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[TOHYHNPOPA MHPUKOC

«MO» - nonoxeHne
«YWN» - ymncno
«®O» - popma

«PA» - pasmep

«MH» - MHTEHCMBHOCTbL
«PW» - pucyHOK
«KO» - KOHTYpbI

«C» - cmMmewaemMocTb
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HEMHBA3WBHOE TUMWPOBAHME IMOM MO CTEMEHM 3IOKAYECTBEHHOCTY
(WHO GRADE)

IH IR

(707 MPT, 17 730 cpe30B)
2D MPT paHHbIe 3D MPT pgaHHbIe

(06BEKT = oAuNH cpe3 Mo3ra) (o6bekT = ogHo MPT-uccnepgoBaHue)

ApxuTtektypa Resnest200e Apxutektypa DenseNet

ResNeSt Block

ﬁ 1 Adam optimizer
PR Cardinal 1______ _ N Cardinalk ________ ] (learning rate = le-4)
SR s b b sl seir _
\i[Comr |1 I[Gommer |1 !if[Comvr |} i[Gomran ]! Loss function: cross-entropy
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Huang, G., Liu, Z., Van Der Maaten, L., & Weinberger, K. Q. (2017). Densely
connected convolutional networks. In Proceedings of the IEEE conference on

Zhang, H., Wu, C, Z_hang, Z.,Zhu, Y.,_ Lin, H._, Zhang, Z.,...& Smola, A. (2020). computer vision and pattern recognition (pp. 4700-4708).
Resnest: Split-attention networks. arXiv preprint arXiv:2004.08955.




N ¢ 3 N N
TUMUPOBAHUE TTINOM: 4 CTENEHU 3J1IOKAHECTBEHHOCTMU

T S
2D MPT paHHbIe 3D MPT paHHbIe
(06BEKT = 0AuH cpe3 Mo3ra) (o6bekT = ogHo MPT-uccnepgoBaHue)
WHO Grade Precision Recall F1-Score WHO Grade Precision Recall F1-Score
I 0.60 0.56 0.58 I 0.79 1.00 0.88
[ 0.11 0.45 0.17 [ 0.97 0.63 0.76
1l 0.02 0.32 0.04 1l 0.50 1.00 0.67
vV 0.85 0.47 0.61 \Y} 0.95 0.85 0.90
Shevehenko A, Kanakova T, TaLKanova T. Shigay 3. Porin . Potapov & Noninvasive Gioms

Grading with Deep Learning: A Pilot Study. Stud Health Technol Inform. 2022 Jun 6;290:675-
678. doi: 10.3233/SHTI220163. PMID: 35673102.



TUTTMPOBAHUE INMANOM: 4 CT I'IHI/I 3J'IOKA‘IECTBEHHOTI/I

}

MeTpuka Resnest200e (2D MPT) DenseNet (3D MPT)

TOYHOCTb 50% 83%

ROC AUC 2% 95%

Danilov G, Korolev V, Shifrin M, llyushin E, Maloyan N, Saada D, Ishankulov T, Afandiev R, Shevchenko A,
Konakova T, Tsukanova T, Shugay S, Pronin |, Potapov A. Noninvasive Glioma Grading with Deep Learning: A
Pilot Study. Stud Health Technol Inform. 2022 Jun 6;290:675-678. doi: 10.3233/SHT1220163. PMID: 35673102.
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OUEHUTbL B3aUMOCBSA3b MexXxay
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nopaxeHna HepBHOU CUCTEMBI
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LincppoBble 0OBLEKTHI:

* CTaTUCTUKN NepoBOro nopsanka

METOMbI: PACYET LIM®POBbIX BUOMAPKEPOB

cxooHble yHKkumn RIA ons
pacyeta GLCM n GLRLM
ONTUMWN3NPOBAHDI

* MaTpuua COBMECTHOW BCTpevYaeMoCcTen ypoBHEN ceporo (gray level co-occurrence matrix,

GLCM)

« MaTpuua anuH npoberos ypoBHen ceporo (gray level run length matrix (GLRLM)

* CTatnctukm, oCHoBaHHblI€E Ha reoMeTpuu 0ObEKTOB

M. Kolossvary, J. Karady, B. Szilveszter, P. Kitslaar, U. Hoffmann, B. Merkely, and P.
Maurovich-Horvat, Radiomic Features Are Superior to Conventional Quantitative Computed
Tomographic Metrics to Identify Coronary Plaques With Napkin-Ring Sign -
SUPPLEMENTAL MATERIAL, Circ Cardiovasc Imaging. 10 (2017)
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METPUKU KAHECTBA
MALUMHHOIO OBYYEHUA

e ToyHocTb (ACC)

« YyBcTBUTENBHOCTL (SENS)

« CneundunyHocTtsb (SPEC)

* F-mepa (F1)

* [Nnowapgb nog ROC-kpusoun (AUC)

* [Nnowaab nog kpueow precision-recall (prAUC)
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GStUdiO Server R Environment

Cynepkomnbrotep: NVIDIA DGX A100
A3bIK nporpammupoBaHusa R: Bepcus 4.2.2

RStudio Server IDE: Bepcua 2022.07.0+548
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CEIrMEHTALUA ONYXOJIn

MopanbHocTtun MPT:
e T1

* T1 c KOHTpacToMm
e T2

« T2 FLAIR

Macka Ha KaxAabin
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BbIAEJIEHUE OBBbEMA UHTEPECA

OnpepeneHue BbigeneHmne onyxonu Co3paHue 3D-maccuBa
obnacTu nHTepeca Ha BCeX cpe3ax N3 cpe3oB
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T1+C MPT T1+C MPT

XKenTtbin UBET — repmanHanbHasa MyTauus Bonee cBeTnbIv LBET COOTBETCTBYET
YepHunbHbIN LBET — MO3an4yHas MyTauus bonblemMy HoMepy 3K30Ha
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Radiogenomics in NF2-Associated
Schwannomatosis (Neurofibromatosis Type
IT): Exploratory Data Analysis

Gleb DANILOV*', Elizaveta MAKASHOVA®, Mikhail GALKIN® and
Kristina KARANDASHEVA*®
2 Laboratory of Biomedical Informatics and Artificial Intelligence,
National Medical Research Center for Neurosurgery named after N.N. Burdenko,
Moscow, Russian Federation
bRadiotherapy department, National Medical Research Center for Neurosurgery
named after N.N. Burdenko, Moscow, Russian Federation
¢ Research Centre for Medical Genetics, Moscow, Russian Federation
ORCiD ID: Gleb Danilov https://orcid.org/0000-0003-1442-5993

Abstract. Our pilot study aimed at exploratory radiogenomic data analysis in
paticnts with NF2-associated s (formerly i type If)
to assume the potential of image biomarkers in this pathology. Fifty-three unrelated
paticnts (37 (69.8%) women, avg. age 30.2 + 11.2 y.0.) were enrolled in the study

First-order, gray-level co-occurrence matrix (GLCM), gray-level run length matrix
(GLRLM), and geometry-based statistics were calculated (3718 features per region
of interest). We demonstrated imaging pattemns and statistically significant
differences in radiomic features potentially related to the genotype and clinical
phenotype of the discase. However, the clinical utility of these pattemns should be
further cvaluated. The study was supported by the Russian Science Foundation grant
21-15-00262.

Keywords. ! i type 11, NF2 d sh , genctics,
mutations, radiomics, radiogenomics

1. Introduction

Radiogenomics can potentially expand the diagnostic toolkit in neurooncology,
providing extra informative feature space to clinicians and augmenting qualitative image
assessment [1]. This may be especially important for orphan genetic diseases, which
include neurofibromatosis - a neurocutaneous syndrome, characterized by multiple
tumors in the central and peripheral nervous system. According to the modern knowledge
of the disease's genetic nature. neurofibromat type 1 is distinguished from a group of
schwannomatosis, including that associated with the NF2 gene (formerly known as
neurofibromat type II) [2]. Only a few works on radiomics and radiogenomics in
neurofibromatosis type I can be found in the literature, while currently, there are no
studies on radiomics in schwannomatosis.

Al

Danilov G, Makashova E, Galkin M, Karandasheva K. Radiogenomics in NF2-Associated
Schwannomatosis (Neurofibromatosis Type II): Exploratory Data Analysis. Stud Health Technol
Inform. 2023 Jun 29;305:588-591. doi: 10.3233/SHTI230565. PMID: 37387099



PALIMOMUKA O1S1 N3T-UCCNENOBAHUA

IH AU

N SuUVtumor
Pedk: 9,69 SUV-bw / Size: 1 cm3

MN3T — NO3NTPOHHO-OIMUCCUOHHAsS ToOMorpagus —
KT — komnbloTepHasi Tomorpadus |
SUV — ctaHgapTu3npoBaHHOE HaKoMmeHune
SUVtumor — SUV B onyxonwu

SUVnorm — SUV B MHTAKTHOM MO3re

UH — nugekc HakonneHunsa |
paguodapmnpenapaTa SUVnorm \F\ \

LSVOI

{ NH = SUVtumor / SUVnorm } TR e e i
NI3T/KT ¢ 11C-MeTUOHUHOM

EANM/EANO/RANO practice guidelines: https://link.springer.com/article/10.1007/s00259-018-4207-9
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WHOEKC HAKOIMNNEHUA 11C-METUOHUHA
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M, Pronin I. The Assessment of Glioblastoma Metabolic Activity via 11C-Methionine PET and Radiomics.
Stud Health Technol Inform. 2023 May 18;302:972-976. doi: 10.3233/SHTI230320. PMID: 37203547.
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The Assessment of Glioblastoma Metabolic
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2 Laboratory of Biomedical Informatics and Artificial Intelligence, National Medical
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Federation
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A4
IKCMNMepTHbLIM OLIeHKAdM B J1y4eBOU s, o, it s T o i
glioblastoma is not strictly standardized in the clinic and does not exclude the human

factor. This study aimed to evaluate the relationship between the radiomic features
of glioblastoma ''C-methionine PET images and the tumor-to-normal brain (T/N)
ratio determined by radiologists in clinical routine. PET/CT data were obtained for
40 patients (mean age 55 = 12 years; 77.5% men) with a histologically confirmed
di s of gliobl g

f features were calculated for the whole brain
and tumor-containing regions of interest using the RIA package for R. We
redesigned the original RIA functions for GLCM and GLRLM calculation to reduce
computation time significantly. Machine learning over radiomic features was

applied to predict T/N with the best median correlation between the true and
predicted values of 0.73 (p = 0.01). The present study showed a reproducible linear

lationship between ''C-methionine PET radiomic features and a T/N indicator
routinely assessed in brain tumors. Radiomics enabled utilizing texture properties of
PET/CT neuroimaging that may reflect the biological activity of glioblastoma and
can potentially augment the radiological assessment.

Keywords. Gliobl. diomi diomics, PET, machine learning,
artificial intelligence, neurosurgery

Danilov G, Kalaeva D, Vikhrova N, Konakova T, Zagorodnova A, Popova A, Postnov A, Shugay
S, Shifrin M, Pronin I. The Assessment of Glioblastoma Metabolic Activity via 11C-Methionine
PET and Radiomics. Stud Health Technol Inform. 2023 May 18;302:972-976. doi:

10.3233/SHTI1230320. PMID: 37203547.



META-AHAIIN3: METOObl PAOUOMUK

Lo P e e O T

NS

U B NYYEBOUN ONATHOCTUKE FOM

CraTtba To4HOCTDL 95%-4U CraTbA To4YHOCTL 95%-AU
ATRX i M.N.G. Nacul, 2023 71.20 [61.64; 79.18]
M.N.G. Nacul, 2023 - 0.71 [0.62; 0.79] C. Ma, 2023 88.90 [85.69; 91.46]
C. Ma, 2023 B 0.89 [0.86; 0.91] Z. Alom, 2023 94.60 (86.78; 97.91]
E. Calabrese, 2022 = 0.94  [0.91; 0.96] Y. Liu, 2023 80.77 [74.80; 85.60]
¥ Li, 2022 - 0.77 [0.70; 0.82] H. Zhang, 2023 78.00 (72.71; 82.51]
Mogens cMewwaHHbIX 3 eKToB ——— 0.85 [0.65; 0.95] D. Pei, 2021 76.40 (70.99; 81.07]
MeTeporeHHocTs 12 = 94%, p < 0.01 ; Y. Guo, 2023 78.42 [75.34; 81.21]
: A. He, 2022 93.57 [86.70; 97.01]
IDH D. Do, 2022 92.50 [81.61; 97.17]
Z. Alom, 2023 _E 0.95 [0.87; 0.98] L. Lam, 2022 82.18 (73.67; 88.37]
¥ Liu, 2023 B 0.81 [0.75; 0.86] H, ZE'I'?Q', 2022 76.39 [67.57; 83.40]
D. Pei, 2021 = 0.76  [0.71;0.81)] S. Voort, 2021 84.00 (82.06; 85.76]
¥ Guo, 2023 = 0.78  [0.75 0.81] L. Lam, 2022 90.78 [83.60; 95.00]
A. He, 2022 = 0.94  [0.87;0.97] E. Calabrese, 2022 94.00  [91.20; 95.95]
H, Zeng, 2022 - 0.76  [0.68;0.83] €. sun, 2022 75.00  [70.06; 79.35]
s. Veort, 2021 | 0.84  [0.82;0.86] g i‘;‘ang'oggzz lgg'gg gg';g’ ig':g
: ] a, . .66, .
L Lam: 2022 = 091 [0.84;0.95] H. Chen, 2022 81.00  [75.59; 85.44]
C. Sun, 2022 B : 0.75 [0.70; 0.79] o
S. Kandemirli, 2021 72.70 [63.60; 80.23]
S. Zhang, 2021 ey 0.89 [0.84; 0.93]
) : N. Le, 2021 73.30 (64.69; 80.44]
Y. Sakai, 2021 — 0.90 [0.82; 0.95] .
¥ enor 2021 B 094  [0.92: 0.95] S. Fang, 2021 79.88 (73.05; 85.33]
M Lee 2010 & 086  10.7% 0.91) 5. Zhang, 2021 89.40 [83.64; 93.29]
< Wo. 2020 =" 0.89 [o.sz'- 0'931 Y. Sakai, 2021 90.00 [82.40; 94.53]
g - : ot M. Gao, 2022 81.00 [76.66; 84.69]
5 Liang, 2019 Az 0.91  [0.86;0.95] Y. Choi, 2021 93.80  [92.26; 95.05]
B. Shofty, 2018 —&- 0.87  [0.74;0.94] B. Kocak, 2020 84.00 [75.79; 89.80]
P Eichinger, 2022 g 0.92  [0.84;0.96] X. 5u, 2021 86.70  [78.54;92.07]
2. 1, 2022 = 0.87  [0.80;0.91] A. Vamvakas, 2019 95.00  [82.09; 98.75]
Mogens cMewaHHbIX 3¢ deKToB -> 0.87 [0.84; 0.90] M. Lee, 2019 86.20 (78.91; 91.25]
leTeporeHHocTs /2 = 90%, p < 0.01 S, Wu, 2020 88.50 [81.66; 93.01]
S. Liang, 2019 91.40 (86.09; 94.81]
TERT : Y. Li, 2021 71.00 (65.33; 76.08]
H. Zhang, 2023 : 0.78  [0.73;0.83] Y Li, 2022 76.90 [70.30; 82.40]
S. Fang, 2021 —E— 0.80 [0.73; 0.85] B. Shofty, 2018 87.00 [74.09; 94.00]
Mopaenk cMewaHHbix 3¢ dexkToB ———— 0.79 [0.46; 0.94] P. Eichinger, 2022 92.00 (83.61; 96.29]
FeTeporeHHocTs 12 = 0%, p = 0.64 Z. Li, 2022 86.55 [80.13; 91.13]
H3K27M Mopaenb cMmewaHHbix 3¢ cdekTos - 86.19 [83.13; 88.76]
. Kandemirli, 2021 - 0.73 [0.64; 0.80] leTeporenHocTs 7 = 88%, T¥ = 0.4078, p < 0.01 o ;s s e w9
X. Su, 2021 —+ 0.87  [0.79;0.92]
Mopgens cMewaHHbix 3¢ deKTos —————————— 0.80 [0.07; 1.00]
reTeporeHHocTs 12 = 83%, p = 0.01
Mopens cuemazl-mhlx adpdexKToB - 0.86 [0.83; 0.89]
Ti r T = %, p < 0. 02 04 08 v
s P ORI & = 12,07, df = 3 (5 < D01} Paduomuka u MawuHHoe o6y4yeHue 8 QuazHOCMUKe 2/1uasnbHbIX onyxosnel

20J108HO20 MO32a: cucmemamuyeckuli 0630p iumepamypbl U Mema-aHanus.
I.B. QaHunos, C.b. Aep6a, KO.B. CmpyHuHa u coame. (2023)



B T et

HEWHBA3MUBHOE TUIMMTNPOBAHU

N

MUOM: LIM®POBAS BUOMCUS

WHARTS
Tumor Type (n = 83) ML BACC ACC SENS  SPEC F1 ROCAUC PRAUC
Oligodendroglioma SVM 99,5% 99,0% 995% 97,4% 99,0% 99,0%
_ Anaplastic SVM 97,1%  97,0% 97,1% 90,5%  99,8%  98,9%
oligodendroglioma
Anaplastic astrocytoma SVM 97,5% 95,2% 98,1%  94,0% 99,9% 99,6%
Glioblastoma SVM 94,1% 93,2% 94,8%  93,3% 97,5% 97,7%

I |

-.Fi - cTaHAapTU3UpPOBaHHbIe 30Hbl MHTEpeca
L' = - umndpoBble bBuomapkepbl

- MalLMHHOEe Oby4eHue

G.V. Danilov, A.M. Shevchenko, T.A. Konakova, E.Yu. Pogosbekyan, S.V. Shugai, T.V. Tsukanova, N.E.
Zakharova, A.l. Batalov, S.B. Agrba, N.B. Vikhrova, I.N. Pronin. Non-invasive diagnosis of brain glioma
e o — histological type using neuroradiomics instandardized regions of interest: towards digital biopsy.
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Non-invasive diagnosis of brain glioma histological type using
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Abstract

The future of contemporary neuroimaging does not solely lie in novel image-capturing technologies, but also in better methods
for extraction of useful information from these images. Scientists see great promise in radiomics, i.e. the methodology for analysis
of multiple features in medical image. However, there are certain issues in this field impairing reproducibility of results. One such

issue is no standards in establishing the regions of interest

Objective. To introduce a standardized method for identification of regions of interest when analyzing MR images using radiomics

to test the hypothesis that this approach is effective for distinguishing different histological types of gliomas.

Material and methods. We analyzed preoperative MR data in 83 adults with various gliomas (WHO classification, 2016), i.e. ol
anaplastic , anaplastic astrocytoma, and glioblastoma. Radiomic features were computed

for T1, T1-enhanced, T2 and T2-FLAIR modalities in four standardized volumetric regions of interest by 356 voxels (46.93 mm"): 1)
contrast enhancement; 2) edema-infiltration; 3) area adjacent to edema-iniiltration; 4) reference area in contralateral hemisphere.
Subsequently, mathematical models were trained to classify MR-images of glioma depending on histological type and quantita-

tive features
Results. Mean accuracy of differential diagnosis of 4 histological types of gliomas in experiments with machine learning was 81.6%,

mean accuracy of identification of tumor types — from 94.1% to 99.5%. The best results were obtained using support vector ma
chines and random forest model.

Conclusion. In a pilot study, the proposed standardization of regions of interest demonstrated high effectiveness for MR-based differ.
ential diagnosis of ol lioma, anaplastic oligodendrog anaplastic astrocytoma and glioblastoma. There are grounds

for applying and improving this methodology in further studies.

Keywords: brain gliomas, radiomics, machine learning, neuro-oncology, neuroimaging, MRI.
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6uoncum onyxonm

MPT — MATHHTHO-DEIOHANCHAR TOMOTPAGHS
MO — Mammnmoe obyuenue
ACC — accuracy, T04H0CTL
BACC — balanced accuracy, c6amaHCHPOBAHHAR TOTHOCTH
1 — F-wepa
N — ofibem BEGOpKH
PR AUC — area under precision-recall curve, I101Iats 10 KpHBO#t «TIOHOTa—TONHOCTS
ROC AUC — area under receiver operating characteristic curve, ruiontas noa Kpusoit «paGouast XapakTepHCTHKA TPHEMHHKaS
SENS — sensitivity, uyncraureasnocts
SPEC — specificity, cnewuduunocts

Bseaenue
METO/IOB JTy4eBbIX HCCIIEAOBAHMI B COBPEMEHHOMN Heif-

HeunpasusHas, Ge3onacHas M TOYHAsA THATHOCTMKA  POOHKOJIOrMHU. Braroaps mupoKomy CieKTpy Mojatb-
yXosnei MO3ra — oc ast LEb PA3BUTHS  HOCTEH HCHPOBH3YATH3ALMN MOKHO TOJTYHATH CBEACHUSA
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Radiomics Enhances Diagnostic and
Prognostic Value of Diffusion Kurtosis
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Abstract. The aim of our study was to investigate the potential of advanced
radiomics in analyzing diffusion kurtosis MRT (DKI) to increase the informativeness
of DKI in diffuse axonal injury (DAI). We hypothesized that DKI radiomic features

MOOENUPOBAHNS

could be used to detect microstructural brain injury and predict outcomes in DAL
The study enrolled 31 patients with DAI (mean age 31.48 = 11.10 years, 8 (25.8%)
female) and 12 healthy volunteers (mean age 33.67 = 11.06 years, 4 (33.3%) female).
A total of 342,300 radiomic features were calculated (2282 features per each
combination of 10 parametric DKI maps with 15 ROIs). Our results showed that
several radiomic features were capable of distinguishing between healthy and
injured brain tissue and accurately predicting outcomes with an accuracy of over 0.9.
Advanced DKI radiomic features show high diagnostic and prognostic potential in
DAI and may outperform average ROI values in DKI maps.

Keywords. Diffuse axonal injury, diffusion kurtosis imaging, MRI, radiomics

1. Introduction

Diffuse axonal injury (DAI) is one of the most severe types of traumatic brain injury
(TBI). It is crucial to identify neuroimaging biomarkers that indicate subtle
microstructural changes in both gray and white matter, as well as the extent and severity
of TBI, to provide most informative diagnosis and prognosis.

Diffusion-kurtosis imaging (DKI) is an advanced MRI modality capable of
reflecting neuronal damage in the gray and white matter of the brain, which is not
visualized with standard MRI sequences [1]. However, its application in DAI is
extremely rare, and to date, it has been limited to calculating only average values of DKI
maps within regions of interest (ROIs) [2]. We believe that applying radiomics to analyze
the signal intensity distribution in various ROIs across different DKI parametric maps
can enhance the informativeness of DKIin TBI. Our study aimed to evaluate the potential

Danilov G, Afandiev R, Pogosbekyan E, Goraynov S, Pronin I, Zakharova N. Radiomics Enhances
Diagnostic and Prognostic Value of Diffusion Kurtosis Imaging in Diffuse Axonal Injury. Stud Health
Technol Inform. 2023 Oct 20;309:287-291. doi: 10.3233/SHTI1230798. PMID: 37869859.
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