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Nococ Sjogren’s

® 2ZVOTNUOTIKO (VTOGVOGO VOGTLLOL
& Tvvaikeg / Avopeg = 15:1
& OAeyuovmong omdnomn GleA0YOvV@MY Kol OOKPUIKOV 0OEVOV

¢ EEmadevikég skonlwoels: 10-15% my Aépoopa, kpvoGb ayysuition

Goules AV, Tzioufas AG. Primary Sjogren’s syndrome: Clinical phenotypes, outcome and the development of biomarkers. Autoimmunity Reviews. 2016;15(7):695-703.
doi:https://doi.org/10.1016/j.autrev.2016.03.004



Kpimpio Tacivounong ACR/EULAR 2016

Kpimipro (BaBpog > 4 : Ta&vopnon og SjD)

Focus Score > 1 o¢ Bloyio eAdocovov olehoyOVmV adéEvmv
LLE OVAOELET EOTIOKNG GLEANOEVITIONG

Anti-Ro/SSA (+)

Ocular Staining Score > 5 6¢ tovAdytotov Eva patt (1) van Bijsterveld score >4)

Schirmer’s test < Smm/5min & ToLAGYIGTOV Vol LATL

Yiedhopetpio < 0.1mL/min (Unstimulated Whole Saliva Flow Rate)

Shiboski, Caroline H, et al. “2016 American College of Rheumatology/European League against Rheumatism Classification Criteria for Primary Sjogren’s Syndrome.” Annals of the Rheumatic Diseases, vol.
76, no. 1, 26 Oct. 2016, pp. 9-16, https://doi.org/10.1136/annrheumdis-2016-210571.
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Kroese FGM, Haacke EA, Bombardieri M. The role of salivary gland histopathology in primary Sjégren’s syndrome: promises and pitfalls. Clinical and Experimental Rheumatology. 2018;36 Suppl 112(3):222-233. https://pubmed.ncbi.nlm.nih.gov/30156550/

Dewi Guellec, et al. “Diagnostic Value of Labial Minor Salivary Gland Biopsy for Sjogren’s Syndrome: A Systematic Review.” Autoimmunity Reviews, vol. 12, no. 3, 1 Jan. 2013, pp. 416420, https://doi.org/10.1016/j.autrev.2012.08.001




Focus Score

¢ Kivikn onpootia: Xvcyétion ue AY=HEH oe:

A) Kvikég ekonhooels: - Aépoopo: ANEZAPTHTOX napdyovtog Kivovvou
- PGE

- Ilvevpovikég: ILD, Nocog pikpov agpoymymv

B) Avtikewpevikéc petpiosis Enpétnrog: - USF § ...0AAG OXI e Sicca
- OSS

Daniels, Troy E., et al. “Associations between Salivary Gland Histopathologic Diagnoses and Phenotypic Features of Sjogren’s Syndrome among 1,726 Registry Participants.” Arthritis & Rheumatism, vol. 63, no. 7, 29 June 2011, pp. 2021-2030,
https://doi.org/10.1002/art.30381.

Kakugawa, Tomoyuki et al. “Lymphocytic Focus Score Is Positively Related to Airway and Interstitial Lung Diseases in Primary Sjogren’s Syndrome.” Respiratory Medicine, vol. 137, 1 Apr. 2018, pp. 95-102,
www.sciencedirect.com/science/article/pii/S0954611118300623, https://doi.org/10.1016/j.rmed.2018.02.023.

Chatzis L, Goules AV, Pezoulas V, et al. A biomarker for lymphoma development in Sjogren’s syndrome: Salivary gland focus score. Journal of Autoimmunity. 2021;121:102648. doi:https://doi.org/10.1016/j.jaut.2021.102648



Focus Score

¢ Ymoloywonog FS: Inter-observer Variability [Tovemiomuiokov kEvipmv - E10tkd ekmoidevpévmv:

Alayn FS status og 12.6% enava&loAdoynong
& Avagopd FS: Aueieiton og 17% (uerétn TEARS)
¢ Awyvoon SjD: H eravetétaon acbevoic amd non-expert center e expert center:

Alrayn drdyvoong o 53% (#1 Adyoc: Mn epapuoyn FS)

Costa, Sebastian, et al. “Reliability of Histopathological Salivary Gland Biopsy Assessment in Sjogren’s Syndrome: A Multicentre Cohort Study.” Rheumatology, vol. 54, no. 6, 27 Nov. 2014, pp. 1056—1064, https://doi.org/10.1093/rheumatology/keu453.

Vivino, Frederick B., et al. “Change in Final Diagnosis on Second Evaluation of Labial Minor Salivary Gland Biopsies.” The Journal of Rheumatology, vol. 29, no. 5, 1 May 2002, pp. 938-944, pubmed.ncbi.nlm.nih.gov/12022353/.
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Volume 153, May 2025, 103418

Evaluation of minor labial salivary gland

focus score in Sjogren's disease using deep
learning: a tool for more efficient diagnosis
and future tissue biomarker discovery

Konstantinos N. Panagiotopoulos 9, Nikos Tsiknakis ° 9, Dimitrios I. Zaridis € 9¢,

Autoimmunity Reviews
Volume 24, Issue 12, 18 December 2025, 103916

Artificial intelligence for biopsies and
imaging modalities in systemic autoimmune
rheumatic diseases: An instructive narrative
review

Konstantinos N. Panagiotopoulos @ , Nikos Tsiknakis €, Dimitrios I. Zaridis 9 ¢,

Athanasios G. Tzioufas @ © 9, Dimitrios L. Fotiadis ¢ {, Andreas V. Goules @ ® & &
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Mnyoavikn Mdabnon

Artificial Intelligence (Narrow) / Machine Learning/ Deep Learning:
O vroAoyiotnc MA®AINEI va oevepyet pa epyacio

2025: AEN YITAPXEI Generalizable Al

Taye MM. Understanding of Machine Learning with Deep Learning: Architectures, Workflow, Applications and Future Directions. Computers. 2023;12(5):91-91.
doi:https://doi.org/10.3390/computers12050091



Mnyoavikn Mdabnon

& Tpomor ExudOnong:

- Supervised Learning (Ilapovcia Labels) pe mpoAnuata:

a) Classification: Awoxpitr) petoafAntm: - Binary
- Multi-Class

B) Regression: Xvveync petafAntm

- Unsupervised Learning: Ava(itnon potifov (Amovcio Labels) pe mpopfAnuata:

a) Clustering: Opodomoinom TapadElYLATOV LE “avTodidoakTo” TPOTO

- Reinforcement Learning: Avtopoir)/ITowvn andeaong povtéhov eCaptaton amd v enttvyio e (Poumotikn)

Taye MM. Understanding of Machine Learning with Deep Learning: Architectures, Workflow, Applications and Future Directions. Computers. 2023;12(5):91-91.
doi:https://doi.org/10.3390/computers12050091



Aoun Movtérov

Preprocessing: - Tissue Segmentation (Otsu method - Manual)

- Blur Thresholding

- Patch Extraction

Feature Extraction

Train/Test Split: 70/30

Training

Classification (Binary)

Heatmap Generation

Manual Error Analysis

Outputs:

- FS <1
- FS =1

Supervised Deep Learning Model.:
Weakly Supervised

Feature Extractor:
Foundation Model
Me npoeknaidevon oe TCGA

Classifier:
Supervised Learning (Attention based)




To Movtého Mog
- lldyog Topowv:  3pum

& 271 Broyieg 6mov - FS<1: 153 (57.7%) - ApuOpog topov: 3
- AvayvooTteg Broyiog: 2
-FS>=1: 118 (43.3%) xou FS=1-2: 74 Broyiec

- ATOKPOWYT KMVIKOEPYOGTPLIKOY

FS > 2: 44 Bowisc OTOLYELMV UTO UVUYVOOTES
- ITAokidow ava acBsvny:
& Olor o1 ac0cveic: Kiuvikn évocién depevvnong SjD Yovil0wg >1 = To Mo svKpIvEg

¢ Toyeia droloyn

- XpOvog oG pmonS ova TAOKION0:
& Awoarotvrivn & Hooivn Mepimov 10 min
- Xpovog tpoPfreyng ava mhokidro:
Iepinov 10 min

¢ Pnooxkn Zapwon: 20x peyébovvon Olympus Slideview VS200
Avéivon swovag: Pixel Width/Height = 0.2738um
PPI =96

Fisher, Benjamin A, et al. “Standardisation of Labial Salivary Gland Histopathology in Clinical Trials in Primary Sjogren’s Syndrome.” Annals of the Rheumatic Diseases, vol. 76, no. 7,
13 Dec. 2016, pp. 1161-1168, https://doi.org/10.1136/annrheumdis-2016-210448.



Ynoeromoinon Proyiov (WSI)




1Ssue Segmentation




Blur Thresholding




Patch Extraction




Feature Extraction

Elaywyn «idrottmv»
and cvvoro Pixel:

2eTILOUEVEG UE
LOLOTNTES TNC EIKOVOC:
- Xpopo

- «YQ»

- Mopooroyia

OXI «kaTavonon» tov
16TOTA00A0YIKOV
YOPOKTNPIGTIKAOV



Classifier

Feature extraction Multi-class attention branches
_ Class 1

Attention
backbone

Class 2

""éxp(x,)-‘\""-.

Prediction

 Becancamand o _
\ X, exp(x);

-

Class N ™=

Patch features

Ground-truth label » . | | Slide-level classifier

Lu, M.Y., Williamson, D.F.K., Chen, T.Y. et al. Data-efficient and weakly supervised computational pathology on whole-slide images. Nat Biomed Eng 5, 555-570 (2021).
https://doi.org/10.1038/s41551-020-00682-w




Train/Test Split

Training Set: 70% Test set: 30%

20 fold cross validation



ATmoTteElEGLOTO

¢ AUC =0.932 ... omov mpwt ewkova: OXI Overfitting

¢ EvaieOnocia = 87.2% | ROC Curve

o
©

¢ Ewwotnto = 83.7%

<
a.
E
[0}
]
[
o
[
>
=]
wv
o
(-
()
=
S

o
N

—— AUC-ROC = 0.93
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Manual Error Analysis

Xapoktnpiotikd Blioyiov

Focus Score Tvoon Awm@ong Aujdnon
Ywotd Ta&vounuéves Bloyieg B Avemituyag TaStvounuéveg Bloyieg



Heatmap Generation




Manual Error Analysis




Melhovtikee KatevOoveelg

¢ Beltimon 1ov mopovioc LOVTELOD:
Exnaiocvon 6e dgoouéva Kat amnod:
- AX\ovg avayvooteg Broyidv (y Al KEVTPOL)
- AN\ epyaoctnplo. (T ETEPOYEVELN GE COPMTES, YPOLE YPDCEMDV)

- Meyolbtepn mowkidia froyiov (amopuyn overfitting)

& Ao Awyvootikd/IIpoyvootikd/ITaboyevetikd Movtéla
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