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Course Objectives I I

Upon conclusion of this training session, learners will be able
to complete the following tasks related to their job:

Describe how Aperio’s Image Analysis tools work

Describe Aperio’s Image Analysis tools for Area, Cell, and Event Quantification
Understand the input parameters for each Image Analysis tool

Understand the output parameters for each Image Analysis tool

Complete the steps for running and Aperio Image Analysis tools

Calibrate stain color using Color Deconvolution

Create a macro and register it with Spectrum

Run a macro using Spectrum Plus batch analysis option

Export Image Analysis results using Spectrum’s Export Data tool

Describe Aperio’s Scalable Architecture

Several Aperio algorithms have been cleared by the
FDA for clinical use when used on ScanScope
models that are labeled as approved medical
devices, and are intended for research use for other
applications.
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Terminology Table A

The extraction of meaningful information from digital images
by means of digital image processing techniques.

Image Analysis

Image processing technique that removes the effects of

Deconvolution .
convolution from measured data.

Colocalization Analysis technique that determines the contribution of each
stain at every pixel location.

The measure of brightness of the pixel. Intensity ranges
from O = black to 255 = bright white.

The normalized optical density for the Red (R), Green (G),
Blue (B) components that represent a specific color (stain).

Intensity

Color Vector

A method for staining cells; antibodies to specific proteins are
used to analyze specimens and identify specific types of
cells, especially for certain types of cancer.

Immunohistochemistry
(IHC)

Angiogenesis The formation of new blood vessels.
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image Analysis iustrated 0

Image Analysis extracts meaningful data:
« Stains are used to highlight features.

» Tissue and cell components are revealed. E | i
* Nuclei, membranes and cytoplasm. e

» Specific protein expressions such as, ImmunoHistoChemistry panels.
« HER2, ER and PR.

« Image analysis can help answer questions.
*  Where and how much staining is there?
* Where and how many objects are there?
« Tumor cells.
* How much staining is there on different objects?
» Cell nuclei.
* Cell membranes.

Image Analysis tools can present a markup image
to highlight analysis results.

Original

Document Number: TRN-0012 Rev: C Page 4



image Analysis iustratedl 0

How Image Analysis works:

« Analyzing a digital slide by applying an algorithm directly to the digital
slide or selected region of the digital slide.

» Stained slides result in a multicolored image. Image analysis acquires the RGB color of

the piXG|S. r

« Image Analysis tools organize the color (RGB pixels) of stains.
» Classifies pixels by color (stain). 0
Intensity: 0 = black
_ Lo . & 255 = white
» Measures pixel (stain) intensities. -

» Indentifies objects by color, shape or size.

* Measures object (stain) intensities.

Nucleus Membrane

Rare Event
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Image Analysis

Image Analysis tools and their specific applications:

Positive Pixel Count* — quantifies the area and intensities of positive and
negative staining.

Color Deconvolution** — accurately separates up to 3 stains and measures
area and intensity separately, resolving multi-stain colocalization problems.
Colocalization — quantifies the area and intensity of “colocalized” markers.
Nuclear — quantifies nuclear staining and intensity.

Membrane — quantifies membrane staining and intensity.

Microvessel Analysis — detects and quantifies microvessels.

Rare Event Detection — detects micrometastasis of tumor cells.

Digital IHC Analysis — streamlined workflow for IHC analysis.

Genie — smart tissue classifier.

*Positive Pixel Count is licensed without fee with other Aperio Software.
**Color Deconvolution is our professional version of our Positive Pixel Count algorithm.
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Aperio Image Analysis Capabilities. . [IINLl

Cell Quantification

Nuclear
Membrane

Feature Classification
Genie — Tissue Classifier

FDA Cleared: *Her2 510(k) &
**ER/PR 510(k)
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Image Analysis

Blood Vessels Nuclear Staining Quantification
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Image Analysis

Fatty Vacuoles
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Performing Analysis L

Run Analysis several ways.

« ImageScope Analysis
» Use the Analysis command of ImageScope to analyze either a
local digital slide image (that is, an image on your workstation or on the
network where your workstation can see it via Microsoft file sharing).
» Use ImageScope to connect an image on an Aperio ImageServer.
» Spectrum Plus Analysis
» Analyze a single digital slide image that resides on the ImageServer by using
Spectrum’s Analyze command.
« Batch Analysis
» Analyze a batch of digital slide images that reside on the ImageServer by
selecting multiple images and using Spectrum’s Analyze command.

In most cases, it is expected that a digital slide will be opened in Spectrum.
For the purpose of training all images will be opened in Spectrum.
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Performing An

Selecting Areas to Analyze
* Analyze entire digital slide or selected areas.
» Use ImageScope drawing tools to select or exclude areas to analyze.

Pen - draw free-form area of interest.
Negative Pen — draw free-form area to exclude from analysis.

&
s
O Rectangle — draw a rectangular area of interest.

Layers l;. +|><|)o< Layer Attributes & -||@ Layer Regions  + | = | |12 |

Layer 1 ﬂDescliption Region |Lenglh [um] ‘.‘5\[8& [um2) |TEH| |Descripliun b
5 165.4 1661

7 157.9 1610
L&}
9

1506 1431 =
1163 E57
w

[EENEA

View annotation information in ImageScope’s Annotations window
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Performing Ana

Analysis Window

* When performing analysis via Spectrum the Algorithm Server Job displays

registered macros.

Algorithm Server Job - Server: APERIO-01959

X

Select Algorithm Macro

t acro M ame

Muclear_macro
Microvesseltnalysis_macro
ticromet_macro

tembrane_macro

COlorDeconvolubionS eperateStaing_macro
Colocalization_macio
PozitivePixelCount_rmacro
Colocalization_SeperateStaing . macro

{Bare Event Detection

Apeno Pozitive Pieel Count Sample Macro

Generate Markup Image

Reqion of Analysis

(%) Selected Annotation ) Entire Image

Incremental Procezsing

List of macros

Test Create

Analyze Cancel

Analysis options

Analysis Buttons
Test — modify existing macro for selected algorithm and test before saving.
Create — creates new macro based on the original algorithm.
Analyze — run analysis.
Cancel — cancel current analysis job.
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Performing Ana

Incremental Processing
« Some Aperio algorithms support incremental processing.

me Server Job - Server: training20

O

Select Algonthm Macro

hacro Mame |1|

IHC HERZ Breast Dako

Rare Event Macro
ColorDeconvolution_SeperateStaing_macro
IHC PR Ereazt Dako Clone

IHC ER Ereast Dako Clone
PozitivePizelCount_macrao B
Muclear_Stain_ColorDeconvolution_Tune_Color_macro
Muclear_macro
Muclear_ColorDeconvolution_Quantification_macro
Microvesseltinalysis_Tuning2_Thresholding_macro
Microveszeltnalysiz Tuningl_Color_macrao
Microveszelbnalyzis_macro

S

Microveszeltnalusiz Analvzsisd VesszelsModel macra i.\.."_l

< i | (2]
Generate Markup Image [#]iIncremental Processing
Region of Analyziz
(%) Selected Annotation ) Entire Image

Test ] ’ Create ] [ Analyze l [ Cancel

List of macros

Analysis options
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Incremental processing allows the algorithm to analyze only regions added after
the initial analysis without re-analyzing the previously analyzed regions.
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Positive Pixel

PPC quantifies the area & intensity of two stains.

» Positive Pixel Count (PPC) looks for positive, negative and neutral areas of
staining by an slide staining against user defined values.

eyt
A

o B

Original | rkup

The markup image color-codes the analyzed pixels in the following
format: Negative, Medium, Strong Positive

* Outputs:
» Negative, Weak, Medium, Strong Positive Staining
* Number of pixels
* Intensity sum
 Average intensity of weak positive pixels
» Ratio of strong/total number
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Positive Pixel C

PPC has a set of input parameters.

» Input parameters allow the user to define the positive stain color and intensity
thresholds for the positive stain using HSI (Hue, Saturation, Intensity) color

model.

» The user will specify a color (range of hues and saturation) and three intensity ranges

(weak, positive, and strong).

+ PPC input parameters are defaulted for brown color quantification.

Default parameters for ScanScope images

Color defining parameters

Intensity ranges parameters

Document Number: TRN-0012 Rev: C

Macro on server: APERIO-01959 =
[ Select Algorithm ] [ Import Macro... ]
"Positive Pixel Count v9" Parameters
Wigw Vidth 1000
“Wieww Height 1000
_ Owerlap Size o
= Image Zoom 1
Markup Compression Type 0 - Same as processed image
Compres=sion CQuality 30
Classifier Neighborhood o
Classifisr 0 - Mone
Class List
|| | Hue “Walue 0.1
"l Hue widtn 0.5
Color Saturation Threshold 0.04
heepiHigh} 220
hwpi{Low} = Ip (High}) 175
Pl | IpiLow) = I=piHigh} 100
lzp (Low} o
Inp{High} -1
Wiewr Width
Width of processing box
Classifier Neighborhood, Classifier &
Class Lists are Genie parameters.
G-Bnera.te Markup Image [ T e ] [ Rumn ]
Ready | e
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Positive Pixel Count |1 I

PPC input parameters:
» The Hue Value, and Hue Width can be adjusted to define the color to match the
specific stain being used.
* Hue Value — position on the color wheel for positive color.
» This parameter defines the color of the positive stain.

Brown: 36/360 = 0.1

Color: position on color wheel/360 = Hue Value

Macro on server: APERI0-01959 |:|

[ Select Algorithm ] [ Import Macro... ] [ Save Macro ]

'Positive Pixel Count v3' Parameters

[ Hue Value 0.1 i]ﬂ
Hue Width 05
Color Saturation Threshold 0.04
lwp(High) 220
lwpiLow} 5 [ ‘

0<Hue Values1
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Positive Pixel Count T I
PPC input parameters:

Adjust the Hue Width to define the ranges of hues for analysis.

Hue Width is the range of hues, centered on the Hue Value that will be analyzed.

The larger the Hue Width, a larger range of Hues will be included for positive color
The lower the Hue Width, a smaller range of Hues will be acceptable.

Hue Width
B e A Hue Width 'between
) /%J 0.33 and 0.5 is usually
%
w | Vellow-fed reasonable.
Red-Purple  Re Yellow
Purple
Hue Value
I ‘/Ham on server: APERI0-01959 0
Bl
RUIEEERS - lSelectAlgurithrn” Import Macrn...] l Save Macro ]
Blue-Green
"Positive Pixel Count v Parameters
Intensity — Dark (0) Hue Value 01 ‘.’, A
Hue Width 05
Color Saturation Threshold 0.04
lwp(High} 220 [
1 0<Hue Width=<1
O=Narrow & 1=Wide
Document Number: TRN-0012 Rev: C
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Positive Pixel Count |1 I

PPC input parameters:
» PPC classifies each pixel as either negative, weak positive, positive, strong
positive or non-tissue (clear glass) based on its color and intensity.

« Positive stain color intensity results are separated into three color coded ranges.
 Intensity weak positive (lwp) = yellow
 Intensity positive (Ip) = orange

 Intensity strong positive (Isp) = red

U — o —| 220
Macro on server: APERI0-01959 X o (i)

[Eﬂleci Algorithm ” Import Macro... ] ’ Lave Macro ] Weak

Intensity

Threshold "Positive Pixel Count v9' Parameters
parameters

175

Hue Width 05 4|
Color Saturation Threshold 0.04
lwp(High) 220
lwp(Low) = Ip (High) 175
p{Low) = lzp{High) 100
lzp (Low) 0

Inp(High) -1

100
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Positive Pixel C

PPC analysis results:

» Analysis results are viewed from the Annotations Window in ImageScope.

« PPC analysis results are area based quantification and intensity values.
» If running analysis in ImageScope, a false color Markup image can be generated.

Annotations - Detailed View

EIR

Ceammen ) |— A

Layers I;- ok I'}(I?@(I

Layer Attributes == | = ||ﬁ|

Layer Regions '4}=I='I><II%

Layer 68
PositivePixelCount_macro output

For pixels which satisfy the color
specification, the algorithm counts
the number and intensity Isum in
each intensity range, along with
three additional quantities:
average intensity, ratio of
strong/total number, and average
intensity of weak + positive pixels.

| [lwap+l pld[Muwp+MHp]

1191313.

Mwp = Mumber of
wheak Pogitive

Mp = Humber of
Fuogitive

Mzp = Mumber of
Strong Foszitive

236547101 6.

lzp = Total Intenszity of EiSiEy sl
Strong Fozitive

Iwap = Tatal ntensity
of weak Fositive

Ip = Toatal Intensity of
FPosgitive

[ix]

Fiegion | Length [um] | &rea [umn2]
| 3 1 3477 524165
10 1347 23031 E

lavg = 143.7349

[lwap+ p+l=p]l/[Mwep+ME

Mazr = 0.233273
Mepd[MNwvap+M p+Mzp]

lwavg= 172.399 image_

Results are color coded
to match the mark up

M = Mumber of
Megative

In = Total Intenszity of
Megative

MTotal = Total
MHumber
[Poszitive+MNeaative]
ATotal = Total Area
[rnillimeter-zquared]

3197E55.

0.6963731348263552

Pogitivity = 0.882039
M FPozitive /T atal
=== A lgarithimn lhpuks === @ Ailgorithnn [hputs ##

Algorithim Fozitive Prel Count

w3

Input parameters are always saved

with the analysis results.
L y
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Positive Pixel C

PPC Workshop

§e =

Watch Instructor demo the tasks below and perform them using the steps beginning on
the next page:

. Open PPC demo file
. Select PPC macro

. Run analysis
. View Results

~

Open Image Select Macro Run Analysis View Results
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Positive Pixel C

1. Log into Spectrum with a username and password provided by instructor &
select the specified Research Role.

2. Navigate to the digital slide list, open the Positive Pixel Count Demo slide as
shown below.

Login Required 1

Uzername:

Pas=waord:

f Digital Slides o |

Lizt all Digital Slides Po=itive Poel
View all Digital Slides as Folders = |:| ﬁ Count Demo Data

Lizst ScanScope Slides NS
List Scanscope Slides (Past Dav) \\\ﬁ/
List ScanScope Slides (Past Week)

A05con " ast Month)
Search all Digital Slides

Click thumbnail image to open ImageScope
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Positive Pixel C

3. Click View, select Annotations Window (Ctrl N).
4. Click Region 1 in the Annotations Window under the Layer Regions section to

select the area for analysis. (For this exercise please use region 1).

1 2046 243030
2 BG4 536728

E File Edit Im(ge View To’ls Window Help
3 o e§ k\_ﬁ_ﬁ”{een F11 Note: You can create your own region of
O B li Scale Aves/Grid _anaIyS|s by using any of thgse annotatlonl tools
== Zoom Sider in Imagechpe. The negative pen tool will
= 4o | v Thumbnai Cirl+T exclude regions for analysis.
i P
UL AR
= e Magnifier
Filmstrip
v Status Bar
( Annotations Cirl+M
2.8 Tracker
Digital Slide Conferencing Ctrl+D
TelePath Live
Annotation Link Manager F&

Annotations 3]
IR = 8
Layers I;- -I-l}(l)c(l Layer Attributes +|—||ﬁ| Layer Regions +|—|X||ﬁ|
Layer 1 ﬂDescription Region |LerEth furn) | Area jum2] | Teut | Description |

Document Number: TRN-0012 Rev: C
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Positive Pixel C

5. Click View, Select Analysis (Ctrl G).
The Algorithms Window is now displayed.

6. Select PositivePixelCount_macro & click Test.
The saved input parameters are now displayed.

5 File Edit Im(ge View %ﬁ’ls Window Help 6 Algorithm Server Job - Server: APERIO-01959 £
= i & [@ j "MEEH F11 Select Algarithrn Macro
o w & 1 Scale Axes/Grid Macio Hame [
S oom - 5 v Zoom Slider MNuclear_macra
- . .| w Thumbnail Cirl+T Microveszeldnalysis_macro
Fit f,‘ iy Micromet_macro
a0 4l : Membrane_macro
_—r ! Magnifier COlorDeconyvolutionS eperateStains_macro
Filmstrip Po: ICount_macro 1
v Status Bar Colocalzalon_o eperale s taing. macio
Rare Event Detection
A . Apeno Positive Pisel Count Sample Macro
Analysis Ctrl+G
2.8 =
Digital Slide Conferencing Ctrl+D
TelePath Live
Annotation Link Manager F8 Generate Markup Image Incremental Processing
Reagion of Analysis
(#) Selected Annotation () Entire Image
[ Test A ’ Create ] [ Analyze l [ Cancel
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Positive Pixel C

7. Review the parameters, set Region of Analysis to Selected Annotation Layers,
& Generate Markup Image.

8. Click Run.

'Macro on server: APERTO-01959 x|
Select Algorithm Impart Macro...
7 'Positive Pixel Count v9" Parameters
View Width 1000
View Height 1000
Overlap Size 0
Image Zoom 1

WMarkup Compression Type 0 - Same as processed image

Compression Quality 30

Clazsifier Neighberhood 0 g . g

i 0 - None Classifier Neighborhood, Classifier &
The default color for Positive cinss it . Class Lists are Genie parameters.
Pixel Count is brown. Hue Width 05

Color Saturation Threshold 0.04

IwpiHigh} 220

lwpiLow) = Ip (High} 175

Ip(Low) = lzp(High) 100

Izp (Low) 0

Inp(High} -1

Tip: Click on a single
| parameter value and see
e the definition below.

View Width
Width of processing box

a

Region of Analysis

{7 Current Screen
() Entire Image

(#) Selected Annotation Layer /\
Generate Markup Image Ru é& 8
Ready [ N\ )
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Positive Pixel C

9. View analysis results in the Annotations window under Layer Attributes

section.

Annotations - Detailed View

3¢

= 5|6

Ceummen ) [T B

Layers I;- =k IXI?Q'(I

Layer Attributes <= | = ||%|

Layer Regions %I=IXII%I

Layer 68

Aperio Positive Pixel Count Sample |

Result 109

11913149

» Mwp = Mumber of
‘weak Positive

Mp = Mumber of
Poszitive

Mzp = Mumber of

Layer pane lists the
defined layers for the
digital slide. 1A results
create a new layer.

F.<_l

Strong Positive

|| Region | Length [um] |.-'3-.rea [Lrm] T ext | MHwp = Mumber c
1 3477 584165 210554
» 10 1947 230316 380765

| Layer Attributes pane
1 shows the combine 1A
1 results for the digital

I slide.

Layer Regions pane
shows the individual
IA results for each
annotation on the

MNzp/MNwp+Np+M=p]
lwwawg= 172.3959
[lwp+lp)/[MHwp+tp]

[ = Mumber of
Megative

I = Total Intensity of
Megative

MNTotal = Total
Fumber
[Fozitive+Megative]
ATotal = Total Area
[rillimeter-squar
Fozibs =

3197655

0.69637313482635552

0382039

****** Algorithm | nputs ==

Positive Pizel Count
o

digital slide.

Tip: The Input parameters are
always listed in the Layer
Attributes.
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Positive Pixel C

10. View Markup Image. Click Show/Hide Layer Icon

window to compare analysis results to the original digital slide image.

10

[B) Fie Edt Image View Tools Window Help

r-"-a@'-e QOEciE-M WA B LBROI% [OhGiEe fiwOdoE 'F

%

Document Number: TRN-0012 Rev: C

28190 % 16432 = 1.3GB, file = S0MB

| 6877, 11368 3855 x 2578

618, 12313 cnng rof |

Original

in the Annotations

Note the areas excluded from analysis.
This was done W|th the negatlve pen tool.

5

%)
Cemmeny ] Jm B

Layer Attributes 4 | — 5]

Algarithm

Date
StartTime

Mar
Mp/[Nwp+Np+N sp]

[
-]
= Number of

| In=Total Intensity o
Meaa

Pastive Pixel Count
)

2009/02/04
111307 A
111312 8M
]

1181313,

149.739
0233279

172399

LayerRegions & | — | 2 |[E] | |

rrrrr
EE4165
1947 230316

L 11391:36B7 %2466 | 7478, 12474  |tching / trackmap / progressive rend | A/C: 100.0%

Markup

Red = strong positive pixels

Orange = positive pixels
Yellow = weak positive pixels
Blue = negative pixels

pan |
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Knowledge Cheek I

1. Positive Pixel Count provides outputs for area quantification?
a) True
b) False
2. The user must adjust the color hue of the stain if using anything other than a
brown stain?
a) True
b) False
3. What is the default color quantification for Positive Pixel Count?
a) Blue
b) Red
c) Green
d) Brown
4. What parameter value is defaulted for ScanScope images?
a) Hue Value

b) Iwp
c) View Width
d) Hue Width

Document Number: TRN-0012 Rev: C Page 27



Color Deconvolution | I

Color Deconvolution accurately separates stains, resolving multi-
stain colocalization problems.
* Accurate Stain Separation

» Separates the image into 3 channels corresponding to the actual colors used.

Allows accurate measurement of the area for each stain individually, even when the
stains are superimposed at the same location.

« Automatic and precise training of stain colors.
* Eliminates guesswork and trial and error.

i 1}‘".;" FE
Original
Separated Stain
This example is the Ma,;kup d sa

result of running
analysis three times

A BE> Xon O
once for each color & % e

channel.
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Color Deconvol

Also quantifies the area & intensity of separated stains.

» Color Deconvolution does more than just present a visual separation of stains, it
also accurately calculates the area and intensity for each individual stain.

; ‘%3 L S I3

Original Intensity Ranges Markup

The markup image color codes analyzed pixels in the following format:
Negative, Medium, Strong Positive

Outputs:
» Negative, Weak, Medium, Strong Positive Staining
» Percentages
 Average intensity
* Area
* Other statistical measurements
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Color Deconvol

Color Deconvolution input parameters:
Color Deconvolution analysis performance is controlled by a set of input user

define input parameters

Default color channels are
* Color (1) = Hematoxylin
* Color (2) = Eosin
» Color (3) = DAB

Positive Color Channel-Particular stain to be
analyzed (1, 2, or 3).
Markup Image Type-
» Deconvolved Color Channel
» Intensity Ranges
Intensity Thresholds-
* Weak Positive
* Medium Positive
» Strong Positive
* Black Threshold
Color (1, 2 or 3)-Normalized Optical Density values

for the Red, Green, Blue components for the
corresponding color channel. If only 2 stains are present
set color 3 values to 0.

Clear Area Intensity-Default value for white balance.

Document Number: TRN-0012 Rev: C

Markup Compression Type 0 - Same as processed images

Compression Qualiby 30
Clas=ifier Neighborhood o
Clas=zifier 0 - Mone
Llazs List

Positive Color Channel 1

'Macro on server: APERIO-01959 i
I Select Algorithm ] [ Import Macro... ]
"‘Color Deconvolution v9' Parameters

Wiew Width 1000
Wiew Height 1000

Owerlap Size o

Image Zoom 1

Mark-up Imags Type 1 - Deconvolved Color Channel

Veak Positive Threshold Z20
Medium Positive Threshold 170
Strong Positive Threshold 100
EBlack Threshold 0
Color (1) - Red Component 0.9304
Color (1) - Green Component 025582
Color (1) - Blug Component 02822
Color (2) - Red Component 01957
Color (2) - Green Component 0.7578
Color (2) - Blug Component 0.5095
Color (3) - Red Component 0.258
Color (3% - Green Compnnen t 057

Classifier Neighborhood, Classifier &

Class Lists are Genie parameters.

I

Region of Analysis

() Current Screen

() Entire Image
(*) Selected Annotation Layer

]
I Input= Cutputs

Generate Markup Image

[Tune][ Rumn ]

Ready [

]
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Color Deconvolution | I

More on intensity:

« Intensity — Raw image data are in RGB format. Intensity is the average of RGB
channels in the raw data: (R+G+B)/3.

+ RGB value of (255,255,255) corresponds to bright white.

» RGB value of (0,0,0) corresponds to black.

» Large intensity is bright and corresponds to very light staining.
* Low intensity is very dark and corresponds to dark staining.

Macro on server: APERIO-01959 E

[ Select Algorithm ] [ Import Macro... ] Save Macro

‘Color Deconvolution v9' Parameters

Large intensity value

Weak Postive Threshold 220
Medium Positive Threshold 170
Strong Positive Threshold 100
Black Threzhold 0 [ ‘

Low intensity value

Note: Change the intensity input
values to determine what intensity will
be enumerated.
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Color Deconvol

Color Deconvolution
Results:

» Color Deconvolution results
are area based quantification
and intensity values.

» A positive result applies to
pixels that are stained in the
Positive Color Channel
specified in the analysis
inputs.

* A negative result applies to
pixels that are not stained
positive.

* |n addition, the Average Red,
Green and Blue OD values
are given.

* These results can be used
for color (stain) calibration.

Document Number: TRN-0012 Rev: C

Annotations - Detailed View

|

|35

(o) 5 B

Layers I;. +|X|)¢<|

Layer Attributes = | = ||£]|

Layer 80

Result 118
Layer 81
Layer 82

| -

Total Stained Area is
the cumulative total
area of positive and
negative pixels.

Percent Megative 42770

Total Analysis Area
is the total area of
analysis including
any clear glass areas
of the digital slide .

Results are color

Awerage Positive Intensiy

Percent Weak Positive

Percent Medium Positive

Percent Stiong Positive. E3ES]

Percent Total Positive

Awerage Weak Pogitive
Irtensity

Awerage Medium Positive
Intensity

Awerage Stong Postive
|rtensity

Tatal Stained Area [mm”™2] 0180148
Tatal Analysis Area [mm”™2) 0180691

0D [Average Optical 0109923
Druity)

0D » Percent Total Positive 10,5221
OD « Total Staned Area 1.98023e-002

coded to match the (2]
mark up image. S care (0-300) 11419
Awerage Red 0D (.460463

| tverage Green 0D 0577601
Awerage Blue 0D 0674055 l ',I
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Color Deconvol

Color Deconvolution Workshop
"P

M

Watch Instructor demo the tasks below and perform them using the steps

beginning on the next page.
. Open Color Deconvolution Demo File
. Select Color Deconvolution Macro
. Run Analysis
. View Results

Open Image Select Macro Run Analysis View Results
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Color Deconvol

1. Log into Spectrum with a username and password provided by instructor &

select the specified Research Role.
2. Navigate to the digital slide list, open the Color Deconvolution Demo slide as

shown below.

Login Required 1

Uzername:

Pas=waord:

f Digital Slides o |

Lizt all Digital Slides

as Folders
Lizst ScanScope Slides
Lizt ScanScope Slides (Past Dav)
List ScanScope Slides (Past Week)

Lizt ScanScope Slides (Past Month}
Search all Digital Slides

Color
Deconvolution
Demo Data

Add new Digital Slides

Click thumbnail image to open ImageScope

Document Number: TRN-0012 Rev: C
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Color Deconvol

3. Click View, select Annotations Window (Ctrl N).
The annotations window is now displayed.

4. Click Region 1 in Annotations Window under the Layer Regions section to
select a region for analysis. (For this exercise use Region 1).

—
ﬂ File Edit Imﬁ View |h mEE:
Baa @ n Fi1 1AE HFRO% [T b
flue 1O | Scale Axes/Grid
W Zoom Slider . .
A Thombnai 3 cl+T Note: You can create your own region of analysis by
vagnifir using any of these annotation tools in ImageScope.
v Fimstrip The negative pen tool will exclude regions of
B e Sl ——— analysis.
IANCelerDeconvo Annolaﬁonﬂ;jfféé Cirl+M
= Ctrl+G
Tracker -
Digital Slide Conferencing Ctrl+D | % & tats [ ] E w =
TelePath Live

Annotation Link Manager F3

Coanmen ) [0 7

|l Layers I;. -I-l)(l)@(l Layer Attributes +|—||%I 4 Layer Regions +|—|X|Iﬁ|
r a0 ﬂDescription B Fiegion |Length [urn] |Area [urn2] |Te:-:t 1/'/ |Description |
Layer 81 » 1 1712 180434 NS
Layer 82
-
|l 32640 x 46791 = 4.3GB, file = 358MB | -3530,0:32640x46791 | 9774,7331  [kmap/progr| AJC: 9.0/ /J
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Color Deconvol

5. Click View, select Analysis (Ctrl G).
The Algorithms Server window is now displayed.

6. Select ColorDeconvolutionSeperateStains_macro & click Test.
The saved input parameters are now displayed.

g
File Edit Imffie View |n

_ | %

EEo® ANGLet £

| iaE dEO0 [ORad

fius O n | Scale Axes/Grid 5
v Zoom Slider
# Thumbnail

Magnifier

v Filmstrip
Cilimages\Demo Fi \, Siatys Bar
Files -
1A\ ColorDecaonvolu

Analysis AN crrl+G

goKer

Digital Slide Conferencing Ctrl+D
TelePath Live

Annotation Link Manager F8

32640 x 46791 = 4.3GB, file = 353MB [ 3530, 0:32640x 46791 | o774,7331

};kmapt pngr\ AJC: 98.0' /dl

Document Number: TRN-0012 Rev: C

L
Algorithm Server Job - Server: APERIO-01959

Select Algarithn b acra 6

M acra Mame |
Muclear_macro

Microveszeltnalyziz_macra

Micromet_macro

COloDeconvolutionSeperateStaing. macro 1|
L) (w1 e 1 o =i ]

PozitivePizelCount_macro

Colocalization_SeperateStaing_macra

Fare Event Detection

Aperio Pogitive Pikel Count Sample Macro

Generate Markup Image Incremental Processing

Reqion of Analysiz

() Selected Annotation () Entire Image

[ Analyze ][ Cancel

| Test S? Create l

Page 36



Color Deconvol

This macro has been saved with the parameter settings for the specific stains in our
sample image.

7. Verify that Positive Color Channel is set to 1, the Markup Image Type is set to
Deconvolved Color Channel.

8. Select Selected Annotation Layer & Generate Markup Image.
9. Click Run.

Macro on server: APERIO-01959 E'
[ Select Algorithm ] [ Import Macro... ]

"Color Deconvelution v3' Parameters

View Width 1000 LF][~ ]
View Height 1000

Overlap Size
Image Zoom 1

Markup Compression Type 0 - Same as processed image

Compression Cuality 30 =
Clazsifier Meighborhood o
Classifier 0 - Mone
Classis]
7 Positive Color Channel 1 R
Mark-up Image Type 1 - Deconvohved Color Channel
Weak Pozsitive Threshold 220

Medium Positive Threshold 170
Strong Positive Threshold 100
Black Threshold 0

ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ s M
View Width
VWidth of processing box

Inputs Outputs
Region of Analysis _I
() Current Screen 8

(") Entire Image

(*) Selected Annotation Layer

[¥] Generate Markup Image Tune [ R.urcgé 9

sz [
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Color Deconvol

10. View the Color Channel 1 markup image.

The markup image should display automatically if Generate Markup Image was selected.

11. To review numerical results click View & select Annotations.
Positive results are color coded.

10

Annotations - Detailed View

| 5|5

Document Number: TRN-0012 Rev: C

Layers I;_I 4 |'X|><K|

Layer Attributes &~ | = i

Layer 80
L Result 120
Layer ol
Layer 82
Layer 83
Layer 115
Layer 116
Layer 117
Layer 119

11

Average Positive Intenzity

|-

Percent Weak Paositive

Percent Medium FPositive

Percent Strong Pozitive
Percent Megative
Percent Total Pogitive

ayerage Weak Positive
Intenzity

Average Medium Positive
Intenzity

Ayerage Strong Pozitive
Intensity

Tatal Staired Area [rmm™2)
Total Analysis Area (mm™2)

00 [Awverage Optical
Dierity]

0D ® Percent Total Positive

0D & Total Stained Area
[rrn ™ 2]

0180143
0.180631
0109323

105221
1.98023e-002

| |5 core [0-300) 114.19
| Awerage Red OD 0460453
| | Awerage Green 0D 0577601
| Awerage Blue DD 0 EFA055
BES Algorithm [nputg =+ === B |garithm lnputs ==
| algorithrm Color Deconvolution +3
| version 9.1 [ e
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Color Deconvol

12. Select the original Annotation Layer in the Annotations Window.

13. Change Positive Color Channel parameter to 2 in the Analysis Window.
14. Click Run.

Annotations - Detailed View [Macro on server: APER10-01959

3]
E| E | - | 1 3 [SelectAIgnrithm ][ Import Macro... ]
B ‘Color Deconvolution v9' Parameters
ok | X | | View Width 1000 sl
Wiew Height 1000
LEI'y’Er EI. | Qverlap Size 0
RE-SIJ' 0 1 2 Image Zoom 1
Markup Compression Type 0 - Same as processed image
Comprezsion Quality 30 =
Claszifier Neighborhood 0
Clasgi
P Class List
( [Positive Color Channel iz L
» rk-up Image Type volved Coler Channel
Weak Posiiv
Medium Positive Threshold 170
Strong Pesitive Threshold 100
Black Threshold 0
Positive Color Channel
Specifies which Deconvolved Color Channel to Quantitate
' ' ions: - . | nouts _Outputs |
Region of Analysis selections: | || resonotanaivss
. () Current Screen
Selected Annotation Layer O Entre Image
(%) Selected Annotation Layer
Generate Markup Image —
Generate Markup Image 1 4 R.I.hrl‘_:k
”_IReady | |
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Color Deconvol

15. View markup image & results.
Now the red color markup image of stain #2 is displayed.

15

Lrli

. o : and markup image.

Click the icon to toggle between original

Summa

i [ 3| XK Layer Attributes +|=||ﬁ|

Average Positive Intensity

-l Result 120 Percent Weak Positive
Rezult 121

::::Z: :; 4 | | Percent Strong Positive
« Ol Layer 83
Layer 115 Percent Total Pogsitive
Layer 116 Average Weak Positive
Layer 117 Intengity

Layer 115 Average Medium Positive
Intengity

4

Percent Medium Pozsitive

Percent Megative

Ayerage Strang Positive
Intengity

Total Stained Area (mm™2)

Remember that each analysis run creates a new result
under the appropriate annotation layer.

Document Number: TRN-0012 Rev: C

05,7638

0.150143
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Color Deconvol

16. Repeat steps 12 — 15; changing the Positive Color Channel parameter to 3.
Now the brown color markup image of stain #3 is displayed.

16 . e il e
i i :
| Annotations - Detailed View X
e FEE @ )
E Layers [@ [ + [ X %] Layer Attributes | = | ] | | Laye
; % Layer &0 b Average Positive Intensity R Re
¥ ’%‘ =J- Result 120 Percent Weak Positive k
b 3 Result 121 Percent Medium Positive
Result 122 _F‘ St P =
; e || Percent Shong Pastive
g Layer 82 n Percent Negative
¥l Layer 83 Percent Total Positive
> - |lfLaver 115 dverage Weak Postive
. © |llLayer 116 n |rtenzty
Layer 117 Average Medium Positive
Layer 115 n I tersity
&verage Stong Positive
[rtenszity
_'|'|Ii"'|' 1 ' Sy i'l-li'li'ui:'l
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Color Deconvol

17. Click Original Layer in the Annotations Window.

18. Change the Markup Image Type to Intensity Ranges in the Analysis Window,
leaving everything else the same.

19. Click Run.

17 Annotations - Detailed View

| svear 81

He=ult 121
Result 122

Macro on server: APERIO-01959

%]

18

Region of Analysis selections:
Selected Annotation Layer
Generate Markup Image

Document Number: TRN-0012

Rev: C

[ Select Algorithm ] [ Import Macro... ]

'Color Deconvolution v9' Parameters

Save Macro

View Width 1000
View Height 1000
Overlap Size

Image Zoom 1

Markup Compression Type 0 - Same a= processed image

(]

Compreszion Cuality 30

Clazsifier Neighborhood 0

Clazsifier 0 - None

Class List

Ppo=itive Color Chappel 1

‘Mark-up Image Type | 0 - Intensity Ranges m

WMedium Positive Threzhold 170
Strong Positive Threshold 100
Black Threshold 0

Malare $414 MNead Mamnanaat noana
Mark-up Image Type
Choeose Intensity Ranges or Decenvolved Coler Channel

[

Region of Analyzis

(") Current Screen

(") Entire Image
(3) Selected Annotation Layer

Generate Markup Image

I Inputs  Outputs

RuAZ

Ready

g |
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Color Deconvol

20. View markup image & results.
Notice that the markup image for intensity for Color Channel 3 (DAB) is displayed.

X,
Cemmen) [T B

Layer Attributes <~ | = ||ﬁ|

’ ; Layer 80

=] Result 120
Result 121
Result 122
Re=ult 123
Laver 81
Layer 82

1|l Layer 83

Layer 115
Laver 116
Layer 117
Layer 115

20

Average Pogitive Intensity

|-

Percent Weak Positive

Percent Strong Positive
Percent Megative
Percent Tatal Positive

Average Weak Positive
Intensity

Average Medium Positive
Intensity

Awerage Strong Pozitive
Intensity

Taotal Stained Area fmm™2)

Total &nalysis Area [mm™2]

B Percent Medium Pogitive _

176613 -~
53.9472

0130143
0180631 &

Note: The choice of markup image type does not change the numerical
results. Verify this by toggling between the Channel 3 deconvolved
results and the intensity ranges (in this example results 4 & 5).

Document Number: TRN-0012 Rev: C
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Knowledge Cheek I

1.  What does Color Deconvolution quantify?
a) Cell quantification
b) Area and intensity of separated stains
c) Area and intensity of colocalized markers
2. Color Deconvolution can only separate up to 2 stains.?
a) True
b) False
3. Color Deconvolution uses color channels to determine stain analysis?
a) True
b) False
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Color Deconvol

Color Deconvolution can be used for stain color calibration.

» Color Calibration defines the stain color vector (red, green and blue components)
so stained cells will be correctly identified by the analysis tool.
» Default colors vectors are:

PG

« Color 1 — Hematoxylin ﬂ"f{"?gg,, {s‘&
« Color 2 - Eosin = ‘.;:?’V;,&iﬂﬁ
"*‘1‘ &3 % %

« Color 3—-DAB SR A

» Color vector numbers must be changed if different stains are used.

» The color for each stain is calibrated separately for each stain that differs from the
defaults.

» Separate control slides for each stain should be used.

» After calibration is complete, the modified parameter settings can be saved as a
macro.

Color (1) - Red Component .65 ]|
Color (1) - Green Component 0.704
Color (1) - Blue Component  0.285
Color (2) - Red Component  0.072
Color (2} - Green Component 0.55%
Color (2} - Blue Component  0.105
Color (3) - Red Component  0.283
Color (3} - Green Component 0.57
Color (3) - Blue Component  0.778
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Color Calibrati

Calibration Outputs become input parameters.

Aperio ImageScope v10.0.35.1798 - [Barcode: Slide ID: 84 File: C:\images\Demo Files\Demo Files - ... |~ ||O /B3

I
E Mie-3

i a®r0 O0<<E-ILEEQE

HBOHN [

- B .
P
L]
o TR
Fl

Macro on server: APERIO-01959

[ Select Algorithm ] [ Import Macro... ]

-y

Save Macro o . . - ‘
“Color Deconvolution v&" Paramet . |
Classifier 0 - None b] E 3 “ .
Class List ’ . ‘
Positive Color Channel 1 ‘ v ° ‘
Mark-up Image Type 1 - Decenvolved Color Channel r L

Weak Positive Threshold 220
Medium Positive Threshold 170
Strong Positive Threshold 100
Black Threshold 0

Vv

i

Color (1) - Red Component  0.9304
Color (1) - Green Component 0.2562
Color (1) - Blue Component  0.2522
Color (2) - Red Compenent 01857
Color (2) - Green Component 0.7678
Color (2) - Blue Component  0.609%
Color (3) - Red Component 0258
Color (3) - Green Component 0.57
Color (3) - Blue Component  0.776

» Run Color Deconvolution Analysis

» Use a control slide with a single stain.

Yy

Clear Area Intensity 24-0

View Width
Width of processing box

e

Region of Analysis
(O Current Screen

(%) Entire Image
() Selected Annotation Layer

Generate Markup Image

e
Fe \
fgs.ia ]
- 8
(Tune ] [Crun ]

f :
Ready [ A
— - o
| 92000 x 41622 = 10.7GB, fie = 150MB | 41897 20892 :739x663 | 42436,21384 [kmap/progn| AJC:100.0% | PAN
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Color Calibratio
Calibration Outputs:

» By using a control slide with one color, you can guarantee the Average Optical
Density for the stain’s RGB color components will be accurate.

» These results will become the Color Channel inputs (red, blue & green
components) for that stain when running Color Deconvolution or Colocalization.

i Detailed View

3
Csummany ) = B

L= et =y

Layers IQ- +I>‘<I>¢<I Layer Attributes 4}=I=II%I

Result 1 Aeverage Poszitive [ntensity E
Percent Weal Positive

Percent Medium Positive
Fercent Strong Positive

In this example, the results are _
for the DAB stain being used. | -2 1o pose  EEED

adyerage Wweak FPoszitive
Intensity

L4

Ayverage Medium Positive
Intenzity

Ayverage Strong Fositive FE.097
The analysis outputs define the Average Red, Green & Blue Optical Densities for control stain.
| BD [.-'lj-.t'-.-'ierage Optical 0193254
=nsiky

0D = Percent Total Positive 15.3483

oD = Total Stained Area 1.23519=-002

| [mm™2]
LN i = T [ N} 1 ] | e |
| 2verage Red OD 0.201777
| 2overage Green OD 0.554163
| &verags Blus OD 0.77575
= T
Algorithm Color Deconwvolution 9
: Werzion 91
Wi Width 739
| dimin Hainlar cea [1]

Document Number: TRN-0012 Rev: C Page 47



Color Calibratio

Calibration Inputs:

« Performing color calibration on a control slide, results in the Average Red, Green
& Blue Optical Density for that stain.
» The output optical densities are the color vectors for the specific stain being used.

* These become the Red, Green and Blue Components for the Color Channel inputs for
the stain.

Macro on server: APERIO-01959 E

[ Select Algorithm ] [ Import Macro... ] Save Macro

"Color Deconvolution v9" Parameters

Class List [~]
Positive Coler Channel 1

Mark-up Image Type 1 - Deconvehlred Color Channel

Vieak Positive Threshold 220

Medium Positive Threshold 170
Strong Positive Threshold 100

Black Threzhold 0

ke (1) - Greon Gomponcet 02562 Color Calibration takes the guesswork out of
e o the trial and error method of running Color
o @ GronCorponrt 0767 Deconvolution and Colocalization.

{Color (3) - Red Component | 0.301777

Color (3} - Green Component 0554183
Color (3} - Blue Compeonent 0775

Clear Area Intensity 40

[ne]
Color [3) - Red Component
0D for Color(3) Red: Default i= DAB

Inputs Cutputs
Region of Analysis _I

() Current Screen

() Entire Image:
(%) Selected Annotation Layer

Ready |
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Stain Calibration Workshap: ]

Automatic Stain Calibration

§e =

Watch Instructor demo the tasks below and perform them using the steps beginning on
the next page.

~

. Open Nuclear Stain demo file

. Select Nuclear Stain Tuning macro
. Run analysis

. View Results

| hieegePedlD 09773

| byeageeen0D DR
dyerage Bl 0D (.776A05

[Hacro on server: APERIO-01959
‘

"Color Deconvolution v9' Parameters

Open Image Select Macro Run Analysis View Results
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Stain Calibratio

1. Log into Spectrum with a username and password provided by instructor &

select the specified Research Role.
2. Navigate to the digital slide list, open the Nuclear Stain Demo slide as shown

below.

Login Required 1

Uzername:

Pas=waord:

f Digital Slides o |

Lizt all Digital Slides

as Folders

Lizst ScanScope Slides

Lizt ScanScope Slides (Past Dav)
List ScanScope Slides (Past Week)
Lizt ScanScope Slides (Past Month}
Search all Digital Slides

Control with DAB
¥
Muclear
> [ ] ﬁ 4 Stiin Demo
4

Add new Digital Slides

Document Number: TRN-0012 Rev: C

Click thumbnail image to open ImageScope
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Stain Calibratio

3. Click View and Select Analysis (Ctrl G).
The Algorithms Server window is now displayed.

4. Click Color Deconvolution macro in the Algorithms Server window & click

Test.

The algorithm parameters are now displayed.

3 View

Algorithm Server Job - Server: APERIO-01959

Full Screen Fii

Scale Axes/Grid
v Zoom Slider
Thumbnail Ctrl+T

Magnifier

Filmstrip
v Status Bar

Annotations Ctrl+M
Analysis E Ctrl+G

Tracrer
Digital Slide Conferencing Cirl+D
TelePath Live

Annotation Link Manager F3

Select Algorithm M acro

Macro Name |
Muclear_macro
Microveszeltnalyziz_macra
Micromet_rmacro

Membrane_macro
COloDeconyolutionSenerateStaing macio
Colocalization_macro
PozitivePizelCount_macro
Colocalization_SeperateStaing_macro
Rare Event Detection

Aperio Pogitive Pikel Count Sample Macro

Generate Markup Image Ineremental Processing

Region of dnalyzis
(%) Selected Annotation ) Enttire Image

Il Test qﬂ Create ] I Analyze l’ Cancel

Document Number: TRN-0012 Rev: C
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Stain Calibratio

5. Zoom to an area that represents the stain being calibrated. Set the Region of
Analysis to Current Screen & uncheck the Generate Markup Image box.
6. Click Run.

Color Deconvolution is run with its erroneous Color settings and the output for the control
slide is obtained.

i
- | Macre on server: APERIO-01959 [}

p [ Select Algorithm ] [ Import Macro... ] ‘."‘

'Color Deconvolution v3' Parameters
~
J E '
WMarkup Comprezsion Type 0 - Same az processed image = &

Compression Quality 30

Classifier Neighborhood ] L a

The inputs are insignificant for
:u:r:_n;zfnjl:gr::;;enﬂ 1_Decunw~eu Color Channel L [ a Stain Calibration; Only the OutpUtS
Weak Postve Trvesrod_ 1220 for AVG RGB are relevant

Wedium Pu#r.tn.feThreshuld 170 ﬁ I es

:ackg'r:re:hubd-rh " ;DD m’ Va u .

Color (1) - Red Component  0.9304

Color (1} - Green Component 0.2562 M m
View Width N 4

Width of procezzing box

Clazszifier 0 - None
Class List

-
-0
Inputz ~ Outputs
Region of Analysis I _I “
- v
® Cur.rent Sereen - a 1. Y
() Entire Image \\ ‘a -“ 3
() Selected Annotation Layer . . o
v [ Generate Markup Image Rul iﬁ » . ;
f
I Ready [ 7 s L4
. -
> "y » * ‘e “
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Stain Calibratio

8. Click View, select Annotations (Ctrl N).

9. View Layer Attributes in Annotations Window.

Color Deconvolution provides the Average, Red, Green and Blue Optical Density (OD)
values of the image it analyzes.

8 View |
Full Screen Fi1
Scale Axes,Grid 9 mm; S — O
v Zoom Siider =1 §e1 it o
Thumbnail Cirl+T Layers I;. + |X|?@<| Layer Attributes & | - ||ﬁ|
Magnifier Result 1 || Average Red OD 0.301644 m
_ _ || Awerage Green 0D 0553978
Filmstrip Awerage Blue 0D 077594
v Status Bar =
Annotations =% Cirl -+
T” Ed:'s G The Average Red, Green & Blue
ra r .
Digital Slide Conferencing Cirl+D OD IS the BGB color component
TelePath Live for this stain. Use these values
Annotation Link Manager F3 as inputs when saving macros
for this particular stain.
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Stain Calibratio

10. Now that you have the Red, Green & Blue OD values you can use these outputs
as parameter inputs every time this stain is used. As an example:

Annotations - Detailed View X,
FIHE =
Layers [@ [ # [ X x| Layer Attributes < | = | 1£] | i 10
Result 1 _Avemge Red 0D (1.301644 &l
Average Green 0D 0.553978 Color (3) - Red Component  0.301544
:ﬂverageBIue ap 0.775964 \ Color (3} - Green Component 0553578
Color (3) - Blue Component | 0.778 I
These outputs become the Red, Green & Blue Component Clear Area Intensity 240
inputs for the appropriate color channel every time this stain is
used. This is done by manually adjusting the Red, Green & SIS L T
Blue Components in the Algorithms Window. D
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Knowledge Cheek I

1. Stain calibration can be completed using Color Deconvolution.
a) True
b) False

2. Calibration outputs become analysis input parameters.

a) True
b) False

3. What are the important output results for stain calibration?
a) Percent Weak Positive
b) Percent total Positive
c) Average Red, Green and Blue OD
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Colocalization

Quantifies the area & intensity of “colocalized” markers.

» Colocalization Analysis calculates the contribution of each stain at every pixel
location in the image as either part of a single stain or representing a
combination of staining.

Analysis results are based on the separated stain’s intensities.

For IHC, it determines where specific proteins are present and to that extent the
proteins are colocalized.

Original Hematoxylin

Marker B
* Outputs:

« A, B, A+B: 3 possible stain combinations for two stains.

A, B, C, A+B, B+C, A+C, A+B+C: 7 possible combinations for three stains.
» Percentages

» Average Intensities
* Area
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Colocalization

Cytoplasmic Quantification by area.

» Colocalization can be used for Cytoplasmic analysis by measuring only the
cytoplasmic component of staining.

AB (Nuclear + DAB

(Nuclear) Cytoplasm) Cytoplasmic
Markup Markup Staining
(Green)
« Outputs: Markup

* A, B, A+B: 3 possible stain combinations for two stains.
* A, B, C, A+B, B+C, A+C, A+B+C: 7 possible combinations for three
stains.
» Percentages
* Average Intensities
» Area
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Colocalization

Colocalization input parameters.

» Colocalization analysis performance is controlled by a set of input parameters

allowing users to define:

«  Markup Image Type-
 Colocalization
Deconvolved Color Channel 1, 2 or 3

'Colocalization v9' Parameters

View Width

Wiew Height
Overlap Size
Image Zoom

WMarkup Compression Type

1000
1000
0
1

0 - Same az procezsed image

Compression Quality 30
° MOde- Classifier Neighberhood 0
Clazzifier 0-None

»  Colocalization

«  Counter-stain, Double Label
« Threshold for intensity ranges-

»  Upper and Lower threshold for colors 1,2 & 3
« Color (1, 2 or 3)-Normalized Optical Density values
for the Red, Green, Blue components for the
corresponding color channel. If only 2 stains are present
set color 3 values to 0
« Clear Area Intensity-Default value for white balance

Clazs List

Mark-up Image Type

Mode

Color (1) Threzhold

Color (1) Lower Threzhold
Color (2} Threshold

Color (2} Lower Threshold
Color (3) Threshold

Color (3} Lower Threshold
Color (1) - Red Component
Color (1) - Green Component
Color {1} - Blue Component

Color (2} - Red Component

Color (2} - Green Component
Color (2} - Blue Component
Color (3} - Red Component
Color (3} - Green Component
Color (3) - Blue Component
Clear Area Intensity

0 - Co-Localization
0 - Co-Localization mode
200

0

200

0

200

0

085

0.704

0.286

0.072

0.99

0105

0.268

057

0.776

240

Classifier Neighborhood, Classifier &
Class Lists are Genie parameters.
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Colocalization

Colocalization Workshop

88 o=

Watch Instructor demo the tasks below and perform them using the steps beginning on the next
page.

. Open Colocalization demo file
. Select Colocalization macro

. Run analysis

. View Results

'Colocalization v9' Parameters

Open Image Select Macro Run Analysis View Results
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Colocalization

1. Log into Spectrum with a username and password provided by instructor &
select the specified Research Role.

2. Navigate to the digital slide list, open the Colocalization Demo Slide as shown
below.

Login Required 1

Uzername:

Pas=waord:

f Digital Slides o |

Lizt all Digital Slides

Colocalization
Dermo Data

as Folders

Lizst ScanScope Slides

Lizt ScanScope Slides (Past Dav)
List ScanScope Slides (Past Week)
Lizt ScanScope Slides (Past Month}
Search all Digital Slides

Add new Digital Siides Click thumbnail image to open ImageScope
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Colocalization

AU

[0 Fie €dt Image vew Tods Window Hep
FaaProe OO0=5=Ef-ph@aa
Mie-B

ﬁ P Gt fiwOo B

Open the Annotations winnow (Ctrl+N) & select the 15t Layer.
Click Region 1 in the Annotations window under the Layer Regions section.
Open the Analysis window (Ctrl+G) & select the Colocalization macro.

Click Test to display the algorithm parameters.

Zoom

) —

% 4 b
1 “ -

B[]

Click icon to open annotations window.

2

Annotations - Detailed View

-

x

H|5|6]

CSumman.) [ B

3 Layers I;- +|X|?Q'(|

Layer Attributes | = ||ﬁ|

Layer Regions < I = |X||ﬁ|

Muclear_macro

Microvesseldnalysis_macro
Micromet_macro

Layer 84 ﬂ Description E Reqion | Length [um] |f—'«rea [umn2) | Text |I[
Layer 85 2 1 2067 513793 ﬁﬁ
Algorithm Server Job - Server: APERIO-01959
Select Algorithm Macro
< 1l >
tacro Mame | | L

Colocalization_Se;eratestains_macro
Rare Event Detection
Aperio Positive Pizel Count Sample Macro

Generate M arkup Image Incremental Processing

Region of &nalysis

(%) Selected Annotation () Entire Image

[ Test T’A

Create ] I Analyze ][ Cancel
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Colocalization

7. Click Run in the Algorithms window.
8. View markup image.

Macro on server: APERIO-01959 =
[ Select Algorithm ] [ Import Macro... ]
"Colocalization v9° Parameters

Markup Compression Type 0 - Same as processed image [:]

Compression Cluality 30

Clas=ifier Neighborhood o

Clas=ifier 0 - None

Clas= List

Mark-up Image Type 0 - Co-Localization

Mode 0 - Co-Localization mode

Color (1) Threzhold 100

Color (1)} Lower Threshold o

Color (2} Threzshold 220

Coelor (2} Lower Threshold o

Color (3) Threshold 175

Color (3) Lower Threzhold o

Color (1} - Red Component 0.65 =

Color (1} - Green Component 0.704

Setting the markup image type to Colocalization presents color-coded quantification of all stains and their
colocalization combinations: stain 1 only, stain 2 only, stain 3 only, 142, 2+3 1+3 & 1+2+3

Tolor (3] - Hed Component T 258 |—|
Color (3} - Green Component 0.57

Color (3} - Blue Component 0775

Clear Area Intensity 240 [i]
WView Width

Width of proces=sing box

I Inputs Cutputs: .

Region of Analysis

() Current Screen
() Entire Image

() Selected Annotation Layer

Generate Markup Image 7 E @:Xi

Ready |

Region of Analysis selections:
Selected Annotation Layer
Generate Markup Image
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Colocalization

9. View results (Ctrl N will display Annotations window) under Layer Attributes in

the Annotations window.

Annotations - Detailed View

X
@l 56 =
Layers I;- 4 I}( !)Q(l 9 Layer Attributes <& Layer Regions =~ | = I'?‘fl

Laver 84 »  Pemcent (1] ; ! : Fegion | Length [um] |Area (L
Result 86 Intenzity (1. 1] » 1 2BRE E

Layer; B Percent [1+2]

Intenzity (1, 1+2)

Intenszity [2, 1+2)

Fercent [2]

Intenszity (2, 2]

Percent [2+3] 27.7527

Intenzity [2, 2+3) 152955

Intenszity [3, 2+3)

Fercent [3)

Intenzity [3, 3]

Femcent [1+3] 21.3871

Intenzity [1, 1+3) E9.8424

Intenszity [3. 1+3) 58.9168

Femcent [1+2+3]

Intenzity [1. 1+2+3)

Intenszity [2, 1+2+3)

Intensity [3. 1+2+3)

Owerall Intensity (1) F34147

Owerall Intensity (2] 158642

Owerall Intensity (3] 104,93

Tatal Stained Area [mm™2)] 020464

Colocalization classifies each pixel as either part of a single stain or a combination of stains based on the
separated stains’ intensities and then provides different statistics for their quantitative assessment in terms of
area intensity.

IJAIgnrithm Colocalization w3

Ivearzinem 91 [ﬂ Ii]-' [2
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Colocalization

Demonstrate that the different stains have been separated properly.

*  Hematoxylin

*  Marker A (Fast Red)

* Marker B (DAB)

10. Reopen the Analysis window (Ctrl G) & select the
Colocalization_SeperateStains_macro

11. Click Test to load parameter values.

Algorithm Server Job - Server: APERIO-01959

&3

Select Algorithnn b acro

b acro MName

Muclear_macro
Microveszeltinalysis_macro
Micramet_macro
Membrane_macro

Colocalization_macro
FozitivePielCount macio

COlarDeconvolutionS eperateStaing_macro

are Cyvent L'eteclion

Generate Markup Image

Fegion of &nalyziz

{(*) Selected &nnaotation

1 O Colocalization, SeperateStains acto. ...

Apenio Positive Pivel Count Sample Macro

Incremental Proceszing

(" Entire Image

11 |ﬂ:% Cieate |

I Analyze ll Cancel
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Colocalization

12. Change Markup Image Type to 1 — Deconvolved Color Channel (1).
13. Click Run in the Algorithms window.

14. Repeat steps 12-13 for the Deconvolved Color Channels 2 & 3.

Macro on server: APERIO-01959 =1 Macro on server: APERIO-01959 =
[ Select Algorithm ] [ Import Macro... ] [ Select Algorithm ] [ Import Macro... ]
"Colocalization v9" Parameters "Colocalization v9' Parameters

Wiew Width 1000 1 2 i Wiew Width 1000 -~
Wiew Height 1000 View Height 1000

Owerlap Size o Owerlap Size 2 £ =

Overlap Si Qwerlap Si Height of processing box

Image Zoom 1 Image Zoom

Markup Compression Type 0 - Sames as processed image

Markup Compression Type il Sea= procezsed image
Compres=sion Quality 30 Compres=sion Quality
Claz=ifier Neighborhood o = Clas=ifier Meighborhood 1 4 =
Classifier 0 - Mone Clazsifier
Cl Lics i
ﬂ Mark-up Image Type 1 - Deconvohlred Color Channel (1}[:] Mark-up Image Type éZ—Dchnvuh{ed Color Channel (2}[:]

e e g e
Coler (1) Threzhold 100

Color (1} Lower Threshold o

Color (2} Threshold 220

Coler (2) Lower Thresheld 0

Coler (3) Threshold 175

Coler (3) Lower Threzheld o

Color (1) Threshold 100
Color (1) Lowwer Threshold 0

Color (2) Threshold 220
Color (2) Lower Threshold o

Color {3) Threzhold 175
Color {3} Lowrer Threshold o

Color {1} - Red Component

Coler (1) - Red Component 0.865

[ne] 0.8s [»]

Mark-up Image Type
Choose Colocalization or Deconvolved Color Channel

| mpus _Outputs |

Mark-up Image Type
Chogse Colocalization or Decenvolved Coler Channel

I Inputs Outputs:

Region of Analysis Region of Anahzis

() Current Screen

() Entire Image
(*) Selected Annotation Layer

Generate Markup Image

(") Current Screen
() Entire Image

Anatyzis Complete

13 BPIEES

Generate Markup Image

(#) Selected Annotation Layer

Ready

Document Number: TRN-0012 Rev: C

Region of Analysis selections:
Selected Annotation Layer
Generate Markup Image
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Colocalization

15. Show Markup Images & view results in the Annotations window.

: .\‘. )
i

Annotations - Detailed View S kY

a 2

|55 s

Layers EJ .|.|}(_|>q<| Layer Attributes 4}=|=||ﬁ|

Layer 84 p Percent [1)
—|--Result 129 Intenzity (1, 1]
Result 130 Percent [1+2]

Result 131

— Intensity (1, 1+&)
Click Result # to toggle between markup images. | 813174
PECERT 2] 11.7655
Intenzity (2, 2] 17641
Percent [2+3) 277027
Intenzity (2. 2+3) 152955 =
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Knowledge Cheek I

1. Colocalization Analysis determines to what extent proteins occur separately or
in combination with each other.
a) True
b) False
2. What does Colocalization Analysis quantify?
a) Cell quantification
b) Membrane quantification
c) Area and intensity
d) Nuclear quantification
3. When using 3 color channels there are 7 possible output combinations?
a) True
b) False
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Nuclear

Nuclear analysis quantifies nuclear staining and intensity.

« Markup image highlights the detected nuclei which are color-coded according to
their classification.

« Nuclear staining is classified as follows and is based on nuclear staining
intensity: Blue = 0, Red = 3+

Nucleus = 0 when it has no
staining.

Nucleus = 1+ when it has
weak staining.

Nucleus = 2+ when it has
moderate staining.
Nucleus = 3+ when it has
intense staining.

0, 3+ Nuclei

ol[S]l0)
« Outputs:

* Percentage Positive Nuclei (0.0 — 100.0)
* Average Intensities (0, 1+, 2+, 3+)

» Percentages of 0, 1+, 2+, 3+

* Other statistical measurements
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nuciear

Can be tuned for IHC ER and PR stained breast tissue.

» Detects the nuclear staining for target chromogen for individual cells and
quantifies intensity.

» Performs same complex analysis as pathologists.

» Detects positive staining for individual nuclei.

» Quantifies nuclei by staining intensity.

« Classifies nuclei as 0, 1+, 2+ and 3+.

» Automatic cytoplasmic stain removal.

« Automatic lab/reagent stain tuning.

» Supports different scoring schemes: Allred, HScore.

» Can be used for other tissue type by changing input parameters.
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Nuclear

Nuclear Analysis input parameters.
* Nuclear Analysis is controlled by a set of input parameters.
» Cell feature detection and scoring scheme parameters are handled separately.

* Avg. Radius-Radius for noise reduction.

] Macro on server: APERIQ-01953 %]
» Curvature Threshold-determines the level of de- R s —
clustering for touching nuclei. o] ot Haco..
« Seg Type- method of nuclear segmentation MNuclear v§ Parameters
* Intensity, Cytoplasmic Reduction. Averaging Radius (um) 1 H
* Threshold Type-Determines method of edge separation Curvature Threshold 25
(where one cell ends and another begins). Segmentation Type 2 - Cytoplasmic Refection
* Min/Max Nuclear Size-Nuclei outside of range will not Threshold Type 1 - Edge Threshald Hethod
be counted Edge Trimming 1 - Weighted
« Min Roundness-Nuclei with roundness < value will not Lower Threshol !
be reported. Upper Threzhold 230

Win Nuclear Size (um"2) 20

* Min Compactness-Nuclei with compactness < value will
Wax Huclear Size (um'2) 1000000

not be reported.

. . . . ) Min Roundnezz 0.1
* Min Elongation-Nuclei with elongation < value will not M Compachess ,
reported.
be °po teq . . Min Elongation 01
* Remove Light Objects-Allows the removal of light Renove Light Obscs .

objects.

Nuclear Detection Parameters
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Nuclear

Nuclear Analysis input parameters.

« Stain color parameters can be calculated using Color Deconvolution’s stain

Macro on server: APERIO-01959

[ Select Algorithm ] [ Import Macro... ]

calibration process.

Stain Color Parameters

Scoring Scheme Parameters

'Muclear v9' Parameters

Save Macro

Document Number: TRN-0012 Rev: C

Clear Area Intenzity 240 A
Nuclear Stain (Red) 0.696858

Nuclear Stain (Green) 0.643073

Nuclear Stain (Blue) 0.317563

Positive Stain (Red) 0.244583

Pozitive Stain (Green) 0.500334

Positive Stain (Blue) 0.825081

3rd Stain (Red) 0

3rd Stain (Green} 0

ard Stain (Blue) 0

Cytoplagmic Intensity Threzhold 230

Weak(1+) Threzhold 210

Moderate(2+) Threshold 186

Strong(3+) Threshold 162

Black Threshold 0

Uze Mode 0 - Analy=iz/Tuning
Mark-up Image Type 1 - Analyzis
Clas=ifier Type 1 - IHCHuclear
Claz=ifier Definition File IHCHuclearTraining
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Membrane

Membrane Analysis quantifies membrane staining and intensity.

« Markup image highlights the detected cell features and the membrane staining
which is color-coded according to cell classification.

« Membrane staining is classified as follows and is based on membrane staining,
intensity and completeness: Blue = 0, Red = 3+

Negative = 0 when it has
no membrane staining.
Tumor Cell = 1+ when it
has partial or weak
staining.

Tumor Cell = 2+ when it
has moderate & complete
staining.

Tumor Cell = 3+ when it
has intense & complete
staining.

« Outputs:

* HER2 Score (0, 1+, 2+, 3+)
» Percentages of 0, 1+, 2+, 3+ cells
» Other statistical measurements

Document Number: TRN-0012 Rev: C Page 72



membrane

Can be tuned for IHC HER2 stained breast tissue.

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

» Performs same complex analysis as pathologists.

» Detects positive membrane staining for individual cells.

» Quantifies cells by membrane staining, intensity and completeness.
» Classifies cells as 0, 1+, 2+, 3+.

» Applies HER2 scoring scheme.

« Automatic lab/reagent staining tuning.

» Supports different scoring schemes: HScore.

» Can be used for other tissue types and membrane stains by changing input
parameters.
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Membrane

Membrane Analysis input parameters.
 Membrane Analysis is controlled by a set of input parameters.

» Cell feature detection and scoring scheme parameters are handled separately.

» Cell feature parameters specify cell feature detection thresholds and methods as well
as size and shape and constraints of nuclei to distinguish tumor cells from normal,
lymphocyte and stroma cells.

Macro on server: APERI0-01959 X
Cell Feature Parameters [ Seectgortn ] Import .|
» Cytoplasmic Correction-If set to yes, background Membrane v§' Parameters
Staining is weeded out. Averaging Radius (um) 1 h‘
» Cell/Nucleus Req.-Include/exclude cells without B Curvare Theshokd |
nUC|eUS Threzhold Type 0 - Edge Threshold Method
. . . . Lower Blue Threshold 0 ..
« Max Cell radius-Determines cell size for cells that ememens 2 | NUClEr Staining &
have a nucleus but no membr'ane s.taining. ' imcerszzar 15 | Morphological
* Min/Max Cell Size-Cells outside this range will not msNuckar Sz 2) a0 | parameters
be counted. Min Nuckear Roundness 0.1
* Min Roundness-Cells with roundness less than this Min Nuckar Compsctness 0.1

Min Nuclear Elongation 0.

value will not be reported.
« Min Compactness-Cells with compactness less

Cytoplasmic Correcion  1-Yes
CellMucleus Requirement 0 - Al Cellz

than this value will not be reported. T
v“gf:eEvlvﬂrr?;tfenfsgﬁ ev:/jlth elongation less than this :.::xc;:"s;::sun:i i;.uu Gell Foature Detection
’ I )
Min Cell Roundnezs 01 parameters

Win Cell Compacinezs 01
Min Cell Elongation 01
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Membrane

Membrane Analysis input parameters.

« The scoring scheme parameters specify the staining intensity and membrane
completeness thresholds that determine the individual tumor cell classification.

Scoring scheme
classification thresholds

Document Number: TRN-0012 Rev: C

L
Macro on server: APERIO-01959

[ Select Algorithm ] [ Import Macro... ]

‘Membrane v9' Parameters

Save Macro

Clazsifier Type
Clas=ifier Definition File

View Width
Width of processing box

Cytoplazmic Correction 1-"es [:]
Cel'Mucleus Reguirement 0 - All Cells

Max Cell Radius (umj} 5

Min Cell Size {um"2}) 25

Max Cell Size (um™2) 2000

Min Cell Roundness 0.1

Min Cell Compactness 0.1

Aig Cell Elopgatiog 01

Background Threzhold 240

Weak(1+}) Threshold 200

Moderate(2+) Threzhold 175

Strong(3+) Threshold 140 3
Completeness Threshold &0

Use Mode 0 - Analy=izi/Tuning

Mark-up Image Type 1 - Analyzsis

0 - HCMembrane
IHCKMembraneTraining

Regicn of Anahysis
() Current Screen
(") Entire Image

Generate Markup Image

(%) Selected Annotation Layer

| mnpute Outputs

[m] Run

Ready

| |
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Nuciear & Membrane Workshop! [l

Nuclear & Membrane Workshop

s s

Watch Instructor demo the tasks below and perform them using the steps beginning on the next page.

. Open Nuclear & Membrane demo files

. Select Nuclear & Membrane macros
. Run analysis
. View Results

‘Membrane v3' Parameters

Open Image Select Macro Run Analysis View Results
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Nuclear Works

1. Log into Spectrum with a username and password provided by instructor &

select the specified Research Role.
2. Navigate to the digital slide list, open the Nuclear Demo slide as shown below.

Login Required 1

Uzername:

Pazzword:

I Listalll]ig'rtalSlides!
as Folders

Lizt ScanScope Slides

List ScanScope Slides (Past Dav)
Lizgt ScanScope Slides (Past Week)
Lizt ScanScope Slides (Past Month)
Search all Digital Slides

Add new Digital Slides

B Digital Slides Zl

>

Nuclear Demo
Data

Document Number: TRN-0012 Rev: C

Click thumbnail image to open ImageScope
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Nuclear Worksh

3. Open the Analysis window (Ctrl G) & select the Nuclear macro.
4. Click Test to display the parameters.
5. Review the parameters & click Run in the Algorithms window.

Algorithm Server Job - Server: APERID-01959 = Macro on server: APERIO-01959 =]
3 CH Sy e — [ Select Algorithm ] [ Import Macro... ]
'Nuclear v&' Parameters
ICrowesselRnaliislz_macro VEW w'dth 10':”:' U
Micromet_macra View Height 1000
Membrane_macro Overlan Si 100
COlorD econvaolutionS eperateStaing_macra Venap =ize
Calocalization_macmo Image Zoom 1
PozitivePidelCount_macro . i =
Colocalization_SeperateStains_macra Markup Comprezszion Type 0 - Same az procezzed image T
Rare Event Dataction Compression Quality 30
Aperio Positive Pisel Count Sample Macra
Classifier Meighborhood 0
Classifier 0 - Nene —
Clazs List
Averaging Radius (um}) 1
Generate Markup Image Incremental Processing Curvature Threshold 25
Fieafn of Arelsh Segmentation Type 2 - Cytoplasmic Rejection
() Selected Annotation ) Entire Image h R H f A I H | t .
Ed egion or Analysis seleclions:
= . R
4 o0& | [ Cexe | [ anabee | [ cancel ' Selected Annotation Layer (]
Vig
wi Generate Markup Image
Inputs  Outputs
Region of Analyzis I _‘
() Current Screen
() Entire Image
(%) Selected Annotation Layer

Generate Markup Ima 5 Ruti
[v] p Image

Ready [
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Nuclear Worksh

6. View Markup Image & results in the Annotations window.

6
Annotations - Detailed View
[ E

Layers F. +|}<_|>Q<|

Layer Attributes - | = | |ﬁ|

Layer 74
Muclear macro output

Document Number: TRN-0012 Rev: C

| Percent Positive Muclei 50,4365 #
Intenzity Score

[3+] Percent Muclel
[2+] Percent Muclei
[1+] Percent Muclei
[0+ Percent Muclei
146233
Average Negative Intenaity 236,48
(ot
2o o

Average Pogitive Intensity

[1+] Muclei 117

(0 Mo EI
Total Muclei 1483

Average Nuclear RGE 160.097

Intenzity

Average Nuclear Size 231,398

[Firelz)

Average Muclear Size RE.77ag

[um™2)

Area of Analysiz [Fisels] 931681,

Area of Analysis [mm™2) 0.257190284083600007
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Membrane Wor

7. Return to Spectrum and open the Membrane Demo slide as shown.
8. Open the Annotations window (Ctrl N), and select the first Layer.
9. Open the Analysis window (Ctrl G) & select the Membrane macro.

10. Click Test to display the input parameters.

B Digital Slides Zl

Lizt all Digital Slides

as Folders
List ScanScope Slides
Liet ScanScope Slides (Past Dav)
Lizt ScanScope Slidez (Pazt Week)
Lizt ScanScope Slides (Past Month)
Search all Digital Slides
Add new Digital Slides

-

N
ey & Membrane

Pl

Demo Data

8 Annotations - Detailed View

| 5|5

Layers 9. &k |'X’|N<|

Document Number: TRN-0012 Rev: C

Algorithm Server Job - Server: APERIO-01959

Select Algorithm b acro

tacra Mame |
Muclear_macro
Microveszselbnalpsiz_macro

Membrane MEGIOL_
orLrecormaluiion s eperatealaln:_macno

Colocalization_macro
PositivePizelCount_macro
Colocalization_SeperateStaing_macro
Rare Event Detection

Aperio Positive Pisel Count Sample Macro

Generate Markup Image Incremental Processing

Fegion of Analyzis

(%) Selected Annotation () Entite Image

10

[ T?“i:g,T Create ] I Analyze l’ Cancel
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Membrane Wor

11. Review the parameters and click Run.

C
Macro on server: APERTIO-01959

"Membrane v9' Parameters

[ Select Algorithm ] [ Import Macro...

View Width 1000
View Height 1000
Overlap Size 100
Image Zoom 1

Markup Compresszion Type 0 - Same as procezsed image

Compression Quality 30
Classifier Meighborhood 0
Clazsifier 0 - None
Class List

Aweraging Radius (um} 1
Blue Curvature Threshold 1
Threzhold Type 0 - Edge Threzhold Method
Lowrer Blue Threzhold 0

Upper Blue Threshold 220
Kin Muclear Size fum*2?y 15
View Width

Width of proces=sing box

(2]

(]

Region of Analyzis
("3 Current Screen

(") Entire Image
(#) Selected Annotation Layer

Inputs  Outpute

Generate Markup Image 11 E

Ready |

E:|

Document Number: TRN-0012 Rev: C

Region of Analysis selections:
Selected Annotation Layer
Generate Markup Image
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Membrane Wor

12. View Markup Image & results in the Annotations window (Cirl+N).

Annotations - Detailed View

L e L
Layers IEJ +|)(|>¢<| Layer Attributes & | — ]

2

!

Layer 77 Her2 Scaore
[3+] Percent Cells
[2+] Percent Cells
B [1+] Percent Cell:
[0+] Percent Cell

| -

Percent Complete 42 46
B Membrane [ntengity 1E8.E
[Average)
(34 Cels 40
e oo
' [14] Cals 1278
e R
| Cells (Total) 2068
| Complete Cells 878

= tlgonthm [nputs == == hlgonithm [nputs == M

Based on the percentage of 0, 1+, 2+ & 3+ cells, a score of 0, 1+, 2+, or 3+ is determined
according to the HER2 scoring scheme.

Document Number: TRN-0012 Rev: C
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Knowledge Cheek I

1. Nuclear and Membrane Analysis can be tuned for applications other than breast
tissue.
a) True
b) False
2. Nuclear and Membrane markup images use what colors to code analysis
results?
a) Cyan, Magenta, Yellow
b) Red, Green, Blue
c) Blue, Red
d) Blue, Yellow, Orange, Red
3. Curvature threshold parameter is an example of a clustering parameter?
a) True
b) False
4. What is the purpose of the Averaging Radius parameter?
a) Establish nuclear or membrane morphology
) Area quantification
) Averages the color intensity across nuclei
) Decluster nuclei

O O T
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Microvessel Analysis [ I

Detects and quantifies microvessels on slides stained with

endothelial markers.

« Applications include:
* Invivo angiogenesis assays in cardiovascular research.
» Vascular morphology changes in oncology xenografts.
* Microcapillary measurements in rodent models in ophthalmology.

« Analysis results:
* Number of vessels.
* Vessel Area.
* Vessels Density.
« Stain area and intensity.

Red = vessel wall,
vascular area

Green = vessel area
Black = vessel perimeter

regions perimeter drawn
in middle of
vessel walls
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Microvessel An

Microvessel input parameters.
Microvessel has a set of input parameters, which determines the analysis to be

performed.

Mode-Choose to include or exclude incomplete
vessels.
Filter/Smoothing Level-Specify the amount of
filtering on the deconvolved vessel channel.
Intensity Thresholds-

*Dark Staining

+Light Staining
Vessel Completion Thresholds-Specify the
distance in microns between pieces of vessel
walls and the ends of the vessels walls that are
joined to complete the vessel.
Min & Max Vessel Area Thresholds-Specify
internal area size to eliminate vessel from
numeric results.
Histograms-Specify histogram details.

Document Number: TRN-0012 Rev: C

'Macro on server: APERIO-01959

3]

[ Select Algorithrm ] [ Import Macro... ]

"Microvessel Analysis v1'

Parameters

Sawve Macro

Markup Compression Type
Compression Quality
Clazs=ifier Meighberhood
Classifier

Cla=s List

0 - Same as processed image[:]

30
0

0 - Mone

Mark-up Image Type
Mode

Filtering / Smoothing Lewel
Drark Staining threshold
Light Staining threzhold

Region Joining Paramster (um})
“We=z=el Completion Paramster...
Minimum Wes=el Area Thresh...
Maximum Wessel Area Thres...

Maximum “Wessel Wall Thickn...

Qutput Histogram

Hiztogram Start Walue {um or ...

3 - Anabhy=iz - Lumen and V...
0 - Exclude Incomplete Wes. ..

2

175

210

4

13

30

20000

10

1 -We=sel Area
0

Higtogram End Value (um or ... 1000

Mumber of Bins 110

Endecthelial Stain - Red Comp... 02583

Endothelial Stain - Green Com... 0.57 R |
Endothelial Stain - Blue Comp... 0.775

Background Stain 1 - Red Co... 0.88

Background Stain 1 - Green ... 0.57

Background Stain 1 - Blue Co... 0.44

Wiews Width
Width of processing box
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Rare Event Det

Rare Event Detection finds specific events on a digital slide.

» Define the objects you are looking for by color (defined in the Hue Saturation
Intensity color space) and size.
* Anexample:

» Detect micrometastasis of tumor cells found in circulating blood.

» Uses color segmentation and morphological image processing methods to detect and
count objects of interest.

Original
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Rare Event Det

Rare Event input parameters.
» Default parameter set is used to detect micrometastasis of tumor cells in circulating

blood.
'Macro on server: APERTO-D1959 )
» Hue Value — defines the color of the objects of [Select Algorithm | [_import Macro... | [ Save Macro_]
interest. 'Rare Event Detection v1' Parameters
 Hue Width - selects the range of hues, o — oo
centered on the Hue Value, that will satisfy the Overlap Size 0
. Image Zoom 1
hue deteCtlon process Karkup Compression Type 0 - Same as processed image
« Color Saturation Threshold — the required z;:zir::jj;gﬂhz':‘:m >
saturation of the detected object. Classifier 0 - None
« Intensity Threshold - the intensity threshold of [T -
positive pixels. Hue Width 0.4
. . i Color Saturation Threshold 0.07
« Averaging Radius - A smoothing parameter Intensity Threshold 210
used by the morphological process to remove Averaging Radius ®
i Kin Object Pxelz 40
smalllJscale noise structure (value > 0). Max Object Pixels 100000
- - - . . . . Object Roundness Threshold 0
* Min Object Pixels — min pixel size of object.
» Max Object Pixels — max pixel size of object. View Width
. . . Width of processing box
» Object Roundness Threshold - Objects with
roundness less than this value are not reported Region of Analysie | mputs _Outputs |
(0.0 < Value < 1.0). Circular objects will have a O Current Screen
. . . Entire Ima
roundness=1, while elongated objects will have %mm [
a smaller value (a line has roundness=0). [] Generate Markup Image [ p——
Ready | |
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Microvessel & Rare Event Workshop
r
sl
Watch Instructor demo the tasks below and perform them using the steps beginning on the next
page.

. Open Micro Vessel & Rare Event demo files
. Select Micro Vessel & Rare Event macros

. Run analysis

. View Results

iorting i

e ventDfeton 10 Porametes

Open Image Select Macro Run Analysis View Results
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Microvessel Wo

1. Log into Spectrum with a username and password provided by instructor &
select the specified Research Role.

2. Navigate to the digital slide list, open the Microvessel Demo slide as shown
below.

Login Required 1

Uzername:

Pazzword:

B Digital Slides 2 |
ﬂ\
Lizt all Digital Slides ﬁ %1‘ i |
wamﬁéas Folders = [] P ] y =
List ScanScope Slides ‘" A Demo Data
Lizt ScanScope Slidez (Past Dav) : .: |.,i:
List ScanScope Slides (Past Week)

Lizt ScanScope Slides (Past Month)

Search all Digital Slides . -
Add new Digital Slides Click thumbnail image to open ImageScope
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Microvessel Wo

3. Open the Analysis window (Ctrl G) & select the MicrovesselAnalysis_macro.

4. Click Test to display the parameters.
5. Review the parameters and click Run.

Macro on server: AFERIO-01959

=

Algorithm Server Job - Server: APERIO-01959 |j

Select Algorithm Macro

b acro Mame I

Membrane_macra

COlarDeconvolutionS eperateStains_macro
Colocalization_macro
PozitivePizelCount_macro
Colocalization_SeperateStainz_macro
Rare Event Detection

Apeno Positive Pirel Count Sample Macro

Generate Markup Image Incremental Processing

Fiegion of Analwsis

() Selected Annotation {3 Erttire Image

sl |1 [

Create Analyze Cancel
| | {

Test :g.l

Document Number: TRN-0012 Rev: C

Select Algorithm [ Import Macro... ]

Sawe Macro I

"Microvessel Analysis v1"

Parameters

Clas=s List

Mark-up Image Type

Mode

Filtering / Smoothing Lewel

3 - Analysis - Lumen and ...
0 - Exclude Incomplete Wes_ ..
ey

(]

Dark Staining threshold 175
Light Staining threzhold 210
Region Joining Parametsr (um) 4
“Wessel Completion Parameter... 13
Minimum YWessel Area Thresh... 30
Maximum Wessel Area Thres... 20000
Maximum “Wessel Wall Thickn... 10
Cutput Histogram 1 - Wes=el Area
Hiztogram Start Walues (umor ... O
Histogram End “Yalue (umor ... 1000
NMumber of Bins 10
Endothelial Stain - Red Comp... 0.283
Endothelial Stain - Green Com... 0.57 =
Endothelial Stain - Blue Comp... 0.775
Background Stain 1 - Red Co... 0.528
Background Stain 1 - Green ... 0.57
Background Stain 1 - Blue Co... 0.44
Background Stain 2 - Red Co... 0O
Background Stain 2 - Gresn ... 0O
Background Stain 2 - Blue Co... O
Clear Area Intensity 240 |
[hnat]
Wiews Width
WWidth of proces=sing box
| inputs _Outputs |

Region of Analyv=is

) Current Screen

«_» Entire Image
(*) Selected Annotation Layer

Generate Markup Image

[ Tune ]

| Ready
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Microvessel Wo

6. View Markup Image & results in the Annotations window (Ctrl+N).

=7 T = g T L
: . b i .;‘l \}J 2 W

6 i [ P Y T T
7 g ey a L L 1
; ) ' Wl

Annotations - Detailed View

Elﬁlﬁl Summar]
Layers E. .|.|>(|>q<| Layer Attributes #|=||ﬁ|

Layer 73 Mean Vessel 95.0435 m
Microvesselanalysis_macro output | | | Perimeter (um)
Median Yessel [
Perimeter [Lm)

Standard Deviation of 80,3076
Yessel Perimeter [um)]

tean Lumen Area 2BE.5E5
[umz]

Median Lumen frea 1250
[Lumz]

Standard Deviation of B82.888
Lumen Area [umz)

Mean Vazoular Area
[umZ]

Median Yazcular Area

[umZ]

Standard Deviation of

Wagcular drea [um2)
Mean Vessel Wal

Thickness [um)

Median Vezzel Wall
Thickness [um)

Standard Deviation of gk
Wezsel Wal
Thickness [um)

Average Red 0D 0.555365
Average Green 0D 0635552
Average Blue OD 0531517
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Microvessel Wo

Export results and histogram values into an Excel Spreadsheet.
7. Click Export Grid to Excel Spreadsheet button in the Layer Attributes

section.

8. Save the values, File name: MicrovesselAnalysis_ExportResults to the

desktop.
9. Open the file and view the Report.

Annotations - Detailed View

H|5| 6] !

Layers Ig | &k |X|?¢<| Layer Attributes <~ | = ||I%L’<%
Layer 73 b Algarithm Microvessel Bnalysiz |
MicrovesselAnalysis_macro output || w1
Date 2009401423
8 File name: |Micmuesselﬁnal}'sis_E:q:uDrtHesuhs Vl [ Save l
Save as type: | Excel Spreadshest (*xds) Vl [ Cancel ]
@ Microsoft Excel - MicrovesselAnalysis_ExportResults
9 iE Fle Edit Vew Insert Format Tools Data  Window Help
IRN=N = RSN NN A U WER R A R N Y1
: & Snaglt [>{' | window M -}
Al - #e Number of Vessels
T Formula Bar [ ||
1 £
2 09770.8
3 57436
4 83732
5 wessels per Unit area (U] EEI15e005
5 eat 727
7 2 §E
g [Sta Erea um?] J0.795
ERL 9.
10 2 ur 9.
1 [Sta el Perimeter [urm] 11542
2 [Mea 86,385
3 [Me 26,
75 Frea [umz)] 32553
5 [Mea 55,885
B [Med 28,
7 [Standard D i [umZ] 9177
8 [MeanVess Al Thi . 4287
9 [Median VesselWall Thickness [um] . 2647
0 [Standard Deviation of Vessel Wall Thickness [um] 0853
21 [Average Red 0D . BE4352
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Rare Event Wor

10. Log into Spectrum with a username and password provided by instructor &

select the specified Research Role.

11. Navigate to the digital slide list, open the Rare Event Demo slide as shown

below.

Login Required

Uzername:

Pazzword:

10

B Digital Slides

I Listalll]ig'rtalSlides!
as Folders

Lizt ScanScope Slides

List ScanScope Slides (Past Dav)

Lizgt ScanScope Slides (Past Week)

Search all Digital Slides
Add new Digital Slides

Lizt ScanScope Slides (Past Month)y

>

O f

Rare Event Demo
Data

Click thumbnail image to open ImageScope
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Rare Event Wor

12. Open the Analysis window (Ctrl G) & select the MicrovesselAnalysis_macro.
13. Click Test to display the parameters.

14. Review the parameters and click Run.

1 2 Algorithm Server Job - Server: APERIO-01959 = Macro on server: APERIO-01959 x|

Select Algorithm kacio l Select AgoriT ] [ mport Maco. . ]

1 4 'Rare Event Detection v1' Parameters

p:daclra JLETIE View Width 1000 LF]
uclear_macro
. - . Vi Height 1000
Microvesselbnalysis_macro e e'g.
Micromet_macro Overlap Size 0
Membrane_macro Image Zeom 1
COlorDecorvolutionSeperateStains_macro Markup Compression Type 0 - Same as processed image
EU":_'C_:aliZ‘_atiUn_maCfD Compreszion Qualty 30
PDSIIIVE:F'I:-:,EH:DL,Int_mach . Classifier Neighborhood 0
Colocalization_SeperateStaing macro Classifier 0 - None
{Rare Event Detection -
&perio Pozitive Fixel Count Sample Macm Class List
Hue Value 0
Hue Width 0.4
Color Saturation Threshald 0.07
Intenzity Threzhold 210
Awveraging Radius g
G e Markup | | sl P . Min Object Pixels 40
enerate Markup Image ncremental Processing Max Object Pixels 100000
Reqgion of Analysiz Object Roundness Threshold 0
(%) Selected Annotation ") Entire Image View Width
Width of processing box

13 [ﬂ] [ aidlzs l [ Lancel Inputs  Outputs

Region of Analysis

() Current Screen

(") Entire Image
() Selected Annotation Layer

Generate Markup Image Rn-:vig

Ready [

£
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Rare Event Wor

15. View Markup Image & results in the Annotations window.

Annotations - Detailed View =
| 3|5 15 summary | [FE 0|
Layers I;_l -I-|>(|}Q<| Layer Attributes 4]=|=||ﬁ| Layer Regions l1]=|='|><:|Iﬁ|
Layer 75 Tatal Mumber of 15 Fegion |Length [um] |Area jum2] | Test |« |y t

Result 76 | Objects Detectsd o6 1036 670 21161 18435
Object Pixels = )
== blgonithr Ihputs == === Algarithn lnpuks = - a8 8227 15 21455 17780
1 o _ . a3 178.3 1880 21445 17896
s |
: a0 448 120 22468 18308
For gach E.vent, the results ywll S 010 e e 11839
be viewed in the Layer ReglonS | 97 107 7 ER1 21E0d v

pane of the Annotations window.
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Knowledge Cheek I IR

1. Rare Event Detection is used for cell quantification.
a) True
b) False
2. Rare Event Detection uses the HIS (Hue, Saturation & Intensity) color model?
a) True
b) False
3. Microvessel has a set of parameters that join incomplete vessels into complete
vessels. What are these parameters?
a) Filtering/Smoothing
) Minimum Vessel Area Threshold
) Region Joining
)
)

O O T

Vessels Completion
c &d

D

Document Number: TRN-0012 Rev: C Page 96



Additional Topic

Creating New Macros

Only users with the appropriate Spectrum administrator permissions can create
new macros and register them in Spectrum.
» After opening a digital slide in ImageScope, open the View menu and select Analysis.
» Click Create, the Select an Algorithm window appears.
» Select the Algorithm you want to create a macro for, the Analysis window appears.

B

Select Algorithm Macro

I acra Mame |
Muclear_macro

Microvesseldnalyziz_macro

Micromet_macro

Membrane_macro

COlorDeconvolutionS eperateStaing_macro
Colocalization_macro

PaositivePivelCaunt_macro

Colocalization_SeperateStaing_macra
Rare Event Detection
Apenio Pogitive Pikel Count Sample Macro

Generate Markup Image Ineremental Processing

Fiegion of Analyziz

(®) Selected Annotation () Erttire Image

l

Test I Analyze l’ Cancel

]I Create ]I

L

\ 4

Select an Algorithm
Title | W ergion | Drezcription | Filenarmne [A
53\ Pozitive Firel Count 2004-08-17  8.100 Countz Positive Pikels into Three Intensty... C:\Program FileshScanScope
53\ Pozitive Firel Count 3 91 Countz Positive Pikels into Three Intensty... C:\Program FileshScanScope
53\ Color D'econyvalution +4 91 Meazures Intenzity of Indirvidual Staine C:AProgram Filez\ScanScope
53\ IHC Membrane Algarthm 3.001 [Huantitation of Membrane Staining C:AProgram Filez\ScanScope
53\ IHC Huclear Algonthm 3.001 Huantitation of Muclear Staining C:AProgram Filez\ScanScope
53\ Membrane +3 91 [Huantitation of Membrane Staining C:AProgram Filez\ScanScope
9\ Micromet «3 a0 Detects Rare Events in Microbd etastaziz i C:AProgram FileshScanScope
EE‘“:%?NucIeal w3 91 Quantitation of Muclear Staining C:AProgram Filez\ScanScope
9\ Colocalization «3 91 Meazures Colocalization of Multiple Staing C:AProgram FilezhScanScope
AN [-APronram Fileg\ﬁnanﬁnnl;ew

FQ.,' Calnr Necanvabitinn
&

Meazurrs Intenzitu nf Individial Stains |

| It does not matter which macro is
| selected; by default ImageScope
automatically selects a macro from the

list. Justignore and click Create.
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Additional Topi

Creating New Macros

* Modify the parameters.

» Use the Tuning window to see the effect of the parameter changes made.
« Continue adjusting the inputs until desired results are achieved.

'Macro on server: APERIO-01959

1

[ Select Algorithm ] [ Import Macro... ]

'Muclear v9° Parameters

Sawe Macro

Wiew Width 1000
“Wiew Height 1000
Overlap Size 100
Image Zoom 1

Markup Compression Type 0 - Same az processed image

Annotatior Detailed View

al3a

Layers 9! |+IX!>¢<|

Layer Attributes

Layer 38

Tuning Layer

Averaging Radius (um})
Curvature Threshold
Segmentation Type
Threshold Type

Edge Trimming

Lowver Threshold

Upper Threshold

Min Nuclear Size (um"2}
Max Nuclear Size (um"2)
Min Roundness

Min Compactness

Min Elongation

Remove Light Objects
Clear Area Intensity
Muclear Stain (Red)
Muclear Stain (Green)
View Width

Width of processing box

Compression Quality 30
Claszifier Meighborhood 0
Classifier 0 - None
Class List

- Cytoplazmic Rejectio
- Edge Threshold Meth
- Weighted

S == M M=
o

230

20
1000000
0.1

o

0.1

o

240
0.696858
0543073

b ! Percent Pogitive
[Muclei

Intensty Scare

[3+] Percent Mucle
[2+] Percent Muclei
[1+] Percent Muclei

[0+] Percent Muclei

| Avetage Positive
| Intenzity

| Intenzity

[34) Muclei
[2+] Muclei
[1+] Muclei
[O+] Mucle

Total Muclei

|Average Megative

5.55556

123.638

238.256

10
a5
150

Region of Anabysis
() Current Screen
() Entire Image

(%) Selected Annotation Layer

Generate Markup Image

I Inputi Outputs: h
|

The output button allows you to
select the results that will appear in
Spectrum.

Tumne Run

Ready

| 4
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Additional Topic
Algorithm Tuning Window

» Quickly see the results of analyzing an area of an image or test changes made to
the algorithm parameters.

Macro on server: APERIO-01959 El
[ Select Algorithm ] [ Import Macro... ]
‘Nuclear v9" Parameters
Wiew Width 1000 LA~
Wiew Height 1000
Overlap Size 100
Image Zoom 1
Markup Compression Type 0 - Same az processed image
Compression Quality 30
Claszifier Meighborhood 0
Classifier 0 - None
Class List =
Averaging Radius (um}) 1 N . N
Curvature Threshold 25 Every time the Algorithm Tuning
Segmentation Type 2 - Cytoplasmic Rejection . .
e e window updates the analysis, a
Edge Trimming 1 - Weighted . .
e 0 new markup image appears in the
Upper Threshold 230 . . [
i Nuclear Size u2) 20 3 window and the numeric data in the
Max Nuclear Size (um"2) 1000000 H H
R o | Annotations window changes to
Min Compactness 0 fI h | H
oy Fy reflect the new analysis.
Remove Light Objects 0
Clear Area Intensity 240
Muclear Stain (Red) 0.696358
Muclear Stain (Green) 0.643073 [‘_f]
View Width
Width of processing box
Inputs COutputs:
Region of Anabysis —_—
() Current Screen
() Entire Image
(%) Selected Annotation Layer
Generate Markup Image
Ready | 4
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Additional Topies I

Algorithm Tuning Window
» As the parameters are changed, the Tuning window will display the markup
image for current parameters.

» The Annotations window will display the numeric results of the analysis in a new
Tuning Layer.

Annotations - Detailed View

| = st

o I RS ES Layer Atirbutes & | —

Layer 83 b!F'erce_nt Positive 522222 EJ
Tuning Layer | Muclei

Intensity Score

[3+]) Percent Nuclei

[2+] Percent Muclei
[1+) Percent Muclei 555556
[0+] Percent Muclei

| Average Positive
| Intenszity

L

;.-’-‘«\-'erage Megative
| Intenszity

3+ Nuclei
[2+]) Muclei
1 4+1 Murde

To adjust the size of the Algorithm Tuning —
window, grab the corner until you see the
double headed arrow and pull the corner to
the desired size.

Document Number: TRN-0012 Rev: C Page 100



Additional Topi

Saving and Registering Macros with Spectrum

» After the macro has been created, save it to register it to Spectrum.
» From the Analysis window click Save to register it to Spectrum.
* Name the macro with a naming convention that helps identify it.

Macro on server: APERIO-01959 —
[SelectA\gur'rthm H Import KMacro... ] I Save Macro : SEI\I"E Macro on servyer. APERIU—G1 9‘59‘
‘Nuclear v9' Parameters

View Width 1000 L)~ Enter a name far the macro (50 characters or less),
o oK
iew Height 1000
Overlap Size 100
—— : then presz OF, to zave the macro
Markup Compression Type 0 - Same as processed image or prE&S I:EII"ICE' tD C-EII"ICEI thE fave
Compression Quality 30
Classifier Neighborhood 1]
Classifier 0 - None
Class List ] Muclear Breast Dakal
Averaging Radius (um) 1
Curvature Threzhold 25
Segmentation Type 2 - Cytoplazmic Rejection
Threshold Type 1 - Edge Threshold Method
Edge Trimming 1 - Weighted
Lower Threshold o
Upper Threshold 230 H 1
e B Now, when you bring up the Analysis
Max Nuclear Size (um"2} 1000000 1 1
window, you will be able to select your
Min Compactness o H H H
macro by clicking Select Algorithm
R Light Objects 0 1 1 1
oy ) Do because your macro will appear in the list.
Muclear Stain (Red) 0.696858
Muclear Stain (Green) 0.643073 M
View Width
Width of processing box
Region of Analysis b _Jﬂutpubi
() Current Screen
() Entire Image
(¥ Selected Annotation Layer

Generate Markup Image

Ready | 4
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Additional Topi

Batch Analysis in Spectrum

» Spectrum provides a convenient tool for batch analysis of slides.
» The Spectrum administrator must first create a macro for each image analysis

algorithm used for analysis.

« Select digital slides to be analyzed from Spectrum, click Analyze.
« From the Analysis page, determine the analysis details and click Analyze.

» Slides chosen will be added to the Job Queue.

Digital Slides ;
View Images | Open Data yvzel Delete | New | Move | Copy | Assign To | Export Data | Annotations

Barcode ID

Select slides for analysis.

From the job queue, click F5 to check job status or
select cancel jobs.

Document Number: TRN-0012 Rev: C

Analyze 3 Images

Select Analysiz Macro:
Select Input Annotation Layer:

Create markup image(z)

Mozt Recent
|:| Whole Image

Select Macro, Annotations

[ Cancel ]

& Markup.

3 Pending Analysis Jobs

Cancel

O 0O Ogd

Job ID Submitted Date Status
454 20059-02-05 13:42:58 In Progress
495 2009-02-05 13:42:58 Submitted
455 2009-02-05 13:42:58 Submitted
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Scalable Processing Architecture [Nl

Analysis Accelerator
» Provides the ability to run Whole Slide Analysis at an
accelerated speed.
» Provides a multi-user system with a single-user
response time.

» Capable of processing up to 7 Image Analysis jobs in
parallel.
» Scalable for 7, 14, 21...job as needed.

Analysis
Accelerators

Up to 7 Analysis Jobs
in parallel
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Scalable Proce

2 min.

2 min.

2 min.

2 min.

A scanned Slide
every 2 min.

:’.‘;':,"-."
o .

A
— . JI( /’

~.

Image Server

Analysis
Accelerators

Example: 4x AA
Up to 28 jobs in parallel
- with a slide every 2 min.
WSA can take up to 1 hour
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A Whole Slide Analysis
every 2 min.
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Course Summary T

Upon conclusion of this training session, learners are able
to complete the following tasks related to their job:

Describe how Aperio’s Image Analysis tools work

Describe Aperio’s Image Analysis tools for Area, Cell, and Event Quantification
Understand the input parameters for each Image Analysis tool

Understand the output parameters for each Image Analysis tool

Complete the steps for running and Aperio Image Analysis tools

Calibrate stain color using Color Deconvolution

Create a macro and register it with Spectrum

Run a macro using Spectrum Plus batch analysis option

Export Image Analysis results using Spectrum’s Export Data tool

Describe Aperio’s Scalable Architecture

Several Aperio algorithms have been cleared by the
FDA for clinical use when used on ScanScope
models that are labeled as approved medical
devices, and are intended for research use for other
applications.
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