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Practical Image Analysis from a
Pathologist’s Perspective

Frank A. Voelker, DVM, DACVP

We will begin shortly. Please either connect to the phone number or use the
voice over IP on your computer speakers. Please type in your questions using
webex chat, and we will answer them at the end of the webinar.
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The Big Advantage......

. Image analysis of digitized images provides practi cal
guantifiable measurement of cellular change, replac  ing
subjective with objective evaluation.
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Subjective Pathology Evaluation in Routine Tox Stu

Diagnosed lesions are generally given subjective grades of minimal, mild, moderate or
marked in degree of severity by the study pathologist. He also establishes a threshold for
diagnosis of the lesion. An example of a hypothetical study group incidence with
corresponding average lesion severity is presented as follows:

Study Pathologist

Group Control Low Mid High
Incidence 0/10 2/10 6/10 10/10
Avg. Lesion Degree 0 1.0 1.5 3.5

This is often followed by a peer review evaluation:

Peer Review Pathologist

Group Control Low Mid High
Incidence 0/10 0/10 3/10 10/10
Avg. Lesion Degree 0O 0 1.0 3.0
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Some Valuable Considerations for Image Analysi_s‘-

Allows more critical evaluation of data
through the use of statistical analysis

Allows the submission of higher quality data
for publication.

May use to resolve disagreement in peer
review Issues.

Enables greater precision in threshold dose
determination in preclinical drug safety
studies.
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Two Different Measurement Approaches

Histomorphologic Change

Cellular Hypertrophy/Atrophy
Cell Numbers

Tissue Infiltrates (eg. Fibrosis)
Other Structural Alterations

Quantify Biomarkers using Special Stains

Histochemistry
IHC
ISH
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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 test algorithms between some
slides of varying stain intensities will help assure that algorithm
values are established optimally for all slides in the study.




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 y stained

and is present in both target and non-target tissue S.
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Morphologic Approach:
Quantifying Common Microscopic Changes in Rodent
_Studies Using H & E or Special Stains

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
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Mouse Liver - Hepatocellular Hypertrophy

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

Algorithm: IHC Nuclear (cell-based)
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Quantifying Inflammatory Cell Infiltrates in Ti

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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Quantitation of Fatty Change (Vacuolation) in Liver s of DIO Mice
Administered XXX Using the Aperio Image Analysis Sy

Yellow color (on right) = Low intensity pixels (lwp ).
Total pixels in evaluation area = TP.

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

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

stem

Algorithm: Positive Pixel Count

(area-based)



Percent of Liver Tissue with Diabetes-induced Fat
Vacuolation in DIOMice Administered XXX Orally for 8 W

25.00+

20.00-

15.00

10.00

5.00

0.00-

Vehicle

30 mg/kg 100 mg/kg

*p £.01
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Quantitation of PAS Stain for Glycogen in Livers of DIO
Administered XXX Using the Aperio Image Analysis Sy st

Algorithm: Color Deconvolution (area-based)

e R
: PAS gtaxﬁed 'SBCILOFT \
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Percent of Liver Tissue Staining for Glycogen by PA S
DIO Mice Administered XXX Orally for4 Weeks

Vehicle 30 mg/kg 100 mg/kg

*p £.05 **p £.001
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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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Selecting Fixed-size random regions with ImageScope

*Set Annotation size, use Control key to draw fixed size
*Use Control and Control-Shift to move annotations

*Create a random annotation layer and save to file,  then open
on new liver sample
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NMUR-2 Immunostaining in Mouse Brain

Precision in serial sectioning is required for the appropriate quantitation of stain
In small paraventricular nuclei of the mouse brain
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Sirius Red Stain Depicting Myocardial Fibrosis in a Mouse

Algorithm: Color Deconvolution (area-based)

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



Three Possible Tactics for Measuring Brown Stains u
Positive Pixel Count Algorithm
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Percent of Liver Tissue Staining for Transferrin Re

Female Mice by Immunohistochemistry
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ceptor(CD71) in

Measuring all of the brown pixels in the sample are a

25,

20 *%

5,

%

10] =

5,

0,

Control 100 mg/kg 250 mg/kg 1000 mg/kg

*p£.01 *p £.001
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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

23 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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bFGF Immunostaining in Livers of Mice Administered

Compound xy for 52 Weeks

Positive staining in a minority cell type
(Kupffer cells in this case) may lead to low
percentage values that are highly variable.

4.5 4

3.5

2.5

1.5+

0.5

Percent Positive Pixels
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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
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Xenograph Neoplasm in a Mouse Stained for

Acetylated-Histone H3

Xenographs commonly (but not always) have uniformly

distributed cell populations.
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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.
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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.



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.
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Cyclin D1 Immunostain of Human Breast Carcinoma

Use of the IHC Nuclear Algorithm to Determine Perce  ntage of Positive
Nuclei in the Neoplasm
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pPS6 Ser235 Immunostain of Breast Carcinoma

Analysis of average cytoplasmic stain intensity usi ng the pixel count algorithm may be

useful in evaluating a neoplasm if there is little background or nonspecific staining
33



Variability in Human Lung Tumors Presents Challenge s for
Object Recognition Software Development

Adenocarcinoma Bronchoalveolar Carcinoma

Dramatically different Great variability also
microscopic morphologies exists in morphology of
of different tumor types individual tumors
within a given tissue pose within a given tumor
problems for automated type.

recognition of tumor tissue
to the exclusion of stroma.

Squamous Cell Carcinoma
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Some Object Recognition Software Challenges

Correctly identifying individually
invasive tumor cells (eg. invasive
lobular carcinoma, breast, human)

Not confusing histologically normal
structures such as normal glandular units
with surrounding tumor in this infiltrating
ductular carcinoma, breast, human.




Quantitation of Splenic Extramedullary Hematopoiesi S in a Mouse with
use of Genie Pro and the Aperio Positive Pixel Coun  t Algorithm

H&E Stain Genie Pro Markup Image

-

Positive Pixel Markup Image '
Results: EMH

comprises 50.2%
positive pixels in
evaluation area
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Quantitation of Periarteriolar Lymphoid Tissue in a
using Genie Pro and the Aperio Positive Pixel Count

H&E Stain

Mouse Spleen
Algorithm

Geni Pro Markup Image
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=

Result: Lymphoid
tissue comprises
46.9% positive pixels
In evaluation area

Aperio Positive Pixel Markup Image

»




Recognition and Quantitation of Megakaryocytes, Lymp hoid Tissue, Extramedullary
Hematopoiesis and Red Pulp in a Mouse Spleen using Genie Pro followed by use of the
Aperio ImageScope Colocalization Algorithm

H&E Slide Genie Pro Markup

Colocalization Markup

A\ W 4

Red Pulp = 37.4%
EMH + Megakaryocytes = 31.5%

Periarteriolar Lymphoid Tissue = 31.1%
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Automated Recognition of Neoplastic Components in a Human
Bronchoalveolar Carcinoma using Genie Pro

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 GeniePro with a color
deconvolution algorithm for
measurement of chromagen in an
IHC stain.
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Steps in Chromagen Analysis of a Neoplasm Excluding the Stroma

Primary IHC image

Final Aperio ImageScope pixel count markup

Genie Pro markup with selection of neoplasm

-

Eliminate stroma using Adobe Photoshop 5.0

-
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IHC Nuclear Analysis of a Human Pulmonary
Bronchoalveolar Carcinoma (Excluding the Stroma)

Primary IHC Image

Genie Pro Markup with Selection of Neoplasm

2

Final Aperio ImageScope IHC Nuclear Markup

4

Eliminate Stroma Using Photoshop 5.0

3
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Webinar: Practical Image Analysis from a Pathologi  st’s Perspective
Repeated two times (7:00 a.m & 5:00 p.m. California  Time)

Upcoming Aperio Events

Europe Aperio Science Seminar Series
Monday, 3 March 2008 : Macclesfield, Cheshire,UK
Wednesday, 5 March 2008 : Frankfurt, Germany
Friday, 7 March 2008 : Basel, Switzerland

Science Webinars

12 March: Digital Pathology in Clinical Trials: Phosphorylation Assays in Phase
| dosing studies
Jason Hill, Ph.D. Targeted Molecular Diagnostics

23 April : “Performance of Digital IHC (Digital Read & Image Analysis)” Holger
Lange, Ph.D. Aperio Technologies
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