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Digital Pathology

* Analysis of tissue samples under the microscope -
by pathologists — the “gold-standard” of patient
management

* Qualitative or semi-quantitative

* The new era of digital pathology

* Going forward: Full digitization
e.g. The PathLAKE consortium
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Computational Pathology — Phenotypic quantification

Cell segmentation / classification

Stromal cells

Apoptotic cells
Undifferentiated neuroblasts m / V\ R O ART
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Computational Pathology — Phenotypic quantification

Tissue / region level segmentation

Tumour

Cell death

Differentiation

Blood

Lymphocyte cluster

Muscle

Other
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K. Zormpas-Petridis et al, Front. In Oncol. (2021)



Computational Pathology — Phenotypic characterisation

Immune exclusion

Tumour

Stroma

Lymphocyte cluster

Fat
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Computational Pathology — Phenotypic characterisation

Immune hot
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K. Zormpas-Petridis et al, Front. In Oncol. (2021)



Computational Pathology — Spatial statistics / Biological features extraction

Model Predictions

W@

Plasma Cell

HIF

-Lymphbqyte

Tissue-Type

Fractal Dimension of CAS

172

Eccentricity of Largest
Region of Necrosis
0.99

Area of Necrotic Tissue
205.46 mm?

Mean Cluster Size of
Fibroblasts in CAS
4.55 Fibroblasts/Cluster

Density of Lymphocytes
within 80 pm of CSI

6328.95 Lymphocytes/mm? CSI R‘; - :

i

n=607

Diao et al, Nat. Comm. (2021)
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Computational Pathology — Applications: Mutation prediction
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K. Zormpas-Petridis et al, Front. In Oncol. (2021)
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Computational Pathology — Applications: Survival prediction

Lymphocytes location
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K. Zormpas-Petridis et al, Front. In Oncol. (2019)
K. Zormpas-Petridis et al, COMPAY MICCAI (2018)
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Computational Pathology — Foundation models

A Whole-slide image pre-processing C Tile feature extraction D Attention-based slide classification

POLE™:

MMRd

NSMP

Class scores

p53abn

\ ResNet-50 /

2048n  512n
features  features

O Fully connected laye
O Attention gate
@ Attention pooliing

n tiles

4

Molecular group classification directly from H&E images

Fremond et al, The Lancet Digital Health (2022)
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Predicting HRD from H&E images in ovarian cancer

[ Background
removal

Semantic

PR R R R R R SRR R R R R S R T R R R R R R R e e

segmentation

Retain only
cancer tissue

. Tessellate

- into patches

————--——-—-1--—————-———-

Computational Pathology
Pipeline

Stain

normalization

Attention multiple-
instance learning
framework for
classification (HRD
positive vs negative)

Feature

extraction

Attention multiple-
instance learning
framework for
regression (Gl index)

| Threshold | |

Classification

>0 or <0 (HRD positive

vs negative)

Vagni et al., ESGO 2025
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Predicting HRD from H&E images in ovarian cancer

Model explainability

Attention map H&E image
Ovarian stroma (high attention)

Mixed area:
Left - Ovarian stroma (high attention)
Right — Cancer tissue (low attention)

Cancer tissue (low attention)

Vagni et al., ESGO 2025
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Multi-omics integration

Types of medical data

* Genomic

* Transcriptomic

* Proteomics

* Histopathology
* Medical imaging

Mumplex lmaglng
Imm uno-proteomics

w
|
Regional and Cell Qassiﬂcaﬂon
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A map for radiotherapy targeting?

Semantic segmentation
Background
. Others

j Necrosis

B nflammatory
. Stroma

] Tumour

Cell detection

Original Retrained
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Radiology - Histology registration through 3D-printed patient- specific
moulds
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Radio — Pathomics 3D analysis of whole ovarian cancer lesions using
artificial intelligence

(a) /
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3D lesion
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(d) / Canny filtering \
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Cellularity registered :

T2 weighted
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lllustration of the imaging-histology co-registration. (a) 3D co-
registered histology and MRI. Corresponding (b) H&E-stained
whole-slide image and (c¢) Tlw and T2w maps. (d) Edge
extraction using Canny filtering applied to the WSI-derived
cellularity map, Tlw map, and T2w map. (e) Registration of
WSI cellularity edge points (red stars) to the combined Tiw and
T2w edge maps (blue circles). (f) T1w, T2w, and the registered
cellularity and cell type maps for two slices: the one shown in
panels (b—e), and an additional example from a different slice.
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Collaboration with the University of Cambridge, UK

Do not use / share

Clayton et al,
submitted to
RSNA 2025
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Impact

Better patient stratification
Virtual biopsies

Better response assessment
Histologically-validated imaging

biomarkers for response and relapse
prediction

3D mould design and printing

Histopathology
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