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EuyapioTiec

ApxIKd, Ba ABeAa va ekppdow TN BabBid pou euyvwpooUuvn Kal va EuXapIoTHoOwW aTro
KapdIdg Tov emMBAETTOVIA TNG TTapoucag dIatpIBng kal péviopd pou KaBnynth K.
NikoAoo B. Zuya, yia TV EUTTIOTOCUVN TTOU hOU £J€I1EE avaBETOVTAG OU TNV EKTTOVNON
auTtou Tou épyou. Kab’ 6An tn didpkeia Tou TagIdIoU PYou OTnv £peuva, aAAd Kal TV
KAIVIKA TTpagn uttApge €CalpeTIkOG dAOKAAOG Kal TTnyry €UTtrveuong, Oivovridg Uou
EUKaIPieG Kal XapiCovTag pou OUPPBOUAEG Kal yvwar. MoipdoTnke padi you tnv ayarn
TOU yIa TNV AOIJWEEIG Kal ye Borlbnoe va avokaAUuyw Evav KOOPO TTOU PE YONTEUOE.
KaB®' 6An 1 didpkeia ekrovnong autig TnG OIaTpIBAG OTEKOTAV TTAVTA dITTAQ JOU Kal
Mou TTpocé@epe TTOAUTIMN BonBela OoTOo va EeTTEPAOTEI OTTOIOOATIOTE EUTTOBIO I
TTPORBANUA TTPOEKUTITE. Eival TTpaydaTIKG TIuR Jou TTou Pe €TTEAEEE va cuvepydlopal

Madi Tou.

©a nBeAa, €miong, va euxapioTAow Beppd Tov Kabnyntrh kai AieuBuvtr) TNG KAIVIKNAG
NG MaBoAoyikng duaioloyiag K. MixanA BouAyapéAn, TTou poipdoTnke padi you Tn
yvwon Kal TRV EUTTEIPIA TOU Kal HE BOABNOE va KaTavoow TIG IDIATEPOTNTEG KAl TNV
TTOAUTTAOKOTNTA TOU algaTtoAoyikoU acBevr. AvekTiuntn Atav n Borbeia Ttou oTO
epyaoTtnpiakd KouudT TnG dIaTpIRRG auTrg, agou ATAav auTog TToU YE KaBodnyouoe e
aueiwTto evdla@épov. O1 eUOTOXEG TTAPATNPNOEIG TOU KAl N OUCIOOTIKA KPITIKA TOU

UTTAPEAV EQAATHPIO VIO TN CUVEXH TTPOCWTTIKI KAl ETTAYYEAMATIKI HOU BEATIWON.

Euxapiotw 181aitépwg Tov KaBnynti k. ABavdaaoio MNpwToyépou yia TNV EUTTIOTOCUVN
TOU Kal T ouvexn nOIKA Tou CUPTTapPAcTaCcn, TTOU UTTAPEE OUCIACTIKA yia Tnv

TTEPATWON auToU TOU £PYyOu.

Idlaitepa Ba BeAa va euxapiotiow Tov Kadnynt K. Anuitpio IN. Kovroyidvvn ( MD

Anderson Cancer Center, Houston, TX) 1TTou poipdoTnke padi Hou 10 Opapd TOU Kai TIG
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OKEWEIG TOU Kal £DEICE IDIAITEPO EVOIAPEPOV OTNV EKTTAIOEUTT) HOU TTAPA TN XIAIOPETPIKA
amooTaon. H cogia, n eUTTEIpia TOU KAl N APIOTN YVWON TOU TTAVW OTIG AOIJWEEIG KAl

TOUG JUKNTEG UTTHPEAV KABOPIOTIKA yIa TNV OAOKANpwaon TNG dIaTpIBrg TouTng.

2’ auTd TO onpueio Ba nBeAa va euxapioTHow OAoUS TOUG dIEUBUVTEG TWV AIUATOAOYIKWV
KAIVIKWV TTOU CUMMETEIXQV 0TN JEAETN, KOBWG Kal TOUG CUVEPYATEG TOUG, IDIQITEPA TOV
K. lwavvn Aocnpakémoulo, v ka Mapia Apatmdkn kai Tov K. [lavayiwtn

AlaPavTOTTOUAO, YIO Th OUVEXH TOUG TTPOCTIABEIO Kal TNV APIoTN OUVEPYATia Uag.
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1. NEPINAHWYH THZ AIATPIBHZ

O1 dINBNTIKEG PUKNTIOKEG  AOINWEEIC  atroTEAOUV  Kupla  aitia BvnTtéTnNTag KAl
Bvno1udTNTAG YIa TOUG aoBeveic e alpatoAoyikég kakonBeieg. O aidnpog diadpapartifel
ONMAvTIKG pOAO oTnv TTaBoyéveon TWV AOIMWEEWY, CUNTTEPIAAPPBAVOUEVWY KAl TWV
dINONTIKWV puknmidoswyv. Epeuveg €xouv Oeiel OTI N UTTEPPOPTWON TOU OPYyAVIOHUOU
ME oidnpo eival Teavé va atroTeAei évav akoun TTapdyovTa KIvoUvou yia TNV avaTiTuén
dINONTIKWYV MUKNTIOKWY AOIMWEEWV. AIECAYAUE PIA TTPOOTITIKY, TTOAUKEVTPIKA MEAETN
o€ aoBeveic pe veodidyvwon ogeiag pueAoyevous Asuxaipiag i JUeAOBUOTTAQCTIKOU
OuVvOPOUOU O€E EKTPOTIA, VIO VO ATTOCOPNVIOOUUE €dv n auénuévn CuyKEVTPWON
o10PoU OTIG ATTOBNRKES O10MPOU TOU PUEAOU TWV OOTWV Kal Ta augnuéva eTmireda
018rPOU OPOU Kal YEPPITIVNG Eival avecapTnTol TTAPAYOVTES KIVOUVOU YIa TNV AvATITUEN
dINONTIKWYV MUKNTIOKWY AOIHWEEWVY. ZUVOAIKA, 98 aoBeveic kataypagnkav (76 ue ogeia
MugAoyevn Asuxaipia) Kal TrTapakoAouBnenkav yia Eva €1og uetd Tn diIdyvwon Toug. 22
aoBeveic dieyvwoBnoav pe dINBNTIKA puknTioon Katé 1o d1IA0TNUA TTapaKoAouBnong
(&inBnTIKA aoTrepyiAAwon n=16, kavTivtaigia n=5, youkopuUkwon n=1). Aug¢nuévog
oidnpo oTIG aTTOBNKES O10POU TOU PUEAOU TWV OOTWV EVTOTTIOTNKE 0¢ 39 aoBeveig
(31/76 aoBeveic xwpic dINBNTIKA puknTiaon kai 7/22 acBeveic pe dINBNTIKA puknTiaon).
H povotrapayovTikr) avdAuon £€3€i1&e 0TI yévo n didyvwon NG oegiag pueAoyevoug
Aeuxaigiog autl KaB’ autr] atmoTeAEl avegdpTnTo TTAPAYOVTA YIO TNV avaTTuén
dINONTIKAG pukNnTIoKAG Aoipwéng [OR (95% Cl) 740 (1.05 — 325.42)]. Z1n
MOVOTTAPAYOVTIKI) KOl OTNV TTOAUTTAPAyoVTIKA avaAuon, 1o auénuévo BMIS score (>3)
otn dIdyvwon 0€ QAvVNKE va ATTOTEAE avegdpTnTo TTapdAyovTa Kivdouvou. Ouoiwg, o
oidnpog kal n @eppITivi opou O diEPepav OTIG dUO OPAdEG TTOU Eixav TTApPOUOIa
ONUOYPAPIKA XOPAKTNPIOTIKA. TNV KOOPTH Hag Trou aTtroTeAsital atmd ‘EAANveES

a00eveiG¢ Pe TTPWTOdIAYVWON 0&Eiag PUEAOYEVOUG Aguxaldiag 1 JUEAODUOTTAQOTIKO
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OUVOPONO O€ EKTPOTIH], Ol OEIKTEG UTTEPPOPTWONG TOU OPYyavIOUOU HE aidnpo dev

atroTeEAOUV aveEAPTNTO TTAPAYOVTA KIVOUVOU YIa dINONTIKEG HUKNTIAOEIG.

ABSTRACT OF THE THESIS

Iron plays an important role in the pathogenesis of infections, including invasive fungal
infections (IFIs). Studies suggested that iron overload might represent an additional
risk factor for IFIs among patients with hematological malignancies. We conducted a
prospective, multi-center study amongst adult patients with newly diagnosed acute
myeloid leukemia (AML) or myelodysplastic syndrome (MDS) in transformation, to
determine whether baseline iron overload as measured using the bone marrow iron
stores (BMIS) score is an independent risk factor for the development of IFIs. We also
measured baseline serum iron and ferritin levels. A total of 98 patients were enrolled
(76 with AML) and were followed for 12 months. Twenty-two patients developed IFI
during the follow up period (invasive aspergillosis n=16, candidemia n=5,
mucormycosis n=1). A baseline BMIS score > 3, indicating iron overload was relatively
common (38/98 patients, 38%) and its frequency was comparable between patients
with no IFls (31/76, 40.7%) and in those with IFIs (8/22, 36.4%). Univariate analysis
showed that only the presence of AML was associated with increased risk for IFls [OR
(95% CI) 7.40 (1.05 — 325.42)]. Both univariate and multivariate analyses showed that
an increased BMIS score (>3) at baseline was not an independent risk factor for IFls.
Similarly, there was no difference in serum iron and ferritin between the two groups
that had similar demographic characteristics. Indices of iron overload were not
independent risk factors for IFls in our cohort of Greek patients with newly diagnosed

AML/MDS in transformation.
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2. TENIKO MEPOZ
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2.1 AOIMOZ=EIZ KAl METABOAIZMOZ TOY ZIAHPOY

O 0idnpog atroTeAei amapaitnTo PIKPOBPETITIKO CUCTATIKO TOCO yia Tov EevioT 600
Kal yia TIG METAROAIKEG BIadIKOOIEG Twv TTABOYOVWY HIKPOOPYAVIOUWY Kal TTaiel
KaBopIoTIKG pOAo OTIC HETOBOAIKEG dlepyacoieg, oTn METAPOPA ofuyovou Kal Tn
A€IToupyia Tou avoooTroINTIKOU 0Toug avBpwTtroug. H diathpnon TG 1I00ppOTTiag TNG
d1aBeoiudTNTA 018rPOoU (OPOoIGCTAON) Eival ONUAVTIKA yIa £va uyIEG owpa. H €AAeyn
o10Apou, KaBWG Kal n utrep@OpTWwOon Pe oidnpo odnyei 0c Kok TTPOyvwon o€
MaKkpoXpovieg aoBéveleg [1] kal o€ augnuévn euaioBnaia oe Aolpwéeig [2, 3].

H diatApnon tng opoidoTtacng Tou o1dpou cupPaivel péow NG puUBPIoNS TNG
amoppdPnonNg Tou atrd TO0 dWAEKADAKTUAO Kal TNV avakUKAwON TwV atroBeudTwy
o1dfpou. H TTpéoAnwn o1dripou oT1o AeTTTO €viepo puBuideTal atmmd Tnv eyidivn, Pia
OAlYOTTETITIOIKAy opudvn TTou ouvTiBetal oto ATap [4, 5]. H mapaywyr ewidivng
QUEAVETAlI ONUAVTIKA KATA TN OIAPKEID TNG ACIMWENG Kal TNG QAEYMOVAG, Kal €XEI
avoeepBei OT1 éxel dueon avTipikpoflakr dpdon [6, 7]. O oidnpog TTOU E€ivail
OUVOEDEPEVOG UE TNV EWIBIVN PETAPEPETAI OTA KUTTOPA PECW TNG QEPPOTTOPTIVNG,
EMTPETTOVIOG OTA  PAKPO®Aya, Ta NTTATOKUTTOPO KOl T  E€VIEPOKUTTAPA Vvd
OUYKPaTACOUV CidnNpo TTou dIaQopETIKA Ba atTeAeuBepwvoTav 0TNV KUKAOQOpPIa Tou
aipatog. YO @QuOIoAoyIKEG OUVOAKEG, oxedOvV Ta Tpia TETAPTA TOU OIOAPOU TOU
owuaTog eival OECPEUPEVA OTNV AIJOOQPAIPiv, HWE TO UTTOAOITTO va aTToBnKeUETAl
EVOOKUTTAPIKA WG QePPITivi 1 va ouvdéeTal pe eEwKUTTApIEG TTpwTEives [8]. To
Kavoviko eTriredo oidripou oTtov opd eivar 10-30 pM, evwy 1o wnAd etmmimeda

dnNUIoUPYOUV CUPTITWHOTA UTTEPPOPTWONG o1drpou [9, 10]. (Eikéva 1)
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Eikéva 1. H opolooTacia Tou 01dfipou Kal TTWG auTr SIOPOPQWVETAI PE BACN TNV £puBpoTToinan Kail Tn

@Aeypovn [11].

Inflammatory signals
(microbial molecules,
IL-6, activin B and
other cytokines)
Erythropoietic signals
L (such as erythroferrone)

J

Hepcidin

P ———
Duodenal
Hepatocyte enterocyte Splenic

macrophages

Iron signals
(iron—transferrin
and hepatic iron)

Fecyeled
iron ?
1 { Erythrocyte

Plasma iron

(Iron—transferrin)

. J L

Bone
marrow

O 0idnpog cival €TTionNg €va atTapaiTnToO BPETITIKO CUCTATIKO YIQ TNV AVATITUEN, TNV
avaTtrapaywyn Kal Tov JETABOAICHO TwWV BaKTNPiwyv Kal TO avOpwITivo CwHa dIaBETE!
TTOAMOUG APUVTIKOUG UNXAVIOPOUG TTOU MEIWVOUV TN O1a0e01ydotnTa O10rpou o€
TTaBoyova [12]. Mia mBavr) BAGBN 10TOU TTOU TTPOKUTITEI ATTO AOiJWEN MTTOPE va
OANGgEl TNV TOTTIKA) OMOIGOTACN TOU OIOAPOU  €VIOXUOVTOG TOUG MHNXAVIOHOUG
0éoueEUONG TOU O10MPOU Kal TN PEIWON TOU KUKAOPOPOUVTOG OIBrPOoU, KaBWG Kal TV
atrodduNoN TNG AiunNg Kai TG alpoo@aipivng atmo 1a pakpoedya [11, 13]. H mpwrteivn
TOU opouU Tpavo@eppivn (ovouddeTal €TTiONG OEPOTPAVOPEPIVN) ONUIOUPYET Eva
BaktnplooTtatikd TTEPIBAAOV deopeUovTag eEAcUBepPO OidNpo [14].

2TN QUOIKN avoaia, 0 oidnEog pubuicel TN AsITOUPYia TWV QINOTTOINTIKWY KUTTAPWY,
ETTEION EAEYXEI TN OPACTNPIOTATA TWV PETAYPAPIKWY TTAPAYOVTWY KAl TWV EVCUPWYV KAl
€101 TNV TTAPAYWYI) AVTIMIKPORBIAKWY TTAPAYOVTWY OTTWG TO JOVOEEIDIO TOU alwTou Kal
ol piCeg UdPOEUAiIOU. ZTnV €1BIKI) AVOOOAOYIKN ATTAVTNON, 0 0idNPOG gival £vag BaciKOg
augnTIKOG TTAPAYoVTAS YIa TOV TTOANATTAQCIOOUO AEPPOKUTTAPIKWY KAwvVwY [11, 15,
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16]. OT1r0100NTTOTE HOPPH EVEPYOTTOINONG TOU AVOCOTTIOINTIKOU CUOTHHATOG ETTNPEACE!
TNV KaTtavoury o1dfpou OTOV Opyaviouo Kal ouvABwg odnyei o€ peiwon Tou o1Idrpou
Tou TAQOPOTOG (UTTOQEPPAIYia) Kal TNG OIQPEPICUATOTIOINONG TOU €VTIOG TOU
OUCTHPATOG JovoTTUpNVWY @ayokuTttapwy (MPS). AuTtég o aANayEG EeKIVOUV KOTA ThV
€i0000 pIKpoOBiwv, Ta oTroia avayvwpifovral atrd  €I0IKOUG UTTOdOXEIG (pattern
recognition receptors, PRR), kal Tnv IVTEPAEUKiVN-6, TTOU ATTOTEAEI €TTAywyEA TNG
o&eiag avoooAoyikig amravrnong. MNMépav Twv aAAaywv 0TV OYOIOCTACIA TOU C18riPou
TTOU YivovTal OTOV OPYQVIOPO AOYyw TNnG Xpriong Tou atro T0 avoooTroinTikG ouoTnua,
Ta idla Ta BakThpIa £XOUV dIAPOPOUG INXAVIOPOUG Yia TNV atTéKTnon o1d0Apou atrd TO
TEPIBAAAOV OTO OTT0I0 TTOAAQTTAQCIACOVTAI, TIPOKEIMEVOU VA ETTIBILLOOUV. Ta BakTApIa
XPNOIMOTTOIOUV JIAPOPEG OTPATNYIKES VIO VA ATTOKTAOOUV TOV ATTapaiTnTo 0idNpo yia
avatrtuén [17]. Or1 o onuavTikoi pnxaviopoi (Eikéva 2) agopouv TNV KIvnToTroinon
Tou TpIoBevoUG a1dripou (Fe*d), tTnv Kupiapxn Hop@ry o1dnpou ot TrepIBAAAovTa
AoUCIa g 0Euyovo, aAAG Ta BakTrpia TTpogAauBdavouy etriong S1aBevr aidnpo (Fe?)
[18] 1 xpnoiyoTtToloUv €UKOAA TOV COidNPO TTOU €ival deaueupévog atnv aiun [19, 20,
21]. Ze éva uylég dtopo, o TpIoBevig aidnpog (Fe*3) kukAopopei ouvdedepévog Ue
TPavao@epivn 01O aipa Kal o diIoBevr¢ aidnpog (Fe*?) evowuaTwVETal aTnV aiun, n
OTToia dECUEVETAI ATTO TNV AIYOC@AIPiv OTa €puBpd aigoo@aipia aAAd uTTopEi va
atreAeuBepwBei pe aipodAuon katrd T Olapkela TNG Aoipwéng. Ta emiTeda TOU
ehelBepou Fe*™? eival yaunAd. Ta Tmepioodtepa BaKTrpIa  €KKpivouv 1oXupd
01dnpodeopeUTIKA Popla (iron—chelating molecules) TTou ovouddovTal o1dEpoPopa yia
va aTTO0TTAC0UV TO 0idNPo atrd To TTEPIBAAAOV TOUG [22]. TagivououvTal o€ TPEIG KUPIEG
KATNYOPIEG, TO KAPPBOGUAIKA, Ta KOTEXOAIKG Kal Ta udpofauika. Ta KATEXOAIKA
o1dNpPoPoépa POpIa £Xouv TNV UWPNASTEPN CUYYEVEIQ YIa TOV TpIoBevr) 0idnNpo o€ oxéon

ME T KAPPBOEUAIKA Kal TA UBPOLANIKA O10NPOPOPA HOPIA UTTO QUOIOAOYIKEG OUVONKEG.
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H evrepofakTivn, éva KaTeXOAIKO a10Npo@opo NOPIo, EPPAvICEl TNV UWPNAOGTEPN YVWOTH
ouyyévela yia Tov TpIoBevr oidnpo, uwnAdTEPO Kal atrd auTAv TNG dEOUEUONG TOU
oIdApouU Tou &evioT atrd TNV Tpavo@epivn [23]. Ta oidnpo@dpa uoépia, Aoy,
a@aIPOUV ATTOTEAECPATIKA TO 0idNpo ammd Ta CUPTTAOKG OI10APOU-TTPWTEIVAG TOU
¢evioTh [24] Kal Ta CUPTTAOKA 010 POU-010NPoPOPWY avayvwpifovtal atro 10 cUCTNUaA
TTPOCANYNG O18rPouU Tou BakTnpiou [24]. ZTa gram-apvnTIKA BAKTAPIA, TO TTPWTO BrHa
gival n ouvdeon o¢ €10IKOUG UTTODOXEIG TNG £EWTEPIKNG MeUBpavng (Eikova 1), 1Tou
OIEUKOAUVOUV TO TTEPACUA TOU CUMTTAOKOU €VTOG TOU BakTnpiou. H peTaTOTTION QUTA
kaBodnyeital ammd TpwTEiveg TNG oikoyévelag TonB kai Tou cuptTtAdkou ExbB/ExbD T10
OTT0i0 BPIOKETAI OTNV KUTTAPOTTAAOUATIKA YEUBPAvN Tou BakTtnpiou [25, 26, 27, 28,
29]. H petagopd péow TNG TTEPITTAACUATIKNAG KAl TNG EO0WTEPIKAG MEPBPAvVNG OTn
ouvéxela dlapgecoAafeital  amd 10 cuoTnua peta@opdg ABC. MOAIG n aiun BpeBei
€VTOG TOU KUTTAPOTTAGOUATOG ATTOdOUEITAI Kl 0 0idnpog atrodnkeueTal [30].

O eAelBepog Fe*?, otav cival dIOBECIPOG, EICEPXETAI MECW TOU WOVOTIATIOU TNG
TTopivng. Tautdxpova, Ta Gram apvnTIKA BAKTAPIA YTTOPOUV VA EKKPIVOUV QINOPOPa
popia (hemophores) 6TTwg 10 HasA kai To HxuC kai va a@aipéoouv TNV aign ato Tnv
aioo@aipivn Kal TNV aigotrngivn. Zta Gram-BeTikd Baktripia 10 ouvotnua Isd (Iron
regulated surface determinant) Tou Staphylococcus aureus £x€1 pEAETNOEI 101QITEPA KAl
a@OPA TO UNXAVIONO E TOV OTTOIO TO BAKTHPIO ATTOKTA TO 0idNEO ATTd TNV Aiun Kal TNV
aigoo@aipivn. To cuotnua Isd atroteAeital atmo evvéa (9) TTpwTeiveg TTou puBpiovTal
atrd 10 oidnpo (IsdA, I1sdB, IsdC, IsdH/HarA IsdD/E/F, 1sdG kai Isdl). O1 mpwrTeiveg
auTEG AAANAETTIOPOUV ME TIG TTPWTEIVEG TNG AiNG YIA VO ATTOOTTACOUV TO POPIO TNG
QiPNG Kal va To £I0AyoUV £VTOG TOU KUTOTTAGOPaTOG Tou BakTtnpiou [31]. Ta TTaBoydéva
€XOouv, OTTWG ava@EPONKE Kal TTIO TTAVW TNV IKAVOTNTA VA OTTOCTTOUV Cidnpo Kal arrod

TNV TPAvVOoQEPivn, TN AakToQepivn Kal Tn @epitivn. 21N Naioepia, yia Tapadelyua, ol
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TpavoQepiveg  OeopeUoOvVTAl  ATTO  UTTOOOXEIG  ECWTEPIKAG  UEUPPAVNG  TTOU
TepIAapBavouv duUo (2) uttopovadeg (T1.X. LbpA kai LbpB yia tn AakTo@eppivn) Kai
avaykalovtalr va otreAeuBepwoouv €va atrd Ta deopeupéva 16vTa o1dripou. H
a1TOKTNON 010 POV TToU diapecOAaBEiTal aTTd KATEXOAES (TT.X. OTTO TNV EVIEPOPBOAKTIVN),
OJwg, MTTopeEl va avaoTaAei ammd Tnv TPwTEivn AITToKaAivn-2 (o1dnpokaAivn n
NITTOKOAIVN TTOU OXETICETAI UE OUDETEPOPIAIKY) CEAATIVAON), N OTTOI EKKPIVETAI KATA TN

MN €10IK avOOOAOYIKA ATTOKPION Kal duvartal va TTPOOdEVEl Kal va OECMEUEl TA

o1dNPOPHOPA Kal va avakoTITel TN d1adIKacia £I0000U TOUG OTO BAKTAPIO.

Eikéva 2. O1 pyeTagopeig Tou 01dfipou oTa gram-apvnTiKa BakTrpia Katd 1n didpkeia TG Aoipwéng
[32].
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Ta BakTApIa PE IOXUPOTEPES OTPATNYIKEG QTTOKTNONG OI10MPOU QAiVETAl TTWG £XOUV
TTAeovEKTNUA avamTuéng. MNa Tapdadeiyua, n Klebsiella pneumoniae €ival yvwoTo OTI

TTPOKAAEI onuavTIKOG apiBud Aoipwéewv otnv koivotnta (CA). O1 Holt et al. peAétnoav
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dINONTIKEG AoINWEEIG TNG KovoTNTOoG aTtd Klebsiella pneumoniae kal ammouévwoav
emTTAEOV yovidla O1dNpo@Opwy Popiwv Kal ueTaBoAiopou o1dfpou. KaTtéAngav oto
OUMTTEPAOHA OTI QUTH N eVIOXUPEVN IKAVOTNTA OECUEUONG O10POU atrd Tov EEVIOTN
EMTPETEI 0OTNV K. pneumoniae va TTPOKAAEI aoBEvela Kal 0 avOOOAOYIKA ETTAPKEIG

TTAnBuopoug [33, 34].

24



2.2 OMOIOZTAZIA 2IAHPOY KAI MYKHTE2

O1 puknTeg atmmoteAoUv Eva atro Ta TTEVTE BadiAela Twv EPRIWY OvTwy. To BaciAelo autd
TWV MUKATWV  TTEPINAPBAVEI  HOVOKUTTAPOUG 1 TTOAUKUTTAPOUG  EUKAPUWTIKOUG
opyaviopougs. O1 JUKNTEG ENPavICouV TTOAU peyAAn TTOIKIAI Kal UTTapyouv TTavTou. Ol
TTEPICCOTEPOI ATTAVTWVTAI OTO £DAPOG KAl TA QUTA Kal dlaTpEPOVTAl ATTO OPYyaVIKA
OUCTOTIKA CWVTWV Il VEKPWY OPYOVIOPWYV yI' autd Kal Bewpouvtal 10 "BioAoyIkO
EPYOAOTHPIO ATTOIKOOOUNONG TWV OPYAVIKWY ouciwv". Ta didgopa €idn PUKATWV
TTOIKIAAOUV QTTO TOUG XPAOIMOUG YIa TOV AvBpwTTo CUPONUKNTEG £WG TOUG TTABOYOVOUG
MIKPOUUKNTEG £WG KAl T yVwoTd dwdipa pavitapia. Ao ta 50.000 - 250.000 €idn
MUKATWYV TToU €xouv Treplypadei, Aiyodtepa atrd 300 £€xouv cuoxeTioBei pe vooo oTov
avBpwTro (Eikéva 3). O1 yuknteg dlakpivovTal BAcIKG o€ dUO PEYAAEG KATNYOPIES, TOUG
CUMOMUKNTEG KAl TOUG UQOMUKNTEG. O CUUONUKNTEG gival oQaIpIKoi 1) EAAEIYOEIDEIG
oXnuaTiohoi TTou avatrapdyovtal dla eKBAACTACEWYV Ot €I0IKA OPETTIKA UAIKA.
AvTiBeTa, O UQOMUKNTEG N VNPATOEIBEIG PUKNTEG, atTOoTEAOUVTAI OTTO KUAIVOPIKOUG
OXNMOTIOPOUG, TIG UQEG, TTOU MEYOAWVOUV HE OIOKAADWOEIG KAl ETTINNKUVOEIG
oxnuaTidoviag XvoudwTég arrolkieg. Mia AAAn kaTtnyopia PUKATWY, OI KAAOUUEVOI
QioPPOI HUKNTEG, AVATITUCOOVTAI OTOV EEVIOTH WG CUMOMUKNTEG, EVW O€ BEpPOKpaTia
TePIBAAAOVTOG AapBAavouyv Tn HoP®r) UPOUUKATWY.

O 0idnpog, OTTWG £xel avapepBei Kal TTAPATTAVW, ATTOTEAEI BACIKO OTOIXEIO yia TNV
QVATITUEN Kal TN AoIJOYoVIKOTNTA TwV TTEPICTOTEPWYV TTaBoyovwy [1]. Ocov agopd
TOUG MUKNTEG, €xEl ammodeixBei OTI n EAAeIYn TOu OIBrPOU ATTO TOV OPO OTTOTEAEI
ONMAVTIKO APUVTIKO pnxavioud évavTl Tou Rhizopus oryzae ouykekpipyéva [35], 10T
oev avatrTuooeTal o€ TTEPIBAAAOVTA OTEPNONG OIONPOU, EVW TAUTOXPOVA N EEWYEVNG
XopNynon avTioTPEPEl TN QTWXN avamTué Tou Kai PonBd 710 pUKNTa Vva

TTOAOTTACCI0OTET
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Eikéva 3. MUkNTEG KOl VOOOYOVEG yia ToV AvBpwTTo KaTaoTdoelg [36]

Organism Source

Candida Spp.1 Commensal of the skin, GI
fract, and vagina.

Disease Spectrum

*Hematogenously disseminated infections
*Mucocutaneous infections:
Oropharyngeal infections (thrush)
Skin/nail infections
Vaginitis

Pneumocystis spp.? Species are host specific, with ' *Pneumonia
no known environmental

reservoir.

«Self-limited flu-like syndrome
*Acute pneumonia

«Chronic pulmonary infection
«Disseminated disease

Histop,'asma Capsulatuma' Found in the environment in soil
contaminated with bird or bat

guano. Humans infected by
inhaling conidia (spores).

=Acute/chronic pulmonary infections
*Skin lesions/ subcutaneous nodules
+Disseminated disease

Blastomyces dermatitidist Found in the environment in
soil / decaying wood. Humans

infected by inhaling conidia
(spores) or direct inoculation of

the skin.
Malassezia spp.® Commensal of the skin. «Primarily cutaneous infections
Pityriasis versicolor
Seborrheic dermatitis
«Allergic atopic eczema
Cryptococeus spp.b Found in the environment in *Pneumonia
association with soil, pigeon *Meningitis

guano, and trees. Infection
occurs through inhalation of
spores or small yeast.

AvUo c€ival Ta KUpia TIPOPRAAMATA TTOU O@EIAOUV VO  QVTIMETWTTIOOUV Kal va
UTTEPKEPAOOUV Ol PUKNTEG TTPOKEIMEVOU va ATTOKTHOOUV TOV QTTAPAiTNTO YId ThV
emBiwor Toug cidnpo. Kartapxdg, o oidnpog TTou UTTAPXEl OTn QUON Ot aEPOPIEG
ouvONnKeg BpiokeTal KATA KUPIO Adyo aTnv adIGAuTn TpIoBEvA pop@r) Tou, N oTToia o€
MTTOPEI va JETAQEPOEi eVOOKUTTAPIKA. To deUTEPO TTPOBANPA TTOU TTEPIOPICE! TN XPron
TOU O18fPOoU aTTd TOUG MUKNTEG €ival OTI 0 CidnNPog gival duvnNTIKA TOGIKOG Adyw TNG
IKOVOTNTAG TOU va KATOAUEI TNV TTapaywyr €AeUBepwv piIfwv ofuyovou PEow TNG
avtidpaong Haber-Weiss 11 tng avridpaong Fenton [37, 38, 39]. H mapaywyn
eAeUBepwyv pIfwv oguydvou atmd Tov oidnpo odnyei O€ KUTTAPIKO TPOAUUATIOUO

TTPOKAAWVTAG OCEIdWTIKY BAAGRN. ETTOPEVWG, N OWOTH atmoBnikeuon TNG TTEPICOEING
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o1dfipou €ival arrapaitntn yia TNV TTPOANYn NG TogIKOTNTAG [40]. MNa TTapddeiyua,
QUEOWG META TNV TIPOCANWN, o Oidnpog uTropei va Ppedei oe dioBevh popen
OUVOEDEPEVOG E TTOAUPWOPOPIKA OTA KEVOTOTTIA TOU S. cerevisiae [41]. EVOANAGKTIKA,
0 0idNPOG UTTOPEI VO ATTOBNKEUTEI WG PEPOG TTPWTEIVWV (PEPPITIVN). MEXPI OnuEPQ, Ol
MOVOI JUKNTEG TTOU £XOUV EVTOTTIOTEI OTI ATTOBNKEUOUV TidNPO OTN PEPPITIVN Eival HEAN
TOoU yévoug Zygomycetes, 01 OTTOI0I OfjUEPA €XOUV ETTAVATALIVOUNOEI OTO YEVOG TWV
Mucorales. [42]. Tpeig TUTTOI TIPWTEIVWV TTAOUCIWYV O€ OidNPO £XOUV EVTOTTIOTEI GTOUG
Zygomycetes: n pukogeppitivn [40], n Baktnplopeppitivn [43] kal n Cuyo@eppITivn, N
oTroia €ival govadikr] yia toug Zygomycetes [40]. Etriong, ol yukNTeEG YTTOPOUV Va
aTTOONKEUOOUV CidNPO WG PEPOG O10NPOPOPWY Hopiwv [42]. AUTOG O PNXOVIOPOG
aTTOONKEUONG €ival KOIVOG METALU TWV MUKATWVY TIOU AVAKOUV OTIG TAEEIG TWV
OOKOMUKATWY KAl TwV BACIOIONUKATWV.

Tpeig cival o1 KUPIOGTEPOI PUNXAVIOUOI PE TOUG OTTOIOUG O JUKNTEG KATAQEPVOUV Va
TPooAdBouv 10 0Oidnpo TToU Xpeldadovral. O TTPWTOG a@opd TNV avaywyry Tou
TPI0BEVOUG O10fpou o€ dIOBEVA KAl KATOTTIV AUTOU, PJETAQPOPAG TOU HE Hia TTEpPEATN
[44, 45, 46, 47]. Kata mn diadikaoia auTr, O JUKNTEG XPNOIMOTIOIOUV TPEIG EBODOUG
yla va avaydyouv tov TpicBevl oidnpo otn 1o diaAuTh d1oBev Tou pop@r). AuToi
mepIAauBAavouy: i) pia avaywydon o1dfpou XapnAAG ouyyEVEIOG TTOU AEITOUPYED O€
mepIBAAovTa TTAoUaIa O gidnpeo Kal ueTatpétrel Tov Fe*3 og Fe*2. Kartomiv, n 8106evrig
MOP®N METAPEPETAI OTO KUTTAPO PEOW TNG TTEPUEAONG OI0APOU XAUNANG OUYYEVEIAG,
i) o avaywydon upnAng ouyyéveiag, n oTroia TrpayuaTtoTrolsi Tn petatpoty Fe*doe
Fe*2 kal Aeitoupyei o€ epiB&AAovTa TTou GTePOUVTal GidNPo, OTIWG AUTA Tou EeVIOTN
Kal iii) pia pn evfuuik uetatpot) Tou Fe* og Fe*? kal PeTaQopd TOou €VTOG TOU
KUTTApou. O1 @aivoAIKEG evwoelg OTTwg TO avBpaviAikd kal 1o 3-udpoguavBpaviAiko

dlatnpouv éva TrePIBAANOV yIa TNV ATTEAEUBEPWON Kal TRV TTapATacn TG UTTAPENG TOU
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Fe*2 otn puknTiak gePBpAvn péxpl va payuaroTroindsi n peragopd [41]. Qotéoo, o
POAOG QUTWYV TWV EVWOEWV OTNV avaywyr Tou o1dfpou BewpeiTal TTEPIOPICUEVOG OF
oUYKpPION ME TIG EVCUMIKEG D1adIKaoieg. O deUTEPOG UNXAVIOUOG aPOopd TNV TTEPUEACN
Tou O1dnpoPoépou popiou Sit1/Arn1 TTOU OTOXO €XEl va OIEUKOAUVEI TNV TTPOCANYN
o1dripou atrd 1o C1dNPOPOPO POPIO OTO OTTOIO £XElI DECMEUTEI O Oidnpog [48, 49, 50,
51]. O1 YUKNTEG PTTOPOUV va TTAPAYOUV O10NPOYOPA POPIA, TA OTTOI TTAPEXOUV OTO
KUTTAPO TOV TTOAU QTTOPAITNTO OidNPO YETATPETTOVTAG TOV TPIoBEvr o€ dloBevr) oidnpo
[49, 50]. Na va atrokToouV aidnPo, Ol JUKNTEG ITTOPOUV VA XPNOIUOTIOINCOOUV Ta JIKA
TOUG EKKPIVOUEVA O10Npopopa podpia, Ta oiIdnpo@opa POpIa TTOU EKKpivovTal atrd
aAAoug opyaviopoug (xenosiderophores) f kai Ta duo [40, 48, 52].0 TpiTOG uNXAVIOPOG
agopd éva ouotnua TpdoAnwng o1dripou atmo Tnv aiun. ‘Exel amodeixBei o1 n C.
albicans kai 10 Histoplasma capsulatum [53, 54] xpnoIUOTTOIOUV TNV aiyn oav Tnyn
QATTOKTNONG O10POU. ZUYKEKPIYEVA N KIVATIKY TTPOCANWNG O18rpou atrd TNV aiun TNG
C. albicans akoAouBgi pia Taxeia @Aaon ocuvdeong KE TNV aiun, n oTroia akoAouBeital
ammo pia Bpadcia @aon TTPOCAnWNnG Tou O1dApou atmmod autrh. Kal o1 duo @daoelg
oupBaivouv oe TrepIBAAovTa oTépnong o1dripou opou [63]. TEAOG, £Xel TTEPIYPOPEI
€vag duvnTikA vEOG TPOTTOG TTIPOCANYWNG O18rPOU 0TOUG CUYOUUKNTEG, O OTT0IOG apopd
TV oéivion (acifidation) Tou TTEPIBAANOVTOG OTAV OI PUKNTEG AVOTITUOOOVTAl O€
avaepoBleg ouvOnkes. MNa trapadeiyua 10 S. Cerevisiae [41] kai Neurospora crassa
[39], utrd 6¢iveg OUVOBAKEG PTTOPOUV VO CUCCWPEUCOUV CidNPo OTNV KUTTAPIKA TOUG
MEMBPAvVN Kal pe TN PorBeia udPOLUOLEWY TTOU EKKPIVOUV, OTTWG TO KITPIKO 0&U, va
KIVNTOTTOIOOUV TO CidNPO Kal VO TOV PETAPEPOUV EVTOG TOU KUTTAPOU. ‘Evag T€T010G
MNXOVIOPOG in vivo Ba ptropouce va AapBavel xwpa yia TRV a1rékTnon oidripou atro
TOUG PUKNTEG 0€ a0Beveig pe dlIafNTIKY KETOZEWON YIA TTAPAdEIYUA, TTAPOAA QUTA eV

EXEI MEAETNOET HEXPI OANEPT EKTEVWIG.
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Eikéva 4: O1 did@opol unxaviouoi ammoékTnong o1dfipou atrd Toug HUKNTEG [55]
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2.3 AIHOHTIKEZ MYKHTIAZEIZ 2TON AIMATOAOITKO A2OENH

O1 dINBNTIKEG PUKNTIAKEG AOIMWEEIG ETTITTAEKOUV OUXVA TNV TTOPEIa Twv acBevwyv pE
QIMATOAOYIKEG KOKONOEIEG KAl TTAATTOUV I01IQITEPA TOUG QOBEVEIG hE O&Eia pueAoyEVR
Aeuyaiyia ] aoBeveic Tou €xouv UTTORANBEI 0€ aAAOYEVI] JETANOOXEUOT HUEAOU TWV
o0oTWV [56]. Tig TeEAeuTaiEG DEKAETIEG EXOUV EUPAVIOEI ONUAVTIKY au¢non, AOyw Tng
augnong Tou apiBuou Twv aoBevwv TToU AAUPAVOUV AVOOOKATOOTAATIKA aywyh.
MeTagUu Twv TTAPAYOVTIWY KIVOUVOU yId QVATITUEN  dINONTIKWY  PUKNTIAOEWV
ouuTrEPIAaUBAvVOVTal N XPNon VEOTEPWY PBIOAOYIKWY TTAPAYOVTWY Yia Tn Beparreia
TOUG, N Bapid Kai TTapaTETAPEVN OUDETEPOTTEVIA, N XPrON YIa HEYAAO XpoVIKO didoTnua
KOPTIKOOTEPOEIOWYV, N VOOOG HOOXEUUATOG £VAVTI TOU EEVIOTAH 0€ aoBeveig NETA ATTO
aAAoyevr)  METAPOOXEUON  MUEAOU TwVv  OCTWV KAl N OUA\oIpWwEn e
QVOOOTPOTTIOTIOINTIKOUG 10UG, OTTWG O KUTTAPOPEYAAOIOG [57, 58]. Ta oTeAéxn Tou
yévoug Aspergillus kai 1diaitepa o Aspergillus fumigatus gival uTTeUBUVA CUXVOTEPA YIA
TIG AOIMWEEIS TWV a0Bevwv e AINATOAOYIKEG KakonBeleg. O UPOPUKNTEG OUVHBWG
EI0£PXOVTal OTOV aVOPWTTIVO opyavioud KATOTTIV EI0TTVONG TOUG aTTd TO TTEPIBAAAOY,
evw n Candida kai Ta didgopa €idn TnNG armoTeAoUV, ouvrnBwg, HEPOG TNG XAwpPidag Tou
opyaviopou Kai yivovial voooyova KAToTTv pA¢NG TOU @QUOIKOU @Payuou Tou
opyaviopou. O aoTrépyIANOG, ouvnBEOTEPA, OTOUG OVOOOKOTEOTAAUEVOUG AOBEVEIG
TIPOOPBAAAEI TOV TTVEUPOVA Kal aTTo €KEi duvarTal va dIaoTTapEi Kal va TTPpocBAAAEl OAa
Ta 6pyava, KABIOTWVTAG akOun 1o OUOKOAN Tn BEPATTEUTIKN) QVTIMETWTTION KAl TTIO
MEYAAN Tn OvntdTNTA TOu. H TTPOQUACKTIKI] aywyr, OTIWG Ol EXIVOKAVOIVEG OTOUG
METANOOYXEUMEVOUG KAl N TTOOAKOVALOAN 0TOUG a0 BeveiG Pe o&eia puehoyevr Aeuxaiyia
KAl N EUTTEIPIKN aywyr oTnv KA’ nuépa Trpagn, €éxouv odnynoel oe breakthrough
MUKNTIOKEG AOIMWEEIG KAl EUPAVION AVOEKTIKWY OTEAEXWV HUKATWYV. Tautdxpova, n

XPON MUKNTOKTOVWY OTN YEwPYia Kal TN Blopgnxavia ge pnxaviopoug TTapoOuoIous JE
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TA AVTIMUKNTIOKA QAPPOKA, £XEI DNUIOUPYACEI EVa TTPOCPOPO £DAPOG VIO AVOEKTIKOUG
MUKNTEG, 101ITEPA YIa AVOEKTIKA OTIG aCOAeG O0TEAEXN aoTrepyiAAou. H aveupeon Tng
METAANaENG TR34/L98H o€ 1TOANG a11d T OTEAEXN TTOU TTPOCRAAAOUV TOV AVOPWTTO
QATTOOEIKVUEI TNV TTPOEAEUCT TWV AVOEKTIKWY QUTWV JUKATWYV KAl A1t To TTEPIBAAAOV.
ECaipeTikd avnouxntikf €ival n augnon tTwv Aolpwéewv atrd non-Candida oTeAEXN
OTOUG AIJATOAOYIKOUG aoBeveig, dEQOPEVOU OTI T OTEAEXN AUTA OTNV TTAEIOWN@PIa TOUG
gival avOeKTIKA OTIG exIvokavdiveg [59]. H avaykn yia kataypa®n g TITWong TwWv
dINONTIKWV PUKNTIACEWV KAl TWV CUXVOTEPWYV OTEAEXWYV OE KABE YEWYPAPIKO PAKOG
Kal TTAATOG €XEl YiVEl ETTITOKTIKN, YIQ TNV KOAUTEPN TTPOANWN Kal AVTIMETWTTION TNG
Bavatn@oépou Aoipwéng atmd pukNTa KABWG KAl TV €QApUOyr BepATTEUTIKWV
TTPWTOKOAAWYV 0€ KABE XWPA EEXWPIOTA, TTPOKEIMEVOU VA PUEIWBOUV O AVOEKTIKOTNTEG
Kal n BvntoTnTa 0ToUG aoBeveig augnuévou KIvouvou.

H emidnuioAoyIKn €IKOva Twv dINONTIKWY HUKNTIACEWYV TTOIKIAAEI YEWYPAPIKG. H HEAETN
SEIFEM-2004 atroteAsi pia peyaAn avadpopikr) koopTr TTou HeAETNoE 11.802 aoBeveig
ME aINATOAOYIKES KakonBeleg TTou e10fxOnoav o€ 18 aiuatoAoyikéG KAIVIKES TNG ITaAiag
Kata tnv Trepiodo 1999-2003. Amd Ttoug 11.802 aoBeveic, or 538 avémTugav
atrodedelypévn 1 TTpoeavr dINONTIKA  PUKNTIOKH AOIHWEN, €K TWV OTIoiwv N
TTAEIOVOTNTA £TTAOXE QTTO Ogia pueAoyevr Acuxalpia (68%). Ta oTeAéxn Tou yévoug
Aspergillus nTav o o ouxVvog aITloAoyIkOg TTapdyovTag (2.6%) H ouvoAikr) Bvntotnta
Kal n BvntoéTNTa TTOU ATtrod08NnNKe o€ dINONTIKA MUKNTIOKA AOiMWEN 0TOUG aoBevEiC TTOU
TTPooBARBNKav atrd puknTa aveupedn 2% kai 39%, avtioToixa [60]. Ta dedouéva yia
ToV €AAOBIKO Xwpo eival AiyooTd. 2Tnv EAANGDa dI1€CAXON piIa TTPOOTITIKA KaTaypan
o1o [.N.A «Aadiko»atro Tov lavoudpio Tou 2014 éwg kai To Mdio Tou 2015, n otroia
aveEDEIEE 68 vEEG TTEPITITWOEIG dINONTIKNG aoTrepyiAwong avaueoa o€ 2.130 aoBeveig

ME aigaToAoyikr kakonBeia (3.2 mepimTwoelg avd 100 aobeveig), ek Twv oTToiwyv o1 36

31



(53%) €maoxav atrd ogeia puehoyevr Aeuyaipia [61]. H ka MkapaAétoou kal n opdda
NG, PaCICOUEVOI OTA ATTOTEAEOUATA TNG AVWTEPW PEAETNG, TTOU TAV TTAPOUOIA JE OUO
OKOUN eUPWTTAIKEG MEAETEG [62, 63], xpnoiyoTtroinoav £va UTTOBETIKO JOVTEAO yia va
UTTOAOYiOOUV TNV ETTITTITWON TNG dINONTIKNG aoTrePYiAAwOoNG OToug 0oBeveig pe
QIMATOAOYIKY KOKONBEIO OTn XWPa PAg, N OTToia JE BAON T OTTOTEAECOUATA TOUG
avépxetal oto 10% yia Toug aoBeveic pe ogeia puehoyevr) Asuxaipia kar oto 8% yia
TOUG a0B¢eveig TTou UTTEBARBNOAV 0€ AANOYEV JETAPNOOXEUDT TOU JUEAOU TWV OOTWV
[64].

H didyvwon piag dinBnTikAG PUKNTIOKNAG Aoipwéng atroTeAei TTpdkANon kai Xpndel
OIETTIOTNMOVIKAG ouvepyaoiag. MeAETEG BIOWIKOU UAIKOU KATOTTIV VEKPOTOUNG £D€1Eav
OTI n dINOBNTIKN aoTTEPYIAAWON UTTOdIAYIYVWOKETAI € HEYAAO BaBUO Kal pévo ol PIoEG
dINONTIKEG MUKNTIOKEG AOIMWEEIG dlaylyvwaoKovTal TTpIv atrd 1o Bavaro [65]. H éykaipn
Kal Katd 1o duvartd éykupn Oidyvwaon eival eCAIPETIKA ONUAVTIKA yia TNV €vapgn
OTOXEUPEVNG BepaTtTeiag Kal TN Peiwon NG BvnTdTNTag TNG VOoOU. Na T0 0KoTTé auTo,
Tpia oTOIXEiO €ival atrapaitnTa: N KAIVIKI) €IKOvVA, Ta OKTIVOAOYIKA EUPHMATA KAl TO
MIKpoBloAoyika dedopéva. Adyw Tng auénuévng duokoAiag otn didyvwaon Kal TV
QVTIMETWTTION TWV dINBNTIKWV PUKNTIACEWYV, N ETTIOTAPOVIKA KOIVOTNTA €XEI KATAAREEI
Kal TTapéxel oca@eic odnyieg yia Tn dIAyVWOTIKA TTPooEyyion, Tn Beparreia Kai
TTapakoAoubnon Twv acBevwy, KABwG Kal TNV avAaykn Xoprnynong TTPOQUAAKTIKAG
aywyng Kai TpoéAnyng Tng vooou [66, 67, 68]. H BERain didyvwon TNG puknTiaong
QTTAITEI AVATTTUEN TOU JUKNTA KOl QTTOROVWOT| TOU € BIOWIKO UAIKO, €iTE auTO TTPOKEITAI
yla KaAAiEpyela 10ToU, €iTe KaAAIEpyeia aipaTtog 1 GAAou BioAoyikoU uypou TTou €XEl
AN@OBei pe oTeipeg dladikaoieg. Q¢ ek ToUuToU, AOYyWw TNG dUCKOAIOG auTrg TNG HEBGdOoU,
EXouv avatrtuxBei evOAANAKTIKEG, AlyoTeEpo TTapepPaTikég péBodol avixveuong Tng

TTaPOUCiag HUKNTa oTa BIOAOYIKA uypd (aipa, BPoyxokKuweAIBIKO EKTTAUMA), OTTWG N
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yoAakTopavvavn kal n B-D-yAukdvn, ol oTroie¢ o€ ouvOuaouo MPE TNV KAIVIKR Kal
QKTIVOAOYIKK €IKOva BonBouv oTtn didyvwon.

H BOepatreuTikKh TTPOCEYYION TWV dINBNTIKWVY HUKNTIACEWV TTEPIAAUPBAvEl pia o€ipd
QPOPMOKEUTIKWY OUCIWV TIOU OTOXEUOUV KUPIiWG OTn KUTTAPIKA HEPPPAvN R TO
KUTTAPIKO ToiXwMa Tou puknta. O1 aoBeveig JE AIOTOAOYIKEG KAKONBEIEG TTOAU CUXVA
eMpaviCouv ooBapég ouvvoonpotnTes. ETTopévwg, n €MAOY TOU QVTIHUKNTIOKOU
QapPAKoU atroTeAEl TTIPOKANON oTNV KAIVIKA TTPAEN, KABWGS 0 KAIVIKOG yIaTPOG OPEiAEl
va AaBel uttdwn TNV aAANAETTIdOpaon Tou eKACTOTE QAPUAKOU PE AAAO QAPUAKA, TIG
TOAVEG TOEIKOTNTEG KAl TN BEATIOTN OUYKEVTPWON OTO Opyavo-oTdX0. O1 U0 PEYAAEG
Kal 10 Ouxva XPNOIJOTTOIOUPEVEG OTOV  QIMATOAOYIKO  aoBevr)  KATNYOPIES
QVTIMUKNTIOKWY QAPPAKWYV gival ol alOAEG Kal o1 xivokavdives. H augortepikivn B kai
n NTTOOCWHIOKA HOP®A TNG TTAPEXOUV TO MPEYAAUTEPO QACHA dOPAONG EvavTtl TwV
MUKATWYV. Mapd tnv KaAuTeEPn avoxr TNG ANITTOCWMIAKAG HOPPAG aTTd TOUG QOBEVEIG, N
augnueévn TTBavoTNTA EPPAVIONG TOGIKOTNTAG, IDIWG VEQPPOTOLIKOTNTAG, TTAPAUEVEL Eva
ooBapod pelovéKTnua. Or exivokavdiveg, atrd TNV AAAN TTAEUPAd, TTAPEXOUV PJEYAAUTEPN
ao@AAcIa Kal KaAUTEPN avoxr atmd Toug aoBeveig, aAAd TO @Aopa dpdAong Toug
TTOPAPEVEI TTEPIOPICUEVO KAl XOpnyouvTal atrokAEIOTIKA evOoQAeBiwg . MNapd TauTa,
ouvexiCouv va atmmoTeAoUV TNV KAAUTEPN €TTIAOYA EvavTl TwWV TTEPICCOTEPWV EIDWV
Candida. H gpy@avion vEéwv QVOEKTIKWVY OTEAEXWYV €XElI KATAOTNOEl ETTITAKTIKI TNV
AVAYKN YIa aQVATITUEN VEWV QOPPOKEUTIKWY OKEUAOUATWY PE EUPUTEPO PATHA dPACNG

[69].
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2.4 YIIEPOOPTQ2H 2IAHPOY KAI MYKHTIAKEZ AOIMQZ=EIZ

O1 dINBNTIKEG PUKNTIAKEG AOIMWEEIG ATTOTEAOUV ONPAVTIK aitia BvntdétnTag o€
QVOOOKATEOTOANEVOUG QOBEVEIG HE QINOTOAOYIKEG KAKONBEIEG, AAAG Kal aoBeveig TTou
TIPOKEITAlI VO UTTOOTOUV OAAOYEVI] PETAPOOXEUON. AVANECO OTIG PUKNTIAKEG QUTEG
AoIpWEEIG, N dINBNTIKA aoTTEPYIAAWON ATTOTEAEI TNV TTIO OUX VA JuKnTiaon pe Bvntétnta
TToU UTTEPPaivel TO 80% aKOPN KAl JE TV AVTIMUKNTIOKT aywyH. MNapdyovTeg Kivouvou
yla TNV avamrugn omnentikAg acTrepyiMwong at1roTEAOUV N OUDETEPOTTEVIA, N
TTOPATETAPEVN XPHON KOPTIKOOTEPOEIOWYV, N VOOOG POOXEUPATOG £vaAVTI TOU EEVIOTA
(GvHD) petd a1mé aAAoyevr) HETAPOOXEUON Kal N CUAANOIHWEN aTTd KUTAPOUEYOAOIO

[57, 58].

O 0idnpog BeATiwvel TNV IKAVOTNTA TWV PIKPORiIWV va avatTuooovTal 0Ta KUTTapa Tou
¢evioTr, O0TOUG I0TOUG KAl T UYPA TOU KAl TAUTOXPOVA PEIWVEI TRV QAYOKUTTAPIKA, TNV
XUMEIOTOKTIKA) KAl TNV BAKTNPIOKTOVO IKAVOTNTA TWV OUBETEPOPIAWY Kal Twv
MOVOKUTTApwV. In vitro, o Cidnpog uelwvel TNV TTapaywyr] TwWV KUTTAPOTOEIKWY T-
AEPPOKUTTAPWY, TNV TTOANGTTAQCIACTIKI IKAVOTATA TWV BondnTiKWwV T-AeP@OKUTTAPWYV
Kal Tautéxpova TTapeuTTrodilel Tn Opdon TwV QUOIKWY KUTTAPWY QOVEWV Kal TWV
Moakpo@dywv [70, 71, 72]. EmmpooBeta, KAIVIKEG €peuveg  €deigav  OTI
OVOOOKATEOTOAUEVOI QOBEVEIC PE QINOTOAOYIKEG KOKONBEIEG, O OTToiol avémTuéav
Katrola dINBNTIKA Aoipwgn atrd puknTa, €ixav augnuévo cidnpo opou Kal YePPITIvVN,
Kabwg €miong augnuéva nrav Kal Ta eTTeda KOPEOHOU TNG TPAVOPEPIVNG, EVW
TAUTOXPOVA N CIONPOBETCHEUTIKN IKAVOTNTA HeEIwONKe atn didyvwaon [73]. O1 Karp kai
Merz TTEpIEYypaYav TNV Avodo TNG OI0NPOBECHEUTIKAG IKAVOTNTAG OE TETOIOUG

a0B¢eveic oTa QUOIOAOYIKA ETTITTEDA PETA ATTO AVTIMUKNTIAKA aywyn [74].
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H utrep@OpTWOon O10rPou atroTEAEI avayvVwPIoPEVO TTAPAYoVTa KIVOUVOU avATITUENG
Aoipwéng atrdé poukopuuknta [48, 75, 76]. O1 Corbel kal Eades o6tav évecav oTTOpOUG
Absidia ramosa o€ evaiwpnua o1dfpou augnenke n Bavarn@opog dpdon Toug [75]. 2
TTEIPANATIKA JOVTEAA Cwwv, TTOU €XOUV POAUVOEI JE POUKOPUUKNTA, 1N TTPO0BNKN
o1dripou 1| desferoxamine (TTapayovTag ATTOCIdNPWONG) TTEPIOPICEI ONUAVTIKA TNV
EMPBiwon Twv ETTIVOOWV TTOVTIKIWV. In vitro, o Rhizopus oryzae @Aavnke va (el AiyoTEPO
o€ OuvONnAkeg oTtépnong o1dfpou. MAaAioTa @AvnKe OTI O PNXOVIOPNOG BavATou Tou
MUKNTA YIVOTOV HECW KATAOTPOPNG TNG MEMBPAVNG Twv pIToxovopiwy [35]. ETiTTASov,
EXel TapatnEnBei  agloonuEiwTn OUOXETION HEIWHEVNG  ETTITITWONG  MUKNTIAKWY
Aolpwéewyv PETOEU Twv acBevwyv o€ aigokabapaon Kal TG xpriong desferoxamine yia
TN Beparreia amooidpwong Toug [48]. AvTiBeTa, 01 KAIVOUPIAG YEVIAG TTAPAYOVTEG
atmooidrpwong, OTwg eival 1o  deferasirox dev €xouv OUOXETIOOEI pe augnuévn
ETTITWON PUKNTIAKWYV AolpwEewv. To Deferasirox €ivar TToAU KOAG avekTOd aTTO TOUG
aoBeveic [76].TENog, o Maertens kai o1 ocuvepydteg Tou uTTOOTNPICOUV OTI N
uTTEPOIONpWON Traifel TTOAVWG KATTOI0 PpOAO OTnV avATITUEN POUKOPPUKNTA O€

QIMATOAOYIKOUG a0BeVEIG HETA aTTO aAAOYEVH PETAPOOXEUON [77].

2NUAvTIKO POAO QaiveTal va €XEI N UTTEPPOPTWON CIONPOU KAl OTAV AVATITUEN Kal TV
To¢IkOéTNTa TG Candida. O Abe kal oI ouvepydteg Tou, META atmd TTPOKANON
KAVTIVTIQONG O€ TTOVTIKIA YE augnuévo aidnpo, Traparfipnoav peyaAn diagopd otnv
OvnoluodTNTA TWV TTOVTIKIWY AUTWV (80%) o€ oxéon pe TNV opada eAéyyou (40%) [78].
AloonueiwTo gival eTTiong, 0TI Ta JAKPOPAya TWV TTaIdIWY PE PeiCova BaAaocoaiyia Kal
QIMOOIOAPWON  OXETICOPEVN  ME  METAYYIOEIC  aAvATITUOOOUV  EAATTWHATIKOUG

0&EIOWTIKOUG huNXaviopoug BavaTou Twv €1dwv Candida [79].

H uttep@opTWOon o101 POoU PETA PETAYYIOEWVY O€ AEUXAIMIKOUG a0BEVEIC KAl 0€ a0BEVEiG
TToU AauBdvouv aAloyevr) HeETapdOoxXEUon QaiveTal va atroTeAE Eva onuavTiké CATNUa
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OTIG MEPEG MAG, KOBWG o1 acBeveig auToi TTAEoV (ouv TTEPICCOTEPO Kal AauBavouv
OUXVEG eTayyioelg. Aedopévou OTI N UTTEPPOPTWON OI0MPOU €ival Wia UTTOKAIVIKA
KaraoTaon €ival TToAU TBavo va atroTeAEl Evav atrd TOug TTapAyovTEG KIVOUVOU Yia
TV AvatTugn diNBNTIKWV PJUKNTIOKWYVY AoINWEEwV. ETTITTAéoV €peuveg, TTapOAa autd
ATTAITOUVTAI YIO TOV TTPOOOIOPIOPO TOU POAOU TnNG augnong Tou OIdrpou oTnv
TTaBoyéveon TnG dINBNTIKNG aoTTEPYIAAWONG OTIG AIJATOAOYIKEG KOKONBOEIEG KAl OTOUG

METANOOXEUUEVOUG OANOYEVWIG OOBEVEIG.

O k. Kovtoyidvvng kai n oudda tou, oto MDACC, die¢riyaye pia avadpopikr) MEAETN,
oTnv otroia agloAoynnkav Ta KAIVIKG XOpaKTNPIOTIKA Kal oI atToBAKES 010 pou OTO
MUEAO Twv o0TwVv 0t 33 VOONAEUOUEVOUG AOBEVEIG PE QINOTOAOYIKA) KOKONBEIa UE
dINONTIKN aoTrepyiAAwaon, 6TTWG autd dlaPopOoTToINBNKAV aTTO TNV OPAdA EAEyXOU, N
otroia atroteAouvtav atmmo 33 acBeveig TTou dev ETMITTAAKNOAV ATTO KATTOIA JUKNTIOKN
Aoipwén [58]. O1 aocBeveig eMAEXBNOAv aTTd pia KOOPTH ACOEVWY TTOU €iXE ONPOOIEUBEI
TToAQIOTEPA Oav PEAETN aoBevwyv papTupwy oto MDACC (atd 1o 2emtéuppio 2002
¢wg kal To MdpTtio 2004). Kai o1 dU0 ouadeg KaTnyoplotroinénkav avaloya pe Ta
OnNuUoypaPIKA TOUG OTOIXEIA Kal Ta KAIVIKA TOUG  XApPOKTNPIOTIKA (TT.X. NAIKia, @UAO,
€idog kal oTddlo TNG KkakonBeiag, oudetepotrevia, GvHD, Ajyn uwnAwv d6cewv
KOPTIKOOTEPOEIOWYV). ZUAAEXONKE apXeloBeTNUEVO TTABOAOYOAVATOUIKO UAIKO aTTO
Bloyieg pueAoU TwV OOTWV OTOUG a0BevEiG, TO oTToio BAPTnke pe Xpwon Pearl Blue
Kal agloAoynonke TUPAG atrod €181KO aipatoAdyo-raboAoyoavaTtopo. To popTio o1dripou
OT0 MUEAO Twv ooTwv (BMIS) BaBuovoundnke pe pia kAipaka ammoé 0-4. Qg
uTTEPPOPTWON O10APOoU BewpABNKav TINEG aTTo 3 Kal TTAvw. H coapr) oudeTepoTTEVia
opioTnke w¢g <100 TmoAupopgotrupnva/ mm3 yia > 10 nuéEPEG Kal WG XprHon
KOPTIKOOTEPOEIOWV 0OpIoTNKE N Xprion > 600 mg 1rpedvidvng evidg 1 unvog atrd TV

d1dyvwaon dINBNTIKNG aoTrepyiAAwong (1A).
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OAol ekTOG a110 1 a11d TOUG A0BEVEIG TNV OPAdA PEAETNG EiXav TTVEUPOVIKN OINONTIKA
aoTrepyilNwaon. Zxedov ol piooi (16 acbeveig, 48%) cixav IA Aoyw Tou Aspergillus
fumigatus xai 27 acBevwyv (82%) cixe onuavtikn IA petd atd TTponynbeica xpron
QVTIMUKNTIOKWY QAPUAKwYV. To TTooooTd Bvnoiudtntag oTig 12 efdouddwy otn opdda
MEAETNG NTav 70% (19 atrd 27 aoBeveig). H péon nuépa agloAoynong BMIS og oxéon
ME TN dIAyvwaon dINBNTIKNAG aoTTEPYIAAWONG ATAV CUYKPIOIUN Kal OTIG OUO OPAdEG
(Mivakag 1) (P 5.3). Kai o1 U0 opadeg ATAV OUYKPIOIMEG OO0V aPopd Ta ONUOYPAPIKA
OTOIXEIO KAl TA KAIVIKA XAPOKTNPIOTIKA oUuTTEPIAQUBavOPEVNG TG NAIKIAG, Tou QUAO,
TOU TUTTOU KAl TNG KATAOTOONG TNG KOKONOe€log, TNG UTTOBOANG o€ aAAoyevi
METAPOOXEUOTN MUEAOU TWV OOTWV , TNV oudeTepoTTevia, Tou GVHD, Tn Afwn uwnAwv
000EWV KOPTIKOOTEPOEIdWYV Kal Tn Aoipwen amdé CMV. Qotdoo, n dIdueon TiUR Tou
APACHE Il score BpéBnke va ival upnAdtepn otnv opada peAETng (13, eupog, 5—22)

o€ oUykpion Pe TNV opdada eAéyxou (12, eupog, 5-22) (P 5,04).
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H mAsioynoia Twv acBevwv pe 1A (23 ammd 33 acbeveic [70%)) eixav augnuévn
BaBuoAoyia BMIS (3) o€ ouykpion ue Toug aoBeveic eAéyxou (6 atrd Toug 33 aoBeveig
[18%]) (P <.0001) . ZTnv TTOAUTTApPAyOVTIKA avaAuon, auénuévo okop BMIS (OR 12,3,
95% Cl, 3,4-44,9 [P <.0001]) kai BaBuohoyia APACHE II> 11 (OR 5,16, 95% ClI, 1,3—

20,5 [P 5,01]) Bpébnkav va cival avegdptnTol TTAPAYoOVTEG KIVOUVOU YIa avAaTITUgn
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dINBnTIKAG aoTtrepyilMwong. Emeidn n uwnAdtepn didpeon i oto APACHE Il otnv
oudda pe IA oe ouykpion Pe TNV opada eAéyxou Ba utropouce mBavoTarta va
avTavakAd d1apopEG TNV OVOCOKATACTOAN 0€ QUTOUG TOUG A0BEVEIG avTi va aTTOTEAEI
TTapdyovTa KIvouvou yia |A per se, €yive eTTavaAnyn NG TTOAUTTAPAYOVTIKAG avaAuong
a@ou atrokAgioTnke To APACHE kai d1a1mioTwonke 611 0 augnuévog aidnpog oTo HUEAO
TWV 00TWV ATAV N uévn onuavTikr hetaBAnTr mou oxeTiCetal pe 1A (OR 12,4; 95% Cl,

3,9-38,9[P<.0001]).

Mivakag 1
TABLE 1
Characteristics of Patients in the Control and Study Groups and Results of Univariate and Multivariate Analyses

Univariate analysis Multivariate analysis

Characteristic Control patients Patients with 1A OR (95% CD P OR (95% CD)
Median day of BMIS evaluation (range)’ 8 (~160 to - 180) 9 (~34410 - &) - 3000 - =
Median age (range), y 30 (2-78) 56 (25-78) = 3500 - -
Male sex 18/33 (55%) 2/33 (61%) - 8000 - -
MDS or AML' 11/33 (33%) 15/33 (45%) - 4500 - -
Active malighancy 17/33 (52%) 24/33 (73%) = 1700 - -
Neutropenia (< 500 cells/m”) at diagnosis 12/33 (36%) 14/33 (42%) - 5200 - -
Severe neutropenia (< 100 cells/mm” for > 10 days)* 6/33 (18%) 7/33 21%) - 7500 - -
Lymphopenia (< 500 cells/mmr’)} 17/33 (52%) 21/33 (64%) - 4500 - -
Monocytopenia (< 10 cells/mm*? 12/33 (36%) 14/33 (42%) - 8000 - -
Significant corticosteroid use® 8/ (24%) 14/33 (42%) - 1900 - -
Allogeneic HSCT! 8/3 (24%) 14/33 (42%) - 1900 - -
GVHD 2/8 (25%) 8/14 (57%) - 2000 - -
CMV reactivation 3/33 (9%) 9/33 27%) - 1800 - -
History of diabetes mellitus 43 (12%) 7133 21%) - 5100 - -
APACHE Il score > 11 17/38 (52%) %133 (79%) 35 (12-10.3 0300 516 (13205 0100
Median APACHE Il score (range)" 12 5-22) 13 5-22 - 0400 - -
Manutrition (abumin level < 3 mg/dL)* 17/3 (52%) 2/33 (67%) - 3100 - -
Increased BMIS score (>3)" 6/33 (18%) 2133 (70%) 10.4 (32-328) <0001 123 (34449 < 0001

IAindicates imesive aspergillosiss OR, odds ratio; 5% Cl, 95% confidence interval; BMIS, bane marrow iron storess MDS, myelodysplastic syndrame; AML, acute mydogenous Jeukanix; HSCT, hemawopoietic
stem cell tensplantatiory GVHD, grafi-vesus-host disease CMV cyomegalovirus APACHE, Aaute Physialogical and Chranic Health Evaluaton

* The days of BMIS evahution were assessed with mspect to the day of dizgnasis of 1A (study group) or the day of haspitalization (wntrdl goup). There were no statistically significant differences noted with
regard o the date of hospitdizaton baween the patienss in the study and thase in the contral group (data not shown).

! Of the 33 patienss with hematdlogic malignancies and IA, 10 had AML, 9 had nan-Hodgkin lymphama 5 had MDS, 2 had acute lymphotiastic laukemia, 2 had chronic lymphocytic leukemia, 2 had chronic
myelogenous Jeulemia, 2 had Hodgkin disese, and 1 had multiple myelama. Of the 33 wntral patients with hematologic malignancies, 10 had non-Hodgkin lymphoma 9 had AML, 4 had 2cute ymphohlastic
leukemia, 4 hed dhranic lymphocytic leukemia, 2 had MDS, 2 had multiple myeloma and 2 had chonic myelogmous leukemia.

¥ At the time of dizgnasis

% Prednisane equivalent (> 600 mg) administered during the month beare he diagnasis of 1A was made.

! Four of 8 allageneic HSCT recipients in the cantral group (50%) and 7 of 14 allogeneic HSCT recipients in the study group 50%) mceived transplanss fram mismatched related or maiched unrelated danars
(P=165).

YIngeased BMS (>3) was found to be the anly independent factar associated with 1A (P <. 0001; OR of 12.4 (5% Cl, 3.9-389]) an siepwise Jogistic regression analysis perfomned after excluding the APACHE
11 scare fram the model

‘A vwl of 23, 8, 5,and | cntrol patients and 5,5, 16, and 18 patients with 1A had an iron scom an bane masow biopsy analysis with 2 BMIS scare of +1, +2, +3, and +4, respectively

Ta TTAEOVEKTAPATA TNG AVWTEPW PEAETNG O OXEon UE UEAETEG TTPIV aTTd AUTH Eival O
MEYAAUTEPOG apIBUOG aoBevwy, N XpHon TNG opadag acBevwyv PapTupwy Kal n
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OMOIOYEVEIQ PETAEU TwV OUO OUAdWY KAl N TIPOCEYYION TNG UTTEPPOPTWONG O1drPou
OTOUG A0BeVEIG HEOW TNG METPNONG TNG CUYKEVTPWONG AUTOU OTO PUEAO TWV 00TWV
TTou OTTWwG £xel atrodeitel TTahaidTepa o Strasser kal N oyAada TOU TTPOCOMOIACE! TN
OUYKEVTPWON OTO ATTAP Kal atroTeAE agldtTioTo OikTn. MapdAa autd TTPOKEITAI yIa PId
QvadPOMIKY) MEAETN, aATmd TNV OToia  AEITTOUV  XPAOIMOI  TTAPAPETPOI OTTWG TO
XNUEIOBEPATTEUTIKO OXNUA, T ETTITTEdA QPEPPITIVNG KAl TOU OI0APOU 0poU, TO XPOVIKO
d1dotnua amd Tnv dIAyvworn TNG KAKonBeiag Kabwg Kal 0 apIBPOg TwWV PETAYYIOEWV

TToU €ixe AGPel 0 kKGBe aoBeVAG.
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3. EIAIKO MEPOZ
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3.1 EIZACQrH

Eival eup€wg yvwoTo 611 01 a0BevEiG PeE aINATOAOYIKO KAPKiIVO, GUXVA ETTITTAEKOVTAI JE
MUKNTIOKEG  AOIMWEEIG, TTOU  PTTOpEl va  gival  Bavatrngeopeg [80]. H  Papia
QVOOOKOTOOTOAN, €iTe ammd TO0 aigatoAoyikd voonua autd kad’ autd eite ammd TN
xopnyoupevn xnueioBepatreia, kKaBiotolv 1O 00Beviy €UAAWTO OTIG MUKNTIOKEG
AOIHWEEIG. ZnUavVTIKO pOAo dladpaparifel n €gacBEvnon TNG QUOIKAG avooiag
(MElWEVOG apIBUOG Kal AEITOUPYIKOTNTA TWV OUDETEPOPIAWV KAl TWV PAKPOPAYWV)
Kabwg kal TNG T KUTTOPIKAG avooiag, n oTroia €ival €CAIPETIKA ONUAVTIKA yia TAV
QavOOOAOYIKH aTTadvTnon €VAVTIO OTA EVOOKUTTApPIa TTaBoyodva.

H eTTiTrTwon Twv dINBNTIKWY JUKNTIOKWY ACIHWEEWV €ival IBIAITEPA UYNAN 0€ a0BeVvEig
ME ogeia pueAoyevr) Asuxaidia Kal JUEAOBUOTTAAOTIKG OUVOPONO uwnAoU KIvOUVOoU TTOU
EXEl EKTPATTEI, a@OU oI acBeveic autoi AauBdavouv evTaTIKOTIOINUEVA OXAuUaATA
XNUEIOBEPATTEILIV TTOU 0BNYOUV O€ TTAPATETAPEVN OUDETEPOTTEVIA, £vAV ATTO TOUG KAAD
€OPAIWMPEVOUG  TTAPAYOVTEG KIVOUVOU yia OINBnrikég  puknTidoels [81].  AAAol
TTOPAYOVTEG  KIVOUVOU €ival N  XOpnyron OvOOOKOTACTOATIKNG Beparreiag, n
TTOPATETAPEVN XOPHYNON KOPTIKOOTEPOEIDWY, N VOOOG JOOXEUPATOG EVAVTI TOU EEVIOTH
OTOUG a0B¢eveiG TTOU UTTORBAAAOVTAI 0€ AAANOYEVT) HETAPNOOXEUOT HUEAOU TWV OOTWV KOl
N oUAANOipwEN pE KUTTAPOPEYaAOIS. MeAETEG €xouv Ocgigel OTI O KivOuvog dINBNTIKNAG
MuKnTiaong e€ival augnuévog o€ aoBeveic PE UTTOTPOTTIAWY 1 QVOEKTIKO OTn
XnueloBeparreia utrokeipevo voonua [82] O1 vedtepeg Bepatreieg, OTTWG o1 PIOAOYIKOI
TTOPAYOVTEG €XOUV KAVEl TNV €i0000 TOUG OTNV KAIVIKA TTPAKTIKA KOl QaiveTal va
atroteAoUV €va akOun avadudpevo TTapayovra kivdouvou [83, 84, 85]. EvrouTolg, ol
dINONTIKEG pUKNTIAOEIG dEV TTPOCBAAANOUV aveCapTATWS OAOUG TOUG uYWnAoU KIvoUvVou
a00EeVEiG, YEYOVOGS TTOU UTTOBEIKVUEI TNV AVAYKN YIA TTEPAITEPW avalATNoN AITIOAOYIKWV

Tapayoviwv [57, 58, 86]. H Paburtepn yvwon pag yia Toug TTPOdIABECIKOUG
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TTOPAYOVTEG yIa AVATITUEN dINBNTIKWY PUKNTIAKWY AOIJWEEWY ' aQuTr TNV eUGAWTN
opaGda acBevwyv uTTopei va atroteAéoel BAon yia VEEG TTPOPUAAKTIKEG BEpATTEIEG KAl
OTPATNYIKES TTIO £YKAIPNG BEPATTEUTIKAG TTApEPBaong.

Méxpl onuepa, €xer atmmodeixBei in vivo o€ PJOVTEAA TTOVTIKWY OTI O Oidnpog Traidel
onuavtike  poAo otnv  TaBoyéveon TNG  OINBNTIKAG  aoTrepyilMwong,  0Tn
MOUKOPPUKWON Kal aTn dIN6nTIKr KavTivtiaorn. EmTpoodera, o€ in vitro YENETEG N
oTépNon o18ripou 0dryNoE OTNV ATTOTITWON TOU JOUKOPQA, EVIOYXUOVTOG TNV UTTowia OTI
N UTTEP@OPTWOTN TOU OPYAVIOUOU UE CidNPO UTTOPEI va atToTEAE TTapdyovTa KIvoUuvou
yia dINBNTIKEG JUKNTIAOEIG.

O cidnpog diadpapatifel onUAvTIKO POAO OTnV TTaBoyEveEON TwV AOINWEEWY, KABWG
EVIOXUEI TNV IKAVOTNTA TWV TTABOYOVWY va TTOAAATTAACIACOVTAI EVTOG TWV KUTTAPWYV,
TWV I0TWV Kal TWV opyavwy Tou gevioTr [70]. EmimpdoBeTa, o gidnpog mmapepPaivel
oTtn d1adIKacia TNG avooOAOYIKNG ATTAVINONG TOU opyaviopou oTig Aoipweelg [3]. O
oidnNpPog £xel avei in vitro OTI PEIWVEI TNV GAYOKUTTAPIKN, TNV XUUEIOTAKTIKI KAl TV
BAKTNPIOKTOVO IKAVOTNTA TWV OUBETEPOPIAWYV KAl TWV POVOKUTTAPWY, TV TTAPAYWYN
TWV  KUTTOPOTOGIKWY  T-AEUPOKUTTAPWY, TNV TTOAAATTAQOCIACTIKI IKAVOTNTA  TWV
BonénTikwv T-AEPPOKUTTAPWY KAl TAUTOXPOVA TTAPEUTTODICEI TN OPACN TWV QUOIKWV
KUTTAPWYV QOVEWYV Kal TwWV Jakpopaywy [70, 71, 72].

Ava@OopIKA JE TOUG PMUKNTEG, PAivETAl O 0IdNPOG va €ival KAl 0€ AUTOUG ATTAPAITNTOG
yla TNV avamTugn kai 1 Aoigoyévo dpdaon toug [87]. OTrwg ocupPaivel kal ye 1a
BakTApla, O PUKNTEG XpeIAdovTal TO Oidnpo yia Tnv emBiwor Toug, KaBwg eival
ATTOPAITATOG YIA BIOAOYIKEG DIODIKATIEG, OTTWG N aAvTIypa®r Kal n uetTaypa@r) tou DNA,
0 MeTaBOAIOpSG Kal n TTapaywyn evépyelag [88, 89]. O1 puknTEG €XOUV AVATTITUEEI
TTEPITEXVOUG UNXAVIOUOUG TTPOKEIMEVOU VA QATTOKTAOOUV TOV TTOAUTIUO YIA QUTOUG

oidnpo, OTTwg n METATPOTI TOu TPIoBevoug o€ 8I0Bevh Oidnpo, n Tapaywyn
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o1dNPoPoépwWV Hopiwv, n ammdéktnon oidhpou atmd TNV adlgooPaipivn, N XpPHon
&evoo1dNpoPopwyv popiwy, K.A. [87, 89]. MeAéteg oe povTEAa (wwv €B€IEav OTI, in Vivo,
o 0oidnpog dladpapariel onuavtikd pPOA0  OTnV  avdamTugn NG  dINONTIKNAG
aoTTEPYIAAWONG, TNG HOUKOPPUKWONG Kal TTIBavoTata Kal TnG dInnTiKAG KavTivTiaong
[65, 73]. AvTIBEéTWG, N aTépnon OIdAPOU TTPOKAAECE ATTOTITWON O0Tov Mucorales, in
Vitro Kal o€ TTEIpaPATIKA JovtéAa [35, 76].

O1 aoB¢gveig pe ogeia pueloyevny Asuxaiyia | JUEAOBUOTTAACTIKO GUVOPOUO UWNAOU
KIVOUVOU O€ €KTPOTTH], £€XOUV PEYAAN avAaykn KaBnuepIvwv PeTayyioewyv pe Movadeg
2UMUTTUKVWHEVWY  EpuBpwyv, ToU  TrepiExouv  aidnpo [90]. Q¢ ek TOUTOU, N
UTTEPPOPTWON TOU EKACTOTE A0BEVOUG PE OidNPO AOYW TTOAAATTAWY PETAYYIOEWV Eival
avatré@euKTn. AaupavovTag uttoywn, Tn onuacia Tou oOIdAPoU OTnV eTRiwon TwWv
MUKATWYV, YEVVATAI TO €PWTNUA €AV N TTEPICOEIN CIOAPOU OTOV OPYAVIOUO ATTOTEAEI
avecapTNTo TTOPAyovVTa KIVOUVOU YIO TNV avdamTugn dinonTikKwy  JUKNTIOKWY
Molpwéewyv. O1 €wg TWPa ONUOCIEUPEVEG KAIVIKEG PEAETEG TTOU TTPOOTIABNOAV va
€EUTTNPETHOOUV AUTO TO OKOTTO €ival iTE AVadPOMIKEG, €iTe e¢ETacav PIKPO TTANBUO O,
€iTE XpNOIYOTTOINCAV TTAPAPETPOUG YIa va atTodEiCouv TN HEYAAN TTOOOTNTA OIdrPOU
OTOV Opyaviouod, TTou eTTNPEACOVTAI AVATTOPEUKTA KAl aTTO AAAOUG TTAPAYOVTEG, OTTWG
gival n idla n @Asypovn [58, 74, 91]. Aigiyaue, AoITTOV, Hia TTPOOTITIKY|, TTOAUKEVTPIKNA
MEAETN O€ aoBeveig pe TTpwTodIAYVWON 0&eiag Asuxaidiag rj HUEAODUCTTAQOTIKOU
ouvOpPOUOU uWnAoU yia EKTPOTTH KIVOUVOU, PE OKOTTO va dIATTIOTWOOUHE KATA TTOCO
TO QOPTIO 010N POV, OTTWG AUTO PETPATAI OTO HUEAO TOV OOTWYV, ATTOTEAEI AVEEAPTNTO

TTapAyovTa KIvOUVOU YIa TV avATITugn dinbnTIKAG MUKNTIOKAG AOiNwENG.

43



3.2 YAIKA KAl MEOOAOI

3.2.1 NMTANBUOPOG TNG HEAETNG

2Tn MEANETN oupTtepIEA@ONoav OAol o1 aoBeveic avw Twv 18 €TwWv, o1 oOTTOIOI
dleyvwobnoav pe ogeia puehoyevr 1] HUEAODUOTIAQOTIKO OUVOPOUO TTOU EKTPATIEI,
TTPOTOU AdBouv OTTOIadNTIOTE BOEPATTEid yIA TO UTTOKEINEVO VOONUA TOUG, EiTE
OVOOOKATOOTOATIKI)  €iTE  avoooTpotroTroINTiKA. Elofxbnoav aobeveig ammd TG
QIMATOAOYIKEG KAIVIKEG ) TUAMATA TEOOApwvY TPITORABUIWY voookouegiwv. Na Tnv
€1I0QYWYIN TOUG OTN WEAETN ETTPETTE va €xOouv UTTORANBEI oTa TTAaiola TNG dIAyvVwOong
TOUG O€ OOTEOMUEAIKN Blowia pe avappd@non HUEAOU TwV 00TWYV. ATToKAEioBNkav atrd
TN MEAETN, QOBEVEIG JE AVAUEVOPEVO XPOVO ETTIRIWONG KATW ATTO TEOOEPIG ELOOPADES
Kal 600l gixav aToixeia evepyou dINBNnTIKAG puknTioong otn didyvwaor) Toug. O1 acBeveig
TTapakoAouBouvTav yia €va XpOvo HETA TNV €100ywyr) TOUG OTn MEAETN yia Tnv

avaTrTugn dINBNTIKNAG HUKNTIOKAG AOipwENnG.

3.2.2 ZuAAoyn OTOIXEIWV KAl UAIKWV

A6 kKdBe aoBevr) TTou €10AXON 01N HEAETN CUAAEXBNOav, KATOTTIV TNG avappoPnong
MUEAOU TWV OCTWV TIOU TIPAYUATOTIOIOUVTAV Oav €AEYXOG pPOuUTivag aTrd TOug
BeparrovTeg yia T dIAyvwor Toug, OUO0 TTAOKAKIO PUEAOU TWV OOTWV VIO XPwon
o1dripou (Sigma-Aldrich Iron stain HT20). ETriTAéov, kataypdagovtav 1a dnuoypapikda
oToIXEIa TWV a0BevWV OTTWGS NAIKIA, QUAO, TO €i00G TNG UTTOKEINEVNG KAKONOEIOG, EVW
TauTtOxpova AauBdavovtav 1aTpIKO I0TOPIKO YIA T OUYKEVIPWON OTOIXEIWV OTTWG O
oakxapwdng OIaBATNG, TO I10TOPIKO METAYYIOEWV HE MovAdEG ZUNTTUKVWHEVWV
EpuBpwv Kal n xprion KopTIKOOTEPOEIdWV. ATTO TOV APXIKO £PYOOTNPIOKO £AEYXO
pouTtivag, oUuAAéyovTav yia KAGBe aoBevrh) oToIxEia OTTWG O aTTOAUTOG apPIBPOG

OUBETEPOYIAWY, N aIgoc@aIpivn 0poU, O APIBUOS TWV AIMOTTETAAIWY Kal 0 0idNPog Kal
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N QEPPITIVI 0POU. Z€ TTEPITITWON OUDETEPOTTEVIKOU EUTTUPETOU YIVOTAV EKTINNON TWV

OI0BECIUWY  ATTEIKOVIOTIKWY  €CETACEWY  (aKTIVOypa@ia Bwpakog R/Kal  agoVIKA

TOMOYpPOQIQ).

3.2.3 Mé0odol Kal avaAuon dedopévwv

OudeTepoTreVia
[MNa TNV eKTiNON TNG OUBETEPOTTEVIAG TWV ACOEVWYV, BEWPROAUE WG OUDETEPOTTEVIKOUG
TOUG aaBeveig TTou gixav oudeTepOPIAa<500/mm3 vy N OUBETEPOTTEVIQ OPICTNKE WG

coBapr] dTav 0 apIBUOGS TWV OUBETEPOPIAWY NTaV XaunAGTEPOG aTTd 100 KUTTApa/mm3.

KopTiKkooTEPOEION
H xpAon Twv KOPTIKOOTEPOEIBWY ATTO TOug aoBeveig BewprnOnke agidAoyn, étav o
a00evAg uttepEPaive Tn doon Twv 600mg TTPEdVICOVNG YIa TOUAAGXIOTOV £V Uiva TTpIv

atro TN d1dyvwaon TNG dINBNTIKAG MUKNTIOONG.

KaTtnyopieg AinBnTikwv Mukntiakwv Aolpwiswv

Na Tnv KAtnyoplotroinon TwV HUKNTIOKWY  AOIJWEEWY  XpnoldoTroinénkav  1a
avavewpéva kpimpla EORTC/MSG. Zup@wva PeE Ta avwTépw KpPITHRpIa, KABe
OUMUETEXOVTOG OTN MEAETN TTOU EUPAVICE OUDETEPOTTIEVIKO EUTTUPETO KAl EPOCOV
MTTOPOUCE VA OTOIXEIOBETNOEI PUKNTIOK avATITUEN o€ KAANIEPYEIa ) O€ 10TO KATOTTIV
Broyiag kal 1I0TOTTaBoA0yYIKAG €EETAONG 1 AUEONG MIKPOOKOTINONG KATATAOOOTAV WG
EXwvV atTodedelyuévn PuknTIoK Aoipwéen (proven). O aipatoAoyikog acBevig, OuweG,
TTOU QVETTTUOOE OUDETEPOTTEVIKO EMTTUPETO Kal OEV NTAV dUVATO VA £XOUUE KATTOIA ATTO

T QVWTEPW VIO VA OTOIXEI0BETNOEI Aueon dIdyvwaon, KATATAOCOTAV OTNV TTEPITITWON
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TNG TIPOPavoug (probable) dINONTIKAG MUKNTIOKAG AOiMwENG, €@OCOV TTAnpoucE
OKTIVOAOYIKA eupfpaTa cupBatd pe dinbnon 10Tou ammd puknTa r)/kal BeTIKO avTiyovo
B-D yAukdavng i yaAaktopavvavng. Q¢ nuepounvia évapéng g ekAoToTe dINONTIKNAG
MUKNTIOKNAG Aoipw¢ng opiddtav n nuépa eU@Aviong KAIVIKAG CUUTITWUATOAOYIAG
oupgBamg i n nuépa diIdyvwong Tng OINBNTIKAG pukntiaong de PBdon 1A

KAIVIKOEPYQOTNPIAKA /KAl T ATTEIKOVIOTIKA dEDOUEVA.

Xpwon o16npou MugAou Twv OoTwy Kal ZuoTnua Babpovéunon

Ta ouNeXBEVTA TTAOKAKIO HETA TNV APXIKI avappoPnon MUEAOU Twv ooTwV Bagovtav
ME xpwaon o1dfpou Sigma-Aldrich HT20 kai KaTtoTTv JIKpooKOTTNONG faBuovououvtav
atro 0-4, avaAdywg Tou QopTiou 0181 Pou TTou dIaTTIoTwVOTav. M0 cuyKekpIpéva, OTav
n Xpwon avadeikvue atrouaia, PMIKPA N METPIO CUYKEVTPWOTN OIONPOU OTO HUEAO TwV
00TWV, TOTE Ol atmoBnikeg O10fpou Tou aoBevoug Babuovopouvrav pe okop 0,1 1 2
avtioToixa. MeyaAuTtepeg ouykevipwoelg Babuovopouviav he okop 3 1 4 Kal
avTioToIXoUOQV Of€ QUENUEVEG TTOOOTNTEG OIDAPOU OTO PUEAS Twv 00TWwV. TEAOG,

BewpnBnke OTI Ta OKOP 3 KAl 4 APopoUCaV O0BEVEIG UE UTTEPPOPTWON O10rpou [92].

21aTIOTIKN) AvAAuon Agdopévwv

MNa TNV TTEPIYPAPIKT) OTATIOTIK avAAuon Twv OedOPEVWY XPNOIKMOTIOINCAUE T PEON
TIu (mean, SD) yia KavoviK& KATaVEUNPEVEG OUVEXEIG HETABANTEG Kal TN dIAPEDN TIUA
(25° -75° ekaTOOTAUOPIO) YIO PN KAVOVIKA KATAVEUNMEVEG OUVEXEIG ETABANTEG. [Na TIG
TTOIOTIKEG PETARANTEG XpnoipoTromenkav atmoAuTeg (N) kal oXeTikEG (%) ouxvOTNTEG.
2x€0100TNKE KAUTTUAN Kaplan-Meier yia Tnv avAarmtugn dinbnTikNAG JUKNTioong KaTd 1O
d1doTnua TTapakoAouBnong Twv acBevwv pe BMIS <3 kai Twv acBevwy pe BMIS >3.

To oT1aTIoTIKO Pag POVTEAO yIa TNV aviXVeuon TTapayovIwy KivOUvou TrepIEAGuBave
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MOVOTTAPAYOVTIKI) KOl TTOAUTTAPAYOVTIKA avAAuon AoYIOTIKAG TTAAIVOPOUNONG yia TIG
ouvexeic METOBANTEG Kal  AOYIOTIKI)  TTAAIVOPOPNON  YIO TIOIOTIKEG METARANTEG.
[MoAutrapayovTiky avaAuon AoyIOTIKAG TTaAIvOpOuNoNG  XPNOIMOTIOINBNKE  yIa
TTeEPAITEPW OIEPEUVNON TNG CUOYXETIONG TOU augnuévou BMIS score kail TG avamrugng
dINONTIKNG MUKNTIAKAG AOipwENG KATA TO dIACTNUA TTAPpAKOAOUBNOoNG, ME TTIPOCAPHOYH
OTOUG YVWOTOUG aveCAPTNTOUG TTAPAYOVTEG KIVOUVOU, OTTWG N oudeTepoTrevia (4 n
Bapid oudeTePOTTEVIQ), N XPrON KOPTIKOOTEPOEIdWY, O OAKXOPWdNG dIABATNG, N KAKA
Opéwn kai Ta ETTITTEdA OIBNPOU KAl QeEPPITIVAG Oopou Katd Tn diayvwon. Mapd tnv
aduvayia aveupeong avecapTnTou TTapAyovTa KIvOUVoU yia TV avattugn dinbnTikig
MUKNTIOONG aTTO T JOVOTTAPAYOVTIKA) avAAUCT), TTPOXWPENOAUE OE TTOAUTTOPAYOVTIKI)
avaAuon, OIOTI 0€ OTTAVIEG TTEPITITWOEIG, N OTATIOTIKA) ONUAVTIKOTNTA AvadEIKVUETA,
MOVO epdoov An@Bouv uttown OAeg ol petapBAnTég [93]. Epappooaue duo avaAuoelg
euaioBbnoiag, CalpwVTag Toug AoBeveiG pe HUEAOBUOTTAACTIKO GUVOPOUO OE EKTPOTTA
oTnv  TTPWTN KAl TOUug aoBeveic pe  dINONTIKA  KavTivrioon oTn  OeUTEPN,
XPNOIMOTTOIWVTAG Ta idla povTéAa. YTToAoyioaue, €1miong, Toug AOyoug TTBavoTATwy
(odds ratio) kai Ta 95% diacTtpara eutmoToouvng (95% Cls). To etmiredo OTATIOTIKNG
onPavTikeTNTa 0pioTNKE WG <0.05. OAeg o1 avaAuoeig TTpaypatoTroinénkayv pe 1o Stata

14 software (Stata Corp., College State, TX, USA).

47



3.3 ANNOTEAEZMATA

21N MEAETN elonxbnoav 129 aobeveig, ammd Toug otroioug 31 artrokAgioTnkav, Katd
KUPIO AGYO OI0TI dev uTthpxav d1aBéaiua dUo TTAAKAKIa JUEAOU TwV 00TWYV, TA OTToid
va JTTopouV va BaBuovounBouv yia To gopTio a10rpou, Bacn oxedlaopou TNG JEAETNG,
KUpiwg yiati dev dIEBeTaV agloAoyro1uo UAIKO (dry-tap). Ta dnuoypa@ikd Twv aoBevwv
mepIAapBavovrtal otov Trivaka 1. EBdopnvTa €61 (77.6%) aoBeveig ETTaocyav atod ogeia
MueAoyevr) Asuxaipia kal 22 (22.4%) otrd pueAodUOTTAACTIKO OUVOPOPO uywnAou
KIVOUVOU O€ eKTPOTTH. H TTASlopn@ia Twv aoBevwyv TTou e1of)xOnoav otn HeAETN (95/98)
eAAuBave TTPOQUACKTIKY aywyr] yia HUKNTeEG. Kard 10 XPOVIKO OlaoTnua Tng
TTAPAKOAOUONCONAG TOUuG, 22 acBeveig (22.4%) aveTTTugav diNBNTIKA puknTIOK Aoiuwén.
H didueon Ty Tou Xpovou gu@Aaviong TnG TTPOOROANRG atmd puknTa ATav 21 nUEPES
META TNV OPXIKN EKTIMNON Kal elcaywyn otn YeEAETN (dlakupavon 0-319 nuépeg). H
KauTTUuAn Kaplan-Meier yia Tnv avarrugn dinbnTiKNAG JuknTiaong @aivetal 0To XXANA
1. O1 aobBeveig ep@aviav katd Kuplo Adyo diNBNTIK aoTrepyilwaon (n=16) kal wg eTTi
TW TTAEIOTW XAPOAKTNPEIOTNKAV WG TTPOQPAVEIG MUKNTIOKEG AOIHWEEIG JE BAon Ta KPITAPIA
EORTC/MSG (MNivakag 2). To ouvolo Twv acBevwyv TTOU QVETTTULE dINONTIK
MUKNTIOKN AOipwENn (n=22) ATavV OUYKPIOIJO PE TO OUVOAO TwV aoBevwyv TTou Ogv
TPooBAABNKav atrd puknTa (n=76), 6oov agopd Tnv nAKKia, To QUAO, TN XpPHon
KOPTIKOOTEPOEIOWV, TO IOTOPIKO CAKYXAPWOOUG dIaBrTN Kal TNV UTTOAABOUNIVAIUIa KATA
N d1dyvwor] Tou. Bprkaue OT1 01 aoBevei¢ TTou £maocxav amrd ogeia pueAoyevi
Aeuxaigia ep@aviav oe PEYAAUTEPN OUXVOTNTA dINONTIKEG MUKNTIOKEG AOINWEEIG
(95.5% €vavti 73.7%), oudetepoTrevia (40.9% EvavTi 23.7%) kal Bapid OUDBETEPOTTEVIQ
(27.3% évavT 13.2%), pe Bdon 1a dedopéva TTou CUANEXBNKAV OTNV apPXIKK EKTiUNON
Twv aoBevwv. AgiCel va onPEIWBED OTI, HETA TNV APXIKN EKTIUNON KAl TN OUAAOYH TWV

TPWTWV OedOUEVWV YIO TOUG aoBeveig, OAol EAaBav dueon XNUEIOBEPATTEUTIKA
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OoXAMOTA yIa TN VOOO TOUG Kal £yIvav oudeTePOTTEVIKOI. OI U0 OPAdEG TTPOG MEAETN
EMPAvVICav OTNV APXIKH EKTIUNON CUYKPIOIPEG TINEG O10rPOU 0POU KAl PEPPITIVNG, OTTWG
@aiveral kal oTov Trivaka 1. MNapduoia ammoteAéopaTa TTapatneRdnkav Kal 6oov agopd
TNV UTTEPPOPTWON CIBPOU OTO HUEAS TwV 00TWV (36.4% OTNV OpAda TWV a0BEVWY
TTOU eP@Avioav dINBNTIk pukntiaon évavti 40.8% otnv £€1epn oudda).

H povotrapayovTikr) avdAuon £3¢€1&e 0Tl 0 PoOvog TTPodIaBeaIKOG TTapayovTag yia
dINONTIKI MuknTiaon Atav n veodldywon oggiag puegAoyevoug Aesuxaipiag. Tlio
OUYKEKPIPEVA, ol aobBeveig autoi eugaviCav 7.40 (95% Cl: 1.05-325.42) @opég
MEYOAUTEPN TTIBAVOTNTA va AVATITUEOUV dINONTIKN) PuknTiaon O Oxéon ME TOUG
aoBeveic TTOU €ixav PUEAODBUOTIAQOTIKO OUVOpPOPO Ot ekTpoTr. lNapd Tauta, n
TTOAUTTOPAYOVTIKI] avAAuon Oev avéDEICE KAvEVA OTATIOTIKA ONPAVTIKO TTapdyovta
KIvOUVOU yia dINBNTIKA JUKNTIOON KATOTTIV TTIPOCAPHOYNG YIA TIG DIAPOPES HETABANTEG,
OTTWG N OUBETEPOTTEVIQ, N XPHON KOPTIKOOTEPOEIDWY, O CAKXAPWONG dIABNTNG, N KOKA
Opéywn kai Ta emiTreda o1dpPou Kal YepPITiving opou aTtn diayvwon (Mivakag 1). To
BMIS score (>3) dev avedeixBn wg oTaATIOTIKA ONUAVTIKOS TTAPAYOVTAS KIVOUVOU OUTE
KATOTTIV QVTIKOTAOTOONG TNG OUBETEPOTTEVIOG HE Papid oudeTepoTrevia oTo idI0
oTaTIOTIKO povTéAo. (Mivakag S1). MNMpokeigévou va €XOUUE €va TTIO OUOIOYEVEG BEiyua
TTANBUCPOU GO0V AYOoPA TOUG TTAPAYOVTES KIVOUVOU YIa 8INONTIKES MUKNTIAOEIG KAl OV
avaAuon guaiodnoiag, eQappoOoaue To idI0 HOVTEAO ATTOKAEIOVTAG TOUG QOBEVEIC JE
MUEAOBUOTTAQCTIKO OUVOPOWO O€ EKTPOTIH) O€ pia TTPWTN avaAuon (Mivakag S2) kal ev
ouvexeia atmokAgiovtag Toug acBeveic pe dINBNTIKA KavTivriaon o€ pia delTePN
avaAuon (Mivakag S2). Ze kapia atrd TI¢ duo avaAuoelg To BMIS score dev avedeixbn

TTapdyovTag Kivouvou yia dindnTikr JUKNTIAKR AOiuwEn.
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3.4 2YZHTHZH

Méxpl OANEPQ, N ETTIOTAPOVIKA KOIVOTNTA, JECA ATTO EPYOOTNPIOKEG KAl AVAOPOMIKES
MEAETEG 1 MEAETEG TTOU agopoucav HIKPO aplBuo acBevwy, €xel Octitel OTl N
UTTEPPOPTWON TOU OPYAVIOPOU PE OidNPO PTTOPEI va OXETICETAl JE augnuévo KivOuvo
EM@Aviong dINBNTIKAG KavTivTiaong 1 AAANG PUKNTIOKAG Aoipwgng o€ aoBeveig pe
aigatoAoyikEG kakonBeieg [88, 73, 77, 89, 94]. H TpooTITiKA auTh JEAETN OXEDIAOTNKE
ME OKOTTO va aTTodEigEl, €AV TO AQUENUEVO QOPTIo OIdNPOU, OTTWG AUTO PETPATAI OTIG
atrofnkeg O1I0APOU OTO MUEAO TWV OOTWV OXETICETAl PE MEYOAUTEPN TMOAVOTATA
TIPOOBOAAG aTTd dINBNTIKA pUKNTiaon o€ aoBeveig TTou £TTacyav atrd ofeia JUEAOYEVR
Aeuxaipdia ) JUEAOOUCTTAQOTIKO OUVOPONO WE TTEPIcTEIa BAACTWY TTOU TTAPOUCIALEI
EKTPOTTH.

MeAetrioape 98 aoBeveig pe Ta TTAPATTAVW VOO UATA KAl KATAANEAUE OTI TO QUENUEVO
@opTio 018 pou oTo PUEAS Twv ooTwv (BMIS score >3) &¢ oxetiCetal pe auénuévn
mlavoTnTa  dINBNTIKAG  PUKNTIAKAS  Aoipwéng oToug aoBeveic autoug. O K.
KovToyidvvng Kal n opdda Tou EKTINNCAV TO QOPTIO CIBRPOU OTO PUEAO TWV OCTWV
avadPOMIKA o€ AEUXAIUIKOUG aoBeveig Kal aoBeveig TTou gixav uTTopANBei o€ aloyevi
METAPOOXEUON MUEAOU TwV 0OTWV ME dINBNTIKA actrepyilMAwon (n=33) Kal Toug
OUVEKPIVOV HPE Oooug Oev gixav TTpooBAnBei amd aotépyiAho. (n=33). To @opTio
O10APOU OTO PUEAO TWV OCTWV ATAV AUENUEVO OTNV TTAEIOVOTNTA TWV Q0BEVWV UE
dINONTIKN acTrepyiAAwon (70%) oe oxéon pe Tnv oudda eAéyxou(16%) (P<.0001). To
augnuévo @opTio O10rpou avedeixdn wg avecdpTnTog TTapAyovTag KIivoUuvou yia Thv
QvaTITuén dINBNTIKAG aoTrePyYiAAwONG KATOTTIV TTOAUTTAPAYOVTIKAG avdAuong. Ta
QVTIKPOUOUEVA CUUTTEPAOUOTA TWV BUO PEAETWYV PUTTOPOUV Va £€nynBouyV €iTe AOyw TNng
QuOoNG TNG MEAETNG Tou K. KovToyidvvn Kail TNG opadag Tou TToU €ival avadpopiK, €iTe

AOYW TNG oUOTAONG TWV PHEAETOUUEVWY TTANBUC WY OTIG dUO PEAETEG, KABWG 0TN OIKA
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MOog Oev  oupTtrepleAA@ONoav  aoBeveic Tou €xouv  uTTOPBANGei o€  aAAoyevn
METauOOoXeUon MUEAOU Twv ooTwv. EmmTAéov, oTn peAETn Tou K. Kovroyidvvn
MEAETNONKE NOVO N BINONTIKA Ao TTEPYIAAWOT, EVW OTN MEAETN AUTH) CUNPTTEPIEANPONCAV
Kal GAAa €idn dINBNTIKWY PMUKNTIOKWY AOIMWEEWY, OTTWG N dINBNTIKA KAvTIVTiOon Kal N
dINONTIKI] JOUKOPUUKWOT. poKeluEvou o1 dUO PEAETEG va KATOOTOUV OUYKPIOIUEG,
eQappooaue avaluon euaiobnoiag hge povadikd KATAOANKTIKO OnUEio Tnv avarmTugn
dINONTIKAG aoTrepyiAMMwong, aAlAd kai og auti Tnv TepimTwon 10 BMIS >3 dev
aveupédnke oTaTIOTIKA ONUAvTIKO yia TV avdamTugn onéntikAg aotrepyiAAwong
(Mivakag S3). O Miceli kal n opdda Tou [94], o€ GAAN PEAETN, HEAETNOAV TO QOPTIO
o10fPoU OTO MUEAO TWV OCTWV XPNOIYOTTOIWVTAG TNV idla BaBuovéunon pe TNV
TTapouca PEAETN, o€ aoBeveig ue TTOANATTAOUV pUEAwPa TTpIvV autoi uTToBAnBoUv o€
autéAoyn UETAPOOXEUOT MUEAOU TWV OCTWV Kal KATEANEAV OTI N UTTEPPOPTWON TOU
MUEAOU pe oidnNpo arroTeAei ave¢dpTnTo TTAPAYOVTA KIVOUVOU Yia BAKTNPIOKEG
Aolpwéng pera 1n diadikacia NG METAPOOXEUONG. H Ouykekpigévn PEAETN Oev
ava@EpOnke o€ dINBNTIKEG PUKNTIAOEIG, TTIBAVWG AOYw TNG pUONG TOU VOOUOTOG KAl
TN XauNAR TBavoeTNTA AQUTWY TWV aoBevwy va TTpocBAnBouv atmmd puknTa.

O 1TANBUOPOG TNG HEAETNG POG aTTOTEAEITAI ATTO A0OEVEIG YE O&gia pueAoyevn Asuxaipia
Kal JUEAODUOTTAQOTIKO GUVOPOUO uynAou KIVOUVOU OE EKTPOTTH, TTOU TUTTIKA £XOUV
XAUNAEG TMBavOTNTEG (< 10%) yia dINONTIKN PMUKNTIOON O OXE0N ME TOUG QOBEVEIG PE
UTTOTPOTTA 1] AVOEKTIK OTN XNUEIOBepaTTeEia ogeia pueAoyevn Asuxaipia. Mapd Tauta, o
ApPIBUOG TWV HUKNTIOKWY AOIJWEEWY TTOU KaTeEypapnoav nrav uwnAog. Mia moavi
€€Nynon yia auto To QaIVOUEVO gival OTI KATA TN OIAPKEIa DIECAYWYNG TNG MEAETNG OTA
EANVIKA vOOOKOEIa, OTTWG PAVNKE O€ TTPOCQPATN PEAETN, N OIKOVOMIKY Kpion Kal n

mTavonuia atré SARS-COV-2, euvoénoav Tnv avatrtugn aotrepyiAdwong [95].
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2TNV TTapouoa PEAETN BprKape OTI TA TTITTEOA TOU C1BPOU OPOU KAl TNG YEPPITIVNG TN
oTiyul TNG diIdyvwong nrav mapdpola avaueca otV opada Twv acBevwyv Kal oTnv
OMGdA TWV HaPTUPWYV. Ta uwnAQ eTTITTEdA QEPPITIVNG ATTOTEAOUV BEIKTN PAEYUOVAG O€
OPKETEG TTEPITITWOEIG TTEPAV TWV AOIJWEEWV. H @Aeypovwdng diepyaoia oToug
a0Beveig pe ofegia puehoyeviy Asuxaiyia, TOOO OTOV TTAIBIATPIKO OO0 KAl OTOV €VHAIKO
TTANBUO PO, €xel gavei OTI aANGlel TN doury TOU AVOOOTIOINTIKOU WIKPOTTEPIBAAAOVTOG
OTO MUEAS TwV 0O0TWV, 0dNywvTag oe XeIpOTepn €KBaon Twv acbevwv pe Bapid
@Aeypovr) Adyw TNG vOoou, aANG Oev TTPodIaBETEl O PUKNTIOKES AoINwEelS [96]. Ol
Tanaka et al. peAétnoav 190 aoBeveig pe  ofeia  puehoyevr)  Asuxaiyia R
MUEAOBUOTTAQOTIKO OUVOPOMO, TTou UTTERBAABNCavV o€ PETAUOOXEUON MUEAOU TWV
OOTWV Kal avEéPepav OTI TA UWPNAQG ETTITTEDA YEPPITIVING OPOU TTPIV TN UETAPOOXEUOT OEV
eTnpéacav Twv apiBud Twv Aolpwéewy, aAAd TTpouAvuav XeIpOTEPA TTO00O0TA
emBiwong [97]. Mapopola atroteAéopara dnuooicucav kal ol Styczynski et al o€
avTtioToixo TTaidiatpiké TTAnBuoud [98].

O Iglesias-Osma kai n opdda Tou [73] ot avadpouikry PEAETN TTOU dIECyayav
MEAETNOAV 74 aoBeveig pe aigaTOAOYIKEG KakoBeleg Kal Bprikav OTI 01 aoBeveig TTou
QvETTTUCOQV dINBNTIKA MUKNTIOKN Aoipwn €ixav augnuévo aidnpo opou Kal eTTITTEdA
QEPPITIVNG O0€ OUYKpPIoN ME TOUG aoBeveig Tou dev TTPOOPBAABNKAV a1Td PUKNTA.
MpokerTal, TTap’ autd, yia gia avadpouikh MEAETN Kal eTITTPOOBETA ATTd Toug 74 uTro
MEAETN aoBeveig pévo o1 30 eixav ogeia Aeuxaiyia. O Maertens kal n opada Tou [77]
MEAETNOAV 15 aoBeveig TTou gixav UTTOBANBEI o€ aANoyEV HETAPOOXEUON PHUEAOU TWV
OOTWV Kal £3€1Eav OTI 0 AUENPEVOG APIBUOG HETAYYIOEWY KAl N MECN TIM TWV ETTITTEOWV
QEPPITIVNG OpoU ATAV O0OaPWEG MPeEYaAUTEPN OTOUuG 5 aobBeveig TTOU  avéTTTULAV
MOUKOPPUKWON O€ Ox€Oon ME TNV OJAdA PAPTUPWYV TTOU ATTOTEAOUVTAV OTTO TOUG

Aoitroug 10 aoBeveig. O pIKPOG apIBUOG Tou UTTO PEAETN TTANBUCOUOU, OUWG OTTOTEAEI
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ONMAVTIKO TTEPIOPIOUO TNG MEAETNG auThS. TENog, O1 Karp Kail Merz [74] peAétnoav
TPOOTITIKA 70 AguxaipikoUg aoBeveic kal ocuptrépavav  OTI 1A €TTTEdA  TNG
O10NPOOECHUEUTIKAG IKAVOTNTAG OTTWG AUTA HETPIOVTAI OTOV 0PO TWV a0Bevwyv fATav
oaQWG XauNASTEPA OTOUG aoBeveig TTOU AvETTTUEAV dINONTIKI) PUKNTIAKN Aoipwn
(n=54) évavtl 6owv dev avertTugav (N=16). MapdTi N PYEAETN QUT ATAV TTPOOTITIK),
Karaypagnkav pévo 13 atrodedelyUEVEG HUKNTIOKEG AOINWEEIG (12 gixav KavTIvTiaon)
Kal O A0BEVEIG TTOU €iXaVv KAVTIVTIAOIKN 0100QayiTIdA I} KAVTIVTOUPIa TagIvouRonkav wg
MOAVEG HUKNTIAOEIG.

2TN MEAETN PAG, N OUBETEPOTIEVIA TN OTIYMN TNG dIAyvwong (KATd TV apXIKA EKTIKNON
TOU a0Bevoug Kal TV TTPWTN dIayVwOoTIKA Bloyia PUEAOU Twv OCTWV) Kal TTPO
XnueloBeparreiag, dev avedeixOn oav avecdpTnTog TTapdyovtag Kivdouvou. MNapd TauTa,
OAol o1 aoBeveic aueoa EAaBav xnUEIOBEPATTEIa Kal £YIVOV OUDETEPOTTIEVIKOI EVTOG 14
nuepwy, Q¢ €k TOUTOU, OAOI BEWPOUVTAl £KTOTE OUDETEPOTTIEVIKOI KAl ME HEYAAN
meavoTNTa  avamTugng dINBNTIKNG MPuknTiaong, €@Ooov N  €rTayouevn  atmod
XNUEIOBEPATTEIA OUBETEPOTTEVIA ATTOTEAEI KOAQ TTAYIWMEVO TTAPAYovVTa KIVOUVOU VIO
OINONTIKEG PUKNTIAKES AolpwEelg [80]. O kivduvog yia diNBNTIKEG PUKNTIAOEIS OTOUG
a00eveiG TNG PEAETNG AOYW TNG APXIKAG OUDETEPOTTEVIOG OEV AVTAVAKAG atTapaiTnTa
TOV ETTEPXOMEVO KivOUVO AOYw OUDETEPOTTEVIAG JETA TN XOPriynon XnNUEIOBepaTreiag.
H 1mapouca peAETn €XEl TTEPIOPIOUOUG KOl AUTOI APOPOUV KUPIWG TO OXETIKA MPIKPO
apIBud aoBevwyv TTou €I0AXONOav OTN PEAETN KAl TO YEYOVOG OTI N TTAEloWn@ia Twv
KATOAYEYPAMMPEVWY OINBNTIKWY PUKNTIOKWY AOIMWEEWVY TAgIVOURONKAV wg TTPOQPAVEIG
Baon Twv kpitnpiwv EORTC/MSG. EtimrpdoBeTa, oI atrobAKeES O10rpou OTO PUEAO
TWV 00TWV €KTIABNKav kal Babuovoundnkav atd évav pévo aigaTtoAdyo Kal To
ouoTnua BaBuovounong TTou XPNOIKOTTOINBNKE gival NUITTOOOTIKG. TEAOG, 0 uYnAOg

aPIBUOG TWV KATAYEYPOAUMEVWY HUKNTIGOEWY OE€ OUVOUOAOUO HPE TO MIKPO TTANBuOoud
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TNG MEAETNG, N XNUEIOETTAYWHUEVN OUDETEPOTIEVIA KAl TO YEYovOg OTI oXedOV OAol Ol
a0Beveic eAduBavav TTPOQUAAKTIKN aywyr yia JUKNTEG, gival TBavo va aAloiwoe Tnv
EIKOVO TWV TTAPAyovTwy KIVOUVOU Yia TNV avamTu¢n OInbnTiKwv MUKNTIACEWV.
MpokerTal, TapoAa autd, yia TNV TTPWTN TTPOOTITIKI, TTOAUKEVTPIKA MEAETN TTOU
oXedIAoTNKE yia va dIEPEUVNOEI KATA TTOCO N UTTEPPOPTWON O1drpou he Bdon Ta
eTTiTTEdA OIOAPOU OTO PUEAO TWV OOTWYV, ATTOTEAEI TTapdyovTa KIVOUVOU yia TNV
avattuén dINBnTIKAG pukntiaong oO¢ aoBeveig pe ogeia pueAoyevr) Asuxaipia 1
MUEAOBUOTTAQCTIKO OUVOPOUO OE EKTPOTTH).

2UMTTEPAOUATIKA, OTN MEAETN PAG KATOAAGAPE OTI N UTTEPPOPTWOTN HE TidNPOo, OTTWG
QuTh PETPATAI OTIG ATTOBAKESG OI0APOU OTO PHUEAD TWV OOTWV DEV ATTOTEAEI TTAPAYOVTA
KIVOUVOU yIa avaTrTugn dinenTikAG JUKNTIAONG o€ AeUXAIUIKOUG A0BEVEIG 1) aoBeVEiG uE

MUEAOBUOTTAACTIKO OUVOPONO TTOU EXEI EKTPOTTEI.
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3.5 MNINAKEZ KAI 2XHMATA

ZxApa 1. ABpoloTikA eTTiITTTWON dINBNTIKWYV PUKNTIOKWY AOIJwEEWY o¢ didoTnua 12 unvwv PeTa
O1ayvwan Kal €l0aywyr oTn MEAETN

0.31

| | |

Cumulative incidence of IFI (%)

Log-rank p=0.630

0 100 200 300 400
Days

BMIS<3 — BMIS=3
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Mivakag 1. XapaktnpioTiKd Twv aoBevwyv TTou avETTTugav f dgv avéTTuéav dInBnTIKr) PUKNTIAK
Aoipwen kard tnv Tepiodo TTapakoAouBnar|g Toug

XapaKTnPIOTIKA KATtd Tn didyvwon AobBeveig Aobeveig pe MovoTrapayovTiki MoAuTtrapayovTiki
aigaToAoyYIKN\G KaKoRn0glag daveu dInOnTIKA avdAuon avdAuon
dINénTIKAg HuUKnTiaon
HUKnTiaong (n=22)
(n=76)
OR (95% Cl) P OR (95% CI) P
HAikia (d1dpeon Tipn, 25° -75° 67.5 (563.5-
EKOTOOTNUOPIO, £TN) 75.0) 58 (47-65) ) ) ) j
Appev @UAO 44/76 (57.9%) 14/22 (63.6%) - - - -
OMA o o 7.40 (1.05 - 7.96 (0.94-
56/76 (73.7%) 21/22 (95.5%) 325.42) 0.037 67.34) 0.057
OudetepoTrevia (<500 kuTTapa / mm?) o o 2.21(0.71 - 1.97 (0.68-
o™ Sidyvwon 18/76 (23.7%) 9/22 (40.9%) 6.72) 0.174 5.74) 0.214
Bapid oudetepoTrevia (<100 kutTapa / 2.45 (0.63 —
mm3) a1 Sidyvwon 10/76 (13.2%) 6/22 (27.3%) 8.83) 0.186 - -
KopTikooTepOEIdr) o o 1.02 (0.26 - 1.11 (0.32-
17/76 (22.4%) 5/22 (22.7%) 3.47) >0.999 3.82) 0.874
Zakxapwdng diaprATng 7176 (9.2%) 2022 (9.1%) 0.995 (706())9 - 0999 1.og é%.;?- 0.995
YmoBpewia (ahBoupivn < 3mgfdL) | 5576 (35 994) | 7/22 (31.8%) 092 (&59 = | >0.999 1'13?‘(1%)37' 0.828
BMIS >3 0 o 0.83 (0.27 — 0.88 (0.31-
31/76 (40.8%) 8/22 (36.4%) 2.43) 0.807 2.50) 0.805
ETritreda g16rpou opou
.  oro7r0 125.5 (79.5- 114.0 (92.0- 1.00 (0.98 — 1.00 (0.99 —
(S1apeon TR, 25°-75 170.5) 156.0) 1.00) 0.334 1.00) 0.346
gkatoaTnuépio, mg/dL)
Emitreda Peppitivng opol 678.2 (233.4-
(d1apeon Tipn, 25°-75° 1012.0) 873;‘32(326'1' 1'02 ((g)(_)gg B 0.911 1'02 (é)(_)gg B 0.519
€KaTOOTNUGPIO0, mg/dL) (n=75) 6) .00) .00)

Mivakag 2. ApIBuOG Kal €i00¢ dINONTIKWY PUKNTIAKWY ACIMWEEWS KaTd Tn SIdpKEIa TTapaKkoAouBnaong

TWV aoBevwv

AwnOnTk Mukntlakn Anobedsiypévn* Npodavnc* Z0volo
Noilpwén

AwnBntikn 0 5
Kavtwrtiaon/Kavtwvtatpio

AinBnTkn AomepyilMwon 12 16
MouKopUUKWON 0 1
JUvolo 12 22

*20udwva pe ta avabeswpnpéva kpttrjpla EORTC/MSG [67]
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Mivakag S1. ArmoteAéopata TTOAUTTAPAYOVTIKAG avdAuon yia Tn Olgpelivnontng ox€ong UETagU

augnuévwv BMIS  kai

TNV avamruén dIndnTikwyv PUKNTIACEWV,

TTpooapuoouéva  yia Bapid

OUDETEPOTTEVIA, XPAON KOPTIKOOTEPOEIOWY, GaKxapwdn diapnTn, utTodpewia Kal Ta eTTiTEdA G10POU
KAl QEPPITIVNG OpoU KaTd Tn didyvwon

Napaywv Kwvéuvou

MNoAunapayovtiki availvon

OR (95% Cl) P
OMA 7.95 (0.93- 67.83) 0.058
Bapld ouSeteponevia (<100 cells / mm3) 2.17 (0.62- 7.61) 0.228
Koptikootepoeldn 1.04 (0.3- 3.65) 0.950
Zakxapwdng dtapntng 0.94 (0.16- 5.58) 0.943
YroBpeia (aABoupivn < 3 mg/dL) 1.09 (0.35-3.41) 0.876
BMIS >3 0.85(0.29- 2.43) 0.755
Enineda owdrpou opoul
(6lapeon TN, 25°-75° ekatootnuoplo,
mg/dL) 1.00 (0.99- 1.00) 0.354
Enineda Oeppirivng opov
(6lapeon TN, 25°-75° ekatootnuoplo,
mg/dL) 1.00 (0.99- 1.00) 0.515

Mivakag S2. XapakTnpioTIKG agBevwy TTou aveéTTTuéav i 0ev avéTTTuéav dinBnTIKr JuknTiaon Katd TNV
TNV apxikp didyvwon OMA. AtroteAéoparta
MOVOTTapAyOVTIKAG Kal TTOAUTTAPAYOVTIKAG avaAuong.

mepiodo  TTapakoAouBnong

EVOG £€TOUG  HETG

XapakKTnPIoTIKA AoBeveig AoOeveig | MovotrapayovTikn MoAutrapayovTikn avaAuon
KaTd Tn didyvwon daveu ME avdaAuon
AIJOTOAOYIKAG dInénTikAg | 3INONTIKA
KOoKon0giag MUKNTiaong | MuknTiaon
(n=56) (n=21)
OR OR OR
(95% P (95% P (95% Pt
Cl) cn’ cnt
HAIkia (S1dueon TiyA, 58.0
250 750 66.0 (47 0- _ _ _ _ _ _
EKATOOTNMOPIO, £T .0-74. :
nHopIO, €T) (53.0-74.0) 65.0)
Appev @UAO 34/56 13/21 ) }
(60.7%) (61.9%)
OudetepoTrevia (<500 2.22 2.20
KTrapa / mm) om 14/56 9/21 | (68 | 0216 | (0.72-|0.164| - :
Biayvwon (25.0%) (42.9%) . '27) ' p '68) ’
Bapid oudetepotevia 2.37 2.34
(<100 kurrapa /mm?) | 8/56 6/21 | (058 | 0.267 - - | (0.64- | 0.199
ot Sidyvwon (14.3%) (28.6%) 9 '31) ' 3 '57) '
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XapaKTNPICTIKA AobBeveig Aobeveig | MovoTrapayovTiki MoAutrapayovTiki avdAuon
KATd Tn didyvwon dveu ME avdAuon
AIJATOAOYIKAG dInénTikAg | 3INONTIKA
KOoKon0giag MUKNTiaong | MuknTiaon
(n=56) (n=21)
KopTikooTepoeidr 11/56 5/21 1.27 1.26 1.19
0 0 (0.30- 0.909 (0.34- | 0.732 | (0.32- | 0.791
(19.6%) (23.8%) 4.79) 4.64) 4.45)
ZaKxapwdng 1.07 0.98 0.90
SlapTg 5/56 2/21 1 (0,09 | 50.999 | (0.15- | 0.981 | (0.14- | 0.908
(8.9%) | (95%) | 54 6.47) 5.85)
Y1oBpeyia 1.36 1.38 1.34
ﬁggﬁfs“'v” <3 (;Z/ 85;5) (373/ 233/) (0.39- | 0.764 | (0.43-|0.585 | (0.42-| 0.621
. 0 . 0
4.50) 4.41) 4.35)
BMIS >3 0.78 0.73 0.70
22/506 7/23 (0.23- 0.837 (0.24- | 0.586 | (0.23- | 0.535
(39.3%) (33.3%) 2.46) 2.23) 2.15)
ETritreda 016 pou
0poU 121.5 113.0 0.99 0.99 0.99
(d1Gueon leﬁ, 250-75° (79.5- (92.0- (0.98- 0.233 (0.98- | 0.195 | (0.98- | 0.198
EKATOOTNHOPIO, 170.5) 154.0) 1.00) 1.00) 1.00)
mg/dL)
Emrireda Peppitivng
0poU 524.4 861.6 1.00 1.00 1.00
(d1Gueon leﬁ, 25°-75° (225.1- (386.1- (0.99- 0.690 (0.99- | 0.574 | (0.99- | 0.559
€KaTOOTNHOPIO, 846.9) 1202) 1.00) 1.00) 1.00)
mg/dL)

* I3 I3 ’ I3 I3 r ’
MovtéAo MPOoapPUOCHEVO YL oudetepornievia "TMoviélo mpooapuoopévo yia Bapld oudetepornevia

Mivakag S3. XapaktnpioTiké acBevwv TTou avETTTugav dindnTikr) JuknTiaon atrd u@opUKnTa KATd TNV

TEPI0dO TTAPAKOAOUBNONG VOGS ETOUG PETA TNV ApPXIKN dIAyvwaon. ATTOTEAECUATA JOVOTTAPAYOVTIKAG
Kl TTOAUTTAPAYOVTIKAG avaAuong.

XapaKTnPIoTIKA AoBeveig Aobeveig | MovotrapayovTikn MoAutrapayovTiki avaAuon
KOTA TN dveu ME avdaAuon
didyvwon dINONTIKAG | 3INONTIKA
AIJATOAOYIKAG HUKnTiaong | MuknTiaon
KOKonBglag (n=76) (n=17)
OR OR OR
(95% P (95% | P° | (95% | P'
Cl) )’ a’
HAiia (d1dueon
TIpA, 25° -75° 67.5 55 (47- i i i i i i
€KATOOTNMOPIO, (53.5-75) 65)
€1n)
Appev @UAO 44/76 11/17 ] ] ] ] ] ]
(57.9%) (64.7%)
OMA 5.64 5.73 5.89
76 16/17
(?g/ry) (92/1% (0.77- | 0.107 | (0.67- | 0.111 | (0.69- | 0.106
R =1 1251.42) 49.08) 50.5)
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XapaKTNPICTIKA AoBeveig AoBeveig | MovotrapayovTikn MoAuTtrapayovTikh avaAuon
KOTA TN Aaveu ME avdAuon
didyvwon dINONTKAG | 3INONTIKA
AIJATOAOYIKAG HUKnTiaong | MuknTiaon
KOKon0giag (n=76) (n=17)
OudeTepoTrevia 2.23 1.96
(<500 kuTTOpQ / 18/76 7/17
mm?) o (23.7%) | (a12%) | (063 | 0224 | (06- |0267| - -
didyvwon 7.66) 6.43)
Bapia
oudeTepOTTEVia 10/76 4/17 2.01 1.73
(<100 kuTTOpPQ / 0 0 (0.40- | 0.278 - - (0.41- | 0.459
mm?) omm (13.2%) | (23.5%) | g 46) 7.34)
didyvwan i )
KopTtikooTepoeidn 0.75 0.82 0.79
(:213/47;) (137/:;3/) (0.12- | >0.999 | (0.19- | 0.785 | (0.19- | 0.753
e R 3.14) 3.45) 3.38)
2aKxapwong 0.62 0.76 0.68
dlais (;/27;) (;/91;) (0.01- | >0.999 | (0.08- | 0.815 | (0.07- | 0.732
e e 5.40) 7.37) 6.37)
YToBpeyia 0.85 0.96 0.98
=3 é;/;;) (259/13/) (0.21- | >0.999 | (0.27- | 0.948 | (0.27- | 0.970
= SR 2.96) 3.39) 3.53)
BMIS > 3
31/76 8/17 1.29 1.35 1.32
(40.8%) (47.1%) (0.39- 0.787 | (0.44- | 0.602 | (0.43- | 0.626
' ' 4.23) 4.13) 4.06)
ETritreda g16rpou
0990 . 125.5 1128 1.00 1 1
(Oidteon T, (795 | g5 15g) | (0-99- | 0.584 | (0.9 | 0.570 | (0.99- | 0.585
£KATOOTNUOPIO, 170.5) 1.01) 1.01) 1.01)
mg/dL)
Etritreda
deppitivng opou 678.2 688.1 1.00 1.00 1.00
‘26512*;;"0”““”' (233.4- | (262.3- | (0.99- | 0.974 | (0.99- | 0.738 | (0.99- | 0.710
£KOTOOTNUOPIO, 1012.0) 1102.5) 1.00) 1.00) 1.00)
mg/dL)
*Movtého T(POCAPHOCUEVO YLa oubetepornevia TMovtélo pooappoopévo yia Bapld oudstepornevia
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5. MAPAPTHMA

5.1 POPMA NAPAKOAOYOHZHZ AZOENOYZ

5.2 ANATYNO AHMOZIEYZHZ
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5.1 ®OPMA NMAPAKOAOYOHZHZ A2OENOYZ

2YZTHMATIKEZ MYKHTIAZEIZ ZE NOZHAEYOMENOYZ
ENHAIKOYZ AZOENEIZ ME AIMATOAOIIKEZ
KAKOHOEIEZ-
NMOAYKENTPIKH NMPOOMNTIKH MEAETH

KQAIKOZ AZOENOYZ No ...... NN-000

AM NOZOKOMEIOY# ......ccccviniiiiiirreenne
APXIKA AZOENOYZ ......ccoivimernnnnnnnan
HMEPOMHNIA EIZAFQIHZ.......coociiiienen,

NEA AIACNQZH

AHMOIPA®IKA 3TOIXEIA
HAIKIA. ..., OYNO.........

YINOKEIMENH KAKOHOEIA: AML NAI [] OXI []

MDS NAI [] OXI []

IRON-OVERLOAD CHECK

2idnpog opou et eeeere e e e e ee e e
Qepitivn e aaaaas
Tpavoepivn e e eee e e e aaeaaaa
210NPODETPEUTIKN IKAVOTNTA e eeeeeeeeeeeeeeeeeeeanennnn s
AtroteAéopaTa Xpwong aigooidnpivng oto MTO : GRADE 0 []
GRADE 1 []
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SGOT ..o,
SGPT ..o
ALP...co
V-Gl
XONEPYOPINH
OAIKH..............
AMEZH.............
EMMEZH.........

GRADE 2 []
GRADE 3 [J
GRADE 4 []
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2 € TTEPITTTWON AoinweNc:

Cevikd oTOIXEIO

(Day 0 Bswpceital n pépa BeTikAG KaAAiépyelag i Evaping EUTTEIPIKAG BepaTtreiag)

MMO: NAI [] OXI ]

AN NAI: AANOTENHZ [] AYTOAOTH[]  HMEPEZ META MMO........

BAevvoyovitida: Grade 1 [
Grade 2 (]
Grade 3 [
Grade 4 (]

AQWN TTPOQUACKTIKIG Aywyng YIa JUKNTIAKR Aoidwén NAI [ OXI [
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FAY o (0] € (o

GVHD: NAI [ OXI [

EIDOG OYWYAG te e
OYAETEPOTIIENIA: NAI [ <1000 [ <500 (I <100 & OXI O
2YNOAIKH AIAPKEIA: .................. HMEPEZ

2TEPOEIAH (ENTOZXZ TQN NMPOHITOYMENQN 4 EBAOMAAQN) NAI (1 OXI [

MAPENTEPIKH ZITIZH (TIZ MPOHITOYMENEZXZ 15HM) NAI 1 OXI []
KENTPIKOZ ®AEBIKOZ KAGETHPAZ NAI 1 OXI [J
ZAKXAPQAHZ AIABHTHZ (TYNOY | — TYNOY 1) NAI 1 OXI [
YNMOIrAMMAZ®AIPINAIMIA NAI (1 OXI [J
MEO® ~THN ENAP=H AOIMQ=Hx: NAI 1 OXI [

ANATKH A EIZArQrH zTH MEG© METENEITA: NAI (1 OXI [

MIKPOBIOAOI'IKA ZTOIXEIA

Eidog Aoipwéng:

HMEPOMHNIA ©ETIKHZ KAAAIEPTEIAZ:

o Aspergillus spp.
fumigatus
¢ flavus

¢ oryzae

¢ parasiticus
.

.

L 4

terreus
versicolor

OO0 odoo
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Candida spp
e albicans
e glabrata
e parapsilosis
e krusei
Zygomycosis

oUOooomo

NMPOEAEY2H AEIFMATOZ OETIKHZ KAAAIEPIEIAZ

KENTPIKOZ ®AEBIKOZ KAGETHPAZ O
MNEPI®EPEIA O
KAI TA AYO O
BAL O
OYPOKAAAIEPTEIA 0
NAPAKENTHZH NMNEYMONA O
KANENA O

Epyaotnpiakoc ‘EAgyyxoc

(Day 0 Bewpeital n p€pa TG ANWNGS KAAAIEPYEING)

AkTivoypagia Owpakog (Huepounvia..........ccceuu..... )

“Y1rapgn KoIAOTNTOG [

Ydpaepikd emrimeda [

2aQWG TTEPIYEYPAPUEVN OoKiaon [
AcaQug TTEPIYEYPaUUEVN OKiaon 0
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Agoviki Topoypagia Bwpakog (Hpepopnvia.......

e Halosign [

e Reverse halosign 1]
e  Movipeg OCidlo [

e [loA\atrAd OCidia [

TeoT aAakTOPAVVAVNG :  OETIKO....... ApvnTiko

Aev €yive 0
Tagivopnon puknriaong:
Proven O
Probable O

Possible 0

OEPATEIA

o AOAIPEZH KENTPIKOY KAOGETHPA
NAI (ENTOZ 3 HMEPQN) O OXI O

e ANAKAMWH AINO OYAETEPOIENIA

NAI (>500 X 3d) 1 OXI [
« G CSF:
NAI 0  OXI[O N/A [

N/A O

N/A [T
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o ANTIMYKHTIAKH ArQrHd NAIO OXl O

AMB O
FLUCO 0
ITRA 0
CASPO O
VORI O
ANIDULA [
MICA 0
2YNOAIKH AIAPKEIA ANTIMYKHTIAKHZ ArQrHz (HMEPEZ)..............
MONOOGEPATIEIA ...,
ZYNAYAZMOZ ANTIMYKHTIAKQN ...
AIAAOXIKA ANTIMYKHTIAKA. ...
AIAKOIH OEPAMEIAZ AOI'Q NMAPENEPIEIQN NAI [ OXl

(MpoodiopioTe avTiyuknTIOKO, NUEPQ BEPATTEIAG, TTAPEVEPYEIQ:

AEYKQMATINH OPOY..........

FAYKOZH.........oooiiii,



ZYNYTAPXOYZA BAKTHPIAKH AOIMQ=H: NAI [T OXI [J
MPOZAIOPIZMOZ (€idog Aoipwng/ €id0G MIKPOPBIOU)....neeneiiiiiiiiaaanen

EMTYXQZ OEPATNEYOEIZA: NAI [T OXI [

ZYNYTAPXOYZA IOFENHZ AOIMQ=H: NAI [T OXI [J
MPOZAIOPIZMOZ (€id0g AoigwNG/ €i00G 100)....ouveniiiiiiieiiieeiaae

EMTYXQZ OEPATNEYOEIZA: NAI [T OXI [

ZYNYTIAPXOYZA MYKHTIAKH AOIMQ=H: NAITT  OXI [
MPOZAIOPIZMOZ (£id0g ANOiNWENG/ €I00C MUKNTA)..uevieeeieiieieeeeaanenen

EMTYXQZ OEPAMNEYOEIZA: NAI [ OXI [

NMPOHITOYMENA ANTIBIOTIKA/ANTIIKA/ANTIMYKHTIAKA (14 HMEPEZ [PIN):
NAI 1 OXI [

MPOZAIOPIZMOZ.......coiiiiiii

TAYTOXPONH XOPHIHZH ANTIBIOTIKQN: NAI 11 OXI[]
[MPoadIOPICUOG AVTIBIOTIKAG OYWYNG  ceeeeeeeiiieitiiiiaeaaeeeeeeeeeeeeeeeeeeeeennnennees
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(Huépa 0 Bewpeital n nuépa TNG BETIKAG KAAMIEPYEIQG QiATOC)

HMEPA 7 ZYNOAIKH ANTAINMOKPIZH XTH OEPATEIA: NAI
OXl
i) KAINIKH ANTAMNOKPIZH: NAI 0
ii) MIKPOBIOA ANTAMNOKPIZH:  NAI 0
OANATOZ NAI O OoXl O
AlTIA.........
Edv vai: Amodidopevog otnv puknriaon NAl [
OXlI [
HMEPA 14 ANTAMNOKPIZH NAI [ OoXl [
OANATOZ NAI 0O OoXl
AlTIA.........
Edav vai:  Amodidopevog otnv puknriaon NAl [
OXI 1]
HMEPA 28 ANTANOKPIZH NAI 0O OoXl [
OANATOZ NAI 0O OoXl
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Edv vai: Amodidopevog otnv puknriaon NAl [
OXI [

Tehiké FOLLOW-UP

HMEPA 365 ANTANOKPIZH NAI O OoXl O
OANATOZX NAI O OoXl O
AlTIA.........
Edv vai: Amodidopevog otnv puknriaon NAl [ OXI [

MPOoOCBOIOPICHOG OTEAEXOUG.......eeeeirirrrrrrrereennnnannnnas

ApPI1OOG HUKNTIOKWY ACIHWEEWV. ....ciiirrrrrrrrrnnnnnnnnnnnnssnas

NMAPAPTHMA

ECOG Performance Status

Grade ECOG [99]

0 Fully active, able to carry on all pre-disease performance without
restriction
1 Restricted in physically strenuous activity but ambulatory and able
to carry out work of a light or sedentary nature, e.g., light house
work, office work
2 Ambulatory and capable of all self-care but unable to carry out any
work activities. Up and about more than 50% of waking hours
3 Capable of only limited self-care, confined to bed or chair more than 50% of waking hours
4 Completely disabled. Cannot carry on any self-care. Totally confined to bed or chair
5 Dead
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Definition of Proven-probable IFI [67]
Table 2. Criteria for probable invasive fungal disease except for endemic mycoses.

Host factors®

Recent history of neutropenia k0.5 x 10° neutrophils/L k<500 neutrophils/mm?] for >10 days) temporally related to the
onset of fungal disease

Receipt of an allogeneic stem cell transplant

Prolonged use of corticosteroids (excluding among patients with allergic bronchopulmaonary aspergillosis) at a mean
minimum dose of 0.3 mg/kg/day of prednisone equivalent for >3 weeks

Treatment with other recognized T cell immunocsuppressants, such as cyclosporine, TNF-x blockers, specific monodional
antibodies (such as alemtuzumab), or nudleoside analogues during the past 90 days

Inherited severe immunodeficiency (such as chronic granulomatous disease or severe combined immunodeficiency)
Clinical criteria”
Lower respiratory tract fungal diseass”
The presence of 1 of the following 3 signs on CT:
Dense, well-circumscribed lesionsis) with or without a halo sign
Aircrescent sign
Cavity
Tracheobronchitis
Tracheobronchial ulceration, nodule, pseudomembrane, plaque, or eschar seen on bronchoscopic analysis
Sinonasal infection
Imaging showing sinusitis plus at least 1 of the following 3 signs:
Acute localized pain @including pain radiating to the eye)
Nasal ulcer with black eschar
Extension from the paranasal sinus across bony barriers, including into the orbit
CNS infection
1 of the following 2 signs:
Focal lesions on imaging
Meningeal enhancement on MRI or CT
Disseminated candidiasis”
At least 1 of the following 2 entities after an episode of candidernia within the previous 2 weeks:
Small, targetlike abscesses (bull's-eye lesions) in liver or spleen
Progressive retinal exudates on ophthalmalogic examination
Direct test (cytology, direct microscopy, or culture)
Moald in sputum, bronchoalveolar lavage fluid, bronchial brush, or sinus aspirate samples, indicated by 1 of the following:
Presence of fungal elements indicating a mold
Recovery by culture of a mold (e.g., Aspergillus Fusanum, Zygomycetes, or Scedosporium species)
Indirect tests (detection of antigen or cellwall constituents)®
Aspergillosis
Galactomannan antigen detected in plasma, serum, bronchoalveolar lavage flud, or CSF
Invasive fungal disease other than cryptococcosis and zygomycoses
§-o-glucan detected in serum

NOTE. Probable IFD requiras the presance of a host factor, a clinical criterion, and a miycological criterion. Cases that meet the criteria for a

nost factor and a clinical critanon but for which mycological criteria are absent are considered possibie IFD.

* Host factors are Not SYNONYMOUS With risk factors and are characteristics by whiich Individuals predisposad to invasive fungal dlseasas can be
recognizad. They sre Intanded primarlly to apply to patients given treatment for malignant disease and to racipients of alogenek: hematopoletic
stem cell and solid-0rgan transplants. Thesa host factors are aiso spplicable to patients who recelve corticosteroids and othar T cell supprassants

as wel as to patients with primary Immunodeniclencies.
& Must be consistent with tha mycoiogical findings, if any, and must be temporally retated to currant episode.
“ Every raasonabie attempt should be made to exciuce an altemative atiology.

= The presance of signs and symptoms consistent with sepsis syndrome Indicates acute aisseminated disease, whereas thelr absence danotes

chronic dsseminated diseasa.

* These tasts are primarlly appicable to asparglliosis and candidlasis and are not useful In dlagnosing Infections due to CryfROCOCCUS Speckes
or Zygomyoatas fe.g., Angous, Mucar, o Absids species). Detection of nuckelc ackd Is not Includad, because there are as yet no validated of

standardized mathods.
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Table 1. Criteria for proven invasive fungal disease except for endemic mycoses.

Analysis and specimen Molds’ Yeasts”

Mi ic ez slaris matsl 1 hokok Bokocic or direct mé g ..nli ko hologic, o direct mi . S
of @ specimen obtained by needle aspiration or biopsy in which  of a specimen obtained by needle aspiration or biopsy from &
hyphae or melanzad yeastdike forms are seen accompanied by normally sterile site (other than mucous membranes) shawing

evidence of associated tissue damage yeast cells—for example, Cryptococcus species indicated by en-
capsulated budding yeasts or Candida species showing pseudo-
hyphae o te hyphae”
Culture
Sterile material Recovery of a mold or "black yeast” by culture of a spacimen ob-  Recovery of a yeast by culture of a sample obtained by a sterle
tained by a stenle procedure from & normally sterile and clini- ~ procedure (including & freshly placed [<24 h ago] drain) from a
cally or radiologically abnormal site consistent with an infectious  normally stenle site showing a clinical or radiological abnormality
disease process, excluding bronchoalveolar lavage flud, a cranial  consistent with an infectious disease process
sinug cavity specimen, and urine
Blood Blood culture that yields a mold” (e.g. Fusarum species)in the  Blood culture thatyield yeast (e.g, Cryptococcus or Candids spe-
context of & compatible infectious disease process cies) or yeastdike fungi (e.g. Trichesporon species)
Serological analysis: CSF Not applicable Cryptococeal antigen in CSF indicates disseminated
cryptococcosis

* I cuture s avalable, append the IGantfcaton at the genus or SPECes levelfom the cultre resuts.

¥ Tissue and calls submitted for histopathologi o cytopathologi studes should be staned by GrocottGomar methenaming Siver Sta or by peodc ackd Schit stan t facitats nspection of
fungal structures. Whenever possibl, wet mounts of specimens from foc!relted o nvasive fungal dsease shoul be Stained with a fuorescent oye (2.9, calcouor or blankophor).

* Candii, Trefosporon, and yeast-ike Gaotrenum species and Blastaschizomyoes Gapitatus may @S0 form pseudohyphas of true hyphae.

* Racovery of ASpemilis Species from blood cutures Invaraby regresents contamingtion.
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Abstract: Iron plays an important role in the pathogenesis of infections, including invasive fungal
infections (IFls). Studies suggested that iron overload might represent an additional risk factor for IFls
among patients with hematological malignancies. We conducted a prospective, multi-center study
amongst adult patients with new ly diagnosed acute myeloid keukemia (AML) or myelody splastic
syndrome (MDS) in formation to de whether baseline iron overload as measured using
the bone marrow iron store (BMIS) score is an inde pendent risk factor for the development of IFls.
We also measured baseline serum iron and ferritin levels. A total of 98 patients were enrolled (76 with
AML) and were followed for 12 months. Twenty -two patients developed IFI during the follow-up
period (invasive aspergillosis n = 16, candidemia n = 5, mucormycosis n = 1). A baseline BMIS
score > 3 indicated that iron overload was relatively common (38/ 98 patients, 38%), and its frequency
was comparable between patients with no [Fls (31/76, 40.7%) and in those with IFls (8/22, 36.4%).
Univariate analysis showed that only the presence of AML was associated with increased risk for
IFls [OR (95% CI) 7.40 (1.05-325.42)]. Both univariate and multivariate analyses showed that an
increased BMIS score (>3) at baseline was not an independent risk factor for IFls. Similarly, there
was no difference in serum iron and ferritin between the two groups that had similar demographic
characteristics. Indices of iron overload were not independent risk factors for IFls in our cohort of
Greek patients with newly diagnosed AML/MDS in transformation.

Keywords: invasive fungal infections; mycoses; acute Jeukemia; myelodysplastic syndrome; iron;
iron overload; ferritin; aspergillosis; invasive candidiasis; mucormy cosis

1. Introduction

Despite progress, invasive fungal infections (IFls) remained a feared complication
of hematologic malignancy treatment [1]. Heavy immunosuppression, resulting from
the hematologic malignancy itself or the available treatment modalities, such as intense
chemotherapy, biologic agents, radiation therapy, and hematopoietic stem cell transplan-
tation (HSCT), is the driving force for the susceptibility to IFls. The role of the impaired
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innate immunity (a reduced number and function of neutrophils and macrophages) and
the impaired T cell immunity is crudal, which is of paramount importance for the immune
response to intracellular pathogens.

The incidence of IFls is highest in patients with acute myeloid leukemia (AML) or
myelodysplastic syndrome (MDS) in transformation because these patients are routinely
treated with intensive chemotherapy resulting in protracting neutropenia, which is a
well-established risk factor for IFls [2). Other risk factors include treatment with immuno-
suppressive drugs, corticosteroid use, co-infection with cytomegalovirus, graft-versus-host
disease among recipients of HSCT, and active malignancy. Researchers have shown that
the risk of IFls is higher among non-responders to chemotherapy, relapsed patients, or
patients with refractory disease [3]. Newer treatment modalities, such as biologic agents,
are emerging as additional risk factors for IFls [4-6]. IFls do not develop in all high-risk
patients, suggesting that other biological factors may contribute to the development of
these dreadful infections [7-9]. Discovery of novel risk factors is important for designing
prophylactic and early treatment strategies.

Iron plays an important role in the pathogenesis of infections, as it boosts the ability of
pathogens to multiply in host cells, tissues, and organs [10]. Moreover, iron interferes with
the immune response to infections [11]. Experimental data show that iron impairs in vitro
the phagocytic, chemotactic, and bactericidal capacity of effector immune cells, such as
neutrophils and monocytes, affects the generation of cytotoxic T-cells, markedly reduces
the proliferative capacity of helper T-cells, and inhibits the activity of natural killer cells
and macrophages [10,12,13].

Regarding mycoses, iron is also essential for the growth and virulence of a variety
of fungal pathogens [14]. Like bacteria, fungi need iron for their survival, as this mi-
cronutrient is of paramount importance for biological processes such as DNA replication,
transcription, metabolism, and energy generation, which facilitate the propagation of fungal
infection [15,16]. Fungi developed several sophisticated mechanisms to acquire iron from
their mammalian hosts, such as reduction of ferric to ferrous iron, siderophore production,
iron acquisition from hemoglobin, use of xenosiderophores, and others [14,16]. Invivo
studies in animal models have shown that iron plays an important role in the pathogenesis
of invasive aspergillosis (LA), mucormycosis, and possibly invasive candidiasis [17,18]. On
the contrary, iron starvation has been shown to induce apoptosis in Mucordles, in vitro and
in experimental models [19,20].

Because patients with acute myeloid leukemia or transfusion-dependent myelodys-
plastic syndrome in transformation at a high risk of IFls [21] routinely receive multiple
units of red blood cells, transfusion-induced iron overload could represent an unrecognized
risk factor for IFls. Clinical studies indicate that iron overload might be a predisposing
factor for IFls in this high-risk population, but these studies are either small case series,
retrospective studies, or use serum parameters to define iron overload, such as serum iron
and ferritin levels, which are affected by inflammation [7,22,23]. We, therefore, conducted
a prospective, non-interventional, multi-center study amongst patients with newly diag-
nosed acute myeloid leukemia or MDS in transformation to determine whether baseline
iron overload, as measured using the bone marrow iron store (BMIS) score, before initiation
of chemotherapy or other treatment, is an independent risk factor for the development
of IFls.

2. Materials and Methods

All consecutive patients with newly diagnosed AML or with transfusion-dependent
MDS in transformation, before initiation of chemotherapy, radiation, or other immuno-
suppressive therapy, were included in the study. All MDS patients, upon entering the
study, had >20% blasts in bone marrow that had already transformed to AML. The patients
were attended by the hematology departments of four tertiary-care Greek hospitals. Only
patients with a bone marrow biopsy at baseline, as part of their routine initial diagnostic
workup, were included. For each patient, at least two extra backup slides of bone marrow
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were saved for iron staining, Exclusion criteria included estimated life expectancy of less
than 4 weeks and evidence for active fungal infection at presentation. The study protocol
was approved by the Ethics Committee of each participating hospital.

The following data were recorded at baseline: demographics, type of malignancy,
neutropenia, significant corticosteroid use, diabetes mellitus, history of blood transfusions,
and laboratory assessments obtained as part of routine clinical care, such as white blood cell
count, absolute neutrophil count, serum hemoglobin, platelet count, and serum albumin,
iron, and ferritin levels. Available chest X-rays or CT scans were reviewed. We defined
neutropenia as <500 polymor?honuclear cells/mm?® and profound neutropenia as <100
polymorphonuclear cells/mm” for >10 days. Significant corticosteroid use was defined as
the use of >600 mg of prednisone equivalent for at least 1 month prior to the diagnosis of
IFl or during the follow-up for patients who did not develop IFls.

The initial bone marrow aspirate smears were stained with Sigma-Aldrich pearl
blue iron stain. A standardized scoring system (0-4) was used afterward to evaluate
bone marrow iron store (BMIS) [24]. More specifically, scores of 0, 1, and 2 indicated the
absence or a small or moderate amom\tofixmwiminmebmwmnowspedmsmdied,
respectively, whereas scores of 3 and 4 indicated moderate or increased stainable iron
stores, respectively. A score of 3 or more was considered an increased BMIS. Almost all
patients (95/98) were receiving mold-active antifungal prophylaxis at baseline and before
starting chemotherapy.

All patients enrolled in the study were followed prospectively for 12 months for
the development of proven or probable invasive fungal infection. Proven and probable
IFls were determined in accordance with the revised European Organization for Research
and Treatment of Cancer/ My coses Study Group (EORTC/MSG) criteria [25]. Briefly, any
patient with a fever and neutropenia, and definitive evidence of active fungal infection,
such as a positive culture, a positive histopathologic, cytopathologic, or direct microscopic
examination of a biopsy specimen, was considered as having proven fungal infection. On
the other hand, patients with a neutropenic fever, with no proven IFI but with radiological
findings compatible with IFI and/or two consecutive positive galactomannans (for IA),
were classified as having a probable fungal infection. As date of IF] onset was considered the
date of the first signs or symptoms attributable to IF] or the date of the laboratory diagnosis.

For descriptive statistics, we used mean (SD) for normally distributed continuous
variables, median (25-75th percentile) for non-normally distributed continuous variables,
and absolute (N) and relative (%) frequencies for categorical variables. The Kaplan-Meier
curves for [Fl development among patients with BMIS < 3 or > 3 were produced. Modeling
risk factors that were independently associated with the development of IFI within one
year were found by using univariate and multivariable logistic regression analyses for
continuous variables and exact logistic regression for categorical variables. Multivariate
logistic regression was also performed to investigate the association of increased baseline
BMIS with the development of IFI during the follow-up period, adjusted for known risk
factors for [Fls, such as neutropenia (or profound neutropenia alternatively), corticosteroid
use, diabetes mellitus, malnutrition, and baseline levels of serum iron and serum ferritin.
Although results from univariate analysis did not identify any independent risk factors
for IFl development, we proceeded to a multivariate analysis, as it is possible, although
uncommon, for an association to become significant only after considering all variables [26].
We applied two sensitivity analyses, excluding the patients with MDS in the first and
excluding the patients with invasive candidiasis in the second, and applied the same
models. Odds ratios (ORs) and 95% confidence intervals (95% Cls) were reported, and
the level of statistical significance was set to 0.05. All analyses were performed with Stata
14 software (Stata Corp., College Station, TX, USA).

3. Results

A total of 129 patients were screened for the study; 31 patients were excluded, because
of the non-availability of at least two slides for iron staining, mainly due to a non-productive
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bone-marrow aspiration (dry tap). The demographics of the 98 patients included in the
study are shown in Table 1. A total of 76 (77.6%) patients had AML and 22 (22.4%) had
MDS in transformation. The vast majority of patients (95/98) were receiving antifungal
prophylaxis. During the one-year follow-up period, 22 (22.4%) patients developed an IF] at
a median time of 21 days after baseline assessment (range 0-319 days). The Kaplan-Meier
curve for IFl development among patients with a BMIS score < 3 compared to those with
a BMIS score > 3 is presented in Figure 1. No statistically significant difference in the
cumulative incidence of [Fls between the two groups was observed (log-rank = 0.630). IFls
were mainly invasive aspergillosis (n = 16) and characterized mainly as probable (n = 12)
(Table 2). The group of patients who developed IFI (n = 22) was comparable to the group
who did not develop IFI (n = 76), regarding age, sex, corticosteroid use, diabetes mellitus,
and hypoalbuminemia, at baseline (Table 1). Compared to patients who did not develop
IFls, patients with [Fls more frequently had newly diagnosed acute Jeukemia (95.5% vs.
73.7%), neutropenia (40.9% vs. 23.7%), and profound neutropenia (27.3% vs. 13.2%) at
diagnosis. It should be noted that after the initial diagnosis, all patients received induction
chemotherapy, and all developed chemotherapy-induced neutropenia. Regarding the
markers of iron overload, the two groups had comparable baseline serum levels of iron
and ferritin (Table 1). A BMIS score > 3, which is a more reliable marker of iron overload,
was observed in similar frequency in the two groups (36.4% among patients with [Fls vs.
40.8% among patients without [Fls). Univariate analysis showed that the only independent
predictor for IFl was the diagnosis of acute leukemia at baseline, indicating that patients
with acute leukemia had 7.40 (95% CI: 1.05-325.42) times higher odds of developing an IFI
compared to those with MDS in transformation. However, the subsequent multivariate
analysis failed to reveal any statistically significant predictor of IFls after adjustment for
variables such as neutropenia, corticosteroid use, diabetes mellitus, malnutrition, and
baseline levels of serum iron and serum ferritin (Table 1). Both univariate and multivariate
analyses showed that an increased BMIS score (>3) at baseline was not an independent
risk factor for [Fls (Table 1). Baseline BMIS score (>3) was not an independent risk factor
after replacing neutropenia with profound neutropenia at diagnosis in the same statistical
model (Table S1). As a sensitivity analysis and to have a more homogenous population
regarding the risk for [Fls, we applied the same model, including only patients with acuke
leukemia and excluding patients with MDS in transformation (Table S2). Similarly, this
model did not identify the BMIS as an independent risk factor for IFls in this AML-only
patient population. Similar results were provided by the sensitivity analysis when we
excluded patients with invasive candidiasis (Table S3).

0.31

3

Cumuletive incidance of IF1 (%)

J Log-rank p=0,630

0 100 20 X0 400
Days

BMIS<3  — BMIS23
Figure 1L Cumulative incidence of inv asive fungal infection diagnosis over 12 months after enrolment.
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Table 1. Characteristics of patients who developed or did not develop invasive mold infection during
the follow-up period of one year after the initial bone-marrow aspiration.

°mm No IFl f« =76) ""‘;‘: E-y " Univartate Analysis Multivariate Analysis
OR (5% CT) B OR (9% CI) -
g b e o me g @.5(535.750) 58 (47-45) - . : .
Make sx 44/76 (57.9%) 14/22(636%) - - - »
AML 56/76 737%) 21/ 22 (955%) 7.40 (1.05-325.42) 007 796 (094-67.34) 00857
v @n:;:':,)“’ 18/76 (2A7%) 9/ 22 (40.9%) 221 (071-672) 174 1.97 (068-574) 0214
Profound neutropenta at
10/76 (13.2%) §2(273%) 245(063.853) 0186 - =
(<100 cells /man’)
Cortcosterotd use 17/76 (224%) 52227%) 102 (0.26-347) 0999 1.11 (032-382) 0574
Diabetes mellitus 7/76(9.2%) 2/22(91%) 099 (0.09-5.76) 20999 1.01 (17-6.06) 0995
R e a) 25/76 (32.9%) 7722 (315%) 095 (029-25%) #0999 113072 088
BMIS =3 31/76 (40.8%) 8/22 (364%) 083 (0.27-243) oz 088 (031-25%0) 0S5
Baseline serum tron kevels
(median, 25-75th 1255 (79.5-1705) 1140 (20-1560) 1.00 (0.98-1.00) 0334 1.00 (099-1.00) 0346
percentile, mg/dL)
Bascline serum forritin kevels
(medtan, 6782 (:13;;}0110) Mﬂé& 6 1.00 (0.99-1.00) a9n 1.00 (0.99-1.00) 0519
percentile, mg/dL) i

IFE irwasive fungal infection; AML: acute myeloid leukemia; and BMIS bone marrow iron store.

Table 2. Number of cases of invasive fungal infections developed during the 12-month follow-up
period in the study population.

Invasive Fungal Infection Proven* Probable * Total
Invasive candidiasis /candidemia 5 0 5
Invasive aspergillosis 4 12 16
Mucormy cosis 1 0 1
Total 10 12 2

FAccording to the revised FORTL/ MSG dehations [20).

4. Discussion

Researchers have shown previously in laboratory studies, small case series, and retro-
spective clinical studies that iron overload might be assodated with increased risk for IFls,
including invasive candidiasis and invasive mold infections, among patients with hema-
tological malignancies [7,16,18,27,28). This prospective study was designed to investigate
whether iron overload, as measured by the BMIS score, is assodiated with increased risk
for IFls among patients with AML or MDS in transformation, and multivariate analysis
showed no evidence that baseline iron overload is an independent risk factor for IFls in
this specific population of heavily immunocompromised patients. We also performed
confirmatory post hoc analyses that included only patients with AML, excluded patients
with candidemia, or adjusted only for profound neutropenia at diagnosis. These models
similarly failed to show that a BMIS score >3 at baseline is an independent risk factor
for [Fls.

We prospectively studied 98 patients with acute leukemia or MDS in transformation,
and we found that a baseline BMIS score > 3 was not associated with increased risk for
IFls. Kontoyiannis et al. retrospectively evaluated the BMIS score in patients with leukemia
as well as recipients of allogeneic HSCT with IA (n =33) and those without IA (n = 33) and
found that most patients with IA (70%) had BMIS scores > 3 compared with the control
patients (16%) (p < 0.0001). Increased BMIS score was found to be an independent risk
factor for IA on multivariate analysis (p < 0.0001) [7). The contradictory findings of the two

83



J. Fung 2023, 9,748

6of9

studies might be explained by the retrospective nature of the latter study as well as from
the differences in the composition of the studied populations, as in our study, there are no
HSCT recipients, and all our patients were newly diagnosed, whereas Kontoyiannis's study
also included patients refractory to treatment and/ or relapsed. Moreover, Kontoyiannis
etal included only patients with IA, whereas, in our study, we examined all IFls, including
invasive candidiasis and invasive mold infections. To produce comparable data, we ran a
sensitivity analysis using as an endpoint only the development of IA, but a BMIS > 3 still
did not emerge as an independent risk factor (Table S3). In another clinical study, Miceli
et al studied the BMIS in patients with multiple myeloma before autologous HSCT and
found that iron overload, as expressed by a high BMIS score, is a risk factor for serious
bacterial infections after HSCT [27]. Yet the study did not report any [Fls among the MM
patients, who are at low risk for fungal infections.

Our patient population consisted of patients with newly diagnosed AML/MDS, who
typically have a relatively low (typically < 10%) risk of IFl compared to refractory /relapsed
AML, yet we report relatively high rates of [Fls. A possible explanation is that the par-
ticular conditions in Greek hospitals, especially during the recent financial crisis and the
subsequent SARS-CoV-2 pandemic favored high rates of aspergillosis, as has been shown
in a recent study [29]. On the other hand, our patient population differs from the heavily
treated or relapsed patients of similar published studies, where iron overload is nothing
more than a marker of poor response of AML to therapy, which is the driver of fungal risk
and, therefore, could not be an independent factor [30].

We found that baseline serum levels of iron and ferritin did not differ significantly
between the group of patients who subsequently developed an IFI and those who did
not. High levels of ferritin are present as an inflammatory marker on many occasions
other than infections. Inflammation, in both pediatric and adult patients with AML, has
been found to remodel the bone marrow immune microenvironment resulting in worse
outcomes, but not propensity to fungal infections [31]. In line with this, Tanaka et al
studied 190 patients with acute leukemia or MDS who have had HSCT and reported that
high levels of pre-transplant ferritin did not influence the incidence of infection but were
associated with worse survival. Similar data were reported by Styczynski et al. amongst
pediatric HSCT recipients [32]. Iglesias-Olma and colleagues reported in a retrospective
study of 74 patients with hematological malignandies that patients who developed IFI had
increased serum iron and ferritin levels compared to patients without IFI [18]. However,
this study was retrospective, and only 30 of the 74 patients had acute leukemia. In a study
of 15 patients with allogeneic HSCT, Maertens et al. showed that the number of red cell
transfusions and the mean levels of serum ferritin were significantly higher among the five
patients with mucormycosis compared with the 10 matched controls [28]. Yet, the small
number of patients limits the validity of the findings. Finally, Karp and Merz [22] reported
that among 70 patients with acute leukemia, the baseline total iron binding capacity was
significantly lower among patients who developed IFls (n = 54) compared to those who
did not (n = 16). Although this study was prospective, only 13 had documented IFI (12 had
candidiasis), while patients with Candida esophagitis or candiduria were classified as
suspected to have IFL

In our study, neutropenia at the time of initial diagnosis (ie., diagnostic bone marrow
aspiration/biopsy) and before chemotherapy did not emerge as an independent risk fac-
tor for IFls. However, the patients received induction chemotherapy immediately after
diagnosis, and all developed chemotherapy-induced neutropenia by day 14 of the study
follow-up. Therefore, all patients are considered neutropenic and of high risk for IFls, as
the association of chemotherapy-induced neutropenia with the development of [Fls is well
established [1]. The risk for [Fls due to neutropenia at diagnosis does not necessarily reflect
the risk for [Fls due to chemotherapy-induced neutropenia.

Our study has limitations, including the relatively small number of patients and the
fact that most IFls are dlassified as probable based on the revised EORTC/MSG criteria.
Also, only one experienced hematologist assessed the BMIS, which is a semiquantitative
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grading system, and interobserver variability may exist. Yet the method is highly repro-
ducible and validated for the diagnosis of moderate/severe iron overload [33]. We also did
not consider the possible heterogeneity between the participating centers regarding the
availability of diagnostic modalities. Finally, the high incidence of IFls, combined with the
relatively low number of patients and the fact that all patients developed chemotherapy-
induced neutropenia and all were under antifungal prophylaxis, might have blurred the
effect of well-known risk factors for IFls. Yet, this is, to our knowledge, the first prospective,
multi-center study designed to investigate whether iron overload, as measured by the BMIS
score, is associated with increased risk for IFls among high-risk patients with AML or MDS
in transformation.

5. Conclusions

In conclusion, in our study population of patients with AML or MDS in transformation,
baseline iron overload, as expressed by a BMIS score >3, was not an independent risk
factor for IFls.

Supplementary Materials The following supporting information can be downloaded at: hitps://
www.midpi.com/ article/10.3390/ jof%070748 /51, Table S1: Results from multivariate analysis for the
investigation of the association of increased BMIS and development of invasive fungal infection,
adjusted for profound neutropenia, corticosteroid use, diabetes mellitus, malnutrition and baseline
levels of serum iron and serum ferritin; Table 52 Characteristics of patients with acute myeloid
leukemia who developed or did not dev elop invasive fungal infection during the follow up period
of one year after the initial bone-marrow aspiration and mesults from univariate and multivariate
models. Patients with myelodysplastic syndrome have been excluded; Table S3: Characteristics of
patients who developed or not invasive aspergillosis, during the follow up period of one year after
the initial bone-marrow aspiration and mesults from univariate and multivariate models. Patients
with invasive candidiasis have been excluded.
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