big axis of the outbound ellipse »
Measure the distance between each nuclei and its neighbours
Nuclei-to-nuclei distances are clustered in two groups:
- Distances of nuclei belonging to nuclei part of the same tumour gland (cluster D1)

- Distances of isolated nuclei or nuclei part of different tumour glands (cluster D2) .

«

Eldentify nuclei part of cluster D1 and discard nuclei in cluster D2

_

«

From the nuclei identified above, the following features are extracted:

Mean area (MAP), mean length of small and big axis, mean (MDN) and max nuclei-to-nuclei distance,
total number of nuclei and mean intensity of DAB positive nuclei
== Small diameter of outbound
ellipse
=== Bjg diameter of outbound
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Extraction of DAB tum

or negative nuclei

- \ o o -
A For each DAB negative nuclei find: f Nuclei-to-nuclei distances are clustered intwo )
- X, Y position in the image groups- . .
1) i A'rea - Cluster D1, distances of nuclei close to each
. . . other (tumour patterns)
- The small and big axis of the outbound ellipse : .
\ y - Cluster D2, distances of nuclei far from each

«

Find the negative DAB nuclei area standard
deviation (STD)

3)

«

Lother ¥

- Nuclel be onging to clusier D1 are discaraed \
- In Cluster D2, distances of nuclei far from each
other are measured

- In cluster D1, nuclei with nuclei-to-nuclei

2) Discard all DAB negative nuclei with an area
smaller then 2*STD as being either lymphocytes or
connective tissue

Ldistance > MDN are discarded

$

«

Discard all DAB negative nuclei with area bigger

Measure the frequency of appearance for each
nuclei-to-nuclei distance, STD_F

then MAP+2*STD as being image artifacts

@

a

Measure nuclei-to-nuclei distance of

Discard nuclei with nuclei-to-nuclei distance
frequency < 2*STD_F

remaining nuclei
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Figure 4



