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Going global with digital pathology in 
clinical trials

OUTLINE

• How to do pathology remotely -- the role of digital slides
• Ongoing multi-site international integration

• Integrating pharma pathology at international sites
• Pharma to CRO data sharing

• Adoption is gradual
• Clinical trials examples:  phosphomarkers in phase I and II

• Predictive
• Dose finding
• Colocalization examples – membrane, nuclear, and cytoplasm 

protein expression
• Searchable whole slide pathology databases post-study
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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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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

• International barriers of geography overcome



8

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 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 Biopharma Adoption



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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Pathology is loaded with biology data, but difficul t to 
access

Clinical trials patient

•Collect tissue samples (biopsies, 
thin needle aspirates)

•Blood / urine 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

PATHOLOGY
� Data back in MONTHS
� Summary data in LIS
� Not Searchable
� Not mineable across studies

DRUG ANALYSIS
� Data back in weeks
� All data in LIS
� Searchable
� Mineable across studies
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Multiple Site Integration: Overcoming Geography
Two of the top Six Pharma Companies are doing this today!

• Pathologists in United States and Europe can view d igital slides in Asia

• Training, standardize protein expression scoring

• Allow international peer review
• CRO – Pharma peer reviews
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Searchable slide database
Added menu items, news, custom displays for users…
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Digital photographs

Telepathology    
(remotely controlled 

scopes)

Time

S
co

pe
 o

f U
sa

ge
Digital pathology adoption is gradual

Before digital slides After digital slides
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Digital photographs

Telepathology    
(remotely controlled 

scopes)

Time

S
co

pe
 o
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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
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pe
 o

f U
sa

ge
Digital 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 whole slide 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?



22
http://www.indyfan.com/gallery/wander/raiders/warehouse.jpg



23

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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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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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



Examples of Digital Pathology in Phase I and 
Phase II Trials
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Using PharmacoDynamic (PD) Phospho-Biomarkers to 
Guide Dosing in Real-Time

• Phospho-biomarkers that are drug targets or downstream signaling 
molecules can be used to monitor target inhibition in real-time

• When combined with an analytical method such as semi-quantitative 
IHC, degree of target inhibition can be measured and used to guide 
patient dosing  
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Phase I and Phase II Trials with Digital Pathology 

http://tmdlab.com/
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Why Semi-quantitative IHC for understanding the 
local environment efficacy / toxicity?

• We all hope for magic bullet serum markers, but…
• Until then we must understand what is happening in the organ and tissue of interest
• Much higher, more specific signals in tissues than in serum     

• the location in the tissue matters

• Preclinical and clinical trials are run by pathologists (DVM / MD), they are trained to look at 
tissues with IHC 

• Infrastructure for IHC already in place at preclinical and clinical trials CROs (ever tried running 
protein-based mass spec at a large CRO?)

• HER2/ER/PR with semiquantitative IHC is an accepted standard now for patient stratification 
with Herceptin

• IHC is inexpensive and easy to run, with hundreds of assays available 

• Some limitations:
• Perceived as non-quantitative
• Requires good histology and attention to standardization
• Computer-assisted semiquantitative IHC
• Requires certified pathologists
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Using PharmacoDynamic (PD) Phospho-Biomarkers to 
Guide Dosing on a Src inhibitor

FAK becomes active upon recruitment to the plasma membrane and 
autophosphorylates itself

Src is recruited to the plasma membrane, autophosphorylates itself and further 
phosphorylates and activates FAK

Paxillin is recruited to FAK and is phosphorylated by Src

Can p-FAK and p-Paxillin be used as “readouts” of Sr c inhibition in patients? 
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Real Time PharmacoDynamic (PD) Dose Adjustment

Pre-Treatment Bx

Measurement of p-
Src, p-FAK, p-Paxillin 
(image analysis)

4 wk Bx

Measurement of 
p-Src, p-FAK, p-
Paxillin (image 
analysis)

Dose 
Level 0 Real-time pharmacodynamic 

dose adjustment depending 
on inhibition of p-Src, p-FAK, 
p-Paxillin

Simultaneous 
analysis
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Example of a Change in Phospho-Biomarkers

Pre-Treatment Post-Treatment

p-Src

p-FAK

p-Paxillin
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Pre and Post p-Fak (primarily membrane expression)
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Pre and Post p-Src
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Colocalization: nuclear/cytoplasm staining
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Real-Time Phospho-Biomarker Measurement

• Third Bx in patients who progressed at 16 wks but had documented
response 

• By measuring 3 sequential Bx with image analysis, can ask the question: 

• Did patients who were progression free but then relapsed still have 
inhibition of the target and/or pathway?

Pathway still inhibited: 
resistance due to alternative 
oncogenic pathway

Pathway no longer inhibited: 
resistance due mutation or 
compensatory dysregulation in 
target or downstream signaling 
molecules
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Enhanced reports on each patient
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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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• Weekly digital slide conferences 
between pharma and CROs

• Entire slide captured

•Post-study searchable database

Make IHC More Accessible 

Before digital slides After digital slides

CROPharma

Sharing secure images

The old way

• Only path and image analysis 
data can be shared between 
CRO and pharma

• Cumbersome and incomplete 
information from snap shots of 
slides 

With Digital Pathology
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Searchable Whole Slide Databases Post-study

• Some leading CROs are offering the ability for pharma clients to have a 
searchable database of the whole slide images installed in house at the 
pharma site

• This is valuable for future decision making, to compare with older studies

• Is critical with international studies, to compare standardization, scoring 
practices, etc.  
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Sorting by Patient
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Sorting By Groups (e.g. Pre- & Post-)
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Sorting By Biomarker
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Detailed Project/Patient Reports
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Summary

• Pathology is already going digital, the world 
will get smaller 

• Whole slide imaging will make international 
clinical trials easier

• Pharma clinical trials 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

Featured Clinical Trials CRO providers:  
• Targeted Molecular Diagnostics, Chicago
• Quest Diagnostics


