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IntroductionIntroduction

• Efficient use of whole slide imaging in 
Pathology needs automated region of 
interest (ROI) retrieval and classification

� use of image segmentation and data 
sorting tools
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AimsAims

• Illustrating the functionalities of
Spectral Analysis (SA)

for data reduction, feature classification or 
image visualization for Virtual Slide

presentation of two applications:

1. In Histology (Breast tumor)
2. In Cytohematology (Blood Smears)
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Spectral techniques principle for Spectral techniques principle for 
image database structural analysisimage database structural analysis

• Working on  “signature ” (set of data describing 
an image) of images

• Comparing “value to value ” each image 
“signature” with all those from the database 
(signatures must have identical size )

• Trying to determine a “distance ” matrix between 
all the database images by using Spectral 
Dimensionality Reduction  techniques

• Reducing the n-dimensional working space to a
2D-visualization space (� 1, � 2)

Key Words for internet search: (Laplacian eigenmaps, 
dimensionality reduction)
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Application 1Application 1
Histology: Breast TumorHistology: Breast Tumor

• The aim is to develop, for pathologists, an 
automated Computer-Aided Diagnosis (CAD) 
tool dedicated to Breast tumor investigations and 
classifications

That means: an unknown case will be compared 
to the knowledge database content in order to 
find the nearest pathologic cases
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MaterialsMaterials

• Low resolution Virtual Slides
6 µm: Nikon CoolScan 8000 ED.

• 73 images (different sizes) are included in the knowledge 
base

• 2 histological families (Benign, Malignant Carcinoma)

• 4 histological types:
– Intra Ductal Carcinoma
– Invasive Lobular Carcinoma Malignant Carcinoma
– Colloid Carcinoma
– Fibroadenoma Benign

����� ������
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MethodMethod
• A method of Spectral Analysis computation proposes to use 

the WHOLE image as signature

• Problems: 
– Image sizes are different
– Some parts of image can 

be uninformative (stroma, 
normal tissue, adipose 
cells...)

• Proposed solutions: 
– Finding the interesting 

“PATCHES” which 
describe the histological 
type at best

– Choosing an adequate size 
for “patches”: 32x32 px²



May 17 th 2008

9TH EUROPEAN CONGRESS ON TELEPATHOLOGY
3RD INTERNATIONAL CONGRESS ON VIRTUAL MICROSCOPY
m.oger@baclesse.fr

The 4 distinct classesThe 4 distinct classes

• We took only the 3 
most representative 
VS for each class(� )
� 12 VS among 73

Invasive Lobular
Carcinoma

Intra Ductal
Carcinoma

Fibroadenoma

Colloid Carcinoma
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IDC FA

ILC

CC

250 x 3 x 4 = 3000 patches kept

250 patches from each VS250 patches from each VS
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Reference graph with the 4 Reference graph with the 4 
selected typesselected types

Invasive Lobular
Carcinoma

Fibroadenoma

Colloid 
Carcinoma

Intra Ductal Carcinoma

1 cross per patch = 3000 crosses
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How can we analyseHow can we analyse
a a ““ new imagenew image ””

• 1) background removing
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• 2) Cutting in 32x32 patches
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• 3) “patches”
are projected 
on a 2D space 
(� 1, � 2)

� 1 = 0
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• 4) spectral 
analysis split the 
space in two 
areas ( � 1 = 0):
in our case = a 
separation between 
stroma and epithelial 
zones

Stroma Epithelial zones

� 1 = 0
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Visual control

• 5) segmentation 
by spectral 
analysis :
patches 
corresponding to 
stroma (Green) are 
removed, epithelial 
zones (Purple) are 
kept



May 17 th 2008

9TH EUROPEAN CONGRESS ON TELEPATHOLOGY
3RD INTERNATIONAL CONGRESS ON VIRTUAL MICROSCOPY
m.oger@baclesse.fr

Results Results of of the analysisthe analysis
• 6) cellular patches 

from the new image 
are projected onto 
the reference graph

Insertion of the
new image
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22.01%Fibroadenoma

29.98%Colloid Carcinoma

5.64%Invasive Lobular Carcinoma

42.37%Intra Ductal Carcinoma

Matching probabilities

2-neighborhood k-neighborhood

Results of a test done with a 
“new image” corresponding to an 

Intraductal Carcinoma

Detail of the 
whole graph

Results Results of of the analysisthe analysis (Zoom)(Zoom)
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ConclusionConclusion

• SA technique seems to be promising 
regarding 4 tumor classes.

• Mainly one parameter is to considered: 
parameter e in the distance matrix.

• This technique could be applied in order to 
identify different classes of tumor foci 
inside the same virtual slide.
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PerspectivesPerspectives

• But a lot of work remains to be done:
– Extend the spectral analysis to all breast tumor 

classes: improving the influence zone separation between 
each histological type.

� Increasing the signature: image patch + other 
parameters (color, texture...).

– Test a higher resolution (sub sampled high resolution 
virtual slides).

Remark: the final strategy will be easily applicable to 
other tumor locations (ovarian cancer...)
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Application 2Application 2
Cytohematology: Blood SmearsCytohematology: Blood Smears

• The aim is to sort selected nucleated 
blood cell classes so that the hematologist 
may easily focus on specific classes
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MaterialsMaterials
• High resolution Virtual Slides

60x � 0.14 µm/pixel: Aperio ScanScope® CS.

• 5 white blood cells types in 2 classes:
– Neutrophil
– Eosinophil
– Basophil
– Lymphocyte
– Monocyte

• An image segmentation allowed extracting the various 
nucleated cells from the image

Polymorphonuclear cells



May 17 th 2008

9TH EUROPEAN CONGRESS ON TELEPATHOLOGY
3RD INTERNATIONAL CONGRESS ON VIRTUAL MICROSCOPY
m.oger@baclesse.fr

MethodMethod

• Access to nuclei and cytoplasm

� each image signature is composed of Hue 
histogram values
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Lymphocytes _ Monocytes and Polynuclear Lymphocytes _ Monocytes and Polynuclear 
cells separationcells separation

Resolution: 0.14µm (60x)

+ Lymphocytes_Monocytes

+ Polymorphonuclear cells

Gallery used:

� 1 = 0

Monocytes

Lymphocytes

Eosinophil
cells

Neutrophil
cells
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Resolution influence on cells sorting Resolution influence on cells sorting 
qualityquality

Resolution: 0.28µm (30x)

+ Lymphocytes_Monocytes

+ Polymorphonuclear cells

Gallery used:

� 1 = 0

Monocytes

Lymphocytes

Eosinophil
cells

Neutrophil
cells
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Resolution influence on cells sorting Resolution influence on cells sorting 
qualityquality

Resolution: 0.56µm (15x)

+ Lymphocytes_Monocytes

+ Polymorphonuclear cells

Gallery used:

� 1 = 0

Monocytes

Lymphocytes

Eosinophil
cells

Neutrophil
cells
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Resolution influence on cells sorting Resolution influence on cells sorting 
qualityquality

Resolution: 1.12µm (8x)

+ Lymphocytes_Monocytes

+ Polymorphonuclear cells

Gallery used:

� 1 = 0

Monocytes

Lymphocytes

Eosinophil
cells

Neutrophil
cells
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Most representative cells Most representative cells 
selectionselection

Eosinophil
cells

Monocytes

Lymphocytes

Neutrophil cells

• We took, for 
example, only the 3 
most representative 
cells of each 
subclass
� 12 cells among 
76



May 17 th 2008

9TH EUROPEAN CONGRESS ON TELEPATHOLOGY
3RD INTERNATIONAL CONGRESS ON VIRTUAL MICROSCOPY
m.oger@baclesse.fr

How can we analyse a new slideHow can we analyse a new slide

Resolution: 0.17µm

2600 cells were 
analysed

From a chronic 
lymphoid leukemia 
slide
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ProblemsProblems
• Sample heterogeneity

on each slide

Smear’s beginning                          Smear’s end

• Non reproducible staining

• Unexpected artifacts class:
Lymphocyte lysis

• Segmentation abberations:
connected Erythrocytes

�

�



May 17 th 2008

9TH EUROPEAN CONGRESS ON TELEPATHOLOGY
3RD INTERNATIONAL CONGRESS ON VIRTUAL MICROSCOPY
m.oger@baclesse.fr

3 lymphocytes o,
3 monocytes o,
3 neutrophil cells o,
3 eosinophil cells o.

� Representative 
cells can be used 
to separate cells 
from other slides
(by k-means 
method)

The new slide with the reference cellsThe new slide with the reference cells
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3 lymphocytes o,
3 monocytes o,
3 neutrophil cells o,
3 eosinophil cells o.

� Representative 
cells can be used 
to separate cells 
from other slides
(by k-means 
method)

The new slide with the reference cellsThe new slide with the reference cells

Lymphocytes
Monocytes

Polymorphonuclear 
cells

82,48%

17,52%
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ConclusionConclusion
• Spectral analysis technique seems to be 

promising for sorting selected nuclear blood 
cells.

• Separation between white blood cells classes 
could be done on images acquired at 60x or 20x 
magnifications
Conditions:
– Slide staining correction or standardisation
– Artifacts removing
– Representative cells selection
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PerspectivesPerspectives

• But a lot of work remains to be done:
– Improving the cells segmentation (connected 

erythocytes removing): improving the separation 
between each cellular class influence zone.

– Increasing the signature: Hue histogram + other 
parameters computed from image analysis through 
complementary instruments, like Multispectral Imagingor 
Raman MicroSpectroscopy.

� hematologists may easily focus on specific 
classes whose morphology could then be 
studied more carefully
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General conclusionGeneral conclusion

• Spectral Analysis can be used
– To  select the most representative images of each 

class in a database: Data reduction
– To organize an image database and automaticaly 

compare an unknown image with it: Classification
– To visualize the nearest images of an unknown 

image: Visualization

Remark: we have used SA in two different fields, breast 
tumor histology and cytohematology, but it can be 
extended to other pathologies (only few parameters to 
adapt)
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