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MenaHoma xopuonpen — cepbesHoe OHHonornyeckoe 3abonesaHue, Tpebyiolliee cBoeBpeMeHHOro 0BHapyHeHnA AnA athheRTVBHOrO
NeYeHnA 1 CoXpaHeHUA 13HW BonbHoro. TpagyUMOHHbIE METOALI ANArHOCTUHY UMEIOT OrpaHUYeHVA B HYyBCTBUTENBHOCTY U TOYHOCTW,
0cobeHHO Ha paHHWX cTaguAx omyxoneBoro npouecca. VickyccTBeHHbIn nHTenneKT () obellaeT pesonioumio B odTansMonorim, no-
3BONIAA aBTOMATV3MPOBaTL aHanMa n3obparkeHnin rMasHoro AHa v BbIABNATE TOHKWE NPU3HAKW OMyXonen.

B paHHon 0B30pHOM cTaTbe paccMOTPeHbl COBPEMEHHbIE BO3MOMHOCTU W B paHHeR AnarHocTuKe MenaHombl xopuoupen. Axa-
NV3VPYIOTCA NPEVIMYLLIECTBA W OrpaHnyeHnA npumerenna W B odiTanbMonornm, onvnckiBaloTCA CYLLECTBYIOLLVIE UCCNE[0BaHWA Mo pas-
paboTHe 1 BHegpeHwuio cuctem VIV gnAa gmarHocTuKm onyxonen rmasHoro gHa. Obeyrpaerca byayee A B odTanemonorum n nepcnek-
TVBbI Pa3BUTWUA AAHHOr0 HaNpPaBneHWA.

CraTbA npepHasHaveHa AnA odTanbMonoros, VccnefoBaTenen v cneuuanicToB B 0B1acTi MCHYCCTBEHHOMO VHTENNeKTa, 3anHTepe-
COBaHHbIX B NOBbILLEHWY 3thPERTUBHOCTY PaHHEN AMArHOCTUKN MENaHOMbI XOPUOVAEWN W YNYHLLEHWV BUTaNbLHOMO NPOrHO3a NaLyieHToB.

Knio4eBble cnoBa: MenaHoma XOpyouae, HEBYC XOPUOWEEN, UCHYCCTBEHHbIN MHTENNeKT, rnyBoKoe obyveHue, HEMpPOHHbIE CEeTU
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ABSTRACT Ophthalmology in Russia. 2026;23(2):223-233

Choroidal melanoma is a serious oncological disease that requires timely detection for effective treatment and saving the patient’s
life. Traditional diagnostic methods have limitations in sensitivity and accuracy, especially in the early stages of the tumor process.
Artificial intelligence (Al) promises to revolutionize ophthalmology, allowing for automated analysis of fundus images and the detection
of subtle signs of tumoars.

This review article discusses the current capabilities of Al in the early diagnosis of choroidal melanoma. The advantages and limita-
tions of using Al in ophthalmology are analyzed, and existing studies on the development and implementation of Al systems for the diagno-
sis of fundus tumors are described. The future of Al in ophthalmology and the prospects for the development of this area are discussed.
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The article is intended for ophthalmologists, researchers, and specialists in the field of artificial intelligence interested in increas-
ing the efficiency of early diagnosis of choroidal melanoma and improving the vital prognosis of patients.
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BBEAEHUE

Vurerpamys uckyccrBenHoro uuteiekra (M) B pua-
THOCTHMKY XOPMOVA/IBHOM METaHOMBI IIPEfCTAB/IsIET COOO0
aKTYa/lbHYI0 BETBb MICCIEOBAHMIT HA CTBIKE O TaTbMOIOTN
U KOMIIBIOTEPHBIX HayK. HemaBHMe MccnemoBaHMsA mopyep-
KMBAIOT MOTeHIMan anroputMoB VIV, B yacTHOCTU Mopernen
DIyOOKOro 00yueHs, Ayl TOMOIIY BpadaM B guddepeHiy-
a/IbHOII IMIATHOCTHKE, OTIpeJie/IeHNI TPOTHO3a U Jla/IbHelIet
TaKTUKY JIeYeHNS OITyXorIeit. B maHHOM 0630pe OyneT paccMo-
TpeHO IpuMeHeHe TexHonornit MV B 0hTambMOOHKOMIOTUH.

NMPUMEHEHUE UM B O®TAJIbMOOHKOJIO AN

[Ty6nukanuit mo maydeHuio npumeHenus VIV B aToi
obyacTy He TaK MHOTO, XOTA B HacCTOsllee BpeMs JCCIle-
IOBAHNUS aKTUBHO BEAYTCS 110 PasHOOOpAsHBIM HAIpaB-
neHusaM. Pabora 2022 r. [1] ykaspiBaeT Ha 3HaYMTEIbHbII
pobel B COBPEMEHHOJI JIUTepaType OTHOCUTENILHO IIpU-
menenus VIV B orarbMOOHKO/IOrNN. ABTOPBI yTBEPXK/a-
I0T, YTO, XOTs VIV ycIeInHo BHeAPsieTCs B PYTUX 00/1acTAX
MeIMLIVHBI, €ro IOTEHLIMa/I B 9TOM HAIlpaBJICHUN OCTAeTCA
HE[OCTATOYHO M3YYEHHBIM, HECMOTPS Ha TO YTO MCIIOIb-
3oBaHue VIV 1mO3BOMsET YAYYIIMTD NPOTHOCTUIECKYIO
aHa/MTUKY. Hampumep, aIroput™bpl MAIIMHHOTO 00yYeHNs
MOTYT aHa/IM3MPOBATD JaHHbBIE ICTOPUIL O0I€3HN /ISt IPO-
THO3VPOBAHMsI Pe3y/IbTaTOB JIeYeHNMs ALMEeHTOB, YTO CIIO-
COOHO ITOMOYb B pa3paboTKe IepCOHANMN3UPOBAHHBIX II/Ia-
HOB Tepanui.

Tak, B HacTosiIIlee BpeMsI Be[yTCsI pabOTHI IO CO3/JaHMIO
TEXHOIOTMYeCKMX PeleHNIT JId PacllO3HaBaHMs OIyXOJIel
panyxku (puc. 1) [2, 3].

Eme opauM HampaBjieHMeM sABJsAeTcsA npuMeHenue VI
IS TIOMOIYM B IMArHOCTUKE OIyXosell BeK. bpimm mombrt-
K1 ucnonp3oBarb VMV pns pacrosHaBaHusA 06paslioB U30-
Opa)keHUI! IMCTONOrNYeCKOro uccnegosanus (puc. 2) [4, 5],
a 3areM JyIs aHa/IM3a IPOTEOMHBIX TaHHBIX [6].

[TpoTeoMHDBIT aHA/MN3 IIO3BOJSIET BBISB/ATH O€IKOBbIE
61oMapKepbl, KOTOpbIe MOTYT OBITb CBSA3aHbI C PA3/IMIHBIMMI
Bugamu omyxoseit. Cucrema Ha ocHose VIV momorna ompe-
IenmuThb 18 HOBBIX 6110MapkepoB. YyBCTBUTEIBHOCTD, CIIELV-
(UYHOCTD U 001asi TOYHOCTD CUCTEMBI IIPEBOCXOANIN TPa-
JMIIVIOHHBIE METOJBI JYAaTHOCTUKI.

ITepexopms K AMAarHOCTMKE 3a00JI€BaHMII YBeaIbHOTO
TPaKTa, MOKHO YIOMSAHYTb paboTy A. Bassi o mpumeHeHnn
VW nnsa ananusa 610MapKepoB, CBA3aHHBIX C BBIABICHNEM
U JIedeHUeM yBEUTa U yBealbHON MenaHoMbI [7]. O630p
BBIABUN 18 MccCnefoBaHmil, MOCBAIEHHBIX YBEUTY U yBe-
a7bHOM MenaHoMe. ABTOpBI IPOaHaIM3MPOBAIU MHOTO-
obpasuble Metonsl VIV pmnst pemreHnst pasaudYHBIX 3amadq
U BBIABWIIN, UTO y4eHble IPMMEHANIN CTIO>KHbIe MeTopbl VIV
B 56 % mcciefoBannii, METORBI perpeccun — B 72 %.

B 2023 r. Boimia o63opHas pabota [8], B KoTOpoOI
npoaHa/mM3upoBaHbl 804 ny6nMKauMM O TeKylleil cra-
INU M3YYeHMs MAIIHHOrO oOydeHmsa (OfHON M3 pas-
HOBU/HOCTe!l HCKYCCTBEHHOTO MHTE/UIEKTa) B 0OIacTn
odranbmoonkonornu.  ViccmepoBaHus
MHOXECTBO a/ITOPUTMOB M MCTOYHUKOB MAaHHBIX. Omy-
61MMKOBaHHBIE MOfieny pabOTAlOT XOPOIIO, HO WHOT/A
OHJ OIpaHMYeHbl HEOONBIIMMY pa3MepaMy BBIOOPKM U3-
3a HM3KOJ pacIPOCTPAaHEHHOCTU BHYTPUITA3HBIX OHKOJIO-
TMYIeCKUX 3a00/IeBaHMIT. B JUATHOCTIYECKMX aMrOpUTMax
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B OCHOBHOM NCIIO/Nb30Ba/NN BU3yanu3a-
nuio (HaIpuMmep, ONTUYECKYI0 KOIepeHT-
HYI0 TOMOTpaduio) B KauyeCTBE BXOJHBIX
DaHHBIX, TOIZla KaK B IPOTHOCTUYECKMX
QITOPUTMAX IPUMEHSIM KOMOMHAIUY
9KCIIPEeCCUM TeHOB, XapaKTepPUCTUK OITy-
XOmM U JeMorpaduyeckux IAaHHBIX IIa-
nuenTa [8].

B 2024 r. BbImen cucTeMaTUYecKuii
0630p [9] 0 mpuMeHeHUM MCKYCCTBEHHO-
rO MHTEIEKTA IpY paboTe C MmanyeHTaMu
C OHKOJIOTMYeCKMMM 3a00JIeBaHMAMU I7Ias.
BpUm paccMOTpeHBI BOIIPOCHI VICIONIb30-
BaHuA VIV m1s [UMarHOCTMKYM M BeleHMS
MAlIYIeHTOB C ONYXOJLIMM OpraHa 3peHMA
(petnHOOMAaCTOMa, yBealbHas MeTaHOMA,
Me/laHOMa KOH'BIOHKTUBBI). OpfHAaKoO Hpy-
Ve TUIIBI [TTa3HBIX HOBOOOpa3oBaHmMii (Me-
TacTasbl, IIOCKOK/IETOYHBIN paK, mumdo-
Ma KOHBIOHKTUBBI) OBUIV IIPENCTAB/IEHDI
pexxe. ITepBoHaua/bHBII TOUCK B 6ase faH-
HBIX BbIjan 903 sammci, 13 KOTOPBIX B 00-
30p ObUIO BK/IIOYEHO 37 WMCCIEOBaHUIA.
Hecmotpsa na to yto MM memoncTpupyer
MHOTroo06emlalye pe3ynibTaTbl B IPOrHO-
3M[POBAHUM, ONpEeJIeHUM TAKTUKU JIede-
HIIs1 3a007I€BaHMIT, K HACTOSILEMY BpeMeH!
He CO3[JaHO CTaHMapTU3VPOBAHHBIX METO-
TOB OTYETHOCTH U KPUTEPHEB OLIEHKV BO3-
MoxxkHocTeit VIV [9].

B rabnuue 1 npexcrasnena kmaccudu-
Kauua tunos mopgeneir VIV, npumense-
MBIX aBTOPaMI paccMaTpyBaeMbIX IyO-
Kalui.

3HaunTenbHOE OONBIIMHCTBO YYEHBIX
VICTIONIb30Ba/IM  MOJENIM KIaccuduxanmy,
OCTaJIbHbIE MOJIETISIMU
I/ TIpefiCKasaHMs IPOTHO3a, CerMeHTa-
L[V ITaTOJIOTMYECKMX O4YaroB, IIpeficKasa-
Hus1 9KcIipeccuy reHoB [9]. Ecnu roBoputsb
0 BUJIaX JaHHBIX, Ha KOTOPBIX IIPOM3BOIM-
7 obydeHne HellpoceTell, TO 9TO HaHHbIE
MPT, KT, xniuHudeckne paHuble, ¢poro-
rpadum I1a3HOro Ha, IM(POBbIe CHUMKY
rucronorndeckux mpemaparos  (Whole-
Slide Imaging, WSI).

N.D. Koseoglu u coasT. (2023) akueHTn-
PYIOT BHMMaHUe Ha TOM, YTO C IIe/IbI0 IIPO-
THO3MPOBaHMsA y HAaLMEHTOB C YBeaJIbHON
MeTaHOMOIT B OONBLUIMHCTBE PaboT mpu-
MEHSIUCh METORbI ITTYOOKOro o0ydeHMs
(deep learning) [10]. OgHako npuMeHeHMe
9TUX METOZOB MOXET OBITb OTPaHMYEHO
PERKOIT BCTpe4aeMOCTbI0 OHKOIOTMYeCKO
maronoruu [9, 10].

II0/Ib30OBA/INICh
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Puc. 1. HeycnelwHoe v ycnellHoe pacnosHaBaHue onyxonu pagyrkn. Ha seneHom doHe:
“Successfully detected tumor” — «YcnelwuHoe pacnosHaBaHve onyxonuy. Ha KpacHom
choHe: “Unsuccessfully detected tumor” — «HeycneluHoe pacnosHaBaHve onyxonuy [3]

Fig. 1. Unsuccessful and successful recognition of iris tumor. On a green background,
“Successfully detected tumor” is displayed. On a red background, “Unsuccessfully de-
tected tumor” is displayed [3]

Puc. 2. Brsyanusauva TennoBor KapThl, OTparaloLLan BEPOATHOCTb 3M0Ka4YeCcTBEHHOCTU
Oryxonu, COCTaBfIeHHON C ucnonb3oBaHnem mMeTopos VW A — ucxopgHoe naobparkeHve
MenaHoMbl Ha BCEM cnainfe (OKpaluvBaHWe reMaToKCUINH-303UH, x20, CKaHWpoBaHuWe);
B — BepoATHOCTHaA TennoBasA KapTa aToro naobpareHnA. HpacHbii UBET yKasbiBaeT Ha
Bornee BbICOKYIO 3noKavecTBeHHOCTb. VccnepgoBanve Wang L. u coasrT. [5]

Fig. 2. Visualization of a heat map representing the probability of tumor malignancy using
Al methods: A — original melanoma image on the whole slide (hemactoxylin and eosin
staining, x20, scan); B — probability heat map of this image. Red color indicates higher
malignancy. Wang L. et al. [5]
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Tabnuya 1. XapartepucTurka pabot B obnacTtu V1 B odhTansmMooHKonorum

Table 1. Features of the Al-related works in ocular oncology

2026;23(2):223-233

1ICMIONb30BaHbI Pa3NNyHble METOAbI 06PaboTKI
1306paxeHnil 1 iByxdasHble HelipOHHble CeTi

€ 06paTHbIM pacpocTpaHeHrem

(back propagation neural networks).
Wccnepoanme umeer 2 dasbi:

1) Eye Tumour Detection System (ETDS);

2) Intelligent Eye Tumour Detection System (IETDS)
To recognize iris tumors and label them on the
original image, various image processing methods
and two-phase neural networks with back
propagation

(back propagation neural networks).

The study has 2 phases:

1) Eye Tumour Detection System (ETDS),

2) Intelligent Eye Tumour Detection System (IETDS)

vcnonb3osaHuy [ETDS 6bin gocTurHyT
K03PMLMEHT pacno3HaBaHua 92 %

TPV NCTIONb30BaHUN NCXOBHOTO Habopa
1306paxeHni, a npu obberHeHnn ETDS
C HEiPOHHBIMI CETAMM Obin BOCTUTHYT
K03PMLMEHT pacno3HaBaHua 97 %

Using ETDS, a recognition rate of 95% was
achieved. Using IETDS, a recognition rate of
92% was achieved using the original image
set, and when combining ETDS with neural
networks, a recognition rate of 97 % was
achieved

Agtopbl, para (rop) Mopsug UN, dyHKuun OueHka pabotbl mopenu / AUC, SE, SP [Mlaracet (Ha6op faHHbIX)
Authors, date (year) Al type, functions Model performance evaluation / AUC, SE, SP Dataset
Naronorua pagyxku / Iris tumors
Abdulkader H. MeTogbl cermeHTaLm 1 CoBMeLLeHMs 06N KoahduLmeHT 06HapyeHNs Cuctema 6bina NpoTecTMpoBaHa ¢ ncnonbsosaHuem 100 RGB-u3obpaxeHnii
2014 3] 1306paxeHnit. PaspabotaHHas cuctema coctasnset 98,5 % onyxoneil pagyku (MenaHoma, KCTa 11 HeBYC) U HOPMalbHbIX PadyKek,
CYMTIBAET 1306PaXeHMe papyXKu C ONyXONbio, The overall detection rate is 98.5 % nosyYeHHbIX 13 OHNalH-6a3bl faHHbIX “Miles Research”
obpabatbiBaeT ero 1 0TMeyaeT 06nacTb onyxonu, The system was tested using 100 RGB images of iris tumors (melanoma,
3payok cyst and nevus) and normal irises obtained from the Miles Research online
Methods of image segmentation and alignment. database
The developed system reads the image of the iris
with a tumor, processes it and marks the tumor
area, the pupil
DimililerK. etal., [lnA pacno3HaBaHna onyxonei pagyxKu Mpy ncnonb3oatnm ETDS 6bin ZOCTUTHYT 100 doTorpaduit nepeaHero otaena rmasa:
2016 [2] 11 MAPKMPOBKY 11X Ha NCXOBHOM U306paxeHIn K03PMLMEHT pacnosHasatna 95 %. Mpu obyuatowmit garacer (30);

TeCToBbIf Habop AaHHbIX (70)
100 anterior eye photos:
training dataset (30);

test dataset (70)

Natonorus sek / Eyelid tumors

06HapyeHA 1 AUGOEpeHLIManbHON ANarHOCTIKI
3/10KaYECTBEHHBIX 11 I0OPOKAYECTBEHHBIX
OMnyxoneli Bek Ha CHIMKaX, KOTOPbIE NaLJeHTbI
JAenanu CamoCTOATENbHO C MOMOLLbIO LiMdPOBOI
Kamepbl

Convolutional neural networks (Faster

R-CNN) and deep learning neural networks

(DL classification networks) for autonomous
detection and differential diagnosis of malignant
and benign eyelid tumors in images taken

by patients themselves using a digital camera

Wang etal, 2020 (5] | AuarHoctnyeckas cuctema Ha 6ase MeTof0B AUC0.989 M306paxenns 225 230 ructonornyeckux nccnegosanuii (pathological patches)
rny6oKoro obyuyeHna ana nddepeHumnanbHoi SE94.7 % Images of 225 230 histology results (pathological patches)
[ANarHOCTUKIN fOBPOKAYECTBEHHDIX 11 3710Kaue- SP95.3%
CTBEHHbIX Onyxoneit
Deep learning based diagnostic system for
differential diagnosis of benign and malignant
tumors
Lietal, 2022[29] (CBepTOYHble HelpoHHble ceTi (Faster AUC0.899 Habop aaHHbIx, copepxalunii 1417 nzobpaxeHui, 6bin cnonb3oBaH fis
R-CNN) v HeiipoceT riy6okoro obyueHus SE91.5% CO3[aHNA 1 TECTUPOBAHIA CUCTEMbI 0OHAPYXKEHNA OMyXONel BeK.
(DL classification networks) Ans aBToHOMHOrO SP79.2% Kpome Toro, cuctema knaccudukauumm ray6okoro obyyeHns 6bina obyyeHa

11 OLEHEHa C MCNoNb3oBaHMeM 1533 06pe3aHHbIX N306paxKeHIH, COCTOALLMX

113 1161 n306paxeHs fO6POKaUECTBEHHbIX OMyXonei 11 372 n3o6paxeHni
3710KaYeCTBEHHDIX OMyXOMe, CreHepPUPOBAHHbIX CUCTEMOIA.

OCHOBHbIMI 3M0Ka4eCTBEHHbIMIA OMYXONAMY BEK B HAGOPE AaHHBIX Gbln
6a3anbHOKNETOYHaA KapLymHoMa (65,9 %), nnockoknetoyHasa kapLmuHoma (13,4 %)
11 KapLIMHOMA CarnbHbIX Xene3

A dataset containing 1.417 images was used to build and test the eyelid tumor
detection system.

In addition, a deep learning classification system was trained and evaluated using
1.533 cropped images consisting of 1.161 benign tumor images and 372 malignant
tumor images generated by the system.

The main malignant eyelid tumors in the dataset were basal cell carcinoma

(65.9 %), squamous cell carcinoma (13.4 %), and sebaceous gland carcinoma

al, 2017 [31]

perpeccusy, «AepeBbA peLleHIiy, «CyYaitHbIi
Nec», <Perpeccia BbIKMBaHUAY C Lienbio CO3AaHNA
MOZeny ANA pacyeta nepcoHasnbHOro pyucka
MeTacTa3vpoBaHIA yBeasbHON MenaHoMbl
“PRiMeUM”

The methods used were: “logistic regression’,
“decision trees’, "random forest", “survival
regression”to create a model for calculating the
personal risk of metastasis of uveal melanoma
“PRiMeUM”

DnarHoctika Heyca/menaHombl / Nevus/melanoma diagnostics

Kaiserman et al., WckyccTBeHHas HeilpoHHas ceTb (artificial neural Accuracy 86 % [laHHble 153 NaLeHTOB ¢ MenaHOMON Xoprouaen: iemorpaduyeckie aaHHble
2005 [30] network, ANN) ans npeackasaHis CMepTHOCT nauueHToB v fetanu Y31 onyxonu

OT METacTaTinyeckol 6onesHn npy MenaHome Data from 153 patients with choroidal melanoma: patient demographics

XOPUOWAEN 3 NATUNETHUIA NEPUOA and tumor ultrasound details

Artificial Neural Network (ANN)

to predict metastatic mortality in choroidal

melanoma over a five-year period
Vaquero-GarciaJ.et | Vicnonb3oBaHbl MeTOAbI: «IOFUCTYECKAR Accuracy 85 % KnnHnyeckune aaHHble 1 xapakTepucTiky onyxonu 1227 naLmueHToB ¢ yBeanbHON

MenaHomoi
Clinical data and tumor characteristics of 1227 patients with uveal melanoma
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lNpogonerHve Tabrmysl 1

Astopbl, arta (rop)
Authors, date (year)

Moasug UN, dyHKuun
Al type, functions

OueHka pabotbl mogenu / AUC, SE, SP
Model performance evaluation / AUC, SE, SP

[Maracet (Ha6op faHHbIX)
Dataset

Sunetal, 2019 32]

Metopbl ry6okoro 06yuyeHna — TpaHchepHoe
06yyeHe npepobyyeHHoi cetn

DenseNet-121 ans BbiABAEHINA IKCNpeccum

6enka BAP-1 (BRCA1-associated protein 1)

Ha 1306paXeHnI rcTonornyeckoro cnaiaa

Deep Learning Methods — Transfer Learning

of Pre-trained DenseNet-121 Network for Detecting
BAP-1 (BRCA1-associated protein 1) Protein
Expression in Histology Slide Image

SE97.09 %
SP98.12%
accuracy 97.10 %

B nccnenoBaHie 6binu BKK0YEHDI 47 SHYKNENPOBaHHbIX INa3 47 NaLyeHToB.
CreHepnpoBaHo 8176 GparMeHTOB rMCTONATONOMMYECKIX M306PAXEHNI, KOTOpbIE
bl CMyyaitHbIM 06pa3oM paspeneHbl Ha obydatowuii (6800 pparmeHToB
1306paxeHni) 1 TectoBblil (1376 GparmMeHTOB N300paxeHMi) AaTaceTbl

The study included 47 enucleated eyes of 47 patients. A total

of 8176 histopathological image fragments were generated. The 8176 image
fragments were randomly divided into training (6800 image fragments) and testing
(1376 image fragments) datasets

Luo etal,, 2021 [33]

MeTop MaLLMHHOTO 06yYeHws, Takoi Kak anropuTM
«cnyvaitHoro necar (random forest), anA pewennsa
[BYX 33714 Y MaLMEHTOB, MPOLIEALLVX TIeYeHNe
6GpaxuTepanueit ¢ u3otonom I-125:

1) OLieHKa pucKa CMepTy B TeueHme 4 ner;

2) oLieHKa puCKa MeTacTasvpoBaHys

ML random forest algorithm to solve 2 problems

in patients treated with I-125 brachytherapy:

1) assessment of the risk of death within 4 years;

2) assessment of the risk of metastasis

[InA npepcKasaHna cvepTu:
AUCO,71

accuracy 58,5 %

SE70,5%

SP 57,0 %.

Mpy NpefcKa3aHnm pucka MeTacTasnpoBaHus:
AUC0,85

accuracy 79,5 %

SE77,1 %

SP 79,8 %

For predicting death:
AUCO0.71

accuracy 58.5 %

SE70.5 %

SP 57.0 %.

For predicting metastasis risk:
AUC0.85,

accuracy 79.5 %,

SE77.1 %,

SP79.8 %

454 nauveHTa 6bin BKNKOYEHDI 4151 OCTPOEHNS MOZENN OLEHKI PUCKA

CMepTI 1 424 6bini BKITHOUYEHBI [N OLEHKIN PUCKA METACTa3npoBaHns. JaHHble:
ZAemorpaduyeckas MHGopmaLwa (Bo3pact v non), obiuve odranbmonoriyeckie
XapaKTePUCTUKY (CTOPOHA NOPAXEHNs, KOPPUTPOBAHHAsA OCTPOTA 3pEHIA

11 BHYTPUa3Hoe AaBNeHNe), KNMHYECKVIE XapaKTePUCTUKV OMyXony (Hanuume
Cy6peTVHaNbHOTO SKCCYAaTa, NopaXeHie A1CKa 3pUTENbHOTO HEpPBa, reModTasb,
MOpaXeHIe LNapHoro Tena, POMUHEHLA, GOpMa Omyxoni, AameTp
OCHOBAHWS) Ha My/IbTUMOZANbHbIX U306PaXeHNsX

454 patients were included to build the mortality risk assessment model and

424 were included to assess the risk of metastasis. Data: demographic information
(age and gender), general ophthalmological characteristics (side of involvement,
best-corrected visual acuity and intraocular pressure), clinical tumor characteristics
(presence of subretinal fluid, optic disc involvement, hemophthalmos, ciliary body
involvement, prominence, tumor shape, basal diameter) on multimodal images

Zhangetal,,
2021 [34]

HeitpoceTy Ha ocHose U-Net, cBepTouHoi
HePOHHOI CETI 1 MeTOpa «CNyYaliHbIiA Necs
(random forest) Ans npefcKasaHna Hanuuma
MENaHOMbI PagyXKiA 10 ee LBETY 1 U306paxeHuio
Neural networks based on:

U-Net, convolutional neural network and random
forest method for predicting the presence of iris
melanoma based on iris color and iris image

ABTOpbI He 0GHAPY XN KOPPENALIMI0 MEXAY
L{BETOM PagyKi 1 HaNnYMem MeNaHoMbl.

B fiononHeHe cerMeHTMpOBaHHble
1300paxeHnA pagy Ky Gblan Hanpamyto
3arpy»eHbl B CBEPTOUHYIO HEPOHHYIO CeTb,
HO OHa TOXe He CrPaBUnach C Npefckasaxinem
Hanuums MenaHoMbl

The authors found no correlation between iris
color and the presence of melanoma.
Additionally, segmented iris images were fed
directly into a convolutional neural network,
but it also failed to predict the presence

of melanoma

(Dotorpadun pagyxKin nauneHToB:
2239 — 6e3 MenaHoMbl

778 — ¢ MenaHomoit

Patient Iris Photos:

2239 — without melanoma

778 — with melanoma

Chenetal, 2022 [35]

MeTop MaLIMHHOTO 06yYeHNs, TaKoi Kak anropuTm
«cnyyaiHbii nec» (random forest), ans pewenus
[BYX 3afay:

1) NPOTHO3 ABYXNIETHEN BbIKMBAEMOCTM MOCTE
neyeHns

2) NPOrHO3 METacTasnpoBaHIA B TeueHwe 2 net
nocre feyeHus

Machine learning method such as the “random
forest” algorithm (random forest) to solve

2 problems:

1) forecast of two-year survival after treatment
2) forecast of metastasis within 2 years after
treatment

[InA npepcKasaHna cvepTu:
AUC0,883

accuracy 0,769

[InA NpefcKa3aHnA MeTacTasnpoBaHua:
AUC 0,846

accuracy 0,749

For predicting death:
AUC0.883

accuracy 0.769

For predicting metastasis:
AUC 0.846

accuracy 0.749

[laHHble, Kacatowymecs AemMorpaduyeckix XapakTepucTu, nepemeHHbIX
0(TanbMONOrMYeckoro 06cnesoBaHNsA (0CTPOTa 3peHKs 11 BHYTpUTIasHoe
[ABIIeHIE) 1 0COBEHHOCTEN, XapaKTePHbIX 415 OMyXosy (HanbombLunil AnameTp
OCHOBAHWS, NPOMUHEHLVS, MMTMEHTALVA, NOKanu3aLna 06pasosaHus,
MaKPOCKOMYECKIIA BUA, OPAXKEHUE 3DUTENbHOTO HEPBA, CyOPETUHATbHBIV
3KCCYAQT, BHYTPUIIIAa3HOE KPOBOM3NNAHIE, OPAXEHUE LUAPHOTO Tena,
3KCTPAOKYNAPHOe pacnpocTpaHeHue, ctagua TNM, neyeHue 1 Lutonorus)

Data regarding demographic characteristics, ophthalmologic examination
variables (visual acuity and intraocular pressure), and tumor-specific features
(largest basal diameter, prominence, pigmentation, lesion location, macroscopic
appearance, optic nerve involvement, subretinal exudate, intraocular hemorrhage,
ciliary body involvement, extraocular extension, TNM stage, treatment,

and cytology)

Donizy etal.,
2022 [36]

3 Knacciuyeckiie MOAen MallnHHoro obyyeHns ana
onpeaeneHia NpeanKTopoB MeTacTasnpoBaHus
] ocTy (06Lan 0CTb

11 BbIKMBAEMOCTb 6e3 NporpeccupoBaHis):

- cox proportional hazards (CPH)

- random survival forest (RSF)

- survival gradient boosting (SGB)

3 classic machine learning models to identify
predictors of metastasis and survival (overall
survival and progression-free survival):

- cox proportional hazards (CPH)

- random survival forest (RSF)

- survival gradient boosting (SGB)

Mo ganHbM AUC, Mogenb SGB nokasana cebs
NyyLue B Npefckasaninm o6LLelt BbhkBaeMoCTH
1 PUCKOB MeTacTa3npoBaHms, yem GEPS (gene
expression prognostic signature)

According to AUC, the SGB model showed
better performance in predicting overall
survival and metastasis risk than GEPS (gene
expression prognostic signature)

Obyyaiowwymit Habop AaHHbIX:

164 3HyKnenpoBaHHbIX rMa3a C yBeanbHOil MenaHoMol y 164 naLueHTos

6e3 npeALLecTByloLLeil Tepaniu.

TpOBEPOYHbI HAGOP AAHHDIX:

80 yBeanbHbIx MenaHoM u3 atnaca “Tumor Cancer Genome Atlas”

Training dataset:

164 enucleated eyes with uveal melanoma in 164 patients with no prior therapy.
Validation dataset:

80 uveal melanomas from the Tumor Cancer Genome Atlas

Contact information: Ukina Anastasiia O. anastasiaukina@yandex.ru

A.O. Ukina, E.B. Myakoshina
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OKoH4aHne Tabnuusl 1

AgTopbl, fara (roa) Mopsup UN, pyHKuun OueHka pabotbl mopenu / AUC, SE, SP [Mlatacet (Ha6op faHHbIX)
Authors, date (year) Al type, functions Model performance evaluation / AUC, SE, SP Dataset
ZaborE.C, 2022[37] | OHnaitH-kanbkynaTop, ucnonb3ytowmii perpeccuto | AUC 0.880 [inA pataceta MCnonb3oBaHbl MyNbTUMOAAbHbIE AaHHbIE (YbTPAaCOHOrpaMMbl,
Nacco ANA onpefieneHna NporHo3unpyemoi dyHpyc-$oTo, faHHble LuTonorum).
BEPOATHOCTY Ai1arHO3a MeNaHOMbl Xop1onaen 123 nauverta — 06yuyatoLLyii Habop AaHHbIX
Online calculator using lasso regression 240 nauneHToB — NPOBEPOYHbI HAOOP AaHHbIX
to determine the predicted probability Multimodal data (ultrasound, fundus photo, cytology data) were used for the dataset.
of choroidal melanoma diagnosis 123 patients — training dataset
240 patients — testing dataset
LiuT.YA.etal, Cucrema rny6okoro obyueHns 6bina paspadotaHa | AUC 0.944 89 n306paxeHuit 0LMdPOBAHHOI BUONCHM MENAHOMbI XOPUONAEN
2023 [38] C aBTOMATMYeCKOil Mofienbio 3BneveHms obnactn | SE91.7 % 89 images of digitized choroidal melanoma biopsy
nHTepeca (region-of-interest, ROI) ana npsmoro SP91.7%

MPOTHO3MPOBAHNA NPOYIA IKCNPECCUN reHOB
113 U POBbIX M306PXKEHINI LUTONATONOTIAM.
ABTOpbI NPUMEHNNN TPaHCdepHOe 0byyeHme
(transfer learning) K npeaBapuTENbHO 06YUEHHOI
ceTn ResNet-152 pis 3apaum 6UHapHOIA
Knaccuukaymn

A deep learning framework was developed with
an automatic region-of-interest (ROI) extraction
model to directly predict gene expression

profile from digital cytopathology images. The
authors applied transfer learning to a pre-trained
ResNet-152 network for a binary classification task

[lmarHoctika petuHo6nactombl / Diagl

ics of r

Rivas-Perea P,

Mpunoxenue ans cmaptdoHa CRADLE (Computer-

MpUnoXeHIe CnocobHO 0BHapyKUTb NIENKOKO-

[InA 0byyeHmA 1 TeCTUPOBaHMA aNrOPUTMa UCMONb30BaHO 52 982 doTorpadum

2014 [39] Assisted Detector of Leukocoria), ¢ nomoLbto putio y 80 % naLMeHToB C 3a60NeBaHNAMM a3 | ras, CO3AaHHbIX POAUTENAMM NALNEHTOB B GbITOBbIX YCTOBUAX
KOTOPOrO BbINONHAETCA CKPUHMHT NIEKOKOpUI The app can detect leukocoria in 80 % 52982 photographs of eyes taken by patients’parents in everyday life were used
Y fieTeit, 6biN0 YNyyLLEHO 1 Tenepb UCNOMb3yeT of patients with eye diseases to train and test the algorithm
CBEPTOYHYI0 HEMPOHHYIO CETb
Smartphone app for screening leukocoria
in children CRADLE (Computer-Assisted Detector
of Leukocoria) has been improved and now uses
a convolutional neural network
Strijbis et al., (CBepTOYHas HelipoHHas cetb multiview CNN BHyTpuKnaccoBbiii KoahuumeHt Koppenaumum | 40 petuHobnactom 1 20 35opoBbIX a3 oT 30 NaLMeHTOB GbinK BKIOYEHbI
2021 [40] (MV-CNN) ans aBTOMATUYECKOI CErMEHTaLN 0,997 10,996 B 00y4aloLLViA/TeCTOBDIiA AaTaceT (29 peTuHobnacTom, 17 310poBbIX rNas)
rnasa v onyxonu Ha MPT-CHUMKax naLneHTo Intraclass correlation coefficient 11 He3aBUCUMbIA MPOBEPOYHbIiA AaTaceT (11 peTuHobnacTom, 3 310pOBbIX rMasa)
C peTHobnacTomoit 0.997 and 0.996 40 retinoblastomas and 20 healthy eyes from 30 patients were included in the

Convolutional neural network multiview CNN
(MV-CNN) for automatic eye and tumor segmentation
in MRl images of patients with retinoblastoma

training/test dataset (29 retinoblastomas, 17 healthy eyes) and an independent
validation dataset (11 retinoblastomas, 3 healthy eyes)

[DuarHocTika onyxoneii KoHbloHKTUBbI / Conjunctival Tumors Diagnostics

Tanetal, 2017 [41]

CucTema CTpaTUGMKALMI PUCKa, KOTOpas MPOTHO-
31PyeT CNOXHOCTb PEKOHCTPYKTUBHOI OnepaLum
nocne yaaneHnA nepuoKynApHoN 6asanbHokne-
TOYHOI KapLyHOMbI. Vicnonb3oBaH HauBHbIl Gaite-
COBCKWI1 KnaccuuKaTop, anbTepHaT1BHOE iepeBo
pewweHui (alternating decision tree, ADT)

Arisk stratification system that predicts the
complexity of reconstructive surgery after removal
of periocular basal cell carcinoma Used Naive Bayes
classifier, alternative decision tree (ADT)

HavHbil1 6aiiecoBckmit Knaccudukatop:

AUC of 0,854
Mogenb ADT:

AUCof 0,853

Naive Bayes classifier:
AUC of 0.854

ADT model:

AUCof 0.853

[laHHble 156 nauneHToB: Aemorpaduyeckme, KNMHUYECKIe, 0COBEHHOCTY OMyXonH
11 TACTONOTMYECKNE faHHble

Data of 156 patients: demographic, clinical, tumor characteristics and histological
data

Habibalahi et al.,
2019 [42]

TeXHUKIA MALLNHHOTO 0ByYeHWs ANA AETEKLMN
11 fleMapKaLi1 rpaHiAL| CKBaMO3HOTO paka
KOHBIOHKTVBbI

Machine learning techniques for detection
and demarcation of squamous cell carcinoma
of the conjunctiva

KOppEJ‘IﬂL[VIH MeXnay CneKkTpasbHbIM aHan3om
M306pa)KEHVIﬂ W TUCTONOMYECKON OLIEHKOI

cocTasuna 94 %

The correlation between spectral image
analysis and histological assessment was 94 %

06pasLibl Groncun 18 naumeHToB 6binn NOBTOpHO 06paboTaHbl 6e3 okpaLumBaHna
ANA NIONyYeHNA ayTOGNYOPECLIEHTHBIX MyIBTCTIEKTPANbHBIX MAKPOCKOMMYECKMX
11306paxeHmit

Biopsy specimens from 18 patients were reprocessed without staining to obtain
autofluorescence multispectral microscopic images

Yoo etal, 2021 [43]

Mogenb ry6okoro 06yueHus Ans pacriosHasams
MesTaHOMbI KOHBIOHKTVBbI Ha M300paXeHnsx
MEepPEeAHEro OTAeNa rmasa.

Pa3ninyHble CBEPTOUHbIE HEMPOHHbIE CETH:
GoogleNet, Incep tionV3, NASNet, ResNet50,
MobileNetV2. Obyuatowmit aatacet 6bin ONONHeH
reHepaTBHbIMI HeitpoceTamm (GAN)

Deep learning model for conjunctival melanoma
recognition in anterior eye images.

Various convolutional neural networks: GoogleNet,
InceptionV3, NASNet, ResNet50, MobileNetV2.
The training dataset was supplemented with
Generative adversarial network (GAN)

Mopenb Mobile NetV2 nokasana nyuwmi

pesynbrar:
AUC0,983,

accuracy 97,2 %

Mpy MCNonb30BaHNN GaHTOMHBIX

3D-u3o6paenmit ROC-AUC 97,2 % 1 0,983

accuracy 94,0 %

The Mobile NetV2 model showed the best

result:

AUC0.983

accuracy 97.2 %

When using 3D phantom images
ROC-AUC 97.2 % and 0.983
accuracy 94.0 %

Bcero: 398 naobpaxeHuit n3 06LiefoCTynHbIX 6a3.

WexonHbiin 06yyaiowwynit Habop AaHHbIX copepxan 136 306paxeHmi MenaHombl
KOHBIOHKTVBBI, 93 11306paxeHws HeByCa Ui MenaHo3a, 75 n306paxeHuit
nTepuriyMa i1 94 n3o6paxeHina HopMbl.

O6yuatoLwit faTaceT 6bin AONONHEH CUHTETUYECKMMIA 1306PaXEeHNAMI

(200 creHepupoBaHo CycleGAN 1 200 PGGAN).

ABTOPbI CO38N NCKYCCTBEHHbIE HAaHTOMI MEPEAHETO OTAENA 171432 C MeNaHOMON
KOHBIOHKTVBbI C OMOLLbto 3D-npuHTepa Robox. GoTorpadum 3tix daHToMoB

CO CMapT(OHa 3aTeM WCOMb30BaNN A48 PACLUMPeHWsA AaTaceTa AfiA TeCTUPOBAHMA
Total: 398 images from publicly available databases.

The original training dataset contained 136 images of conjunctival melanoma,

93 images of nevus or melanosis, 75 images of pterygium and 94 images of normal eye.
The training dataset was supplemented with synthetic images (200 generated

by CycleGAN and 200 by PGGAN).

The authors created artificial phantoms of the anterior eye with conjunctival
melanoma using a Robox 3D printer. Smartphone photos of these phantoms were
then used to extend the testing dataset
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S.S. Alotaibi u coaBr. (2023) paccMaTpuBaOT BO3MOXHO-
CTH WCIONb30BaHNA Takoil TexHonoruu M, xak ChatGPT,
B IOTEHI[MAJIbHOM M3MEHEHUU WCCIIeIOBAHNUA U JIeYeHUs
B 00/IacTM OHKO/MOTMYECKUX 3aboneBaHmii rmas. ITomguep-
KUBAeTCs, YTO €ro I0JIe3HOCTh B IPENOCTAaBICHUN 0O0Ieit
nHGOpPMaIMU BpayaM OTPaHMYUBAETCSA HECIOCOOHOCTBIO
IaBaTb aKTyanbHYyI0 MHGopMaryio [11].

B. Chawla u coaBr. B ctatbe 2023 I. 00CY>KHAIOT He TOTIbKO
pasHoO6pasye aAropUTMOB MAIIMHHOTO OOYYeHMs JIA aHa-
7m3a M300paKeHNII IIA3HOTO JHA M APYIUX MEIMIMHCKUX
JaHHBIX C IeMblo 6Gojee OBICTPONT U TOYHOI JMATHOCTUKMN
3a00/IeBaHNUIT, TAKMX KaK PETMHOO/IACTOMa M MeNaHOMa,
HO ¥ TTepCIIeKTYBbI MHTerpauuy VIV B KIMHNYIeCKyIo IPaKTH-
Ky, BK/TIOYas €r0 Pojib B pa3paboTKe VH/VBUAYATU3MPOBaH-
HbIX I/IAHOB JIeYeHNA Ha OCHOBE aHa/IN3a MOJIEKY/IAPHO-010-
JIOTMYeCKIUX XapaKTePUCTHUK onyxoseit [12].

ITpumenenne MV B HeMHBa3sMBHOJN BU3yalM3aluy, Ta-
KOJI KaK onrtudeckas KorepeHTHas toMmorpadus (OKT), mo-
3BOJISIET TOYHO BBIABIATH CTPYKTYpHbIE M3MEHEHMs XOpU-
oupen [13]. IlpencraBnsier mHTepec craths M. Goswami,
ony6mkoBaHHas B )xypHane Computerized Medical Imaging
and Graphics B 2021 T., B KOTOPOJI MICCIERYeTCS IPUMEHEHNe
METOJIOB IITyOOKOTO 06y4eHVs J/Is OLIeHKU POCTa OIyXOJIeit
IIa3a, KaK JOOpOKaueCTBEHHBIX, TaK U 3/I0KaueCTBeHHBIX. Vc-
CTIefloBaHye MPOBOAMIOCEH C MCIHOMb3oBaHMeM fHaHHbIX OKT
ceryarky a3 mbimeit. Janusie OKT u OKT-aurnorpadumn
C BBICOKVIM BPEMEHHBIM paspelieHneM (pocT obbeMa OImyXo-
ym 3a 120 mHeit HaOMIONeHNA) TIPEACTABIEHBI C MCIIONb30Ba-
HJIeM HEeMHBA3MBHOI BU3yamm3anyu in vivo. OCHOBHaA LieNb
MICCTIEIOBAHNA — JWCIIONb30BaTh MOJIENN IMTyOOKOTro 0byde-
HIIA JUIA aHA/IM3a JAHHBIX MEAVIIMHCKOM BU3yalIusaluiy C Lie-
TIbI0 TOYHOI OLleHKM pocTa omyxonu. IIpoBommica aHamms
YyBCTBUTEILHOCTY MO/}l 10 OTHOLIEHMIO K XapaKTepu-
CTHKaM OITyXoseil (poCT JoOpOKadecTBEHHOI/3/T0KadeCTBEH-
HOJI OITyXOJIN C JIe4eHVeM 1 6e3 Hero). Yd4eHble VICIIONb30Ban
pasNTuYHble apXUTEKTYpPbl ITTyOOKOro 06ydYeHNs, B YaCTHO-
CTM CBEPTOYHBIE HEJIPOHHbIE CETH, I 06PabOTKM U aHa/IN-
3a MeIMIMHCKMX M300pakeHMit. VccmemoBaHye BKITIOYAIO
c6op maHHBIX, paspaboTKy Mopemu. DPdeKTUBHOCTD Kax-
T0ii MOJIeNM OLleHMBAJIACh C MICIIONIb30BAHNEM TaKMUX METPUK,
KaK TOYHOCTb, YYBCTBUTEIBHOCTD, CIEIM(IYHOCTD U IIIO-
mwanb nox kpusoit (AUC) [14].

NPUMEHEHUE UM ANA PAHHEN AUAFHOCTUKU
MEJIAHOMbI XOPUOUOEU

C ucnonbzoBanmeM TexHonmornit VIV Bemyrtca paboThi
B HaIlpaB/IeHN! PacIIMPEHM BO3MOXKHOCTY ¥ YBETNYEHN
TOYHOCTM [IMAaTHOCTMKM Haya/IbHBIX IPOSABIEHMIT Me/laHo-
mbl xopuongen. Anroputmsl VIV, ocobeHHO B cOueTaHUM
C COBPEMEHHBIMM METOJaMI BU3ya/lM3aluy, MOKa3aau Io-
BBIIIEHNE TOYHOCTY [UATHOCTUKM, YTO VMeeT OOsblIoe
3HaueHMe B paHHEeN AMarHOCTVMKE MeTaHOMbI, KOTOpas 3a-
TPy/[HEHA U3-3a ee GECCHMIITOMHOTO TeYeHMs U CXOHCTBA
C ApyruMM 3a00/IeBaHVsIMN IJIA3HOTO [HA («IICeBIOMENTaHO-
Ma»). Ontnyeckas korepentHas Tomorpadus (OKT), Bkmo-
Yas aHTMOrpagIdecKIii peXIM, OTKPbL/Ia HOBbIe TOPU3OHTHI

2026;23(2):223-233

B AMArHOCTHMKe ITATOJIOTHIE I7Ta3HOro fHa [15-17], B TOM 4nmc-
JIe OIIYXOJIEN CETYATKM U XOPUOUTIEN.

[lepBble mrarm B paspaboOTKe ITANOB AMATHOCTUKY yBe-
AJIbHOJ MeTTaHOMBI 1 ee IIPOTHO3MPOBaHMA ¢ ToMollbio MV
BoimonHenbl E.B. Msakomunoit n coast. [18]. Cospgannas
MMM TIPOTHOCTMYECKas MOJeIb 6asupyeTcsi Ha KIMHMKO-
MOppOMeTpUYECKNX ¥ VMMYHOJIOTMYECKUX ITOKa3aTelax
HIepPBIYHO OITyXO/IM 1 II03BOJIAET IPOTHO3MPOBATh TeUeHNE
Haya/IbHON Me/TaHOMBI XOPMOUJIEN TI0C/Ie OPraHOCOXPaHHO-
ro nedyeHus. [lyiA aHamM3a B MOAeNM IPUMEHWIN KIMHUYe-
ckue (BO3PAcT, CHIDKEHIE 3PeHIs], TOKanMU3alusa OMyXOn,
CTeNeHb NUTMEHTAlVM, Hajaidye KPOBOM3IUAHMIL, OpaH-
>KEBOTO IMTMeHTa), MopdoMeTpudeckue (MHTpa- u cybpe-
TUHAJIbHBIN 9KCCYHAT ¥ He30praHM3alys MUTMeHTa B pe-
TYHA/JIbHOM INVUTMEHTHOM 3IUTENINV) ¥ MMMYHOJIOTYeCKue
(YypOBeHb IPOBOCHANUTEIbHBIX, IPOAHTMOTEHHBIX, IIPOINU-
(bepaTUBHBIX, BHI3BIBAIOIUX METACTa3MPOBaHe MTOKIHOB
B CBIBOPOTKE KpOBI) ITapaMeTpbl. VICIo/Ib3oBaHe IpOrHo-
CTMYECKOJ MOJIe/IM IOMOTaeT IVIAHNPOBATh X KOPPEKTUPO-
BaTb TaKTMKY Je4eHMs OOJIbHBIX ¢ HauyaJIbHOM MeTaHOMOIA
XOPHOMJEN C LIENbI0 CBeeHNA K MMHUMYMY OCTOKHEHWI
1 oun60K, 0becredeHnss KOHTPOJIS TeYeHN.

Kpome TOTro, KO/IEKTMBOM aBTOPOB CO3JaHA KOMIIbIO-
TepHast (9/7eKTPOHHAsI) MOJE/Ib BUTAJIbHOTO IPOTHO3a Y Ia-
L[MEHTOB C Haya/jbHOI MeIaHOMON Xxopuoupen [19, 20].
[/t co3panysi KOMIIBIOTEPHOI (37IEKTPOHHOIT) MOJENN BU-
TaJIbHOTO IIPOTHO3a IALMEHTOB [10C/Ie SHYK/IealMy 110 I10-
BOJIy HAa4a/IbHOJ MeTTaHOMbI XOPMOWIEN IANN/IAPHON JI0-
Ka/M3aluy HOPUMEHS/IN KOMIIBIOTEPHYIO IpefoOpaboTKy
maHHbIX 31 manmenTa. Vlcmonb3oBamuch matomMopdosnoru-
YecKye IapaMeTpbl ¥ KPUTEPUM OIIYXOTIEeBOTO KIETOYHOTO
MUKPOOKpY>KeHMs. C IIOMOIIbI0 KOMIIBIOTEPHON IIPOrpaM-
MBI ITOKa3aHO, YTO Ha/lM4ye MMETOUIHBIX K/IEeTOK CyIIpec-
COPHOTO IIPOMCXOX/EHNUA (IIPOMMETIOLNTOB) B TKAHU OIIY-
XOMM SIB/SIETCST (PaKTOPOM, ITOBBILIAIOIIMM PHUCK CMEpPTH
OT MeTacTaTN4ecKoll 0OJIe3HU IIpU MeTaHOMe XOPUOVJEH.
Hannume 11asMOnMTOB, HAIpPOTUB, paccMaTpUBaeTCs
Kak (axTop, CHIDKaroWmil puck cMmeptu. Ha ocHoBaHum
HOJTy4eHHOJ (OPMYJIbI CO3[aHa IporpaMMa, BK/IIOYaIolias
B Cce0s mapaMeTpbl OIIyXOIeBOIO KIETOYHOTO MMUKPOOKPY-
JKeHVIsI MeJTAaHOMbI XOPMONEH, I03BOJIAIONINE IIPOTHO3UPO-
BaThb BBDKMBAEMOCTb KaXX/IOTO ManyeHTa. KommbioTepHas
(3MeKTpOHHAS) MOJE/Tb BUTATIBHOIO IIPOrHO34, IIOyYeHHasI
Ha OCHOBE aHa/IM3a BbDKMBAEMOCTH IAIVIEHTOB IIOCTIe SHY-
KJIeally i [0 IOBOZY MeTTAaHOMBI XOPUOUJIEN, II03BOJLAET IIPO-
THO3MPOBATb CPOKY CMEPTH MAIVIEHTa OT MeTAaCTaTU4eCKoN
6onesun. IlomydyeHHBle BpeMeHHBle IapaMeTpbl MOJENN
IIPEANOIaraloT U3SMeHeH e TAKTUKY BeleH s IIallIeHTOB 10~
CJle SHYK/IeallMyt O IOBOAY Hada/IbHOI MeTaHOMBI XOPHO-
Ufiey, PacIpOCTPAHSIONIEICS Ha ANCK 3PUTE/IbPHOTO HepBa.
K TakuM m3MeHeHMsAM HeOOXORMMO OTHECTM COKpalljeHue
HEePUOAUYHOCTY OCMOTPOB ¥ O0OC/IEOBAHMII IAI[EHTOB
¢ menanomort xopuonpen (II9T-KT tpu pasa B rox) ¢ KoH-
Cy/IbTallMell OHKOJIOTa C LIe/IbI0 IUTAHMPOBAHMSA CUCTEMHON
TapreTHON U MIMMYHOTEPAIUIL.

A.O. Ukina, E.B. Myakoshina
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Puc. 3. Cxema paspaboTku, NpoBepKW 1 npouecca TecTupoBaHuA anroputma rnybororo oby4eHvA AnA pasnuyeHua Hebonbluux Xxopuovpans-
HbIX MEeNaHoM 0T HEBYCOB C UCNonb30BaHveM oTorpaduin rasHoro gHa. A — casa cbopa doTtorpaduin rmasHoro gHa; B — nposepKa anarHo-
3a odiTanbMonoramy ¢ NOMOLLLI0 KMMHUYECKKX obcnefoBaHuii G MCNoNb30BaHNEM KOMIMIEKCHOMO AVarHOCTMYECKOro NoAxoAa, BROYaloLLero
Y3W, OKT n Buoncwio npu HeobxogmmocTn; C — oueHKa anropuTma: nnollage nog Kpvsor (AUC) cnysuT OCHOBHOWM METPUKON ONA OLEHHKN
npovsBoguTensLHOCTU anroputva; D — yny4yienve knaceudmrkauum. 1: U-Net 1 onpenenset obnactb nHTepeca; 2: U-Net 2 oueHunBaeT puck
MenaHoMbl, MHTErPUPYA pe3ynbTaTbl B KOMMMEKCHYIO OLEHKY pucKa [21]

Fig. 3. The process of developing, validating, and testing a deep learning algorithm to distinguish small choroidal melanomas from nevi using
fundus photographs: A — fundus photograph collection phase; B — diagnosis verification by ophthalmologists through clinical examinations,
using a comprehensive diagnostic approach that included ultrasound, OCT, and biopsy in selected cases where necessary; C — algorithm
evaluation: the area under the curve (AUC) served as the primary metric to evaluate the performance of the algorithm; D — classification im-
provement. 1: U-Net 1 defines the region of interest, 2: U-Net 2 estimates the melanoma risk by integrating the results into a comprehensive

risk score [21]

Hekoropsle my6nukanuy mpefcTaB/sioT ONUCAHUE CY-
I[eCTBYIOMIMX TEXHNYECKMX PeIIeHNil 1 AnuddepeHinab-
HOJT IMarHOCTVKM MeTTaHOMBI U HEBYCa XOPUON/IEHL.

Tak, B cTaTbe yuennix u3 IlIBeryu S. Sabazade n coasr.
OIJICaH IPoIlecc paspaboTKM U IIPOBEPKM aNrOpUTMa IIy6o-
KOro 06y4eHys ayst auddepeHInaabHOI AMarHOCTUKI Mea-
HOMBI XOpMOU/iey HeOOMBIIIOro pasMepa U HeByca Ha OCHOBE
¢dororpadumit rasHoro mHa [21]. AIropuTM MpOLIeN STArbl
06y4eHs ¥ TeCTUPOBAHN, YTO ITO3BOIUIIO OLICHNUTD €T0 3-
(EeKTVBHOCTD B BBIABICHNU OTIMYUTEIbHBIX 0COOEHHOCTEN!
3TUX IBYX TUIOB narojoruu (puc. 3). Hecmorpst Ha TO 4TO 06-
ydeHHUe 1 TeCTHpOBaHMe IIPOBOANIOCH Ha OTHOCUTENBHO He-
6o71p11I0i1 BEIGOpKe (HelipoceTh OblTa 06yYeHa 1 IpOBepeHa
Ha KoropTax u3 495 u 168 n3o6paskeHuit, a 3aTeM MPOTECTH-
pOBaHa Ha HE3aBUCUMBIX ceTax U3 86 1 53 m306paxxeHmii),
Pe3yIbTaThl TTOKAa3a/IM BBICOKYIO TOYHOCTD KiIacCUpUKAIn,
YTO IOATBEP)KHAET NOTEHIMA/N VCIIONb30BAHNA ITyOOKOTro
obydenus B o¢ranpmonoruy. OFHAKO aITOPUTM MOKa3al
crerUIHOCTD B 74 %, UTO HIDKeE, YeM JaHHBIN [T0Ka3aTeNnb
Y OIIBITHBIX O TaTbMOJIOrOB.

B paboTe HeMeLKNUX yueHbIX HAOOP FaHHBIX 13 762 doTo-
rpaduii I7Ta3HOTO [HA ObIT pasfienieH Ha JoOpOKaYeCTBEHHbIE,

HEBYC, NEPBUYHYI0 METaHOMY XOPUOMIEW U OONTydeHHYIO
MenaHomy xopuoupen [22]. IToce o6ydeHmst Mofenu ee Te-
CTMPOBaIN Ha He3aBMCUMOI BbI6OpKe 13 100 1306paskeHnmii,
3aTeM OLIEHMBA/IM TOYHOCTD U CrienupuaHOCTh. OnTNMab-
Hast 3¢ eKTUBHOCTD HaOMIOgAIach Ipy OMHAPHOI KIaccy-
¢buKaIyy ¢ BKIIOYEHNEM OJHOTO MeTO/a BU3YaIu3alny, 10-
cturas To9HoCcTH 95,8 %.

B pa6ore E. Allam n coast. (2022) momyepKuBaeTcs,
YTO MOXXHO JOCTUYb BBICOKOTO YPOBHsI PacIIO3HABAHMS
U300pakKeHMiT BHYTPUITA3HBIX OIYXOJIell IIPY MCIOIb30-
BaHMM TaKMX METOJOB, KaK HEPOHHBIE CeTV 0OpaTHOTO
pacnpocrpanenust (Back Propagation Neural Networks)
U CBepTOYHBIe HellpoHHbIe ceTn (convolutional neural net-
works) [23]. YpoBHu pacrosHaBanums gocturanu 95 n 93 %
COOTBETCTBEHHO. VcceoBaHye IPOBOAMIOCH Ha OCHOBA-
HUM TaHHBIX NTAIIMI€HTOB C TAKUMM [aTOMIOTUAMMY, KaK HEBYC
PajgyXKiu, yBeanbHas MeTaHOMa U peruHobmacToma. Eie
OIVH MHOTOOO0CIIAIOINII Pe3y/IbTaT B U3YYeHUY aJITOPUT-
MOB VIV mjisi paHHel [MAarHOCTMKM METAHOMBI IIPeNCTa-
BuIN J. Ma 1 coaBT. [24], KOTOpbIe UCIIONb30BANN CBEPX-
HINPOKOYToNbHble (poTOrpaduyu I1asHOTO [HA MAIMEHTOB
C IMaTHO3aMIU «yBeajbHasd MeJIaHOMa», «XOPMOMJaIbHbIE

A.O. VkuHa, E.B. MaxkowmHa
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HEBYCBI», «BPOXJEHHas1 TIMUIepTpodus peTHHATbHOTO
NUTMEHTHOTO SMUTENMNA» C IIPeiBaAPUTETbHBIM aHATN30M
U300 paKeHNIT BpauoM-0(TaIbMOIOTOM, CIIelINaTu3UpPYIo-
I[UMCS Ha JIeYeHUN OITyXoJeil Iasa. Beero mns paspabot-
KI 2ITOPUTMa MallIHHOTO 06y4YeHNs OBIIO MCIIOTb30BAHO
396 mn3obpaxkeHuit, B ToO BpeMsa Kak 90 TOIOTHUTENTbHBIX
M300paKEHNIT CTY>KUIM TeCTOBBIM HAaOOpPOM JJaHHBIX Ha-
pALy ¢ M300paKeHMAMHU IJIa3sHOTO fHAa OT 30 3JOpOBBIX
KOHTPOJbHBIX /yL. [To TaHHBIM pabOTHI, AITOPUTM IIOKa-
3bIBAeT BBICOKYIO 9(pPeKTUBHOCTD B CerMEHTAIM 1306pa-
JKeHWJT ITTa3HOro nHa. YyBCTBUTENBHOCTb OOHApY>KeHMsA
IAaTOMIOTMYECKOT0 OYara Ha nsobpaxennn cocrasmia 1,00.
Mogenb focturna cnenyduanocty 0,93 mpu aHamM3e IIas-
HOTO JIHA 3/JOPOBbIX JINII.

B 2023 1. P. Poovizhi u coaBT. IpeRnoXumm MOLXOR,
KOTOPBINl yCTpaHsAeT HeOOXONVIMOCTb B HE3aBUCUMOM 13-
BJIeYCHNN TIPUSHAKOB M aITOPUTMax Kaaccudukanum [25].
Jlnsa paspaboTkm HamexHOro pemenus A guddepenim-
a/IbHOJ JIVIATHOCTMKM MeETAHOMBI XOPMOWZEM ¥ HEeBYCOB
IpeIIoXKEeHO MpPUMeHeHNe TEeXHOJIOIMil IIMyb6oKoro o6y-
YeHNs, CBEpTOYHBIX HEpOHHBIX ceTeil U aHanmsa SHAP
(SHapley Additive exPlanations) [26]. SHAP mpepcras-
NAeT JaHHble O TOM, KaKye IIPM3HAKM Haubosee BaXKHBI
I IPOTHOCTMYECKOTO aHanu3a n3obpaxennir. Camble da-
CTbIe BUJIbI HEMIPOHHBIX CeTeif, MCIONb3YIOLIecs B BOIPO-
cax JIMarHOCTYMKY MeTTaHOMBI Xopuousen ¢ nomoinsio MM,
9TO CBepTOYHBIe HeilpoHHbIe ceTn [8, 25, 26]. OcHOBHOE
IPeVMYIIeCTBO CBEPTOYHON HeIPOHHOI CeTU 3aK/II0YaeTcs
B TOM, YTO ee OOyueHINe Mpolle U MMeeT MEeHbIle TapaMe-
TPOB, YeM MCKYCCTBEHHas HEMPOHHAA CeThb C UIEHTUYHBIM
KO/IMYECTBOM CKPBITBIX CTO€B [25].

AddexruBHas auddepeHianbHast AUATHOCTUKA XOPYOU-
Ta7TbHOTO HeByca U HeOONBIION MeTaHOMBI MeeT pellalolee
3HAYeHMe I PAaHHErO BBIAB/IEHVIA U JJATbHEIIero eueHns,
YTO MOXKET 3HAUMTEIBHO YIYYIIUTb BUTANbHBIN POTHO3 I1a-
IMIeHTOB.

3AKNIOYEHUE

VIV nuuieH orpaHn4eHnii TpagVLMOHHBIX AMaTHOCTIYE-
CKMX METOJIOB, TAKMX KaK CyO'beKTUBHOCTD, HEJOCTATOYHAS
4yBCTBUTEIBHOCTD, TPYAHOCTH C fuddepeHInanbHoI ana-
THOCTUKOIL.

IIpomomkenne mM3ydeHMsA OIYXONeN INa3 M CO3[laHue
CTAQH[JapTU3MPOBAHHBIX METOJOB OTYETHOCTY MMEIOT BaXK-
HOe 3HaueHNe IS IOBBIIIEeHV IIPOTHOCTIYECKIX BO3MOXK-
Hocreit VIV [9]. MuTerpaums texHomoruit VIV ¢ takummu
HEMHBA3UBHBIMI METOffaMU OPTATbMOIOTNIECKOI AMarHo-
CTUKY, KaK QyHAyc-poTorpadms n OnTHUIeCKas KOTePEeHT-
Hasi ToMorpadsi, uMeeT GOBbIINe IePCIEeKTUBEL B yIydIlIe-
HVJ paHHel! [UarHOCTYIKY MeJIaHOMBI Xopuougen [13].

Y VM ecTp moTeHL AT IPUMEHEHVS B 06/IaCTH AMATHO-
CTUKHU U JIe4eHUsI 0(TaIbMOOHKOTOINIECKOIl MaTONTOINNL.
Omny6mKoBaHHbIE PAOOTHI OKA3BIBAIOT XOPOIIYIO 3¢ dek-
TUBHOCTb, HO MHOIZ]a MMEIOT OTPaHNYEHV B BUJE MaJIbIX
pasMepoB obydaroleil BBIOOPKM 13-32 HU3KOI PacIpo-
CTPAHEHHOCTH AHHBIX 3a00/IEBAHMIL, YTO MOXET IIPUBECTU

2026;23(2):223-233

K OrpaHN4YeHHOI 3¢ (eKTUBHOCTU U BOCIPOU3BOAUMOCTH
mopenu VIV [8, 27]. DTO MOXXHO IPEOROIETh C MOMOIIBIO
CHHTETUYECKOTO YIYYLIEHVs] JaHHBIX U IPUMEHEHUs HU3-
KOYaCTOTHBIX METOROB MalIMHHOrO o6yuyeHums [27]. Tak,
B ONYONMMKOBAHHBIX paboTax IO AMATHOCTMKE MeIaHOMBI
xopuonzen ¢ nomoisio VIV B KaXkjoM fatacere MCHIONb30-
Ba/Iy MeHee 1 ThIC. CHUMKOB ITIa3HOTO JHa, TOIAa KaK B OIIy-
OMMKOBaHHBIX paboTax MO AMabeTMYEeCKON PeTHMHOIATUN
KOJIMYECTBO CHUMKOB B JJaTaceTaX MCUMUCIAETCS ThICAYAMIA.
Heo6x0a1M0 MPOROIKATb UCCIeHOBAH [i/1s1 ITIOATBEPXKie-
Hus addextuBHOCTN Ucnonb3oBanus VIV B KIMHMYECKNX
YCIOBUAX /ISl CTaHAAPTU3ALVM KPUTEPMEB OLEHKM OPY-
IMX BHYTPUITIA3HBIX OIIYXOJ/eli, He TONbKO MeTaHOMBI XO-
puongen [9].

Eite ogHOI Ba)kKHOI 3ajjadell sABIAeTCs MHGOPMUPOBa-
HIe [IALMEeHTOB O IIPOrpaMMax U MONTydYeHNe NaHHBIX (M30-
OpakeHNIl, CTaHAAPTU3MPOBAHHBIX M300pKEHUIT U IHpO-
TOKOJIOB VIX MHTEPIIpeTaliN); APYTHe IPOOIeMbl BKIIOYAIOT
KOHCEHCYC OTHOCKUTENbHO CTaHIAPTHBIX IMArHOCTUYECKMX
KpUTepyeB U IOAMNCaHMEe MHPOPMUPOBAHHOTO COITACUA
OTHOCUTEIBHO 3alUTBl HAHHBIX, KOHQUEHINATbHOCTH
n K1bep6e3omnacHOCTH. DTUUECKIe BOIPOCH MCIONIb30Ba-
Hus VIV B MefuIHe 3aHUMAIOT OT/e/IbHYI0 06/1acThb UCCTIe-
TOBaHUIA.

Cucrempl VMV [O/MKHBL 6eCHpEnATCTBEHHO MHTe-
TPUPOBATLCS B CYLIECTBYIOLMe KIMHMYeCKMe pabodne
IIPOLleCcChl M 37IeKTPOHHbIE MeRMIMHCKMe KapTbl. Iloka
ellle NPUXOAUTCS YacTO CTAJIKUBATbCA C INpobieMamu
coBMecTUMOCTH [16].

JloKTOpaM-K/IMHUIMCTaM HeOOXOMMO o0y4deHue fs a¢-
(beKTMBHOTO UCII0/Ib30BaHMA MHCTPYMeHTOB V1, X0Ts MoXKeT
BOSHMKHYTb COIIPOTHUB/ICHIE BHEPEHMIO HOBbIX TeXHOIOTHIA
3-3a OMACEHWII [0 IIOBOAY HAZIeXXHOCTH U BBITeCHEHM pabo-
yyx MecT [22]. Knmuanicram tpebyrorces mopenu M, koro-
pble OYAYT BbIjaBaTh IIOHATHbIE Pe3y/IbTaThI, YTOOBI 0becIIe-
YUTH JOBEpUE U BaTMFALMIO B KIVHUYECKNX YCTIOBUAX [27].
YdeHble MMORYEPKUBAIOT HEOOXOMMMOCTb Pa3pabOTKM CTaH-
[ApTOB, perlaMeHTHUPYIOLIMX IIpUMeHeHre TexHomornit MV,
a TaxKe CTaHZAPTOB, MTO3BOJLAIOIINX JOCTOBEPHO OLIeHUBATD
paboTy Takux TexHomoruii [28].

KauecTBO Mogereil OLleHMBAIOT 10 METPUKaM: IIOLIAb
nop; ROC-xpuBoit (AUC), 4yBCTBUTENIBHOCTD (Se) U cIery-
¢duanoCTD (SP).

JIsHava/lIbHO MOJIE/Ib TPEHUPYETCs C IOMOLIbI0 06ydalo-
Imero Habopa maHHBIX (training dataset). anee o6y4yeHHas
MOJie/Ib MCIIONIb3YETCs C 1Ie/IbI0 MIPOrHO3MPOBAHMsI OTBETOB
IS HaOJIIOfeHMs C IIOMOIIbI0 IIPOBEPOYHOro Habopa HaH-
HbIx (validation dataset). TecToBbli Habop maHHBIX (test
dataset) O3BOMUT [aTh HEHPEAB3ATYIO OLEHKY OKOHYA-
menvHOl MOJENN, HACTPOEHHO C IIOMOIIBI0 00yYaloliero
Habopa JaHHBIX. Accuracy — [0/ IPaBUIbHBIX OTBETOB
AITOPUTMA.
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