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Analysis Tools

Positive Pixel Count
Color Deconvolution
IHC Nuclear

IHC Membrane
Colocalization

Image Analysis Tools at Hand...... j
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Microvessel Analysis
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Genie™: Histology Pattern Recognition |
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Positive Pixel Count Tool J

Good for measuring a single, visually apparent substance
In tissue regardless of color.

Can measure any hue on a color wheel range from O to 1
(eg. 0.1=DAB, 0.33=Green, 0.66=Blue, 1.0=Red).

Hue width and threshold can be precisely adjusted to
“see” what the pathologist sees on the slide.

Categorizes positive pixels into three grades or levels of
Intensity (0,1+,2+ or 3+) and counts area occupied by
each.

WWw.aperio.com | wa peno



pPS6 Ser235 Immunostain of Breast Carcinoma

Analysis of average cytoplasmic stain intensity usi ng the pixel count tool may be
useful in evaluating a neoplasm if there is little background or nonspecific staining



Color Deconvolution Tool

Every stain (hematoxylin, eosin or DAB) is comprised of
different proportions of red, blue or green color elements

This tool can be “trained” to recognize and gquantitate up
to three different stains (eg. DAB, hematoxylin and eosin)
according to inherent RGB values and provides data
output of area and stain intensity.

The great advantage of this tool is that a stain of interest
IS accurately measured, and is not partially obscured by
other stains on the slide (ie. DAB is not obscured by
hematoxylin)




Quantitation of PAS Stain for Glycogen in Livers of DIO Mice
Administered XXX Using the Aperio Image Analysis Sy  stem

Analysis Tool: Color Deconvolution (area-based)




IHC Nuclear Analysis Tool

Counts DAB negative and DAB positive nuclei and
categorizes them as to stain intensity (0,1+,2+ or 3+).
Also categorizes and segregates nuclei as to size and/or
shape.

Useful in characterizing changes such as cellular
hyperplasia or hypertrophy, cellular infiltration, nuclear
pleomorphism and tabulation of specific cell types within a

tissue.




Cyclin D1 Immunostain of Human Breast Carcinoma

Use of the IHC Nuclear Analysis Tool to Determine P ercent and Degree of Positivity
of Neoplastic Cell Nuclei. Stromal Nuclei are Exclu  ded from Evaluation.
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Quantifying Inflammation in Tissue using the
Nuclear Algorithm...

Different cell types often can be
distinguished from each other in
the same tissue based on nuclear
diameter. Here lymphocyte nuclei
are smaller than mammary
carcinoma nuclei.

This makes it possible to count
lymphocyte numbers per unit area of
tissue cross section to determine
degree of infiltration.

Algorithm: IHC Nuclear (cell-based)
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Mouse Liver - Hepatocellular Hypertrophy

Total Hepatocyte Nuclei = 199 Total Hepatocyte Nuclei = 167
Average Nuclear Size =140 pm? Average Nuclear Size = 160 pm?2
706 nuclei/mm?2 508 nuclei/mm?

Algorithm: IHC Nuclear (cell-based)
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IHC Membrane Analysis Tool
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Optimized for HER2 (Human Epidermal growth factor
Receptor 2) stained breast tissue slides, but can also be

used for other tissue types and membrane stains.

Detects membrane staining for individual cells and quantifies
the intensity and completeness of the membrane stain.

Cells are classified as 0, 1+, 2+, and 3+ based on their
Intensity and completeness and percentages of each can be
integrated into the standard HER2 scoring scheme.

-




Microvessel Analysis Tool
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Microvessel Analysis is a histology pattern recognition tool that can
filter out existing larger vessels, and identify and compute morphology
statistics on only the newer and smaller angiogenic vessels.

Microvessel analysis starts with a Factor VIII or CD31 stained slide
digitized at 20 or 40X. A dual-level thresholding analysis tool screens
out non-specific staining and candidate regions are then assembled
Into vessels.

Output statistics include individual and mean vessel area, vessel
perimeter, lumen area, vascular area and vessel wall thickness.

Individual statistics are calculated on each vessel. The user can

choose which statistic to graph, and then can generate a summary
report.




Microvessel Analysis Tool

CD34 stained kidney samples illustrate the first st
deconvolution. The original image on the left is an
stain contribution, hematoxylin counterstain (middl
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ep in angiogenesis analysis, color
alyzed by the computer to isolate each
e), and CD34-stained DAB (right).



Microvessel Analysis Algorithm

After endothelial cells are identified, and isolate d,
vessels are completed by the computer, and lumen,
vascular area, vessel wall thickness, and other
statistics are computed.
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Statistics on each vessel (e.g. lumen size,
vessel wall thickness, vascular area, etc.)
can then be output for display purposes



Two Different Measurement Approaches

Quantify Histomorphologic Change

Cellular Hypertrophy/Atrophy

Usually
measuring
area or
number

Cell Numbers

Tissue Infiltrates (eg. Fibrosis)

Other Structural Alterations

o

Quantify Substances using Special Stains

Usually
measuring
area and/or
iIntensity

Histochemistry
IHC
ISH




Morphologic Approach......

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

Biggest Problem: Distinguishing target from nontarg et tissue
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Sources of Immunohistochemistry
Errors

False Negatives

Antibody is inappropriate, denatured or used at wrong concentration.
Loss of antigen through poor fixation and/or diffusion.
Presence of antigen at a density below level of detection.

False Positives

Cross-reactivity of antibody with unintended antigens.

Nonspecific binding of the antibody to the tissue.

Presence of endogenous peroxidase or avidity for the avidin-biotin complex.
Entrapment of normal tissues by tumor cells.

Leakage of protein from adjacent cells with subsequent absorption by target tumor cells.

Biggest problem in analysis: Biomarker is accuratel
stained, but is present in both target and non-targ
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Some Guidelines for Analysis of Slides from
Experimental Studies
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Take care to assure immediate optimal fixation for all tissue
samples. Uniformity of handling as well as fixation time is
important.

Staining procedures for all slides in a study need to be
performed simultaneously in a single batch to assure
uniformity of stain.

Sampling must be strictly representational as well as
consistent. Care must be taken to assure exact uniformity of
analysis with respect to anatomical location (eg. Tissue
trimming, sectioning)

A preliminary evaluation of image analysis tools between
some slides of varying stain intensities will help assure that
analysis values are established optimally for all slides in the
study.




Anatomic Consistency in Sampling
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Consistency of Sample Area Selection for Morphomet  ric
Analysis within the Median Lobe of the Mouse Liver

Select samples within approximately the same region of the same lobe
of the liver for consistency of analysis. As an as surance of sampling
homogeneity, areas should have roughly similar pixe | count values.
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Sirius Red Stain Depicting Myocardial
Fibrosis in a Mouse

Analysis Tool: Color Deconvolution (area-based)

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



Three Possible Strategies for Measuring Brown Stain
Positive Pixel Count Analysis Tool
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Percent of Liver Tissue Staining for Transferrin
Receptor(CD71) in Female Mice by Immunohistochemist  ry

Measuring all of the brown pixels in the sample are  a

%

251

201

10/

**

Control 100 mg/kg 250 mg/kg 1000 mg/kg
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Cytochrome p450 Reductase Immunostaining of
Centrilobular Hepatocytes

Widespread staining with centrilobular distribution

of more intense staining



Quantitation of Cytochrome p450 Reductase Immunosta  ining of
Centrilobular Hepatocytes by Aperio

Measuring only the area of more intense stain

26 Aperio in TBD / Voelker / 08/24/06 Color deconvolution (area-based) ) NOVARTIS
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Quantitation of VEGF Immunostaining in Livers of Mi
administered XXX for 52 Weeks

ce

Comparing stain intensity

51.00

50.00

49.00 +

48.00

47.00

46.00

45.00 +

44.00

Control
Males

1000 mg/kg
Males

Control 1000 mg/kg
Females Females
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Quantitation of Fatty Change (Vacuolation) in Liver
Administered XXX Using the Aperio Image Analysis

s of DIO Mice
Sy stem

0.00

Vehicle 30 mg/kg 100 mg/kg

PAS-stained Section, Vehicle Animal 934 Aperio Markup Image

Yellow color (on right) = Low intensity pixels (lwp ).

Total pixels in evaluation area = TP. Algorithm: Positive Pixel Count

(Iwp/Tp)X100 = Percent vacuolation of evaluated ima ge

Hue Value =.051 Hue Width =0.9999
CST = 0.5 Iwp(high/low/lp low)=255/175/150

(area-based)
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Fibrosis In Livers of Zucker Rats

Variations in fibrosis (blue) about small portal tr

iad veins (T) as depicted using Masson’s Trichrome s

tain
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Percent of Cross-sectional Liver Area of Zucker Rat s Occupied by

Hepatocellular Fibrosis

Percent Area Positive Pixels (ie. Fibrosis)

3

2.5

Percent

Staining 15

0.5

Vehicle Fenofibrate Pioglitazone Compound
Control X

*P 0.05



bFGF Immunostaining in Livers of Mice
Administered Compound xy for 52 Weeks

Percent Positive Pixels

4.5
1000 mg/kg Male 2068 -
3 4
Positive staining in a minority cell type 15 +—
(Kupffer cells in this case) may lead to low s

percentage values that are highly variable. 0
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PTEN Immunostain of Squamous Cell Carcinoma in Huma

n Lung

Variable staining of neoplasm and staining of surro unding
stroma make morphometric analysis difficult.
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pPS6 Ser235 Immunostain of Squamous Cell Carcinoma

Human Lung

IN

A variable pattern of neoplastic and stromal tissue
neoplastic staining, make a composite pixel count a

, as well as a variable pattern of
nalysis difficult to interpret.




Subjective Immunostain Scoring using
the “H Score” Method

The H score:

The pathologist scores staining features of cells ( eg. cytoplasmic,
nuclear, or membranous staining) by intensity of st ain according
to grades 0O, 1+, 2+ or 3+

H score = (1)x(% 1+)x(%Area) +(2)x(% 2+)x(%Area) + (3)x(% 3+)x(%Area)
Example: (1)x(+5%1+) + (2)x(65%2+) + (3)x(15%3+) =180

Does not distinguish between a high percentage of m edium cells
and a small percentage of strong cells.

Requires that the pathologist scan through the who le slide set to
define high and low grades.

Is very dependent on the reaction run and pathologi st subjectivity.

' NOVARTIS



Introducing the concept of using histology pattern
recognition software as a preprocessing machine to
segregate target from nontarget tissue during analy

Recognizing the importance of pattern recognition in the future
of image analysis, Aperio has recently obtained an exclusive
worldwide license from Los Alamos National Laboratory (LANL)
for the use of LANL’s Genetic Imagery Exploration (Genie™)
Image pattern recognition technology in the digital pathology
market.

Histology pattern recognition with Genie™ is being incorporated
into specific ScanScope image analysis algorithms for the 10.0
release (GLP compliance and histology pattern recognition)
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Stacking Strategies in Image Analysis
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Automated Recognition of Neoplastic Components in a Human

Bronchoalveolar Carcinoma using Genie™

Recognition of neoplastic tissue
components within a neoplasm is an
iImportant first step in quantifying
amounts and intensities of specific
biomarkers using IHC. This is needed
for accurate clinical trial assessment of
antineoplastic agents

The next step would be to link
neoplastic tissue recognition using
Genie™ with a color deconvolution
tool for measurement of
chromagen in an IHC stain.
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Steps in Chromagen Analysis of a Neoplasm Excluding

the Stroma
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