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* By 2028: Robots will

outperform human surgeons
* By 2030: More robot surgeons

than human ones on Earth.
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Artificial Intelligence Applications Across the Thyroid Clinical Pathway

Nodes color-coded by translational maturity

Nodule Risk Molecular & Histology &

FNA I
Stratification Cytology Inflammatory Inference Frozen Section

Bethesda triage; - =
ACR TI-RADS, ATA; reclassify indeterminate BRAF, RAS, fusions; Subtyping;

S-Detect, Koios, AmCAD-UT radiomic DLRI LN metastasis prediction

Risk Modeling
Recurrence, LN,
distant metastasis

Screening US
Detection & robotic
sonographic survey

Intraoperative Parathyroid ID Postoperative Hypocalcemia Risk Radioiodine Response Prediction Long-Term Surveillance
NIRAF + Al; PTeye, Fluobeam LX Intraop PTH + clinical RF lodine avidity; RAI outcome Dynamic risk re-stratification

Thyroid Eye Disease (parallel pathway) Functional Thyroid Disorders (parallel pathway)
CT / MRI severity grading ¢ Facial photograph CAS e Treatment-response prediction (IV GC, multimodal MRI) Graves vs. destructive thyroiditis (US, scintigraphy) » Subclinical hypothyroidism detection
Korea MFDS—approved CAS tool LT4 dose optimization * RAl response & post-RAI hypothyroidism prediction

utting — Large language models: patient education, documentation, guideline Q&A (not approved for diagn L ptibleto hallucination and temporal drift)

Translational maturity - FDA-cleared / regulator-approved - Investigational, externally validated - Single-center / proof of concept



TaBLE 1. CoMMERCIAL Al SysTEMS FOR THYROID NODULE EvaLuaTioN CLEARED BY THE U.S. Foobp aAND DRUG ADMINISTRATION

Product

Vendor

Hardware/Operating
system(s)

PACS
mtegration

U.S. modalities
supported

Automatic nodule
selection

Automatic
segmentation

Reporting

RSSs function

AmCAD-UT

Koios DS
Thyroid
S-Detect

See-Mode
Thyroid

Thyroid Sono

tUS Infinity and
Thyroid
Diagnostics

AmCad BioMed
(Taipei, Taiwan )

Koios Medical
(Chicago, IL)

Samsung Healthcare
(Seoul, South
Korea)

See-Mode
Technologies
(Melbourne,
Australia)

Exo Imaging (Santa
Clara, CA)

PIUR Imaging
(Vienna, Austria)

Microsoft Windows
or Android

Server or GE LOGIQ
series scanner

Samsung RS85
Prestige or V8
scanners

Browser-based

Dedicated computer
running Linux
Windows 10

Yes

Static grayscale
and color Doppler

Static grayscale
images and clips
Static grayscale
and color Doppler

Static grayscale
and color Doppler

Static grayscale
images and clips

Static grayscale
image

Yes

No

Semi-automated

Yes

ACR TI-RADS, EU-
TIRADS, K-TIRADS,
ATA Guidelines,
AACE/ACE/AME,
BTA

ACR TI-RADS, ATA
Guidelines

ACR TI-RADS, EU-
TIRADS, K-TIRADS
(in the U.S., features
are completed
manually)

ACR TI-RADS

Yes

ACR TI-RADS

ACR TI-RADS*®

“Not vet approved in the United States.
AACE, American Association of Clinical Endocrinology; ACE, American College of Endocrinology: ACR, American College of Radiology: AME, Associazione Medici Endocrinologi; ATA,
American Thyroid Association; BTA, British Thyroid Association; EU-TIRADS, European TIRADS: K-TIRADS, Korean TIRADS; TIRADS, Thyroid Imaging, Reporting and Data System.
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Ultrasound reports have insufficient quality

87 % of ultrasound reports provide
incomplete information

Year of data capture

On average, only 3 of the 8
required features are reported
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This leads to unnecessary
new tests

Points
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Fl(;. 3. Correlation between the readers
and the Al ACR TI-RADS score. ACR
TI-RADS, American College of Radi-
ology Thyroid Imaging Reporting and
Data System.

Readers ACR TIRADS points

Correlation US

R=0.741. p<0.001

Correlation Us+DS  R=0.981. p<0.001
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Table 2 Inter-observer agreement for sonographic features (Free-
marginal kappa)

Sonographic feature (n categories) % overall Free-marginal kappa
agreement

Echogenicity (4) 1 9% 0.35 (0.31-0.39)
Composition (4) T5% 0.66 (0.62-0.70)
Margins (2) 75% 0.50 (0.43-0.55)
Echogenic foci (3) 85 % 0.77 (0.73-0.81)
ETE (2) 1% 0.82 (0.78-0.86)
Suspicious lymph nodes 0% 0.80 (0.72-0.89)
(n=116) (2)

Sonographic pattern (5) 199% 0.36 (0.32-0.41)
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Ultrasound imaging is not standardized

1 same nodule, 2 scanners, 3 interpretations

Hyperechoic 4% Hyperechoic §| 3%
Isoechoic 51% Isoechoic | 0%
Slightly Slightly
3 . 9%
hypoechoic 42% hypoechoic
Very Very
. 3% . 88%

hypoechoic % hypoechoic

* A survey of 80 endocrinologists at SEEN 2025 regarding the echogenicity of the nodule in each image.
Both images show the same lesion, acquired using two different ultrasound scanners.

OLISS=S



Limitations of current Al FDA-approved tools

* Trained on non-standardized images
* Manually labeled (subjective interpretation)
* Improve interobserver agreement > default effect
* Trained on binary output (benign — malignant)
* Good for PTCs (less clinical impact)
* Underperformance on FTC, OTC, MTC...
 Little benefit for expert observers (better for junior profiles)

» Selection bias of training datasets - overestimate risk in low malignancy prevalence settings

* Frame dependency
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Barriers for implementation of available Al tools

Limited availability outside of research settings
Lack of high-quality independent prospective validation studies
Uncertain added value in clinical practice

Limited reimbursement by payers
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What do we need?

* Image standardization
e Cine-loop analysis

* Prospective multicenter data collection and validation

12
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Standardizing the future of  #°

ultrasound imaging
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The ULISSES project

Developing software for automatic, objective, precise, reproducible analysis of ultrasound imaging

Al

Image/video upload ULISSES standardization Autosegmentation Al diagnostic software Structured report

Unpublished data 14
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Visual results of ULISSES standardization
PHILIPS TOSHIBA

Original images

Unpublished data 1
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Scientific evidence
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U Scientific evidence

The more comparable the data, the greater the accuracy

Non-standardized . ULISSES-standardized
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Unpublished data 17
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Multiclass automatic segmentation

H.RAMON Y CAJAL ULT342, M 1.1 Tis 0.3 ML6-15
"16/11/22 17:03:36 ADM ULT342 Tiroides

-FR 23
AO% 100

~o. Trained with:

e >6000 images/frames

>550 nodules

Histologic/Cytologic correlation

De Diego Pena et al. Under review 18
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Automatic segmentation — Cine-loops
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Unpublished data
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T ULISSES-Thyroid — Under development

* Prospective images and cine-loops of > 700 thyroid nodules
* 15% malignant

 Retrospective images of >250 resected thyroid nodules
e 70% malignant

e PI126/01819 - ULISSES-Thyroid (4 yrs)
 Hospital Universitario Ramoén y Cajal

* Hospital Universitario Son Espases

 Hospital Clinico Universitario Valladolid
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ULISSES-Breast - Explicability module

—

€ Oussss es e
23 ) Datos Clinicos
100
1500 Fecha Estudio 28/2/2026
. 12.0 Modalidad Ecografia Mamaria
53
33 Clasificacién (BI-RADS 4A )
c/o
4.0 Forma Redondeado
69
Margen Microlobulado
Ecogenicidad Hipoecoico
Calcificaciones No
Orientacién No paralela
U-SCORE Sospecha Baja (35%)
e
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BAG-TIPO: Fibroadenoma BAG-TIPO: Fibroadenoma BAG-TIPO: Fibroadenoma BAG-TIPO: Papiloma intraductal
97% similitud 94% similitud 91% similitud 89% similitud

Unpublished data e
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