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Support Vector
Machines
Decision trees
Random Forests
Bayesian classifier
Nearest Neighbor
classifiers

Lasso regression
Ridge regression
Elastic Net
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Deep learning (artificial neural networks)

Weights
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e (e ) Inputs Wa-i Step Function
Neuron Perceptron
Simple Neural Network Deep Learning Neural Network
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 Meer data + rekenkracht = betere Deep learning

resultaten S
© . .
c 'Classical’ learning
L algorithms
D
» Leert 'automatisch' waar we op -
moeten |etten Amount of data

Raw data Low-level features Mid-level features High-level features
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De stap vooruit: beeld herkenning
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28% AlexNet, 8 layers

26% T

/ ZF, 8 layers

7 /
/ / VGG, 19 layers

/ / / | ~GooglLeNet, 22 layers

16% v
ResNet,152 layers "

" g | p— Sty _ -
vehicle —— craft — watercraft — sailingvessel — sailboat —— trimaran
0
12 /o / (Ensemble)

/ 4 /
a 3%6 70/ // // ; SENet

/ / /
5 - . - L B0 SRR S, S St at S s el & © S
. 0° / Human error

shallow deep
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2010 2011 2012 2013 2014 2015 2016 2017

100% accuracy and reliability not realistic

N Traditional computer vision
BN Deep learning computer vision



Yang, L., Chen, H., Li, Z., Ding, X., & Wu, X. (2023). ChatGPT is not Enough: Enhancing Large Language
Models with Knowledge Graphs for Fact-aware Language Modeling. arXiv preprint arXiv:2306.11489.




Self-supervised learning door 'next-token prediction’
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Text: Second Law of Robotics: A robot must obey the orders given it by human beings

Generated training examples

Example # Input (features) Correct output (labels)

1 Second law of robotics

2 Second law of robotics : a

3 Second law of robotics : a robot

?). https://jalammar.github.io/how-gpt3-works-visualizations-animations/


https://jalammar.github.io/how-gpt3-works-visualizations-animations/

What's in it for us?
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Diencephalon:

Hypophysis AT
Mid brain Cerebellum
Pons
Medulla Brain stem
Oblongata

Spinal cord

* Tumoren in de hersenen en
Centraal Zenuw Stelsel Tumor classification @ Frequency as % of total CNS tumors

Pilocytic astrocytomas ~30%

° M eeSt d Od eI ij ke VO rm Va n Diffuse astrocytomas ~12%

. . Anaplastic astrocytomas | ~2%
kanker bij kinderen

Oligodendroglial tumors | ~1.5%

° G rOte d ive rS i te i t a a n t u m O r Ependymal tumor ~9%

e n t i te i te n Medulloblastomas ~20%
Pineal tumors ~1.9%
Meningeal tumors ~1.2%

Germ cell tumors ~3%
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Eerste behandeling
chirurgische resectie
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Chirurgische resectie maxima

Hoe veel resectie is optimaal?
Agressieve tumor

Maximale resectie
(Mmet mogelijk zeer nadelige
nevenschade)
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Chirurgische resectie maxima

Hoe veel resectie is optimaal?

Goedaardig

Conservatieve resectie
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Chirurgische resectie maxima

Hoe veel resectie is optimaal?

Goedaardig Agressief

Conservatieve resectie
(Terugkerende tumor, 2e operatie)
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Chirurgische resectie maxima

Hoe veel resectie is optimaal?

Medulloblastoma
Conservatieve resectie

Ependymoma
Maximale resectie
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Chirurgie TIJD(~30 min)
| Geinformeerde
L chirurg
enk een
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Sample : :
Histologie Patholoog

voorbewerking



DNA profielen voor tumoren in het centraal zenuw stelsel

Glio-neuronal Glioblastoma Embryonal

Sella

Ependymal
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Reference cohort (91 classes) b t-SNE dimensionality reduction (2,801 samples)
1 ETMR mam 1 CHGL
mam 1 MB, WNT mm 1 LGG, SEGA
. 2 MB, G3 o WM 2 LGG, PAPF sTH DNs BP I TAD T
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mmm 2 ATRT, SHH O mmm 416G S ADENOPIT o B
mmm 2 ATRT, TYR -l \@ F 2N
mmm 2 CNS NB, FOXR2 — ‘0 ENB, A .
W 5 HGNET, BCOR \)\\0 L 3 RETB A IDH, HG
ENB, B >
1 DMG, K27 6 L ' “"PINT.PBA
s 2 GBM, G34 <& MB, G3 ‘
2 GBM, MES $ .~R, A . c’,& PINT,PBB  PINT, PPT , ATRT, TYR
s 2 GBM, RTK | _ PTPR, B - Pl:jEAL .
s 2 GBM, RTK Il 2 PINT,PBB .
s 2 GBM, RTK Il o 4PINT,PBA GPLL ADME PLEX, AD R ATRT, SHH
mmm 2 GBM, MID 3 PINT, PPT ’ 9 PGG, nC J’- 'Y
& SRSlaNIVER % mmm 1 CHORDM R SCERFAR ’ o' PLEx.PEDA  ATRT.MYC
= 1 CN € mmm 1 EWS PLEX, PED B
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B 1 LIPN S W 4 MNG MNG S HMPC ' PTPR, A
= 1 LGG, DIG/DIA © mmm 3 SFT HMPC ¢ w _ SCHW INFLAM PTPR, B
s 1 LGG, DNT o = mmm 5 EFT,CIC . 2 « CHGL
s 1 LGG, RGNT - EFT, CIC Yoo o as PAMID 4 EPN, MPE
w1 RETB g W 1 MELAN 1 16 S S
BN 2 ENB, A S w1 MELCYT MELCYT HMB e
B 2 PGG, nC “ mmm 3 PLEX, AD K A ,5.6 E Y
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o W 3 PLEX,PEDB SN, KT & ; 74 "5 2 LGG, RGNT
EEm 1 CPH, ADM 5 ’ aa EPN, YAP j. EPN, PF B
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mmm 1 PITAD, ACH g | 3 AIDH, HG CNS NB, FOXR2 GBM 34 . LGG,DNT
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Relation to WHO entities (category): 8 DLGNT E%R 82 tumor classes
1 Equivalent 3 Not equivalent (combining grades) 9 LGG, SEGA
2 Subclass 4 Not equivalent (combining entites) 10 Control REACT 9 Control CI asses
5 Not recognized by WHO

lllumina Infinium array
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Nanopore sequencing

Reviewed in: Rang, Kloosterman & de Ridder, Genome Biology 2018
Benchmarked in: Pages & de Ridder, Genome Biology 2023

Eigenschappen

» Goedkoop
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« Kan lange DNA moleculen in 1x meten

e Zeer snel resultaat

« Kan ook methylatie meten

NH:2

N

A

N
I

DNA backbone

Cytosine

NH:2
CHa

e

DNA backbone

5-methyl-Cytosine
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Intra-operatieve classificatie

Chirurgie TIJD(~30 min)
Geinformeerde
chirurg

4 o
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diagnostics
Histologie PatV

Zeer shelle DNA meting

~.
v

Sample
voorbewerking

Moleculaire
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De Al uitdaging: weinig data

lllumina 5 minutes 10 minutes 15 minutes 20 minutes 30 minutes 45 minutes
microarray Nanopore sequencing
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Alles wat nodig is:

Centrifuge

2X heatblock Gaming laptop

MinlON

Pipets and reagents




Live run
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00§50

01:00
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Collection

Registration

Cutting

DNA isolation

Library prep

Sequencing

First result
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Intraoperatieve sequencing maxima
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Call from the
operating room * l.xtra sequencing
Lab setup Quality control Sequencing for additional analsysis
4 17
Sample collection Library preparation
| | Schwannoma (>0.95)
Centrifuge : |.
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
2x Heatblocks Total Turnaround Time
Nanodrop LIVE_PMC_4
Pipettes + reagents 1.0 - ]
MinION + Flowcell Y 08
0 Bussnsnnnnfunnd Jasssssssssnsnssnsssnnnnnnnnnnnnnnnsn
Laptop 5
3 0.6
o
9 0.4
(o'
0.2
0.0

Sequencing time
(minutes)
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GEOGRAPHIC Meet Sturgeon, the Al tool
that helps doctors identify
brain tumors faster than

nature .
In the medical field, being fast, efficient, and correct can be the
. difference between life and death. This game-changing tool is
Article

helping cancer researchers and doctors save countless lives.

Ultra-fast deep-learned CNS tumour
classification during surgery ’

U.S. INTERNATIONAL CANADA ESPANOL HX

@ .
https://doi.org/10.1038/s41586-023-06615-2  C. Vermeulen'*®, M. Pagés-Gallego'?%, L. Kester?, M. E. G. Kranendonk?, P. Wesseling®*, @he New i!gorl( Imeg

. N. Verburg®, P. de Witt Hamer>, E. J. Kooi*, L. Dankmeijer®®, J. van der Lugt®, K. van Baarsen?®,
Received: 10 February 2023 E. W. Hoving®, B. B. J. Tops®= & J. de Ridder'?™

o [ ]
Accepted: 6 September 2023 New A.I. Tool Diagnoses Brain Tumors
Published online: 11 October 2023 Central nervous system tumours represent one of the most lethal cancer types, on th e Opera ti n g 721 b Ie
Open access particularly among children'. Primary treatment includes neurosurgical resection
) Check for updates of the tumour, in which a delicate balance must be struck between maximizing the A new study describes a method for faster and more precise

diagnoses, which can help surgeons decide how aggressively to
operate.

Source code of the Sturgeon prediction
tool as a Python package can be found at:

Machine can identify brain
tumours during surgery

Tom Whipple Science Editor cer is made by the UK company Ox-
| : ford Nanopore. It is able to provide a
Rapid desktop DNA readerscouldal-  rapid readout of DNA using a ma-
low doctors to identify brain tumour ~ chine small enough to be held in an

https://github.com/marcpaga/sturgeon
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In de kanker biologie gebruiken we moleculaire data...
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Moleculaire
data zijn veel
complexer
dan beelden...

En de hoeveelheid data
om van te leren is
inherent beperkt...

> N
Beeld data Moleculaire data



