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Potential uses of pathology imaging systems

n Primary slide reading of a study

n Enables use of a remote site

n Agreeing nomenclature

n Sponsor involvement at remote site

n Peer review

n At remote site

n Consultation

n Remote use of expert working groups

n Use in presentations/teaching

n Not considered
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Potential advantages

n Efficiency – less time spent in travel, cross border  
CITES paperwork with primate studies

n Economy – reduces costs associated with travel 
and shipping slides. Possible to locate pathologist s 
in areas with low cost base

n Speed – rapid consultation from multiple sites –
easier to schedule when travel is not a component

n Pathologist contentment – select any ‘home’
location, travel reduced

n Environmental – reduced travel/shipping

n Developing nations – provide experienced oversight

n Increased access into the profession for individual s 
with physical conditions which restrict use of a 
microscope

n No risk of loss of slides in shipping
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Primary slide reading of a study

n In this case factors to consider include

n Is the digital slide a true representation of 
the glass slide?

n Can the pathologist diagnose equally well 
from the system versus the glass slide?

n Do we need to store the image that was 
used for diagnosis?

n Do we need to use the same image for the 
peer review?

n Does this allow us to dispense with storing 
glass slides by storing only digital images?
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Discussing nomenclature

n In this case factors to consider include

n Does this constitute a regulated activity? 

• currently this is frequently done using 
electronic images

n Is there any impact on data integrity?

• What is the impact if the image is not a 
true representation?
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Peer review and/or consultation

n Assuming this is performed as a regulated 
activity

n In this case, factors to consider are similar to 
those for use in a primary read

n Is the digital slide a true representation of 
the glass slide?

n Can the pathologist(s) diagnose equally well 
from the system versus the glass slide?

n Do we need to store the image that was 
used for diagnosis?

n Does the primary pathologist also need to 
review the images used for peer review 
(particularly for resolution of difference of 
opinion)?
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Validation of Pathology Imaging Systems - QA 
Perspective

Stacey Blackmer, MT ASCP, NM ASCP

Director, Computer Systems Compliance, North 
America
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Background

n Advances in Digital Imaging Technologies

n Challenge to maintain compliance with 
regulatory expectations

n Definition & Retention of raw data

n Equivalence of glass slide to digital image

n Data Integrity

n Reconstruction of the results
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Raw Data

n Pathology

n Specimen (tissues)

n Glass slide

n Signed report of Pathologist

n Electronic

n Primary record or original image stored on 
media suitable for long term storage, or

n First instance in which an image is record 
onto any media that is a separate object
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Raw Data

n SUBPART G; 58.120 PROTOCOL; 58.130 CONDUCT OF A 
NONCLINICAL LABORATORY STUDY

n Q:  1. In as much as only wet tissues, blocks and s lides 
are necessary to reconstruct the histopathologic asp ects 
of a study by a third party, are written notes, tape s, etc. 
of the histopathologist's thought process in arrivin g at a 
final report legitimately considered "raw data" in the 
presence of a signed and dated final report? Does t he 
Agency have the right to inspect the written notes from 
the pathologist?

n A:  Raw data in this case, refers only to the signe d and 
dated final report of the pathologist. Agency 
investigators may wish to examine the interim notes  and 
reports in an attempt to reconstruct the study but not to 
second-guess the scientific process used to arrive at the 
final report. The GLPs do not require that these int erim 
reports and notes be retained.
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QA Points to Consider

Reconstruction of Results & Decisions

n E-Data Integrity from creation to final 
modifications

• Limited Access

• Chain of Custody

• Audit Trail

n Retention and Readability

n Original source integrity and metadata integrity 
must be non-refutable and auditable
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Challenges

n Size of e-files

n Access & security of e-files

n Readability – glass slide vs. electronic image

n Color 

n Glass slide to monitor

n Monitor to monitor

n Audit trail

n Upgrading and support (proprietary format)

n Printed copies
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Best Practices

n Validate the electronic system

n Demonstrate fitness for purpose

n Case by case basis

n Maintain Data Integrity

n Security measures to protect e-data from 
modification 

n Provide audit history and metadata

n Assure readability into the future

n Enforce archive procedure and archiving
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Additional QA/QC Considerations

n Calibration using NIST-certified micrometer 
slide

n Color variability

n H&E slide stain, thickness

n Consistency within study

n Color checker can standardize monitors

n Glass slide can be re-digitized to reconstruct 
the e-data
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GLP Compliance in Whole Slide Imaging:
Vendor Responsibilities

Steve Potts, Ph.D. MBA

Worldwide Director, Biopharma 

Aperio
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Digital Pathology is an 

environment for the management and interpretation o f 

pathology information that is 

enabled by the digitization of a glass slide
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Is the digital slide raw data?  An ongoing debate…

n Geoly & Kerlin: Pathology raw data in the nonclinica l lab:  
the pathologists view.  Qual Assur J 2004. 

n Society of Toxicologic Pathologists. Documentation of 
pathology peer review.  Toxicol Pathol 1997; 25(6):65 5

n Lepore PD.  Pathology raw data. Toxicol Pathol 1996 
24(1):147

n Tuomari et al, Society of Tox Pathology position pa per on 
pathology image data. Toxicol Pathol 2007
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Assumptions on raw data imply different responsibil ities 
on the imaging vendor

Is the digital slide raw data?

Ability to archive, retrieve, and 
securely manage the digital slide

Standard 21 CFR 11 requirements 
on software, reports, annotations, 

etc.

Must be able to reproduce the result 
from the glass slide

NOYES
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Chain of custody on the digital slide

Slides should be set up so that all information (tissue, 
animal, dose group, level of access privilege, etc.) is 

included in a 2D barcode, and the digital slide is 
automatically placed into the correct section of the 

database.  Combined with audit trails and role-based 
security access privileges, this allows for a tamper-

proof chain of custody.
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Chain of custody on the digital slide
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IQ/OQ/PQ validation

n IQ:  Have all system 
components been 
installed correctly?

n OQ:  Do system 
components operate 
correctly?

n PQ:  Does the entire 
system perform as 
expected?

n Method validation

n Membrane, nuclear, 
morphometry, etc.
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Assumptions on raw data imply different responsibil ities 
on the imaging vendor

Is the digital slide raw data?

Ability to archive, retrieve, and 
securely manage the digital slide

Standard 21 CFR 11 requirements on 
software, reports, annotations, etc.

Must be able to reproduce the 
result from the glass slide

NOYES
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Reproducibility Study in HER-2:  Breast Tissue

Example: HER-2 validation study as part of two FDA clearances

>800 slides, 3 ScanScopes, and 3 sites:

n Emory University, Quest Diagnostics & Medical Labor atory 
Associates

n Evaluated:

• Intra-Run/Intra-System

• Inter-Run/Intra-System

• Inter-System

• Intra-Pathologist

• Inter-Pathologists

n Measured HER2, ER, PR (number of cells: 0, 1+, 2+, 3+) as the 
outcome variable
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Reproducibility Study: Results Summary (HER2 data)

Different scanners and image 
analysis

Same pathologist, different days

Different pathologists

Precision between:
Standard 
DeviationMeasurement

0.80%
Inter-scanner and 

analysis

2.69%Intra-pathologist

10.03%Inter-pathologist
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Comparison to Manual Microscopy Studies (Example fr om 
ER)

HER2  (membrane marker, breast cancer)

#1 HER2 Image Analysis

#2 Reading Digital HER2 Slides on a Computer Monitor

#3 Tunable HER2 Image Analysis

ER/PR  (nuclear markers, breast cancer, estrogen and progresterone)

#4 ER Image Analysis

#5 PR Image Analysis

#6 Reading Digital ER Slides on a Computer Monitor

#7 Reading Digital PR Slides on a Computer Monitor
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#6 Reading Digital ER Slides on a Computer Monitor

(91.5, 99.4)97.0%(90.1, 98.9)96.0%(91.5, 99.4)97.0%�����������	
����
������	���

(89.4, 99.2)96.3%(86.0, 97.9)93.8%(91.3, 99.7)97.5%�����������	
�����
�	����

(93.2, 99.9)98.8%(82.8, 96.4)91.3%(84.4, 97.2)92.5%�����������	
���������

���������������������������������
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Manual Microscopy

Image Analysis

Image Analysis vs. Manual Microscopy

Percentage of Positive Nuclei [0, … 100%] with Clini cal Cut-Off Threshold 1%
Percentage Agreement (PA) along with an exact 95% Confidence Interval (CI).

(88.7, 98.4)95.0%(87.4, 97.8)94.0%(86.1, 97.1)93.0%�����������	
����
������	���

(84.4, 97.2)92.5%(89.4, 99.2)96.3%(82.8, 96.4)91.3%�����������	
�����
�	����

(91.3, 99.7)97.5%(86.0, 97.9)93.8%(86.0, 97.9)93.8%�����������	
���������

���������������������������������
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(86.1, 97.1)93.0%(83.6, 95.8)91.0%(83.6, 95.8)91.0%�����������	
����
������	���

(87.7, 98.6)95.0%(86.0, 97.9)93.8%(84.4, 97.2)92.5%�����������	
�����
�	����

(87.7, 98.6)95.0%(86.0, 97.9)93.8%(78.2, 93.8)87.5%�����������	
���������

���������������������������������
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(1)
OK

(2)
OK
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USCAP 2008 www.uscap.org

n [1672] Reading Digital IHC Slides on a Computer Monitor – A Multi-Site Performance Study Using 180 
HER2 Stained Breast Specimens

Emory University, Quest Diagnostics Nichols Institute, Aperio Technologies Inc.

n [1673] Trainable IHC HER2 Image Analysis System for Dako's HercepTest and Ventana's PATHWAY 
HER2 – A Multi-Site Performance Study Using 260 Breast Tissue Specimens

Emory University, Quest Diagnostics Nichols Institute, Medical Laboratory Associates, Aperio Technologies Inc.

n [1667] Consistent IHC HER2 Image Analysis on ScanScope Systems

Aperio Technologies Inc.

Others:

n [1694] Quantitative Image Analysis of HER2 Immunohistochemistry Compared with Manual Pathologist 
Analysis in Breast Cancer

University Feinberg School of Medicine, Johns Hopkins University

n [243] Performance Comparison of a Digital Pathology Solution for IHC to Conventional Manual Microscopy: 
A Feasibility Study Using 20 HER2 Stained Breast Specimens

Pathology Inc., Aperio Technologies Inc.

Publications on Performance Comparisons – Microscope  Versus 
Digital Slide

Aperio's products are FDA cleared for specific clinical applications, and are intended for research 
and education use for other applications.
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Local Digital Pathology Workshop

September 17, 2008: Frederick, Maryland:  Co-sponsored by Charles River 
Pathology Associates

Monthly science webinar series (www.aperio.com/events)

September 23, 2008: GLP Compliance in Preclinical and Clinical Trials
Erik Staley, President, Valicom

April 23, 2008: Performance of a Digital Pathology Solution for IHC
Holger Lange, Ph.D., Image Analysis Product Director, Aperio

December 11, 2007: GLP Compliance in Digital Toxicologic Pathology
Steve Potts, Ph.D., Aperio

More information…

Aperio's products are FDA cleared for specific clinical applications, and are intended for research 
and education use for other applications.


