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JunarHocTuyecKasa TOYHOCTb KOMNbIOTEPHOM
ToMorpadum gna onpegeneHuna HeobxoauMocTu
rocnutanu3auum naumentos ¢ COVID-19

© C.N. Mopo3os', P.B. PewetHukos" 2, B.A. Fombonesckui', H.B. Jleguxosa’,
W.A. Broxun', 0.A. MokueHKo'

! Hay4HO-NPaKTMUYECKUNA KIMHUYECKWI LEHTP AMAarHOCTUKN U TeNeMeULIMHCKIX TEXHONOTMI [lenapTaMeHTa 30paBooxpaHeHua ropoaa MocKBbl,
MockBa, Poccuiickan Depgepauna

Z MNepablit MOCKOBCKMIA rOCYAapCTBEHHbIN MeAMLMHCKMIA yHrBepcuTeT Menn U.M. CeveHosa (CedeHoBCKMIA YHMBEpCUTET),
MockBa, Poccuiickas Qepgepauna

Ob6ocHosaHue. [ns BoisBnenus COVID-19-nHeBMOHUM, UX OCNOMHEHWIA U OuddepeHLnanbHOM OUArHOCTUKKM C Apy-
rMMmK 3ab0NeBaHMAMM NETKMX, @ TaKKe C LieNblo COPTUPOBKU nauueHToB B Poccuiickor Depepaumy NMpUMEHAIOT KOM-
nbloTepHylo ToMorpaduio opraHoB rpyaHoin Knetku (KT OTK) ¢ oLeHKoM M3MeHeHWI No BU3YanbHOWM NONTYKONMYeCTBEHHOM
wiane KT 0—4. HecMoTpA Ha LIMPOKOe NPUMEHEHWE MHCTPYMEHTA, YMCTIEHHbIE NOKA3aTeNIN ero AMarHoCTUYECKOW TOUHOCTH
B OrnpefefieHMn HeobxoanMocTH rocnuTanm3aumm naunentos ¢ COVID-19 Ha HacTOALLMIA MOMEHT HEM3BECTHBI.

Llene — onpepeneHne 3Ha4eHUI YyBCTBUTENIBHOCTM, CNELMPUYHOCTM, MONOKUTENBHOW U OTPULIATENbHOM MPOrHOCTM-
YECKOW 3HAYMMOCTU LLKafbI.

Mamepuan u memodel. K ydyacTvio B uccnegoBaHumM npueneknn 575 naumeHtoB (55% *KeHWWHbI) B Bo3pacTe
57,2+13,9 net ¢ nabopatopHo nofTeepaeHHEIM COVID-19. [InA Karkmoro nauMeHTa NpoBOAMAM MO YeTbipe NocneaoBa-
TenbHbIX uccnenoaHua KT OFK ¢ oueHKo cTeneHn TaxecTM 3aboneBaHua no Lwkane KT 0-4. YyBcTBUTENBHOCTb U Criell-
UGUYHOCTb PaccyMTLIBANM KaK YCIOBHYK BEPOATHOCTb YXYALUEHWA UK YyYLIEHUA COCTOAHMA MaLMeHTa B 3aBUCUMOCTM
0T pe3ynbTaToB npeablayLiero uccneposanua KT. ns pacuéta nonoxutensHoi (PPV) n otpuuatensHoi (NPV) nporHocTu-
YeCKOM 3HAYMMOCTM NPOBOAWIM OLEHKY pacnpocTpaHéHHocTy COVID-19 B Mockse. [JaHHble 060 Bcex cnyyanx 3abonesa-
Hua COVID-19 B nepuog ¢ 6 MapTa no 28 Hoabpa 2020 r. B3aTbI ¢ canTa PocnotpebHaasopa. Wcnonb3oBanu pag Mogenen
ARIMA u EST ¢ pa3nuyHbiMM NapaMeTpaMy Ans nogbopa Hauayyliero cOOTBETCTBUA MMEIOLLMMCA OaHHbIM M NPOrHo3a
pa3BuTMA 3aboneBaeMocTy.

Pesynemamei. Llkana ouenkn KT 0-4 npogemoHcTpupoBana MeauaHHble cneumuduuHocTb 69% M YyBCTBUTENBHOCTb
92%. Jlydwewn cTaTUCTMYECKOM MOZENbI0O ANA OMUCAHMA 3NWMAEMMUONOTrMYecKoM cuTyaummn B Mockee ABnanace ARIMA
(0,2,1). CornacHo npoBeféHHbIM NOACHETaM, NPU NpeficKkasaHHOM rofoBov 3aboneBaemMocTn B 9,6% 3HaueHus PPV u NPV
cocTaBnAT 56 1 97% COOTBETCTBEHHO.

3arntoyeHue. MakcMManbHbI MHIeKe l0aeHa Habnoganu Ha aTane Mexkay nepBbIM U BTOPLIM UccneaoBaHnem KT OrK,
Koraa 60MbLUMHCTBO NALMEHTOB B BbIGOPKE AEMOHCTPUPOBANM TEHAEHLMIO K YXYALIEHWIO KMHMYecKoro cocToaHus. LLka-
na KT 0-4 no3sonseT 6e30MacHo UCKMIOYNTb Pa3BUTUE NATONOMUYECKMX U3MEHEHWIA Y MALMEHTOB C NETKUM W CpefHeTA-
KENbIM TeyeHneM 3aboneBanua (kateropum KT0 n KT1), cnocobcTBys onTMMM3aLmMM Harpy3Kku Ha CTaLMoHapbl npu Hebna-
FONPUATHOW 3NMAEMUYECKOW 06CTaHOBKe.

Kniouesble cnosa: COVID-19; KoMnbloTepHas TOMorpagus; YyBCTBUTENBHOCTb; CNELMGUUHOCTD; COPTUPOBKA NaLMEHTOB.
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Diagnostic accuracy of computed tomography
for identifying hospitalizations for patients with
CoviD-19

© Sergey P. Morozov', Roman V. Reshetnikov'?, Victor A. Gombolevskiy',
Natalya V. Ledikhova', Ivan A. Blokhin', Olesya A. Mokienko'

! Moscow Center for Diagnostics and Telemedicine, Moscow, Russian Federation
2 | M. Sechenov First Moscow State Medical University (Sechenov University), Moscow, Russian Federation

BACKGROUND: In Russia, a semi-quantitative CT 0—4 scoring system is used in the analysis of thoracic computed tomog-
raphy (CT) scans of COVID-19 patients to grade the severity of lung lesions. Despite the widespread use of this approach, the
scoring system'’s diagnostic accuracy for identification hospitalizations for patients with the disease is currently unknown.

AIM: To evaluate the sensitivity, specificity, positive (PPV) and negative (NPV) predictive value of the CT 0-4 system for
the triage of COVID-19 patients.

MATERIALS AND METHODS: This retrospective study enrolled 575 patients of Moscow clinics with laboratory-verified
COVID-19, aged 57.2+13.9 years, 55% females. All patients were examined with four consecutive chest CT scans, and the dis-
ease severity was assessed using the CT 0-4 scoring system. Sensitivity and specificity were calculated as conditional prob-
abilities that a patient would experience clinical improvement or deterioration, depending on the preceding CT examination
results. For the calculation of the NPV and PPV, we estimated the COVID-19 prevalence in Moscow. The data on total cases of
COVID-19 from March 6 to November 28, 2020, were taken from the Rospotrebnadzor website. We used several ARIMA and
EST models with different parameters to fit the data and forecast the incidence.

RESULTS: The median specificity of the CT 0—4 scoring system was 69% (95% Cl 32%, 100%), and the sensitivity was
92% (95% CI 74%, 100%). The best statistical model describing the epidemiological situation in Moscow was ARIMA (0,2,1).
According to our calculations, with the predicted point prevalence of 9.6%, the values of PPV and NPV were 56% and 97%,
correspondingly.

CONCLUSION: The maximum Youden's index was observed for the period between the first and the second chest CT ex-
aminations when the majority of the included patients experienced clinical deterioration. The CT 0-4 scoring system makes
it possible to safely exclude the development of pathological changes in patients with mild and moderate disease (categories
CT-0 and CT-1), thereby optimizing the burden on hospitals in an unfavorable epidemic situation.

Keywords: COVID-19; computed tomography; sensitivity; specificity; triage.
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MHeHue CTYyAEHTOB MarucTpartypbl

0 AMCTAHLMOHHOM 06y4YeHMM No cneLuanbHOCTH
«WHTepBeHLUMOHHAA paguoNorua» ¢ NOMOLLbIO
3/IeKTPOHHBbIX TEXHONIOMMM: ONPOC Y4aLLUXCA

© Emanuele Neri', Laura Crocetti?, Giulia Lorenzoni?, Roberto Cioni?,
Adrian Brady?®, Davide Caramella’

! University of Pisa, Mu3a, Utanusa
2 Pisa University Hospital, Musa, Utanua
% Mercy University Hospital, Cork & University College, Kopk, Mpnanausa

Ob6ocHosaHue. MNporpamma MarucTpatypbl «MHTEPBEHLMOHHAA pagmMonorua» — MepBblit Y4ebHBIA Kypc CMeLLaHHOro
TMNa, NPeLSIOXKEHHbIN HALWUM YHUBEPCUTETOM MO [aHHOMY HanpaeneHuio. porpamMma BKKOYAET NpaKTUYECKME 3aHATUA,
0YHble NEKUMK B 0TAENeHUN «MNHTepBEHLMOHHAA PafMonorua» B COYeTaHUM C OHNaH-06yYeHeM.

Llene — ouLeHWUTb MHEHWE CTYEHTOB 0 AMUCTaHUMOHHOM 06y4eHUU No nporpamMMe MarucTpatypbl «/HTepBEHLMOHHAA
pagmonorus» (MP) ¢ NOMOLLbIO 3N1eKTPOHHbIX TEXHOMOMU.

Memodel. OcHoBHan y4ebHan nporpaMMa BKIOYaET B cebs 3 Moayns OAUCTAHLMOHHOTO 00yYeHUs 1 2 CMeLIaHHbIX Mo-
BynsA (QUCTaHUMOHHOE 06yYeHUe + NPaKTUYECKUE 3aHATKA). INEKTPOHHOE 06yYeHUe OCYLLECTBASETCA Yepe3 crieLmanbHyio
nnaTgopMy AnA CUHXPOHHOrO NPOBELEHWA NPAKTUYECKUX U TEOPETMYECKMX 3aHATUI B (opMe BEOBUHAPOB U OHNANH-NEK-
LMIA, KOTOpble 3anMCbIBAlOTCA U 3arpyKaloTcA Ha CreumanbHblii Beb-calT anA npAaMomn TpaHcnAumm. MpakTuyeckoe 06-
y4eHue NpoBOAMTCA B NIeYeOHOM YyYperKaeHUm, YTo No3BONAET CTYAeHTaM NPOBOAWTL MHTEPBEHLIMOHHbIE NpoLeaypbl He-
NoCpeACTBEHHO C MauMeHTaMu. [INA OLEHKM KayecTBa 06y4eHUA NOAroTOBMEH OHNaMH-onpoc M3 12 nyHKToB. CTydeHTbl
OLEHMBaNM CTeMeHb COrnacusa C NPeanoKeHHbIMU YTBEPHKAEHUAMU 06 IPDEKTUBHOCTU 3IIEKTPOHHOIO U NPAKTUYECKOr0
06y4eHMA no NATM6anIbHOM LWKane. o nonyYeHHbIM 0TBETAM paccuMTbIBaNy CPeaHuUii bann.

Pesynomameol. B onpoce npuHMManu yyactue 16 YenoBek: YacTb U3 HUX paboTaeT B rocyaapCTBeHHbIX (Heakagemu-
YeCcKMx) NnevebHbIx yuperkaeHunax (62,5%), 60NbLUMHCTBO Y4aCTHUKOB HAa MOMEHT NpOBEAEHUS OMpoca BbIMONMHWAW 6onee
300 MHTEpBEHLMOHHbIX NMpoLiefyp B KayecTse Bedylumx oneparopoB (80%). YYacTHWMKM cornacunmch € TeM, YTO OCHOBHbIe
MPenMYLLECTBA 3NIEKTPOHHOr0 MofynsA 06y4eHMA — BO3MOMHOCTb YAANEHHOMO MpOC/yLuMBaHWUA nekuui (68,8%) u oT-
HoCWTeNbHaA delweBn3Ha 0byyeHuna (18,8%). Bce cTymeHTbI OLEHUIM YKa3aHHble NPeUMYLLECTBA He MeHee 4eM B 3 ban-
na. B uenoM nporpamma onpasaana ouaaHua ctyaeHTos B 81,3% cnyyaes, YTo N03B0ONAET FOBOPUTL 06 3¢PEKTUBHOCTM
NpeanoHeHHoM GopMbl 0by4eHMA.

3aknioyeHue. Y4aCTHUKM OCTanuChb [OBOJIbHBI U BbIPa3niv FOTOBHOCTb PEKOMEHA0BATb YYebHbIA Kypc CBOMM Konne-
ram. CMelwaHHasa ¢opMa 06y4eHuA MoMy4mna BbICOKYI0 OLIEHKY W, KaK OMAAETCA, CTAHET MONe3HOM MOLENbi0 U3y4eHUs
MHTEPBEHLIMOHHOMN Pagmonoruu.

KnioueBble cnoBa: MHTEePBEHUMOHHAaA pagnoorua; o6pa303aHme; 0npocChbl 1 ONPOCHUKMK; 06yLIEHVIe; VIH(I)OpMaTVIKa.
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Students opinion about E-Learning
in a Master course in Interventional Radiology:
a survey among participants

© Emanuele Neri', Laura CrocettiZ, Giulia Lorenzoni?, Roberto Cioni,
Adrian Brady?, Davide Caramella’

! University of Pisa, Pisa, Italy
2 Pisa University Hospital, Pisa, Italy
% Mercy University Hospital, Cork & University College, Cork, Ireland.

AIM: To evaluate the opinion of students about Tele-education in a post-graduate University Master in Interventional
Radiology.

METHODS: The core curriculum of the Master is divided into 3 e-Learning modules and 2 e-Learning plus Hands-on Train-
ing modules. E-Learning is delivered through a webinar platform that allows to perform a synchronous training providing
real-time lectures that are recorded for streaming on a dedicated website. The Hands-on Training is provided on site, assisting
interventional radiologists in interventional procedures on patients. An online survey of 12 questions has been prepared to
determine the quality of training. Students indicated their level of agreement regarding the impact of eLearning and Hands on
Training using a 5-point scale. The mean score of the level of agreement was calculated.

RESULTS: The series include 16 participants. The 62.5% work in a public non-academic Hospital and 80% have already
performed >300 interventional procedures as primary operator.

The main advantage of the eLearning module was considered the capability to facilitate the attendance to lectures (68.8%)
followed by the low cost training (18.8%), with a good agreement between participants. No students scored the statements
as less than 3. The Master fulfilled the learning expectations in 81.3% of cases with a good agreement between participants.

CONCLUSIONS: The participants were highly satisfied and would recommend the Master to other colleagues. The blended
type of education of our Master received high appreciation and could be a model to be follow in the future, also in IR.

Keywords: Interventional Radiology; Education; Surveys and Questionnaires; Learning; Informatics.

To cite this article
Neri E, Crocetti L, Lorenzoni G, Cioni R, Brady A, Caramella D. Students opinion about E-Learning in a Master course in Interventional Radiology: a survey
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Kak UCKycCTBEHHbIA UHTENNEKT BIMAET Ha OLEHKY
nopaxenusa nerkux npu COVID-19 no ganubiM KT
rPyAHOM KNeTkn?

© C.M1. Moposos, B.10. YepHuHa, A.E. AHgpenyeHko, A.B. BnagsuMunpckui,
0.A. MokueHKo, B.A. ToMboneBckui

Hay4Ho-npaKTUYecKui KNMHUYECKUIA LIEHTP AMarHOCTUKM U TeNeMeULMHCKUX TeXHOMorWii [lenapTamMeHTa 3paBooxpaHeHus ropoaa Mocksbl,
MockBa, Poccuiickan Qegepauma

06ocHosaHue. B nepvog naHpemMun KomnbioTepHana Tomorpaduma (KT) ABNAETCA OQHMM M3 KNKOYEBbIX MHCTPYMEH-
TOB OLEHKM M3MEHEHUI B NErkux, ceAazaHHbix ¢ COVID-19. PeHtreHonorn MockBbl MCMONL3YIOT adanTUPOBaHHYyIO LWKany
KT 0-4 pna BU3yanbHOM OLEHKM 3aBUCUMOCTY TAXKECTU 06LLEro COCTOAHWA OT XapaKTepa U BbIPAXKEHHOCTU PEHTIEHONO-
MMYECKUX NPU3HAKOB M3MeHeHUN B nérkux npu COVID-19 no paHHbiM KT. B 60/bLLIOM NOTOKe MUCCe[oBaHMiA Bpay MOMKET
MPOMYCTUTL HAaX0AKY U OLLMOUTLCA B OLIEHKE 06 bEMA NOpaXKeHWUs NEFKMX, NO3TOMY NPUMEHEHUE CEPBMUCOB UCKYCCTBEHHOIO
uHtennekta (M1) obocHoBaHo B aMbynaTopHOM 3[paBOOXpPaHEHUM B NEpUOL NaHAEMUU.

Llene — cpaBHuTL pacnipegeneHune Kateropuin KT 0—4 B 3aKnioueHunaAx, COOPMUPOBAHHBIX PEHTTEHON0raMu C UCMOoMb-
30BaHueM NW-cepBrcoB M 6e3 HUX.

Mamepuan u Mmemodel. PeTpocneKkTUBHOE UMCCNefoBaHWe, MNPOTOKON WCCef0BaHUA 3aperucTpupoBaH
B ClinicalTrials.gov (NCT04489992). MpoaHanu3upoBaHbl pesynbTathl nepauyHbix KT ¢ Kateropuamu KT 0-4 B nepuog
c 08.04.2020 no 01.12.2020 v otgenbHo 3a Hosbpb 2020 ropa (c 01.11.2020 no 01.12.2020) B amMbynaTopHbIX MeAULMH-
CKUX opraHmsaumax [lenaptaMmeHTa 3gpaBooxpaHenusa. KT npoBogunuch Ha 48 KoMMNbloTepHBLIX TOMorpagax no cTaHaapT-
HbIM NpPOTOKONaM, pe3ynbTaTbl obpabaTbiBannch Yepe3 EQMHBIA paguonornyeckuii MHGOpMaLMOHHbIA cepeuc. B Tecto-
Bylo rpynny BKmoyeHbl KT, obpaboTtaHHble M-cepBucamMm, B KOHTpoNbHYlO — 6e3 0bpaboTku M. B aHanus BKNOYeHbI
5 MN-cepemcos: RADlogics COVID-19 (RADLogics, CLLA); COVID-IRA (IRA labs, Poccus); Care Mentor Al, COVID (CareMentor Al
Poccun); Tpetbe MHeHue. KT-COVID-19 (Tpetbe MHeHue, Poccus); COVID-MULTIVOX (Tammamep, Poceus). UA-cepeumchl Ko-
OMPOBaHbI CryYaiiHbIM 06pasoM.

Pesynemamel. TMpoaHanuaupoBaHbl pe3ynbtatbl KT 260 594 naumeHTOB (COOTHOLUEHWE MYMKUMHbI/HKEHLWMHBI —
44/56%, cpepHui Bo3pact 49,5 rofa). B Tectosyto rpynny BrntoyeHbl 115 618 KT, B KoHTponbHylo — 144 976. B 3aBucMMo-
CTM OT KoHKpeTHoro MIN-cepeuca ans pasHbix nogrpynn kateropuin KT-0 BeicTaBneHo ot 2,3 po 18,5% MeHblue, KaTeropui
KT 3-4 — ot 4,7 po 27,6% meHble, KT-4 — ot 40 no 60% MeHbLue, 4eM B KoHTposnibHow rpynne (p <0,0001). 3a HoAbpb
(c 01.11.2020 no 01.12.2020) npoaHanu3upoBaHbl pe3ynbtatbl KT 41 386 nauMeHTOB (COOTHOLLEHME MYMKUMHDI/ HEHLLM-
Hbl — 44/56%, cpenHuii BospacT 53,2 roaa). B TectoByto rpynny BrnioueHo 28 881 KT, B KoHTponbHyto — 12 505. B 3aBu-
CMMOCTU OT KoHKpeTHoro MIN-cepeuca ana pasHbix nogrpynn Kateropuit KT-0, KT 3-4 n KT-4 BbICTaBeHO COOTBETCTBEHHO
ot 1 mo 2,6, 01 0,2 go 15,7 v Ha 25% MeHbLUe, 4eM B KoHTponbHoM rpynne (p=0,001).

3aknoyerue. MpumeHeHne UW-cepeucoB ona nepeuyHbix KT B aMbynaTopHbIX YCNOBUAX MPUBOAMT K YMEHBLLEHUIO
Ko/MyecTBa BbicTaBNAeMbIx Kateropuit KT-0 u KT 3-4, cnocobHbIX BINATL Ha TaKTUKY BeaeHus nauuentos ¢ COVID-19.

Kniouesble cnosa: COVID-19; BHebONbHWMYHAA NHEBMOHWMSA; KOMMblOTEPHAA TOMOrpadus; MCKYCCTBEHHbIA UHTEIEKT.
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How does artificial intelligence effect on the
assessment of lung damage in COVID-19
on chest CT scan?

© Sergey P. Morozov, Valeria Yu. Chernina, Anna E. Andreychenko,
Anton V. Vladzymyrskyy, Olesya A. Mokienko, Victor A. Gombolevskiy

Moscow Center for Diagnostics and Telemedicine, Moscow, Russian Federation

BACKGROUND: During the pandemic, computed tomography (CT) was one of the most important tools for assessing
COVID-19-related lung changes. In COVID-19 patients, radiologists in Moscow used the adapted CT0-4 scale to visually as-
sess the dependence of the severity of the general condition on the nature and severity of radiological signs of changes in the
lungs based on computed tomography. In a large stream of scans, the doctor may miss findings and make errors in assessing
the volume of lung damage, so the use of Al services in outpatient healthcare during a pandemic can be beneficial.

AIM: The goal of this study is to compare the distribution of CT0-4 categories designed by radiologists with the results of
Al services processing and categories formed without Al services.

METHODS: We used retrospective study design, full study protocol is registered on ClinicalTrials.gov (NCT04489992). The
results of primary CT scans with the CT0-4 categories were analyzed in outpatient medical institutions of the Health Depart-
ment from April 08, 2020, to December 01, 2020, and separately for November (from November 01, 2020, to December 01,
2020). CT was performed on 48 computed tomographs in accordance with standard protocols, and the data was processed
by the single radiology information systems. CTs in the test group received Al services, while CTs in the control group did not.
The analysis includes five Al services: RADLogics COVID-19 (RADLogics, USA), COVID-IRA (IRA labs, Russia), Care Mentor Al
COVID (Care Mentor Al, Russia), Third Opinion. CT-COVID-19 (Third Opinion, Russia), and COVID-MULTIVOX (Gammamed, Rus-
sia). Moreover, Al services are encoded at random.

RESULTS: The CT scan results of 260,594 patients were examined (m/f % = 44/56, mean age = 49.5). The test group
consisted of 115,618 CT scans, while the control group consisted of 144,976 CT scans. Depending on the specific Al service,
CT0 was established by 2.3—18.5% less than the control group for different subgroups of categories. The categories CT3-4
were established by 4.7-27.6% less than without Al, and the categories CT4 by 40-60% less than without Al (p < 0.0001).
For November (from November 01, 2020, to December 01, 2020), the CT scan results of 41,386 patients were analyzed
(m/f % = 44/56, average age = 53.2 years). The test group consisted of 28,881 CT scans, while the control group included
12,505 CT scans. Depending on the specific Al service, CTO was established by 1-2.6% less than the control group for differ-
ent subgroups of categories. Further, the categories CT3-CT4 were established by 0.2—15.7% less than without Al, and the
categories CT4 were established by 25% less than without Al (p = 0.001).

CONCLUSION: The use of Al services for primary CT scans on an outpatient basis reduces the number of CT0 and CT3-CT4
results, which can influence the therapeutic approach for COVID-19 patients.

Keywords: COVID-19; community-acquired pneumonia; computed tomography; artificial intelligence.
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HY‘-IEBaﬂ AUarHoCTUKa KaBepHO3HbIX Manbd)opmau,uﬁ
roJioBHOro Mo3ra

© E.H. Tvpa', B.E. CunmnupiH?, A.C. Tokapes'®

! Hay4Ho-MCCne10BaTeNbCKUI MHCTUTYT cKopoi nomolum umenm H.B. Cknndocosckoro, Mockea, Poccuiickas Oeaepaumsa
2 MOCKOBCKMIA rocyjapcTBeHHbIN yHMBepcuTeT Menn M.B. NlomoHocosa, Mocksa, Poccuiickas Oenepaums
% [lenapTamMeHT 3apaBooxpaHenma ropoaa Mockeel, MockBa, Poccuiickas Oenepaums

AHHOTALNA

KaBepHo3Hble ManbhopMaLum rofloBHOr0 MO3ra B HacTOALLEe BPeMA ABNATCA AOCTaTOYHO PacrnpoOCTPAHEHHOW CO-
CyOMCTON NaToNorueid: YUCNo BbIABAAEMBIX CIy4aeB B NocieHMe rofbl Pe3ko Bo3pocso. 3T0 CBA3AHO C BHEeAPEHUEM
B K/IMHMYECKYI0 MPAKTUKY WU MOBCEMECTHbIM PACcMpOCTPAaHEHWEM COBPEMEHHLIX METOA0B HeilpoBU3yanu3auun, Takux
Kak KoMmnbtoTepHas (KT) u MaruutHo-pe3oHaHcHaa (MPT) Tomorpadma. [o noasnexua KT u MPT guarHocTMpoBaTh AaH-
Hylo maTonoruio 6biNo BecbMa TPYAHO, M OMarHo3 Yalle BCEro YCTaHaBAMBANCA MHTPAONEPaLMOHHO MK MO AaHHBIM
aytoncuu. 0630p nuTepaTypbl MOCBALLEH Iy4eBOW LMArHOCTMKE KaBepHO3HbIX ManbdopMaumin (KM) ronosHoro mosra.
lpoaHanM3npoBaHo 3HaueHWe MeTOLOB HeMpOoBMU3YyanM3aLmuy 1A AUarHOCTUKM KaBepHO3HbIX Manb(opMaLuit, a TakKe
npuMeHeHne MPT gna Busyanusaummn KM. BoiseneHbl npevmyuiectsa MPT nepen ApyruMu MeTofaMu HevpoBU3yanu-
3auum gaHHon natonoruu. OxapakTepy3oBaHbl UMNYNbCHbIE NocnenoBaTensHocT MPT 1 curHanbHble XapaKTepUCTURM
04aroB Pas/IMyHbIX TUMOB B 3aBUCMMOCTM OT Mopdonormyeckoro cybctparta. llpoaHanu3npoBaHo 3HaYeHUe nocnefoBa-
TenbHocT SWI (susceptibility weighted imaging) ana o6Hapy*KeHWA MHOMOOYAroBbIX MOPAMKEHWUI B CIyYanX CeMenHbIX
¢dopm KM. U3yyeHre oCHOBHBIX MMNYMbCHBIX NocneaoBaTenbHocTer MPT ons BU3yanu3aumm KaBepHO3HbIX ManbpopMa-
LM/ NO3BONMT ONTUMU3UPOBATbL aNnropuTM NPOTOKONa 417 CBOEBPEMEHHOM [MArHOCTUKM [aHHOW NaTonorum u Boibopa
TaKTUKM NeYeHus.

KnioueBble cnoBa: Ny4yeBaA AMArHOCTMKA; KaBepHO3HbIe MaJ'Ibd)OpMaLI,VIVI; KaBepHO3Hble aHrMOMbl; reMaHrMoMbl; CKpPbI-
Tble cocyauctble Maﬂbq)OpMaLl,MM.
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Radiation diagnostics of cerebral cavernous
malformations

© Elena N. Girya', Valentin E. Sinitsyn?, Alexey S. Tokarev'3
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2] omonosov Moscow State University, Moscow, Russian Federation
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ABSTRACT

Cerebral cavernous malformations are a fairly common vascular pathology at the moment, with the number of detected
cases increasing dramatically in recent years. This is because modern neuroimaging methods such as computed tomography
(CT) and magnetic resonance imaging (MRI) have been introduced into clinical practice and are widely available. Prior to the
advent of CT and MRI technologies, it was extremely difficult to diagnose this pathology, and the diagnosis was usually made
intraoperatively or based on autopsy data. Further, the literature review is devoted to the radiological diagnosis of cerebral
cavernous malformations (CM). The role of neuroimaging methods in the diagnosis of cavernous malformations, as well as
the use of MRI for CM visualization, was analyzed. The advantages of MRI over other neuroimaging methods for this pathology
have been demonstrated. Pulse sequences of MRI and signaling characteristics of various foci were characterized, depending
on the morphological substrate. The significance of the susceptibility-weighted imaging sequence was also evaluated for the
detection of multifocal lesions in cases of familial CM. The study of the main pulse sequences of MRI for visualization of CM
will improve the protocol algorithm for the timely diagnosis of this pathology and the selection of therapeutic approach.

Keywords: radiation diagnostics; cavernous malformations; cavernous angiomas; hemangiomas; hidden vascular
malformations.
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JdtanoHHble MeguuuHcKkue patacetbl (MosMedData)
ANA He3aBUCUMOMU BHELLUHEW OLeHKU airopuTMOB
Ha OCHOBE MCKYCCTBEHHOr0 MUHTE/NIJIeKTa B AUarHOCTUKe

© H.A. laBnos, A.E. AHgpenyeHko, A.B. BnagsuMunpckui,
A.A. PeBassH, {0.C. Kupnuues, C.I1. Mopo3os

Hay4Ho-npaKTUYecKui KNMHUYECKUIA LIEHTP AMarHOCTUKM U TeNeMeaULMHCKUX TeXHoNorWiA [lenaptamMeHTa 3paBooxpaHeHus r. MocKBbl,
MockBa, Poccuiickan Qegepauma

AHHOTAUMA

B crtatbe onucbiBaetca OpVII'VIHaJ'IbeIVI nogxon K d)OpMVIpOBaHVIIO dHHOTMPOBAHHbIX MeOULUHCKUX OaTaceToB
ONA NpoBepKU AMarHoCtnyecKknx peUJEHMVI, 0CHOBaHHbIX Ha TEXHONOINAX UCKYCCTBEHHOI 0 UHTEJIJIEKTa. OnucaHbl 4 3Ta-
na (I)OpMMpOBaHMFI faraceta — njiaHupoBaHue, 0T60p MCXO0OHbIX OaHHbIX, pa3MeTKa U BepVId)VIKaLI,MH, OOKYMEHTUPO-
BaHMe. anBeﬂeHbl npuMepbl CO3AaHHbIX MO OMMCaHHOW MeToAMKe fJaTaceToB. MeToamKa ABnAeTcA MaCLLITa6VIpyEMOI7I
n yHMBepcaanoﬁ, a 3HauuT, MOMKET ObITb UCMOMb30BaHa B apyrux obnacTax MeauLMHbI U 3[4paB00XpaHeHUA, KoTopble
nognexar aBToMatu3auum U passuUTuio C NOMOLLbIO TEXHONIOr UM MCKYCCTBEHHOI 0 UHTEJIJIEKTa U TEXHOMOrUN BONbLINX
[aHHbIX.
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Reference medical datasets (MosMedData)
for independent external evaluation of algorithms
based on artificial intelligence in diagnostics
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ABSTRACT

The article describes a novel approach to creating annotated medical datasets for testing artificial intelligence-based di-
agnostic solutions. Moreover, there are four stages of dataset formation described: planning, selection of initial data, marking
and verification, and documentation. There are also examples of datasets created using the described methods. The technique
is scalable and versatile, and it can be applied to other areas of medicine and healthcare that are being automated and devel-
oped using artificial intelligence and big data technologies.
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MPT-oueHKa pesynbTaTa HeoaAblOBaHTHOU
XUMHONy4yeBOM Tepanuu y 601bHON paKkoM

NPAMOM KMLUKK, AONOJIHEHHAA TEKCTYPHbIM aHANIU30M
T2-BWU onyxonu (KNnUHMYECKKUA cny4yau)

© fA.A. [lanHeko, T.M1. bepe3osckas, C.A. ManuHa, N.A. Opexos, A.A. HeBoMbCKMX

MeOULMHCKUI paamMonormyeckin HayyHbin LeHTp umenn A.O. Ubiba — dunuan OIBY «HaumoHanbHbIA MeAUUMHCKWIA UCCNef0BaTeNbCKUI LIEHTP
paawmonorum», 06HMHCK, Poccuiickan Depepauus

AHHOTALUA

B pabote npencTaBneH KAMHWYECKWM Cyval MCMOSb30BaHWA CTpaTerM aKTUBHOMO AMHaMUYeCKoro HabniogeHus
(watch & wait) y 73-neTHeit 601bHOM paKoM HUKHEAMMYNAPHOrO OTAENA NPAMOMN KULLKM C XOPOLUMM OTBETOM Ha Heoafb-
I0BaHTHYI0 XMMMWONy4YeBylo Tepanuio. [locne TpEx NeT perynApHOro HabmiofeHWA, BKIIOYAIOLEro NanbLeBoe peKkTanbHoe
uccnefoBaHNe, PEKTOCKOMWIO M MarHUTHO-pe30HaHcHylo Tomorpaduio (MPT), yKasbiBaBLUMX Ha OTCYTCTBME MpOrpeccy-
pOBaHWA OMyXxonu, BbiAM MonyYeHbl pe3ynbTaTbl NO3UTPOHHO-3MUCCUOHHOM ToMmorpadum ¢ 18F-GTopae3oKcmrnioKo3oMn,
COBMELLEHHOW C KOMIbIOTEPHOW TOMOrpaduei, BbIABUBLUEN B HUMHEAMNYAPHOM OTAeNe NPAMOM KULLKK Y4acToK runep-
MeTabonmueckon aktueHocTM (SUVmax 27,1), B CBA3M € YeM BObII0 NPUHATO peLLEHME O NPOBEAEHUM XMPYPrUYECKoro ne-
yeHus. MNpu obcyaeHnn Bonpoca 06 06bEMe onepaLmm bbiav yuTeHbl faHHbe MPT, [ononHeHHble pe3ybTaTaMum TEKCTYp-
Horo aHanu3a T2-BW, nogrBepauBLume oTcyTcTBME NporpeccupoBaHuA. MaumeHTKe bbiio NpoBeAeHO opraHocoXpaHAioLLee
neyeHue B 06bEMe TpaHCaHanbHOW pesekumu onyxonu. [latomopgonoruyeckoe UccnefoBaHWe ONepaLMoHHOro nNpenapara
YCTaHOBWJI0 BOCNANUTESbHbIE U3MEHEHWA B CTEHKE KULLKK U OTCYTCTBME 0NyXonu. [laHHbIN ciyyai AeMoHCTpUpyeT IpdeK-
TMBHOCTb CTaHAPTHOro 06bEMa 06cejoBaHA NPY UCMOMb30BaHKUM cTpaTermm watch & wait M BO3MOMKHOCTb UCMONb30Ba-
HWUA TEKCTYpHOro aHanu3a T2-BU anAa nosbiweHna HagewHocTM MPT-0LEeHKM 0TBETaA ONYX0AM Ha XMMUOJTYYEBYIO Tepanuio.

KnioueBble cnosa: PaK I'IpFIMOI;I KULWKN; MarHUTHO-pe30HaHCHaA TOMOFp&dJMFI; HeoaabloBaHTHAA XMMUONy4eBan Tepanusd;
TeKCTyprIl‘/'I aHan3; OTBET ONYX0JIM Ha nevyeHune.

Kak uutuposatb

[annero A.A, bepesosckaa T.M1., ManuHa C.A., Opexos N.A., HeBonbckmx A.A. MPT-oLeHKa pe3ynbTata He0adbioBaHTHOM XMMMUONY4YeBOW Tepanu y
60/1bHOM PaKoM NPAMON KULLKKM, [OMNOSHEHHAsA TEKCTYPHBIM aHanu3om T2-BU onyxonu (knunmdeckuin cnyyain) // Digital Diagnostics. 2021. T. 2, Ne1.
C. 67-74.DOI: https://doi.org/10.17816/DD60493
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MRI evaluation of the neoadjuvant chemoradiation
therapy result in a patient with rectal cancer,
supplemented with T2-WI texture analysis of the
tumor: a clinical case

© Yana A. Dayneko, Tatiana P. Berezovskaya, Sofia A. Myalina, lvan A. Orekhoyv,
Alexey A. Nevolskikh

A. Tsyb Medical Radiological Research Centre — branch of the National Medical Research Radiological Centre, Obninsk, Russian Federation

ABSTRACT

The article presents a clinical case of using the active follow-up strategy (the so-called watch & wait) in a 73-year-
old patient with cancer of the lower rectum with a good response to neoadjuvant chemoradiation therapy (NCRT). After
3 years of regular follow-up, including digital rectal examination, rectoscopy and MR, indicating the absence of tumor
progression, PET/CT with 18F-FDG was obtained, which revealed a region of hypermetabolic activity in the lower rectum
(SUVmax 27.1), in connection with which it was decided to carry out surgical treatment. When discussing the issue of the
volume of the operation, MRI data were taken into account, supplemented by the results of T2-weighted texture analysis,
which confirmed the absence of progression. The patient underwent organ-preserving treatment in the amount of trans-
anal tumor resection. Pathomorphological examination after surgery established the inflammatory changes in the intesti-
nal wall and absence of tumor. This case demonstrates the effectiveness of the standard examination volume when using
the watch & wait strategy and the possibility of using T2-WI texture analysis to increase the reliability of MRI assessment
of tumor response to chemotherapy.

Keywords: rectal cancer; magnetic resonance imaging; texture analysis; neoadjuvant chemoradiotherapy; response assess-
ment on treatment.
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LlBa cnyyan BepuduULUPOBAHHON CONUTAPHOM
303MHOPUNLHON rpaHyNéMbl: BU3yanusauua
metogamMu KT, MPT u 18F-O I N3T/KT

© N.b. Fenexe'-2, [1.B. bynaHos?
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Mocksa, Poccuiickan Qepepauua
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AHHOTALNA

B paboTe npeacTaBneHbl ABa KNMMHUYECKUX HABMIOAEHWA 303MHOGMIBHON rpaHyNEMbI KOCTU, AUArHOCTUPOBaHHOM METO-
AaMU KOMMbIOTEPHOM, MarHUTHO-PE30HAHCHOM M MO3UTPOHHO-3MUCCMOHHOM ToMorpaduu ¢ 18F-gTopae3oKcMrioko3on,
COBMELLEHHOW C KOMIbloTEpHOM ToMorpadumen. B oboux ciyyanx naumeHTbl NOCTYNUAM B KIVHWKY C MOLO3PEHUEM Ha Nnep-
BUYHYIO 3/T0KAYECTBEHHYK OMYXO0Slb KOCTM, MO Pe3ynbTaTaM KOMMIEKCHOrO Jly4eBOr0 OMArHOCTUYECKOr0 UCCNeAoBaHuUA
¥ TUCTOMNOMMYECKOW BepUPMKALMM YCTAHOBSIEH AMArHO3 CONMMUTAPHOM 303MHOGUNLHOM rpaHynéMbl. ConutapHaa 303MHO-
GunbHaA rpaHynéMa KocTM — [0CTaTouHO peakoe (MeHee 1% cryvaeB BCeX OnyXoeBblX 06bEMHbIX 06pa30BaHUN CKe-
neta) 3abonesaHue. Havbonee 4acto 3031HOGMIbHAA rpaHynéMa 06HapyMUBAETCA B TEMEHHOM M NOBHBIX KOCTAX Yepena
1 npepcTaBnAeT coboin ocTeonuTMYeCKoe 06bEMHOE 06pa3oBaHMe, MOCTENEHHO yBeNNYKBaloLLEec B pa3Mepax. HecmoTps
Ha TO, 4TO 60NbLUYI0 YaCTb OMyX0Mel KOCTHOM TKAHWU MOXHO BbISIBUTb NPY NOMOLLM PeHTreHorpagum, NpeanoyTUTEIbHO
NPVYMEHEHWE KOMMbIOTEPHOM ToOMorpadumu, B NepByio o4epeb 13-3a eé NpeBOCXOAHOM CNOCOBHOCTM BU3Yanu3upoBaTh Ae-
CTPYKLMM KOPTMKABHOrO C0A KOCTU. [lnarHocTmyeckan TOYHOCTb KOMMbIOTEPHOM M MarHUTHO-PE30HaHCHOW ToMorpadum
MOXeT 6bITb pa3nnyHa. KoMnieKcHoe NpuMeHeHWe METOAO0B Jly4eBOM U PaAMOHYKNMAHON AMArHOCTUKM NO3BONAET CY3UTb
cnekTp anddepeHumanbHoro auarHosa. K coxaneHuio, 0THOCUTENBHO HU3KaA CMeUMdUYHOCTD CYLLECTBYIOLLMX JTyYeBbIX
AVarHoCTUYECKUX UCCNIe0BaHWI B BOMbLIMHCTBE CNly4yaeB He MO3BONIAET YCTAHOBWTb TOYHBINA [MarHo3, U MeTOAOM Bbl-
bopa ocTaércaA buoncus ¢ nocnegyloLWmMM NaToMopdONOrMYECKUM UCCNeR0BaHUEM. [laHHbIE KNUHUYECKME HabnogeHus
MOKa3bIBaT HE0OXOAMMOCTb BKIIOYEHWS 303UHOGUNIBHON FpaHyNéMbl B AudepeHLManbHbIA AMarHo3 npu 06HapyHeHUn
CO/IMTApHOr0 OCTEOSIMTMYECKOr0 oYara.

KnioueBble cnoBa: 303MHOGUNbHAA rPpaHyNéMa; OCTEONIUTUYECKMIA 04ar; KOMMbIOTEpPHaA TOMOrpadus; MarHUTHO-pe30-
HaHCHasA TOMorpagus; NO3UTPOHHO-3IMUCCUOHHAA TOMOrpadus; KIMHUYECKUIA ClyYai.
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Diagnosis of solitary eosinophilic granuloma by CT,
MRI, and 18F-FDG PET/CT: two clinical cases

© Pavel B. Gelezhe' 2, Dmitriy V. Bulanov?3

! Moscow Center for Diagnostics and Telemedicine, Moscow, Russian Federation
2 Joint-Stock Company “European Medical Center”, Moscow, Russian Federation
% The Russian National Research Medical University named after N.I. Pirogov, Moscow, Russian Federation

ABSTRACT

This paper presents two clinical cases of eosinophilic granuloma of bone diagnosed by CT, MRI, and 18F-FDG PET/CT.
In both cases the patients were admitted to the clinic with suspected primary malignant bone tumor and the diagnosis of a
solitary eosinophilic granuloma was made based on the results of comprehensive radiological diagnostic examination and
histological verification. Solitary eosinophilic granuloma of bone is an infrequent condition, occurring in less than 1% of cases
of skeletal tumor masses. The most common eosinophilic granuloma is found in the parietal and frontal bones of the skull and
is an osteolytic volumetric mass that gradually increases in size. Although most bone tumors can be detected by radiography,
computed tomography is preferred, primarily because of its superior ability to detect cortical bone destruction. The diagnostic
accuracy of computed tomography and magnetic resonance imaging may be different. The combined use of radiological and
radionuclide methods allows us to narrow the spectrum of differential diagnosis. Unfortunately, relatively low specificity of
existing radiological diagnostic studies in most cases does not allow to establish a precise diagnosis, and biopsy with subse-
quent pathological examination remains the method of choice. These clinical observations demonstrate the need to include
eosinophilic granuloma in the differential diagnosis when a solitary osteolytic focus is detected.

Keywords: eosinophilic granuloma; osteolytic focus; computed tomography; magnetic resonance imaging; positron emis-
sion tomography; case report.
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PapguorepaHocTUKa: HOBOe AbiXxaHue
NepcoHaNu3UPOBaHHOW MeAULUHbI

© I1.0. PymAHUeB

HauuoHanbHbIN MeaVLMHCKIIA MCCNe0BaTeNbCKUIA LIEHTP 3HA0KpKUHonorn, Mockea, Poccuickaa ®epepauma

PaguotepaHocTMKa — pagvoHYKNIMOHaA TepanuA, NO3BONAIOWAA C MOMOLLbK Pas3fuyHbIX paguodapMnpenapaToB
(POIT), npoBOAMTb MONEKYNAPHYI0 BU3yanu3aumio in vivo (0BHOPOTOHHAA IMUCCUOHHAA KOMMbloTepHas ToMorpadus, no-
3WUTPOHHO-3MUCCUMOHHAA TOMOrpaduA) U CENEKTUBHO BO3AEMCTBOBATb Ha MaTONOrMYecKue MeTabosMyeckue NpoLecchl,
BbI3BaHHbIE OMyX0/bl0. Vicnonb3yA napagurMy TepaHocTukm, ¢ 1950-x rogoB npowunoro CToNeTMA ¢ NOMOLLBI paanoaK-
TMBHOFO MO YCMELLHO JIeYaTcA TMPEOTOKCUKO3 M paKk LUMTOBUAHON enesbl. B nocnegHue rogpl, 6narogapa ycnexam
B Pa3BUTUM ALEPHOMN MeAULMHbI (POCT YMCNA LIMKNOTPOHOB, OAHOGOTOHHAA IMUCCUOHHAA KOMMbloTepHaA ToMorpagus/
KOMMNblOTEpHasA TOMorpagusa WM NO3UTPOHHO-3IMUCCUOHHAA TOMOrpadmA/KoMnbloTepHas ToMorpadma B MeOULMHCKMX Yy-
PeAEHNUAX), U Nperae Bcero pagvModapMaLeBTUKK, B MUpe O4eHb BypHO pa3BuMBaeTCs pagumoTepaHocTuKa. [loABneHue
HOBbIX PaMONMraHaoB Ha ocHose '"'Lu, 22°Ac 1 apyrux pagmnonsoTonos CTUMYNMpoBano 6osbLuoe Konudectso (6onee 300)
KMMHUYECKMX MUCCNeaO0BaHWI No paguonMraHaHOW Tepanuy paka npocTathbl, HEMPOIHOOKPUHHBIX OMYXOMEen, paka nome-
NYAO4HOM Kenesbl U OPYryX 3/10KAYeCTBEHHbIX HOBOOOpPa30BaHWA. OOHWUM M3 caMblX NEpPCMEKTUBHBIX HanpaBneHuin pa-
AVOTEPaHOCTVKM ABNAETCA pa3paboTka pagmonMraHaooB Ha OCHOBE TapreTHbIX NPOTVMBOOMYXONEBbIX MPEenapaTos, YTo Mo-
3BonAeT cymMupoBaTh B ogHoM POI gBa agderta — WMHMMOMpOBaHME CUrHanbHbIX KackafoB M NIy4eBOe MOBPEXAEHME.
PaguoTtepaHocTuKa no npupoge CBOEN MyNbTUAMCLMNIIMHAPHA, TEXHOMOTMYECKM COXHA, anpuopyu UHTerpanbHa (M3o-
TOMbI, pagmodapmcybctaumm, POT, ogHOPOTOHHAA 3MUCCMOHHAA KOMMbIOTEPHAA ToMorpagua, NoO3UTPOHHO-3MUCCUOHHAA
ToMorpadus), TpebyeT BbICOKOWM KOMMETEHLMU M KOMaHOHOW paboTbl. Pa3BuTHe papMoTepaHOCTUKM M paspaboTka Tap-
reTHbIX paguodapMnpenapaToB B Hallel CTpaHe HaXxoAWTCA B 3a4aTOYHOM COCTOAHMM. [naBHOM npobnemoli ABASETCA He-
XBaTKa Cneuuan1cToB B JaHHOM 0bnacTv — Bpayen, GM3NKOB, XMMUKOB, paanModapMaLeBToB, B1ONOroB, FEHETUKOB, MH-
KEHepoB, NporpaMMmKcToB. Hu3KanA MHOPMUPOBaHHOCTL Bpayeii M NaLMEeHTOB 0 BO3MOMKHOCTAX PafMoTEPaHOCTUKM TaKKe
TOPMO3WT €€ pasBUTME U BHEAPEHME B KIIMHUYECKYIO NPAKTUKY B HALLEW CTpaHe.

KnioueBble cnoBa: pannoTepaHoOCTUKa; pa,umocl)apMaueBTMHa; OHKOJI0rnA.
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Radiotheranostics:
new lease of life of personalized medicine

© Pavel 0. Rumyanstsev

Endocrinology Research Centre, Moscow, Russian Federation

Radiotheranostics is a radionuclide therapy intended to perform molecular imaging in vivo (single-photon emission com-
puted tomography [SPECT], positron emission tomography [PET]) using various radiopharmaceuticals (RP) and selectively
affects pathological metabolic processes caused by a tumor. Thyrotoxicosis and thyroid cancer have been treated successfully
using the theranostics paradigm since the 1950s with the use of radioactive iodine. In recent years, owing to advances in the
development of nuclear medicine (an increase in the number of cyclotrons, SPECT/CT and PET/CT in medical institutions) and
ultimately RP, radiotheranostics is developing very rapidly worldwide. The emergence of new radioligands based on '""Lu,
225/, and other radioisotopes triggered a great number (>300) of clinical studies on radioligand therapy for prostate cancer,
neuroendocrine tumors, pancreatic cancer, and other malignant neoplasms. One of the most promising fields of radiother-
anostics application is the development of radioligands based on targeted anticancer drugs, which helps summarize two
effects in one RP, namely, inhibition of the signaling cascades and radiation damage. Radiotheranostics is multidisciplinary in
nature, technologically complex, and a priori integral (e.g., isotopes, RPs, SPECT, and PET), and requires high competence and
teamwork. The development of radiotheranostics and elaboration of targeted RP are still at their infancy in Russia. The main
problems are the lack of specialists in this field, such as doctors, physicists, chemists, radiopharmacists, biologists, geneti-
cists, engineers, and programmers. The low awareness of doctors and patients about the possibilities of radiotheranostics
also hinders its development and implementation in clinical practice in the country.

Keywords: radiotheranostics; radiopharmacy; oncology.
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