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• 2003 Grant to evaluate whether Digital Pathology could be used in 
clinical practice

• Darren Treanor PhD 
• What else can we do with this technology?

Philip Quirke Darren Treanor
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• Leeds Teaching Hospitals NHS Trust
– Single site laboratory
– Fully sub-specialised
– 45 consultant pathologists
– 30 trainee pathologists
– ~ 250,000 H&E slides/ year in 

“histopathology” (i.e. cellular pathology 
excluding cytopathology)

• University department on same site
• Scanning since 2003

– 8 Aperio scanners
– > 250,000 slides
– 160TB of image data
– All online
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• Teaching
– Teaching material – slides delivered via the web
– Interfaces for teaching - Powerwall

• Clinical Diagnosis
– Is digital better than glass? In all scenarios?
– What is the best interface?
– Multi-site reporting

• Pre-clinical Research
– Facilitating multi-site trials
– Quantitative analysis
– Automatic Image Analysis
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www.virtualpathology.leeds.ac.uk

Website :  10,000 + virtual slides, slide 
library, e-learning, QA materials, 

papers, videos and more
8000 visitors every week

3500 Twitter followers
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• 2015 NHS scanner at Leeds & Mid Yorkshire 
16 workstations across YaTH region

• 2016/17 Breast pathology pilot study
– Primary digital diagnosis of breast histopathology 

specimens
– 4 consultant breast pathologists at SJUH
– 8000 specimens pa

• Unique validation procedure developed

• 2017-18 – Full digitisation of histopathology 
service in partnership with Leica
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• Scanning 300 slides per day

• Breast and Neuro are fully digital

• Next Step- All IHC 

‘ the process we have for 
digital pathology is 
fantastic’
- Laboratory Technician
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• Initial interfaces were a lot slower than using a microscope
– Display size / quality
– User Interface

• Lots of research on workflow (conventional and digital) was done

• Cost effectiveness??
– Would it save money overall?

• Future concerns
– Organisation of pathology services
– Use of Automatic Image Analysis (big argument for adoption, but “not quite 

there yet”)
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Slide from Darren Treanor, Leeds
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17” xga monitor shows 14% of the viewable area of the microscope field at 40x

Slide from Darren Treanor, Leeds
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Normalised time to complete task 
Error bars show 95% confidence interval (CI)

Early interfaces (inc. our own) were actually considerably slower than reporting 
using glass
Latest version (licenced to Roche) is faster than Glass 
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• Why is this relevant to a  computational pathology workshop?

• You haven’t mentioned Image analysis yet???

� In the long term computers may completely REPLACE pathologists, 
but this is a fair way off.

� Currently we are looking at AUGMENTING pathologists to save 
money and produce better outcomes .

� The sort of study of the diagnostic procedure we have been 
undertaking for introducing digital is also relevant to uptake of image 
analysis. 

(It isn’t just about the technology, it’s how you u se it!)

����������	
����	���	����������

So, On to Quantification…
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• You don’t always need the latest greatest algorithms to obtain an 
interesting clinical result.

• Sometimes you don’t even need any automatic analysis at all 
(quantitative analysis doesn’t have to involve automatic image 
analysis) 

• E.g. Stereology 
liver fat quantitation, 
simple stain colour analysis (collagen)
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� Web based application for 
image management and 
analysis.

� Supports basic forms of 
automatic image analysis 
(e.g. colour analysis for IHC, 
collagen, etc.)

� Also supports more 
advanced image analysis 
such as whole slide cell 
detection and type 
identification and tissue 
quantification type via 
CNNs.
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• Sample large tissue with a grid

• Manual classification of grid 
points (cancer|stroma|…)
[Hotkey based approach]

• Tedious=> Use machine learning
from examples to do automatically
– Conventional (feature based)

– Deep Learning

• Acknowledgement: Alex Wright
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687, vessel count with 1800 points

Courtesy Dr Heike Grabsch, Mr Johanes Grabsch

Stereology

We have shown that Tumor:Stroma ratio is prognostic in a number of different 
cancers (and that humans often over or underestimate % by just looking)
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• Conventional Machine Learning (features+classifier)

– Alex Wright: Context is important

• global context: global staining is important to include
• Local context: Appearance of surrounding area is important 

• Deep Learning

– Fully convolutional networks ( a la Van Der Laak)
– Can have better performance than conventional machine learning…
– .. BUT prone to overfitting … Solved by:

• Sufficiently varying data
• Data augmentation 
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http://www.medicalimagemanager.com

http://www.heterogenius.co.uk
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• A tissue piece is a sample of the complete tissue
(especially true for biopsies)

• A section (2D image) is a sample from this tissue piece

• Tissue is heterogeneous!!!!!

� Even with the most perfect image analysis method there will be variation for the 
same patient due to image variation.

� This can be significant! 

� So reproducability validation on multiple samples from the same patient is 
important!!!!
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Data Fusion
(3D pathology, Multi-stain alignment, 

Histopathology:Radiology)
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• Stack up serial sections 
& Non-rigid warping correction

• Correct for colour variations

• Analysis results in 3D 
(staining, cell counts, etc.)

• Volume Render, or segment 
and view surfaces in different 
colours
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In collaboration with Martin Falk, Linköping University

We have developed a 3D viewer that can explore Terrapixel Images (e.g. 50K x 
50K x 200 slices) Interactively in 3D (and 2D section views)

We are working on including image 
analysis results (e.g. cell type 
densities, elongations, etc.) into these 
visualisations
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Am J Path, 2012

Divide image into overlapping patches and register individually 
(rotation+translation) 

Combine multiple results into single non-rigid transform using a robust estimator

Do this at multiple scales (coarse to fine) and use the previous scale to 
regularise current one 

=> A few local registration errors can be tolerated
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• Align Single sections, or 100s of sections in 3D to radiology volume (e.g. MRI)

• We use a similar method to the 3D pathology, but need to make the images from 
different modalities more “similar”

• Use an information theory based mapping to multiple emergent “tissue classes” 
common to image pair(s)
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• The approach is very similar to the histopatholgy:radiology problem
• Map RGB images to multi-channel “tissue class” images and align this on a block 

by block basis (as 3D pathology)
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Cervical weakness and preterm birth
Study using DTI MRI and digital pathology with immunohistochemical markers

MRI – Fibre directions, but not type
Histo – Gives fibre types

• Have identified two layers in the cervix
• Immunohistochemical stains allow type of tissue in each layer to be determined.
• Better understand pregnancy complications

(A) (B) (C)
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• Clinical adoption of digital pathology (finally)

• Huge teaching materials database used by thousands

• Lots of workflow and technology integration research leading to viewer being 
licenced by Roche.

• Pre-clinical image analysis techniques starting to help demonstrate clinically 
relevant phenomenon. 

• Set up spin-out company (HeteroGenius) to market pre-clinical image analysis 
outputs. 
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1885 1933 2013

We are here

Unreliable
Inefficient
No infrastructure
Costs outweigh 
benefits

Reliable
Efficient
Infrastructure 
+++
Benefits 
outweigh costs

It’s been quite a ride, but there’s a long way to go!


