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Benefits, Pitfalls, and Technology:
21 CFR Part 11 Compliance in Digital
Pathology Preclinical and Clinical Trials

Aperio Science Webinar Series
Tuesday, 11 Dec 2007

Steve Potts, Ph.D., MBA
Director, Biopharma

We will begin shortly. Please either connect to the phone number or use
the voice over IP on your computer speakers. You will be on mute
once the webex begins. Please type in your questions using webex
chat, and we will answer them at the end of the webinar.

w’aperio




Science webinar series
Repeated two times (7:00 a.m & 4:00 p.m. California  Time)

ToxPath

October: Smart Imaging Technology in Toxicologic Pathology
Dr. Gary Knutsen, DVM Systems Pathology LLC

. December: 21 CFR 11 Compliance in Preclinical & Clinical Trials
Dr. Steven Potts, Ph.D.

. January 10: Angiogenesis in Microvessel Analysis on Whole Slides

February 13: Practical Image Analysis from a Pathologist’s
Perspective
Dr. Frank Voelker, DVM, DAVCP (ret. Novartis)

. March: Digital pathology in Clinical Trials
Dr. Jason Hill, Ph.D. Targeted Molecular Diagnostics

April: Validation of IHC analysis and digital read across three
laboratories -- Dr. Holger Lange, Aperio Technologies



Objectives:

Opportunities with digital pathology outside of GLP
GLP from scanning to final report
Is the digital slide considered raw data?

 What does your assumptions about raw data require from
your vendor?

Overview of 21 CFR 11 features

Validation of linear and area measurement algorithms
Validation of IHC membrane and nuclear protein algorithms
o Multisite study on HER2 membrane algorithm precision
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Digital pathology outside of GLP

Many opportunities

ALL GLP SLIDES Automated flggglng of
SCANNED compound induced
abnormalities
Automated detection of
(D) SLIDES REQUIRING histology slide
‘@) ALGORITHMS irregularities
(40 SCANNED (e.g. rips, folds,
2, bubbles, etc)
D) ABNORMAL SLIDES
e SCANNED
o -
O Remote quantitative IHC
Q. and morphology
o) Quantitative morphology
O o
U) Quantitative IHC
Secondary consults
Weekly digital L [ hlpI?gy Searchable preclinical
slide conferences Specialists digital slide databases
Telepathology between pharma (abnormals only)
(remotely controlled and CROs Ranking and organizing of
scopes) abnormals across studies
Digital photographs Standardization of pathologist electronically
scoring across sites and studies

Before digital slides

After digital slides
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GLP: from scanning to final report
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~ .« Digital pathology software that delivers all the information a pathologist

needs, anywhere, anytime.

Microscope-quality digital slides Associated image analyses
Macro (gross) images and data Pathology reports
Case history Worklist
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GLP software: requirements In
preclinical and clinical trials

The standard 21 CFR 11 requirements, plus...

Verified checklist of appropriate additional equipment (monitor,
Internet connection, computer speed and memory, etc.)

Image signature (no tampering)
Image mapping tracked (which specimen, which slide)
Integration with existing LIS systems

Handling pathology working groups (PWGs) and formal peer
reviews

Help with HIPAA compliance
On-site validation of IQ/OQ/PQ




What Is raw data & what needs to
be audited?
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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
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Recording of raw data

Raw data has two components:

e The recording of original observations

 These observations are necessary to reconstruct the report of
the study

Is the data necessary for the reconstruction of the original study?




Just because we can audit
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something, should we?

For example, Aperio has implemented a Tracker function, that
can be used to make sure a slide is consistently viewed at a
given resolution, and no abnormal areas are missed.

This is helpful for a pathologist in conducting her work, and
great for training students or preparing educational materials

It is not important for the reconstruction of the final report

As a vendor, we leave this type of decision in the hands of the
pathologist...where it should be...

Compliant software should be a balance of meeting regulatory
requirements and improving a pathologist’s diagnostic workflow
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Different raw data assumptions mean
different vendor responsibilities

N
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Current: The virtual slide is NOT raw data, but the final report must
be able to be reconstructed from a glass slide

Vendor responsibilities

« If algorithms are used, the vendor must be able to ensure
reproducibility of a rescanned glass slide over an extended period
of time

e Reproducible color display

Future: The virtual slide IS considered raw data

Vendor responsibilities

« Must be a seamless slide (ho seam artifacts)

 Open file format

e Open annotation format and database access

e Storage and retrieval cost-effective

« 21 CFR Part 11 requirements on virtual slide and annotations




Scanning reproducibility procedures:

Ensuring equivalency of a rescanned glass slide ove r an extended
period of time

N

« ScanScope Acceptance Test Procedure
e Burn in Scanner with 1000 slides
e 94 point check on each scanner
« Validation with Ronchi slides




Integrated Color Management

Glass Slide

e True Color

N

SRGB (default)

Neutral Color Profile

“HP2335.icc” file RAARRCURERll

or

Default Color Profile
(used if no Monitor
Color Profile specified)

ScanScope ICC Profile

Digital Slide Image

\

ScanScope - Image Analysis Advantages

* Digital Slide Image

Digital Slide Image (.svs) file with embedded ScanS  cope Profile

For Lab Calibration Issues
 Consistency
Inter ScanScope & Inter Monitor

Eye / Algorithm Consistency

ImageScope
Color
Transform

ScanScope Color Profile

v

Digital Slide Image
Color Corrected for
ScanScope & Monitor
characteristics



Integrated Color Management
“ON” on Left “OFF” on Right

C)H Click to Toggle Integrated Color Management “ON” or “OFF” I
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i Displayed if Integrated Color Management is “ON” F




Open file format is very helpful for
compliance

/
\

L/
Aperio’s .svs file format is simply a JPEG2000 compressed .tif image

You can rename this as .tif and open in other programs

File conversion loses data, be careful during technology evaluation

Aperio working with open standards committees on BigTIFF for the
100x scanner




“BIgTIFF” Open Format Support —
Digital Slides Larger Than 4GB
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"« Until BigTIFF, we supported images up to 4GB in size

« Now, we will be able to support images up to 1EB
(Exabyte)

1,048,576 Terabytes

1,000 Times Larger Today—
Than Before

Now in 9.0

Note: 1. See it for your self at  http://www.bigtiff.org
2. Only Qil Scans are typically larger than 4GB




Open annotation format and database
access
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Annotation format

All annotations are in XML, with the standard described on our
website

We are actively working with other groups to create an annotation
standard that can be shared in the community

Database access

SOAP/Web Services API, called DataServer, allows database links,
and ability to output and link data (e.g. link a gene expression
database easily with a pathology database)

http://www.aperio.com/documents/api/Aperio DataServer Programmer Reference.pdf




A virtual slide used as raw data cannot
have seams or scanning artifacts

/
\
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A tiling system is unlikely to be accepted as
compliant if a digital slide is considered
raw data, given the seam artifacts

Seam artifact problem becomes worse with
Image analysis




...when the digital slide becomes
raw data
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Raw data has two components:

 Two types of raw data — svs file, and then annotations,
approvals, etc. Gives interpretation of the data (metadata)

 Make sure svs file is never changed and is the correct svs
file

 Make sure metadata is linked, and track changes to
metadata




Cost effective storage
(assume average 150MB / slide, $0.50 - $1.00 / slide [ year)

p
N Area Scan Camera [Field of View (FOV)

v

55,000 FOVs (tiles) per slide (40x) Std Camera
40 Strips per slide (40x) Aperio Camera

15 x 15 mm 50 X 25 mm

20x (0.5 pm/pix) 2.5 GB (30,000 x 30,000) 14 GB (100,000 x 50,000)
File size ~ 100 MB (2 min) File size ~ 500 MB

40x (0.25 pm/pix) 10 GB (60,000 x 60,000) 56 GB (200,000 x 100,000)
File size ~ 400 MB (8 min) File size ~ 2,000 MB




Aperio’s commitment to
compliance and 21 CFR part 11
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 With over 300 systems worldwide, we must take compliance
very seriously (both clinical and preclinical)

 Regulatory Department at Aperio
 Medical Device Manufacturer registration (US and California)
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Investing in 21 CFR Part 11

 Engaged a consulting firm specializing in 21 CFR Part 11
validation and compliance

* Independent review of our 21 CFR 11 compliance program
and specifications

 Development of customer facing 1Q/OQ/PQ protocols

 Designated an Aperio 21 CFR 11 Compliance Manager
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21 CFR 11 Timeline:

Spectrum Plus 9.0: December 2007: Additional enhancements
towards 21 CFR 11

Spectrum Plus 10.0: Q2 2008

 Full GLP Compliance and all 21 CFR 11 functionality
« Complete IQ/OQ/PQ documentation

* On-site validation service for 21 CFR 11 compliance




21 CFR 11 Functionality

Category

Spectrum Plus 9.0
December 2007

Spectrum Plus 10.0
Q2 2008

System logins and
passwords

Complete compliance

Complete compliance

Access control and user

privileges

2 roles, 3 access control
settings per project

Add configurable roles

Auto detection of data
tampering

Images and bar codes
cannot be tampered
with, 1D & 2D barcoding

Add logging of data
fields to detect
tampering

Comprehensive audit log

Application level logging

Add application and file
level logging

Electronic signature records

Partial sign-off process

Add complete sign-off
workflow

Database backup and
recovery

Complete backup and
recovery

Complete backup and
recovery
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System logins and passwords
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Security must include the scanner
console for GLP compliance

L
. Securlty downstream but not at the scanner ???

Scanning location(s) Central Database

slide
scanner

& |
Control SPRaRIm central
=Yt RELELE LLLCECTECECPECEEPELED «==:l Web application servers

slide central
storage drives database
RAID and slide
storage

- Shared security rules from the console to the database
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Access control and user privileges




Autodetection of data tampering

N

L

The label cannot be modified
We calculate an on each virtual slide:

Hashes together the following information:
iImage width and height
file size
compression type
description string
thumbnail as raw data

Virtually impossible to tamper with the image without changing
this signature

This number is stored in the SQL Server database




Additional Barcode Support 9.0

Jane Doe

| § Case 12243234
s Prior to 9.0: HeE

« 1 Dimensional Barcode Support e Doe |

- Symbology e mzm | 1D
o 2 Dimensional Barcode Support —'!FVE% Barcodes
Symbology 2D

- In 9.0, we will also support: Barcodes

« 1 Dimensional Barcode Support

Symbology
Symbology

 In 9.0 we support all symbologies simultaneously



Unbreakable linkage of slide to
correct specimen and tissue
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e Support 1D and 2D barcoding
 |Image Signature in the database

« Barcode label can’t be removed or modified Jane Doe
from full image Case 12243234

H&E
e Barcode viewable in database

Jane Doe

» Metadata from barcode searchable oo

In Spectrum Plus 12243034 [Elze
H&E E| i

 Can create barcodes out of Spectrum
Plus now too!




Contrast this with .cws file format or tiling
systems file savings

/
\

L/
Files stored as individual tile images inside a folder, can be modified
by the user




Comprehensive audit log
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Audit log must include the scanner
console for GLP compliance

L/
e Who scanned which slide when? Who annotated which slide?

 The audit log for the scanning is integrated with the analysis

Scanning location(s) Central Database
Annotating
slide Reporting
scanner Algorithms
I
Control * SHeaUIm central
PC "rfrrereree ey -==afui WeED application servers

slide central
storage drives database
RAID and slide
storage




Electronic sign-off and reporting
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« Electronic sign-off process designed for multi-level signout

 Once a case has been signed, it becomes a final report, and all
iIncluded data is locked, including annotations, virtual slides,
grossing images, etc.

A pdf graphical report can be made.

e This data can then be passed to an LIS or Spectrum Plus used
as the LIS

o Currently this report is customized for clinical (N=1) rather than
preclinical (e.g. N=100), but customization is done with simple
XML changes to the templates
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Workflow Signoff in 9.0

e |From the “Administrative” menu, select “Data Tables”

« |Select a data table to “edit” (Project, Specimen, or Slide data tables)
At the bottom of the page, click “Add Event”
Fill in the fields: e.g.Table: Project - Name, Handler, Description, & “Save”

In operational mode (“edit records page”), at the bottom of the Projects
page, notice button “Release Project”

Workflow: Ot
Lab Tech Pathologist
Data Group Data Group

“Release”

Note: Reduces manual error during Data Group re-ass  ignment
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Full signature workflow in 10.0

L

 Fully configurable workflow, with multiple levels
 e.g. histologist, pathologist, lab manager, study director
« Both signature and reason (21 CFR 11 required)




Integration with LIS systems:
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* Aperio has helped integrate multiple clinical LIS systems, both
large and small

e Similar approach can be taken in preclinical:

e Xybion
« Provantis
« LabCat
- PathData

« homegrown




Automatic Database Backup 9.0

The Automatic database backup feature is configured by editing the

g following settings in the DataServer.exe.config file.
Option Description Values

Schedule How often to create a full backup None, Daily, Weekly
StartTime Time of day to run a full backup HH:MM (military format)
WeekDaysToRun | Days of the week to run if the Schedule is set | Monday, Tuesday, Wednesday,
to Weekly Thursday, Friday, Saturday, Sunday
DiffBackuplinterval | An interval in hours defining when the An integer value. -1 turns off the
differential backup will be run. differential backup, allowing only full
backups to be done.
RetentionDays How many days to keep the backup file Integer value. -1 turns off the cleanup
before deleting it and starting a new one. feature, allowing your backup file to

expand indefinitely.
If the Schedule is set to Weekly, a value
less than 7 is ignored and 7 is used.

BackupFolder Location for backup file. This is a path on the | A text string.
DataServer machine—the account that runs
the SQL Server instance must have
permission to access this folder.




Automatic Database Backup 9.0

- DataServer automatically backs up the Spectrum™

_6

Database (by default) on a periodic (configurable) basis

* Full Backup
» Weekly / Daily / EMPTY (to disable)
« Start Time: When to start Backup
* WeekDaysToRun: which day of week
« Differntial Backup
DiffBackuplnterval: every X hour(s)
*RetentionDays: how many days to
save differential backups
» BackupFolder: Folder where Backups are stored




1Q/O0Q/PQ

validation
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 |Q: Have all system

components been
Installed correctly?

e 0OQ: Do system

components operate
correctly?

* PQ: Does the entire
system perform as
expected?

e Method validation

e Membrane, nuclear,
morphometry, etc.




Responsiblilities




Installation Qualification (1Q)




Installation Qualification (1Q)

%




Operating Qualification:

Audit Tralls

N




Performance
Qualification

/
\
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Aperio Standardized
Integration Test

Customer-Specific
Integration Test

System Stress Test




PQ: Validation of linear and area
measurement algorithms
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Use a NIST certified stage micrometer (10 um division)

Validate a series of linear and ROl area measurements as one
set of PQ steps

Stable over time, relies on
submicron accuracy of motion
control system and invariant
optics




Functionality not covered In 21
CFR 11 standard validation

(in-house method validations)

N

L/
TMALabll (Tissue microarrays)

SmartSync (consecutive tissue alignment)
Colocalization algorithm

Microvessel Analysis (angiogenesis)

IHC Nuclear (cell measurement)

IHC Membrane (cell measurement)




Validation of algorithms

N

(Method validation)

If measurements are used to develop new data, then these
measurements should be considered raw data.

Algorithms must be validated

Linear and area measurements
IHC measurements (nuclear and membrane)




Validation of IHC membrane and

nuclear algorithms
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« This will not be part of the IQ/OQ/PQ validation process, because it
requires specific steps based on individual lab practices

« Example: HER-2 validation study as part of our FDA submission
Several hundred samples, 3 ScanScopes, and 3 sites:

« Emory University, Quest Diagnostics & Medical Laboratory
Associates

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

 Measured HER2 (number of cells: O, 1+, 2+, 3+) as the
outcome variable




Validation of HER2 multisite study
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4 posters accepted for USCAP 2008, based on these studies

 “Performance comparison of a digital pathology solution for IHC to conventional
manual microscopy: A feasibility study using 20 HER?2 stained breast tissue
specimens” -- Pathology Inc, Aperio

 “Reading digital IHC slides on a computer monitor - A multi-site performance
study using 180 HER?2 stained breast specimens” -- Emory, Quest, Aperio

e “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, MLA, Quest, Aperio

 “Consistent IHC HER2 Image Analysis on ScanScope systems* -- Aperio
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Consistent Scanning and IHC HER?2 Image
Analysis on ScanScope Systems

L
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IHC HERZ2 Performance, further
Information




GLP in formal peer reviews and
pathology working groups:

A work in progress
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Conference Leader: Labl Conferencee: Lab2

« Panning and zooming synchronized between session leader & participants

« Session leader’'s mouse location is visible as a “pointer” on participants’ monitors
Graphical annotations created by session leader are visible to session participants
Session leadership can be passed to any participant
Create and join concurrent VSC sessions, from anywhere

« Share digital slides stored on any locally shared network drive

« Share digital slides stored on remote servers
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Aperio Documents

IHC HERZ2 Breast Tissue Image Analysis User’s Guide
LIS Integration at Single and Multisite Pathology

Digital Toxicologic Pathology in Preclinical Contract Research:
The Importance to Pharmaceutical and Biotech Partners

ScanScope Acceptance Test Procedures
21 CFR 11 documents
Almost all of our technical specifications are on our website
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2.
3.
4.

Conclusions

1. We are fully committed to GLP compliant digital pathology in

preclinical and clinical trials

We are committed to both scenarios regarding raw data
We can share additional written documents by request
We would like your help:

1.
2.
3.

Validation processes for PWGs and formal peer reviews
Guidance with reporting customization in preclinical

Review of documentation with your compliance officers
PRIOR to full launch

Feedback
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See you next month!

Webinar TOPIC: New algorithm: Microvessel Analysis & Angiogenesis




