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Central Manchester University
Hospitals Foundation Trust

A leading Trust for teaching, research and specialist
services in the North West of England.

Five split site hospitals: Royal Manchester Children’s
Hospital;, Manchester Dental Hospital; Manchester Royal
Infirmary; Manchester Royal Eye Hospital and St Mary’s
Hospital.

2007 - Picture Archive &
Communication System

2010 - Topcon Medical Systems
Eyeroute image management
system




Pathology

Pathology Modernisation programme - Department of Health (2000)

Setting up of Pathology Modernisation groups co-terminus with the
emerging Strategic Health Authorities (SHAS).

CMFT is leading the way in the Greater Manchester Pathology Network
Laboratory Medicine - Histopathology

A specialist reporting system
25,000 patient requests per annum

An integrated Pathology IT system with the ability to ward order
electronically

Video conferencing facilities
2007, installation of Aperio ScanScope system
2009, WinScribe Digital Dictation system



Digital Pathology Applications

Clinical

Archive & Retrieval of Slides
(PACS)

Education:
Digital Web Based Teaching
CME
Frozen Section Telepathology
Digital Slide Conferencing
Quality Assurance (Q/A)
Peer Review
Proficiency Testing
Digital Over reads
Control Tissue
Consultation
Tumor Boards
IHC Image Analysis & Reporting

Research

Archive & Retrieval of Slides (PACS)
Digital Web Based Teaching

Frozen Section Telepathology
Digital Slide Conferencing

Tissue Micro Array (TMA)

Virtual IHC
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Advanced image analysis (saving
time)

Peer Review

« Pathology Working Groups
ToxPath Decision Support
Quality Assurance

« Control Slides
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Value of Digital Pathology for
Hospital Systems

Primary sources of value Secondary sources of value
Efficiency in supporting tumor Image analysis
boards, conferencing and Easy archival and retrieval
meetings

Training / education

Covering outlying hospitals, Higher pathologist satisfaction

especially for secondary consults
and frozen sections. Improves

efficiency, cost, and quality (right
pathologist; timeliness of results)

Streamlining and maximizing
Quality Assurance programs

Virtual IHC for service, efficiency,
grow outreach



Validity of Technology

Koch LH et al. Randomized comparison of virtual microscopy and traditional glass microscopy in
diagnostic accuracy among dermatology and pathology residents. Hum Pathol. 2009
May;40(5):662-7. Epub 2009 Jan 14.

Massone C, Brunasso AM, Campbell TM, Soyer HP. State of the art of teledermatopathology .
Am J Dermatopathol. 2008 Oct;30(5):446-50.

Burthem J, et al. The use of digital 'virtual slides' in the quality assessment of haematological
morphology: results of a pilot exercise involving UK NEQAS(H) participants. Br J Haematol. 2005
Jul;130(2):293-6.

Dennis T, Start RD, Cross SS. The use of digital imaging, video conferencing, and telepathology
in histopathology: a national survey. J Clin Pathol. 2005 Mar;58(3):254-8.

Bamford WM, Rogers N, Kassam M, Rashbass J, Furness PN. The development and evaluation
of the UK national telepathology network. Histopathology. 2003 Feb;42(2):110-9.

Morgan MB, Smoller BR. Telepathology in the diagnosis of routine dermatopathologic entities.
Arch Dermatol. 2003; 123; 637

P Furness. A randomized controlled trial of the diagnostic accuracy of internet-based
telepathology compared with conventional microscopy. Histopathology. 2006 Mar; 50:266.



A randomized controlled trial of the
diagnostic accuracy of internet-based
telepathology compared with
conventional microscopy

P Furness.Histopathology 2005



"
Pathology External Quality
Assurance (EQA) scheme

Set up in 2000 to promote high quality histological reporting
on biopsies
The scheme organises a circulation of slides so that

participants can carry out self-assessment using a
standardised reporting proforma.

Problems identified can be addressed through various
Initiatives, the success of which can be evaluated in further
rounds of the scheme.

Criteria for making diagnoses and reporting prognostic
features have been developed and are defined in guidelines

(first edition 1990, second edition 1995, third edition 2005).
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A randomized controlled trial of the diagnostic accu racy of internet-based
telepathology compared with conventional microscopy

Methodology |
UK National Renal Pathology EQA

Scheme runs two parallel circulations of different cases
Allocation based on entry to scheme -‘randomized’
August - Internet — based telepathology

Circulation R — one set glass slides (n=6)

Circulation S — different set glass slides

Sept — Dec - Viewed glass slides of cases seen by Internet metho  ds



A randomized controlled trial of the diagnostic accu racy of internet-based
telepathology compared with conventional microscopy

Results

96 participants of renal EQA
26 submitted telepath results (27%) — 6/12 case

85 submitted on conventional microscopy

Total
156 Telepath Diagnoses
1018 Light Microscopy
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Figure 3. Comparisons of accuracy of
diagnosis using conventional light microscopy
(LM) or internet-based virtual microscopy
(VM). 0, Wrong, 1, correct. All differences are
non-significant. *Adjustment by participants'
meeting as explained in the text. Please note
that this adjustment probably disadvantages
the scores from virtual microscopy. a, Using
all response scores before adjustment by the
participants' meeting and (b) after that
meeting. ¢, Using only response scores from
those who offered virtual microscopy
diagnoses, before adjustment by the
participants' meeting and (d) after that
meeting. e, Using scores for virtual
microscopy diagnoses and subsequent light
microscopic diagnoses by the same
participants, before adjustment by the
participants' meeting and (f) after that
meeting.

Summary

4 cases different
diagnoses proffered

4 Cases the light
microscopy gained
the higher score
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Table 1. Statements put to pathologists who had used the virtual microscopy
system, with analogue scales to indicate degree of agreement, with mean

analogue responses

The system was easy to use 0 = easy, 10 = difficult 6.7

The image quality was good enough to cause no probl ems with diagnosis
0 = good enough, 10 = severe problems 6.2

Please indicate your experience of the time takent 0 examine a virtual slide
iIn comparison with the time taken using a conventio nal light microscope

10 = 10 times as fast 0 = same; +10 = 10 times as long ~ +3.9

Please estimate the time which would be taken if yo  u were completely
familiar with the software, in comparison with a co nventional microscope

10 = 10 times as fast; 0 = same; +10 = 10 times as long ~ +2.8

Please estimate the time which would be taken if te ~ chnology progressed
so that the delay in updating the image was effecti  vely zero (as in a light

microscope) 10 = 10 times as fast;0 = same; +10 =10ti mesaslong +1.1



Table 2. Statements put to EQA scheme participants who did not use
the virtual microscopy system, with the number of responses agreeing
with each statement

Reason for not participating Number agreeing (%)
| knew nothing about this study 3 (5.7%)

| am completely apathetic about this issue 0

| chose not to participate because | thought the trial was a bad i(c)lea

| sent a reply to you, it must have got lost 1 (1.9%)

| intended to participate but did not have time to try 25 (47%))
| tried to participate but did not have time to finish 9 (17%)

| tried to participate but had problems installing software 6 (11%)

| tried to participate but decided the image quality was too poor to

permit diagnosis 3 (5.7%)

| tried to participate but decided the speed at which the image was
updated was too slow to use 7 (13%)



The Royal College of Pathologists

Pathology: the science behind the cure

Telepathology:

Guidance from The Royal College of Pathologists

May 2005
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RCPath Summary

The methods of telepathology have potential to improve
several aspects of pathology practice, for the benefit of patient
care.

There is an urgent need to agree accreditation standards for
the use of telepathology, in relation to its mode of use, image
guality, training and communications. These standards may
need to be specific to each of the various applications of
telepathology.

The training and assessment of pathologists needs to
Incorporate the acquisition, manipulation and use of digital
Images. Established pathologists also need digital imaging to
be incorporated into continuing professional development.

It is a mistake to assume that proficiency at diagnosis using a
conventional microscope necessarily indicates proficiency at
diagnosis using telepathology, or vice versa.

The introduction of telepathology must be accompanied by an
adequate audit and quality control programme.



Aperio Pathology Education

X Aperio ImageScope v9.0.19.1516
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ImageScope Features

Annotate slides

View multiple images

Capture snapshots and high resolution images
Analyze digital slides (Image Analysis)

Synchronize Images

Smart Synch — automatically places the thumbnail in
the same place on all images and synchronizes the

viewing
Rotate image — rotates image in 90°
Track viewing
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Applications

Small Group Teaching

Dermatopathology teaching for dermatologists and
Pathologists

4 day residential Programme (running in its 3" year)
*Trainees bring laptops
sEach trainee provided with an external drive

*Presentations punctuate by workshop sessions




Applications Feedback

Small Group Teaching — do you prefer virtual slides

conventional microscopy?

80%
70%
60%

10%
0%

100% -
90% -

50% -
40% -
30% -
20% -

O Seriesl

Pathology trainee Dermatology trainee

over



ImageScope Smart Synchronization
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Applications
Conferences — Association of Clinical Pathologists
National Scientific Meeting (2009 — 2010)
Dermatopathology 2009
*Uropathology 2010
«150 delegates each year

e|nternet based

e|[nteractive DVD




UROPATHOLOGY
2010 ACP NATIONAL SCIENTIFIC MEETING

SLIDE SEMINAR
DVDs(1-3)

Thie Associalion of
Ll PalFyiong sls

10 =11 June 2010
Tha Royal Institute of British Architecte London

2010 ACP NATIONAL SCIENTIFIC MEETING

v
UROPATHOLOGY

DVD1:

Prostatic Pathology
Dr N Mayer &

Dr D Bailey

Cases 1-6

@ Associerion of Clinical Patholegists 2010

SLIDE SEMINAR
D¥YDI1

10 - 11 June 2010
The Royal Institute of British Architects

London




Conferences — Association of Clinical Pathologists
National Scientific Meeting (2009 — 2010)

-~
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& ATIONAL SCIENTIFIC

X The Association of ﬂ

X% Clinical Pathologists I _.;JNG bﬂﬂ— DVD 1

Welcome to the 2010 National Scientific MeetingUrepathology Slide Seminar DVDs. You will
find Virtual Images for 21 casescovering prostate, bladder, Kidney andtestis pathology. Please

download the ImageScope software onto your PC and then you can view the cases. For Mac
PCs you will need to create a Windows environment.

Prostatic Pathology - Speakers - Dr N Mayer & Dr D Bailey (Cases 1-6)

[annluad Aperio ImageScnpe] [ Prostate Pathology ]

| Answer SheetSposs | [

Clinical Histories go versior) |




Prostate PathologyCases 1 - 6

j 4 & Slide 1:
o ¢ Bayearold. known Gleason 34+3=0
, | / 3 adenocarcinoma. P5ASE. T2 on right
) L fe i side. Clinical suspicion of
Frowe understaging therefore repeat
biopszies.
Slide 3:

70 wear old. Previous diagnosis
of prostatic adenocarcinoma
elzewhere. PSAMSING. Repeat
biopsies.

kT f" 3 Slide 5:
L?' - 63 wear old. TURP for retention.

Slide 2:
T8 year old. Raised P5A 23, Clinically T4 on
DRE.

Slide 4

66 wear old. Acute unnary
retention. Hard gland. Polyp
in anteror prostatic urethra.
TURP performed.

Slide B:
T4 year old. hBlignant fesling
prostate clinically. Nomal P5A .
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Internet based



Feedback from Users

Internet - slow NHS internet network speeds!
DVD — excellent quality images
DVD - no delays

DVD — Reference copies in departments



ACP Virtual Slide Library

Collection of 1000 Images
Internet based
Partnership with Manchester University

Plan to launch 2011 with Aperio Spectrum
Plus



Spectrum™ Plus

Universal Digital Pathology Platform
Web based

Customizable organization of images and
Information

Supports many image types
Integrates with many other systems
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Spectrum Plus Features

Web Based database

Digital Slide Data Table

Case/Project and Specimen Data Tables

Multi-User and Multi-site

Manages Specimen Gross Images

Security Features
(user names & passwords, data groups)

Search Capabilities

Auto-populate data table fields with barcode data

Integration with LIS

Digital slide conferencing

Remote telepathology

GLP Add-on

Server-side Image Analysis

Compliance (E-signature and Audit Trail Report)



'..Spectrum Plus




Research

Evaluation of Biology and Angiogenesis in Smooth
Muscle Tumours: An Immunohistochemistry Study

Researcher: Caroline Glennie

Supervisors: Professor A.J. Freemont and Dr. |.H.
Chaudhry

Research School of Clinical and Laboratory Sciences,
The University of Manchester, Stopford Building, Oxford
Road, Manchester



Methodology

The degree of positive iImmunohistochemical
staining was measured using a semi-
automated image analysis method, utilising
spectral unmixing to identify areas of DAB
positive staining and haematoxylin
counterstain.



Spectral Analysis

Leiomyosarcoma

Take images at different
wavelengths using a CCD

Assemble the data into a “cube”
In computer memory

Spectra

This creates an optical

i 500 550 600 650
speptrum at every pixel of Wavelength (nim)
the image




Color Deconvolution




Results

Mean vessel count

50
40
30
20
10

CD31 staining of microvessels

@ Leiomyoma
B Angioleiomyoma

O Leiomyosarcoma

CD31




Expression of MMP antibodies

@ Leiomyoma
B Angioleiomyoma

O Leiomyosarcoma

Mean % pixels stained

MMP 1 MMP 2 MMP 9




Research - TMAS

Matrix metalloproteinase expression In
soft tissue neoplasms - an
Immunohistochemical study

Gordon Hutchins, Abeer M. Shaaban, Mary Neha D’'Cruz
Iskander H. Chaudhry



Semi-HT method for analyzing biomarkers in tissues

Allows tissue-to-tissue comparison of biomarker
expression

Modern Pathology (2004) 17, 790-797

Nature Reviews Drug Discovery 2, 962-972 (December 2003)

Tissue Microarrays (TMAS)



Stain serial sections with multiple
biomarkers

Core




TMA Images: organization Is
essential



Whole slide imaging of T|\/|AS
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Management of TMA data

| have a whole slide image— now what?

Spectrum TMALab
Online management of images- access any where,
any time
Share TMA data with colleagues and collaborators
worldwide

Easily view spots side-by-side on the computer
screen

Enter manual scores or perform automated image
analysis




Step 1: Create a Map

Create a map with appropriate number of
rows, columns, and sectors



Step 2: Manual or auto-segmentation



Managing TMA data



Managing TMA data

#$



Analysis of Cores

Pathologists can enter manual scores for
Individual cores

Score automatically using image analysis
tools integrated into Spectrum TMALab



Immunohistochemical scoring system

% Stain Score Intensity | Score
0 0 No stain 0
1-2¢ 1 Weak 1
26 - 50 2 Strong 2
51-75 3
/76 - 100 4 Sum Sco Max




Mean Sum Score

MMP / TIMP expression in fibrohistiocytic tumours

. The

malignant fibrohistiocytic neoplasms overexpressed MMPs

1,2,8,9 plus TIMPs 1 and 2 relative to the benign group

Benign

Malignant

MMP1

MMP2

MMP8

MMP9

MMP11

TIMP1

TIMP2



Diagnostic Clinical Pathology



Clinical Meetings

Clinicopathological Meetings

Tumour Board Meetings



Tumor Board — current challenges

Preparation Is time consuming and
cumbersome

Lack of flexibility exists to answer
guestions by not having the correct
photograph

Pathologist time wasted photographing
cases that are bumped from the tumor
board agenda



Aperio Digital Pathology Solution

Digital pathology makes Tumor Board processes smoother
and more efficient

*Reduces pathologist preparation time

*Replaces laborious photography with easy-to-use scanning
and digitizing of whole-slide images

eSupports ability to speak to any region on the slide on
demand which is difficult with static photographs
*Eliminates duplicate work for cases rescheduled or
returned to tumor board

*Provides a better educational experience with increased
Satisfaction of all parties (pathologists, administrators,
clinicians)
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MDT / Tumour Board Studies

eSaved 1 hour in prep time per tumor board
(50% saving)

Digital slides convey more information
*Preparation process became smoother, less

laborious and less chaotic
«Satisfaction of all parties (pathologists,
administrators, clinicians) improved




Digital Pathology

Traditional Microscopy

0 A
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”

Digital Pathology

~
digital
slide

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




Digital Pathology ...

Allow the right pathologist to read the right slide,
anywhere, anytime

Eliminate costs associated with managing, shipping &
handling glass slides

Maximize Pathologists time and reduces travel costs,
Including costs to cover remote locations

Improve accuracy and consistency of IHC scoring with
Image analysis

Improve turn-around time from slides to reports using
digital IHC

v TAT +vcosts Tpatient care ﬁatient safety




What Is stopping progress!

Initial set up costs

Conventional vs virtual — which iIs
diagnostically superior?

Ongoing costs
IT infrastructure
Initiating change



Secondary Consults/ Slide Sharing

' «Significant costs with pulling, packaging,
shipping & receiving slides

Delayed report turnaround time
*Potential impact for patient and clinician
satisfaction

Legal Medical liability issues (no
permanent record of slides)
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Secondary Consults/ Slide Sharing

With achieve and retrieval, no need to pack and pull
slides

Turnaround time in just minutes versus days or weeks—
Improved patient and clinical satisfaction

Provides permanent record for legal and follow up
Inquiries

Conferencing with the referring physician for education
/understanding

Conferencing enables multiple participants

Marketing tool to increase outreach




Draw back of implementing system

Information technology!!
Accreditation

Specialist like to repeat investigations!



Summary

Virtual Pathology Is here to stay

Significant progress in Education and
Research

New technologies are making it the virtual
option attractive for clinical diagnosis



Any questions or
comments ?



