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1. STUDY SUMMARY SCHEMA

Literature review

Objective: To establish and review the known data

Training of pathologists in Digital Pathology

All pathologists participating in the study who do not use DP as part of regular practice will be
trained on DP. Training sets will be created for each site (covering all the specialties) where training
is required. Up to 30 samples (minimum 20 plus practise slides) reviews will be required for each
untrained pathologist in DP. Sample mix will include a range of samples including biopsies and
resection, simple, complex and variety of stains (H&E, special and immunocytochemistry). Training

will be ratified per RCPath guidelines.

Pilot study and survey of pathology staff

Pilot study: Sample size: 20 (renal) and 40 (breast, Gl and skin) including difficult samples. Duration: 10 weeks.
Objective: To test the working practices of the study for any unforeseen problems. Design: Based on the methodology of

the main study.

Focus groups/key informant interviews
Objective: To identify potential barriers and facilitators to the adoption of DP. Design: Focus groups and key informant
interviews. Sample: Convenience sample of pathology staff in each study site. Analysis: Thematic analysis of qualitative

Main study

Sample size: 2000 slide sets from 5 sites (Coventry, Belfast, Lincoln, Oxford, Nottingham). Primary Objective: To compare
pathologists’ diagnoses made by assessment of glass slide microscopy (LM) of breast, Gl, skin and renal samples, with the
same pathologists’ diagnoses of the same samples (intra-rater reliability) using digital whole slide imaging (DP). Study
design: A multi-centre, randomised cohort study comparing interpretation of slides by pathologists using LM and DP.
Enrolment: Samples will be enrolled between July 2019 and April 2021 from five participating NHS histopathology
departments. Data analysis: Concordance will be quantified in this study as complete agreement, not clinically important

difference or clinically important difference.

Secondary objectives

Eye tracking

Objective: To measure how pathologists examine
DP images to establish if the technique of
examining these images contributes to error in
interpretation

Design: Visual search parameters including overall
search time, visual search patterns, the initial
Areas of Interest (AOI) in the sample and visual
fixation times will be observed.

Analysis: Visual search behaviour will be
statistically linked to initial DP expertise and also
to the development of DP expertise by the less DP
experienced study participants through the study.

Digital Pathology Protocol v1.0 29-May-2019

Qualitative study

Objective: To explore views and
experiences of pathologists and
laboratory staff migrating from
LM to DP.

Occurrence: At initiation of main
study and 18 months into the
study

Design: Qualitative study utilising
face-to-face/telephone semi-

structured interviews

Data analysis: Thematic analysis
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Health Economics

Objective: To assess the
incremental costs involved
in DP vs LM-based
pathology

Design: Data from existing
deployments of DP in the
study group will inform the
estimates of cost to
implement DP. A micro-
costing exercise will then be
carried out to assess the
impact of DP on process
efficiency.




2. INTRODUCTION

Digital pathology (DP) refers to the use of high throughput slide scanners to digitise diagnostic
histopathology slides that are then reported on computer workstations as opposed to a
conventional microscope. Such a development allows pathologists to report samples remote from
the laboratory producing slides. In addition to providing some mitigation to the mismatch of
pathologist capacity to workload present in many NHS hospitals, there are important implications
for sharing difficult samples more easily, which may help reduce error, and for low volume high
complexity specialties such as renal pathology, that also require pathologist expertise out of hours.
Prior to widespread adoption, it is important to demonstrate that current DP solutions are fit for the
purpose of providing the pathologist with tissue imaging of sufficient quality to ensure diagnostic
accuracy equivalent to the brightfield and immunofluorescent light microscopy (LM) which is the
current standard of care. A number of comparison studies have already been published but the
majority have not been adequately powered to provide data of non-inferiority. Concerns have been
expressed by researchers as to whether there is sufficient evidence of equivalence to enable full-
scale deployment of DP in the NHS, particularly in respect of the breast and colorectal cancer
screening programmes.

Moreover, since the image produced in most DP systems is inferior to resolution provided by LM, it
is questionable as to whether sufficient numbers of challenging samples have been examined in the
data published, to prove equivalence, particularly in specialties requiring fine resolution such as
renal biopsy interpretation. In addition, none of the published studies have examined the use of DP
in immunofluorescence, which is essential if the DP is going to be used for renal biopsies.

This study is designed around teams of four pathologists, blind to the original diagnoses, all
examining the same series of samples, using both LM and DP. The modality each pathologist
views/reports on first will be randomised for each batch of samples, and there will be a minimum of
a six-week washout period between LM and DP viewings. Reports will then be scrutinised by a
trained Research Fellow independent of the reporting pathologists. Differences detected will be
classified by an independent pathologist into major (will alter the clinical management) or minor
(which will not). The original diagnosis will serve as the reference diagnosis. The ground truth (GT)
for each sample is decided on conclusion of the readings, by consensus of the study pathologists,
using multihead LM viewing if needed and taking into account the reference diagnosis. This allows
comparison of each pathologist’s performance on LM and DP against the GT. The study will examine
2000 complete histopathology samples including 600 samples each of breast, gastrointestinal
(including 200 cancer screening samples) and skin, and 200 renal samples taken for native or
transplant related renal disease. The renal biopsies will include immunofluorescence for detection
of immunoglobulin deposits. The population of samples enrolled will be a combination of
sequentially selected samples and those from study centres’ archives. With the exception of renal,
samples will also be enriched with at least 10% moderately difficult and at least 10% difficult
samples.

A Health Economic evaluation will involve estimating the core costs and benefits associated with DP,
compared with LM. This will involve estimating the impact of switching to DP on throughput, and
translating this into the impact on the time to establishing a treatment plan. It will further involve
assessing samples of discrepancy to investigate the impact on treatment decisions, and the
incremental costs and benefits resulting from this impact. This will be for all discrepancies if
feasible, or a purposive sample (selected based on material impact on health and cost outcomes).

A qualitative study will examine, by means of focus group and semi-structured interview, the
barriers and facilitators to DP and perceptions and experiences of pathologists and laboratory staff
Page 9 of 38
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prior to, and during, the progress of the study. Eye tracking hardware will examine pathologists’
examination techniques and this will be analysed alongside reporting discrepancies to identify if
poor technique contributes to errors in reporting.

3. BACKGROUND & RATIONALE

The use of digital whole slide imaging to view histopathology slides offers a number of potential
benefits to pathology departments. It allows the pathologist to view the slides remote from their
site of production, thereby allowing work to be moved easily between pathologists, either to assist
flow, provide multi-disciplinary, expert or out of hours review, or review where patients move
between sites for treatment. Digitising the slides also allows the use of computer algorithms to help
improve pathologists’ performance. The potential benefits offered by digital pathology (DP) will only
be fully delivered once it becomes the preferred method of examining microscope slides.
Reluctance amongst pathologists to use DP is partly based on a lack of comprehensive multi-centric
evidence proving that DP is safe to use for primary diagnosis. Reluctance to change may also be due
to the fear of adopting unfamiliar technology. For disruptive innovations to spread beyond early
adopters to the majority of users, clear evidence of relevance is required (1). The impact of DP on
productivity and efficiency has not been studied so the return on investment is unknown preventing
business sample development. We plan a large multi-centric light microscopy (LM)/DP comparison
study with multiple pathologist viewings to address this need.

Histopathological diagnosis using LM is the key step in many major disease pathways. Advances,
particularly around early detection of cancer and improved life expectancy, are placing additional
burdens on overstretched Cellular Pathology resources (2). This is partly because early stage disease
is more difficult to detect leading to more challenging and often increased numbers of samples, and
partly because greater data is required from these samples to provide the best standard of care.
There is an emerging crisis of Cellular Pathology NHS consultants: 32% of consultants are over 55
and expected to retire within 5 years; the number of new consultants is less than half the number
expected to retire; and 55% of the histopathology departments surveyed hold vacancies (2). DP
offers better productivity, efficient workload distribution and centralised slide production. This
delivers economies of scale and improved access of tissue blocks for molecular analysis which is
important for personalised medicine (3, 4). Improved diagnostic accuracy by peer and expert review
of samples (5) is greatly increased by DP.

While most previous studies show good LM/DP agreement, (6) (7, 8) (9) some (10) raise concerns
over the suitability of DP for diagnosis. Particular concern has been raised about the use of DP for
examining samples taken as part of the NHS cancer screening programmes for breast, bowel and
cervical cancers.

Our team includes UK leaders in pathology at six NHS teaching hospitals and a large pathology
network. We have world leading experience in DP having pioneered its use in routine practice, as
well as vast experience of pathology practice and research. The pathologists taking part are a
diverse group including highly experienced, relatively junior, early adopters of DP and - a majority -
new to DP. The study plan is based on eight viewings of each sample by four pathologists with LM
and also with DP, culminating in a consensus ground truth (GT), enabling measurement of
agreement within and between readers. To reflect routine practice, samples enrolled will be
complete samples including immunocytochemistry and special stains. The samples will include
cancer screening biopsies and will be enriched for areas of difficulty such as dysplasia (7, 10, 11).
State-of-the-art DP equipment designed for diagnosis and holding either CE or FDA approval will be
used in this study.
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4. STUDY DESIGN

This is a multi-centre validation comparison study comparing pathologists’ diagnoses using digital
whole slide imaging (DP) with their diagnoses using glass slide light microscopy (LM), the current
standard practice within the NHS. The order in which the pathologists view the images (DP and LM)
will be randomised.

To achieve objectivity, we have introduced a washout period of a minimum of six weeks between
the two viewings (LM and DP) of the same sample by the same pathologist.

An integrated pilot study will test the working practices and processes of the study for any
unforeseen problems. It also aims to measure the degree of variance for the difficult samples in the
study group. The results of this study will be reviewed by the Study Steering Committee.

5. AIMS AND OBIJECTIVES

Pilot study objectives
e Assess the ability of different sites to identify appropriate samples in time and on target.

Each site will be given a quota of samples to provide per specialty

e Examine the intricacies involved in selecting samples and forwarding the appropriate glass
slides to Coventry coordinating centre for scanning, as well as observe the rotation of
sample case sets between sites following each pathologist’s review (site/pathologist)

e Assess access to the digital slides on the central server by pathology investigators, and
ability to view and report them appropriately

e Assess access and functionality of Warwick CTU database system (web application)

e Eye tracking of the pathologists will be carried out at some sites to ensure that there are no
local unforeseen technical difficulties with the approach prior to the main study, and to
familiarise study pathologists with the technique

e Identify potential barriers to the adoption of DP and explore the experiences and views of
pathology staff migrating from LM to DP by means of focus groups and semi-structured
telephone interviews

Main study primary objective

The primary objective of this study is to compare pathologists’ diagnoses made by assessment of LM
of breast, Gl, skin and renal samples, with the same pathologists’ diagnoses of the same samples
(intra-rater reliability) using DP.
Main study secondary objectives

e Compare DP to LM in reporting histopathology slides to measure variation between

pathologists on both modalities (inter-rater reliability)

e Explore the likely costs and benefits associated with DP compared with LM using a Health
Economic evaluation
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Explore the existing views of the pathology staff (pathologists and technicians) and the
impact of introducing DP (migration from LM to DP) on pathologists and laboratory
workforce with a view to understanding the barriers and facilitators to DP

Determine how the study pathologists examine DP images of different pathology modalities
to establish how the techniques used to examine these images contribute to error in their
interpretation

6. OUTCOME MEASURES

Primary outcome measure

Level of agreement between each pathologist’s DP and LM diagnoses (intra-pathologist)

Secondary outcome measures

Inter-pathologist level of agreement across the four DP diagnoses and the ground truth (GT)
Inter-pathologist level of agreement across the four LM diagnoses and the GT

Individual pathologists’ non-concordance rates over the course of the study, and clinical
relevance of these non-concordances, including treatment decision-making and cost
analysis of error

Measurement of the productivity of pathologists using DP in comparison to LM, the
contribution of DP to reducing error and the cost and benefits associated with avoiding

significant errors

Qualitative assessment of barriers and facilitators to DP, and experiences and views of
pathologists and laboratory staff using DP

Pathologist observer error (visual perceptual and cognitive) using eye tracking software
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7. SAMPLE PATHWAY

7.1 Sample selection criteria

Histopathology samples from five participating NHS trusts will be selected. All samples are collected
for the purpose of routine histopathology reporting and only entered into the study on completion
of their clinical review at the respective NHS participating site. Each site will be given a predefined
guota of cases to enrol.

There are four sub-specialty areas that are included in the study: breast, gastrointestinal (Gl), skin
and renal. The sample selection process will be devised to include cancer screening biopsies and will
be enriched (20%) for areas of difficulty, with the exception of renal samples where all are
considered difficult cases:

e Breast (Belfast, Lincoln & Nottingham): A total of 600 samples including 200 cancer
screening biopsies enriched with:

O

O

At least 10% resected tumours (moderately difficult)

10% difficult samples: low grade ductal carcinoma in situ, atypical hyperplasia,
screening category B3 and B4, lesions with calcium oxalate (Weddellite
calcification), sclerosing and papillary lesions, and micrometastases

e Gl (Coventry, Belfast & Nottingham): A total of 600 samples including 200 cancer
screening biopsies enriched with:

O

O

At least 10% resected tumours (moderately difficult)

10% difficult: oesophageal dysplasia, polyp cancers, inflammatory bowel
disease, minimal change colitis, graft versus host disease, giardiasis,
cytomegalovirus, H. pylori and herpes virus infection

e Skin (Coventry, Belfast & Lincoln): A total of 600 samples enriched with:

O

O

At least 10% non-basal cell carcinoma cancer resections (moderately difficult)

10% difficult: sentinel nodes, dysplastic naevi, spitz naevi, lentigo maligna, early
and desmoplastic melanoma, herpes virus infection, leischmaniasis, leprosy,
amyloid, angioscaroma, and Kaposis sarcoma

e Renal (Oxford only): A total of 200 sequential native biopsies for glomerular,
tubulointerstitial and vascular disease and transplant biopsies for graft rejection. No
enrichment is planned in the renal biopsy group as all of these biopsies are difficult to

report.

Please note: Difficult cases might have more diagnostic entities than listed above. All
cases will be accompanied with a pseudonymised or anonymised histopathology report.
Samples with either broken or missing slides, or with missing clinical data, will not be
considered; neither will megablocks or oversized slide sets.

7.2 Inclusion into the study

Warwick Clinical Trials Unit will provide a bespoke online sample tracking database. Site staff will be
able to access this from their workplace to enrol samples. Individual log in details (usernames and
passwords) will be provided.
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7.2.1 Samples from Belfast, Nottingham and Lincoln (breast, Gl and skin)

The pathologist at site will identify each sample for the study following its routine diagnosis and
pass it to their technicians for processing and shipping to Coventry coordinating centre. Upon
receipt of the sample from the pathologist, the technician will need to:

e Enrol each sample on the Warwick Clinical Trials Unit (WCTU) database system. Sample
details including non-identifiable patient details, sample difficulty level, parts, blocks,
reference diagnosis etc will need to be provided as part of the enrolment process.
Technicians can enrol more samples in succession if needed.

e Pseudonymise the slides and associated histopathology report(s) by redacting all patient
identifiable information leaving only the histology number visible. This will enable the
samples to be returned to their original site once the study has been completed.

e Upload a scanned copy of the pseudonymised histopathology report(s) to the WCTU
database system.

e Logthe sample(s) as being sent to Coventry coordinating centre, as per local SOP and on the
WCTU database system. The database will alert the coordinating centre about this
forthcoming shipment.

e Send the sample(s) to Coventry coordinating centre with the destination set as ‘UHCW
Coventry NIHR WSI Study’.

When the samples are received by Coventry coordinating centre, each sample will be checked for
quality control (for example that slides are in good condition) prior to being scanned onto the IMS.
If all criteria are met, the sample will be allocated a unique ‘study number’ generated by the
database system. The study number certifies the sample as fully anonymised. This study number,
along with other details, will be barcoded by trained coordinating staff using the current UHCW
process, and the barcode will be placed on the slides. Following this, the slides will be immediately
digitised.

If the sample selection criteria are not met, the case is declined. The sample is then entered onto
the UHCW ULTRA system as a referral case for Professor Snead. The following text is entered into
clinical details, macro and micro sections: “Slides received for NIHR WSI study and case rejected
[insert reason for rejection]”. The slides will then be booked out of ULTRA, packaged up and
returned to their originating laboratory.

7.2.2 Samples from Coventry (Gl and skin)

A similar process as above will be followed for samples identified from Coventry site, including the
allocation of study numbers and barcode labelling, so that these samples are not identifiable to the
research team at Coventry.

7.2.3 Samples from Oxford (renal)
Renal samples will be enrolled from Oxford only. Pathologists identify the sample(s) for the study

and pass to their technicians. Technicians then need to:

e Enrol each sample on the WCTU database system. Sample details including non-identifiable
patient details, parts, blocks, reference diagnosis etc will need to be provided as part of the
enrolment process. The WCTU database system will produce a unique anonymised study
number.
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e Place the study number onto the sample slides and transcribe the study number onto the
histopathology report(s). If applicable, immunofluorescence (IF) stained slides of the original
image will be anonymised with the same study number and used for the study.

o Digitise the slides

e Upload a scanned copy of the anonymised histopathology report(s) to the WCTU database
system.

e Log the sample(s) as being sent to Coventry coordinating centre, as per the existing local
laboratory SOP and on the WCTU database system, using the unique study number in the
record. The database will alert the coordinating centre about this forthcoming shipment.

e Send the sample(s) to Coventry coordinating centre with the destination set as ‘UHCW
Coventry NIHR WSI Study’.

Quality control and eligibility checks of renal samples at Coventry coordinating centre follows the
same process as for breast, Gl and skin.

7.3 Batch process and randomisation

When enough samples per speciality have been received by the coordinating centre to start the
distribution of work for the study, the coordinating centre will batch the samples using the WCTU
database system.

The system will allocate a unique batch number and then randomise the batch by selecting which
group of pathologists will view using light microscopy (LM) first. At the same time, the other group
of pathologists will receive the digitised samples of the same batch of samples for analysis via digital
pathology (DP).

Once the first set of reports on the digital slides are completed, Coventry coordinating centre will
pack the batch of slides and dispatch to the respective pathologist for analysis.

7.4 Reporting pathologists

Six NHS histopathology laboratories (Coventry, Belfast, Lincoln, Oxford, Nottingham, Birmingham)
will each have specialist pathologists to report on relevant disease areas. In each area, four
pathologists will report the same series of samples twice, once each with LM and DP, thereby
allowing comparison within and between observers over both platforms.

Specialist reporting pathologists at each centre by specialty are shown below:

Centre/disease | GI Skin Breast Renal
speciality
Coventry S Sah D Snead K Gopalakrishnan
YW Tsang
Belfast P Kelly D Boyle C Boyd
M Loughrey
Lincoln D Clark A Bickers
Nottingham M llyas | Ellis
E Rahka
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Oxford | Roberts
M Soares
Birmingham D Neil

The estimated time to make these readings based on current work-diary exercise data is one 4 hour
session per week over 24 months.

7.5 Blinding

To maintain objectivity,

Pathologists will be blind to the reference diagnosis

There will be a minimum six-week washout between reviews of the same sample using LM
and DP

The sequence of which modality (LM or DP) is used first will be randomised for each
pathologist

7.6 Distribution and tracking of samples following enrolment, batching and

randomisation

As and when the site receives a batch of samples for viewing and reporting, the technician should
record the received date and confirm the condition of the slides on the WCTU database system, and
then pass on to the pathologist for viewing and reporting.

LM group: Once the first pathologist has completed the analysis of the entire batch and
reported using WCTU database system’s electronic Case Report Form (eCRF), the system
will notify/prompt the pathologist/technicians to send the batch to the next pathologist in
their group using the packaging provided. Once the second pathologist has completed the
analysis and reported on the eCRF, a 6 week washout period will begin.

DP group: After analysing the samples on the Philips Image Management System (IMS),
both the pathologists will report their findings on the eCRF. When the 6 week washout
period has passed, the second pathologist from the LM group will receive a notification
from the system to send the batch to the first pathologist in the DP group (pathologist 3).
Upon completion of the analysis and reporting on the eCRF, pathologist 3 will send the
batch to pathologist 4. After pathologist 4 has completed analysis and reported on the
eCRF, they will return the batch to Coventry coordinating centre.

After the six week washout period, Coventry coordinating centre will receive a notification that the
LM group is ready for DP analysis. Upon receipt of the notification, Coventry coordinating centre will
assign the batch of DP samples for LM group pathologists.

Page 16 of 38

Digital Pathology Protocol v1.0 29-May-2019



7.7 Sample pathway flow diagrams

Figure 1: Study flow diagram - Breast, Gl & skin samples

Participating site

Enrol sample Any additiona
onto database sample?

Pseudonymise
samples

Identify sample

N
Anonymise ﬁ
Y Batch samples
samples
(X J
Coventry Coordinating centre -

receives, performs checks and Digitise samples
recruits to the study

DP

Randomise

A 4

A 4
Pathologist group Pathologist group

Pathologist 3

Pathologist 2 Pathologist 4

6 week washout period

Coventry

coordinating centre
assigns DPs On DP On LM

-

Pathologist group

Pathologist 1 Pathologist 3

G
g7

Pathologist 2 Pathologist 4 Samples

j sent back /

A\ 4
—p Final analysis |3 pey Coventry Participating
coordinating centre sites

Page 17 of 38

Digital Pathology Protocol v1.0 29-May-2019



Figure 2: Study flow diagram — Renal samples
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Figure 3: Sample reporting
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Legend: Belfast, Coventry, Lincoln and Nottingham enrol reported samples of breast, gastrointestinal and skin. Renal biopsy samples are enrolled by Oxford only.
These samples are divided into batches and randomised to which pathologists review on DP first and which on LM first (Read 1). Curved arrows indicate
circulation of batched samples between the LM reviewing pathologists. After 6 weeks, pathologists swap to the alternative platform in Read 2. For each sample
where concordance is not achieved, participating pathologists meet after read 2 to agree the ground truth diagnosis.

Page 19 of 38

Digital Pathology Protocol v1.0 29-May-2019



8. TRAINING

Training in the use of Digital Pathology

The aim of initial training is to train the pathologist in the use of the digital pathology (DP) system.
Training will be provided to pathologists who do not use DP as part of regular practice by the study
Pathology Research Fellow and Philips training manager using the Royal College of Pathologists
‘Best practice recommendations for implementing digital pathology’ January 2018 (26).

Training slide sets will be compiled for each site. Glass slides will be scanned at Coventry and sent
back to the home site. Digital slides will be available to view on the Philips Image Management
System. Training will include an initial basic skills training to demonstrate how to use the system.
This will be followed by providing 5-10 practice samples to each pathologist which they can review
and practise in their own time. Finally, a test set of 20 cases will be provided to the pathologist from
the Royal College of Pathologists ‘Best practice recommendations for implementing digital
pathology’ guidance and findings will be recorded on the pro forma to see how confident they are in
analysing digital slides. RCPath approval has been gained for 6 CPD credits for training. The
outcomes of the training will be recorded and if needed further training can be provided. Once the
training process is complete and sign off has been granted by the Pathology Research Fellow,
pathologists will be ready to review study cases.

The study slides will be scanned on the Philips IMS system at Coventry.

Site initiation

Each site will undergo a site initiation where the lead pathologist and their teams participate in an
induction session. This will be carried out during the initial launch meeting. For sites unable to

attend the study launch, or for sites participating at a later date, this will be carried out by site
initiation visit.

An accreditation checklist will be completed for all sites to confirm that pre-activation activities
have been completed and all relevant staff members are able to participate. Support will be offered
by relevant study team members to staff at participating sites to ensure they remain fully aware of
study procedures and requirements. Additional support and training will be offered to sites where
necessary.

9. INFORMED CONSENT
The study involves use of previously collected tissue for routine pathology assessment. All samples

will be anonymised and returned to the site once all diagnoses have been completed and the study
closed. Therefore, no patient consent is required.

10. WITHDRAWALS AND REPLACEMENT

Case samples may be excluded from the study if they are damaged during their transportation. In
this situation, a further slide set will need to be identified as a replacement.
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11. END OF STUDY

The completion of the ground truth and analysis of all reports by consensus diagnosis will be
considered as end of study.

The study will be stopped prematurely if funding for the study ceases.

The Health Research Authority will be notified in writing within 90 days when the study has been
concluded or within 15 days if terminated early.

12. STATISTICAL ANALYSIS

12.1 Power and sample size

Three measures will be used to quantify concordance in this study: percentage concordance, Kappa
Statistic (KS) and intra class correlation (ICC). In consideration of the appropriate sample size for this
study, we assessed the precision of percentage concordance estimates.

Percentage concordance for the easy samples is assumed to be 98.8% (7). The percentage
concordance for the difficult samples ranges from 40%-70% (16-25), and so we assume it to be 55%.
We assume the percentage concordance for moderate samples to be 75% (a percentage between
those for difficult and easy samples). The weighted percentage concordance within our study, with
the specified 10% difficult, 10% moderate and 80% easy proportions, is expected to be 90%.

For each of breast, Gl and skin, 600 specimens will be included, leading to 4,800 diagnoses (i.e.
600*4 pathologists*2 readings). For renal, 200 specimens will be included, leading to 1,600
diagnoses.

Taking into account the expected percentage concordance, we take ICC for easy, moderate and
difficult samples to be 0.9, 0.7 and 0.4 respectively. This corresponds to an overall ICC of about 0.8.
Hence, the design effect is (1+ICC(observations per specimen-1))=3.4.

Consequently, 2400 paired diagnoses (a pair consists of DP and LM diagnoses of each sample by a
pathologist) is equivalent to 705 (2400/3.4) independent observations. With 705 independent
observations the margin of error (1.96 x Standard error) is 2.2% so that the precision while analysing
breast cancer, skin and Gl specimens separately is high. Due to a smaller sample size for renal
specimens, the margin of error is 3.1%.

12.2 Statistical analysis plan

Primary analysis

There will be three categories for the level of agreement: complete agreement, clinically
unimportant difference and clinically important difference. For each sample, three sets of
agreements will be reported:

. whether each pathologist’s DP and LM diagnoses concur
° whether each of the four DP diagnoses concur with the GT
. whether each of the four LM diagnoses concur with the GT
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Three measures will be used to quantify concordance: percentage concordance, kappa statistic (KS)
and ICC. Logistic regression models will be used to estimate the probability that diagnoses are
concordant and will include a random effects term to account for multiple results per specimen.

Interim analysis

Interim reports will be created after approximately 6 and 12 months from the start of sample
enrolment into the main study informing on the selection of samples and the flow and timing of
pathology reviews. The steering group, who will advise if any adjustments are required, will review
these data. If it is concluded that the enrolment of suitable samples is falling well below target or
substantial delays in pathology review are making the required sample flow rates unattainable, and
that suitable protocol amendments cannot be determined to rectify the situation, then this may
require alterations of milestones which will be agreed by the steering group to ensure successful
delivery of this study.

Subgroup analyses

The above analyses will be performed using specimens from all specialties. Subgroup analyses will
investigate results from each of the four specialties separately. The subgroups containing easy,
moderate and difficult samples will also be explored. For cancer screening samples and cancer
resections, we will explore the differing grades of diagnoses. We will then perform analyses taking
into account the ordinal nature of the data (complete agreement, clinically unimportant difference
and clinically important difference), with weighted KS and multi-category logistic models replacing
KS and binary logistic models in the previous analyses.

For cancer resections, as well as diagnosis, comparisons will also be made across all RCPath dataset
items.

Procedure(s) to account for missing or spurious data

We will utilise a bespoke tracking database designed for this study, which will record and update the
progress of the study. It will auto-populate updates to show the sample enrolment rates, track the
inventory (glass slides) and notify pathologists to submit the analysis. Additionally, a Research
Fellow will be employed in the study to rigorously oversee the flow of study samples. They will
ensure safe and timely transition of samples between pathologists. Thus, we anticipate little to no
missing data.
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13. HEALTH ECONOMICS EVALUATION

Aim

The aim of the health economic study will be to assess the incremental costs involved in DP vs LM-
based pathology and estimate the health benefits and resource use impact of a sample of diagnostic

inaccuracies identified in the study, in order to support an informed assessment of the sample for
investing in DP-based pathology processes.

Methods and analysis

This aim will be achieved by answering the following questions, which have been identified in
consultation with our PPI colleagues:

1. What are the costs involved in investing in DP?

2. What is the knock-on effect on resource use within pathology of switching to DP, resulting
from the process efficiencies it enables?

3. Where does the switch from LM to DP generate value for patients and the health service, as
a consequence of improved speed and accuracy of the provision of diagnostic information?

4. What health benefits and cost impacts accrue as a result?

Data from existing deployments of DP in the study group will inform the estimates of cost to
implement DP. A micro-costing exercise will then be carried out to assess the impact of DP on
process efficiency. This will involve direct observation of existing LM reporting and multi-disciplinary
team (MDT) processes including time for supervising histopathology trainees.

During the study, DP reporting and MDT processes will be observed to inform a comparative costing
exercise. Costings derived from the timing and staff grade required for each task in the process will
be performed, allowing direct comparison of the two different workflows. Pathologists will be
required to assess the time taken to report samples on DP compared to LM by stopwatch. Making
corrections for interruptions, pathologists will record the time taken to examine slides and compile
the reports on all samples in the study both on DP and LM.

How these measurements change over the time of the study will be assessed so allowances can be
made for increasing experience with DP. The cost of peer review of samples between pathologists
using DP compared to LM will also be estimated. This will include peer review of samples within
departments, and referral for expert review outside of the department. The cost of collation of
samples for MDT review will also be compared between DP and LM. This will include stopwatch
recording of the time taken to find sample slides for the MDT review, as well as the time taken to
review slides for MDT with DP and LM workflows.

This detailed information will be used to estimate throughput and capacity under each system. The
simulation model for UHCW breast cancer pathway developed by Madan et al. will be used to
estimate how increased throughput might lead to reductions in delays along the diagnostic pathway
(up to the point at which the treatment plan has been finalised). A similar model will be developed
for the other cancers in the study (Gl, skin and renal).

Drawing on expert guidance, illustrative examples of the potential gains from increased throughput
and the resulting reduction in time to treatment initiation will be presented. Any differences in
diagnostic accuracy will lead to potential changes in health outcomes and the cost of health care
provided. Potentially, there may be a range of choices around treatment which might be influenced
by diagnostic accuracy, and it is unlikely to be feasible to assess such changes for every example
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found in the study. Therefore, we will focus on examples where the impact is likely to be significant.
This follows previous work done at Warwick Medical School which identified HER2 status as
information where changes in diagnostic accuracy could lead to substantial impact on health
outcomes and treatment costs. We will identify similar examples from incremental improvements in
diagnostic efficiency identified in the study, and determine the likely number of similar samples that
might be processed in the service per annum. We will identify suitable cost-effective cancer
treatment models from the existing literature to source estimates of the health and cost impact of
correct versus incorrect diagnosis. This work will allow us to provide only a partial estimate of the
downstream costs and benefits of investing in DP, as it will not cover all the samples where it might
impact treatment. However, we will be able to assess whether the samples identified are sufficient
to justify investment in DP. If not, we will provide estimates of the further benefits required beyond
those identified within the study, together with an expert-based assessment of the plausibility of
observing these additional benefits in practice.

The study will examine extending the breast radiology PERFORMS scheme (15) to pathologists’
performance using DP image sets. In the PERFORMS scheme, recent challenging full field digital
mammogram samples of known outcome are circulated nationally. Screening radiologists examine
these samples using their clinical workstations and report their findings using a web based App. This
App gives them immediate feedback on their various decisions concerning the presence of key
mammographic features in these test images and their overall sample decisions concerning
abnormality presence. Subsequently, each participant can view all other participants’ decisions on
these test sets anonymously, and anonymous regional and national comparative performance
reports are automatically produced. The scheme enables each individual to monitor their own skills
as compared to peers and helps build and maintain national competence in breast radiology. The
study will develop and facilitate a similar approach to be introduced for breast pathology as an
initial exemplar DP domain.
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14. QUALITATIVE STUDY
Aim
The aim of the qualitative study is to identify potential barriers and facilitators to the adoption of DP

and explore the experiences and views of pathology staff migrating from LM to DP. There are two
components to the qualitative study:

e Focus groups/key informant interviews
e Semi-structured telephonic interviews

Setting and sample

The focus groups/key informant interviews will be undertaken during the pilot study, while semi-
structured interviews will take place on two occasions: at initiation of the main study and at mid-
point of study.

Focus groups: In each study site, we will adopt a convenience sampling strategy with knowledge of
the group used to select representative subjects, and select 4-6 staff to participate in the focus
group discussion. In some sites, key informant interviews will be undertaken instead of focus
groups. The key informants will be identified through discussions with the lead clinician or manager
in these sites.

Interviews: We will adopt a purposive sampling strategy and select the participants using a
maximum variability logic. This strategy will allow us to interview staff with different levels of
experience and familiarity with DP.

Recruitment of pathologists and lab staff
The lead clinician or manager for each study site will contact the staff and invite them to participate

in the study. A timetable will be prepared with the lead clinician/manager of:

e Date for briefing staff members about the qualitative study, for example, during a staff
meeting at least four weeks before the focus groups/key informant interviews
e Start and end date of the interviews

Participants will be given information outlining the purpose of the study and an informed consent
form. They will be notified that their involvement is voluntary and can be withdrawn at any time,
and that confidentiality is protected through the anonymisation of all collected data.

For telephone interviews, the information and consent form will be emailed to the participant in
advance of the interview and consent confirmed before the interview commences.

Data collection

Focus groups/key informant interviews

Focus groups will explore individual and contextual barriers and facilitators to DP uptake. The focus
group guide will address the following topics: participants’ beliefs and experiences with DP,
specifically; willingness to adopt DP in their routine practice; and perceptions regarding the
potential of DP.

We will ask participants to discuss both their own experiences and those of their colleagues in their
workplace. By adopting this approach, we aim to capture the complex and multi-dimensional
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processes and relationships involved in the use and adoption of DP across different stages of
implementation.

For key informant interviews, the topic guide will be adopted to explore the barriers and facilitators
to DP uptake from an organisational perspective. As with focus groups, the key informants will be
encouraged to discuss both their own experiences as a manger/clinical lead but also those of their
colleagues in their workplace.

Focus groups and key informant interviews will be audio-recorded.

Semi-structured interviews

The interviews will explore the diverse range of views of pathology staff, with different levels of
expertise in DP, towards migrating from LM to DP. The initial interviews at the start of the main
study will explore staff’s experiences and perspectives on DP. The interviews will focus on the use of
DP, any difficulties encountered in using it, acceptability, and modifications to make it more
acceptable. Participants will also be asked about the use of glass slide microscopy and its
acceptability compared to what they have experienced using. 18 months into the implementation of
DP, another set of interviews will explore staff’s experiences over time, training needs, and
perceived impact on day-to-day working in multidisciplinary teams.

We will aim for data saturation and estimate to interview around 15-20 participants on both
occasions; the final number will be guided by analysis and data saturation. The interviews will be
audio-recorded.

Data management

All qualitative data will be given an identifier, typed up/transcribed and during this process
anonymised. NVivo software will be used to manage this data.

Data analysis

Analysis of data will be ongoing over the course of the study. To safeguard internal validity, all data
will be transcribed fully and qualitative coding software will be used to facilitate data storage and
retrieval in analysis. Analysis will draw on elements of grounded theory, in particular the constant
comparative approach. Codes will be created both horizontally (by coding each interview or focus
group as a standalone hermeneutic unit) and vertically (by scanning across the data for specific
terms), and then developed into categories and themes.

Given the need for generalisable evidence about the processes and relationships involved in the use
and adoption of DP, we will present focus group and key informant data in two parts: (1) a
systematic summary of specific processes and practices that are present in each study site, and (2) a
cross-comparison between study sites, identifying the similarities and differences between sites to
develop a set of themes which represent the whole corpus of data and the processes of DP uptake.
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15. EYE TRACKING STUDY

Aim

The eye tracking study will determine how the study pathologists examine DP images of different
pathology modalities to establish how the techniques used contribute to error in their

interpretation. The study will take place at the various pathology laboratories over the course of the
project.

Methods and analysis

The eye tracking study will examine the visual search behaviour of pathologists using DP to develop
both practical and theoretical understanding of the nature of diagnostic errors. This will build on the
research in breast screening radiology, which has identified three sources of observer error (visual,
perceptual and cognitive) that can then be targeted to improve performance. For a selected number
of cases, the pathologists’ visual search behaviour will be recorded in situ in each laboratory as they
examine DP slides. This procedure is fully transparent and will not affect their ability to examine the
images normally. Subsequently, the eye tracking data will be related to the DP images and the
combined data examined in terms of known abnormal locations and correct/incorrect abnormal
image site identifications. In doing so, the data will also incorporate the image examination
recorded timing information.

As part of the pilot study, eye tracking of some pathologists will be carried out at some sites to
ensure that there are no local unforeseen technical difficulties with the approach prior to the main
study, and to familiarise study pathologists with the technique.

The eye tracking data will yield information concerning how individual pathologists’ expertise with
DP relates to how they examine the samples and the types of errors they may make. Data will be
recorded over the course of the study at each site as pathologists examine the same selected cases.

Visual search parameters including overall search time, visual search patterns, the initial Areas Of
Interest the sample and visual fixation times will be related to the pathologists’ performance data
using a multiple reader multiple samples experimental design coupled with Receiver Operator
Characteristic and Jackknife Alternative Free-response Receiver Operating Characteristic analyses.
Visual search behaviour will be statistically linked to initial DP expertise and also to the
development of DP expertise by the less DP experienced study pathologists through the study.
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16. PATIENT AND PUBLIC INVOLVEMENT (PPI)

In the design of the study, we discussed with PPl members which areas of pathology should be
included in the study, the plan of how the validation of digital microscopy should be conducted, the
size of the study and the approach to enrichment with difficult samples, the practicalities around
using prospective and retrospective samples, and the ethical considerations around the lack of
patients’ consent. They reviewed the feedback given on the stage 1 application and contributed to
the changes made in the submission for stage 2. We have encouraged engagement of our PPI
colleagues in this study by inviting them to sit on the SSC and we will be providing the training
necessary to enable them to carry out this task. We have consulted widely with interested patients
and lay members of the public on the lay summary relevant to this study.

PPI members have also been involved in examining the justification of the study costs, and
reviewing where efficiencies have been made and the value for money offered by this study.

One PPl member has been working with our group for the last 12 months providing advice,
including decision over areas to be studied and review of study design.

Another has recently joined our group and has professional expertise in a number of aspects of
digital imaging, having spent most his career working for Canon. He is excited to be able to bring
this expertise to bear on digital pathology.

A further two newly recruited PPl representatives who have attended research meetings, given
valued feedback into the study design and the Plain English Summary. Both are considering
becoming actively involved in the study.

We will continue to work with our existing PPl representatives to enlarge the group and link with
other interested lay groups with whom the results of the study will be shared, and who will help
advise us on the impact of the study and the development of future research.

The project has been presented to members of the UHCW Patient and Public Research Advisory
Group. This group comprises patients, carers and members of the public who are interested in
influencing research by participating in PPl. The group members have provided valuable input to the
study design, consent and ethical issues as well as the prioritisation of the proposed disease sites
under review, and contributed valuable feedback on the Plain English Summary.
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17. DATA MANAGEMENT

17.1 Database and data storage

The database will be a web application developed by the Programming Team at WCTU and all
specifications (i.e. database variables, validation checks, screens) will be agreed between the
programmer and research team. Reports will be completed on the study database by the site
technicians, study pathologists, independent arbitrator and Pathology Research Fellow.

17.2 Confidentiality

All essential documentation and study records will be stored by WCTU in conformance with the
applicable regulatory requirements. Access to stored information will be restricted to authorised
personnel. An audit may be arranged at a site if the Study Management Group feels it is
appropriate. Audits will be conducted by an independent team, determined by the Study
Management Group.

17.3 Data shared with third parties

Will individual participant data | Yes
be available (including data
dictionaries)?

What data in particular will be The variables required to undertake the analysis proposed by
shared? the researchers and agreed by the Digital Pathology Study
Management Group.

What other documents will be -
available?

When will data be available Start date: 2 years after publication

?
(start and end dates): End date: 5 years after publication

With whom? Data will be made available to researchers whose full proposal
for their use of the data has been approved by the Digital
Pathology Study Management Group and whose research
group includes a qualified statistician. Data will be provided
after completion of a data sharing agreement.

Data sharing agreements would be set up by the Sponsor,
funder, study coordination centre, Study Steering Committee
and Study Management Group.

For what types of analyses? Data will be made available for approved specified purposes
only.

By what mechanism will data be | Requests for data should be made to
made available? digitalpath@warwick.ac.uk.

Data will be provided after approval by the Digital Pathology
Study Management Group and completion of a data sharing
agreement.

Page 29 of 38

Digital Pathology Protocol v1.0 29-May-2019


mailto:digitalpath@warwick.ac.uk

17.4 Essential documentation

A Study Master File will be set up according to Warwick SOP and held securely at Warwick Clinical
Trials Unit (WCTU).

WCTU will provide Investigator Site Files to all participating centres involved in the study.
17.5 Archiving

Following the resolution of queries and confirmation of study close-out by the Chief Investigator, all
essential documentation will be transferred to a third party archiving service, which provides
suitable fire and water-resistant facilities. Anonymised data will be held for a period of 25 years
after completion of the trial. Access to the study documentation will be restricted to named
individuals within the study team with express permission from the Chief Investigator.

18. STUDY RESPONSIBILITIES, OVERSIGHT AND MANAGEMENT

18.1 Sponsor and governance arrangements
University Hospitals Coventry and Warwickshire will act as sole Sponsor for this study.
Sponsor’s responsibilities include, but are not limited to:
e Central sample collection and verification

e Reporting to the independent Study Steering Committee (SSC) according to the Study
Monitoring Plan

18.2 Ethical approval

A full description of the study was presented to the Health Research Authority (HRA) for a decision
on the need for ethical approval, including the following key facts:

o The study involves use of previously collected tissue and information with no personal
identifiable data collected

o Allsites involved hold a licence from the Human Tissue Authority

o The qualitative component of the study involves questionnaires and semi-structured
interviews with staff by virtue of their professional role only; no NHS patients or service
users will be involved

o Thisis not a drug trial

o The study will be conducted in full conformance with the principles of the Declaration of
Helsinki and Good Clinical Practice (GCP) guidelines. It will also comply with all applicable UK
legislation and Warwick Standard Operating Procedures (SOPs). All data will be stored
securely and held in accordance with Data Protection Act 2018.

The HRA confirmed that the study does not require NHS REC review. However, as the study is multi-
centre, HRA approval will be sought, including local confirmation of capacity, with an application
submitted through the Integrated Research Application System (IRAS).
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18.3 Responsibilities

Chief Investigator (Cl):

The Chief Investigator’s responsibilities include, but are not limited to:
e Ensuring that the study is conducted as set out in the protocol and supporting documents

e Delegating study related responsibilities only to suitably trained and qualified personnel and
ensuring that those with delegated responsibilities fully understand and agree to the duties
being delegated to them

e Allowing access to source data for monitoring, audit and inspection
e Ensuring the study is conducted in accordance with GCP principles

Study Management Group (SMG):

The Study Management Group, consisting of the project staff and co-investigators involved in the
day-to-day running of the study, will meet regularly throughout the project. Significant issues arising
from management meetings will be referred to the Study Steering Committee or Investigators, as
appropriate.

The SMG’s responsibilities include, but are not limited to:

e Coordinating development of protocol study management documents
e Correspondence with study funder (NIHR-HTA)

e Setting up and maintaining the Study Master File

e Ensuring necessary approvals are in place before the start of the study
e Providing training to study personnel

e Providing data management support including data input, maintenance of the study database
and raising of queries

e Producing study progress reports and coordinating SSC meetings and minutes

e Ensuring data security and quality and ensuring data protection laws are adhered to
e Ensuring complete records are in place for audit and monitoring purposes

e Ensuring the study is conducted in accordance with GCP guidelines

e Archiving all original study documents in line with UHCW NHS Trust policy

The full remit and responsibilities of the SMG will be documented in a Charter which will be signed
by all members.

Study Steering Committee (SSC):
The study will be guided by a group of respected and experienced personnel and researchers as well

as at least one ‘lay’ representative. The SSC will have an independent Chairperson. Face to face
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meetings will be held at regular intervals determined by need but not less than once a year. Routine
business is conducted by email, post or teleconferencing.

The SSC, in the development of this protocol and throughout the study, will take responsibility for:
e Major decisions such as a need to change the protocol for any reason
e Monitoring and supervising the progress of the study
e Reviewing relevant information from other sources
e Informing and advising on all aspects of the study

The full remit and responsibilities of the SSC will be documented in the Committee Charter which
will be signed by all members.

Funder:

The study is funded by the National Institute for Health Research, Health Technology Assessment
(HTA) Programme. The design and management of the study are independent of the funder,
however regular updates will be forwarded in study ‘Progress report task’ within the NETSCC
Management Information System (MIS) portal.

18.4 Study management arrangements
Warwick Clinical Trials Unit, University of Warwick will manage the study.

University Hospitals Coventry and Warwickshire NHS Trust (UHCW) will act as study sponsor.
Warwick Clinical Trials Unit (WCTU) will undertake the central study coordination, data collection,
monitoring and statistical analyses. The co-applicants for the project and other experts they may
choose to co-opt will form the Study Management Group (SMG) and will contribute their specialist
knowledge to the study set-up and running of the study. The SMG has responsibility for ratification
of all major decisions concerning study conduct including protocol amendment and publication. Day
to day management of the study will be the responsibility of the core management team which is
expected to meet every 2 weeks. The core management team will comprise a subset of the SMG
and WCTU project staff. A senior project manager will oversee the day to day running of the study,
with CTU and UHCW study managers being responsible for the delivery of the CTU activities and
sample processing, respectively. The Study Steering Committee (SSC) will provide oversight of the
study and will have an independent chair and include the Chief Investigator (Snead), the study
manager(s), patient representative(s) and other members of the SMG as appropriate to the ratio of
external members. The SSC will monitor the study at appropriate intervals (expected to meet before
the start of enrolment then at least annually through the project) to ensure that planned targets are
met.

18.5 Monitoring, audit and inspection

The study is constructed around five collaborating centres each of which will select the study
samples, with an additional further site reporting. The study will be managed by the Study Steering
Committee (SSC), which has an independent chair. The data collection and storage are managed by
Warwick Clinical Trials Unit.

Statistical analysis is being performed by Dr P Kimani and this is monitored by WCTU. To avoid bias,
the decision on which reports are discordant is made by a pathologist not involved in reporting the
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samples and blind to the reports’ author and the diagnostic platform used. Interim analyses will be
conducted after approximately 6 and 12 months from the start of sample enrolment into the main
study, informing on the selection of samples and the flow and timing of pathology reviews. These
data will be reviewed by the SSC, who will advise on suitable protocol amendments or alterations of
milestones to ensure successful delivery of this study.

It is not expected that any differences detected between ground truth and reference diagnosis will
have a clinical impact, however the levels of major differences (which will alter the clinical
management) and minor differences (which will not) as classified by the independent pathologist
will be monitored by the SSC who will decide the appropriate action, if any, on a case by case basis.
Any such cases will be flagged and dealt with as soon as possible.

A Study Monitoring Plan will be developed and agreed by the Study Management Group (SMG) and
SSC based on the study risk assessment which may include on site monitoring.

18.6 Indemnity

NHS indemnity covers NHS staff, medical academic staff with honorary contracts, and those
conducting the study. NHS bodies carry this risk themselves or spread it through the Clinical
Negligence Scheme for Trusts, which provides unlimited cover for this risk. The University of
Warwick provides indemnity for the design of the research protocol and conduct of the study.

18.7 Study timetable and milestones

Month 0-8 Finalisation of main study protocol. Gain relevant approvals. Contracts for
research sites. Workstation set up. Fitting of scanners. Training of pathologists
on Digital Pathology. Qualitative survey. Eye tracking set up.

Month 9 SSC meeting to review protocol and timelines

Month 9-11 Enrolment of samples in pilot study

Month 12-14 | Continue with enrolment of samples into main study

Month 15 Analysis of pilot study

Month 15 SSC meeting to review pilot study results

Month 15-20 | Continue with sample enrolment

Month 21 SSC review

Month 21-26 | Continue with sample enrolment

Month 27 SSC review

Month 27-32 | Complete sample enrolment, viewing and reporting

Month 33-36 | Final analysis
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19. DISSEMINATION AND PUBLICATION

19.1 Dissemination

All data arising from the conduct of this study will remain the property of University Hospitals
Coventry and Warwickshire NHS Trust. All efforts will be made to ensure that the results arising
from the study are published in a timely fashion, in established peer-reviewed journals. Results will
be disseminated via internal and external conferences and seminars, newsletters, and via interested
groups, including local healthcare commissioning groups.

The results of the study will be reported first to study collaborators. The main report will be drafted
by the study co-ordinating team, and the final version will be agreed by the Study Steering
Committee before submission for publication, on behalf of the collaboration.

The success of the study depends on the collaboration of pathologist, technicians and researchers
from across the UK. Equal credit will be given to those who have wholeheartedly collaborated in the
study.

The study will be reported in accordance with the Consolidated Standards of Reporting Trials
(CONSORT) statement (www.consort-statement.org).

19.2 Publication

It is planned to publish the following papers for peer review, open access publication, following
presentation at national and international conferences:

e Multi-centre study measuring the precision and accuracy of digital whole slide imaging in
the reporting of histopathology samples. To record the overall level of agreement within
and between pathologists using DP and LM in cancer screening and non-screening
histopathology samples.

e |s digital pathology an alternative to conventional light microscopy for reporting of renal
biopsies? — Implications for the future of renal pathology in the NHS. To examine if DP is a
realistic alternative to LM for renal biopsies and whether it is a viable proposition to
underpin developing a national NHS virtual renal pathology department, capable of
delivering 24/7 diagnostic support.

e Experiences of using digital whole slide imaging for routine histopathology reporting in the
NHS — a multi-centre study. To record the results of the qualitative study and examine the
contribution of DP to delivering improved peer review of slides and training of trainee
pathologists.

e The cost of implementing digital pathology solutions in the NHS and the expected return on
investment. Examining the cost of implementation against the efficiencies delivered.

e The cost of diagnostic inaccuracies in histopathology and can these be mitigated by
adopting digital pathology? Examining the detail around inaccuracies identified in the study,
the costs in terms of additional treatment and expected outcomes as well as the human
cost of these mistakes and a realistic assessment of whether widespread adoption of DP
would reduce these errors
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e How pathologists examine digital whole slide images — can improved examination technique
reduce error? Reporting the findings of the INFORMANS eye tracking data from the DP arm
in relation to diagnostic accuracy across the study. The eye tracking data will identify the
types of error made when using DP. Strategies to minimise future DP errors will be
proposed. Engage and Inform patients, NHS and the wider population.

In addition to these publications, UHCW, the lead trust and sponsor, plans a series of press releases
and media interviews on the progress and findings of the studies. We plan reports to the NHS
Patient Safety Group regarding the costs of pathology errors, the role of DP in reducing error
through improved expert and peer review of samples, and findings of the eye tracking study.

Generalisability of findings across pathologists with different levels of expertise:

The study pathologists are all NHS consultants and range in experience from 3 to 35 years
consultant experience, working in a mix of teaching hospital and district general hospital pathology
departments across the UK. The study will recruit a trainee pathologist as its Research Fellow. Three
pathologists are already using digital pathology for routine practice.

We will develop a strategy in consultation with our PPl group and UHCW/Warwick University
Communications team (e.g. a lay summary of the findings available on the study websites, and
dissemination through social media) to help patients, patient representatives and wider public learn
about the project’s findings.
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