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[unarHocTuka n HenpoceTeBon aHanua paka koxn (DANAOS).
MynbTULEHTPOBOE NccregosaHne co c60pPoOM M KOMMNLIOTEPHBLIM aHaNM3oM
AaHHbIX, NONyYeHHbIX METOAOM LM POBON AepMaTOCKONNn
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MpuHsaTo B nevatb 3 masa 2003 roga.

Peslome lpednockinku. PaHHAs  OMarHoCTMKa MenaHoMbl € MOMOLLBbI  pasfnnYHbIX
MOHWUTOPMHIOBLIX KaMnaHui ABNSAETCA BaXKHbIM LLUArOM K YMEHbLUEHUIO CMEPTHOCTM.
KomnbloTepHbI  aHann3  LMAPOBbLIX WN300paXXEHUN, MOMYYEHHbIX C MNOMOLLBIO
AepMaToCKOnMM, OTMEYEH KaK TOYHbIA, MPaKTUYHBIA U 3KOHOMSLLMA BpeMS
WHCTPYMEHT MpU OLlEeHKEe NUIMeHTHbIX HoBoobpasoBaHu koxu (MHK). HepasHo 6bin
paspaboTaH NpoTOTMN  KOMMblOTEPHOM  AuarHocTuku  MHK,  mncnonbsyrowmn
nckyccteseHHble HenpoceTn (MHC): anarHocTuka n HEMpoCeTEBOW aHann3 paka Koxu
(DANAOS, Diagnosis And Neural Analysis Of Skin Cancer).



Llenu. Ona pemoHcTpauumn ToyHocTM gmarHoctmkm MHK ¢ nomolbko akcnepTHOM
cuctembl DANAQOS 6bin0  NpoBeAeHO MHOrOLEHTPOBOE  WccredoBaHWe Ha
npegcTaBUTENSIX Pas3nNYHbIX HALNOHANbLHOCTEN.

Memodbl. [Onsa 3TOro MHOMOLEHTPOBOro MUccregoBaHusi, npoBeaéHHoro B 13
AepMaToriorMyecknx LeHTpax MOeBATU €eBPONenckux cTpaH, 6bina cosgaHa wn
ncnonb3oBaHa cuctemMa C KanubpoBaHHOW Kamepowr, MO3BONMUBLUAA NONYYNTb CHUMKM
MHK. BTOoT KOMMNEKT AaHHbIX ObiN UCMONb30BaH A9 00Yy4YEeHMS SKCNEPTHOW CUCTEMDI
MHC B uenax KOMMbIOTEPHOM AWMArHOCTUKM MenaHombl. Mbl npoaHanusmnpoBanu
pasnnMyHble acnekTbl KOMMMEKTa AdaHHbIX W €ero BAUAHUA Ha 9ddEKTUBHOCTb
3KcnepTHOM cucTeMbl. JkcnepTHasa cuctema MHC npolwuna TpeHUpOoBKY Ha KOMMMeKTe
AaHHbIX U3 2218 gepmartockonuyeckmx cHumkos MHK.

PesynbTaTbl. OKcnepTHas cuctema nMokasana B pesynbtate 3ddeKTUBHOCTD,
CpaBHMMYHO C 3EKTUBHOCTBIO OMbITHBIX 4EPMATOSIOroB, kak 06 3Tom coobLlanocs B
nutepaType. APPEKTUBHOCTL 3aBUCena oT pasmepa 1 kadectsa 6asbl JaHHbIX, U OT
€é cocTaBa.

KoppecnoHgeHuus: Knayc XoddmaHH.
E-mail: k.hoffmann@derma.de
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3aknoyeHue. B paHHOM nccnegoBaHuy Gbinn NpogeMOHCTPUPOBaHLI
HeobxoanMocTb BoMbLION 6a3bl AaHHbIX, NOMb3a MYyNbTULEHTPOBOIO cbopa AaHHbIX,
a Takke BbIroa penpeseHTaTMBHON NOABOPKN CriyYaeB M3 KIMHUYECKOW MPaKTUKMN.
CHUMKK, KOoTOpble BbINO TPYAHO KnaccuduumposaTtb C MOMOLLBIO 3KCNEPTHON
cuctembl MHC, oTnnyanncek oT TeX CHUMKOB, KOTOPble BbINKn CROXHbI Ans
Knaccuukaumm knmHuumctamu. B aTon ¢Bs3m Mbl npegnonaraem, Yto coyetaHme
KNMUHULMCTA N KOMIMbIOTEPA MOXET NOTEHUMANBHO YIYYLINTb TOYHOCTb UArHOCTUKK
MHK. 3T0 MOXeT NPUBECTU K YNYYLLIEHMIO AUAarHOCTUKN MENaHOMbl 1 YMEHbLUEHUIO
yncra HeHyXHbIx Guoncun.

Knroyesbie cnosa: komnbioTepHbIN aHanu3, DANAQOS, gepmMartockonusi, MefiaHoma.

KonnyecTtBo criyyaeB 3r10Ka4YeCTBEHHOW MeSlaHOMbl WM MnoKasaTennm CMEPTHOCTM OT Heé
BO3pacTaloT yKe MHOro gecatunetun nogpsaq. Nockonbky pasBuTas MernaHoma KoXu BCE elé He
nogaaéTtcd fievyeHunto, paHHee obHapyXeHne cpeacTBamMm TOYHOTO MOHUTOPUHIA SBMASETCA BaXKHbIM
LLIarom B CTOPOHY YMeHbLLeHUsi cMepTHOCTW.! ccnegoBaHnsa B xoae MOHUTOPUHIa 0GbIYHO NPOCThI
N TPeBYIOT TOMbKO KPaTKOro 0CMOTpa KOXM ONbITHbIM Bpadom. NMpasuno ABCD aBnsdeTca ogHUM u3
Hanbonee LWMPOKO MCMOMb3yeMbIX METOLOB OLEHKM MUIMEHTHbIX HOBooGpasoBaHun koxu (MHK)



HEBOOPY>XEHHbIM rna3om. OQHaKo B OTHOLLIEHUU TPYOHbIX UK NorpaHnyHbIX cnydaes NMHK ToyHoCTb
ANArHoCTUKN MOXeT ObITb NUWb HEMHOro Bbile 60% Oaxe B cneuuanusanMpoBaHHbIX LeHTpax.?
HdepmaTtockonusa — aTO HEMHBa3UBHbLIN METOL, KOTOPbIN NO3BONSAET KIMMHULMCTaM OueHMBaTb MHOrMe
Mopdonornyeckne ocobeHHOCTM C MOMOLLBIO ANACKONUN, UCMONb3YOLWEN yBENNYMTENbHbIE JINH3bI
N MMMEPCUOHHYI XMAKOCTb. B Heckonbkux uccnegoBaHusx 6bino nokasaHo, YTO 3TOT MeTon
yny4luaeT TOYHOCTb ANarHOCTMKM Ha 20-30% Mo cpaBHEHWIO C NPOCTLIM KMUHUYECKUM OCMOTpoM.38
Bo MHOrmx nccrnegoBaHvax MCNOSb30BanuCh crneumanbHble 4epMaToCKoNMYeckne Kputepum, Takme
Kak PUCYHOK, LIBET, MHTEHCUBHOCTb NMUIrMEHTauMu, KOHUrypaumsi, NpaBubHOCTb hOpM, Xapakrep
rpaHuy 1 noBepxHocTn.5%1° B nomMolwpb HEOMbITHLIM KIMHULMCTAM Obinn paspaboTaHbl YETKO
onpeaenéHHble OepMaToCKoNMyeckne MeToAbl, a Takke COCTaBfeHbl NoapobHble aTtnacbl. JOTO
nomoraetT npoBOAUTb MNpaBuribHOe ObyyeHWe [epMaTockonuu, KoTopas Heobxoauma Ans
YNyJylleHMss TOYHOCTb AmarHocTukn.”81112  OpgHako KayecTBeHHas OLeHKa MHOrOYMCreHHbIX
Mopdonornyeckmnx ocobeHHocten MNMHK, HabnwogaemMblx B 4EPMATOCKONUKN, YAacTo SABNSIETCA O4Y€Hb
CNoXHOM M cybbekTnBHON. YTOObLI Npeogonetb 3T Npobnembl Ka4eCTBEHHOW WMHTepnpeTauun u
n3bexatb Heob6XO0ANMOCTM AONIroro obyyYeHus, HegaBHO GbinNn pa3paboTaHbl METOAbI, OCHOBaHHbIE
Ha mMaTemMaTU4ecKom aHanmse. 3T meToabl 6a3MpyrTCa Ha KOMMbIOTEPHOM aHanuse undpoBbIX
n3obpaxeHnn, MNonyveHHbIX npu aepmartockonun. KomnbtoTepHbin aHanu3 [MHK noteHuymansHo
NpUrogeH Kak Aans npeaBapuTENbHOTO CKPUMHUHIA MaUMEHTOB, BbIMNOMHAEMOro HEeONbITHbIM
nepcoHanom (Hanpumep, MeaceécTpamu), Tak U ONsi OKas3aHUa NOMOLLM KIUMHULMCTaAM B NPUHATUU
peweHnn no knaccucpumkaumm MNHK. Bonee TOro, KOMMbIOTEPHLIN aHanuM3 LEepMaTOCKOMUYECKMX
N300paXXeHnn MOXET CIYXWUTb KaK OOMOMHUTENbHbIA WUHCTPYMEHT AN YNyYleHUs MNOBTOPHbIX
OCMOTPOB, OCOGEHHO Y NALMEHTOB C MHOTOUMUCIEHHBIMU aTUNMUYHBIMWU HeBycamu. 1324

B knuHnyeckonm npakTuke gmarHo3 obblMHO OCHOBaH Ha MHeMOHu4eckoM npasune ABCD,
KOTOpoe npeacTaBnsieT Ccobor JMHENHY KOMOMHauMo 4YeTbipEX Haubonee XxapakTepHbIX
ocobeHHoCTel (acummeTpusi, rpaHuiua, useT W avameTp).l22° OcywecTBNsATCS HeKoTopble
nonbITkM npeobpasoBatb kKputepun ABCD, a Takke n Apyrme Kputepum — Hanpumep, TeKCTypy — B
aBTOMaTUYECKU BbluMCNAeMble napameTpbl.?426-30 Mbl peLumnnm ncnonb3oBaTtb KOMMMEKT AaHHbIX NS
00yYeHMs1 3KCNEePTHOW CUCTEMbI, OCHOBAHHOW Ha uckyccteeHHon HenpoceTn (MHC). UckyccTBeHHble
HempoceTn ABNSAIOTCA NONyNAPHbIM MeToAOM 06paboTkn MHOPMaUUM B KOMMbIOTEPHOW Hayke U
CUCTEMAxX WCKYCCTBEHHOro MWHTennekra. [naBHOM OCODOEHHOCTbID HenpoceTen sBNsieTcs
napannensHas obpaboTtka MHopmaunm BonbWwMMK rPynNnamMn CPaBHUTENBHO NPOCTbIX, HO TECHO
B3aMMOCBSA3aHHbIX NPOLECCOPOB, M CMOCOBHOCTbL CaMOOpraHM3aumnn unu agantaumm ¢ NOMOLLbIO Tak
Ha3blBaeMbIX "anroputMoB 0Oy4eHus", KOTOpble YMNpPaBnsAlT CBA3bKD MeXAy OTAEeNbHbIMU
npoueccopamu.?®

Tak kak MenaHoMbl U HekoTopble ¢hopMbl A0OpOKa4YEeCTBEHHbIX HOBOOOPA30BaHUMN KOXMW
OYeHb Maro OTNMYaKTCA MO CBOMM (PU3MYECKMM XapakTepucTukam, Heobxoammo 6Gornbluoe
KOMMYEeCTBO COYeTaHWM PasnU4YHbIX OCOBEHHOCTEN ANSA MPUHATMA HaAEXHbIX AMArHOCTUYECKUX
pelweHuin. MNpn ocmoTpe HOBOOBPa3oBaHWUM KOXMW, OepMaToriorn OCHOBbLIBAOT CBOW PELUEHWUs Ha
OnbiTe, a TakKe Ha CMOXHbIX NOMMYECKUX BblBOAAX M GONbLIMX 3HAHUSAX, KOTOPbIE HEBO3MOXHO
Cy3UTb OO0 YeTbIpéx napameTpoB npasuna ABCD.3! B oTnmume oT 3TOro, HelpoceTb CMocobHa kK
0o0y4YeHN0 Ha OCHOBE OnbiTa, MOMy4aeMoro M3 CrOXHbIX CBsi3el, 00OpasyloLMXCA MHOroKpaTtHO
NMOBTOPAOLWMMCS UCCeA0OBaHMEM MPUMEPOB — TO €CTb, TaKMM Xe NyTEM, Kak eé buonornyeckue
NapTHEPbLI y4aTCca NPoBOAUTL pasHOObpasHy AvddepeHumnanbHy guarHOCTUKy. [na Toro, Y4Tobbl
HeMpoceTb MoOrfa Xopowo "HaTpeHupoBaTbecs", HeobxoomMmo 6onblioe KonmMyecTBO 00pasuos,
B3ATbIX U3 Pa3HbIX rPYnn HaceneHus C PpasnnyHbIM TUMOM KOXW.

AO "UeHTp HenpouHdpopmatukn" (boxym, [epmaHusi) B TECHOM COTpPyOHUYECTBE C
oTgoeneHnem pgepmartonorum YHusepcuteta Pypa B boxyme (Boxym, [epmaHus) HegasHO
paspaboTtan npoToTUn KoMnbloTepHoON AuarHocTuku MMHK: gmuarHocTuka v HempoceTeBon aHanus
paka koxu (DANAOS).2324



OTOT nNPOTOTMN BLIMNOMHAET CIOXHbIA aHann3 un3obpaxeHun, MOMyYEeHHbIX METOAOM
LUMpoBON AepMaTOCKONUK, BblAENSIET XapaKTepHble 0COBEHHOCTM M NPOU3BOAUT Knaccudukaumo
CTPYKTYpbI. YTOObI NpOOgeMOHCTpMpOBaTh TOYHOCTb AmarHocTukm MNMHK ¢ nomolybio akcnepTHOM
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CUCTEMDI VHC, ObIno npoBegeHo MynbTULEHTPOBOE ncenegosaHme pa3nnyHoro
MHOroHaunoHanbHOro HaceneHmna B 4eBATAU eBpOﬂeVICKMX CTpaHax.

MaTepI/Iaﬂbl n metToabl
lnaH u memei uccriedosaHust

C wona 1997 r. no pekabpb 2000 r. rpynna wuccneposatenen npoekta DANAOS,
Bkntovaroas 14 uneHoB u3 pasHbix cTpaH EBponbl (oguH 13 JaHuu, oBoe us dpaHuumn, 4eTBepo 13
"epmaHun, ogunH u3 Mpeunn, oanH ns Ntanun, ognH n3 HugepnaHgos, oamH ns VicnaHmm, oguH mns
lWeseuun n pBoe n3 BenukobputaHuu) NpoBenu MyrbTULEHTPOBOE wuccrnegoBaHue. [launeHThbl
OCMaTpPUBANUCh OMbITHBIMU MCCeAoBaTENSIMU B XOA4€ MITAHOBOrO MOHUTOPMHIAa Ha pak Koxun B 13
0epMaTonornyecknx OTOEeNeHnsX YHUBEPCUTETOB W KIIMHUKAX [epmMaTonorndeckoro npodouns.
Mprém naumeHTa coCToNAN U3 KNUHMYECKoro ocmotpa un umndposon aepmatockonun NMHK. OHu 3aTtem
KnaccuuumpoBanucb Kak 4obpokadyeCcTBEHHbIE, NN KakK MOAO3PUTENbHLIE HA 371I0KAYECTBEHHOCTb.
MHK, koTopble OblM OTMEeYeHbl Kak nogo3puTesnbHble, ObiNn NogBeprHyTbl BUONCUU N N3YYEHUIO
OBYMsSl  He3aBMCUMbIMW  ructonatonoramu. [lo  aTuyeckum  cooOpaxeHusaMm, 6e3yCcnoBHO
nobpokayecTBeHHbIE HOBOOOpa3oBaHNA Guoncun He nogBepranucb; BMECTO 3TOrO, OHU ObIK eLwé
pa3 npoBepeHbl He3aBUCMMbIM AepMaTonorom. Mx Takke BKNHOYMNM B MPOLECC TPEHUPOBKU
9KCMEePTHON CUCTEeMbl, MOCKOMbKY CTaBuiachb Lenb co3faTb Takyld cucTeMy, kotopasd 6bina Obl
npurogHa Ansi aHanmM3a LUPOKOro CrekTpa pasnuyHbiX HOBOOOpa3oBaHMW, a He TOmbKO
NOrpaHUYHbIX Cry4aes.

lMony4yeHue depmMamocKOnuUYeCKUX CHUMKO8 U 8b160pKa OaHHbIX

[epmaTtockonusa npoBoauniack BO BCEX LIEHTPaxX OOHOW M TOW Xe BUOEOKAaMEPOM U OQHOMN n
TOM e nporpaMMon aHanusa wusobpaxeHun, kotopble Obinv  paspaboTaHbl komnanven AO
"Busnomen" (boxym, [epmanusi). HoBoobpasoBaHus Obinv 3acHATHI NPU  CTaHAAPTM30BAHHbIX
ycnosusax ¢ yBenuyeHnem x10, x20 1 x30 Kak ¢ NCNONb30BaHUEM MMMEPCUOHHbIX XXUAKOCTEN, TakK U
6e3 HMX, U coxpaHeHbl Ha KomnbioTepe. CHUMKM C OaHHbIMM aHaMHe3a W Tuna KOXu Mo
dutynaTtprky®? GbINM aHOHMMU3MPOBAHbI U OTOCHaHbl B Boxym, rae ux npoBepuny Ha NpPUroaHoOCTb
n 3aTem npucoeanHUnu K rmobansHon 6a3se gaHHbIX. Pa3paboTtka n o6yyeHne aKCnepTHON CUCTEMbI
MHC nposogunuce B AO "Busmnomepn". Tak kak Obino He coBceM SICHO, ByayT fiv BCE CHUMKM
roauTbCs Ansi aBTOMaTU3MPOBAHHOINO KOMMbIOTEPHOrO aHanunsa, obin pa3paboTaH MHCTPYMEHT Ang
BepMdpUKaLmMm opurmHanoB CHUMKOB U OTOOpa COOTBETCTBYHOLUMX TpeboBaHNSAM "4NCTbIX" CHUMKOB.
Kputepun oT1bopa CHUMKOB ObliM crnegyowmmn: HOBOOOpasoBaHME [LOMMKHO ObiTb XOPOLUO



BUOUMBIM U PE3KMM, U Ha HEM He [OOMKHO OblTb HMKaKMX MOCTOPOHHMX LBETHbIX apTedakToB.
CHUMKM C HU3KOW KOHTPACTHOCTbIO M306paxkeHust (BEpOSITHO, M3-3a TOro, YTo HOBOOOpasoBaHUS
ObiNMM O4YeHb CBEeTMbIMW) MMenu Gonbluoe 3HavyeHue Ans TeCTMPOBaHUS OOMYCTUMbIX MpeaeroB
HalLero anroputMa, no3ToMy Takme CHUMKWU He OTCOPTUPOBbLIBANMCEH.

OnucaHue kamepsi

[depmatockonusa nposBoguniacb C MNOMOLLbIO BuAeokaMmepbl M cuctembl 06paboTku
n3obpaxeHun, ncnonbayowmx komnetotep Pentium Il 200 Mru. KomnbioTep cogepxan yCTponcTeo
3axBata Wu3obpaxeHMn Matrox u MarHUMTO-ONTMYECKMM Auck émkoctbto 1 [0, KoTopbIn
nucnonb3oBanca ana obmeHa AaHHbiMU. Bugeokamepa 6bina BMOHTMpOBaHa B HeBOMbLUOM MO
pasvepy (anuHon 16 cm) m Becy (750 r) pydHom kopnyc u obnagana cnocoBGHOCTbIO Aenatb
0030pHbLIE N MUKpOCKONNYeckne cHUMKM ¢ yBenndeHmem B 10, 20 n 30 pas. Haxogusluascst B 3Tom
pPY4YHOM YCTPONCTBE MUHUATIOpHas Buaeokamepa umena 3 CCD-matpuubl, paspelweHne 768 x 576
nukcenen (TU-IK48P, Toshiba, Tokuo, AnoHusa) wm cneumanbHO paspaboTaHHylo Ccuctemy
ONTUYECcKMX NMH3%® ¢ UICTOYHMKOM CBeTa.

OnTuyeckasa cuctema nuH3 obnagana Tpems (OUKCUPOBAHHBLIMU 3HAYEHUSMU YBENUYEHUS,
npu KoTopbix 06bekT yeBenuumancs B 10, 20 n 30 pa3 Bo Bpemsi npocmoTpa Ha 17-410/AMOBOM
MOHUTOpE. APdEKTMBHLIN pasMmep NuKcens Ha koxe 6bin paBeH 104 MUKpomeTpa npu yBennyYeHnm
B 30 pas3. Cuctema nuH3 No3Bonsna NpPou3BOAUTb Takke OB30pHble CHUMKM GOMNbLUMX Yy4acTKOB
Tena. [logceeTka coctosina w3 ceBetoamogoB (LED) 6Genoro cnekrtpa, Haxogdwmxcs B
ONMTUMU3NPOBAHHbLIX Npo3payHbIX Kopnycax n3 Martepwuana Perspex (MMMA,
nonuMmeTUnNMeTakpunaT), KoTopble 6binyM  3akpenneHbl B T[OMOBKE PYYHOro YCTPOWCTBA C

Tabnuua 1. KonnyectBo CHUMKOB, CAeNaHHbIX MO KaXaoMy AnarHosy

[unarHos MmcTonornyeckumn OkoHYaTenbHbIN
Oucnnactuyeckuii HeByc 149 149
AKTUHUYECKUI NEHTUIO 6 20
JleHTnro npocroe 10 39
JleHTnro BospactHoe 0 1
"KodpeliHoe naTHO" 0 5
CebopeliHbin kepaTo3 48 66
[obpokayectBeHHOe obpa3oBaHue, HK* 23 97
HeBouaHbIN NeHTUro/ MHTpagepmarbHbIA HEBYC 127 383
CMellaHHbIN HeBYC 262 633
JepmanbHbln HeBYC 62 164
PaccbinaHHbIn HEBYC 1 8
onyboin HeByC 21 26
Heyc CeTToHa 2 3
BpoxxaEHHbIN HEBYC 28 66
AHrnoma 9 15
Hesyc WnuTua 17 29
MenaHounTapHbin HeByc, HK* 0 311
3nokayecTBEHHbIN NEeHTUro* 24 24
[NoBEpPXHOCTHO-pacNpoCTpaHsaLWasacsa MmenaHoma 115 115
AKpOneHTUrMHo3Hasa menaHoma 2 2

3nokayecTBeHHas y3ernkoBasi MeniaHoma 22 22




Heknaccudpumumpyroliasaca menaHoma 24 24
BasanbHo-kneToYHas KapumMHoma (MMrMeHTHas) 16 16
Bcero: 968 2218

* a TaKke 3nokayectBeHHas neHTuro-menaHoma; HK - HeknaccuguumpoBaHHoe
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onpeaenéHHbIM Yrinom HakrnoHa. Bce cBeToaMoAbl KOHTPONMPOBANMCb HE3aBUCUMO MPOrpaMmoNn.
OTO NO3BOMSANO MCMOMb30BaTb UM NPAMOW, UM PacCesiHHbIA CBET, Koraa obino Heobxoanmo.

Mo oOKkOH4YaHMM nepBOHa4anbHOro uccriegoBaHms B pamkax DANAOS kamepa 6bina
yCOBEpLUEHCTBOBAHa C Y4ETOM TpeboBaBLUMXCS MO pes3ynbTaTam UCCNeAoBaHUS YryylleHun U B
HacTosiLee BpeMs NPUCYTCTBYET B Npodaxe nog mapkon microDERM.

3kcrnepmHas Helipocemeegasi cucmema

Mpn 0By4yeHMn IKCNEPTHON HEMPOCETEBOMN CUCTEMbI ObiNo BaXKHO, YTOOLI 0Bpasubl NpeacTaBnsanm
camble pas3nuyHble AuarHosbl (Tabnuua 1). Mocne nonyyeHusa cHumka [MHK cHavana
onpegensanacb ero BHELHAS rpaHMua. OTOT Mpouecc HasbiBaeTcd "onpeaeneHnem rpaHmubl” unm
"cermeHTauuen". Mbl ucnonb3oBanu rmMoOpuUAaHbIA MeTOh, KOTOPbIN COEAUHAN CTaTUCTUYECKYHO
Knactepmsaumio LBETHOro npocTpaHCTBa W MepapxvMyeckuid anropuTM, OCHOBAHHbIM Ha MeToae
"pocTa obnactu". [letanu TeXHUKN CerMeHTaummn paHee nybnvkosanucb.?62° B Tex cryyasix, korga
BOmocbl nokpbiBanu Yactb MNMHK, Ang ymeHbLleHNs BANAHMS BONIOC HA CerMeHTaumo NCnonb3oBancs
cneumanbHbii ounbTp. Kak Tonbko HoBooGpasoBaHWe 6GbiNo yCnewHo CerMeHTUpoBaHo, npolecc
onpeaeneHna ocobeHHOCTEN MOr ObiTb CKOHLEHTPUPOBAH CTPOro Ha 0Gpa3oBaHUM, €ro Kpasix u
npunerarwwmnx K HUM yyactkax. OnpegeneHne npouyeHma acumMMmempuu HOBOOOpa3oBaHUA
HayMHaNoOCb C MNPOBEAEHMS [MaBHbIX OCEW MHepuun HoBOOOpa3oBaHMs, 3aTeM u3obpaxeHue
"cknagbiBanock” BAOSMb 3TUX OCEN, M NoACUYUTbIBANach BeNnyMHa y4acTKOB, BbICTYNaloLMX 3a OCH, a
B KOHLIe 3TOT pesynbTaT Oenurcs Ha o6yl nnowaas HoBoobpasoBaHus.’ HepeaynspHocmb
epaHuy Bblpaxkanacb WHOEKCOM HeperynspHocTn®! n dpakTtanbHbIMM 0COGEHHOCTAMU rpaHuubl.®
Bapuaumu uBeTa Bblpaxanacb BapuauMsiMU KpacHbIX, 3€NEHbIX U ronybbiXx KOMMOHEHTOB LBeTa.?
TekcTypa Takke SABNseTCs BaXHOW 0COGEHHOCTbIO, KoTopas Gbina yuyteHa.*® Tak kak B nokanusauumm,
OpPWEHTaLMM N CTENEHN yBENNYEHNA HOBOOOpa3oBaHMN HEN3BEXHbI Bapuaunm, AaHHbIN akTop He
OOIDKEH OKasbiBaTb BAWAHME Ha BblOpaHHble O0COBGEHHOCTU. HekoTopble npennoXeHHble
0OCOBEHHOCTU He WusMeHsalTcA npu TpaHcdopmauun® nnu BpaweHun.®®  Mbl ucnonb3osanu
0COBEHHOCTUN, OCHOBaHHbLIE Ha CreunanmMaMpoBaHHbIX MMMynbcax Fabopa, KoTopble HE 3aBUCAT OT
MacwTaba, TpaHcdopmMauMm wnu BpaulleHna. KomnnekT OaHHbIX, COoOpaHHbI BO BpeEMS



nccnegoBaHus, obin pasgenéd Ha 10 yacten, koTopble Obinn 3aTeM MCNOMb30BaHbI 4151 06y4YeHns n
TecTMpoBaHusa cuctembl knaccudpumkauum MHC. [eBAatb U3 gecatv yacten 6binim Mcnonb3oBaHbl 4NN
obyyeHust 1 ogHa Anst TecTMpoBaHus. [ns cTaTMCTMYECKOro aHanuaa 1 NoCTpoeHusa anarpaMm 6bin
MCNONb30BaH CTAaTUCTUYECKMIA UHCTPYMeHT "R".36-37

Pe3ynbTaThbl
TpuHaguate 4dneHoe DANAOS cpgenanm B o0Ouwen cnoxHoctn 4280 knuMHudeckux u 3519

0EepMaTOCKOMNYECKMX CHUMKOB. [UCTOnormyeckne wm okoHvaTenbHble auarHosbl MHK ganbl B
Tabnuue 1. Tonbko 2465 (70%) AepMaTOCKONUYECKUX CHUMKOB ObIM  JOCTATOYHO XOPOLUEro

Ta6nuua 2. Cnucok onyGnuKoBaHHbLIX OaHHbIX MO YYBCTBUTENMBHOCTM M CMEUMMUIHOCTA [daHHbIX O7A
anddepeHunpoBaHmsa 4o6poKkavecTBEHHbIX M 3riokavyecTBeHHbIX MHK

MeTtopn K-Bo cnyyaes ROC
ABTOpSI LA OJIM K a 3 B YyesctBut.  Cneundumu.
1. BuHoep?® X 81 39 120 90 74
2. AppxeHumaHo?t X 86 60 146 95 75
3. Anpgpeaccu® X 90 57 147 81 88
4. lUvnHpeBonbdl® X 229 80 309 91 83
5. MeH3nc® X 95 75 170 93 67
6. 3anmgeHapu?! X 385 18 403 99 92
7. TaHcTep®® X 5281 108 5389 72 99,8
8. bBenennu* X 341 60 401 85 55
9. X 341 60 401 80 89
10. KpuctodponuHut X 187 33 220 85 75
11. X 187 33 220 88 79
12. NopeHueH*? X 183 49 232 78 89
13. X 183 49 232 82 94
14. Coinep*3 X 94 65 159 94 82
15. X 94 65 159 94 82
16. CraHraHennu* X 207 55 262 67 84
17. X 210 58 268 96 97
18. Cowep*® X 73 35 108 95,93 48,1
19. X 73 35 108 98,02 28,8
20. X 73 35 108 99,17 12,6

ROC — xapaktepuctuka acpdektnsHoctn nonydatens; LA — umudposon aHanms; JIM — anunioMmMHecLeHTHas
MUKpocKonus (3kcnepTbl); K — KnvMHMYeckoe wuccriefoBaHue Bpadamu; [1 — pobpokayectBeHHoe; 3 —
3nokayecTBeHHoe; B — Bcero.

© 2003 BputaHckas Accounaumsa gepmatonoroB. bputaHckuin xypHan gepmatonoruu, 149, 801-809




OVNATHOCTUKA M HEMPOCETEBOW AHATNG PAKA KOXW 805

Puc. 1. Kpuaa xapaktepuctukm 3d@EKTMBHOCTM  nonydyatensa npu  auddepeHunposaHnm
00OpOKaYeCTBEHHbIX M 31T0Ka4YeCTBEHHbIX HOBOOOPAa3oBaHMW C WCMONb30BAaHMEM Hallew Henpocetn B
CpaBHEHWM C ONyONMKOBaHHbIMM [daHHbIMM MO YyBCTBUTENBHOCTU U  CNEUUEPOUYHOCTU, MOMYYEHHBIMU
KNMMHULUCTaMN U OPYrMMU KOMMbIOTEPHBIMU cUCTEMaMu Knaccudpmkaumm. Lindpbl cOOTBETCTBYIOT HOMEpam
cTpok B Tabnuue 2.

sensitivity

n 1 1 [ 1 1 1 'l 1 L
0 0.1 02 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

1 - spacificity

kayectBa. CermeHTaums Obina caenaHa ycrewHo B 2218 (90%) M3 3TMX CHUMKOB, M MNOITOMY
aHanus B LerioM cTan BO3MOXEH.

Ot 2218 MHK 6binv nonyyeHol oT 1173 naumeHToB (694 XeHWMH n 479 MyX4uH) CO
cpegHum Bo3pacTtom (£SD) 36,6 + 16,4 roga. Copok 4eTbipe naumeHTa umenu ototun Koxm |, 418
dotoTtun I, 430 dototun Ill, 114 cototun IV, 17 dototn V un oauH — dhototun VI; y 139
NaumMeHToB TUN KOXW onpeaennTb 6biNo HEBO3MOXHO.

AppekmusHocmb Helipocemu

B nopsagke cpaBHeHua adpcektmBHoctn UHC wn gpyrmx cuctem knaccudukaumu, Mbl
M3BMNEKNM [aHHble O YYyBCTBUTEITbHOCTU W CNeuMdUYHOCTU, OTHOCALLMECH K KIMHUYECKOW U
KOMMbIOTEPHOW AMarHocTuke, u3 nutepatypbl (Tabnuua 2)3162021.38-46 1 panecnn ux Ha TOT Xke
rpacdmk (Puc. 1), Ha koTopom wusobpaxeHa kpvBas ROC.*® KpuBas ROC nokasbiBaeT Bce
BO3MOXHbl€ COYEeTaHUS YYBCTBUTENbHOCTU M CNneumdUYHOCTU B Halwen HenpoceTu. Mbl B3Anu
TOMbKO CTaTbW, B KOTOPbIX onuckiBanock 6onee 30 3rokayecTBEHHbIX HOBOOOpa3oBaHuii, a obuiee
yucno Bcex MHK 6bino kak muHumMym 100. JIMHUM OWMBOK YyBCTBUTENMBHOCTM U CNeuugUYHOCTH
OblNM  BblYMCNEHbI Ha OCHOBE 4Wcna CriyyaeB, OMNUCaHHbIX B nNybnukaumsx, a Takke C
NCNoNb3oBaHNEM MPeAnoNnoXUTENbHON GUHopManbHoW kpueo ROC.%®  JlmHum 18-20 B3ATHI K3
nccnenoBaHna®® no acpdpektnBHocTM 40 fepMaTonoroB, KoTopble npoBoaunu oueHky 108 MHK.
OTM nokasaTenu YyBCTBUTENBHOCTU U CNEUMPUYHOCTU OBbiNv NOMyyYeHbl C UCMOMb30BaHMEM



Puc 2. MpocTpaHcTBO nopd KPUBOW XapaKTepUCTMKU 3ddekTuBHOCTU nonydatens (ROC) kak gyHKUMS
00bEMa 0ByyarLWnX OaHHbIX

0na T T T T L L R L | L) T T 1 rrrr
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806 K. XoddmaHH n ap.

B KayeCcTBe OuMarHo3a pelueHusl, NpearioXeHHOro cuctemMon ynpasneHus. Hanpumep, 3HadeHve B
cTpoke 18 MoxeT ObITb NOMy4eHO, ecnn TONbKO 0OpasoBaHUs, Ha3HavyeHHble K HGuoncuum,
paccmMaTpuBalOTCs Kak 3MoKavyeCTBEHHble, a BCe oOcTanbHble obpas3oBaHus cuMTalTCA
AobpokadecTBeHHbIMKU. CTpoka 19 moxeT ObiTb nonyyeHa, ecnu obpa3oBaHMs, Ha3HaYEeHHble K
ovoncun  mnn  UNMAPPOBOMY MOHUTOPUHIY, pacCMaTpUBalOTCA Kak 3roKkadecTBeHHble, a Bce
ocTanbHble cuyuTaTca AobpokadecTBeHHbIMU. [lonyyeHHass B pesynbTaTe 3KCnepTHas cuctema
MHC nokasana a¢deKkTUBHOCTb, paBHY0 ahEKTUBHOCTU KNMNHULINCTOB.

BnusiHue pasmepa 6a3bl 0aHHbIX Ha 3¢ghghekmueHOCMb Helipocemu

[na onpegeneHus pa3mepa obydvatouwen 6asbl AaHHbIX, HEOOX0AMMOW Ana "TPEeHUPOBKK"
xopowenn WHC, wmorywen npoBoantb  AuddepeHumpoBaHme  A0OpOKaYeCTBEHHbIX WU
3nokayvectBeHHbIx MHK, daktnyeckn ObINO CO34aHO HECKONbKO HEeMpoceTen, KOTOpble MNPOLUSM
TPEHNPOBKY Ha obyyvaroLlen nHdopmauum pasHoro pasmepa — oT 50 go 2000 cniyyaes. None nog
kpuBoi ROC?® Ha Puc 2. senseTtca dyHKUMen konmyecTBa obydarolmx obpasuoB. APEKTUBHOCTb
9KCNEPTHOWN CUCTEMBI OOLIYHO yNy4llaeTcs Npu pocTe pasMmepa obyyaroLero KOMMIekTa aHHbIX.



BnusHue memoda cbopa GaHHbIX: €OUHCMBEHHbIU UeHmp rnpomug MHoXecmea UeHmpos

Ana aHanusa HagéXHOCTU KnaccudukaumMm B OTHOLLEHUW PasfnMyHOro HaceneHusi Obinu
paccMoTpeHbl Tpu cueHapuda. (1) OByyeHne M TeCcTUpOBaHME B E€AMHCTBEHHOM LEHTpe: Ans
TPEHUPOBKN Knaccupuumpyowen cucteMbl HempoceTn BbiNu BbiGpaHbl AaHHblEe U3 eQUHCTBEHHOMO
ueHTpa. JTa cuctema 6bina 3aTeM NpOTeCTMpOBaHa Ha [AaHHbIX M3 TOrO Xe ueHTpa (3a
ncknioveHnem 10%). (2) bonee wupokas 3agada Ans obyvyeHus B €OMHCTBEHHOM LEHTpe: Ans
TPEHVPOBKN KraccuuumpyoLen cucteMbl HelpoceTu Gbiny BblbpaHbl AaHHbIE U3 €AMHCTBEHHOrO
LueHTpa. JTa cuctema Obina 3aTemM NPOTECTUPOBAHA Ha AaHHbLIX U3 BCEX OCTalbHbIX LIEHTPOB. (3)
MynbTrueHTpoBoe obydeHne n TectupoBaHue: knaccudpuumpytowasa cuctema MHC 6bina obyveHa
Ha cry4yanHo BblbpaHHbIX 0Bpa3uax, Nofy4YeHHbIX 3 BCEX LEHTPOB, a 3aTeM Obina npotecTupoBaHa
Ha BCeX OCTalnbHbIX AaHHbIX (3a ucknoyeHrem 10%). Pasmep obyuatoLero komnnekra gaHHbIX 6bin
OOMHaKOB BO BCEX TPEX SKCMEepUMEHTaXx.

O PEKTUBHOCTL CUCTEMBI B OTHOLLEHUW HACeNeHUs, OTHOCSLLIErocs K O4HOMY MecTy, Bbina
HEMHOro Bblle, YeM 3(PPEKTUBHOCTb MO OTHOLUEHWIO K CMELLaHHOMY HacereHuto. PesynbTaTbl
Obinn Hamxygwmmm B cnyyae (2), rae obydyeHne npoBOAUNOCH HA HaceneHuuM U3 eQUHCTBEHHOro
MecTa, HO cuctema krnaccudukaumm boina 3aTtem MCnonb3oBaHa ANS HaceneHus M3 Apyrnx MecrT.
PesynbTupytolmne obnactu noa kpuso ROC®® naHbl B Tabnuue 3.

BniusiHue obyyeHusi Ha "qucmbix” daHHbIX pomue obyyeHuUs1 Ha 8CEM KoMrlriekme OaHHbIX
BaxHbiM BOnNpocomM BO BpeMsi 0By4eHunsi cuctembl knaccudmkaumm 6uinm kputepum Bblibopa

o6yqarou.|,1/|x AaHHbIX. OgHMM BapnaHTOM ObIIO  MCMONb30BaHME AdaHHbLIX TOMbKO C BbLICOKMM

Ta6bnuua 3. 3ddekTMBHOCTL 06yYeHUss U TeCTUPOBAHUA B €OWHCTBEHHOM LEeHTpe MPOTUB MHOXeCTBa
LieHTPOB

CueHapui KomnnekT gaHHbix  KomnnekT gns tecta O6nactb ROC + SD
(1) MecTo 1 MecTto 1 0,847 0,046
(2) MecTo 1 Bce kpome (1) 0,807 0,014
3) Bce mecTta Bce mecTta 0,826 0,021

ROC — xapaktepucTuka acppekTMBHOCTM nonyyarens

Tabnuua 4. BnuaHne copTmpoBku oGydaloLmnx AaHHbIX Ha 3 dEKTUBHOCTL Knaccudukaumm

CueHapui KomMnnekT aaHHbIX Komnnekt ans tecta O6nactb ROC
(2) YuncTble YuncTble 0,848
(2) YuncTble C BKNOYEHMAMMU 0,803
3) Bce Bce 0,844

ROC — xapaktepucTtuka acppekTMBHOCTM nonyyarens



KayecTBOM n306paxeHns u BblbpakoBKka CHUMKOB C BOFIOCAMW MIM BO3AYLIHbIMU My3blpbKkamu npu
TPEHUPOBKE 3JKCMEPTHOW CUCTEMbI. [pyrum BapuaHTOM ObIfiO MCMNOMb30BaHME BCEX CHUMKOB,
MOMyYEeHHbIX B KIWHWYECKOW MNpPaKTUKe, HeB3upasi Ha MpUCYTCTBYKOWME B HUX apTedakTbl. Mol
OLUEHUNN BrnusiHNE BbIGOpa AaHHbIX, BbINOMHMB TPU pPas3fnUYHbIX CLEHapusi TPEHWPOBOK W
TectnpoBaHmsi. CHuMKM Obinn pasgeneHbl Ha pgBe rpynnbl — "4NCTbl€" CHUMKA W CHUMKM,
coaepalyue BOnocChl Unv Ny3blpbky Bo3ayxa. 3TN Tpy CUEeHapusa npowwnun ucnoitadus: (1) obydexHve
Ha YUCTbIX CHUMKaX, TECTUPOBAHME Ha YMCTbIX CHUMKaX; (2) oOyvyeHMe Ha YMCTbIX CHMMKaX,
TECTMPOBaHME Ha CHMMKaX C MOCTOPOHHUMM BKoYeHuaAMU; (3) obydeHne Ha BCeX CHUMKax W
TEeCTMpPOBaHME Ha BCEX CHUMKAX.

CueHapum (1) n (3) nokasanu o4eHb NOXoXuWe pesynbTaThl, @ B cueHapwuv (2), rae cuctema
Oblna HaTpeHMpoBaHa Ha YMCTbIX CHMMKax W MNpPOTECTMpPOBaHa Ha CHUMKax C BKIIOYEHUAMM,
3 heKTUBHOCTL Obina Hmke. PesynbTupytouime obnactu nog kpusoit ROC®® gaHbl B Tabnuue 4.

Ouckyccuna

UTto aBnaeTcs Hambonee BaxHbIM B mccnegosaHun DANAOS — 310 ero 06bém 1 wmpoTa:
NUCnonb3yss [OOCTYNHOe CTaHO4apTU3MPOBaHHOE CbEMOYHOE ObopyaoBaHWe, ObINo  NOosyYeHo
Gonblioe  KONMMYecTBO  AEPMAaTOCKOMUYECKUMX W KMHuMYecknx  cHumkoB  MHK w3 13
AEepMaToriorMyecknx LIEHTPOB, PacronioXeHHbIX B AEBATU eBponenckux ctpaHax CobpaHHas 6a3a
AaHHbIX Bkrtodana wwupokui cnektp MHK B penpeseHTatmBHOM BbiGopke (Tabnuua 1).
Kateropusaums Tex AobpokavyeCTBEHHbIX MenaHOLUMTapHbIX HEBYCOB, ONS KOTOpbIX Guoncus He
Oblna nokasaHa, MoXeT 6bITb NPOM3BOSNIBHOM, HO 3TO HE AOIMKHO BNUATL Ha pe3ynbTaTbl, Tak Kak Mbl
cTapanucb He BblAenATb 3T Criydau B HalleM aHarnuse.

OTOT KOMMAEKT AaHHbIX MOXET UCNOSIb30BaTbCA Kak OCHOBA 45151 06y4eHNs1 B KOMMbIOTEPHbIX
cuctemax knaccndpmkaumm MHK. 3ddektneHocte MHC, nokasaHHasa Ha Puc. 1, nogobHa cpeaHen
adhPeKTMBHOCTHU, O KOTOPOKN coobLianock B nuTepaTtype.
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CymmupoBaB 60nbLUy0 KOMMEKUMIO OnybrnMKoBaHHbIX AaHHbIX MO YyBCTBUTENBHOCTU W
cneunuUYHOCTN Kak pasHOBMAHOCTb METa-UCCreaoBaHusl, Mbl MNPULLAN K 3aKIHYEHUo, 4TO
3(PPEKTUBHOCTb HaLlen 3KCNEPTHOM CUCTEMbI MOXHO CpPaBHUTb C 3(PPEKTUBHOCTLIO KITUHULMCTOB.
OpfHako 3TO CpaBHEHME He crefyeT Yepecyyp nepeoueHuBaTb, Tak kKak 6a3bl AaHHbIX pasfnnyHbl, a
pe3ynbTaTbl CUITbHO 3aBUCAT OT CIIOXHOCTW cnyyaeB. [Ana AOCTUXKEHMS CPaBHUMbIX pPe3ynbTaToB,
KOMMMEKT AaHHbIX AOMKeH ObiTb penpe3eHTaTMBHOW BbIOOPKOW CriydyaeB, TUMUYHBLIX ANSA KaXaoun
KOHKPETHOM KITMHWUYECKON CUTyaLmMm — Hanpumep, Takon, Korga foan XOTAT NPOMTU MOHUTOPUHT Ha
pak Koxu. Pasmep KOMMMekTa AaHHbIX Takke MMeeT 3HayeHue. [Ans ynydweHus obobLiaromx



CrnocoBbHOCTEN 3KCNEPTHOM CUCTEMbI, [aHHble [OOSMPKHblI cobupaTbCA C  pasfUyHbIX  MECT,
HaXOAALMXCA B pa3HbIX cTpaHax.*’

AHanus BnusHUS pasMmepa KoMnmeKkTa AaHHbIX, UCNONb30BAHHOIO ANsi TPEHUPOBKN CUCTEMBI,
nokasasn, 4to 9P(EKTUBHOCTbL YBENMYMBAETCA C POCTOM pa3mMepa komnnekra. [Ana HebonbLioro
yucna cnyyaes 3TO yBenuyeHve 6onee BaxHO, YeM Ans 60MNbLIOro KOMMMeKTa AaHHbIX, HO Aaxe
npy Hannyun 2000 cnyyaes kpuBas 00yYeHUss He JOCTUMNA HACbILWEHUS. DTOT pe3ynbTarT, KaxeTcs,
noaTBepXaaeT TO, YTO YXKe XOPOLWO M3BECTHO Npu OByYeHUU KIMHUUMCTOB, - 3TO TO, YTO OHU
OOJDKHbI CTPOUTb CBOW OMbIT Ha 3HAYNTENbHOM KONMYecTBe criydaeB. AHanM3 BNUSAHWUS KOMMEKTa
AaHHbIX, COBpaHHbIX M3 MHOXeCcTBa MECT, Mnokasan, 4YTo 3KcnepTHas cuctema, obydyeHHas |
NpOTECTMPOBAHHAA Ha KOMMMEKTE AaHHbIX M3 €AMHCTBEHHOrO MecTa, LEeMOHCTPUPYET HEensnoxyr
3a(pPeKTUBHOCTL Knaccudukaumm, HO Korga oHa TecTMpyeTcs Ha OaHHbIX, NOMyYeHHbIX UX ApYrnx
MecT, €€ 3PEKTMBHOCTb OKa3biBaeTCA 3Ha4MTENbHO Gonee HM3kon. [lpn 0ByyYeHun akcnepTHOM
CUCTEMbl Ha KOMMIEKTEe AaHHbIX X MHOXECTBA LEHTPOB, 3(P(EKTUBHOCTb MOYTU TakkKe BbICOKa, Kak
B criyyae obydeHuss M TecTMpoBaHMs Ha obpasuax WX eOUHCTBEHHOrO MecTa. TemM He MeHee,
pe3ynbTaTbl ABNATCH akTyanbHbIMWU Ans 60NnbLIoro pasHoobpasusa noaen, BKITYEHHbIX B JaHHOe
nuccnegoBaHue.

Tak kak BCe 3KCNepuMMEHTbl NPOBOAMMMCE Ha OByYaloLMX KOMMMEeKTax paBHOro pasmepa,
MOXHO cenaTb 3aknioveHne, YTo Bbiroga MynbTULEHTPOBOrO MCCNeaoBaHUSA COCTOUT HE TONbKO B
BO3MOXHOCTM cobpaTb ©Oonbliee 4MCNO CcnydaeB B CXKaTble CPOKW. AHanu3 BIVAHUS
npeaBapuTenbHoro oTbopa AaHHbIX Ans 00y4eHnss nokasan Takom xe pesynbtat. [1pn o6yyeHun Ha
npeaBapuTenbHO 0TOOPaHHbIX "4MCTBIX" CHUMKaX, KOrga UCKIHYanncb CHUMKM C MAOXOW Pe3KOCTbIO
UNn ¢ TakMMK apTedakTaMu, Kak BOSOCbl U BO3AYLUHbIE Ny3blpbKW, pe3ynbTaTbl TECTUPOBAHUA Ha
APYTMX YUCTbIX CHUMKaX OblfiM OYE€Hb XOPOLUMMU, HO 3(PEDEKTUBHOCTL CHMXKaNacb OYEHb CUITbHO,
Korga cuctema knaccudmkauum ncnonb3oBanach Ans aHanmsa CHUMKOB U3 KIMHUYECKOW MPaKTUKK,
B KOTOpbIX HEe Bceraa MoxHo Oblno obecneuntb oTcyTcTBME apTedakTtoB. Koroa ans obyyeHus
NCNONb3yeTCs penpe3eHTaTMBHbIA KOMMMEKT CHUMKOB, BKIHOYAKOLWUN KaK YACTbIE CHUMKWU, Tak u
CHUMKKN C apTedakTamn, 3PEKTMBHOCTL IKCMEPTHON CUCTEMbI MPMMEPHO OAMHAKOBA, U cucTema
Maro BOCMPUMMYMBA K HANn4mio apTedakTos.

Cymmupyst 3T HabnoaeHus, Mbl NpegnaraemM NpPoBoAUTL 00yYeHNe 3KCNEPTHON CUCTEMbI Ha
penpe3eHTaTMBHOM KOMMMEKTE AaHHbIX, COBpaHHbIX U3 MHOXeCTBa LieHTpoB 6e3 npeasapuTernibHOn
COPTUPOBKK, UCKIHOYatoLWen CHAMKK ¢ apTedaktamn. KomnnekT gaHHbIX AOMKEH ObITb Kak MOXHO
bonee ob6bEMHBLIM. PaccmartpmBasi apEeKTMBHOCTb SKCMEPTHOW CUCTEMbI Gonee AeTanbHO, Mbl
OBGHapYXUnu, YTo HEKOTOPbIE CHUMKM Obinn KnaccnuumpoBaHbl 3KCNEPTHOW CUCTEMOWN KOPPEKTHO,
HO Te Xe CHUMKM Obinn TpyaHbl ONs BM3yanbHOW Knaccudukaumn, a HEKOTOpPble CHUMKU
KnaccmduumpoBanucb 3KCNEPTHOW CUCTEMOM HEBEPHO, OAHAKO Jierko KraccuduumpoBanvcb
cneumnanuctamu. EcTtectBeHHO, 4TO amarHoctmdeckonm TodHOCTM B 100% AOCTUrHYTH NpaKTUYecKn
HEBO3MOXHO. JTO KacaeTCs Takke M O4eHb OMbITHbIX AepmaTtonoroB.? Bo MHormx crniyyasx 6bir1o 6bl
nones3Ho NonyyYnTb GbICTpoe "BTOPOE MHEHME" C MOMOLLbI0 3KCMEPTHOW CUCTEMbI — HanpuMmep, B
KNUHUYeckon obCTaHOBKe, rae He Bcerda fnerko nonyymtb ObicTpoe "BTOPOE MHEHue" OT Apyroro
KNHMUMCTa. AnbTepHATMBHBIM MNOAXOOO0OM SIBNSIETCA MOfyvyeHue ObICTpPOoro "BTOPOro MHeHus" ¢
NOMOLLbIO TenegepmaTocKonun, KoTopass HeA4aBHO MpoLusia OUEeHKY B OAHOM MyJSbTULLEHTPOBOM
nccnenoBaHnn.*®  OnucaHHas Bbllle dKcnepTHas cucTema, Kotopasi Gbina obyyeHa Ha oBLIMpPHON
0a3e [OaHHbIX, He MOXeT 3aMeHUTb cobor MNpoCToe KMHMYeckoe obcnegoBaHVe, HO MOXeT
NCromnb30BaTbCA Kak "BTOPOE MHEHME" Ans nogaepXku BpadebHom anarHocTuku. OCHOBLIBAsICh Ha
HalKMX OaHHbIX U Ha OMnbiTe Npeablaylwmx UCCneaoBaHUn, Mbl NPOAEMOHCTPUPOBANU NoTeHuman
TaKuX 9KCMEPTHbIX cUCTeM. 474953



B 3akntoueHne ckaxem, 4To NpoToTUN KOoMMbloTepHon anarHocTukm NMHK ¢ ncnonbsosaHnem
NHC 6bin pa3paboTaH Ha OCHOBE €BPOMEencKoro MyJrbTULEeHTpoBoro unccregoBaHus (DANAOS)S?,
OnbIT gaHHOro uccnefoBaHUs yKkasbiBaeT Ha HEOOXOOMMOCTb Hannumsi LWMPOKOW ©asbl OaHHbIX,
nonesHocTb cbopa JaHHbIX M3 MHOXECTBa MECT M Bbirofy penpe3eHTaTMBHOW BbIOOPKN crnyvaeB 13
KIMHWYECKON MpPaKTUKK, a Takke roBOPUT MNPOTMB BblOOpa TOMbKO CaMblX Hy4YlliMX CHUMKOB.
MonyyeHHaa akcnepTHas cucTtemMa nokasana 3ddeKTUBHOCTb, CPaBHUMYKD C 3EHEKTUBHOCTLIO
KNMUHULMCTOB, XOTS OuarHOCTMYEeckue TPyaHOCTW, KOTopble UCnbITbIBAOT 3Ta cuctemMa wu
KMUHULMCTbI, OTNNYaloTCA Apyr oT gpyra. 4751

Takum oOpasom, Mbl npegnonaraem, YTO MWCMOSb30BaHME KOMOMHaUMW "KIAUHUUUCT —
aKcnepTHasa cuctema" obnagaet noteHumanom ynydweHnus anarHoctukn MNHK. Pedynbtatom Takon
KOMOMHaLMM 3KCNEPTOB MOXET CTaTb yNyylleHne paHHen OMarHOCTUKM MeSlaHOMbl U YMEHbLUEHNE
crny4aeB HeonpaeAaHHbIX 6Guoncun. Mbl nnaHMpyem npoBeAeHVe AanbHEWWNX UccnegoBaHni ans
MaTeMaTU4YECKON OLIEHKN 3TUX BbIrog,.

an3HaTe.l'IbHOCTb

Mpoekt DANAQOS 6bin YacTuyHo nogaepxaH rpaHTom IN 10483 | DANAOS Eeponewckoro Cotosa.
Mbl Gnarogapum Bcex Konner, KoTopble NpuHuManu ydactue B nccnegosannm DANAOS.
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Diagnostic and neural analysis of skin cancer (DANAOS).
A multicentre study for collection and computer-aided analysis
of data from pigmented skin lesions using digital dermoscopy
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Background Early detection of melanomas by means of diverse screening campaigns is an
important step towards a reduction in mortality. Computer-aided analysis of digital images obtained
by dermoscopy has been reported to be an accurate, practical and time-saving tool for the
evaluation of pigmented skin lesions (PSLs). A prototype for the computer-aided diagnosis of PSLs
using artificial neural networks (NNs) has recently been developed: diagnostic and neural analysis
of skin cancer (DANAOS).

Objectives To demonstrate the accuracy of PSL diagnosis by the DANAOS expert system, a
multicentre study on a diverse multinational population was conducted.

Methods A calibrated camera system was developed and used to collect images of PSLs in a
multicentre study in 13 dermatology centres in nine European countries. The dataset was used to
train an NN expert system for the computer-aided diagnosis of melanoma. We analysed different
aspects of the data collection and its influence on the performance of the expert system. The NN
expert system was trained with a dataset of 2218 dermoscopic images of PSLs.

Results The resulting expert system showed a performance similar to that of dermatologists as
published in the literature. The performance depended on the size and quality of the database and
its selection.
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Conclusions The need for a large database, the usefulness of multicentre data collection, as well as
the benefit of a representative collection of cases from clinical practice, were demonstrated in this
trial. Images that were difficult to classify using the NN expert system were not identical to those
found difficult to classify by clinicians. We suggest therefore that the combination of clinician and
computer may potentially increase the accuracy of PSL diagnosis. This may result in improved
detection of melanoma and a reduction in unnecessary excisions.

Key words: computer-aided analysis, DANAOS, dermoscopy, melanoma

The incidence and mortality rates of malignant melan-
oma have risen for many decades. Because advanced
cutaneous melanoma is still incurable, early detection
by means of accurate screening is an important step
towards a reduction in mortality.! The screening tests
are usually simple and require only a brief skin
examination by an experienced investigator. The ABCD
rule is one of the most widely used methods for
evaluating pigmented skin lesions (PSLs) with the naked
eye. For the many difficult or borderline PSLs, however,
diagnostic accuracy is only slightly above 60%, even in
specialized centres.> Dermoscopy is a noninvasive
method that enables clinicians to evaluate numerous
morphological features by means of magnified oil
immersion diascopy. Several studies have shown that
this method improves diagnostic accuracy by 20-30%
compared with simple clinical observation.>™® Many
studies have used specific dermoscopic criteria such as
pattern, colour, intensity of pigmentation, configur-
ation, regularity, and margin and surface characteris-
tics.®219 Well-defined dermoscopic methods have also
been developed for use by inexperienced clinicians, and
detailed atlases are available. This allows formal train-
ing in dermoscopy, which is necessary to improve
diagnostic accuracy.” %1112 However, qualitative eval-
uation of the numerous morphological features of PSLs
observable by dermoscopy is often extremely complex
and subjective. To obviate these problems of qualitative
interpretation and to avoid the need for time-consuming
training, methods based on mathematical analysis have
recently been developed. These methods are based on
computer-aided analysis of digital images obtained by
dermoscopy. Computer-based analysis of PSLs is poten-
tially suitable both for prescreening of patients per-
formed by non-experienced operators (e.g. nurses) and
for aiding clinicians’ decision-making in the evaluation
of PSLs. Furthermore, computer-aided analysis of derm-
oscopic images may serve as an additional tool to
improve follow-up, particularly in patients with multiple
atypical naevi.>*

In clinical practice, the diagnosis is usually based on
the mnemonic ABCD rule which is a linear combina-
tion of the four characterizing attributes (asymmetry,
border, colour, diameter).!*?> Several approaches aim
at the transfer of the ABCD criteria, as well as other
criteria such as texture, into automatically computed
quantities.?*2°7° We decided to use a dataset to train
an expert system based on artificial neural networks
(NNs). Artificial NNs are a popular approach to
information processing in computer science and arti-
ficial intelligence. The main feature of NNs is parallel
processing in a large group of relatively simple but
highly interconnected processors and the ability to self-
organize or adapt through so-called learning algo-
rithms that change the connectivity between the
units.?

As melanomas and certain forms of benign skin
tumours differ slightly in their physical characteristics,
a large combination of features is required for reliable
diagnostic decisions. When examining skin lesions,
dermatologists base their decisions on experience, as
well as on complex inferences and extensive knowledge
which cannot be condensed into the four parameters of
the ABCD rule.>! In contrast, NNs are capable of
experience-based learning of complex relationships by
repeated exposure to examples in much the same way
as their biological counterparts learn to make their
differential diagnoses. In order to train an NN well,
however, a large sample size from a diverse population
with different skin types is required.

The Center of Neuroinformatics AG (Bochum, Ger-
many), in close cooperation with the Department of
Dermatology of the Ruhr-University Bochum (Bochum,
Germany), has recently developed a prototype for the
computer-aided diagnosis of PSLs: diagnostic and
neural analysis of skin cancer (DANAQS).?3%*

Based on digital dermoscopy, this prototype performs
sophisticated image processing, feature extraction and
pattern classification. To demonstrate the accuracy of
PSL diagnosis by an NN expert system, a multicentre
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study on a diverse multinational population was
conducted in nine European countries.

Materials and methods
Study design and subjects

From July 1997 to December 2000, the DANAOS study
group, including 14 members from various European
countries (one in Denmark, two in France, four in
Germany, one in Greece, one in Italy, one in the
Netherlands, one in Spain, one in Sweden and two in
the U.K.), performed a multicentre trial. As part of
routine skin cancer screening, patients were examined
by experienced investigators in 13 university derma-
tology departments and dermatology referral clinics.
The examination included clinical inspection and
digital dermoscopy of PSLs. These were classified as
either benign or as suspicious of being malignant. PSLs
considered suspicious by the investigators were excised
and subjected to examination by two independent
histopathologists. For ethical reasons, clearly benign
lesions were not excised; instead they were double
checked by an independent dermatologist. They were
also included in the training of the expert system as the
goal was to develop a system suitable for the whole
range of lesions, not only the borderline cases.

Dermoscopic image acquisition and data selection

In all centres, dermoscopy was performed using exactly
the same video camera and image analysis software
developed by Visiomed AG (Bochum, Germany). The
lesions were recorded and stored in a computer archive
under standardized conditions at magnifications of
x 10, x20 or x 30, both with and without immersion.
The images, with anamnestic data and skin type
according to Fitzpatrick,?* were anonymized and sent
to Bochum where they were tested for plausibility and
finally combined in a global database. The development
and training of the NN expert system took place at
Visiomed AG. As it was not clear if all the images were
suitable for automated computer-aided analysis, a tool
was developed for examining the original images to
select adequate, ‘clean’, images. The criteria for image
selection were that the lesion needed to be visible and
fairly sharp, and that no artificial colour markings were
allowed. Images with a low contrast (possibly due to
very light coloured lesions) were of great importance
for testing the limits of our algorithms. Therefore, such
images were not rejected.

Camera description

Dermoscopy was performed with a video camera and
image acquisition system based on a Pentium II
200 MHz PC. The PC included a frame-grabber board
(Matrox) and a 1 GB magneto-optical disk which was
used for exchanging of data. The video camera was
built into a small (16 cm length), lightweight (750 g)
hand-held unit and had the ability to take overview
images and microscopic images at x 10, x20 or x 30
magnification. This hand-held unit contained a minia-
turized 3 CCD 768 x 576 pixels camera (TU-IK48P;
Toshiba, Tokyo, Japan), a specially developed optical
lens system>> and a light source.

The optical lens system was designed with three fixed
magnification settings so that the skin was magnified
10, 20 or 30 times when the images were viewed on
the 17-inch monitor. The effective pixel size on the skin
was 104 pm for the x30 magnification. The lens
system also allowed the acquisition of overview images
of body parts. Illumination was by white light-emitting
diodes (LEDs), fitted in optimized Perspex bodies which

Table 1. Number of images given for each diagnosis

Diagnosis Histological Final
Dysplastic naevus 149 149
Actinic lentigo 6 20
Lentigo simplex 10 39
Lentigo senilis 0 1
Café-au-lait spot 0 5
Seborrhoeic keratoses 48 66
Benign lesion n.o.s. 23 97
Naevoid lentigo/ 127 383
junctional naevus
Compound naevus 262 633
Dermal naevus 62 164
Naevus spilus 1 8
Naevus coeruleus 21 26
Halo naevus 2 3
Congenital naevus 28 66
Angioma 9 15
Spitz naevus 17 29
Melanocytic naevus n.o.s. 0 311
Lentigo maligna® 24 24
Superficial spreading 115 115
melanoma
Acrolentiginous 2 2
melanoma
Nodular malignant 22 22
melanoma
Unclassifiable 24 24
melanoma
Basal cell carcinoma 16 16
(pigmented)
Total 968 2218

“And lentigo maligna melanoma; n.o.s., not otherwise specified.
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were placed inside the head of the hand-held unit at a
predetermined angle. All LEDs were independently
software controlled. This arrangement permits the use
of either direct or diffuse lighting, as needed.

After termination of the initial DANAOS study, the
camera was redesigned to include improvements iden-
tified during the study and is now commercially
available (microDERM).

Neural network expert system

For training the NN expert system, it was important
that the samples represented a variety of diagnoses
(Table 1). After capturing an image of a PSL, its outer
border was determined. This process was referred to as
‘boundary detection’ or ‘segmentation’. We employed a
hybrid method that combined statistical clustering of
the colour space and a hierarchical region-growing
algorithm. Details of segmentation techniques have
been previously published.”®° In cases where hair
covered parts of the PSL, a special filter was applied to
reduce the influence of the hair on the segmentation.
Once the lesion was successfully segmented, the feature
extraction process could concentrate strictly on the
lesion, its edge, and a margin area around it. The
asymmetry percentage of a lesion was estimated by first
finding the principal axes of inertia of the lesion, then
‘folding’ the image along these axes, computing the

magnitude of the nonoverlapping areas and finally
dividing this by the total area of the lesion.> The border
irreqularity was expressed by the irregularity index>’
and by fractal features of the boundary.>° The variation
in colour was expressed by the variance in red, green
and blue colour components.?® Texture also represents
an important feature that was evaluated.’® Given the
inherent variation in position, orientation and magni-
fication of skin lesions, the selected features needed to
be unaffected by this factor. Some proposed features are
invariant under either translation®* or rotation.>> We
used features based on specialized Gabor wavelets
which are scale, translation and rotation independent.
The dataset collected during the study was separated
into 10 packages which were used for the training and
testing of an NN classification system. Nine of the 10
packages were used for training and one for testing.
The training was repeated 10 times with different test
sets. For the statistical analysis and graphing, the
statistics tool ‘R’ was used.>®?7

Results

Thirteen DANAOS members made a total of 4280
clinical and 3519 dermoscopic digital images. The
histological and final diagnoses of the PSLs are given in
Table 1. Only 2465 (70%) of the dermoscopic images
were of sufficiently high quality. Of these images,

Table 2. List of published sensitivity and

Method No. of cases ROC specificity data for distinguishing benign
Reference DA EM C B M T Sensitivity ~ Specificity ~@nd malignant pigmented skin lesions
1 Binder?® X 81 39 120 90 74
2 Argenziano*® X 86 60 146 95 75
3 Andreassi’ X 90 57 147 81 88
4 Schindewolf*® X 229 80 309 91 83
5 Menzies®® X 95 75 170 93 67
6 Seidenari®! X 385 18 403 99 92
7 Ganster>’ X 5281 108 5389 72 99-8
8 Benelli*® X 341 60 401 85 55
9 X 341 60 401 80 89
10 Cristofolini** X 187 33 220 85 75
11 X 187 33 220 88 79
12 Lorentzen*? X 183 49 232 78 89
13 X 183 49 232 82 94
14 Soyer®? X 94 65 159 94 82
15 X 94 65 159 94 82
16 Stanganelli** X 207 55 262 67 84
17 X 210 58 268 96 97
18 Soyer*® X 73 35 108 9593 481
19 X 73 35 108 98-02 288
20 X 73 35 108 99-17 126

ROC, receiver operating characteristic; DA, digital analysis; ELM, epiluminescence microscopy
by human experts; C, clinical investigation by physicians; B, benign; M, malignant; T, total.
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sensitivity

Figure 1. Receiver operating characteristic
curve for the separation of benign and
malignant skin lesions using our neural net-
work compared with published sensitivity and L

D SR

19 20

specificity data for clinicians and other com- 0 0.1
puter-aided classification systems. The num-
bers are references to line numbers in Table 2.

segmentation was successful in 2218 (90%), and hence
analysis was made possible.

These 2218 PSLs were obtained from 1173 patients
(694 females, 479 males) with a mean = SD age of
366 £ 164 years. Fifty-four patients were of skin
phototype I, 418 type II, 430 type III, 114 type 1V,
17 type V and one type VI; the skin type could not be
defined in 139 patients.

Neural network performance

In order to compare the performance of the NN with
that of other classification systems, sensitivity and
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specificity data relating to clinical and computer-assis-
ted diagnosis were retrieved from the literature
(Table 2),316:20:21:38746 454 plotted on the same graph
(Fig. 1) as the receiver operating characteristic (ROC)
curve.>® The ROC curve shows all possible compromises
between sensitivity and specificity for the NN. Only
papers with more than 30 malignant lesions and at
least 100 PSLs in total were included. The error bars for
the sensitivity and specificity were estimated using the
number of cases given in the publication and using the
assumption of a binormal ROC curve.*>® Lines 18-20
are taken from a study*> on the performance of 40
dermatologists evaluating 108 PSLs. These sensitivity
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and specificity values were obtained by using the
suggested management decision as the diagnosis. For
instance, the value in line 18 is obtained if only lesions
suggested for ‘excision’ are considered malignant and
all other lesions are considered benign. Line 19 is
obtained if lesions for suggested ‘excision’ as well as
‘digital follow-up’ are considered malignant and all
other lesions are considered benign. The resulting NN
expert system showed a performance similar to that of
the clinicians.

Influence of database size on neural network performance

To estimate the size of the training database needed to
train a good NN for the distinction of benign and
malignant PSLs, several NNs were trained with differ-
ent sized training sets between 50 and 2000 cases. In
Figure 2, the area under the ROC curve®® was plotted
as a function of the number of training samples. The
performance of the expert system generally improves
with the size of the training dataset.

Influence of single-centre vs. multicentre data collection

To analyse the robustness of the classification with
respect to different populations, three scenarios were
investigated. (i) Single-centre learning and testing: data
from only one site were selected to train an NN
classification system. This system was then tested on
data from the same site (omitting 10%). (ii) General-
ization from single-centre learning: data from only one
site were selected to train an NN classification system.
This system was then tested on the data from the
remaining sites. (iii) Multicentre learning and testing:
an NN classification system was trained on a random
selection of cases from all sites and was then tested on
the remaining data (omitting 10%). The size of the
training dataset was kept constant for all experiments.

The performance within the population of a single
centre was slightly better than the performance on a
mixed population. Results were worst for case (ii), where
the training was performed using the population of a
single site, but the classification system was then applied
to a population from the other sites. The resulting areas
under the ROC curve>® are given in Table 3.

Influence of training on ‘clean’ data vs. training on all data

An important question during the training of the
classification system was the selection criteria for the
training data. One option was to use only data with

Table 3. Performance of single-centre vs. multicentre training and

testing

Scenario Training set Test set ROC area + SD
(1) Site 1 Site 1 0-847 0-046
(ii) Site 1 All except 1 0-807 0014
(iii) All sites All sites 0-826 0-021

ROC, receiver operating characteristic.

Table 4. Influence of the sorting of training data on classification
performance

Scenario Training set Test set ROC area
(i) Clean Clean 0-848
(i) Clean ‘Noisy’ 0-803
(iii) All All 0-844

ROC, receiver operating characteristic.

perfect image quality and to remove images with hair or
air bubbles when training the expert system. The other
option was to use all images acquired during the clinical
practice regardless of any artefacts. We evaluated the
influence of the data selection by performing three
different learning and testing scenarios. The images
were sorted into two groups, the clean ones and the
noisy ones with hair or bubbles. Three scenarios were
tested: (i) training on clean dataset, testing on clean
dataset; (ii) training on clean dataset, testing on noisy
dataset; and (iii) training on all data, testing on all data.

Scenarios (i) and (iii) showed very similar results but
the performance declined in scenario (ii), when the
system was trained on clean images and was tested on
noisy images. The resulting areas under the ROC
curve>® are given in Table 4.

Discussion

What stands out in the DANAOS study is its size and
breadth: a substantial number of dermoscopic and
clinical images of PSLs from 13 dermatological centres
located in nine European countries was collected using a
common standardized image acquisition technique. The
collected database includes a wide spectrum of PSLs in a
representative distribution (Table 1). For those benign
melanocytic naevi where no excision was indicated the
lesion category may be considered arbitrary, but this
should not have any influence on the results as we did
not try to separate these cases in the analysis.

This dataset can be used as a basis for training in a
computer-aided classification system for PSLs. The
performance of the NN shown in Figure 1 is similar to
the average performance published in the literature.
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Combining the whole collection of published sensitivity
and specificity data as a kind of meta-study, we
conclude that the performance of our expert system is
comparable with that of clinicians. This comparison
should not be over-interpreted though, as the databases
are different and the results are clearly dependent on the
difficulty of the cases. In order to achieve comparable
results, the dataset must be a representative selection of
cases typical for a given clinical setting, such as the
population seeking skin cancer screening. The size of
the dataset is also important. To assure the generaliza-
tion capabilities of the expert system, the data should be
collected at different sites in different countries.*”

Analysis of the influence of the database size used for
training has shown that performance increases with
the size of the dataset. For a small number of cases, the
increase is more important than for larger datasets, but
even with 2000 cases the learning curve had not
reached saturation. This result seems to confirm what
is well known for the training of clinicians, that is, they
must build their experience from a significant number
of cases. Analysis of the influence of the multisite data
collection shows that an expert system trained and
tested on a single-site dataset displays a good classifi-
cation performance, but when it is tested on data from
other sites the performance is significantly lower.
When training an expert system on the multicentre
dataset, the performance is almost as good as in the
case of single-site training and testing. Nevertheless,
the results are valid for the whole diversity of the
population included in the study.

As all experiments were done on equal-sized training
sets it can be concluded that the benefit of a multicentre
study is more than just the ability to collect more cases
during the limited time of a study. Analysis of the
influence of data preselection for training showed very
similar results. When training on preselected ‘clean’
images which exclude all unsharp images or images
with artefacts such as hair or air bubbles, the test
results on other preselected ‘clean’ images are very
good, but the performance is significantly degraded
when the classification system is applied to images from
the clinical practice where artefacts cannot always be
avoided. When a representative set of images, including
clean ones and some with artefacts, is used for training,
the performance of the expert system is comparable,
and the system is robust to artefacts.

Combining these results, we suggest training the
expert system on a representative dataset from a
multicentre collection of data without preselection to
remove images with artefacts. The dataset should be as

large as possible. Looking at the performance of the
expert system in more detail, we found that some
images were correctly classified by the expert system
but were difficult to classify manually, and some
images were classified incorrectly by the expert system
but were classified easily by human observers. Natur-
ally, a diagnostic accuracy of 100% is unlikely to be
attained. This is also true for experienced dermatolo-
gists.? In many cases it may be helpful to get a fast
second opinion from an expert system, e.g. in a clinical
environment where it is not always easy to get a quick
second opinion from a clinician. An alternative
approach is to obtain a quick second expert opinion
by using teledermoscopic diagnosis, which was recently
evaluated in a multicentre study.*® The expert system
described above, which was trained on a broad
database, cannot replace routine clinical investigation,
but it may be used as a second opinion to support the
decision of an investigator. Based on our data and
experience in earlier studies, we have demonstrated the
potential of such an expert system.*”*~>3

In conclusion, a prototype for the computer-aided
diagnosis of PSLs using NNs has been developed based on
a Europe-wide multicentre study (DANAOS).>? The
experience from this study demonstrates the need for a
large database size, the usefulness of multicentre data
collection, and the benefit of a representative collection
of cases from clinical practice, and argues against the
selection of only the best images. The resulting expert
system has shown a performance similar to that of
clinicians, while the difficulties of the expert system in
diagnosing are not the same as those of clinicians.*>#7>1
Therefore, we suggest that using the two in combination
has the potential to increase the accuracy of PSL
diagnosis. Thus improvement of early melanoma detec-
tion and reduction of unnecessary excisions may result
from such a combination of expertise. Future studies are
planned to quantify this benefit.
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