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Jsme tak stari, jak se citime...?
Role “Al”

Brain-age delta - odchyleni
Zobrazovaci techniky a algoritmy
Biobanka

Klasické metody regrese vs. uceni
Natrénujeme vilastni model




Studie o starnuti a hodnoceni progrese onemocneni

Starnuti (ageing) Parkinsonova nemoc
4 Veék je hlavni faktor pro mnoha 3 Priznaky
neurologicka onemocnéni A Zamrzani
4 brain-age delta vystupuje jako A Poruchy fedi
(bio)marker A Stuhlost
A StarSi mozek (nez by mél byt) maze A PFiklad studie
predurovat horSi prubéh A 2 kohorty (de-novo a chronicti)
A Rozdily v pohlavi A Vyznamné vySSi vék mozku vs.

chronologicky
A cca. 3 roky rozdil
@ @ @ A Korelace s trvanim nemoci, a rovnéz
s kognitivni i motorickou zatézi

)
@ é ’nl lnl Eickhoff et al., 2021

Cumplido-Mayoral et al., 2023



https://elifesciences.org/articles/81067
https://academic.oup.com/braincomms/article/3/3/fcab191/6356511

Na zakladé ceho Ize stanovit vék mozku?

u

Struktura (magneticka rezonance) m m

[ Naskenovat mozek
Funkce (funkéni magneticka rezonance)
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ad Recové promluvy 55

“Novinka™: Proteomika —— “( T — ]
d  Kompozice proteomu krve a CSF* - ﬂm-u

Metabolites

[ Animalni modely p‘;
1 ldentifikace proteint asociovanych s neurodegeneraci

*CSF = mozkomisni mok



Data z UK Biobank

J
3
J

Celkové 0.5M+ subjektu

Mozek, kardio, OCT ...

Mozkova data opravdu rozsahla

d 50K+ dosud

Projekce vysledkd z menSich

laboratori

A Struktura biobanky se musi
zohlednit

Ano

ey (-

e from UK Biobank's 50,000th scanne d participant

Peter,
UK Biobank’s

50,000th

imaged participant,

explains why he took
part in the world’s

% largest study#

of it's kind
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3 YouTube




Browse by Primary Category of Origin Field ID

Description
-3 Imaging 20227 Functional brain images - resting - NIFTI
-3 Abdominal MRI 20249 Functional brain images - task - NIFTI
E‘d”elﬁ\/ﬂglR' 20250 Multiband diffusion brain images - NIFTI
wver ST . SO
Pancreas MRI 20251 Susceptibility weighted brain images - NIFTI
Abdominal composition 20252 T1 structural brain images - NIFTI
Abdominal organ composition 20253 T2 FLAIR structural brain images - NIFTI
-3 Brain MRI T
Scout images and configuration for brain MRI 2
+ (2 T1 structural brain MRI 1451
T2-weighted brain MRI 6
Arterial spin labelling brain MRI 1 . :
Task functional brain MRI 28 Dostupne formaty
+# (1 Diffusion brain MRI 682 - DICOM
Resting functional brain MRI 14 - NIFTI
: Susceptibility weighted brain MRI 18
+ () Heart MRI 40

+ 1 DXA assessment 145



https://www.dicomstandard.org

Par slov o formatu DICOM

A Digital Imaging and Communications in Medicine

A Produkovano zobrazovacimi systemy

d Data a metadata

3 Vysoké rozliseni 0 e 0 ey Segnened sk
A pydicom - zpracovani DICOM o o

] l-”ll y

3 1D signaly -',
Q X-ray skeny A | P \..__ a?
a CT T m m w e wm e m om ow e m
3 MRI(T1vs. T2 vs. FLAIR)

jeden soubor per fez (2D matice)


https://www.dicomstandard.org

Par slov o formatu NIFTI - voxely

3

Iy B By Ny

Neuroimaging Informatics Technology
Initiative

NIFTI je 3D struktura (tensor)

Typicky jeden soubor obsahuje 3D informaci
Kompaktni

Preferovano nékterymi nastroji pro uceni
nibabel - zpracovani NIFTI

Priklad: MRI volumetricka data
Dimenze: (Sifka, vyska, index fezu)
Shape: (512, 512, 100)




Zobrazeni magnetickou rezonanci

Zobrazeni fezu skrze objekt - tomografie

Vykonné magnety orientuji jadra vodiku

Kontrast a jas jsou urCeny fyzikalnimi vlastnostmi tkane
T1 vs. T2 vs. FLAIR

(I Ny Nay N

No external Applied external
magnetic field magnetic field

S
*
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transforming images
estimation of the T with the parameters from
normalization matrix the normalization matrix

a11 aln ) ayjq1 - A1n
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Zodpovézeni otazek typu:

Co jsme namérili?
Jak zjistite co vase genialni metoda déla na realném vzorku?
d  Kontrola vizualizaci

Pro klinické pouziti: manualni klasifikace / anotace kategorii / kvalita
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MRI from
scanner

Level 4

Preprocessing

(Realignment,
Normalization,

Smooth)

Segmentation
(Brain/Skull, GM, WM,
CSF, Atlas etc..)

2

Stanoveni IDP

o | o
[T 1T T T 1T 11

LET T T T ]

Feature extraction
and selection

Level 3

Level 2

Ohetal., 2019

Level 1
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https://www.nature.com/articles/s41598-019-54548-6

Co se déje v UKB - schematicky

segmentace, registrace, IDPs

konverze

A https://qgit.fmrib.ox.ac.uk/falmagro/uk_biobank_pipeline_v_1.5




Parametry odvozené z obrazu Pallidum

Putamen

A Image Derived Phenotype (IDP)
d Jeto islo...

A Skalarni hodnoty odvozené z obrazu

A Napfr. objemy jednotlivych oblasti ze strukturni MRI
A Vstup pro ucici se systémy a analytiku Hippocampus Amygdala
A Software vs. expertni pfistup

Data-Field 25020 /

Description: Volume of hippocampus (right)
Category: Subcortical volumes (FIRST) O T1 structural brain MRI O Brain MRI O Imaging O Assessment centre

Normal Distribution

14



Aplikace IDP

NATURE

An open access paper www.nature.com

Nature. 2022; 604(7907): 697-707. PMCID: PMC9046077
Published online 2022 Mar 7. doi: 10.1038/s41586-022-04569-5 PMID: 35255491

SARS-CoV-2 is associated with changes in brain structure in UK Biobank

Gwenaélle Douaud,®" Soojin Lee,! Fidel Alfaro-Almagro,’ Christoph Arthofer,' Chaoyue Wang,! Paul McCarthy,’
Frederik Lange,! Jesper L. R. Andersson,' Ludovica Griffanti,'® Eugene Duff,!® Saad Jbabdi,! Bernd Taschler,’
Peter Keating,* Anderson M. Winkler,® Rory Collins,® Paul M. Matthews,” Naomi Allen,® Karla L. Miller,

Thomas E. Nichols,® and Stephen M. Smith’
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Prvni pokusy o stanoveni parametru strojovym ucenim

J
3
J

Nesupervizované hluboké uceni (uci se reprezentace)
3D konvolucni autoenkoder
128-dimenzionalni reprezentace

A “endophenotypy” (ENDOs)

T1 Brain (n=6,130) 3D Conv Encoder 3D Conv Decoder Reconstructed T1
............... =
.]] @fﬂ[ﬂ@i- | é *fﬂ[ﬂ@@ [.
Unsupervised ?
foreground MSE Same architecture, modality specific weights
loss using brain  T2-FLAIR Brain (n=6,130) # # Reconstructed T2-FLAIR
mask = BTYSEFF<s Y T i
3D Conv Encoder b 3D Conv Decoder Patel et aI., 2022
ENDOs
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https://www.medrxiv.org/content/10.1101/2022.12.10.22283302v1.full.pdf

UMAP: redukce dimenze

Patel et al., 2022



https://www.medrxiv.org/content/10.1101/2022.12.10.22283302v1.full.pdf

Mame parametry z obrazu, co dal?

18



>

Regrese

x: IDPs
y: vék

hodnoceni?

Predicted Age (years)
10 20 30 40 50 60 70 80 90 100

0 10 20 30 40 50 60 70 80 90 100
Age (years)

Linearni metody, napf. lin. regrese, mohou dosahovat horSich vysledku
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Metody pro “brain-age” delta modelovani

Brain Imaging
(fMRI, sMRI, DTI)

Pre-processing
(SPM, VBM, FreeSurfer,
FSL)

l

Feature Extraction
(All Voxels, Cortical
Features)

Training Set

(using HCs)

Test Set
(AD, MCI, HIV, TBI, DS,

Diabetes, Epilepsy)

l

Feature Engineering
(PCA, NNMF, RFE)

* Pre-processing
* Feature Extraction
» Feature Engineering

* Pre-processing
» Feature Extraction
» Feature Engineering

I

Regression Analysis Regression
(SE/ES’SC\)/RF‘{EN’ (Model Creation/Cross
I uBE) Validation)

Regression Results
(Using Training Model)

Statistical Analysis
(MAE, RMSE, R?)

Mishra et al., 2021

l

Statistical Analysis
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https://ieeexplore.ieee.org/document/9521711

Algoritmy strojoveho uceni

oo dC

Lasso (regularizace)
RVR - bayes

SVR - podpurné vektory
XgBoost
CatBoost
Neuron. site

Chronological Age

SVR-20%
RVR-16%
GPR-8%
CNN-6%
MLR-6%
LASSO-4%
Others-13%

Mishra et al., 2021

CatBoost

Xiong et al.,2023
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10098634/
https://ieeexplore.ieee.org/document/9521711

Jak prispivaji jednotlivé modality a priklad modelu

@

z

@

3 _ £

5 3 s £ 2

: 2 . 7 %

2 £ & p § 3 &

Age 031 033 0.16  0.44
T1-weighted 0.4 0.25 0.1 0.38
T2-FLAIR 0.23

0.14

0.35

Task fMRI

Resting-state fMRI

+ leave-one-modality-out scénar

08

06

04

02

0.2

0.4

08

08

Multimodality brain-age prediction using LASSO

~
o
n

Brain-predicted age (years)
(=2}
o

50 1

50 60 70
Age (years)

Cole, 2020
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https://www.sciencedirect.com/science/article/pii/S0197458020301056

B JUNE 26,2023 a ONDREJKLEMPIR,PH.D.,SR. COMMUNITY ENGAGEMENT SCIENTIST, DNANEXUS & BEN BUSBY, PHD, PRINCIPAL SCIENTIST,
DNANEXUS

Infrastructure Challenges: Machine
Learning in the Cloud as a Future
Oriented Solution Using UK Biobank

https://medium.com/dnanexus/infrastructure-challenges-machine-learning-in-the-cloud-as-a-future-oriented-solution-using-uk-6e 10bedb995a

Total volume of white matter hyperintensities (from T1 and T2_FLAIR images) | Instance 3 0.38 90

Total volume of white matter hyperintensities (from T1 and T2_FLAIR images) | Instance 2 0.35 earson = 0.68
Volume of white matter | Instance 2 -0.14 2 =_9-46

Volume of white matter | Instance 3 -0.16 80 MAE = 4.29

Volume of hippocampus (left) | Instance 2 -0.23

Volume of hippocampus (right) | Instance 2 -0.24 g

Volume of brain, grey+white matter | Instance 2 -0.26 <70

Volume of brain, grey+white matter | Instance 3 -0.27 o

Volume of white matter (normalised for head size) | Instance 2 -0.29 i

Volume of hippocampus (left) | Instance 3 -0.29 ;g 60

Volume of hippocampus (right) | Instance 3 -0.29 9]

Volume of Hippocampus (left hemisphere) | Instance 2 -0.32 o

Volume of Hippocampus (right hemisphere) | Instance 2 -0.32 50

Volume of white matter (normalised for head size) | Instance 3 -0.34

Volume of Hippocampus (left hemisphere) | Instance 3 -0.36

Volume of Hippocampus (right hemisphere) | Instance 3 -0.37 40

Volume of brain, grey+white matter (normalised for head size) | Instance 2 -0.54

Volume of brain, grey+white matter (normalised for head size) | Instance 3 -0.57 40 50 60 70
dtype: float64 Actual Age




prakticka cast - priklad

https://github.com/dnanexus/UKB_RAP/tree/main/brain-age-model-blog-seminar
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Materialy pro tuto prednasku vznikly v ramci UK Biobank Application 46926.
Dékujeme vS§em ucastnikim UK Biobank za poskytnuti dat!
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