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Métaphase

Biological Dosimetry Context
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Accidental or malicious Blood collection and Acquisition of
exposure of people to placement in cell metaphases
ionizing radiation culture (48h)
Inverse regression of the
calibration curve for dose
estimation and its uncertainties
FISH
Counting aberrations
Limitations (most time-consuming step)

| Manual counting

| Cognitive fatigue

| Not enough qualified people

| Complex task: noise, change of acquisition
equipment, chromosome polymorphism
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Données

Facilitate the of chromosomal aberrations
by biologists

Two tasks:

L] of chromosomes of interest

] of localized chromosomes

We focus on chromosome detection

Aberrations visible thanks to

Al in computer vision through deep learning: need
of and

ABERRATIONS
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Métaphase

Aberration Counting Sheets
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[ The LRAcc annotation is a countannotation:
= one counting sheet corresponds to one microscope slide

= one line corresponds to one metaphase
= we don't know the spatial position of aberrations

[ Work on digitization of handwritten counting sheets: Juan Martinez, Eric Grégoire and Rose

Déboucha (LRAcc)
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Données

visible thanks to the so of

spatial coordinates are essential expertise

2

without
debris

ABERRATIONS
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Transmitting information to Al
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Données

of datainduces less confusion of vision models
This corresponds to the of experts in operational situations

In particular, the correction of (recalibration of the DAPI quantiles)

100

50

0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 10

Original quantiles Corrected quantiles
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Données
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nnées

Adding spatial information to our data using
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Réinitialiser les annotations
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| Correct
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Non Exploitable Analyse
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Métaphase

Overview of the databases

Images Normal Translocated Aberrant | DATASET 1:
chromosomes | chromosomes chromosomes = annotations obtained in a semi-

DATASET 1 supervised manner
semi-supervised 357 2308 275 (11%) N/A = only the translocations have
been spatially annotated
DATASET 2
manual 452 2561 154 (5%) 328 (11%) I DATASET 2 & 3 (FISH Audit):
= manual annotations
DATASET 3 = allthe aberrations are spatially
manual 3476 18103 3123 (17%) 5962 (33%) annotated
FISH Audit

[ Imbalanced classes: translocations are underrepresented
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Métaphase

The two detection tasks areto be solved
. of chromosomes of interest
] of localized chromosomes

Nomenclature of the chromosome classes:
= Class “ ”: normal fluorescent chromosomes
= Class “ ”:aberrant chromosomes

object detection method: images and spatial
annotations
= 80% for
= 20% for

Evaluation of on test data

COLORS

IRSHN



Métaphase

State of the art in object detection: Faster-RCNN

|| Faster-RCNN uses region proposalnetworlk (RPN) to speed up the object detection process

Softmax

; . ' connected
| Convoluted laye’r Detection window
. feature map / Bounding box bounding box
e LEESEEES -7 regressor
Region Proposal Network (RPN)
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Métaphase

Results obtained with Faster-RCNN

Precision — — % Color Precision 0.76 0.95 0.86

tp+ fp
Recall — tp Recall 0.77 0.96 0.94

t
p+fn F1 0.76 0.95 0.90
Foo precision - recall

~ ©" precision + recall Aberration  Precision 0.66 0.50 0.76
Recall 0.23 0.33 0.67
F1 0.35 0.40 0.71

[| Similar scores for the Faster-RCNN on GIEMVISA Audit (A. Deschemps PhD 2020-2023)
[ Voting system with heatmaps and model aggregation is possible

|| Strengthen decision making through the color class (6 colors in a normal metaphase)
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Chromosome

Step1 Step 2
Localization of chromosomes of interest Classification by convolutional networks such as
ResNet

IRSHN



Chromosome

Cell nuclei segmentation model:
= Based on the

of acell
:each chromosome is distinguished from the others

Principle of

: adaptation of a model to new data

IRSHN



Métaphase

Chromosome scale classification performance

[ ResNet: residual convolutional neural network

Color Precision 0.97 0.86
Recall 0.97 0.94
F1 0.97 0.90
Aberration Precision 0.76 0.76
Recall 0.70 0.67
F1 0.73 0.71

[| Comparable performance between the metaphase scale and that of the chromosome which
validates data preprocessing (segmentation + homogenization)
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Métaphase

Exploring generative diffusion models

. . G i Denoising
I Reminder of the major challenges: PR Diffusion
» Imbalanced classes Networks * . Modds

= Little data compared to the needs of the

models
Coverage /
Diversity
|| The generation of synthetictranslocationsis

Of major interest Variational Autoencoders,

Normalizing Flows

[ Two possible cases of generation:

= Noise > Image Denoising Diffusion Probabilistic Models

* I[mage = Image: possibility of DAPI input to
generate fluorescence

Jonathan Ho Ajay Jain Pieter Abbeel
UC Berkeley UC Berkeley UC Berkeley
jonathanho@berkeley.edu ajayj@berkeley.edu pabbeel@cs.berkeley.edu
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Métaphase

Brownian Bridge Diffusion Model (BBDM)

| Model Image = Image:
= Allows you to use the large amount of unannotated DAPI
= Reduces the generation to the fluorescence

| Forward diffusion:
* |terative corruption (Markov chain) of the original image Z with gaussian noise

| Backward/Reverse diffusion:
= |terative de-corruption with neural network model (U-Net architecture)
» For a noisy image atthe step Z;, find the noise added in stept — 1
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Generate chromosomes Add to FISH Audit data Compare ResNet scores

) Examples of generations
Two generative databases:

original DAPI generated
Data generated Number of images
BASE 1: DAPI of
1154
chromosomes
BASE 2: DAPI of
10179
chromosomes

FLUORESCENT
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Métaphase

Using ResNet intermediate layers for filtering

[ An imageis associated to a feature vector, penultimate ResNet layer

[ UMAP dimension reduction (an image is represented by a point)

14

12 A

10 4

Reduced data with KDE overlay

10 4

Reduced data with KDE overlay

translocation
zone

—2;5 0:0 2.‘5 5:0 7:5 16.0

12‘.5

Translocations are concentrated
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Métaphase

UMAP Projection of Generative Databases
| BASE 2: from DAPI of non-fluorescent chromosomes
UMAP reduced data with KDE overlay

| BASE 1: from DAPI of fluorescent chromosomes
UMAP reduced data with KDE overlay

12 4

10 A
.

we filter thedata
near the marker

10 12 14

2 4 : : ' ‘
Number of imagesfiltered by UMAP ResNet 820 7518
IRSN




Métaphase

F1 scores of the aberration class using the generated data

| BASE 1: from DAPI of fluorescent chromosomes | BASE 2: from DAPI of non-fluorescent chromosomes
Real data 73% N =1021 Real data 73% N =1021
Generated Data 70% N =820 Generated Data 68% N =7518
Real + Generated Data 80% N = 1841 Real + Generated Data 76% N =8539

| We must generate translocations from morphologically close DAPI

[ Allows us to reuse DAPI from fluorescent chromosomes of normal metaphases
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Métaphase

Dosimetric Validation

| Construction of an automatic counting tool chromosomal translocations from standardized FISHimages.

| Need to demonstrate implementation operational work: characterization counting statistics of the Al model
and validation by dose estimation.
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mFISH imagery greatly improves the quality of the data and thus the quality of the detection
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