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1. Ewayoyn

O xopkivog oLV pooToD €lval 1 cuYvOTEPN HOPPN KopKivov Kot 1 0g0TEPN OE
ovyvotta artio Bavatov and kapkivo otic yovaikes.[1] H mheioymoeio tov yovaikdv pe
KOPKivOo TOL HOGTOD OloylyVOOKOVTOL GE 0pYIKO o©Tdoo, efottiag tng 01d4000MG NG
paotoypagiog oto  mACIc  TPOANTTIKOL €AEYYOL, OH®G éva mocootd €mg 5%
TOPOVGIALOVTOL [LE LETACTACELS £ APYNG.

EmnAéov, mocooto péypt 30% tov yovorkadv mov epeavifovrot pe apyikd 6tdoto
vooov Oa avartdéovy petactatikny voco.[2] O uetaotatikdg KapKivog Tov paotov dgv
elvat 1do1og Kot 01 otdyot TG Bepameiog eivon n mapdrtacn g emPiwong kot 1 PeAtioon
™G ToldTNTOG (NG LEG® TOL EAEYYOL TOV GCUUTTOUATOV TS VOoov. H ynuetoBepameio
Ko 1 oppovofepameio amoteAoVV TIC KUPLOTEPES Bepameieg GTOV TPMOIUO Kol GTO
HETOOTATIKO KAPKiVO TOL HoeTOD.

O HETOOTOTIKOG KOPKIVOS TOL HOGTOV OMOTEAEL L ETEPOYEVH] VOGO OV TOIKIAAEL
amd TN TOPOLGIN LOVIIPOV LETACTAGEMY UEXPL TN SV O1ONGN TOALATADY OPYAVOV.
H o1dpeon emPioon kopaiveton petald 18 g 24 unvov, av Kot TotkilAel avdioya pe Tov
VROTLO TOV Kopkivov, TG 0€0€1G TV HETAOTAGE®MY KOl TO QOPTIO NG VOGOoL, e
amotéAeo Lo, Kamoleg acbeveis va £xovv paxpa emPioon.[3-7] H eniPfioon ot petactatiky
vOoo @aivetol vo, Bedtidvetar ta. televtaio ypovia [8] kol mbavdg avtd ogeiletan otV
avantoén kot gvpeio epapuoyn vedtepov Oepameidv.[7] Brodoywol deikteg, Omwe M
EKQPOON OPUOVIKOV VTodoyEéwv Kot tov vrodoyéo HER-2 sivon mpoPAentikol o

TPOYVMOOTIKOL TOPAYOVTEG avTaTOKPIoNg o1 Bepameia kot TS KMVIKNG TopEiag TG VOGOUL.



2. Mlpoyvoctikoi/apoPfrentikoi TOpdyOVTES GTOV TPOIUO KOPKIVO TOV

ROGTOV

H mpdyvmon, onradn n ékPaomn tov acbevav pe kapkivo HaoTov apytkov 6Todiov
OTMG OVTY EKTIUATOL LEGM TOV JOGTHHOTOG EMPimong ympig Tpdodo g vocsov (DFS) kot
™m¢ ovvoAkng emBiwong (0S), eaptdtor and Tovg YV®MOETONG KAVIKOUS TAPAYOVIES, OTMG
N nAMkia, to péyebog tov Oykov, o Pabudg Slapopomoinong tov Oykov, 1M dmMOnom
paoyoAoiov Aepeadévav, 11 EKepact oppovikav vtodoyéwv (ER, PR), kol 1 ékppaon tov
HER- 2 ota veomloaopoatikd xkottapo. AkOUW, 1 TOPOLGIO AEUPOYYEINK®Y OONnce®v,
€0KE o€ OYKOLC YOUNANG Ol0POPOTOINoNG, KOl O 1OTOAOYIKOG TUTOC OITOTEAOVV
TPOYVOGTIKOVG TAPBEYOVTEG.

H avédivon ¢ éxepoaong dwedpmv  yovidiov Tov  KOPKIVIKOD  KLTTAPOV
emPePaivoe v etepoyéveln g voocov. Etol moapammpndnkav técoepic dlopopetikol
noptokoi vrotumot: @) O Luminal-A, o omoiog agopd dykovg pe vynAn ékepacn tov ER,
xapmAn éxepaocn tov HER-2, younio PBabpod iotoroykng kakondeog kot yopunAd deikn
nolanmloclacpoy. Avtoi ot dykol égovv v kaAvtepn mpdyveon. B) O Luminal-B, o
omoiog agopd Oykovg mov eivar ER-Oetikol, pe mowkidn ékgpaon tov HER-2, oAAd pe
vynAOTEPO Pabpd 16TOAOYIKNG KokoNOewWG Kot OgikTn TOALUTANCIOGHOV am’OTL Ol
Luminal-A. y) Ot HER-2 Oetikoi 6ykot ektdc and v vrepékepaon tov HER-2 vrodoyéa,
pmopet va unv ekepdlovv oppovikovg vrodoyeis (ER, PR apvntikot) kot yapaxtmpilovron
amd VYNAN EKepact YoVidimv Tov oyeTilovTol e TOV KVTTOPIKO TOALATANGLOGHO Kot O) Ot
ER-apvntikoi 6ykol mov mepthapPdvovv moAlovg vrotumovg o0mmg tovg Basal-like, claudin
-low ot interferon-rich. Ot mepioodTEPOl Amd AVTOOS TOLE OYKOLE — EURIMTOVV GTNV
KOTNYopio. TOL TPWAG opyNTIKOL Kopkivov tov pactod yuwti eivar ER, PR ka1t HER-2
apvNTIKol. AVTOl Ol VIOTLTTOL £YOLV HOPLOKA YUPUKTNPIOTIKA TOL EMNPedlovV TOGO TNV
TpdYVmo™ Toug 060 Kot T Oepoameia Tov Ba ypnoyorombel, avaroya pe v EKQPAcT TOV
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VTOOOYEDV.

Téloc, M aviyvevon KoPKIVIKOV KLTTAP®V GTO O{l0l KOl GTO HVEAO T®V OGTOV
eoaivetal vo moilel onpavtikd poOAO otV AVATTLEN OTOUOKPVUGUEVAOV UETACTAGEMY GTOV
Kapkivo Tov pooToV. Xe avtifeon pe TNV EUEAVION KAWVIKA EUQOVAOV UETOCTACEDV TOV
avTIPocOTEHOLY OY1Ho ovuPdv ot mopeiot TOv Kopkivov, M TAPOLGIK KAPKIVIKAOV
KUTTAP®V GTO TEPLPEPIKO Ol 1)/KOL GTO PVEAD TOV 0GTMV OUTIGTMOVETOL KOl TPMOUOL KO

Bewpeitor mg delktne KapKvikng dtoomopdc.[9]

3. IIpoyvooTiKol TOPayOVTES 6TO HETUCTUTIKO KOPKIVO LOGTOV

1N UETOOTATIKY VOGO €kTOC amd v ékepaot tov ER, PR, HER-2 vrodoyéwv,
dAAOL KMVIKOT TTPOYVOGTIKOL TTopdyovies eivarl To Sdotnuo amd TV OAOKANP®ON TNG
apywng Bepameiog péyxpt TNV VIOTPOTY TNG VOOV, 0 APOUOS TOV UETACTATIKOV OEcemV,
Kol 1 Topovcio omAayvikov petacticewv. Ot acBevelc pe BeTikovg oproviKoug Lodoyelg
EYouV KaAOTEPN TPOYVIOGT Kol EVOLPEPOV Elval TO YeYOVOG 0TL Ol acBevelg e BeTikovg Kot
TOVG 000 0OpurOVIKODS VTOdOYEIC Tapovstdlovy peyaAdTepn emPi®ON GLYKPITIKA HE TIC
acOeveic mov &yovv OyKoVG TOL EKPPALoVY TOV Eva Hovo oppovikd vrodoyéo (ER+/PR- 1
ER-/PR+).[10] AcBeveic pe vmepékepaon tov HER-2 vmodoyéa f pe tpumhd apvntikd
KOpKivo T0v pootol, £xovv pikpotepn emPioon.[11-13] To didueco ddotnua uéypt v
VIOTPOTN TNG VOGOL givol €miong oNUOVTIKOG TPOYVIOGTIKOS TAPAYOVTOS KOl, OV &ivol
ueyaAvtepo amd 2 étn, n mpdyvmon sivar kaAvtepn.[11, 14-16] O aoBeveic pe vrotpont
010 Oopakikd Tolymua, oTo 00TA 1 6TOVEC AepPadEveS £xovv peyaAvtepo PFS (emiBimon
YOPIc TPO0do TG VOGOV) Kol GUVOAKT EMPIMON CLYKPITIKA HE OVTEC TOV EYOVV NTOTIKESG
LETOOTACELS 1] AEUPAYYELOKT O10l6TTOPA 6TOVG TTveLpovec.[14, 15, 17]

Emniéov, apvntikol mpoyvooTtikol Tapdyovies 6N LETAGTATIKN VOCO ival 1 TTmYN

Aertovpyikn katdotaot (PS), n andieia Bapovg kot To vynid enineda LDH otov 0pd.[14,
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18]
4. TIpofrentikol TOPAYOVTES OTO NETUOCTATIKO KUPKIVO HOGTOV

H vrepékppaon tov HER-2 vmodoyéa ko tov ER, PR vmodoyéwv eivar ot mo
onuovtikol mpoPAentikol moapdyovieg oaviamokpiong otn  Oepameio. To mocootd
avrondkpiong o€ oppovobeponeio mpooeyyilert 10 70% oe acbBeveic pe Oykovg mov
ekppalovv ER ka1 PR oppovikovg vrodoyeic, 40% oe oykovg mov givor ER+/PR- 1 ER-
[PR+ ko givan pukpotepo amd 10% oe ER-/PR- 6ykovg.[19, 20] EmmAéov, Tapdyovteg mov
wpoPAETOLY TNV avtomdKplon 6TV oppovobepaneio eivor T0 pakpd xpPovikd SLAGTNO ATd
™ Odyveon TG vOoOou UEXPL TNV EUPAVICT] HETOCTOTIKNG LTOTPOTNG, N Vmapén uoévo
OCTIKOV UETOOTACEDV YWOPIG OMAMYVIKEG EVIOTMICES N WETOOCTAGELS OTO HOAOKA HOplo
Kabmg emiong Kot 1 avtamdKpIlon 6€ TPONYOLUEVT] YopTynomn opuovobepamneiag.[21, 22]

H vnepékppaon 1ov HER-2  vrmodoyéa oamotehel mpoPrenticd mopdyovta
avTamokplong oto eavhpomonomuévo aviicopo trastuzumab kot pertuzumab kaBmg kot
oto lapatinib mov glvar SumAGC eKAEKTIKOG OvVAGTOALNS TV TVPOSIVIKGV Kivacov EGFR
kot HER-2. Extiong o Ogpamevtinog mapdyoviag mov £0waoe mpds@ata 0TIk omoteAécota
ot Bepameioa tov peraoctatikod HER-2 Ogtikod kapkivov tov pactov eivar to Ado-

trastuzumab emtansine.[23]

5. EAayrotn vroleutopevny vosog (Minimal Residual Disease, MRD)
[Tapd v AP xepovpyikn e€aipeon Tov TPOTOTAOOVS OYKOV, GTU APYIKE GTALN
™G VOGOV, 0 KOPKIvog TOV HaeToD cLyva LIoTPomalel. Avtd pumopel vo cuuPel akoun kot
o€ aofeveig pe apvnTikovg paoyaAoiovg AepadEves, Kot £Tot eaivetal 0Tt 1 AavOdvovoa
OLLOTOYEVIG OlOoTTOPd ERPAVICETAL TTOAD TPV 01 PLETAGTAGELS YIVOUV KAWVIKG OVIYVEVGLLES.
Apa 10 ovotua TNM, mov ypnolomoleitol yioo T oTOd0TOINCT TOV KOPKivov TOv

HOOTOV, 0LVATEL VL EVTOTGEL e akpifelo TNV opada Twv aclevdv mov Ba vToTpoTAGOVY
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Kat, teMkd, Oa kataAnfovv amd T voco.[24] Metd ™ yepovpywr efaipeon Tov
TPOTOTAHOVG OYKOL, 1 OCTOPA TOV KOUPKIVIK®OV KLTTAPOV ONUIovpYEL v eAdylot
vroAewmopevn voco (MRD), kat 0 6tO)0¢ TG EMTLYOVS EMKOVPIKNG Oepameiag Tpémetl va
elvar n mAnpng ebrenyn g H aviyvevon HMKPOUETACTAGE®Y GTO HLEAO TWV OCTAOV
(DTCs) 1 oto meprpepkd aipo( CTCS) amotelolv, €€’ optopov, évoelén napovsiog MDR.
Katd ovvémewn, n mapoakorovbnon avtdv tov Kuttdpov Oo pmopovce va moapéyel ™
duvaTdTNTo EKTIUNONG TNG avTamOKpIong TG acbevoig otn Bepamneia.

Opmg m - perétn mg WKPOUETAGTOTIKNG VOO0V TOPAUEVEL GE EPELVNTIKO EMIMEDO,
Yopic va &gl axoun kabepmbel ot KAvikn mpaén ¢ Pacikd epyadieio yuoo ™ ANy
BepamevTIKNG andPacng Kol TV wapakoAovdnon tov acbevav.[25] Zoupwvae pe ™ véa
ta&wvounon e American Joint Committee on Cancer (AJCC) tov 2010, n mopovcio
KUKAOQOPOOVTOV KOPKIVIKAOV KUTTAP®V 6T0 TEPLeptkd aipa (CTCS) kot decmappuévov
KOPKIVIK®OV KVTTépmv (< 0.2 mm) 6to puedd tov ootodv (DTCS) 1 o dAlovg 16To0¢ ANV
TOV TEPOYIKOV Aeppadévov taévopsitor o o véa (M) katnyopio pe tov 6po MO(i+).
Ouwg 1 otadiomoinon twv acbevov dev aAraletl kot yivetar pe faon to cvomuo TNM,

J€JOUEVOL OTL eV VTLAPYEL KAVIKE 1/KOL OTEIKOVIGTIKA LETAGTOTIKY VOGOG.

6. Avdomapta kopkivik@ (DTCS) kol KUKAOQOPOUVTO KOPKIVIKA
kvttapo (CTCs)

Adomopta kopkivikd kottapa (Disseminated Tumor Cells-DTCs) opilovtatr og
“KpOE1Lo” eMONAOKAE KOTTOPO TO 07Ol aviYVEDOVTOL GTO HVEAD TWV OGTMOV YUVOUK®V UE
Kapkivo pactov. Kvkhopopovvta kapkwvikd kdttapo (Circulating Tumor Cells, CTCs)
opilovtal wg "kpHela" emBniakd KOTTOPA TO. OTOia AVIYVEDOVTOL GTO TEPIPEPIKO aipal
acBevov pe Kapkivo poaotod. Tétola "kpoveua" embnAokd KdtTopa aviyvedovior omdvia
07O LVEAD TV OGTMOV 1| GTO TEPLPEPIKO Ol VYLDV 0TOU®V.[26]
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H mapovcio tov kukho@opoiviov kapkivikov kuttdpov (CTCS) meprypdonke yo
npdT™ Eopd 10 1869 amd tov Thomas Ashworth.[27] Eikoot ypévio apydtepa, o Steve
Paget mepiéypaye oto mpdto TELYXOC TOLV Lancet ) Oswpio ‘pe 10 oMOPO KO TO €3OS
oVUP®VE UE TNV omoia, M HeTdoToon €E0PTATOL OO TN OLUCTOVPOVUEVY] EMKOWVMOVIO
HETOED EMAEYUEVAOV KOPKIVIKOV KLTTAP®V (0 OTOPOG) Kol EOIKAOV GLGTATIKOV TOV
pikpomeptBdAiovtog (to yodua), o vrobeon mov enavAle TOALL xpoOvioL apyoTEP OTd
tov Fidler.[28]

2TIC UEPEC MOG, M MHEAETN TOV KLKAOPOPOOHVTIOV KOPKIVIKOV KLTTAP®V &lval éva
TOAD evilpEPoV BEpa oLV AmacyOAEl TOAAOVG EPELVNTEG KOl GTO OMOI0 EMIKEVIPMOVETOL

HEYAAOG aplOOG GUYXPOV®Y ONUOGIEVGE®V.

7. M£00001 aviyvevons TOV KUKAOQPOPOUVTMV KUPKIVIKOV KUTTAP®V

H aviyvevon pepovouévov HIKPOUETOSTATIKOV KOPKIVIKOV KVTTAP®V, TOGO GTO
nepipepkd  aipor (Circulating Tumor Cells, CTCs) 660 kot 610 HVEAD TOV 0GTOV
(Disseminated Tumor Cells, DTCS) acbevdv pe mpod1po 1 Kol HETOOTOUTIKO KOUPKIVO TOV
HaoTOV,  O0gv ivan duvatn pe v kabepopévn ypdon apatoELAIVNG-N®Givng 000UEVOL
OTL  ovyvOTNTA ToVg elvan Wwitepa younAn ™¢ taéng tov 1 errdpoullO7—108 KOTTOPO
oV TIEPLPepIKo aipartog (peripheral blood mononuclear cells_ PBMCs). H ypnotpuonoinon
dapdpwv puebodoroyidv epmrovtiopod twv PBMCs e CTCs/DTCs ot omoiec Pacilovtat
070 HEYENOC TOV KLTTAP®VY, TO NAEKTPIKO TOVS POPTIO N} O GLYVA TNV EKEPOCT] OLAPOPWOV
avTlyoveov o1 KUTTOPIKY  EMPAVELD, EYOLV  EMUITPEYEL TNV OMOUOVOOT  TOV
UIKPOUETOCTATIKOV KVTTAPWOV GE £vol SNUOVTIKO oplBud acbevov pe d1d@opovg THTOLS
Kapkivov. Ao Tig peboddovg avTEC 01 TALOV dadedoUEVES eivar avTéG o1 omtoieg Pacilovtat
oe dwPodulopevn euyokévipion pe ™ ypnon Ficoll/Hypaque, OncoQuick, teyvikég

OVOGOLLOLYVNTIKOV S10(®PICHOD TWV KLTTAP®V - 0TS S1(®PIoUOG LUE TN YPNOT LOyVITIKOD



eSOV KOl LOYVNTIKAOV GOAIPLOIMV ETIKOAVUUEVOV PE EOKA AVTIGOUOTOL.

Ot péBodot aviyveuong TV KPOUETACTATIKOV KVTTAP®V facilovtal gite oth xpHon
HOVOKAWVIKOV avTiowuatwv 1 eivar uopioxés teyvikés. H  avoooxvttapoynueio, o
avoco@Bopiopdg Kot M KuttapoueTpion pong sivar texvikés mov Pacilovtal ot ypnon
HOVOKAMVIKOV OVTICOUATOV £VOVTL TPOTEIVOV - oL ek@pdlovionl pev oto KOTTOpO
eMONAMOKNG TPOEAELONG AAAG Ol GTO KOTTOPO, LEGEYYVUATOYEVOVG TPOEAEVLGNG OTTMG TOL
OLLOTTOUTIKA KOTTOPO TOV OHLOITOG KO TOL HVEAOD TV 00TMOV. Oa tpémetl va onueiwdel ot
OEV LIAPYOVV EOTKA KAPKIVIKE avTiyOva. To. omoia vo eKPpAlovTol amoKAEIGTIKA Kol Ldvo
OTO KOPKIVIKA KOTTAPO MOTE VO eMTpomel 1 dueorn aviyvevon tovg. ' tov Adyo avtd
YPNOUOTOIOVVTOL GOV OEIKTEG TPWTEIVEG EMONAMOKNC TPOEAELONG OTMG KVTTAPOKEPATIVEG
N nopa tpookdAinong (EpCAM), ot onoieg exppdlovtal, Kotd KHplo AOyo, 6T0 KAPKIVIKA
KOTTOPA OAAG O)L GTO LEGEYXVUATIKA atpomotntikd kutTopa.[29-31] H napovoia kuttdpwv
oL EKPPALOLV OVTEC TIC TPWOTEIVEG OTO TEPLPEPIKO Qi /Kol TO HVEAO T®OV 0GTOV,
amotelel 1oYLPY EVOEIEN ALUATOYEVODS SLOGTOPAG VEOTAUCUATIKOV KOTTAPWV EMONALOKNG
npoérevonc.[32] Me Baon ta dedopéva avtd, ta CTCs pmopovv va aviyvevboldv omd to
notifo g ypmdong tovg (Staining pattern) kabmg kot Kprmplo Booiopéva o€
katevBuvmpieg 0onyiec.[33] Ta pop@oroyikd avtd KprTnplo TEPLYPAPOVTOL GOV KPLTHPLOL
g Meng ko eivat: peydlog Adyog mupva TPOg KVTTOPOTAUGLA, LEYAADTEPO KOTTTAPO
amd to AeVKE aoceaipla Kot 0 Tupnvag givatl cuVIB®G KOKKIMONG 1 S100TIKTOC.

Emumiéov, 1 xpron HOVOKAOVIKOV OVTICOUAT®V ETITPETEL TV AUECT] TOVTONOINGOT
kot tocotikonoinomn tov CTCS/DTCS pe avocos@bopiopo 1 avoco-KuTtapoynueio.

XV mepinT®mon Tov KOPKIiVOL TOL HOGTOD, Ol KLTTOPOKEPATIVEG TOL EYOLV
neplocotepo pehetnOet givar or CK-8,18,19 evd peyoldtepn €01kOTNTO Kot gvoucOncia
eaivetat va mapovotdlel n kuttapokepativn-19 (CK-19).[34]

Avocokvttapoynuika et emPePoarwbel n mopovcia KoPKIVIKOV KLTTAPOV GTO



HVELD TV 00TMV o€ T0600TO 20-30% TV acbevav pe Tpodipo kapkivo tov pactod.[34] H
evacOnoio g pebodov exktpdror o mepimov 1 kopKvVIKO KOTTAPO VA 10* £€m¢ 10°
QLGLOAOYIKG opomomTikd kutTopa.[35, 36] O mepoploudc ot dayvootiky o&io ™G
pefooov  opeiletor ot SWGTAVPOVUEV  AVTIOPOOT  T®V  YPTCLUOTOLOVUEV®DV
LOVOKAMVIK®OV OVTICOUATOV LE TO PLOGLOAOYIKA KOTTOPO TOL LueAov.[37-39]

Muw teyvikr] mov Paociletar otov avocso@Bopicpd kot TV KLTTOPOUETPio. PONG
amotelel T Pdon tov Mu-avtopatomomuévov cvotiuatoc, CellSearch system (\Veridex,
Warren, New Jersey, USA). To ocvotquo ovtd emTpénet TV oviyvevon Kot TO
yapoktnpiopd twv CTCs. Metd amd €va apyikd oTddlo EUTAOVTIGHOD HE TN YPNOM
opapdiov emkaivupévov e oviicopo évovit oo EpPCAM (epithelial cell adhesion
molecule), axoAovOei ypdon twv EpCAM-0etikdv KuTTApOV T0GO LE £va avTiompo EvavTt
TV Kuttapokepatvov 8,18,19, 66o kot pe éva aviicopa b6 yio to CD45 (mpwteivn
nov ekppaletal o OAa o PBMCS) kou pe 4" 6-diamidino-2-phenylindole-2 (DAPI-to omoio
ypopotilel Tovg Tupnveg TV kuttdpmv).[40] Q¢ CTC yapaktnpiletar éva kKOTTOPO OETIKO
v kuttapokepativn kot DAPI kot apyntikd yio 1o CD45.

"Exovv onmpocievbet emiong pébodotl pe tig omoieg emituyydaveton aviyvevon CTCs
amd olkd aipo ywpig va mponyndet Ao 6TAd10 EUTAOVTIGHOD TTaPd LOVO AVoT EpVOpOV
apoopaipiov.[41, 42] Ocov apopd ctov avoco@opicpd, M mpoTuduevn HéEB0d0g
aviyvevong eivar 1 owTOopOTOTOMUEVY, YNEKY pukpookomio (automated digital
microscopy, ADM), mov 6pmg givor ToAd apyn oty odpwon. Exet dnuoctevdei n ypron e
TEYVOLOYIOG TOV ONMTIKOV WOV Yo Tn odpwon upeydrov emeoveimv (fiber-optic array
scanning technology, FAST), n onoia epappolet teyvikég laser-printing yio v exilvon tov
npoPAnuatog aviyvevong omdviov kuttapmv.[41] Me t FAST kuttapopetpio, pmopet vo
yiver 0yepon @Bopilovcav ypwotikdv ce 300.000 kdTTOpa 0vE OELTEPOLENTO KO M

exmouny] @Oopiopoh GLAAEYETAL pE Eva €EMPETIKA PEYOAO OTtTiKO Tedio. Me tov tpdmo



avto, M TayLTNTO chpwong eivar 500 opég peyadhtepn amd TNV TOVLTNTO GAPOCNG LE TN
teyvikn ¢ ADM pe moapdpoto evarcOnoio kot avénuévn edkotnta.[41] O epgvvntég
TPOTEIVOLV TN GLVOLAGUEVT] YpN o1 TG TEXVoAoYiag FAST kat g ADM yo tqv aviyvevon
onaviov CTCs oe acbeveic pe npodo otddo kapkivov.[41] Extudrar 6t o npodo
010010  KOPKiVOL, LUKPOUETAOTOTIKE KOTTOPO OveELpPIoKOVTOL OTn KukAogopio o€
ovykeviphoee 1/10° ~ 10 PBMCs [43] Av AdPovpe vrdyn HoC TO KOTMTEPO Opto
aviyvevong, amotteiton éva oetypa pe 100 exatoppdplo opomontikd KOTTOpO Yo, vo
aviyvevbel tovddyiotov 1 CTC pe vymiq mbavomta (99,995%). o v avdivon pe
ADM gvog té€to100 detypatog, £vog kuttapordyog Ba yperalotav 18 dpec Yoo va avaAdcel
3000-30000 ewdvec. Xpnowomowwvtag v teyvoroyia FAST, pa mpdt odpwon 100
exatoppvpiov Kuttdpov kotaAnyel oe 1500 ewcodveg, ot omoieg HETA amd enavacAPOOTN UE
ADM pewwvovtor og 300 ko £161 0 110G KLTTAPOLOYOG YPELALETOL TEAIKA LOVO 5 AETTA Yo
va T avaivoetl. To mieovéktnua pe ) ypnon g FAST teyvoloyiog sivar 6tL dev gival
mOPOiTNTES TEYVIKEG EUTAOVTIGHOD Ol OTOIEg £YOVV MG OMOTEAECUO, TNV EAATTOUEVN
evaoOncio AOY®m andAELNS KUTTAPWV.

Mo GAAN Tpotewvopevn uEBodOC Yo TNV avixvevon KVKAOQPOPoOVI®MV eTONAMOKOV
kvttdpov (Circulating Epithelial Tumor Cells, CETCs) ywpic vo mponynfei otddio
eumlovtiopoy amotedel  kvttopouetpion pong (flow cytometry) petd and ypoon tov
KUTTOpoV pe avticopoto Evavit tov EpCAM kot CD45 ceonpoocuéva pe @bBopilovoeg
ovoiec.[42]

[Ipdopata, ot Nagrath kot cvvepydrteg dnuocicvoav ™V avantoén pog véag
teyvikng (“CTC-chip”) wavig Yy TNV OTOTEAECUATIKY OVIXVELON Kol EMAEKTIKY
amopudévoon avénapov CTCs and olkd aipa. H teyvoloyia Paciletar omv avtidpoon
avapeoa oe CTCs kot pukpoPobpio (microposts) emkaAvppévo e avTicOUO EVAVTL TOV

EpCAM «xat® amd GUYKEKPIUEVEG GUVONKEG LKPOPONG, KOl OEV ATOUTEL TPOTYOLUEVMG
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ofuovon 1 A enelepyacio Tov detypdtmv.[44]

O popraxég texvikeg Pacilovrar kupimg oty aviyvevon voukAeik®v ofémv (MRNA
petaypdeov pe RT-PCR). Ot pébodor g PCR ot RT-PCR Bacilovtal oty aviyvevon
GUYKEKPIUEVOV OAANAOVYIDV GTO UIKPOUETOOTATIKG KOTTOPO, o€ eminedo DNA ka1t mMRNA
avtioToya, TOL 10, S10POPOTOLOVY amd TO AUOTOTIKA KuTTopa.[29-31] Adpopot deikteg
é&xouv kabopiotel yuoo tov mpoodopopd twv CTCs popuokd omwg or EpCAM, ot
KLTTOPOKEPATIVES Kat 1) pactoogatpivy (mammaglobin).[45]

Aldpopotl gpeuvntég €xouv oLykpivel OPOPETIKEG UeBOOOVE aviyvevong TV
LWKPOUETAOTATIKOV KLTTApwVv.[46, 47] Or pébodor mov Pacilovion otnv aviyvevon
VOUKAETKOV 0EEwV Bewpoldvtar yevikd o gvaicOnteg, &vd 1 AVOGOKLTTOPOYNMELD
TPOGPEPEL TO TAEOVEKTNOL OTL ETITPETEL TNV EKTIUNGCT TNG LOPPOAOYING TV KLTTAp®V. Mg
™ ypnon ™ PCR, «evioybetory to DNA tov delypartog, moapéyovtag t Svvatotnta
aviyvevong evog eopetikd pikpov aplfpod KopKIVIKOV KLTTAp®V omd €vo GUVOAIKO
KutTopkd TANOvopd. Emopévog, ta Wwevdmg apvntikd amotedéspoto meplopilovtal Kot
BeAtidveton 1 evooOncio g pebddov. Xvykekpyéva, n RT-PCR £€yxet m dvvatdtta
aviyvevong 1 CTC/10° povomdpnvo koTTapo Tepipeptkod oipnatog 1§ puehol, Sniadn
evatoOncio TovAdyiotov 10 opég peyaddtepn amd ovt) TG avosokvttapoynueioc. 'Eva
ONUOVTIKO PEIOVEKTNUA Elval 1) PKPN E0KOTNTA, AOY® TNG EAAEIYNG EOIKAOV Y10 TOV KAOE
TOmo  emniokod Oykov oAAniovyuwv, mov meplopilel TN dyvootikn aflo ™G
uebodov.[30]

Yevddg Oetikd amotedéopoto £yovv mapotnpndel ypnolpwonowwvtag gite TIg
nebddovg mov Poociovior oto vovkieikd o&éa eite avtég mov Poocilovior orta
avticopata.[48] H empoivvon pe yevopukd DNA kotd ) S1dpKeln TG OmopoveOong
omkov RNA, 1 éxtomn 7 mapdronn (illegitimate) éxepaon M emoyoyn ™G £Kepoong

emOnMaxkov deiktdv CTCS/DTCS o povomupnva apomonTikd KOTTapo | AEUPOKVTTOPA,
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Ao KLTTOPOKIvES Kot 1 mapovsio yevdoyovidiov e CK-19 €yovv avapepbel g aitia yio
o Yevdmg Oetikd amoteAéoparta, Otov yivetar ypnon pebddwv mov Pacilovioar ot
voukAeikd 0&€a.[49-52] H ypfion mocotikrig RT-PCR, n omoia pepikéc @popég pmopei va
Eexoploel younAd emimedo TAPATLANG  EKEPOCNS OMO  LYNAOTEPO  EMIMEdD TOV
TOPATNPOVVTAL GTOV KOPKIVO TOV HooTOV, KOOGS EMIONG KOl O OYESACUOG TOV EKKIVITOV,
®ote vo unv evioyvovy yevopukd DNA 1 yevdoyovidia, propodv wg Eva fabud va Avcovv
10 TOPATAVe TpofAruato.[53]

[Tapoporor mepropiopoi €xovv meprypoeet pe pebodovg mov Pacilovrar otn ypnon
avTicopatov. [ToAAd amd To aVTICOUATO TTOV YPTGYLOTOIOVVTOL Y10 TH XPMOCT EMONAOKOV
KUTTAP®V 1| KLTTAPOV KOPKIVOL TOV HOGTOV lval YvmoTd 0Tl TEPIGTAGIOKE ovaryvmpilovv
QLLOTOMTIKG KVTTOPO, pe Topdtumn ékepact kuttapokepatvov (CK-19) 1 MUCIT. Mn
E0IKN YPMOON TAUCUOTOKLTTAP®V umopel emiong va ocvuPel egoutiag g avtidopaomg
OAKOAKNG QOCPOTACNG EVOVTIOV TOV K KOl A EAOPPOV OADC®V GTNV EMLPAVELD TOV
Kuttdpov. H Beltiotomoinon tov aviicOUATOV Kot 1 ¥poN TOV KOATAAANA®V apvnTIKOV
detypdtwv eEAEyyov fonbovv 6TV QVTILETOTIOT TOV TOPAUTAV® TPOPANUATOV.

H a&lomiotio 100 Tpocsdiopicopov kapkivo-oyetilopevov petaypdeov mMRNA e RT-
PCR «ou real time RT-PCR vy v aviyvevon tov CTCS o610 meprpepikd aipa, pmopet
emiong va ennpeactel amd mopdyovieg On®S TO XPOVIKO SIACTNUO TOV HeEGOAPEl amd T
detypatoAnyio puéyxpt v emeEepyacio Tov delypatog, o ypodvog TNG aVAALONG KOl M
Beppokpacio katd v enefepyaoia, to omoia emnpedlovv ™ yovidlokn ékppoom.[54]
Emumiéov, tpomomoinon tng yovidlakng Ekepaocng pmopet va mpokAnbel and empodivvon
Kot T eAEPoKEVINGY, TNV EmOP UE EEVEG EMPAVELES I aKOUN TNV €KOECT GE GLGTATIKA
amd KoTeEoTPAUEVE KOTTAPO, Omwg 1 opooceorpivn. To evdokvttdpio RNA umopel va
amodoun0el katd TNV eX VIVO mopopovi) Tov aipatoc, omd e01KEG Kot U E101KEC EVOOYEVELG

pipovovkiedoes.[54] Meléteg mov diepedvnoay TV EMIMTOON NG €X VIVO EMM®OONG TOV
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OEYHATOV OHLOTOG OTO ENITEON EKPPOCTS TOAADY YOVIOIOV LLE LIKPOGLOTOLYIES, KaTEANEOY
OTL TOAAG Yovidla mov ekppdlovtat amd o KOTTOPA TOL aipaTog eival ToAD evaicOnta otV
ex Vivo emeepyacio tov detypdtov. [poteivetar pdAiota 0Tt GNUATOSOTIKO LOVOTATIO
mov oyetiCovion pe v vro&io Kol T0 KLTTOPIKO Stress pmopetl va evepyomolohvtol GTo
delypota, Tov omoiwv 1 enefepyacia kabvotepel, evd onuavikol pnyoaviopoi, OT®S o
KLTTOPIKOG KOKAOG, 0 TOAAATAAGIOCUOG, 1) LETAYPOPIKY] pUOUION Kot 1 amdTTOoN Urmopel
va katootéAlovtal oto dsiyuata avtd.[54] A&oonueioto gival OTL PETOYPOPIKES
amokpioelg oto Stress cupPaivovv poig 2 dpeg petd v arpoinyio.[54]

Katd v aviyvevon CTCs oto mepipepkd aipa, n kabvotépnon enelepyasioc Tmv
delypdTov, €kTdg omd OoAAYEG OTO EMIMESD TNG YOVIOWIKNG EKOPUONG TOV AELKOV
apoceapiov, avédver T mbavotteg mpdkAnong amomtwong ota CTCs Adyw
QIOUAKPVVONC TOVE amd TO IN VIVO pukpomepiBdiiov tovc. Katd cvvénein, ta detypota
aipatog ko 10 RNA Ba mpémer va veiotavion dueon enelepyacio LETA T GLAAOYY TOVG,
v va amo@evyfel n odhoiwon g IN VIVO yovidlakng EKppacng amd eX VIVO amokpicels
o7o stress, Wwitepa dtav N tosotnTa Tov RNA 6TdN0V €lvan mhpa ToAD pikpr|, OTMG 1o LEL
o mepintwon ¢ oviyvevong CTCs oto meprpepikd aipa. EvaAloktikd, vmdpyovv
dwbéoa Kit oto gumdpro, 6nmg to PAXgene (Qiagen), yio T cvAloyn, otabepomoinon
kot omevbelag amopdvoon Tov RNA oand olkd aipo, ta omoio  eEaceaiilovv
otabepomoinon tov RNA péypt kot 5 nuépeg petd v arpoAnyia.

Onwg mpoovagépbnie, ot meplocOTEPEg ovyypoves HéEBodOL aviyvevong twv
LIKPOUETAOTATIKOV KVTTdpwv Poacilovior oty €kepacn emnilokov dsiktov. Oupmg
AMyw ™G vrdbeong 6Tt M Somopd TOV KOPKIVIKGOV KOLTTAPWV GLVOOSEVETOL Omd
«emOnhokn-peceyyopatiky petatponry (EMT), pe oamotéhecpo ehattopévn €kepoon
emOnAokadv deiktmv, véeg uébodot Tpoomabovv va aviyveboovv CTCS mov dev exppdlovv

emOniokovg oeikteg. Qg €k TOVTOL, pio WaviK HEBOSOG aviyxvenons KVKAOPOPOUVI®MV
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KOPKWVIKOV  KuTthpov Bo mpémer va meprlapPdvel emBniokovg Ocikteg mov  dgv
VooTPEPOLV Katd tv EMT 1 /kan peceyyvuatikovg deikteg mov endyovrot kotd v EMT.
Emumiéov, Ba mpénel va pmopet va dwoyopicetl ta Prooo ard to arontwtikd CTCS, éto1
wote, va aviyvevel kot yopokmpilet ta CTCs mov mpaypoatikd oyetilovior pe
onuovpyia petactacemv. Téhog, Ba mpémetl va €xel T SLVATOTNTO LOPLOKNG AVAALGNG TOV
aviyvevBéviov CTCs kot va GuYKpIveL T YOPAKTNPICTIKG TOVG UE OVTE TOV TPMOTOTAOOVG

OYKOL KOl T®V ELPAVAV LETOACTAGEWDV.

8. Awomopd TOV KOPKIVIKOV KLTTdpov - EmOnlopcoeyyopotiki

petatpomny Twv CTCs

Katd ™ oJwdwacioo g oykoyéveong O1d@opotr vmomAnbuouol Kuttdpmv TOV
TPOTOTAHOVS OYKOL OTOKTOOV SLVATOTNTEG dS1NONONG KOl KIVITIKOTNTOG KOl EIGEPYOVTOL GE
apo@opa ayyeior Ko Aeppayyeio. Ot unyaviocpol Tov UTAEKOVTIOL GE QTN T OlOIKAGTo
elval akoun vd épevva. Qotdc60, Paiveror va emnpedletorl amd aAAMAETIOPAGELS LETOED
KOPKIVIKOV KLTTOPOV KOlU TOL CTPOUOTOS OV TO TEPPAAAEL OTMOG Yo TOPASELYLLL,
andkpion oe vmolika epebicpato, OmMOnon mepiPdAlovtog 16100 EEQPTOUEVT] OO
petaAlompoteivdces, veoayyeiwon Tov OyKov KOOMG Kol omOKINGT  GAVOTOTOV
emOnlaxng peogyyvuatikne petotponnc  (epithelial-mesenchymal  transition-EMT)
TOVAQYIGTOV G€ £vav VTOTANOLOUO KOPKIVIKGOV KVTTAP®OV TOL OYKOU TOV OTOKTOVV
1010TNTEG PLOCTIKOV KLTTAP®V.[55-57]

Mo ta kKOTTapa eEamAmbBobv Hmopovv va dnpiovpyncovy devteponadeic eotieg o€
éva véo mep1BdALov evOg opyavoL (Yo TOPASELYHO LVEAD TOV OGTAOV, NIOP, TVEVDUOVA 1
eyképaro). Ta CTCs / DTCs wotdco pmopel emiong va vmootobv omdmTtwon 1 va
napapeivouy ot Aeyouevn Aovbdavovoa katdotacn (dormancy) ywo ypdvia.[58] Ta CTCs

mov eEayyeidvovtal €govv TN ovvatotnta va emPidcovy ¢ DTCs oto véo ToULG
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piKpomepBAAAOV, VO LETATPOTOVV GE O EMOETIKEG HOPPES KO VO dMDOOVV EUPAVELG
uetaotaoels,[59] M / kot pmopodv vo pmovy Euva 6T KLKAOQOpia Kot Vo, LETOVAGTEVGOVV
o€ GAlo dpyava 1 axdpo Kot Tiow otov Tpwtonabn 6yko.[60, 61]

Meydrog apBpdg KuTTAPOV EIGEPYETAL TN KUKAOPOPIN TOV OHHOTOG CUVEYMG, AAAL
T TEPLIGCOTEPQ KVTTOAPO ATOTITTOVY 1] KATAGTPEPOVTOL OO TO OVOCOTOUTIKO GUGTI L.

H dwoomopd tov KopKiviKdv KOTTApV UITopel va ELQAVICTEL TNV OYiun Acn TG
oykoyéveong 0tav o mpwtomadng dykog (Tacel oe £va Kpioyo péyefog Kol amoKTNoEl
woitepa emMOETIKO PAVOTLTO (YPOUUIKO HOVTELD), 1 VO EEKIVIGEL TOAD vopitepa, dtav o
apykog Oykog eivar pkpov peyébovg (mapdriinio povtéro).[62] Xt devtepn mepintmon,
a0 CTCS/DTCs mov eykabiotavtol 6€ amopaKpLuGUEVO OPYava STIULOVPYODV £Va, VEO KAMDVO
mov e€edliooeTan TapdAnia pe tov mpwtomadn oyko. Kat ota dvo poviéda n gpedvion
petdotaong eivol Bavatnedpa yia v acBevr. H dwadwkacio tng emONA0-LECEYYVUOTIKNG
petatponris (EMT) amoterel 10 mpoto Prjpa ot dwdwkocio g petdotoong yutl
EMTPENEL GTAL KOTTOPO VO OITOKTNOOVY KIVNTIKOTNTO Kol va petavoaotevoovv.[55] ‘Etot
katd v EMT ta kopkivikd kOTTopo  ¥Ovouv T €TONAOKAE YOPOKTNPIGTIKE TOVS Kot
OTOKTOOV  UECEYYVUOTIKO  @OVOTUTO. Avtd  yivetow HE TNV KOTOGTOA  TOV
Kuttapokepatvav, Tng EpPCAM «on e E-cadherin (uopio mposkdiinong) kat tnv avénon
(upregulation) peceyyvuatikodv deiktdv émmg ¢ Pruevtivng kat tng N-cadherin.[63, 64] H
EpCAM ekppdleton oto vy emOnlokd kottopo kol €ivol o Mo yvootdg deiking
EMPOVEING TOV EMONAMOKOV KUTTAPOV, EXEL GUYKOAANTIKES 1010TNTEG Kal £T61 umodilel T
KLTTOPIKY Oaomopd. 'Eva dAdo oa&loonueioto yapoktnpiotikdé tmg EMT elvar n
avadlopydvmoTn TOV KLTTOPOOKEAETOV HE OAAAYEC O OLOUESH VIO TPOKEWEVOD Vo
BeAtiwbel n kvnTkdéTTO TOV KLTTAPOV. Ol KLTTOPOKEPOTIVEG amoTEAOVV uiot peydin
OKOYEVELDL TOV OAUECOV WIdlOV Kol glvarl Kupimg mapovoes ota emOnilakd KOTTAPO.

Awgpecso widle cuvnBmg ekteivovTon HEGH TOV KLTTOPOTAACUATOS, TOPEXOVY OVTOYN OTO
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KOTTOPO Kol GUVEPYALOVTAL Y10, T TPOCKOAANGT TOV KLTTAPOL HE TO YETOVIKA KOTTOpo. H
EKQPOOT CLYKEKPIUEVOV KLTTAPOKEPUTIVOV €£0PTATAL OO TO €100G TOL 10TOV KOl TOV
0T0010V SPOPOTOINGNG LE CLUVETELD, TO TEPICCOTEPO QLOEVOKAPKIVAOLATO Kot ETONA0KA
KOPKIVOUATO TTpogPYOUeVa amd adevikd 1016 va exkppalovv Tig CK8, CK18 kot CK19. To
TPOPANUO GTN YPT|OT TOV KLTTAPOKEPATIVOV ¢ OeikTov Yoo TV aviyvevon twv CTCs sivon
Ot apKkeTéC amd avTtéC ovyva vroekppalovtol (down-regulated) oe vymAng kakonBelog
KapKvopato tov pootov. Emmiéov, €xel derybel ot suuPaivovv aAlayéc oty ékppoon
ToVG Katd TN dudpkela tng EMT.[65, 66]

H avéntuén tov npwtonabong 6ykov yivetor amd ta fractikd kdttapa (CSCs), ta
omoio £xovv UEYAAN TAOGTIKOTNTO KOl Uropovv va, avartoEovy yapokmnplotikd EMT. Ta
CSCs mov avémtuéav yapoktnpotikd EMT xobictavtor kavd va ombncovv Tov
nepifarrovia 1010, oynuatitoviag éva mpoteolvtikd MICROTRACK oto omoio
akoAovBovv ta emOniokd Kapkvikd kottapa. Katd cvvénewa, to CSCs ko ta un-CSCs
KOTTOPO EIGEPYOVTOAL OTI KLKAOQOPia, Kol TOAAG amd ovtd ta kVuTTapa amonintovy. Ta
CSCs pmopel va éxovv avénuévn kavotnta enifimong, eEoyysumvovion kot eykadidpvovrot
o€ Kamolo 6pyavo, Kal Yivovtol To KOTTapa mov divovv évapén ot petdotacn [metastasis-
initiating cell (MIC)]. Eivat evdiagépov, 0Tt yio. va Vo, GYNUATICOVV Lo, EQPOVH LETAOTOOT),
ta MIC mpémel va. amoktioovy Eava emOnAokd @ovoTumo. Av avtd T0 HOVTELO elval
owotd, ot pébodor aviyvevong CTCs mov otmpiloviar poévo oe embniaxots deikteg Oa
yboovv 1o KukAoopovvta MICs, mov eival to TAEOV oNUAVTIKE KOTTOPA 0oV divouv
yvéveon otn petdotaor, kot pe Pdon To XOpAKTNPIOTIKG TOLg Oo pmopovoav va
avamtuyfovv Oepamevtikéc otpatnykés. H wbavikn pébodog aviyvevong twv CTCs Oa
npénel va meptlopPavel emBnitokovg OeikTec TOL deV KATAOCTEAAOVTOL KOTA TN JLpKELD
™¢g EMT 7 / kou peceyyvpotikdv deiktmv mov speavilovion katd ) didpkeio g EMT.

Emumiéov, elvar onuovtikd va yiver dtikpion tov Prociuwv ard to arontotikd CTCS kot

16



va kaBoploTel T0 TPOPIA TV 7o «EMKIVOLVOVY Kuttdpnv, Twv MICS.

O1 Aktas kot ovv.[67] avakoivooav 61t Tovddyiotov évag omd toug EMT dgikteg
(Twist 1, Akt 2 9 PI3Ka) ekppdaleton o mocootd 62% twv CTCs-Ostikdv kot 7% Tov
CTCs-apvntikadv acbevav, aviiotoyo. Aviifétoe, po GAAN HEAETN TTOL dlepedvnoee TV
ékppaon Seopwv EMT-petaypagikov yovidiov (Twist, Snaill, Slug, Zebl kot FOxC2)
€0€1Ee OTL M €KEPOCT TOLAAYIOTOV €vOC  amd avTOoVC TOVG TOPAyovTeG aviyvedbnke o€
10600TO PoOMG 15.3 % acbevov pe un-petoctatikd kopkivo poctov. Emiong, avtég ot
acBeveic mov eiyov AaPel elcaywywkn Bepaneio elyov peyardtepn mboavotra va ekppalovv
EMT od¢ikteg ovykprrikd pe avtég mov dgv Edafav. Ot Raimond kot cuv.[68] darictmoov
v mapovcio Vo EMT dewtodv e Pruevtivig kan giumpovektiving oe CK-0gticd ko CK-
apyNTIKE KOTTOPO 6TO aipo 6€ Tocootd 28% kot 38%, avtictorya, e Ol Ta GTASLO TOV
Kapkivov tov pootov. Emiong, éxer avagpepbel 011 M guumpovektivin kavn Piuevtivn
exppalovtav cvyvotepa oto CK-apvntikd (55%) and 6t ota CK-Oetikd kottopa (43%)
kot 6Tt ot EMT deikteg mpoéPremav pe peyolutepn akpifeia v mtwyn poyveoon omd 0Tt
N ékepacn puoévo tov emBniakdv deiktov (CKs)[69] evd dev mapatnpnibnke éxepaon
aVTOV TOV TPOTEIVOV o€ vyleic 06teg. Evdiapépovsa eival mn mopatipnon omd Tovg
Kallergi kot ovv, 61t 1 Puevrivn kar to Twist umopel va cvvekppalovtal oto idto CK-
OeTikd KOTTOPO Ko OTL VINPYE peYaAdTepn avaroyio Ttowv CTCs mov e&éppalov Evav and
toug EMT deiktec o€ 000€VEIC [lE LETOOTOUTIKO GUYKPITIKA LUE TPOIUO KopKivo pootov.[70]

Ot mopanmdve peréteg detyvouv 6tL o CTCS pmopel va €xovv €vav evolapueco nut-
peoeyyvpotikd eowvotumo. Eniong, ta CTCs mov vrokevtor e EMT pmopel va givat évag
TnOovopdg  dMONTIKOV  KLTTAP®V  OVOEKTIKOV OtV €160Y®YIKY  ynuelobepamneio.
A&oonueioto givar 0t ot EMT deikteg, 0nmg 1 Pyuevtivn, umopovv va ypnoiorotnfodv
CUUTANPOUATIKA TOV eMONAOKOV dekT®V Yoo v aviyvevon tov CTCs, 6mtwg otov

Kapkivo tov mpootdtn.[71] Qotdco, n Puevtivn exepdletar emiong oe éva vromAnboucud
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SPOPOTOMUEV®DY  KAUT]  EVEPYOTOMUEVOV  HOVOKVLTTAPOV[72] Kot  emopéveg  eivat

avaykaiog o Tpocdiopiopnds EMT-deictdv edikmv yuo to CTCs.

9. CTCs pg parvoTomo BAASTIKOV KVTTAP®V

H EMT npoimobétel v andAeio Tov mONAMOK®OV YOPOKTNPIOTIKOV kot T de
NOVO omOKTNON TOV HEGEYYVUOTIKOD @AIVOTUTOL KOl TIG W010TNTEC TOV PAACTIKGOV
Kuttdpov. Kotd cuvénela, n eppévovsa aviyvevon avtdv tov vromAnbvucuov tov CTCs
Bewpeiton O6T1 glvor M YN TG HETACTOTIKNG EEATAMONG KO TNG OVTOYXNG OTN GULUPATIKN
ynueodepamneio.

H éxppaon evédg deiktn tov Practikov kuttapov, e ALDHIL, ota CTC-0gtucd
detypoto aipatoc acbevav pe kopkivo pootod kovpaivetar omd 46%[68] émg oyedov
70%.[67] Onwc ftav avapevopevo, 1 ALDHL cvoyeticOnke e EMT deiktec o€ avtd ta
detypota[67, 68] ka1 pue mpoywpnuévo otadio vocov.[68] Or Theodoropoulos kat cuv.
avéivoav éva obvoro 1439 CTCs mov oamopovooav and 130 acbeveig pe petactotikd
KapKivo poaotov kot £dei&ov 6t 35.2 % twv CTCS napovsiale poavotumo opotdlovio Tomv
BAOGTIKOV KLTTAP®OV CD44*/CD24™" &¢ 20 acBeveig kot 17.7% tov CTCs mapovsialav
tov @oawvdtomo ALDH1M/CD24™% 6¢ 7 acBeveic.[73] AapBavovtoc vroyn to mpdTumo
TV PAOCTIKOV KLTTAP®V, TN SLVATOTNTA TOLG VO OVOVEDVOVTOL Kol TNV avOEKTIKOTNTA
TOLG OTN YNHEOOEPATELD, KOTAVOOVLE EVKOAATEPQ TN OLGKOAIN 0TN TPOooThdelo EXPIOONC
toug. Emumhéov éxetl derybel 6t aobeveig ue ALDH1-06gticd CTCS dev avtomokpivoviol 6T
ynueobepaneio.[67]

[Ipdogata ov Kallergi kot ocvv,[74] édei&av 611 o CTCS acbevdv pe pHeTooTOTIKO
Kapkivo Hootod eKPpAalovTol LITOJOYELG Kol EVEPYOTOMUEVES KIVOIGES TOV LLOVOTTATION TOV
EGFR vnodoyéo (EGFR/HER2/PI3Ko/Akt ) To omoio givar éva and to peiCovo povomdria

oL eUTAEKOVTOL OTN pYUOoT Tev Tpofabuidwv twv PAACTIKOV KLTTAP®V TOL pHalikol
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adévo.[75] Emmdéov, oe o GAAn pelétn, deiybnke ot ta CTCs twv CTC-Oetikdv
acHevoV e HETAOTATIKO KopKivo paotov eE€ppalov oe T0cootd 86% Lo 1 TEPIGGOTEPES
TPOTEIVEG CLUVOEOUEVEC IE TN TOMATAN avToyn oto ynueodepamevtikd edpuaia (multi-
drug resistance) [MRP1, MRP4, MRP5, MRP7]. Ot aofeveic pue MRP Ogtikd CTCs

ToPOVGIaloV GNUAVTIKA EAATTOUEVO SIAGTNI UEYXPL TV ELPAVIGT TPOOdOV VOGOL.[76]

10. Awo@opég yevotvmov/@atvotomov Tov CTCS and Tov apmTomad 6yko

Ta CTCs avtmpoocwnedovy kuTTOP ToL 0Toin £x0VV eE0mAmOEl 6TO OpYaVIGUO Kot
elvatl avutd mov Ba eykatactabodv oe dAla dpyava kal o dOCOoVV YEvEST TN HETAGTOON.
ZyeTIKd ovyva €xovv damiotmBel dtapopéc otov awvotumo Twv CTCS kat og ekeivo TV
KUTTAp®V ToV TPpToTadovg dykov. Exet avagepbei n aviyvevon HER-2-0etikdv CTCs oe
acBeveig pe HER-2 apyntikd mpmtomadn kapkivo Tov pootod Kot aviietpoemg, HER-2-
apvntikd CTCs mapatnpnidnkav o acbeveic pe HER-2 Ogtikd 6yko0.[74, 76-81] [Mapouoteg
amokAicelg £xovv avagepbel ya v ékepaon tov EGFR[74] , yia tov dAga vrodoyéo tmv
ototpoyovev (ERa)[76, 82] kot tov vrodoyéa mpoyeotepovng.[82] Avtd 1o paivouevo Ba
umopovce va e&nynbel amd TOovg TEPLOPIGUOVG TOV YPNOCLUOTOIOVUEVOV TEPOUATIKMOV
HeBOO®V OT®G Yo TOPAOELY LA TAPAAEITOVTAG TNV OVAAVGCT LUKPOVS KAMVOUG KOPKIVIKMDY
KUTTAP®V €VTOG TOL TPOTOTAovg 0yKov. Qotdco, ta CTCS mbavdg veictavtal ioyvpn
EMAOYN KOTd TN OpKEW TNG OOTOPAS TOLG N KATO Tr YOPNYNON GCLOTNUOTIKNG
Oepanciog Ko 1 yevoukn aoctdbeia Toug o pmopovce va 00MNYNOEL GTN TOPAY®YN VEOV
KUTTOPIKOV KADVOV UE QOIVOTUTIKES/ YEVOTLTIKEG O1POPES CLYKPITIKG e TO KOTTOPO TOL
npwtonadovg oykov. Emimiéov, ta CTCS pmopovv eniong va eamhmbodv otn kukhoeopia
TOV aipotog omd devteponabdeic 0éce1g[58, 60] kat, cLVETMS, 0 YOVOTLTTOG/PUIVOTLTTOC TOVG
B pmopovoe va. opotalel Pe o KOTTAPO TG HETACTAONG OVt eKEiveV Tov TPpmOTOTAHog

OyKov. uvenmg, n aueon ektiunon tov CTCs mapéyel emmAéov mAnpopopia wov mbavmg

19



va umopel va ypnooromBet yio Bepamevtikong 6TOYOVE TEPAYV TOV TANPOPOPLDV TOL
TPOKLITOVV A TNV AvAALGT TOV TPW®TOTAHOVS GYKOL.

Me Bdon ta mpoavagepBévra, eivor Aouwrdv {MTIKNG ONUOcIag 1 YOVOTUTIKY Kol
eowvotumikn avdivon twv CTCS kot 1 cOyKplon Tovg pe EKEIVAOV TOV TPMOTOTAHOVG OYKOL

KOl TOV LETACTAGEMV.

11. Empioon ko wor/ocpog tov CTCs

To CTCs mov amopovavovtal and To TEPIPEPIKO aipa achevdv e Kapkivo Exovv
xpovo nuiceag {ong mepimov 1-2.5 dpec.[83] Amotelodv mAnbvoud KLTTAPOV pe UeYOAn
€TEPOYEVELD Kol UTOpel vol eival amontoTikd 1 Pidoipa, aALd ot mepiocdTepes nEBod01 Tov
epapuolovror onuepa dev Umopovv va kdvovv avt TN dwakpior. Emiong, dev dwakpivovv
av Bpiokoviot 6€ PACT TOALATANGLOGHOD 1| 1. 26TOCO, KOl TAL VO YOUPAKTNPIOTIKA QVTA,
Oa pmopovoay va EXNPeAcoLY TNV avTamoOKpion ot Oepomeio.

H npot pébodog mov ypnoiponombnke yio v aviyvevon un omontotikov CTCs
nrtav o EpiSpot. Me ) pébodo avt aviyvebovial TpmTeivec Tov amelevbepmvoviol and
ta DTCs/CTCs, ta. omoia koAAepyodvTal yio. KpO ¥povikd Sdotnuo o€ eTapn pe pio
HEUPPAVN EMUKOAVUEVT] LE AVTICOUOTO, TO, OTTOI0L OEGUEVOVV TIC TPWTEIVEG TOV EKKPIvOVTOL
a6 1o DTCs/CTCs. To oviiodpoto ovtd avigvedoviol otTr cLVEXEW amd  GAla
avTicoOpoto onuacuéva pe eloploypopa. Xtov Kapkivo Tov pootov, £xel aviyvevbel M
aneievfépwon kvtokepativn-19 (CK19) ko povkivn-1 (MUC 1) amodeikvdovtag Oti
moAlol acBeveig épepav un amontotikd DTCS, akoun ko Otav elyov  €VIOMIGUEVO
KopKivopo pootot.[84]

[Ipoopata, N TpocHnKn evdg TpdIov deiktn andntmong, Tov M30 oy KAAoGIKN
YPDOON TOV KLTTOPOKEPATIVAOV, EMETPEYE TNV EKTIUNGCT TNG AVOAOYIOG TOV PLOGIH®V TPOG

1o omontwtikd CTCs.[85] Xta CTCs acbevdv pe kapkivo tov pootod £xet mapotnpnost
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amovcia 1 HEIOUEVT] EKQPUCT] TNG TVPNVIKNG TTpmTeivnS Ki-67 mov givar deiktng moA/ouov
Tov KVTTdpwv.[81, 86] Avtd deiyvel O6tL Ta KOTTOPA AVTA OV TOALOTAAGLALOVTOL KOl
Bpiockovtat og AavBavovca kotdotaon (tumor dormancy).

Tn dadwkacio ‘tumor dormancy’ ypnonUoOTOlovY Ta KOTTAP Yo VO, EXLPLOGOLV,
KaTd TNV omoia 0ev TOAAOTANGLALOVTAL, TAPAUEVOLY OVEVEPYA Y10, AALOTE GALO XPOVIKO
dtaotnuo Kot dyvoota epedicpoto TpoKaAlovy KATOw GTIYUN TNV EVEPYOMOINGCT Kol TOV
ToAAOTAAGLAGUO TOVG. O pnyaviopog tov tumor dormancy €xetl evoyomomOet TOGo yio v
enpavion  kabvotepnuévov  vrotponmv  [87] 660 Kol Yoo TNV ovtiotaon ot
ynueobepaneio dedopévov 6tt CTCs mov ekppalovv dgikteg tumor dormancy pmopei vo
aviyvevbodv ypovia petd v apykn didyvmon.[83, 88]

12."Ex@paon HER2 ota CTCs

To MKPOUETACTATIKA KOTTOPO TOV OVIYVEVOVTOL GTO HLEAO T®V OGTM®V 1 GTO
TEPLPEPIKO aipa aobevav pe Kapkivo pactod ekppalovv tov HER-2  vmodoyéa oe
10600t0 60-70% kol M €kepacn oVt amoteAel aveSApTNTOo TPOYVOOTIKO TOpdyovTa
dvopevong emiPioonc.[89, 90] tn uerétn tov Wulfing kot cuv.[79] n aviyvevon HER-2-
Oetikddyv CTCS o610 meprpepikod aipo acbevov pe kapkivo pactod otadiov I-IIT oyeticOnke
pe ovénuévo péyebog dykov, amovcio ER-vmodoyémv kot mrtoyn dpopomoinomn Tov
npotonadovg dykov. EmmAéov, n aviyvevor| toug cuoyeticOnke pe onupovtiky peioon g
DFS (p< 0.005 ) kot tng OS (p< 0.05). Xe avt) ™ upekétn mapatnpndnke, emiong,
acvppovia oy ékepaot tov HER-2 vrodoyéa peta&d tov mpwtomabovg 6ykov kot TV
CTGCs.

H éxepaon tov HER-2 ota CTCs eivan o Prodeiktng mov £xel meptocOTEPO
pere et otov kopkivo tov pactov. I'vopilovpe 011 1 ékppaocrn tov HER-2 pmopei va
petafAnbet otV VIOTPOTY| TNG VOGOL GLYKPITIKA e TOV TpwTomad OyKo Kal, Emiong, 0Tt

N €KEPOCT TOL G6TOV TPMOTOTAON OYKO amoTeAEl TPOLHTOBEST YOl TN YOPTYNON GTOXEVUEVIC

21



Oepameiac.[77, 91-94] H emava&iordynon g éxepacng tov HER-2 ota CTCs 6a
umopovoe vo givar pio mpocéyyion pe mbavég kKhMvikés spappoyéc. Emmiéov, dwapopég
peta&d tov CTCs kat tov Tpwtonafohc OYKov UTOPEl Vo ETNPEAGOVY TNV OVTOTOKPLIoT TNG
acBevovg ot Oepameic mov yopmyesitor pe Paon T HOPLOKE XOPOKTINPIGTIKA TOV
npwtonadovg 6ykov.[80, 95] Apketég peréteg £xovv dgilet OtL N vepékepacn tov HER-2
oto, CTCs/DTCs umopei va opeiketon oty gvioyvon tov HER-2 yovidiov i v vmoapén
KUTTAPOV pe S10popeTikd apdud ypouocopdtov (aneusomy)[81, 96, 97] ota CTCs twv
acOevdV e HETAOTOTIKO Kol UE TPOO Kapkivo pootov. EmimAéov, €xer derybel 011 N
aviyvevon tov HER-2 ota CTCs umopet va amotedel mpoyvmoTikd Tapdyovia TG0 GToV
uetoototiko[98] 660 kat 6Tov TPMdIUO Kapkivo Tov paoetov.[99]

Ot Ligthart kot ovv.[100] avéntuéav mpdo@oTo £Va QVTOUOTOTOIUEVO OAYOPIOLO
a&oroynons g ékepaong tov HER-2 ota CTCS acBevov pe mpdio 1/Kot Hetactotikd
Kapkivo pootov pe ™ pebodoroyia tov CellSearch kot dwoumictwoav oti n ékppacn Tov
HER-2 vmodoyéa eivar modd etepoyevig petald tov CTCg oe kdbe acBevr). Znuepa
arotelel Ko mapadoyn 60t HER-2 Oetikd CTCs aviyvevoviar oe acbeveic pe HER-2
apvnTiKove Tpwtonadeic Oykovg.[74, 76-81]

Eivar evdiogépov va onueiwbel 6Tt 10 060010 TV 0c0evdV pe KapKivo TOV
pnootov pe HER-2-apvnticodg oykovg aAhd HER-2-Oetikd CTCs, ntav 32% pe
uebodoroyia tov CellSearch kot 49% pe ™ pebodoroyio tov AdnaTest.[78] H idwa
gpevvnTikn opddo perétnoe o 431 aoBeveig pe kapkivo pactod v Ekepaon tov HER-
2/ER/PR vrodoyéwv pue AdnaTest kot diamiotwoe peydin acvpemvio peta&d towv CTCs kot
tov mpwtomafovg oykov. H éxepaon tov ER/PR exktyunnke pe ™ pébodo RT-PCR kot
dwmotodnke 0tL 1 TAeoyneio twv CTCS Rrav tpumhd “apyntikd”. Me Bdomn ta dedopéva
6t t0 TPoPid Ekepaomng petald CTCs kot mpwTomabovg dykov SlopEPEL OVOICTIKE, Eivat

mBavov 6t Ba mpénel o pavotvmog twv CTCS va Aappdvetor coPapd vroyn katd v
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emhoyn ¢ Bepaneing.[101] Awapopéc oty ékppacn tov HER-2 peta&d tov CTCs, g
HeTdoTOoNG Kol TOV TP®TOTOHovg OYKov £yovv dnuootevdel oe apketéc peréreg. HER-2
Oetikd CTCs €yovv mapatnpndei o acBeveig pe HER-2 apvntikd mpwtomadn dyko kot
avtOétog HER-2-apvntikd CTCs éyovv aviyvevbei oe acbeveic pe HER-2-Ogtikd
oyko.[77, 80, 102] Ouwg, n moapovsioo HER-2 Oetikddv CTCs amovidtor cuyvotepo €
acbBeveic ue HER-2 Oetikd npwrtonadn 6yko.[93, 94]

H petatponn tov CTCs acBevov pe kapkivo tov paoctov and HER2-apvntikd oe
HER2-0gtwcd éxer omodobel oty evioyvon tov HER2 yovidiov mov amoktiOnke Kotd
dbpketa g eEEMENC Tov Kopkivov.[97] HER2-6stikd CTCs £xovv amopovmbel petd amd
ocvotnpatikny ynueobepaneio oe acbeveig pe HERZ2-apvntikovg npmtomabdeic 6ykovg oe
YEPOVPYNGIUO KOPKIVO TOV HOoTOV, YEYOVOS Tov vrodnimvetl 6tt to. HER2-0gtikd CTCs
mOavog vo dtadpapatilovy kdmolo poAo oty aviictaon ot ynueodeponeio oe acbeveig
ue Kapkivo tov poaotod HER2-apvntikd.[96] Zopeova pe ta mapamdve, éxetl derydel 6t ta
avlextikd CK19 mMRNA 0fetikd wvttopa ot1o0 mepipepkd aipo Oo  pmopovoov vo
010YeLOOVV OTOTELEGOTIKG e T YopTiynon trastuzumab.[103, 104]

Ov Bozionelou kot ovv. perémoav 1 dpootikdtnTo Tov trastuzumab ota CTCs.
Yvykekpéva, , og 30 aobevelg pe kapkivo pootov otadiov I-IIT (13 acbeveic) ko otadiov
IV (17 aoBeveic) pe CK-1I9mRNA-Oetkd xotTOp0 610 aipo /Kot 6T0 HLEAD TV 0GTAOV
yopnynOnke trastuzumab petd amd v oAokAnpwon g kKabiepopuévng Oepaneiog mov giyov
AdPet yio ) vooo tovg. To trastuzumab apvnrikonoinoe v aviyvevon tov CK1I9MRNA-
fetikdv KVTTATOV 08 T0600TO 93% TV acbevav pe ™ puébodo g nested RT-PCR ko

67% tov acevov pe ™ uébodo RT-PCR.[103]

O1 Rack kat ovv.[105] perétnoav v amotehecuatikotnto Tov trastuzumab otnv

ot1oyevon HER-2-Oetikdv, avBextikdv otn Oepomeio HELOVOUEVOV KOUPKIVIKOV KOTTAP®V
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010 HVEAO TOV 00TOV. XOuQoOve ue to gvpnuatd tovg, To trastuzumab eivor
aroteleopatikd oty e&ddeyn tov HER-2-0etikdv kuttdpodv omd 10 HLELO T®V 0GTMV.
Agdopévng g TEPOYEVELNG TNG EAAYLOTNG VIIOAEUTOUEVNG VOsoL (MRD), avtol o1 acBeveig
TOaVOS Vo, Hmopovv vo w@eANBobV amd éva cuVOLAGUO GTOYELUEVOV OEPUTEVLTIKAOV
TPOGEYYIGEDV.

Téhoc , ou Georgoulias V ka1 cuv. peAétnoav tn dpdomn tov trastuzumab oto HER2
Oetikd CTCs kat mowg avt n otdyevon emnpedlet v KAvikn ékPaon tov acbevav. TTo
ovykekpipéva 75 yovaikeg pe HER-2-apyntikd mpodipo kopkivo pootod Kot aviyvedoio
CTCs mpwv v évapén kot UETE TNV OAOKANP®ON TNG EMKOLPIKNG ynueobepameiog
Toyaomombnkav vo. Adfovv trastuzumab M amiodg va givar oe moapoakolovOnomn. Ot
ovyypoeeic £dei&av OtL M xoprynon tov trastuzumab umopel va e€adeiyel ta avOekTIKG,
omv emikovpikn ynueobepaneio CK-19-0etikd koTTOpO, HEIOVEL TOV KIVOLVO VTOTPOTNG
g vooou kot tapateivel T0 DFS. Evdwapépov eivar 611 og éva m0606t6 89% TV 0.oBevidv
mov eAéyxOnkav ywo ™ mapovsio tov HER-2 vrmodoyéa texunpuodnke n ékppacmn tov
HER-2 ota CTCs (oe 5lacBeveic and 11g 57 yovvaikeg otig omoieg £yve aviyvevon Tov
HER-2 ota CTCs ), emPefardyvovtag v etepoyévela oty ékepacn tov HER2 peta&y

CTCs ko tpotortadodc 6ykov.[104]

13. Oppovikoi vrodoyeis kot CTCs

H andieio g EK@paong Tov oppovik®v vrodoyxémv ER kot PR katd ™ mopeio tng
vOGov Bempeital ®g artio Yoo TN TTOY AvIOTOKPIon otnv opuovobepamneia, achevov pe
Kapkivo paotov mov €xovv BeTikobg opproviKovg vrodoyeic otov mpwtomadn oyko. H
emova&lordynon g ékepoong tov ER kot RP ota CTCs kot og deiypota 6ykov otnyv
vrotpon] Ba pumopovoe va PBeitiwoet ™ mpoyvootikny afia tov ER ko PR, kot va

Katevhuvel Tig BepamevTikég amoedoelg mov Aopupdvovial, ite 6 PETOOTATIKOVG acbevelg
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N KATA TNV €160Y®YIKY /emKovpikn Oepameio. e mponyovpevn HEAETN damoTtddnke OTL
dev vmhpyel cvoyétion g Ekepaong Tov ER kot PR vrodoyéwv peta&d twv CTCS kat tov
TpoTonafovg OYKov oe acOeveig L XEPOLVPYNOYLO KOPKIVO HAGTOV, XPNCULOTOLDVTOG TN
uébodo g RT - PCR.[101] CTCs Bpébnkav kupimg oe TPUAG- apvnTiKovg GYKOLS Kal 1o
ouyva aviyvevovtal CTCs pe tpumhd - apvnTikd eovoTumo, oveEapTnTa Ao TNV £KOPOCN
tov ER, PR kot HER2 otov npwtonadn dyko.[101] M mpdoeotn perétn £6eiée OtL o
eowvotumog Twv CTCS mpwv kat petd ) Bepameio yevikd mapépeve TavopoldTunog woTdco,
0 7o KowvosS avotvmos Twv CTCS NTav o TpUTAd apynTIKoS, Ve T0 95 % TV avticTory®V
npwtonadov 0ykwv nrav ER kot PR Ogtikoi.[106] [MTapopota svprjpota dtamotdOnkay omxd
™ ovykpion g ékepacns tov ER kot PR peta&d tov CTCS kot tov tpotonadonv 0ykmv
YPNOUOTOLDVTAS OvocoioToynueion oe aoBeveic pe mpdipo kapkivo tov pootov.[96]
EmumAéov, oe avt T perém, ot adiayég oty ékeppacn tov ER kot PR ota CTCs
TOPOVCIACTNKAY GTO OElypoTa TPV Kot LETE TN cvotnuatiky Oepomreia kot B propodvoe va
e&nyndei wg emhoyn tov avlektik®v KAdvov tov CTCs.[96]

2T0 PETACTOTIKO KOPKivo TOL paotol, ot Aktas Kot cuv. mepiéypayay emiong tnv
EMewyn avtwotoyyiag g €kepaons tov ER xor PR peta&d tov CTCs kor tov
npwtonabovg oykov pe tn yprion RT — PCR.[82] A&ilel va onueimBei o1, 1 a&lohdynon
¢ ékgpaons Tov ER kot PR ota CTCs 610 mepiopepikd aipo achevov pe Petactotikd
KOpKivo HaoTOD pmopovoe vo mpoPAEyel v aviamdkpion otnv oppovobepomneion og
10606710 78% tv acevmdv.[91] Ta evpripata avtd Oo propodoav va eENyHoovy, ev HEPEL
ToVAQYIeTOV, Yrati Tepimov to 30% TV achevdv dgv aVTATOKPIVOVTAL GE OVOCTOAELS TNG
OpOUATACNG ©OC TPMOTNG YPOUUNG OpHOVIKY Ogpameion o610 peTOOTATIKO  KOPKIVO
naotov.[107] Apa o poawdtvrog twv CTCs Bo pmopodoe va. avtikotontpilel To QavoTLITO
NG HETAOTATIKNG VOGOoL Kot Oa ftav evdlapépov va Eépape dv Ba NToV OmOTEAEGHATIKO

va emAeyel pa Ogpamneio pe Baon 1o povotvmo twv CTCs.

25



H oppovobepancio kot 1 yopfiynon tov anti-HER2 avtioodpatog trastuzumab
YOPNYOUVTOL LOVO OV EKQPALOVTOL O aVTIGTOTY01 VITOd0YElS 6TOoV Tp@TOTadN dyKo. Ouwmg,
VILAPYoLVY OAO KOl TEPICCOTEPESG ATOOEIEEIS OTL 1] EKPPOCT) ALTOV TWV VTTOOOYEMV UTOPEL VOl
aALGEeL e ™ whpodo Tov ¥POVOV, Kat E01KA 6TV VILOTPOTN 1| 6T TPOdO TG VOoov.[78,
101] Xe awtd to mhaioto, N exava&lordynon tov vrodoyéwv Tov ER/PR kot HER-2 péowm
OV poplakov yopaktnpiopov twv CTCs Ba propovoe va eivar po otpatnykn pe mbavég

KMVIKES €QapPLOYEG.

14. EGFR ko1 CTCs

[Tponyovueveg peréteg €xovv ocier v ékppacn EGFRmMRNA oto mepipepikod
aipo acBevov pe petaotatikd Kapkivo pactod o mocootd 22% £wg 48%, pe ) pébodo
RT-PCR.[108, 109] H oudda pag £dei&e 611 o1 vrodoyeic EGFR kau HER-2 exppdlovtan
ota CTCs yuvawkdv pe mpodio Kopkivo pactod o mocootd 38% woar 50% evad og
acBevelg pe LeTaoTaTIKO KopKivo paotol og mocootd 44% kot 63%, avtictoyo. Emuriéov,
010 86% TV 0cOevodv pe HETAOTATIKO KopKivo paotod mov giyav EGFR-Bgtikd CTCs o
VIodoyEag NrTav Qoopopvlouévos. Emiong, ot kwdceg PI3K kot Akt ot omoieg
gvepyomotovvtan downstream a6 tov EGFR ftav evepyonompéveg o€ mocootd 88% (14
and 16 acBeveig) ko 81% (13 and 16 acbeveic) tv acBevdv e TPOUO KOl HETACTATIKO
KOPKivo HOGTOV, OVTIGTOLYM, KOTASEIKVOOVTOS TI CLUUUETOYT ToL otV emPiowon tov CTCs
Kol amoTEADVTAG EVOEIEN OTL 1 oTdYEVoT ToL B pmopovoe vo Pondnoel oty e&dheym

avtob 1oL TANOVouoL TV CTCs.[74]

15. Khviki] onpocio TG aviyvevons TOV OldCTOPTOV KOPKIVIKAOV

kvttapov (DTCs) otov Kapkivo 10V HocTOV

Ta DTCs aviyvevovtol 610 Puerd TV 06TMV 6€ 1060010 30-40% TtV acbevov pe
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TPOWO Kopkivo pooto. [110] Yrdpyovv moAAEG SNUOCIEVUEVEG LEAETEG TTOV AVOLPEPOVTOL
o7 TPOYVOOTIKN TOVG onuacio.[111-114]

Ot Braun et al,[110] to 2005 dnpoocicvcayv o OmOTEAEGLOTO UIOG GUYKEVIPOTIKNG
aviivong 9 peietdv and ddpopa gpyoastipla mov apopovoe 4703 acbevelg pe mpodyo
Kapkivo pactod otadiov I-III. Zdpeovo pe tovg cvyypagpeig, DTCS aviyvevdnkov pe
avVOGOKLTTAPOAOYIKT peBodoroyia og detypata puelod Tov 0otdv o€ T06006TO 30.6% TMOV
YOVOIKAOV KOl 1 TOPOVGio TOVG CLOYETICONKE oNUAVTIKA e OYKO HEYAAVTEPNG OLAUETPOV,
vynAdTEPO PabUd 16TOAOYIKNG KakoNOEL0G, TOPOLGia AEUPAOEVIKDY HETACTACEDV KOOMG
KOl PE amovsio EK@pacnc opuovikdv vrodoyéwv. H mapovsio DTCs katd ) didpkeia g
YePovpyikng efaipeong tov TpwTomaBovg OYKOL OTOTEAOVGE aVEEAPTNTO TPOYVOSTIKO
mapdyovto dvouevovg EkPacng 6cov agopovoe otn DFS kot omv OS kobmg kot 610
dwaotnuo emPimong ympic ATOUOKPVGUEVES UETACTAGELS. LTV LITOOUAdN TV acOeEVOV
yapnAov kwdovouv dniadn pe PTINO oykovg (1036 acBeveig) m aviyvevon twv DTCs
oxetioOnke pe adénomn Tov KWAVVOL BovATov Kol EUEAVIONG  OTTOUOKPLOUEVEOV
LETOOTACEMY KATA TN SIAPKELN TV S TPOTOV ETOV TapakoAovinonc.[110]

Emumiéov, dnwg tekumpidbnke amd moldég perétec m aviyvevon tov DTCs oto
HVELO T®V 0CTAOV HETA TNV OAOKANP®OY TNG EMKOLPIKNG Oepomeiog €xel apvnTiky
npoyvootiky a&io.[115, 116] O Hartkopf kot cvv. €de1&av 0t 1 eppévovca Tapovsio. Tov
DTCs petd t ovumAipwon ¢ ovotnuatikng Bepomeiog (E100YMYIKNG 1| EMKOVPIKNG
ynueobepaneiog 1/kat oppovobepomneiog) eivar 1oyvpog Kot aveEdptnTog TPOYVMGTIKOS
napdyovrog peiowuévng DFS ko OS.[117] Me Bdon ta dedouévo ovtd, 1 mopovcio
LELOVOUEVAOV KOPKIVIKOV KVTTAPWV GTO HVEAD TV 06TAOV 6€ acheveig e Tpadipto Kopkivo
nootob omotelel vmokatdotato Ogiktn (surrogate marker) mapovoiag eAdyloNG
VTOAETOUEVIG VOGOV.

Av Kol M 0HOTOYEVIG SOIGTTOPA KLTTAP®Y TOV OYKOL OElYVEL YEVIKELUEV VOGO,
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uoévo 1o 40-60% twv acbevov pe DTCS 610 poedd TV 00TOV Ho TAPOLGIACOVY VITOTPOTN
™¢ vooov.[110, 113] Topemva pe thv vadbeon TG HETACTATIKNG AVOTOTEAECUATIKOTNTOG
(metastatic inefficiency) povo éva KAGAGHO KAPKIVIKOV KOTTAP®V EIval KOV Vo ETBLOGOVV
oe devtepontabdeic Oéoelc ko va mpokoAécovv avamntuén upetactdoswmv.[118, 119] Ot
mapayovteg mov kabopilovv av pepovouéva KopKIviKa Kottopo 8o oynuaticouy pikpo- 1
LOKPO-HETACTOON GE AMOUAKPLVOUEVES BECELS dev €xovv amocapnvichel, mbavdg Opmg va
EUTAEKOVTOL GLYKEKPIUEVO YOPOKTNPLOTIKE TV Kuttdpwv. [Ipog avt ™ katevbuvon

dte&dryovtanl HEAETES TOL GTOYEVOLV GTOV ETITALOV YOPAKTNPIGUO OVTOV TOV KVTTAPWV.

16. IIpoyvmoTiKi] 6CNUAGIO TOV KUKAOQPOPOUVTMV KUPKIVIKOV KUTTAP®V

(CTCs) otov TpdIN0 KOPKIVO TOV HOGTOV

Anpoctievpévee perétec mov €€etdlovv TN TPOYVMOTIKY ONUOGio TG aviyvevong
tov CTCs £€yovv ovTiKpOLOUEVO OmOTEAEGUOTA Kol ovTd OQeileTon Kuplwg OTIg
SLLPOPETIKEG LEBAOOVG OViyVeELONC KOl GTN TOIKIAIL TOV KATMOTEPMV TILOV, Yo To OETIKA
detypara, mov Egovv ypnouomomei.[120-132]

[ToAAég peréteg mov avagépovtal otn mPoyveootikn onuacic tov CTCs otov
TPOWO KOPKivo TOv paoctod ypnoiponoincov to cvotnuoe CellSearch 1 v RT-PCR ywo
™mv aviyvevon tovg.[120-130]

Ot Benoy kot ovv. cuvékpvav t mpoyvootikny aéia tov DTCs kot CTCs otov
TPOLO KopKivo Tov paotov pe ) pébodo RT-PCR kot katéAn&av 01t pdvo 1 mapovsio Tov
DTCs fjitav onuavtikdg mpoyvmotikds mopayovtac.[126] Avtibeta, ou Franken kot ovv.
ypnowonowwvtag tn pébodo CellSearch £dei&av 611 > 1 CTC/30 ml aipatog aviyvevoviol
oe mocootd 19% twv acBevov pe mpowo xopkivo poctov (otadiov I-1) mpwv
YEPOVPYIKN €€aipeOT) TOV GYKOV KOl GTN TOALTTAPAYOVTIKTY avdivon 1 tapovsio > 1 CTC
OLOYETIOTNKE apvNTIKAE pe TO0 ddotna emPioong eAel0epo amopuaKpLOUEVNG VTTOTPOTNG,
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aAAG Oyl pe TN cvvoAkY| emBimon. Emiong Ntav aveEAptnTtog mpoyveeTIiKOS TopiyovTog
Bavdrtov and kapkivo Tov paoctov.[120]

Ou Stathopoulou kot cvv. dnuocievoay SESOUEVI GYETIKA WE TN TPOYVOOTIKN
onpacio g aviyvevong CTCS 610 aipo YOVOIK®OV PE TPMIUO KOPKIVO TOL HOGTOL TPV od
™ YopNynon enkovpikng Bepancioc. e acOeveic pe TpdUO KOPKivo Tov poeTov (oTOdion
I ko IT) aviyvevnke 1o CKI9MRNA 610 aipo kot 6To Hugdd TV 06TV e T HEB0S0 TG
nested RT-PCR. To mocoot6 twv acfevov pe CKIIMRNA-Oetikdv KuTTdpmV 6T0 HOELD
TOV 00TAV Kot 610 aipa NTov 63% kot 30% avtictorya. Eniong, or CTC-0Oetikéc acbeveig
eiyav pkpotepn DFS (p=0.0007) xar OS (p=0.01) oe ovykpion pe 115 CTC-apvnrikéc.
Yy moAvmopayoviikny avdivon, n aviyvevon CTCs ftav aveEdpmntog mpoyveootikdg
napdyovtog yio avEnpévo Kivouvo vrotpomng kot Bavéatov.[130]

Apydtepa ot 1010t gpevvntég  ovémtvéav  pia realtime RT-PCR  ywo 1
nocotikonmoinon twv CK1I9IMRNA petaypaemv.[133] Ot Xenidis kot cuv. ypnotiponoincay
avt ™ pébodo yuo va aviyvevoovv CKIIMRNA-Oetikd kbtTopa 6T0 mepLpeptkd aipa 167
acBevdv pe opvnTikodg pooyoiaiovg Aepeodéves. e mocootd 21.6% aviyvedtnkov
CK19mMRNA-Oetikd xOtTOpo TPty omd TN YOopNynoy EMKOLPIKNG ynueobepaneiog. H
TOPOVGIO. TOV KLTTAPWOV QLTOV NTaV aveEAPTNTOS TPOYVOSTIKOS TOPAYOVTOS HEWOUEVTS
DFS kot OS.[125]

Ou Ignatiadis kot ovv. ypnoonowdvtoag v idta pébodo yio v aviyvevon CTCs
o€ (o peyodvtepn oelpd 444 yovorkov pe kopkivo pactod otadiov I-IIT wpv ™ yopnynon
coUTANpOUATIKNG YNueobepaneiog, aviyvevoav CK1I9IMRNA-Oetikd kdTTOpo 68 T0G0GTO
40.8% tov yovakev kot emPefoimcav T amoteAécpaTo OXETIKA e To Ppoayvtepo DFS
kot OS (p<0.001). Emmdéov, n mopovcsiocc CKIIMRNA-OeTik®V KLTTAp®V amoTteAoVsE
dvopeV TPOYVOSTIKO Ttapdayovia oe acleveic pe ER-apvntikd aAdd oy oe avtég pe ER-

OeTIKd TPOYWO KOPKIVO HOGTOV, Topd To avarioyo mocootd acBevav pe CK19mMRNA-
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Betikd KOTTOPO OTIG OVO LIOOUAdES. XTOV TPWAG apvnTikd kot HER-2 Ogtikd kapxivo
naotov, N mapovcsioo CKIIMRNA-Oetikdv kuttdpov cuoyetiomnke pe shattopéveg DFS
kot OS, oaAAd avtd dev ioyve yuo tnv ER- Oetiky/HER2-apvntikn vroopdda acBevmv.[134]

H 6o opdda epsuvntdv pedémmoe 1t mpoyvootikn afia tov CK-19 mRNA-
Oetikdv KvtTdpOV TP TNV Evapén Kol PETE TNV OAOKANPMOON NG EMKOVPIKNG
yueodepancioc, oe 437 yovaikeg pe mpoipo Kopkivo poactov. Ilocootd 41% (179
acBeveig), frav apywd CTC-Oetikéc ko ov poéc acbeveic (51%) apvnrikomoincav to
CTCs petd ) Ogpaneia. Evoopépov givar 011, 1060010 22% TtV acbevdv pe apykd un
aviyvevoua CTCs mapovsiacav ot mopeia CTCs mapd ™ yopnynon g Oepaneiag. To
YeYOVOG avtd vTodnAmvel 0Tt ouyvd ta. CTCS givar avOeKTIKA 6T KAOIEP®UEVT] EMKOVPIKT
ynueobepaneio. Enpavtikd Bpoyvtepeg DFS kot OS avagépbnkav yio tig CTC-0etikég
acOeveig petd ™ ynueobepamneia, evod 1 aviyveoon CKIIMRNA Oetikdv kuttdpov mpv
Kol petd tn Oepameio oyeticOnke pe yepdtepn xKAvikn €kPoacmn Kot NTov aveEaptnrog
duopevig mpoyveoTikodg moapayovtoag yioo DFS kot OS ot molvmapayovtikn avidivon.
Emiong, n aviyvevon CTCS petd v oAOKANP®GN TG COUTANPOUATIKNG XNUE0OEpaTEiog
ATOTEAOVGE AVEEAPTNTO TOPAYOVTO KIVOVVOV, EVOEIKTIKO TNG VIAPENG YMLEL0-0VOEKTIKNG
VIOAETOEVTG VOGOV, [135]

[Ipdopata, ot Xenidis kot cuv. dnpocicvcay dE0UEVA Y10 TN SLOPOPETIKN ETIOPACT
ota CTCs avdloya pe 1o €00G TG CUUTANPOUATIKNG ¥nuetobeponeioc. Xe 545 acbeveig
aviyvevnkav ta CTCS mpv kot LeTd T YOp1yNoN TNG CLUTANPOUATIKNG XNUE0OEpaTEiQG.
Ot yuvaikeg Saywpiomkay e 00O OUASEG e KPITHPLO, OV TO YNUEL0OEPATEVTIKO Gy
neplelye N Oyt ta&dveg. H ynueoBepaneio pe tagdvn elye cav amotélecua v expiloon
tov CTCs o10 0aipo, 08 ONUOVTIKG UEYOADTEPO TOGOGTO OCHEVMOV GUYKPITIKG UE TIC
acBeveig mov éloPav ymueobepameio yopic tagdvn. Enpavtikd Bpoyvtepo DFS kot

avénuévn mbavotnta Bavdatov avaeipOnke v Tic acheveic mov Ehafav Bepameio ympig
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TaAVES, OALGA Ol O1POPES AVTEG APOPOVSAV UOVO TNV OPAda TOV 0GOEVAOV [LE OVIXVEDTILOL
CTCs mpwv v évapén g ynueodeponeiog. To mopamdve amoteAovy (o TpmTn EVOEEn
ot 1 aviyvevon N un CTCs Ba uropovce va kaBodnynoet Ty amdPaon G TPOg TO £100G
NG CLUTANPOUOTIKNG ynueoBepaneiog.[136]

Ot Lucci kot ovv.[137] dnpocicvcav dedopéva oe aobeveic pe Kapkivo HOoTOD

otadiov I-III mov dev eiyav AdPer ynuewobepaneio. O aviyvevon >1 CTC/7.5 ml
TEPLPEPIKOD OUILATOC NTOV AVEEAPTNTOG TPOYVOGTIKOS TOPAYOVTAG Y10 PO LITOTPOTN
NG VOO0V Kot EAATTOGN TNG CLVOMKNG emPimong.
To amoteléopato TV mopamave peAeT®V emPePardvovior oe pio peydAn [eppovikn
peAétn t SUCCESS, oty omoia mpoontikd agloloyndnke n kiwvikn onuocio twv CTCs
oe 2026 aocOeveic pe mpowo xopkivo oto mhaicla TG EmKOLPKNG Oepameiog.
Xpnowonowwvtog t pebodoroyia CellSearch 10 21.5 % t0ov acBevov, mapovsiolov > 1
CTC/23 ml aipatog katd v apykn didyvoon. H aviyvevon tov CTCsS npwv v évapén
ynueobepaneiog pe Pdon v tagavn Ntav avefdptntog TPOYVOGCTIKOG OeikTng g
emPiowong yopig vwotpony g vocov (DFS: HR 1.88) kat g ocvvolkng emPivwong (OS:
HR 1.91). Ot yvvaikeg otig onoieg aviyvevbnkov >5 CTCs/23 ml petd ) yewpovpykn
e€aipeon tov dykov Kol TP amd TN yopnynomn ynuewobepameiog, euedavicov 4-mAdclo
Kivouvo voTponng Kot 3-TAGc10 Kivouvo BovAToL GUYKPITIKA LE TIC YOVOIKEG OTIS OTOIEG
dev aviyvevdnkav CTCs.[131] Opoiwg, n mapovsio >1CTC/23 ml petd ™ ymueodepansio
ovoyetiomnke pe pewopévo DFS, eved n mapovsio > 5 CTCs/23 ml cvoyetiotnke pe
Helwuévn cuvolikn entPimon.[132]

Amd ™ perétn tov Xenidis kot cuv. TPOKVTTOVY AVALOYO OTOTEAEGLOTO GYETIKA
pe v mpoyvootiky ole tov CTCS katd 1t Oudpkel YopNnynong EMKOVPIKNG
oppovobepaneiag. H aviyvevon tov CKIIMRNA-Oetikdv kuttdpov koatd tn Sidpkeio

yopnynong topoipaivng oe 119 yovaikeg pe mpolpo Kapkivo HOGTOV GUOYETIGTNKE e
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avénuévo kivovvo vrotpomnc. Emiong m eupévovca aviyvevorn Tovg CLGYETIOTNKE e
wkpotepeg DFS (p=0.0001) ko OS (p=0.0005). H moAvmapayovtiky avdivon £deiée Ot 1
aviyvevon twv CTCs katd tn didpkelo TG yopnynong e Taposipaivng avénce tov
Kivévvo vrotponnic (HR=22.318 p=0.0006) ka1 Oavatov (HR=13.95 p<0.00001).[138]

Téhoc M peto-avaivon tov Zahng | kot cvv. mov a@opodoe cuvollkd 6.825
aoBevelc e TPOO Ko PETAOTATIKO Kapkivo pactov emiPefaimce OTL N aviyvevon tov
CTCs &iye onpavtikn tpoyvootikny a&io 1060 otov npoo (DFS: HR 2.86; 95% CI 2.19-
3.75; OS: HR 2.78; 95% CI 2.22-3.48) 660 ka1 610 petactatikd kapkivo paotod (PFS: HR
1.78; 95% CI 1.52-2.09; OS: HR 2.33; 95% CI 2.09-2.60)

Ye obevelc pe mpowo Kapkivo pHaoToOL TOL  AAUPAVOLV  TPOEYYEPNTIKY
ynueodepaneio 1 wopakoAOONoN ™G avVTATOKPIONG TOV TPOTOTAHOVS OYKOL ENITPETEL VoL
a&oroynBel n emtvyio ™G cvotnuaTikng Bepaneiag. Qotdc0, acheveic mov Tapovciocay
AN PN TAOOAOYOAVATOUIKT] VYEGT, TOOVAOS VO ELPAVICOVV apydTEPO VITOTPOT TN VOGOV
TOVG KOl oUTO onpaivel 6Tt 1 avIOTOKPIoN TOV TPMTOTAOOVG GyKov, UTOopel vo ivat
avelhptntn and T ocvotnpatikny avtomdkpion. Koatd cvvémewn, n mopakorlohbnon g
MRD, 6nwg oavt) opileton pe v aviyvevon tov CTC/DTC xkatd tn Sudpkew Tng
eloaymYIKNG Bepameiog, Tpooepépel T dvuvotdTTa v amokTnOel yvdon oYETIKA HE TNV
eMOpAOT TNG CLGTNUATIKNG BEpameiag GTN JOTOPA TOV KOAPKIVIKOV KLTTAPOV Kol 16MG
éto1 PedtiotonomOel ) OepamevtiKng oTpaATNYIKN.

Eivar evolopépov 011, o1 meplocodtepeg amd TG UEAETEC KATOAOEIKVOOLV OTL 1
napovcio Tov CTC / DTC petd v oAoKANp®ON NG TPOEYXEPNTIKNG Oepameiag eivar
aveldptntn amd TV ovTamoKplon Tov TPp@Tonabodg Oykov otn Bepoameion ko dev
oVLoYETICETOL e OMOLOONTOTE KAVIKO 1 16TOAOYIKO YOPOKTNPIOTIKO TOov OyKov.[115, 124,
139-141] AvéAoya givarl kot to 0moTELEGHOT OO TIG YEPUOVIKES pedéteg GeparQuattro ko

GeparQuinto. To mocootd twv CTCS peiwvotav Katd tn SLGpKELL TG TPOEYYELPNTIKNG
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yreodepaneiog o yovaikeg pe kopkivo pootod apykod otadiov aArd, n peiowon avtn,
dev GYETIOTNKE e TNV avTamOKPLon 6ToV TpToTadn oyKo. [142, 143]

Ot Saloustros kai cvv.[87] perétmooav ™ onuacio ¢ aviyvevong twv CTCs cg
YOVOIKEG HE PO KOPKIVO TOL HOGTOV, TOV OV X0V VTOTPOTIACEL 00O YpOVia LETA
UETA TNV OAOKANP®ON TNG EMKOVPIKNG Ynuetobeponeioc. Me tn pébodo g RT-PCR, 312
acleveig eAéyyOnkav yio ) wapovsio CTCs 3 punveg petd T emkovpikn ynuetodepomeio
Kol kBe 6 pnveg péyxpt ™ ocvumAnpwon S5 etov. Eveviivia evvéa acBeveig (31,7%)
napéuewvay Oetikég yio CK-19mRNA kittapo kotd T Sdpkel tov 5 eTov. AVTEC ol
acBeveic elyav vynAdtepo Kivouvo OYIUNG LTOTPOTNG GLYKPITIKE pe TG acbevelc mov
TOPEUEIVOV OPVNTIKEG 6TO 1010 ¥poviKO Odotnua oveEdptnta amd TV EKEPOCT TOV
OPHOVIKOV LTTOd0YEMV 6ToV TPp®TOTadn 0yKo (36.4% évavtt 11.2 % p<0.001). EmutAéov, N
TOALTTOPAYOVTIKT oviAvor €0eiée OTL ol yuvaikeg pe eppévovso Oetikotnta towv CTCs
etyav Bpoyvtepeg DFS ko OS.

O1 Mathiesen kot 6vv.[139] a&ordynoav v aviyvevorn tov CTCs / DTCs mpwv kot
netd ) mpoeyyepntikn Oepaneio kot damictwoay eniong 01t o apBuog v CTCs / DTCs
Oetikdv acbevov peiddnke. EmmAéov, n aviyvevon DTC petd v eicayoyikn Oepansio
NTOV TPOYVOOTIKOG Tapdyovtag TS enPioonc, eved n tapovoia towv CTCS dev eiye xapio
npoyvootikn afla. H mpdoeata onpocievpévn perétn BEVERLY-2, emiong, odev
dwmictwoe Kapio TpoyveooTik) onpacio g aviyvevong tov CTCs petd v eicaymyky
Ospanei(x'[144] Towg avtd To amoTELECHATO VO, OPEIAOVTAL GE [0 SLPOPETIKY gvalcOncio
Tov nebddmv aviyvevong CTCs oe ovykpion pe avtég tov DTCS. Avtifeta, o Bidard kot
ovv. [122] £dei&av OTL VIAPYEL TPOYVMOTIKY ONUAGI0 TG Tapovoiog £ot® kot 1
CTC/7.5ml aipatog mpo g ecoyoyikng ynueodepaneiog. Avdioyo aomoteAéouaTa,
npokVOTToLY Kot amd T perét REMAGUS 02 mov agopovoe 115 acbeveic pe mpodipo

Kapkivo pootod ko €0e1&e 0Tt M aviyevon tov CTCS mpv kot PETd TNV E160Y@YIKN
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ynueodepaneion amotedel avedptnTo TPOYVOGTIKO mopdyovta yio pElUEVN emiPioon

Yopic petdotaon.[124]

17. Mpoyvootikn a&io Tov CTCS 670 HETAGTUTIKO KUPKIVO TOV HO.6TOD

Ye mocootd 40-80% twv aclevodv pe HETACTATIKO KOPKIVO TOL  pHOGTOV,
aviyvevovtal CTCs oto mepipepcd aipa. H povn eykexpuévn pébodog amd tov FDA ya
™mv aviyvevon tovg eivon avt) tov CellSearch kot givor 1 wo cvyvd ypnoipomotoduevn
LnEB0d0G oTOV TPOYWPNUEVO KOPKivo Tov pootol. ['evikd Bewpovvton Betucol o1 acheveic
nov £yovv >5 CTCs/7.5 ml nepipepikod aiporoc.[145, 146]

H mpoyvootikny onuoacio tov CTCs 610 pETOOTATIKO KOPKIVO TOL HOGTOV £)EL
deyOel oe peydro aplOud KMvikov peletov. H mpdn pedétn mpoépyeton amd v opdoo
tov Cristofanilli[145], otnv omoia 0 apOUdC TOV HIKPOUETACTUTIKOV KLTTOAPOV GE
acBeveic pe pHeTaoToTIiKO KapKivo naotov tpocdlopiotnke pe ) pnébodo tov CellSearch
O0TO TEPLPEPIKO oipa mpv Vv &Evapén kot petd amd 3-4 eBoouadeg Bepameiog. Ot
acBeveic ue > 5 CTCs/7.5 ml meprpepikod aipartog eiyov yepdtepn ékPacn cvykpriikd
ue 1 aobeveig pe apOpo<S CTCs/7.5 ml mepipepkov aipatog. O apBudc TtV
UIKPOUETACTATIKOV KVTTAP®V NTAV TPOYVAOGTIKOG Tapdyovtog g emtPiwong erevBepng
TPodooL VOGOV Kal TG ocVVOMKNG emPimons. 'E1ol o¢ katdtato 6plo d1dkpiong tmv
acBevdv oe Betikobg kot apvntikovg opicOnke n mapovoio 5 CTCs/7.5ml aipatoc
(Betwcoi: > 5 CTCs/7.5ml, apvnrikoi < 5 CTCs/7.5ml). Avtd 10 6plo £yive omodektd
amd TIG TMEPLOCOTEPEC EPEVVNTIKEG OUAOEG. Xvykekpluéva, Oetikol acbeveig pe > 5
CTCs/7.5ml aipatog eiyov pukpotepn ddueon PFS (2.7 ufiveg évavtt 7.0 puiveg, p<0.001)
kot pikpotepn OS (10.1 pnqveg évavtt >18 univeg, p<0.001) cuykpiTiKd pe TOLG APVNTIKOVS
acBeveic (< 5 CTCs/7.5ml). H dwpopd peta&d tov ouddnv datnpeito Kor otn mpmdTn

emiokeyn, 3 eBdouddec petd v Eva ™¢ Oepaneioc (PFS 2.1 unveg évavtt 7.0 unvece,
yn HaoEg | n pcn G vep S unveg Hnveg
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p<0.001 ko OS 8.2 pnvec évavtt > 18 pnveg, p<0.001). A&oonueimto gival 6Tl evd T0O
50% mepinov towv acbevov gixe avénuéva CTCs mpwv ) Bgpamneia, povo oto 30% avtdv
TOPEUEVOY QVENUEVE 0T TTPOTN EMIoKEYT, Gpa éva meootd 40% mepimov TV apykd
Oetikdv acBevov oeeindnke and ) Bepamneia.

AmO TOVG 1010V EPELYNTEG ONUOCIELTNKOY TO AMOTEAEGHATO AG vroouddog 177
acBevov amd tovg omoiovg 83  élaPav OBepameion TPOTNG YPOAUUNG YO HETOGTATIKN
vooo[146]. Ta CTCs/7.5 ml aipotog vroloyiotnkay wpwv v Evapén g Bepameiog kot
petd ava pnva. [Mocootd 52% twv acBevov (43 acbeveig) eiyav =5 CTCs mpv 1
Oepaneia. To PFS ntav 7.2 uqveg kar 1 OS peyodvtepn amd 18 pnvec. Ot acbeveic pe >5
CTCs mpwv t Bepancio kot otn TpdTN emiokeyn petd amd 4 gfoopnadeg elyav xepotepn
TPOYV®ON GLYKPITIKG pe T acbeveic pe < 5 CTCs/7.5ml, €dikd ywoo 11 yovaikeg pe
OPVNTIKOVS OPUOVIKOVG LITOd0YElg mov éhafav ynuerobepancio. And avtd ta dedopéva
npokvmtel O6tt M petofory twv CTCs katd tn dbpkelon g Oepameiog amotelel
vrokatdotato (Surrogate) deiktn yuo ™ dpactikdtTa TG Oepameiog Kot v Tpdyvmon Kot
Oo pmopovoe va eivar mPoPAENTIKOC TOPAYOVTOS avTOTOKPIoNG otn Oepameio, doTE Vo
avayvoplefovy gykaipwg ot acbeveic mov mbavadg de Bo weeAnbovv kol pe avtd 1o
KPLTP10, VO Amopoc1oTel GAAOC OepamevTiKog YEPIoUOG.

O1 Hayes DF kot ovv.[147] perétnoav tov apBpd tov CTC otov 1610 mAnboouod
acBevav mpv v €vapén g OBepameiog kol otic 3-5,6-8, 9-15, ko 15-20 gfdopdoeg
napokorovOnonc. H aviyvevon avénuévov apBpod CTCS ce S10popeTikés YPpOoVIKES
OTLYHEG KaTh TN dtdpkela TG Oepameiag cvoyeTicOnke pe YePOTEPN TPOYVWOGOT), TOYLTEPY
emdeivoon g vocov kot pkpdtepn emiPioon. H extipnon tov PFS kor OS and tovg
Hayes ka1 cuv. éywve oe 4 dapopetikég ouddec aobevav: (opdada 1) <5 CTCs/7.5ml
aipatog o€ 6Ao Ta detypata. (opada 2) > 5 CTCs/7.5ml aipoatog 610 apyikd deiypa Tpv

Bepameia ko < 5 CTCs/7.5ml aipatog oto tehevtaio. (opdda 3) <5 CTCs/7.5ml aipatog
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010 apyKd Tov avENONKay og > 5 CTCs/7.5ml aipatog oto televtaio deiypa kot (opdda. 4)
> 5 CTCs/7.5ml aipatog oe 6la to deiyporta. Ot acOeveic g opddag 4 giyav t yepOTEPN
TPOYVOOoT pE TN Hkpotepn dtdpeon PFS kot OS and omotadnmote dAAn opddo. H didpeon
PFS o11g dAAeg opddeg dev diépepe onuovtikd. H cuvolikn emiPimon, ntav yeipotepn otnv
opada 4 cuykpitikd pe tig vrorowmes. Ot acbeveic g opddag 2 mov peimoav to CTCs <5
ot ddpkela ¢ Bepameiag, eiyov mapdpola OS pe avt TV achevdv mov mToTé dev eiyov
avénuéva CTCs. Téhog, 1 OS twv acbevov mov avénoav ta CTCS katd ™ didpkeln TG
Bepameiag Nrav xepdtepn and avtovg pe < 5 CTCs/7.5ml aipatog aAld kakdtepn amd TV
opdda 4 pe ocvveywg > 5 CTCs//7.5ml.

Ot Androulakis ka1 ovv.[148] aviyvevoav pe t pébodo RT-PCR, CK19-mRNA-
Betika KOTTOPO 68 TOG0GTO 67% (08 201 amd 298 acbeveic) TV acbevdv pe HETAGTATIKO
KopKivo paotod pw amd ™ yopnynon Oepaneiog mpdtng ypouuns. H didueon PFS ftav
ONUOVTIKG peiopévn otig aobeveic mov aviyvevdnkov CTCs (PFS 9.2 évavtt 11.9 unvav,
p=0.003) kou n Sidpeon ocvvoikn emPioon Nrav avénuévn otig CK-19 mMRNA-apvntikég
acBeveig (OS 27.9 évavtt 38.8 unvec). O ducpevig TpoyveooTikdg pOAOC TNG aviyvevong
CTCs agopovoe dheg TIc VTOOUAdES TV aoBeEVAV, T000 o€ oyxéon pe ™ PFS 600 kan pe
mv  OS, avelopttwg TOL  KAVIKOTOOOAOYOOVATOUIKOD — KPITNPIoL  Sla®PIGHOD
(ELUMVOTTOLGLOKT KOTAGTAGY, HOPLOKOG VITOTVTOC, EMIMEDO AEITOVPYIKNG KAVOTNTAG KOt
g 0éong ¢ petdotoaong). H molvmapayovriky avdivon £€d€i&e O6tL 1 aviyvevon twv
CTCs ka1 n amovcio ER-vmodoyémv Ntav ave&dptntol TpoyvmwoTikol TapdyovTeg yio
ueimon tov PFS kot OS.

Evdwpépov eivar, 6Tt m mpoyvootikn ofio tov CTCs éyer peietbel ko og
HOPLOKOVC VTOTLTOVG TOL KOPKIVOL TOv HacToV. Zopgwvo pe tov Giordano A kot
ouvv.[149] oe avadpopkn perét pe 517 petaotatikovg acbeveic, n aviyvevon twv CTCs

OamOTEAEL TPOYVOOTIKO TAPAYOVTA Yoo Hetwpévn emPioon twv achevov pe OAOVG TOLG
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HOPLoKOVG VTOTOHTOVS £kTdG 0o Tig acbeveic pe HER2-Bgtucotg kapkivoug tov pocstov mov
éhapav HER2-octoygvpévn Bepomeio. Avtd pmopet va opeihetol og EKAEKTIKT OPOGTIKOTNTO
g HER2-ctoyesvpévng Oepameiog évavit tov CTCs. Avtd to amoteAéopata eivol
ocOuemvo e gkeiva Tov avagépovtar omd tovg Pierga JY kot ovv.[150] o1 omoiotl og pial
TPOOTTIKN UEAETN €0e1av peyaAvtepn eddttwon tov apBuov tov CTC oe acBeveig mov
éhapav otoyevpévn Oepaneio (trastuzumab 7 bevacizumab) emmAéov g ynuetobepaneiog
TPATNG YPOpLpn.

e avtifeon, po peYGAN TPOOTTIKY) TOAVKEVTPIKN HEAETN £0€1EE 1o vpn aveEapTnTn
npoyvootikn ol Tov CTCS og aobevelg e pHeTaoTaTIKO KOPKIvo TOV HacToD aveEapTnTa
amd TO HOPLOKO LTOTVTO. L& QTN TN HEAET, 468 acbevelg pe petactatikd Kapkivo LacTo
yopiomkav o€ 3 vmoouddes pe Pdon T HOPlOKE YOPAKTNPIOTIKO TOL OYKOL. )
opupovobBetikég /HER2 (-), ) HER2 (+) y) opuovikoi vrodoyeic (-) /HER2 (-). H aviyvevon
tov CTCs éywe pe CellSearch mpwv v évopén Oepanciog omolacdmote ypopung yio
LETOOTOTIKY VvOco, Kot pe Paon tv katotarn T tov 5 CTCs/7.5ml  aipatoc
dwywpiotnkov ot acbeveig oe  CTCs-Oetikég  wor  CTCs-apvntikés.  Xtig
oppovobetiké/HER-2(-) 10 didpeco PFS dudotnua yuo t1ig CTCs-apvntikég évavit tov
CTCs-0etikav acBevav rav 8.6 évatt 4.3 unqvec (p< 0.001), otig HER-2-0etikég 7.6 Evavtt
6.6 unvav (p=0.47) kot otig acbeveic pe TpuTAd apvnTikovg 0ykovg 5.83 évavtt 3.05 pveg
(p< 0.001). Zyetikd pe v OS dev SOMOTOONKE GVGYETIGUOG LE TO UOPLOKO LITOTLTO,
aAld Oleg ot CTCs-Oetikég acbeveic eiyav Svouevi| mpodyvwon, yeyovog TO 0Omoio
vrodnAovel 6Tt TOavoOV ot acbeveic avtég va ypetdlovrarl embetik Oegpaneia, aveldptnra
amd o poplakd vrdtumo.[151]

Ot Cristofanilli kouw ovv. eniong onpoocievcav o ovadpopukn perét pe 151
acOeveic pe PETOOTOTIKO KapKivo pactov, Kot £dei&av 0tL 1 aviyvevon >5 CTCs/7.5 ml

vrepdumhactdlel Tov kivouvo Oavdtov kot 1 SLVGUEVIC TPOYVOOTIKY atio Tovg TTov
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aveEaptntn 10V QOpPTioL TNG VOGOV, TNG YPOUUNS TS Oepameing Kol TOL HOPLOKOV
vtotumov.[152] Ta mopondve anoteléouata emPefoirdOnkov ko oe dAleg pedétec.[153,
154]

H xhvik onuocio tov peydiov apbpod CTCS oe acbeveic pe METOOTOTIKO
Kapkivo Tov pootod aveldptnta and t 0éon 1 and tov aplfud TV peTacTaTiKOV 0écewmy
KOl TOVG HOPLOKOVE VITOTVTTOVS, £xel Tekunplmbel og pio peydin avoadpopukn peiét (PFS
12 évavtt 7 unvav yia tig aobeveic pe <SCTCs /7.5 ml kou >5 CTCs/7.5 ml avtictoya, p<
0.001). Ot gpevvntég perémoav oe 235 acbeveig v mpoPrentikn atio Tov apBuov TV
CTCs ot oyéon pe N SpacTikOTNTA SOPOPETIKOY BOepamevtikmy oynudtov. Eivot
evolapépov 0t acbeveic pe >5 CTCs/7.5 ml wpwv ™ Bepoameia iyav poMG oplokd OQeA0G
and Vv oppovobepamneia TpOTNS YpauUnS avesdptnta omd T BETIKOTNTA TOV OPUOVIK®OV
VTOO0YEMV GTOV TPMTOTAON OYKO 1) 61N HETAGTOOT. Tom AoTOV 01 POUVOTLTTIKES SLOPOPES
HETOED TOL TPOTOTAHOVG OYKOL Kol TMV KUKAOQOPOVVIMV KAPKIVIKOV KLTTAP®V Vo, Elval
£VOC OO TOVG TTEPLOPLOTIKOVG TAPAYOVTIES TNG OPACTIKOTNTAG THG Opprovobepaneiog.[155]

H amoteleocpatikdmra g Oepameiog ot0 UETAGTOTIKO KOPKIVO TOV HOGTOV
alohoyeitar pe Paon v khvikn €&étaom, TN HETAPOA] TOV TWHOV TOV KOPKIVIKOV
JEIKTAV KOl TIG OMEIKOVIOTIKES TEXVIKEG. AVTEG o1 péBodot pmopet va etvor avemapkeic Kot
AmOTOVVTOL KOvovpylol vrrokatdotatot dgikteg (surrogate markers) yio va a&toAoyn0ei m
aroteleopatikdtnTa TG Oepameiag. Agdopévov 0Tt n petaforn tov apBpov twv CTCs
QOIVETOL VO AVTOVOKAG TNV ovTomokpion ot Bepaneio amd tov TpdTo PdAoTO KOKAO, B0l
LITOPOVGE VAL YPNOLUEVCEL GOV Eva VEO pyaleio mapakoiovOnong.

Ot Budd kot ovv.[156] o€ pion Tpoomtikny TOAVKEVTPIKT HEAETN €Kovay cOYKPLoN
g mpoPrentikng afiog twv CTCS pe T1g KAOGGIKEG OMEIKOVIOTIKEG TEYVIKEG OV
ypNooroovvTal Yo TNV aSloAdynomn g opactikotnrog g Oepanciog oe acbeveic pe

petootatikd kopkivo pootov. Ot acbBevel mov elyav  avtomdkplon TEKUNPLOUEVN
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amekoviotikd kot >5 CTCs/7.5 ml aipatog, giyav pkpotepn emPimon GLYKPLTIKG pE TIg
acBeveic pe avramokpion otn Oepaneio aArd <5 CTCs/7.5 ml aipartoc (OS 15.3 évavtt 26.9
unveg P=0.0389). Tlapora avtd dev ivor akOun cagéc, av ot acHeveic pe TPoy®PNUEVO
Kapkivo Tov poetol, weerobvtal and Bepamevtiké anopdoelg mov Aapupdvovrol pe faon
™ petaforn tov apdpod tov CTCS katd ™ didpkela g Bepameiog.

H SWOG S0500 eivon pia perémn edong Il mov diepevvnoe av acHeveic pe mpoympnuévo
Kapkivo Tov paotod Kol otafepd avénuévo aplBpd MKPOUETACTATIKOV KLTTAp®V (>5/7.5
ml) mov aviyvevovtor pe ) pébodo CellSearch mpwv o petd amd tpeic efdopddeg
ynueodepaneiog TPOTNG YPAUUNG ®PEAOVVTOL amd TNV oAAoyn ynueobepameiag 1 av
TPEMEL VAL OVOUEVETOL 1) KAMVIKT emBePaimon mpoddov TG vOGOU TPOKELUEVOD Ol acBeVEIG
va aAlaEovv Bepaneia. [Tio cuykekpéva, acBevelc pe HETAGTOTIKO KOPKIVO HOGTOD TOL
dev giyav avénuévo apud CTCs mpwv and v évapén g Bepaneiog mopépevay oty
apywn Oepamcio Ewg v amewoviotikn €£EMEN TG vooov toug (opdoa A). AcbBeveig pe
apywd ovénuéva emimeda CTCs  mov pewwbnkav petd omd 21 nuépeg  Oepameiog
napéuewvay eniong omv apykn Oepaneio (opdda B). Ot acBeveic pe otabepd avénuévo
apBpd CTCs mpwv kot petd and 21 nuépeg Bepameiag Tuyotonomdnkay vo cuveyicovy v
apywn Oepaneia (opdda C1), 1 va AdPovv pio evariaktikny ynuetodeponeio (opdda C2)
Ao T1c 595 acbBeveic mov aglohoynOnkav, 276 (46%) dev eiyav apyikd avénuéva CTCs
(opdda A). Amd avtéc pe apywd avénuéva CTCs, 31 (10%) dev eréyybnkov, 165
arotédecav TV opdda B, kot 123 tuyoromomnkov otig ouddeg Cl 1 C2. Asgv
napotnpnOnke dapopd oty ddpeon OS petald tov opddwv Clkar C2 (10.7 kou 12.5
unveg, avtiotoiymg, P =0.98). H didueon OS yuo t1g opddeg A, B, kot C (C1 ko C2 padi)
nrav 35 unveg, 23 unveg ko 13 pnveg, avtiotorya (p <.001). Avt) n perém emPePainoce
™ Tpoyvmotiky onpacioa towv CTCS og acheveic pe HETAOTOTIKO KOPKIVO LOGTOD 7OV

EhaPav ynuetoBepaneio TpdTNS Ypapuns. 'a tic acBeveic pe eppévovia avénuévo aplfuo
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CTCs petd omd 21 nuépec ymuewobepomeion Tp®OTNG YpOUUNIG, 1 dupeon  oAiayn
reodepaneiog dev NTav amotehecpatikn ot Pertioon g emPioong. Eivar ppavég 6t
Yo Tov TANOLGHO AV TO, VITAPYEL AVAYKT Y10 TO ATOTEAEGHATIKY] Oepameio omd T KAOGIKN

ynueodepaneio.[157]
18. IIpoPrentikn aéio Tov CTCs

H dvvatdmta npdPreyng aviandxpiong ot Oepancio eivor mhavds pa omd Tig mo
CLVOPTOGTIKEG eQapPUOYEC TNG TE)VoAoYiog Twv CTCS. Apketéc ueréteg £xovv deiel v
napovcioo CTCS petd amd ) yopnynon Oepameiog Kot mOavdS avtd vor avtavakid Ty
amotvyio TG ovotnuotikng Oepaneiog.[86, 158] H aviyvevon twv CTCs katd tn dibpkeia
g ynueobepaneiag, mpoPArénet mpdodo vocov kot Bo UmopovGE VO AVTIKOTOGTNGEL TIG
OTEIKOVIOTIKEG TEXVIKEG TTOV YPTCIUOTOIOVVTOL GIUEPX Y10, TNV EKTIUNOT TNG OVTOTOKPLONG
ot Oepancia. 'Etor, ou Liu kot ovv. pedémmoav v mpoPfrentikry afia towv CTCs og
YOVOIKEG HE PETAOTATIKO KOPKIVO HOGTOD Kol LETPNOIUN VOGO UE OMEIKOVIOTIKEG TEYVIKEG
eve elaupavav opuovobepaneia 1 ynuetodeponeia,. H pétpnon tov CTCs oto mepipepikd
aipo ywvotav pwy v Evapén g Bepomeio ko, omn cvvéxeln, o€ pecodtooTipato 3-4
efoopddwv. H ameikoviotiky] ektiunon ¢ voécov ywotav kdbe 9-12 gBdoudodes. Xt
HEAETN vt amodelyfnke OTL LWAPYEL OTATIOTIKOSC ONUOVIIKY] CLGYETION HETAED TOL
apBpov tov CTCS Kot TG OKTIVOAOYIKNAG EMOEIVOONG TS VOGOL KT TN S1ApKEWD TG
Oepameiog, axoun wxor 7 €og 9 efdouddec mpv TNV AVIICTO(N OMEIKOVIGTIKN
emdeivmon.[159]

Avtifeta,  aviyvevon < 5 CTCs/7.5ml aipotog | n peimon tov apibuov twv CTCs
Katd ™ dudpkelo ¢ Oepaneiog amotelel deiktn avtamdkpiong ot Bepoameia. Or Xenidis
kot ovv. &deiéav otL n aviyvevon CK-19mRNA Oetikdv kuttdpov pe ™ pébodo RT-PCR
amotelel aveEapnto mOPAyoVTa KIVOOUVOL Yo TN TOPOLGIN OVOEKTIKNG LITOAEUTOUEVTG

VOGOV, UETA TNV OAOKANPMOON TNG EMIKOVPIKNG ynueobepanciog oe acbeveic pe mpmdpo
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Kapkivo paotov.[135] Eriong, and ) pedétny REMAGUS02 mpokdmter 01t 1 aviyvevon
tov CTCS petd ™ yopmynom €00ymylkng ynueodepameiag, amoTeAovoe SVOUEVT
TPOYVMOOTIKO TAPAYovTa Yio TV emPimon yopic peTaoTatikn VOG0, 0AAA 0& CLGYETICTNKE
ue ) moboloyoavorToulkn TANPN VEEcN ToVL TpwToTadovC Oykov.[122, 124] Opoiwg, M
ueietn GEPARQuarto, otnv onoia evtdydnkav 213 acleveig pe kapkivo paoctod apytkcon
otadiov, £de1Ee 6T 10 T0600Td TV CTCs-Oetikdv acbevav peiddnke and 22% oe 11%
HETA TN YOPYNOM E10aYWYIKNG YNueodepomeiag aAld eniong 0ev VINPEE GVOYETIGUOG HE
™mv avtandkplon Tov tpotonadois dykov ot ynueobeponeio.[77] [MBavdc 1 eppévovoa
napovoio tov CTCs va cvoyetiCeton pe 10 €idog g Oepomeiag. o mapdderypa, M
Oepancio pe ovvdvaoud ynuewobepameioc Kor bevacizumab, €vOG HOVOKA®VIKOD
avTio®patog évavtt tov ovéntikod mopdayovioa VEGF-A tov ayysiakod evdéobniiov,
tpontomoinoe ™ mpoPrentiky atio g mapovciog CTCs oe acbevelg pe petactatikd
Kopkivo tov pooton.[160]

H mpoyn ddyvoon mpoddov vocov pe PBdorn t kwvntikny tov CTCs pmopei va
BonOnoer oty dueon ordayq g Oepomeiog mpw v emPePaimon g pe TG
aneikovioTikég e€etdoelg. H mpotn évoeldn kAvikod o@élovg oamd v oAhaynq Tng
Oepaneiog pe Pdon ta CTCs mpokvmTel amd T ONUOGIELON EVOG KAVIKOD TEPIGTATIKOD LE
LETOOTOTIKO Kopkivo pactov. Apyikd n acbevig éhafe Oepameion pe trastuzumab mov
otoyevel tov HER-2 vrmodoyéa kot katdomy yopnyndnke Oepomeio pe lapatinib mov eivon
dmAog avaotoréag tov HER-2 ko EGFR. H aAhayn otn Oepaneio elye cov anotélecua
mv e&ddhenyn tov EGFR-Oetikdv kuttdpov kot v ovtamdkpion Tng vOoov o1N
Oepaneia. EmmAéov, 1 Tpdodog vocou cuoyeticOnke pe v avénon tov EGFR- kow HER-
2-apvntikov CTCs, évoeiEn o6t n Oepomeio. emdyst v emloyn tov 'target-negative'
LETOCTATIKOV KUTTApv.[161]

Meléteg mov PBpiokovion oe €£EMEN £x0oVV GTOYO VO OTAVINGOLY AVTO TO CUAVTIKO
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epOTNUO ONAadN av 1 e€atopikevon BepanevTIKdV amopace®mv umopel va yiver pe faon ta
CTCs (yio mopadeyo m yepuaviky pelétn GEPARQuarto mov a@opd HeTaoTOTIKEG
acBeveig Kabmg kat n perétn SUCCESS og un-petactatikod kopkivo pactod). Méypt topa
n ueiétn SWOG S0500 mov mpoavapépOnke dev Katdpepe vo amodeiel Ot 1 Gueon
aAhayn g ynueepaneiog pe Paon tov aplBud tov CTCS umopel vo ennpedost v

éxPBoon Tov achevov.

19.CTCsq DTCs

SOUQOVA LE TIG TOPATAV® HEAETES eival capéc 0Tt 1 aviyvevon Tov CTCs amotelel
éva TOALG VTOGYOUEVO TPOYVAOGTIKO Tapdyovto. BéPata dev eivar capéc av mapéyovv v
O KAMvikry TAinpoeopia mwov dideton amd Tt DTCS. Mikpdc aptBudg peretav €xet
ovykpivel dedopéva avorvcov twv CTCs ko DTCs otovg 1d1ovg acbeveic. Ta mocootd
aviyvevong tov CTCS sivan pukpdtepa cuykprtkd pe ovtd tov DTCS aldd avtd eEoptdton
Kot amd TN TEYVIKN TOL YpNolpomoleital yoo v aviyvevon tovc.[162] Ta mocootd
aviyvevong tov CTCs gival peyoldtepa oTIC TEPITTOGELS TOL aviyvevovtal kot DTCS 6to
uerd tov oot®v[86, 106] kubmg kol oe acbeveic vyniod KvdHvov.[158] Tavtdypovn
aviyvevon CTCs ko DTCs éyxer yivelr oe kdmoleg peAETEG Kol TO EMIMEON CLUPOVIOG
Kopaivovtol peta&d 55% ko 94%.[86, 106, 123, 158, 161, 163, 164] Evdwapipov givar 0Tt
UEYOAVTEPO TOCOGTO acVUP®Viag otnv aviyvevon towv CTCs kot DTCs mapotnpeitot
Kuplmg HETE, TOPd TPV TN YOPNYNOoN TNG EMKOVLPIKNG Oepaneiog oe acheveic pe kopkivo
naotov otadiov I ko 11[123] yeyovoc mov, mbavdg, amodeikvoel S1a@opeTIKY gvatodnoia
ot ynueobepaneio. Avtod umopet va opeiretar oto 6TL T DTCS gxppdlovv cov amndkpion
oto Stress mpwteiveg mov ta Ponbodv vo emPidcovv omd ™ ynuerobepameio.[163]
YThpyouv avTiKpOLOUEVO OTOTEAEGLLOTO GYETIKA UE TN KAk onuacio tov CTCs évavrtt

tov DTCs. 'Etol kamoteg peiéteg £0e1&av 0tL n aviyvevon tov DTCs anotelel 1oyvpoTEpO
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TPOYVMOOTIKO TOPEYOVTO GTO LETOCTATIKO KOl GTOV TPAOUO KOPKIVO TOV HAGTOV GLYKPITIKA
ue v aviyvevon tov CTCs.[126, 162] Avtifeta, GhAieg peréteg deiyvouy OTL 1 aviyvevon
tov CTCs xor 6yt tov DTCs oyetiletor  pe v wpdyveon oT0 UETAGTTIKO KOPKIvO
naotov.[165] Ot Pierga xou ovv. édeiéav O6tt 1 aviyvevon tov CTCs ko twv DTCs
OmOTEAODV  TPOYVMOOTIKO TOPAYOVIO YOl TN OULVOAIKN emiPiwon otov TPOWO Kol
peTaotatTikd Kopkivo pootod aAld to DFS cvoyeticOnke poévo pe v aviyvevon tov
DTCs.[166] H tavtoyxpovn aviyvevon towv CTCs ko DTCs og apyikd 61ad10 KapKivov
paotov oyetileton pe egapetikd mroyn mpdyvoon kot ovénuévn emintoon Bovdtomv ot
omoiot opeilovtot otov kapkivo.[123, 162]

A&loonueioto givar 0TL 0 aplOUOS TOV SIECTAPUEVOV KOPKIVIKOV KUTTAPWV TOIKIAEL
Oyt uoévo petalh tov PEAOD TOV 0GTAOV KOl TOV TEPIPEPIKOV OIPATOS, OAAL HOAAOV
eCaptdrtal eniong amd 1o ayyelKo SIUEPICLO A0 TO OTOI0 CLAAEYETOL TO OULLOL ZNUAVTIKA
vynAdtepog apBpdc CTCs petpndnke oe detypa aipotog and kevipiky @AERa 6 GUYKPIoN

ue detypo and mepipepikn AERA.[167]

20. Erb vmodoyeic kol kapkivog Tov pacTov

H owoyévela tov Erb vrodoyéwv omotedeiton amnd 4 Sopikd OHOES TPOTEIVES
tpocwvikdv kwvooov ( Erb-1, Erb-2, Erb-3, Erb-4 ) mov amotehodviar omd évo
e€okuttdplo Tunua Omov yivetar n  obvvdeon Tov mpoodétn (ligand) tovg, éva
SLOUEUPPOVIKO TUNHO Kol EVOL EVOOKVTTAPIO TUNLLO LE OPUSTNPLOTNTO TUPOCIVIKNG KIVAOTG.
O vmodoysag tov emdepukod avéntikod mopayovia (EGFR) vrdpyer oav ovevepyod
LLOVOUEPEG, TO Omoio opo- M €tepo-Owuepiletal, pe GAAa péAN g owkoyévelng twv Erb
VIOd0YEMV, HETA TN cOvdeon Ttov mpocdétn (ligand) tov.[168] O EGFR (Erb-1) exgppaletot
N VIEPEKPPALETOL GE TOIKIAALD GUUTTOY OV OYK®V OT®G GTO U1 UIKPOKLTTOPIKO KOPKIVO TOV

TVEDLLLOVO, GTOV KOPKIVO KEPAANG TPOYAOL, HAGTOV, 0LPOSOYOVL KLOTNG Kol OONKOV

43



emopéveg o umopovoe va amoteAécel £vo TOAAG vmooyOuevo Bepamevtikd otdyo. O 6vo
TPOTOL e TOLG omoiovg emTvyydvetal onpepa avactodn tov EGFR ot xhvucy mpaén,
elval p€o® HKPOV HOpi®V TOV avACTEAAOLV TNV TLUPOCIVIKY] KIVAGT] TOL LITOOOYEN KOl
pécm povokAmvik®mv aviicopdtov. O EGFR gvepyomoteiton amd mokidio TpocdeTdv Omme
o EGF, o TGF-a, n betacellulin, n epiregulin kot 1 amphiregullin.[169] H cbvdeon avtdv
Tov mpocdetdv otov EGFR éxst cav oamotéhecpo v evepyomoinomn tov, HEC®
QVTOPMCPOPLAMGONG TNG TUPOCIVIKNG KIVAGNG LE GUVETELN TNV EVOOKVLTTAPLO HETAOOOM
TOL CNUOTOG Kol TNV gvepyomoinon moAdmiokwv povoratiov (MAPK, PI3K,/Akt) mov
napeppoaivoov otn obvleon tov DNA, oty kuttapikn avamtulr, 6Ty ayyeloyEVEST, GTO
HETOOTATIKO  SLVOUIKO TV  KLTTOPOV Kol TV  gvoohncic tov Kuttdpov ot
ynuewobepaneio kar v aktvoPforia.[170] O EGFR exepdletar oe mocootd 18%-25%
OTOV KOPKIVO TOL HoeToD Kol HAAMGTo 1) £KQPOOT] TOV cLGYETICETOL PLE HEYAAVTEPO KIVOLVO
VIOTPOTNG Kot BovATov amd TOV KOPKIVO TOL HACTOV. ZNUOVTIKY o0ENoT oty £KQpoon
100 EGFR éyet1 damotmbei og ER-Betikoi¢ kapkivoug pactov pe de novo avtiotaon oty
oppovobepameio eved HETPLO AOENCT TNG EKPPOCTIG TOV M TNG EKQPACTG TOV TPOGOETOV TOL
ovoyetiletol pe emiktnIn avtoyn ommv opuovobeponeio oe ER- Oeticovg dykovc.[171]
Opoiwg, ot Morris C kot ovv. €dei&av vynAd enineda Exepacng tov EGFR otov kapkivo
TOV HOOTOV Kot 1O10ATEPO O OPHOVOUVOEKTIKOG KOPKIVOG TOL HOOTOL cvoyetiletal pe
avénuévn éxepacn 1660 tov EGFR 600 ko1 tov mpocdetdv 1ov.[172] Emumdiéov,
vrepékepacn tov EGFR domiotdvetor 6yedodv oTIg HICEG TEPIMTMOGELS TPUTAQ OPVITIKOV
KOl QAEYHOVASOLG KOPKIVOL HOOTOL KOl 1 avENUEVN EKQPACT] TOL amoTehel aveEdptnto
napdyovto TToNS Tpodyvmonc.[173-175]

Téhog n ékppaon tov EGFR éyer emiong texunpuwbel oto kvkAogopolvia
wkpopetaotatikd kotrapo pe RT-PCR.[108, 109]

To ZD1839 (gefitinib) eivar pia pn wvtrapotolikry avOpakvoAdvn, 1 omoia
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eKAEKTIKA avaoTéAAEL TN TVpootvikn Kwvdon tov EGFR. 'Eyet éykpion v acbeveic pe un-
UIKPOKVLTTOPIKO KOPKIVOUO TVEOHOVOS MG TPMTNG YPOUUnS Oepaneia o acBeveic tmv
omoimv ot oykot, exkppalovv petarrdcelg tov EGFR. X @dong I perétn IPASS, éywve
ovkplon tov gefitinib pe 1 ymueobeponcia pe Phon v mAativa oe acbevelg pe
HETOOTATIKO UN-UIKPOKVTTOPIKO KOPKiIvo Tov Tvedpovog o¢ Bepameio tpdng ypauunc. Ot
acBeveic mov elyav petaraéelc tov EGFR kot éhafav gefitinib eiyov onuavtikn Peitioon
omv PFS.[176] Eniong, dvo peréteg paong Il mov cupmeptérafay amokAelotikd acbeveig
ue petoddaéelc tov EGFR édeiéav opowo amoteréopata.[177, 178] Ov ovyvotepec
TOPEVEPYELEC TOV avapEpovTal amd TN yopnynon tov gefitinib eivor o axpogdég e&avonuo
Kol Ot O1dppoteg

[MpoxkAvikd In vitro dedouéva éxovv ocifel 0Tt to gefitinib pmopel va éxet
OVTIVEOTAQGUOTIKY dpACT GE OPUOVO- Kal ynueto-ovhektikd kopkivo pactov.[171, 179-
181] To gefitinib éyet dei&el avtiveomhaouatikny dpdon in Vitro, ite cav povobepaneio gite
KOl GE GLVOLOCUO HE YNUEWDEPUTEVTIKOVG TaPAyovTeG OT®MG 1 TOKMTAEEAN Kol 1
do&opouvfikivn, avacTtéAAoviag TNV OVATTLEN KOPKIVIKAOV GEPOV UAGTOD TOL NTOV
avlektikéc omv oppovobepaneion 0nmg 1 topoéieaivn.[182] Eriong, otav to gefitinib
xopnyNHonKe oe GLVOLOGUO [LE OpUOVODEPATELD, GE KUTTUPIKES GEPEC KAPKIVOD LLOGTOV TOV
ntav evaicnteg oty opuovobeparneia, dwamotddnke cvvépyela. Emmdéov, to gefitinib
£0e1&e avaoTOA TOL OYKOL HooToh oe Xenografts, katadeikviovtag OTL 1| GVAGTOAN TOV
EGFR pmopel va éyet kdmoa onuacio 6t Ogpaneion Tov KOpKivov TOV HOGTOD 0Py KOV
otadion.[183] Téhog, to gefitinib avaoctéAlel o peAétec in vitro Kot o€ TEWPAROTOL®O TN
petdooon onuotoc pécw tov HER-2 vmodoyéa, kot ovactéddelr v avdmtuén tov
KUTTOPIK®OV GEPOV KapKivov pactol mov vrepekppalovv tov HER-2.[184-186]

[Tponyovueveg peréteg pdong Il £de1&av aviikpovoOpeVa ATOTEAEGUATO OGOV 0POPEL

™ Spactikotnto Tov gefitinib oe aobeveic pe petactatikd kopkivo pootod. Mo pelém

45



eaong Il oe acBeveig pe oppovoavlektikd kapkivo Haotov EkAelce mpdLo Ady®m Tov 0Tl
dev tekunploddnke KMvikd 6peloc.[187] Avtibeta, oe pio (KPR TUYAOTONUEVT HEAETN
eaong II o cuvdvacpog gefitinib pe avaostpaldin £dei&e 6@erog 610 PFS otav cuykpidnke
ue to gefitinb oe cuVOVLAGUO PE EIKOVIKO PAPAUOKO GE UETEUNVOTAVOINKEG YOVOIKES UE
opuovodeTIKd HETAGTATIKO KapKivo Tov pnaotov.[188] Emmhéov, og pio mpdopotn perétn m
npocOnkn tov gefitinib oto ouvvdvaocud avaotpaldAng kot @ovABeotpdvng, mOL
yopnynonke og mpoeyyepntikn Oepoameioa oe acbeveic pe ER-Oetikovg dykovg elye coav
OTOTEAEC O, GNUOVTIKT LELMOT] TOV KLTTOPIKOD TOAAATAAGIAGHOD OTMOC EKQPPAGTNKE LE TN
ueioon g ékeppacng tov Ki-67 kot ¢ kukAivig D1, ovykpitikd pe 11 aobeveic mov
érapav povo to cvvdvoaoud avoaotpaloinc/eovifeotpdvnc.[189] ‘Etol, o EGFR icwg va
amoterel €vo otOY0 avdmtuéng vedtepwv Bepameldv kol Tta TOAAL VLTOCYOUEVA OLTA
dedopéva, delyvouv 6tL 1 otdyevon tov EGFR mbavag va mailer pdho ot Oepameio Tov
Kapkivov Tov HacToV.

AMo péhog g owoyévelag tov Erb vmodoyéwv eivar to HER-2 (Erb-2) mov
exepaletar 610 20-30% TV OYK®V TOL HacTOD Kot oxetileton pe eMBETIKY GLUTEPIPOPH
Kot Tty Tpdyveon.[190] Asv vadpyel yvootdg mpocdétng yia tov Erb2 vrodoyéa mov va
npokalel v evepyomoinomn tov. O KOplog unyavicpods HEC® TOL OmOiov Yyivetor 1
EVOOKLTTAPLNL HETAOOON ONUOTOS €ivol HECH ETEPOSUUEPIGHOD TOVL HE GAAQ HEAN TNg
owoyévelag tov Erb vrodoyéwv (EGFR, HER-3, HER-4). O HER-2 vnodoyéag kvpimg
etepodpepilerar pe tov EGFR. To trastuzumab eivar éva  eEavOpomomompévo
LOVOKAMVIKO avTicopo Tov cuvdéetal pe to eEopepppavicd tpunpe tov HER-2 vrodoyéa.
H yopnynon tov ce cuvdvacpd pe ynueodepamentikods mopdyovieg oe acbeveic pe
KOPKivo paotod apyikod otadiov o¢ emkovpikn ynuewodepaneia,[191] eite wg Oeponcio
ot petaototikny vooo[l92] PBeltimoe v emiPimon tov acbevdv, TOL Ol GYKOL TOVG

vrepekepdlovv tov HER2 vrmodoyéa. O HER-2 vrodoyéag, £xel ovoyetiotel pe avénuévo
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KUTTOPIKO TOAALOTANGIOGUO KOU SLOPOPETIKY OVTOTOKPIOT OVAAOYO UE TOVLS O1BPOPOVG
ANUEDEPATEVTIKOVG TOPAYOVTEG TOL YPNCUYLOTOOVVTIOL MG EMKOVPIKN Oepameio oTOV
Kopkivo tov paoton.[190, 193]

Téco o EGFR 660 kot o Erb2 vrodoyéag mailovv onpavtikd poho ot Ploloyikn
CUUTEPIPOPE TWV VEOTTAUCUATIKOV KUTTAP®V LE ATOTEAECUO TNV EVOO®ON TNG AVATTLENG
™G peTdoTaong, ¢ emPioong Kot g ayyeloyéveons. EKAEKTIKT] ovOGTOAN aVTOV TOV
VIO00YE®MV Ba PUTOPOVCE VO OVOCTEIAEL TN HETAOOOT ONUATOS EVIOC TOV KVLTTAPOL HE
OTOTEAEC O, AVALGTOAN TNG AVATTLENG TOV KOl TOV UETOGTATIKOD SUVAUIKOV TOV.

To Lapatinib givol d1mAdg avactoréag TV TVPOSIVIKOV Kivacov tov EGFR kot
ErbB2 avactéllovtag ) petddoon ofuotog pécm tov povomatiov tov PI3K/AKL kot
MAP kwacov. Apa ot 0éon ovvdeong tov ATP tov EGFR/ErbB2 avactéAlovtag v
AVTOPOGPOPVAIMOT Kl GUVETMG TN petadoor onuatoc.[194] H wavotnto tov Lapatinib
OTNV OVOGTOAN TNG OVATTUENG KOPKIVIKGV GEPOV oV vrtepekppdlovy tov EGFR Bpébnke
va glval 160d0VauN GLYKPITIKA He GAAovg avaotoleic Tov EGFR mov éxovv yopnynbei oe
KMvikég pedéteg onmg to gefitinib (iressa) 1 to erlotinib (tarceva). Me v eaipegon tov
ErbB4, 1o Lapatinib mpokaiodoe >300 @opéc Mo EKAEKTIKY OVOGTOAN TOV TUPOGIVIKMV
Kwvaowv tov EGFR kot ErbB2 and dAleg kivaceg mov ypnotponomdnkayv. To Lapatinib
TPOKAAEGE OVOICTOA TNG AVATTLENG avOpOTIVOL TOPOYEVOLS KapKivdpatog pootod (BT
474) xar 6ykov kepaing tpoyniov (HNS) oe xenografts oe emipveg. Mio docoe€aptdpevn
aVOGTOAN TapatnpnKe kot oto OVO Tepapatikd povtéda mov Elofav Lapatinib (30 7
100 mg/kg dvo @opéc v nuépa yuwo. 21 muépeg).[195] To Lapatinib €yer deyybei o1t
avaoTEAMAEL TN eo@opLAimon TV Erk 1/ 2 kot tg Akt (pErk, pAkt) oe kuttapikég oelpég
nmov ekepalovv EGFR xou ErbB2 (BT474 xor HNS). H dvvatotnto tov Lapatinib vo
avaoctélel Tnv PAKL cuoyetiomnke pe avénom kotd 23 Qopég 6TO TOGOGTO TV KLTTAP®Y

oL 0OMNYNONKAY GE AMOTTOON GLYKPITIKA e TNV opdda eAEyyov. Opoiwg, n Bepaneio pe
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Lapatinib tov BT474 kot HNS5 og enipvec eniong gixe og amotéAesO TNV AVOGTOAY TG
ewopopvrioong towv Erk1/2 xor AKt. Avtd ta amotedéopata deiyvovv OtL N Begpaneio TV
Kuttdpov mov ekppdlovv EGFR/ErbB2 pe Lapatinib pmopel va 0dnynoel 6Ty avocToAn
LETAS00MNG GTIUATOG TOV AVTIGTOLYOV Hovoration.[196]

Y& pio pelémn kapkKvikov oelpodv poaotod mov e&éppalav EGFR 7 ErbB2
(SUM102, SUM149, SUM185, SUM225) éyet deybei 6t m Oepomeion pe Lapatinib
OVECTEIAE TOV KVTTAPIKO TOA/GUO TOL GLGYETILOTOV LE TNV OVAGTOAN TNG POCPOPLAI®GTG
¢ Erk 1/2. Eniong, n avaotod] ¢ emc@opvriimone ¢ Erkl/2 cvoyetiotke pe v
evacOnoio oty axtwvoBepaneio, mpobepamevuévev pe  Lapatinib  Kvttapikodv
oelpav.[197]

To Lapatinib éyetl éykpion yopriynong oe acbeveig pe petaototikd KapKivo pactov,
TV 0moimVv o1 OyKkot ekppalovv tov HER2 vrodoyéa, kot eivar avBextikoi otn Bepancio pe
trastuzumab. Eyxer yopnyn0ei g povobepancio oe acbeveic mov €xovv AaPer molhamhég
ypouués Oepameiog, pe mocootd oviomokpicemv mov kvpaivovior amd 14-22%.[198]
Avéroyo amotedécpato £xovv damotmbel pe T yopnynon cvvdvoouov tov Lapatinib pe
ANUE0OEPATEVTIKOVS TTAPAYOVTEG OPUCTIKOVS OTOV KOPKIVO TOL UacTOD, OmmM¢ 1
capecitabine. X avt) ™ pelém tov Geyer kot cuv. €ytve cOykplon TG capecitabine
xopnyoduevnc mg povobepomeiog Evovit Tov cuvdlaouov g pe Lapatinib. Tov mtinbvoud
™G HeAétng amotélecay moAvbepamevpéveg acbeveic mov siyav avtoyn oe KablepwUEVOVS
ANUEL0OEPATEVTIKOVS TOPAYOVTEG OTMG Ol avBpakvkAives kot ot Ta&aves. H pelét ékleloe
TPOMPO. YTl oTNV evdldueon avalvon &ywve coeéc 6Tt n Tposbnkn tov Lapatinib ot
capecitabine odnynoe oe 51% peimon tov KwvdHvov mPoddov vocov (P=0.00016) Kot
dumhacioce o0 elevbepo mPoddov vocov ddotnuo emPimone (p=0.000045).[199] O
KupLoTEPeG Tmopevépyeleg tov Lapatinib eivar n dwappora, to €€dvOnua, M vavtio, M

avope&io, ot EUETOL KO 1 KATOPOAY), OTAVIOTEPO OE OVOPEPETOL KOPIOTOEIKOTNTA TTOV
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KLplmG GLVVIGTATOL GE OCVUTTOUATIKY MHeimon Tov KAdouatog eEmbnoemg kot cuvnBmg

avaoTpépetal pe T dtokonn g Bepaneiag.[200, 201]

21. Z16y0¢ ™G owoTpLPiig

Onwg mpoavagpéptnke n mapovsio twv CTCS €xel tekunpuwbel oe TOALEC peAéteg
Kol €YEL GLOYETIOTEL PE OLGUEVH TPOYVMGTY], OTO YEWPOLPYIKA £EAIPECGILO KOPKIVO TOL
naotob toc0 mpv[125, 130, 134, 202, 203] 660 kot petd 0 YOPNYNON CLUUTANPOUATIKNG
ynuewobepaneioc. [46-48, 135, 152,153,[145] Eniong, n mpoyvootikn a&ia tov CTCs éyet
KataderyBel kot otn petaototiky voco.[145]

Ta CTCs mopovotalovv peyddn etepoyévela[204] omwe €xel Mon deybel péow
avoocopopiopon,[205] cvveotioknc pikpookomiag capmone pe Aélep[206] kot poplakdv
uebodwv, omwg RT-PCR,[67, 206] RT-qgPCR[207] kot liquid bead arrays.[208] Avtfq n
€TEPOYEVELD, €lval OMNUAVTIKY, 101OC GE TEPUTOCES OTIS omoieg Oepoamevtikol o6TOHYOL
exppalovtor e CTCs oaAAd Oyt otov mpowtomadn oOyko. Qotdco, mn onuacio g
etepoyévelag Tov CTCs dev €xet aElomombel axoun ot KAvikn Tpaén.

Onwg mpooavaeépdnke vapyel cvuyvd acvppovia g ékepacng tov EGFR kot
HER-2 peta&d tov mpotoraboic dykov kol TV KUKAOQPOPOULVI®V KOPKIVIKOV KLTTAP®V.
Juven®g o PloAoyikog yopokpiopog, v CTCs Ba pmopovoe va emTpéyet Tn yopnynon
eEUTOLKEVIEVG KOl GTOYEVIEVNG Oepameiag avaAOYa [LE TNV EKPPOCT] TOV GUYKEKPIUEVOV
vrodoyémv ota CTCs. To cuyvd KAMviKO TpOPANL ELPAVIONG OVTOYNG 0T YN HE0bepameia
Kot 1 e£EMEN TG vOooL deiyvouy T onuacia g a&toldynong twv CTCS wg ev duvapet pn
eneppoticod epyaieiov yw T PeAtioon emAoyng eCatopikevuévav  BepamELTIKOV
npooeyyicewv. Me Paon ta mpoavapepbévia dedopéva, too CTCs Oa pmpovcav va
ypnoorombovv ¢ "vypn Ployia’mov Oelyvel o YOUPUKTNPIOTIKA TOV KLTTAP®V TOV

evBbvovtal yoo T OMovpyio TG UETACTAONG TN CLYKEKPUUEVI] YPOVIKN] OTLYH] TOV
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AapPavetar  Oepamevtiky] andeaor. ‘Etcl, ou ynueobepomevticol mapdyovteg kot ot
Oepanciec poplaxng otdyevong iowg oaliler mepiocodHTepo  vo  peretnbodv  ota
HUIKPOUETOGTATIKG KOTTOPA TOPE 6TOV TPp®TOTad dYKO.

[Tpokeévov va diepevvnBel KAvikd 1 otoéyevon tov CTCS pe pkpopoptokovs

Bloloyikobg mapdyovieg mov Jdpovv ekhekTikd oTtovg vmodoyeic EGFR kot HER2
aropocicOnke vo peletOet n ékppaon tov EGFR kot HER-2 vrnodoyéwv ota CTCs
npofepaneLEVOV 0GHEVOV LLE HETAGTOTIKO KOPKIVO TOL HOGTOV, Vo eKTIUNOEL TPOOTTIKA 1
OPACTIKOTNTA TNG OTOXELVUEVNG OVTNG Oy®YNG otnv €£0QAvion TV WKPOUETACTUTIKMOV
KLTTAP®V KOl VO GUGYETIOTEL e TNV €kPaoT Tov aclevav.
Y1606 TG Topovcag datpPng frav va deilel: a) ™ ovyvotta Ekppacnc Tov EGFR kot
HER-2 oto pikpopetactatikd kuTtapa Tov oipotog achevomv pe mpoympnuévo Kapkivo Tov
paotov, B) v aSloAdynon g dpacTIKOTNTAG TNG oToXeVoLGaS Bepameiog L avAoTOAELG
Topoowvikdv Kivacwv (gefitinib, lapatinib) oe aoBeveic pe pikpopetaoctoTikd KbTTOpO
Oetikd yio EGFR 1 Erb2 «ot y) ) cvoyétion pe 1o didotnuo eredbepo mpoddov vocov Kot
TN GUVOAMKN emPimon).

H onpocioa g mpotewvopevng HeAETNg &ivarl vor aviyvevsel Kot, mbavadg, vo
avadeigel VEOLG TPOYVOOTIKOVS Kot TPOPAENTIKOVG OEiKTEC GTOV KOPKIVO TOL HOGTOV e
mv gunepotatopévn perétn tov EGFR kot HER2 ota pikpopetactatikd xottapa, Ot
omoiot Oa elyov eEapeTikd evOLOQEPOV TOGO amd EPEVVNTIKNG OGO Kol omd OEPOUTEVTIKNG

Amoyng LE TPOPAVEIG TPOEKTACELS.
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HEIPAMATIKO MEPOX



1. AoOBeveic/kprmpra Evraine/Oepameio

2V mopovoo HEAET cuumepleM@Oncav acheveic e HETAOTATIKO KOPKIVO HOGTOD
mov elyav mponyovpévmg AdPel ynuelobepomeio M/kor oppovobepameion yioo PLETOGTOTIKN
v660. Eldwotepa, mpokelévou va eivar Kamota achevig KatdAAnAn yio Evtaén ot peAé,
Oa émpeme va €yl emtHyEl aviamoOkplon N otabepomoinon Tng vOoGOov UETO TNV TAEOV
mpdoeaTn  Ypouun ynuewobepameiog M opuovobepameiag. Toa  kpumpre  Evtagng
nepteAdpPavay emmAéov to €€NG: TapOLGio. HETPNOIUNG N EKTIUNCIUNG VOGOV, €mimEdO
Aerrovpykng  wavotntoag (Performance  Status, PS ECOG) 0-2 «xot aviyvevon
KUKAOQOPOOVTOV KOPKIVIKOV KuTTdpmv pe ) ypnon RT-PCR kot pe avocoebopioud ce
eMyPIoLOTA TOAVLOPPOTUPNVOV KVTTAP®OV TEPUPEPIKOD ALILLATOC.

Metd and v évtaln tov oxtd TPOTO®V 0cHevdv oL £yve HE KPUTNPLO TNV
napovcioo CTCs kot pe t1g 600 pebddovg, £ytve TPomOTOINGN TOL TPOTOKOAAOV, MGTE VA
evtdooovtal uévo ot acbeveic pe ékppaon EGFR ota CTCs. H tpomomoinomn &ywe yoti
COUPOVO UE TO OTOTEAECUATO TOPAAANANG HEAETNG NG KAWVIKNG pog, emPePaidbnke n
ékppaon tov EGFR ka1 m evepyomoinon tov downstream povoratiov tov (PI3K/AkL).
Emiong oxt® acOeveig pe petootatikd kapkivo poaoctov kot aviyevowo CK-19mRNA kot
CK-0etikd CTCs mov mAnpovcav to Kpitiplo. TG peAéne ko ogv giyav Aafer gefitinib
emLExOnKay avadpoutkd yio vo arotedécovv opado ovykplong (historical control group).
Y& autég TIg acbeveic ywvotav aviyvevon tov CTCS punviaiog (v téooepig uiveg) pe RT-
PCR a1 avoco@Bopiopo.

Apyikd, perethOnke n Yop1yNoN TOL AVOGTOAEN TNG TVPOCIVIKNG Kivdong Tov EGFR
gefitinib o¢ acBeveic mov mapovoialav EGFR Betikd kuklo@opovvia KopKIVIKE KOTTOPO
HETO TV oAoKANpwon g Oepameiag tovg. Xe devtepn pelétn evrdyOnkov oacOeveic pe
éxppaon HER-2 ota CTCs ot onoieg éAafav Tov avasTOAEN TOV TUPOCSIVIKMOV KIVOGOV TOV

EGFR/HER2 (lapatinib). Xtn devtepn pekétn upe to lapatinib, n povn pébodog mov

52



YPNOLOTOWONKE Yo TNV aviyvevon Kot Ty Tapakorlovnon g kivntikng tov CTCs frav
o avocopBopiopdc. Ot acBeveic eddppavav to gefitinib 1 to lapatinib and tov otdpaTOC,
TOVAQYLOTOV SVO MPES TPV 1| LETE TN ANYN TPOPNC.

[Iptv v évtagn ot pekétn Mrav amapoitntn n €yypaen ovykatdbeon tov
acHEVOV Y100 GUUUETOYN OTN HEAETT, APoV lyav evnuepwOel amd To Y10Tpo TNG HEAETNG KO
aeov elyav dSwPdoel to oYETKO, eykekpévo amd v Emomuovikn Emutpony tov
ITA.I'N.H, évromo minpopdépnonc. H ovAkoyn tov Odeiypdtov aipatog kot m
mopakolovdnon tov achevov £ywve ota eEmtepikd wtpeio g Iaboroyikng-Oykoroyikng
Khwvung tov ITA.I'N.H.

[Ipwv v évtaén ot pehétn aArd kou kéBe pnva katdmy, ywvotay kKMvikn eE€taon
Kol AN TEPLPEPIKOV OULOTOG Yo YEVIKT oipaTog, Ploymukd EAeyy0, LETPNON KAPKIVIKDOV
dewktdv (CEA ko Cal5-3) kat yuo ) katapétpnon tov CTCS kot ™ perétn tov Sektmv
nov e&éppalav (EGFR kot HER-2).

Evtoc tov televtaiov pnva mpwv v évtadn otn pedétn kot kdbe 2 pnveg ot
OULVEYELD, YIVOTAV OMEIKOVIGTIKOG EAeYY0G e afovikég Topoypaieg Odpakog kot KolAog,
HOyVNTIKY TOopoypoeion M Omowo GAAN €&€taom KpwoTav omapoitntn ovaAoyo HE TN
cuptopaToroyia g acbevoie Kot Tig Béoelg Tov devtepomadmy evtomicewv. H extiumon
™g avtamokpiong g Bepansiog yvotav pe ta kprrpla RECIST.

O apBuog tov CTCs a&oroyovvtav mpv v Evapén e Oepameiog Kot petd ava
uva, Tpwv v évapén kabe koklov pe lapatinib i gefitinib. H mopakolobbnon g
kivntikng tov CTCs ywotav pe avocopBopiopd. Ot acbeveig mov wpwv v €vapén tov
devtepov kOKAOL eiyav avtomdkpion pe Pdon to CTCs (apBudg CTCS pikpodtepog oe
oxéon Ue Tov avtiotowo mpwv v évapén g Bepaneiag), 1 otabeponoinon Tov aptduod
tov CTCs cuvénlav ) Oepameio. Ot acBeveic pe avénon tov apBpov twv CTCs éfyarvav

amd TN HEAETN av 6ToV emdpevo KOKAO emiPBefarmvotay 1 avénon tov appov tov CTCs.
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Xtovg eMOUEVOLG KUKAOVG M Bepameia emiong dakontdTaY GE TEPIMTWON dVO GLVEYOUEVOV
avénoewv tov apBpod twv CTCs. EmimAéov, n Bepancia Saxomtdtav oe mepintmon
TPOOSdOL VOGOV, EUPAVIONG KN OTOOEKTNG TOSIKOTNTAG 1] AmOGLPCN TNG EVLTTOYPOPTS

ovykatdBeong avelaptnta and and tov apBud tov CTCs.

2. M£0ooou

2.1 Mopwokn aviyvevony CK19mRNA-OeTIKOV KUVTTAPOV 6TO TEPLPEPIKO
aipa
0. ATOpP6vVOG HovOTOPN VOV KVTTAP®V TEPLPEPIKOD aipatog (Peripheral

Blood Mononuclear Cells, PBMCs)

Ot acbBeveig vmofdrrioviav oe ooAnyio 7y aviyvevon KLKAOQPOPOOVI®V
KapKvikov kuttdpov (CTCs) kot éheyyo g ékeppaong tov EGFR kot HER-2 vrodoyémv
®ote va AaPouv gefitinib v lapatinib edv mAnpovcav to kpithplo éviaéng otn perétn. o
TNV ToQLYN EMUOAVVONG LE EMONAOKAE KOTTOPO TOV SEPLOTOG, TO OELYLLOL TOV TEPLPEPTIKOV
aipotog (20 ml oe EDTA) lopPdvoviav oto péco g @Aefokévinomng, o@eod eiyov
amoppredel ta TpdTa S Ml aipartoc.

Ta 20 ml meprpepikod aipatog tomobetovviay oe coAnvaplo mov mepieiye EDTA
Kot akoAOVOMG petapépoviay oe Eva coAVaplo euyokévepnong tav 50 ml. To detyporta
aipotog, otn cuvEELn, apatdvovtay e 6o Oyko ateipov dwivpotog PBS (8,0 g/L NaCl,
0,2¢9/L KCL, 1,15g/L Na2HPO4, 0,2g/L K2HPO4, pH 7,3) ka1 to didAvpo entototPalotov
oe cowAnvdplo Tolvmpomvieviov Tomov Falcon tov 50 ml, énov eiyxe oM mpootebei Ficoll
ue mokvotnto 1077g/ml (Ficoll-Histopaque 1077,Sigma) dykov icov pe to 1/2 tov TOL
oykov tov SoAdpatoc. To apaiwpévo aipo Tomobetovviov LE TPOGOYN TAVE OTNV

emeaveto g Ficoll, dote va unv avapybodv ta 3o vypd kot tehkd vo oynuatiotodv 600
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otolfadeg pe aipo ko Ficoll. AkoloOOnoe doPabucpuévn euyokévipion tov deiyuatog
(oto. 1.800rpm, yiwe 30 min, otovg 4 °C). Metd ™ ovyokévipion, 1 otiffddo TV
povomvpnvmv Kuttdpwv Ppicketal peta&d e otPddag g Ficoll kol g otifadag opov
kot PBS. Koatémv, €ytve ovAloyr] Tov OSOKTULAIOD TV HOVOTOPNV®V o€ EEXMPLOTO
OTOGTEPOUEVO GOANVAPLO PLYOKEVTIPOV, WLE TPOGOYN DOGTE Vo avappoendel n eldyiot
duvot mocdtra Ficoll n omoia givan kutTapotofiky, ta povordpnva KOHTTAPO TAEVOVTOY 2
popéc pe PBS (50 mL, guyokévipion oto 1.500rpm yioo 10 min, otovg 18 °C). Téhog,
amopakpHvOnKe 10 vEEPKEiUEVO VYPO KOl TO 1IlNUO TOV KLTTAP®V E€iTE YPMNOUOTOIEITO
apéow¢ eite euiloccotav otovg -80 °C. Emumiéov, 250.000 PBMCs oe &idivua
PBS/2%FBS  (500ul/miakidio), vmofoiddotoy  G€  KLTTOPOQPVYOKEVIPNON  OF
avTIKELEVOPOpO TAdKa oto 2000 rpm yio 2 AEmTd KOL Ol OVTIKELUEVOPOPES TAAKEC

oteyvhvoviay kot purdocoviay otovg -80 °C yio mepetaipo yprion.

B. Amopdvoon oikod RNA

H pébodoc mov axorovbeitar yio v amopdvmon tov RNA amotehel tpomomoinon
¢ nebodov mov avamtdydnke amd tovg Chomcezynski kar Sacchi.[209] Me ) puébodo avt
umopet vo amopovodel to olkd RNA amd 0.1 émog 15kb og uikoc. H exydvion tov RNA
yivetal ypnoonowdvtag to avipactiypro Trizol (Gibco, BRL). H Abon tov kuttdpov
Bacileton ot TOPOLGiN 1G0HEOKVOVIKNG YOLOVIdTVIG, EVOG ATOOOTAKTIKOD TOpiyovTa, O
omoiog fondaet otV amopdKpLVo™N TOV TPOTEIVOV amd o, suUTAOKN Tovg e To RNA xat,
emmAéov, avaotéAlel TiG ppovovkiedosg (RNases) mov glevBepmvovtor and opyavioia,
OT®MG 0 TLPNVOAG KOl TO AVCOGAOUOTO Katd T AOon tov kuttdpwv. H avactol avt
emrpénel v amopdvoon un amodounuévov RNA. H 6An mpostolpacio kot oAokAnpmon
™G HeBdO0V, EKTOG TV PUYOKEVIPNGE®V, YIVETOL GE QmOy®YOd KAOETNG VNUATIKNG POTG Yo

eCaopdion  ocvvOnkodv  erevBepov  amd  emMPOAOVOES.  ApyIKd, 1X10° KOTTOPO
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avapryvoovtatl pe ImL avtidpaoctnpiov Trizol oe coAvaplo amd TOAVTPOTLAEVIO Kal TO.
KOTTOPO. OLCTTAOVTOL OOV OVOOELTOVV Kol OLOTEPACTOVV ETAVEIAMUUEVOS amd cvPLyya
woovAivng (26 gauge needle). Otov to dtddvpa yivel dawyéc, enmdleTol yioo 5 min otovg
15-30 °C kau, otn ovvéyeia apob tpootedodv 200ul yAopopoppiov, to piypo avodevetol
unyovikd yio. 15 sec. To &iGlvpa agod emnwootel yioo 10 min otovg 15-30 °C,
puyokevrpeitor yi 10 min ota 12.000g, otovg 4°C. To SidAvpo Kotd T PULYOKEVIPION
dwympileton oe Tpelg PAcES: o) ot Kat®TEPT €pLBpwm, opyavikny @don oty omoia
TOPAUEVOVY Ol TPMOTEIVEG KOl OAOL TOL KVTTAPIKG LIOAEiLpaTa, ) 0T AeVKWOT HECOPAOT
otV omnoia mapapével 1o DNA kot y) omv avdtepn dtavyn, vodtivn @don otnv omoio
Bpioketor 10 oAkd RNA towv kvttdpwv. H vodtivn odon petapépeton oe éva oteipo,
RNase-free cwAnvdapio molvmpomvAieviov, mpootibetan ion mepimov moodtnto 100%
oompomavoAng (500uL) kot to ddAvpa avadedeton erappd. Akolovbel enmdaon o mdyo
v 15 min kou puyoxévrpion yio 10 min ota 12.000g, otovg 4 °C, omdte 1 160TPOTLAIKT
aAKoOAN mpokaAel katakpiuvion tov RNA pe ™ popen &vog kabopod mnKTdOoVG
wnpuotog. Xt ovvéyela, yivetor ékmivon tov Wnuatog pe 1 mL 75% oubBavodin oe
doameotaypévo vepd (ddH,0) emeepyaouévo pe avoaotoréa vovkieacmv DEPC
(d1ebvAnvpokapPfovikd drag 97%, Sigma). AxoAovbei avddevon Tov SADLATOS Kot
QLYOKEVTPION TOL Yio. 5 min ota 7.500g, otoug 4 °C. Av 1o ilnuo eivar évtova Aevkd,
emovolopupavetor n ékmivon GAAN (o eopd. TéAog, apov yvbel 1o vIepKeievo VYPO Kot
oteyvdoel tereing to inua amd v abavoln (eite extiBéuevo otov aépa, €ite o€ KeVO
agépa yo. 5-10 min), emavadioivetar o 20-30 ub DEPC-ddH,0, oe coinvapio tomov
eppendorf kot Tomobeteiton yioo 10 min otovg 55-65 °C (gite oe vdardlovtpo, gite o€
KAPavo), dote va olokAnpwbOel mn dwwdvtomoinon tov RNA. And 10 tehKd vOOTIKG
dwaivpa ypnowonoteiton 1pl yio mocotikd mpocsdiopiopd g svykévipwons tov RNA ot

ovokevn nanodrop, evd to vroAomo puAdocetotl otovg -80°C, oe 2 KAdopata €hv eival
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>20ul, péypt va xpnoipomonOei.
Y. ZovOeon copminpopatikod DNA (CDNA)
H avtiotpoen petaypagn tov ayyelio@eopov RNA (MRNA) tpog cupuminpouotikd
DNA mpayupatoroleiton pe 1 Pondeia tov eviOPOVL «OVAGTPOPN UETOYPAPACT)» KOt
ypnowonoteitar to ovotnua Thermoscript RT-PCR (Gibco, BRL). To évlopo yio vo
Eexwvnoet m ovvBeomn Tov CDNA ypetdletar £va apytkd TUNHO GOUTANPOUOTIKO TG 57-3 -
poly-(A) meproync tov MRNA. Zvvifwc, Yo To poAo owTd ¥pNoIUonolEiTaL o aAAnAovyia
nolvBopuivng (oligo-dT). H obOvbeon vyiveton pe v mpooHNKn 0AyovoukAeoTidimv
(ANTPs). Apywkd mpoetoludletar oe éva coAnvaplo tomov eppendorf amaAlaypévo amod
DNdoeg (DNase-free), éva. piyua ovtidpaong mov meptlapfavet:
a) detypo ohkod RNA (1-5 ng RNA, avdloya pe v mepintmon)
B) exkwvnr ( primer), Tov otn mepintmon aniol moivadevuiikod RNA ypnouonoteitat 1
uL Oligo (dT)20 (50uM) ko
v) DEPC-H,0 6¢ m056tT0 TOL VO GUUTANPOVETAL GLVOAKOG OYKOG Tov piypartog 10 pl.
X1 ovvéyewn, Tpaypartomoteitor amodtdracn tov RNA kot tov ekkivnti enmdlovtog
10 piypo yioo 5 min otovg 65 °C og Ogpuikd kvkAomomty kot dueon tonobétmon tov oe
whyo. Me 1 Odwdikacio oavth, Oépuavong kot Yoéng, KOTAGTPEPOVIOL TLYOV
oLCoOUOTOROTA 1 dgvTEPOTAYEiS douég mTov Ba umopovoav va gumodicovv v Evapén
oynpoticpov tov CONA. Katomy, apod avadevtel 1o puOpiotikd dtdAvpa e avtictpoeng
HETOYPOPNS Y10 5 SEC o€ KUKMKO avadgvtipa (Vortex), mpoetolndleton To KUPLO piypo g
avtiopaong oe teMkd 0yko 10uL to omoio mepthapPavet:
a) 4 puL puBuiotikod dreAduatog yioo CONA (5x)
B) 1 puL d18e100peitéing (DTT, 0.1 M)
v) 1 uL dtoddpoatog avactoréo RNacov (RNaseOUT, 40U/ul)

8) 1 uL DEPC-H,0
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€) 2 uL piyporog tpipwoeopikadv deo&vvovkieolrtdv (ANTP mix, 10 mM) ko
o1) 1 pL avtiotpoeng petaypapdong (ThermoScript RT, 5 U/uL).

To mapamdve piypo mpootiBetal 6To apykd Kot, GTN GLVEYELD, TPAYUATOTOIEITOL
endoon tov delypatog yi 60 min otovg 50 °C, 6mov vppdornoieitarl o exkvnrhic Oligo
(dT)20 ko dpa n avtiotpoen petaypapdon, oc npobepuacuévo Bepuikd kvkromonrr. H
avtidpoon tepuatileton pe emdaon tov deiypotoc yww 5 min otovg 85 °C, dmov
anodlatdocsovton ta VEpidte RNA-CDNA kot angvepyomoteitol n avtictpoen petaypagpdon
eved, TteMkd, oto OowdAvpa mpootifetow 1 pb RNase H vy v amoddunom tov
ovpmAnpopatikod RNA kot axolovdei endaon yio 20 min otovg 37 °C. To cDNA eite
YPNOILOTOIEITOL OUESHOS GTNV 0AVGIOWTY avtidpact molvuepdong (PCR), eite puAdoocstan
otoug -20 °C.

0. 'ELeyyog ¢ morotntog tov RNA derypartmv g RT-PCR

O éleyyoc ¢ mowdtrog twv RNA derypdtov mpaypatoromdnke pe RT-PCR
avtidpaon evioyvong tov yovidiov PBactkng Aettovpyiag B-aktivng (housekeeping gene). Ta
detypoto pe Oetikn aviyvevon Kotd v nAektpo@opnon o€ agarose gel 2%, Bswpovvton 6Tt
Bpiokovtol og KOAG Ol TnPNUEVT KATAGTAOT).

&. Aviyveven tov CK19mRNA pe nested RT-PCR

[Na ™ Tpaypatomoinon g aviidpaong YPNOILOTOONKE 0 BEPLIKOG KUKAOTONTNG
MJ Research PTC200. H povéada avth dtabétel vrodoyéc yioa coinvapia PCR twv 0.5 mL
oAb kor tov 0.2 mL. Mnopel vo vmoPfdiier To Oetypato o€ KOKAOLS OAAOYNG
Oeproxpaciog petald twv 4° C kar 99° C, ympic T yprion eEOTEPIKOV TOPOXDOY EKTOC TOV
Bacuob evicyvtr. ‘Eva peydio mheovéKtnuo tov povtéAov avtol eivon 1o Bgppotvopevo
KéAoppa mov dtbétel, To omoio GuyypovileTon AploTa pe TN Kupiwg PAcn, amo@edyovtag
€101 oL evogyduevn e€atuion Tov detyudtomv otig vyniég Beppokpaocies. Ta kdbe deiypo
dtevepynnkav mapaiinia 2 dwapopetikég PCR yia v evioyvon mg CK-19 ko g B-

58



aKTivig, HE TOLG avTIoTOLXOVG apvNTIKOLG HapTupes. O moAllomlacioacpoc tov CDNA
oAoKANpdVETAL o 600 otddia (two steps PCR). Xto npdto otddio (mpdtn RT-PCR) ywa
™V evioyvoT Tov Yovidiov-6tdyov, To cDNA enmdletatl Tapovcio TV e0IKOV EOTEPIKAOV
exkwvntov (P1 kot P2, Genset, Paris, France), piypoatoc dNTPs (Invitrogen, US),
dwAvpatog MgClp, Platinum Taq molvuepdong (Invitrogen, US) ot pvOuctikod
dwAvpoatog PCR (Invitrogen, US). H endaon tov piylotog Tporyloitomoleiton 6T GLGKELT
PCR yia 35 kbkhovg. 1o devtepo otddio (nested RT-PCR) yio tnv evioyvon tov apyikov
ONUOTOG, TOGOTNTA TOV TPOTOVTOS TOL TPATOL GTASIOL EMMALETOL TOPOVGIN TV EOTKAOV
eomtepik®v ekkivntdv (P3 xotr P4) wou piypatog dNTPs, dwoAdpoatog MgCl,, Tag
moAvpePdong Kot puouetikod dtoivpatog PCR. Q¢ Betikdg paptupag katd v avamntoén
¢ pebodoroyiag tov mpocsdiopiopod Tov CKIIMRNA, ypnowomomdnke n avOpdmivn
KLTTOPIKY GEPA kapkivov tov pactod MCF-7, oty omoia ekppdletor to yovidio g CK-
19. Ta xotTapa avortdyOnkay ce povooTiPAdes, o€ PLaAeg KOAMEPYEWOS (Empavelag 25 1
75 cm?) kat o€ ETOOOTAPA KVTTAPOV oTpdoporpag 5% (v/v) CO, o aépa kot Oeppokpacio
37 °C. Q¢ opwnTikOC HAPTLPOG YpNoIHomomOnKe 1 ovOpOTIVY KLTTAPIKY GEPE
TAoopatokVuTTaptkng Aevyatpiog ARH-77, n onoia dev ekppalet CK-19.

H aviyvevon kot tavtomoinon tov mpoidvtog g PCR mpaypotomombnke pe
nAektpopdpnon oe mnKropa ayopolng. H teyvikn ompiletar oto yeyovog 6Tt 1o DNA og
ovdétepo PH elvar apynTikd QOPTIoUEVO, AOY® TOV GOGPOPIKAOV opddwv tov. 'Etotl, ta
dtapopa popro. DNA petaxtvodvtor katd tnv niektpo@dpnon mpog 1o 0eTikd nAektpoolo,
LE TayVTNTO OVTIOTPOP®S avaroyn tov Aoyapifuov (logip) Tov apBuod tov Pacedv Tovg.
Emedn n k) eumodier  tuyaio didyvon tov popiev, o Hoplo. SIPOPETIKOD HUNKOVG
dwympilovrar og {dveg (bands). Ot {bveg avtéc kabioTaviol opatég KOTOTY GUVOEGTG TOV
DNA pe edwké popuo, 6mog to Ppouodyo obidio (ethidium bromide) mov €yl v

wKavoTNTo Vo TopeUPAAAeTOL 0T SIAN EAKa Ko va oynpoatiler Bopilov cOumAoko pe to
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DNA. Mg 10v 1pomo avtd pmopovv va aviyvevBovv axopa kol eddyioteg mocotnteg DNA
(¢ 1 ng) pe dupeon e&€taom Tov TNKTOUOTOG KATOTY O1€yepons pe aktvoPoiio UV. Ot
Coveg Tov DNA pmopovv va avaktBodv ond to mKTope kot va ypnoiyuorombodv yo
ddpopovg okomovg. H evaioOncio g aviyvevong tov CK1I9MRNA pe ™ pébodo g
nested RT-PCR extyumbnke o perét tov Stathopoulou et al.[130] Bpénke 6t n uéBodog
umopet va aviyvevoer 1 MCF-7 kdttapo avaueco oce 10° (QULGLOAOYIKE  OULOTTOINTIKGL
KOTTOPO. XTNV 10100 HEAETN, M €WKOTNTO TG aviyvevong eKTunOnke pe povomvpnvo
KOTTOPO. TTEPIPEPIKOV aipatog amd 54 vyielg yvvaikeg kot Bpédnke ot povo 2 (3.7%)
detypota Ntav Betikd, evd 52 (96.3%) odelypata Mrav apvnrikd. Xtovg Ilivaxeg 1-5
TEPLYPAPOVTOL Ol OAANAOVYiEG TV 4 EKKIVINTMOV, TO OVTIOPOCGTIPLN KOl Ol GLVONKES TNG
PCR ywo v gvioyvon tov cDNA ¢ CK-19 kot ¢ B-aktivng.[30, 130]

IMivaxag 1. AAniovyieg ekkivnT@v mov ypnopomomonkay otn perét ya t CK-19 ko

™ B-axktivn

Agiktng | M£00dog | Exiivnrég Alinrovyia 5°-3° Mpoov
(bp)

CK-19 Nested ITpdcbiog (P1) AAGCTAACCATGCAGAACCTCAACGACCGC 745
RT-PCR Avéotpogog (P2) | TTATTGGCAGGTCAGGAGAAGAGCC

ITpdcbiog (P3) TCCCGCGACTACAGCCACTACTACACGACC
Avaotpogog (P4) | CGCGACTTGATGTCCATGAGCCGCTGGTAC

B-oxtivn | Nested IIpéchiog (A1) CATCCTGTCGGCAATGCCAGG 154
RT-PCR | Avaotpogog (A2) | CTTCTTGGGCATGGAGTCCTG

MMivaxag 2. XvvOnkeg PCR ywo v evicyvomn tov yovidiov g B-aktivng

Y1400 PCR YuvOnkeg
Apydc dtoympiopdg Tmv KAdvav tov DNA 94°C — 2 min
Awyopiopdc tov kKh@vov oo DNA 94°C — 30 sec
YBpdopdc exkivntov oto DNA 60°C — 30 sec
Enéxtaon exkivnrov 72°C — 45 sec
TeMkr| EMEKTACT TOV EKKIVNTOV 72°C — 4 min
Ap1Bpdc KoKhmv 35
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IMivaxag 3. Xvotatikd g avtidopaonc PCR yia ) evicyvon tov yovidiov g B-axtivng

AwoAdpoto [MpootiBéuevog dyrkog (ul)
[Tp6cbog exkivnc, (10 uM) 1
Avaotpo@og exkkivng, (10 pM) 1
dNTPs, (5 uM) 2
MgCl;, 50 mM 1.5
PCR pubuotikd odiopo  (yopic MgCly), 5
(10X) 1
cDNA 0.2
Taq molvpepdon, 5 U/ulL 36.3
DEPC-treated H,O

2UVOMKAG OYKOG 50

IMivaxag 4. XvvOnkeg g PCR yia v evioyvon tov yovidiov g CK-19

Xraow PCR 1"PCR 2"PCR
Apyikoc Staympiopog Tov kKA@vev oo DNA | 94 °C-6min | 94 °C-2min
Awyopiopdc Tov kKAavoy Tov DNA 94 °C-50sec | 94 °C-50sec
YBpdiopdc exkivntdv oto DNA 72°C 72°C
Enéxtaon ekkvntov 2:30min 2min
TeMkn enEKTACT TOV EKKIVITOV 72 °C-10min | 72 °C-10min
Ap1Bp6g KOKAW®V 35 35
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MMivaxag 5. Xvotatikd Tov avtidpdoewv PCR yia v evioyvon tov yovidiov g CK-19

Awopora IpootiBipevog 6ykog (pl)
1"PCR 2"PCR

[Tpocbiog exkivntig, (10 uM) 1 1
AvaoTpo@og exkkivntig, (10 pM) 1 1
dNTPs, (5 uM) 2 2
MgCl;, 50 mM 1.5 1.5
PCR pvOuiotiko siaiopa (yopic MgCly), (10X) 5 5
cDNA 5 -
I[Ipoidv 1" PCR - 3
Tag molvpepdon, 5 U/uL 0.2 0.2
DEPC-treated H,O 34.3 36.3
Xuvolkog oykog, ul 50 50

oT. Aviyvevon tov CK19mRNA pe real-time RT-PCR

Emmdéov ¢ nested RT-PCR, ot mopodoa pekétn £ywve Kot TOOOTIKOG
npocdiopiopds tov CKIIMRNA pe ™ uébodo tng real-time RT-PCR, oto dwbéoiua
delypotaL.

H real-time RT-PCR pébodoc yia v avigvevon CKIIMRNA+ xvttdpov
avantoydnke amd tovg Stathopoulou kot ovv.[35] Me Bdon To avaAivTtikd dplo aviyvevong
™G nebodov, N mapovsia > 0.6 MCF-7 1coduviuwv kuttdpmv/Sug olkod RNA Bsmpnonie

OetiKo amotéhecpa (ekova 1).
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Ewova 1. Xapaktmpiotikég koumoreg real-time RT-PCR yw ) CK19 ypnoyomoidvrag
cDNA and Swdoyucéc apodoeic RNA mov avtiotoyel o 1, 10, 102 10% 10* MCF-7

KOTTapa, avtiotorya.[133]

Xpnowomowdvtag 10 avotépm cut-off, povo 2 amd tig 89 vyieic yvvaikeg Nrov
Betikég (2.2%). EmimAéov, ypnoipomoldvtog ) topardve péBodo kapio amod tig 9 yuvaikeg
Le KaAonOn voco Tov poostov dgv lye BeTikd delypa aipotog.

INa ™ mpaypatoroinon g real-time PCR, apywd mopackevdletot to piypo g
avtidpaong ovéroyo pe tov aplBud tev mpog €&étacm OESyHIT®OV, OVOULYVOOVTOS TIG
TocOTNTEG TV aviwpoaonpiov ta omoio powpdlovtar dupeco ota TPLOEWN Kot
npocBétovtag t€hog to CONA kdBe detypatog. AkolovBel puyokévipnon TV TPLYOEd®V
Kot 1 ektédeon tov mepduatog g PCR mpayuatikod ypovov oto Opyovo LightCycler
system (Roche Diagnostics) e tnv emthoyr] TOL KATAAANAOD TPOYPAULLOTOC.

O oyedloopog Kot 11 cHvOEs TOV EKKIVITOV TPAYLOTOTOMONKE GTA EPYOSTIPLOL TNG
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etapiag TIB MOLBIOL (Berlin, Germany). I'a. tov éAeyyo tng motdtntag tov cDNA

detypnatov mpoayuatorombnke pe real-time RT-PCR evioyvon 600 yovidiov Pacikig

Aertovpyiog (housekeeping genes), tng glyceraldehyde-3-phosphate dehydrogenase

(GAPDH) kot tng porphobilinogen deaminase (PBGD). Ot exkivntég kat ot aviyveutés yio

™ GAPDH oyedidomkay kot Katackevdotnkayv amo v etoapio TIB MOLBIOL, evo v

™ PBGD ypnoipomomOnke to PBGD LightCycler-h-PBGD housekeeping gene set (Roche,

Switzerland). Ztovg ITivakeg 7,8 ko 9 meprypdpovtal ot aAAnAovyiec T®V EKKIVINT®V, Ol

ovvOnkec kot To avtidpaotipio tng real-time RT-PCR ywa v evioyvon tov CK1I9MRNA

(Stathopoulou A, kot cvv).[35]

IMivakog 6. AAAnlovyiec Tov 4 exkivntov g real-time RT-PCR

Agiktng | Mé0odog | Exkivnrig

Alinrovyia 5°-3°

Mpoiov

CK-19 Real-time | IIpdcbiog 1

RT-PCR Avdotpoeog 1

Aviyvevtc vppdiopon FL
Aviyvevtc vppudiopov LC

GCACTACAGCCACTACTACACGA
CTCATGCGCAGAGCCTGTT
TGTCCTGCAGATCGACAACGCCC-FL
LCRed640-
CTGGCTGCAGATGACTTCCGAACC

159 bp

IMivakog 7. ZvvOnkeg real-time PCR ywo

Vv evioyvon tov CK1I9mRNA

X146 PCR 1"PCR
Apyikog dlompiopog tov kKAdvov tovo DNA 95°C/5min
Awyopiopdc tov KAdvev tov DNA 95°C/10sec
Y Bp1oopog ekkivnrov oto DNA 60°C/10sec
EnéKtacn ekkivTdv 72°C/20sec
ApOuodeg KoK AV 50
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IMivekog 8. Xvotatikd tov avtidpdoemv real-time PCR ywo v evioyvon tov

CK19mRNA
AwAvpoto Oyxog (L)
PCR
[Ipd6610¢ exkvng, (3 pM) 1
Avaotpoog exkkivng, (3 tM) 1
Aviyveoutg vppdtopod CK19-FL 1
Aviyveutic vBpdtopod CK19-LC 1
BSA (10pg/ul) 0.3
dNTPs (10uM) 0.4
MgCl;, 50mM 1
PCR pvBuiotiko didivpa (yopic MgCly), (10X) 2
cDNA 1
Taq molvpepdon, 5 U/ulL 0.2
DEPC-treated H,O 11.1
Yvvolkdg oykoc, pl 20.0
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IMivekog 9. Xvotatikd tov avtidpdoemv real-time PCR ywo tv evioyvon tov

CK19mRNA[35]
AwAvpoto Oyxog (L)
PCR
[Ipd6610¢ exkvng, (3 pM) 1
Avaotpoog exkkivng, (3 tM) 1
Aviyveoutg vppdtopod CK19-FL 1
Aviyveutic vBpdtopod CK19-LC 1
BSA (10pg/ul) 0.3
dNTPs (10uM) 0.4
MgCl;, 50mM 1
PCR pvBuiotiko didivpa (yopic MgCly), (10X) 2
cDNA 1
Taq molvpepdon, 5 U/ulL 0.2
DEPC-treated H,O 11.1
Xvvolkog 6ykog, Ml 20.0

2.2 Aviyvevon tov CTCS pe v TEYVIKN TOV 0.vOG0(pO0PLoNOD

PBMCs amopovoOnkav pe Swofabuicuévn @uyokévipion ypNOLLOTOLDVIOG
Ficoll-Hypaque (d=1.077g/mol) ota 1800rpm vy 30 min. To amopovedévia PBMCs
exkmAOnkav pe PBS kat vrofAnOnkav ce puyokévipnon ota 1500 yio 10 min. Telkd
ddAvpa mov mepteiye 250.000 wvttopa vrmoPAnOnke oe euvyokévipnom oe OeTiKd
(QOPTIGUEVT] OVTIKELLEVOPOPO TALKAL.

Téooepic avTikelnevopopeg mhakeg (10° PBMCs) avaAiiOnkoav ové acBevi. Me

TEPANATO STAOD 0VOGOPHOPIGHOD HEAETRONKE 1 £€KOPOCT TOV KLTTOPOKEPATIVOV
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(CK) tov EGFR ka1 HER-2 og mhaxidia emotpopuévo e PBMCs. Tuykekpipéva, ta
nhokidia pe too PBMCs povipomomOnkayv pe kpvo dtdAvpa aketdovng:pebavoing 9:1 yuo
20 min. AxhobOnoe éxmivon ywo 3min tpeig eopéc pe ddivpa PBS/5%FBS. Ta
KOTTOpO Tapapévouy oe PBS/5%FBS otouc 4°C yia 12h mpokeipévon va kopesBovv ot
un ewwkég Béoelg Oéopevong. XLt ovvéxelwn, YIvETOL YpMOON HE TO OVTICOUW
navkvttapokepotivng A45-B/B3 (1:50) mov eivor £éva  anti-mouse  povokAmviko
avticoua, €0kd yoo tn CK8,CK18 ka1 CK19 (Micromet, Munich, Germany) yuwo 1
dpa. AoV yivel EkmAvon TOV TAUKISIOV TPE PopPES Yio 3MIN, yiveTal Em®ACT UE TO
devtepo FITC anti-mouse 1Gg (Chemicon International Inc, Temecula, CA, USA) yia
45 min. AxolovOwc, ta mAakidia vrofdrioviav g YPOON N UE TO AVTICOUO Y0, TO
CD45 (ko6 avtiyovo tov Asvkokvttdpov: Santa Cruz, Santa Cruz, CA, USA) 1 ue 10
avticoua yioa tov EGFR (Santa Cruz) ywo 1 opa. I'o o HER-2 ypnopwonomOnke anti-
rabbit HER2 povoxiovikd avticopa. (Cell Signaling Technology, USA). Katomy, ta
KOtTopa enwalovtay pe 0 aviictoryo devtepo onuacuévo pe Rhodamine anti-rabbit
avticoua (Chemicon International Inc, Temecula, CA, USA) yiwa 45 min. Télog, o OAa
To TEWPApaTO T KOTTOpa £Xov Pagel pe 4'-6-Diamino-2-phenylindone (DAPI) ywo ™
YpOON TV TVpNVa.[74]

Ta mTlokido capdvovtav 6g piKpookonmio dmilod ebopiopov (Leica DM 2500,
Germany) kot pe Aéwllep ovveotakn uikpookomio (Leica Lasertechnik, Heidelberg,
Germany). To kvttapo-pop@oroykd kputhpa ¢ oOnpoocicvong Meng et al[83]
(peydroc AOyog mupNva TPOS KVLTTOPOTAACHO, UEYOADTEPO KVTTTAPO OO TO AEVKA
alpoo@aipla k.0,) akolovOnOnkav mpokeévov va yopaktnprotel éva CK-Bgtikd
kuttapo og CTC.

Ta CTCs yoapakmpilovtav owg EGFR-0gtikd av n évtaon ypoong tov EGFR

nrav peyodvtepn amd v avtictoyn twv PBMCs, ta onoia ypnoipevav o apvntikdg
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paptopog. Emmiéov, vy va emainfevocovpe v €01kOTTOL TG d1001KAGIOG YpMOONG,
Betcol kar apvntikol pdptupeg mapackevdlovtaov He T TPOcoHKN 1 TapAAEWYN TOV
avtiotoiyov EGFR kot HER-2 avticopdtov o kapkivikd kottapoe SKBR3 tov pacton
ta omoia ek@pdlovv EGFR kot HER-2. Ot acBeveig pe éoto kat éva EGFR Ogtiko 7
HER-2 0Oetkd «oOttapo Oeswpovviav EGFR n HER-2 0Oetwkoi, avtictoyo. Ta

amoteléopoto ekppaloviay oe apdud CTCs/10° PBMCs.
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1. Opada tov acBevav mov £haPe gefitinib (iressa)

2apavta-eTa actevelg e HETOOTATIKO KopKivo paotob ehéyOnoay yio T mapovsio
CTCs pe m ypnon kot tov 600 pebddmv [RT-PCR (CK-19 mMRNA-Ostikd kdTTapa) Kot
avoocopbopiopov]. Ot 17 mpdtol acbeveic mov eiyav aviyvedoa CTCS kot pe T1g dVO
uebodovg eviayOnkav otn pedétn yopnynong gefitinib. Metd amd tpomomoinon tov
TPMTOKOAOV, 01 9 amd avtéc T 17 acbeveig evtdyOnoav povo epocov eiyov EGFR-Ogtikd
KOTTOPA., EVO Oev NTov Yvoot N ékppacn Tov EGFR ota CTCs tov 8 tpotov aclevov.
O1 aoBeveic Elafav 250 mg p.o. gefitinib nuepnoimg.

Ta yopoktnprotikd tov acbevov mov Elafav gefitinib tapovoialovtarl otov mivaka
10. 'Evteko acBeveic (64.7%) nrav petepunvomavciokés kot 13 (76.4%) eiyav AaPet
emkovptkn] Oepameic. Evvéa (52.9%) acBeveic elyav Oykovg pe Betikovg oppovikovg
vmodoyeilg kot téooeplg (23.5%) HER2-Oetikovg oykovc. Ewvéa (52.9%) acbeveig
napovcialov omiayvikny voco kot 10 (58.8%) eiyov AaPet 600 M meplocdTeEPES YPULUES

Oepamneiog.
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IMivakog 10. Xapaxtnpiotikd acOevaov mov Eafav gefitinib

‘Exgpoaon EGFR 610 CTCs

I'voot) Ayvoot

n=9 % n=8 %
Avdpeon niio 56 65.5
(eMdyiotn-péylotn) (32-85) (54-74)
Agrtovpyn
Katdotaon
(PS) 0-2 9 100 8 100
Eppnvoravciokm
KOTAGTOON
[Tpw-/Metd/Iept 5/4/0 56.0/44.0/0.0 0/7/1 0.0/88.0/12.0
[Tponyovuevn
emukovpikn Oepaneio
Nov/Oyt 8/1 89.0/11.0 5/3 62.0/38.0
"EX@pacn opUoVIKOV VT0d0yE®V
Oetikn 5 56.0 4 50.0
Apvnrtikn 3 33.0 3 38.0
Ayvoot 1 11.0 1 12.0
‘Exepacn HER2
Oetikn 2 22.0 2 25.0
Apvnrtikn 6 67.0 4 50.0
Ayvoot 1 11.0 2 25.0
ErAay ViKY VOGOG
Noa/Oy 4/5 45.0/55.0 5/3 62.0/38.0
Hponyovueveg ypauués
Bepameiog
1/2/>3 3/3/3 33.3/33.3/33.3 | 4/3/1 50.0/38.0/12.0
[Iponyovpevn
OppovoBepameio
Nav/oy 6/3 67.0/23.0 6/2 75.0/25.0
Béitiom avtomdkpion
omv TPONYOVLEVN
Oepancio
PR/SD 6/3 67.0/33.0 6/2 75.0/25.0

SD: Stable Disease-Xta0eponoinon g vooov; PR: Partial Response Mepikn vggon g vocou
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Apaotikotyta Tov gefitinib (iressa) ota CTCs

Eveviivta-éva kdxhot Bepomeiog (kKaBe kOKAog avtiotoryel oe éva puva Bepameiog)
xopnyndnkov oe 6An v oudda tov acbevdv mov éhaPe gefitinib aveéapnto and v
éxppaon tov EGFR. O didpecog apfpog kokiwv frav 4 (evpog 2-19). Olot o1 acbeveig
CLUTANPOCAY TOLAGYIoTOV 2 KOKAOVG, kot 14 (82%) tovAdyiotov 3 kdKAovg Oepameiag.
Metd v oAoKApmon Tov TPp®@TOoL KHKAOL Bepameiog o cuvorkog apBudc twv CTCsS mov
aviyvevdnkav pe avocopBopiopd peiwdnke oe 11 and 1 17 acBeveig (64.7%) pe éva
dibpeco mocootd 96.4% (gvpog 66.7-100%) evd otovg vdorowrovg 6 (35.3%) acbeveig
avéndnke (swkdva 2). Metd tov devtepo KOKAO, 0 apBuds Tov CTCs mov aviyvevdnkov
petmonkov Katd éva dipeso mtocooto 94,1% ( evpoc: 50-100%) oe 12 acbeveig (70.6%)
kot avéndnke oe 5 (29.4%). Avtifeta, mpoodevtikny avénon tov apBuod twv CTCs
napatnpndnke oe 7 and tovg 8 acbeveic mov dev Elafav gefitinib [ historical control group
(mivaxag 11) ]. Tovolikd, 393 CTCs aviyvedbnkav mpwv v évapén g Bepanciog otnv
opada Twv acbevav mov Elafe gefitinib pe didpeco apBud 5 CTCs avd acbevy (evpog, 1-
33). O apBudc tov CTCs peiwdnke oe 106 (didpecoc apBuog 3 CTCs/acbevn edpog, O-
21) ko oe 220 (diGdpecoc apbpog 3 CTCs/aoBevry €0pog, 0-53) petd tov mpmdTO KO
devTEPO KLKAO, avtiotorya. [Tapovoidomnke dnAad eAdttwon o€ mocootd 73% Kot 44%
OTOV TPMOTO Kot dEHTEPO KVKAO avtioTorya o€ oyéomn pe Tov apykd apdud tov CTCs mpwv

mv évapén g Bepamneiog.
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Ewova 2: X0ykpion tov apBuod tov CTCs npwv v évapén g Oepanciog pe gefitinib
(ykpt otAn) ko va pva petd v Evapén g Bepanciog (Lavpn oTHAN)
O aotepiokog (*) deiyvel 0TL dev vanpyav aviyvevoiua CTCS petd to 1€log¢ TOL TPAOTOL

KOKAOV Bepameiog.

140

B CTCs Baseline B CTCs after One Month

120

100

80

60

40

Number of CTCs/10° PBMCs

20

1 2 3 4 5 6 7 8 5 10 11 12 13 14 15 16 17

Patients
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IIwvokag 11. Kwvnmiky tov CTCS oe acbeveic pe peTOOTATIKO KOPKivo
pootoy peTd T ymueobepameio. o1 omoieg dev édaPoav gefitinib (historical

control group).

CK(+) CTCs/10° PBMCs

AcbBeviic Metg-XMO® 1mo 2mo  3mo 4mo

HC1 1 1 3 4 5

HC2 0 3 2 6 15
HC3 4 3 6 18 24
HC4 0 2 5 9 13
HC5 3 2 2 3 2

HC6 12 14 20 22 28
HC7 2 6 9 11 17
HC8 0 4 7 10 22

Apaotikotyta Tov gefitinib ota EGFR-0gtiké CTCs

Evvéa acbeveic eviaybnkav pe Pdorn v ékepaocn tov EGFR ota CTCs. Onwg
eaivetar otig ekoveg 3a kat 3b 1 ékppaon tov EGFR ota CTCs ftav xupiog pepppoviky
Kot o€ pKpotepo Pabud evdokvttdpia eved n CK ypdon Ntav Kupimg KLTTOPOTAAGHLOTIKT.

Yvvohkd, 336 CTCs aviyvevOnkov mpwv v évapén g Oepanciog pe gefitinib, (ue
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dibpeco apBpd 6 avd acbevr, €bpoc 2-133) oe avt) v oudda twv acbevav, 74 (22%)
e&éppalav EGFR (duapecog apuog 2 EGFR(+)/CK(+) CTCs ava acBevn, gvpog 1-28). Qg
apvnTikog pdptopag ypnowornomOnkav PBMCs amd 10 vyieic yovaikes aipodotpieg ta
onoia. eAéyfnoav yio ™ ovvékppaon CK/EGFR pe dutho avocoebBopiopd. Agv vapyov
Oetikd kotTapa yio EGFR ko CK og avtég Tic vyieic yovaiked.

E&nvta-tpeig Bepamevtikol kOkAol yopnynOnkov e avt) v ouddo TV acHevov.
Oyt amod T1g 9 acBeveic odokAnpwoay tovAdyiotov 3 kKOKAoLG Oepameiag. Ot apBuol Tov
CTCs pewmdnkov katd éva didpeso tocoatd 100% (evpoc 87.3-100%) ko 98.3% (gvpog
66.7-100%) oc 5 aoBeveic (55.5%) xat 6 (66.7%) PeTd TNV OAOKANP®OOT] TOV TPMTOV KOl
devtepov kOKAov Bepameiog, avtiotorya. O cuvolikoc apduog twv CTCS mov aviyvevdnke
o€ OMeg T1¢ acBevelc peuwdnke and 336 wpv v évapén g Beponeiag oe 83 (peimon Katd
75.3%) won 114 (peiwon xatd 66.1%) petd tov mpdTO Kot deHTEPO KVKAO, QvTioTOXO
(mivaxag 12). O apiBudc tov EGFR-Betikdv CTCs peiwdnke amd 74 mpwv v évapén
Oepaneiag oe 25 (peimon: 66.2%) oto Té€hog Tov TpdTOoL Ko 23 (peiwon: 68.9%) 610 T€h0g
TOV 0e0TEPOV KUKAOV (Tivakag 12). Opoiwg, o apBudc twv EGFR-apvntikdv CTCs eniong
erattdOnke amd 262 oe 58 (peiwon: 77.8%) kai 91 (peiwon: 65.2%) oto TEA0G TOL TPAOTOL
Kot 0e0TEPOL KVKAOL, avTicToya (Tivakag 12). Qotodco and ta 89 CTCs mov aviyveddnkav
070 TéAOG TOV Tpitov KVKAOL o€ 7 amd TIc 8 acbevelg mov OAoKANP®GAV TPEIG KOKAOVG
Oepaneiog (0ev vanpye delypna oe 1 acbevr)) povo 8 CTCs (mocootd 8.9%) eLéppalov

EGFR evo 81 (91.0%) ntov EGFR-apvntika (mivakog 12)
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Ewéva 3: 'Exgppaon tov EGFR ota CTCsS acOevav e pHeTtaotatikd KopKivo Hoston

() Aélep ovveotiakn pikpookomioo o CTCs piog acBevodc petd amd ypoon upe
avticopata Evavtt mavkvttopokepativng (A45-B/B3: mpdoivo) kot EGFR (kdkkivo),
ueyébuvvon (x60).

(b) Xpwon dumAov avoco@bopiopod ce CTCs piog acBevodg pe avtiocouata €vavi
TOVKLTTOPOKEPATIVIG (Tpdovo) kat évavtt tov EGFR (kdkkwvo) ko Dapi (yio ) ypdon

Tov TVpNva), ueyéBuvon (x20) (ARIOL system).
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Iivakag 12 Ap1Buoc CTCs otic acBeveic pe yvoot) ékppacn EGFR ota CTCs

Ipw ™ Bepomeio log kvKhog 206 KOKAOG 30g KkhKrog 4o¢ KOKAOG 50¢ k0KAOG 60¢ KOKAOG
ApOuog CTC
Ap. | k0xhog| BéAtiom PFS | Zvvolkd) EGFR| EGFR| Xvvolkd| EGFR| EGFR| Xvviukd| EGFR EGFR| Zvvolkd) EGFR| EGFR|Xvvolkg EGFR| EGFR|Zvvoiko| EGFR| EGFR|Zvvolkd EGFR| EGFR
Acb Avtandrpion| (uveg) M| 0 " 06 QRO ] 6 ] 06 ® | 06 ® ] 6
1 2 PD 2 6 3* 3 12 6 6 0 0 0 Stop
2 4 PD 4 29 27 2 3 0 3 1 0 1 4 1 3 ND 3 ND ND | ND Stop
3 5 PD 5 133 1 132 1 0 1 0 0 0 3 3 0 ND 1 Stop
4 6 SD 6 3 1 2 0 0 0 0 0 0 0 0 0 ND 0 ND ND | ND ND ND | ND
5 19 SD 19 84 28 56 3 0 3 3 0 3 0 0 0 0 0 0 2 1 1 6 0 6
6 16 PR 16 71 8 63 9 0 9 0 0 0 0 0 0 1 0 1 4 0 4 1 0 1
7 4 SD 4 4 2 2 16 2 14 25 3 22 14 0 14 16 1 15 Stop
8 4 PD 4 2 2 0 18 12 6 37 19 18 59 5 64 43 5 38 Stop
9 3 PD 3 4 2 2 21 5 16 48 1 47 ND ND | ND Stop
336 74 | 262 83 25 58 114 23 91 89 8 81

* ApOpog tov CTCs/ 10° PBMCs
PFS: Empimon ekedBepn npoddov vocsov; PD: IIpdodog vocsov; SD: Zrabeporoinomn g vooov; PR: Mepwkr vpeon g vooov; ND: Agv éyive, Stop: Awaxonn Oepanciog
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Kl ékpaon pe paon v eniopaocn g Oepanciog pe gefitinib ota
CTCs

H didpeon dudpkeia g Oeponeiog pe gefitinib frav 3.9 punqveg (evpog, 1.9-
18.8) vy 0lec Tic acBeveig ko 4.2 pnveg (evpog, 1.9-18.8) yia v vroopddo twv
actevav pe yvoot) ékepaotn tov EGFR ota CTCs. To mt0c06t6 ghéyyov T vOGoL
(disease control rate - DCR) ftav 41,2% xot 44,4% ko n ddpueon PFS ftov 16
ePdopadeg (e0pog, 5-76) kar 18 efdopdadeg (€bpog, 8-76) oe OAeg T1g acbeveig kol otV
voopada pe yvootn ékepaoct tov EGFR avtictowya. Onwg eaivetor otov mivaka 12,
to gefitinib ocvoyeticOnke pe onuoaviiky peiwon tov améivtov aplBuod TV
EGFR(+)/CK(+) and EGFR(-)/CK(+) CTCs petd tov mpdto unva g Oeponciog oe 4
(44.4%) ooBevelg kar, pdaicto, n eAdTTOON ovTH SttnpnOnKe yio TovAdylotov 3
uives. Amd avtég Tig aoBevelg por mapovoioce pepikn VQEST TS VOGOV NG, OLO
acbeveig otabepomnoinon kot pio Tpoodo vocov. EmmAiéov, oe 2 (22,2%) and avtég T1g
acOeveig (#5, #6; Ilivakag 12) n e&ahrewyn tov CTCs dwmpndnke oe 6lo 10
o0 6TO 01010 dtadoy Kl deiypato aipotog eEA&yyovtoy unviaio (LExPL 6 UAVEG).
E1dkd, og avtég T1g 2 acbevelg mapoatmpndnke mapotetapévo PFS 16 kot 19 pnvav pe
otabepomoinon tng vOoou ot i acbevi Kot pepikn Veeon TS vOGov oty GAAN.
EmuAéov, kai ot 600 acbeveic eiyav omiayvikn voco kot giyav AdPel Tponyovpévmg
plo ko 600 ypoupés ymueobepaneiag, avtiotowyo yoo Tpoywpnuévn voco. Xe 3
(33.3%) acBeveic (#7, #8, #9; ITivaxag 12) damotdOnke onUAvTIKY o0ENGN Kot GTOVG
dvo vromAnvopovg kuttapov EGFR(+)/CK(+) kau EGFR(-)/CK(+) petd tov mpdto
KOKAO kot emPBefoarmOnke petd to devtepo kvuKkho Bepameioc. Evolapépov gival 0Tt og
Vo amo avtég TG acbeveic N avénon tov CTCs apopovoe kuping ce EGFR(-)/CK(+)
CTCs. Ot dvo and T1g Tpeig aobeveig pe avénon tov apBuov tov CTCs mapovciacav

TPO0d0 vOcoL m¢ BéATIoT avtamokpion otn Oepaneio pe gefitinib.
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To&wkétnTo Tov gefitinib

Aexka-e@td aoBevelg extyundnkay yio ToEkoTNTa. Ot IO GUYVEG TOPEVEPYELES
ntav e&dvinua Babupov 1 oe 6 acbeveic (35,2%) kot didppota Pabuov 1 oe 3 acbeveig
(17,6%). Mévo pio acBevic epepdvice eEavOnua coPapdtepov Paduov (Paduov 2) kot
dAAn pio acBevig mopovoiace Sudppota Pabpod 2. Téhoc, acHévein Padupod 2

eppaviomke oe pio aodevn). IN'evikd, ot acbeveic eiyav dpiotn avoyn otn Oepaneio.

2. Opdda tov aclevav mov hafe lapatinib

EBdounvta-e&t ot oepd acBevelc pe otabepomoinon M pepkn VEECN NG
vooov petd oamd v kobiepopévn Oepomeio Yoo pETOOTATIKO KOPKIVO HOGTOD
eléyOnoav v pukpopetactatik@ HER-2 Ogtikd kdtrapa pe avocopBopiopod, ond 1o
YentéuPpro 2008 ¢ to NoéuPpro 2011. Eikoor-oxtd (36.9%) oacOeveig eiyav
avyvevoa CTCs, kan 23 (30.3%) eiyav tovidyotov éva HER-2-0etikd CTC. Ewoot-
dvo aocbeveig evtaybnoav otn pedétn kol éhaPav Lapatinib oe 66om 1500mg p.o.
nuepnoing. H tedevtaia extipnon tov acbevav £ytve 1o Oefpovdpilo tov 2013. . Oieg
ot acBeveig a&oroynOnkay yio to&ikdtta kot 21 ya dpactikdtnta g Oepaneiag. To
odypoppo pong TV acBevov g peAETg mapovoidletor oty ewova 4. To
YOPOKTNPLOTIKE TV acBevadv avaypdeovior otov mivaka 13. H didpeon nAkio ftov
62.5 ypéviwa (evpog, 37-77). Askomévie (68.2%) acOevelc NTOV UETEUUNVOTOVCIOKES
kat 20 (90.1%) eiyov HER2-apvnticd mpwtomadn oyko. Amdeka (54.5%) acbOeveic
elyov omhayvikn voco kat 11 (50%) elyov AdPel 2 | meprocdtepes ypoppés Bepaneciog

Y TPOY®PNUEVT VOGO.
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Ewoéva 4. Adypappa pong tov aclevaov otn pedétn pe lapatinib

Acbeveig mov a&lohoynOnkay

(n=76)

Amoxkeiomray (N = 54)

Agv TAnpovoav ta kpreipla Evtaéng (N = 54)
o CTC-apvntkoi acOeveic (n = 48)

o Aocbeveic ue HER2-apvntiké CTCs (n = 5)

o ApviOnkav va evtayBovv (n = 1)

EvtayOnxav otn perétn (n = 22)

"EXloBav Oepameio. (n = 22)

Aékoyov v mapakorovdnon (n = 0)
Aékoyov Ogpoameio (N = 21)

IIpbdoodog vocov (n = 12)

Avénon tov apBuod twv CTCs (n = 6)
[Ip60o0odog vooov kat avénon CTCs (n=1)
Amdovpon ovykordBeong (n = 1)
To&wodtnto (n=1)

Extunnkov yua to&ikotnta (n=22)
Extunnkov yua dpactikoétro (n=21)
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IIwvokog 13. Xopakmmpiotikd acOevov wov Eaafov lapatinib

AocBeveic
n=22 %

Hlwio

Atdpeon (edyotn-péytom) 62.5 (37-77)
Eppnvoravciokn xoatdotoon

[Tpogppumvonavciokn 7 31.8
Meteunvonavclokm 15 68.2
HER2 ctov npwtoradn dyko

OeTiko 2 9.1
Apvntiko 20 90.1
Ynodoyeig oppovov

ER+0gtucog PR+ Oeticog 14 63.6
ER+ Oetikdc PR- apymriog 4 18.2
ER- apvnticog PR+ Betikoc 2 9.1
Ayvootol 2 9.1
Ofoelg petaotdoemv

STAYVIKEG 12 54.5
Mn-cmhoyvikég 10 45.5
Ap1Budc mponyovpevev ypoppady Bepamreiog

1 11 50.0
>2 11 50.0
[Tponyodpuevn oppovobepaneio
Nat 20 90.9
Ox 2 9.1
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Apaotikotiyta Tov lapatinib eta HER-2 gtk CTCs

O od1dpecog apBpoc tov CTCs frav 130 (svpog 1-617) avd acBevn mpwv and
mv évapén g Bepanciog otig 21 acbeveic mov a&loloyndnkav yio ™ dPACTIKOTNTA
g Oepamciog. H éxppaon tov HER-2 mapoatmpndnke oe mocootd 93.45% tov
ouvolkov apBpov Tov CTCs mov aviyveblnkav ce avtég T1g acbevelg (ewova  5).
Emuméov, &ywve Stk ypodomn pe avtioopata yo. A45-B/B3 kot HER2 | EGFR o¢
cytospins amd6 PBMCs 10 vyidv yovaukodv kot dev domotddnke mapovsio Kuttdpov
fetikdv yio HER2 kot xvttapokepativeg (CK), yeyovog mov dev gixe péypt tdpa
amodetyDet.

210 TéAOG TOL TPOTOV KVKAOVL NG Ogpameing dwomotmdbnke peimon tov
appov tov HER2-Betikadyv CTCs oe 14 acBeveic (mocootd 66.6%) (95% C1:49.9%-
90.1%). H duqpeon ekatootiaio peimon ava acbeviy nroav 100% (evpog, 45-100%). e
5 acBeveic (23.8%) o apBudg tov HER2-Oetikddyv CTCs avéndnke kot o€ pion acbevn
(4.8%) mopépetve otabepdc (ekdva 6). Xe pio acbevn (4.8%) mapodro mov dev vanpye
detypa aipartog yuo aviyvevon tov CTCs petd and tov mpmdto kOKAo, m Oepameio pe
lapatinib cvveyiotnke apov dev tekunprdONKe KAviKG Tpd0d0C VOGOV, XT0 TELOG TOL
dgvtepov kukhov T HER2-Beticd CTCs pewwbniov oe 16 (76.2%) and tig 21
acbeveig (95% CI1:58.0%-94.4%). O 514608 ¥pOVOg LEXPL TO Vadip NTavV Evag UAVaG
(evpog 1-5 pnveg). O cvvohkdg apBpog twv CTCs ko tov HER2-Betikdyv CTCs o¢
OAeg Tig acbeveic kaBOAN T ddpkela ¢ Bepaneiog Tapovsialovial otov mivaka 14.
EmumAéov, n oynuatiky angikovion g petafoing tov HER-2 Bstikov CTCS oe Oleg
T1G acBeveig mapovoialetal oty €KoOva 7.

Avo acBeveig eiyov HER- 2 Betikong mpotomabeic dyxovg kot eiyov AaPet ko
ot 6v0 Oepameio pe trastuzumab oto mopelbov (#8 wan #12, mivaxag 14). O apBpog
tov CTCs emiong peidbnke onuaviikd otig 2 avtés acbevelg petd 1o t€log tov
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TPOTOL Kot 0e0TEPOL KUKAOL Bepameiog ( mivakag 14). Metd v 0AOKANp®GN TOL
TPOTOL KOKAOL 0 ddpecog apBuog tov HER2-6stikov CTCs avd acBeviy frov 2
(evpog, 0-542) won emiong 2 (gvpog, 0-513), perd 1o TEAOG TOL dEVLTEPOL KVKAOL
((p=0.103 wor p=0.013 petd tov TPpdTO Kot deHTEPO KLKAO, AVTIGTOL(O GUYKPLTIKGL [E
tovg apfpovg twv HER2-0etikdv CTCs apwv v évapén g Bepameiag) (ewdva 8).
AvtiBeta, dev vPYE oNUAVTIKN Olapopd 6To dtdpeso apBud twv HER-2-apvntikov
CTCs avd acBevi| 6cov agopd tov aptBud tovg mpv v évapén g Bepameiog kot

HeTA T0 TEAOG TOL TPp®@TOL (P=0.625) Ko Tov devTepov kHkAov (p=0.156).

Ewove 5. Avumpooomevtikn] ewkovo TV CTCs TOL  AvVLVEDLOVIOL GE
OVTIKELLEVOPOPEG TAAKES. ATAN ¥pdON TV KLTTapov pe 1 ypnon A45 B/B3
(mpdowvo), HER2 (kékkwvo) avticopdtov, kot DAPI (umie) kol aviyvevon tovg ue
pikpookomo avocopBopiopot. Anewoviletar éva HER2-apvntikd CTC oe olhykpion

pe 2 HER2-0gtwcd CTCs.

CK HER2 DAPI MERGE
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Ewova 6. Exatootwio (%) petafoin tov apiBpod HERZ2-Betikwv CTCs otig
acBeveic mov €laPav lapatinib (n=20) petd v oloxAnpwon tov 1°” kdKlov
Oepaneiag cuykpitkd pe tov aptdpd tov HER2- Betikddyv CTCs kotd v £viaén toug
o1 HEAETT. e pia acBevn dev vanpye delypa aipotog Yo aviyvevon tov CTCS petd

™mv ohokAfpwon tov 1°° koxkAov.

s "
o
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300 %
e
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Patients

Ewéva 7. Zynuatiky amewovion g petafoins tov apbpov tov HER-2 Betikdv
CTCs oe 6heg T1g acbeveig katd tovg 8 mpdTovg KOKAOoLG Oepoameing. To kdkKvo
Ypoduo avtiotoyel otig aobeveig mov diékoyav to lapatinib Aoym avodov tov apBpon
tov CTCs (n=6), 10 mpdctvo otig acbheveig Tov diékoyov Aoym Tpoddov vocou (N=12)
KOl TO UTTAE OTIG TEPUITAOGCELS LE TPOOOO VOGOL Kol TAVTOYpOovY avEnoT tov apldpod
tov CTCs (n=1). Mia acbevig améovpe v evumoypagn ovykatdbeon (kitpvo

ypopa) kot pio eAdpPave axoun Bepaneio (Lo ypoua).

No of HER2+ CTCs




Ewéva 8. vvolikdc apBuog tov HER2-Betikdv CTCS mov aviyvevdnkav oe OAN v
opddo tov acbevdv mpwv v évapén kot petd v olokAfpwon tov 1% ko 2%
KOk Aov Oepomeiag. Anewoviovtar ot didueoeg (median values £ SD) apOuntikég
Tipég tov HER2-Betikdv CTCs. Ta HER2-Betikd CTCs petwdnkav and évav tdpeco
apOud ( median) 130 avé acOevi (e0pog 1-617), ce 2 avd acBevr (evpog 0-542)
(p=0.103) ka1 emiong 2 avd acbevy (evpog 0-513) oto téhoc Tov 1°° ko 2°° KoKAov

Bepameiag pe lapatinib avtiotoya (p=0.013).

700- ' " .
é 600- *
500- " »
é a0{ T =
I 3m-
E 2w‘ '’ o .
Z 100+ = —
oA ". | —_—

Baseline End1st End2nd

Klwvikn ékpaon pe Baon ™ dpoostikétnta Tov lapatinib eta CTCs

Yuvolka 120 kbkhot Bepameiog yopnyndnkav (Sidpecog apBude 4 koxAot avd
acBevn|, ebpog 0,6-27.4). Katd tn otiyun g avdivong n Oepaneia elye diokonel o€ 12
(57%) e&atiag mpoddov g vocov, o 6 (28.6%) efoutiag ™ avénong Tov aptBpov
tov CTCs, oe 1 acBevn (4.8%) elartiog TanTdOYpOVNG ELPAVIONG TPOASOL TNG VOGOL
kot avénong tov apBpov tov CTCs kot téhog o 1 acBevr efoutiog un avekTng
toéikdtrag. Mio acBevig eldpPoave oaxdun Oepameion kot pion giye omoovpel
ovykatdbeon g petd amd 3 KOKAoLG TPV TV TEKUNpiwon Tpoddov T vosov N TG
avénong Tov apBuov twv CTCs.

H afohdynon g voocov pe Pdaon T oamewovioTikés efetdoelg €0e1ée
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otabepomoinon g vosov cav BEATiot avtomdkpion otn Oepaneio oe 11 acbeveig
(52.4%) (95%CI: 31.02%-73.74%) xor mpdodo vocov oe 10 aoBeveig (47.6%)
(ITivaxag 14). Aev mopatnpndnke pepikn veeon g vocov oe Kapio acBevn. To
dtpecso PFS didotua ntov 4.0 piveg (evpog, 1.1-27.4 punqveg, 95%Cl1:2.471 - 5.462)
Kot 10 Tocootd 1-étovg emPiwong ehevbepng mpoddov vocov ( 1-year PFS) frav
14.3%. H xoumoin Kaplan-Meier tov PFS mapovocidletor oty ewova 9. Ot 7
(33.3%) amo 1 21 acBeveic éhaPav Bepomeio v ypovikd ddotnua 6-27.4 pnveg
(ITivaxag 14).

211c aoBeveig pe otabepn voco o ddpecsog apBpdc tov HER2-Betikev CTCs
ava acBevi NTav 105 (evpog, 10-305) mpwv ™ yoprynom tng Bepamneiag pe lapatinib. O
duapecog appog tov HER2-0stikdv CTC ghatddnke o€ 0 kOtTOpa avd acBevi) T060
HETE TNV OAOKAP®OT] TOL TPAOTOV OGO Kol TOV deVTEPOL KLKAOL (g0pog 0-500 ko 0-
175, avtictorya) (netd tov mpmdto, P=0.193 wor petd to devtepo, p=0.018) (Ewdva
10A). AvtifBeta, otig acbeveic mov mapovsiacav mpdodo vOGov dev mapotnpnonKoy
ONUAVTIKESG LAPOPES 00V apopd Tov aptdud twv CTCs mpv v vapén kot petd v
olokAnpwon tov mpdtov (P=0.275) 1} Tov debtepov KvKAOL (P=0.250) Bepameiog
(Ewéva 10B).

Ewova 9.Kapundoin Kaplan-Meier g PFS otig acOeveic mov édafav lapatinib (n=21)

0.6

Cum Survival
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Ewova 10. Zvvolkdc apBuodg tov HER2-Betikddv CTCS mov aviyvehnkav oTig
acbBeveig pe otabepn voco (A) kot otig acbeveic pe Tpododo vocou (B) g Bértiom

101)

avtamokpion otn Oepancio petd v odokAnpwon tov 1% kot 2°° kbkAov ue lapatinib.
AmewoviCovtan ot péoeg apBuntikéc tuég (median values = SD) tov HER2-0gtikmv
CTC. Zuc acbBeveic pe otabeponoinon g voésov tovg o apBudg tov CTCs
petwdnke and pio péon tyun 105 avd acbevn (gvpog, 10-305) mpwv v €vapén g
Oepomeiog oe 0 (evpog, 0-500) ko 0 (gvpog, 0-175), petd v odokAfpwon tov 1%
(p=0.193) ka1 2°° kOxhov (p=0.018), avticTor. AV VINPYE GTOTICTIKAOG CTUAVTIKT

dwpopd otov apBpd tov CTCs o115 acbeveic mov Tapovsiacay Tpdodo VOGOL.

No of HER2+ CTCs

No of HER2+ CTCs
: 288888

A&ordynon g ékepacng HER2 kav EGFR ota CTCs mpwv v évapén g
Ogpoameiog kor Katd TNV TEKUNPi®oN TPoddov (KMvikn 11 pe Baon v avénon
Tov opdpov Tov CTCs)

H éxppaon tov HER-2 ka1 EGFR ota CTCs extiunnke mpwv v évapén g
Bepamneiog kot Otav TeKUNPLOONKE TPO0d0G, (gite KAMVIKN TPAdOG vOGOoUL gite pe Pdon
mv avénon tov apBuod tov CTCs) oce 19 and tig 21 acBeveic. Mo acBevig
ehapPave axoun Bepameio ko pio amécvpe TV EVOTHYPOPN GLYKATAOEST TPV TNV
tekunpimon Tpooddov g vocov 1N avénong tov apBpov tov CTCs. O apBudc tov
HER2-Ostikdov CTCs mapéupewve peiwpévog oto delypo aipotog oto TEAOG NG

Bepaneiog (01dpecog apBuog 95 avd acBevny, evpog 0-513) yowpic va vmbpyet
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OTOTIOTIKOG GNUOVTIKY OPOPd CLUYKPITIKA HE TO apyKO Ogiypo aipatog mpv v
évapén g Bepanciag (p=0.409). To didpeco mocootd (Mean) tov HER-2 apyntikodv
CTCs avénbnke amd 2.4% ava acbevny (ebpog, 0-19.4%) o 30.6% (evpoc, 0-100%)
010 Té€hog ¢ Bepameiag ko  advénon avt) NTav oTaToTIkOg onuavtiky (p=0.03).
EmumAéov, e 1060016 21.05% t0ov acBevav aviyvebOnkav HER2-apvntikd CTCs oto
apykd detypo eved mocootd 52.94% twv acbevov elyav HER2-apyntikd CTCs oto
TelMkd deiypa aipoatog kotd T mpoodo (p=0.667) evod, 7 acbeveic (36.8%) eiyav
amokAelotikd povo HERZ-apvnrikd CTCs oto tehkd oetypo aipotoc. EmmAiéov,
1060010 38.04% 10V Guvolkov apBpov twv CTCS mov aviyvehnoav otn TPOH0do
g véoov Ntov HERZ-apvntikd, evd mocootd povo 1.4% tov CTCs ntav HER2-
aApVNTIKG GTO apy KO Oetypa aipatog mpy v évapén g Bepaneiog.

Extiunnke, emmiéov, n éxppaon tov EGFR ota 1610 ypovikd onpeia. Orot ot
CTC-6etucol acbeveic eiyav EGFR-0etikd CTCs otn mpdodo g vOGou GUYKPITIKA e
T0G600T0 62.5% mpwv v Evapén g Bepaneiog (p=0.054). Eniong, o d1dpuecog aptOpuog
KkaBdg kot To d1dpeco mocootd Tov EGFR-Betikdv CTCs avd acbevi avéndnke and 1
Kot 2% o710 apyiko dostypo og 4 kot 87%, avtiotoya, 610 TEMKO delypa aiplatog Tov
Moednke Katd 1 TPOodo TG VOGOV, OAAY Ol dLPOPES OVTEG dEV €ivOl CTOTIOTIKA
onuavtikés. Opoimg o Adyoc twv EGFR-0gtikdv CTCs/cuvolkd apBpd CTCs mov
aviyvevdnke oe OAeg T1g acBeveig avéndnke and 17.1% oto apywd deiypa oe 37.6%

070 delypa aipatog Katd tn Tpdodo g vosov.

To&wkétnTo Tov lapatinib

Eikoot dvo acBeveic agoroyndnkav yio to&ikdtra and ) Oeponeia. Ot mo
OLYVEC TTaPEVEPYELES, omoloLdNmoTe Pabod GoPapdTNTaC, TOL TOPOVCIACTNKAY HTOV
KOTwon, dudppota kot eEGvOnua kot kotaypdonkav oe 10 (45.4%), 12 (54.5%) o 7
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(31.8%) acBeveig, avtictorya (Ilivaxag 15). Navtia kot épetol TapovslacTnKoy o€ 6
acBevelg (27.3%) eved eppdvion mapovuyldv kot eniotaéng avaeépdnkav ce 1010
apiud acbevov (4 acbeveic, mocootd 18.2%). Ievikd, n to&wdtnta amd to lapatinib
Ntav gbkoAa Olayelpioyn. Méovo pio acBevig eppdvice koAitida Kot yaotpitidn
BaBuov III ) 17m nuépa Tov TPMOTOL KOKAOL TOL TOPEUEVE TTAPd T UEIMOT TNg
doong tov lapatinib. e avt) v acbevy diekdnn N Bepameio TP TV OAOKANp®GN
TOV TPAOTOV KVKAOL. Mio dAAn acBevig amécvpe T cvykatdBeon TG UETO TNV
0AOKANP®OT TOL TPiTOL KUKAOL, AGY® gpEdviong €&ovONUATOG GTOMOTITIONG KOt

duappotag Oheg ot Tapevepyeleg Padpov II).
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IMivaxag 14: uvoiikog apiBudc CTCs kar HER2-0stikdv CTCs katd ) didpkeia e yoprynong tov lapatinib kot ékfoon tov acbevov. Ot

avaypoa@opevot apldpoi avtiotorobv 6toug aptdpdug Tpv Ty vapén g Oepameiog péypt kot petd v olokAfpmon tov 8% khkhov.

Pt

Best response

Baseline Post-1°t Post-2" Post-3" Post-4th Post-5" Post-6th Post-7th Post-8th
no (cycles on Tx)
CTC counts
Total | HER2 | Total | HER2 | Total | HER2 | Total | HER2 | Total | HER2 | Total | HER2 | Total | HER2 | Total | HER2 | Total | HER2
1 133 125 551 542 2 2 46 46 PD (3)
2 201 201 281 281 PD (1)
3 107 107 3 3 33 32 95 95 PD (3)
4 | 37 37 0 0 MV | MV PD (2)
5 53 53 53 53 0 0 0 0 0 0 21 21 0 0 4 4 SD (7)
6 617 617 107 107 0 0 230 230 PD (3)
7 31 31 0 0 0 0 0 0 0 0 0 0 21 18 60 60 SD (7)
8 170 170 30 30 5 3 872 872 1 1 0 0 252 250 23 23 1 1 SD (27, ongoing)
9 | 178 | 178 0 0 2 2 1 1 PD (3)
10 | 10 10 | MV | MV 0 0 0 0 0 0 MV | MV | 314 | 314 | 67 67 0 0 SD (10)
11 | 105 105 509 500 0 0 MV MV 0 0 0 0 21 21 206 206 SD (7)
12 183 183 1 1 0 0 22 22 0 0 4 4 447 431 127 59 5 5 SD (15)
13| 292 292 0 0 68 68 4 4 991 991 0 0 1 1 SD (6)
14| 1 ‘1 0 0 78 78 | 122 | 121 PD (3)
15| 130 130 0 0 64 64 PD (2)
16 11 11 121 121 175 175 SD (2)
17| 321 | 321 | 420 | 420 | 513 | 513 PD (2)
18 | 406 406 398 223 0 0 MV MV PD (3)
19 160 136 0 0 0 0 MV MV 107 97 MV MV SD (5)
20 | 507 305 0 0 59 47 3 1 SD (3)
21 31 25 0 0 4 4 6 3 702 471 3 1 SD (5)

MV: missing value: dev vdpyet pétpnon. ApiOuoc tov CTCs/ 10° PBMCs

PD: IIpdodoc vocov; SD: Zrabepomoinom g vocov; PR: Mepikn Dpgon T vOGou
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IMivekog 15 : To&wdtra katd ™ yopnynom tov lapatinib mov apopd 6Aeg Tic acbeveic (N=22) kot OAOVG TOVE KOKAOLC

Oepameiog .

BaOpog | BaOpog 11 BaOpog 111 BaOpog 1V
ApOp. AcOevav % ApOp. % ApOp. % ApOp. %

ac0evov AcBevov AcOevav
Awdppora 8 36.4 3 13.6 1 4.5 - -
Konmon 8 36.4 2 9.0 - - - -
E&avOnpa 5 22.7 2 9.0 - - - -
Blevvoyovitida 3 13.6 1 4.5 1 4.5 - -
Novtia/épeTor 5 22.7 1 4.5 - - - -
Hapovoyia 4 18.2 - - - - - -
Eniotadn 4 18.2 - - - - - -
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Yoveymg avédvovior ta dedopéva mov vrootnpilovv 6t ta CTCS amotehovv
TPOYVAOCTIKO Kol TPOPAENTIKO epyodeio oe acbevelg pe PETOOTOTIKO KOPKIVO LOGTOV.
[payuatt, ypnowonowwvrag to cvotua CellSearch éyer derybel 6t1 avénuévog apbpog
CTCs mpwv kot petd amd évo KOKAO cLOTNUATIKNG Bepomeiog Yo HETAOTATIKY VOGO 1| G
Omolo. YPOVIKY oTiypun Kotd TN Sudpkela g Oepomeiog, ocvoyetileton pe Ppoydrepeg
dwdpeceg PFS kol OS avtimpocomevovtag €vo Tpdipo Kot aglomoto SeiKTn avTamOKplong
ot Oepameio oLYKPITIKE pe TIG AmeEKOVIOTIKEG HeBOdovs. Emmpochitmg, oSadoyikég
petpnoelg tov CTCs ocvoyetifovtay pe MV ameKOVIOTIKN a&loAdynon Kot v axpifeia
npoPreyng mpoddov vocov.[159] H emPioon tov CTCs petd ™ yopnynon
ynueobepaneiog kav/n opupovobepameiog epunvevETAL COV  OVTIGTOOT GE OUTEG TIC
Oepamevtiég mpoceyyicelg kol cvoyetiletor pe dvopevr kKhvikn ékBoon.[138, 146, 203]
Emopévac, vrapyet enciyovoa avaykn va kaboptotovv véor Bepamevtikol otdyotl yioo ™
Oepaneia Tov acBevav pe CTCs avBextikd otn Oegpaneio. O poploKOS YopaKTNPIoCUOS TOV
CTCs etvar onpavtikog yroti pmopel va KaBodnynoel TV EMA0YN GTOYELUEVOV OEPATELDV.
¥t mopodoo Swtpin depevvinke av to gefitinib, évag exhektikog ovacToAéng TOV
EGFR xafd¢ kot to lapatinib dumhog avactoréag tov EGFR kot HER-2 6o popovcav va
exkpilocovv ta CK-19 Betikd CTCs mov aviyveboviav PeTd TNV oAokANpwon G Oepameiog
o€ ao0evelc e pHeTaoTaTIKO KOpKivo LacTov.

Eivatl yvootd 011 vdpyet onuovtikny acvpueovia peta&d Tov poplokol Tpoeil 6Tov
npwtonadn Oyko Kot otig petaotdoelg [210, 211] 6nwg ko peta&d tov CTCS kot tov
npwtonabovg oykov [80, 92, 94, 97, 212] yevvdvtag ™V apeiforia av 1 Oepameio Oo
TPEMEL Vo yopnyeltor pe PAom To HOPLOKE YOPOKTNPIGTIKA TOL TPMOTOTAOOVS GYKOL.
Ewwdtepa, €xet deyybet 6TL M evioyvon tov HER-2 amoktdton katd T didpkelo Tpoddov
™G VOGOV TOL KOPKivov Tov pactov, [97] evd dAleg peléteg Exovv deifel oNUAVTIKEG

drapopég peta&d g ékppaong tov HER-2 ota CTCs kot otov npwtonadn 6yko.[92, 94,
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212] Amd v GAAn mhevpd, 6Ao kat meptocdtepo ta CTCS Bewpodviar wg «vypn Proyio »
oV OYKOV Kotd TN otiypn g derypotoinyiog aipotog, eved 1 aviyvevon HER2-Ostikodv
CTCs éyel ovoyetiotel pe duopevi] KAMvikn koo o€ TpOUo Kapkivo tov pootov.[79, 99,
202] H opdda pog éxetl dgi&el oe mponyodueveg HEAETEG TN OpaoTikOTHTO TOV trastuzumab
ot peiwon tov apBpod twv CTCs oe acbevelg e petactotikd Kopkivo Lactol Tov elyov
AaPer mponyovuéveg ynuelobepomeion kot eiyav ovOextikd otn Oepameian CTCs.[103]
Eniong, n mapovoa dwtpipr] faciocmke oe mporyovpuevn HeAETN TG OUAOOG HoG 1) OTTola
anédeiEe 011 ota CTCs exppdlovral pocsewpvimpéves tpmteiveg Tov EGFR povomatiod
(EGFR, PI3K, AKT), ka1 pdAMota 0Tl 1| EVEPYOTOINGT) TOV LOVOTATION AVTOD EVEYETOL GTO
uetoototikd duvoutko tov CTCs.[74]

Me Bdon to amoteAéopato TG TOPOLGOS STpPng M xopnynon tov gefitinib
OLGYETIOTNKE UE TPAOUN Kot onuavtiky peiwon tov appod tov CTCs oe mocootd
peyoAvtepo tov 50% tov acBevav. EmmAéov, n eppévovoa peiowon tov aptpod tov
CTCs ovoyetiommke pe evvoikdtepn wiwvikny ékPaomn.  Tlapd v eEotopikevpévn
dwkdpavon g ovyvotrag aviyvevong EGFR-Betikdv CTCs, damotddnkav opowa
amoteAéopata, Otav m opdda TV acbevav pe yvoory ékeppacn EGFR ota CTCs
avaAbinke Eeyopiotd. Eivor evoiapépov o1t ot vmomAnbuopoi tov EGFR-Betikdv kot
EGFR-apvntikdv CTCs mapovsiocav cuykpiciun €AATT®ON TOL TOGOGTOL TOVS KOTA TN
dwdpkern Oepomeiog pe gefitinib av ko 1 enidpacn tov EAPUAKOL NTOV TO EUPAVIS KO
eupévovoa ota EGFR-0etikd CTCs. H peiwon tov apBuod twv EGFR-apvntikov CTCs
Katd ™ ddpketa g Oepaneiog pe gefitinib gaivetoar aveénynt, aAld icwg vo pmopovce
Kovelg va v epunvedoel, pe ™ mopadoyn 0T, THUVOG VO VIAPYEL YOUNA OAAG un
aviyvevoun pe tov avocoeBopiopd kepaocr tov EGFR, wavr dote vo evepyomomacet Tov
etepodipeptopd pe tov HER-2 vmodoyéa. Tlpdypatt, kuttopikés celpég KopkKivov Tov

HooTob pe yopnAd emimeda ékppacng tov EGFR elvar evaicbntec oto gefitinib, av
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ouvekPpalovv vynid ernimeda tov HER-2 kot avt 1 enidopaon, wg éva Pabud, eEnyeiton
amd 10 yeyovog ott to gefitinib emdyer v eldrttmon ™G e®GE®PLAI®ONG TOV
etepodiuepopévor HERL/HER2.[186, 213, 214] Ztic acbeveig mov éhaPav gefitinib dev
&ywve €leyyog vy cuvékppaon tov EGFR kot HER-2 ota CTCs, 6pmg, n opddo pag £xet
dei&etl 6t 44% Kot 63% TV acbevodv pe HETACTOTIKO KOPKIVO HOoTOD £YEL oviyveDOLOL
EGFR-0etikd kow HER-2-0gticd CTCs, avtiototya. Emmiéov, éxer deybel pe mepdpoata
TPIMANG ypdong mn ovvékppoon twv EGFR kot HER-2 ota 16w CTCs.[74] Etot, 6o
umopovoape va vrobécovpe 6Tt o gefitinib eivar dpactikd axdpo kot oe CTCS pe younin
aAAG pm avyvevoun pe avocso@bopiond ékepacn tov EGFR gpdcov avtd exepdlovv
HER-2.

H mopaxorovOnon g xwntkng tov EGFR-Betikdv kot EGFR-apvntikodv
vromAnBuoumdv tov CTCs édeiée o tdon avodov tov apiBuod tovg oto téhog tov 3
KOKAov NG Oepameiag kat, kvping, avtd apopovcse ta EGFR-apvntkéd CTCs evd ota
EGFR-0etikd CTCs mopatnpnbnke meportépw peioon tov aptBpov tovg. Avty 1
napoTnpnon ociyvetl 0Tt avéavovtat o EGFR- apvntikd kottapa to onoio givor ovOekTiKa
om Oepameioa pe gefitinib. BéPora dev pmopodv va e&ayxbovv aceoin cvumepdopoto
e&outiog Tov piKpov apBov TV acbevdv kol avt N Tapotpnon ypedletor emPefaionon
o€ peAéteg pe peyolutepo apud acbevov. H petafoln tov apBupov tov EGFR-Betikdv
kot EGFR-apvntikev CTCs gaivetar vo cvoyetiCeton pe tn KAvikn €kfoon ko, €101,
atiler vo mapakolovOeitoar.  IIpdyuparti, dvo kvpleg opddeg acBevav pmopodv vo
dwkptBovyv. Xty TPp®OTN mopatnpeitol caPng peimon Tov aplfuod kot TV SO
vromAnfucpudv tov CTCS petd 10 T€A0C TOL TPAOTOL KVKAOL, Kol 1 Hel®OM ot
dTnpeital Kot HeTd Toug €mMOUEVOLS dVO KUKAOVG. AVo amd Tig 5 acBevelg avtng g
opadag mapovsiacav avénpuévo PFS 16 kot 19 pnvov kot pdlota avtd cLGYETIOTNKE L

HEYOANG O10PKELNG OVTIKEWLEVIKNG OVTOTOKPIONG TG VOoou otn pia acBevn, eved ot
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devtepn pe otabepomnoinon g vocov. AvtiBeta, otn devtepn opdda mopatnpeitor pio
apown avénon tov EGFR(+) kot EGFR(-) vrorAnbvoudv tov CTCs (mivakog 12) kot
avtd evioyvel v vrdbeon 6t ta EGFR(-) CTCs givon avOektikd oto gefitinib. e avty
™V opdda, 2 and tig 3 acbeveig pe avénon tov apBuov towv CTCs gpedavicayv Tpdodo g
vOGOL TOVG.

Emopévaoc, n mopatetapévn erdttoon tov apBpod tov EGFR(+) kot EGFR(-)
CTCs «katd t ddpkela g Oepaneiog pe gefitinib Oo umopovoe vo amotedécel deikt
dpactikOTNTOg NG Bepomeiog Kot EAEYYOL TG VOGOV €VIGYVOVTAG £TGL TNV VIOBEST NG
a&lag Tov CTCs wg delktn mopakorovdnong e amoTeAEGHATIKOTNTOG TG Oepaneiog. Av
Kol aVTd to amoteléopata eivar eEoapetikd evolapépovta de Bo mpémel va Egyvhpe OTL N
HEAETN apopd Lukpd aplBpd acBevdv Kot £T61 To GVUTEPAGLOTA B TPETEL VO EPUNVEVLTOVY
LLE TTPOGOYT], OEOOUEVOL OTL OEV VANPYE TAPAAANAN opdda eAéyyov. EmmAéov, n aviyvevon
tov CTCs dev emPeParmbnke pe ) yprion tov CellSearch wov givar n povn eykekppuévn
péBodoc ywoo v aviyvevon twv CTCs ot10 petactotikd kapkivo pootov. Opwmg to
amoteAéopato avtd vrootnpilovv v VdOBeon 6tTL 0 poplakdg yapaktplopds twv CTCs
B umopovce dvvntikd vo ypnoyoromBel ¢ epyoieio yi TV EMAOYN CTOXELUEVOV
Oepanelidv otov Kopkivo tov pootov. I[lpdypatt €xst deybel  O6TL M Yoprymon Tov
trastuzumab cvoyetiletan pe v expilwon twv HER-2 Ostikdyv CTCs oe mpobepamevpéveg
acOeveic pe petaotatikd Kopkivo pootov.[103] Emmiéov, pio tuyotomompévn pelém
eaong II €deie 6T oe acbeveig pe HER2 (-) kapxivo pactov apywov otadiov pe CK-19
MRNA-fetikd CTCs aviyyveboylo mpv Kot HETO TNV OAOKANP®ON TNG EMIKOVPIKNG
ynuewobepaneiog, n yopnynon tov trastuzumab cvoyetiotnke pe oNUOVIIKA YOUNAOTEPN
EMNTOON KMVIKOV LTOTPOTOV Kot peyolutep0 DFS cuykpitikd pe tig acBeveic mov
érapav povo t kabiepopévn Oepaneia.[104] Xe dvo pikpég pehéteg edong 11 yopnyndnke

lapatinib oe acOeveic pe HER-2 apvnrtikd petactatikd kopkivo pactod kot HER-2-0gtikd
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N EGFR-0eticd CTCs.[215, 216] Xt perétn tov Stebbing J kot cvv. evidaydnkav acbeveic
ue petoototikd kapkivo paotov HER-2 (-) addd pe EGFR—Oetikd CTCs. And tig 43
acBevelg mov eAéyyOnkav 16 eiyaov EGFR-Betikd CTCs, oniadn mocootd 37% Kot
evayOnkav ot perétn. Avo acbevelg améovpov ™ ovykatddeon AOY® TOEIKOTNTAG Kot
ovykekpipéva Adyw dtappotag Pabuov III, kot £tot 14 acbeveig a&loroynOnkav. ‘EEL and Tig
14 acbeveig mapovoiacav peiowpévo aplud CTCs petd amd éva kdxio lapatinib xo,
uaiota, N peimon apopovoe kvping ta. EGFR (+) CTCs. Xeg 7 and tig 8 acOeveic mov
nopovoiccav avénon twv CTCs petd tov 1° kokho Oepanciog viipye avénon kvping Tov
EGFR (+) CTCs. Ouwc, mapd T otoyxevpuévn Oepameio dev  kataypdonke kopio
OVTIKEEVIKT] avTOTOKPLoN Kol piAota ot acbeveic mapovsiocay Tpdodo g VOGOV TovG,
evtog 12 gfdopddwv amd v évtadn tovg, kot £tol N HEAET ékdeloe yopic vo evtayBodv
eMMAEOV 0G0EVEIS OTTMG NTAV OPYIKE TPOYPAUUOTIGHEVO. TN ueAéTn TV Pestin kot cuv.
éva m060ootd 7% TV petactotik®v acbevov pe HER-2 apvnticoig kapkivoug Hostov mov
e éyyOnkav, eiyav HER-2 Oetikd CTCs wou élofov lapatinib. Aev xoataypaeniav
OVTIKEWEVIKEG  avTomokpicelg oTig acbeveig mov  €loPfav lapatinib  moapd  pdvo
otabepomoinon g vocov oe pia achevn odpkelag 8,5 punvov. H pedémm DETECT I
etvat coQdg M HeEYOADTEPT LEAETN TTOV AGYOAEITAL e TO EpOTNUA av 1| oTtOYevon twv CTCs
pe Baon Tov Hoplokd TOVg PAVOTLTTO EIVOL OTOTEAEGLOTIKN. Z€ QVTN TN UEAETT, aoBevelg
pe petaotatiko kopkivo paotov HER-2 apvnrticd kot HER-2 Bgtucd CTCS tuyatomolovvron
oto vo AaPouv 1 Oy lapatinib oe cuvdvacud pe ™ kabiepopévn Bepameio yia T VOG0 TOLG
kot e€etaletan 1 dpaoctikotnTo pog Oepameiog mov otoxevel tov HER-2 vrodoyéa ota
CTCs kabdg kot n onpacio Tov apBpod Tov CTCS g deiktn TpdUNG avTomdkpionsg ot
Bepameia.

Yty mapovoa datpiPr| damictdOnke o6t To lapatinib eaivetar va peidver ta HER-

2 Betkd KOTTOPO OE 00OEVEIG [E HETOOTOTIKO KOPKIVO HOOTOL aveEdptnta amd Tnv
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éxppaomn tov HER-2 otov npwtontabn dyko. H peiwon tov apiBuod tov HER-2 Betikdv
CTCs fitav pa mpoun enidopaon g Oepaneiog pe lapatinib dedopévov 6t péypt to té€hog
TOV TPAOTOL KLKAOL Bepameiog mapatnprOnke o peiwon oe 14 acbeveig (66,7%), evd o
dupecog xpdvog péypt to vadip ntav 1 pupvag (evpog, 1-5 unveg ). O apBudg tov HER2-
Oetikddyv CTCS mov aviyvevdnke oe oAOKANPT TV OpAda acBEVOV NTOV ETIONG ONUAVTIKA
HKpOTEPOG UETE TO TEAOG TOL deVTEPOL KUKAOL Oepameing. H emidpacn avt) ftav €0k
v to HER2-0et1ik6 mAnBuoud twv CTCs, dedopévov 611 0 apduog twv HER2-apvntikdv
CTCs dev emnpedomke amd ™ Ogpameio. Otav 1 xwvntkn tov CTCs afloloyndnke
XOPoTA oTIC aobevelg pe otabepomoinon g vOGov kot o€ acbeveic pe mpdodo vOGov,
eavnke Ot 0 apBuog tov HER-2 Betikov CTCS peidbnke onpovtikd pévo otig acbeveig
pe otabepn voco. AVTi 1 TAPOTAPNOT VTOJEIKVVEL OTL 1 otabepomoinon g vocov Ha
umopovece va oyetiletor pe v eEdierym tov HER2-0etikov mAnbuopov tov CTCs.

H mopaxorovbnon tov popokadv oarloyov ota CTCs katd tn ddpkelo g
Oepaneiog pe mapdyovteg oTOXEVONG TTAPEXEL TN LOVAOIKY] gukaipio vo. dlepguvnBovv ot
LUNYOVIGHOT TOV GUUBAAAOVY GTNV AVATTLEN OVTOYNG OTO GLYKEKPLUEVO QAapuoko.[217]
¥t mapovoo perétn, 1 opdda tov HER-2 Beticov CTCs rav apBuntikd pikpdtepn ota
delypata mov Aapfdavovior katd T Tpdodo TS VOGOV GLYKPITIKE LE TO delypa mpv v
évapén g Bepameiog, av Kot 1 O10popd dEV NTAV GTATICTIKE CNUAVTIKY, EVEO 0 TANOLGLOG
tov HER-2 apvntikev CTCs avénnke ot mpdodo g vosov. Ot mapatnpioelg auTég
vrodNA®vVoLY TV gppdviorn aviektikdv HER-2- Betikodv kot tov HER- 2 apvntikdv CTCs
TOV EVOEYOUEVMGS, GLUVIEOVTAL e TNV eEEMEN TNG VOCOV.

Ortav 1 ékppaocr tov EGFR a&oloynnke otig 101G ypovikég otrypés, delydnke ot
neplocotepol acbeveic eiyav EGFR-0gtikd CTCs ot mpdodo ¢ vOoov ce GOYKPIomn UE TO
detypo mpwv ) Oepameio pe lapatinib kot n dowpopd avt) €ixe pio TGoM YO GTOTIOTIKY

onpavtikdomto. Emumhiéov, to mocootd tov EGFR-Betikdv CTCs avd acBevn, kabnhg kot n
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avaroyio tov EGFR-0etikdv CTCS o610 ovvoro tv CTCs mov aviyvedhnkav, avEnonke
oto dgiyua mov AeOnke oto téhog ¢ Oepomeiog. "Exel deyybel ot to lapatinib otepeiton
arotedeopatikdétrag oe HER -2 apvntikd o@Aeypovdddn xopkivo tov pHooToy e
vrepékppacn tov EGFR.[218] Xt pelém pog, o mAnbvoudc tov HER2-apvntikov CTCs
avéndnke ota delypata aipotog mov eAednoav oty mwpdodo g vocov. Etct, Oa
umopovce Kaveic vo vmobéoer 6Tt to. EGFR-0gtikd/HER2-apvntikd CTCs mbavag va
ovupaiiovy oty avtiotaon oto lapatinib.

Aev TopatnpnOnKay aVTIKEWEVIKES OVTATOKPIGEI; 6TV OUAd0 TV acBevdy Tov
éhae lapatinib. Qotdc0, crabeponoinon g vooov kat / 1| otabepomoinon tov aptduov
tov CTCs didpketog 6-27 unvov ntav epeovig o 7 amd 21 acbeveic.

Opoimg, to lapatinib anétvye oto vo emdyesl avtamokpicelg oe aobeveic pe HER-2
QPVNTIKO UETAGTATIKO KapKivo Tov pactov kot HER-2 Oetikd [216] B EGFR-0gtiké CTCs.
Qo1660 og avt) T peAém, oe 1 amd t1g 7 acbeveic pe HER2-0etikd CTCs mapoatnpndnke
otabepomoinon g vocov ddpkewg 8.5 unvov.[216] Ze avtéc Tig pedéteg, to lapatinib
xopnynonke oe acbeveic e PETACTOTIKO KOPKIVO TOV HOGTOV Kol TPO0d0 VOGO UETH amd
nponyovpevn Oepameio. Emmiéov, o yapokmpiopds twv CTCs éywe pe ypoon
avocopBopiopov yioo HER-2 1 EGFR ypnoyonoidvtag to 1€10pTt0o £0edpiKd GIATPO TOL
CellSearch cvotiparoc.

211 HEAETN HOG AmOdEIKVVETAL 1] oKOTLOTNTA TG otoyxevong CTCs ta omoia givat
avlexTikd o€ mponyovpevn Bepaneio oe acbeveig mov 1 véG0G Tovg dev givar o€ TPOOOO
ypnowonowwvtag CTC-katevBuvopuevn mpocéyyion mg Bepancio cuvtipnong. Emmiéov, o
HER-2 yopaxkmpiopodg €ywve ota CTCS mov amopovadnkav petd amd @uyokévipnon o€
KAion mokvotntog (density gradient centrifugation) tov mepipepikod aipatog Kot dev
apopotv povo EpCAM-0gtikd CTCs.

‘Evag mepropiopog g perémg pog eivanr 6tt 1 HER-2-6gtucomto ko EGFR-
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BeticdtnTa Oev peTprOnkov mocotikd. H ékppaon towv HER-2 kor EGFR yoapaxtmpilotav
VTOKEYEVIKA O OETIKN N ApvNTIKY oVAAOYO LE TO EMITEDD EKPPAONG TOV TOPATPOVVTOL
otov apvnTikd pdptupo. Emmdéov, n katdtepn tiun (cut-off) yio v eme&ipuomto g
acBevovg avBaipeta opiotnke m aviyvevon tovidyiotov evog HER-2 Betikod v EGFR
Oetikov CTC. Emiong, m mapatnpoduevn emnidpoon tov lapatinib ota CTCs, dev
OULVETAYETOL KOT' OVAYKT], OTL TO QAPUOKO €lval ETIONG KAVIKG ATOTELECUATIKO, 0oV Oa
umopovoe va  apeopnmbet 6Tt oo CTCS oamoteAodv vROKATAGTOTO OElKT TNG
amoteAeopaTIKOTNTAG TOL Qoppdkov. IIpdyupatt, 1 dagopetikn kivntikn tv CTCS otig
acBeveig pe mpdodo TG vOGOL GE GUYKPLOT Ue eKEvEG e oTabepomoinon g vosov dev
TPEMEL AVOYKOOTIKA Vo, arodobei oto lapatinib, aAld Oa pmopovce amAdg vo. avtavakAd ™)
QLOIKN Topeia TG VOoOV dedopEVOVL, 0TL 01 acbeveig eiyav oTabepomoinon g vOGOL TOLG,
Kot TV évtadn Toug otn HEALTT).

H omotvuyia tov lapatinib vo endyst khvikéc amokpicelg otn mopovoo 1 GAAEG
ueléteg [215, 216] mov 6Yed1doTnKAY Y10 VO GTOXELGOLV £vo. deikTn TTov vrdpyel oto. CTCS
Kot Oyl amapaitnto otov Tpwtonadn Oyko, oev mpénel va Bewpeitatl ¢ (o amotuyio GVTNG
g otpatnyikne. ‘Eyovpe dei€el 610 mapeABov 611 n yopnynon 6 kvukiwv trastuzumab oe
acBeveig pe HER2-apvntikd kapkivo 1tov pooctod apyikov otadiov pe mapovcio CK-
19mRNA Oetikdv CTCs 1660 Tptv 0G0 Kot PETA TNV OAOKANPWOOT] TG GUUTANPOUOTIKNG
YNHE0OEPATEING, GUOYETIOTNKE LE CNUAVTIKA YOUNAGTEPT GLYVOTNTO ELEAVIONS KAIVIK®OV
votpomt®V Ko peyoldvtepo DFS (ehevBepn vocov emPimon) og ovykpion pe tig acheveig
nov éAaPav ™ cuvnOn Bepaneio.[104] Meyaldtepeg pehétec, ommg n pedétn TREAT CTC
oe mpdo Kopkivo tov pactov ko  DETECT I o¢ petactatikny voco, Ba eEgtdcovv
TeEPALTEP® KOTA TOcov 1M efatopikevon g Oepameiag avdAoyo HE TO  HOPLOKA
yapoktnpotik@ t@v CTCs Oa pmopovoe vo givar pio véa otpatnyiky], aAlaloviog

OepamEVTIKY TPOGEYYIOT] GTOV KOPKIVO TOL HOGTOV.
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SOUTEPAGUOTIKA, PE BAON TO AmOTEAECUATO AVTNG TNG TAOTIKNG HEAETNG QaiveTal
OTL elvan €QIKTN 1 AmopdVMOGN Kot 0 Loplakog yopaktnpiopog v CTCS yia tov kabopiopd
TOV QOIVOTLTIOL TMV KOPKIVIKOV KLTTAPWOV G€ TPayHaTikd xpovo. Emmiéov, paivetat Tt 1
TPOCUpPUOYY| TG Bepameiag cOuE®va pe TOvg oTOYXoLS Tov Tapovstdloviar ota CTCs
umopet va etvat kKAvikd ypnotun oe aobevelg pe kapkivo Tov paotov. [pv avtd opmg yivet
aodekTd Ba Tpénetl va BECTIGTOVV TUTOTOMUEVEG OOKIUAGIES HE EMKVPOUEVES KATMTEPES
Tég (cut-offs) yua va ypnoiporombovv ce peréteg yoprynong eéatopkevpévng Oepomeiog
peyoAvTepoL apBpod acbevav mov Bo katadeiovv v aia g OBepamevTiKng 6TOXEVONG

tov CTCs.
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Abstract

Purpose  The purpose of the study is to evaluate the effect
of gefitinib, an anti-EGFR TKI on circulating tumor cells
(CTCs) in patients with metastatic breast cancer (MBC).
Methods Seventeen patients with MBC with detectable
CTCs after the completion of prior treatment received gefi-
tinib 2530 mg/day p.o. CTCs were monitored by immu-
nofluorescence microscopy after double staining with
anti-cytokeratin (A45-B/B3) and either anti-CD45 or anti-
EGFR antibodies.

Results A median reduction of 964 and 94.1 % in CTC
count was observed in 11 (64.7 %) and 12 (70.6 %) of
patients after the first and the second treatment cycles,
respectively. Total CTC numbers declined by 73 and 44 %
after the first and second treatment cycles, respectively.
In nine patients with EGFR(+)W/CK(+) CTCs, gefitinib
resulted in a reduction of both EGFR(4+) and EGFR(—)
CTCs, and after the third course, most detected CTCs
were EGFR(—). In two patients, with a sustained decrease
in CTC numbers, a PFS of 16.0 and 19.0 months was
observed and in one of them. it was associated with clinical
objective response.
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Conclusion  Treatment-resistant CTCs could be elimi-
nated by gefitinib in MBC. and EGFR expression on CTCs
merits further validation as a potential biomarker for spe-
cific and effective targeting of CTCs.

Keywords Circulating tumor cells - Gefitinib - Breast
cancer - EGFR - Tyrosine kinase inhibitors

Introduction

Breast cancer is considered a systemic disease since early
tumor cell dissemination may occur even in patients with
small tumors. Several investigators using immunocyto-
chemistry or RI-PCR have shown the presence of cytoker-
atin-positive epithelial cells in the bone marrow aspirates
and the peripheral blood of otherwise metastasis-free
patients with stage 1 and Il breast cancers [|-3]. The detec-
tion of occult tumor cells in bone marrow (disseminated
tumor cells, DTCs) and peripheral blood (circulating tumor
cells, CTCs) has been shown to be an independent unfa-
vorable prognostic factor associated with increased distant
relapse rate and decreased overall survival [4-7]. In addi-
tion. CTCs can be also detected in 40-70 % of patients
with metastatic breast cancer (MBC) [8-10]. Using the Cell
Search platform, the detection of 5 or more CTCs/7.5 ml
of peripheral blood in women with MBC before starting a
new line of treatment has been shown to predict progres-
sion-free and overall survival, whereas CTC counts in the
first follow-up visit were also predictive of treatment out-
come [11-16].

Epidermal growth factor receptor (EGFR) is a member
of the HER growth factor receptors family. These recep-
tors share a common structure consisting of an extracellular
ligand-binding domain, a short transmembrane domain, and
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an intracellular domain with intrinsic tyrosine kinase activ-
ity [17]. Binding of the ligand(s), such as EGF or trans-
forming growth factor-alpha (TGF-alpha) to the extracel-
lular domain of the receptor, initiates a signal transduction
cascade that regulates many aspects of tumor cell biology
including cell growth, survival, metastasis, and angiogen-
esis, as well as tumor cell sensitivity to chemotherapy and
radiotherapy [17].

Expression of EGFR has been demonstrated in 18-25 %
of breast cancers and has been correlated with a higher risk
of relapse and death from breast cancer [18. 19]. Substan-
tial increases in EGFR expression have been demonstrated
in de novo endocrine-resistant ER-positive disease, whereas
a more modest increase in the expression of EGFR or
ligands has been detected in acquired endocrine resistance
of ER-positive disease [20]. In addition, approximately half
of the cases of triple-negative breast cancer and inlamma-
tory breast cancer overexpress EGFR, whereas high EGFR
expression 1s an independent predictor of poor prognosis in
inflammatory breast cancer [21].

Gefitinib, a signal transduction inhibitor of the EGFR
tyrosine kinase, has demonstrated antitumor activity
against chemo- and hormone-resistant breast cancer cell
lines [20, 22-24]. Initial phase IT studies suggested that
gefitinib does not have significant efficacy in pre-treated
patients with MBC. In addition, a phase II study, designed
to test the efficacy of gefitinib in patients with hormone-
resistant breast cancer, was stopped because of low clini-
cal benefit rate [25]. However, in a small randomized study,
gefitinib in combination with anastrozole was associated
with a marked advantage in PFS compared with anastro-
zole plus placebo, in postmenopausal women with hor-
mone receptor-positive metastatic disease [26]. Moreover,
in a recently reported trial, the combination of anastrozole,
fulvestrant, and gefitinib, administered in the neoadjuvant
setting in ER-positive breast cancer, resulted in both a sig-
nificant reduction in cell proliferation, as measured by Ki-
67 expression on tumor cells, and in a parallel reduction in
the expression of cyclin D1 compared to anastrozole and
fulvestrant alone [27].

Our group has previously reported the presence of
EGFR-expressing CTCs in the peripheral blood of MBC
patients using a double immunostaining cytomorphologic
assay; all the enrolled patients in this study also had detect-
able CK-19mRNA-positive CTCs as assessed by a molec-
ular assay [28]. In addition, phosphorylated EGFR was
observed in 86 % of patients with EGFR-expressing CTCs,
while the downstream PI3K/Akt signalling pathway was
also activated on CTCs of 13 out of 16 evaluated patients,
suggesting the involvement of this pathway in CTCs’
survival.

Since the persistence of CTCs after the completion of
treatment 1s associated with poor clinical outcome [9, 29,
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30], we hypothesized that targeting CTCs surviving after
prior chemotherapy and/or endocrine treatment could be
beneficial for patients with breast cancer. This pilot study
was designed to assess the effect of gefitinib on chemo-
therapy- orfand hormonotherapy-resistant CTCs in patients
with MBC.

Patients and methods
Patients

Women with histologically confirmed MBC were eli-
gible for the study. Patients had to have detectable CTCs
detected by both a molecular (CK-19 mRNA-positive cells)
and an immunocytochemical (CK-positive cells) assay.
After the enrollment of the first eight patients, the trial was
amended to include only patients with EGFR-expressing
CTCs, since we observed, in a parallel study, activation of
both EGFR and downstream signalling pathways in CTCs
of patients with MBC [28]. Other eligibility critenia were
age =18 vears old; performance status (-2 (WHO); ade-
quate bone marrow, renal, and liver function; and non-pro-
gressing disease (stable disease or partial response) as best
response to prior treatment. Eight patients with MBC and
detectable CK-19mRNA-positive and CK-positive CTCs,
fulfilling the inclusion criteria of this study, who had not
received gefitinib, were retrospectively selected from a pool
of patients followed in our Department. These patients had
to have sequential monthly (up to 4 months) assessments of
CTC status (using the molecular assay) as well as PBMCs
cytospins available for the detection of cytokeratins using
immunostaining (historical control group).

Gefitimib was administered at the dose of 250 mg/day
orally (1 month equals one cycle) until disease progres-
sion, consent withdrawal, or unacceptable toxicity. The pri-
mary end point of the study was to evaluate the efficacy of
gefitinib in eliminating CK-positive CTCs. Secondary end
point was to assess the effect of gefitinib on patients’ clini-
cal outcome.

Disease assessment

Before treatment initiation, all patients had complete physi-
cal examination, blood chemistry, and a diagnostic evalu-
ation including computed tomography scans (CT scans)
of the chest and abdomen [or magnetic resonance imag-
ing (MRI) if clinically indicated]. Physical examination
and blood chemistry were repeated before each treatment
cycle. Patients were assessed by CT scans (or MRI if clini-
cally indicated) every 2 months, and response evaluation
was performed according to RECIST criteria. The trial
was approved by the Institutional Ethics and Scientific

138



Cancer Chemother Pharmacol

Table 1 Patients’

o EGFR expression on CTCs
characteristics
Known Unknown
n=9 % n==8 %

Median age
Min-max 56 (32-85) 65.53 (34-74)
)
0-2 9 100 8 100
Menopausal status
Pre-/post-/peri- 5440 56.0/44.0/0.0 W/l 0./8R.0f12.0
Prior adjuvant treatment
Yes/no &1 B0/ 1.0 53 62.0/38.0
Hormone receplor expression
Positive 5 56.0 4 50.0
Negative 3 330 3 380
Unknown 1 1.0 1 12.0
HER? expression
Positive 2 220 2 25.0
Negative 6 67.0 4 50.0
Unknown 1 11.0 2 25.0
Visceral disease
Yes/No 45 45.0/55.0 513 62.0/38.0
Prior lines of Tx
12=3 3733 33.3/33.3/333 4301 50.0/38.0012.0
Prior hormone Tx
Yes/No 6/3 67.0/23.0 6/2 T5.0125.0

PS performance status, 5D Best response to prior treatment

stable discase, PR partial PR/SD 6/3 67.033.0 6/2 75.025.0

response

Committee as well as by the Hellenic Drug Organization
(EOF), and all patients gave written informed consent in
order to participate in the study.

Detection of CK-19 mRNA-positive CTCs

Peripheral blood (20 ml in EDTA) was obtained before the
initiation of gefitinib and monthly thereafter. Blood sam-
ples were obtained at the middle of vein puncture after the
first 5 ml of blood was discarded. in order to avoid con-
tamination of blood with epithelial cells from the skin dur-
ing sample collection. Peripheral blood mononuclear cells
(PBMCs) were isolated using density gradient (Ficoll-
hypaque; d = 1.077g/mol) centrifugation at 1,800 rpm for
30 min. PBMCs were washed three times with PBS and
centrifuged at 1,500 rpm for 10 min. Patients were screened
for the presence of CK-19 mRNA-positive cells using the
RT-PCR assay, which has been previously described in
detail [31, 32]. The presence of CK-positive CTCs was
also confirmed by double immunofluorescence staining as
described below, and only patients with CTCs detected by
both methods were enrolled into the study. The monitoring

of CTCs during gefitinib treatment was performed monthly
by immunofluorescence microscopy.

Immunofluorescence microscopy

Cytospins were prepared using aliquots of 250.000 PBMCs/
slide by cytocentrifugation at 2,000 rpm for 2 min, and slides
were dried up and stored at —80 °C until use. Four slides
(10° PBMCs) were analyzed per patient. PRMCs’ cytospins
were fixed with cold aceton/methanol 9:1 (v/v) for 20 min
and stained with mouse A45-B/B3 antibody (detecting CKS,
CKI8, and CK19; Micromet. Munich, Germany) for 1 h.
Subsequently, slides were stained with either CD45 (common
leukocyte antigen; Santa Cruz, Santa Cruz, CA, USA) or anti-
EGFR (Santa Cruz, CA, USA) antibodies for 1 h. Cells were
then incubated with the comresponding secondary antibodies
for 45 min [28]. The cytomorphological criteria proposed by
Meng et al. [33] (high nuclear/cytoplasmic ratio, larger cells
than white blood cells, etc.) were used to characterize a CK-
positive cell as a CTC. CTCs were characterized as EGFR-
positive 1f the intensity of EGFR staining was higher than
the respective intensity of PBMCs that served as an internal

@ Springer

139



Cancer Chemother Pharmacol

Fig. 1 Comparison of CTCs’ 140
numbers at baseline (gray bar)
and after 1 month of gefitinib
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negative control. Furthermore, to venify the specificity of the
staining procedure, positive and negative controls prepared
by adding or omitting EGFR primary antibodies in SKBR3
breast cancer cells that express EGFR [28] were also included
in each experiment. Patients with at least one EGFR(+) CTC
were determined as having EGFR(4) CTCs. Slides were ana-
lyzed using a confocal laser scanning microscope module
(Leica Lasertechnik, Heidelberg, Germany) and a fluorescent
microscope (Leica DM 2500). Results are expressed as num-

ber of CTCs/10° PRMCs.

Results
Patient characteristics

Forty-seven patients with MBC were screened for the pres-
ence of CTCs using both a real-time PCR assay (CK-19
mRNA-positive cells) and an immunofluorescence assay.
Seventeen patients with CTCs detectable by both methods
were enrolled into the study. Nine patients, after the amend-
ment was implemented, were enrolled on the basis of the
detection of EGFR-expressing CTCs. Patients’ character-
1stics are listed in Table 1. Eleven (64.7 %) patients were
postmenopausal and 13 (76.4 %) had received prior adju-
vant treatment. Nine (52.9 %) and four (23.5 %) patients
had hormone receptor- and HER2-positive tumors, respec-
tively. Nine (52.9 %) patients had visceral disease and 10
(58.8 %) had received two or more prior lines of treatment.

Effect of gefitinib on CTCs

Ninety-one treatment courses were admimistered in the
whole group of patients (median: four courses/patient;
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Patients

Table 2 Serial enumeration of CTCs in patients with metastatic
breast cancer after chemotherapy

Patient Past-chemo Imo 2mo 3Imo dmo
CK(+) CTC/10° PBMCs

HC1 1 1 3 4 5
HC2 0 3 2 (i 15
HC3 4 3 [ 18 24
HC4 0 2 5 9 13
HC5 3 2 2 3 2
HCo 12 14 20 22 28
HC7 2 [ 11 17
HCR 0 4 7 10 22

range 2-19); all patients completed at least two and 14
(82 %) at least three treatment courses. After the comple-
tion of the first treatment course, the total CTC numbers,
as detected by double immunostaining, decreased in 11 out
of 17 (64.7 %) patients by a median of 96.4 % (range 66.7—
100.0 %), whereas in the remaining six (35.3 %) patients,
their number was increased (Fig. 1). After the second treat-
ment course, CTC numbers were decreased, by a median
of 94.1 % (range 50.0-100.0 %), in 12 (70.6 %) patients
and increased in five (204 %). Conversely, a progressive
increase in CTCs’ numbers was observed in seven out of
the eight patients of the historical control group (Table 2).

A total of 393 CTCs were detected at baseline in the
whole group of patients with a median of five CTCs/patient
(range 1-33). CTC counts decreased to 106 (median: three
CTCs/patient; range (-21} and 220 (median: three CTCs/
patient; range 0-33), corresponding to a 73 and 44 %
decrease compared to the baseline, after the first, and sec-
ond treatment courses, respectively.
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Fig. 2 EGFR expression in CTCs from breast cancer patients. a Con-
focal laser scanning microscopic sections of a patient’s CTC stained
with antibodies against pan-cytokeratins (A43-B/B3: green) and
EGFR (red); magnification (x60). b Double immunofluorescence

Effect of gefitinib on CTCs according to EGFR expression

Nine patients had been enrolled on the basis of EGFR
expression on CTCs. As shown in Fig. 2a and b, EGFR
expression on CTCs was mainly membranous and to a
lesser extent intracellular, whereas CK staining was mainly
cytoplasmic. Among a total of 336 CTCs (median: six
CTCs/patient; range 2-133) detected at baseline in this
cohort of patients, 74 (22 %) expressed EGFR (median:
two EGFR(4+)/CK(+) CTCs/patient; range 1-28). As a
negative control, PBMCs from 10 healthy female blood
donors were also evaluated for CK/EGFR co-expression by
double staining immunofluorescence; there were no cells
that stained positive for EGFR and CK in these healthy
blood donors.

Sixty-three treatment courses were administered in this
group of patients; 8 out of 9 patients completed at least
three courses. CTC numbers were decreased by a median of
100 % (range 87.3-100 %) and 98.3 % (range 66.7-100 %)
in five (55.5 %) and six (66.7 %) patients, after the comple-
tion of the first and second treatment courses, respectively.
Total CTC numbers detected in all patients declined from
336 to 83 (a decrease by 75.3 %) and 114 (a decrease by
66.1 %) after the first and second treatment course, respec-
tively (Table 3). The number of EGFR(+) CTCs was
reduced from 74 at baseline to 25 (a 66.2 % decrease) at
the end of the first course and to 23 (a 68.9 % decrease)
at the end of the second treatment course (Table 3).

staining of patient’s CTCs with anti-pancytokeratin (green) and anti-
EGFR (red) antibodies and Dapi (for nucleus staining); magnification
(=20) (ARIOL system)

Similarly, EGFR(—) CTCs were also reduced from 262 to
58 (a 77.8 % decrease) and 91 {a 65.2 % decrease) at the
end of the first and second treatment courses, respectively
(Table 3). However, among a total of 89 CTCs identified
at the end of the third course in 7 out of the 8 patients who
completed 3 treatment courses (no available sample in one
patient), only 8 CTCs (8.0 %) expressed EGFR, whereas
81 (91.0 %) were EGFR(—) (Table 3).

Clinical outcome according to the effect on CTCs

The median duration of gefitinib treatment was 3.9 months
(range 1.9-18.8) and 4.2 months (range 1.9-18.8) in the
whole group of patients and in patients with known EGFR
status of CTCs, respectively. Disease control rate (DCR)
was 41.2 and 44.4 %, and the median PFS was 16 (range
5-76) and 18 weeks (range 8-76) in the whole group and in
patients with known EGFR status, respectively.

As shown in Table 3. gefitinib was associated
with a significant decrease in the absolute number of
EGFR(+)/CKi(+) and EGFR(—)}/CK(4) CTCs after the
first month of treatment in 4 (44.4 %) patients; this effect
was sustained for at least 3 months. Among them, one
patient had a partial response, two had disease stabili-
zation, and one progressed. Moreover, in 2 (22.2 %) of
these patients (#5, #6; Table 3), the elimination of CTCs
was maintained for the whole period that sequential
monthly blood samples were evaluated (up to 6 months);
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Table 3 CTC numbers in patients with known EGFR. ex pression on CTCs

I

g in these particular patients, a prolonged PFS of 16.0 and
Bl % & 19.0 months, associated with disease stabilization 1n one
g and objective partial response in the other, was recorded.
+] . . . .
el 8% 2. s Both patients had visceral disease and had been previ-
; 3 . ously treated with one and two chemotherapy regimens for
i = S % e — advanced disease, respectively.
& In 3 (33.3 %) patients (#7, #8, #0; Table 3), a significant
ST g 2. increase in both EGFR(+)/CK(+) and EGFR(—)/CK(+)
o subpopulations was documented after the first treat-
§ & o~ a a ment course and this was further confirmed after the
g u_l - = 2 - second course. Interestingly, in two of them, the subse-
] [=% e B . . .
£ 2 B Ze . - quent increase in CTC numbers mainly concerned the
o EGFR(—)/CK(+) subpopulation. Two out of these three
E T P patients with increasing CTC numbers experienced pro-
- ToEs oo gressive disease as best response to treatment.
P e =
) = £
S 3T === 2
E 2t ZZZoo—m E
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£ £ = - 2% & §
=
% - a E Increasing evidence supports the role of CTCs as a potent
gl meoceocTBZE g prognostic and predictive tool in MBC patients. Indeed,
“ I = using the FDA-approved Cell Search system, it has been
z nx == = = o 2 - é‘ shown that increased numbers of CTCs before and after
E = = a o one cycle of a systemic treatment for metastatic disease
= o = . . . .
= S FtmocoRZR = or at any time during therapy were associated with shorter
& 2 median PFS and OS representing an earlier and more reli-
mlle—~=enrocg=gg g able indicator of response to treatment compared to imag-
r & e ing studies. In addition, serial enumeration of CTCs was
& g Ylecocsacosocma — = = strongly correlated with radiologic assessment and accu-
= et - 2 . . X ..
£ = E rately predicted disease progression [16]. CTCs surviving
o =2 - = o wy o=t = . e .
& 2 = Seaas 2 5 after the administration of chemotherapy and/or hormone
= .
o = therapy are expected to present resistance to these thera-
- . . P . - e
g Tlem—~—cmaxewe “_-, peutic modalities, and this is associated with a poor clinical
o ﬁ outcome [9, 29, 30]. Therefore, it is an unmet need to iden-
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£ GF|lcecoccocoman “ E tnfy new Ilherafeunc targets for the treatment for patients
z - E with “resistant” CTCs.
iE & U~ omao e ® oo z The molecular characterization of CTCs 1s extremely
o b important since it might guide the implementation of tar-
& o R IR - - ﬁ geted therapies. In the current pilot and exploratory study,
S E - o %d we sought to investigate whether gefitinib could eradi-
_'E % 1. =z cate cytokeratin-positive CTCs, detectable by using both
EREREE Il"E - -HRE 0 E b a molecular and an immunocytochemical assay, after the
T |lol= ) . . . . . .
g ‘[: E Cammg g T o :g B completion of prior therapy in patients \’Ik-llh ]\.I{BC.Ismce
“ _ - . phosphorylated EGFR and downstream signalling kinases
= &
= LE" - have been shown to be expressed on CTCs and could be
z Elan v e o 0o o - 2z involved in the metastatic potential of CTCs [28].
2 e = The presented results indicate that the adminmistra-
. E E :é tion of gefitinib was associated with an early and sig-
252 E gogEgag E E nificant decrease in CTC numbers in more than 50 % of
T8 T 7 treated patients. In addition, the sustained elimination of
A T A= - a g" CTCs seems to be associated with a better clinical out-
= E - come. A similar decrease in CK-positive CTCs could not
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& B IR U - S S C= P be observed in an historical control group of eight patients
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who did not received gefitinib; however, this comparison
has serious and obvious limitations and should be consid-
ered with caution. Despite the important individual vari-
ability of the frequency of EGFR-expressing CTCs, similar
results could also be observed when the group of patients
with known CTCs" EGFR status was analyzed separately. It
1s interesting to note that EGFR(+) and EGFR(—) subpop-
ulations of CTCs presented comparable elimination rates
during gefitinib treatment, although the effect on EGFR(+)
CTCs was more important and sustainable. The elimina-
tion of EGFR(—)/CK(+) CTCs during gefitimb adminis-
tration seems unexpected; however, we cannot exclude a
low, but undetectable by immunofluorescence, expression
of EGFR which could be sufficient enough to transactivate
other HER receptors through heterodimerization. Indeed,
breast cancer cell lines with low EGFR expression levels
are sensitive to the antitumor effect of gefitinib, if they co-
express high levels of HER2 and this effect is mediated,
at least partly, by gefitinib-induced reduction of HERL/
HER2 heterodimer phosphorylation [34-36]. Although in
the present study the co-expression of HER2 and EGFR
on individual CTCs has not been evaluated, we have previ-
ously shown that 44 and 63 % of patients with MBC have
detectable EGFR(+)/CK(4) and HER2(+)/CK(+) CTCs,
respectively: in addition, triple-staining experiments dem-
onstrated the co-expression of both EGFR and HER2 on
the same CTCs [28]. Therefore, it could be hypothesized
that gefitinib might be effective even against CTCs with
low, but undetectable by immunofluorescence, EGFR lev-
els that express HER2.

The kinetics of the EGFR{+) and EGFR(—) subpopu-
lations of CTCs revealed that at the end of the third treat-
ment course, CTC counts showed an increasing trend that
mainly concerned the EGFR(—)}CKi+) subpopulation,
whereas the number of EGFR(+)/CK(+) CTCs was fur-
ther decreased. However, the small number of the enrolled
patients limits the importance of this observation, which
needs to be confirmed in a subsequent and larger study.
However, these observations seem to indicate that the
EGFR(—)/CK(+) subpopulation of CTCs, which increases
during treatment, could represent gefitinib-resistant cells.

The evaluation of the kinetics of EGFR(4+) and
EGFR(—) CTCs in individual patients is noteworthy since it
appears to be correlated with clinical outcome. Indeed, two
main groups of patients could be distinguished; the first one
is characterized by a clear decrease in both subpopulations
of CTCs after the first treatment cycle, which was sustained
for the subsequent two cycles; conversely, the second group
1s charactenized by an early increase in EGFR(+) and
EGFR(—) subpopulations of CTCs (Table 3), which further
supports the hypothesis that EGFR(—)/CK(+) CTCs have
to be gefitinib-resistant. Clinically, in 2 out of 5 patients of
the first group, a prolonged PFS of 16.0 and 19.0 months

was observed in association with a long-lasting objec-
tive response in one of them. On the contrary, in 2 out of
3 patients with increasing CTC numbers, progressive dis-
ease as best response to treatment was recorded. Therefore,
the prolonged elimination of both EGFR(+) and EGFR(-)
CTCs upon treatment with gefitinib might be a signal indi-
cating treatment efficacy and disease control, supporting
the relevance of CTCs as a clinical biomarker for treatment
monitoring.

Although these results are interesting, they should be
considered as hypothesis generating due to the pilot and
exploratory design of the trial, which enrolled only a small
number of patients. Therefore, our observations should be
interpreted with caution since there is not a parallel non-
treated control group studied prospectively. The used his-
torical control group was consisted of patients selected on
the basis of the sequential monthly enumeration of CTCs
and the availability of cytospins for further immunostain-
ing for the detection of CK-positive CTCs. In addition,
the detection of CTCs was not confirmed with the Cell
Search assay, which represents the gold standard assay for
the enumeration of CTCs in the metastatic setting, since at
the time that the study was initiated, the Cell Search plat-
form was not available in our laboratory. Finally, the cor-
relation of CTC changes during treatment with the clini-
cal outcome was retrospective and exploratory. However,
the presented results are in favor of the hypothesis that the
molecular characterization of CTCs could used as a poten-
tial tool for the selection of targeted treatments in breast
cancer. Indeed, it has been demonstrated that the admin-
istration of trastuzumab is associated with the elimination
of HER2(+) CTCs in pre-treated patients with MBC [37].
Furthermore, a randomized phase II study reported that
in patients with HER2-negative early breast cancer with
CK-19mRNA-positive CTCs detectable both before and
after the completion of adjuvant chemotherapy, the admin-
istration of trastuzumab was associated with a significantly
lower incidence of clinical relapses and a longer disease-
free survival compared to patients who received the stand-
ard of care [38]. In two small phase II trials, lapatinib was
administered in MBC patients with HER2-negative disease
and HER2-positive [39] or EGFR-positive [40] CTCs.
In the second study. lapatinib was reported to result in a
decrease in CTC counts in 43 % of patients, with most
of these having a greater decrease in their EGFR-positive
CTC pool [40].

In summary, the current study implies that the assess-
ment of molecular targets on CTCs is a reasonable, fea-
sible, and clinically relevant approach in order to select
patients for targeted treatments. Large, well-designed and
controlled studies are needed to further evaluate the molec-
ular characterization of CTCs in the individualization of
treatment for breast cancer patients.
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Abstract

Background

To evaluate the efficacy of lapatinib, a dual EGFR and HER2 tyrosine kinase inhibitor, in
therapy-resistant HER2-positive CTCs in metastatic breast cancer (MBC).

Patients and Methods

Patients with MBC and HER2-positive CTCs despite disease stabilization or response to
prior therapy, received lapatinib 1500 mg daily in monthly cycles, till disease progression or
CTC increase. CTC monitoring was performed by immunofluorescent microscopy using
cytospins of peripheral blood mononuclear cells (FBMCs) double stained for HER2 or
EGFR and cytokeratin.

Results

Atotal of 120 gycles were administered in 22 patients; median age was 62.5 years, 15
(68.2%) patients were post-menopausal and 20 (90.1%) had HER2-negative primary tu-
maors. At the end of the second course, HER2-positive CTC counts decreased in 76.2% of
patients; the median number of HER2positive CTCs/patient also declined significantly (p =
0.013), however the decrease was significant only among patients presenting disease sta-
bilization (p = 0.018) butnot among those with disease progression during lapatinib treat-
ment. No objective responses were observed. All CTC-positive patients harbored EGFR-
posttive CTCs on progression compared to 62.5% atbaseline (p =0.054). The ratio of
EGFR-positive CTCs/total CTCs detected in all patients increased from 17.1% at baseling
to 37.6% on progression, whenzas the mean percentage of HER2-negative CTCs/patient in-
creased from 2.4% to 30.6% (p = 0.03).
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Conclusions

The above resutts indicate that |apatinib is effective in decreasing HER2-positive CTCs in
patients with MBC irmespectively of the HER2 status of the primary tumor and imply the fea-
sibility of monitoring the molecular changes on CTCs during treatment with targeted agents.

Trial Registration
Clinical trial.gov NCTODE94252

Introduction

Several lines of evidence suggest that metastatic spread in breast cancer is the result of tumour
cell dissemination from the primary site to distant organs which occurs eary in the course of
malignant progression [1]. Indeed, cytokeratin- positive epithelial cells in the bone marrow as-
pirates { disseminated tumor cells; DTCs) and the peripheral blood {circulating tumor cells;
CTCs) have been identified in otherwise metastasis-free patients with early breast cancer by
the use of immunocytochemistry or Reverse Transcription Polymerase Chain Reaction
(RT-PCR) [2]; the detection of these cells has been proven to be an independent unfavourable
prognostic factor associated with increased distant relapse rate and decreased overall survival
[3-8]. In addition, CTCs can be detected in 40-70% of patients with metastatic breast cancer
(MBC) [7,8]. Using the CellSearch platform, the presence of § or more CTCs/7.5 ml of periph-
eral blood in women with MBC before starting a new line of treatment has been shown to pre-
dict progression-free and overall survival, whereas CTC counts in the first follow- up visit were
also predictive of patient outcome [9].

Besides CTC detection, significant effort has been undertaken towards CTC characteriza-
tion [10]. Thus it has been recognized that CTCs consist of a heterogeneous population of cells
[11]. In addition, a significant discordance has been observed between the molecular character-
istics of the primary tumor and those of corresponding CTCs [12-15]. Accordingly, taking
intoaccount the ease of blood sampling, it has been suggested that CTCs could serveas a “real-
time liguid biopsy” for the identification of relevant therapeutic targets [ 16]. Our group, using
a double staining immunofuorescence assay, has previously reported the presence of HER2-
and EGFR-expressing CTCs in the peripheral blood of MBC patients [17,18]. The downstream
PI3K/Akt signalling pathway was also shown to be activated in CTCs suggesting the involve-
ment of this pathway in CTC survival [ 18].

Disease relapse after prior therapy is the major cause of mortality in patients with metastatic
disease, Residual umor cells that survive previous treatments could be responsible for this re-
lapse. Indeed it has been shown that CTCs are detected after the administration of chemothera-
py and/or hormonal therapy and their persistence is associated with poor clinical outcome
[18-21]. Targeting these CTCs could be beneficial for patients with breast cancer. The primary
objective of this pilot study was to assess the efficacy of the dual HER2 and EGFR inhibitor,
lapatinib, on chemotherapy- or/fand hormonal therapy-resistant CTCs in patients with MBC,

Patients and Methods

The protocol for this trial and supporting CONSORT checklist are available as supporting in-
formation; see 31 CONSORT Checklist and S1 Protocol

PLOS ONE | DOL10.1371/joumalpone.0123683  Juna 17,2015 2/ 16
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Patients

Waomen with MBCand at least one HER2-positive CTC per 10 PBMCs irrespectively of the
HER2 status of the primary tumor, were eligible. Patients had to have non-progressive disease
(stable disease or partial response ) after the completion of prior therapy for advanced disease.
Other eligibility criteria were: age 18 years old, adequate bone marrow, renal and liver func-
tion, Left Ventricular Ejection Fraction (LVEF) within normal range and performance status
0-2 (World Health Organization, WHO); at | east 4 weeks to have elapsed after the end of prior
treatment, Before treatment initiation, all patients had a complete physical examination, blood
chemistry and a diagnostic evaluation including computed tomography scans (CT scans) of
the chest and abdomen [or magnetic resonance imaging (MBI)] if clinically indicated as well as
whole body radionuclide bone scan. Physical examination and blood chemistry were repeated
every month, Patients were assessed by bone scan, CT scans (or MRI if indicated) every 3
months (or atany ime in case of suspected clinical disease progression) and response evalua-
tion was performed according to Response Evaluation Criteria In Solid Tumors (RECIST),
version 1.0 [22]. No other anticancer treatment was allowed during the period of lapatinibad-
ministration. All patients provided written informed consent in order o participate in the tral.
The study protocol was approved by the Ethics and Scientific Committees of the University
Hospital of Heraklion as well as by the Hellenic Drug Organization ( EOF). Clinical investiga-
tion has been conducted according to the principles expressed in the Declaration of Helsinki,

Treatment administration

Patients received lapatinib, 1500 mg/day orally in monthly cycles. CTC counts were evaluated
at baseline and then monthly prior to the initiation of each subsequent cycle of treatment. Pa-
tients presentinga CTC response before the start of the second eyele (CTC counts lower than
the baseline values), or with stable CTC counts were continued on lapatinib. Those presenting
an increase in CTC counts (CTC counts higher than the baseline values) were taken off study
providing that further increase was documented before the third course, In subsequent cycles,
treatment was also discontinued in case of two consecutive increases in CTC counts. Moreover,
treatment was discontinued in case of disease progression, occurrence of unacceptable toxicity
or consent withdrawal, irrespectively of CTC counts.

Sample collection

Peripheral blood (10 ml in EDTA) was obtained before the initiation of lapatinib and monthly
thereafter. To avoid cell contamination from the epidermis the first Sml of blood were dis-
carded. Blood was diluted with equal volume of 0.9% NaCl and peripheral blood mononuclear
cells (PBMCs) were obtained by gradient density centrifugation using Ficoll Hypagque- 1077
(Sigma Chemical Company, St. Louis, MO) at 1800rpm for 30 min at room temperature, The
interface cells were removed, washed twice with 40 mL of sterile PBS (pH: 7.3) at 1500 rpm for
10 min, and resuspended in 10mL of PBS. PBMCs cytospins were prepared using aliquots of
500,000 cells by cyto-centrifugation at 2000 rpm for 2 min and slides were dried up and stored
at -80 "C until further use,

Double immunofluorescence for the detection of HER2 and EGFR on
PBMC cytospins

The presence of HER2-positive CTCs in cytospin preparations of PBMCs was determined
using the mouse A45-B/B3 (detecting CK8, CK18, and CK1%; Micromet, Munich, Germany)
antibody and the rabbit HER2 antibody (Cell Signaling Technology) as previously described
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[18]. Briefly, PEMCs' cytospins were fixed with cold aceton:methanol 9:1 for 20 minutes and
stained with A45-B/B3 antibody for 1h. Subsequently, the same slide was stained with anti-
HER2 for 1h. For the detection of BGFR positive CTCs, staining was performed using the
EGFR antibody (Santa Cruz, Santa Cruz, CA, USA) for Th [18]. Cells were then incubated with
the corresponding secondary antibodies for 45 minutes, Toverify the specificity of the staining
procedure, positive and negative controls for both markers were included in each experiment.
HER2 amplified SKBR3 breast cancer cells that express both HER2 and EGFR were used as
positive controls [18]; negative controls were also prepared using SKBR3 cells by omitting
HER2 or EGFR primary and adding the secondary immunoglobulin G (IgG) isotype antibody
[18]. Cytospins of PBMCs obtained from 10 female healthy blood donors were also double
stained with A45-B/B3 and HER2 or EGFR antibodies.

The cytomorphological eriteria proposed by Meng et al [23] (high nuclear/eytoplasmic
ratio, larger cells than white blood cells, ete) were used to characterizea CK-positivecell asa
CTC. CTCs were characterized as HER2-positive if the intensity of HER2-staining was higher
compared 1o the HER2-negative control. Similarly, a CTC was determined as EGFR-positive if
the intensity of EGFR staining was higher than the respective negative control. A total of 10°
PBMCs per patient were analyzed by the use of immunofluorescence microscopy (Leica DM
2500). Patients with at least one HER2- positive or EGFR-positive CTC per 10° PBMCs were
determined as HER2-positive or EGFR-positive, respectively. The evaluation of PBMC cytos-
pins from healthy female blood donors revealed that there were no cells staining positive for
HER2 or EGFR and cytokerating (CK) (data not shown). Results are expressed as number of
CTCs/10° PEMCs.

Study design

This isa pilot feasibility study designed to evaluate the effect of lapatinib on HER2- positive
CTC counts in patients with MBC who present disease stabilization or response after the com-
pletion of prior therapy for metastatic disease. Secondary endpoints were to correlate the kinet-
ics of HER2- positive CTCs with response 1o treatment and the assessment of treatment-
induced toxicity. As a correlative study, EGFR expression on CTCs at baseline and on progres-
sion was also evaluated.

Statistical analysis

This isa pilot study aiming to demonstrate the effect of lapatinib on HER2-positive CTC
counts. $ince no prior experience exists for this approach, no formal sample size estimation
was carfied out,

Progression- free survival (PFS) was caleulated from the date of the study enrolment until
the date of the first evidence of disease and/or CTC progression. The Kaplan-Meier method
was used Lo plot the corresponding PFS curve. The distribution of values was tested by Kolmo-
gorov-Smirnov normality test Categorical variables were compared by Chi-square test, where-
as Wilcoxon signed rank test (2 related samples) was used to compare quantitative factors
between different time points, Statistical analyses were performed using IBM SPSS Statistics
version 20. P values were considered statistically significant at the 0,05 level,

Results
Patients

Seventy-six conseculive patients with MBC and disease stabilization or response following pre-
viows treatment were screened from September 2008 o November 2011, Twenty-eight (36.9%)
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were CTC-positive, 23 (30.3%) had at least one HER2-positive CTC and 22 patients were en-
rolled into the study. The last patient was enrolled on November 2011 and the date of the last
follow-up was on February 2013, All patients were evaluable for toxicity and 21 for efficacy
analysis, A CONSORT flow diagram of the study is presented in Fig | Patients’ characteristics
are listed in Table 1. Median age was 62.5 years, 15 (68.2%) patients were post-menopausal and
20 (90.1%) had HER2-negative primary tumors, Twelve (54.5%) patients had visceral disease
and 11 {50%) had received 2 or more prior lines of treatment for advanced disease.

Effect of lapatinib on HER2-positive CTCs

A median of 130 HER2-positive CTCs (range 1-617) per patient were detected at baseline
among the 21 evaluable patients; HER2 expression (Fig 2) was evident in 93.45% of the total
number of CTCs detected in these patients.

At the end of the first treatment cycle, a decrease in HER2- positive CTC counts was ob-
served in 14 (66.6%) patients (95% C.1: 42.9%-90.1%); the median percentage of decrease per
patient was 100% (range, 45-100%). In 5 (23.8%) patients, HER2-positive CTC counts in-
creased and in one (4.8%) remained stable (Fig 3). In one (4.8%) patient although blood sample
was not available for CTC analysis after the end of the first cycle, treatment with lapatinib was
continued due to lack of clinical disease progression. At the end of the second treatment cycle,
HER2-positive CTCs declined in 16 (76.2%) of 21 patients (95% C.I: 58.0%-94.4%). The medi-
an timeto nadir counts was 1 month (range, 1-5 months). Total CTC and HER2-positive CTC
counts during treatment in all patients are presented in Table 2 Furthermore, Fig 4 depicts the
patient-specific trajectories of HER2-positive CTCs.

Twao patients had HER2-positive primary tumors and both had received prior trastuzumab-
based therapy (# 8 and #12, Table 1). In both patients CT'C levels were also reduced significant -
ly by the end of the first and second cycle of treatment (Table 2). After the completion of the
first and second cycles of treatment, a median of 2 (range 0-542) and 2 (range 0-513) HER2-
positive CTCs were identified per patient, respectively (p =0.103and p = 0.013, post-first and
post-second cycles, respectively, compared to the baseline values) (Fig 5). On the other hand,
no differencein the median number of HER2-negative CTCs per patient was evident between
baseline and post-first (p = 0,625) or post-second cycle (p = 0L156).

Effect of lapatinib on CTCs according to outcome

A total of 120 treatment cycles were administered (median 4 cycles per patient, range 0.6-
27.4). At the time of data cut-off, treatment had been discontinued in 12 (57%) patients due to
disease progression, in six (28.6%) due to CTC progression, in one (4.8%) due to both clinical
and CTC progression and in one due o toxicity; one patient was still on reatment and one
withdrew consent after 3 cycles prior to the documentation of disease or CTC progression. Dis-
ease evaluation, revealed stable disease as best response in 11 (52.4%) patients (95% C.I:
31.02%-73.74%) and progressive disease in 10 (47.6%) (Table 2); no objective responses Lo
lapatinib treatment were observed. Median PFS was 4.0 months (range, 1.1-27.4 months, 95%
CI 2471-5462) and the 1-year PFS rate was 14.3%. A Kaplan-Meier estimate of PFSis pre-
sented as a curve in Fig 6. In seven (33.3%) of 21 patients treatment was administered for a pe-
riod of 6-27.4 months (Table 2).

In patients with clinically stable disease, a median of 105 HER2-positive CTCs per patient
(range 10-305) were detected at baseline. After the completion of the first and second cycles of
treatment, HER2-positive CTC counts declined to a median of 0 per patient at both time-
points (range 0-500 and 0-175, respectively) (post-first, p = 0.193 and post-second, p = 0.018)
(Fig 7A). On the contrary, in patients with clinical disease progression, no statistically
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Assessed for eligibility (n =76 )

Excluded (n=34)

Not meeting inclusion criteria (n=54)

# CTC negative patients (n=48)

# Patients with HER2 negative CTCs (n=5)

» Declined to participate (n=1)

Entered the study (n=22)

Received treatment (n=22)

Lost to follow-up {n=0}

Discontinued treatment (n=21)

« Disease progression (n=12)

o CTC increase (n=6)

* Disease progression and CTC increase (n=1)

# Consent withdrawn (n=1)

» Toxicity (n=1)

Pts analyzed for toxicity (n=22)
Pts analyzed for efficacy (n=21)

Fig 1. CONSORT flow diagram of the study.
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Table 1. Patient charmacteristics.

Patients

n=22 %
Age
Meadian (min-max) 825 (37-T7)
Menopausal status
Pre-mancpausal T aa
Post-menopausal 15 682
HER2 status of primary tumar
Pasitive 2 a1
Megative 20 80.1
Hormone receptor status
ER positive PR positive 14 636
ER positive PR nagafive 4 182
ER negative PR positiwa 2 8.1
Uknawn 2 a1
Disease sites
Viscaral 12 55
Mon-viscaral 10 455
Mumber of prior regimens
1 1 500
=2 1 500
Prior hormone therapy in the metastatic setting
Yes 20 808
Mo 2 a1

doi10. 137 1foumal pone.0 123683001

significant differences were observed between the baseline HER2-positive CTC counts and the
counts after the completion of the first (p =0.275) or second (p = 0.250) cycles of treatment

Fig 7B).

Evaluation of HER2 and EGFR expression on CTCs at baseline and on
progression
HER2and EGFR expression on CTCs was evaluated at baseline and on progression (either
clinical or CTC progression) in 19 out of 21 patients; one patient was still on treatment at the
tirme of data cut-off and the other withdrew consent while clinically stable and in CTC re-
sponse, The number of HER2-positive CTCs remained decreased at the end-of-treatment sam-
ple (median 95 per patient, range 0-513) albeit the difference was not significant compared to
the baseline values (p = 0.409). The mean percentage of HER2-negative CTCs increased from
2.4% (range, 0-19.4%) per patient to 30.6% (range, 0-100%) in the end of treatment sample
(p = 0.03). In addition, 21.05% of patients harbored HER2-negative CTCs at baseline, com-
pared to 52.94% on progression (p = 0.667), whereas, seven (36.8%) patients had exclusively
HER2-negative CTCs, Moreover, 33.04% of the total CTCs detected on progression were
HER2-negative (compared to only 1.4% at baseling).

Separate cytospins were evaluated at the same time- points for EGFR expression; all CTC-
positive patients had EGFR-positive CTCs on progression compared to 62.5% at baseline
(p = 0.054). In addition, both the median number as well as the median percentage of EGFR-
positive CTCs per patient increased from 1 and 2% at baseline, to 4 and 87% on the progression

PLOS ONE |DOI1:10.1371joumalpone. 0123683 June 17, 2015 7716
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K HER: L MERGE

Fig 2. A representative picture of CTCs detected on a patient’s cytospin. Calls ware doubla stained
using A45 B/B3 (green), HER2 (red) antibodies, and DAPI (blue) and evaluated by immunofiuorescence
microsoopy. Prasented is a HER2-negative CTC in comparison with two HERZ -pogfve CTCs.

doit0L 137 tfoumal pane) 123683002

sample, respectively, albeit the differences were not statistically significant. Similarly, the ratio
of EGFR-positive CTCs/total CTCs detected in all patients increased from 17.1% at baseline to
37.6% on progression.

Toxicity

Twenty-two patients were evaluable for toxicity. The most common adverse events of any
grade were fatigue, diarthoea and rash reported in 10 (45.4%), 12 (54.5%) and seven (31.8%)
patients, respectively (51 Table). Nausea and vomiting occurred in six (27.3%) patients, where-
as paronychia and epistaxis was recorded in four (18.2%) patients each. In general, the toxicity
profile of the regimen was easily manageable. One patient presented colitis and gastritis of
grade 1T on day 17 of cycle 1 that persisted despite dose reduction, In this patient, treatment
was discontinued before the completion of the first eycle, Another patient withdrew consent
after the completion of cyele 3 because of rash, stomatitis and diarchea all grade IT in severity.

Discussion

CTCs have been shown Lo persist after previous therapy both in early and metastatic disease
and their presence is predictive of subsequent disease recurrence [19.20,24]. These cells are
deemed resistant to treatment and are possibly involved in tumor regrowth. Therefore, there is
an unmet need to identify effective therapies and new therapeutic targets in patients with “ther-
apy-resistant” CTCs.

A significant discordance between the molecular profile of the primary tumor and corre-
sponding metastases [25,26] as well as between the primary umor and corresponding CTCs
[12-15,27], has questioned the conventional approach of ireatment ad ministration according
Lo the characteristics of the primary tumor, In particular, it has been shown that HER2 amplifi-
cation may beacquired during breast cancer progression [ 12], whereas in other studies,

% change In HERZ+ CTCs

Patients

Fig 3. Waterfall plot of the % change in HERZ-positive CTC numbers in patients treated with |apatinib
{n=20) after the completion of the first treatment cycle as compared to the baseline; in one patient no
information on CTC counts was available.

doi-10. 137 1foumal pone) 123883,9003
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150 4

1004

No of HER2+ CTCs

Cycle of treatment

Fig 4. Patient-specific trajectories of HER 2-positive CTCs during the first 8 cycles of treatment. The trajectories of CTCs are marked red in patients
that discontinued treatment due to increase in CTC counts (n=6), gresnin cases with disease progression (n =12) and blue for both CTC increase and
disease progression (n =1). One patient withdrew consent (depicted in yellow) and one was still on treatmant at the ime of the analysis (purple).

d0:10.1371 fournalpane 0123683 004

clinically relevant discrepancies in HER2 expression on CTCs and in corresponding primary
tumors were reported [13,15,27]. On the other hand, CTCs are increasingly considered asa
“liquid biopsy” of the tumor at the time of blood sampling whereas HER2-positive CTCs have
been associated with poor clinical outcome in early breast cancer [17.28,29]. We have previous-
ly demonstrated the effectiveness of trastuzumab in eliminating CK-19 mRNA- positive CTCs
in breast cancer patients after prior chemotherapy exposure [30]. In the current study we fur-
ther demonstrate that lapatinib is effective in decreasing HER2-positive CTC counts in patients
with MBC irrespectively of the HER2 status of the primary tumor.

* 1
/]
g .. @
:
: -

Baseline End1st  End2nd

Fig 5. Box-plot of total HER2-positive CTC counts detected in the whole group of patients at baseline
and after the completion of the first and second treatment cycles. Shown are the median valuesz SD of
HER2-positive CTC numbers. HER2-positive CTCs declined from a madian of 130 per pasent (range 1-617),
toa madian of 2 (range 0-542) (p=0.103) and 2 per patient(range 0-513) at the end of the first and second
traatment courses, respactively (p =0.013). Boxas rapresentthe 25* and 75" parcentile; line within the

box shows the madian value (Whiskers: Tukey).
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Fig 6. Kaplan-Meier estimate of Progression-Free-Survival [PFS) in patients with metaststic breast cancer receiving lapatinib (n = 21).
daiz1 01371 foumalpona 0 23683 gl06

The decline in the levels of HER2- positive CTCs was an early effect of lapatinib treatment
since by the end of the first treatment cyele a reduction was observed in 14 (66.6%) patients
and the median time to nadir CTClevels was 1 month (range, 1-5 months). Moreover, lapati-
nib effectively decreased CTC counts in 2 patients with HER2-positive tumors despite prior ad-
ministration of trastuzumab -based therapy which could influence the effect of lapatinib. This
finding suggests that lapatinib can effectively target CTCs presenting resistance o trastuzomab.
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Fig 7. Box-plot of total HERZ-positive CTC counts detected in patients with stable disease (A) and
progressive disease (B) as best response to treatment at baseline and after the completion of the first
and second treatment cycles. Shown are fhe madian values + 50 of HER2- pasitiva CTC numbers. In
patients with stable disease CTCs dedined from a median of 105 par patient (range 10-305) at basslina to 0
(range 0-500) and 0 {range 0—~175), postirst (p =0.193) and post-second cycles (p = 0.018), respectively.
Mo significant differences in CTC counts were obse rved in patients with progressive disease. Boxes
reprasant tha 25" and ?Ehpamﬂila; line within the box shows the median value (Whiskers: Tukey).
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Similarly, in preclinical studies, lapatinib was effective against breast cancer with resistance to
trastuzumab [31] whereas, lapatinib added to capecitabine provided superior efficacy com-
parled to capecitabine alone in women with HER2-positive, MBC progressing after prior tras-
tuzumab-based therapy [32].

It shovuld be noted here that any alteration in CTC counts compared to the baseline values
was considered as a change and that this trial was not designed to determine which level of
CTC change could be clinically relevant. Moreover, due to the small number of patients includ-
ed in this trial, theabove results need to be confirmed in fature studies.

The number of HER2-positive CTCs detected in the whole group of patients was alsore-
duced significantly after the end of the second cycle of treatment. This effect was specific for
the HER2-positive CTCs, since HER2-negative CTC counts were not significantly altered.
When CTC kinetics was evaluated separately in patients with disease stabil ization or disease
progression, it was shown that HER2-positive CTCs declined significantly only in patients with
stable disease. This observation indicates that disease stabilization could be related tothe deple-
tion of the HER2-positive CTC population during treatment with lapatinib,

The monitoring of the molecular changes on CTCs during treatment with targeted agents
provides the unique opportunity to investigate the mechanisms that contribute to drug resis-
tance [33]. In the current study, the pool of HER2-positive CTCs was numerically lower in the
samples obtained on progression compared to the pre-treatment sample, although this differ-
ence was not statistically significant; on the other hand, HER2-negative CTCs counts increased
during progression. These observations suggest the emergence of a population of lapatinib-
resistant HER2-positive and HER2-negative CTCs potentially associated with disease
progression.

When BGFR expression was evaluated at the same time-points, it was shown that more pa-
tients harbored EGFR- positive CTCs on disease progression compared to the pre-treatment
sample and this difference showed a trend for statistical significance. In addition, the percent-
age of EGFR-positive CTCs per patient, as well as the ratio of EGFR-positive CTCs among the
total CTCs detected, was increased at the end-of- treatment sample, Ithas been shown that
lapatinib lacks efficacy in HER2-negative, EGFR-overexpressing inflammatory breast cancer
[34]. Inour study, the pool of HER2-negative CTCs was increased in the blood samples ob-
tained on progression. Thus, one could postulate that EGFR-positive/HER2 -negative CTCs
may contribute to lapatinib resistance.

No objective responses were observed in this cohort of patients. However, disease and/or
CTC-stabilization of 6-27 months duration were evident in seven out of 21 patients. Similarly,
lapatinib failed to induce clinical responses in patients with HER2 -negative MBC and HER2-
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positive [35] or BGFR-positive [36] CTCs. However, in the aforementioned study, one of seven
patients with HER2-positive CTCs presented disease stabilization lasting for 85 months [35].
In these trials lapatinib was administered in MBC patients progressing after prior reatment. In
addition, CTC characterization was performed by immunofluorescence staining for HER2 or
EGFR by using the fourth spare filter of the CellSearch System. In this trial we demonstrate the
feasibility of targeting CTCs resistant to previous therapy in non-progressing patients using a
CTC-directed approach as maintenance therapy. In addition, HER2 characterization was per-
formed by immunofl uorescent staining of CTCs isolated by density gradient centrifugation of
peripheral blood and not selected based on EpCam-positivity as is the case of the CellSearch
system,

A possible limitation of our study is that HER2- positivity was not scored quantitatively,
HER? expression was subjectively characterized as positive or negative according to the expres-
sion levels observed in the negative control. Moreover, the cut-off for patient eligibility was ar-
bitrarily set as the detection of at least one HER2-positive CTC. Finally, one could argue that
the observed effect of lapatinib on CTCs, does not necessarily imply that the drug is also clini-
cally effective in this setting; the differential kinetics of CTCs in progressing patients compared
to those with disease stabilization could simply reflect the natural course of the disease and
should not necessarily be assigned o the effect of lapatinib. Nevertheless, it should be also
noted that CTCs have been previously demonstrated to be a surrogate marker of treatment effi-
cacy [37].

The failure of lapatinib to induce clinical responses in the present as well in other studies
[35,36] designed totarget a marker present on CTCs rather than the primary tumor, should
not be considered as a failure of this strategy. We have previously shown that the administra-
tion of 6 cycles of trastuzumabin patients with HER2-negative early breast cancer harbouring
CK-19mBNA- positive CTCs both before and after the completion of adjuvant chemotherapy,
was associated with a significantly lower incidence of clinical relapses and a longer disease-free
survival compared to patients who received the standard of care [38]. Larger studies such as
the TREAT CTC trial (NCT01548677) in early breast cancer and the DETECT I11 trial
(NCTO1619111) in metastatic disease, will further investigate whether treatment individ ualiza-
tion according to the molecular characteristics of CTCs could be a practice changing approach
in breast cancer.

In conclusion, the results of this study demonstrate that lapatinib is effective in decreasing
HER2-positive CTC counts in patients with MBC, and that this effect is correlated with disease
stabilization, Furthermore they show that HER2-negative CTC counts increase on disease pro-
gression, The above observations imply that CTC isolation and molecular characterization
could be a novel tool for the real time phenotyping of tumor cells during treatment with tar-
geted agents. Moreover, our results suggest that tailoring therapy according to targets present
on CTCs could be clinically relevant in patients with breast cancer. To this end, standardized
assays and validated cut-ofs should be established in order to use these targets for the individu-
alization of treatment
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