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Aktudlne trendy pocitaCovéeho videnia a umelegj
inteligencie v radiologii a digitdalnej patoldgii.

Prof. Vanda Benesova (oubl. ako Wanda Benesova)
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Aplikacné oblasti pocitacového videnia s Al

Vizudlna inspekcia

Histoldgia
RAdioldgia

metabolic tracer X-ray
emission

M-ray magnetic spin sound waves
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Pocitacové videnie s Al
Aké Ulohy mdze pomodct riesit Al v digitdlnej patoldgii a radioldgii?
Aké su vyzvy v Al pre digitdlnu patoldgiu a radioldgiu?
Priklady spoluprdace na vyskumnych ulohach

Ako suvisi Al s User eXperience (UX) v digitalnej patoldgii a
rddioldgii?
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Ulohy s Al rie§enim v patolégii

Segmentacné dlohy
* napr. segmentouo bunlek vySS|ch struktur regidnov zaujmu

Ukazka vystupu
segmentdcie sietou U-Net.
zelena - chybne negativne;
cervenad - chybne pozitivne;
Zlta - spravne pozitivna

Klasifikacné Uloh y o Inovatons m Gompuling Ressarch 2022 Aug 11 (p. 65-75) Ghar: Sprnger memational PUEIG. o (O inemeional Gonierene
* napr. rozlisenie typu bunky, grading
Registracia (fuzia dat)
* napr. fuzia susednych rezov v réznom chemickom farbeni
Virtudlne farbenie (virtual staining) a salientmé mapy (saliency maps)
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Precision medicine
approaches: treatment
( tailored to an i
individual patient
| . . t t l > .

Pristupy umelej inteligencie (Al)
StFOJOVGhO ucenia dopanJu s
od bornost a podporuju T

As a companion diagnostic
| assay to evaluate patient

prognosis to determine \
optimum management plan

High risk

Low risk

Quantification of
cells or objects (such
as types of blood cells
or haemoglobin)

Grading of the tissue
according to severity of
disease (for example, Gleason
grading in prostate cancer)

p Ot O lo 9 O O O n ko lo 9 O . figures, tubules or nuclei)

Identiﬁcatif)n of unique % - Early assessment
morpholog»cglfeatures o) & of response to a
EsenlE e i G / Pathologist .o specific drug or
alterations or signalling ~ W ioan e
pathways ¥ “ E ) E & @e
Pre pra ktického onkoldga A R
mozu byt prlstu oy Al pouzité Fecrogenciy by
across the tissue block ngggvfgiﬁg:;gjfw
na pomoc pri rozhodovani o |
A h kt h 2 Delineat}ion or Identification o.f
roznych aspextoc i ;s;f:;sd;zz:;,t;znd
t t ma igqant or visual identi .cation
manazmentu pacientov s T S
rokovinou. SRR
Stratification of patients on the Identification of patients who
\ basis of their risk of progression or are more likely to respond to /
recurrence to guide intensification a particular therapeutic
or de-intensification therapy regimen or treatment

Bera, K., Schalper, K.A., Rimm, D.L. et al. Artificial intelligence in digital pathology — new tools for diagnosis and precision oncology. Nat Rev Clin Oncol 16, 703-715 (2019).
https://doi.org/10.1038/s41571-019-0252-y
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I d .
+ Segmentadcia
r'd rd . p
* napr. nadoru, anomalie, v
Semantic - manually Handcrafted radiomic Deep radiomic features -
acquired features features algorithms using deep learning
H o~ (™ Visual estimated (s Imol ion. VoS
° c plementation 3 , Features
K l.O S l ﬁ ko C I O @ 2 6]1 an.d me.asulred [_E of statistical » produced by the
. 4 52 using simple methods, image _ » ° Convolutional
¢ d rU h O C h O re ﬂ | O, typ n O d O ru O 3 ?',' tools by by processing Neural Network
[E < N radiologist A methods...  A_ (CNN) filters
pOd--- = ( Examples: /Algorithmical description\/ = CNN filters
S = @ Diameter size of:adenoma shape, % response ->
g= Lobulated shape adenoma texture, ... i CNN last layers
= ¥ Spiculated shape .., gray-level features, feature maps
, . . . . NS N —etc. N\
[ ] =
RO d Iomil ky (RO d IOmIC S) 2 The eventual average classification performance for a given specific task,
§ é‘ relying solely on these radiomic features, might be:
é § low accurate medium accurate high accurate
O« \_ N N\
> é L. / o Y Poor interpretability
= !ntrnnswally good Partially interpretable because of the “black
- = interpretable features box® character -> the
Zilka, Tomas & Benesova, Wanda. (2024). Radiomics of pituitary adenoma using computer vision: a review. Medical %) g features needifon post—hoc
& biological engineering & computing. 62. 10.1007/511517-024-03163-3. ' ' § g \_ P NpeEeimetods:
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Interpretovatelnost a vysvetlitelnost .
neuronovych sieti

“Preco sa siet rozhodla ako sa rozhodla?"

Kam sa “pozerd” neurénova siet?

Odpoved pre;
1. Al vyvojara E \ Gemmmm— U&ebnicové priklady ->
4 _ velal kam by sa neurénova siet
2. lekO[? tel mala divat ak hladad
pouzivatela

zvacsenie aorty, cardiomegaly
ol s a pulmonary fibrosis
aplikacie Al
= Konkrétne priklady ->
vizualizdcie kam sa

neurdnova siet v

skutocnosti diva

(ucend na datasete Chest X-ray
Abnormalities Detection
rozpoznat zvacsenie aorty,

- —— cardiomegaly a pulmonary

Zdroj: Marko Stahovec Bakaldrska praca fibrosis)
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Vyzvy v Al pre digitdlnu patoldgiu o

rO d I O lo 9 I u Ukdzka ohotécie adendmu hypofyzy
Problém kvalitného datasetu a nedostatok N | (A
anotovanych dat - ako to vieme riesit?

UX v procese anotovania dat

Al generuje ddta pre trénovanie neurdnove;
siete

Aktivne ucenie, stratégie slabo anotovanych ¢
dat...

~
D l Ve 4 k R
o S I e S m e ry VyS u m u * Ukazka Vreélmych a generovanych-syntetickych histolo_gick{/ch dat:

Spracovanie multimodalnych dat, naopr. ﬁ é_;

ObrOZOVy,Ch Oj kliniCkyCh dét redlne déta syntetizované data reoLnedoto syntetzo vané data

Predikcia vyvoja v Case VD S SR SRR
V¥ ey B W) B PR B e e

Vypoclet biomarkerov ey ey i "_f‘:j' B
 Interpretovatelnost a vysvetlitelnost! AR &Y |
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Priklady vyskumu na FIIT vo VGG
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Spolupraca s IKEM Praha Hﬂi

Anotdcie lekdrov

Institut Klinické a Experimentdlni Mediciny
doc. MUDr. Ondrej Fabidn, Ph.D., RNDr. Martin Kvéton

Biopsia po transplantdcii srdca

Segmentdcia histologickych snimok Segmentacia vyssich
Struktdr v

histologickych —
snimkach

;.. W Immune cells .
B Muscle cells [

us o v Z

Predikcia
neurdnovej siete

R g o SR

Detekcia buniek/ jadier buniek

Endokard
Autor: Ing. Matej Halinkovi¢ Cievy

Zapaly


https://ikem.cz/

vgg.fiit.stuba.sk

Spolupraca s Fakultnou Nemocnicou .
svateho Michala e tomss Zike g 1
Segmentacia adendmu hypofyzy, rodlomlky

W/
N

Postupnost vypoctu
Extrakcia Vystup
radiomickych Klasifikacia
priznakov do tried

radiomickych priznakov
detekcia/se

Vstupny gmentdacia
\_obraz(MRl) ) {_adendmu ) \_ J o\

Segmentdcia
adendmu

hypofyzy



https://docs.google.com/file/d/1OtJ_Hl6xV3o3OZqSBcgHvdQQ3WVYs6Is/preview
https://docs.google.com/file/d/1iEmKBoIfFEyOhM7mRTHMQDrl9Izjkc7W/preview
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MUDr. Andrea Janegova, PhD.
Ustav patologickej anatdmie

/

Ulohy su viaceré, napr.:

«  Nottinghamské skore rakoviny prsnika
« Dvojité farbenie histologickych prepardtov
«  Vyukovy prograom s podporou Al (digitdlna patoldgiaq)
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Koncept ,Human-in-the-loop" v Al

= _Ma.A —— a a
Cp

ok )

Doménovi experti HCl o UX expert;
zodpovedni za: zodpovedni za:
e Presné vydefinovanie e Pouzivatelsky
problemu vyskum/prieskum u
e Pripravu dat, anotdcie, doménovych expertov
poskytnutie spatnej e Tvorbu pouzivatelsky

prijemnych a efektivnych

vazby k priebeznym nye g ,
anotacnych nastrojov

vysledkom
e Vysvetlenie odbornych
problémov
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Expertti na Al & pocitacové
videnie
zodpovedni za:

e Vyskum a ucenie
neurénovych sieti a
medicinskeho
zobrazovania

e Vyskum a vyvoj
aplikacie neurénovych
sieti



