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Digital Toxicologic Pathology

OUTLINE

• Transition from glass to digital slides, a gradual process
• Making pathology observations more quantitative
• Tox path examples 
• Searchable whole slide preclinical pathology databases post-study
• GLP and Compliance

• Equivalency of the digital slide, next steps
• 21 CFR 11 and 21 CFR 58 requirements
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Pathology Today
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Pathology Tomorrow 

• Digital pathology software that delivers all the information a pathologist needs, 
anywhere, anytime.

• Searchable image history of preclinical and clinical trials studies
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Digital Pathology is an 

environment for the management and 

interpretation of pathology information that is 

enabled by the digitization of a glass slide
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ScanScope XT scanner – 120 slides @ 2 min / slide
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Digital Pathology

� View via computer monitor
� Multi-slide integrated viewing
� Analyze by software algorithms 
� Instant archival & retrieval
� View anywhere, anytime
� Integrated with LIS
� Supports consolidated viewing

glass
slide

� Requires microscope to view
� One slide at a time
� Limited to manual analysis
� Burdensome archival & retrieval
� Remote viewing not possible
� Standalone
� A “piece of the puzzle”

Traditional Microscopy Digital Pathology

Digital 
Slide
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Technology & Market Share Leader in Digital Patholo gy
� Installed base of 350+ systems in 25 countries
� Referenced in 100+ peer-reviewed publications
� Over 7 million slides scanned
� 10 of top 15 big pharma companies, top 2 preclinical and top 2 clinical CROs
� 11 of top 15 rated hospitals use Aperio
� Multiple systems at largest reference labs (Quest, LabCorp)
� Systems at leading AMCs, including MGH, Mayo Clinic, Sloan Kettering, MI, 

Duke, UNC, Ohio State, UCLA, UPMC, Penn, Brown

Provide Systems and Services for Digital Pathology
� ScanScope® Slide Scanners
� Spectrum™ Digital Pathology Information Management Software
� Professional & Other Services

Founded in 1999; HQ in San Diego; Staff of 120+

FDA Cleared
� Her2 Image Analysis, Her2 Manual Read, four others pending…

Aperio Overview
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Digital Pathology in Drug Development

Discovery Preclinical Clinical Trials

Quantitative protein expression that can be run by 
pathologists and histologists

Protein biomarkers

Support international 
trials, standardize 
histology-based 
protein testing

More predictive 
toxicology

Sharing between 
CRO and pharma

Quantitative efficacy 
decisions

Greatest need

•Phase I dosing 
studies

•Phospho markers
•Patient response in 
clinical trials 
(membrane markers)

•Two FDA 
clearances for HER2 

•Virtual peer reviews

•Digital slide 
conferencing

•Computer assisted 
abnormal screening

•Biomarker analysis

•Virtual review with 
academic specialists

•Quantitative efficacy 
tissue studies

Digital pathology 
used today in 10 of 

top 15 pharmas 
for:
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Digital Pathology Biopharma Adoption
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Standard Toxicology Study

Test Article – Treated Animal

•Collect target 
organs and other 
tissues

•Blood samples

Plasma

Tissue  histopathology

B
lood
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“Why do I get my tox data in weeks, and my tox path  
data in months?”

Test Article – Treated Animal

•Collect target 
organs and other 
tissues

•Blood samples

Plasma

Tissue  histopathology

B
lood

CLINICAL ENDPOINTS
� Data back in weeks
� Loaded into LIS
� Searchable
� Mineable across studies

CLINICAL CYTOMETRY
� Data back in weeks
� Loaded into LIS
� Searchable
� Mineable across studies

TOXICOLOGIC PATHOLOGY
� Data back in MONTHS
� No Images in the LIS!
� Not Searchable
� Not mineable across studies

DRUG ANALYSIS
� Data back in weeks
� All data in LIS
� Searchable
� Mineable across studies

Get the most informative biology last!
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Digital photographs

Telepathology    
(remotely controlled 

scopes)

Time

S
co

pe
 o

f U
sa

ge
Make pathologists more accessible 

Before digital slides After digital slides

Weekly digital 
slide conferences 
between pharma 

and CROs

ABNORMAL SLIDES 
SCANNED

Tumor Board, 
Proficiency 

testing, CME

Pharma 
company

CRONeuropath 
specialist

Sharing secure 
images

Tox pathologist 
offsite
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Digital photographs

Telepathology    
(remotely controlled 

scopes)

Standardization of pathologist 
scoring across sites and studies

Time

S
co

pe
 o

f U
sa

ge
Digital Tox Pathology
Adoption is steadily increasing

Before digital slides After digital slides

Weekly digital 
slide conferences 
between pharma 

and CROs

ABNORMAL SLIDES 
SCANNED
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Digital photographs

Telepathology    
(remotely controlled 

scopes)

Standardization of pathologist 
scoring across sites and studies

Time

S
co

pe
 o

f U
sa

ge
Peer reviews and Pathology Working Groups 

Before digital slides After digital slides

Weekly digital 
slide conferences 
between pharma 

and CROs

ABNORMAL SLIDES 
SCANNED

Pathology 
Working Groups
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Digital photographs

Telepathology    
(remotely controlled 

scopes)

Standardization of pathologist 
scoring across sites and studies

Time

S
co

pe
 o

f U
sa

ge
Searchable preclinical databases

Before digital slides After digital slides

Secondary consults 
with academic 

specialists
Weekly digital 

slide conferences 
between pharma 

and CROs

Searchable preclinical 
digital slide databases 

(abnormals only)

Ranking and organizing of 
abnormals across studies 

electronically

ABNORMAL SLIDES 
SCANNED

Many families of compounds have decades of tox 
study data
(ex. Folate inhibitors)
•1960s methotrexate, low dose
•1975, administered at high doses

•Tox patterns change in liver and kidneys
•New compounds emerge (e.g. pemetrexed)
•New indications &delivery systems

Cannot predict dosing, delivery, indications of how  
a class of compounds will be used in the future 

Wouldn’t it help to review old toxicologic 
pathology studies?
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http://www.indyfan.com/gallery/wander/raiders/warehouse.jpg
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Every slide barcoded and searchable

• Past studies can be archived and searched by abnormality, drug 
compound, pathologist, score, protein biomarker, etc.
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Searchable slide database
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Aperio algorithms used in morphology studies

Yaacobi, 2007Retinal ganglion cell 
counting

Glaucoma

Wenzel, 2007Stem cellsRetinoblastoma and cancer

Kobayashi, 2004IL-10 positive cellsCervical Intraepithelial 
Neoplasia

Nguyen, 2007Neutrophil countingSepsis

Fan, 2007Fibrosis gradingHepatology

Hutchinson, 2007Various hematologic 
cellular types

Hematologic malignancies

Kiraly, 2007;  Soltani, 
2007;  Wong, 2007

Beta cell mass and beta 
cell proliferation

Diabetes

ReferenceMorphology measuredDisease Area
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Digital photographs

Telepathology    
(remotely controlled 

scopes)

Standardization of pathologist 
scoring across sites and studies

Time

S
co

pe
 o

f U
sa

ge
Morphology and IHC algorithms

Before digital slides After digital slides

Secondary consults 
with academic 

specialists
Weekly digital 

slide conferences 
between pharma 

and CROs

Quantitative IHC 

Searchable preclinical 
digital slide databases 

(abnormals only)

Remote quantitative IHC 
and morphology

Ranking and organizing of 
abnormals across studies 

electronically

Quantitative morphology

ABNORMAL SLIDES 
SCANNED

SLIDES REQUIRING 
ALGORITHMS 

SCANNED
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Our philosophy:  Create simple-to-use algorithms th at 
PATHOLOGISTS will USE

Released Algorithms
• **Nuclear IHC algorithm
• *Membrane IHC algorithm            
• Positive pixel count
• Rare event detection algorithm
• Color deconvolution
• SmartSync tissue aligner
• Colocalization (membrane, nuclear, cytoplasm protein expression)
• Angiogenesis

Releasing Q2 2008
• Smart tissue finder (Genie)

• **FDA Approved, Her2 510(k)
• *FDA Submissions

Aperio Algorithms
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Subjective Pathology Evaluation in Routine Tox Stud ies

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

Study Pathologist

Group                        Control        Low         Mid     High

Incidence 0/10           2/10         6/10        10/10

Avg. Lesion Degree      0               1.0 1.5 3.5

Study Pathologist

Group                        Control        Low         Mid     High

Incidence 0/10           2/10         6/10        10/10

Avg. Lesion Degree      0               1.0 1.5 3.5

Peer Review Pathologist

Group                         Control       Low         Mid     High

Incidence 0/10           0/10         3/10        10/10

Avg. Lesion Degree      0               0 1.0 3.0

Peer Review Pathologist

Group                         Control       Low         Mid     High

Incidence 0/10           0/10         3/10        10/10

Avg. Lesion Degree      0               0 1.0 3.0

� This is often followed by a peer review evaluation:

Courtesy Frank Voelker, DVM, Novartis (ret)
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Some Valuable Considerations for Image Analysis 

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

� Allows the submission of higher quality data 
for publication.

� May use to resolve disagreement in peer 
review issues.

� Enables greater precision in threshold dose 
determination in preclinical drug safety 
studies.  

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

� Allows the submission of higher quality data 
for publication.

� May use to resolve disagreement in peer 
review issues.

� Enables greater precision in threshold dose 
determination in preclinical drug safety 
studies.  

Courtesy Frank Voelker, DVM, Novartis (ret)
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Two Different Measurement Approaches    

Histomorphologic Change

� Cellular Hypertrophy/Atrophy

� Cell Numbers  

� Tissue Infiltrates (eg. Fibrosis)

� Other Structural Alterations      

� Cellular Hypertrophy/Atrophy

� Cell Numbers  

� Tissue Infiltrates (eg. Fibrosis)

� Other Structural Alterations      

� Histochemistry

� IHC

� ISH

� Histochemistry

� IHC

� ISH

Quantify Biomarkers using Special Stains

Courtesy Frank Voelker, DVM, Novartis (ret)
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Mouse Liver - Hepatocellular Hypertrophy

Total Hepatocyte Nuclei = 167  
Average Nuclear Size = 160 µm²
508 nuclei/mm²

Total Hepatocyte Nuclei = 199   
Average Nuclear Size =140 µm²
706 nuclei/mm²

Algorithm:  IHC Nuclear (cell-based)

Courtesy Frank Voelker, DVM, Novartis (ret)



27

Quantifying Inflammatory Cell Infiltrates in Tissue

Different cell types often can be 
distinguished  from each other in 
the same tissue based on nuclear 
diameter. Here lymphocyte nuclei 
are smaller than mammary 
carcinoma nuclei.

This makes it possible to count 
lymphocyte numbers per unit area of 
tissue cross section to determine 
degree of infiltration.

Algorithm:  IHC Nuclear (cell-based)

Courtesy Frank Voelker, DVM, Novartis (ret)
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Quantitation of Fatty Change (Vacuolation) in Liver s of DIO Mice
Administered XXX Using the Aperio Image Analysis Sy stem

Yellow color (on right) = Low intensity pixels (Iwp ).  
Total pixels in evaluation area = TP.
(Iwp/Tp)X100 = Percent vacuolation of evaluated ima ge

PAS-stained Section, Vehicle Animal 934 Aperio Markup Image

Algorithm:  Positive Pixel Count 
(area-based)
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0.00

5.00

10.00

15.00

20.00

25.00

Vehicle 30 mg/kg 100 mg/kg

*
*

*p ££££ .01

Percent of Liver Tissue with Diabetes-induced Fat V acuolation in 
DIO Mice Administered XXX Orally for 8 Weeks

Courtesy Frank Voelker, DVM, Novartis (ret)
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Quantitation of PAS Stain for Glycogen in Livers of  DIO Mice 
Administered XXX Using the Aperio Image Analysis Sy stem

PAS-stained Section Aperio Markup Image

Algorithm:  Color Deconvolution (area-based)

Courtesy Frank Voelker, DVM, Novartis (ret)
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Percent of Liver Tissue Staining for Glycogen by PA S Stain in 
DIO Mice Administered XXX Orally for 4 Weeks  

0

5

10

15

20

1 2 3Vehicle 30 mg/kg

%

100 mg/kg

*

**

* p ££££ .05    **p ££££ .001

Courtesy Frank Voelker, DVM, Novartis (ret)
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Consistency of  Sample Area Selection for Morphomet ric 
Analysis within the Median Lobe of the Mouse Liver

1 2 3

Select samples within approximately the same region  of the same lobe 
of the liver for consistency of analysis.  As an as surance of sampling 
homogeneity, areas should have roughly similar pixe l count values.

Courtesy Frank Voelker, DVM, Novartis (ret)
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Sirius Red Stain Depicting Myocardial Fibrosis in a  Mouse

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

Algorithm: Color Deconvolution (area-based)

Courtesy Frank Voelker, DVM, Novartis (ret)
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Percent of Liver Tissue Staining for Transferrin 
Receptor(CD71) in Female Mice by Immunohistochemist ry

* p ££££ .01    **p ££££ .001
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%

Measuring all of the brown pixels in the sample are a

Courtesy Frank Voelker, DVM, Novartis (ret)
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Cytochrome p450 Reductase Immunostaining of 
Centrilobular Hepatocytes

Widespread staining with centrilobular distribution  of more intense staining

Courtesy Frank Voelker, DVM, Novartis (ret)
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Quantitation of Cytochrome p450 Reductase Immunosta ining of 
Centrilobular Hepatocytes by Aperio 

Original Image Markup Image

Measuring only the area of more intense stain
Color deconvolution (area-based)
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Quantitation of VEGF Immunostaining in Livers of Mi ce 
administered XXX for 52 Weeks 

44.00

45.00

46.00

47.00

48.00

49.00

50.00

51.00

Control 
Males

Control 
Females

1000 mg/kg 
Males

1000 mg/kg 
FemalesComparing stain intensity

Courtesy Frank Voelker, DVM, Novartis (ret)
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bFGF Immunostaining in Livers of Mice Administered 
Compound xy for 52 Weeks

1000 mg/kg Male 2068

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

Percent Positive Pixels

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

Courtesy Frank Voelker, DVM, Novartis (ret)



Digital photographs

Telepathology    
(remotely controlled 

scopes)

Standardization of pathologist 
scoring across sites and studies

Time
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Digital Tox Pathology in Preclinical Studies
Adoption is steadily increasing

Before digital slides After digital slides

Secondary consults 
with academic 

specialists
Weekly digital 

slide conferences 
between pharma 

and CROs

Quantitative IHC 

Searchable preclinical 
digital slide databases 

(abnormals only)

Remote quantitative IHC 
and morphology

Automated detection of 
histology slide 
irregularities

(e.g. rips, folds, 
bubbles, etc)

Automated flagging of 
compound induced 

abnormalities

Ranking and organizing of 
abnormals across studies 

electronically

Quantitative morphology

ABNORMAL SLIDES 
SCANNED

SLIDES REQUIRING 
ALGORITHMS 

SCANNED

ALL GLP SLIDES 
SCANNED
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Aperio ImageScope™ Viewer

Selected images from local Spectrum™
repository are annotated* using the 
ImageScope™ viewer.  Annotations are 
stored back into the Spectrum™ repository.

* Four categories of color-coded annotations are 
used to train the CAPS™ software (and 
programmers).  Not all categories are required 
on each image:

1. Tissue (yellow): Tissue type, overall Dx and QC 
status.  Must be annotated on every slide.

2. Anatomy (green): 5-10 diverse examples of 
each structure for edification (total, not per 
slide).

3. Pathology (red): 5-10 diverse examples of each 
lesion for edification (total, not per slide).

4. Artifacts (blue): Examples of artifacts causing  
tissue to fail QC.  

3
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Aperio ImageScope™ Viewer

Pathologists at remote locations 
jointly “peer review” SPC’s
annotated images using their 
ImageScope™ viewers in a 
teleconference setting.

5
Peer-reviewed annotated images 
and non-annotated images are used 
to educate programmers and train 
developing algorithms.

CAPS™
Algorithms

SPC Network

Local Network

Aperio Spectrum™ Image Repository 

(At SPC Seattle)

Non-annotated images and study metadata 
are transported via portable drives to SPC 
offices in Seattle where they are loaded into 
SPC’s Spectrum™ Image repository.

2

Aperio ScanScope™ XT

Slides from selected studies are 
imaged on local ScanScope XT.  The 
images are transferred to portable 
drives along with the study metadata.  
All images are used in algorithm 
development, though only select 
images are annotated.

1

Courtesy Gary Knutsen, DVM
Systems Pathology LLC
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Pathology Heatmap: Modifications by SPC

Courtesy Gary Knutsen, DVM
Systems Pathology LLC
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GLP Validation

• GLP Validation (21 CFR part 11) 

• Provides on-site validation manager to 
ensure that the Aperio digital pathology 
system is validated according to current 
GLP’s, including the electronic record and 
electronic signature requirements of 21 
CFR Part 11. 

• Aperio offers a suite of IQ / OQ / PQ 
protocols that our validation manager 
executes at the site location to ensure the 
system’s installation, operation, and 
performance are documented to meet 
regulatory expectations. 
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Multiple Site Integration: Overcoming Geography
Four top 10 Pharma Companies are doing this today!
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Summary

• Pathology is already going digital 
• Whole slide imaging will fundamentally 

change tox pathology
• Pharma preclinical executives should 

ask for this technology from their CRO 
pathology providers

• CROs with this technology are 
increasing their value to their pharma 
partners

Questions:  spotts@aperio.com


