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lporpaMMHbIA MOAYNb ANA AMArHOCTUKK ONyXoseu ekt
ronosHoro Mosra Ha MPT-usobpa)xeHusx
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AHHOTALIMA

Ob6ocHoeaHue: OCHOBHOW NPUYMHON NSt pa3paboTKU U BHEAPEHUS TEXHOOMMIA UCKYCCTBEHHOTO MHTeNneKTa (M) B Helt-
POOHKOMIOTWM ABNSAETCA LUMPOKas pacnpocTpaHEHHOCTb onyxosiei ronosHoro Mosra — Ao 200 cnyyaes Ha 100 Thic. Hacene-
HWA. YacToTa BCTpEYaeMOCTM NePBUYHONO oyara B rosioBHOM Mo3re — 5—10%, Ho y 60-70% yMepLumMX OT 3/10Ka4eCTBEHHbIX
HOBOODpa30BaHWiA 0bHapYKMBAIOTCA MeTacTasbl B FOJIOBHOM Mo3re. MarHUTHo-pe3oHaHcHas ToMorpadmsa (MPT) — Haubo-
flee pacnpoCTPaHEHHbIA METOL NepBUYHON HEMHBA3WUBHOM OMArHOCTUKM OMyXOJIel rofloBHOTO MO3ra U KOHTPONS AMHAMMUKK
3aboneBanms. 0HUMM U3 CaMbIX CIIOXHBIX 3334 B 3TOW 0611acTy ABNAIOTCA KnaccuuKaLms TUMOB OMyXOJiel U OMpeAeNeHne
K/IMHUYECKUX NapaMeTpoB (pa3Mep M 06bEM) Ans NpoBeLeHMs, LUArHOCTUKM W iedebHbIX npoLeayp, B TOM YKUCTe OnepaLvu.

Lleste: paspabotatb nporpaMMHbIM Mogysb ana auddepeHUManbHol AUarHOCTUKM HoBoobpa3oBaHWUiA rof0BHOMO Mo3ra
Ha MPT-u306paxeHusx.

Memodsi: nporpaMMHbI i MoflyNb OCHOBaH Ha pa3paboTaHHOM Habope paHHbix — Siberian Brain Tumor Dataset (SBT),
B KOTOPOM cofieputca uHdopMaums o 6onee 1000 naumeHTOB HeMpOXUPYPrUYECKOr0 MPOdMNs € NOTHOCTbIO BepudULMpO-
BaHHbLIMW NOCTOMNEPALMOHHBIMU JMarHo3amu (TUCTONIOMMYECKU U UMMYHOTUCTOXMMUYECKM). ICTOUHMKOM AaHHBIX AN1S UcCneo-
BaHWiA 1 pa3paboTku aenseTca OefepantHbI LEHTp Helpoxmpyprum (. HoBocmbupck). B ocHoBe nexart AByX- U TPEXMepHbIe
MOZLLENIM KOMMBLIOTEPHOrO 3peHns C npeaBapuTenbHoi 06paboTkoii faHHbIX MPT-nocnenoBaTenbHOCTH, BKIOYEHHBIE B Na-
KeTbl: NpefKoHTpacTHoe T1-B3BeleHHOe M306paxeHue, MOCTKOHTpacTHoe T1-B3BeLLeHHOe U300paxeHue, T2-B3BeLLEeHHOE
n3obpaxeHnue, T2-B3BeLLeHHble 306paXKeHMs C TEXHONIOMMEN MHBEPCUM-BOCCTAHOBIIEHNS € 0cnabieHneM CUrHana oT ua-
KocTu. [laHHble MoJeny No3BOJIAIOT C BbICOKOW TOYHOCTLIO 06HApYKMBaTb M pacno3HaBaTb 4 TMna HoBO0Opa30BaHWiA: MEHWH-
rMoMa, HeBpMHOMa, rNMobNacToMa M acTpoOLMTOMA, a TaKXKEe CErMeHTUPOBATb U BbIAENATb KOMMOHEHTbI U pa3Mepsl: ET (YacTb
onyxonu, nornowatowas Gd-copepxawmii Kontpact); TC (tumor core — agpo onyxomm) = ET + Necr (Hekpos) + NenTu;
WT (whole tumor — onyxonb uenukoM) = TC + Ed (neputymMopanbHblii OTEK).

Pe3synbmamei: pa3paboTaHHbIN NpOrpaMMHbIA MOAY/b [EMOHCTPUPYET BbICOKME pe3ynbTatbl cerMeHTauum Ha SBT
no MeTpuke Dice ansa obnacren ET 0,846; TC 0,867; WT 0,9174; Sens 0,881 u Spec 1,000. [poBeaeHa anpobaums u npoBepka
Ha MexayHapoaHoM KoHkypce BraTS Challenge 2021. Ha TectoBoM Habope AaHHbIX monydeHbl 3HaueHus DiceET 0,86588;
DiceTC 0,86932 u DiceWT 0,921, yto no3sonuno paspaboTaHHOMy MPOrpaMMHOMY MOAYMO BOWTU B LAECATKY JIMOEPOB.
Mo KnaccuuKaLmMm NoyyeHHbIE pe3ynbTaTbl LEMOHCTPUPYIOT HE TONBKO BbICOKWE MOKa3aTenu TouHocTu fo 92% npu aHa-
nm3e naumeHToB (M go 89% npu aHanM3e CpesoB), HO U OYEHb BLICOKUW MOTEHLUMAN, @ TaKKe MepcnexkTuBy Ana byayimx
UccnefoBaHui B 3Tol obnacTu.

3arnoyeHue: paspaboTaHHbIM NPOrPaMMHBIA MOAY b MOXET BbITb UCMONb30BaH AN1S 00yYEHMs CMELManiCcToB U B KIU-
HWUYECKOW AMarHOCTUKe.

KnioueBble cnoa: MPT; HelMpOOHKONOTUS; KOMMbIOTEPHOE 3pEHME; CErMEeHTaLMs ONyXonu; KnaccuduKauus onyxonei
TOJIOBHOTO MO3ra.
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ABSTRACT

BACKGROUND: The main reason for the development and implementation of artificial intelligence (Al) technologies in

neuro-oncology is the high prevalence of brain tumors reaching up to 200 cases per 100,000 population. The incidence of a
primary focus in the brain is 5%—-10%; however, 60%-70% of those who die from malignant neoplasms have metastases in
the brain. Magnetic resonance imaging (MRI) is the most common method for primary non-invasive diagnosis of brain tumors
and monitoring disease progression. One of the challenges is the classification of tumor types and determination of clinical
parameters (size and volume) for the conduct, diagnosis, and treatment procedures, including surgery.

AIM: To develope a software module for the differential diagnosis of brain neoplasms on MRl images.

METHODS: The software module is based on the developed Siberian Brain Tumor Dataset (SBT), which contains information
on over 1000 neurosurgical patients with fully verified (histologically and immunchistochemically) postoperative diagnoses.
The data for research and development was presented by the Federal Neurosurgical Center (Novosibirsk). The module
uses two- and three-dimensional computer vision models with pre-processed MRI sequence data included in the following
packages: pre-contrast T1-weighted image (WI), post-contrast T1-WI, T2-WI, and T2-WI with fluid-attenuated inversion-
recovery technique. The models allow to detect and recognize with high accuracy 4 types of neoplasms, such as meningioma,
neurinoma, glioblastoma, and astrocytoma, and segment and distinguish components and sizes: ET (tumor core absorbing
Gd-containing contrast), TC (tumor core) = ET + Necr (necrosis) + NenTu, and WT (whole tumor) = TC + Ed (peritumoral edema).

RESULTS: The developed software module shows high segmentation results on SBT by Dice metric for ET 0.846, TC 0.867,
WT 0.9174, Sens 0.881, and Spec 1.000 areas. The testing and validation were done at the international BraTS Challenge
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2021 competition. The test dataset yielded DiceET 0.86588, DiceTC 0.86932, and DiceWT 0.921 values, placing the developed

software module in the top ten. According to the classification, the results demonstrate high accuracy rates of up to 92% in

patient analysis (up to 89% in slice analysis), a very high potential, and a perspective for future research in this area.
CONCLUSIONS: The developed software module may be used for training specialists and in clinical diagnostics.

Keywords: MRI; neuro-oncology; computer vision; tumor segmentation; classification of brain tumors.
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