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Our analysis philosophy:  Design simple-to-

use image analysis tools that SCIENTISTS 

and PATHOLOGISTS will USE on 

whole slide images
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Two Different Approaches for Analysis    

� Cellular Hypertrophy/Atrophy

� Cell Numbers  

� Tissue Infiltrates (eg. Fibrosis)

� Other Structural Alterations      

� Cellular Hypertrophy/Atrophy

� Cell Numbers  

� Tissue Infiltrates (eg. Fibrosis)

� Other Structural Alterations      

� Histochemistry

� IHC

� ISH

� Histochemistry

� IHC

� ISH

Quantify Substances using Special Stains

Usually 
measuring 
area or 
number

Usually 
measuring 
area and/or 
intensity

Quantify Histomorphologic Change
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Morphologic Approach……

� Liver:  Hepatocellular hypertrophy, bile duct hyper plasia, 
necrosis, acute and chronic inflammation, extramedu llary 
hematopoiesis, periportal fibrosis, fatty change, g lycogen 
accumulation.

� Kidney:  Tubular basophilia, hyaline droplet degene ration, casts, 
tubular necrosis.  

� Spleen:  Lymphoid hyperplasia/atrophy, extramedulla ry 
hematopoiesis 

� Lung: Alveolar edema, pneumonia, congestion.

� Heart: myocardial fibrosis.  

� Adrenal gland: cortical hypertrophy, cortical vacuo lation.

� Skin: Acute and chronic inflammation, acanthosis

� Liver:  Hepatocellular hypertrophy, bile duct hyper plasia, 
necrosis, acute and chronic inflammation, extramedu llary 
hematopoiesis, periportal fibrosis, fatty change, g lycogen 
accumulation.

� Kidney:  Tubular basophilia, hyaline droplet degene ration, casts, 
tubular necrosis.  

� Spleen:  Lymphoid hyperplasia/atrophy, extramedulla ry 
hematopoiesis 

� Lung: Alveolar edema, pneumonia, congestion.

� Heart: myocardial fibrosis.  

� Adrenal gland: cortical hypertrophy, cortical vacuo lation.

� Skin: Acute and chronic inflammation, acanthosis

Biggest Problem: Distinguishing target from nontarg et tissue

Quantifying Common Microscopic ToxPath Changes usin g H&E or Special Stains
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Image Analysis Illustrated

You use Stains to highlight Features 
e.g. - Cell Compartments

(nuclei, membrane, cytoplasm)
- Protein expressions

How much staining is there on different objects? 
e.g. - Cell Compartments

Where and how much staining is there?

Where and how many objects are there?
e.g. - Tumor Cells

Multi-Color Images with
RGB Color Pixels 
(Picture Elements)

Pixels of different Colors (Stains) 

Classify Pixels
by Color (Stain) 

Measure Pixel 
(Stain) Intensities 

Identify Objects
by Color

Shape
Size

Measure Object 
(Stain) Intensities 
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Sophisticated Processing Architecture

Technical Challenges around Entire Slide Processing  are solved 
which are still challenging for most Image Analysis  Platforms

� Processing of huge Digital Images
e.g. 15mm x 15mm specimen scanned at 20X yields
an image with 30,000 x 30,000 pixels or 2.7 GB of data 
(~60MB compressed JPEG2000 file)

• Server-Side Processing 
leaves your computer free for the viewing of the digital slides
algorithms run server-side where the digital slides are stored

• Distributed Computing
meets even the highest processing needs
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Full Tissue / Tumor Analysis

+ Line scanning enabled
technology allows for consistent image 

quality across sample

+ Multi - Gigabyte Image Analysis
platform infrastructure allows large data 

analysis

Original Image Markup Image

Effectively and Efficiently quantify full tissue sa mples or 
tumor regions

Glass Slide
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Aperio Image Analysis Capabilities

*FDA Clearance, Her2, ER, PR

������	�
���
	
	�
�������
���
	
	�

�����
����	�����
�	
�������
���
�	
���
�
��
�
���
���	�

�
���������
�	����
�
����
���	�
������
�	 ��	
�
 �����
!
����


�����
"
��

Cell Quantification*
Area 

Quantification

Event 
Detection and 
Quantification Feature 

Classification

Aperio products are FDA cleared for specific clinical applications, and are 
intended for research use for other applications.  For clearance updates, please 
visit www.aperio.com
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Cell Quantification – Membrane

The Membrane image analysis tool is optimized for IHC (ImmunoHistoChemistry) 
HER2 (Human Epidermal growth factor Receptor 2) sta ined Breast Tissue

but can also be used for other tissue types and membrane stains.

Outputs:
� HER2 Score [0, 1+, 2+ or 3+] 
� Percentages of 0, 1+, 2+ and 3+ cells

… other statistical measurements

+ Automates complex analysis done by pathologists
(20X images , same cell features, same scoring scheme)
� Detects positive membrane staining for individual cells 
� Quantifies cells by membrane staining 

intensity and completeness
� Classifies cells as 0, 1+, 2+ and 3+ 
� Apply HER2 scoring scheme

+ Automatic lab/reagent staining tuning (Dako, Vent ana)

+ Supports different Scoring Schemes: HScore, …
Original Markup

0, 1+, 2+, 3+ Cells
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Cell Quantification - Nuclear

The Nuclear image analysis tool is optimized for IHC (ImmunoHistoChemistry) 
ER (Estrogen Receptor), PR (Progesterone Receptor),  Ki-67 and P53 stained Breast Tissue 

but can also be used for other tissue types and nuclear stains. 

Outputs:
� Percentage Positive Nuclei [0.0-100.0%]
� Average Intensity [0, 1+, 2+ or 3+] 
� Percentages of 0, 1+, 2+ and 3+ nuclei

… other statistical measurements

+ Automates complex analysis done by pathologists
(20X images , same cell features, same scoring scheme)
� Detects positive staining for individual nuclei 
� Quantifies nuclei by staining intensity
� Classifies nuclei as 0, 1+, 2+ and 3+ 

+ Accurate stain separation (Color Deconvolution)
+ Automatic cytoplasmic stain removal
+ Automatic lab/reagent staining tuning (Dako, Vent ana)

+ Supports different Scoring Schemes: Allred, HScor e, …
Original Markup

0, 1+, 2+, 3+ Nuclei
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Area Quantification - Color Deconvolution

A sophisticated and easy to use multi-purpose tool 
accurately separates stains

Original

Markup

+ Accurate Stain Separation
resolves Multi-Stain Colocalization problem

+ Automatic and Precise Training of Stain Colors
eliminates guesswork and try and error
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Area Quantification - Color Deconvolution (cont.)

Also quantifies the area and intensities of accurat ely separated
stains

Outputs:
� Negative, Weak, Medium, Strong Positive Staining

� Percentages
� Average Intensities 

� Area
… other statistical measurements

Original Markup
Negative, Weak, Medium, Strong Positive Pixels
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Area Quantification - Colocalization

Classify stained areas according to the presence or  absence of up 
to three stains (markers)

+ Report Areas for Each Combination of Stain
seven possible classes for each pixel

+ Thresholds used for detection
eliminates errors due to over-staining
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Event Detection and Quantification -
Microvessel Analysis

The Micro Vessel Density analysis tool is used to d etect and quantify micro 
vessels.

� Applications include:  
� In vivo angiogenesis assays in cardiovascular research
� Vascular morphology changes in oncology xenografts
� Microcapillary measurements in rodent models in ophthalmology

� Output Results:
� Number of vessels
� Vessel Area
� Vessel Density
� Stain Area/Intensity

Endothelial cells Grouped to 
make  regions

Vessel perimeter 
drawn in middle 
of vessel walls

Processing

Red = vessel wall, 
vascular area  
Gray = lumen
Green = vessel area
Black = vessel perimeter 
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Event Detection and Quantification – Micromet 
Rare Event Detection

Original Markup

A Rare Event Detection algorithm
specifically designed to detect micrometastasis of tumor cells found in circulating blood

� Identifies and counts Tumor and Normal Blood Cells
� Size, Shape and Color to identify potential Tumor Cells

Output

� Tumor Cells are sorted by predefined weight
go to the most likely candidates first and 
then work your way down the list 
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Sirius Red Stain Depicting Myocardial Fibrosis in a  
Mouse

Precision in level of section is required for accur ately comparing amounts of fibrosis 
between treatment groups

Analysis Tool: Color Deconvolution (area-based)
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EMT Xenograft model
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Courtesy David Young, DACVP, DVM, 
OSI Pharmaceuticals
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EMT Xenograft - E-cadherin

Test boxIHC
Entire 
Specimen

239.51240253.24SCORE

0.0000.03
(0+) Percent 

Cells

26.161018.53
(1+) Percent 

Cells

8.17409.61
(2+) Percent 

Cells

65.675071.83
(3+) Percent 

Cells

Courtesy David Young, DACVP, DVM, 
OSI Pharmaceuticals
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EMT Xenograft - Vimentin

Test 
boxIHC

Entire 
Specimen

205.21195228.32SCORE

1.0050.26
(0+) 
Percent

17.512020
(1+) 
Percent

56.805046.02
(2+) 
Percent 

24.702541.28
(3+) 
Percent 

Courtesy David Young, DACVP, DVM, 
OSI Pharmaceuticals
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Cell Culture - Vimentin

60100Strong Positive Threshold

120175Medium Positive Threshold

180220Weak Positive Threshold

Default
Algorithm - Color 

Deconvolution v9

Courtesy David Young, DACVP, DVM, 
OSI Pharmaceuticals
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Genie – Histology Pattern Recognition Tool

• General purpose, interactive, adaptive tool for aut omatically classifying regions 
and finding regions of interest in large amounts of d igital slide data.

High Performance
Easy to Use
1. Identify different objects 

or regions of interest
• Annotation tools
• Small data set

2. Automatic classification

Training Set from 
Serial Slide

Original Image

Auto-Segmented 
Image
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Image Analysis Demo

• Membrane
• Nuclear
• Color Deconvolution
• Colocalization
• Microvessel Analysis
• Rare Event Detection



Histology Pattern Recognition with Genie

Applications in toxicology, biomarkers, 
oncology, neurology, cardiology & 
diabetes
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Introducing Genie TM
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Key features of Genie

• It is smart – you teach it what you want it to classify 
& keep training it until the right solution is reac hed

• 800+ features used to distinguish tissue classes

• Number of classes is unlimited so very complex 
tissues can be analyzed
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Key features of Genie

• It is smart – you teach it what you want it to classify 
& keep training it until the right solution is reac hed

• 800+ features used to distinguish tissue classes

• Number of classes is unlimited so very complex 
tissues can be analyzed

Color
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Key features of Genie

• It is smart – you teach it what you want it to classify 
& keep training it until the right solution is reac hed

• 800+ features used to distinguish tissue classes

• Number of classes is unlimited so very complex 
tissues can be analyzed

Color

Size
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Key features of Genie

• It is smart – you teach it what you want it to classify 
& keep training it until the right solution is reac hed

• 800+ features used to distinguish tissue classes

• Number of classes is unlimited so very complex 
tissues can be analyzed

Color

Size

Proximity
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Key features of Genie

• It is smart – you teach it what you want it to classify 
& keep training it until the right solution is reac hed

• 800+ features used to distinguish tissue classes

• Number of classes is unlimited so very complex 
tissues can be analyzed

• Fully integrated with Spectrum Plus, so all analysi s 
can be automated & performed server-side

• Two inter-related functions:  

1. Tissue Classifier

2. Pre-processing Machine
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Genie as a Classifier



31

Quantitation of Periarteriolar Lymphoid Tissue in a  
Mouse Spleen using Genie
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Courtesy Dr. Frank Voelker, Pathology Experts, LLC
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Classifying:  Necrosis
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Genie Analysis for Atherosclerotic Plaques Tissue 
Separation
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Gene Classifier Example
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Creating a training montage
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Genie as Pre-processing Machine

Then apply IHC nuclear tool on same 
image to get cell counts 

Set Genie masks for brown follicular 
epithelium and blue c-cells. 

Total Brown Area/Total Brown Nuclei = 
Mean Follicular Cell Area 
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Select Insulin-positive area, find Ki67-positive 
nuclei
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Select Glut2 area, find BrdU-positive nuclei
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Classify xenograft & perform vessel counts in 
viable xenograft tissue only



44

Genie as a Pre-processing machine
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Creating a montage
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Test Classification
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Perform Nuclear IHC analysis on Neoplastic
Component Only
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Nuclear IHC Analysis using Genie vs. Manual 
ROIs
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Image Analysis using Genie vs. Manual ROIs
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Key features of Genie

• Quantify tissues objectively vs. subjectively:  
necrosis, fibrosis, tumor volume, plaques 

• Reduce time & manual intervention required for 
tissue analysis 

• Perform analysis only on specific tissue types 
automatically:  islet, xenograft, tumor, lymphoid 
tissue

• Fully integrated with Spectrum Plus, so all analysi s 
is automated & performed server-side
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