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Benefits of digital analysis in pathology: increased

demand for quantification

* Determining markers (i.e. ER, PR & HER-2/neu in breast cancer) for
prognostic & predictive purposes by IHC and/or FISH is the standard of
practice.

* |HC score/quantification by manual microscopy is currently accepted as
the traditional gold standard.

e Surgical Pathology workflow involves:
— Pre-analytic preparation (tissue fixation & processing)
— Analysis (method)
— Post-analytical component (quantification & reporting)

* Discrepancies between HER2 IHC & FISH mainly reflect errors in manual
interpretation.

* Inter- and intra-observer differences in scoring occur:
— Most notably with borderline & weakly stained cases
— Related to fatigue & subjectivity of human observers
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The brain of a pathologist
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The brain of a pathologist
Complexity for developing algorithms:

Image segmentation, Image analysis and Computational modeling
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Quantitative tissue analysis
Hundreds of measurements
Components include: size, shape, color, texture,
relationships to each other
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Automated tumor segmentation on tissue images:

How the algorithm works on IHC

% Background corrected
14 tissue image

Morphology-based
classification of objects

~.. Automatic ROI
. identification

»  Cell count and measure
5.2 colorimetric o
44 information

Object-Oriented Image Analysis
(morphology- based)

Involves color normalization,
background extraction, segmentation,
classification & feature selection

Separation of tissue elements (e.g.
tumor epithelium) from background
(e.g. stroma) permits selection of areas
of interest & filtering out of unwanted
areas

Region of Interest (ROI) is subject to
further image analysis (computation of
diagnostic score)

Quantification of results



Automated tumor segmentation on tissue images
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Companion and public automated analysis

algorithms
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25 years of bioimage analysis:

From NIH Image to Imagel

Table 1 | List of NIH Image and Imaged variants

Date initiated Description

NIH Image 1987 The predecessor of Imagel, created by Rasband; made for the Macintosh; no longer under active development
ImageSXM May 1993 A version of NIH Image for 05X extended by Steve Barrett; intended to handle loading, display and analysis of 500

images from the scanning microscope
Imagel 1997 The current version of Image) developed by Rasband; sometimes called Imagel1 © 400 P Tioldss P
Imagel2x Unknown An offshoot of Imagel; modified to use Swing interface; no longer under active development £ oo 4e T.4en

& .
ImagelA July 2005 An offshoot of Imagel developed by Johannes Schindelin; used as the core of Fiji 3
Fiji December 2007 A ‘batteries included’ distribution of Image] popular in the life sciences E’ 300+ o
a4s 1355

ImagelX March 2009 Created by Grant Harris to discuss improvements to Imagel; formed the basis of an application to NIH that launched E o

Imagel Dev =

y 4 2 2004 12

Imagel2 December 2009 Under development by the ImagelDev project; a complete rewrite of Imagel; includes ImageJ1 to allow for old-style g
(ImagelDev) plug-ins and macros g
MBF_Imagel 2005 Bundle developed by Tony Collins for light microscopists; plug-ins from MBF_Imagel can be installed on Fiji, = 1004

combining the programs
Salsal Unknown An offshoot of Image) intended for astronomy applications; designed for use in classrooms; available in over 30

languages o T T T T T T T T T T T d
CellProfiler 2006 Free, open-source software started by Anne Carpenter and Thouis Jones; aids biologists without computer-vision 2001 2002 2003 2004 2005 2006 2007 2008 200 2010 2011 2012 2013

training to quantitatively measure cell images automatically Year
Iey 2011 Created by the Quantitative Image Analysis Unit at Institut Pasteur, lcy provides integrated software to bridge the

Figure 2 | ImageJ plug-ins bundled with each Image] release over time. Each data point is labeled with
the version number and letter.

gap between users and developers through open-source software and a central website
Bia7 Unknown Application used for ecological modeling; integrated development environment; focuses on individual-based
modeling and spatially explicit models

uManager 2005 Open-source microscopy software; controls automated microscopes; comprehensive imaging solution when used
with Image]; developed by Arthur Edelstein, Ziah Dean, Henry Pinkard and Nico Stuurman

Unique visitors over the last three years World map with locations of updated 2012 ImageJ
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25 years of bioimage analysis:

From NIH Image to ImageJ
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Membrane connectivity: algorith evaluation for
HER2 immunohistochemistry in breast cancer
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25 years of bioimage analysis:

From NIH Image to ImageJ

Reconstructed neuronal arbors

Anterjor

Right

)
\ {
1

71,?

)
Posterior

- NS \ ) i
b ( :
Pd
[
2 @ Anterior o b
= e ¥ iz
% |= 323 3 Setd
8 g 3 SR
b v‘li \;‘ E
LA % 3

¥
Right

i
B

=== Posterjor

Saalfeld, S. et al. Nat methods 2012



Automated microvascular density measurement:

Neuronal trazer algorithm for CD31-shapes

H69
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Hematoxylin DAB Masks Outlines and count



Automated recognition of staining patterns in

tumor on complete section
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Automated recognition of staining patterns in
tumor on complete section
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Multispectral imaging in automated quantitative

scoring

Spectral Unmixing

Image Acquisition

Nuance Multispectral
Imaging Systems
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Color (RGB) Representation Spectra of Labels
of Spectral Cube

Unmixing of Overlapping Fluorophores using Pure Component Spectra
Label C

LabelB

Color (RGB) Representation
atspeciral Clide Once unmixed, labels can be measured accurately.

Fiore, C. et al. J Clin Pathol 2012
Kaufmann, R. et al. PLOS One 2012
Al-Kofahi, Y. et al. Histopathology 2011

radial intensity distribution

distance between points and
shape of the edge filter
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Multispectral imaging in automated quantitative

scoring

Non-tumoral Ductal carcinoma

breast tissue

Ductal hyperplasia Invasive carcinoma
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Impact of false negative results in estrogen receptor

measurement in breast cancer due to IHC assay sensitivity
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Estrogen receptor mRNA expression in breast cancer:
correlation with response to tamoxifen
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ACIS Il HER2 scoring In breast cancer
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Precision (Aperio) ER and HER2 scoring in breast
cancer
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Pathiam HERZ2 scoring in breast cancer
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Virtuoso ER and HER2 scoring in breast cancer




Final remarks: Pros and cons

Morphology-driven integration of new approaches
and generation of knowledge: increased
technological innovation and biological information

Evolution along Radiology/Imaging lines: market &
technology forces start trend to digital imaging and
significant workload & throughput implications

Clinical demand: quantitative (qualitative becoming
quantitative), relational data and individualized risk
assessment:

. greater concern with analytical precision,
. reproducibility,

. accuracy,

. specificity,

. reliability

. “stains” becoming “assays”

. results directly tied to treatment, not just
prognosis

Images must be free from artifacts

Systems may be discrepant when tumor cells have
low levels of staining

Interfering non-specific staining within selected areas

Small amounts of stained tissue can erroneously
generate lower scores

Expense of CAIA may be hard to justify where
volumes are low

Image analysis frequently requires interactive input
by the pathologist: Increased time requirements

Learning algorithms: systems that improve with
experience following pathologist feedback

Whole slide imaging (WSI) to eliminate the need to
standardize different systems, automatic ROI
selection and image analysis

Shortened analysis time

To improve workflow: adopt virtual workflow-centric
systems feasible for routine practice (that may
potentially show better results)

AP-LIS and CAIA system integration
Clinical outcome studies are needed



