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Objectives _.

- Review the reqgulations that apply to instrumentation and
digital pathology systems:

- United States, European Union, Japan
- Is the digital slide raw data?
- Compliance demands on vendors Iif it Is raw data

- Compliance demands on vendors if it is not raw data
- Reproducibility data on whole slide images

 Discussion from PhRMA meeting (SQA)
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Interpretation of pathology information that is
enabled by the digitization of a glass slide
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Overview of ERES and predicate GLP and GCP
requirements

Stated or Implied Requirements from
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Risk management system must be in place U
Instruments, software and systems must be validated u u u u
System components must be inventoried u u
Equipment must be adequately tested, calibrated, and standardized U U u u
System generates accurate and complete copies of records for ) )
inspection u u
Records must be protected u U u
System access must be limited u U u
System must identify who created records U U u u
Audit trails must track who created/changed/deleted records U U u u
Authority checks must be in place u U u
Device / terminal checks must be in place U
Additional controls must be placed on open systems ]
Electronic signature manifestations indicate who / when / why U U u
Electronic signature irrevocably linked to record u U u
Electronic signature components and controls are enforced u U u
System alerts of bad login and bad e-sig attempts U u
Data backups are taking place routinely U u u




Is the digital slide raw data? An ongoing debate...

- Geoly & Kerlin: Pathology raw data in the nonclinical lab: the
pathologists view. Qual Assur J 2004.

- Society of Toxicologic Pathologists. Documentation of pathology
peer review. Toxicol Pathol 1997; 25(6).655

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

- Tuomari et al, Society of Tox Pathology position paper on
pathology image data. Toxicol Pathol 2007



Digital slide as raw data, or glass slide?

Interpretations of virtual images have been repeate  dly
shown to be as accurate as interpreting glass slide S...

Histopathology 2007, 50, 266-173

A randomized controlled trial of the diagnostic acc uracy of internet based telepathology
compared with conventional microscopy

P. Furness
“No significant difference in diagnostic accuracy c ould be detected between the diagnoses proffered
on the basis of virtual slides and conventional sli des

Histopathology 2002, 41, 91-109
Telepathology: current status and future prospects in diagnostic histopathology

S. S. Cross, T. Dennis & R. D. Start

“The review concludes that all the necessary techno logy for telepathology is available and there is
strong published evidence for a diagnostic accuracy comparable with glass slide diagnosis...”

Aperio’s 4 FDA clearances (including digital read o f HERZ2, digital read of ER, in breast
cancer)



What information are you
MISSING from the
microscope that a digital
slide CAN capture?

Example: 100x Oil Whole
Slide Scanner



Assumptions on raw data imply different
responsibilities on the imaging vendor

Is the digital slide raw data?

YES/ \ NO
/ .

Ability to archive, retrieve, and Must be able to reproduce the result
securely manage the digital slide from the glass slide

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



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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New ScanScope and Spectrum Plus Features:

Audit Tralls
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- Unlike the raw data image

files, metadata can and will
change as slides are
annotated, reviewed, and
processed.

Metadata is maintained in a
secure database where it
cannot be manipulated
from outside the Spectrum
Plus application

Changes to metadata are
tracked Iin secure audit trail



ScanScope and Spectrum Plus Features:
Audit Tralls
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Chain of custody on the digital slide
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ScanScope and Spectrum Plus Features:
Role-Based Security
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Definitions: 1Q, OQ, and PQ
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Definition

Examples

INSTALLATION QUALIFICATION:

Documented verification that system
components and support systems have been

Correct equipment has been received in an
undamaged condition,
All connections among instruments,

IQ | installed correctly and completely , in computers, servers, and network are
accordance with manufacturer and customer connected correctly,
requirements, government regulations, and Computers have correct CPU and memory,
industry standards. Correct OS and software titles installed
OPERATIONAL QUALIFICATION:
Documented verification that system General system operations function correctly,
components operate properly  in accordance with | - Audit trails capture correct information,
manufacturer and customer requirements, Electronic signatures are rendered correctly,
OQ | government regulations, and industry standards. Security roles grant or restrict the correct
OQ establishes confidence that the components permissions,
are capable of consistently operating within the Users without credentials cannot log into
established limits and tolerances required by the system
systems they support.
PERFORMANCE QUALIFICATION:
Documented verification that the total system Customer can go through typical laboratory
PQ performs as intended . Performance qualification workflow,

establishes confidence that the system as a whole
is capable of consistently performing within
established limits.

Customer’s worst-case load scenario doesn’t
overwhelm server(s).




Sections of the 1Q/OQ/PQ protocol
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5 documents (2 10, 2 OO0, 1 PO with these
typical sections

Background & Overview

Scope

Responsibilities

References

Definitions and Abbreviations

|dentification of Executors

|dentification of Test Equipment

Instructions for Protocol Execution and Review
1Q, OQ, or PQ Validation Procedures

Attachments



Digital slides must become part of the workflow
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Assumptions on raw data imply different
responsiblilities on the imaging vendor

Is the digital slide raw data?

YES/ \ NO
/ N

Ability to archive, retrieve, and Must be able to reproduce the
securely manage the digital slide result from the glass slide

Standard 21 CFR 11 requirements on
software, reports, annotations, etc.
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Reproducibility study in HER-2 breast tissue

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

860 slides, 3 ScanScopes, and 3 sites:
* Emory University, Quest Diagnostics & Medical Laboratory
Associates

« Evaluated:
Intra-Run/Intra-System
Inter-Run/Intra-System
Inter-System
Intra-Pathologist
Inter-Pathologists

 Measured HER2 (number of cells: 0, 1+, 2+, 3+) as the
outcome variable
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Reproducibility Study: Results Summary
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Standard
Measurement Precision between: Deviation
Inter-pathologist Different pathologists 10.03%
Intra-pathologist Same pathologist, different days 2.69%
Inter-scanner and Different scanners and image
analysis analysis 0.80%
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Comparison to Manual Microscopy Studies
(Example from ER)

HER2 (membrane marker, breast cancer)

#1 HERZ2 Image Analysis
#2 Reading Digital HER2 Slides on a Computer Monito  r

#3 Tunable HER2 Image Analysis

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

#4 ER Image Analysis
#5 PR Image Analysis

d

#6 Reading Digital ER Slides on a Computer Monitor

#7 Reading Digital PR Slides on a Computer Monitor




#6 Reading Digital ER Slides on a Computer

Monitor

Percentage of Positive Nuclei [0, ... 100%] with Clini
Percentage Agreement (PA) along with an exact 95% Confidence Interval (Cl).

Manual Microscopy

cal Cut-Off Threshold 1% _

92.5% | (84.4,97.2) 91.3% (82.8, 96.4) 98.8% | (93.2,99.9)
97.0% | (91.5, 99.4) 96.0% (90.1, 98.9) 97.0% | (91.5,99.4)
97.5% | (91.3,99.7) 93.8% (86.0, 97.9) 96.3% | (89.4,99.2)
93.8% | (86.0, 97.9) 93.8% (86.0, 97.9) 97.5% | (91.3,99.7)
93.0% | (86.1, 97.1) 94.0% (87.4, 97.8) 95.0% | (88.7, 98.4)
91.3% | (82.8, 96.4) 96.3% (89.4, 99.2) 92.5% | (84.4,97.2)

Image Analysis vs. Manual Microscopy
87.5% | (78.2,93.8) 93.8% (86.0, 97.9) 95.0% | (87.7,98.6)
91.0% | (83.6, 95.8) 91.0% (83.6, 95.8) 93.0% | (86.1,97.1)
92.5% | (84.4,97.2) 93.8% (86.0, 97.9) 95.0% | (87.7,98.6)
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Publications on Performance Comparisons —
Microscope Versus Digital Slide

USCAP 2008 www.uscap.org

- [1672] Reading Digital IHC Slides on a Computer Moni  tor — A Multi-Site Performance
Study Using 180 HER2 Stained Breast Specimens

Emory University, Quest Diagnostics Nichols Institu te, Aperio Technologies Inc.

- [1673] Trainable IHC HER2 Image Analysis System for = Dako's HercepTest and

Ventana's PATHWAY HER2 — A Multi-Site Performance Stud y Using 260 Breast Tissue

Specimens

Emory University, Quest Diagnostics Nichols Institu te, Medical Laboratory Associates, Aperio Technolog ies Inc.

- [1667] Consistent IHC HER2 Image Analysis on ScanSc  ope Systems

Aperio Technologies Inc.

Others:
« [1694] Quantitative Image Analysis of HER2 Immunohi  stochemistry Compared with
Manual Pathologist Analysis in Breast Cancer

University Feinberg School of Medicine, Johns Hopki ns University

- [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.
22



More information...

PhRMA meeting GLP compliance in whole slide imaging

September 15th 2008
lan Pyrah, Amgen, Stacey Blackmer, GSK, Steve Potts, Aperio

GLP Compliance in Preclinical and Clinical Trials

September 23, 2008:
Erik Staley, Valicom (www.aperio.com/events)

Performance of a Digital Pathology Solution for IHC
April 23, 2008:
Holger Lange, Aperio

23 Aperio's products are FDA cleared for specific clinical applications, and are
intended for research use only for other applications. For clearance updates,
visit www.aperio.com
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24 Aperio's products are FDA cleared for specific clinical applications, and are
intended for research use only for other applications. For clearance updates, visit
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