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AHHOTaWLMA

Lienb uccnepoBaHus. Ha ocHOBe CMHTE3a laHHbIX CUCTEMATUYECKOro 0630pa B paMKax TUMOBOI METOA0/IOMMN NPOBEAEHUA METaaHaIN30B
OLEHUTb TEKYLLEe COCTOAHME Pa3paboTKM PaANOMUYECKUX MOAENEN, NMPOAHANN3NPOBATb UCTOYHUKIN METOA0/10TUYECKOM HEOAHOPOAHO-
CTU U NPeACTaBUTb CTaHAAPTU3NPOBAHHbIW, AOKa3aTe/lbHO 060CHOBaHHBIN aNTOPUTM A1 MOBbILEHWA KaYecTsa ¥ BOCMPOU3BOANUMOCTH
6yayLmMX uccneoBaHuin.

Marepuanbl 1 metogbl. MposeaeH cuctemaTnyeckmnin novck 8 6asax PubMed/MEDLINE, Embase, Scopus, Web of Science u Cochrane
Library 3a nepuog 01.2020-12.2025. Ncnonb3oBannch KatoyeBble C0Ba, CBA3aHHbIE C pagMomMukon, MPT 1 pakom noaKenyaouHom
»enesbl (PMX). No kputepuam PICOS 6bin0 oTobpaHo 27 uccnegosaHuii (n = 5945 naumeHToBs). AnarHoctmyeckan 3pdeKTMBHOCTb
oLEeHeHa C MOMOLLbIO MeTaaHanun3a (MoZenb cayyaliHbix 3GHEeKToB), MeTOL00rMYECKOe KauecTBo — Mo wkasam RQS u METRICS gsymsa
HEe3aBUCUMbIMW peLeH3eHTaMM.

Pe3ynbTatbl. BkntoueHo 27 uccneposaHuii. O6beaAnHeHHan aguarHoctuyeckas 3bGEeKTUBHOCTb PaANOMUYECKMX MOAENEN BbICOKas
(AUC = 0.847), ogHaKo oTMeueHa CylecTBeHHan reteporeHHocTb (12 = 70.32 %). CpeaHee Kadectso no RQS coctasmio 15,2 + 3,4 (42,3 % ot
MaKkcumyma), no METRICS —67,5 + 9,0 %. BbisiBNeHbl CUCTEMHbIE METOA0/IOTMYECKUE CNAabOCTU: PETPOCNEKTUBHBIN An3aiiH (96,3 %), oTcyT-
CTBME BHelWHel Banmaaumm (77,8 %), aHannsa KAMHUYecKol nonesHoctr (70 %) n onucaHua 06paboTKmn NponyLeHHbIX AaHHbIX (100 %).
MeTa-perpeccus nokasana, YTo BbICOKMUIA PUCK CMELLEHUA NPUBOAMT K 3aBbiweHnto AUC (p = 0,009).

3akntoueHue. TeKylume BbICOKME NoKazaTenn abPekTMBHOCTU pagnomunkn PMNHK TpebytoT 0CTOPOXKHOW MHTeprpeTaLLmMm n3-3a MeTof0/10-
rMYeCKMX orpaHnYeHni. PaspaboTaHHbIN CTaHAAPTU3UPOBAHHBIN aArOPUTM, BKAKOYAIOLLMI PEKOMEHAALMN MO NPOCNEKTUBHOMY AU3aliHY,
BaAMaauumn, 06paboTKe AaHHbIX U MOCTPOEHUIO MOAENW, NPeACcTaBseT coboi NpakTUYecKoe MeTOA0I0rMYECKOe PYKOBOACTBO. Ero BHe-
OPeHne MOKET CTaTb K/OYOM K MOBbILLEHUIO METOA0/I0MMUYECKON CTPOroCTU, BOCMPOMU3BOAMMOCTU U KNIMHUYECKOMN TPAHCAALMOHHOM
LeHHOCTH ByayLimx uccnefioBaHuii B JaHHOM obnacTu.

Knrouesble CNOBA: pak npeACTaTeNbHON XEnesbl, MarHUTHO-PE30HAHCHAA TOMOrpadua, paAMOMIUKA, MALLIMHHOE 0BYyueH1e, MeTaaHanus,
BOCMPON3BOLMMOCTb PE3YNbTaToB, AN3alH UCCNEL,0BaHUA, ROC-AUC, anropuTMbl
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Abstract

Purpose of the study. Based on a synthesis of systematic review data using standard meta-analysis methodology, to evaluate the current
state of radiomics model development, analyze sources of methodological heterogeneity, and present a standardized evidence-based
algorithm to improve the quality and reproducibility of future studies.

Materials and methods. A systematic search was conducted in the PubMed/MEDLINE, Embase, Scopus, Web of Science, and Cochrane
Library databases for studies published between January 2020 and December 2025. Keywords related to radiomics, magnetic reso-
nance imaging (MRI), and prostate cancer (PCa) were used. According to the PICOS criteria, 27 studies involving 5,945 patients were
included. Diagnostic performance was assessed using a random-effects meta-analysis, while methodological quality was evaluated
independently by two reviewers using the Radiomics Quality Score (RQS) and METRICS instruments.

Results. Twenty-seven studies were included. The pooled diagnostic performance of radiomics models was high (AUC = 0.847); however,
substantial heterogeneity was observed (12 = 70.32 %). The mean RQS score was 15.2 + 3.4 (42.3 % of the maximum possible score), while
the mean METRICS score was 67.5 + 9.0 %. Systematic methodological weaknesses were identified, including retrospective study design
(96.3 %), lack of external validation (77.8 %), absence of clinical utility assessment (70 %), and failure to report missing-data handling
procedures (100 %). Meta-regression demonstrated that a high risk of bias was associated with inflated AUC estimates (p = 0.009).
Conclusion. The currently reported high performance of PCa radiomics models should be interpreted with caution because of meth-
odological limitations. The proposed standardized algorithm, incorporating recommendations on prospective study design, validation,
data processing, and model development, provides a practical methodological guidance for future research. Its implementation may
be key to improving methodological rigor, reproducibility, and the clinical translational value of future studies in this field.

Keywords: prostatic neoplasms, magnetic resonance imaging, radiomics, machine learning, meta-analysis, reproducibility of results, study design,
ROC-AUC, algorithms
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AKTYAJIbHOCTb

Pak npeacrtatenbHoit xenesbl (PMK) octaeTca oaHnm
13 Hanbonee pacnpPoCTPaHEeHHbIX OHKONOTMYECKMX 3ab0-
NEBAHMUI Y MY}KYMH BO BCEM MMPE, YTO ONpeenseT BblCO-
KYIO COLLMaNIbHO-9KOHOMMYECKYIO 3HAYMMOCTb Er0 PaHHeN
M TOYHOM AmMarHoctukm [1]. CoBpemeHHasn KAMHUYEeCKan
napagurma cCMeLLaeTcs B CTOPOHY NePCOHaN3MpPOoBaH-
HOro NOAX0Aa, rAe KPUTUYECKM BaXKHbIM CTAHOBUTCA He
TO/IbKO BbiABAEHME paKka (Grade Group 2 1, GG 2 1), HO
W HafeXHan cTpaTudmKaLmMa pMcKa, B YaCTHOCTU, MAEH-
TUdUKauma arpeccusHbIx dopm (GG = 3) [2, 3].

HecmoTps Ha LEHTPANbHYIO PONb MyNbTUNApPaMeTpu-
YecKol MarHUTHO-pe3oHaHcHoW Tomorpadum (MnMPT),
3TOT METOJ, COXPaHAET CyObeKTUBHOCTb U AEMOHCTPU-
pYeT orpaHMYeHHY0 ANArHOCTUYECKYO TOYHOCTb, OCO-
6eHHo ansa guddepeHumaumm GG = 3 [4, 5]. PagnomuKa
ABNAETCA NEPCNEKTUBHBIM METOAOM N5 CO34aHNA 06b-
€KTUBHbIX HEMHBa3UBHbIX BromapKkepos [6—8]. OgHako
CTPEMUTENBbHBIN POCT Yncna NybanKauuii He npusen
K OXKMAAEMOMY BHEAPEHUIO PASUOMUKN B PYTUHHYIO
KAMHUYECKYI0 NPaKTUKyY. KntouesbiM Bapbepom asnseTca
HW3KOe 1 HEOA4HOPOAHOE METOAONOINMYECKOE KAYecTBO
MHOTMX UCCNEeL0BaHUI, Beayliee K HU3KOM BOCNpous-
BOAMMOCTU pe3ynbTaTtos [9, 10].

[Ons cuctemaTUYecKol OLLEHKN 3TUX MeToA0/10rnYe-
CKUX npobnem 6b11n paspaboTaHbl cneymann3npoBaH-
Hble MHCTpyMeHTbl: Radiomics Quality Score (RQS) [11]
n METhodological RadiomICs Score (METRICS) [12]. He-
CMOTPSA Ha 06MMe NepBUYHBIX UCC/IeQ0BaHNI No pagu-
oMuKe P, Ha cerogHALWHMIA AeHb OTCYTCTBYET paboTa,
KoTopas 6bl Ha OCHOBE KOMMIEKCHOro MeToA0/1ornye-
CKOro ayAmTa C MCNo/b30BaHMEM 060MX MHCTPYMEHTOB
CMHTE3MpOBana BbiBOAbI B CTaHAAPTU3MPOBAHHbIN anro-
pPUTM NoCcTpoeHuns mogenen. Hactonaulee nccnegosaHune
NPW3BaHO 3aMno/IHUTb 3TOT Npoben. [laHHbI cucTemaTu-
Yyecknin 0630p 1 meTaaHanM3 HbIIM BbINOJIHEHBI B COOT-
BETCTBMM C pyKoBoacTBom PRISMA [13].

Llenb nccnepaoBaHUA: Ha OCHOBE CUHTE3a AAHHbIX CU-
cTemaTmyeckoro o63opa B pamKax TMNOBON METOA010MK
NpoBeAeHNA MeTaaHa/IM30B OLLEHWUTb TEKYLLEe COCTOHUE
pa3paboTKu paanMoMUYECKMX MOAENEN, NPOAHANIU3NPO-
BaTb UCTOYHUKU METOA0/IOMMYECKON HEOAHOPOAHOCTH
W NpeacTaBUTb CTaHAAPTU3NPOBAHHbIN, A0Ka3aTe/lbHO
060CHOBAHHbIM aNrOPUTM A5 NOBbIWEHUA KavecTsa
1 BOCNPOM3BOAMMOCTU ByayLMX Uccen0BaHUNA.

CTtpatervsa nomcka u otéop uccnepoBaHui
CucTeMaTUUEeCKUI NOUCK Nyb6AMKauMii 3a nepuog,
c 1 anBapa 2020 no 30 aekabps 2025 r. nposoguaca

Tabnuua 1. Kputepun BKAIOYEHUA U UCKNIOYEHUA UCCIef0BaHUMI
Table 1. Inclusion and exclusion criteria

Kateropwus / Criteria

Kputepuu sratoueHus / Inclusion criteria

Kputepuu nckntouenus / Exclusion criteria

YyacTHuku /
Population

MauuneHTbl c Nogo3peHmem Ha PMXK nam

C MOATBEPXKAEHHbIM AMAarHO30M, KOTOPbIM NPOBOANIACH
MPT npegacTatesibHOM xenesbl /

Patients with suspected or histopathologically confirmed
prostate cancer who underwent prostate MRI

UccnepoBaHMA Ha XKMBOTHbIX, UCCef0BaHUA
in vitro, 0630pbl, MeTa-aHain3bl, Te3UCbl /
Animal studies, in vitro studies, reviews,
meta-analyses, conference abstracts

NHaeKcHbIV TecT /
Intervention

Pagvomunuyeckne moaenm, NoCTPOeHHbIE Ha OCHOBE
NPW3HaKOB, U3B/ieYeHHbIX U3 MPT-nsobpaxeHuin /
Radiomics models developed using features extracted
from MRI images

Mogenwu, ocHoBaHHble Ha NPU3HaKax U3
Apyrux mogansHoctein (KT, N3T, ructonorusa) /
Models based on features derived from other
modalities (CT, PET, histopathology)

CpaBHeHue /
Comparison

IMcTonaTonoruyeckuii aHanus (buoncuma unm
pafvKanbHasa NPOCTaTIKTOMMA) Kak pedepeHCHbIN
CTaHAAPT ANA OnNpeaeneHus rpynnbl pUcka no cucteme
Grade Group (GG) / Histopathological examination (pros-
tate biopsy or radical prostatectomy specimen) used as
the reference standard for Grade Group (GG) classification

OTcyTCTBME TMCTONATO/IOMMYECKOTO
noateepxaerun / Absence of
histopathological confirmation

Mcxoabl / Outcomes

MpepacraBneHne guarHocTMyeckon appekTMBHOCTH
mogenu B suae ROC-AUC gna anddeperuymaumm GG > 1
unun GG > 3 / Diagnostic performance reported as ROC-
AUC for discrimination of GG 2 1 or GG = 3 prostate cancer

OTcyTcTBME AaHHbIX 06 AUC, SE uan AN /
Lack of data on AUC, standard error (SE),
or confidence intervals (Cl)

[OunzaitH
nccneposaHua /
Study Design

OpurMHanbHble AMAarHOCTUYECKUE UCCNeL0BaHNA,
ony6AMKOBaHHbIE B BUAE NOJHbIX TEKCTOB Ha
aHrauickom sasbike / Original diagnostic studies pub-
lished as full-text articles in English

MoBTOpHbIE Ny6AMKaLUKN Ha OAHOM KoropTe,
NPOTOKO/bI UcCeaoBaHuit, 0630pbl /
Duplicate publications based on the same
patient cohort, study protocols, reviews

Mpoune kKputepun /
Other criteria

UccnepoBaHus ¢ paamepom BbIGOpPKM meHee
30 naymenTos / Studies with a sample size of
fewer than 30 patients
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B NATM MEXAYHaPOAHbIX 3N1EeKTPOHHbIX 6a3ax AaHHbIX:
PubMed/MEDLINE, Embase, Scopus, Web of Science
Core Collection u Cochrane Library. MouckoBbliit 3anpoc
coyeTan TePMUHbI, OMKUCbIBaOLWME NOMYAALNIO, METOA,
BM3ya/n3aLnn U METOA0N0TMI0. BblAN UCNONb30BaHbI
cneaylolme KatouyeBble cnoBa: prostatic neoplasms (Ho-
BOO6pasoBaHMA NpeacTaTeNbHON Xenesbl), prostate
cancer (pak npeactaTenbHOM Kenesbl), prostate
carcinoma (KapuMHoMa npeacTaTeNbHOM Kenesbl),
magnetic resonance imaging (MarHMTHO-pe3oHaHCHas
Tomorpadusa), MRI (MPT), multiparametric MRI (mynb-
TunapameTtpuyeckas MPT), radiomics (pagmMomuka),
texture analysis (TeKcTypHbIl aHanus), machine learning
(MawmnHHOE 0byyeHue).

[nsa otbopa nccnefoBaHMIM MCNONL30BANUCH Npeao-
npeaeneHHble KPUTEPUM BKAKOYEHUA U UCKNIOYEHUSA,
cbopmMynMpoBaHHbIE B COOTBETCTBUM C KOHLENUUEN
PICOS (Tabn. 1).

M3BneyeHue AaHHbIX U OLEHKa

MeTOA0/10rMYeCcKoro KauecTea

OT60p NccnesoBaHNii BbINOAHANCA HE3ABUCUMMO A,BY-
MA peueHseHTamu. [Na KaxKaolh BKAOYEHHOW cTaTby
M3BNEKANNCD AaHHbIE B CTaHA4APTU3MPOBaHHYO Gopmy.
MeToa0n0rMYecKkoe KayecTBo OLEHMBANOCh ABYMSA He-

MepBoHaYanbHbIN MOUCK C MOMOLLbIO 3/IEKTPOHHbIX
6a3 gaHHbIx / Records identified through electronic
database searching (n = 1387)

W OLLBHKM METOA,0Nn0rMueckoro kauectsa (RQS/METRICS)

33aBUCUMbIMM peLeH3eHTaMM C MOMOLLbIO UHCTPYMEH-
To8 RQS [11] n METRICS [12]. CornacoBaHHOCTb OLIEHOK
onpeaenanacb ¢ UCNONb30BaHUEM KOG PULIMEHTA BHY-
TpuKnaccosol Koppenauum (ICC).

CTaTUCTUYECKUIT CUHTE3 U aHaNU3 ANA

dopmupoBaHua anroputma

[unarHoctmnyeckas apdektTneHocTb (ROC-AUC) 0606-
LWasacb € NOMOLbIO MOAENN CAydalHbiX apdeKToB
(DerSimonian-Laird). leTeporeHHOCTb OLEHMBANACh
€ nomoLbto 12-ctatucTukm. NMpoBoanaAnCh aHanus3 noa-
rpynn u meTa-perpeccus. PUCK cuctemaTmnyeckoi owmo-
KM OLLeHMBAJ/ICA HA YPOBHE OTAE/bHbIX UCCAeA0BaHUN
(nHCcTpymeHT QUADAS-2) 1 Ha ypoBHE MeTaaHanu13a.

CMHTE3 MEeTOA0/I0rMYECKUX AAHHbIX ANA pa3paboT-
KM anroputma b6bln OCHOBAH Ha TPUAHTYAALMU Tpex
K/IOYEBbLIX aCMEKTOB A/1A KAaXKA0ro METOA0/10rMUYECKOTo
BblboOpa: yacToTa NnpumeHeHus (F), meTogonornyeckoe
KauyecTBo (Q) 1 AmMarHoctTnyeckan appeKTUBHOCTb/reTe-
poreHHocTb (P).

Mouck nutepaTypbl 1 0611aA XapaKTePUCTUKA

BK/IIOYEHHbIX UCCNeA0BaHUA

Bnok-cxema oTbopa MccneaoBaHMIM NpeacTaBeHa Ha
puc. 1. Nocne otbopa B cuctemaTnyeckuii 063op 6bi10

Mocne yaanexus aybavkartos /
Records after duplicate removal (n = 506)

435 cTaTei UCKNIOYEHbI B CBA3U C HECOOTBETCTBMEM

uenu noucka / Records excluded after title and abstract

screening (n = 435):

- KAMHUYECKWE CNyyau, CepuM CyYaeB, cUCTEMATUYECKUE
0630pbl / case reports, case series, systematic reviews

- WCCNeA0BaHMA Ha KMBOTHbIX / animal studies

- nccnepoBaHua adPeKTMBHOCTM anarHocTukK / studies
not focused on prostate cancer detection

MONHOTEKCTOBbIE CTaTbW, MPOCMOTPEHHbIE
ANA aetanbHoro aHanmsa / Full-text articles assessed
for eligibility (n = 71)

44 NONHOTEKCTOBbIX CTAaTbW UCKNOYEHO U3 aHANIM3a

8 cBa3un / Full-text articles excluded (n = 44)

- aHa/u3, He HanpaBneH Ha BbiasneHune PMXK naum Ha
BbifBieHuWe arpeccusHoro PMXK / analysis not aimed
at detecting prostate cancer or clinically significant/
aggressive prostate cancer

- He npeacTaBaeHbl UCMOb30BaHHbIE anroputmbl MO

CTaTbM, BKKOYEHHbIE B aHanu3 (n = 27) /
Studies included in the analysis

ana sbiasneHus PMNX / machine learning algorithms
used for prostate cancer detection were not reported

- He npepacTaBneHa MHpopmauma o 3HavyeHun ROC-AUC
n/nnmn obem Konnyectse naumeHTos / data on
ROC-AUC values and/or total patient number were
unavailable

Puc. 1. Cxema npouecca noncka autepaTtypsbl U Bbibopa UccieaoBaHnA

Fig. 1. Literature search and study selection process flowchart
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Tabnuua 2. OCHOBHbIE XapaKTEPUCTUKU BKIIOUEHHbIX UCCAEA0BaHUN
Table 2. Main characteristics of the included studies

ABTOp, rog,

3apava

MeToza cermeHTaumm

S T oo Tatentan (20730 | St Cassfien, model

L gemrel oy oo/ g, e )]

2 oo 1 e 203 anual (30] MLR

3 oo A sl 136 anunl (30) MLR

4 oann 21 R espetive. 459 anual (301 MLR

S 2001118 1 eepetve. 459 anual (301 MLR

o fysaetd oy Pepecmwi/ g hpranan)/

7 i) 21 e 136 anual (30] MR

s Sasgisle y Pepomemei/ g P 20l

R v L S e 47 e omatic G0) SVM

10 0223 21 R eepetive. 103 anual (301 MLR

n emed . Ovememen/ g e 601

12 054 [25] 21 e 221 anual (30] MR

13 Josize) 21 emeive 199 ranual (301 RF

14 JinL. etal, 51 PeTpOCﬂeKTMB'HbIP'I / 602 Pyunas (3D) / AHcambb /
2025 [27] Retrospective Manual (3D) Ensemble

15 00508y 21 R espeive. 251 anual (301 MLR

16 Jopsize) 21 R espeive. 109 anual (30] RF

7 Sos00 23 e 75 anunl (201 sV

18 GEaonBy 23 hewowecte 65 anunl (301 MLR

19 Soprisa) 23 R ospetive. 176 ot/ automatic (30 SVM

2 op s 23 P espeive. 85 anual (201 Lo

2 Sompa 23 T hevoedtive 122 anual (20] NN

2 S 23 e 101 anunl (301 sV

B Sote 23 T hawedive 50 anunl (20] Ng

2 Somaisn) 23 P ospetive. 178 anunl (201 MLR

3 Somaps 23 T hewowedtive 299 anual (3] NB

6 RSOl oy Pepmemewd/ gy Aeowmeesci o) o

27 Shibayama Yu. >3 PeTpocneKTUBHbIi / 101 Pyunas (2D) / SVM

et al., 2025 [40]

Retrospective

Manual (2D)

MpumeyaHue: MLR — MHOXeCTBEHHAA I0TUCTUYECKan perpeccus, SVM — meTos onopHblx BeKTOPOB, RF — ciyyaiiHbli ec, aHcambib — aHcambiesas
mogenb, LDA — nnHerHbIA AUCKPUMUHAHTHBbIN aHanu3, CNN — cBepTouHas HelipoHHasA ceTb, NB — HaunBHbI HaliecoBCKMi KnaccudukaTtop.

Note: MLR — Multiple Logistic Regression, SYM — Support Vector Machine, RF — Random Forest, LDA — Linear Discriminant Analysis,

CNN - Convolutional Neural Network), NB — Naive Bayes.
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BKNtOYEHO 27 cTaTelt c obwmm pasmepom BbibopKu 5945
naLueHTOB.

BONbWMHCTBO UccnepoBaHui 6bian OfHOLEHTPOBLIMM
(81,5 %) 1 petpocnekTnsBHbIMK (96,3 %). CpeaHuin pas-
Mep KoropTbl coctasun 220 naumeHToB. Hanbonee yacto
Mcnonb3oBaauch pyyHas 3D-cermeHTauma (70,4 %) v no-
rmctTudeckas perpeccus (59,3 %). BHewHssa sanngauma
NPUMEHANACL Wb B 6 nccnesoBaHuax (22,2 %) (tabn. 2).

OueHKa MeToA010rM4eckoro Kavyecraa:

pe3ynbratbl RQS u METRICS

MexKaKcnepTHaa HageKHOCTb OLEHKM Bblia OTnY-
Ho# (ICC gnsa RQS—0,92, ana METRICS—0,89). CpegHuii
6ann RQS coctaeun 15,2 + 3,4 (42,3 % OT MakCcMmMyma),
4YTO COOTBETCTBYET KYMEPEHHOMY MW HU3KOMY Kauye-
ctBy». CpegHuit npoueHT no wkane METRICS coctasun
67,5 % £ 9,0 % (puc. 2).

AHann3 No NyHKTam BbIABUA CUCTEMATUYECKME He-
[ocTaTku (puc. 3, 4): ToNbKO B 04HOM UCCAEA0BaHUN
npoBoOAMACA NPeaBapUTENbHbBIN PacyeT MOLLHOCTHU Bbl-
60pKK; A0NA UCCIeA0BaHMIA C BHELLHEN BanMaaumnen —
22,2 %; [OCTYNHOCTb KOAA AW aaHHbIX— 7,4 %; aHanus
KannubpoBku mogaeneit — 44 %; oueHKa KANHUYECKOM
nosnesHoctn (DCA) — 30 %. KpuTuyecknm ynylueHmem
BO BCEX MCCNAeA0BaHUAX CTaN0 OTCYTCTBME ONMUCAHMUA
paboTbl C NponyLWeHHbIMM 3HaYeHnaMK (missing data).

MeTaaHanus gnarHocTuyeckoi appeKTMBHOCTU
MeTaaHanus BbIABWUA BbICOKYIO COBOKYMHYIO AMa-
FHOCTMYECKYIO 3GDEKTUBHOCTb PaANOMMUYECKMX MOae-

W OLLBHKM METOA,0Nn0rMueckoro kauectsa (RQS/METRICS)

nei (0,847 (95 % AMN: 0,817-0,873)), HO TaKKe U 3Ha-
YMTENbHYIO FeTEPOreHHOCTb MeXay nccnegoBaHUAMMU
(12=70,32 %, p < 0,001) (puc. 5).

[Ons 3apaum BoiasneHua GG 2 1 ob6beanHeHHana AUC
cocTtasuna 0,864 (95 % AW: 0,829-0,892; 1> = 63,16 %).
[na 3apaum ngeHTudmKaummn GG=3 obbeanHeHHas AUC
cocrtasuna 0,808 (95 % AW: 0,758-0,849; I = 56,81 %).

UccnepoBaHne UCTOUHUKOB reTeporeHHOCTU:

aHanus noagrpynn

AHanu3 noarpynn BblABUA HECKO/IbKO CTaTUCTUYECKM
3HaYMMbIX pasnnumnii (Tabn. 3). Knouesble BbIBOAbI:

- UccnepoBaHMAa ¢ HU3KUM PUCKOM CMeELEHUs
(QUADAS-2, puc. 6) nokasanu 3HauyMmo b6onee HU3-
KYIO U CTAaTUCTUYECKU OL4HOPOAHYIO 3PPEKTUBHOCTD
(AUC 0,820, 12 = 44 %), 4em UCCNEAOBAHUA C BbICOKMM
puckom (AUC 0,864, 1> = 65 %, p < 0,001).

- KombnHUpoBaHHbIe Mogenu (pagmMommuKa + KNUHU-
YyecKue JaHHbIE) NPEBOCXOAUAN YUCTYIO PAANOMUKY
(AUC 0,880 vs 0,807, p < 0,001).

- Mogaenu Ha ocHoBe norucTudeckoi perpeccun (MLR)
nokKasanu 6onee BbICOKYIO M OAHOPOAHYIO IPdPEeKTUB-
HocTb (AUC 0,867, 12 = 0 %) no cpaBHEHMIO C APpYrMMM
anroputmamm (AUC 0,816, 12 =64 %, p = 0,015).

- MpumeHeHne LASSO ana ot6opa NpuU3HaKoB accouu-
uposanocb ¢ 6onee Bbicokoit AUC (0,890 vs 0,823,
p =0,029).

- UccnepoBaHua Ha Tomorpadax 3.0 T 1 BKAtOYaBLLME
onyxonu ob6enx 30H NOKa3ann CTaTUCTUYECKM 3HAYM-
MO Ny4lune pe3ynbTaThbl.
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Puc. 2. AvHamuka cpeaHUX OLLEeHOK 3KCNepToB No I'Iy6l'll/IKaLl,VIF|M B XPOHO/1I0rM4eCKom nopagKke

Fig. 2. Chronological trend in mean expert ratings per publication
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BnusHue meTo40n10rMYECKOro KayecTsa Ha

3¢ PeKTUBHOCTb: MeTa-perpeccMoHHbIA aHanu3

MeTa-perpeccusa BbiiBUAa CTaTUCTUYECKM 3HAYMMYIO
06paTHYIO 3aBUCMMOCTb MEXKAY METOA0/I0MMYECKUM Ka-
YecTBOM (pUCKOM cmelleHus) u BennduHoi AUC: Koad-
duumeHT perpeccum coctasun —0,057 (95 % AN: —0,090 -
—0,010; p = 0,009). 9To 03HA4aET, YTO NP YAYULLIEHUM
METO0/10rMYECKOro KayecTBa NPOrHo3mpyemoe 3Haue-
Hue ROC-AUC ymeHbLiaeTtca B cpegHem Ha 0,057 nyHKTa.

Pa3paboTKa CTaHAaPTU3UPOBAHHOIO aNropUTMa:

CUHTEe3 f0Ka3aTeNbCTs

Ha ocHoBe TpuaHryaauumn aaHHbix 6bl1 paspaboTaH
noLuarosblit anroputm (puc. 7). Kaxkaaa pekomeHaaums

MMeET YeTKoe ZloKa3aTe/ibHoe obocHoBaHMe (Tabn. 4).

KpUTUYECKMM He40CTaTKOM, BbIABNEHHbIM NPU aHa-
NM3e MeToA0/N0r1K, CTaNo OTCYTCTBME OTYETHOCTM MO
paboTe c nponyuweHHbIMK 3HaYeHnamu (Missing Data)
BO BCcex uccneaosanumax (0/27, 0 %).

OBCYMAOEHUE

Hactoauwee uccnegosaHne npeacrasaseT coboi
nepBbli CUCTEMATUYECKUI 0630p U METOL,0/10TUYECKUIA
ayamT, B KOTOPOM Ha OCHOBE KO/IMYECTBEHHOIO CUHTe-
33 40Ka3aTeNnbCcTB U oLUEeHKKU KadectBa (RQS/METRICS)
npeanoXKeH CTaHAApPTU3MPOBAHHBIA AanropuTm ANnA
pa3paboTkmn pagnommnyeckux mogeneir MPT npu PMXK.

1. KauecTBo npoTokona Bu3yanusauuu / Imaging protocol quality

2. MHOXeCTBEHHbIE CerMeHTaL My pasHbiMK Bpadyamu/anroputmamu/No /
Multiple segmentations performed by different readers/algorithms/software

3. BbIfIBIEHWE MEXKCKAHEPHbIX Pa3/inymii U BEHAOP-3aBUCHMbIX NPU3HAKOB /
Assessment of inter-scanner variability and vendor-dependent features

4, AHann3 BpeMeHHOM YCTOMYMBOCTM n306paskeHuit /
Analysis of temporal image stability

5. PeayKums npuM3HaKoB UM NOMPaBKa Ha MHOXECTBEHHOe TecTupoBaHue /
Feature reduction or correction for multiple testing

6. MHOronapameTpuyecKknin aHaamns ¢ HepPaguoOMUYECKMMM NpUsHakamm /
Multivariable analysis including non-radiomic features

7. BoiagneHue v obcyxaeHne 6Monornyeckmx Koppenatos /
Identification and discussion of biological correlates

8. AHa/IM3 TOUYEK pa3genieHuns — onpeaesieHne rpynn pucka no meguate /
Cut-off analysis and median-based risk stratification

9. CtaTUCTMKa AMCKpMMMHaumm / Discrimination statistics

10. Cratuctmka kanubposku / Calibration statistics

11. MpocnekTueHoe uccnegosaHue / Prospective study

12. Banupgaums sbinonHaetcsa 6e3 nepeobyuerms /
Validation performed without model retraining

13. CpaBHeHue ¢ «3010TbIM cTaHgapTom» / Comparison with the gold
standard

14. MoTeHuManbHan KNMHMYECKan nonesHocTs / Potential clinical utility

15. AHanu3 skoHomuyeckoi adpodekTueHocTn / Cost-effectiveness analysis

16. OTKpbITas HayKa 1 gaHHble — NyBANKaLMA KOAa U AaHHbIX /
Open science and data sharing: publication of code and data
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Puc. 3. Tuctorpamma cpegHux 6annos no 16 nyHkram RQS

Fig. 3. Bar chart of mean scores across the 16 RQS
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CobnofeHne pekomeHAaumii, cneuuduuHbix ans pagrnomukm / Compliance with radiomics-specific
recommendations

Kputepuum otbopa, onucsisatowwme penpeseHTaTusHyto Bbibopky / Eligibility criteria defining a representative
study population

BbICOKOKaUYeCcTBEHHbI 3TaNIOHHbINM CTaHAAPT ¢ YeTKMM onpeaeneruem / High-quality reference standard with
a clear definition

MHoroueHTpoBoe uccnegosaHue / Multicenter study

MPUMEHMMOCTb AaHHbIX BU3yasM3aumMmn 418 paamoMuyeckoro aHanusa / Suitability of imaging data for
radiomic analysis

MpoToKoA BU3yanuU3aLmMmu c napameTpamu nonyveHus usobpaskeHnit / Imaging protocol with acquisition
parameters

WHTepBan Mexay BU3yanusaumei 1 3TaoHHbIM cTaHgapTom / Interval between imaging and reference standard

Bk/touaeT im uccnefoBaHme cermeHtaumio? / Does the study include segmentation?

Wcnonb3oBaHue NOAHOCTbIO aBTOMATU3MpoBaHHoOM cermeHTaumm / Use of fully automated segmentation

Mpo3pauHoe onucaHue metogonoruu cermeHTauum / Transparent description of the segmentation methodology

DopmanbHan oLueHKa NONHOCTbIO aBTOMaTU3MPOBaHHOM cermeHTaumm / Formal evaluation of fully automated
segmentation

Macku cermeHTaLmm TectoBoro Habopa, co3faHHbIe OAHUM cuuTbiBaTenem / Test-set segmentation masks
generated by a single reader

W3BneyeHne Npu3HAKOB BbINOHEHO BPY4Hyto? / Was feature extraction performed manually?

WUcnonb3oBaHve MeTo40B NpeasaputenbHol 06paboTkm nsobpaxenuit / Use of image preprocessing methods

WUcnonb3osaHue ctaHaapTusnposaHHoro MO ans ussneyeHus npusHakos / Use of standardized feature-
extraction software

Mpo3payHoe oToBpakeHWe NapameTpoB U3BNeUeHUA NpusHakos / Transparent reporting of feature
extraction parameters

BkAtouaeT am uccneposaHue TabandHble gaHHble? / Does the study include tabular data?

BkAtouaeT nn uccnefoBaHue ckBosHoe rnybokoe obyueHue? / Does the study include end-to-end deep learning?

YpaaneHve HeHagexHbIx GyHKUMit / Removal of unstable features

Ypaanenve u3bbiTouHbix dpyHKumi / Removal of redundant features

CooTBeTcTBMe pasmepHocTH o6bemy AaHHbix / Dimensionality appropriate to dataset size

OUEeHKa YCTOMYMBOCTM CKBO3HbIX KOHBeWepoB rnyb6okoro obydeHus / Assessment of end-to-end deep learning
pipeline robustness

MpaBuAbHbIN Npouecc pasgenexns faHHbix / Appropriate data-splitting procedure

Yuert nckaxatwowmx dakropos / Adjustment for confounding factors

Mcnonb3oBaHue nokasateneit oLeHKM 3dpPeKTUBHOCTH BbINoNHEHUA 3aaaum / Use of task-performance metrics

YyeT HeonpeaeneHHocTn / Assessment of uncertainty

OueHka Kanubposku / Calibration assessment

WUcnonb3oBaHue ofHoNapameTpuyeckoit Busyanmsaumm / Use of univariable visualization

JloKasaTenbCcTBO AONOHUTENLHOM KAMHUYecKol ueHHoctv / Demonstration of incremental clinical value

CpaBHeHMe C NPOCTbIMM UAK KNACCUYECKUMM CTAaTUCTUYECKUMM Moaensamm / Comparison with simple or
conventional statistical models

BHyTpeHHee TecTuposaHue / Internal testing

BHewHee TecTuposaHue / External testing

JocTtynHocTb gaHHbix / Data availability

JoctynHocTb Koga / Code availability

[JoctynHoctb mogenu / Model availability

0%

[u3aitH uccneposanusa / Study design

CermeHTauus / Segmentation

O6paboTka npusHakos / Feature processing

MeTpuku 1 cpasHeHue / Metrics and comparison

OTKpbITas Hayka / Open science

[aHHble nsobpaskeHuit / Imaging data

06paboTka n3obpaskeHnin M 3BnedeHne npmusHakos / Image processing and feature extraction

MoarotoBKka K mogenvposaHuio / Preparation for modeling

TectuposaHue / Testing

Puc. 4. Tuctorpamma cpegHux sHayeHmii METRICS no aTanam KoHBeliepa
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Fig. 4. Bar chart of average METRICS values across pipeline stages
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KntoueBoit BbiBOA paboTbl 3aKN04aETCA B TOM, YTO Bbl-
COKasA 3aABJieHHaA gMarHoctTMyeckan adPeKTUBHOCTb
PagMOMUKN COMPOBOMKAAETCA CYLLECTBEHHON METOA0-
NOrMYecKko HeOAHOPOAHOCTBIO M PUCKOM CUCTEMATU-
YECKMX CMELLLEHUNA.

BblABNEHHbIE CUCTEMHbIE cabocTu cornacyrTca
C AaHHbIMW METOA0N0TMYECKUX ayaUTOB B APYTUX OH-
Kosiormyeckux obnactsax [9, 10, 41-43)]. MeTa-perpeccus
KOZIMYECTBEHHO NOATBEPAMIA, YTO HU3KOE METOA0N0MU-
YecKoe Ka4yecTBO ABNAETCA NPSMbIM ApaliBepoM 3aBbl-
WweHus nokasatenei AUC.

BaykHbIM BKagom ABnAeTca GOKYyCMPOBKa Ha paHee
YNyCKaemMbIX U3 BUAY TEXHUYECKUX acNeKTax BOCNpoO-
M3BOAMMOCTU. TOT PaKT, 4TO HM B ogHOM U3 27 npo-
aHaNM3NPOBaAHHbIX UCCAeaoBaHUI He Bblna onucaHa
cTpaTterua o6paboTKM NPONYLWEHHbIX 3HaUYeHUI (missing
data), ykasbiBaeT Ha KPUTUYECKMIA pa3pbiB MeXKay Ae-
KNapuMpyeMbiM CTPEMAEHUEM K CTAaHAAPTM3aLUM U ee

npakTUYeckon peanunsaumeit. [Ina ycTpaHeHUs 3Toro
npob6ena B byaywmx paboTtax HEObX0AMMO: a) yKa3biBaTb
abCcoNoTHOE KOIMYECTBO U 400 NPONYLLEHHbIX AaHHbIX
ANA KaX4oW nepemeHHo; 6) onucbiBaTb Npeanona-
raemblit mexaHusm nponyckos (MCAR, MAR, MNAR);
B) 060CHOBbIBATb BblOpaHHbIN MeTod KoppeKummn —
6yab TO NoOMIHbLIA aHanu3 HabnogeHuit (complete case
analysis), npocTasa umnyTaums cpeaHum/meamnaHomn unu,
YTO NpeanoYTUTENbHEE, MHOXKECTBEHHAA MMNYTaLWA;
r) NpoBOAUTb aHaNN3 YYBCTBUTENbHOCTU, CPAaBHMBAsA
XapaKTePUCTUKM NALMEHTOB C NOAHBIMM U HENOHbIMM
AaHHbIMM, YTOBbI OLLEHUTb PUCK CMeLLeHUs oTbopa.
PaspaboTaHHbI aNrOpUTM NpeacTaBAseT coboi CUH-
Te3 A0Ka3aTeNbCTB. Ero cMbHble CTOPOHbI — aKLEHT Ha
KOMBUHMPOBAHHbIX MOAENAX, NPeAnoUYTeHNE UHTEp-
npeTupyembix MeTog4oB 1 6esycnosHoe TpeboBaHue
BHELUHEeN BaAnAaL MM — HaNPAMYIO BbITEKAIOT U3 AaHHbIX
noarpynnoBoro aHanusa. MomeuieHne B aAropuT™ Ta-

Woznicki (T2WI+DWI+ADC, PZ-TZ, MLR) 2020 _l_._,— 0.889 (0.807 - 0.971)
Li (T”2WI+DWI+ADC+DCE, PZ-TZ, MLR) 2020 3 —_——— 0.937 (0.855-1.019)
Hu (T2WI+DWI+ADC, PZ-TZ, MLR) 2021 . P 0.920 (0.838 - 1.002)
He (DWI+ADC, PZ-TZ, MLR) 2021 + 0.863 (0.801 - 0.924)
Ji (T2WI+DWI+ADC, PZ-TZ, MLR) 2021 —_— 0.886 (0.804 - 0.968)
Ayyad (T2WI+DWI+ADC, PZ-TZ, SVM) 2022 S 0.882 (0.800 - 0.964)
Lu (T2WI+DWI+ADC, PZ-TZ, MLR) 2022 —_——— 0.872 (0.835 - 0.909)
Gui (T2WI, PZ-TZ, MLR) 2022 : 0.900 (0.810 - 0.990)
Grajales (T2WI+DWI+ADC, PZ-TZ, SVM) 2022 P 0.820 (0.698 - 0.942)
Ma (DWI+ADC, PZ-TZ, MLR) 2022 - 0.838 (0.723 - 0.953)
Jin (T2WI+DWI+ADC, PZ-TZ, SVM) 2023 —_—_—— 0.763 (0.681 - 0.845)
Li (T2WI+DWI+ADC, PZ-TZ, MLR) 2024 ! —_— 0.959 (0.903 - 1.014)
Zhou (T2WI+DWI+ADC, PZ-TZ, RF) 2025 —_——— . 0.722 (0.652 - 0.792)
Jin (T2WI, PZ, Ensemble) 2025 g 0.860 (0.765 - 0.955)
Lu (T2WI+DWI+ADC, PZ-TZ, MLR) 2025 —_— 0.872 (0.837 - 0.907)
Zhang (T2WI+DWI+ADC, PZ-TZ, RF) 2025 ! — 0.915 (0.858 - 0.972)
Subgroup GG 21 (1> = 63.16%, p < 0.001) e 0.864 (0.829 - 0.892)
Chen (T2WI+DWI+ADC, PZ, SVM) 2020 N . 0.786 (0.704 - 0.869)
Gugliandolo (T2WI, PZ-TZ, MLR) 2021 o 0.820 (0.675 - 0.965)
Han (DWI+ADC, PZ-TZ, SVM) 2021 @ : 0.731 (0.605 - 0.857)
Kang (T2WI+DWI+ADC, PZ-TZ, LDA) 2021 : ° 0.953 (0.835 - 1.071)
Bertelli (T2WI, PZ, CNN) 2022 . o 0.875 (0.695 - 1.055)
Urakami (TIWI+T2WI+DWI+ADC+DCE+JH, PZ-TZ, SVM) 2022 . —_—— 0.985 (0.954 - 1.016)
Zhuang (T2WI+DWI+ADC+DCE, PZ-TZ, NB) 2023 .. 0.837 (0.714 - 0.961)
Gao (ADC+Sy(T2W+PD), PZ-TZ, MLR) 2024 —_— 0.818 (0.759 - 0.877)
Nicoletti (T2WI+DWI+ADC, PZ, NB) 2024 —— 3 0.751(0.718 - 0.784)
Wang (T2WI+DWI+ADC, PZ-TZ, CNN) 2025 ° ! 0.745 (0.661 - 0.829)
Shibayama, (TIWI+T2WI+DWI+ADC+DCE, PZ-TZ, SVM) 2025 3 _—0— 0.920 (0.853 - 0.987)
Subgroup GG 2 3 (I2=56.81 %, p =0.010) i — 0.808 (0.758 - 0.849)
Overall (I = 70.32 %, p < 0.001) — 0.847 (0.817 - 0.873)

0,6 0,7 0,8 0,9 1,0

Noarpynnbl: ==GG>21 =—=GG2>3

ROC-AUC (95 % [loseputenbHblit UHTepBan) /

ROC-AUC (95 % Cl)

Puc. 5. Broborpamma NporHocTUYECKMX mogenei ¢ 0606weHHol naowaapto nog ROC-kpusoit (AUC) n 95 % aosepuTebHbIM
MHTEepPBANOM ana AnarHocTuku PMXK B paspese no Tuny uenm nccnegosanua (GG = 1 1 GG = 3)

Fig. 5. Forest plot of individual predictive models showing the pooled area under the ROC curve (AUC) and 95% confidence
interval for PCa diagnosis, stratified by study target condition (GG 21 and GG >3)
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W OLLBHKM METOA,0Nn0rMueckoro kauectsa (RQS/METRICS)

Ta6bamua 3. AHanU3 noAarpynn: BAMAHUE METOA0/IONMYECKUX U TEXHUYECKUX GAKTOPOB Ha 06beanHeHHyo AUC
Table 3. Subgroup analysis of the impact of methodological and technical factors on the pooled AUC

) _ p-3HaueHune
CnKeonongMMCﬁ/ 0606L1eHHbIN AUC 12 (8HyTPM) / (mexkay
®dakTop / Factor Moarpynna / Subgroup A (95% an) / 12 (within rp,) / p-value
Number of
e, Pooled AUC (95 % ClI) group) (between
’ groups)
o : | o, *
OBwmii puck cmeweHns Hu3Kkuit puck / Low risk 7 0,820 (0,767-0,864) 44 % < 0,001
(QUADAS-2) / Overall HescHbliii puck / Unclear risk 2 0,754 (0,721-0,785) 0%
risk of bias (QUADAS-2)  ~ g | it puck / High risk 18 0,864 (0,828-0,894) 65 %
PagmomumKa + KAMHWUYecKue
Tun mogenu / AaHHble / Radiomics + 10 0,880 (0,860-0,897) 0% <0,001*
Model type clinical data
Tonbko paguommka / 17 0,807 (0,769-0,840) 55,8 %
Radiomics only
Events per variable (EPV) EPV <10 12 0,852 (0,801-0,891) 65 % 0,824
—4KCNO COBbITUIA Ha OHY
nepemeHHyio / Events per EPV > 10 15 0,845 (0,804-0,879) 73,6 %
variable (EPV)
Events per variable EPV <15 16 0,856 (0,813-0,890) 63 % 0,555
(EPV) — uncno cobbituin
Ha O4HY "ePeMEHHy*O/ EPV > 15 11 0,838 (0,791-0,877) 76 %
Events per variable (EPV)
WcnonbsosaHue LASSO / > o "
Knaccuoukarop / LASSO used 12 0,867 (0,847-0,885) 0% 0,015
Classifier
Be3 LASSO / No LASSO 15 0,816 (0,773-0,853) 64 %
MeTog cenexkumn / 30Th 11 0,890 (0,839-0,926) 64 % 0,029*
Feature selection
method 15T/ apyrue /15T / 16 0,823 (0,785-0,855) 70 %
Nepudepunyeckan +
nepexoAHan sowa (PZ-TZ) / 21 0,864 (0,837-0,887) 49 % <0,001*
Peripheral zone + transition
Cuna marHuTHoro nons / zone (PZ-T2)
Magnetic field strength
TonbKo nepudepnyeckasn
30Ha (PZ) / Peripheral zone 6 0,751 (0,723-0,777) 0%
only (PZ)
PagmomumKa + KAMHUYecKue
naHHble / Radiomics + 23 0,855 (0,823-0,882) 65 % 0,008*
Nokanusauusa aHanmsa / clinical data
Region analyzed T
0bKO pajytomuKa / 4 0,780 (0,725-0,826) 29%
Radiomics only
Bbicokoe KauecTso (RQS) /
YposeHb (METRICS)* / High _ o
quality (RQS) / High level 7 0,880 (0,844-0,909) 0% 0,058
Tun mogenu / Model (METRICS)*
type
YMepeHHoe Uaun HU3Koe
KayecTBO/ypoBeHb / 20 0,834 (0,797-0,865) 74 %
Moderate or low quality/level
C BHewHeW Bannaaunen /
OueHka meToa. External validation 8/4 0,824/0,819 55% /87 % 0,330/0,338
Kauecrsa / performed
Methodological quality -
assessment Bes sreweit Bannnauny / 19/23 0,860/0,851 75 % / 66 %
No external validation
L 3D 3 0,831 (0,735-0,897) 54 % 0,659
Banupauus / Validation
2D 24 0,850 (0,817-0,878) 72 %
Cermenrauus / ”C”°“tf\§gg”:§eb“50/ 21 0,849 (0,813-0,879) 75 % 0,599
Segmentation method
Bes LASSO / No LASSO 6 0,834 (0,781-0,876) 19%

MpumeyaHue: * — pasnnuma cTaTMCTUYECKM 3HaumMmbl (p < 0,05) / differences were statistically significant (p < 0,05).
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KMX «HEBUAUMbBIX» 3TAaNOB, KaK 06pa6o1'|<a nponyckos - OrpaHn4yeHHaa KANHN4eCKaa NpMMeHMMOCTb BbIBOAOB

n obocHoBaHMe pasmepa BbIOOPKKU, HaNpaBieHO Ha

YCTpaHeHNe CUCTEMHbIX I'IpO6EI]OB.

OrpaHu4YeHUA uccnepoBaHmA

TPOBbIX AMU3aNHOB;

n3-3a JOMUNHNPOBAHNA PETPOCNEKTUBHbIX, OAHOLEH-

- YCNOBHOCTb MHCTPYMeHTOB oueHKu (RQS, METRICS),
KOTOpble MOTYT He 0XBaTblBaTb BCE HIOAHCbI;

- HU3KUI ypoOBeHb A0Ka3aTe/1bCTB (GRADE) n3-3a Bbl- - NoTeHuuasbHOE BAUAHUNE Bbl6pOCOB Ha reTeporeHHoOCTb,
COKOro pUCKa CMCTeMaTMYECKOM OWNBKM U HeoaHOo- - OrpaHMHEHHbIﬁ aHaNM3 KINHUYECKON UEeHHOCTU U3-3a
poAaHocCTy; HU3KoM aonu nccneposaHnii ¢ DCA.

100 % |

90 % |
80 % | 34% 37%
70 % | 59 %
60 %._| 7% 7% 78 %
50 %] 96 % 92% 100%
40 % |
0
30% 59 % 26 % 56 %
20 % |
10 % 22%
15% 4%
0% ‘ ‘ 4% ‘ 4% ‘
OT60p WHAeKcHbIN TecT / 3TaNOHHbIN MoToK v Bpems / OT60p MHAeKcHbIN TecT / 3TaNOHHbIN
naumeHTos / Index test craHgapt / Flow and timing naumeHTos / Index test craHgapt /

Patient selection

Puck cuctematmueckom owmnbkm / Risk of bias

Bbicokuit puck / High risk

Reference standard

HescHblit puck / Unclear risk

Patient selection

Reference standard

MpumeHnmoctb / Applicability

Hwu3kumi puck / Low risk

Puc. 6. OueHKa MeTo4010rMYEeCcKoro KauecTea BK/AOUYEHHbIX UCCefoBaHU ¢ ucnonb3osaHnem QUADAS-2

Fig. 6. Methodological quality assessment of the included studies using QUADAS-2

MNnaHupoBaHue

3D-cermeHTaumA

M3BneyeHune npu-
3HaKOB (CTaHAapPTH-

BHewHAn Baangaums /
External validation

Kanubposka, DCA) /
Evaluation (ROC-AUC,
calibration, DCA)

(pa3mep BbIbOpKHK) / MPT3,0Tn/ 3uposaHHoe MO) /
. . +1CC/ K
Planning (sample size 3.0-T MRI . Feature extraction
. 3D segmentation + ICC .
calculation) (standardized
software)
MogenunpoBaHue
CeneKkums NpusHaKos Hopmanusaums
TecToBas BbI6GOPKa (nornctnueckas
(LASSO) / (Z-score) /
(Hold-out) / perpeccus) / . L
Feature selection Normalization
Hold-out test set Model development
. . (LASSO) (Z-score)
(logistic regression)
OueHka (ROC-AUC, WHTepnpeTauna

(SHAP, Homorpamma) /
Interpretation (SHAP,
nomogram)

Puc. 7. Bnok-cxema cTaHAapPTU3MPOBAHHOIO aAropuTMa ana pas3paboTku pagmMoMmmnyeckon mogenm guarHoctukun PMXK

Ha ocHoBe MPT

Fig. 7. Flowchart of the standardized algorithm for developing an MRI-based radiomics model for prostate cancer diagnosis
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Ta6nuua 4. O60cHOBaHUe peKOMeHAaLMii NO CTaHAAPTU3UPOBAHHOMY aIfTOPUTMY Ha OCHOBE CUHTE3a AaHHbIX
Table 4. Evidence and rationale supporting the proposed standardized algorithm

Jdtan
KoHBeitepa /
Pipeline stage

PekomeHgaumsa / Recommendation

[okasaTenbHoe obocHoBaHue / Evidence-based rationale

1. MNnaHnposa-
Hue / Planning

MpPOCNEKTUBHbIN/PETPOCNEKTUBHBIN AM3alH C
npesBapuTeNbHbIM pacieTom pasmepa Bbibop-
kun. CobnogeHue npuHumna EPV > 10/
Prospective or retrospective study design with
an a priori sample size calculation. Compliance
with the principle of EPV >10

OTcyTcTBME pacyeTa MOLLHOCTM — [NaBHbIA HeAOCTaTOK
(96 % nccnepoBaHwif), HANPAMYIO BANAIOLWMIA HA PUCK CMe-
weHna (QUADAS-2). MpuHUMN «naumeHT/npusHaKk» asnser-
CA KNOYEBbIM A1 MUHUMUK3aLMK nepeobydeHusn / Lack of
power calculation was the major methodological limitation
(96 % of studies) and directly contributed to the risk of bias
(QUADAS-2). The events-per-variable (EPV) principle is criti-
cal for minimizing overfitting

2. Busyanusa-

MPT 3.0 Tn ¢ 6u- uan mynbTUnNapameTpuye-

Moarpynnosoti aHanus: 3.0 Th gaeT AUC 0.864 npotns 0,751

uma / Imaging CKUM npoTokonom (T2WI, DWI/ADC) / npu 1.5 Tn (p < 0,001) / Subgroup analysis demonstrated su-
3.0-T MRI using a bi- or multiparametric proto-  perior performance for 3.0-T MRI compared with 1.5-T MRI
col (T2WI, DWI/ADC) (AUC 0.864 vs. 0.751, p < 0.001)

3 3D-cermeHTaumna obbemoB uHTepeca (VOI) 3D — ctaHgapT (78 % pabort). OueHka ICC nosbiwaeT 6annbl

CermeHTauus /
Segmentation

c 06A3aTeNbHOM OLIEHKOM MmexkHabnaaTeb-
Hou cornacosaHHocTh (ICC) / 3D segmentation
of volumes of interest (VOIs) with mandatory
assessment of interobserver agreement (ICC)

METRICS 1 cHuKaeT HeonpegeneHHocTs / 3D segmentation
represented the current standard (78 % of studies). ICC as-
sessment improves METRICS scores and reduces uncertainty

4. NHXKeHepua
npusHakos /

Mcnonb3oBaHue cTaHgapTusnposaHHoro MO
(Hanpumep, PyRadiomics uan LifeX). AsHoe

PyRadiomics ncnonb3oBasncs B 63 % KayeCTBEHHbIX uccne-
AoBaHui. OnucaHue paboTbl ¢ nponyckamu (yaanexwe,

Feature onucaHue cTpatermn o6paboTKM MPOMYLLEH-  MMMYTALMA) KPUTUYECKM BaXKHO 471 BOCMPOM3BOAMMOCTH,
engineering HbIX 3HayeHuin (NaN). Hopmanusauma npu-  XOTA HY OAHO UCCNEA0BaHWeE ero He npegocrasuio. Hopma-
3HaKoB (Z-score) / Use standardized software  nmsauua—6a3osblii war npeao6bpabotkm / PyRadiomics was
packages (e.g., PyRadiomics or LifeX). Explicitly — used in 63 % of high-quality studies. Transparent reporting
report the strategy for handling missing values  of missing-data handling (deletion, imputation) is essential
(NaN). Apply feature normalization (Z-score) for reproducibility, although none of the included studies
provided such information. Feature normalization is a fun-

damental preprocessing stage
5. OTt6op Obs3atenbHoe npumeHeHnue LASSO-perpeccun  MoarpynnoBoi aHanms: LASSO accounmposaH ¢ AUC 0,890
npusHakos / Ana cenekuun Hambonee nHdopmaTueHbix Npu-  npotus 0,823 6e3 Hero (p = 0,029). IbdekTMBHO HopeTca
Feature 3HakoB / Mandatory application of LASSO regres- ¢ nepeobyyenuem / Subgroup analysis showed that LASSO
selection sion to identify the most informative features was associated with significantly higher diagnostic perfor-

mance (AUC 0.890 vs. 0.823 without LASSO; p = 0.029).
LASSO is effective in reducing overfitting.

6. NocTtpoeHune
mogenn / Model
development

KoMbuHMpOoBaHHasA MoAesb, MHTErpupyoLLas
paguomMuyeckme W KAMHWKO-gemorpaduue-
CKue AaHHble (Hanpumep, yposeHb [NCA, BO3-
pact). B kauecTBe 6a3oBoro knaccuduraTtopa
NpeanoYTUTENIbHA /IOTUCTUYECKAn perpeccus
(MLR) / Use a combined model integrating
radiomic and clinicodemographic variables
(e.g., PSA level, age). Multiple logistic regres-
sion (MLR) is recommended as the baseline
classifier

MoarpynnoBol aHasM3 MoKasan CTaTUCTUYECKM 3HauYMmoe
NpeBoCXoACTBO KOMBMHUPOBAHHbBIX MOAENEN Hag, YMCTOM
pagmomumkol (AUC 0.880 vs 0.807, p < 0,001) npu Hyne-
BoW reteporeHHocTn (12 = 0 %). Mogenun Ha ocHose MLR
nokasasnu 6onee BbICOKYIO U OAHOPOAHYO 3PPEeKTUBHOCTb
(AUC 0,867, 12 =0 %, p = 0,015) / Subgroup analysis demon-
strated statistically significant superiority of combined mod-
els over radiomics-only approaches (AUC 0.880 vs. 0.807,
p < 0.001) with no heterogeneity (1> = 0 %). MLR-based
models showed higher and more consistent performance
(AUC0.867,12=0%, p=0.015).

7. Banupaums /
Validation

CTporoe pasgesieHve Ha oby4atolyto 1 TecTo-
Byto Bblbopku (hold-out). BHewHss Banuaa-
LUMA — 30/10TON CTaHAAPT A1 OLEHKU KIUHU-
yeckoi npumeHumoctun / Strict separation of
training and test datasets (hold-out strategy).
External validation should be considered the
gold standard for assessing clinical applicability

MeTa-perpeccus 1 aHanus noarpynn (QUADAS-2) nokasa-
/IN: CTpOras Bannaauma HanpsMyto CBA3aHa C NONyYeHUEM
PEaNUCTUUYHBIX, HE 3aBblWEHHbIX OLEHOK 3pdEeKTUBHOCTU
(p = 0,009). BHewHsa Baangaumus (22 % pabot) BbiABaAeT
pPeanucTuYHyto 3GPEKTUBHOCTD U CHUXKAET reTeporeHHoCTb
(12 ¢ 72 % po 54 %) npumeHumoctn / Meta-regression and
subgroup analyses (QUADAS-2) demonstrated that rigorous
validation is directly associated with more realistic and less
inflated estimates of model performance (p = 0.009). Exter-
nal validation (performed in 22 % of studies) provided more
realistic estimates of performance and reduced heterogene-
ity (1> from 72 % to 54 %)
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Ta6amua 4 (npoaonkeHune). 060cHOBaHME PEKOMEHAALMIA NO CTAaHAAPTU3UPOBAHHOMY a/IFOPUTMY Ha OCHOBE CMHTE3a AaHHbIX
Table 4 (continued). Evidence and rationale supporting the proposed standardized algorithm

STtan
KoHBeitepa /
Pipeline stage

PekomeHaaumsa / Recommendation

[okasaTenbHoe obocHoBaHue / Evidence-based rationale

OtyeTHOCTb No AUC, Kanmbposke (rpaduk, Tect
Xocmepa-/lemelloy) U KAUHUYECKOW MONEe3HO-
ctn (DCA). ABHoe onucaHue obpaboTkM npo-
NyLLEHHbIX AaHHbIX B MeToaax. Maean — nybau-
Kauua Kofa v AaHHbIx / Report discrimination
(ROC-AUC), calibration (calibration plot and
Hosmer-Lemeshow test), and clinical utility (de-

8. Ouenka cision curve analysis, DCA). Explicitly describe
notuet / L

. methods used to handle missing data. Ideally,
Evaluation and . .

. make code and datasets publicly available
reporting

Tonbko 44 % paboT oLeHMBaNW KanUBPOBKY — KAKOYEBOM No-
KasaTeslb HafeXHOCTU. KNMHUYecKan MHTepNpeTupyeMocTb
6blna npoaHanusmposaHa ¢ nomoubto DCA anweb B 11 % umc-
cnepoBaHuii (3/27), uTo yKasbiBaeT Ha 3HAUMTENbHbIN pa3-
pbIB MeXAy CTaTUCTUYecKon 3pdEeKTUBHOCTbIO U OLLeHKOM
KAMHUYECKOW NpumeHumocTn. OnucaHue paboTbl ¢ npo-
nycKamu HeobXogMMOo Ans MOJHOr0 MOHUMMAHWA KOHBeM-
epa. OTKpbITOCTb (BbINO/MHEHa B 7 % paboT) — dyHAameHT
BOCMNPOM3BOAMMOCTH U nporpecca obnactn / Only 44 % of
studies assessed calibration, despite it being a key indicator
of model reliability. Clinical utility was evaluated using DCA
in only 11 % of studies (3/27), highlighting a substantial gap
between statistical performance and clinical applicability.
Transparent reporting of missing-data handling is necessary
for complete understanding of the analytical pipeline. Open
science practices (implemented in only 7 % of studies) are
fundamental for reproducibility and scientific progress

- BO3MOKHOE 513bIKOBOE CMELLEHME (BK/IOUYEHbI TONIbKO
aHrNoA3bIYHbIE PaboThl).

HacTtoawmit 0630p 6bin coCpesoToOUEH UCKAOYUTENb-
HO Ha 334a4ax NepBUYHOM AMUATHOCTUKM U CTPATUDMKa-
umn pucka (GG = 1 1 GG 2 3) go Hauyana neveHus. Uccne-
[O0BaHUA, OLEHMBAOLLME PALMOMUYECKNE MOAENN ANA
ANHaMMYecKoro HabntogeHMsa nocae paguKanbHoro fe-
YyeHuA (Hanpumep, pasmoTepanumn UAK NPOCTATIKTOMMMK)
C LLeNbto BbIABNEHUA peuuansa Uam OLEHKM OTBETA, He
BK/ItOYANUCh. A nocTpaanaLMOHHbIX U3MEHEHUI Xa-
paKTepeH MHOM HAabop 3HAYMMbIX PAANOMUYECKUX NPU-
3HaKOB, NO3TOMY NOJIy4YEHHbIE BbIBOAbI Y aITOPUTM He
MOTYT BbITb HANPAMYO SKCTPANOIMPOBAHbBI HA 3TY KAU-
HUYECKYIO CUTYaUMto 6e3 LONONHUTENbHOM Baanaaumnu.

3AK/TIIOMEHUE

MNpoBeaeHHbIN KOMNAEKCHbIM METOAONOTNYECKUN
ayauT U MeTaaHaNu3 HarMAAHO AEMOHCTPUPYIOT, YTO, He-
CMOTpA Ha popMasibHO BbICOKME NOKa3aTenu AnarHocTu-
Yyeckoi apdeKTMBHOCTU paanommkn MPT B BbiABAEHUMU
n cTpatudurKkauum PMXK, cywecteytowan AoKasaTenbHas
6a3a xapaKTepusyeTcsa 3HAYUTENbHOM MeToao/ornYe-
CKOW HEOAHOPOAHOCTbIO U CUCTEMHbIMK Npobenamu.
BbifiB/ieHHble c1aboCTK, TakKMe Kak AOMUHUPOBAHMKE
PEeTPOCNEKTUBHbIX O4HOLEHTPOBbIX AM3aHOB, OTCYT-
CTBME BHELLHEeN BaAngaumm v noaiHoe UrHopupoBaHue

B OTYETHOCTM Bonpoca 06paboTKM NponyLeHHbIX AaH-
HbIX, HANPAMYIO NPUBOAAT K 3aBbILLIEHUIO PEe3yNbTATOB
M HU3KOWM BOCNPOM3BOAMMOCTU MOAENEMN, UTO 06 BACHAET
WX 3aMe/I/IEHHYI0 TPAHCAALMIO B KIMHUKY.

Ha ocHoBe cMHTE3a KONMYECTBEHHbIX AaHHbIX pa3pabo-
TaH CTaHAAPTM3MPOBAHHbBIM aNTOPUTM, KOTOPbIN CAYXKUT
NPaKTUYECKUM METOA0N0MMYECKMM PYKOBOACTBOM AN
NOBbILLEHWNA CTPOrocTU ByayLLMX nccnepoBaHuit. Ero Kato-
yeBble MOJOXKEHMUSA, BKNOYAA HEOBXOAMMOCTb NPOCNEK-
TUBHOTO NNAHMPOBAHUSA C 06A3aTeNIbHBIM GOPMaIbHBIM
pacyeToM MOLLHOCTU, OPUEHTUMPOBAHHOIO Ha obecne-
yeHue He meHee 10-15 cobbITUIM Ha OAHY NEPEMEHHY!IO-
KaHanaat (EPV), uTo Ans TMAMYHbBIX PagMOMUYECKMX MO-
penent ¢ 15-20 npusHaKamu Npu pacnpocTpaHeHHOCTH
KNAMHMYECKn 3Haummoro paka 30-40 % cooTseTcTBYeT
MWHUMaNbHOMY 06LLeMy pa3smepy BbiIOOPKKU NopszKa
200-400 naumeHTOB, 0653aTe/IbHYIO UHTErPaLUi0 Kau-
HUYECKUX J@aHHbIX, UCNOb30BaHNE UHTEPMPETUPYEMbIX
MeTO4,0B MALLUMHHOTO 06y4YeHnsa n besycnosHoe TpeboBa-
HWe BHeLHeN BainaaLmm, HanpasieHbl Ha yCTpaHeHne
BbIABNEHHbIX CUCTEMHbIX HELOCTaTKOB. MocnenosaTensb-
HOE NPUMEHEHWE 3TUX NPUHLMNOB CNOCOBHO KOHCONNAN-
poBaTb METOA0/10IMI0 B 06/1aCTU, CHU3UTb FeTEPOreHHOCTb
1 0becneynTb reHepaLmto HaLEKHbIX, KIMHUYECKU 3HAUU-
MbIX J0Ka3aTeNbCTB, YTO ABAAETCA HEOOXOAMMbIM YCNO-
BMEM A/18 MHTErpaLmnmn NepcneKkTUBHbIX PAagNOMUYECKUX
6MOMapPKEPOB B PYTUHHYIO AMArHOCTUYECKYIO NPAKTUKY.
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