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Pa3spaboTka nporHocTuyeckon Moaenu Shock o
ANS AMarHOCTUKU paKa npepcraTesibHOMU XKenesbl

Ha OCHOBe paMOMMUKK BunapaMeTpuyecKou
MarHMTHO-pe30HaHCHOW ToMorpadum Kapt

usMepsieMoro KoapdpuumeHta AUPPysnun U CTeKuHra
anropuTMOB MalLUMHHOIO 06y4YeHUs

A.WN. KysHeuos

MOCKOBCKUIM aBUaLMOHHbIN MHCTUTYT (HaLMOHaMbHbIN UCCNeoBaTeNbCKUI YHUBEpeUTeT), MockBa, Poccus

AHHOTALINA

O6ocHoBaHMe. Pak npefcTaTenbHON Xenesbl ABNSETCA OAHUM U3 Haubonee pacnpoCcTPaHEHHBIX OHKONOMMYEeCKUX 3abone-
BaHMM cpean MyxuuH [1, 2]. 3a nocnegHue roabl B MUPe CO3AaH PAL MPOrHOCTUYECKWUX MOLENIEN Ha OCHOBE TEKCTYPHOMO
aHanu3a u3obpameHnin brnapaMeTpU4ecKoi MarHUTHO-pe3oHaHCHo ToMorpaduu. MccnefoBaHns nNokasanu, 4To pagmoMu-
YeCKWe NPU3HaKY, U3BNEYEHHBIE U3 KapT U3MepsieMoro KoadduumreHTa anddy3uu, aBnsioTca Haubonee BOCNPOM3BOAMMBIMU
[3]. OnHaKo 3T MOZENM UMEKT OrpaHUYeHNs! MO TOYHOCTH, NOCKOSIbKY NOCTPOEHBI C MOMOLLLK OAHOM0 anropuTMa MalLMHHO-
ro 0by4eHus, KOTOPbIN YYUTLIBAET TOSIBKO JIMHENHYK0 3aBUCUMOCTD [4—6].

Lienb — noBbILLEHWe TOYHOCTM NPOrHOCTUYECKON MOAENH, AWNarHOCTUPYIOLLEN paK NpeAcTaTeNbHOM JKenesbl, 3a CHET UCMOMb30-
BaHMA CTEKMHIa anropuTMOB MaLLMHHOTO 06y4eHWs, KOTOPbIE YYUTLIBAIOT HE TOJIBKO JIMHENHBIE, HO U HENMHEHbIE 3aBUCUMOCTU
Ha OCHOBE PafiOMUKK BunapaMeTpUUYECKON MarHUTHO-PE30HaHCHO ToMorpadum KapT uaMepsieMoro koadduumreHta puddysmm.
Marepuans! u MeToabl. [poBeieHO OAHOLEHTPOBOE KOrOPTHOE PETPOCMEKTUBHOE UCCNIEA0BaHUE MALMEHTOB C NOJ03PEHUEM
Ha paK NpeaCcTaTeNbHOM Xenesbl B 0TAENEHUM PEHTTEHOBCKOM AMarHOCTUKW M ToMorpaduu 06beAMHEHHON BONBHULI C Mo-
nmKnuHKKoi (Mockea) ¢ 2017 no 2023 rof. Hanuuue paka npeactaTenibHOW Jenesbl NOATBEPXAEHO OUONCUEN Ui paau-
KanbHoii npocTaTakToMuen. CTaTUCTMYeCKuiA aHann3 NPoBOAMINCA C ucnonb3oBaHueM Python 3.11.

Pe3ynbratbl. B uccnegoBaHum npuHsano yyactve 67 MyxuuH B Bospacte 60 [54; 66] net, u3 HUX y 57 — paK npeAcTatenbHom
xenesbl, a y 10 — pobpokayectBeHHoe obpasoBaHue npocTatbl. [lporpammHoe obecneyenne LIFEX no3sonuno Bbigenutb
96 pagmMoMMyeCKMX NapaMeTpoB.

CTaTUCTMYeCKM 3HauMMble pasnuunsa BbiseneHbl no: PARAMS_ZSpatialResampling (pasmep Bokcena no ocu Z) (p=0,001),
SHAPE_Sphericity[onlyFor3DROI] (cdepuyHocTs dopMbl) (p=0,006), SHAPE_Compacity[onlyFor3DROI] (koMnakTHocTb dop-
Mbl) (p=0,004), GLRLM_HGRE (p=0,039), GLRLM_SRHGE (p=0,041), GLRLM_RLNU (p=0,039). GLRLM — matpuua anmH ce-
puii ypoBHs ceporo. OnHodaKTopHas NOrMCTUYECKas perpeccs MoKasana, Yto CTAaTUCTUYECKU 3HAYMMO BAMANW Ha UCXOL:
SHAPE_Compacity[onlyFor3DROI] (R%=15%) n PARAMS_ZSpatialResampling (R?=18%). MeToi0M MHOrO(haKTOpHOM N10rUCTH-
YecKoM perpeccuu bbiNa NOCTPOEHa NPOrHOCTUYECKAsA MOJLENb, KOTOPas YYUTLIBAET JIMHElHbIE 3aBucMMocTW. Moaens Brova-
eT 3 roKasatesisi, KOTopble COBMECTHO CTAaTUCTUYECKU 3HaUNUMO BAMAIOT Ha ucxon, (R%=23%): SHAPE_Sphericity[onlyFor3DROI],
PARAMS_ZSpatialResampling n GLRLM_RLNU.

[Ina onucaHua HenMHeMHbIX CBA3eW, Obina MocTpoeHa Apyras Mofeflb Ha OCHOBe anroputMa «[lepeBo peLLeHWi».
B Heé Bowmm 4 noxasatens (R?=58%): DISCRETIZED_HISTO_Entropy_log10 (cnydaitHocTb pacnipesenenus), SHAPE_
Sphericity[onlyFor3DROI], PARAMS_ZSpatialResampling n GLRLM_SRE.

CTEKWHr anropUTMOB, COCTOSILLMIA B pacyéTe cpefHeapudMeTUUECKOr0 MeX Y NpefcKa3aHUsMU anropuTMoB MHorodaKTop-
HOM NOTUCTMYECKON perpeccumn u «[lepeBa peLleHuWit», NO3BOAMA NOCTPOUTL MOJESb, KOTOPas Y4YUTLIBAET JIMHEHHbIE U He-
NMHelHble 3aBMCMMOCTU. Mofienb BrtoyaeT 5 napametpos (R%=77%). MocTpoeHHas Mofenb fierna B OCHOBY MPOrpamMbl-
KanbKynsropa [7], BHepEHHOM B AaHHBIN MOMEHT B NPaKTUKY Bpaya-peHTreHonora.

3aknoyeHune. Hosas Mofenib, MOCTPOEHHasA Ha OCHOBE KapT U3MepseMoro koadduuueHTa auddysum, pabotaet nydue (nno-
wapnb nog, ROC-kpusoit 99,0% [97,7; 100,0]), ueM cywiecTByrowme Mofenu ¢ nnowapsto nog ROC-kpuson 83,6% [78,3; 88,9],
KOTOPbIE MOKa3bIBAKT 3HAUNTESbHYIO BapUaTMBHOCTb (1%=71%). MoBbleHMe TOYHOCT PaBOoThl MOZENM NPOM3OLLNO 3@ CYET
NPUMEHEHNS CTEKMHIA TEXHONOTMI MaLLMHHOIO 06Y4eHUs, KOTOPBIA NO3BOSIUA YYECTb KaK NIMHENHOE, TaK U HENIMHENHOE BNKN-
SHMe NePEMEHHBIX Ha UCXOA,
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Development of a prognostic model for diagnosis of prostate
cancer based on radiomics of biparametric magnetic
resonance imaging apparent diffusion coefficient maps

and stacking of machine learning algorithms
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Moscow Aviation Institute (National Research University), Moscow, Russia

ABSTRACT
BACKGROUND: Prostate cancer is one of the most common cancers among men [1, 2]. In recent years, a number of prognostic models
based on texture analysis of biparametric magnetic resonance images have been created. The research has shown that radiomics
features extracted from apparent diffusion coefficient maps are the most reproducible [3]. However, the models were limited in
accuracy, since they are built using a single machine learning algorithm, which takes into account only linear dependences [4—6].
AIM: Increasing the accuracy of a prognostic model diagnosing prostate cancer through the use of stacking machine learning
algorithms that takes into account not only linear, but also nonlinear dependencies based on radiomics of biparametric magnetic
resonance imaging apparent diffusion coefficient maps.

MATERIALS AND METHODS: A single-center cohort retrospective study of patients with suspected prostate cancer was
conducted in the X-ray Diagnostics and Tomography Department of the United Hospital and Polyclinic (Moscow, Russia) from
2017 to 2023. The presence of prostate cancer was confirmed by biopsy or radical prostatectomy. Statistical analyses was
performed using Python 3.11.

RESULTS: The study involved 67 men aged 60 [54; 66] years, of which 57 were diagnosed with prostate cancer, and 10 — with
benign prostate formation. The LIFEx software identified 96 radiomic features.

Statistically significant differences were found for: PARAMS_ZSpatialResampling (the voxel size of the image: Z dimension)
(p=0.001), SHAPE_Sphericity[onlyFor3DROI] (how spherical a Volume of Interestis) (p=0.006), SHAPE_Compacity[onlyFor3DROI]
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(how compact the Volume of Interest is) (p=0.004), GLRLM_HGRE (p=0.039), GLRLM_SRHGE (p=0.041), GLRLM_RLNU (p=0.039),
where GLRLM — Grey-Level Run Length Matrix. Univariate logistic regression showed that SHAPE_Compacity[onlyFor3DROI]
(R%=15%) and PARAMS_ZSpatialResampling (R%=18%) had a statistically significant effect on the outcome. First, using the
multivariate logistic regression method, a prognostic model was built that takes into account only linear dependencies.
The model includes 3 features that together have a statistically significant effect on the outcome (R?=23%): SHAPE_
Sphericity[onlyFor3DROI], PARAMS_ZSpatialResampling and GLRLM_RLNU.

To describe nonlinear relationships, another model was built based on the “Decision Tree” algorithm. It included 4 indicators
(R%=58%): DISCRETIZED_HISTO_Entropy_log10 (the randomness of the distribution), SHAPE_Sphericity[onlyFor3DROI],
PARAMS_ZSpatialResampling and GLRLM_SRE.

Stacking of algorithms, which consists of calculating the arithmetic mean between the predictions of the multivariate logistic
regression and “Decision Tree" algorithms, made it possible to construct a model that takes into account both linear and
nonlinear dependencies. The model includes 5 features (R%=77%). The constructed model formed the basis of the developed
calculator program [7], currently introduced into a radiology practice.

CONCLUSION: The new model built on the basis of apparent diffusion coefficient maps performs better (area under ROC-curve
99.0%[97.7; 100.0]) than the existing models with area under ROC-curve 83.6% [78.3; 88.9], which also show high heterogeneity
(1%=71%). The accuracy of the new model was increased due to the use of stacking machine learning technologies, which made

it possible to take into account both linear and nonlinear effects from features on the outcome.

Keywords: biparametric magnetic resonance imaging; prostate cancer; radiomics; texture analysis; machine learning.
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