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Presentation structure

 Background (JI)

 ImmunoRatio & ImmunoMembrane (VT)
— principles
— analysis algorithms
— calibration & results
— use as web application



Hormone receptors as
clinical biomarkers
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("ER+" or "PR-" is not enough)
=> need for image analysis
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Ki-67 as breast cancer biomarker

assay to determine tumor proliferation rate
=> need for Image analysis
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HER-2 oncoprotein
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Immunohistochemistry used to define patients
eligible for Herceptin therapy
- slide reading is subjective and not fully reproducible
=> need for image analysis
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Image analysis tools for breast
biomarkers in commerial packages

* Analyses tied with special equipment or
virtual slide scanners

such as...

CAS200 (Bacus Labs)
over 20 years old !




Image analysis software
published In scientific journals

Published software should be made
available (downloadable)

- most found in PubMed are not!

=> difficult / impossible to evaluate
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We describe free & open ImmunoRatio
and ImmunoMembrane software

e For nuclear and cell membrane IHC analysis
* Independent of microscopes and cameras
 No need for dedicated hardware

* Linkable to virtual microscopy

* Built as web applications

Vilppu Tuominen continues....



ImmunoRatio for ER, PR and Ki-67
(or any nuclear marker)

Analyzes labeling index
(=brown / blue+brown area)

original image

pseudo-colored analysis result I orovessity S
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ImmunoRatio analysis algorithm (1)

Step 1 Step 2 Step 3 Step 4
Image input Background Stain separation Thresholding
(sample image + correction (DAB & H) (adaptive)

blankfield image)
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for illumination acc. to Ruifrok
correction et al. 2003



ImmunoRatio analysis algorithm (2)

Step 5 Step 6 Step 7
Particle segmentation & Calculation of Result image
filtering DAB / total

nuclear area
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ImmunoRatio was calibrated
using a training set

— 50 slides of ER, PR, and Ki-67 stains
— ImmunoRatio vs. visual assessment (click-and-count)

Pseudo-colored Visual click-and-count
ImmunoRatio result (at least 200 cells)



ImmunoRatio calibration results

A best-fit 3rd
- degree polynomial
- IS used to correct
the analysis result

r=0.97

ImmunoRatio can be calibrated similarly by the end-user



Validation was performed using
an independent test set

r=0.98



ImmunoRatio was found to be
robust to variations in imaging setup

- usable with 10x, 20x, or 40x objective lenses
- nearly identical results with 6 cameras & 2 virtual scanners
- supports JPG, TIFF, BMP, and JPEG2000 (& others)

40x 20x

ImmunoRatio assists in calibrating the spatial resolution



Ki-67 by ImmunoRatio yielded excellent
breast cancer patient prognostication

Tuominen VJ et al. Breast Cancer Research



ImmunoMembrane for HER-2
(or any cell membrane marker)

Analyzes staining enriched
on cell membranes

original image

pseudo-colored analysis result



ImmunoMembrane scores images
using the standard HER-2 classification

Score 0/ 1+ Score 2+ Score 3+



ImmunoMembrane algorithm (1)

Step 1 Step 2 Step 3 Step 4
Image input Background Stain separation Thresholding
(sample image + correction (DAB + H)

blankfield image)
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ImmunoMembrane algorithm (2)

Step 5 Step 6 Step 7
Edge detection & Classification into 0/1+, Result image
filtering 2+, or 3+ according to

integrated density




Reference staining intensity obtained
from HercepTest control slide

Used to adjust intensity variation
between staining batches



ImmunoMembrane was calibrated
and validated using independent
test sets

Immuno-
Membrane Pathologist
(calibrated)

0 or 1+ 89 4 0] 93
2+ 2 13 4] 19
3+ 0 4 36 | 40

Kappa coefficient = 0.832



ImmunoRatio &
ImmunoMembrane
as web applications



Modern trend: web applications

Microscope  \orkstation Web server
or scanner oo y jpmmmmmmmmmaaaaaas
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Web browser provides thSe_rver perforlms_
the user interface € Image analysis

& processing

=> A common future scenario for all software



ImmunoRatio web application




Two usage modes : Basic / Advanced

The introductory
Basic mode is easy

to use:
— - 1. Capture an image
( \
< "7 2. Upload it

/ 3. Click Analyze



Analysis result opens
within few seconds

e The result image

can be saved
/ — metadata stored

within the image

* For fast analysis,
JPEG format
recommended



ImmunoRatio: Advanced mode

* Multiple sample images
» Blankfield correction

 Camera Adjustment
Wizard

e Accurate image scale

* Region-of-interest (ROI)
defining

« Result correction equation
(calibration)

 Results table



ImmunoMembrane web application

Similar web interface
and functionality with
ImmunoRatio

Coming online
soon!



Conclusions

 ImmunoRatio Is a useful tool in the analysis of ER,
PR and Ki-67 immunohistochemistry

 ImmunoMembrane Is a similar tool for analyzing
HER-2 immunohistochemistry

 Web applications shown workable in image analysis
— easlily linkable with virtual slide scanning & viewing
— future of microscopy image analysis tools



Thank you!

ImmunoRatio can be used freely at:
Jvsmicroscope.uta.fi/immunoratio/

ImmunoMembrane will be
available online soon

Also available as ImageJ plugins at: jvsmicroscope.uta.fi



