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4BonbHuua Goettlicher Heiland Krankenhaus, 6onbHuua Barmherzige Schwestern Krankenhaus v 6onbHuua Sankt Josef
Krankenhaus, BuHueHurpynne; [lopHéaxep yn., 20-28, Bena, 1170, AscTpus.

SPrAQY BO “PoCCUINCKMiA HaLLMOHANbHBIN MCCNef0BaTEeNbCKUIA MeANLMHCKMIA yHuBepcuTeT umenn H.M. Muporosa”
Mwun3agpasa Poccun; 117997 Mocksa, yn. OctpoBuTtsiHOBa, A. 1, Poccuiickas Penepaups

Lienb nccnepoBaHus: NpeanoxXuTb yA0OHbIA OHMAANH-KaNbKyISTOP ANs KONMYecTBEeHHOW anddepeHumanb-
HOW AMarHOCTUKN CONMAHO-nceBaonanunnsgpHon onyxonu (CriroO) n HempoaHOOKPUHHOM Heonnadumn (H3H) no
naHHbiM MCKT ¢ BHYTPMYBEHHBIM KOHTPACTMPOBAHNEM.

Martepuan n metoabl. PETPOCNEKTUBHOE NCCNEAOBAHNE BKIIKOYANO 76 NaLUMEeHTOB B Nepuof, ¢ sHBaps 2014 1.
no mapt 2018 r. OkoHuaTenbHas rpynna 3 62 naumeHToB Obina pasgeneHa Ha 2 noarpynnbl: CMAMO n HOH.
[lBa peHTreHosora He3aBMCcMMO Apyr OT Apyra npoaHanuanposanu gaHHsble MCKT. MocpeactBom GuHapHo noru-
CTUYECKOI perpeccum 6binn BbIBEAEHbI IBE MHOrONapamMeTpPUYeckme NporHocTMYecke Mogenu ans auddepeH-
LManbHOM AMarHoCTUkn mexay runepsackynsapHbiMm HOH n CIMNO, runosackynspHbiMy HOH 1 CMMO. na oueH-
KN MPOrHOCTUYECKOr0 3HAYEHUS1 KONMYECTBEHHBLIX XapakTePUCTUK W ONpeneneHns OnTUMasibHbIX MOPOroBbIX
3HaveHun ana anddepeHumanbHol AnarHoCTUKK 6bian ncnosib3oBaHbl ROC-KpuBbIE.

Pesynbratbl. 30 naupenToB ¢ HOH coctaBunm 1-10 rpynny. 32 nauweHta ¢ CIMO coctaBunu 2-10 rpynmny.
[ns | nporHOCTUYEeCKO Moaenu BbIGOP NOPOroBoro 3HaveHns 34% pan MakCcrMasibHY0 YyBCTBUTENbHOCTb U crie-
umduryHocTb 96,7% 1 93,8% COOTBETCTBEHHO. 3HAYEHMS, NPEBbLILIAKOLME NOPOroBOE 3HAYEHME, KOPPENNPYIOT
¢ H3H, paBHble 1 MeHbLLIE NOPOroBoro 3HaveHust koppennpytot ¢ CMMO. Ona |l nporHocTUYecko Mmoaenu Belbop
NMoporoBoro 3Ha4yeHuns B 50% aan MakCcuMasibHyo 4yBCTBUTENBbHOCTb U cneunduyHocTb 100% n 100%. 3HaveHus,
NpeBbILLAKLLIME MOPOroBOE 3HAYEHUE, KOPPENMpPYOT ¢ HOH, paBHbIe 1 MeHbLLE NOPOroBOro 3HAYEHUS KOPPEeNu-
pytoT ¢ CIIMO.

3akniovyeHue. bBbinn paspaboTaHbl ABe AMArHOCTMYECKMe MoZenu Afs ouddepeHLmanbHON ANarHOCTUKA
Mexay rmnepBackynsipHeiMu, runoBackynsapHeiMu HOH 1 CMMO. Mogenn no3BonsioT npoBectn anddepeHLm-
aSIbHYI0 AMArHOCTUKY C MOMOLLbIO OLLEHKN KOIMYECTBEHHbIX 3HA4YEHWI MNOTHOCTU No gaHHbIM MCKT ¢ BHYTprBEH-
HbIM KOHTpPAcTUpOBaHMEM. Bbin cOo34aH OHMANMH-KaNbKynaTop A9 PYTMHHOIO MCMOJIb30BaHUS B MpPakTUKe.
Kanbkynarop moctyneH no ccbiike http://pancreas-calculator.com.

KnioueBbie cnoBa: My/bTUAETEKTOPHAA KOMMbIOTEPHAA TOMOrpadus, NnogkKenyaoyHasa xenesa, HeMpO3IHOOKPUH-
Hble Onyxonu, HOBOOGPA30BaHMS NMOAKENYA0UYHOW Xenesbl
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A new and simple on-line tool to differentiate
neuroendocrine and solid pseudopapillary
pancreatic tumors
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Objectives. To propose an multidetector computed tomography-based tool for quantitative differentiation
between pancreatic neuroendocrine tumour (PNET) and solid pseudopapillary neoplasm (SPN) in clinical practice.

Methods. The retrospective study included 76 patients from January 2014 to March 2018. The final cohort
of sixty-two patients was divided into two groups: PNET and SPN. Two radiologists independently analyzed MDCT
data. We constructed two multivariable prognostic models for differential diagnosis between hypervascular PNETs
and SPN, nonhypervascular PNETs and SPN via binary logistic regression. We used the receiver operating charac-
teristic (ROC) curves to evaluate the prognostic value of any quantitative characteristics and to determine optimal
cut- off values for differential diagnosis.

Results. Thirty patients with PNET comprised the first group. Thirty-two patients with SPN comprised the
second group. For the first prognostic model selecting a cut-off value of 34% yielded the maximum sensitivity
and specificity of 96.7% and 93.8%, respectively. Values larger than the cut-off value correlated with PNET. For the
second prognostic model, selecting a cut-off value of 50% yielded the maximum sensitivity and specificity of 100%
and 100%. Values larger than the cut-off value correlated with PNET.

Conclusion. We developed two diagnostic models for differential diagnosis between hypervascular, nonhyper-
vascular PNETs and SPN. The models allow for increased confidence in the diagnosis. Finally, we created an on-line
calculator for easy routine use http://pancreas-calculator.com).
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CokpawieHus
AW — nosepuTtensHbI HTEpBa
H3H — Helpo3HAOKPUHHAA Heonnasus Noaxeny-

ROI - region of interest
SD - cTtaHgapTHOE OTKJIOHEHUEe
Se - 4YYBCTBUTEJIbHOCTb MOAENN

METHIIHCKAS BUYATHBALIA

[OYHOW Xenesbl

HOP — HelpO3HOOKPUHHBINA pak NoaXenyno4yHon
xenesbl

KM — kKoapPUUMEHT NAOTHOCTU

CIMO - connpHo-nceBaonanuansgpHas onyxosb

AUC - nnowaab nog ROC-kpuBom

M - cpeaHee apudmeTnyeckoe

Me - menunaHa

Q1-Q3 = HMXHWUIA N BEPXHWIA KBAPTUIN

ROC - receiver operating characteristic

Sp - cneumdnyHOCTb MOAENN
HU - Hounsfield units

OCHOBHbIE MOMEHTbI

+ Mbl co3nanu iBe NPOrHOCTMYECKME MOAENN A1
andoepeHumnansHon oUarHoCTUKM HEMPOIHAOKPUH-
HbIX U CONMAHO-NCEBOONANUINISIPHBIX OMYXOfen Noa-
XEenyao4yHoM Xxenesbl.

« | mogenb npegHasHadeHa ong anddepeHLm-
aNbHOM AMArHOCTUKN TUNEPBACKYNSPHbLIX HENPOSH-
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OOKPUHHBIX 1 CONIMOHO-NCEBAONANUIIAPHBLIX OMyX0-
Nen NoaKeNnya0yHON Xenessl.

+ Il Mmopenb npegHasHavyeHa ona ondoepeHumn-
aNbHOW ANArHOCTUKN FMNOBACKYNSPHbLIX HEMPO3HAO-
KPVHHbBIX 1 CONUOHbIX NCEBA0ONANUIIAPHbLIX ONyX0J1en
NOOXXeNya04HOM Xenesbl.

+ lpocToin B MCNOb30BAHWUN OHMANH-KabKyns-
TOp HaxoauTcst B cBOGOAHOM OOCTyMe MO CChblIKe
http://pancreas-calculator.com

BeepneHue

Mo faHHBIM aMepPUKAHCKOr0 HALLMOHATbHOrO 3Mnu-
nemuonormuyeckoro nccnepoanms 3a 40 net (¢ 1974
no 2013 r.) Hanbonee 4acTbIM FMCTONOMMYECKUM TU-
NOM OMNyXOaM MNOAXKENYOOYHOW Xenesbl ABASETCS
apeHokapuuHomMa (NOS, not otherwise specified)
(69,27%) [1]. BTropoe MecTO 3aHMMaeT NPOTOKOBAs
apgeHokapuymHoma (10,27%), TpeTbe Mecto — pYHK-
LMOHANIbHO HEakKTMBHAs HEMPOSHOOKPUHHAA Heo-
nnasvs nogxenygodHom xenesdbl (HOH) (4,49%).
YacToTa BO3HUKHOBEHWS CONIMAHO-MCEBQONANUANAP-
Hon onyxonu (CMMO) coctasnset 0,14%. CIMNO -
3TO peakast onyxosib NOAXeENyA04YHON Xenesbl C HN3-
KVM 3/10Ka4€CTBEHHbIM NMOTEHLMAIOM, MPENMYLLECT-
BEHHO NopaxatoLLas MONOAbIX XEHLUMH [2].

®yHKUMOHaNbHO HeakTuBHble HOH BCTpevatoTcs
yalle, YeM UX FOPMOHANbHO akTUBHbIN aHanor. OHK He
BbI3bIBAIOT rMNEPMNPOAYKLIMIO FOPMOHOB M COOTBETCT-
BYIOLLME 3HAOKPUHHbLIE CMHAPOMbI. BO3HMKHOBEHME
CUMNTOMATMKM OOYCNTIOB/IEHO MHBA3MEN B OKPYXalo-
e TkaHM u metactasmpoBaHuem [3-5]. Kpome
Toro, xots 6onbluMHCTBO HOH XapakTepmayeTcs mea-
JIEHHbIM Pa3BUTMEM, YacTb 06/1a0a€ET 3/10KAYECTBEH-
HblM noTeHuuwanom [3-5]. N3BeCTHbI peakue cnyyau
TpaHchopmauum  BbICOKOANDPEPEHLIMPOBAHHOMN
H3H (G1-G2) B HuskoanddepeHumpoBaHHyio (G3)
mnn gaxe HeanddepeHUNpPOBaHHbI HENPOIHOO-
KPUHHBIV pak nomxenyoovHon xenesbl (HOP) [6, 7].
Mo faHHeIM MMPOBON NUTEpaTypsbl, HOH nogxenynoy-
HOW Xenesbl ABNATCS 310kavecTBeHHbIMKU B 40-90%
cnyyaes [6, 7].

B 2010 r. BO3 knaccudpuumposana CIMO nooxe-
JYLO4HOW Xenedbl Kak NOTEHLMaNbHO 3/10KaYEeCTBEH-
Hoe HoBoobOpasoBaHue [8]. OgHako CIMMNO umeet
OnaronpuUsTHLIA NPOrHO3 ¢ 60bLLOW NPOAOIXNTESb-
HocTbto Xn3Hu [9]. Mockonbky CMMO peako GbiBaeT
arpeccuBHONM 1 06N1adaeT HU3KMM 3/10Ka4eCTBEHHbLIM
noTeHuManomM ¢ 6naronpuaTHLIM NMPOrHO30M Mocre
NnoNHOM pesekumn, ee cnepyet anddepeHLMpoBaTb
OT Apyrux, 6onee arpecCuBHbIX OMyxosen, Takux Kak
HEMPO3HOOKPUHHBIE [2].

CINMoO cuuTaeTcs naeanbHON MULLIEHBIOD Ot MU-
HMMaNIbHO MHBA3MBHOIO XMPYPrvyeckoro BMeLla-
TEeNbCTBA, TO ecTb pe3ekummn [10]. C apyroit CTOPOHI,
aNropuT™M BeOEeHUs MNauMeHTOB C (PYHKLMOHAbHO

HeakTuBHbIMW HOH nomxenyno4Hon xenesbl oCTaeT-
Cs MPeaMeTOM AMCKYCCUIA, OCODEHHO ecnvu pasmMep
obpasoBaHus coctaenset meHee 2 cMm [11]. Cnenyet
OTMETUTb, YTO NOAXOAbl BAPbUPYIOTCSA OT KOHCEepBa-
TMBHOIO BEAEHWS 00 XMPYPrM4eckoro BMeLaTenbeT-
Ba pas3nuyHoro obvema [12, 13].

BbiOOp nNpaBUnbHOW TakTUKM TpebyeT TOYHOMN
OVAarHOCTUKM PasiiNyHbIX OMyX0JieBbIX 06Pa30BaHMIA.
PaHee Obino onucaHo Oonbwoe konmyectso KT-
NPU3HakoB Ans AnddepeHumnansHon OUarHoCTUKN
[14-17]. Mo paHHbIM nuTepaTypbl, MPT nmeet 6onee
BbICOKYIO TOYHOCTb, Yem KT, gna anddepeHumaumnm
KMCTO3HOIMO0 N MArKOTKaHHOro komnoHeHta CIMNO
[18, 19]. N3T-KT ¢ 2-pe3okcu-2-['8F]-D-rnoko30i
('®F-FDG) MMeeT HU3Ky TOYHOCTb Ans anddepeH-
LManbHOM AMArHOCTMKM [0OPOKAYECTBEHHBIX U 3/10-
kadecTtBeHHbIx CIMO [20]. ns OueHKM 310Ka4ecT-
BEHHOro noteHunana H3H nomkenyno4HoON xenesbl
npu '8F-FDG MN3T-KT MmoxeT 6bITb NONE3HbLIM NOPOro-
BOe 3HayeHue SUV,, > 2,0 [21]. V. Prasad 1 coaBT.
[22] pnokasanu BO3MOXHOCTb mMcnosnb3oBaHus MOT-
KT ¢ 8Ga-DOTATOC onsi CKpUHWUHIa naumeHToB ¢ 60-
ne3Hbio GoH Xunnena-JinHgay. Tem He meHee pas-
JIMYHbIE Hecrneunduyeckne MpOSIBAEHNS U CXOXas
onarHoctmnyeckasn kaptuHa ClrMO v dyHKUMOHANBHO
HeakTuBHON HIOH nopxenynoyHo xenesbl yCNoXHS -
0T NPeaonepaLoOHHYO AMArHOCTUKY.

Llenb nccneposaHud

Mpennoxutb yooOHbI OHNANH-KaNbKyNATOpP ANs
KONNYECTBEHHON A depPEeHLNanbHON ANarHOCTUKN
CMMNO v HOH no gaHHbIM KT € BHYTPMBEHHBIM KOH-
TPaACTMPOBAHUEM.

MaTtepuan n metoabl

MayneHTsI

JloKkanbHbIN 3TUYECKUA KOMUTET 0A00PUN AaHHOE
PEeTPOCMNEKTMBHOE WCCNefoBaHMe, MO3TOMY MUCh-
MEHHOe MH(OPMMPOBaHHOE cornacue Obino ony-
LeHo. B nccneposaHme Obinn BKIIOYEHbI 76 NaLMeH-
TOB C OMYyXOJISIMW NOIXKENYA04HOW Xene3abl, 0TobpaH-
Hble 3a nepuvop ¢ sHeaps 2014 r. no mapt 2018 .
Kputepun BktoYeHNst B UCCNeaoBaHns Obinv cneny-
IOLMMIN: TMCTONOMMYECKM NOATBEPXKOEHHbIN AMArHO3
CMNO nnn H3H; Hannune [OONEPALMOHHBIX AAHHBIX
mMynbTudasHoin MCKT opraHoB OpIOLWIHOM MOSOCTY;
BPEMEHHOI NpomexyTok Mmexay MCKT v xupyprude-
CKMM BMeLlaTenscTBoM He 6onee 30 cyT; OTCYTCTBUE
MECTHOI0 IEYEHNS NIV XMMMOTEPANUM 0 onepaumm.
Taknm o0bpa3oM, UCKOYEHbl naumeHTol (n = 9) 6e3
npegonepaunoHHor mynstudasHon MCKT. Y 5 na-
umeHToB MynbtndasHas MCKT 6bina npoBegeHa 3a
6onee yem 30 cyT 40 ONEpaTMBHOIO BMELLIATENbCTBA,
OHM Takxke ObIIN UCKIIOYEHbI U3 MCCenoBaHUS.
MToroeas COBOKYNHOCTb MaumeHToB (n = 62) Obina
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pasgeneHa Ha 2 rpynnbl. B 1-10 rpynny sBowsno 30 ve-
JIOBEK C FMCTONIOMMYECKN Y UMMYHOTMCTONOMMYECKN
NOATBEPXAEHHbIM AmnarHo3om HOH nopxenynou-
HOW Xenesbl. 2-10 rpynny coctaBunn 32 naumeHTta
C MCTONIOrMYECKN N UMMYHOIMCTONIOMMYECKN NOA-
TBEpPXAeHHbIM amnarHo3om CIMNO nomxenynoyHown
Xenessbl.

BospacT nauueHtoB B rpynne HOH BapbmpoBan
oT 25 0o 69 net (M = 47,97 £ 2,29 ropga) v ot 17 0o
74 net B rpynne CIMO (M = 39,34 = 2,32 ropa).
B rpynny HOH Bowno 13 (43,3%) myx4nH 1 17 (56,7%)
XeHLWwmH. B rpynne CMMO 6bi10 4 (12,5%) MyX4uHbI
n 28 (87,5%) XeHLWuH.

TexHnyeckoe obopynoBaHue

McenenoBaHus MCKT Obiniv BbINONHEHbI Ha 64-cpe-
30BbIx annaparax Philips Brilliance CT nnn 256-cpeso-
Bbix Brilliance iCT (Philips Medical Systems).
[MapameTpbl CKaHUPOBaHWSA OblIN CNenyoLWUMN: TON-
LWwmHa cpe3a 1 MM, NMTY 1, CKOPOCTb BpaLleHns Tpy6-
kn 0,75 ¢, HanpsixeHne Ha Tpyoke 120 kB, aBTomaTu-
yeckasa moaynsaumsa Toka (150-500 mAc). Mocne Ha-
TUBHOM (asdbl CKAHNPOBAHWS BHYTPMBEHHO BBOOUICS
nopconepxallmMii KOHTpacTHbIM npenapat (Optiray
350, wnpuubl no 100 mn, Liebel-Flarsheim Canada
Inc.) ¢ NnomMoLLb0 ABYXKONBGOBOrO MHXEKTOPA 13 pac-
yeta 1,6 n 1,5 Mn Ha 1 Kr maccol Tena naymeHTa cooT-
BETCTBEHHO CO CKOPOCThO 4-5 Mmi/c. 3a BBeAEHNEM
KOHTPaACTHOro BeliecTBa OO/IIOCHO C TOW Xe CKOpo-
CTblo BBOAWNCS uanonornyecknii pactesop (40-
50 mn). ApTepuanbHasi, BEHO3Hass U OTCPOYEHHas
$asbl ckaHMpoBaHus ObIM nonyyeHsbl Yepes 10, 35
n 180 ¢ nocne TOro, Kak NIOTHOCTb B aopTe AoCcTurna
100 eguHuy, XayHcodunga (HU). MHTepsan BpemeHun
mexay MCKT u onepaumoHHbIM BMeLLATENIbCTBOM
coctaBun meHee 30 gHeN.

AHanuns nsobpaxeHnii

[Ba peHtreHonora ¢ 5-netHum n 30-neTHum cTa-
XeM HEe3aBMUCUMO Opyr OT Apyra npoaHanm3npoBanu
pesyneratel MCKT BCex naumeHToB. PeHTreHonoru
3HaM 0 HANMHYUKU ONYXO0SIU B NOOXKENYA0YHOM Xenese,
HO He 3Hanu O pe3yfbTaTtax MMCTONOrMYECKNX UCChe-
[OoBaHWI. Yepes 2 Hep, PEHTrEHONOroB MOMPOCKAN
ewe pas NPOCMOTPETb [aHHble BCEX MaLMEHTOB.
AHanma n3obpaxeHunin Bko4an B cebs HEeCKONbKO
napamMeTpoOB: IoKanmM3aums onyxonm (ronoBKa,/Kproy-
KOBWAHbI OTPOCTOK/NepeLueek/Teno/XBoCT noaxe-
NyO04HOM XXenesbl), 0GHOPOAHOCTb B BEHO3HOM dase
(romoreHHasi/reTeporeHHas), Haavyine KanbLMHaTOB
(oa/HeT), ounataumsa rasBHOro MaHKpPeaTuyeckoro
npotoka >3 MM (Oa/HeT) M xapakTep HakKoMneHus
KOHTPACTHOrO mpenapara OmnyXxoSibld OTHOCUTENbHO
HOPMasbHOM TKaHW Xenesbl (rmno-, U3o- Unn runep-
OeHCHbIN). Onyxonb cyMTanacb reTeporeHHon npwm

MEIVIMHCKEAS BUSYATUBALIMSA 2020, o 24, Nel

HanMynM B CTPYKTYpe KasbLMHATOB, KMCTO3HbIX WK
HEKPOTUYECKUX N3MEHEHMI. B kaxxayto ¢pasy ckaHmpo-
BaHWs ycTaHaBnmBanachk 3oHa nHrepeca (ROI) > 10 mm?
OTAENBbHO B ONYXONN U HOPMaJIbHON TKaHW MOAXenNy-
[04YHOV Xenesbl, 3aTeM n3mepsnack NIoTHOCTb B HU.
KanbuuHaTbl, 06/1aCTVU KMCTO3HbLIX MW HEKPOTMYEC-
KMX W3MEHEHWIN, COCyObl W [NaBHbIN MNaHkepeaTtu-
4eCKWN NPOTOK UCKII0YANNCh 13 061aCTV N3MEPEHUNS
nNAoTHOCTU. [Ana kaxaon ¢asbl CkaHMpOoBaHUA pac-
cumnTbiBanca KoadpduumeHT nnotHocTy (KIM) onyxonn
K MAOTHOCTU HOPMAabHOM TKaHW MOAXENya04yHOMN
Xeneabl cneaywowymM obpasom: 3HavyeHne HU onyxo-
nwn, pasgeneHHoe Ha 3HadveHre HU HopmanbHoM Tka-
HW MOAXKENYyO04HON Xenesbl.

Mol Takke pasgenunm Bce HOH Ha runepsac-
KyNSipHbIE 1 TMMOBaCKyNsipHble. ECAn naoTHOCTbL ony-
XONn B apTepuasnbHoi ¢ase Obina no KpanHein mepe
Ha 10 HU Bbile, 4eM oKpyxKaloLlas napeHxmma xene-
3bl, TO OMyXO0Jib CYMTANaChb rMNEpPBACKYNSPHON, ecnm
mMeHee 10 HU - runoBackynsipHoO.

Cratucrtu4yeckuii aHann3

CratucTnyeckuin aHann3 pesynbTaToB MUccneno-
BaHWS BbIMOJIHANCS C UCMONb30BAHMEM MPOrpaMmbl
IBM SPSS, Bepcua 20. OnncaHue n cpaBHeEHNE KO-
YEeCTBEHHbIX MOKa3aTeNiell BbIMOJHANOCL C Y4eTOM
pacrnpegesieHns, CoOOTBETCTBME KOTOPOro HOpMasb-
HOMY OLIEHMBANIOChb C NOMOLLbBIO KpuTepus LLannpo—
Yunka. lMpn noarsepxgeHnmn HopMasibHOCTU pacnpe-
neneHns gaHHble ONUCbIBAICh C MOMOLLbIO CPeaHEN
apuomeTtmyeckon (M), cTaHOAPTHONO OTKIIOHEHUSA
(SD) n 95% poseputensHoro nHtepsana (95% AN).
CpaBHeHMe BbIMOMHANOCHL C MOMOLLBIO t-KpuTepus
CrblofeHTa. [Mpy 0TCYTCTBMM HOPMAbHOCTM pacnpe-
0eneHns ykasblBanmcCb 3HayveHus meguanbl (Me),
HXXHEro un BepxHero kBapTtuner (Q1-Q3), nokasare-
NN CpaBHMBANNCbL C MOMOLBIO KpuTepus MaHHa-
YutHn. CpaBHeHue nokasarenen B AuHaMuKe Bbinos-
HSMOCb C UCMOMIb30BAHNEM KPUTEPUS YMIIKOKCOHA.
HomMuHanbHble OaHHble OMMCLIBANIMCL C yKa3aHUEM
abCOMOTHBIX 3HAYEHWIA 1 MPOLEHTHBIX 0N€El, CpaBHe-
HVE BbIMOJIHANOCH C MOMOLLbIO KpUTepust 2 MupcoHa.

[TocTpoeHne MHOrohakTOpPHOM MPOrHOCTUYECKOM
Moaenun ona pnddepeHumansHon onarHoCT1KmM cpas-
HMBAEMbIX TUMOB OMYXON BbINOSHSANOCH NPY MOMOLLIM
mMeToaa GuHapHoOK normcTruyeckon perpeccun. OTéop
HEe3aBMCKMbIX MEPEMEHHbIX MPON3BOAMIICA METOO0OM
noLlaroBOM NPSIMOM Cenekumn C MCnoSib30BAHMEM
B KayeCTBE KPUTEPUSA UCKIIOYEHUS CTaTUCTUKK
BanbpoBsckoro. Ctatuctuyeckass 3HaYMMOCTb MOny-
YEHHOM MOZenn onpenensanacb C NOMOLLbIO KpUTe-
pus y2. Mepoi onpeneneHHoCTW, ykasblBaloLWEN
Ha Ty YacTb AUCNEepPCcumn, KOTopast MOXET ObITb 0ObSAC-
HEeHa C MOMOLLLbIO NOTMCTUYECKOM PEFPECCUM, CTYXNI
nokasatenb R? Hanpxenkepka.
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[ns oueHKM NPOrHOCTUYECKOM 3HAYUMOCTU KO-
4YEeCTBEHHbIX MPM3HAKOB, B TOM YMC/IE 3HAYEHUI per-
PECCUOHHBIX MOAENEn, N onpeneneHns onTuMmab-
HOro pa3aensaroLLero 3HadeHuns (“cut-off* value) npu
anoodepeHunanbHOM AMarHoCTUKE CpPaBHUBAEMBbIX
TUMOB OMyXONIM MPUMeEHsNCa meTon aHannsda ROC-
KpuBbIX. Ka4ecTBO MoAenein oueHNBanoch no 3Ha4ve-
Huam nnowaan nog ROC-kpuson (AUC).

Pe3ynbTaTthbl

CornacHo noJly4eHHbIM AaHHbIM, pacnpeneneHne
nauMeHTOB CPaBHMBAEMbIX FPyMnn MO MOy WUMENo
CTaTUCTUYECKN 3Hadmmble pasnanuma (p = 0,007).
Pasnununsa nccnenyembix rpynmn no BO3PacTy Obinu
Takxe ctatucTuyecky 3Hadnmel (p = 0,01).

B rpynne H3H 9 (30%) onyxone 6b111 Nokanmso-
BaHbl B FO/IOBKE NOOXKENYQ04HOM Xeneasbl, 2 (6,7%) —
B KPIOYKOBUIOHOM OTPOCTKE, 2 (6,7%) — B nepeLuelike,
8 (26,7%) — B Tene n 9 (30%) — B xBOCTE NOAXKENYO04-
How xenesbl. B rpynne CIMO 13 (40,6%) onyxonen
ObINM NIOKANN30BaHbl B rofIOBKE xenesbl, 0 — B Kpioy-
KOBMAHOM OTPOCTKE u nepeluernke, 5 (15,6%) — B Te-
ne n 14 (43,8%) — B XxBOCTE Xenesbl.

B rpynne HOH kanbuuHaThl B CTPYKTYPE OMyXOnu
Obinn obHapyXeHbl B 7 (23,3%) cnyyasx, amnataumus
rMaBHOrO MaHKpeaTU4eckoro npotoka — B 2 (6,7%),
ogHopogHasa cTpyktypa onyxonn — B 10 (33,3%).
B rpynne CIMO kanbuMHaTbl B CTPYKTYPE OMyXOnu
Obinn BhisBneHbl B 13 (40,6%) cnyyasix, ounatauus
rMaBHOrO NaHkpeaTn4eckoro npotoka — B 5 (15,6%),
OfiHOpOAHasa CTPykTypa onyxonu — B 7 (21,9%).

He 6bin0 BhISIBNEHO pa3nuynii mexay HOH n CMNo
no nokanMsaummn, HanMYMIO KanbLMHATOB, AunaTaumm
rMaBHOr0 MaHKpPeaTMyeckoro MpoToka WAM reTtepo-
reHHocTu onyxonu (p > 0,05). CpegHuii pasmep HOH
coctaBun 18,5 mm (Q1-Q3: 14,0-30,0 mMm), cpeaHuii
pasmep CMMO - 56,0 mm (Q1-Q83: 28,5-79,0 mm).
Pasnunung B pasdmepax ObinM CTAaTUCTUYECKN 3HAYU-
MbiMK (p < 0,001). KIN B HaTMBHYIO, apTepuasnbHylo,
BEHO3HYIO M OTCPOYEHHYD ¢da3bl OblM CTATUCTU-
YeCKM 3HAYMMbIMU MEXAY UCCNeayeMbIMU rpynnamMm
(tabn. 1).

Bbino BbIABAEHO, 4TO B apTepuanbHyio Gasy Koy
yBenunumsascs, torga kak KlMleqne yMeHsLuancsa (puc. 1).
MoaToMy Mbl peEWNIN OLEHNTb B3aMOCBSA3b MeXay
TUNOM onyxonu u guHamukon KIM B HaTUBHYIO 1 apTe-
puanbHyto dasbl (Tabn. 2). HOH 6binM B OCHOBHOM
runepaeHcHeiMu ¢ yBenndennem K HOH mexay Ha-
TUBHOW N apTepmansHon ¢asamn B 60% cnyyaes. U
Haob6opoT, CMMO 6k B OCHOBHOM TMNOAEHCHbLIMU,
cHmxenne KMgnno Habnwpanock B 87,5% cnyyaes.
B 10 e Bpems namenenus B KIN gns o6oux ructono-
rMYecknx TUMOB OblIN CTATUCTUYECKM 3HAYUMbIMUI
(p=0,083 1 p < 0,001 cooTBETCTBEHHO). ITO HaAbNIO-
OeHve ObiNo MOATBEPXAEHO CTATUCTUYECKM 3HAYU-

MbIMW peaynsTatamu kputepus 2 Mupcoxa (p < 0,001).
LWaHcehl cnydaes yesenudeHnsa KI B apTepuasnbHyo
dasy no cpaBHEHWIO C HaTuBHOM ¢daszonr npn HOH
obinn B 10,5 pasa Bbiwe, yem npu CIMMNO (95% OU:
2,92-37,04).

Ha cnepyioliem atane nccnenoBanms Obii npose-
neH aHanm3 ROC-kpuBbIX, XapakTepuayloLmnx Mnpo-
FHOCTUYECKYI0 3Ha4MmocTb Kl ong onpeneneHns tm-
na onyxonu (puc. 2). Npu cpaBHEHUN BCEX YETbIPEX
MoAenen, cospaHHblx C ucnonb3oBaHnem ROC-
aHanmsa, 6bino BbiBNEHO, 4To Kl B apTepuanbHO
dasze nmen Hambosbllee MPOrHOCTUYECKOe 3Haye-
Hue, Kl B BEHO3HOWN dase Obll HA BTOPOM MeEcCTe,
Ha TpeTbeM — KI1 B HaTuBHOM dase (Tabn. 3).

Bce KI1 B HaTnBHOW, apTepuanbHOn, BEHO3HON U
OTCPOYEHHOM dasax Obinn CTaTUCTUYECKU 3HAYUMbI-
Mu (cM. Tabn. 3). Mpun 3HaueHKaxX nokasartesnen, pas-
HbIX WX MPEBbIWAOWMX 3HA4YeHNs B Toukax cut-off
B Kaxnaylo 13 Ga3 ckaHMpoBaHWs, NPOrHO3MPOBaICS
rMCTONIOrMYECKUI TUM onyxoan — H3H, npn MeHbLumx
3Ha4eHuax — CIMOo.

OtpenbHo 6bI10 NpoBeaeHo cpaBHeHne KIM B Ha-
TUBHYIO, apTepuanbHyl0, BEHO3HYIO M OTCPOYEHHYIO
dasbl MexXay rvnepBackyaspPHbIMU 1 FTMAOBACKYNSpP-
HbiMM HIOH (1abn. 4). CornacHo MoslydeHHbIM OaH-
HbIM, 3HaYeHNs KO9DDULMEHTOB KOHTPACTUPOBAHUS
OnyXxosv B BEHO3HYIO M OTCPOYEHHYIO $hasbl CKaHMPO-
BaHUS HE UMENN CTaTUCTUYECKM 3HAYUMbIX PA3NINYUIA
B 3aBMCUMOCTM OT CTEMEHW apTepuanbHOro ycune-
Huga (p > 0,05).

Hamun npepnpuHsaTa nombiTka paspaboTaTb npo-
FHOCTMYECKYID MOAESb, MO3BONSAIOLLYI0 ONPEesensiTh
FMCTOJSIONMYECKNIA TUM OMYXOM Ha OCHOBAHWUM psiga
KQYeCTBEHHbIX 1 KONNYECTBEHHbIX NMPU3HAKOB, C MO-
MOLLIbIO MeToaa OGMHAPHOW NOrMCTUYECKOW perpec-
cun. B pesynbtate 66110 NONy4YeHo creaytoLLee ypas-
HeHue (1):

P1=1/(1+e7%)-100%
z=-14,068 +2,713 - X, + 5,704 - X, + 6,899 - X;, (I)

roe P1 - BeEpoATHOCTb TMCTOIOrMYEcKoro Tuna
H3H (%), X, — KIN B HaTuBHOI da3e, X, — K1 B apTe-
puansHoi ¢ase, X; — KIM B BeHO3HOW ¢dase, e — maTte-
MaTuyeckasi KOHCTaHTa, NpubAM3UTENbHO paBHas
2,71828.

Mcxops n3 3HavyeHnin KO3hUUMEHTOB perpec-
cumn, yeenundenune Kl B kaxayto n3 ¢pas CkaHMpoBaHUS
ABnsgeTca npusHakom HOH.

MporHocTuyeckass momenb () Gbina cratucTu-
yeckun 3Hauumom ¢ p < 0,001 (koadduumeHT netep-
MuHaumn Halipxenkepka R? coctaBun 81,3%). Mel
onpenenunn noporoBble 3Ha4eHMs C MOMOLLbIO aHa-
nm3a ROC-kpuson (puc. 3). Mnowaab o4 KpUBOW
coctaBuna 0,971 + 0,022 (95% AW: 0,928-1,0).
Beibop noporoeoro 3HavyeHus 34% [an makcumasb-
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Ta6amua 1. KoapdurumeHTsl NNOTHOCTY B padHble dhasbl CKaHMPOBAHWS MeXAay rpynnamMu naumeHTos ¢ H3H noaxenyaouHow
xenesbl 1 CMNMNO

®dasa ckaHupoBaHus H3H cnno D
Me Q1-Q3 Me Q1-Q3
KnHaTMBuaadaaza 1,07 0,92—1,20 0,814 0,72—0,91 <0,001*
KM, propuansiias daza 1,16 1,03-1,42 0,602 0,52-0,65 <0,001*
KnBeHOSHaﬂ basa 1,18 0,95—1 ,30 0’807 0,66_0189 <0’001*
K rcponeen gasa 1,07 0,93-1,28 0,91 0,81-1,04 0,006*

* — cTatmcTnyeckn aHadmmo npu p < 0,05.

[] HatunBHas

: ‘ dasa

2,27:2,31 ApTtepuasnbHas
1 : dasa

] S SO

B BeHo3Has!
dasa

[ OtcpoyeHHas
dasa

KoaddurumeHT KoHTpacTnpoBaHns Onyxoam

Puc. 1. JnHamumka K0adDULUMEHTOB NIOTHOCTEN B HATUBHOWN, apTePUanbHON, BEHO3HOM N OTCPOYEHHON dpadax CKaHMpoBa-
Hua gng HOH n CMMo.

Ta6nuua 2. IyHamuka KoapdULMEHTOB NNOTHOCTEN B HATUBHOI 1 apTepuanbHOi dasax ckaHMPOBaHMWS

dasza ckaHuposaHusa Ounamuka KM
Onyxosnb KN, 2ruemas dasa Kn,, basa noBbiLLEHNE,| CHWXEHue, o]
Me Q1-Q3 Me Q1-Q@3 % %
H3H 1,07 0,92-1,20 1,16 1,03-1,42 60,0 40,0 0,03*
cnno 0,81 0,72-0,91 0,60 0,52-0,65 12,5 87,5 <0,001*

* — cTaTMcTn4eckm 3Haqmmo npum p < 0,05.

METUINHCKAS BU3YATMBAIIAS 2020, rou 24, Nl
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Puc. 2. ROC-kpuBble, 0TOOpaxaloLLme B3aMOCBS3b MEXAY MMCTONOMMYECKMM TUMOM OMNyXoNn 1 KoadduumeHTamm nnoT-
HOCTW B HAaTVBHOW (@), apTepuasibHoli (6), BEHO3HOW (B) U OTCPOYEHHOM () pasax ckaHMpoBaHMS.

Ta6nuua 3. Pesynbratsl aHanmaa ROC -kpreoii

Hapameprl Mmoaenu
dasza CKaHupoBaHusa AUC p lzpa?{l'e(:'lB“oee se, % s, %
K e 0,828 = 0,057 <0,001* 0,91 80,0 81,2
KIM,reomanenas gaoa 0,949 0,031 <0,001* 0,75 96,7 90,6
KMo oass 0,922 + 0,034 <0,001* 0,92 90,0 87,5
KnorcpoquHaﬂ dasa 01705 * 01067 0,006* 0,97 70,0 62,5

* — cTatucTmyeckmn 3Ha4mmo npu p < 0,01.
AUC - nnowiaab Nog KpUBOK; Se —4yBCTBUTENBHOCTL MOAENN; Sp — cneumdrYHOCTb MOLENN.

MEDICAL VISUALIZATION 2020, V. 24, N1
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Ta6amua 4. KoadduumeHTbl NIOTHOCTY ANs pasHbix NoaTUNoB H3H (rvnepBackynsipHbIi U rMnoBacKysipHbIiA)

MNopgTun HOH
®da3za ckaHupoBaHus runepBackynsipHbIiA rMNoOBacKyNAPHbIA p
cpepHee = SD 95% oM cpepHee = SD 95% AU
KM, prepuansiian daza 1,49+0,39 1,29-1,68 0,95+0,13 0,87-1,03 <0,001*
KM er0amas pasa 1,24 £ 0,26 1,11-1,37 1,13+0,23 0,99-1,27 0,26
KM reposensian dasa 1,16+ 0,27 1,02-1,3 1,02+£0,18 0,91-1,13 0,108

I EniiiHCEAS BUSYATHBALINS

* — cTatucTuyeckun 3Hadnmo npu p < 0,05.

1,0

YyBCTBUTENBHOCTb

.‘ ‘. ;
0,0 0,2 0,4 0,6 0,8 1,0
CneundunyHoCTb

0.0 .

Puc. 3. ROC-kpuBas, oTobpaxatoLlas B3aMMOCBS3b MexXay
TUMOM OMYXONN 1 NEPBOV NPOrHOCTUYECKOW MOLENBIO.

HYIO YYBCTBUTENBHOCTb U crneunmduyHoctb B 96,7
1 93,8% coOTBETCTBEHHO. [Tpy NPEBbILLIEHNN NOPOro-
BOro 3Ha4yeHus bonee BepositHa HIH, npu 3HaveHuu,
paBHOM unu Huxe noporosoro, — CIIMO. Mogens |
npasunbHO onpegenuna 29 HOH n3 30 u 30 CIMNO
n3 32.

B cBS3n C paHee BbIABNIEHHOW B3aMMOCBA3bIO
FMCTONOMMYECKNX TUMOB OMYXOAW C HanpaBiieHNEM
nameHeHns KM B apTtepuanbHyio ¢asy Obiia pac-
CMOTpEeHa BO3MOXHOCTb MOBbLILEHWS ANArHOCTU-
yeckon aPEeKTUBHOCTM MOAENN Ons OnpeaeneHns
Hanbosiee BEPOSTHOrO TuMa OMnyxoau C y4eTOM OaH-
Horo ¢aktopa. MakcumanbHas cneunduyHoCTb
Il mogenn coctaBuna scero 75% (3 cnyyas us 4), no-
3TOMY Mbl BEPHYSIUCH K | Mogenn.

OpHako BTOPYIO MOAENb (1) BO3BMOXHO MCNONb30-
BaTb A9 anddepeHumanbHOM oMarHOCTUKK rMnoBa-
ckynapHbix HOH (amarHoctuyeckas TouHocTb 100%).

P2=1/(1+e7)-100%
= _5798,7 + 2685,8 - X, + 4207,4 - X,,  (Il)

roe P2 — BeposaTHOoCTb onyxonu PNET (%), X, — KM
B apTepunanbHoin ¢ase, X, — K1 B BeHO3HON dase,

2020, rom 24, Nel

€ — maremMaTuyeckass KOHCTaHTa, MpPUBAN3nUTENbHO
paBHasa 2,71828.

MporHocTmnyeckas moaens (ll) Gbina craTncTuye-
ckn 3Haummon (p < 0,001) n yuuteiBana go 100%
dakTopoB, onddepeHUNpyoLWmrX CconocTaBnsiemMble
TUnbl onyxonu. Beibop noporoeoro 3HaveHns B 50%
[an MakCUMasbHYI0 YyBCTBUTENBHOCTb U cneumdmny-
HocTb 100 1 100%. 3Ha4YeHus, NpeBbiLIatoLLMe NopPo-
roBoe, koppenupytot ¢ HOH, Toroa kak 3Ha4eHns HU-
Xe WM paBHble Noporosomy koppenupytoT ¢ CIIMO.
Bce 40 naumeHTOB C rvnoBackynsipHbIMU 06pa3oBa-
HUSIMW ObINW NPaBUJIbLHO NOEHTUDULMPOBAHbI.

O6cyxaeHune

Mbl onpegennan HEeckonbKO KOJMYECTBEHHbIX
KputepmeB ana anodepeHumansHOn ouarHoCTUKK
HOH wn CIMO, skntoyas noporosble 3HadeHus KI1
B apTepuanbHOM, BEHO3HOW MU OTCPO4YEHHON ¢asax
ckaHmposaHus (0,75, 0,92 n 0,97 COOTBETCTBEHHO).
Ananna ROC-kpuBoi nokasan, 4to Kl B apTepunanb-
Hyto Hasy umeeT HanbosbLLEE MPOrHOCTUYECKOE 3Ha-
yeHue, 3a KoTopbiM cnenytoT KI B BEHO3HYIO ¢asy 1
KM B HaTnBHYIO dasy ckaHMpoBaHUSA. bbinn cosgaHsbl
[Be omarHoctuyeckue mogenu ong opuddepeHumans-
HOWN ONarHOCTMKM MEXAY rMnepBacKynsapHbIMK, FUMo-
BackynsipHeiM1 HOH 1 CMMO ¢ nomoulpio GuHapHO
NIOrMCTUYECKON perpeccun. HakoHel, Mbl paspaboTa-
JIM OHNAWMH-KaNbKyNATOP AN NCMONb30BAHUS B PYTUH-
HoM npakTuke (http://pancreas-calculator.com).

B 0630pe P.F. Yu u coaBT. (553 naumeHta ns 241
nyonukauumn) Obin0 BbIBAEHO, Y4TO MO AaHHbiM KT
C BHYTPUBEHHbIM KOHTPACTHbIM YycuneHnem CIMO
xapaktepuadyeTcs cnabblM HaKOMIEHNEM KOHTPACT-
HOro npenapara, HanM4neM KUCTO3HOro KOMMOHEHTa
B LLEHTpe 00pa30BaHUSA 1 MArKOTKAHHOIO KOMMOHEH-
Ta Ha nepudepun [23]. X. Zheng n COaBT. Takxe
obpaTtunn BHMMaHWEe Ha runosackynspHocTb CIMNO
OTHOCUTENIbHO HOPMAaJIbHOM MapeHXMMbl MOOXKesy-
DOo4HOM xenesbl [24]. Mbl HabnoaanmM cxoaHble 3aKo-
HOMepHOCTM anHamuku Kl B Hawem nccnegosBaHnm
C MakCHMaJibHOM PasHULLEN MeXy HaTUBHOW 1 apTe-
puanbHon dazamu.

MCKT ¢ BHYTPUBEHHBIM KOHTPACTMPOBAHUEM
obnagaeT BbICOKOW OMArHOCTUYECKOW TOYHOCTbIO
N KOppenuvpyeT CO CTeneHbio AnddepeHunpoBKn
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HOH no gaHHbIM FMCTONOMMYECKOro WUCCReAOBaHNS
[25-27]. B Heckonbknx nccnegoBaHusix 6b1o ycTa-
HOBJ/IEHO, YTO MOBbILLUEHNE CTENEHW BACKYNSpmU3aLmm
Nno rMCTONOMMYECKUM OAaHHBIM U MOBLILUEHHOE HaKo-
nieHne KOHTPACTHOrO npenapata B apTepuasnbHylo
dasy npu MCKT 6binn acCoLMMPOBaHbl C ONyXOsMK
bonee HM3KOW cTeneHn ouddepeHLMPOBKN, a Ony-
Xonu 6ofiee BbLICOKOM CTeneHn AndpepeHLMpoBKN
OEMOHCTPMPOBAIM  MEHbLUYIO  BaCKyNsapu3auuio
N MEHblLee HaKOoMeHne KOHTPACTHOro npenapara
[28, 29]. Mbl pasgenunu rpynny HOH Ha 2 noatuna:
rvnep- 1 rmnoBackyspHbIe, NO3TOMY OblIM CO3aaHbI
OBe awarHoctuyeckme mogenu. nsa | nporHoctuye-
CKOW mMogenu Bblbop MOPOroBoro 3HaveHus 34% nan
MakCUMasbHYO 4yBCTBUTESIbHOCTb W CneuuduyHoOCTb
96,7 n 93,8% coOTBETCTBEHHO. 3HAYEHUS, NPEBbILLIA-
IOLME MOPOroBOe 3Ha4veHue, koppennpytloT ¢ HIH.
Onsa |l nporHocTuyeckom Moaen BbIGOpP NOPOroBoro
3HavyeHns 50% fan MakCUMasbHYO YyBCTBUTENBHOCTb
n cneumdunyHoctb 100 n 100%. 3HayveHus1, npeBbiwa-
loLLME NOPOrOBOE 3HAYEHME, KOPPenupytoT ¢ HIH.
Hawe nccnepoBaHve MMeno HeCKONbKO OrpaHu-
yeHun. Mbl CpaBHUAM TOSIbKO ABa MMCTONOMMYECKNX
TMna onyxonen. MccnepoBaHne ObINO PeTpPOCHeK-
TMBHbIM, NO3TOMY, BO3MOXHO, UMena MeCcTo CUCTe-
Martmyeckas owwmnbka oTbopa. lpynna naumeHToB
Oblfla OTHOCUTESNIbHO HeOOobLLONW. Mbl HE OLEeHMBaNIN

Introduction

According to the 40-year long American SEER
study (Surveillance, Epidemiology and End Results),
adenocarcinoma NOS (not otherwise specified) is
the most frequent histological type of pancreatic tu-
mour (69.27%) [1]. Ductaladenocarcinoma (10.27%)
was the second one, nonfunctioning pancreatic neu-
roendocrine tumour (PNET) ranks was the 3rd
(4.49%). The incidence of solid pseudopapillary neo-
plasm (SPN) was 0.14%. SPN is a rare pancreatic tu-
mour with low malignant potential predominantly af-
fecting young women [2].

Nonfunctioning PNETs are more common than
their hormonally active counterpart. They do not pro-
duce syndromes of hormonal excess. Instead, they
become symptomatic by invading surrounding tissue
and seeding metastases [3-5]. Moreover, most PNETs
are indolent, but have malignant potential [3-5].
Evolution of a well-differentiated (G1-G2) PNET into a
high-grade tumour (G3) or even a poorly differentiated
pancreatic neuroendocrine cancer (PNEC) is possible,
albeit rare [6, 7]. Published studies indicate that the
PNETs are malignant in 40-90% of cases [6, 7].

In 2010, WHO classified SPN as a potential malig-
nant neoplasm [8]. Even when aggressive, SPN tend
to possess a low malignant potential and offer a fa-

OnarHocTtuyeckylo ToyHoctb MPT. CnegoBaTesbHo,
0N NoATBEpPXOEeHUs pe3ynbTaToB Halleh paboThl
HeobxoaMMbl JanbHellne uccnemoBaHus ¢ 060b-
wen nonynsumen u MynbTUMOAANbHbIM MOAX0A0M
(Y3, MCKT, MPT).

3aknovyeHue

Mbl pa3paboTanv ABe AMarHOCTUYECKME MOLENN
onga anddepeHumanbHOM ANarHOCTUKN MeXay rmnep-
BAaCKyNsipHbIMK, runoBackynsapHeiMin HOH wn CIMO.
Mogenn nerko NPUMEHUMbl B PYTUHHOM MNPakTUKe,
YTO MO3BOJIAET MOBbLICUTb TOYHOCTb AuddepeHun-
anbHom gmarHocTtuku mexgy HOH mn Crno.

Yyactue aBTOpoOB

YepuuHa B.1O. — npoBeaeHme nccnenosaHns, aHanma u
MHTEpNpeTaums NOSlyYeHHbIX OaHHbIX, HanMCaHWe TeKCTa,
noAroToBka, co3gaHue onybaMKoBaHHON paboThl.

BnoxuH N.A. — c6op 1 06paboTka AaHHBbIX.

Mapanos [./. — ctatuctmyeckas o6paboTka AaHHbIX.

Kpurep A.l. — aHanu3 v nHTEpNpeTaums MoNyYEHHbIX
OaHHbIX, Y4acTMe B HAy4YHOM Am3aiHe.

KanuumH [.B. — aHan13 n nHtepnpetaums nosy4yeHHbIX
DaHHbIX.

LLinma B. — nogrotoBka v peaakTMpoBaHue TEKCTa.

KapmasaHosckuin LI — yTBepXAeHNe OKOHYaTeNbHOro
BapuaHTa cTaTbMl, KOHUENUUS M AM3aliH MCCNnenoBaHus,
OTBETCTBEHHOCTb 3a LIeJIOCTHOCTb BCEX YacTel cTaTbu.

vorable prognosis with a long life expectancy [9].
Because SPN is rarely aggressive and has a low-grade
malignant potential with an excellent prognosis after
complete resection, it should be differentiated from
other, more aggressive tumors, such as endocrine
tumors [2].

SPN is considered an ideal target for minimally in-
vasive surgical treatment, i.e., resection [10]. On the
other hand, management of nonfunctioning PNETs
remains an object of debate, especially if the lesion is
less than 2 cm in size [11]. It should be noted that ap-
proach ranges from conservative to varying degrees
of surgical intervention [12, 13].

Choosing the right therapeutic strategy needs ac-
curate diagnosis of different tumour entities. Many
qualitative CT signs have been described, which may
help to suggest a specific diagnosis [14-17]. Magnetic
resonance imaging (MRI) has higher accuracy than
CT in differentiating the cystic or solid component of
SPN and can be correlated with PNET aggressiveness
[18, 19]. Combined positron emission tomography
and computed tomography (PET/CT) with 2-deoxy-
2-[18F] fluoro-D-glucose (18F-FDG) has low accura-
cy for differential diagnosis of benign and malignant
SPT based on 18F-FDG accumulation [20]. SUV,,,, >
2.0 in 18F-FDG PET/CT might be useful for assess-

MEDICAL VISUALIZATION 2020, V. 94 , N1



OPUTMHAJILHOE UCCJIENOBAHHUE | ORIGINAL ARTICLE

ing the malignant potential of PNET [21]. Vikas
Prasad et al. [22] proved the role 68Ga-DOTATOC
PET/CT for the screening of patients with von Hippel-
Lindau disease (vHLD). However, various non-specif-
ic presentations and a similar diagnostic pattern of
SPNs and PNENs made the preoperative diagnosis
challenging.

Our goal was to propose an on-line CT-based tool
for differential diagnosis between PNET and SPN in
clinical practice, based on attenuation measure-
ments.

Materials and methods

Patient cohort

The institutional review board approved this retro-
spective study and written informed consent was
waived. We included seventy-six patients from January
2014 to March 2018 into the study. The inclusion cri-
teria were as follows: histopathologically verified PNET
or SPN, preoperative contrast-enhanced multi-phasic
MDCT, no local treatment or chemotherapy before the
surgery. Therefore, we excluded nine patients without
preoperative MDCT and five patients with a time inter-
val from visualization to surgery of more than 30 days.
The final cohort of sixty-two patients was divided into
two groups. Thirty patients with PNET comprised the
first group. Thirty two patients with SPN comprised
the second group. All tumours in the final cohort were
histologically and immunohistochemically verified.
Patient age in the PNET group ranged from 25 to 69
years (M = 47.97 £ 2.29 years) and from 17 to 74
years in the SPN group (M = 39.34 + 2.32 years). The
PNET group included 13 men (43.3%) and 17 women
(56.7%). The SPN group included 4 men (12.5%) and
28 women (87.5%).

Imaging technique

We performed abdominal MDCT on a Philips
Brilliance CT 64-slice or Brilliance iCT 256-slice CT
units (Philips Medical Systems). The scanning param-
eters were as follows: slice thickness 1 mm, beam
pitch 1, tube rotation speed 0.75 sec, tube voltage
120 kV, automatic tube current modulation (150-500
mAs). After the unenhanced scan, the iodine contrast
media (Optiray 350, prefilled syringes 100 ml, Liebel-
Flarsheim Canada Inc) was administered intravenous-
ly via a dual-head pump injector, amounting to 1.6 and
1.5 ml per kilogram of body weight, respectively, with
a flow rate of 4-5 ml/sec. The bolus of contrast agent
was followed by saline chaser bolus (40-50 ml), in-
jected at the same rate. We obtained arterial, venous
and delayed phase scans at 10, 35 and 180 seconds
after the aortic attenuation reached 100 Hounsfield
units (HU). Time interval between MDCT and surgery
was less than 30 days.
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Image analysis

Two radiologists with 5 years and 30 years of expe-
rience independently analyzed CT scans of all pa-
tients. They were blinded to the results of pathological
studies. After two weeks, radiologists were asked to
review the data of all patients once again. Image analy-
sis included several characteristics: tumour location
(head/uncinate process/neck/body/tail), homogenei-
ty in portal phase (homogeneous/heterogeneous),
calcification (yes/no), main pancreatic duct dilatation
>3 mm (yes/no) and enhancement pattern relative to
normal pancreas (hypo-, iso- or hyperattenuating).
A tumor was considered heterogeneous in the pres-
ence of calcifications, cystic or necrotic changes.
We measured tumour and pancreatic density in HU
by carefully placing an oval region of interest (ROI)
of >10 mm? on each phase. Calcifications, areas
of cystic or necrotic changes, vessels and pancreatic
duct were avoided. We calculated the by-phase
tumour-to-pancreas density ratio (DR) as follows: HU
value of tumour divided by HU value of normal pancre-
atic tissue.

We also divided all PNETs into hypervascular and
nonhypervascular.If tumour density in the arterial
phase was at least 10 HU higher than the surrounding
pancreatic parenchyma, we considered the lesion
hypervascular subtype, if less than 10 HU - nonhyper-
vascular subtype.

Statistical analysis

We utilized IMP SPSS (version 20) for statistical
analysis. Shapiro-Wilk test determined the normality.
We used mean (M), standard deviation (SD) and 95%
confidence interval (95% CI) for descriptive statistics
in the cases of normal distribution. Comparative anal-
ysis was performed with the Student's t-test. We used
the median (Me), lower and upper quartile (Q1-Q3)
and Mann-Whitney U test in the cases of abnormal
distribution. Nominal data were described with abso-
lute values, relative percentages. We used Pearson’s
chi-squared test to compare the nominal data.

We constructed a multivariable prognostic model
via binary logistic regression. Independent variables
were selected via a step-by-step approach with the
Wald test as the exclusion criterion.

The model’s statistical significance was tested
with the y?2 criterion. We used the coefficient of deter-
mination (Nagelkerke's R?) to evaluate the goodness
of fit of the logistic regression model.

We used the receiver operating characteristic
(ROC) curves to evaluate the prognostic value of any
quantitative characteristics and to determine optimal
cut-off values for differential diagnostics. Model per-
formance was evaluated by calculating area under the
curve (AUC).
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Results

In both populations (PNET and SPN) there is a fe-
male predominance, however more obvious for SPNs,
and the difference was significant (p = 0.007). The age
distribution of patient groups was also statistically
significant (p = 0.01).

In the PNET group, 9 tumors (30%) were located in
the head of pancreas, 2 (6.7%) - in the uncinate pro-
cess, 2 (6.7%) — in the neck, 8 (26.7%) — in the body,
and 9 (30%) in the tail of the

pancreas. In the SPN group, 13 tumors (40.6%)
were located in the head of the gland, 0 in the in unci-
nate process and neck, 5 (15.6%) in the body and
14 (43.8%) in the tail of the pancreas.

In the PNET group, calcifications in the structure
of the tumor were detected in 7 cases (23.3%);
main pancreatic duct dilatation- in 2 cases (6.7%);
homogeneous structure of tumor — in 10 cases
(33.3%). In the SPN group, calcifications in the
structure of the tumor were detected in 13 cases
(40.6%); main pancreatic duct dilatation — in 5 cas-
es (15.6%); homogeneous structure of tumor -
in 7 cases (21.9%).

There was no difference between PNETs and
SPNs for the localization, presence of calcifications,
main duct dilatation or tumor heterogeneity
(p > 0.05). Median PNET size was 18.5 mm (Q1-Q3:
14.0-30.0 mm), median SPN size was 56.0 mm (Q1-
Q3: 28.5-79.0 mm). The differences in size were
statistically significant (p < 0.001). The density ratios
(DR) in the unenhanced, arterial, venous and delayed
phases were statistically significant between the
groups (Table 1).

During the arterial phase DRPNET increased
while DRSPN decreased (Fig.1). Therefore, we de-
cided to evaluate the relationship between tumour
type and DR dynamics in the unenhanced and arte-
rial phases (Table 2). PNETs were mostly hyperat-
tenuating with an increase in DR between unen-
hanced and arterial phases in 60% of cases.
Conversely, SPNs were predominantly hypoattenuat-
ing with a decrease in DR observed in 87.5% of cas-
es. At the same time, changes in the density ratios
for both histological types were statistically signifi-
cant (p = 0.03 and p < 0.001, respectively). This ob-
servation was supported by the statistically significant
results of Pearson's chi-squared test (p < 0.001). The
likelihood ratio of DR increase in the arterial phase
compared to the unenhanced phase was 10.5 times
higher for PNET than SPN (95% Cl: 2.92-37.04).

We performed ROC curve analysis to evaluate the
prognostic value of DR in unenhanced, arterial, portal
and delayed phases for differentiation between PNET
and SPN (Fig. 2). When comparing all four models
created using ROC analysis, we determined that the

density ratio in the arterial phase had the highest
prognostic value, the density ratio in the venous phase
being second, and the density ratio in the native phase
being third (Table 3).

All DR in unenhanced, arterial, portal and delayed
phases were statistically significant (Table 3). We de-
termined cut-off values for differential diagnosis.
Lesions with DR higher than the cut-off value were
classified as PNET and vice versa. Therefore, we ob-
served statistically significant differences between
PNET and SPN and their density ratios. We also sepa-
rately compared the DR in unenhanced, arterial, por-
tal and delayed phases of hypervascular and nonhy-
pervascular PNET subtypes (Table 4).

DR®@venous and DRgg,.q Were similar between
these subtypes (p > 0.05).

We proceeded to construct an MDCT-based mul-
tivariable prognostic model for differentiation be-
tween PNET and SPN via binary logistic regression.
The method yielded the following equation (I):

P1=1/(1+e?)-100%
2=-14,068+2,713+ X, +5,704 - X,+ 6,899 - X;, (1)

where P1 is the probability of tumour being PNET (%),
X, is DR in the unenhanced phase, X, is DR in the arte-
rial phase, X; is DR in the venous phase, e — a mathe-
matical constant, approximately equal to 2.71828.

As mentioned above, DR increase indicates a high-
er likelihood of the lesion being a PNET.

Prognostic model (I) was statistically significant
with p < 0.001 (Nagelkerke's R? was 81.3%). We
determined the cut-off values by using ROC curve
analysis (Fig. 3). Area under the curve was 0.971 +
0.022 (95% CI: 0.928-1.0). Selecting a cut-off value
of 34% yielded the maximum sensitivity and specificity
of 96.7% and 93.8%, respectively. Values larger than
the cut-off value correlated with PNET, whereas values
lower or equal to the cut-off value correlated with SPN.

Model | correctly identified 29 PNETs out of 30 and
30 SPNs out of 32. We tried to increase the model’s
prognostic value by accounting for the PNETs DR dy-
namics between enhanced and arterial scan phases.
The maximum specificity of the second iteration was
only 75% (3 cases out of 4), so we reverted to the first
model.

However, the second model (ll) targeted nonhy-
pervascular PNETs via DR dynamics and had a very
high diagnostic accuracy (100%).

P2=1/(1+e7?)-100%
z=-5798,7 + 2685,8 - X, +4207,4 + X,, (1)

where P2 is the probability of tumour being PNET (%),
X, is DR in the arterial phase, X, is DR in the venous
phase, e — a mathematical constant, approximately
equal to 2.71828.
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Table 1. Density ratios between patient groups and imaging phases

MDCT phase PNET SPN p
Me Q1-Q3 Me Q1-Q3
DR rennanced 1.07 0.92-1.20 0.814 0.72-0.91 <0.001*
DRarteral 1.16 1.03-1.42 0.602 0.52-0.65 <0.001*
enous 1.18 0.95-1.30 0.807 0.66-0.89 <0.001*
DR etayed 1.07 0.93-1.28 0.91 0.81-1.04 0.006*
* — statistically significant with p < 0.05.
[] Unenhanced
T phase
2,27:2,31 Arterial phase
*2,13
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[ Delayed phase
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*0,22
oof S —
| |
PNET SPN
Fig. 1. Density ratio dynamics in the unenhanced, arterial, venous and delayed phases for PNET and SPN.

Table 2. Density ratio dynamics in the unenhanced and arterial phases

MDCT phase DR dynamics
Tumor DR, nenhanced DR, teria Increase, Decrease, p
Me Q1-Q3 Me Q1-Q3 % %
PNET 1.07 0.92-1.20 1.16 1.03-1.42 60.0 40.0 0.03*
SPN 0.81 0.72-0.91 0.60 0.52-0.65 12.5 87.5 <0.001*
* — statistically significant with p < 0.05.
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Fig. 2. ROC curves depicting the relationship between the tumour histological type and density ratios in the unenhanced (a),
arterial (6), venous (B) and delayed (r) phases.

Table 3. ROC curve analysis results

Model parameters
MDCT phase AUC p Cut-off value Se, % S, %
DR nennanced 0.828 +0.057 <0.001* 0.91 80.0 81.2
DR, ierial 0.949 £ 0.031 <0.001* 0.75 96.7 90.6
enous 0.922 +0.034 <0.001* 0.92 90.0 87.5
Rietayed 0.705 +0.067 0.006* 0.97 70.0 62.5

* — statistically significant with p < 0

.01.

AUC - area under the curve; Se - model sensitivity; Sp — model specifitivity.

MEDICAL VISUALIZATION 2020, V. 24, N1



OPUTMHAJILHOE UCCJIENOBAHHUE | ORIGINAL ARTICLE

T i niiiHCEAS BUSYATHBALIS

Table 4. Density ratios in various PNET subtypes

PNET subtype
MDCT phase Hypervascular Nonhypervascular p
mean += SD 95% CI mean + SD 95% CI
DR.rterial 1.49+0.39 1.29-1.68 0.95+0.13 0.87-1.03 <0.001*
DR enous 1.24+£0.26 1.11-1.37 1.13+£0.23 0.99-1.27 0.26
DR gelayed 1.16 £0.27 1.02-1.3 1.02+£0.18 0.91-1.13 0.108

* — statistically significant with p < 0.05.
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Fig. 3. ROC curve depicting the relationship between the
tumour type and the first prognostic model.

The second prognostic model was statistically sig-
nificant with p < 0.001 (Nagelkerke's R? was 81.3%).
Selecting a cut-off value of 50% yielded the maximum
sensitivity and specificity of 100% and 100%. Values
larger than the cut-off value correlated with PNET,
whereas values lower or equal to the cut-off value cor-
related with SPN. All 40 patients with nonhypervascu-
lar lesions were correctly identified. Therefore, our
models allow for MDCT-based preoperative differen-
tial diagnosis between PNET and SPN with very a high
degree of accuracy.

Discussion

We determined several quantitative criteria for dif-
ferential diagnostics between PNET and SPN includ-
ing DR cut-off values in the arterial, venous and de-
layed scan phases (0.75; 0.92 and 0.97 respectively).
ROC curve analysis showed that DRarterial had
the highest prognostic value followed by DR, nus
and DR, ennanced- W€ constructed two diagnostic mod-
els for differential diagnosis between hypervascular,
nonhypervascular PNETs and SPN via binary logistic
regression. Finally, we developed an on-line calcula-

2020, rom 24, Nel

tor for easy routine use (http://pancreas-calculator.
com).

In the review by Yu et al. (553 patients from
241 publications) revealed that dynamic contrast-en-
hanced MDCT in cases of SPN can show a less en-
hanced tumour, typical cystic spaces in the center,
and enhanced solid areas in the periphery [23]. Zheng
et al. also note the tumour hypovascularity relative
to the normal parenchyma of the pancreas [24].
We observed similar patterns with DR dynamics in our
study with the maximum decrease between unen-
hanced and arterial phases. Contrast-enhanced
MDCT has high diagnostic accuracy and correlation
with histopathological tumour grade [25-27]. Several
studies found that greater histological vascularity and
greater arterial enhancement on MDCT were associ-
ated with lower-grade tumors, and higher-grade
tumours demonstrated less vascularity and less
enhancement [28, 29]. We discerned between hyper-
vascular and nonhypervascular PNET subtypes.
Therefore, two diagnostic models were created. For
the first prognostic model selecting a cut-off value
of 34% yielded the maximum sensitivity and specificity
of 96.7% and 93.8%, respectively. Values larger than
the cut-off value correlated with PNET. For the second
prognostic model, selecting a cut-off value of 50%
yielded the maximum sensitivity and specificity of
100% and 100%. Values larger than the cut-off value
correlated with PNET.

Our study had several limitations. We compared
only two tumour types. The study was retrospective,
so there may have been a selection bias. The patient
cohort was relatively small. We did not evaluate the
diagnostic accuracy of magnetic resonance imaging,
which may show different contrast enhancement
dynamics. Therefore, further studies with a larger
study population and multiple imaging modalities (so-
nography, MDCT, MRI) are required in order to validate
the findings of our study.

Conclusion

We developed two diagnostic models for differential
diagnosis between hypervascular, nonhypervascular
PNETs and SPN. The models are readily applicable in
routine practice, allow for increased confidence in non-
invasive differentiation between PNET and SPN.
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