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How does Al work?

Input data Al model prediction

Calculate error

Annotation (target)

try to minimize error
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The INCISIVE approach
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INCISIVE goals

1. interoperable pan-European federated repository of medical images

2. develop and validate an Al-based toolbox for various cancer types (lung,
breast, prostate, colorectal)
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Methodology

Understanding
clinical
pathways

= Understand what
data is used at each
stage and for what
reason
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Workshop preparation: clinical pathways
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Workshops pt. 1. annotation type

Original Image Bounding box Contouring
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Workshops pt. 1. annotation type

Original Image Bounding box Contouring
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Workshops pt. 2: clinical challenges
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Lung Cancer X-rays
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Lung Cancer X-rays

Detection of Lung cancer in chest X-ray images
» Focusing initially on frontal views (PA and AP), LAT also available

Huge variability in image data in addition to patient variation due to:

» Different exposure (imaging) technique, patient position, device properties, receptor
characteristics, image processing algorithm and settings ...
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Data

Open source CheXpert dataset!: ~130 000 frontal x-ray images
» ~6000 with confirmed or suspected lung cancer/and or lung methastasis

Visaris (INCISIVE) dataset: ~5000 frontal x-ray images
Huge variation in image appearance

1 https://stanfordmlgroup.qgithub.io/competitions/chexpert/
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Architecture
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Pre-processing

Images are automatically rotated and
flipped to normal orientation

Images rigidly then deformably registered to
a reference model

Lungs segmented in the registered image

Processing is applied to harmonise image
appearance

Analytic processing still not applied
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Pre-processing Effect

Aimed at extracting only the relevant lung region in the images
And suppressing all other regions in the image

Would be used to process training set prior to training

Not tried in the evaluation system yet
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Results

« Evaluation experiments conducted so far yielded mixed results

* Most encouraging is AUC on INCISIVE Chest X-ray data of 0.861

« However, performance this number is heavily dependent on data
split

* Going down to as low as 0.65 for a different split

 \We have moved to retrain on CheXpert data
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Lung Cancer CT scan
lesion segmentation
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Lung Cancer CT segmentation pre-processing

Transform to

Hounsfield Units  PIX€els In range

» (-1000, 1000) —

Lung instance

T segmentaiton (with
Clipping lungmask tool)
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Performance in a nutshell
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F1-score
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Breast Cancer MMG Lesion Segmentation

Preprocessing
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Segmentation,
Lookup Table based
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Segmentation,
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Segmentation,
Lookup Table based

1. Image negation performed if needed
2. Remove spur borders

This project has received funding from the European’s Horizon 2020 research
and innovation programme under Grant Agreement number: 952179




Segmentation,
Lookup Table based

1. Image negation performed if needed
2. Remove spur borders
3. Orientimage as LEFT breast
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Segmentation,
Lookup Table based

Image negation performed if needed
Remove spur borders
Orient image as LEFT breast

> W N e

Segment the image and crop to fit breast
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Segmentation,
Lookup Table based

Image negation performed if needed
Remove spur borders

Orient image as LEFT breast

Segment the image and crop to fit breast

ok wbdPRE

Use segmentation mask to determine breast
histogram
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Segmentation,
Lookup Table based

Image negation performed if needed
Remove spur borders

Orient image as LEFT breast

Segment the image and crop to fit breast

ok wbdPRE

Use segmentation mask to determine breast
histogram

a) Determine linear piece-wise LUT with 2% dark
and 1% light pixel thresholding
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MMG Density Classification
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Loading DICOMSs for training

Hist.

Dataset Dictionary Crop Resize equalization

o Patientid
* Desnity score

\ 4

. DICOM path —/ "\

Datalake
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Creating Training & Testing sets

Training set Class balancing o _
----------------- ! Training dict
~70% i » Desnity score
Dataset ’ : { DICOM index}
Testing set
Testing dict
‘ » Desnity score

o —»{ . DICOM index Data loaders
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CNN architecture

Conv2d MaxPool2d, Dropout2d Convad
&
N\ =
 —

Conv2d
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Metrics for validation

Relevarl1t ltems

False negatives ‘True negatives

[
[

() @)
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[ O
[

Retrieved items

How many retrieved items

are relevant

Precision

How many relevant items are
retrieved

Recall

TP+ TN
TP+ TN + FP+ FN F =

Accuracy =

Correct predictions among the total examined items
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precision - recall
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Experimentation

Training Validation Dataset Training
Experiment name Classification DP Model set set Balancing Epochs P_size Accuracy F1 macro
Experiment 1 HCS ConvNetl 1929 482 FALSE 60 256 63% 50%
Experiment 2 HCS ConvNetl 321 80 FALSE 60 256 60% 60%
Experiment 3 HCS ConvNetl 643 160 TRUE 60 256 55% 40%
Experiment 4 HCS ConvNetl 1352 338 FALSE 60 256 52% 30%
Experiment 5 UNS ConvNetl 1352 338 FALSE 100 64 66% 53%
Experiment 6 UNS ConvNetl 2253 563 FALSE 100 64 77% 73%
Experiment 7 HCS ConvNetl 1929 482 FALSE 100 64 64% 53%
Experiment 8 UNS ConvNetl 1072 450 TRUE 100 64 66% 67%
Experiment 9 UNS ConvNet2 1072 450 TRUE 100 64 66% 65%
Experiment 10 UNS ConvNet2 2132 676 TRUE 100 64 78% 78,14%
Experiment 11 UNS ConvNetl 2132 676 TRUE 100 64 79% 80,00%
Experiment 12 UNS ConvNetl 1588 540 TRUE 100 256 74,20% 72%
Experiment 13 Density UNS ConvNet2 1588 540 TRUE 100 256 67,61% 65,11%
Experiment 14 UNS ConvNetl 1448 495 TRUE 100 256 70,55% 71,21%
Experiment 15 UNS ConvNetl 1388 495 TRUE 100 256 72,55% 73,22%
Experiment 16 UNS ConvNet2 1388 495 TRUE 100 256 72,16% 72,30%
Experiment 17 UNS ConvNet2 1352 338 FALSE 100 256 72,99% 73,21%
Experiment 18 UNS ConvNetl 1352 338 FALSE 100 256 72,78% 69,84%
Experiment 19 UNS ConvNet2 1360 281 TRUE 100 512 75,45% 73,04%
Experiment 20 UNS ConvNetl 2504 766 TRUE 100 256 82,77% 81,46%
Experiment 21 UNS ConvNet2 2504 766 TRUE 100 256 77,95% 77,06%
Experiment 22 UNS ConvNet2 3292 777 TRUE 100 256 78,12% 78,30%
Experiment 23 UNS ConvNetl 3292 777 TRUE 100 256 79,33% 79,23%
Experiment 24 UNS ConvNetl 3244 777 TRUE 100 64 81,85% 83,26%
Experiment 25 UNS ConvNet2 3244 777 TRUE 100 64 80,00% 79,93%
Experiment 26 UNS ConvNet2 3244 777 TRUE 100 64 83,75% 82,91%
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Lung Cancer staging
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Radiomics

Gillies, R. J., Kinahan, P. E., & Hricak, H. (2016). Radiomics: images are more than
pictures, they are data. Radiology, 278(2), 563.

Radiomic features: quantitatively describe attributes of volumes of interest

e Semantic: e Agnostic
e Sijze  First order: distribution of values of individual
. Shape voxels withour concern for spatial relationships
p. « Second order: statistical interrelationships
* Location between voxels (texture)
° ... « Higher-order: fractal analyses, wavelets

Laplacian transforms

With such large complexity, there is a danger of overfitting analyses, and hence, dimensionality m
by prioritizing the features

This project has received funding from the European’s Horizon 2020 research
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Data analysis Pipeline
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What Is the problem

Project Sites Protocols Vendors

Vendor 1
Sitel Em=Protocol 1
Site 2 el Protocol 2
Site 3 e Protocol 2
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» Different protocol?
» Different vendor?
» Different patients?
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What's explainable Al?

/ Al Algorithm \

Input — ENEENE — output  Cancer

J Interpretability: Implicit capacity of the system
that allows it to be logical in the eyes of the
human who sees it.

N

How to address the “black box” challenge?

Interpretability VS Explainability Explainability: Active capacity of the system
to execute actions that detail its internal

/ \ functioning

We want to know
why and how

We do not need to know
why and how

This project has received funding from the European’s Horizon 2020 research
and innovation programme under Grant Agreement number: 952179



Importance of Explainability

Involved actors:

Al DEVELOPERS

Enhances the knowledge
about the internal algorithm
functioning

Allows the improvement of
the algorithm performance

Allows the development of
better algorithms

HEALTHCARE

PROFESSIONALS

PATIENTS

Increases the confidence

Facilitates the control of
biases

Facilitates the analysis

Facilitates the explanaition
to the patient

Increases the confidence

Allows better understanding
of the diagnosis,
prognosis...

This project has received funding from the European’s Horizon 2020 research

and innovation programme under Grant Agreement number: 952179

Increases the confidence

Allows transparency




Insights using XAl and Clinical expertise
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Questionnaire on XAl Requirements — Data Providers

Context Area of expertise and level of agreement scale Type of information

Images Tabular data
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Results: Medical Image

The highest scored methods was : LRP

This project has received funding from the European’s Horizon 2020 research
and innovation programme under Grant Agreement number: 952179




Results: Tabular data

The highest scored methods was : LIME

This project has received funding from the European’s Horizon 2020 research
and innovation programme under Grant Agreement number: 952179




Key takeaways and future steps

Takeaways

» Al In healthcare must assist the
medical professional, not replace
them

» Al services co-creation: Co-
operation between Al developers
and medical professionals is
required

* “A machine learning model can
only be as good as the data it is
fed”

This project has received funding from the European’s Horizon 2020 research
and innovation programme under Grant Agreement number: 952179

Future steps

Finish development in planned
services

Introduce XAl in classification models

Fine-tune to solve clinical needs
depending on MP feedback










Systems Biology of Drug Resistance in Cancer

University of Helsinki
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Histopathlogical slides

A brief introduction
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H&E slides

An overview

* Analysis of the microscopic structure of
biological material, and the structural and
functional relation between them.

* Cancer diagnostics is based on the collection
of tissue samples from the patient from which
histological slides of tumor are prepared.

* One of the most used tissue preparation
methods is the hematoxilin and eosin
staining (H&E) with formalin fixation:

* Hematoxilin: colors the cell nuclei with
blue/purple shades.

* Eosin: colors the cytoplasm and connective
tissue with pink/red shades.

This project has received funding from the European’s Horizon 2020 research
and innovation programme under Grant Agreement number: 952179




H&E digitalized slides

An overview

Digitalized whole-slide images (WSIs) can
be analyzed with Al methods:

* diagnosis & prognosis

* therapy prediction

* cancer type classification

One WSl is around 1-5GB

Standard scanner formats are:
«  MIRAX
« SVS

Standard magnifications are:
 20x

« 40x

This project has received funding from the European’s Horizon 2020 research
and innovation programme under Grant Agreement number: 952179



H&E digitalized slides

Challenges

* Format and dimensions—specific
programs are needed!

* Computationally heavy

d
* Artefacts:
* Folding sections (a),
* Opacity in the tissue (b),
* Incorrectly embedded tissues (c),
* Incorrect staining (d)
C

This project has received funding from the European’s Horizon 2020 research
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HEIP

A flexible H&E image analysis pipeline
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HEIP

A flexible H&E image analysis pipeline
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HEIP

Preprocessing with HistoPrep

_—

Annotated Patches Eliminated Patches
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HEIP

Preprocessing

Annotated Patches

Eliminated Patches

This project has received funding from the European’s Horizon 2020 research
and innovation programme under Grant Agreement number: 952179

Patches
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HEIP

Instance segmentation - Benchmark

* Training set: * \alidation set:
* 205’343 annotated cells from Pannuke dataset * 9’461 annotated cells from our HGSC
cohort

* 36’093 annotated cells from our cohort of High
Grade Serous Carcinoma (HGSC)

HGSC validation Panoptic Quality Segmentation Detection Quality
(PQ) Quality (SQ) (DQ)

Epithelial cells

Connective cells

This project has received funding from the European’s Horizon 2020 research 1
and innovation programme under Grant Agreement number: 952179



HEIP

Instance segmentation - Benchmark

* PQ values of other nuclei segmentation
methods trained with the PanNuke
dataset (Gamper et al., 2020).

HGSC validation Panoptic Quality Segmentation Detection Quality
(PQ) Quality (SQ) (DQ)

Epithelial cells

Connective cells

This project has received funding from the European’s Horizon 2020 research
and innovation programme under Grant Agreement number: 952179
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HEIP

Instance segmentation — Visual result
Predicted

This project has received funding from the European’s Horizon 2020 research
and innovation programme under Grant Agreement number: 952179

Ground Truth
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HEIP

Feature Extraction
List of features:

* Area: number of pixels of the cell nucleus.

* Solidity: measure of the convexity of a cell nucleus,
Area/ConvexArea.

* Eccentricity: measure of how much an cell nucleus
is ‘'squashed’.

* Aspect Ratio: measure of the ratio of cell nucleus
height to its width.

* Roundness: measure of how closely the shape of
the cell nucleus approaches that of a mathematically
perfect circle.

* Perimeter: length of the boundary of the cell nucleus
* Cells percentages.

* Shannon Index: measure of the diversity of species
(here, neoplastic, inflammatory and connective cell

types).

This project has received funding from the European’s Horizon 2020 research
and innovation programme under Grant Agreement number: 952179




Outcome prediction

A preliminary study

This project has received funding from the European’s Horizon 2020 research
and innovation programme under Grant Agreement number: 952179



Classifier for predicting therapy response
Setup

* Prediction goal: Classify patients in good or poor responders to the therapy.

* Prediction based on Progression-free interval (PFI):
* Less than 6 months: poor response.
* More than one year: good response.

PFl = interval between the date of the last platinum dose and the date of relapse
detection (4th Vancouver Ovarian Cancer Consensus Conference in 2010).

This project has received funding from the European’s Horizon 2020 research 16
and innovation programme under Grant Agreement number: 952179



Classifier for predicting therapy response

Slide based models
Training 152 slides.

Test 52 slides.

Ensamble decision tree: a non-parametric supervised
learning method based on tree-like graph.

Selected Features:

°* Area,

* Solidity,

* Eccentricity,

* Perimeter,

* Cell percentages,
* Shannon Index.

Decision Tree representation

This project has received funding from the European’s Horizon 2020 research
and innovation programme under Grant Agreement number: 952179



Classifier for predicting therapy response

Patient based models

Training 57 patients.
Test 15 patients.

Random forest with leave-one-out cross-validation.

Selected Features:

Area,
Eccentricity,
Perimeter,
Aspect Ratio,
Roundness,

Cell percentages,
Shannon Index.

Iteration 1/N

Iteration 2/N

Iteration 3/N

Iteration 4/N

Iteration N/N

Total Data

A

\

This project has received funding from the European’s Horizon 2020 research
and innovation programme under Grant Agreement number: 952179

Leave-one-out cross-validation
representation
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Classifier for predicting therapy response

Total Population Condition Condition
Positive Negative

Slide based models

N —

RocAUG s 072 I
* ROC AUC score: 0.73 Positive

Patient based models Total Population Condition Condition
_ Positive Negative
* Testing accuracy: 0.8 Predicted Condition 4 1

* ROC AUC score: 0.8 Positive

This project has received funding from the European’s Horizon 2020 research
and innovation programme under Grant Agreement number: 952179
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Colorectal Cancer (CRC)
Cohort

An overview of the TCGA cohort for INCISIVE

This project has received funding from the European’s Horizon 2020 research
and innovation programme under Grant Agreement number: 952179



TCGA dataset

An overview

* Project: TCGA-COAD.
* Total data: 1442 slides.
* SVS format.

For testing purpouse, HEIP was used in 6 CRC whole-slide images.

This project has received funding from the European’s Horizon 2020 research
and innovation programme under Grant Agreement number: 952179
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TCGA dataset

HEIP for CRC — main results

* Benchmarking:

Epithelial cells 0.481 0.731 0.602
Connective cells 0.391 0.659 0.489

This project has received funding from the European’s Horizon 2020 research
and innovation programme under Grant Agreement number: 952179
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TCGA dataset

HEIP for CRC — main results

Shannon Index

NB. In order to have a range between 0 and 1 for all the features, area and perimeter values

where divided by the maximum value of the six samples!

This project has received funding from the European’s Horizon 2020 research
and innovation programme under Grant Agreement number: 952179

23



TCGA dataset

Future plans

* HEIP is ready!

* Apply HEIP to the TCGA Cohort.
* Extract morphological features.

* Data integration with clinical data.

* Improve the classification model for predicting therapy response.

This project has received funding from the European’s Horizon 2020 research
and innovation programme under Grant Agreement number: 952179
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Repositories and Contacts information

* HEIP pipeline repository: https://github.com/ValeAri/HEIP.git (Soon available!)
* CellSeg models: https://github.com/okunator/cellseg models.pytorch.qgit

* On twitter: @HautaniemiLab

This project has received funding from the European’s Horizon 2020 research
and innovation programme under Grant Agreement number: 952179
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HEIP DEMO Available

Contact me!
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