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Ecografiade la tiroide

Variabilitat interobservador

Endocrine Connections 2018
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Intel-ligencia artificial

Deep learning

Support Vector Machines, Random forest,
Bayessian classifiers, k-nearest neighbor

Neural network architecture

Convolutional Neural Networks (CNNs)

Deep Convolutional Neural Networks (DCNNs)

Fully Convolutional Networks (FCNs)

Region Based Convolutional Neural Network (R-CNNs)
Faster R-CNN

Mask R-CNN




‘ Intel-ligencia artificial en Medicina

J Med Informatics 2019
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Identificacio i analisi de les caracteristiques

Metodologies no - CNN

Support Vector Machines (SVM) Random Forest (RF)

K-nearest neighbor (k-nn)
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Identificacio i analisi de les caracteristiques

Metodologia de xarxa neuronal convolucional (CNN)



Intel-ligencia artificial en ecografia



Intel-ligencia artificial en ecografia

4.- Classificacio automatica. Recomanacio
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Intel-ligencia artificial en Ecografia Tiroidea

AUC calculada de
I’ analisis de ROC

Diagnostics 2022

0.9

0.8+

0.7+

0.6

o
w

Sensitivity

0.4+

0.3+

0.2+

0.1+

AUC: 0.88

0.8 0.7 0.6 0.5
Specificity

0.4 0.3 0.2 0.1




Intel-ligencia artificial en Ecografia Tiroidea

ROC CNN
vs. no-CNN

Sensitivity Specificity
CNN: 0.85 0.82
Non-CNN: 0.90 0.88

Diagnostics 2022
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Sensibilitat Especificitat

Observador e

Wu 2016

VS. Chai 2017

Gao 2017
CAD Liang 2018
Yoo 2018
Lee 2019
Li 2019
Liu 2019 (2)
Park 2019
Reverter 2019
Wang 2019
Wildman=-Tobriner 2019
Xia 2019
Zhang 2019 (2}
Buda 2019
Gitte 2019
Jeong 2019
Kim 2019
Ko 2019
Shin 2020
Sun 2020
Wei 2020 (2)
Wei 2020 (3)
Ye 2020
Zhang 2020
Zhow 2020
Barczynski 2020
Koh 2020
Zhu 2021 (2)
Han 2021
Park 2021
Peng 2021
Zhao 2021
Zhu 2021

0.98 Odds ratio 0.93
Diagnostics 2022



Intel-ligencia artificial en Ecografia Tiroidea

He LT. Current Medical Imaging, 2022
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CAD comercialitzats

Detect-2 CAD for thyroid nodules

Rendiment diagnostic

Jeong EY, Eur Radiol 2019



CAD comercialitzats

Wildman B. AJR 2022
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AmCad BioMed Corporation®

Certificacié FDA i EC
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CAD comercialitzats
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Am CAD -UT. Resultats

Reverter JL. Am J Roetgen 2019
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AmMCAD. Resultats

Wildman B. AJR 2022



Programes CAD comercials



Programes CAD comercials



Koios DS Thyroid



Koios DS Thyroid

mean AUC=0.893
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Reliability of a computer-aided system in the
evaluation of indeterminate ultrasound images
of thyroid nodules

J L Reverter', L Ferrer-Estopifant2, F Vazquez'Z, S Ballesta'2, S Batule'2, A Perez-Montes de Oca'2, C Puig-Jovél2
and M Puig-Domingo'2

'Endocrinology and Nutrition Service, Germans Trias i Pujol Hospital and Research Institute, Badalona, Spain
2Department of Medicine, Autonomous University of Barcelona, Barcelona, Spain

Correspondence should be addressed to ] L Reverter: reverter.germanstrias@gencat.cat

Abstract

Introduction: Computer-aided diagnostic (CAD) programs for malignancy risk stratification Key Words
from ultrasound (US) imaging of thyroid nodules are being validated both experimentally  » thyroid nodules
and in real-world practice. However, they have not been tested for reliability in analyzing  » caD system
difficult or unclear images. » risk classification
Methods: US images with indeterminate characteristics were evaluated by five observers

with different experience in US examination and by a commercial CAD program. The

nodules, on which the observers widely agreed, were considered concordant and,

if there was little agreement, not concordant or difficult to assess. The diagnostic

perfarmance of the readers and the CAD program was calculated and compared in both
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European Thyroid J L Reverter et al. Computerized evaluation of

JOU RNAL thyroid nodules

Table 1 Diagnostic performance of the group of readers and the CAD program in the set of concordant (n = 37) and non-concordant
(n=43) nodules.

SEN (36) SPE (%) PPV (%) NPV (%) Accuracy (%)
AmCAD
Concordant 87.5 455 777 777 74.2
Non-concordant 80.7 50.0 71.4 724 70.0
Clinical observers
Concordant 95.0 49.4 75.2 85.6 77.0
Non-concordant 74.0= 43.5 4. 2ab 66.1 57.18

3P < 0.05 with respect te concordant; bP < 0.05 with respect to AmCAD.
CAD, computer-aided diagnostic; NPV, negative predictive value; PPV, positive predictive value; SEN, Sensitivity: SPE, Specificity.



Aplicacions cliniques dels sistemes CAD



CNN-CAD in metastatic lymph node IA mapping

Lee JH. Thyroid 2018



Radiomicsomics in Precision Medicine

Screening, Diagnosis, Classification, and Staging

Individualized Treatment and Survival Prediction



Aplicacions clinigues dels sistemes CAD

Punts clau:

- On implementar el CAD a I'algoritme de diagnostic ?
- Elevada especificitat o elevada sensibilitat ?

- Necessaria validacio d'eficacia i eficiencia en clinica
- L’algoritme ha de ser robust i fiable

- Avaluacio economica

- Sistema d’aprenentatge i formacio

- La investigacio ha d'explicar els motius en que es basen les prediccions
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Impression

l The nodule tumor, which measures 2,41 (W) x 1,72 (T) cm in size, is a hyperechoic and
'| hemogeneous nodule.

Methodology Risk of Malignancy
? AMCE/ACESAME, 2016 Mot specified
ACR, 2017 TI-RADS 3: Mildly Suspicious (3 Points)
ATA, 2015 Low suspicion (5-10%)
BTA, 2014 U2Z: Benign

European TIRADS, 2017 EU-TIRADS 3: Low risk (2-4%)

Kwaketal, 2011 (Korea) Categorydi Low suspicion for malignancy (3.6-12.7%)
KSThR and KSR, 2016 Category 3: Low suspicion (3-15%)

Seo etal, 2015 (Korea)  Category 2: Probably benign (<= 5%3)
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Impression

The nodule tumor, which measures 2,00 (W) x 1,35 (T) cm in size, is a hypoechoic and homogeneous
nodule with the presence of ill-defined margin and extrathyroidal extension.

Methodology Rizk of Malignancy

AACE/ACESAME, 2016 High-risk (50-90%)

ACR, 2017 TI-RADS 5: Highly Suspicious (7 Points)
ATA, 2015 High suspicion (> 70-90%)

BTA, 2014 Ud: Suspicious

European TIRADS, 2017  EU-TIRADS 4: Intermediate risk (6-17%)

Kwaket al, 2011 (Korea) Category4(C: Moderate concern but not classic for malignancy (21-91.9%)
KSThR and KSR, 2016 Category 4: Indeterminate suspicion (15-50%)
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measures 2,00 (W) x 1,35 (T) cm in size, is a hypoechoic and homogeneous
ith the presence of ill-defined margin and extrathyroidal extension.

Methodology Risk of Malignancy

AACE/ACESAME, 2016 High-risk (50-90%)

ACR, 2017 TI-RADS 5: Highly Suspicious (7 Points)
ATA, 2015 High suspicion (> 70-90%)

BTA, 2014 Ud: Suspicious

European TIRADS, 2017  EU-TIRADS 4: Intermediate risk (6-17%)
Kwaket al, 2011 (Korea) Category4(C: Moderate concern but not classic for malignancy (21-91.9%)
KSThR and KSR, 2016 Category 4: Indeterminate suspicion (15-50%)
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