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Introduction
While there are a large number of histopathology applications in pharmaceutical
drug development that are well suited to automated image analysis, there are
many that remain difficult to implement with high reproducibility on large studies,
as shown in the figure below.
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In this presentation we apply FACTS (Feature Analysis on Consecutive Tissue
Sections) to some of these applications, relying on the use of multiple sections
and special stains to provide a more reproducible image analysis result than is
available with a single section with traditional image analysis alone.

FACTS Process
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. 4 um sections are cut sequentially and stained.
A central slide is used as a reference slide, with special stains to assist in
automated feature analysis, as necessary. Two to four serial sections above and
below the reference slide are stained with the biomarker of interest

. Image analysis is run on the central reference
slide to detect regions of interest.

. Advanced image registration techniques transfer
the features identified in the reference slides to the target slides. Image analysis
can then be run on the target slides to measure individual biocompatibility
effects.

. An histology technician checks the results and
eliminates any poorly annotated regions. The pathologist then reviews the slides
and signs off on the analysis.

Cell analysis in kidney organelles
Reliable identification of kidney glomeruli in common H&E sections remains an unsolved image
analysis problem. It becomes more difficult in diseased kidney tissue, yet the reliable identification

of glomeruli is an important problem in many applications for both efficacy and toxicology
measurements.

We utilized FACTS to perform cell counting as quantitation examples in kidney glomeruli, distal
convoluted tubules, and collecting ducts in consecutive rat kidney sections. We utilized a pan-
cytokeratin antibody for identification of DCTs and collecting ducts, and conducted a literature
review reaching back over 30 years of publications in the nephrology area investigating broad-
based stains of glomeruli. Some potential stains known in the literature to stain glomeruli are
shown below.

At bottom left is a literature example from 1974 of organelle specific staining of the glomeruli.
FACTS analysis frequently involves the use of literature reviews for novel staining approaches
identified for different usage. The organelle specific stains are shown below, followed by feature
recognition and then vectorization to become regions. Artifacts can be excluded programmatically
by size or other geometric criteria, or can be excluded manually.

Neoplasm identification in non-small cell lung canc er

Regions of interest for analysis are important to identify and exclude from non-target tissues in the analysis phase. This is
especially true with resected tumor tissues. Tissue sections from a NSCLC tumor were cut and stained with an epithelial
marker (upper left). Image analysis was run on the epithelial marker to generate vectorized regions of interest that could
be applied on consecutive sections (lower left). A combination of image analysis post-processing plus manual exclusion
will always be required for effective tumor / normal differentiation in developing masks.
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There are a number of approaches to tumor / stroma / necrosis recognition with FACTS on clinical samples. One stain for
an epithelial marker can be used as shown above. Alternative approaches include using a stromal marker as a reverse
region of interest mask, or a combination of tumor and stromal markers. We are also investigating methods to identify
and exclude other non-target tissue (e.g. necrotic tissue). As there is no perfect marker for neoplasm, technician and
pathologist QA are fundamental to the process, and greatly facilitated by using a brightfield technique.

Limits of multiplexing
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prepared nine consecutive 4 micron thick xenograft
sections, and then conducted XOR region transfer 3 18 11 2.9
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false negative rates between necrotic, tumor and &
normal tissue. As expected, the errors increase the
further from the target tissue. We are evaluating

alternative image registration and ROl warping that

1 07 1o 2%
would lower these rates, by applying a stair-stepping
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target tissue (false positive rates) can be controlled to n o = - =

an acceptable degree, even 4 to 5 sections from the <
reference slide.




