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Improve care for pets with cancer through
standardization of tumor evaluation and reporting

Veterinary pathology In the digital age

(Patologiaveterinarain eradigitala)

Dr. Pompei Bolfa
DVM, MSc, PhD, DACVP
Head of Pathology Division
Email pbolfa@rossvet.edu.kn
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ANNUAL REPORT
2018

Pathology and Histology Services

Candita Chapman, Pathology Ross University School of Veterinary Medicine
David Hilchie, Histology West Farm, St. Kitts


file:///C:/D/PAth/Division/ANNUAL REPORT 2018 - Pathology and Histology (002).pdf

PATHOLOGY TRAINING PROGRAM

https://veterinary.rossu.edu/research/pathology-training-program

PLAY VIDEO

PATHOLOGY TRAINEE DUTIES & RESPONIBILITIES

PROGRAM Q
START TERMS

REQUEST INFORMATION

ALIFICATIONS

PATHOLOGY
TRAINING
PROGRAM

RossVetiobsrossret eduhn

COMBINED PATHOLOGY TRAINING AND MASTER OF
SCIENCE BY RESEARCH DEG PROGRAM
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| SEE MY PATHOLOGY TRAINING TIME AT RUSVM
AS THE SINGLE MOST IMPORTANT TIME IN MY LI

“I see my pathology training time at RUSVM as the single mc
important time in my life. It helped me build a solid foundat
and shape the path of my career. The freedom, resources an
faculty support that were available to me during my internsk
and Master of Science degree program gave me the perfect
environment to develop, exple »w as a budding
pathologist, researcher, and teac xperiencing the rich
culture and nature of the island was an invaluable experienc

“I AM GRATEFUL FOR MY TRAINING AT RUSVM."



https://veterinary.rossu.edu/research/pathology-training-program
https://www.youtube.com/watch?v=TRQDoPypkrQ&t=1s
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Medical Image Analysis

................ www.elsevier.com/locate/media

Mitosis domain generalization in histopathology images — The MIDOG
challcngc
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Artificial intelligence(Al)
O Abranchof computersciencedealingwith the simulationof intelligent behaviorin computers(Abelset al. 2019.

Computationalpathology (CPATH)

O Disciplineat the intersectionof digitalimageanalysisbiomarkers proteomics,genomicsputcomemeasuresetc.
6 & ®Ax B Whichr&quiresalgorithmsor statisticalmodelingtechniquesto process/analyzéor scientificinsights(e.g.,
patterns, relationships) A branchof pathologythat involvescomputationalanalysisof a broad array of methodsto
analyzepatient specimensfor the study of disease Extractionof information from digitized pathology imagesin
combinationwith their associatedneta-data, typicallyusingAl methodssuchasdeeplearning(Abelset al. 2019).

Deeplearning(DL)

O A subsetof machinelearningcomposedof algorithmsthat permit software to train itself to perform tasksby
exposingmultilayeredatrtificial neural networksto vastamountsof data. Dataare fed into the input layersand are
sequentiallyprocessedn a hierarchicalmannerwith increasingcomplexityat eachlayer, modeledlooselyafter the
hierarchicalorganizationin the brain. Optimizationfunctionsare iteratively trained to shapethe processingunctions
of the layersandthe connectiondbetweenthem (Abelset al. 2019).



https://www.acvp.org/general/custom.asp?page=pathology_informatics#_Abels_et_al.
https://www.acvp.org/general/custom.asp?page=pathology_informatics#_Meta-data
https://www.acvp.org/general/custom.asp?page=pathology_informatics_Deep_learning_(DL)
https://www.acvp.org/general/custom.asp?page=pathology_informatics#_Abels_et_al.
https://www.acvp.org/general/custom.asp?page=pathology_informatics_Machine_learning_(ML)
https://www.acvp.org/general/custom.asp?page=pathology_informatics#_Abels_et_al.

Veterinary pathology- the science that studies disease in animal

Veterinary pathologists - veterinarians who specialize in
the diagnosis of diseases through the examination of
animal tissue and body fluids

The American College of Veterinary Pathologists (ACVPP
1949 D oldest veterinary specialty organization recognized
by the American Veterinary Medica' Association (AVMA) https://www.istockphoto.com/vector/antique-illustration-

of-microscope-gm490620368-75298991

European College of Veterinary Pathologists (ECVP) i 1995
European Society of Veterinary Pathology (ESVP) - 1951

European College and Society of Veterinary Clinical Pathology - 2002
Japanese College of Veterinary Pathologists (JCVP) i 1991
Australian Society of Veterinary Pathology
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https://vod.video.cornell.edu/media/Necropsy+-+Dr.+Kina/l talpv7tm



Whole slide imaging (WSI) - TELEPATHOLOGY

Which working environment would you prefer?

Why?

Challenges and opportunities?




WSI (previously referred to as virtual microscopy) involvesscanning (digitization) glass slides
to producedigital slides (also known as WSIs oeSlideg. Such digitization is performed on a

WSI scanner.

(Excellent correlation between)
diagnoses made with WSI and

Glass slide

Slide feeder

Light source
Imaging optics
Mechanical scan
Digital camera
Image processing
Image composition

Image file (server)

_conventional light microscopy,

Pantanowitz, L., Sharma, A., Carter, A. BKurc, T., Sussman, A., &altz, J. (2018). Twenty Years of Digital
Pathology: An Overview of the Road Travelled, What is on the Horizon, and the Emergence of Verdeutral
Archives. Journal of pathology informatics, 9, 40. https://doi.org/10.4103/jpi.jpi_69_18

Workstation

Image viewer
Computer
Display
Algorithms

Human reader
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WSI advantages over conventional microscopy:

A portability/flexibility
A ease ofsharing andretrieval of images JUCHIS YL CElD GeCEEElr Bl IET
A workload balancing

A image analysis

Disadvantages:
A Cost(range 30.000z 150.000 USD per scanner)

A Slide quality variation



X Histopathology
X Cytology

X Millions of slides per year

Q
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Isolated WSI
Scanners

Computational PathologyCPATH

s 9@

Al of practical use/easy for end-user
Real-time/on-demand Al

Meet industry/regulatory standards
Better standardization/reproducibility
Better confidence/reliability
Al-based pathology classifications

Computational

O Computational Pathology: A

Pathology: Al A

Cloud-Based Data Analytics \ A

Servers A

A

Connecting A

Multi-

Institutional

Seanners A Store and aggregate data sets

\ A Analyze data from multiple sources

A Drive cost of scanning/storage down
A Enables intra- and multi-study comparisons

Better, faster and cheaper collaborative research




VCGP| Veterinary oncology
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Veterinary Patholegy
Volume 38, Tssue 5, September 2021, Pages 766-794 A E

€ The Author(z) 2021, Article Reuze Guidslines

'
https://doi.org/10.1177/03009838211013712 Journals

Special Issue: Diagnostic Veterinary Oncologic Pathology - Commentaries

International Guidelines for Veterinary Tumor Pathology: A Call
to Action

Relative FOV Comparison for Different FN and Area with Light Microscopy
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Vetermary Pathology
Volume 38, Issue 2, March 2021, Pages 243-237 SAGE

€ The Auhors) 2020, Aricle Reuse Guidelines )
hitps://doi org/ 10.1177/0300985520980048 Journals

©OVCGP

¥ Cancer Guidebines and Pretocol

A \E i Z A % Commentaries
C N u z ﬂ S y. S S u Mitotic Figures—Normal, Atypical, and Imposters: A Guide to
Identification

Taryn A. Donovan @ l, Frances M. Moorel, Christof A. Bertram @ 3, Richard Luong4, Pompei
Bolfa®, Robert Klopfleisch ([5) 3, Harold Tvedten®, Elisa N. Salas*, Derick B. Whitley”, Marc
Aubreville?, and Donald J. Meuten®
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High tumors proliferation= unfavorable prognosis

Mitotic count =strongly correlated with proliferation

orphology



When can Deep Learning (DL)be used?

Software (visualization and interaction)

Algorithm

Pre-processing Modell (e.g. Convolutional Neural Network) Post-processing

Pattern recognition tasks (model):

A Classification A Count

A Obiject detection A Measure

A Segmentation A Min / Max

A Instance segmentation A Heatmap (hotspots)
A (Regression) A Etc.

A Binary vs. multi-class




WhencanDLbe used?

Classification Instance
Segmentation

(d

PRtask
Mitotic figures

"
h .
3 i
3
i
. )
h;

lide courtesy ddr. Christof Bertram, PhD, vetmeduni Vienna Pixetwise cobjectdetectiond



When canDLbe used?

Classification

Objectdetection

Segmentation

Slide courtesy ddr. Christof Bertram, PhD, vetmeduni Vienna



Why useDL?

Improvesolvingthe diagnosticor researchtask

~

6 Efficiency(time-consumingask

0 Performance(difficult task
3z Accuracy
3z Reproducibility

O«

Limitationsof pathologist®
Potential advantages of algorithm for specific task?

O«

[A How can algorithmassistor replacepathologists’?]




Why useDL?
| Potential advantages | Potential limitations _____

Pathologists A Highperformance (qualitative diagnoses)?A Lowperformance (gantitative

A Adaptation to case diagnoses)
A Interpretation of results A Subjectivity (bias)
A Explanatiorof findings A Observer variability
A Discussing findings A Fatigue
A Time availability
X
Dl-based A Highperformance(quantitative Lowperformance (qualitative
. diagnoses)? diagnoses)?
algorithms A Objectivity A Comprehensibility
A 100% intraalgorithmicreproducibility A Inter-algorithmic variability
A Consistent A Robustness (domain shift)
A Fastand omplete analysis of large image A Reliability
(diagnostic efficiency) A X
A X



How to applyDl-based algorithms?
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+/- Accuracy
+/- Reliabilityk o NP 0 dza G &
+ Liability

Comﬁuterized |

+ Reproducibility
+/- Accuracy

Diagnosis / Prognosis

+/- Efficiency



How to applyDl-based algorithms?
®

—

+/- Accuracy
+/- Reliabilityk o NP 0 dza G &
+ Liability

Slide courtesy ddr. Christof Bertram, PhD, vetmeduni Vienna
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Computerassisted

Computerized
)

+ Reproducibility
+/- Accuracy
+/- Efficiency

Diagnosis / Prognosis



Medical Image Analysis 84 (2023) 102699

Contents lists available at ScienceDirect

Medical Image Analysis
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journal homepage: www.elsevier.com/locate/media
Mitosis domain generalization in histopathology images — The MIDOG e
challenge

Marc Aubreville %, Nikolas Stathonikos 2, Christof A. Bertram *, Robert Klopfleisch %, Natalie ter
Hoeve ?, Francesco Ciompi °, Frauke Wilm %, Christian Marzahl ®, Taryn A. Donovan’,
Andreas Maier ©, Jack Breen *, Nishant Ravikumar *, Youjin Chung °, Jinah Park °,

Ramin Nateghi ', Fattaneh Pourakpour ', Rutger H.J. Fick '?, Saima Ben Hadj '?,

Mostafa Jahanifar '*, Adam Shephard '*, Jakob Dex] ", Thomas Wittenberg '", Satoshi Kondo '*,
Maxime W. Lafarge '°, Viktor H. Koelzer '°, Jingtang Liang '”, Yubo Wang '’, Xi Long ‘¢,

Jingxin Liu !9, Salar Razavi 2°, April Khademi 2°, Sen Yang 2!, Xiyue Wang 22, Ramona Erber 2,
Andrea Klang *, Karoline Lipnik *, Pompei Bolfa >, Michael J. Dark *°, Gabriel Wasinger *°,
Mitko Veta *”%, Katharina Breininger ***

generalizing against scanner

iInduced domain shiffor the
identification of mitotic figures
\_ Inhistopathologyimages.

Wait, now there is an issue with teeanner®

Y R ¢ Rdl(Kegian Kf$terests)?

/Challenge focused on the tas\oi
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The results byhe best algorithm in the field exceeded the
performance of the expert®n the same task in our experiment,
regardless of the definition of ground truth

Manychallengesahea@ y NR dz0S (G2 I+ Of AyAO! |
betweentumor types application ofVSletc.



