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Vsak dan šteje
za bolnike z napredovalim 
karcinomom ledvičnih celic

Pfizer Luxembourg SARL, GRAND DUCHY OF LUXEMBOURG 51, Avenue J.F. Kennedy, L-1855
PFIZER, Podružnica Ljubljana, Letališka cesta 3c, 1000 Ljubljana, Slovenija
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BISTVENI PODATKI IZ POVZETKA GLAVNIH ZNAČILNOSTI ZDRAVILA

SUTENT 12,5 mg, 25 mg, 37,5 mg, 50 mg trde kapsule
Sestava in oblika zdravila: Ena kapsula vsebuje 12,5 mg, 25 mg, 37,5 mg ali 50 mg sunitiniba (v 
obliki sunitinibijevega malata). Indikacije: Zdravljenje neizrezljivega in/ali metastatskega malignega 
gastrointestinalnega stromalnega tumorja (GIST) pri odraslih, če zdravljenje z imatinibom zaradi 
odpornosti ali neprenašanja ni bilo uspešno. Zdravljenje napredovalega/metastatskega karcinoma 
ledvičnih celic (MRCC) pri odraslih. Zdravljenje neizrezljivih ali metastatskih, dobro diferenciranih 
nevroendokrinih tumorjev trebušne slinavke (pNET), kadar gre za napredovanje bolezni pri odraslih 
(izkušnje z zdravilom Sutent kot zdravilom prve izbire so omejene). Odmerjanje in način uporabe: 
Terapijo mora uvesti zdravnik, ki ima izkušnje z uporabo zdravil za zdravljenje rakavih bolezni. GIST 
in MRCC: Priporočeni odmerek je 50 mg peroralno enkrat na dan, 4  tedne zapored; temu sledi 
2-tedenski premor (Shema 4/2), tako da celotni ciklus traja 6 tednov. pNET: Priporočeni odmerek 
je 37,5 mg peroralno enkrat na dan, brez načrtovanega premora. Prilagajanje odmerka: Odmerek 
je mogoče prilagajati v povečanjih po 12,5 mg, upoštevaje individualno varnost in prenašanje. Pri 
GIST in MRCC dnevni odmerek ne sme preseči 75 mg in ne sme biti manjši od 25 mg; pri pNET je 
največji odmerek 50 mg na dan, z možnimi prekinitvami zdravljenja. Pri sočasni uporabi z močnimi 
zaviralci ali induktorji CYP3A4 je treba odmerek ustrezno prilagoditi. Pediatrična populacija: 
Uporaba sunitiniba ni priporočljiva. Starejši bolniki (≥ 65 let): Med starejšimi in mlajšimi bolniki 
niso opazili pomembnih razlik v varnosti in učinkovitosti. Okvara jeter: Pri bolnikih z jetrno okvaro 
razreda A in B po Child-Pughu prilagoditev odmerka ni potrebna; pri bolnikih z okvaro razreda 
C sunitinib ni bil preizkušen, zato njegova uporaba ni priporočljiva. Okvara ledvic: Prilagajanje 
začetnega odmerka ni potrebno, nadaljnje prilagajanje odmerka naj temelji na varnosti in 
prenašanju pri posameznem bolniku. Način uporabe: Zdravilo Sutent se uporablja peroralno, bolnik 
ga lahko vzame s hrano ali brez nje. Če pozabi vzeti odmerek, ne sme dobiti dodatnega, temveč naj 
vzame običajni predpisani odmerek naslednji dan. Kontraindikacije: Preobčutljivost na zdravilno 
učinkovino ali katerokoli pomožno snov. Posebna opozorila in previdnostni ukrepi: Bolezni kože 
in tkiv: obarvanje kože, gangrenozna pioderma (običajno izgine po prekinitvi zdravljenja), hude 
kožne reakcije (multiformni eritem (EM), Stevens-Johnsonov sindrom (SJS) in toksična epidermalna 
nekroliza (TEN)). Če so prisotni znaki EM, SJS ali TEN, je treba zdravljenje prekiniti. Krvavitve v 
prebavilih, dihalih, sečilih, možganih; najpogosteje epistaksa; krvavitve tumorja, včasih s smrtnim 
izidom. Pri bolnikih, ki se sočasno zdravijo z antikoagulanti, se lahko redno spremlja celotna krvna 
slika (trombociti), koagulacijski faktorji (PT / INR  ) in opravi telesni pregled. Bolezni prebavil: poleg 
diareje, navzee/bruhanja, bolečine v trebuhu, dispepsije, stomatitisa/bolečine v ustih in ezofagitisa 
tudi hudi zapleti (včasih s smrtnim izidom), vključno z gastrointestinalno perforacijo. Hipertenzija: 
pri bolnikih s hudo hipertenzijo, ki je ni mogoče urediti z zdravili, je priporočljivo začasno prenehanje 
zdravljenja. Hematološke bolezni: zmanjšanje števila nevtrofilcev, trombocitov, anemija. Bolezni 
srca in ožilja: srčno-žilni dogodki, vključno s srčnim popuščanjem, kardiomiopatijo in motnjami v 
delovanju miokarda, v nekaterih primerih s smrtnim izidom. Sunitinib povečuje tveganje za pojav 
kardiomiopatije. Podaljšanje intervala QT: previdna uporaba pri bolnikih z znano anamnezo 
podaljšanja intervala QT, tistih, ki jemljejo antiaritmike, in tistih z relevantno, že obstoječo srčno 
boleznijo, bradikardijo ali elektrolitskimi motnjami. Venski in arterijski trombembolični dogodki; 
arterijski včasih s smrtnim izidom. Dogodki na dihalih: dispneja, plevralni izliv, pljučna embolija 

ali pljučni edem; redki primeri s smrtnim izidom. Moteno delovanje ščitnice: bolnike je treba med 
zdravljenjem rutinsko spremljati glede delovanja ščitnice vsake 3 mesece. Pankreatitis, tudi resni 
primeri s smrtnim izidom. Hepatotoksičnost, nekateri primeri s smrtnim izidom. Holecistitis, vključno 
z akalkuloznim in emfizemskim holecistitisom. Delovanje ledvic: primeri zmanjšanega delovanja 
ledvic, odpovedi ledvic in/ali akutne odpovedi ledvic, v nekaterih primerih s smrtnim izidom. Fistula: 
če nastane fistula, je treba zdravljenje s sunitinibom prekiniti. Oteženo celjenje ran: pri bolnikih, 
pri katerih naj bi bil opravljen večji kirurški poseg, je priporočljiva začasna prekinitev zdravljenja s 
sunitinibom. Osteonekroza čeljustnic: pri sočasnem ali zaporednem dajanju zdravila Sutent in 
intravenskih bisfosfonatov je potrebna previdnost; invazivni zobozdravstveni posegi predstavljajo 
dodatni dejavnik tveganja. Preobčutljivost/angioedem. Motnje okušanja. Konvulzije: obstajajo 
poročila, nekatera s smrtnim izidom, o preiskovancih s konvulzijami in radiološkimi znaki sindroma 
reverzibilne posteriorne levkoencefalopatije. Sindrom lize tumorja, v nekaterih primerih s smrtnim 
izidom. Okužbe: hude okužbe z ali brez nevtropenije (okužbe dihal, sečil, kože in sepsa), vključno 
z nekaterimi s smrtnim izidom; redki primeri nekrotizitajočega fasciitisa, vključno s prizadetostjo 
presredka, ki so bili včasih smrtni. Medsebojno delovanje z drugimi zdravili: (Študije so izvedli 
le pri odraslih.) Zdravila, ki lahko zvečajo koncentracijo sunitiniba v plazmi (ketokonazol, ritonavir, 
itrakonazol, eritromicin, klaritromicin ali sok grenivke). Zdravila, ki lahko zmanjšajo koncentracijo 
sunitiniba v plazmi (deksametazon, fenitoin, karbamazepin, rifampin, fenobarbital, Hypericum 
perforatum oz. šentjanževka). Plodnost, nosečnost in dojenje: Zdravila Sutent ne smemo 
uporabljati med nosečnostjo in tudi ne pri ženskah, ki ne uporabljajo ustrezne kontracepcije, 
razen če možna korist odtehta možno tveganje za plod. Ženske v rodni dobi naj med zdravljenjem 
z zdravilom Sutent ne zanosijo. Ženske, ki jemljejo zdravilo Sutent, ne smejo dojiti. Neklinični 
izsledki kažejo, da lahko zdravljenje s sunitinibom poslabša plodnost samcev in samic. Vpliv na 
sposobnost vožnje in upravljanja s stroji: Sutent lahko povzroči omotico. Neželeni učinki: 
Najbolj resni neželeni učinki (nekateri s smrtnim izidom) so: odpoved ledvic, srčno popuščanje, 
pljučna embolija, gastrointestinalna perforacija in krvavitve (npr. v dihalih, prebavilih, tumorju, 
sečilih in možganih). Najpogostejši neželeni učinki (ki so se pojavili pri vsaj 20 % bolnikov v 
registracijskih preskušanjih) so: zmanjšan apetit, motnje okušanja, hipertenzija, utrujenost, 
prebavne motnje (npr. driska, slabost, stomatitis, dispepsija in bruhanje), sprememba barve kože in 
sindrom palmarno-plantarne eritrodisestezije. Med najbolj pogostimi neželenimi učinki so hematološke 
motnje (nevtropenija, trombocitopenija in anemija). Ostali zelo pogosti (≥ 1/10) neželeni učinki so: 
virusne okužbe, hipotiroidizem, nespečnost, omotica, glavobol, dispneja, epistaksa, ustno-žrelna bolečina, 
kašelj, bolečina v trebuhu, glosodinija, bolečine v ustih, zaprtje, flatulenca, suha usta, gastroezofagealna 
refluksna bolezen, motnje pigmentacije, izpuščaj, eritem, alopecija, spremembe barve las, suha koža, 
bolečine v udih, mialgija, artralgija, mišično-skeletna bolečina, mišični krči, bolečine v hrbtu, bolečina v 
prsnem košu, vnetje sluznice, edem, pireksija, mrzlica, zmanjšan iztisni delež, zmanjšanje telesne mase. 
Način in režim izdaje: Predpisovanje in zdaja zdravila je le na recept, zdravilo pa se uporablja samo v 
bolnišnicah. Izjemoma se lahko uporablja pri nadaljevanju zdravljenja na domu ob odpustu iz bolnišnice 
in nadaljnjem zdravljenju. Imetnik dovoljenja za promet: Pfizer Limited, Ramsgate Road, Sandwich, 
Kent, CT13 9NJ, Velika Britanija. Datum zadnje revizije besedila: 23. 1. 2014
Pred predpisovanjem se seznanite s celotnim povzetkom glavnih značilnosti zdravila.

elektrolitskimi motnjami, je priporočljivo spremljanje EKG. Pred začetkom zdravljenja s 
Halavenom je treba popraviti hipokaliemijo in hipomagneziemijo in te elektrolite je treba 
občasno kontrolirati med zdravljenjem. Eribulina ne smemo dajati bolnikom s prirojenim 
sindromom dolgega intervala QT. To zdravilo vsebuje majhne količine etanola (alkohola), 
manj kot 100 mg na odmerek. Eribulin je pri podganah embriotoksičen, fetotoksičen in 
teratogen. Halavena se ne sme uporabljati med nosečnostjo, razen kadar je to nujno 
potrebno. Ženske v rodni dobi naj ne zanosijo v času, ko same ali njihov moški partner 
dobivajo Halaven, in naj med zdravljenjem in še do 3 mesece po njem uporabljajo 
učinkovito kontracepcijo. Moški naj se pred zdravljenjem posvetujejo o shranjevanju 
sperme zaradi možnosti nepopravljive neplodnosti. INTERAKCIJE: Eribulin se izloča do 
70 % prek žolča. Sočasna uporaba učinkovin, ki zavirajo jetrne transportne beljakovine, kot 
so beljakovine za prenos organskih anionov in beljakovine, odporne na številna zdravila, z 
eribulinom se ne priporoča (npr. ciklosporin, ritonavir, sakvinavir, lopinavir in nekateri drugi 
zaviralci proteaze, efavirenz, emtricitabin, verapamil, klaritromicin, kinin, kinidin, 
dizopiramid itd). Sočasno zdravljenje z indukcijskimi učinkovinami, kot so rifampicin, 
karbamazepin, fenitoin, šentjanževka, lahko povzroči znižanje koncentracij eribulina v 
plazmi, zato je ob sočasni uporabi induktorjev potrebna previdnost. Eribulin je blag 
inhibitor encima CYP3A4. Priporočljiva je previdnost in spremljanje glede neželenih 
učinkov pri sočasni uporabi  snovi, ki imajo ozko terapevtsko okno in se odstranjujejo iz 
telesa predvsem preko CYP3A4 (npr. alfentanil, ciklosporin, ergotamin, fentanil, pimozid, 
kinidin, sirolimus, takrolimus). NEŽELENI UČINKI: Povzetek varnostnega profila Neželeni 
učinek, o katerem najpogosteje poročajo v zvezi s Halavenom, je supresija kostnega 
mozga, ki se kaže kot nevtropenija, levkopenija, anemija, trombocitopenija s pridruženimi 
okužbami. Poročali so tudi o novem začetku ali poslabšanju že obstoječe periferne 
nevropatije. Med neželenimi učinki, o katerih poročajo, je toksičnost za prebavila, ki se kaže 
kot anoreksija, navzea, bruhanje, driska, zaprtost in stomatitis. Med drugimi neželenimi 
učinki so utrujenost, alopecija, zvečani jetrni encimi, sepsa in mišičnoskeletni bolečinski 
sindrom. Seznam neželenih učinkov: Zelo pogosti (≥ 1/10): nevtropenija (57,0 %) (3./4. 
stopnje: 49,7 %), levkopenija (29,3 %) (3./4. stopnje: 17,3 %), anemija (20,6 %) (3./4. 
stopnje: 2,0 %), zmanjšan apetit (21,9 %) (3./4. stopnje: 0,7 %), periferna nevropatija 
(35,6 %) (3./4. stopnje: 7,6 %), glavobol (17,2 %) (3./4. stopnje: 0,8 %), dispnea (13,9 %) 
(3./4. stopnje: 3,1 %), kašelj (13,6 %) (3./4. stopnje: 0,6 %), navzea (33,8 %) (3./4. stopnje: 
1,1 %), zaprtost (19,6 %) (3./4. stopnje: 0,6 %), driska (17,9 %) (3./4. stopnje: 0,8 %), 
bruhanje (17,6 %) (3./4. stopnje: 0,9 %), alopecija, artralgija in mialgija (19,4 %) 
(3./4. stopnje: 1,1 %), bolečina v hrbtu (13,0 %) (3./4. stopnje: 1,5 %), bolečina v udu 
(10,0 %) (3./4. stopnje: 0,7 %), utrujenost/astenija (47,9 %) (3./4. stopnje: 7,8 %), pireksija 
(20,4 %) (3./4. stopnje: 0,6 %), zmanjšanje telesne mase (11,3 %) (3./4. stopnje: 0,3 %). 
Pogosti (≥ 1/100 do < 1/10): okužba sečil (8 %) (3./4. stopnje: 0,5 %), pljučnica (1,2 %) 
(3./4. stopnje: 0,8 %), ustna kandidiaza, ustni herpes, okužba zgornjih dihal, nazofaringitis, 
rinitis, limfopenija (4,9 %) (3./4. stopnje: 1,4 %), febrilna nevtropenija (4,7 %) (3./4. stopnje: 
4,5 %), trombocitopenija (4,3 %) (3./4. stopnje: 0,7 %), hipokaliemija (6,1 %) (3./4. stopnje: 

HALAVEN 0,44 mg/ml raztopina za injiciranje (eribulin)
TERAPEVTSKE INDIKACIJE: Zdravljenje lokalno napredovalega ali metastatskega raka 
dojke, ki je napredoval po vsaj enem režimu kemoterapije za napredovalo bolezen vključno 
z antraciklinom in taksanom (adjuvantno zdravljenje ali zdravljenje metastatskega raka 
dojke), razen če to ni bilo primerno. ODMERJANJE IN NAČIN UPORABE: Halaven se daje 
v enotah, specializiranih za dajanje citotoksične kemoterapije, in le pod nadzorom 
usposobljenega zdravnika z izkušnjami v uporabi citotoksičnih zdravil. Odmerjanje: 
Priporočeni odmerek eribulina v obliki raztopine je 1,23 mg/m2 i.v. v obliki 2‑ do 5‑minutne 
infuzije 1. in 8. dan vsakega 21‑dnevnega cikla. Bolnikom je lahko slabo ali bruhajo. Treba 
je razmisliti o antiemetični profilaksi, vključno s kortikosteroidi. Preložitev odmerka med 
zdravljenjem: Dajanje Halavena je treba preložiti, če se pojavi kaj od naslednjega: absolutno 
število nevtrofilcev (ANC) < 1 x 109/l, trombociti < 75 x 109/l ali nehematološki neželeni 
učinki 3. ali 4. stopnje. Zmanjšanje odmerka med zdravljenjem: Za priporočila za 
zmanjšanje odmerka ob pojavu hematoloških ali nehematoloških neželenih učinkov glejte 
celoten povzetek glavnih značilnosti zdravila. Okvara jeter zaradi zasevkov: Priporočeni 
odmerek pri blagi okvari jeter (stopnje A po Child‑Pughu) je 0,97 mg/m2 v obliki 2‑ do 
5‑minutne i.v. infuzije 1. in 8. dan 21‑dnevnega cikla. Priporočeni odmerek pri zmerni okvari 
jeter (stopnje B po Child‑Pughu) je 0,62 mg/m2 v obliki 2‑ do 5‑minutne i.v. infuzije 1. in 8. 
dan 21‑dnevnega cikla. Pri hudi okvari jeter (stopnje C po Child‑Pughu) se pričakuje, da je 
treba dati še manjši odmerek eribulina. Okvara jeter zaradi ciroze: Zgornje odmerke se 
lahko uporabi za blago do zmerno okvaro, vendar se priporoča skrbno nadziranje, saj bo 
odmerke morda treba ponovno prilagoditi. Okvara ledvic: Pri hudi okvari ledvic (očistek 
kreatinina < 40 ml/min) bo morda treba odmerek zmanjšati. Priporoča se skrbno 
nadziranje varnosti. Način uporabe: Odmerek se lahko razredči z do 100 ml 0,9 % raztopine 
natrijevega klorida (9 mg/ml) za injiciranje. Ne sme se ga redčiti v 5 % infuzijski raztopini 
glukoze. Pred dajanjem glejte navodila glede redčenja zdravila v celotnem povzetku glavnih 
značilnosti zdravila ter se prepričajte, da obstaja dober periferni venski dostop ali prehodna 
centralna linija. Ni znakov, da bi eribulin povzročal mehurje ali dražil. V primeru 
ekstravazacije mora biti zdravljenje simptomatsko. KONTRAINDIKACIJE: Preobčutljivost 
na zdravilno učinkovino ali katerokoli pomožno snov. Dojenje. POSEBNA OPOZORILA IN 
PREVIDNOSTNI UKREPI: Mielosupresija je odvisna od odmerka in se kaže kot 
nevtropenija. Pred vsakim odmerkom eribulina je treba opraviti pregled celotne krvne slike. 
Zdravljenje z eribulinom se lahko uvede le pri bolnikih z vrednostmi ANC ≥ 1,5 x 109/l in s 
trombociti > 100 x 109/l. Bolnike, pri katerih se pojavijo febrilna nevtropenija, huda 
nevtropenija ali trombocitopenija, je treba zdraviti v skladu s priporočili v celotnem 
povzetku glavnih značilnosti zdravila. Hudo nevtropenijo se lahko zdravi z uporabo G‑CSF 
ali enakovrednim zdravilom v skladu s smernicami. Bolnike je treba skrbno nadzirati za 
znake periferne motorične in senzorične nevropatije. Pri razvoju hude periferne 
nevrotoksičnosti je treba odmerek prestaviti ali zmanjšati. Če začnemo zdravljenje pri 
bolnikih s kongestivnim srčnim popuščanjem, z bradiaritmijami ali sočasno z zdravili, za 
katera je znano, da podaljšujejo interval QT, vključno z antiaritmiki razreda Ia in III, in z 
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Odgovoren za trženje v Sloveniji: 
PharmaSwiss d.o.o., Brodišče 32, 1236 Trzin

telefon: +386 1 236 47 00, faks: +386 1 283 38 10

1,7 %), hipomagneziemija (2,9 %) (3./4. stopnje: 0,2 %), dehidracija (2,8 %) (3./4. stopnje: 
0,5 %), hiperglikemija, hipofosfatemija, nespečnost, depresija, disgevzija, omotičnost 
(7,9 %) (3./4. stopnje: 0,5 %), hipoestezija, letargija, nevrotoksičnost, obilnejše solzenje 
(6,0 %) (3./4. stopnje: 0,1 %), konjunktivitis, vrtoglavica, tahikardija, vročinski valovi, 
orofaringealna bolečina, epistaksa, rinoreja, bolečina v trebuhu, stomatitis (9,3 %) 
(3./4. stopnje: 0,8 %), suha usta, dispepsija (5,9 %) (3./4. stopnje: 0,2 %), gastroezofagealna 
refluksna bolezen, razjede v ustih, distenzija trebuha, zvišanje alanin‑aminotransferaze 
(7,6 %) (3./4. stopnje: 2,1 %), zvišanje aspartat‑aminotransferaze (7,4 %) (3./4. stopnje: 
1,5 %), zvišanje gama‑glutamiltransferaze (1,8 %) (3./4. stopnje: 0,9 %), hiperbilirubinemija 
(1,5 %) (3./4. stopnje: 0,3 %), izpuščaj, pruritus (3,9 %) (3./4. stopnje: 0,1 %), bolezni nohtov, 
nočno potenje, suha koža, eritem, hiperhidroza, bolečina v kosteh (9,6 %) (3./4. stopnje: 
1,7 %), mišični spazmi (5,1 %) (3./4. stopnje: 0,1 %), mišično‑skeletna bolečina in mišično‑
skeletna bolečina v prsih, mišična oslabelost, disurija, vnetje sluznice (8,3 %) (3./4. stopnje: 
1,1 %), periferni edem, bolečina, mrzlica, bolečina v prsih, gripi podobna bolezen. Občasni (≥ 
1/1.000 do < 1/100): sepsa (0,5 %) (3./4. stopnje: 0,2 %), nevtropenična sepsa (0,1 %) 
(3./4. stopnje: 0,1 %), herpes zoster, tinitus, globoka venska tromboza, pljučna embolija, 
hepatotoksičnost (1,0 %) (3./4. stopnje: 0.6 %), palmarno‑plantarna eritrodisestezija, 
hematurija, proteinurija, odpoved ledvic. Redki (≥ 1/10.000 do < 1/1.000): diseminirana 
intravaskularna koagulacija, intersticijska pljučna bolezen, pankreatitis, angioedem. Za 
popoln opis neželenih učinkov glejte celoten povzetek glavnih značilnosti zdravila. Vrsta 
ovojnine in vsebina: viala z 2 ml raztopine. Režim izdaje: H Imetnik dovoljenja za promet: 
Eisai Europe Ltd, European Knowledge Centre, Mosquito Way, Hatfield, Hertfordshire, 
AL10 9SN, Velika Britanija
HAL‑270614, julij 2014
Pred predpisovanjem in uporabo zdravila prosimo preberite celoten povzetek glavnih 
značilnosti zdravila!

Viri: (1) Povzetek glavnih značilnosti zdravila Halaven, junij 2014;  (2) Cortes J et al. 
Lancet 2011; 377: 914–23.

Prva in edina samostojna kemoterapija, 
ki v primerjavi z ostalimi možnostmi zdravljenja 
z enim zdravilom, pri bolnicah s predhodno že 
večkratno zdravljenim metastatskim rakom dojke, 
dokazano značilno podaljša celokupno preživetje.1,2

    NOVA SMER
DO PODALJŠANJA 
CELOKUPNEGA
        PREŽIVETJA

	 Halaven	(eribulin):	ne-taksanski	zaviralec	dinamike	mikrotubulov,	prvo	zdravilo	iz	
nove	skupine	kemoterapevtikov,	imenovanih	halihondrini.

	 Zdravilo	HALAVEN	je	indicirano	za	zdravljenje	bolnic	z	lokalno	napredovalim	ali	
metastatskim	rakom	dojke,	ki	je	napredoval	po	vsaj	enem	režimu	kemoterapije	
za	napredovalo	bolezen.	Predhodna	zdravljenja	morajo	vključevati	antraciklin	in	
taksan,	bodisi	kot	adjuvantno	zdravljenje	ali	za	zdravljenje	metastatskega	raka	
dojke,	razen	če	to	zdravljenje	za	bolnice	ni	bilo	primerno.1

	 Priporočeni	odmerek	1,23	mg/m2,	intravensko,	v	obliki	2-	do	5-minutne	infuzije,	
1.	in	8.	dan	vsakega	21-dnevnega	cikla.	

	 Ena	2	ml	viala	vsebuje	0,88	mg	eribulina.
	 Raztopina,	pripravljena	za	uporabo,	redčenje	ni	potrebno.
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Background. Positron emission tomography-computed tomography (PET-CT) using fluorodeoxyglucose (FDG) is 
increasingly used in the evaluation of patients with advanced renal cell carcinoma (RCC), primarily for staging pur-
poses. The aim of this paper is to perform a systematic review about the usefulness of PET-CT using FDG in response 
assessment after treatment with tyrosine-kinase inhibitors (TKIs) in patients with advanced RCC.
Materials and methods. The scientific literature about the role of PET-CT using FDG in the assessment of response 
to treatment with TKIs in patients affected by advanced RCC was systematically reviewed.
Results. Seven studies about the role of PET-CT using FDG in the response assessment after treatment with TKIs (essen-
tially sunitinib and sorafenib) in advanced RCC were retrieved in full-text and analysed, to determine the predictive 
role of this morpho-functional imaging method on patient outcome. 
Conclusions. To date, the role of PET-CT using FDG in evaluating the response to TKIs in metastatic RCC patients is 
still not well defined, partly due to heterogeneity of available studies; however, PET-CT reveals potential role for the 
selection of patients undergoing therapy with TKIs. The use of contrast-enhanced PET-CT appears to be promising for 
a “multi-dimensional” evaluation of treatment response in these patients. 

Key words: fluorodeoxyglucose; positron emission tomography; advanced renal cell carcinoma; tyrosine-kinase in-
hibitors; response to treatment

Introduction

Primary renal malignancies are relatively uncom-
mon tumours which can arise from either renal 
cortex or transitional epithelium of intra-renal uri-
nary tract and pelvis. Renal cell carcinoma (RCC) 

accounts for about 3% of all adult malignant neo-
plasms in the United States (the 14th most common 
malignancy worldwide in 2002), with an estimated 
incidence rate of 0.7–1.5 cases per 100 000 persons 
per year; renal pelvis malignancies are less com-
mon, with an estimated incidence rate of about 0.5 
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cases per 100 000 persons per year.1,2 Several risk 
factors, such as cigarette smoking, obesity, hyper-
tension, diabetes mellitus and reproductive factors, 
besides genetic predisposition (von Hippel-Lindau 
disease), have been identified for RCC, which 
may explain the high variability of incidence rates 
worldwide.3,4 Clear cell carcinoma is the most com-
mon histological subtype of RCC (82%), followed 
by papillary carcinoma (11%); chromophobe, col-
lecting duct carcinoma and unclassified RCC are 
far less common.5 

Early detection of the primary tumour is desired, 
but disease–related symptoms (like haematuria, 
flank pain, fever and weight loss) are non-specific, 
therefore about 20–30% of patients have metastatic 
disease at diagnosis, with an expected 5-year sur-
vival of approximately 10%. Microscopic metastat-
ic disease may also be apparent several years after 
curative nephrectomy.6-8 Patients with metastatic 
RCC are usually resistant to conventional cytotoxic 
chemotherapy agents and radiation therapy; effica-
cy of interleukin-2 and interferon alpha is limited, 
with an important toxicity burden. However, in a 
single centre experience, Motzer et al. have report-
ed a significant rise in 2-year-survival rate from 3% 
(without therapy) to 20% (after interleukin-2, inter-
feron alpha or both) in 670 patients with metastatic 
RCC.9 Selective multi target receptor tyrosine-ki-
nase inhibitors (TKIs), like sunitinib and sorafenib, 
have been recently approved as novel therapeutic 
antiangiogenetic agents for treatment of advanced 
RCC, with reported satisfactory results on progres-
sion-free survival and quality of life.10-13

Positron emission tomography – computed to-
mography (PET-CT) is a combined functional and 
morphological nuclear medicine imaging tech-
nique which uses radio-labelled substances (radi-
opharmaceuticals) to visualize particular metabol-
ic characteristics of either normal or pathological 
tissues. Fluorine-18-fluorodeoxyglucose (FDG) is a 
radioactive analogue of glucose, which is intrave-
nously injected to detect increased glycolytic activ-
ity in tumour tissues. Unlike most cancers which 
show intense accumulation of FDG, due to their 
high glucose metabolism, RCC shows variable 
intensity of FDG uptake; besides, physiological 
urinary excretion of FDG makes it difficult to as-
sess the metabolic activity of the primary tumour.14 
However, PET-CT using FDG performs better in 
the detection of distant metastases, with sensitiv-
ity and specificity values of 79% and 90%, respec-
tively, as reported on a recent meta-analysis, but 
with poorer performance on the detection of the 
primary neoplasm.15,16

More recently, PET-CT using FDG has been used 
more and more extensively to assess the treatment 
response to TKIs in patients with metastatic RCC; 
however, to date, a systematic evaluation of these 
studies does not exist in the literature. Therefore, 
the aim of our paper is to systematically and criti-
cally review the published data on this setting to 
assess the role of PET-CT using FDG in evaluating 
the treatment response to TKIs in patients with 
metastatic RCC.

Materials and methods
Search strategy

A comprehensive computer literature search of 
PubMed/MEDLINE, Scopus, and Embase data-
bases was carried out to find relevant published 
articles concerning the evaluation of treatment re-
sponse in patients with metastatic RCC undergo-
ing therapy with TKIs. We used a search algorithm 
based on a combination of the terms: (‘‘PET’’ OR 
‘‘positron emission tomography’’) AND (‘”kid-
ney” OR “renal”). No language restriction was 
used. The search was performed from inception 
to October 17th, 2012. To expand our search, refer-
ences of the retrieved articles were also screened 
for additional studies.

Study selection

Studies or subsets in studies investigating the role 
of PET-CT using FDG in patients with metastatic 
RCC undergoing therapy with TKIs were eligi-
ble for inclusion. Case reports, small case series, 
review articles, letters, editorials and conference 
proceedings were excluded. The following inclu-
sion criteria were applied to select studies for this 
systematic review:

PET-CT using FDG performed in patients un-
dergoing therapy with TKIs for metastatic RCC,

A sample size of at least 5 patients with meta-
static RCC who underwent PET-CT using FDG af-
ter treatment with TKIs, with available data about 
baseline pre-treatment PET-CT,

Available follow-up data about patient outcome, 
like progression-free survival (PFS) and/or overall 
survival (OS),

No data overlap (when possible duplicate stud-
ies were found; only the most complete article was 
included).

Two researchers (CC and GT) independently 
reviewed the title and abstract of the retrieved ar-
ticles, applying the above-mentioned selection cri-
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teria. Articles were rejected if clearly ineligible. The 
same two researchers then independently evalu-
ated the full-text version of the included articles to 
determine their eligibility for inclusion.

Data extraction

Information about basic study data (authors, jour-
nal, year of publication, country of origin), study 
design (prospective or retrospective), patient char-
acteristics (number of patients with metastatic 
RCC with PET-CT evaluation after therapy) and 
outcome data (PFS, OS) were collected. Only stud-
ies providing such complete information were in-
cluded.

Quality assessment

Two independent reviewers evaluated the meth-
odology of the selected studies using the Quality 
Assessment Tool for Diagnostic Accuracy Studies 
(QUADAS).17 This 14-items tool is composed by 
five items related to verification bias, three items 
related to review bias, two items relating to gener-
alizability and context and spectrum bias, and four 
to reporting. Reviewers, who were blinded to the 
purposes of the meta-analysis, recorded a score of 
“1” for “yes” and “0” for “no” for each of the 14 
items; all disagreements were resolved by means 
of consensus. Inter-rater reliability was also evalu-
ated.

Results
Literature search

The comprehensive computer literature search 
from PubMed/MEDLINE, Embase and Scopus da-

tabases revealed 1888 articles (Figure 1). Reviewing 
titles and abstracts, 5 articles were potentially eli-
gible for inclusion applying the selection criteria 
mentioned above and were retrieved in full-text 
version.18-22 Three additional studies were retrieved 
screening the references.23-25 One study was ulti-
mately rejected since the full-text version analysis 
revealed that only one patient underwent PET-CT 
for evaluation of response to therapy, while base-
line study was performed in all subjects.21 Most pa-
pers were excluded because they were not related 
to the main subject of this review. 

Seven studies, comprising a total sample size of 
137 patients with metastatic RCC, met all inclusion 
criteria and were included in this systematic re-

Table 1. Basic study characteristics

Authors Journal/year Country Study design Patients performing 
PET-CT Mean age %Male

Vercellino et al.22 Cancer Biother Rad 2009 France Prospective 12 59 83

Lyrdal et al.19 Nucl Med Commun 2009 Sweden Prospective 10 61 80

Minamimoto et al.24 Clin Nucl Med 2010 Japan Prospective 12 61.5 67

Revheim et al.25 Clin Oncol 2011 Norway Prospective 14 60 NR

Kayani et al.23 Clin Cancer Res 2011 UK Prospective 44 61 75

Ueno et al.20 BMC Cancer 2012 Japan Prospective 30 64 83

Khandani et al.18 Nucl Med Commun 2012 USA Prospective 26 59.5 73

NR = Not reported

Figure 1. Literature search.
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view. The characteristics of these studies are sum-
marized in Tables 1–3.

Quality assessment

Overall, the seven studies included in this system-
atic review have shown moderate methodological 
quality according to QUADAS. Studies scored be-
tween 7/14 and 11/14 with a median score of 9/14. 
The index test and the reference standard were 
often interpreted without blinding, and this repre-
sents the most critical issue about the methodologi-
cal quality of the included studies. 

Literature analysis

A preliminary prospective study about the useful-
ness of PET-CT using FDG in evaluating the early 
metabolic response to therapy with TKIs in patients 
with metastatic RCC was conducted by Vercellino 
et al.22 Twelve patients (overall 29 metastatic sites) 
were assessed with PET-CT at baseline and after 
the first cycle of sunitinib therapy was completed 
(at day 42): the metabolic response was assessed 
using European Organization for Research and 
Treatment of Cancer (EORTC) criteria, while CT 
(performed at day 84) was used to evaluate the 
morphological response according to Response 
Evaluation Criteria in Solid Tumors (RECIST).26,27 
Maximum Standardized Uptake Value (SUVmax) 
and percentage variation in SUVmax (%SUVmax) 
were considered on a lesion-based analysis to 
assess the entity of response to the treatment. 
Patients with metabolic partial response on post-
therapy PET-CT showed long PFS, but metabolic 
status was not predictive of clinical status at last 
follow-up: as the authors themselves stated, re-

sults were not statistically significant because of 
the small sample size. Increase of lesion size on CT 
was not predictive of progression: despite overall 
%SUVmax of -17%, the sum of lesion size remained 
unchanged. Particularly, in 2 patients with non-
significant SUVmax decrease, a slight (non-signifi-
cant) increase in lesion size, associated to reduction 
in tumour density, was associated to long PFS, pre-
sumably due to intralesional necrosis.

Lyrdal et al. studied 10 patients with histologi-
cally proven metastatic RCC (overall 52 lesions) 
and evidence of disease progression despite pre-
vious cytokine treatment, who underwent PET-
CT using FDG at baseline and 1–2 months after 
sorafenib therapy.19 Post-therapy glycolytic activ-
ity and percentage decrease in glycolytic activity 
were measured on both soft tissue and skeletal 
lesions; lesion diameter was assessed by using di-
agnostic CT. In all lesions, mean FDG uptake sig-
nificantly decreased to 75% compared to the initial 
values (71% in 39 soft tissue lesions and 82% in 13 
skeletal ones). Best responders, with a percentage 
decrease greater than 20%, had significantly better 
mean OS than patients with least response (18.1 vs. 
12.9 months); however, no significant correlation 
was observed between decrease in FDG uptake 
and PFS. A significant 20% decrease in soft tissue 
lesions diameter was observed on diagnostic CT. 
The authors demonstrate that PET-CT using FDG 
is a promising modality to evaluate response to 
sorafenib in both soft tissue and skeletal metasta-
ses of RCC; a clear advantage in comparison with 
RECIST evaluation was observed, since RECIST is 
limited to soft tissue lesions. 

Minamimoto et al. analysed a prospective series 
of 12 patients with a total of 42 metastatic RCC le-
sions undergoing either sorafenib (7 patients) or 

Table 2. Treatment and post-therapy PET/CT evaluation

Authors Therapy (n) Prior 
nephrectomy (%)

Patients performing  
post-therapy PET-CT scan

Post-therapy PET  
scan timing

Vercellino et al.22 Sunitinib (12) 10 (83) 12 1 cycle

Lyrdal et al.19 Sorafenib (10) 9 (90) 10 1 cycle

Minamimoto et al.24 Sunitinib (5) 
Sorafenib (7) 10 (83) 12 1 cycle

Revheim et al.25 Sunitinib (14) 13 (93) 13* 2 cycles

Kayani et al.23 Sunitinib (44) No 43** 1 cycle (43 pts) 
3 cycles (39 pts)

Ueno et al.20 Sunitinib (16) 
Sorafenib (14) 22 (73) 30 1 cycle

Khandani et al.18 Sorafenib (26) No 17 1 cycle

* Not performed in 1 patient because of rapid status deterioration  
** Not performed in 1 patient because of negative baseline scan
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sunitinib (5 patients) treatment; PET co-registered 
with contrast-enhanced CT (ceCT) was performed 
at baseline and after one cycle of therapy in all pa-
tients, to evaluate the early response and to predict 
PFS.24 According to EORTC 1999 criteria, patients 
were distinguished into metabolic partial re-
sponse (SUVmax decreased > 25%), stable disease 
(SUVmax change less than 25%) and progressive 
disease (SUVmax increased > 25%).28 PET and CT 
were consistent in defining disease status in 8 pa-
tients, mostly with stable disease. Only a moderate 
reduction in mean SUVmax was noticeable in both 
sunitinib- and sorafenib-treated patients, with no 
statistically significant differences in PFS between 
the two therapy subsets. However, significant dif-
ferences in PFS were confirmed between partial 
response and stable disease patients, as well as 
between partial response and progressive disease 
patients; besides, patients with PET-defined meta-
bolic response showed longer PFS than patients 
with metabolic progressive disease. 

Fourteen patients with metastatic RCC on-go-
ing first-line or second-line sunitinib treatment 
after cytokine and/or vascular endothelial growth 
factor (VEGF)-capture therapy failure were re-
viewed by Revheim et al.25 PET-CT using FDG was 
performed before and after two treatment periods 
in all but one patient with highly metabolic lung 
and nodal lesions, who showed rapid deteriora-
tion and poor prognosis before post-therapy PET-
CT examination could be obtained. The authors 
have found that patients with relatively low base-
line FDG uptake in targeted lesions (SUVmax < 
5) had significantly longer PFS than patients with 
relatively high baseline FDG uptake (SUVmax > 
5); moreover, patients with SUVmax < 5 showed 
improved outcome after 3 months of follow-up, 
compared with patients with SUVmax > 5. Partial 

metabolic response according to EORTC criteria 
well correlated with longer PFS; Motzer scoring 
system (poor vs. intermediate) did not signifi-
cantly correlate with either PFS or baseline FDG 
uptake. 

The relevance of sequential PET-CT using FDG, 
performed at various intervals after therapy with 
sunitinib in patients with newly diagnosed meta-
static RCC, as a surrogate marker of response to 
therapy was investigated by Kayani et al., as a part 
of a prospective phase II multicentre trial.23 Forty-
four patients underwent PET-CT at baseline; 43 of 
them repeated this examination after the first cycle 
(at 4 weeks) and 39 had a third PET-CT scan after 
the third cycle of sunitinib (at 16 weeks). Changes 
in SUVmax between the baseline and 4-weeks, as 
well as between the baseline and 16-weeks, were 
calculated and compared with outcome (PFS and 
OS) data. The authors have demonstrated that both 
a SUVmax higher than 7.1 and a higher number of 
active lesions (more than 8) at baseline were pre-
dictive of shorter OS. Furthermore, despite evi-
dence of metabolic response in 24/43 patients after 
one cycle of therapy and a median 22% reduction 
in SUVmax at the site of the previously most active 
lesion, there was no significant correlation between 
median reduction in SUVmax and PFS or OS, ir-
respective of the SUVmax at baseline. Similar re-
sults were obtained in 16/39 patients who showed 
metabolic response after the third cycle of therapy 
(16% reduction in SUVmax); however, a negative 
correlation was observed between disease progres-
sion and OS. Finally, a higher baseline SUVmax 
was negatively associated with metabolic response 
at both 4-weeks and 16-weeks scans (7.1 in meta-
bolic non-responders; 4.4 in metabolic responders), 
whilst 10/12 patients with disease progression on 
16-weeks PET-CT had been metabolic responders 

Table 3. FDG uptake quantification indexes and response

Authors Quantification indexes Partial response Stable disease Disease 
progression

Vercellino et al.22 SUVmax
%SUVmax 4 7 1

Lyrdal et al.19 SUVmax SUVmean NR 1 8

Minamimoto et al.24 SUVmax 
%SUVmax 12 6 3

Revheim et al.25 SUVmax 6 3 4

Kayani et al.23 SUVmax
%SUVmax 24 14 4

Ueno et al.20 SUVmax 12 10 8

Khandani et al.18 SUVmax  %SUVmax NR NR NR

NR =  Not reported
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after one cycle of therapy (that is, 4-weeks scan had 
no prognostic significance). 

A prospectively conducted study protocol by 
Ueno et al. on 30 histologically confirmed metastat-
ic RCC patients undergoing sunitinib or sorafenib 
treatment was evaluated by using PET-CT before 
treatment and after 1 month of therapy.20 SUVmax 
of all lesions was calculated to obtain the mean 
SUVmax of the individual patient on both base-
line and post-therapy examination; the mean ra-
tio of SUVmax change and mean ratio in lesion 
diameter change on CT were obtained to classify 
patients as good, intermediate or poor responders, 
and compared with mean PFS and OS for each re-
sponse group. Despite no complete response was 
obtained, an average reduction in mean SUVmax 
from baseline to post-therapy examination was 
observed (-18%; range -55 to 65%), and a slight re-
duction in mean lesion diameter (-6%; range -30 to 
30%), with no significant differences across sub-
types of tumour (clear cell vs papillary carcinoma). 
The Cox-analysis survival of good (lesion diameter 
sum not increased and SUVmax reduced > 20%), 
intermediate (lesion diameter sum not increased 
and SUVmax reduced < 20%) and poor respond-
ers (lesion diameter sum increased or appearance 
of new lesions) showed statistically significant dif-
ference in PFS as well as in OS. By using classical 
EORTC criteria for patient classification, instead, 
no association was observed between PFS and de-
gree of response. Authors demonstrate that using a 
combination of PET (metabolic response) and CT 
(tumour size response) criteria in spite of classical 
EORTC criteria could predict PFS and OS in these 
patients. 

Lastly, Khandani et al. have prospectively inves-
tigated eventual differences in the intensity of FDG 
uptake at baseline in clear cell and non-clear cell 
RCC, and whether changes in metabolic burden in 
targeted lesions could predict response to sorafenib 
in 17 patients.18 Therefore, PET-CT images were 
acquired at baseline and at completion of thera-
py, before nephrectomy was performed; baseline 
SUVmax and relative changes in SUVmax at post-
therapy scan were calculated for each patient and 
tumour subtype. Clear cell RCC patients showed 
lower SUVmax at baseline than non-clear cell RCC 
(3.9 vs. 7.9); an inverse correlation was found be-
tween the metabolic activity of clear cell RCC pri-
mary tumour at baseline and the degree of size re-
sponse to sorafenib on CT (correlation not found for 
non-clear cell RCC). Due to the limited sample size 
(13 clear cell and 4 non-clear cell RCC), only a weak 
inverse correlation was detected between relative 

change in SUVmax and tumour size response, sug-
gesting a limited relationship between metabolic 
effects of sorafenib and morphological changes on 
CT. Finally, no significant differences in the rate of 
recurrence and outcome measures were found be-
tween patients with high baseline SUVmax (> 4) 
and low baseline SUVmax (< 4).

Discussion

It is well known that FDG is physiologically excret-
ed by the urinary system, therefore hampering the 
accurate assessment of the primary renal lesion in 
terms of metabolic burden and aggressiveness, as 
well as interfering with the evaluation of response 
after targeted therapy. However, in recent years, 
PET-CT using FDG has played an increasingly im-
portant role in the management of patients affected 
by primary renal cell malignancies, specifically for 
the evaluation of metastatic lesions. In fact, as re-
ported by Wang et al. in a recently published meta-
analysis on fourteen studies, PET-CT using FDG is 
a reliable diagnostic tool for the detection of extra-
renal lesions of RCC, with pooled sensitivity and 
specificity values of 79% and 90%, respectively (in 
the same studies, the authors report a pooled sensi-
tivity and specificity of 62% and 88%, respectively, 
for renal lesions).16

Traditional therapeutic regimens with cyto-
toxic agents and/or radiation therapy fail in most 
patients with advanced RCC, with a significant 
toxicity burden; neither interleukin-2 nor inter-
feron alpha, alone or in association with cytotoxic 
drugs, show evidence of long-term efficacy in this 
setting, with no significant benefit on the survival 
and recurrence rate.29-32 Therapy with TKIs, alone 
or in combination with immune-chemotherapeutic 
agents is currently performed in patients with met-
astatic RCC, with satisfactory results.10-13 A recent 
Swedish register-based study has demonstrated a 
significant impact of the duration of first-line treat-
ment when sorafenib is used in sequential therapy 
with sunitinib in patients with RCC.33 Eichelberg 
et al. have shown that 50% patients with metastatic 
RCC, previously undergoing sorafenib with un-
satisfactory results, benefit from a secondary use 
of sunitinib, with a significant increase in progres-
sion-free survival from 8-10 to 17 months.34 

As demonstrated by our review, in the last 
three years PET-CT using FDG has been increas-
ingly performed to assess the therapeutic efficacy 
of TKIs (notably, sunitinib and sorafenib) in pa-
tients with metastatic RCC, irrespective of previ-
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ous treatments or nephrectomy. Reduction in FDG 
uptake from pre-therapy to post-therapy evalua-
tion is used by all selected studies as an estimate of 
treatment response: therefore, a baseline PET-CT 
examination showing significant metabolic activ-
ity within lesions is mandatory to correctly assess 
the response to therapy at the post-treatment scan. 
Within a prospective cohort of patients by Kayani 
et al., 43 patients from a total of 44 have undergone 
PET-CT after 1 cycle of sunitinib (4 weeks), since the 
remaining patient had a negative baseline scan.23 
Likewise, in the same study, 39 patients were re-
evaluated after 3 cycles of sunitinib (16 weeks): 
however, the lesion-based analysis of response had 
to exclude previous pathologic sites which showed 
a complete/near complete normalization of FDG 
uptake after 1 cycle of therapy. 

In all the selected studies outcome measures 
such as PFS and OS were included: authors com-
pared them among groups of patients derived in 
accordance to the disease status as assessed by post-
treatment PET-CT. A slight-to-moderate reduction 
in FDG uptake from baseline to post-therapy scan 
was observed in most patients, while only a minor-
ity of patients showed disease progression; a com-
plete metabolic response (i.e. complete normaliza-
tion of FDG uptake in all lesions in a single patient) 
was never achievable. Actually, in many studies, a 
good correlation was found between partial meta-
bolic response and PFS or OS, with the highest sur-
vival rates in patients showing the greatest reduc-
tion in SUVmax.19,20,24,25 Thus, PET-CT appears to 
show a high predictive value in the evaluation of 
response to therapy in both skeletal and soft tissue 
metastases of RCC. However, contradictory results 
arise from our literature analysis. In their pilot 
study, Vercellino et al. also have observed a longer 
PFS in patients with partial metabolic response 
rather than in patients with stable disease or pro-
gression; however, a statistical significance was not 
reached, presumably due to their small sample size 
(12 patients).22 Similarly, Khandani et al. detected 
only a weak inverse correlation between relative 
change in SUVmax and tumour size response, and 
no correlation with PFS or OS, in 13 patients with 
metastatic clear cell RCC.18 On a larger population, 
Kayani et al. have found no correlation between 
median reduction in SUVmax and PFS or OS, espe-
cially when PET-CT was performed after 1 cycle of 
therapy; as authors themselves state, the exclusion 
of patients with clinical or radiological progression 
from the sequential PET-CT analysis could have in-
fluenced these results somehow.23 Conversely, they 
found that higher SUVmax at baseline and higher 

number of lesions were predictors of shorter OS, as 
observed in other studies.18,25 

Increase in FDG uptake (i.e. a metabolic pro-
gression of disease) was associated with lower OS, 
though not always with a less favourable PFS.23 

Some studies have compared the predictive 
value of post-therapy PET-CT using FDG and 
clinical/morphological criteria and scores.19,20,24,25 
In these settings, post-therapy PET-CT performed 
better than clinical scores (Motzer score) or mor-
phological criteria (RECIST) in predicting PFS and 
OS, therefore resulting in a stronger prediction of 
response to treatment. As observed by Lyrdal et al., 
post-therapy PET-CT is more useful than RECIST 
criteria, particularly for the evaluation of skeletal 
lesions, as RECIST is limited to soft tissue lesions.19 
RECIST criteria exhibit significant limitations 
when response to cytostatic (like TKIs), rather than 
cytotoxic therapies (traditional chemotherapeutic 
agents, interferon), has to be evaluated, therefore 
emphasizing the role of metabolic changes on post-
treatment PET-CT in this setting. Furthermore, 
using a combination of metabolic activity assess-
ment (lowering in FDG uptake) and morphological 
changes (reduction in tumour size) better contrib-
utes to predict PFS and OS, rather than metabolic 
assessment alone.20 Reduction in lesion size is not 
an accurate predictor of good response, by itself: 
responding lesions sometimes showed an increase 
in size, despite extensive necrosis, evidence of low 
FDG uptake and high PFS.22 

Most authors have used SUVmax, which is an 
indirect estimate of the glycolytic activity in the 
most active pixel within the lesion, as an index 
to detect eventual changes in metabolic activity 
from baseline to post-treatment scan. The absolute 
(SUVdiff) or relative (SUVrel) variation in SUVmax 
have been used as they reflect the changes in the 
amount of vital tumour cells induced by therapy. 
However, active inflammation in sites of respond-
ing lesions could also accumulate FDG; this could 
partly explain the apparent low correlation with 
PFS and OS observed in some studies. 

Some studies showed a negative correlation be-
tween baseline SUVmax in the most active lesion 
and outcome.18,23,25 Higher baseline SUVmax and 
higher number of metabolically active lesions were 
significantly associated with greater risk of disease 
progression and poorer PFS or OS. Moreover, pa-
tients with higher baseline SUVmax showed a low-
er response rate than patients with lower baseline 
SUVmax, even after one cycle of therapy.23 

Interestingly, the efficacy of PET-CT in the pre-
diction of response to treatment and patient out-
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come was not affected neither by the therapeutic 
drug used (sorafenib vs. sunitinib), nor by the his-
tological subtype of tumour; only a slight differ-
ence in baseline SUVmax was observed, with lower 
mean values in clear cell RCC. Khandani et al. have 
found that changes in SUVmax weakly correlated 
with tumour size response only in clear cell RCC 
patients, while non-clear cell RCC did not; how-
ever, only 4 non-clear cell RCC patients were in-
cluded, therefore limiting the statistical relevance 
of the results.18 

Conclusions

The role of PET-CT using FDG in assessing the re-
sponse to TKIs in metastatic RCC patients is still 
not well defined, partly due to heterogeneity of 
available studies. However, PET-CT reveals po-
tential role for the selection of patients undergoing 
therapy with TKIs. The use of contrast-enhanced 
PET-CT appears to be promising for a “multi-di-
mensional” evaluation of treatment response in 
these patients. 
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Background. Positron emission tomography-computed tomography (PET/CT) with 18F-fluorocholine (FCH) is routinely 
performed in patients with prostate cancer. In this clinical context, foci of FCH uptake in the head or in the neck were 
considered as incidentalomas, except for those suggestive of multiple bone metastases. 
Results. In 8 patients the incidental focus corresponded to a benign tumour. The standard of truth was histology in 
two cases, correlative imaging with MRI in four cases, 99mTc-SestaMIBI scintigraphy, ultrasonography and biochemistry 
in one case and biochemistry including PTH assay in one case. The final diagnosis of benign tumours consisted in 3 
pituitary adenomas, 2 meningiomas, 2 hyperfunctioning parathyroid glands and 1 thyroid adenoma.
Malignancy was proven histologically in 2 other patients: 1 papillary carcinoma of the thyroid and 1 cerebellar me-
tastasis.
Conclusions. To the best of our knowledge, FCH uptake by pituitary adenomas or hyperfunctioning parathyroid 
glands has never been described previously. We thus discuss whether there might be a future indication for FCH PET/
CT when one such tumour is already known or suspected: to detect a residual or recurrent pituitary adenoma after 
surgery, to guide surgery or radiotherapy of a meningioma or to localise a hyperfunctioning parathyroid gland. In 
these potential indications, comparative studies with reference PET tracers or with 99mTc-sestaMIBI in case of hyperpar-
athyroidism could be undertaken.

Key words: FCH, PET/CT; incidentaloma; meningioma; pituitary adenoma; hyperparathyroidism; thyroid adenoma

Introduction 

Positron emission tomography-computed tomog-
raphy (PET/CT) with radiolabeled choline is be-
coming the first line nuclear medicine examina-
tion in patients with prostate cancer1, especially 
where there is evidence of biochemical recurrence.2 
11C-choline has low urinary excretion, which is fa-
vourable for detecting pelvic foci, but its routine 

use is not possible in centres lacking an on-site cy-
clotron. 18F-fluorocholine (FCH), which can be de-
livered as easily as 18F-fluorodeoxyglucose (FDG), 
has proven clinical utility for PET imaging of can-
cers with slow growth and low aggressiveness, fre-
quently missed with FDG.3

FCH is currently registered in several EU coun-
tries for the detection of bone metastasis in prostate 
cancer, which is currently its most frequent indica-
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tion for use. FCH foci can reveal secondary lesions 
of prostate cancer not only in the skeleton but also in 
soft tissue, and may be found in unexpected locations 
such as penis.4 But FCH foci may also correspond to 
other primary cancers3 or inflammatory lesions.5

Foci in the head or in the neck are unexpected in 
patients referred for prostate cancer.6 We reviewed 
the reports of FCH PET/CTs performed in our cen-
tres in patients with prostate cancer, to select those 
in which such foci have been reported. We then 
searched whether the origin and the nature of each 
focus has been characterised during follow-up. As 
FCH PET/CT is developing rapidly, we consider it 
is useful to share experience about the frequency 
of incidental FCH foci in the head or in the neck, 
about their possible benign non-inflammatory aeti-
ology and to speculate on a potential indication of 
FCH PET/CT in the management of those tumours, 
in comparison with other PET tracers according to 
a review of literature.

Patients and methods

The patients, referred for prostate cancer staging or 
restaging, were fasting  for 6-10 hours prior to FCH 
PET/CT. PET/CT was performed after intravenous 
injection of 200-300 MBq of FCH (IASOcholine®, 
Graz, Austria, or Advanced Accelerator Applicati- 
ons, Saint Genis-Pouilly, France), according to the 
body weight of the patient. Whole body acquisi-
tion was performed during two minutes for each 
of 9-10 bed positions, from midthigh to skull, us-
ing Siemens Biograph mCT or Philips TF16 PET/CT 

scanners. Whole body images were presented in the 
usual transaxial, coronal and saggital slices, for PET, 
CT and PET/CT fusion. 

In University Medical Centre Ljubljana, the re-
ports of FCH PET/CTs performed in prostate can-
cer patients were reviewed from 29th February 2012 
until 11th November 2012. FCH PET/CTs were per-
formed in compliance with Slovenian marketing 
authorisation granted to Iasocholine in April 2011.

In Hospital Tenon, in Paris, the reports of FCH 
PET/CTs performed in prostate cancer patients 
were reviewed from 12th November 2004 until 11th 
November 2012.  FCH PET/CTs were performed as 
part of two successive clinical studies (CH02 Eudra 
CT number: 2004-003019-21 and then Ichorpro 
EudraCT number 2007-004419-69) until November 
2009 and then in compliance with the French mar-
keting authorisation granted to Iasocholine in 
April 2010.

We searched for solitary or multiple lesion(s) in 
the head (including brain) or in the neck, excluding 
only images evocative of bone metastatic spread or 
non-focal uptake such as diffuse intense uptake by 
the thyroid gland or the physiologic FCH uptake 
by the salivary or the lachrymal glands. When such 
foci were visible in the head or in the neck, we re-
quested further data in order to try to characterise 
the lesions.

Results

In 8 patients referred to FCH PET/CT for prostate 
cancer, an incidental focus was found in the head 

TABLE 1. Patients with incidentaloma in the head or in the neck on FCH PET/CT performed for prostate cancer staging or restaging benign tumours

No. Age Prostate cancer setting for FCH 
PET/CT 

Incidental FCH uptake in head 
and neck region Diagnostic modality(ies) for characterisation

1. 78 Biochemical recurrence under HT Pituitary MRI: Macroadenoma of pituitary gland

2. 64 Biochemical recurrence after HT Pituitary MRI: Residual pituitary adenoma in the right side of 
sella turcica

3. 81 Biochemical recurrence after 
prostatectomy, under HT Pituitary Post-surgical histology: non-functioning pituitary 

adenoma

4. 72 Initial staging Frontal lobe MRI: Meningioma in the anterior cranial fossa

5. 70 Biochemical recurrence, under HT Between cerebellum and medulla MRI: Meningioma at the level of foramen magnum 
on the right side

6. 56 Initial staging Behind the left thyroid lobe
Serum PTH: 160 ng/L, ultrasonography and 99mTc-
SestaMIBI/123I scintigraphy: recurrent parathyroid 
adenoma at the same location

7. 75 Biochemical recurrence after high 
intensity focused ultrasound, no HT Behind the left thyroid lobe Serum PTH: 134 ng/L, calcemia: 2.6 mmol/L, normal 

serum calcidiol

8. 52 Biochemical recurrence after 
prostatectomy, under HT Left thyroid lobe Ultrasonography: multinodular thyroid gland. 

Cytology of the target nodule: thyroid adenoma

HT = hormonal treatment; PTH = parathyroid hormone; MRI = magnetic resonance imaging
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and neck region, which was finally diagnosed as 
corresponding to a benign tumour (Table  1). The 
standard of truth was histology in 2 cases, correla-
tive imaging with MRI in 4 cases, 99mTc-sestaMIBI 
scintigraphy, ultrasonography and biology in one 
case, biology including PTH assay in one case. 
There were 3 pituitary adenomas (Figure  1), 2 
meningiomas (Figure 2), 2 hyperfunctioning para-
thyroid glands (Figure 3) and 1 thyroid adenoma 
(Figure 4).

In 2 patients, the incidental focus corresponded 
histologically to a malignant lesion: 1 papillary car-
cinoma of the thyroid 45 mm in size and 1 cerebellar 
metastasis of a second primary cancer in the lung.

Discussion

To the best of our knowledge, the frequency of in-
cidentalomas discovered on FCH PET/CT in head 
or in the neck has never been published. It was es-
timated to be 1.9% in our series, a thyroid nodule 
being the most frequent cause of incidentaloma 
(41%). Actually, our survey showed that the men-
tion in the report of an incidental FCH uptake in 
the head or the neck led to further investigations 
in only 52% of cases. The variable impact of this 
discovery on patient management is probably due 
to the fact that, in patients with known prostate 
cancer, the characterisation of a brain lesion was 
considered more important than that of thyroid 
nodule or a focus in the thyroid bed. Overall the 
final diagnosis of those incidental foci which were 
further explored corresponded to a non-malignant 
lesion in 80% of cases (8/10).

The main limitation of this study is the fact that 
not all incidentalomas have been explored and that 
the final diagnosis of benign tumour is based on 
histology in only two cases (Table 1): one pituitary 
adenoma (patient #3) and one thyroid adenoma 
(patient #8). In the other cases, it has been set by a 
multidisciplinary medical team on follow-up data 
which were independent from FCH PET/CT.

Providing that those preliminary findings would 
be confirmed in larger series, we will briefly discuss 
if deliberately performing FCH PET/CT in patients 
presenting with or suspected of a benign tumour in 
the head or in the neck could be justified.

Pituitary adenomas

The pituitary gland has a moderately intense phys-
iologic uptake of FCH, as shown on PET/MRI7, 
although it has been neglected in some previous 

FIGURE 1. Positron emission tomography-computed tomography axial slice: 
Macroadenoma of pituitary gland that incidentally took-up 18F-fluorocholine 
(SUVmax 3.7).

FIGURE 2. Positron emission tomography-computed tomography axial slice: 
Meningioma in the anterior cranial fossa that incidentally took-up 18F-fluorocholine 
(SUVmax 3.7).
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11C-methionine and in contrast with FDG, FCH has 
the advantage of a low background activity in the 
brain cortex.

Meningiomas	

FCH uptake is faint in the normal brain parenchy-
ma, which permits PET/CT detection of gliomas, 

FIGURE 3. Positron emission tomography-computed tomography coronal slice: 
Adenoma of the parathyroid that incidentally took-up 18F-fluorocholine (SUVmax 3.4). 

FIGURE 4. Positron emission tomography-computed tomography axial slice: Thyroid 
adenoma that incidentally took-up 18F-fluorocholine (SUVmax 3.3).

articles using PET/CT.5 In the 3 cases of pituitary 
adenoma of our series, an intense tumour uptake 
was observed.

To the best of our knowledge, this is the first 
mention of this incidental finding on FCH PET/CT. 
In one case, unexpected recurrence of a resected 
adenoma, suspected on FCH PET/CT, was con-
firmed by MRI. An inflammatory reaction after the 
surgical resection cannot be ruled out but seems 
improbable after three years. In another case, a 
non-functioning pituitary adenoma was confirmed 
at surgery; the patient also had another incidental 
FCH focus in the left vocal cord which was dem-
onstrated to correspond to a calcified granuloma, 
confirming that inflammatory head and neck le-
sions can also show FCH uptake.5

The FDG uptake by functioning and non-func-
tioning pituitary adenomas had been documented 
by several case reports and one series of such cases.8 
FDG pituitary focus corresponded in most cases to 
macroadenoma and only rarely to microadenoma 
or malignancy.9 However, in case of adrenocorti-
cotrophic hormone (ACTH) or growth hormone 
(GH) producing microadenomas, FDG PET, as a 
complement to MRI, resulted in 12 positive read-
ings of 20 surgically verified pituitary microadeno-
mas.10 The potential superiority of aminoacid PET 
tracers 11C-tyrosine and 11C-methionine over FDG 
in the visualisation and therapy follow-up of pitui-
tary adenomas, in particular ACTH-secreting ad-
enomas has been demonstrated.11-13 PET imaging 
of prolactinomas and GH-secreting adenomas with 
11C-raclopride, a D2 radioligand, was proposed in 
the differential diagnosis with meningiomas and 
skull base neuromas and in treatment monitor-
ing.14 Somatostatin receptors (SSR) can also be 
over-expressed in functioning pituitary adenomas, 
in particular those which are ACTH-secreting. On 
the other hand, no incidental uptake by a pituitary 
adenoma on SSR PET/CT has been reported until 
now, probably due to the physiologic pituitary 
uptake of the somatostatin analogue labelled with 
68Ga. In contrast SSR-PET/CT performed in a delib-
erate search for the source of inappropriate ACTH 
serum levels may lead in rare cases to detecting a 
pituitary adenoma in an unexpected location.15-16

We conclude from our observations that a defi-
nite FCH uptake in the pituitary should lead to 
characterisation of a probable lesion, at least with 
MRI. If recurrence or persistence of a known pitui-
tary adenoma is suspected, it is doubtful whether 
FCH PET/CT will have any indication, or whether 
FDG should be preferred if PET/CT is indicated 
and 11C-labeled tracers not available. Similarly to 
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even in some low grade tumours, and also of men-
ingiomas5, as illustrated in the present study. It has 
been suggested that dynamic FCH PET acquisition 
can differentiate between those tumours.17 PET/
MRI may also be useful to distinguish between 
glioblastoma and meningioma that both showed 
moderately intense FCH uptake while it was faint 
in brain tumours of a lower grade.7

Detection of meningiomas with 11C-choline 
PET/CT was also reported.18 Relative to the con-
tralateral side, 11C-choline uptake was increased 
in all 7 meningiomas, whereas FDG uptake was 
decreased in 6 patients and increased in 1 of the 
2 patients with grade II meningiomas. 11C-acetate, 
another lipid PET tracer, showed high uptake in all 
20 meningiomas, in contrast to the low uptake in 
surrounding normal brain tissue19, whereas with 
FDG 17 foci appeared photopenic and 3 hyper-
intense. 13N-ammonia also had relatively greater 
uptake in 10 meningiomas when compared with 
FDG.20 Aminoacid PET tracers are also capable of 
demonstrating meningiomas: for delineation of 
gross tumour volume in stereotactic radiotherapy 
using 11C-methionine21, or in recurrent cases us-
ing 18F-fluoroethyltyrosine22, or in one patient re-
ferred to FDOPA PET for Parkinson’s disease.23 
Furthermore, imaging meningioma with SSR scin-
tigraphy has been reported for more than two dec-
ades and, more recently, a potential role for SSR 
PET/CT has been assessed, the detection rate being 
better than that of MRI.24

In conclusion, an intense incidental FCH uptake 
may lead to discovery of a meningioma; in pros-
tate cancer patients, this can have a major impact 
on their management since anti-androgen therapy 
would favour tumour development and put them 
at risk for neurological symptoms. It is clear that 
the field of view of the “whole-body” FCH PET/
CT acquisition should include the brain6 in case of 
prostate cancer. In case of a known meningioma, 
determination of metabolic volume prior to radio-
therapy or for surgery guidance is a valid indica-
tion for PET imaging. However many tracers can 
be used; for the moment, FCH may be seen as a 
newcomer.

Hyperfunctioning parathyroid glands 

To the best of our knowledge, FCH uptake by hy-
perfunctioning parathyroid glands has never been 
described before. In one recent case report, a para-
thyroid adenoma was discovered on 11C-choline 
PET/CT.25 The discovery of an incidental hyper-
functioning parathyroid gland on FDG PET has 

been reported.26-27 FDG has been proposed to stage 
parathyroid carcinoma, being more aggressive 
than adenoma or hyperplasia.28 Discrepant results 
have been reported with FDG in the detection of 
adenoma or hyperplasia, a very low sensitivity in 
two short series29,30 or, in comparison with 99mTc-
SestaMIBI, a better sensitivity (86% vs. 43%) but a 
lower specificity (78% vs. 90%)31; no recent series 
have been published. 11C-methionine is currently 
the PET competitor for the detection of parathy-
roid adenomas, with a patient-based sensitivity of 
81% and specificity of 70% according to a recent 
meta-analysis.32

In conclusion, in the case of patient #6, unex-
pected parathyroid tumours can be localised on 
FCH PET/CT, on basis of the anatomical location 
on CT of a cervical FCH focus. Such an inciden-
tal image should prompt biochemical work-up, 
including serum PTH assay (patient #7), as pro-
longed hyperparathyroidism will be detrimental 
in those elderly patients and requires medical or 
surgical treatment.

Whether localising hyperfunctioning parathy-
roid glands could become an indication for FCH 
PET/CT requires comparative studies vs. the refer-
ence functional imaging 99mTc-SestaMIBI/123I scin-
tigraphy and/or vs. 11C-methionine, the PET com-
petitor. FCH PET imaging will benefit from a better 
resolution than SPECT, and delivery will be easier 
than for 11C-methionine. But differential diagnosis 
with thyroid nodules taking-up FCH, as illustrated 
in our series, will be difficult, in particular in case 
of multinodular goitre, since dual isotope acquisi-
tion is not possible and subtraction technique will 
be very difficult.

Thyroid adenomas

Concerning FCH uptake by a benign thyroid nod-
ule, two cases similar to that of patient #8 have been 
reported recently.33,34 Numerous articles addressed 
the diagnostic value of incidental FDG uptake by 
a thyroid nodule. It actually corresponds to a non-
malignant origin in a majority of cases, 70%, 59% or 
65% as derived from two recent large series and a 
meta-analysis.35-37

The FCH foci in the thyroid gland previously 
reported in literature corresponded to benign ad-
enomas.33,34 However, in the present series 1 of 
the 2 incidental thyroid foci of FCH uptake which 
could be characterised corresponded to a papillary 
carcinoma. 11C-choline has even been proposed in 
the detection of thyroid carcinoma and its metasta-
ses, performing better than FDG in a preliminary 
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series of 4 patients.38 Therefore, it seems prudent 
that FCH uptake by a thyroid nodule prompts an 
adequate work-up to rule-out thyroid cancer.

In contrast it is unlikely that FCH may helpful 
in characterising a thyroid nodule as malignant or 
benign. Even FDG lacks specificity for the detec-
tion of cancer in a thyroid nodule and, since FCH 
usually detects less-aggressive tumours, it may be 
expected non-malignant nodules would take-up 
FCH even more frequently.

Cost and cost-effectiveness

In the present study, the detection of those inciden-
tal lesions per se implied no extra-cost since FCH 
PET/CT was indicated because of prostate cancer. 
In the above discussion, we then speculated that 
the present finding of FCH uptake in some of those 
incidentalomas could lead to a deliberate indica-
tion of FCH PET/CT in patients with a diagnosed 
or suspected benign tumour. In this case, the cost-
effectiveness of FCH PET/CT should be re-evaluat-
ed for each type of benign tumour, bearing in mind 
the cost of FCH PET/CT and of the alternative 
nuclear medicine examinations.39 Briefly, PET/CT 
with FCH is more expensive than with FDG, and 
PET/CT is usually more expensive than SPECT/CT 
due to the higher price of the machine, but this is 
not always true e.g. 111In-pentretrotide, somatosta-
tin receptor ligand for SPECT, one of the alterna-
tives for meningioma detection, is more expensive 
than FDG or FCH.

Conclusions

We described incidental FCH uptake in the head 
or in the neck, in 1.9% of the PET/CTs performed 
for staging or restaging prostate cancer. Some of 
those incidental FCH foci corresponded to malig-
nancies, but more frequently (80%) to various be-
nign tumours. In particular, for the first time, we 
observed FCH uptake in pituitary adenomas and 
in hyperfunctioning parathyroid glands. Such foci 
should be mentioned in the report, as meningi-
oma or hyperparathyroidism may directly impact 
on management of a patient with prostate cancer. 
Since FCH is taken-up by slow-growing malig-
nancies it could be expected that FCH PET/CT can 
detect benign tumours even more frequently than 
FDG PET/CT.

Furthermore, there might be a future indication 
for FCH PET/CT when one such tumour is already 
known or suspected: for post-operative control of 

a resected pituitary adenoma, to guide surgery or 
radiotherapy of a meningioma or to localise hyper-
functioning parathyroid glands. In those indica-
tions, comparative studies with reference PET trac-
ers could be undertaken, on basis of published case 
reports and the present preliminary series.
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Background. The aim of the study was to evaluate the clinical and imaging features of extraskeletal myxoid chon-
drosarcoma (EMC) including initial presentation, recurrence, and metastases.
Patients and methods. In this institutional review board-approved retrospective study, imaging features of 13 pa-
tients with pathologically proven EMC seen from August 1995 to December 2011 were analyzed. The group included 
3 women and 10 men and the mean age was 54 years (range 29-73 years). Imaging studies were evaluated by two 
radiologists in consensus. Location, size, and imaging features of primary tumors were recorded as well as the pres-
ence of recurrent disease and location of metastases. 
Results. Among 13 patients, 3 died during the timeframe of this study. Nine patients had primary tumor in the lower 
extremity, and average tumor size was 9.3 cm (range 3.3-18 cm). On MRI, primary tumors were hyperintense on T2, 
isointense to muscle on T1, and demonstrated peripheral/septal enhancement. Three patients had local recurrence 
and 12 had metastatic disease, with lung involvement being the most common. Tumor density on contrast enhanced 
CT ranged from 8.2 to 82.9 Hounsfield unit (HU). FDG-PET/CT imaging was performed in 3 patients. One patient had no 
FDG avid disease and 2 patients had metastatic disease with standard uptake values (SUV) of 2.8 and 7.4. The patient 
with intense FDG uptake demonstrated more solid appearing tumor burden and had the shortest survival.
Conclusions. EMC is a rare tumor that often occurs in the lower extremities and frequently metastasizes to the lungs. 
Increased tumor density and increased FDG uptake may be related to more aggressive disease.

Key words: extraskeletal myxoid chondrosarcoma; CT; MRI; FDG-PET/CT

Introduction

Extraskeletal myxoid chondrosarcoma (EMC) is 
a rare soft tissue tumor characterized by uniform 
spindle cells arranged in a reticular growth pat-
tern in abundant myxoid stoma.1,2 Considered to 
be slow growing, it generally arises in the deep 
soft tissues of the proximal limbs but several un-
usual sites such as the scrotum and finger have 
been documented.3-5 The typical appearance is of 
a lobulated mass composed of gelatinous nodules 
with internal fibrous septa.6 Although originally 

believed to be a variant of chondrosarcoma, the 
World Health organization has classified it as a 
tumor of uncertain differentiation due to its lack 
of cartilaginous differentiation.3 Additionally, 
cytogenetic studies have shown that EMC is a 
unique entity with a reciprocal translocation, 
t(9;22) (q22;q12), not seen in conventional skel-
etal chondrosarcoma.7-12 Despite being considered 
a low grade sarcoma with a prolonged clinical 
course, extraskeletal myxoid chondrosarcoma has 
been shown to have a high rate of local recurrence 
and metastasis.13
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The literature documenting the imaging fea-
tures of extraskeletal myxoid chondrosarcoma is 
limited. With rare exception, most of the radiol-
ogy literature has consisted of case reports or has 
been based on a single imaging modality with little 
evaluation of the imaging spectrum.3-6 The purpose 
of this study was to evaluate the imaging features 
of primary extraskeletal myxoid chondrosarcoma, 
as well as the imaging characteristics of local recur-
rence and metastatic disease. 

Patients and methods
Patients

In this institutional review board-approved retro-
spective study, the electronic medical records of 13 
patients with pathologically proven extraskeletal 
myxoid chondrosarcoma who were evaluated at 
our institution from August 1995 to December 2011 
were reviewed. No patients with pathologically 
proved EMC were excluded from the study. 

Image analysis

A systematic review of all imaging studies, includ-
ing baseline and follow-up studies, was performed 
by two radiologists with 8 and 13 years of experi-
ence in consensus. A total of 7 MRIs, 26 CTs, and 3 
FDG-PET/CT studies were analyzed. Four of the 13 
patients had MR imaging of their primary tumor at 
our institution. For these patients the location and 
size (largest dimension in two orthogonal planes) 
was documented. The T1, T2, and enhancement 
characteristics were noted. T2 images with and 
without fat saturation and STIR images were in-

FIGURE 1A. 64 year old male with slow growing extraskeletal myxoid chondrosarcoma. 
Axial T2 fat-saturated (FS) MRI demonstrates a large lobulated T2 hyperintense mass 
with T2 hypointense internal fibrous septa.

FIGURE 1B. Axial T1 fast spoiled gradient-echo (FSPGR) FS pre-contrast MRI shows 
that this tumor is isointenese to muscle on T1 weighted images. 

FIGURE 1C. Axial T1 FSPGR FS post-contrast MRI demonstrates peripherhal/septal contrast enhancement. (D). Axial contrast enhanced CT shows that 
this mass is slightly hypodense to muscle.

C D
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cluded when evaluating T2 characteristics of the tu-
mors. The same features were also evaluated in the 3 
patients with histologically proven local recurrence. 

Twelve patients had metastatic disease, with 
all undergoing contrast enhanced CT. Two radi-
ologists reviewed the sites and imaging features 
of metastases in consensus. The Hounsfield unit 
(HU) of the center of each primary, recurrent, and 
metastatic site was measured to determine if CT 
attenuation correlated with the classic pathologic 
description of abundant myxoid stroma. Density 
measurements were performed on lung metasta-
ses only if tumor opacity on mediastinal window 
images was greater than half the size of that seen 
on lung window images. This technique has been 
used in other studies to correlate CT attenuation 
of lung nodules with prognosis.14,15 FDG-PET/CT 
imaging was performed on three patients with 
metastatic disease who demonstrated progressive 
disease on diagnostic restaging CT scans and were 
enrolled in experimental clinical trials. On FDG-
PET/CT, the FDG avidity (standard uptake value 
[SUV]max) of the largest tumor was recorded.

Histopathologic and clinical correlation

The histology was reviewed by a single patholo-
gist from our institution with expertise in sarcoma. 
The following pathologic features were recorded: 
mitotic rate, necrosis, and tumor margin. It is im-
practical and unnecessary in clinical practice to his-
tologically confirm each metastatic site. However, 
at least one metastatic site in each of these patients 
was confirmed by biopsy. The remaining sites of 
disease were presumed to be metastatic if they 
showed unequivocal progression on imaging or if 
they showed treatment response consistent with 
the overall clinical picture. Other clinical features 
including primary presentation, treatment offered, 
recurrence or metastasis-free interval and outcome 
were also noted.

Statistical analysis

In order to study the effect of size of the primary tu-
mor on behavior of EMC, we correlated the tumor 
size (largest dimension in two orthogonal planes) 
with metastasis-free interval using Spearman cor-
relation. Since in our experience, the majority of 
EMCs occurred in the extremities, the extrem-
ity EMCs were compared with EMC in the torso 
for differences in size and metastasis-free interval 
(Mann-Whitney test). Non-parametric tests were 
used in order to minimize the effect of a few outly-

ing values. We originally intended to analyze the 
effect of size and location on recurrence-free inter-
val and survival; however, given the small number 
of patients with local recurrence and patients de-
ceased, we did not perform that analysis.

Results
Patients

The patient population consisted of 3 women and 
10 men, with a mean age of 54 years (range 29–73 
years) (Table  1). Nine patients had their primary 
tumor in the lower extremity. The site of primary 
tumor was in the pelvis for 2 patients and in the 
spine for 2 patients (Table 2). The average follow 
up interval was 40.5 months (range 7-194 months). 
One patient was lost to follow up. Three patients 
had locally recurrent disease and 12 patients had 
metastases. Three patients died during the time-
frame of the study, 1 was lost to follow up, and 9 
are still alive.

Imaging features of primary disease

The average tumor size was 9.3 cm (range 3.3‒18 
cm). All tumors were large and lobular, with no in-
ternal calcification. Four patients had MRI of the 
primary tumor. Tumors were isointense to muscle 
on T1, hyperintense to muscle on T2, and contained 
T2 hypointense internal septa. Primary tumors al-
so demonstrated peripheral/septal enhancement 
(Figure  1). Contrast enhanced CT imaging was 

FIGURE 1E. FDG-PET/CT images show no significant FDG uptake in numerous lung 
metastases. 
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available for 2 primary tumors which were slightly 
hypodense to muscle with HU measuring 23.4 and 
30.2 (Table 3).

Local recurrence

Three patients had locally recurrent disease. The 
average time to recurrence was 52.3 months (range 
4‒81 months). Surveillance imaging varied among 
patients but generally consisted of CT imaging 

every 3‒6 months. Of the three patients with local 
recurrence, one patient had routine MRI surveil-
lance every year while the other two patients had 
MRI based on their clinical situation. One patient 
had clinical symptoms that lead to an MRI while 
the other patient has local recurrence that was de-
tected on surveillance CT. Of note, MRI in this case 
revealed more extensive tumor burden which was 
underestimated on CT. In all cases, there was no 
statistically significant correlation between the size 
of the original tumor and recurrent disease. 

The appearance of recurrent disease was simi-
lar to that of primary disease. Masses were lobular, 
extremely T2 hyperintense, isointense on T1, and 
usually demonstrated T2 hypointense internal sep-
ta and peripheral/septal enhancement. The three 
patients also had contrast enhanced CT imaging of 
their local recurrence. Two patients had recurrent 
tumor that was isodense to muscle. The HU of the 
other patient’s recurrent tumor was 72.4. However, 
this tumor was immediately adjacent to a femoral 
prosthesis and measurement was compromised by 
substantial streak artifact. The density of this tu-
mor was likely closer to that of the patient’s meta-
static disease which measured 32.4 to 39.7 HU.

Metastatic disease

Twelve patients developed metastases. The aver-
age time between initial presentation and devel-
opment of metastatic disease was 7 months (range 
0‒93 months). Imaging follow up for patients var-

TABLE 1. Clinical features of patients with extraskeletal myxoid chondrosarcoma

Case Age Gender Primary 
site

Tumor 
size (cm)

Time to recurrence
(months)

Time from diagnosis to 
metastases (months)

Survival after 
diagnosis (months)

1 68 M Thigh 3.3 25

2 67 M Foot 4.2 40

3 53 M Thigh 7 50

4 43 M Thigh 9.5 0

5 29 M Calf 12 10 18

6 68 F Thigh 13 0

7 64 M Thigh 14 0 81

8 44 F Thigh 15 0

9 73 M Thigh 18 81 93 143

10 32 M Spine 4.3

11 59 F Spine 6.6 0

12 54 M Pelvis 8 4 4

13 62 M Pelvis 10 72 50  

F = female; M = male 

FIGURE 2. 54 year old male with extraskeletal myxoid chondrosarcoma. FDG-PET/CT 
imaging shows mild peripheral FDG uptake with an standard uptake value (SUV)max 
of 2.8 in a patient with mildly dense tumor burden. 
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TABLE 2. Location of metastatic disease

Site Total number of patients

Lung  
Pleura/parenchyma 12

Bone 3

Abdominal/pelvic nodes 2

Soft tissues 2

Mediastinal nodes 1

Peritoneum 1

Abdominal/pelvic viscera 0

FIGURE 3A. 29 year old male with unusually aggressive extraskeletal 
myxoid chondrosarcoma presenting in the calf. Axial FDG-PET/
CT demonstrating significant FDG uptake (SUVmax  7.4) in bone 
metastasis in a patient with high density tumor burden.

FIGURE 3B. Axial FDG-PET/CT also showing significant FDG 
uptake in pulmonary and pleural metastases.

ied but generally consisted of CT staging every 3 to 
6 months. There was no correlation between size of 
the primary tumor and metastasis free interval. All 
twelve patients had lung metastases, making it the 
most frequent site of tumor metastasis regardless 
of original tumor site (Table 2). Bone was the next 
most common site, though far less likely with only 
3 patients developing osseous metastases. Osseous 
metastases were lytic in all three, and in 2 of the 
3 patients were associated with a soft tissue com-
ponent. Abdominal or pelvic viscera, such as liver, 
spleen, pancreas, and kidneys, were not involved. 
Metastatic lesions demonstrated HU ranging from 
8.2 to 82.9, with median of 31.2 HU. No correlation 
was seen between tumor size and metastasis-free 
interval. No significant difference was seen in tu-
mor size or metastasis-free interval between EMC 
in the extremity or torso.

FDG-PET/CT imaging was performed on three 
patients with metastases who demonstrated pro-
gressive disease on diagnostic restaging CT scans 
and were enrolled in experimental clinical trials. 
One patient had non-FDG avid disease and anoth-
er patient had mild peripheral tumor uptake with 
an SUVmax 2.8 (Figure  1 and 2). The third patient 
had intense FDG avid disease with an SUVmax of 
7.4 (Figure 3). During the time period of this study, 
2 of these 3 patients died. The patient with intense 
FDG uptake was also the patient with solid appear-
ing metastatic disease (82.9 HU). This patient died 
within 18 months of diagnosis. The patient with no 
significant FDG uptake had low density metastases 
on contrast enhanced CT (33.6 HU), which is more 
typical of myxoid tumors, and died 81 months af-
ter diagnosis. The patient with mildly FDG avid 
disease had metastatic tumor measuring 41.0 HU. 
This patient is still a live, approximately 43 months 
after diagnosis. Table 4 summarizes the SUVmax, CT 
density, and survival after diagnosis for the three 
patients who obtained FDG-PET/CT imaging. 

FIGURE 3C. FDG PET study on October 2008 demonstrating tumor burden. (D). FDG PET 
study on December 2008 shows rapid evolution of tumor burden from October 2008. 
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with surgical resection. The 2 patients who did not 
receive surgery had pulmonary metastases at the 
time of presentation. Five patients received chemo-
therapy and radiation as additional treatment at 
some point during their illness. Two received only 
additional radiation therapy after surgery and 1 
received only additional chemotherapy. As men-
tioned, 1 patient demonstrated particularly aggres-
sive tumor. This patient had a wide local resection 
of his primary tumor and later went on to receive 
radiation and chemotherapy. 

Discussion

Extraskeletal myxoid chondrosarcoma is a rare ne-
oplasm. The radiology literature about this entity 
is sparse, and to our knowledge this is one of the 
first studies to report the entire imaging spectrum 
of primary, recurrent, and metastatic disease of pa-
tients from a single institution. 

Extraskeletal myxoid chondrosarcoma predom-
inantly occurs in the soft tissues of the lower ex-
tremities and has a prolonged clinical course.13 The 
mean age of the cohort was 54 years (range 29–73 
years), similar to other studies.2,13 Approximately 
54% of patients in this cohort had primary disease 
in the thigh, which is consistent with prior report-
ed studies. The average tumor size was 9.3 cm with 
a range of 3.3 to 18 cm (Table 1).

On MRI, all primary tumors were hyperintense 
on T2, isointense to muscle on T1, and demonstrat-
ed peripheral/septal enhancement. These results 

TABLE 3. Hounsfield units of primary, recurrent, and metastatic tumor burden

Case Primary Recurrence Mediastinal 
nodes

Abdominal 
nodes Retroperitoneum Lung Soft tissue Bone

1 29.4 25.7

2 11.0

3 20.3

4 14.0

5 61.1 82.9 56.4

6   8.2

7 23.4 21.2 33.6 21.4 26.8

9 72.4 39.7 34.8 32.4

11 30.2 38.1 20.0 53.2

12 41.0 37.3

13 32.2 16.9

Hounsfield units were measured in the center of the lesion on contrast enhanced CTs. If patients had multiple studies, the study with the largest tumor 
burden was used. For patients with multiple lung or nodal metastases, the average Hounsfield unit is provided. One patient had lung metastases that 
were too small to accurately measure. 

TABLE 4. Density and standard uptake value (SUV)max of patients with PET imaging

  Survival after 
diagnosis SUVmax HU

Case 7 81 0 33.6

Case 12 2.8 41.0

Case 5 18 7.4 82.9

Highest Hounsfield unit (HU) measured including primary, recurrent, or metastatic tumor 
burden on contrast enhanced CT. 

Histopathologic correlation

Eleven of the thirteen patients had wide local ex-
cision as part of their treatment. The two patients 
who were not treated surgically had pulmonary 
metastases at the time of presentation. Three tu-
mors demonstrated necrosis. Mitotic rate was gen-
erally low, ranging from 1‒4 per 10 high-power 
fields. Of note, the patient with intense FDG uptake 
showed high grade tumor. Histologically, tumor 
cells were arranged in a reticular architecture with 
abundant myxoid stroma. Tumors were composed 
of bland and uniform spindle cells with hyperchro-
matic nuclei and delicate eosinophilic cytoplasm. 
Fluorescence in situ hybridization (FISH) using 
break-apart probes showed EWSR1 rearrangement 
at 22q12 in one case (Figure 4).

Clinical correlation

Three patients died during the course of this study. 
All but 2 of the 13 patients were initially treated 
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differ from another study in which the T1 charac-
teristics were predominantly intermediate or high 
relative to muscle.6 This could reflect some degree 
of variability in the T1 appearance of the tumor. 

FIGURE 4A. 62 year old male with extraskeletal myxoid 
chondrosarcoma in the pelvis. Axial contrast enhanced CT 
showing locally recurrent tumor in the left perineum that is 
isointense to muscle.

FIGURE 4B. Numerous, large lung metastases.

FIGURE 4C. The tumor shows a lobulated appearance. 

FIGURE 4D. The tumor cells are arranged in a reticular 
architecture with abundant myxoid stroma.

FIGURE 4E. The tumor is composed of bland and uniform spindle 
cells with hyperchromatic nuclei and delicate eosinophilic 
cytoplasm.

FIGURE 4F. Fluorescence in situ hybridization (FISH) using break-
apart probes shows EWSR1 rearrangement at 22q12. Note the 
separation of the red (centromeric) and green (telomeric) 
probes

High T2 signal and heterogeneous enhancement 
are similar findings to previously reported MRI 
characteristics of primary tumor.6 On contrast 
enhanced CT, primary tumors were isodense to 
slightly hypodense to muscle with no internal cal-
cification. Local recurrence occurred in three pa-
tients with similar imaging features to the primary 
tumor. Given that EMC can have a similar density 
to muscle on CT while appearing extremely hyper-
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intense on T2 weighted MRI, MRI seems to be the 
best modality for detecting primary disease and lo-
cal recurrence.

Twelve patients had metastatic disease, with 
all 12 having at least lung metastases. Bone and 
nodal involvement was present in several patients. 
Interestingly, abdominal visceral involvement 
was not seen. These findings are similar to a prior 
study which showed that lung metastases were the 
most common site of metastatic disease.2 The total 
number of patients in our study with metastases 
was higher than a previous study which reported 
13 out of 42 patients either presenting with or de-
veloping metastases during an average follow up 
period of 7.4 years.13 The higher level of metastases 
in our cohort could be due to the fact that our in-
stitution is a tertiary care hospital that is a referral 
center for complicated cases. 

Three out of 13 patients died in this study popu-
lation. This corresponds to the low grade nature of 
EMC and previous reports of an overall survival 
of 100% at 5 years and 88% at 10 years.13 One of 
the patients who died had a particularly aggressive 
form of the disease. This patient was the young-
est at 29 years and only lived 18 months after di-
agnosis. Imaging findings in this patient were 
somewhat different than the other patients. On 
CT, the patient’s tumor was more solid appearing 
(82.9 HU) than that of other patients. It was also 
FDG avid with an SUVmax of 7.4. Two other patients 
had FDG-PET/CT imaging. Their tumors were ei-
ther not FDG avid or only mildly so. Their disease 
burden demonstrated lower Hounsfield unit val-
ues and a more protracted clinical course which 
is typical of EMC. This raises the possibility that 
tumor density on contrast enhanced CT and FDG-
PET could provide useful prognostic information. 
FDG-PET uptake has already been shown to have 
prognostic significance in other types of conven-
tional chondrosarcoma.16 This is not to suggest that 
FDG-PET/CT imaging should be done in all cases 
of EMC, but rather that it may be useful in patients 
where there is concern about tumor aggressiveness 
and in patients with tumor burden that is hyper-
dense to muscle on contrast enhanced CT. 

Our study has several limitations. First, the sam-
ple size was small due to the rarity of the disease, 
particularly in a single institution. Second, some 
patients presented to our institution after initial 
imaging and treatment were performed at an out-
side hospital. Imaging of the primary tumor was 
therefore not available for some of these cases. 
Despite the limitations of this study, our findings 
raise the hypothesis that tumor density on contrast 

enhanced CT and FDG-PET uptake may correlate 
with clinical behavior. This requires further explo-
ration. Furthermore, although it is a rare tumor, 
EMC should be included in one’s differential for ex-
traskeletal soft tissues masses which display little to 
no internal calcification, peripheral/septal enhance-
ment, and increased T2 prolongation. Imaging of 
the chest is also crucial given the frequency of lung 
metastases in patients with this tumor. 
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Background. RCC accounts for only 2–3% of all cancers. Due to its’ non-specific symptoms disease is often diag-
nosed in advanced stage. Disseminated RCC frequently produces bone metastases that are almost always highly 
destructive, hyper vascularized and purely osteolytic. 
Case report. In this article we describe a case of a 71-year old male patient with disseminated osteoblastic bone 
metastases from renal cell carcinoma (RCC), and present a short review of published literature reporting cases of os-
teoblastic bone metastases from RCC. Our patient presented with thoracic pain aggravated by movement. He was 
diagnosed with predominantly osteoblastic bone metastases in the skeleton of thoracic and lumbar vertebra along 
with metastases in iliac bones, ribs, humerus and clavicles. Initially, origin of bone metastases was unknown, but later 
a small tumor in patient’s right kidney was identified. Microscopic evaluation of the open bone biopsy showed clear 
cell RCC with sarcomatoid differentiation. 
Conclusions. Although, due to its’ rarity, RCC is not included in the primary differential diagnosis in patients with 
osteoblastic metastases, such rare cases suggest that RCC may be considered in the diagnosis when there no other 
primary tumor is found.

Key words: renal cell carcinoma; osteoblastic bone metastases

Introduction 

Renal cell carcinoma (RCC) accounts for 2–3% of 
all cancers.1 Due to non-specific symptoms disease 
is often diagnosed relatively late. Approximately 
one third of patients with newly diagnosed RCC 
already have metastatic disease.2 Metastases to the 
bones are frequent and occur in 35% to 40% of cas-
es with advanced RCCs.3 Usually, these metastases 
are highly destructive, hypervascular and osteo-
lytic.3 In a series of 1668 patients with RCC all de-
tected bone metastases were exclusively osteolytic 
prior to the initiation of therapy.4 It is well known 
that specific therapies, such as radiotherapy may 
induce sclerotic changes in osteolytic bone lesions.  

To our knowledge there are only six cases of 
patients with osteoblastic metastases from RCC 
reported in the literature: two involving well dif-
ferentiated RCC5,6; two involving RCC with sarco-
matoid differentiation7,8; one mixed clear cell with 
oncocytic features8 and one unclassified type.8 In 
this article we represent a case of osteoblastic bone 
metastases from clear cell RCC with sarcomatoid 
differentiation.

Case report

71-year old male was admitted to emergency de-
partment due to a chest pain that was aggravated 
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by moving or breathing. Patient also had unex-
plained weight loss of 22 kg in the last 3 months. 
Medical history included arterial hypertension, di-
abetes and chronic kidney disease. Laboratory data 
showed normocytic anemia, elevated inflammatory 
parameters, elevated alkaline phosphatase and cre-
atinine. Chest X-ray did not show any abnormali-
ties. Initially, pulmonary embolisms were suspect-
ed, but chest computer tomography angiography 
(CTA) did not show any abnormalities in the lungs. 
Abdominal ultrasound examination found already 
known adrenal adenoma with no other abnormali-
ties. As attending physician was suspicious of ma-
lignant disease patient was hospitalized. During 
hospitalization 18F-fluorodeoxyglucose PET/CT 
imaging was done which revealed disseminated 
predominantly osteoblastic metastatic lesions in 
thoracic (Figure  1) and lumbar spine (Figure  2), 
iliac bones (Figure 3), ribs, humerus and clavicles. 
However, primary tumor was not identified initial-
ly. For further characterization magnetic resonance 
imaging (MRI) was planned, but unfortunately it 
was contraindicated due to more than 20 years old 
osteosynthetic material present in the lumbar ver-
tebra. A CT guided biopsy of small osteoblastic le-
sion in the iliac crest was ordered. Unfortunately, 
biopsy was inconclusive, since it showed only a 
fatty bone marrow without any malignant cells. 
Finally, patient underwent an open bone biopsy 
of large osteoblastic lesion in the eleventh thoracic 

A

B

FIGURE 1. A. CT scan shows osteoblastic metastasis in the anterior part of thoracic 
vertebral body (arrow); B. PET-scan shows that the lesion is metabolically active 
(arrow).

A

B

C

DFIGURE 2. A and C. CT scan shows osteoblastic metastases in lumbar vertebral bodies 
(arrows); B and D. the same lesions show metabolic activity on PET-scan (arrows).



Radiol Oncol 2014; 48(3): 243-246.

Salapura et al. / Osteoblastic bone metastases from renal cell carcinoma 245

vertebra. Microscopic evaluation of the open bi-
opsy showed clear cell RCC with sarcomatoid dif-
ferentiation (Figure 4). 

Afterwards patient was presented to medical 
oncologist. Control CT scan confirmed a small car-
cinoma in the right kidney (Figure 5) with diffuse 
bone metastases, which were predominantly os-
teoblastic. Additionally, numerous new tiny lung 
metastases were found leaving no suspicion that 
primary tumor was not in the lungs. His prostate 
specific antigen was 0.3 ng/ml and therefore it was 
very unlikely that osteoblastic metastases were 
from prostate cancer. At presentation patient had 
several poor-prognosis risk factors (WHO perfor-
mance status 2-3, anemia and time from initial di-
agnosis to the start of treatment less than 1 year), 
which indicated short life expectancy. He was of-
fered treatment with mammalian target of rapamy-
cic (mTOR) inhibitor temsirolimus. Unfortunately, 
despite treatment with temsirolimus patient grad-
ually deteriorated and after two months of treat-
ment CT scan showed progression of disease in his 
lungs. Few weeks later patient died. 

Discussion

The most common cancer types that metastasize 
to the bones are prostate, breast, lung cancer and 
RCC.9 When osteoblastic bone metastases are found 

in an adult male patient the most likely origin of 
malignancy is prostate cancer. However, when 
osteoblastic bone metastases are found in conjunc-
tion with an enhancing renal mass, the more likely 
pathology is urothelial carcinoma. Urothelial car-
cinoma such as transitional cell carcinoma com-
monly metastasizes to bones and can produce both 
osteolytic and osteoblastic metastases.10 RCC al-
most always produces osteolytic metastases and is 
therefore usually not considered in the differential 
diagnosis of osteoblastic metastases. However, ad-
vanced RCC can present with osteoblastic metasta-
ses as was also found in our case. 

RCC is made up of a number of different histo-
logical subtypes and each is caused by alterations 
of different genes. The common sites of metastases 
are lung, liver, bones, adrenals and lymph nodes.11 
Some RCCs are associated with unfavorable his-
tological features such as sarcomatoid differentia-
tion, which indicate aggressive behavior.  Our and 
two previously published case reports8,9 of patients 

FIGURE 3. A. CT scan shows multiple osteoblastic metastases in 
the right iliac bone (arrow); B. PET-scan confirms these lesions to 
be metabolically active metastatic lesions (arrow).

A

B

A

B

C

D

E

F

FIGURE 4. A. Metastasis of the RCC in the bone: cells with copious clear cytoplasm 
and nuclei with prominent, eosinophilic nucleoli; bone trabecule is in the bottom 
part of the field; H&E 40x; B. More spindled tumor cells, »sacomatoid« differentiation; 
H&E, 40x; C. Positivity for CAM5.2; IHC CAM5.2, 20x; D. Positivity for RCC; IHC RCC, 
40x; E. Positivity for PAX8, IHC PAX8, 20x; F. Positivity for Vimentin; IHC Vimentin, 40x.
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with osteoblastic bone metastases from RCC re-
ported sarcomatoid differentiation in bone metas-
tases. This shows that sarcomatoid differentiation 
in bone metastases from RCC can be associated 
with osteoblastic metastases.

Patients with metastatic RCC of bone have ex-
pected median survival of around 12 months; sur-
vival of those with sarcomatoid differentiation can 
be even worse.12,13 Now, the outlook is changing 
thanks to the advancements in targeted molecular 
therapy and cytoreductive nephrectomy.11 RCC is 
an immunogenic tumor that has ability to manipu-
late and suppress the natural immune system. The 
primary tumor might suppress the antitumor ef-
fect of the host defense mechanism and divert the 
immune cells away from the distant metastases.14 

Hence, removal of primary tumor (cytoreductive 
nephrectomy) together with additional immu-
notherapy can augment the host immune system 
thereby producing better survival and quality of 
life.11

New imaging techniques are also being de-
veloped. A recent study presented the first clini-
cal validation of a molecular imaging biomarker 
for malignancy. It was shown that highly malig-
nant clear cell RCC can be identified using (124) 
I-girentuximab PET/CT imaging with high sensi-
tivity and specificity.15 

With the progression in diagnostics, surgery, 
new radiotherapy techniques and the discovery of 
the new biological therapies which are more effec-
tive and less toxic, major changes of the therapeu-
tic results are expected. In spite of this, RCC still 
remains a big challenge for the future research.16

Conclusions

In this article we presented a rare case of RCC with 
predominantly osteoblastic metastases. Although, 
due to its’ rarity, RCC is not included in the primary 
differential diagnosis in patients with osteoblastic 
metastases, such rare cases suggest that RCC may 
be considered in the diagnosis when there no other 
primary tumor is found. Especially, as survival of 
patients with metastatic RCC continues to increase 
due to new therapies, we may begin to see unusual 
radiologic characteristics of metastases, (such as 
osteoblastic metastases) more often. Ongoing re-
search in treatment and imaging will help to opti-
mize management of metastatic RCC in the future. 
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Background. The purpose of this study was to determine the effect of two clinically relevant radiation doses on the 
susceptibility of mouse skeletal muscle to remodeling.  
Materials and methods. Alterations in muscle morphology and regulatory signaling were examined in tibialis an-
terior and gastrocnemius muscles after radiation doses that differed in total biological effective dose (BED). Female 
C57BL/6 (8-wk) mice were randomly assigned to non-irradiated control, four fractionated doses of 4 Gy (4x4 Gy; BED 
37 Gy), or a single 16 Gy dose (16 Gy; BED 100 Gy). Mice were sacrificed 2 weeks after the initial radiation exposure.  
Results. The 16 Gy, but not 4x4 Gy, decreased total muscle protein and RNA content. Related to muscle regenera-
tion, both 16 Gy and 4x4 Gy increased the incidence of central nuclei containing myofibers, but only 16 Gy increased 
the extracellular matrix volume. However, only 4x4 Gy increased muscle 4-hydroxynonenal expression. While both 16 
Gy and 4x4 Gy decreased IIB myofiber mean cross-sectional area (CSA), only 16 Gy decreased IIA myofiber CSA. 
16 Gy increased the incidence of small diameter IIA and IIB myofibers, while 4x4 Gy only increased the incidence of 
small diameter IIB myofibers. Both treatments decreased the frequency and CSA of low succinate dehydrogenase 
activity (SDH) fibers. Only 16 Gy increased the incidence of small diameter myofibers having high SDH activity. Neither 
treatment altered muscle signaling related to protein turnover or oxidative metabolism.  
Conclusions. Collectively, these results demonstrate that radiation dose differentially affects muscle remodeling, 
and these effects appear to be related to fiber type and oxidative metabolism.

Key words: extracellular matrix; irradiation; oxidative metabolism; regeneration; skeletal muscle 

Introduction

The maintenance of skeletal muscle mass and 
metabolic function are critical for health.1 Skeletal 
muscle is a highly heterogeneous, plastic tissue 
that possesses varying metabolic and contractile 
properties. Muscle morphology, fiber type, and 
oxidative capacity can be influenced by many fac-
tors including its microenvironment, nutrient sup-
ply, and contractile activity.1 The application of 
radiation to skeletal muscle can alter the response 
to overload and impair regenerative processes.2-5 
Radiation therapy is a common therapeutic mo-

dality for cancer6, and may contribute to muscu-
lar fatigue and weakness seen during treatment.7-9 
Many of the biological effects of radiation therapy 
are tissue specific10, but the molecular mecha-
nisms underlying tissue damage have not been 
clearly defined. Due to the post-mitotic state of 
skeletal muscle myofibers, basal muscle function 
has been commonly considered highly resistant 
to radiation.11,12 However, muscle contains many 
cell types that can influence the myofiber micro-
environment to disrupt homeostasis. Therefore, 
understanding the adverse effects of radiation on 
skeletal muscle metabolism is needed to improve 
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patient treatments and outcomes during radiation 
therapy. 

Skeletal muscle mitochondria play an important 
role in metabolic health and myofiber function.13 
Acute alterations to mitochondrial oxidative me-
tabolism have been reported following therapeu-
tic doses of radiation14, and can persist for up to 
40 weeks following irradiation.15 Recent work sug-
gests mitochondria may be susceptible to radiation, 
and may be a source of radiation-induced oxida-
tive stress.14-16 Radiation increases the production 
of reactive oxygen and nitrogen species, which can 
result in oxidative damage to various cellular com-
ponents. Specifically, radiation-induced free radi-
cal formation can result in protein oxidation, lipid 
peroxidation, and DNA damage.17 Skeletal my-
ofibers vary in metabolic function and susceptibil-
ity to oxidative stress18,19, which may influence the 
muscles response to radiation. However, despite 
increased oxidative damage and impaired mito-
chondrial function following radiation14,15, the sus-
ceptibility of skeletal muscle to radiation-induced 
oxidative stress is poorly understood.

In addition to myofiber metabolic properties, 
the total radiation dose applied may be a signifi-
cant variable in the disruption of muscle homeo-
stasis. Higher radiation doses impair muscle re-
generation2, attenuate overload-induced hyper-
trophy3-5,20,21, and alter the structure and function 
of skeletal muscle.11,12,22-24 However, fractionating 
radiation into smaller doses attenuates skeletal 
muscle amino acid release when compared to a sin-
gle larger dose.25 Despite the potential benefits of 
fractionation, lower radiation doses that are more 
clinically relevant can also impair skeletal muscle 
development26 and increase indices of muscle re-
modeling.27 Altered muscle plasticity following ra-
diation exposure has been attributed to impaired 
satellite cell activity.26,28,29 Satellite cell and myo-
blast proliferation are reduced with as little as 2 Gy 
radiation exposure.28-30 These changes are accom-
panied by the induction of oxidative stress and ap-
optosis.26,28,30,31 Although there is evidence to sug-
gest radiation dose can influence skeletal muscle 
remodeling, the role of skeletal muscle fiber type 
and metabolic capacity have not been determined.  

The purpose of this study was to determine the 
effect of two clinically relevant radiation doses 
on the susceptibility of mouse skeletal muscle to 
remodeling. We hypothesized radiation would 
induce muscle remodeling in a dose dependent 
manner and that glycolytic type IIB muscle fibers 
would be more susceptible to radiation-induced 
changes in size and distribution, when compared to 

more oxidative type IIA muscle fibers. Alterations 
in muscle morphology and regulatory signaling 
were examined in female C57BL/6 mouse tibialis 
anterior and gastrocnemius muscles after radiation 
doses that differed in total biological effective dose 
(BED). Mice were exposed to radiation with a sin-
gle (16 Gy; BED 100 Gy) or fractionated (4x4 Gy; 
BED 37 Gy) doses over a period of 2 weeks. 

Materials and methods
Animals

Twenty-four female C57BL/6 mice were pur-
chased from Jackson Laboratory (Bar Harbor, ME) 
and housed at the animal resource facility at the 
University of North Carolina-Chapel Hill. Mice 
were grouped housed, given access to food and 
water ad libitum, and kept on a 12-hour light-dark 
cycle. The study was approved by the Institutional 
Animal Care and Use Committee at the University 
North Carolina-Chapel Hill and was carried out in 
compliance with the Guide for the Care and Use of 
Laboratory Animals (National Institutes of Health, 
Bethesda, MD).  

Experimental design

At 8 weeks of age, mice were randomly assigned 
(n=8/group) to non-irradiated control, four fraction-
ated doses of 4 Gray (4x4 Gy; BED 37 Gy), or a single 
16 Gy dose (16 Gy; BED 100 Gy) based on the total 
biological effective dose (BED). Mice in the 16 Gy 
treatment received a single radiation dose on day 1. 
Mice in the 4x4 Gy treatment were exposed to frac-
tionated radiation doses every other day over a peri-
od of two weeks (Figure 1). This dosing strategy was 
designed to model normal tissue radiation exposure 
during the treatment of pelvic malignancies such 
as cervical cancer when treated with external beam 
radiotherapy, where muscles in each hip would be 
exposed to approximately half (up to 0.9 Gy per 
fraction) of the total dose that the tumor receives (54 
Gy in 30x1.8 Gy fractions). Specifically, the BED was 
calculated using the Fowler equation, accounting for 
dose-per-fraction and relative tissue sensitivity (α/β 
= 3). The calculated BED for the fractionated and sin-
gle dosing strategies of mouse-limb exposures are 
37 Gy and 100 Gy, respectively. By comparison, the 
BED exposure to each human-hip during treatment 
(30x0.9 Gy) is 35 Gy.32 Mice were sacrificed 2-weeks 
following the first radiation exposure. This time-
point was chosen to examine the acute effects that 
may develop following radiation exposure.33  
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Hindlimb irradiation

Radiation to the hindlimbs was performed as pre-
viously described, with slight modifications.27 
Animals were anesthetized with 4% isoflurane and 
placed in an irradiator device (X-RAD 320, North 
Branford, CT). Sedation was maintained with con-
stant 2.5% isoflurane administration throughout 
the procedure. The collimator was adjusted so 
the radiation field included only the region distal 
to the pelvis. Irradiation was performed with 320 
kV X-rays at a dose rate of 0.5 Gy/min for a total 
BED of 37 and 100 Gy. Control mice underwent the 
same procedure without radiation exposure.

Hindlimb grip strength

Prior to sacrifice, hindlimb grip strength was 
measured with the Grip Tester (Model 1027CSM; 
Columbus Instruments, Columbus, OH) with slight 
modifications as previously described.34 Mice were 
held with hindlimbs positioned on a horizontal 
grid connected to a force transducer. Mice were 
then pulled away from the grid until they could no 
longer maintain grip. Each mouse underwent two 
sets of five repetitions of force measurements with 
two minutes rest between each set. The highest and 
lowest force measurements from each set were re-
moved and an average force measurement for each 
mouse was calculated.  

Tissue collection

At the time of sacrifice, mice were euthanized by 
cervical dislocation. Hindlimb skeletal muscles 
were excised, snap-frozen in liquid nitrogen, and 
stored at -80°C until analysis. The tibia and femur 
were removed, cleaned of all soft tissue, and stored 
in ethanol until analysis.

Total muscle protein and RNA content

Total muscle protein and RNA content of the gas-
trocnemius muscle was determined according 
to Fleck and Munro as previously described.35,36 
Briefly, frozen muscle samples (~20 mg) were ho-
mogenized in 0.2M HClO4 and centrifuged (4°C at 
12,000 x g for 10 minutes). Following two washes 
in 0.2M HClO4, the remaining pellet was air dried, 
suspended in 0.3M KOH and incubated at 37°C 
overnight. An aliquot was removed and total pro-
tein concentration was determined by the Bradford 
method.37 To the remaining sample, 1.2M HClO4 
was added and centrifuged for 10 minutes at 4°C 

(12,000 x g). After centrifugation, the supernatant 
was removed and the pellet was washed twice 
with 0.2M HClO4, with subsequent superna-
tants removed and pooled with previous washes. 
Absorbance was read at 260 nm to determine total 
RNA concentration.

Tibialis anterior morphology 

Transverse muscle sections (~10 µm) were cut 
from the mid-belly of the tibialis anterior (TA) on 
a cryostat at -20°C and stored at -80°C until fur-
ther analysis. Hematoxylin and eosin (H&E) stain-
ing was performed on cross-sections to determine 
myofiber morphology as described previously.27,36 
H&E stained muscle sections were digitized at 
400X magnification and analyzed using a comput-
er with ImageJ imaging software (NIH, Bethesda, 
MD). Centralized nuclei, defined as a nuclei found 
equidistant from a well-defined sarcolemma, were 
quantified from these images, and were expressed 
as the percent of centralized nuclei per total muscle 
fibers. The extracellular matrix area was quanti-
fied as previously described.38 Images containing 
well-defined sarcolemma were traced and the ex-
tracellular matrix is expressed as the percentage of 
whole muscle.

Immunohistochemistry for myosin heavy 
chain type IIA and IIB

Immunohistochemistry for myosin heavy chain 
type IIA and IIB was performed as previously de-
scribed.39 Transverse sections of the TA were air 
dried for 10 minutes, fixed in cold acetone for 1 

FIGURE 1. Experimental Design. At 8-weeks of age twenty-four female C57BL/6 mice 
were randomly assigned to non-irradiated control, four fractionated doses of 4 Gray 
(4x4 Gy; BED 37 Gy), or a single 16 Gy dose (16 Gy; BED 100 Gy) based on the total 
biological effective dose (BED).  Mice were sacrificed 2-weeks after the first radiation 
exposure. All mice underwent sham or radiation exposure starting on day 1. Mice 
receiving fractionated doses (4x4 Gy) were irradiated every other day over a period 
of 2 weeks. Mice receiving a single radiation (16 Gy) were only irradiated on day 
1. Grip strength was performed in the morning prior to sacrifice. * = 4 Gy radiation 
exposure; ** = 16 Gy radiation exposure.
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taken from each section at 200X magnification with 
a Nikon spot camera, and fibers were traced with 
ImageJ imaging software (~150 per animal). The 
intensity of SDH staining activity was determined 
by subtracting the background from each slide to 
create an integrated optical density for each my-
ofiber. Based on the optical density fibers were 
classified as light or dark stained. The percentage 
of each stain was quantified and was expressed as a 
percent per total muscle fibers. Myofiber CSA was 
quantified in dark and light stained fibers.  

Western blot analysis

Western blot analysis was performed as previ-
ously described.36,39 Briefly, frozen gastrocnemius 
muscle was homogenized, and protein concentra-
tion was determined by the Bradford method.37 
Crude muscle homogenates (15-40 µg) were 
fractionated on 8-15% polyacrylamide gels. Gels 
were transferred to polyvinylidene difluoride 
membranes overnight at 4°C. Equal protein load-
ing of the gels was assessed by Ponceau staining. 
Membranes were then blocked in 5% milk-TBST 
for one hour at room temperature. Primary an-
tibodies for 4-hydroxynonenal (4-HNE; Alpha 
Diagnostics), ubiquitin, phosphorylated (T202/
Y204) and total ERK1/2, phosphorylated (T180/
Y182) and total p38, phosphorylated (S473 and 
T308) and total Akt, phosphorylated (S253) and to-
tal FOXO3A, Atrogin-1, LC3B, PGC-1α (Santa Cruz 
Biotechnology), mitochondria transcription factor 
A (TFAM), NADH-ubiquinone oxidoreductase 75 
kDa subunit (NDUFS1), cytochrome c, glyceralde-
hyde 3-phosphate dehydrogenase (GAPDH) were 
incubated at 1:2000 to 1:10,000 dilutions in 5% 
milk-TBST overnight at 4°C. Secondary anti-rabbit 
and anti-mouse IgG conjugated antibodies were 
incubated with membranes at a 1:2000 dilution in 
5% milk-TBST for 2 hours at room temperature. 
All antibodies were purchased from Cell Signaling 
unless otherwise stated. Enhanced chemilumines-
cence was used to visualize the antibody-antigen 
interaction and developed by autoradiography 
(Kodak, Biomax). Immunoblots were digitally 
scanned and analyzed by measuring the integrat-
ed optical density of each band using ImageJ im-
aging software.  

Slot blot analysis

The slot blot technique was performed to detect 
lipid peroxidation and protein ubiquitination in 
muscle as previously described.39 Briefly, graded 

TABLE 1. Body weight, hindlimb grip strength, and tibialis anterior muscle mass at 
sacrifice in control and irradiated mice

Treatment n Body weight 
(g, AM ± SE)*

Grip strength 
(N, AM ± SE)

TA mass
(mg, AM ± SE)

TA:BW 
(AM ± SE)

Control 8 21.9 ± 0.3 0.70 ± 0.03 37 ± 1.4 1.7 ± 0.06

4x4 Gy 8 22.0 ± 0.3 0.67 ± 0.03 37 ± 1.0 1.7 ± 0.04

16 Gy 8 22.2 ± 0.2 0.67 ± 0.03 35 ± 0.6 1.6 ± 0.04

n = number of animals; *AM ± SE = means ± standard error; N = newtons; TA = tibialis anterior;  
TA:BW = TA normalized to body weight; g = grams; mg = milligrams; Gy = Gray 

minute, and washed in PBS for 5 minutes. Sections 
were quenched in 0.3% H2O2-methanol solution for 
20 minutes and rinsed in PBS for 5 minutes three 
times. Sections were blocked in 10% normal goat 
serum (Vectastain ABC kit, Vector Laboratories, 
Burlingame, CA) in PBS for 1 h at room tempera-
ture and then incubated overnight at 4°C with 
primary antibodies (SC-71 for type IIA; BF-F3 for 
type IIB; Iowa Hybridoma Bank). Sections were 
then washed three times for 5 minutes in PBS. 
Secondary antibodies (Vector Laboratories) were 
applied to the sections for 1 h at 37 °C and sections 
were washed again three times for 5 minutes in 
PBS. Avidin-biotin complex system (ABC; Vector 
Laboratories) was used to detect the biotinylated 
secondary antibody by incubating sections in ABC 
solution at room temperature for 30 min. Sections 
were washed three times for 5 minutes in PBS and 
visualized by incubating in DAB solution for 6 
minutes (Vectastain DAB kit, Vector Laboratories, 
Burlingame, CA). The sections were rinsed in dH2O, 
dried, and mounted by cover glasses with a mount-
ing media. Muscle sections were digitized and ana-
lyzed ImageJ imaging software. The percentage of 
type IIA and IIB was quantified and is expressed as 
the percent per total muscle fibers. Fiber-type spe-
cific cross-sectional area (CSA) was quantified by an 
investigator blinded to each group.  

Succinate dehydrogenase activity

Succinate dehydrogenase (SDH) enzyme activity 
was performed as previously described to deter-
mine muscle oxidative capacity.39 Briefly, frozen 
cross-sections were air dried for 10 minutes, fol-
lowed by incubation in a solution containing 0.2M 
phosphate buffer (pH 7.4), 0.1M MgCl2, 2.4 mM 
nitroblue tetrazolium (NBT), and 0.2M succinate 
acid for 45 minutes at 37°C. Sections were then 
washed in dH2O for 3 minutes, dehydrated in 50% 
ethanol for 2 minutes, and mounted for viewing 
with mounting media. Digital photographs were 
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quantities (10, 20, and 30µg) of crude muscle ho-
mogenates were transferred to a PVDF membrane 
using the Bio-Dot SF microfiltration apparatus 
(Bio-Rad, Hercules, CA) following the manufactur-
er’s instructions. The membrane was then probed 
and analyzed as described above (Western blot 
analysis).

Statistical Analysis

Results are reported as means ± standard error of 
the mean. Comparisons between treatment groups 
were assessed by one-way analysis of variance 
(ANOVA). Post hoc analyses were performed with 
the Tukey’s multiple comparison test when appro-
priate. Frequency histograms and the percentage 
of small and large myofibers were compared by 
Chi-square analysis. Significance was set at P<.05. 
Statistical analysis was performed using SigmaStat 
version 3.5 (Systat Software Inc., Richmond, CA). 

Results
Body weight, hindlimb grip strength, 
muscle mass & total muscle protein and 
RNA content

At 8 weeks of age twenty-four female C57BL/6 mice 
were subjected to radiation or sham procedures 
and were sacrificed 2 weeks following the first ex-
posure (Figure 1). Neither radiation treatment al-
tered overall body weight, hindlimb grip strength, 
and tibialis anterior muscle mass (Table 1). There 
was also no radiation effect on gastrocnemius 
muscle mass (Table 2). However, the 16 Gy treat-
ment decreased total gastrocnemius protein 35% 
and RNA content 20% when compared to control 
muscle (Table  2). In contrast, gastrocnemius total 
protein and RNA content was not altered by the 
4x4 Gy treatment.  

Tibialis anterior morphology 

The percentage of centralized nuclei and extracel-
lular matrix (ECM) area was quantified to examine 
characteristics of muscle remodeling. Both radia-
tion treatments increased the percentage of my-
ofibers containing centralized nuclei (Figure  2A). 
Only the 16 Gy treatment increased the percent-
age of ECM when compared to control muscle 
(Figure  2B). No changes were observed with 4x4 
Gy treatment (Figure  2B). Neither treatment al-
tered muscle signaling related to remodeling and 
growth (Figure 2C).

TABLE 2. Gastrocnemius muscle mass, total protein and RNA content in control and 
irradiated mice.

Treatment n Gastroc mass 
(mg, AM ± SE)

Protein  
(mg/muscle,  

AM ± SE)

RNA  
(mg/muscle, 

AM ± SE)
Protein/RNA  

(AM ± SE)

Control 6 101 ± 1.3 13.9 ± 1.6 126 ± 3 0.11 ± 0.01

4x4 Gy 7 102 ± 2.5 10.3 ± 1.6 116 ± 9 0.09 ± 0.02

16 Gy 6   98 ± 1.4     9.1 ± 0.5*    101 ± 10* 0.09 ± 0.01

n = number of animals; AM ± SE = means ± standard error; Gastroc = gastrocnemius;  
mg = milligram; Gy = Gray; * = statistically different from Control

A B

C

FIGURE 2. Effects of hindlimb irradiation on muscle regeneration and remodeling. 
A The percentage of myofibers containing centralized nuclei in the tibialis anterior 
muscle.  Centralized nuclei were defined as nuclei found at equidistance from a 
well-defined sarcolemma and are expressed as the percent of centralized nuclei 
per total muscle fibers. B The percentage of extracellular matrix area in the tibialis 
anterior muscle. Extracellular matrix is expressed as the percent of extracellular matrix 
per total muscle area. C Upper. Representative immunoblot of phosphorylated and 
total forms of ERK1/2, p38, and Akt proteins in the gastrocnemius muscle.  Lower. 
Quantification of phospho protein activation (ERK1/2, p38, and Akt) is shown as the 
ratio of phosphorylated to total protein expression. Values are means ± standard 
error. Statistical significance was set at P<.05. * = statistically different from control;  
# = statistically different from 4x4 Gy.
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Skeletal muscle oxidative stress and 
protein turnover

We examined the effects of radiation dose on mus-
cle oxidative stress and protein turnover in the gas-
trocnemius muscle. The 4x4 Gy treatment increased 

the expression of 4-hydroxynonenal (4-HNE) pro-
tein, a marker of oxidative stress, while no change 
was found with the 16 Gy treatment (Figure 3A). 
Ubiquitination of proteins was not significantly al-
tered by either radiation treatment. However, the 
16 Gy treatment demonstrated a highly variable 
response (P=.10; Figure 3A). Neither treatment al-
tered muscle signaling related to protein turnover 
and autophagy (Figure 3B).  

Tibialis anterior type IIA and  
IIB fiber-type

Type IIA and IIB fiber incidence and size distri-
bution were examined in the tibialis anterior (TA) 
muscle of control and irradiated mice. Neither ra-
diation treatment altered the overall percentage of 
type IIA and IIB fibers in the muscle (Figure 4A). 
Only the 16 Gy treatment decreased type IIA my-
ofiber cross-sectional area (CSA) (Figure  4B) and 
increased the incidence of small diameter IIA 
myofibers when compared to the control and 4x4 
Gy treatments (Figure 4C). In contrast, both radia-
tion treatments decreased type IIB myofiber mean 
CSA (Figure  4B), which was accompanied by an 
increased incidence of small diameter myofibers 
(Figure 4D).  

Skeletal muscle oxidative capacity

Succinate dehydrogenase activity (SDH) in my-
ofibers was examined as an indicator of myofiber 
oxidative metabolic capacity.39 Neither radiation 
treatment altered the percentage of high SDH ac-
tivity fibers found in the muscle (P=.07; Figure 5A). 
In contrast, both radiation treatments decreased the 
percentage of low SDH activity fibers (Figure 5A). 
Neither radiation treatment altered muscle protein 
expression related to mitochondrial biogenesis and 
oxidative metabolism (Figure 5B). Only the 16 Gy 
treatment increased the incidence of small my-
ofibers with high SDH activity (Figure 5C), while 
both radiation treatments increased the incidence 
of small myofibers exhibiting low SDH activity 
(Figure 5D).

Discussion

Despite recent advances in radiation treatment to 
minimize exposure to surrounding normal tissues, 
treated patients still display muscular fatigue and 
weakness.8 Additionally, radiation exposure can 
directly alter the response of rodent skeletal mus-

A

B

FIGURE 3. Effects of hindlimb irradiation on gastrocnemius muscle oxidative stress and 
protein turnover. A Upper left. Representative immunoblot of 4HNE protein expression. 
Lower left. Quantification of 4HNE protein expression. Upper right. Representative 
immunoblot of ubiquitin protein expression. Lower right. Quantification of ubiquitin 
protein expression. B Upper. Representative immunoblot of phosphorylated and 
total FOXO3A, and total Atrogin-1, LC3B and GAPDH protein expression. Lower. 
Quantification of phosphorylated and total FOXO3A, and total Atrogin-1, LC3B and 
GAPDH proteins. Values are normalized to control and are presented as means ± 
standard error. Statistical significance was set at P<.05. * = statistically different from 
control; 4-HNE = 4-hydroxynonenal; µg = microgram; Gy = gray. 



Radiol Oncol 2014; 48(3): 247-256.

Hardee JP et al. / Radiation and muscle remodeling 253

cle to overload and injury.11,12,22,23 While radiation 
is thought to be detrimental to skeletal muscle 
function, the biological basis of these radiation-
induced responses has not been clearly deline-
ated. Furthermore, the ability of radiation dose 
alone to induce skeletal muscle remodeling has not 
been clearly defined. We report the novel finding 
that radiation dose can differentially affect mus-
cle morphology and oxidative damage. Our re-
sults demonstrate that both radiation treatments 
increase muscle remodeling as indicated by the 
prevalence on central nuclei containing fibers, but 
only the 16 Gy treatment increased the muscle’s 
extracellular matrix volume. Conversely, only the 
4x4 Gy treatment increased muscle oxidative dam-
age. Additionally, radiation-induced alterations to 
myofiber size were affected by fiber type and fiber 
oxidative capacity. None of these changes were as-
sociated with altered protein expression related to 
mitochondrial biogenesis, oxidative metabolism 
or signaling involved in the regulation of skeletal 
muscle mass. Collectively, these results demon-
strate that radiation dose differentially affects mus-
cle remodeling, and these affects are impacted by 
fiber type and oxidative metabolism.

We provide morphological evidence that ra-
diation dose is a critical element for the induc-
tion of skeletal muscle remodeling. High and low 
radiation doses have been shown to attenuate 
overload and normal maturation induced muscle 
growth.3-5,20,26 Regardless of the BED there was an 
increase in myofibers exhibiting centralized nuclei, 
an indicator of muscle regeneration. Similar find-
ings have also been reported in response to lower 
radiation doses.27 In this study, a larger BED re-
sulted in an expansion of the extracellular matrix 
area and was accompanied by a decrease in total 
protein and RNA content. The decrease in total 
protein content may therefore be related to muscle 
remodeling. The release of skeletal muscle amino 
acids that occurs as a result of muscle proteolysis 
is thought to occur in several muscle wasting con-
ditions.1,40 Altman and Schwenen7 demonstrated 
increased release of amino acids 4-6 hours follow-
ing high dose radiation, and was this response was 
attenuated by fractionating into smaller doses.25 
However, muscle morphology was not examined 
in these studies. We report that neither radiation 
dose was able to alter muscle mass or volitional 
grip strength. Thus, it appears that neither radia-
tion treatment influenced normal muscle growth 
over the 2-week experimental period. In support 
of this, we found no radiation-induced changes 
in muscle signaling related to muscle growth, in-

cluding Akt and FOXO signaling pathways. Future 
work is needed to understand the associations be-
tween altered protein content and muscle remod-
eling in response to radiation.

Our results demonstrate radiation can induce 
fiber-type specific alterations in size and distribu-
tion that are related to the total BED. Regardless 
of the dose applied, decreased type IIB myofiber 
CSA was accompanied by an increase in small fib-

A B

C

D

FIGURE 4. Effects of hindlimb irradiation on tibialis anterior myosin heavy chain IIA 
and IIB expression and size. A The percentage of type IIA and IIB myofibers. B Mean 
cross-sectional area (CSA) of type IIA and IIB myofibers. C Mean CSA distribution of 
type IIA myofibers. D Mean CSA distribution of type IIB myofibers. The frequencies of 
small and large myofibers (±2SD of mean) were compared by Chi-square analysis. 
Values are means ± standard error. Statistical significance was set at P<.05. Black 
box, Control.  White box, 4x4 Gy.  Grey box, 16 Gy.  µm = micrometer;  Gy = gray.  
* = statistically different from control; † = statistical difference between control 
and 4x4 Gy; ‡ = statistical difference between control and 16 Gy; # = statistical 
difference between 4x4 Gy and 16 Gy.
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er incidence. Similar findings have been reported 
in the extensor digitorum longus of mice and rats 
exposed to a single radiation dose.3,4 Intermediate 
(type IIA/IIX) and glycolytic fiber (type IIB) size 
was decreased in mice3, and in all rat fiber types 
(type I, IIA, IIX, and IIB).4 In addition, myofibril-
lar degeneration and myofiber atrophy in type II 
fibers occurred following x-ray irradiation in rab-
bit pectoralis major muscle, but specific isoforms 

were not quantified.11 Type IIB myofibers are more 
susceptible to free radical formation and oxida-
tive stress18,19, which may account for the radia-
tion-induced disruption of muscle homeostasis. 
Interestingly, we found the increase in small type 
IIA myofiber incidence was attenuated by the use 
of a lower dose. Further, changes in small fiber in-
cidence were independent of an overall fiber type 
shift, which is consistent with previous reports.3,4 It 
has been suggested that a minimal radiation dose 
is needed to induce skeletal muscle proteolysis7,25; 
however, specific myofiber alterations were not 
examined in these studies. Our findings provide 
evidence that fiber type can interact with radiation 
in a dose-dependent manner, and this relation-
ship has a significant impact on radiation-induced 
muscle remodeling. Further research is needed to 
determine the cellular signals underlying this re-
lationship. 

There is currently a limited understanding of 
how radiation affects myofiber metabolic proper-
ties. Mitochondria are a likely target of radiation 
for the induction of cellular dysfunction that leads 
to tissue damage.16 Since oxidative capacity and 
mitochondrial content can vary by muscle fiber 
phenotype, these properties may influence the ra-
diation sensitivity of myofibers. Similar to our fiber 
type analysis, both radiation doses in our study 
decreased the size of myofibers with low oxida-
tive capacity, but only the 16 Gy dose decreased 
the size of myofibers with high oxidative capacity. 
Thus, there were differential responses related to 
the muscle fiber’s metabolic properties and the ra-
diation dose applied. Skeletal muscle irradiation 
increases acute oxidative stress and alter proteins 
related to contractile function and energy metabo-
lism.41 Our results support differential responses to 
radiation-induced oxidative stress which may be 
dependent on the muscles oxidative capacity. We 
found evidence of oxidative stress, as indicated by 
increased 4-HNE protein expression, which per-
sisted for a week after the last radiation exposure. 
Interestingly, the 4x4 Gy dose had greater 4-HNE 
protein expression, indicating that this may be 
more dependent on the timing of the last radia-
tion exposure rather than the total dose applied. 
Cardiac muscle cells have demonstrated radiation-
induced alterations to mitochondrial function.14,15 
A clinically relevant dose (2 Gy) was sufficient to 
increase cardiac myocyte mitochondrial protein 
oxidation, and resulted in decreased mitochondri-
al respiration and protein expression four weeks 
after radiation exposure.14 Similar mitochondrial 
impairments were also observed 40 weeks follow-

A B

C

D

FIGURE 5. Effects of hindlimb irradiation on muscle oxidative capacity. A The 
percentage of dark and light SDH stained myofibers in the tibialis anterior muscle. B 
Quantification of total forms of PGC-1α, TFAM, cytochrome C, and NDUFS1 proteins 
in the gastrocnemius muscle. C Mean cross-sectional area (CSA) distribution of dark 
SDH stained myofibers in the tibialis anterior muscle. D Mean CSA distribution of light 
SDH stained myofibers in the tibialis anterior muscle. The frequencies of small and 
large myofibers (±2SD of mean) were compared by Chi-square analysis. Values are 
means ± standard error. Statistical significance was set at P<.05. Black box, Control. 
White box, 4x4 Gy. Grey box, 16 Gy. µm = micrometer; Gy = gray; * = statistically 
different from control; † = statistical difference between control and 4x4 Gy;  
‡ = statistical difference between control and 16 Gy.  
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ing acute radiation.15 These results demonstrate the 
potential for acute radiation to induce long-term 
mitochondrial dysfunction.14,15 Future research is 
needed to determine if these responses occur in 
skeletal muscle.  

In summary, we demonstrate dose dependent 
radiation-induced muscle remodeling related to 
expansion of the extracellular matrix and oxida-
tive stress. The effect of radiation dose on myofiber 
size was affected by fiber type and oxidative me-
tabolism. Our results demonstrate that type IIB, 
glycolytic myofibers were susceptible to radiation-
induced changes in myofiber size regardless of the 
total dose. However, type IIA oxidative myofiber 
size was not affected by the lower radiation dose. 
The current findings provide rationale for further 
examination of how radiation dose interacts with 
muscle fiber type and oxidative capacity to alter 
the remodeling response. The presence of differ-
ential responses to various radiation doses may 
have important clinical ramifications for the main-
tenance of muscle mass and function in individuals 
undergoing radiation treatment. Future research 
is needed to determine long-term functional out-
comes following radiation to skeletal muscle.
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Background. Glioblastoma multiforme (GBM) is a brain tumour with a very high patient mortality rate, with a me-
dian survival of 47 weeks. This might be improved by the identification of novel diagnostic, prognostic and predictive 
therapy-response biomarkers, preferentially through the monitoring of the patient blood. The aim of this study was to 
define the impact of GBM in terms of alterations of the plasma protein levels in these patients. 
Materials and methods. We used a commercially available antibody array that includes 656 antibodies to analyse 
blood plasma samples from 17 healthy volunteers in comparison with 17 blood plasma samples from patients with 
GBM. 
Results. We identified 11 plasma proteins that are statistically most strongly associated with the presence of GBM. 
These proteins belong to three functional signalling pathways: T-cell signalling and immune responses; cell adhesion 
and migration; and cell-cycle control and apoptosis. Thus, we can consider this identified set of proteins as potential 
diagnostic biomarker candidates for GBM. In addition, a set of 16 plasma proteins were significantly associated with 
the overall survival of these patients with GBM. Guanine nucleotide binding protein alpha (GNAO1) was associated 
with both GBM presence and survival of patients with GBM. 
Conclusions. Antibody array analysis represents a useful tool for the screening of plasma samples for potential can-
cer biomarker candidates in small-scale exploratory experiments; however, clinical validation of these candidates 
requires their further evaluation in a larger study on an independent cohort of patients.

Key words: glioblastoma; proteomics; biomarker; antibody array; plasma

Introduction

Glioblastoma multiforme (GBM) is the most aggres-
sive primary brain tumour, and following surgical 
resection, it is conventionally treated with ionising 
radiation and chemotherapy. The high mortality of 

patients with GBM is seen by the median survival 
of 47 weeks, with patients with GBM only rarely 
surviving more than 3 years.1 This is partially due 
to infiltrative invasion of the single tumour cells 
into the surrounding parenchyma, where these 
cells are missed by the treatment strategies that 
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target the bulk tumour mass. Thus, when deciding 
among adjuvant treatment protocols, there is the 
need to consider the tumour cellular and genetic 
heterogeneity, and the development of tumour re-
sistance to such therapies2, which are mostly due 
to the presence of variable numbers of GBM stem-
like cells. In the light of this, novel predictive bio-
markers of responses to GBM therapy are urgently 
needed to improve the outcome of GBM therapy, 
such that these can be monitored pre-operatively 
and post-operatively in the biological fluids of the 
patients using a robust and non-invasive method.

Until recently, the search for biomarkers in the 
body fluids of patients with GBM has not been 
very extensive3, as GBM only rarely shows metas-
tases.4 However, recent plasma and serum analy-
ses in glioma patients have been promising, with 
the identification of some new circulating biomark-
ers.5,6 The origin of such secreted molecular bio-
markers might be the GBM cells, as these secrete 
a variety of substances when cultured in vitro.7 
Using proteomic immunological analyses, it has 
been shown that as well as proteins, cell cultures 
of brain tumours also secrete protein-loaded mi-
crovesicles that can be found in the patient sera.8 
These biomarkers might also be secreted into the 
body fluids of patients with GBM by the stromal 
cells that are a part of the GBM microenvironment. 
A plethora of cytokines is secreted by the immune 
cells and mesenchymal stem cells that infiltrate the 
tumour, which have been reported by us and oth-
ers to affect GBM aggressiveness, and might thus 
also be considered as useful biomarkers.9 This in-
dicates the importance of the contributions of the 
tumour micro-environment to the origin of such 
plasma protein biomarkers. Finally, the systemic 
host response might result in the release of inflam-
matory biomarkers, which might also be relevant 
as biomarkers of glioma progression.6,10 

Different, non-targeted, proteomics approaches 
have been developed for the identification of mo-
lecular biomarkers of glioma progression in pa-
tient body fluids, such as in cerebrospinal fluid11, 

12,13 and in peripheral blood plasma14,15 and se-
rum.16,17 Recently, in the search for novel protein 
biomarkers, the plasma of patients with GBM 
was analysed by liquid chromatography/ tandem 
mass spectrometry and compared to healthy vol-
unteers.15 Although mass spectrometry is being 
widely used for cancer biomarker discovery, its 
use with plasma and serum samples has serious 
limitations, because of its low sensitivity due to the 
presence of high-abundance proteins.18 Depletion 
of the most abundant proteins from such samples 

to allow the detection of putative low-abundance 
biomarkers might introduce artefacts and bias the 
quantification.19 Therefore, here we propose the 
use of arrays that are comprised of a broad spec-
trum of antibodies. In this way, we have quantified 
the plasma levels of 656 proteins in 17 non-deplet-
ed blood-plasma samples from patients with GBM, 
and compared these with the same protein levels 
in 17 plasma samples from healthy volunteers. In 
this study, we identified several plasma biomarker 
candidate proteins with diagnostic and prognostic 
potential, which we propose to validate in a larger 
cohort of patients with GBM.

Materials and methods
Ethics statement

This study was approved by the National Ethics 
Committee and is registered at ClinicalTrials.gov 
(healthy volunteers: document No. 149/05/08; 
GBM patients: No. 90/01/11; ClinicalTrials.gov ID: 
NCT01525459). All of the healthy volunteers and 
patients with GBM involved signed the informed 
consent form. Patients were treated in University 
Clinical Centre Ljubljana, Slovenia.

Healthy volunteers, glioblastoma 
patients and plasma sample collection

Seventeen healthy volunteers (HVs) were selected 
to represent a population distribution considering 
age, gender (9 female, 8 male) and body mass in-
dex, and were analysed in detail in our previous 
study.20 The inclusion criterion for the HVs was age 
of 20-60 years, and the exclusion criteria were prior 
record of acute or chronic diseases and pregnancy. 
None of the HVs had ever been diagnosed with ne-
oplastic disease. All of the HVs were in good health 
at the time of sampling. 

The inclusion criteria for the 17 patients (6 fe-
male, 11 male) with GBM (GPs) were: first diagno-
sis with primary malignant glioma (World Health 
Organisation WHO grade IV) and age of 20-80 
years. The diagnosis was made after surgery, ac-
cording to standard clinical and histopathological 
analyses of the tumour tissue at the Neurosurgery 
Department of the University Clinical Centre in 
Ljubljana, and the Institute of Pathology of the 
Medical Faculty. The exclusion criteria for the GPs 
were pregnancy and brain metastasis. 

All of the participants in the study were 
Caucasians. The HVs and GPs were non-smokers 
and were not taking oral contraceptives or other 
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drugs for at least 1 month prior to sampling. The 
morning fasting blood samples were collected be-
tween 07:00 and 09:00 hours (on the morning of the 
surgery for the GPs) from the 17 HVs and 17 GPs. 
The relevant clinical characteristics of the HVs and 
GPs are given in the Supplemental Information 
Table 1. 

Blood sample processing

Eight millilitres of whole blood were drawn from 
each participant and transferred to preparation 
tubes containing 1.0 mL 0.1 M sodium citrate 
(362782, Beckton, Dickinson and Company); these 
were immediately centrifuged at 1800× g for 20 
min at room temperature. The plasma was then ali-
quoted to separate tubes and stored at -80°C until 
analysis. All of the blood samples were processed 
within 1 h of being drawn.

Antibody arrays

All of the 34 plasma samples from the HVs and GPs 
were analysed using the Explorer antibody array 
(Full Moon BioSystems), which has 656 different 
antibodies spotted on each array, as two replicates.

To clear the plasma samples, 800 µL of each 
was thawed by centrifugation (20817x g at 4°C for 
10 min), as suggested by the manufacturer. Then, 
400 µL of the middle clear liquid was transferred 
into a new tube and analysed using the NanoDrop 
microvolume spectroscopic technique (Thermo 
Scientific), to confirm sample clarity and to esti-
mate total protein concentration.

Each sample was analysed on one antibody ar-
ray slide in five batches, according to the manufac-
turer specifications. To eliminate any batch effects, 
each batch was set to consist of an equal number of 
random HV and GP samples. First, 20 µL of each 
plasma sample were biotinylated (3 µL of biotin in 
dimethyl formamide solution, 10 µg/µL, supplied 
with the antibody arrays), while the antibody array 
slides were blocked using 3% (w/v) dry milk solu-
tion. The coupling step was performed for 2 h, after 
which the slides were washed intensively 10 times, 
before being submerged into 60 mL of detection 
buffer (supplied with the antibody arrays) with 60 
µL of Cy3-streptavidin solution, 0.5 mg/mL (GE 
Healthcare; as suggested by FullMoon BioSystems) 
for 20 min in the dark; the washing step was then 
repeated (10 times). After the last wash, the slides 
were dried by centrifugation (142x g at room tem-
perature for 2 min) and scanned within 12 h us-
ing an LS200 microarray scanner (TECAN), with a 

single-channel laser at 543 nm and the filter at 590 
nm, and with 10-µm resolution.

The raw images from the microarray scan-
ner were analysed using ImaGene software 
(BioDiscovery). Spots of poor quality (e.g., unequal 
signal, artefacts, comet tails) were automatically 
flagged as poor-quality spots (using the software 
default settings). The images were also inspected 
manually, and all of the poor-quality spots were 
excluded from further analysis (with an “NA” 
value assigned to them). If the mean signal of the 
spot did not reach the value of two standard devia-
tions of the background, the spot was flagged as an 
empty spot. The array values were normalised by 
quantile normalisation21 to correct for any techni-
cal, chip-to-chip, or day-to-day variations. As there 
were two technical replicates of each spot on each 
microarray, the geometric means between the rep-
licates were calculated. If one of the replicates was 
flagged as an empty spot or a poor-quality spot, 
only the other replicate was considered. If the ab-
solute difference between two replicate spots was 
greater than their geometric mean, the spots were 
substituted with the “NA” value. All “NA” values 
were excluded from further statistical analysis. 
Then all of the spots flagged as empty were substi-
tuted by half of the global (over all of the microar-
rays), minimal, non-empty spot value. This data is 
available in the Supplemental Information Table 2.

Statistical analysis of the differences in 
the plasma protein levels between the 
healthy volunteers and GBM patients 

We used Wilcoxon, Mann-Whitney non-paramet-
ric statistical tests with the critical alpha p value of 
0.05. When all of the GP samples were compared 
to all of the HV samples, we identified 42 proteins 
with altered plasma levels. 

As there was a significant difference in the 
mean ages between the HVs and GPs (HV mean 
age, 39 years; GP mean age, 60 years), we specu-
lated that this difference might account for some 
of the differences in the levels of these 42 identi-
fied proteins. We therefore performed the analysis, 
where the HVs were separated into the groups of 
younger HVs (HVY; age, <40 years; n = 8) and older 
HVs (HVO; age, ≥40 years; n = 9), these two HV age 
groups were compared separately against the GPs 
(all >40 years; n = 17). We again used Wilcoxon, 
Mann-Whitney non-parametric statistical tests 
with the critical alpha p value of 0.05, in combina-
tion with an absolute log2FC >0.5 cut-off, to identify 
the proteins with altered levels in the plasma sam-
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ples. We then further analysed only the proteins 
with significantly altered plasma levels in both the 
HVs vs. GPs and the HVO vs. GPs comparisons that 
had absolute log2 fold changes >0.5 in both of these 
comparisons (n = 11).

The list of these 11 biomarker candidates was 
annotated according to the official gene symbol, 
UniProt accession ID, tissue expression, molecular 
class and primary localisation. This annotation was 
performed using the Human Protein Reference 
Database (http://www.hprd.org/). We also exam-
ined each protein in the Human Proteome Atlas 
Database (http://www.proteinatlas.org) for the 
grade of tissue expression in normal tissue and in 
glial tumours. All of these data are summarised in 
Table 2. The main functional categories that these 
proteins correspond to were determined using 
DAVID Bioinformatics Resources 6.722, to better 
understand the origins of the differences between 
the GPs and the HVs.

Survival analysis of the patients with 
GBM 

The GPs were grouped according to their survival 
after their diagnosis, to short-term survivors (GPS) 
and long-term survivors (GPL). The cut-off for 
survival was chosen in previous studies as from 6 
months23 up to 36 months.24 To choose a biological-
ly relevant cut-off, we performed Wilcoxon, Mann-
Whitney non-parametric statistical tests, using 
only the cut-offs of 6 months and 12 months sur-
vival after diagnosis, as only one of the GPs in the 
present study survived for more than 24 months. 
We chose the cut-off of 12 months, as the statistical 
test revealed more proteins with altered levels in 
plasma between the GPS and GPL survival groups 
at this cut-off.

We also determined how well the proteins as-
sociated with survival separated between the GPs 
with different survivals after diagnosis, and de-
termined the antibody array signal value (cut-off 
value) that provided the most significant separa-
tion of the samples. We separated all of the GP 
samples into two groups according to the cut-off 
of the antibody array signal. The cut-offs were se-
lected to group samples into two groups (lower 
and higher signals) in six predetermined ratios: 
0.25:0.75, 0.35:0.65, 0.45:0.55, 0.55:045, 0.65:0.35 
and 0.75:0.25. The significances of the differences 
(p values) between the groups (for all of the cut-
offs) were determined with log-rank analyses. The 
Kaplan-Meier curves were constructed (R version 
2.15.1, libraries KMsurv 0.1-5, knitr 1.2.10, patchD-

VI 1.9, survival 2.37-4) to visualise the groups with 
the most significant differences for each protein.

Western blotting 

The concentrations of the total proteins in the sam-
ples were determined using the Bradford assay25 
50 µL of 1000×-diluted samples were mixed with 
200-µL Roti®-Quant universal reagent (Carl Roth, 
Karlsruhe, Germany), which was diluted in milli-Q 
water (1:5) prior to the reaction. The optimal dilu-
tion of the samples was calculated to have a final 
concentration of total protein between 3 mg/ml and 
6 mg/ml.

The plasma samples were pooled to have 7 
pools for the GPs (4 pools GPS, 3 pools GPL) and 
7 pools for the HVs (3 pools HVY, 4 pools HVO) for 
joint analysis on one transfer membrane. Prior to 
the loading of each protein sample onto the elec-
trophoresis gel (15 µl), they were diluted 1:50 in 
phosphate-buffered saline. The electrophoresis 
of the precast Mini-PROTEAN TGX gradient (4% 
to 15% acrilamide) gels (#456-1086, BioRad) was 
performed for 3 h at room temperature and under 
constant current (25 mA). The separated proteins 
were transferred from the gel to the immunoblot 
PVDF membrane (#162-0174, BioRad) at 4°C for 
18 h under constant current (45 mA). Two mem-
branes were prepared; one for incubation with 
the primary anti-GNAO1 rabbit polyclonal anti-
body (ABIN406520, Antibodies Online; 1:50 di-
lution), and the other with the primary anti-CD-
KN1B mouse monoclonal antibody (E6764, Spring 
Bioscience; 1:100 dilution), at 4°C for 18 h. After 
washing the membranes with phosphate-buffered 
saline with 0.1% Tween, they were incubated with 
the secondary antibodies conjugated with horse-
radish peroxidase and diluted 1:2500, for 3 h at 
room temperature. An anti-rabbit IgG antibody 
was used for GNAO1 (W4011, Promega), and an 
anti-mouse IgG antibody was used for CDKN1B 
(W4021, Promega). After this, the membranes were 
incubated with Amersham ECL Prime Western 
Blotting Detection Reagent (RPN2232, Amersham) 
and exposed to Amersham Hyperfilm MP (#28-
9068-42, GE Healthcare), for 5 s. The membranes 
were washed for 18 h at 4°C, and incubated with 
a goat anti-human IgM antibody with conjugated 
horse-radish peroxidase (ABIN102628, Antibodies 
Online) at a dilution of 1:20,000 for the loading con-
trol. The detection proceeded in the same manner 
as described above.

The Western blotting images were scanned 
using a standard office scanner at 600 dpi (see 
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Supplemental Information Figure 1 for raw imag-
es). The bands were quantified with ImageJ, using 
the default settings. The data were then normalised 
according to the IgM levels.26 Basic, two-sided, un-
paired t-tests were used to determine the p values 
when comparing the different groups; p <0.05 was 
considered as statistically significant.

Results
Identification of proteins showing 
altered plasma levels in GPs compared 
to HVs, using antibody arrays

To reveal the plasma protein biomarker candidates, 
we screened blood plasma samples collected from 
two types of subjects, healthy volunteers (HVs) and 
GBM patients (GPs), using commercial explorer 
antibody arrays. To provide a broader overview of 
the differences in the levels of plasma proteins be-

Table 1. Potential plasma protein biomarker candidates for GBM, as identified by the antibody array screening approach used in the present study

Protein name Gene name
Difference 
in protein 
abundance *

Molecular class Expression CL ExN ExG Published deregulation

Increased in GBM patients

Ferritin light chain FTL 1.65 Storage protein PL, BC, BR C 3 1.4
Increased in plasma (MS, 
ELISA) and in CSF (RIHC) 
of GPs11,15

Guanine nucleotide 
binding protein, alpha GNAO1 1.65 G protein BC, BR M 0 0.4

Decreased in high-grade 
glioma brain tissue of GPs 
(IB, IHC)27

S100 calcium binding 
protein A9 S100A9 1.66 Calcium binding 

protein PL, BC, BR C 0 0.3 Increased in plasma of 
GPs (MS, ELISA)15

Deacreased in GBM patients

Cyclin dependent 
kinase inhibitor 1B CDKN1B 0.62 Cell cycle protein BC, BR N 2 2.0

Decreased in brain 
tissue in GPs with poor 
prognosis (IHS)28

FAS-associated death 
domain protein FADD 0.52 Adapter 

molecule BR C 0 1.1

Up-regulation of TNFR1 
through FADD induces 
apoptosis in GBM cells 
(RT-PCR, IHS, IB)29

Intercellular adhesion 
molecule 1 ICAM1 0.66 Adhesion 

molecule PL, BC, BR M 0 0.9 Increased in tumour tissue 
of GPs (RT-PCR)30

DNA mismatch repair 
protein Mlh1 MLH1 0.57 DNA repair 

protein PL N 2 2.4
Decreased in recurrent 
tumour tissue of GPs 
(IHS)31

Matrix  
metalloproteinase 11 MMP11 0.62 Metalloprotease BC, BR E 0 0.4 Increased in tumour tissue 

of GPs (RT-PCR, IHS, IB)32

DNA polymerase, 
gamma POLG 0.54 DNA polymerase BC M 2 0.7 /

S phase kinase 
associated protein 1A 
(p19A)

SKP1 0.60
Ubiquitin 
proteasome 
protein

BR N 3 2.7 /

Sialyltransferase 8 ST8SIA1 0.59 Sialyltransferase PL, BC G 1 1.5 /

* Fold-change in GBM patients when compared to healthy volunteers; 
Protein expression: PL = plasma; BC = blood cells; BR = brain; 
CL = Cellular localisation; M = plasma membrane; C = cytoplasm; E = extracellular; N = nucleus; G = Golgi apparatus; 
ExN; ExG = average grade of protein tissue expression in normal (ExN) and glioma tumour (ExG) tissue, according to the Human Protein Atlas Database  
(http://www.proteinatlas.org); 0, none; 1, low; 2, medium; 3, high) 
MS = mass spectrometry; ELISA = enzyme-linked immunosorbent assay; (R)IHC = (radio) immunohistochemistry; IB = immune-blotting; RT-PCR = real-time polymerase chain reaction

tween the HVs and GPs, Wilcoxon, Mann-Whitney 
non-parametric statistical tests were performed, 
comparing the GP samples against the HV sam-
ples, with an applied stringency for p <0.05. Forty-
two proteins with significantly altered plasma lev-
els in the GPs were identified, of which five were 
increased and 37 were decreased in the GPs (see 
Supplemental Information Table 3).

In our previous study on HVs20, we reported 
that age did not affect the gene expression in blood 
cells or the plasma metabolites. In contrast, in the 
present study, we found that age has a significant 
impact on the various plasma proteins analysed in 
the HVs. In addition, fewer low-abundant proteins 
were detected in the plasma of the older subjects 
(Figure 1, HVO).

To identify the biomarker candidates that were 
independent of age, we further analysed only the 
proteins with significantly altered plasma levels in 
both the HV versus GP and the HVO versus GP com-
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parisons. These were considered to be the potential 
protein biomarker candidates (Table  1), of which 
ferritin (FTL), guanine nucleotide binding protein 
alpha (GNAO1) and the S100 calcium-binding pro-
tein A9 (S100A9) levels were increased; all of the 
others (FADD, CDKN1B, ICAM1, MLH1, MMP11, 
POLG, SKP1, ST8SIA1) were decreased.

The distributions of the protein abundance 
in study participants are presented in Figure  2. 
ICAM1, MLH1, MMP11 and ST8SIA1 were not 
detected in any of the GP plasma samples, and 
were detected in only a limited number of the HV 
plasma samples. Interestingly, MMP11 (in 4 out of 
9 female subjects) and ST8SIA1 (in 5 out of 9 female 
subjects) were detected only in the HV women (see 
Supplemental Information Table 2). The biomarker 
potential of these proteins should be investigated 
further in a large scale (i.e., with higher sample 
numbers) clinical trial with a more sensitive assay.

All of the 11 proteins identified as having al-
tered plasma levels were further analysed with the 
DAVID database to see if they are part of the same 
processes; three processes were found to be most 
represented: (1) T-cell signalling and immune re-
sponses; (2) cell adhesion and migration; and (3) 
cell-cycle control and apoptosis. As the group 1 
plasma proteins with assigned roles in numerous 
T-cell signalling and immune response processes 
were strongly represented, this suggests that at 
least some of these might have derived from im-
mune cells that responded to the tumour with 
chemokine paracrine signalling in vivo.

Altered levels of plasma proteins in the 
GP samples are associated with patients 
survival 

To determine whether the survival of the GPs after 
diagnosis is related to the levels of any plasma pro-
teins, the GP samples were grouped according to 
the short-term survivors (GPS; t <356 days; n = 12) 
and the long-term survivors (GPL; t >365 days; n = 
5). As gender had no significant effects on survival 
(p = 0.77), all of the GP samples were analysed as 
one group. Twenty-three proteins that showed dif-
ferent plasma levels across these groups of patients 
were identified, using Wilcoxon, Mann-Whitney 
non-parametric statistical tests, with an applied 
stringency of p <0.05. These 23 proteins were fur-
ther analysed using log-rank analysis, to determine 
the antibody array signal values that discriminate 
best between the patients with short-term and 
long-term survivals. After this analysis, only 16 
proteins remained significantly associated with 
survival (Table  2), of which five were increased 
in the plasma of the GPL patients (MYOG, CD8A, 
GNAO1, ALPL, GHGA), and 11 were decreased 
(DFFA, MAPR2K1, E2F5, PARP1, CD27, CDC37, 
TFDP2, STAT1, EIF4EBP1, PDGFA, COL18A1). 
Kaplan-Meier graphs were constructed for each 
of these 16 proteins (Supplemental Information 

Figure  1. Differences in the detectable levels of the plasma proteins in healthy 
volunteers and patients with GBM. (A) Comparison of the positive spots (of 1312 
spots on each array) in the younger HVs (<40 years; n = 8), the older HVs (≥40 years; 
n = 9) and all of the GPs (>40 years; n = 17). Horizontal bars: median for each group. 
(B) Venn diagram showing the overlap of the detectable proteins in the different 
patient groups. A protein was considered detectable when it was flagged as 
positive in ≥75% of the samples in the same group.

A B

Figure 2. Relative abundances of the putative GBM protein biomarkers in the 
individual plasma samples analysed. Horizontal bars: mean for each group. A relative 
protein abundance of 4 represents the background for non-detected proteins.
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Figure 2), of which GNAO1 was the most interest-
ing (Figure 3), as it was associated with GBM pres-
ence and survival of GBM patients.

Western blotting confirmation of 
CDKN1B and GNAO1

To confirm the technical validity of the antibody 
array method, Western blotting was performed 
with the pooled plasma protein samples of the HVs 
(n = 6) and the GPs (n = 6) for the two chosen pro-
teins: guanine nucleotide binding protein alpha 
(GNAO1) and cyclin-dependent kinase inhibitor 1B 
(CDKN1B). After quantification of the bands on the 
raw images (Supplemental Information Figure  1) 
and normalisation according to the IgM levels, the 
individual values were plotted according to their 
relative Western blotting signals (Figure  4). The 
plasma levels of GNAO1 showed up-regulation of 
3.7-fold (p = 5.9 e-5) in the GPs compared to the HVs, 
while CDKN1B showed down-regulation of plasma 
levels in the GPs, by 5.9-fold (p = 8.5 e-8). The plasma 
levels of GNAO1 were also increased 1.56-fold in 
the sample pools from the GPs with longer survival 
compared to sample pools of the GPs with shorter 
survival (p = 0.11). As these data are consistent with 
the antibody array data, this Western blotting sug-
gests that the antibody arrays provide accurate data 
as a first step in biomarker identification.

Discussion

About 90% of human plasma is comprised of the 10 
most-abundant soluble proteins.33 Although tech-
niques for plasma depletion of these abundant pro-
teins34,35 have increased the sensitivity of conven-
tional mass spectroscopy methods for proteomic 
analyses of low-abundance proteins, this depletion 

is never complete.34 Moreover, it has been reported 
that this procedure for the removal of the abundant 
proteins might affect the quantitative analysis of 
low-abundance proteins.19 We therefore performed 
the analyses on the non-depleted plasma samples 
derived from the HVs and GPs using antibody ar-
rays, through which we have identified novel pro-
tein biomarker candidates for diagnosis and prog-
nosis of patients with GBM.

We identified a set of 11 proteins that showed 
significantly altered plasma levels in the GPs, as 
compared to the HVs. Using DAVID bioinformatics 
analyses, we identified three plasma protein clus-
ters that correspond to the following pathways: (1) 
T-cell signalling and immune responses; (2) cell ad-
hesion and migration; and (3) cell cycle control and 
apoptosis. These same pathways were reported in 
one GBM plasma protein study15, whereas only the 
second and the third pathways were identified in 
a GBM tissue study.13 This would imply that the 
second and the third pathways are involved the 
intra-tumour cellular cross-talk, whereas the pro-
teins of the first pathway might be involved in host 
immune system responses to GBM.

Three of the 11 deregulated proteins (FTL, 
GNAO1, S100A9) were increased in the patients 

Figure 4. Quantification of Western blotting signals for the two 
putative plasma biomarkers for patients with GMB: CDKN1B 
and GANO1. Plasma samples were pooled for the HVs and 
GPs, and following Western blotting they were quantified and 
normalized using image densitometry, as described in Material 
and Methods. Horizontal bars: mean for each group. Red 
crosses: GNAO1 of three pools of samples from patients who 
survived longer than 1 year.

Figure 3. Kaplan-Meier graph of survival of the patients with 
GBM according to GNAO1 signal intensity. Thick line represents 
patients with higher signal intensity than cut-off value (81,97); 
thin line represents patients with lower signal intensity. 
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with GBM, where the others were either de-
creased (CDKN1B, FADD, POLG, SKP1) or were 
not detected (ICAM1, MLH1, MMP11, ST8SIA1). 
ST8SIA1 and MMP11 were detected only in the HV 
women. As ST8SIA1 is involved in breast cancer 
growth36 and MMP11 is mostly expressed in pla-
centa37, this would argue for their gender-specific 
association. Increased FTL and S100A9 have been 
reported previously for cerebrospinal fluid11 and 
plasma of patients with GP using iTRAQ-based 
liquid chromatography/ tandem mass spectrom-
etry and enzyme-linked immunosorbent assays15, 
thus justifying our methodological approach. Both, 
FTL and S100A9 are increased in serum under in-
flammatory conditions, and they might thus repre-
sent tumour-related inflammatory responses. The 
relevance of increased inflammation parameters in 
the blood of glioma patients, such as erythrocyte 
sedimentation rate and C-reactive protein levels, 
has recently been reported10, and these parameters 
might collectively have a strong prognostic signifi-
cance, as should be tested in further clinical stud-
ies, based on the criteria by Gautam et al.15

Among the proteins CDKN1B (p27/Kip1), ICAM1, 
MLH1, MMP11 and ST8SIA1, which we found were 
significantly decreased in the plasma from the pa-
tients with GP, only the CDKN1B decrease has been 

previously reported for plasma by others; the mu-
tation and deregulation of this tumour suppressor 
protein that is involved in the regulation of cell-cycle 
progression is a common feature of many cancers38, 
including glioma, where it has been significantly 
associated with short survival39,40 and glioma grad-
ing40 in larger population studies. For POLG and 
SKP1, which we detected only in the plasma from 
the HVs, both have been studied previously in GBM 
tissue41,42, where POLG expression was associated 
with mtDNA replication regulator genes, and was 
interpreted as a prognostic factor.41

With respect to prognosis, we found 16 plas-
ma proteins that were significantly associated 
with GP survival. It is significant that a set of the 
most strongly associated proteins (p <0.01), DFFA, 
MAP2K1, E2F5, PARP1, predict for longer survival 
when decreased, which is as would be expected, as 
these proteins have tumour-promoting characteris-
tics. However, with three proteins, MYOG, CD8A 
and GNAO1 (p <0.01), when these are increased, 
this predicts for longer survival. In the present 
study, only GNAO1 - a subunit of heterotrimeric 
G protein complex was identified as having both 
diagnostic and prognostic potential. Contrary to 
our results, in GBM tissue lower levels of GNAO1 
as compared to low grade glioma and normal brain 

Table 2. Identification of the 16 proteins that correlate with longer survival of patients with GBM 

Protein name Gene name p value Cut-off * Regulation in 
longer survivors

DNA fragmentation factor 45 DFFA 0.002 97.85 Decreased

MEK1 MAP2K1 0.002 64.91 Decreased

E2F transcription factor 5 E2F5 0.003 75.43 Decreased

ADP ribosyltransferase PARP1 0.006 52.44 Decreased

Myogenic factor 4 MYOG 0.007 108.67 Increased

CD8 Antigen, alpha polypeptide CD8A 0.009 86.3 Increased

Guanine nucleotide binding protein, 
alpha GNAO1 0.009 81.97 Increased

CD27 CD27 0.014 170.66 Decreased

CDC37 CDC37 0.016 312.01 Decreased

Transcription factor DP2 TFDP2 0.018 16.36 Decreased

STAT1 STAT1 0.02 95.77 Decreased

Eukaryotic translation initiation factor 4E 
binding protein 1 EIF4EBP1 0.023 79.95 Decreased

Platelet-derived growth factor alpha 
polypeptide PDGFA 0.03 65.67 Decreased

Alkaline phosphatase, liver ALPL 0.032 200.13 Increased

Collagen type XVIII alpha 1 COL18A1 0.033 54.68 Decreased

Chromogranin A CHGA 0.049 80.82 Increased

*Cut-off of microarray signal (intensity), to discriminate patients with shorter versus longer survival, as identified for each protein.
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tissue have been detected and indicated to affect 
physical properties of the cell membrane27, which 
may be implying on its secretion from the GBM 
into the bloodstream. Consistently, we found plas-
ma level of GNAO1 increased 2.9-fold in the GBM 
patients who showed longer survival, whereas in 
the GBM patients with shorter survival, it was in-
creased by only 1.2-fold, when compared to the 
HVs. Although GNAO1 was identified as part of 
human plasma proteome43, it is normally located 
in the plasma membrane of different cell types. 
However, mutations in GNAO1 gene can cause 
abnormal excretion of GNAO1 protein, which 
was associated with epileptic encephalopathy and 
disturbed calcium flow in the neuronal cells.44 As 
calcium flow is important for proliferation of neu-
ronal cells45, disturbed calcium flow induces apop-
tosis in GBM cells46, which might explain the ele-
vated levels of GNAO1 in GP with longer survival. 
Although increased plasma levels of GNAO1 have 
not been associated with GBM to date, this increase 
has been correlated to poor prognosis in patients 
with gastric cancer, where high abundance of the 
GNAO1 protein was suggested to promote cancer-
cell viability via pro-apoptotic protein interfer-
ence.47 As we detected lower levels of GNAO1 in 
the GPS compared to the GPL, this coincides with 
the observation that GNAO1 down-regulation in-
creases proliferation by senescence suppression in 
hepatocellular carcinoma cells.48 Here, we there-
fore propose that deregulation of this tumour sup-
pressor gene, as reflected by the higher levels of 
GNAO1 in the plasma of the GPs, might also be as-
sociated with prolonged survival of GBM patients.

In conclusion, we have identified novel plasma 
biomarker candidates that have potential for diag-
nostic application development. Out of all of the 
differentially altered plasma proteins in the plasma 
samples from the patients with GBM, only GNAO1 
is predicitve for longer patient survival. To our 
knowledge, this is also a first association of GNAO1 
plasma levels with GBM. We have thus provided 
evidence that plasma screening using antibody ar-
rays can allow for the identification of novel GBM 
plasma diagnostic and prognostic biomarker can-
didates. However, clinical validation of these can-
didates requires their further evaluation in a larger 
study on an independent cohort of patients.
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Introduction. Electroporation-based treatments rely on increasing the permeability of the cell membrane by high 
voltage electric pulses delivered to tissue via electrodes. To ensure that the whole tumor is covered by the sufficiently 
high electric field, accurate numerical models are built based on individual patient geometry. For the purpose of re-
construction of hepatic vessels from MRI images we searched for an optimal segmentation method that would meet 
the following initial criteria: identify major hepatic vessels, be robust and work with minimal user input.
Materials and methods. We tested the approaches based on vessel enhancement filtering, thresholding, and their 
combination in local thresholding. The methods were evaluated on a phantom and clinical data.
Results. Results show that thresholding based on variance minimization provides less error than the one based on 
entropy maximization. Best results were achieved by performing local thresholding of the original de-biased image in 
the regions of interest which were determined through previous vessel-enhancement filtering. In evaluation on clinical 
cases the proposed method scored in average sensitivity of 93.68%, average symmetric surface distance of 0.89 mm 
and Hausdorff distance of 4.04 mm.
Conclusions. The proposed method to segment hepatic vessels from MRI images based on local thresholding meets 
all the initial criteria set at the beginning of the study and necessary to be used in treatment planning of electropora-
tion-based treatments: it identifies the major vessels, provides results with consistent accuracy and works completely 
automatically. Whether the achieved accuracy is acceptable or not for treatment planning models remains to be 
verified through numerical modeling of effects of the segmentation error on the distribution of the electric field.  

Key words: electrochemotherapy; non-thermal irreversible electroporation; treatment planning; hepatic vessel seg-
mentation; non-invasive tumor treatments; MRI of liver

Introduction

Exposing a biological cell to a sufficiently high 
electric field causes increased permeability of the 
cell membrane. This increased permeability of the 
membrane allows transfer of molecules which nor-
mally lack membrane transport mechanism into 
the cell. The described effect of the electric field on 

the cell is called electroporation. 1,2 Electroporation 
can be classified as either reversible or irreversible. 
The reversible/irreversible nature of electropora-
tion is in strong correlation with pulse amplitude, 
duration and number of pulses. In reversible elec-
troporation, the cell membrane eventually re-
turns to its normal state. Irreversible electropora-
tion however leads to cell death because the cell 
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membrane is permanently disrupted or due to 
the extensive loss of the intracellular components. 
Combination of reversible electroporation with tra-
ditional methods of chemotherapy has resulted in 
a new method for tumor treatment named electro-
chemotherapy (ECT).3–5 Irreversible electroporation 
(IRE) has found its application in tumor treatment 
as a tissue ablation procedure, its main advantage 
being the fact that, if controlled properly, it does 
not thermally damage the tissue.6–8 

Tumor treatments based on electroporation like 
ECT and IRE include placement of the electrodes in 
the tissue and delivery of the electric pulses. In or-
der for the treatment to be successful the whole tu-
mor must be covered by a sufficiently high electric 
field. The magnitude and distribution of the elec-
tric field depends on the number and the position 
of the electrodes, the amplitudes of pulses applied 
per electrode pair and the electric properties of the 
tissue, especially conductivity.9,10 

Prediction of parameters needed for success-
ful treatment is easier for surface tumors which is 
why the ECT was first performed on skin tumors.4 
Ensuring the complete tumor coverage with a suf-
ficiently high electric field is however more chal-
lenging in the case of deep-seated solid tumors as 
well as large tumors.11 This was well demonstrat-
ed in a case where a patient with a deep-seated 
tumor in the thigh was treated with ECT.12 The 
post-treatment evaluation showed that 6% of the 
tumor volume was not covered by a sufficiently 
high electric field, which caused the tumor to re-
grow. The reasons which reduce predictability of 
the electric field distribution in deep-seated tumors 
are the tumor position, high diversity in tumor size 
and shape, and presence of the surrounding tissues 
with different electric conductivities. Predictability 
of an adequate distribution of the electric field can 
be best achieved by calculating a patient-specific 
treatment plan as a part of an electroporation-
based treatment procedure.13 A patient-specific 
treatment plan for electroporation-based treatment 
of deep-seated solid tumors takes into account pa-
tient geometry and tissue properties to generate an 
optimal set of treatment parameters.14,15

Correctness of a treatment plan is ensured by 
an accurate model of the patient which includes 
the tumor with critical surrounding tissues and 
structures. The patient model is built by segment-
ing the medical images and then used to perform 
numerical calculations of the electric field distribu-
tion. A proof-of-concept was provided in a clinical 
study in which colorectal metastases in the liver 
were treated by means of ECT.16 For the purpose 

of the mentioned clinical study, an algorithm for 
automatic segmentation of the liver from MRI im-
ages was developed.17 Similar treatment planning 
process is well-established in radiotherapy where 
it has been in use for decades.18 Generation of mod-
els from medical images for subsequent numerical 
calculations has also been used as a part of treat-
ment planning for radiofrequency ablation (RFA) 
of liver tumors.19,20 

Other than liver and tumor tissue, critical struc-
tures that need to be included in the model for both 
RFA and electroporation-based treatments of the 
liver are hepatic vessels. For the purpose of radi-
ofrequency ablation, vessels which measure more 
than 3 mm in diameter size have been described as 
critical because of their influence on heat propaga-
tion.21 In case of electroporation-based treatment 
of the liver the hepatic vessels are important for 
other reasons. Firstly, the electric conductivity of 
the vessels is different than that of the liver tissue 
and tumors, which can have an impact on the elec-
tric field distribution, especially in cases when a 
tumor is situated close to large vessels.22 Secondly, 
during an electroporation-based treatment the 
surgeons insert needle electrodes into the liver tis-
sue and these should not damage larger hepatic 
vessels. The hepatic vessels which were identified 
by surgeons as critical are vena cava and vena por-
ta with branches up to second order, left, middle 
and right hepatic vein, and larger hepatic arteries. 
These vessels will thus be the ones we will most 
certainly want to include in our model. Lastly, the 
model of vessels built from medical images can 
be used for intra-operative visualization to help 
surgeons navigate during the insertion of the elec-
trodes.

The problem of segmentation of vessels in gen-
eral23 and hepatic vessels in particular has been 
an area of interest for several decades. The inter-
est in segmentation of hepatic vessels resulted in 
exploring several different approaches. First at-
tempts were based solely on thresholding24 and re-
gion growing.25,26 The evolution of highly popular 
methods for enhancement of tubular structures27–29 
resulted in their combinations with thresholding30 
and region growing.20,31–33 Other than tube-enhanc-
ing filtering the traditional methods of segmenta-
tion were enhanced through use of Gaussian mix-
ture models34,35 and by utilizing morphology of 
the vascular tree through centerline extraction.20,31 
More advanced methods for segmentation of he-
patic vessels include those based on graph-cuts36,37, 
active contours38 and morphological properties 
embedded in context-based voting system.39
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All these methods for vessel segmentation have 
however been designed for and applied to CT im-
ages. To our knowledge, no method so far was test-
ed on MRI images. Although CT images have been 
considered superior for hepatic vessels, the vessels 
are also visible in MRI images, especially when a 
contrast agent is applied. With respect to the colo-
rectal metastases of the liver, multiple studies have 
shown that MRI is superior to CT in sensitivity and 
accuracy of detecting tumor lesions.40–45 If MRI is a 
modality of choice for detecting the tumors, using 
the same modality to segment the hepatic vessels 
would avoid the need for registration and errors 
that inevitably come with it. Another reason why 
MRI is a method of choice for planning of electropo-
ration-based treatments is possibility to directly 
observe the distribution of the electric field using 
the magnetic resonance electric impedance tomog-
raphy (MREIT), which was described in the work of 
Kranjc et al.46,47 and is being actively explored. 

Given all of the mentioned advantages of MRI 
over CT in treatment of colorectal metastases in 
the liver with electroporation-based treatments, 
we directed our research towards segmentation 
and validation of segmentation of hepatic vessels 
from MRI images. The segmentation method used 
for hepatic vessels has to be robust and include 
minimal or no user interaction. These prerequisites 
are necessary for using the procedure for hepatic 
vessel segmentation as a module in the process 
of treatment planning.48 Having this in mind, the 
segmentation methods we tested were built upon 
already established and robust approaches based 
on filtering, vessel enhancement, automatic thresh-
olding and region growing. Data used in valida-
tion consisted of two sources: a phantom and clini-
cal cases. The phantom was used to optimize the 
segmentation parameters and analyze the perfor-
mance of methods in detail. Images of clinical cases 
were then used to validate the performance of seg-
mentation methods under realistic conditions.

Materials and methods
Segmentation of hepatic vessels

In order to segment the hepatic vessels from MRI 
images we tested several simple approaches, alone 
and their combinations. The main approaches in-
clude vessel enhancement filtering, thresholding, 
region growing, connected component analysis 
and morphological operations.

To determine the optimal method for our pur-
pose we tested two different thresholding methods 

on different input: on original de-biased images 
and on the results of vessel enhancement filtering. 
The thresholding of that input was performed on 
the slice level and is referred to as global threshold-
ing. The thresholding method that performed best 
on phantoms was also tested locally on smaller re-
gions of original de-biased images determined by 
vessel enhancement filtering.

Pre-processing phase

Prior to running any of the methods on the origi-
nal images we performed de-biasing in order to 
remove the inhomogeneity of image intensity. The 
intensity inhomogeneity is a product of the mag-
netic field inhomogeneity in the MRI device.49 The 
applied de-biasing method is publicly available 
and based on the work of Zheng et al.50 After de-
biasing the images were masked with the results of 
liver segmentation.17

Vessel enhancement filtering

The filter we used is based on the work of Frangi et 
al.28 The filter differentiates line-like from blob-like 
and plate-like structures by observing the relation-
ships between eigenvalues of the Hessian matrix 
in each voxel of the image. Before applying the fil-
ter, the image is scaled by filtering with Gaussian 
kernels of different size σ. The value of σ is set to 
a value that equals the size of the diameter of the 
vessels we wish to enhance.

For each scale σ the probability of a voxel be-
longing to a line, i.e. vesselness is calculated as:

	
	 (1)

where  are eigenvalues of the Hessian 

matrix in three dimensions,  and  

are parameters which discriminate line-like struc-
tures from plate-like and blob-like structures, and 

 is the Frobenius norm of the 

Hessian matrix. Values of parameters α and β were 
chosen through optimization on phantoms and 
were selected as 0.3 and 0.7, respectively. Value of 
parameter c is calculated for each case and for each 
value of scale σ according to the following equa-
tion:
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	 	 (2)
The parameter c is used in the expression for ves-
selness as is, without squaring and multiplying by 2 
as it is done in the original work of Frangi et al.28 The 
reason for this is better enhancement of vessel struc-
tures. The final vesselness filtered image is obtained 
by calculating the maximum of vesselness values at 
different scales for each voxel of the image.

Thresholding

Out of many thresholding methods developed un-
til today we chose to implement two of the most 
successful as reported by Sankur et al.51 The first 
method is based on minimizing intra-class vari-
ance.52 The second method is based on maximiza-
tion of image entropy.53 Both methods are com-
pletely automatic and were implemented to de-
termine the threshold on slice level on an image 
histogram with values in the 16-bit range.

We assessed the performance of the two thresh-
olding methods globally on de-biased original 
images and vesselness filtered images of both 
phantoms and clinical cases. Additionally we as-
sessed the method that performed better globally 
on smaller regions of interest. The details of local 
thresholding are described in the section Proposed 
method. 

Proposed method

Through analysis of the results of previously de-
scribed methods applied on both phantom and 
clinical data, we derived a method comprised of 
the best aspects of vessel enhancement filtering 
and thresholding. Vessel enhancement filtering 
is excellent for locating the position of the ves-
sels but unable to determine their exact borders. 
Thresholding of the de-biased original image can 
detect vessel borders but not with consistent accu-
racy throughout the whole image. The proposed 
method is therefore based on local thresholding of 
smaller regions of interest (ROI), rather than deriv-
ing a single threshold for the whole slice. The ROIs 
for local thresholding are determined based on the 
output of vessel enhancement filtering. Detailed 
steps of the proposed method with all the input, 
output, parameters and dimension in which the 
step is performed are provided in Table 1.

First, we performed sinc interpolation to obtain 
isotropic voxels (O2) so that we could perform ves-
selness filtering.54 After that we applied the ves-
selness filtering on the interpolated, de-biased, 
masked original images (O3). The filtered image 
(O4) was interpolated once again to obtain the orig-

inal voxel size (O5). In the end of the filtering sec-
tion the result of vesselness filtering has to be once 
again masked with the original liver mask to sup-
press the high response which appears in the area 
where background borders with the liver (O6). 

The output of the vesselness filtering has high 
values for voxels with high probability of belong-
ing to a vessel and is very low for very small ves-
sels. The voxels with small vesselness values might 
also be a result of image noise. For this reason we 
have chosen a small threshold of 0.05 of the maxi-
mum vesselness value. All of the voxels with a 
vesselness value higher than this threshold are iso-
lated into a basic vessel model (O7). A basic vessel 
model thus consists of voxels with high certainty 
of belonging to a vessel. The same small threshold 
for output of Frangi’s vessel enhancing filter was 
already successfully used in the work of Dongen 
et al. to prevent false positives in the algorithm for 
extraction of pulmonary vasculature.55 

To eliminate the smallest vessels which are not 
of interest for electroporation-based treatments we 
morphologically open the results to remove all ob-
jects with a diameter smaller than 3 mm. We need 
to keep only larger objects (O8) because the small-
est hepatic vessels from the list of those that should 
not be damaged during the electrode insertion are 
the main hepatic arteries, and they measure around 
3 mm in diameter and more.56

After we have extracted and morphologically 
opened the basic vessel model (O8) we proceed 
with local thresholding to determine the exact ves-
sel borders. To extract the ROIs we first perform 
the connected component analysis on the slice level 
to break the basic vessel model into smaller 2D ob-
jects (O9). These objects are then morphologically 
dilated with a structuring element in the shape of a 
disc with a radius of 5 pixel. The dilation gives us 
the ROIs (O10) within which we perform the local 
thresholding (O12). The threshold for each ROI is 
calculated based on variance minimization.

The final steps in the proposed method are 
meant to refine the results by adding possibly 
missed nearby voxels and removing small objects. 
For this purpose we perform region growing with 
results of local thresholding (O12) as seed points. 
Region growing is performed on de-biased original 
images in 3D by searching the 27-neighborhood of 
each seed voxel. A threshold for adding new vox-
els is determined on a slice level as a median value 
of intensities of voxels already marked as vessels. 
The thresholds are re-calculated after each series 
of newly found voxels. The region growing stops 
once there are no new voxels that could be added. 
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After region growing we mask the results (O13) 
with an eroded liver mask (O14) to eliminate 
boundary outliers. This step is in general unneces-
sary if the provided liver masks are completely ac-
curate and contain only liver voxels. Otherwise the 
results of the vessel segmentation will also include 
a small strip around the liver which in original im-
ages is of similar intensity as vessels. The final step 
in the proposed method includes once again mor-

phologically opening the results (O15) to remove 
all objects with a diameter smaller than 3 mm. 

In order to give better insight into the proposed 
method we provide output of all the relevant steps 
in Figure 1. The outputs are the result of applying 
the proposed method on a clinical case. For all of 
the presented steps we provide a one slice output 
and for some steps also the complete 3D model, if 
relevant.

TABLE 1. Sequential list of all the steps performed within the proposed optimal method, along with inputs, outputs and parameters of each step and the 
dimension (2D or 3D) in which the step is performed. (Ox) denotes an output from a previous step where x is the step number

No Step Input Output Parameters Dimension

1 Bias removal Original unmasked image De-biased image (O1) / 2D

2
Sinc interpolation 
to obtain isotropic 
voxels

De-biased image (O1)
Liver mask

Interpolated de-biased image (O2’)
Interpolated liver mask (O2’’) / 3D

3 Masking
Interpolated de-biased 
image (O2’)
Interpolated liver mask (O2’’)

Interpolated masked de-biased 
image (O3) / 2D

4 Frangi filtering Interpolated masked de-
biased image (O3)

Interpolated vesselness filtered image 
(O4)

Gaussian kernel 
σ=[1,12] with a step 
of 0.5
α=0.3
β=0.7
c= half of Frobenius 
norm

3D

5 Interpolation to 
original voxel size

Interpolated vesselness 
filtered image (O4) Vesselness filtered  image (O5) / 3D

6 Masking
Vesselness filtered image 
(O5)
Liver mask 

Masked vesselness filtered image 
(O6) / 2D

7 Thresholding with a 
low threshold

Masked vesselness filtered 
image (O6) Basic vessel model (O7) Threshold = 0.05 * 

max(vesselness) 3D

8 Removal of small 
objects Basic vessel model (O7) Basic vessel model with objects with 

diameter > 3 mm (O8)

Size of small object 
= number of pixel of 
a circle with 3 mm 
diameter

2D

9 Connected 
component analysis

Basic vessel model with 
objects with diameter > 3 
mm (O8)

Basic objects (O9) / 2D

10 Dilation Basic object (O9) ROI of object (O10) Structuring element: 
disc with radius = 5 2D, per object

11 Masking De-biased image (O1)
Liver mask Masked de-biased image (O11) / 2D

12 Local thresholding
ROI of object (O10)
Masked de-biased image 
(O11)

Locally thresholded image (O12)

Threshold 
determined 
for each ROI 
through variance 
minimization

2D, per object

13 Region growing

Locally thresholded image 
(O12)
Masked de-biased image 
(O11)

Region grown image (O13)

Threshold = 
median of locally 
thresholded image, 
per slice
27-neighborhood

2D/3D

14 Erosion Liver mask Eroded mask (O14) Structuring element: 
disc with radius = 6 2D

15 Masking Region grown image (O13)
Eroded mask (O14) Segmented image (O15) / 2D

16 Removal of small 
objects Segmented image (O15) Segmented image with objects with 

diameter > 3 mm (O16)

Size of small object 
= number of pixel of 
a circle with 3 mm 
diameter

2D
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Most of the parameters that are used in the pro-
posed method are calculated automatically based 
on the image. These parameters include the two 
most critical parameters: the value of c used in the 
vessel enhancing filter that influences the filter out-
put most57 and thresholds in the local thresholding 
step. Values of two of the remaining parameters of 
the vessel enhancing filter, α and β, were chosen 
based on validation on phantoms. The rest of the 
parameters that had to be set do not directly influ-
ence the accuracy of the results but rather deter-
mine the region of interest in which the main pa-
rameters operate. These less-sensitive parameters 
are namely a threshold in step 7 and a structuring 
element in step 9 (Table  1). We would, however, 
not suggest setting these parameters to more than 
±25% of the values used in this paper. There is one 
parameter remaining that strongly influences the 

output of the vessel enhancement filter, and that is 
the value of σ in the Gaussian kernel. This param-
eter needs to be set only once and according to the 
size of the vessels one wishes to extract, as is stated 
in the work of Frangi et al.28

Phantom design

Our primary concern in hepatic vessel segmenta-
tion was the accuracy of segmentation rather than 
the segmentation sensitivity to the depth of the 
vessel tree. For this reason we created a phantom 
which enabled detailed observation of whether a 
certain method over- or undersegments. The phan-
tom was composed of a cup filled with agarose gel 
and a tube filled with physiological solution insert-
ed into that gel, similar to the work of Merkx et al.58 
and Jiang et al.59 The gel was prepared as a 0.5% 
solution of agarose in 100 ml distilled water, doped 
with 0.17 mM MnCl2 to enhance MRI signal prop-
erties.60 Three glass tubes with outer diameters of 4, 
6 and 8 mm were filled with physiological solution 
in order to model the vessels. Each tube was insert-
ed into its own cup filled with agarose gel perpen-
dicularly to the cup bottom. Another set of tubes, 
also with 4, 6 and 8 mm outer diameters were in-
serted into another three cups filled with agarose 
gel, but this time in a tilted position. In total, we 
had six cups containing tubes. An example dem-
onstrating different positions of the tube inside the 
cup is shown in Figure 2. All six cups were placed 
in a Siemens Avanto 1.5T MRI device and imaged 
at the same time in order to ensure the same im-
aging conditions for all six phantoms. Imaging 
parameters were set as in the standard protocol 
for imaging of the abdomen: T1-weighted, VIBE 
breath-hold, coronal plane with body coil. We im-
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FIGURE 1. Output of the proposed method applied on a clinical case. (A) Original 
image. (B) De-biased original image. (C) Masked de-biased original image. (D) 
Vesselness filtered image. (E) Masked vesselness filtered image. (F) The same output 
as in E. presented in colored scale. (G) Basic vessel model with small objects. (H) 
Basic vessel model with small objects shown in 3D. (I) Basic vessel model without small 
objects. (J) Basic vessel model without small objects shown in 3D. (K) Basic object 
with ROI. (L) Basic object with ROI in colored scale. (M) Result of local thresholding. 
(N) Result of local thresholding shown in 3D. (O) Result of region growing. (P) Result of 
region growing shown in 3D. (Q) Result of masking with an eroded mask. (R) Result of 
masking with an eroded mask shown in 3D. (S) Final result after the removal of small 
objects. (T) Final result after the removal of small objects shown in 3D.  

FIGURE 2. A simple phantom constructed for validation of 
hepatic vessel segmentation from MRI images. The phantom is 
made of agarose gel and a glass tube filled with physiological 
solution inserted in: (A) perpendicular position. (B) tilted position.
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aged in two intra-slice resolutions: 1.56 mm by 1.56 
mm and 1.04 mm by 1.04 mm. The slice thickness 
in both cases was 2 mm.

In order to be able to directly compare different 
vessel diameters imaged with different resolutions, 
we expressed the vessel diameters in number of pix-
el/diameter instead of in mm. The same approach 
was already used in papers which also evaluated 
accuracy of determining vessel area from MR an-
giography data.58,59 When expressed in pixel/diam-
eter, the value of different resolutions we observed 
were 2.56 pix, 3.84 pix, 5.12 pix, 5.76 pix and 7.69 
pix per diameter.

Clinical data

For validation on clinical data we obtained MRI 
images of six patients that were a part of Phase I/
II clinical study “Treatment of Liver Metastases 
with Electrochemotherapy (ECTJ)” (EudraCT 
number 2008- 008290-54; ClinicalTrials.gov 
(NCT01264952)).16 The study was conducted at the 
Institute of Oncology Ljubljana, Ljubljana, Slovenia. 
Regulatory approvals from the Institutional board, 
as well as from the National Medical Ethics 
Committee were obtained. Written consents of 
the patients were obtained. The series on which 
we performed the segmentation were the ones on 
which the colorectal metastases are most visible. 
The segmentation of the liver was also performed 
on the same image series by a method described 
by Pavliha et al.17 The reason for choosing the se-
ries where the liver, hepatic vessels and colorectal 
metastases are all visible was to avoid the need for 
subsequent registration. The chosen series were 
T1-weighted, VIBE breath-hold, transversal plane, 

with body coil and imaged 20 minutes after injec-
tion of the Primovist® (Bayer Group, Germany) 
contrast agent. Images were acquired with a 
Siemens AVANTO 1.5T MRI device at the Institute 
of Oncology in Ljubljana. In three cases the inter-
slice resolution was 0.684 mm by 0.684 mm with a 
slice thickness of 2.75 mm. In the other three cases 
the inter-slice resolution was 1.188 mm by 1.188 
mm with a slice thickness of 3 mm.

Accuracy assessment metrics
Phantom data

Once the images have been segmented, we count-
ed the number of pixel characterized as ‘vessel’ in 
each slice, thus obtaining the segmented vessel area. 
For reference vessel area we created a theoretical 
model which observes different ways in which a 
perfect circle can be positioned relative to the sam-
pling grid of certain size, depending on the circle 
size and the grid size. The illustration of our theo-
retical model for the case of 2.56 pixel/diameter is 
presented in Figure 3.

The need for such theoretical model is caused by 
partial volume effect, i.e. an artifact in medical imag-
ing where the value of a border pixel between dif-
ferent tissue types is influenced by the amount of 
tissues it is composed of. After segmentation, the 
pixel can be characterized as belonging to only one 
tissue type. Which type will it be depends on the 
amount in which a certain type is present in the 
pixel, but also on the segmentation method. Some 
segmentation methods, for instance, would charac-
terize every pixel that contains any amount of ves-
sel as a vessel pixel.59 We have therefore defined 
three reference area values in our theoretical con-
siderations. The first value, the optimal vessel area 
is the number of all pixels which contain at least 
half of the vessel tissue (pixels marked darker in 
Figure 3). The second reference value, the maximum 
vessel area is the number of all pixels that contain 
any amount of the vessel tissue (all colored pixels 
in Figure 3). The third reference value is calculated 
vessel area which is the mathematically calculated 
area of the perfect circle, expressed in number of 
pixels. The three reference area values (optimal, 
maximum and calculated) are calculated for each 
resolution and each of the three positions of object 
illustrated in Figure 3. The final optimal vessel area 
for a certain resolution is the smallest of the opti-
mal vessel area calculated for three positions (in 
Figure 3 that would be 4 pixels in case A).The final 
maximum vessel area for a certain resolution is the 
largest of the maximum vessel area calculated for 

Pixels with >= 50% vessel tissue

Pixels with > 0% vessel tissue

A B C

FIGURE 3. Theoretical model of reference vessel area with all 
possible positions of the object relative to the sampling grid. 
An example for the 2.56 pixel/diameter resolution. (A) vessel 
with a center in the pixel point, (B) vessel with the center on 
the middle of one of the pixels’ edges, (C) vessel with a center 
position right in the middle of one of the pixels. The pixels with 
>= 50% vessel tissue are a subset of pixels with >0% vessel tissue.

A B C
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three positions (in Figure 3 that would be 12 pixels 
in cases A and B). 

If the number of pixel contained in segmented 
vessel area falls in the range between optimal ves-
sel area and maximum vessel area, we consider the 
segmentation valid. Otherwise, we count the num-
ber of pixels outside this range as pixels missed. The 
segmentation error is expressed as relative area er-
ror, in percent:

 	(3)

Clinical data

The gold standard for the evaluation of segmenta-
tion of clinical data is a segmentation performed 
by manually determining an optimal threshold for 
each slice and manually drawing possibly missed 
contours. The segmentation result was addition-
ally validated by one of the authors (MMM) who 
is an experienced radiologist and who manually 
adjusted the segmentation where necessary. The 
evaluation of the segmentation of clinical data was 
performed on the level of objects detected in indi-
vidual slices. 

Metrics used for validation included a hit rate, 
i.e. a ratio of the number of detected objects against 
the number of all objects in the image, sensitiv-
ity (SEN = true positives / (true positives + false 
negatives)), average symmetric surface distance 

(ASSD)34,61 and Hausdorff distance. ASSD provides 
a measure of the average mutual distance between 
edges of the two surfaces, while Hausdorff distance 
is in fact the maximum symmetric surface distance. 
ASSD and Hausdorff distance were calculated ac-
cording to equations (4) and (5), respectively:

	  	 (4)

 	 (5)

where A and B denote the borders of segmented 
and reference objects, a and b are points on A and 
B respectively.  denotes the distance between 
a and b. NA and NB are the number of points on A 
and B. 

We have chosen to use ASSD and Hausdorff dis-
tance to describe the segmentation specificity rath-
er than a measure of specificity itself (SPEC=true 
negatives / (false positives + true negatives)) since 
a high number of true negatives (background) 
would always yield a high value of specificity. The 
values of sensitivity, ASSD and Hausdorff distance 
for the whole image were obtained by calculating 
a median of those values for all objects. We calcu-
lated the median instead of the mean since the data 
did not conform to Normal distribution.

Additional to previously described metrics we 
also used the receiver operating characteristics 
(ROC) curve analysis to objectively compare re-
sults of image filtering with original and de-biased 
images.62–64 The ROC curves used were constructed 
with threshold as a parameter.

Results

The first part of this section shows the results of 
segmenting phantom images. There we assess the 
performance of thresholding algorithms based on 
variance minimization and entropy maximization 
on original and vesselness filtered images. The sec-
ond part shows the results of segmenting images 
obtained from clinical cases. In this part we present 
the comparison of methods that performed best on 
phantoms and the method based on local thresh-
olding, i.e. the proposed method. 

Images of phantoms

For the validation on phantom data, Figure 4 shows 
relative area error of different segmentation meth-
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FIGURE 5. Median accuracy of seg-
mented area of phantom in tilted po-
sition as a function of resolution for 
different segmentation methods: vari-
ance minimization thresholding of the 
original image, entropy maximization 
thresholding of the original image, ves-
selness filtered image thresholded by 
variance minimization thresholding, and 
vesselness filtered image thresholded by 
entropy maximization thresholding.

FIGURE 4. Median accuracy of segment-
ed area of phantom in perpendicular 
position as a function of resolution for dif-
ferent segmentation methods: variance 
minimization thresholding of the original 
image, entropy maximization threshold-
ing of the original image, vesselness fil-
tered image thresholded by variance 
minimization thresholding, and vesselness 
filtered image thresholded by entropy 
maximization thresholding.
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ods for segmentation of tube phantom in perpendic-
ular position under different image resolutions. The 
thresholding method based on variance minimiza-
tion produces 0% error on both original images and 
vesselness filtered images. The thresholding method 
based on entropy maximization undersegments the 
vesselness filtered images and highly oversegments 
the original images. As could be expected, an abso-
lute value of error drops with increasing resolution.

Figure 5 also shows the same error as Figure 4, 
only for the phantom in tilted position. The thresh-
olding method based on variance minimization 
again produces 0% error on both original images 
and vesselness filtered images. The thresholding 
method based on entropy maximization produces 
an error only in the case of original images, which 
as expected drops with increasing resolution. 
Notably, an absolute error of the method based on 
entropy maximization applied on original images 
is higher for the phantom with tube in tilted posi-
tion than for the phantom in perpendicular posi-
tion. An error for the same thresholding method 
applied on vesselness filtered images in the case of 
tilted phantom is 0%.

In conclusion, thresholding based on variance 
minimization outperformed the thresholding 
based on entropy maximization on both original 
and vesselness filtered images.

Images of clinical cases

In this section the thresholding method that per-
formed best on images of phantoms, which is 
thresholding based on variance minimization, was 
also applied to images of clinical cases. The thresh-
olding was first applied globally on de-biased 
original images and on vesselness filtered images. 
After that we applied our proposed method which 
is based on local thresholding. 

Based on visual inspection only it was possi-
ble to determine that direct global slice-by-slice 
thresholding of vesselness filtered images results 
in large undersegmentation of the vessels. The seg-
mentation inaccuracy is shown in Figure 6, where 
Figure A shows one slice of the original data while 
Figure  B shows the result of the segmentation of 
the same slice using thresholding of the result of 
the vesselness filter. Figure  6.C shows the result 
of global thresholding of the de-biased original 
slice based on minimization of variance. Although 
more accurate than thresholding of the vesselness 
filtered image, this approach detects many false 
positives on the liver border. In Figure 6.D we can 
observe that false positives from Figure  6.C can 

be avoided by our proposed method which also 
provides the highest level of accuracy. Figure 6.E 
shows the gold standard – the radiologist segmen-
tation. Figure 6.F is a 3D representation of the seg-
mentation by the proposed method.

To additionally explore the potential of differ-
ently filtered images at providing an accurate seg-
mentation, we observed the ROC curves of original 
images, de-biased images and vesselness filtered 
images. As shown in Figure 7, optimal threshold-
ing of the de-biased images can provide highly 
accurate segmentations, while slightly outper-
forming thresholding of the original images and 
more significantly of the vesselness filtered im-
ages. Regardless of the choice of the threshold, di-
rect thresholding of vesselness filtered images can 
barely reach the sensitivity above 90%.

Final comparison of methods that performed 
best on phantoms (global thresholding of original 
de-biased images and vesselness filtered images 

FIGURE 6. Visual comparison of performance of global thresholding and our 
proposed method. (A) Original image slice. (B) Results of variance minimization 
based global thresholding of the vesselnes filtered image. (C) Results of variance 
minimization based global thresholding of the de-biased original image D. Results of 
our proposed method. (E) Gold standard – a radiologist segmentation. (F) 3D result 
of the segmentation by the method in (D).
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based on variance minimization) and the pro-
posed method based on local thresholding is given 
by observing hit rate, median sensitivity, median 
Hausdorff distance and median average symmet-
ric surface distance (ASSD) per clinical case. In 
Figure  8 we can observe that methods based on 
global thresholding of the original de-biased im-
ages have a hit rate around or above 90%, while 
results of global thresholding of vesselness fil-
tered images identify less than 70% of all objects. 
Similar results are observed for median sensitivity 
in Figure  9. The values of median sensitivity are 
again around or above 90% for global threshold-
ing of original de-biased images and below 70% for 
global thresholding of vesselness filtered images.

The differences between the proposed method 
and methods based on global thresholding can be 
observed through median Hausdorff distance and 
median ASSD in Figures 10 and 11, respectively. 
Values of median Hausdorff distance for the pro-
posed method are for all cases in the range of around 
2.2 pixels to 3.2 pixels. Values of median Hausdorff 
distance for global thresholding of original cases 
are in five out of six cases higher than those for the 
proposed method, in three cases even extremely 
high (above 10 pixel), indicating overestimation of 
the threshold on the global level. Values of median 
Hausdorff distance for thresholding of vesselness 
filtered images are mostly higher than those ob-
served for the proposed method, ranging between 
2.2 pixels and 4 pixels. As for median ASSD, values 

for all methods are in almost all cases below 1.2 pix-
els, except for an extreme for global thresholding in 
the same three cases which also provided extremes 
for the median Hausdorff distance.

Final quantitative results of our proposed seg-
mentation method are given in Tables 2 and 3. In 
Table  2 we provide results of validating the seg-
mentation of all vessels that are critical for elec-
troporation-based treatments of liver metastases 
as indicated previously in the paper. The mean hit 
rate for these vessels is high: 96.7% of objects that 
build up main vessels were detected. The mean 
value of median sensitivity of the detected objects 
is 93.7%. The mean error measured through ASSD 
is 1 pixel, while maximum error in specificity ex-
pressed through mean Hausdorff distance reaches 
4.26 pixels.

The statistics in Table 3 includes all the vessels 
that were marked by the radiologist. Median sen-
sitivity nearly equals the one of main vessels with 
96.65%. Mean value of median ASSD which equals 
0.92 pixel and mean value of median Hausdorff 
distance which equals 2.77 pixels indicate smaller 
level of error in specificity for smaller, more regu-
larly shaped vessels.

Discussion

The main aim of the study described in this paper 
was to find a method which would successfully 
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FIGURE 8. Comparison of hit rates 
for all six clinical cases segmented 
with three methods: the proposed 
method, global variance minimi-
zation thresholding of the original 
de-biased image and global vari-
ance minimization thresholding of 
the vesselness filtered image.

FIGURE 9. Comparison of median 
sensitivity for all six clinical cases 
segmented with three methods: the 
proposed method, global variance 
minimization thresholding of the 
original de-biased image and glob-
al variance minimization threshold-
ing of the vesselness filtered image.

FIGURE 10. Comparison of median 
Hausdorff distance for all six clinical 
cases segmented with three meth-
ods: the proposed method, global 
variance minimization thresholding 
of the original de-biased image 
and global variance minimization 
thresholding of the vesselness fil-
tered image.

FIGURE 11. Comparison of me-
dian average symmetric surface 
distance (ASSD) for all six clinical 
cases segmented with three meth-
ods: the proposed method, global 
variance minimization thresholding 
of the original de-biased image 
and global variance minimization 
thresholding of the vesselness fil-
tered image.
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segment hepatic vessels from MRI images for the 
purpose of generating a patient-specific treatment 
plan for electroporation-based treatment like elec-
trochemotherapy and non-thermal irreversible 
electroporation. The purpose for which the seg-
mentation will be used has resulted in specific cri-
teria the segmentation method must meet. Firstly, 
the segmentation method must detect all hepatic 
vessels that are considered critical in electropora-
tion-based treatments of the liver, which are basi-
cally all major hepatic vessels with branches up to 
second order. Secondly, the method has to be ro-
bust. Thirdly, the method has to perform segmen-
tation with minimal or no user interaction required. 
As for accuracy of the segmentation method, there 
were no limits posed prior to the beginning of the 
study. Having in mind that no segmentation meth-
od provides absolutely accurate results we rather 
aimed at finding the best method that would meet 
the set criteria and assess what is the maximum 
inaccuracy that method produces. Only after the 
maximum inaccuracy has been quantified we can 
conclude if segmenting hepatic vessels from MRI 
images for electroporation-based treatments is fea-
sible or not.

The first step in finding a method that could 
segment hepatic vessels from MRI images while 
satisfying all the mentioned criteria was using the 

established methods already used on CT images. 
Since we intended to test several methods we need-
ed means of evaluation that would enable objective 
comparison of segmentation results. We decided to 
start with a simple phantom model of a single ves-
sel for detailed observation of methods’ behaviors 
and continue assessing robustness of methods on 
clinical data. 

Our first choice of segmentation methods were 
the most widely used approaches of identifying 
vessels with vessel-enhancing filters and auto-
matic thresholding. Regarding automatic thresh-
olding, we have tested two different methods: 
thresholding based on intra-variance minimization 
and thresholding based on entropy maximization. 
Both thresholding methods were applied on both 
original de-biased and vesselness filtered images, 
thus resulting in in four different combinations. All 
four segmentation procedure combinations were 
run on both phantom data and clinical data. The 
results of evaluation on phantom data showed that 
intra-variance minimization thresholding applied 
on both original and vesselness filtered images of 
phantoms provides segmentation without errors. 
An entropy-maximizing thresholding applied on 
phantom data was not successful and showed ten-
dency to over-estimate the optimal threshold, both 
for original and vesselness-filtered images. 

TABLE 2. Results of segmentation of major hepatic vessels only from six clinical cases. Segmentation was performed by the method based on local 
thresholding. Results show hit rate of all objects in all slices, median sensitivity (SEN), median average symmetric surface distance and median Hausdorff 
distance

CASE Number of 
objects

Pixel 
resolution 
[mm]

Hit rate [%] Median 
SEN

Median 
ASSD [pix]

Median 
ASSD [mm]

Median 
Hausdorff 
distance [pix]

Median 
Hausdorff 
distance [mm]

1 43 0.684 92.9 98.0 1.3 0.9 4.4 3.0
2 69 0.684 98.4 96.4 1.1 0.7 3.6 2.5
3 38 0.684 100.0 100.0 1.1 0.7 4.1 2.8
4 31 1.188 96.4 85.3 0.7 0.8 2.2 2.7
5 31 1.188 92.3 84.2 1.3 1.5 8.1 9.6
6 25 1.188 100.0 98.2 0.6 0.7 3.2 3.8
OVERALL (mean) 96.7 93.7 1.0 0.9 4.3 4.1

TABLE 3. Results of segmentation of all hepatic vessels from six clinical cases. Segmentation was performed by the method based on local thresholding. 
Results show median sensitivity (SEN), median average symmetric surface distance and median Hausdorff distance

CASE Number of 
objects

Pixel resolution 
[mm] Median SEN Median ASSD 

[pix]
Median ASSD 
[mm]

Median 
Hausdorff 
distance [pix]

Median 
Hausdorff 
distance [mm]

1 305 0.684 100.0 1.0 0.7 2.2 1.5
2 347 0.684 100.0 1.2 0.8 3.2 2.2
3 328 0.684 100.0 1.1 0.8 3.2 2.2
4 327 1.188 89.9 0.7 0.8 2.8 3.4
5 400 1.188 90.0 0.6 0.8 2.2 2.7
6 454 1.188 100.0 0.9 1.1 3.0 3.6
OVERALL (mean) 96.7 0.9 0.8 2.8 2.6
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Application of variance-minimization thresh-
olding alone and in combination with vessel en-
hancement on clinical data did not provide sat-
isfying results. Although variance-minimization 
thresholding on the level of the whole slice had 
a high hit-rate and sensitivity (as seen in Figures 
8 and 9, respectively) it resulted in large overseg-
mentation error in half of clinical cases (seen in 
Figures 10 and 11). Namely, the large oversegmen-
tation error appeared in clinical cases with larger 
image resolution. The reason for this is the fact 
that the difference between the size (expressed in 
number of pixels) of foreground (vessels) and the 
size of background (liver) is larger in images with 
higher resolution. Additionally, larger difference 
between foreground and background size also 
means larger difference between their variance, 
which was shown to cause oversegmentation of 
foreground objects when the intra-variance mini-
mization thresholding method is applied.65–67 The 
other issue of variance-minimization thresholding 
applied on original images was that it detected not 
only vessels but also the liver border which had in-
tensity values similar to vessels (Figure 6.C). Vessel 
enhancement on the other hand was not sensitive 
enough. The reason for such low sensitivity is pri-
marily large slice thickness of the clinical data. 
With a gap of 3 mm between neighboring slices the 
changes in vessel forms are not smooth enough. 
Most cases where vessel enhancement was used so 
far had much smaller slice thickness, with some-
times even isotropic voxels.20,30,32,33,36 Also, hepatic 
vessels as seen in medical images, especially ma-
jor vessels, do not have a shape of a perfect tube. 
These shape irregularities result in smaller values 
of vesselness for large vessels which can then not 
be detected by automatic thresholding.

The complementing weaknesses of vessel en-
hancement and thresholding on a global level 
resulted in a segmentation method that would 
combine these two approaches in a different way. 
The proposed segmentation method utilizes vessel 
enhancement thresholded with a low threshold to 
determine the existence of a vessel. The automatic 
thresholding method then performs the thresh-
olding in a small region of interest just around 
the location of a vessel detected in the first step. 
Regarding the dimension in which each step of the 
proposed method was performed, we have utilized 
3D information only to determine the basic vessel 
model. For determining the accurate vessel borders 
we relied on the original 2D information in order 
to avoid interpolation necessary to obtain isotropic 
voxels.

The evaluation of the proposed method on clini-
cal data resulted in no large over-segmentations 
(Figures 10 and 11) with high values of hit-rate 
(Figure  8) and sensitivity (Figure  9) for both ma-
jor vessels and all vessels together (tables 2 and 3, 
respectively). Value of average symmetric surface 
distance indicates that an error in segmentation 
of any vessel, major or small is mostly likely to be 
smaller than 1 pixel. Value of the median Hausdorff 
distance indicates that, if a larger segmentation er-
ror, i.e. an outlier appears, it is most likely to be 4.3 
pixel for major vessels and 2.8 pixel in general, as 
seen in Tables 2 and 3, respectively. 

A comparison with results of previously devel-
oped methods for segmentation of hepatic vessels 
from CT images was difficult. The general obstacle 
for such comparison is lack of a publicly available 
database that all methods would be tested on as 
well as the lack of unified, standard criteria for val-
idation. Some attempts to standardize validation 
that would enable direct comparison were made 
through MICCAI grand challenges which were 
already organized for segmentation of liver and 
liver tumors from CT images.61,68 A similar grand 
challenge yet remains to be organized for segmen-
tation of hepatic vessels from images of any modal-
ity. The main obstacle to performing any kind of 
comparison of our results was the fact that there 
are not many results to be compared with. We have 
searched the Web of Science directory for all papers 
on the topic of hepatic/liver vessel segmentation 
from CT images, along with referenced and refer-
encing papers of matches. The search yielded only 
19 matches in the past 20 years. Out of 19 papers, 
17 of them were tested on clinical data while the re-
maining 2 were tested only on phantom data. Out 
of the mentioned 17 papers only 1 paper39 included 
a detailed evaluation similar to ours in which the 
authors assessed the method accuracy and error in 
the form of average distance as we have. The re-
sults from that paper report an average distance of 
0.9 mm to 4.4 mm, which is comparable to our find-
ings. The authors also state that »the misclassified 
vessels do not deviate from the ground truth far 
away«.39 In the majority of the remaining 16 papers 
the evaluation was qualitative based on visual in-
spection of “goodness” of the segmentation. 

Although no definite conclusions can be made 
about the validity of our method based on direct 
comparison with other methods, positive conclu-
sions can be drawn with respect to the criteria set 
at the beginning of our research. Firstly, the meth-
od we propose is able to detect all vessels critical 
for electroporation-based treatments of liver with 
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above 93% sensitivity. The errors that are produced 
in segmentation of critical vessels appear in amount 
which is sufficiently low to enable a fast correction 
by an expert radiologist. Namely, manual valida-
tion by an expert radiologist is a step that should 
still be mandatory in the process of treatment plan-
ning and would also provide valuable feedback for 
improvement of the segmentation method. 

Secondly, the proposed segmentation method 
is robust to variations in image resolution, imag-
ing devices and protocols. We have shown that 
the method consistently provided results of high 
sensitivity when validated on images of different 
intra-slice resolution. Regarding the slice thickness 
the results could only be improved using smaller 
thickness while we would not suggest using im-
ages with slices thicker than 3 mm because of high 
complexity of hepatic vasculature. Given the fact 
that main method parameters (namely thresholds 
and parameter c that regulates response of the ves-
selness filter to high contrast) are automatically cal-
culated from the image, the method is expected to 
perform well regardless of the imaging device. In 
order to be used on image series imaged with dif-
ferent protocols only one change should be made. 
Should the vessels in such case appear brighter 
instead of darker against the background a minus 
sign should be added in front of the equation for 
the vesselness filter. 

Thirdly, the method is performed completely 
automatically with no user input, assuming that 
the liver is segmented automatically.17

Finally, the evaluation of the proposed method 
resulted in a quantitative estimation of a segmen-
tation error which is most likely to appear in the 
worst case of segmentation – 2.8 pixels. Assuming 
the lowest image resolution of our test images, 
which was 1.188 mm per pixel, the above men-
tioned segmentation error would translate to 3.3 
mm. For comparison, a study on registering CT 
with MRI images of the liver performed in 2005 re-
ports a mean registration error of 14.0-18.9 mm,69 
while a newer study from 2010 reports a mean er-
ror of 3.3 mm.70 If a segmentation of hepatic vessels 
was performed on CT images and then registered 
with MRI images for colorectal metastases seg-
mentation the total error of vessel model would 
be even higher due to the error of segmentation on 
CT images itself. It is thus indeed more feasible to 
perform the hepatic vessel segmentation with our 
proposed method directly on MRI images. Still, in 
order to give a final decision if the proposed meth-
od of segmentation of hepatic vessels from MRI 
images can be used in treatment planning of liver 

tumors with electroporation-based treatments an 
additional assessment is needed. The additional 
assessment would be based on introducing the es-
timated value of the segmentation error – 2.8 pixels 
– into treatment plan calculations and observe its 
influence on the distribution of the electric field. 
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Background. Microinvasive squamous cell carcinoma (MISCC) comprises a significant portion of all cervical cancers 
in Slovenia. Criteria of carcinomatous invasion are well described in the literature, however histopathological assess-
ment of MISCC is difficult, because morphological characteristics can overlap with cervical intraepithelial neoplasia 
grade 3 (CIN 3) and other pathological changes. The aim of our study was to evaluate the reliability of the histopatho-
logical diagnosis of MISCC in Slovenia during the period from 2001 to 2007. 
Materials and methods. Data on patients with a histopathological diagnosis of cervical MISCC (FIGO stage IA) in 
the period of 2001 to 2007 were obtained from the Cancer Registry of Slovenia. Histological slides were obtained from 
the majority of pathology laboratories in Slovenia. We received 250 cases (69% of all MISCC) for the review; 30 control 
cases with CIN 3 and invasive squamous cell carcinoma FIGO stage IB were intermixed. The slides were coded and 
reviewed. 
Results. Among 250 cases originally diagnosed as MISCC, there was an agreement with MISCC diagnosis in 184 
(73.6%) cases (of these 179/184 (97.3%) cases were FIGO stage IA1 and 5/184 (2.7%) cases were FIGO stage IA2). 
Among 179 FIGO stage IA1 cases 117 (65.4%) showed only early stromal invasion.
Conclusions. The retrospective review of cases diagnosed as MISCC during the period 2001- 2007 in Slovenia 
showed a considerable number of overdiagnosed cases. Amongst cases with MISCC confirmed on review, there was 
a significant proportion with early stromal invasion (depth of invasion less than 1 mm). 

Key words: cervical cancer; cervical squamous cell carcinoma; microinvasive squamous cell carcinoma; cervical 
intraepithelial neoplasia

Introduction

For more than 50 years, the Cancer Registry of the 
Republic of Slovenia has collected epidemiological 
data on the incidence rate of cervical cancer and 
cervical intraepithelial neoplasia (CIN). The inci-
dence rate of cervical cancer was declining until 
the late 1980s, however it began to rise by the be-
ginning of the 1990s and exceeded 20 new cases 
per 100.000 women (the highest incidence rate 
was 23.0/100.000 in 1997).1-4 During the same time 
period, incidence of the earliest stage of cervical 

squamous cell carcinoma, microinvasive (early 
invasive) squamous cell carcinoma (MISCC), in-
creased and contributed substantially to overall 
cervical cancer incidence (Figure  1).1-4 The inci-
dence of MISCC was highest in the age group 20-
49 years. In the time period 2004-2006 it even ex-
ceeded 40% of all cervical cancer cases in this age 
group (Figure 2). Of the two FIGO clinical stages 
of MISCC the incidence of stage IA1 (tumor in-
vasion 3 mm or less in depth) was much higher 
than the incidence of stage IA2 (tumor invasion 
5 mm or less in depth) (Figures 1, 2).5 After the 
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implementation of an organized national cervi-
cal cancer screening program in Slovenia in 2003 
named Zgodnje Odkrivanje predRAkavih spre-
memb materničnega vratu  (ZORA) the incidence 
of cervical cancer started to decline in 2004 with 
a concurrent rise in incidence of cervical intraepi-
thelial neoplasia grade 3 (CIN 3).3 In the year 2007 
the number of newly detected cervical cancers de-
clined to 153 (incidence rate 14.8/100.000) and in 
2008 and 2009 to 130 (incidence rate 12.6/100.000). 
Simultaneously the incidence rate of CIN 3 rose 
from 60.0/100.000 in 1997 to 115.0/100.000 in 2007.3 

In many cervical biopsies light-microscopic 
evaluation of MISCC is a difficult task. It is par-
tially the consequence of the anatomical and his-
tological peculiarities of the cervix uteri, namely 
the tendency of CIN 3, from which the MISCC foci 
derive, to involve the cervical gland crypts.6,7 On 
the other hand histopathological changes linked 
to inflammation, prior biopsies, cautery artefacts 
and tangential sectioning of epithelium may mimic 
the MISCC.6,7 The experienced pathologist should 
consider all the options and carefully confirm or 
exclude them to avoid overdiagnosing invasive 
disease.6-10 

The earliest form of MISCC is early stromal inva-
sion, with the depth of invasion up to 1 mm. Early 
stromal invasion is encompassed in the IA1 FIGO 
clinical stage of cervical squamous carcinoma and 
was never staged as a separate category.5,11,12 Some 
authors think early stromal invasion should be 
considered as a separate category excluded from 
IA1 FIGO clinical stage because its management 
and prognosis is similar to that of CIN 3.13,14 

Some authors describe the impact of biopsy 
management (different sectioning) and the number 
of histological levels per tissue block made on the 
evaluation of MISCC. According to the results of 
two studies, MISCC was present in the first tissue 
level in the majority of biopsies and that suggested 
that the processing of many hematoxylin eosin 
(HE) slides per tissue block causes an unnecessary 
burden for the pathologist.15,16

The purpose of our study was to find out 
whether the recorded incidence of cervical cancer 
in Slovenia in the period 2001-2007 was correct or 
overestimated resulting from difficulties imple-
menting the histopathological criteria of MISCC 
and the existence of many histopathological chang-
es that can mimic MISCC. 

We also evaluated the presence of MISCC in the 
first tissue level and whether or not the number of 
HE slides per tissue block influenced the reliability 
of histopathological evaluation.

Materials and methods

The study was approved by Slovenian national 
medical ethics committee (Approval No. 51/05/09). 
The data on microinvasive cervical squamous cell 
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Figure 1. Incidence rate of cervical cancer according to the clinical stage at the 
diagnosis (Slovenia 1985–2006).

Figure  2. Proportion of patients with cervical carcinoma by clinical stage of 
International Federation of Gynaecology and Obstetrics (FIGO) and by age groups 
(Slovenia 2004–2006).

CC = cervical carcinoma; IA, IB, I, II, III, IV: clinical stages of cervical cancer according to 
international federation of gynecology and obstetrics (FIGO)
(Source: Report on results of the national cervical cancer screening programme ZORA (in the 
period 2007-2008))
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carcinoma (FIGO stage IA1 and IA2) in the period 
2001-2007 were obtained from the Cancer Registry 
of RS. Original histological HE stained slides of 
cone biopsies and hysterectomies from which the 
original diagnoses of MISCC were made were re-
quested from various pathology laboratories. In 
the period 2001-2007 eleven laboratories reported 
MISCC to the Cancer Registry of RS and 363 pa-
tients were diagnosed with MISCC. We managed 
to obtain 285 specimens from nine laboratories rep-
resenting 78.5% of patients with the diagnosis of 
MISCC. After checking the HE slides 35 biopsies 
were missing or damaged and therefore excluded. 
The remaining 250 biopsies (69% of patients with 
the diagnosis of MISCC) were suitable for light 
microscopic review. The original diagnoses of 250 
biopsies were: 230 carcinomas FIGO stage IA1, 16 
carcinomas FIGO stage IA2, and 4 MISCC without 
stage evaluation.

To avoid bias in review, 30 control cone biop-
sies were included in the study (15 with the origi-
nal histopathological diagnosis of CIN 3 and 15 
with the original histopathological diagnosis of 
cervical squamous cell carcinoma, FIGO stage IB 
(SCC, IB)). The control biopsies were selected from 
the archives of the Institute of Pathology, Faculty 
of Medicine Ljubljana and from Department of 
Pathomorphology, Division of Obstetrics and 
Gynecology, University Medical Centre Ljubljana. 
Overall the study included 280 biopsies (274 cervi-
cal cone biopsies and 6 hysterectomies). The cases 
were anonymized and assigned randomly chosen 
successive numbers from 1 to 280.

Firstly the HE slides were reviewed indepen-
dently by two pathologists (pathologist A, pa-
thologist B) experienced in the histopathological 
diagnosis of uterine cervical lesions. Then third 
pathologist (pathologist C) independently, with-
out knowing the original diagnoses or diagnoses 
of pathologists A and B, reviewed selected cases 
including those where the first two pathologists 
did not find any MISCC, the biopsies where they 
disagreed, the biopsies where the histopathologi-
cal changes were difficult to interpret but were 
considered suspicious for MISCC, and some ran-
domly chosen control biopsies. The established 
criteria for histopathological evaluation of micro-
invasive cervical squamous cell carcinoma were 
used: focal maturation of the neoplastic epithelium 
with prominent nucleoli, desmoplastic response in 
the adjacent stroma, blurring and irregularity of 
the epithelial-stromal interface (Figure 3).6,7,10,11 The 
depth and width of MISCC was measured in mil-
limeters (mm) and classified according to the FIGO 
classification of cervical squamous carcinoma clini-
cal stages.5 Every foci of invasion were measured 
separately from the CIN 3 epithelial-stromal inter-
face. When the pathologists could not confirm the 
diagnosis of microinvasive carcinoma, they also as-
sessed which histopathological changes that were 
present in the biopsy could mimic early invasion. 

The results of the review were compared to the 
original diagnoses and presented with the methods 
of descriptive statistics. The interobserver variabili-
ty between the three pathologists was measured by 
Cohen’s kappa coefficient. The diagnosis of MISCC 
was confirmed when two or all three pathologists 
agreed on diagnosis. 

Because the data on the type of cone biopsy and 
tissue management in the histopathology laborato-
ries were not available for all patients, we also re-
corded the type of cone biopsy (cold knife or large 
loop excision of the transformation zone (LLETZ)) 
and the method of tissue sectioning (parallel or ra-
dial). The average number of tissue levels per tis-
sue block was also counted.

In all biopsies with the review assessment of 
MISCC we evaluated the presence of MISCC in the 
first level cut from the tissue block.

Results

The average age of patients with an original diag-
nosis of microinvasive carcinoma was 41.1 years 
(range 22-74 years, median 40). The average age of 
patients from the control group with the CIN 3 di-

Figure  3. Focus of cervical microinvasive squamous cell 
carcinoma (left) emerging from cervical intraepithelial lesion 
grade 3 (right); maturation of the neoplastic epithelium 
(), irregularities of the epithelial stromal interface () and 
desmoplastic reaction in the adjacent stroma () are seen 
(hematoxylin and eosin stain; original magnification: x200).






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agnosis was 35.9 years (range 24-55 years, median 
40) and from the control group with the diagnosis 
of SCC, IB was 39.5 years (range 31-51 years, me-
dian 40). Among all 280 biopsies included in the 
study, 196 (70%) were cold-knife cones, 78 (28%) 
were LLETZ, and 6 (2%) were hysterectomy speci-
mens. There were 269 (96%) cones sectioned in the 
parallel way, and 5 cones and 6 hysterectomies 
(4%) sectioned using the radial method. The aver-
age number of tissue levels per tissue block was 8 
(range 1-40).

The results of the review by pathologists A and B 
were: among 250 biopsies with an original MISCC 
diagnosis 184 biopsies were confirmed as MISCC 
(31 as suspicious for MISCC). In 50 biopsies the re-
viewers agreed there was no MISCC. In 15 biopsies 
the agreement could not be reached. 1 biopsy was 
assessed as SCC, stage IB by both pathologists. All 
CIN 3 control biopsies were confirmed as CIN 3. 
Among SCC, FIGO stage IB control biopsies the 
diagnosis of SCC, FIGO stage IB was confirmed in 
12 cases. However, 3 biopsies were evaluated as 
MISCC, 2 as FIGO stage IA1 and 1 as FIGO stage 
IA2. Cohen’s kappa coefficient for pathologists A 
and B diagnostic agreement was 0.85.

Pathologist C evaluated 92 biopsies (32.8%): all 
15 biopsies where pathologists A and B could not 
reach an agreement, 42 biopsies where patholo-
gists A and B agreed there was no MISCC, 31 biop-

sies where pathologists A and B thought they were 
difficult to interpret and agreed on suspicious of 
MISCC diagnosis and 4 randomly chosen control 
biopsies. The Cohen’s kappa coefficients for this 
group of biopsies (with the original diagnosis of 
MISCC), reviewed by all three pathologists were: 
0,80 for pathologists A and B, 0,80 for pathologists 
A and C and 0,88 for pathologists B and C (Table 1). 
We considered the case as MISCC when two or all 
three pathologists agreed on this diagnosis. The 
31 cases that pathologists A and B found difficult 
to interpret were reexamined concurrently by all 
three pathologists to reach a consensus diagnosis. 

The final results of the three pathologists, re-
view are shown in Table  2. Among 184 biopsies 
with confirmed MISCC 179 were defined as FIGO 
stage IA1 (117 early stromal invasion) with maxi-
mum depth of invasion of 1 mm, 62 with depth of 
invasion between 1 and 3 mm) and 5 biopsies were 
defined as FIGO stage IA2.

The major histopathological criteria of early in-
vasion were evaluated in all 187 biopsies scored as 
MISCC (184 with original MISCC diagnosis, 3 with 
original SCC, FIGO stage IB diagnosis). Focal mat-
uration of the neoplastic epithelium with promi-
nent nucleoli was confirmed in all 187 biopsies. 
Blurring and irregularities of the epithelial-stromal 
interface was seen in 159 (85%) of 187 biopsies. A 
desmoplastic response in the adjacent stroma was 

Table 1. Results of review of 88 biopsies with original diagnosis of cervical microinvasive squamous cell carcinoma examined by 
three pathologists (Pathologist A, Pathologist B, Pathologist C)

CKC

 B + B –  A + A – B + B –

A + 31 10 C + 28 3 C + 28 3

A – 4 43 C – 13 44 C – 7 50

0,80 0,80 0,88

CKC = Cohen,s kappa coefficient; + = diagnosis of microinvasive squamous cell carcinoma confirmed; – = diagnosis of microinvasive squamous cell 
carcinoma not confirmed; A = Pathologist A; B = Pathologist B; C = Pathologist C

Table 2. Final results of review on 280 biopsies with original diagnosis of cervical microinvasiove squamous cell carcinoma: 250 
biopsies with the original diagnosis of cervical microinvasive squamous cell carcinoma and 30 control biopsies

Number of biopsies Original diagnosis Diagnosis after the review
N (%)

Control biopsies 15 CIN 3 15 (100,0) CIN 3

Control biopsies 15 SCC IB 12 (80,0) SCC IB
3 (20,0) SCC IA

Biopsies to reevaluate  
(with the original MISCC diagnosis) 250 MISCC

184 (73,6)  SCC IA
2 (0,8) SCC IB

64 (25,6) no MISCC

All 280 280

MISCC = microinvasive squamous cell carcinoma; IA, IB = clinical stages of cervical squamous cell carcinoma according to International Federation of 
Gynecology and Obstetrics (FIGO) classification; CIN 3 = cervical intraepithelial lesion grade 3; SCC = squamous cell carcinoma
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confirmed in 133 (71%) of 187 biopsies (in the re-
maining 54 biopsies a heavy mononuclear inflam-
matory infiltrate was surrounding invasive foci 
making the evaluation of desmoplastic reaction 
impossible) (Figure 4).

In 64 biopsies evaluated as not containing 
MISCC we evaluated the histopathological chang-
es that could possibly mimic early invasion and 
cause false overdiagnoses of MISCC. We classified 
these histopathological changes into eight groups: 
deposits of normal squamous or CIN epithelium in 
the subepithelial tissue, tangentially sectioned epi-
thelium, prior biopsy site changes, reactive epithe-
lial changes (regeneration, pseudoepithelomatous 
hyperplasia), inflammatory changes with blurred 
epithelial-stromal interface, complex CIN 3 with 

extensive gland-crypt involvement, cautery tissue 
artifacts, and normal squamous epithelium with-
out evident pathological changes. The most fre-
quent solitary histopathological change was com-
plex CIN 3 with extensive gland crypt involvement 
(41 of 64 biopsies (64%)) followed by inflammatory 
changes and tangentially sectioned epithelium 
(Figure 5).

In 187 biopsies confirmed as MISCC after review 
(184 with an original diagnosis of MISCC, and 3 
SCC, FIGO stage IB from the control group) we also 
evaluated the presence of MISCC in the first tissue 
level of the block. We found MISCC in first tissue 
level in 141 of 187 biopsies (75%). In the remaining 
46 biopsies (25%) MISCC was present in the second 
or subsequent tissue levels. In 42 of 46 biopsies the 
absence of MISCC in the first tissue level was the 
consequence of a poorly prepared first cut HE slide 
with large areas of epithelium missing. MISCC was 
found in 2nd level in 5/42 cases, 3rd level in 12/42 
cases, 4th level in 8/42 cases, 5th level in 5/42 cases, 
6th level in 4/42 cases, 7th level in 6/42 cases, 8th and 
9th level in one case each/42 cases. In only 4 of 46 
biopsies no MISCC was found in suitably prepared 
first cut HE slide; MISCC was found in 2nd level in 
2/4 cases and 3rd level in 2/4 cases.

Discussion

Cervical cancer is still a significant public health 
problem even in some countries with successfully 
implemented cytological screening programs for 
early detection of cervical precancerous lesions. 
Due to the high incidence of cervical carcinoma 
in Slovenia and the especially high incidence of 
MISCC, we tried to assess, the reliability of the 
histopathological diagnosis of MISCC during the 
period 2001-2007.1-4 

Our study exposes several problems in the diag-
nosis of MISCC. 25.6% of biopsies with an original 
diagnosis of MISCC were assessed as not containing 
MISCC after review. Among the biopsies assessed 
as MISCC after the review, 63.6% were evaluated as 
early stromal invasion. In the majority of biopsies 
the established criteria of early invasion were read-
ily assessable with the exception of the desmoplas-
tic reaction which could not be reliably assesed due 
to heavy inflammatory infiltrate in 29% of cases. In 
cases confirmed as MISCC, the MISCC was found 
in the first tissue level in only 75% of biopsies. 

The rate of overdiagnosis of MISCC in our study 
(25.6%) is comparable to that found in large biop-
sy series reviews.17-19 The rate of overdiagnosis is 

Figure 4. Heavy inflammatory infiltrate surrounding the focus 
of invasion; cell maturation and scalloped margins are present 
but no convincing desmoplasia. (hematoxylin and eosin stain; 
original magnification: x200).

Figure 5. Cervical intraepithelial neoplasia grade 3 involving 
the cervical gland crypts (hematoxylin and eosin stain; original 
magnification: x40).
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much higher than of underdiagnosis of MISCC. 
These results show that when in doubt pathologists 
are prone to overdiagnose MISCC. Overdiagnosis 
of MISCC not only increases  cervical cancer inci-
dence rates but also exposes women to unneces-
sary overtreatment and is a cause of psychological 
and social stresses.17,18,20 

We were unable to obtain epidemiologic data 
about the proportion of MISCC in the overall FIGO 
stage IA1 groups of cervical carcinoma in other 
countries, but according to the data of some pub-
lished studies the incidence of MISCC is below the 
Slovenian incidence. Two separate studies report-
ed that MISCC comprised 15% and 19% of cervical 
cancers.19,21 In our study we found out  that among 
MISCC not only the percentage of FIGO stage IA1 
is especially high (92% of original MISCC diagno-
ses and even 97% cases with  MISCC confirmed 
after review) but also the early stromal invasion 
with invasive foci of less than 1 mm depth repre-
sented a high proportion of FIGO stage IA1 cases. 
To our knowledge cancer registries do not classify 
early stromal invasion as a separate category, al-
though some authors think it should be excluded 
from MISCC because its prognosis and manage-
ment are similar to those of CIN 3. In their opinion 
reporting early stromal invasion as invasive squa-
mous carcinoma increases the incidence of cervical 
cancer and the cancer burden.13,14 We agree with 
this opinion which is supported by Slovenian epi-
demiological data that show that mortality from 
cervical cancer is low compared with its incidence 
rate.2-4,22 

Regarding the evaluation of criteria for early 
invasion we had no substantial difficulties in as-
sessing focal maturation with prominent nucleoli 
of the neoplastic epithelium and blurring and ir-
regularities of the epithelial-stromal interface.6,7,10 
However a desmoplastic response in the adjacent 
stroma was difficult or impossible to evaluate in 
29% of all biopsies reevaluated as MISCC because 
of the heavy mononuclear inflammatory infiltrate 
surrounding and sometimes invading the foci of 
MISCC. We found no evidence of this problem in 
the literature, but the difficulties in assessing this 
criterion are disturbing because we believe that a 
clearly expressed desmoplastic reaction is a valu-
able criterion of early invasion.

We also estimated the presence of MISCC in first 
tissue level per block and compared the results of 
data from previous studies. Pathologists from dif-
ferent countries examine variable number of tis-
sue levels per blocks of cone biopsies, depending 
on their national societies’ recommendations and 

laboratory protocols. In our study we noticed that 
the number of tissue levels varied from 1 to 40 lev-
els from nine different pathology laboratories we 
received the biopsies from. This is the consequence 
of the fact that in Slovenia we are only now start-
ing to prepare standard operating procedures to 
manage uterine cervical biopsies whereas previ-
ously pathology laboratories would follow their 
own recommendations. Nevertheless, the results of 
previous studies showed that MISCC was present 
in the first tissue level in the majority of the cone 
biopsies; therefore larger numbers of levels have 
been regarded as unnecessary except when there 
was discordance between cytologic, colposcopic 
and histologic data.15,16 The results of our present 
study do not confirm these previous findings, as 
we found MISCC in the first tissue level in only 
75% of cone biopsies with a confirmed diagnosis of 
MISCC. The reason for this discordance is subop-
timal quality of the first tissue level (first HE slide) 
preparation in some laboratories. In our opinion 
the first levels are often not suitable for pathologi-
cal evaluation because of large areas of squamous 
epithelium missing. In previous studies this issue 
was not evident as the tissue levels were presum-
ably suitable for evaluation. This fact emphasizes 
the need for proper recommendations and quality 
assurance for pathology laboratories. According to 
our study 5 tissue levels would assure diagnosis 
in all cases if the optimal quality of the first tissue 
level preparation was secured.  

In conclusion, our findings suggest that diag-
nosis of MISCC is demanding and pathologists in 
their routine work tend to overdiagnose the inva-
sive disease. This leads to increased cervical can-
cer incidence rates and also exposes women to un-
necessary overtreatment. The results of our study 
show the need for national recommendations and 
quality assurance at all levels of uterine cervical 
diagnostics related to national cervical screening 
program.
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Background. We evaluated the influence of folate pathway polymorphisms on high-dose methotrexate (HD-MTX) 
related toxicity in paediatric patients with T-cell non-Hodgkin lymphoma (NHL). 
Patients and methods. In total, 30 NHL patients were genotyped for selected folate pathway polymorphisms. 
Results. Carriers of at least one MTHFR 677T allele had significantly higher MTX area under the time-concentration 
curve levels at third MTX cycle (P = 0.003). These patients were also at higher odds of leucopoenia (P = 0.006) or 
thrombocytopenia (P = 0.041) and had higher number of different HD-MTX-related toxicity (P = 0.035) compared to 
patients with wild-type genotype. 
Conclusions. Our results suggest an important role of MTHFR 677C>T polymorphism in the development of HD-MTX-
related toxicity in children with NHL. 

Key words: childhood; non-Hodgkin lymphoma; folate pathway; polymorphism; high-dose methotrexate; toxicity

Introduction

Lymphomas are the second most common group 
of cancers in children and adolescents in Slovenia 
(www.slora.si). Non-Hodgkin’s lymphomas (NHLs) 
represent approximately 50% of these diagnoses 
in children and have an average 10-year incidence 
in Slovenia of six cases per year. NHL comprises 
a heterogeneous group of lymphoid neoplasms.1 
Among the three major subgroups of childhood 
NHL according to the World Health Organization 
Classification, children with lymphoblastic lym-
phoma of the precursor B- or T-cell types (LBL) are 
treated according to childhood acute lymphoblastic 
leukaemia (ALL) protocols2, which include adminis-
tration of high-dose methotrexate (HD-MTX). 

MTX is folate analogue, which inhibits several 
enzymes of the folate pathway. The imbalance of 
folate homeostasis may lead to DNA synthesis ar-
rest and could disrupt DNA and protein methyla-
tion reaction. Our previous studies showed that ge-
netic variability in the key folate pathway enzymes, 
5,10-methylenetetrahydrofolate dehydrogenase 1 
(MTHFD1), 5,10-methylenetetrahydrofolate reduc-
tase (MTHFR), and thymidylate synthase (TYMS), 
might influence MTX pharmacokinetics and treat-
ment outcome in children with ALL.3,4 Therefore, 
the aim of the present study was to assess the in-
fluence of polymorphisms in these genes on HD-
MTX-related toxicity in children with NHL treated 
according to Berlin-Frankfurt-Münster (BFM) pro-
tocols.
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Patients and methods

The cohort consisted of all the patients with pri-
mary NHL aged ≤ 18 years at the time of diagnosis 
who were diagnosed and treated between the years 
1993 and 2009 at the Department of Hematology 
and Oncology, University Children‘s Hospital, 
Ljubljana, Slovenia. Only patients with lympho-
blastic T-cell NHL treated according to the BFM 
protocols3 who received HD-MTX during consoli-
dation phase were included into the study group. 
Toxicity evaluation and HD-MTX pharmacokinet-
ics data collection and analysis were described 
previously.4 All the subjects and/or their parents 
or legal guardians gave their written informed 
consent to participate in the study. The study was 
approved by the Slovenian Ethics Committee for 
Research in Medicine and was carried out accord-
ing to the Declaration of Helsinki.

Genomic DNA was isolated from archived 
bone marrow slides using QIAamp DNA Mini kit 
(Qiagen).5 MTHFD1 1958G>A (rs2236225), MTHFR 
677C>T (rs1801133), and 1298A>C (rs1801131) were 
determined by TaqMan SNP genotyping method 
(Applied Biosystems, Foster City, CA, USA). TYMS 
2R>3R (rs34743033) and 3RG>3RC (rs2853542) 
polymorphisms were genotyped as previously de-
scribed.4

For each polymorphism, deviation of genotype 
frequency distribution from those expected under 
Hardy-Weinberg equilibrium (HWE) was assessed 
using standard chi-square test. To test the differ-
ence between two groups the Student’s t-test was 
used in case of normally distributed data and the 
nonparametric correlations were used for non-
normally distributed data. Associations of inves-
tigated polymorphisms with HD-MTX-related 
toxicity were examined using logistic regression 
models.4 The level of significance was set to 0.050. 
All statistical analyses were carried out by SPSS for 
Windows, version 19.0 (Statistical Package for the 
Social Sciences, Chicago, IL).

Results
Patients

Among the entire cohort of 76 children with NHL, 
29 patients with lymphoblastic T-cell NHL were 
included into study group as they were treated ac-
cording to BFM protocols. For one patient, no treat-
ment-related data were available. In total, patients 
received 110 cycles of HD-MTX. Clinical and treat-

TABLE 1. Clinical and treatment characteristics of paediatric patients with 
lymphoblastic T-cell non-Hodgkin lymphoma (n = 29)

Characteristic n (%) Mean (± SD)

Median age, yearsa 11.0 (1.0-18.0)

Gender

Male 25 (86.2)

Female 4 (13.8)

Treatment protocol

BFM86 2 (6.9)

BFM90 9 (31.0)

BFM95 9 (31.0)

ICBFM02 9 (31.0)

MTX dose, mg/m2 

2000 1 (3.5)

5000 28 (96.5)

Any cycle with delayed MTX clearance 14 (46.7)

Cmax, µmol/lb 49.9 (± 31.2)

AUC1, µmol*h/lc 323.3 (± 250.6)

AUC2, µmol*h/lc 356.8 (± 215.6)

AUC3, µmol*h/ld 297.7 (± 202.0)

AUC4, µmol*h/le 418.4 (± 340.2)

Treatment outcome

First remission 21 (72.4)

Eventf 8 (27.6)

AUC = area under the time-concentration curve after first (1), second (2), third (3), and fourth (4) 
application; BFM = Berlin-Frankfurt-Münster; Cmax = maximal MTX plasma concentration; ICBFM = 
intercontinental Berlin-Frankfurt-Münster; MTX = methotrexate; SD = standard deviation
a Age is presented as median (range); b Data missing for 2 (6.9%) patients; c Data missing for 8 
(27.6%) patients; d Data missing for 11 (37.9%) patients; e Data missing for 10 (34.5%) patients; f Event 
was defined as disease relapse at any site, death from any cause, or the occurrence of second 
malignant neoplasm

TABLE 2. Prevalence of high-dose methotrexate-related toxicities in the group of 
paediatric patients with lymphoblastic T-cell non-Hodgkin lymphoma (n = 27)

Toxicity Number of 
patients (%)

anaemia grade ≥ 2 5 (17.2)

leucopoenia grade ≥ 2 6 (20.7)

thrombocytopenia grade ≥ 2 7 (24.1)

hepatotoxicity grade ≥ 1b 16 (55.2)

renal toxicity 1 (3.5)

gastrointestinal toxicity 2 (6.9)

mucositis grade ≥ 1 8 (27.6)

bData on hepatotoxicity missing for 4 (13.8%) patients
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ment characteristics of the study group are sum-
marized in Table 1.

HD-MTX-related toxicity was observed in 25 
(86.2%) patients and the number of different tox-
icities in individual patients ranged from one to 
five. Prevalence of HD-MTX-related toxicities is 
shown in Table  2. Frequencies of all investigated 
polymorphisms were in HWE and were consistent 
with published data for Slovenian healthy young 
individuals6 and paediatric patients with ALL.4 

There were no influences of investigated poly-
morphisms on Cmax; however, the mean AUC lev-
els at third HD-MTX cycle were significantly higher 
in carriers of at least one MTHFR 677T allele com-
pared to patients with wild-type genotype (mean 
AUC3 ± standard deviation: 163.7 ± 108.0 µmol*h/l 
versus 431.7 ± 186.1 µmol*h/l, P = 0.003). AUC lev-
els also correlated with the number of different 
HD-MTX-related toxicities in individual patients 
(AUC1: τ = 0.423, P = 0.015 and AUC3: τ = 0.586, 
P = 0.001). The influence of investigated polymor-
phisms on HD-MTX-related toxicity is presented in 
Table 3. MTHFD1 1958G>A, MTHFR 1298A>C, and 
TYMS polymorphisms were not associated with 
any of investigated toxicities. In contrast, carriers 
of MTHFR 677T allele had significantly increased 
odds of leucopoenia grade ≥ 2 (OR = 1.86; 95% CI = 
1.12−3.07; P = 0.006) and thrombocytopenia grade 
≥ 2 (OR = 11.14; 95% CI = 1.11-112.01; P = 0.041). 

The association of thrombocytopenia grade ≥ 2 (OR 
= 39.42; 95% CI = 2.11−734.94; P = 0.014) remained 
significant in multivariable model adjusted for 
patients’ age. In addition, the number of poly-
morphic MTHFR 677T alleles positively correlated 
with number of different HD-MTX-related toxici-
ties in individual patients (τ = 0.442, P = 0.010). We 
did not observe any associations between MTHFR 
haplotypes and HD-MTX-related toxicity (data not 
shown). 

Discussion

The present study investigated the role of several 
folate pathway polymorphisms in development of 
HD-MTX-related toxicity and survival in a group 
of paediatric patients with lymphoblastic T-cell 
NHL treated according to BFM protocols. 

We did not observe any association of MTHFD1 
or TYMS polymorphisms with HD-MTX-related 
toxicity. In contrast to these results, our previ-
ous study showed an influence of TYMS 2R>3R 
polymorphism on different haematotoxicitiesa, as 
well as an influence of MTHFD1 1958G>A poly-
morphism on hepatotoxicity grade ≥ 2 in paedi-
atric patients with ALL.4 The association between 
MTHFD1 1958G>A polymorphism and hepatotox-
icity grade ≥ 2 could not be assessed in the present 

TABLE 3. The influence of MTHFD1, MTHFR, and TYMS polymorphisms on high-dose methotrexate-related toxicity in pediatric patients with non-Hodgkin 
lymphoma (n = 28)

Polymorphism Genotype Number 
(%)

Anaemia 
grade ≥ 2a

Leucopoenia 
grade ≥ 2

Thrombocytopenia
 grade ≥ 2

Hepatotoxicity 
grade ≥ 1b

Mucositis 
grade ≥ 1

OR 
(95% CI)

P OR 
(95% CI)

P OR 
(95% CI)

P OR 
(95% CI)

P OR 
(95% CI)

P

MTHFD1 
1958G>A

GG 11 (37.9) Reference Reference Reference Reference Reference
GA 16 (55.2) 0.94 

(0.13-6.78)
0.923 3.75 

(0.37-37.95)
0.263 1.67 

(0.26-10.79)
0.592 0.51 

(0.08-3.49)
0.496 2.18 

(0.35-13.76)AA 2 (6.9) 0.406
MTHFR 
677C>T

CC 16 (55.2) Reference Reference Reference Reference Reference
CT 11 (37.9) 5.33 

(0.51-56.24)
0.164 1.86 

(1.12-3.07)
0.006c 11.14 

(1.11-112.01)
0.041 0.13 

(0.01-1.34)
0.087 1.11 

(0.21-5.80)
0.901

TT 2 (6.9)
MTHFR 
1298A>C

AA 12 (41.4) Reference Reference Reference Reference Reference
AC 15 (51.7) 1.13

(0.15-8.21)
0.908 0.25 

(0.04-1.71)
0.158 0.17 

(0.03-1.14)
0.069 0.96 

(0.16-5.80)
0.968 1.21 

(0.22-6.61)
0.824

CC 2 (6.9)
TYMS 
2R>3R

2R/2R 7 (24.1) Reference Reference Reference Reference Reference
2R/3R 12 (41.4) 1.60 

(0.15-17.41)
0.700 2.00 

(0.19-20.90)
0.563 0.33 

(0.05-2.13)
0.246 1.20 

(0.16-8.80)
0.858 0.44 

(0.07-2.71)
0.379

3R/3R 10 (34.5)
TYMS 2R>3RC/
3RGd

Low 14 (48.3) Reference Reference Reference Reference Reference
High 13 (46.8) 0.82 

(0.11-5.99)
0.815 3.00 

(0.44-20.44)
0.262 0.36 

(0.06-2.34)
0.284 0.50 

(0.08-3.08)
0.455 0.36 

(0.06-2.34)
0.284

CI = confidence interval; OR = odds ratio
TYMS low expression genotypes: 2RG/2RG, 2RG/3RC, and 3RC/3RC. TYMS high expression genotypes: 2RG/3RG, 3RC/3RG, and 3RG/3RG. 
ORs, 95% CIs, and P values were calculated by univariable logistic regression and the dominant genetic model was used. Bold characters indicate statistically significant results
a Data on anaemia missing for 1 patients (3.9%); b Data on hepatotoxicity missing for 4 patients (13.8%); c P-value was calculated using Fisher’s exact test; d Genotyping data 
missing for 2 patients (6.7%)
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study due to the low frequency of hepatotoxicity 
grade ≥ 2. Moreover, the lack of association be-
tween TYMS polymorphisms and treatment out-
comes in our study might be due to the low fre-
quency of wild-type 2R/2R genotype and a small 
study population, leading to insufficient statistical 
power to detect significant associations.

In concordance with our previous studies, in-
vestigating HD-MTX pharmacokinetics3 and HD-
MTX-related toxicity in children with ALL4, we ob-
served significantly higher AUC levels in carriers 
of at least one MTHFR 677T allele compared to pa-
tients with wild-type genotype. Similar to our find-
ings, other studies also reported the influence of 
MTHFR 677T allele on higher MTX plasma levels.7,8 
In addition, we observed significantly increased 
odds of leucopoenia and thrombocytopenia, as well 
as higher number of different HD-MTX-related 
toxicities in carriers of at least one MTHFR 677T 
allele compared to patients with wild-type geno-
type. Although these findings do not support our 
results obtained in a group of paediatric patients 
with ALL4, it must be noted that compared to ALL 
patients, patients with NHL were predominantly 
male, older at the time of diagnosis, and received 
higher doses of MTX. A few studies that investi-
gated the influence of MTHFR polymorphisms on 
HD-MTX-related toxicity in patients with NHL 
reported conflicting results.3,7,9 However, most of 
these studies included heterogeneous groups of 
patients, regarding the type of hematologic malig-
nancy and treatment protocols. 

We are aware that one of the limitations of our 
study is the small sample size; however, it was 
population-based and included a homogenous 
group of paediatric patients with lymphoblastic 
T-cell NHL treated according to BFM protocols 
in Slovenia over the past 17 years. Therefore, the 
chances of reporting and detection biases due to 
random sampling were minimized.

In conclusion, our study suggests that MTHFR 
677C>T polymorphism might modulate MTX 
pharmacokinetics, and hence influence HD-MTX-
related toxicity in patients with lymphoblastic 
T-cell NHL treated according to BFM protocols. 
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Background. Optimal applicator insertion is a precondition for the success of cervix cancer brachytherapy (BT). We 
aimed to assess feasibility and efficacy of MRI-assisted pre-planning, based on applicator insertion in para-cervical 
anaesthesia (PCA).
Patients and methods. Five days prior to BT, the pre-planning procedure was performed in 18 cervix cancer pa-
tients: tandem-ring applicator was inserted under PCA, pelvic MRI obtained and applicator removed. Procedure tol-
erability was assessed. High risk clinical target volume (HR CTV) and organs at risk were delineated on the pre-planning 
MRI, virtual needles placed at optimal positions, and dose planning performed. At BT, insertion was carried out in 
subarachnoidal anaesthesia according to pre-planned geometry. Pre-planned and actual treatment parameters 
were compared.
Results. Pre-planning procedure was well tolerated. Median difference between the pre-planned and actual nee-
dle insertion depth and position were 2 (0―10) mm and 4 (0―30) degrees, respectively. The differences between the 
pre-planned and actual geometric and dosimetric parameters were statistically non-significant. All actual needles 
were positioned inside the HR CTV and outside the organs at risk (OAR).
Conclusions. Our pre-planning approach is well tolerated and effective. Pre-planned geometry and dose distribu-
tion can be reproduced at BT.

Key words: cervix cancer; MRI; pre-planning; image-guided brachytherapy  

Introduction

MRI is the recommended modality for image 
guided adaptive brachytherapy (IGABT) of cervix 
cancer.1-9 MRI enables an accurate and reproduc-
ible delineation of the target volume and organs at 
risk (OAR). Individualized application techniques, 
treatment planning systems and remote afterload-
ers permit adaptation of the dose distribution to the 
delineated volumes and evaluation of dose volume 
histogram (DVH) parameters. This approach has 
been reflected in encouraging dosimetric and clini-
cal results.10-18 Combined intracavitary (IC) and in-

terstitial (IS) application techniques, using modified 
IC applicators are beneficial in cases of unfavoura-
ble pelvic topography and/or large tumours.10,11,19-21 
At our institution, MRI-assisted IGABT, based on 
the GEC ESTRO recommendations, has been used 
since 2006.22-24 In our practice, 3D conformal exter-
nal beam radiotherapy (EBRT: 45–50.4 Gy in 1.8 
Gy daily fractions) +/‒ concurrent chemotherapy 
(weekly 40 mg/m2 of cisplatin) is followed by two 
weekly applications of MRI-assisted pulsed dose 
rate IGABT, prescribing a nominal dose of 18.5 Gy 
in 25 hourly pulses per insertion to the high risk 
clinical target volume (HR CTV).17,18,25
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Accurate applicator insertion with optimal geo-
metric distribution of eventual IS channels is a pre-
condition for the tight control and fine-tuning of 
the dose distribution. The inadequacies of a sub-
optimal application cannot always be compensated 
by treatment plan optimization. Applicator inser-
tion geometry is typically based on clinical and 
MRI findings at diagnosis and clinical findings at 
IGABT.1,22 Planning MRI is performed only after 
the insertion, limiting the ability for corrections 
in case of suboptimal implantation. In such cases, 
the inadequacies from the first procedure should 
be taken into account during eventual subsequent 
insertion(s), improving the cumulative dosimetric 
outcome.

Attempting to increase the likelihood of optimal 
implant geometry already at the first application, 
we developed an MRI-assisted pre-planning pro-
tocol, based on applicator insertion in paracervi-
cal anaesthesia (PCA). Our preliminary results on 
the efficacy of this technique were published re-
cently.25 We report on the final results of our study 
here. Our primary objective was to quantify the ge-
ometric and dosimetric variation between the pre-
planned and actual application and to assess feasi-
bility of the pre-planning approach. Our secondary 
objective was to quantify the dosimetric benefit of 
the MR IGABT when compared with conventional 
point A-based treatment planning.

Patients and methods

The study protocol was approved by the institu-
tional and national ethics committees, multidisci-
plinary tumour board and the cost analysis office 
of the Institute of Oncology Ljubljana.

Patients and tumours

Twenty consecutive patients with histologically 
verified inoperable cervix cancer, treated with 
curative intent, were enrolled after signing an in-
formed consent. One patient was excluded from 
analysis due to non-compliance to the study proto-
col. In the second patient, pre-planning and inclu-
sion in the dosimetric analysis was precluded by 
vasovagal syncope during PCA injection. Eighteen 
patients were eligible for the dosimetric analysis.

Pre-planning applicator insertion in 
paracervical anaesthesia

Preplanning insertion was performed in sterile 
conditions immediately after or in the last week of 
EBRT. On the morning of the insertion, a laxative 
suppository and an anxiolytic were applied and 
one hour intravenous analgesic/antiemetic infu-
sion of tramadol, metamizole and metoclopramide 
was administered. With the patient in lithotomy 
position, 10% lidocaine spray was applied topically 
on the vaginal mucosa and 3 mL of 2% lidocaine 
injected bilaterally in the paracervical region to 
achieve PCA (Figure 1). After 5 minutes, the ante-
rior lip of the portio was grabbed with a tenaculum 
and cervical canal dilated. Following dilatation, 
a plastic tandem & ring applicator (©2005‒2009 
Varian Medical Systems, Inc., Palo Alto, USA) was 
inserted and vaginal packing performed. During 
the procedure, pain was reported by the patient, 
using the visual analogue scale (VAS) from 0 (no 
pain) to 10 (most intense pain). Peak pain score was 
recorded. In case of persistent pain of > 2 on VAS, 
additional 2 mL of 2% lidocaine was injected par-
acervically. In case of pain of 4 on VAS, the proce-
dure was terminated. Patient’s vital functions were 
monitored and anaesthesiologist was available on 
call. Procedure time, from placing the patient into 
the lithotomy position to the applicator removal 
was recorded

Pre-planning MRI and applicator removal

Pre-planning MRI was performed after applicator 
insertion at a 1.5 Tesla scanner (Siemens Magnetom 

FIGURE 1. Para-cervical injection of anaesthetic prior to the pre-planning 
insertion of the intracavitary applicator.
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Avanto, ©2006 Siemens AG, Erlangen, Germany), 
using a pelvic surface phased-array coil. 2D T2w 
fast spin echo images (slice thickness 3 mm, inter-
slice gap 0.9 mm, in-plane pixel size 0.6 × 0.6 mm, 
field of view 20 × 20 cm, matrix size 288 × 320, echo 
time 98 ms, repetition time 5700 ms, flip angle 150°, 
acquisition time 3 minutes), were obtained in para-
transverse (perpendicular to cervical canal) plane. 
In addition, a 3D T2 weighted sequence with high 
sampling efficiency was performed (176 slices, iso-
tropic voxel size of 1 mm, field of view 40 x 40 cm, 
matrix size 384 x 386, echo time 131 ms, repetition 
time 1500 ms, flip angle 150 degrees, acquisition 
time 7 minutes). Both data sets were transferred 
to the treatment planning system (Brachyvision, 
version 8.5, Copyright ©1996-2008 Varian Medical 
Systems Inc., Palo Alto, USA) and co-registered, us-
ing shared DICOM coordinates. Registration was 
corrected manually when indicated. From the 3D 
data-set, para-transverse, para-coronal and para-
sagittal reconstructions were resampled within the 
treatment planning system to match the slice thick-
ness and acquisition planes of the 2D images.26 The 
applicator was removed after imaging and the pa-
tient discharged.

Contouring and creation of pre-plan

HR CTV and the OAR (bladder, rectum and sig-
moid colon) were delineated and the applicator 
reconstructed. The preplanning process started by 
using the standard IC loading pattern. A nominal 
dose of 18.5 Gy in 25 hourly pulses was specified 
at point A. For treatment plan optimization and 
reporting, biologically equivalent doses (EQD2; 
linear-quadratic model; a/b= 10 Gy for the tumour 
and 3 Gy for the OAR; repair half-time = 1.5 hours), 
were used. After evaluating the dose distribution 
and DVH parameters, the standard IC pre-plan 
was modified, aiming to meet our dose constraints 
for the OAR (D2cc - minimal EQD2 to the most 
exposed 2cm3 of the rectum, sigmoid colon and 
bladder below 12.5 Gy, 12.5 Gy and 15 Gy, respec-
tively). When HR CTV was adequately covered fol-
lowing this modifications (D90 > prescribed dose, 
V100 > 90‒95%), no further action was taken and 
the preplan was considered optimized. When in-
dicated, virtual interstitial channels were placed at 
optimal radial angles and optimal insertion depths 
in the parametria to improve the HR CTV coverage 
and/or OAR avoidance (Figure 2). The degrees of 
freedom, offered by our modified IC applicator, in 
which the ring serves as a template for guidance of 
parametrial needles, were respected.11,12,25 The pre-

planned radial angles of insertion positions and 
insertion depths were recorded (Figure 2). Virtual 
needles were loaded in the treatment planning sys-
tem, keeping the source dwell-times below 20% 
of the tandem dwell-times and aiming to achieve 
an optimized pre-plan (adequate HR CTV cover-
age, while respecting the OAR dose constraints). 
The DVH parameters for the HR CTV (V100, D100, 
D90) and OAR (D2cc) of the standard and opti-
mized pre-plan were recorded.

Actual BT application, imaging and 
treatment planning

One week after the preplanning, first actual BT ap-
plication was performed in subarachnoidal anaes-
thesia. In addition to the IC tandem-ring applicator, 
IS needles were inserted through the modified ring, 
taking the preplanned geometry (needle insertion 
positions and depths) into account. T2 weighted 
FSE MR images in para-transverse, para-coronal 
and para–sagittal orientation were obtained in ad-
dition to the 3D isotropic MRI with high sampling 
efficiency. Contouring, applicator reconstruction 
and treatment planning was carried out. The ac-
tual radial angles of needle insertion positions and 
depths were recorded and compared with the pre-
planned values (Figure 2). The Standard and opti-
mized actual treatment plans were created and the 
respective DVH parameters for the HR CTV and 
OAR compared. The optimization index (OIN) 
was defined as the ratio between the D90 to the HR 
CTV and the D2cc to the most irradiated OAR. The 
OINs of the standard and optimized plans were 
compared. Second BT application was not the sub-
ject of this study.

Statistical analysis

The non-parametric Wilcoxon signed-rank test for 
matched pairs was used to compare the treatment 
plan parameters. The p-value of 0.05 was used as 
the limit of statistical significance. Statistical pro-
gram SPSS was used for statistical analysis.

Results

The patient who developed syncope following PCA 
injection recovered spontaneously, rapidly and 
without complications. However, the pre-planning 
procedure was terminated and the patient was in-
eligible for dosimetric analysis. FIGO stage distri-
bution of the included patients was as follows: IB1: 
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2, IIB: 13, IIIB: 2 and IVA: 1 patient. The median HR 
CTV size was 26 cm3 (range: 15.1 – 68.3 cm3).

Subjective pain sensation during the pre-plan-
ning insertion in PCA was reported by all 18 pa-
tients included in the dosimetric study. Eight 
(44.5%) patients reported a peak VAS score of 0 (no 
pain); 6 (33.5%) a peak VAS score of 1; and 4 (22%) 
patients a peak VAS score of 3. The median dura-

tion of the pre-planning procedure was 69 minutes 
(range 55 to 90 minutes).

At first BT application, a total of 55 IS needles 
were inserted in 18 patients (median: 3.2 needles 
per patient; range: 0‒9) through the ring template, 
respecting the pre-planned specifications. The dif-
ferences between the pre-planned and actual geo-
metric radial angle of insertion and insertion depth 

A B

C D

FIGURE 2. T2-weighted post-insertion pelvic MRI in para-transverse (perpendicular to cervical canal) orientation at pre-planning 
(A, B) and actual (C) brachytherapy. Principal steps of the pre-planning process are outlined. (A) Pre-planning MRI, obtained after 
insertion of the intracavitary tandem/ring applicator in para-cervical anaesthesia. Prescribed isodose of a standard intracavitary 
treatment plan with dose prescription at point A is shown. There is suboptimal coverage of the high risk clinical target volume (HR 
CTV) with the prescribed isodose at the left posteralateral aspect in this slice. In addition, the prescribed isodose extends to the 
bladder, exceeding our departmental dose constraints for this organ. Reducing the tandem dwell-weight in order to spare the 
posterior bladder wall would further compromise the coverage of the left part of the HR CTV due to unfavourable topography 
between the applicator and the patho-anatomical structures. (B) Virtual optimized intracavitary/interstitial pre-plan. After reducing 
the tandem dwell weight, two virtual interstitial needles (red circles) were placed at optimal positions within the target volume, 
respecting the degrees of freedom, offered by the ring cap template (Figure insert). Treatment plan optimization, utilizing needle 
dwell positions in addition to the intracavitary component, resulted in a pre-plan with a conformal dose distribution. The prescribed 
isodose conformally encompasses the HR CTV while the dose constraints for the bladder and other organs are respected. 
Radial angle of needle insertion position is defined on para-transverse MRI for a given ring diameter as the angle between the 
antero-posterior patient axis and the line, connecting the centre of the tandem and the needle. (C) Planning MRI, acquired at 
time of actual brachytherapy, following insertion of a combined intracavitary/interstitial applicator. In addition to the tandem/
ring applicator, two interstitial needles were inserted through the ring template, aiming at an accurate reproduction of the pre-
planned insertion angles and depths. Actual needle insertion angles and depths were recorded. Treatment plan optimization 
resulted in an actual dose distribution, comparable to the pre-planned situation. (D) Schematic representation of assessment of the 
geometric deviations between the pre-planned and actual implant. For each needle, the difference between the pre-planned 
and actual radial angle of needle insertion and depth was calculated.
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were statistically non-significant (Table 1). All ac-
tual needles were positioned inside the HR CTV 
and outside the OAR. The differences between the 
pre-planned and actual optimized DVH parameter 
values were not significant (Table 1).

All patients benefited from 3D MRI-guided 
treatment plan optimization (Table  2, Figure  3). 
In standard point A-based plans, the dose con-
straints for the D2cc to the most irradiated OAR 
and the D90 to the HR CTV were met in none of 
the 18 patients. In optimized treatment plans, both 
constraints were met in 16 (89%) cases. The OIN 
was above 1.0 in 8 (44%) and 18 (100%) patients for 
the standard and optimized plans, respectively. 
Median OIN was significantly higher for the op-
timized (1.3; range: 1.0‒1.8), when compared with 
standard plans (1.0; range: 0.7‒1.9) (Table 2).

Discussion

Several reports have demonstrated favourable re-
sults of cervix cancer IGABT when compared to 
conventional x-ray based method.13-18,26 In our ex-
perience, one of the most challenging aspects of 
IGABT remains the decision on the optimal geom-
etry of insertion of the applicators, which is a pre-
condition for treatment success. The possibility to 
compensate for geometric inadequacies of the in-
sertion by treatment plan optimization is limited. 
While there is paucity of published reports on the 
actual gynaecological BT pre-planning, several ap-

proaches to image guidance have been suggested 
to increase the chance of optimal implant geom-
etry.25,27

US-guidance has proven helpful in achieving 
good position of the intrauterine tandem and is 
a promising method in interstitial gynaecologi-
cal BT.28-33 However; adaptations of US devices 
and development of an US-based target concept 
are required before this approach can be fully ex-
ploited in practice. Currently, MRI remains the 
gold standard imaging modality for cervix cancer 
IGABT. Recommendations on different aspects 
of its implementation, including a target volume 
concept, were published.22-24,34 Accordingly, vari-
ous methods of MRI guided applicator insertion 

Table 1. Needle geometry and DVH parameters of the pre-planned and actual optimized treatment plans and the individual 
differences between them. Biologically equivalent doses are given (linear quadratic model, a/β=10 Gy for the HR CTV and 3 Gy for 
the organs at risk, half time of sublethal damage repair = 1.5 h). The differences between the pre-planned and actual geometric 
and dosimetric parameters were statistically non-significant. HR CTV = High Risk Clinical Target Volume

Pre-planned
median (range)

Actual
median (range)

Difference
median (range)

Needle geometry

Depth (mm) 23 (10 – 49) 23 (7 – 47) 2 (0 – 10)

Radial angle (°) 150 (30 – 330) 145 (30-334) 4 (0-30)

HR CTV

D90 (Gy) 23.4 (20.0 – 27.1) 23.4 (20.1 – 30.7) 1.0 (0.0 – 3.6)

D100 (Gy) 13.2 (7.1 – 17.8) 14.9 (8.6 – 18.3) 1.9 (0.2 – 5.8)

V100 (%) 96.2 (90.0 – 99.8) 97.9 (90.0 – 100) 1.4 (0.1 – 9.2)

Organs at risk

D2cc bladder (Gy) 13.5 (9.1 – 16.6) 12.9 (7.4 – 15.9) 0.7 (0.0 – 7.3)

D2cc rectum (Gy) 9.5 (4.9 – 15.8) 8.1 (4.2 – 11.8) 1.4 (0.3 – 11.5)

D2cc sigmoid (Gy) 10.1 (4.6 – 13.4) 9.2 (3.0 – 12.8) 1.2 (0.0 – 5.5)

TABLE 2. DVH parameter values for the high risk clinical target 
volume (HR CTV) and the most exposed organ at risk. OIN = 
optimization index (D90 for the HR CTV / D2cc of the OAR max).

Standard plan
[median (range)]

Optimized plan
[median (range)]

HR CTV

     D90 (Gy) 27.9 (15.9 – 47.0) 23.4 (20.1 – 30.7)

     D100 (Gy) 15.0 (7.2 – 25.7) 14.9 (8.6 – 18.3)

     V100 (%) 99.0 (77.3 – 100.0) 97.9 (90.0 – 100)

OAR max

     D2cc (Gy) 19.0 (8.2 – 34.4) 12.7 (9.0 – 15.9)

OIN 1.0 (0.7 – 1.9) 1.3 (1.0 – 1.8)
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have been proposed. One approach, which is 
utilized at author’s institutions in selected cases, 
consists of temporal interruptions of the applica-
tion in order to acquire MRI for verification and 
off-line guidance. This, however, results in a con-
siderable prolongation of the application time. 
Specialized MRI devices have been developed to 
allow for real-time imaging of the insertion and 
enable guidance in BT of different tumour sites.35-39 
In one study, intra-operative MRI-guided needle 
insertion for BT of vaginal recurrence in endome-
trial cancer demonstrated high accuracy of needle 
placement and limited toxicity.35 However, access 
to MRI in the operating theatre is a pre-requisite 
for this approach, limiting it to a few specialized 
centres. Alternatively, an additional MRI before 
BT application may identify the extent of residual 
disease and enable to plan an optimal insertion. 
Translation of pre-insertion MRI findings to the 
post-insertion situation is hindered by topograph-
ical changes in the pelvis, induced by the applica-
tor insertion at BT. Ideally; the pre-planning MRI 
should therefore be obtained with the IC applica-
tor in place. Due to its risks and infrastructural 
requirements, the need for general or spinal an-
aesthesia at pre-planning insertion is an important 
limitation to such an approach.27 The technique 
described in our study mitigates this limitation by 
using PCA for pain control.

PCA is used for cervical dilatation in vari-
ous obstetric and gynaecological procedures. 

Nevertheless, the data on its effectiveness and 
safety are conflicting. A recent review concluded 
that PCA is ineffective in achieving pain control 
for women undergoing uterine interventions.40 
However, in this review; various procedures in-
cluding suction termination of pregnancy and 
bimanual removal of placenta were assessed. 
Therefore, its negative conclusion may not be ap-
plicable to cervical dilatation at BT. To our knowl-
edge, there are no studies examining the role of 
PCA in the field of BT. A recent meta-analysis, 
comparing effectiveness of various local anaesthet-
ic techniques used during outpatient hysteroscopy 
(which may be more comparable to uterine inser-
tion of BT applicator), concluded that PCA is the 
best method of pain control in this setting.41 In our 
study, 14 (78%) patients reported a peak VAS score 
of 0 or 1 during the pre-planning procedure. Our 
favourable results are in line with conclusions of 
the meta-analysis. In our protocol, mild sedation 
was instituted prior to the procedure and local an-
aesthetic applied topically to ameliorate pain dur-
ing PCA injection, manipulation with specula and 
vaginal gauze packing. In addition, intravenous 
infusion of analgesics was given to reduce pain 
due to vaginal packing and applicator removal. We 
can assume that these additional measures had an 
important effect on the overall favourable level of 
pain control in our study. 

With exception of one case of syncope after 
PCA injection (resolving spontaneously without 
consequences, but leading to procedure termina-
tion and exclusion from dosimetric analysis), we 
observed no adverse events of the pre-planning 
procedure. About 20% of women undergoing out-
patient dilatation of cervical canal are reported to 
experience vasovagal reactions.42 It has to be noted 
that similar symptoms might arise from intravasa-
tion of the local anaesthetic. Meta-analysis of the 
studies on PCA in hysteroscopy failed to conclude 
on potential harms of the PCA, since most of the 
analysed studies did not explicitly report on the 
adverse events.42 According to our experience, IC 
applicator insertion under PCA can be regarded a 
safe procedure. This pain control technique may 
therefore represent a strategy to improve patient 
care in centres where general or spinal anaesthe-
sia is not readily accessible. Moreover, PCA-based 
BT application has been used with success at our 
institution in patients with medical contraindica-
tions for anaesthesia, not only in cervical, but also 
in endometrial cancer, where co-morbidity often 
poses significant challenge to the medical team. It 
has to be noted, however, that we only assessed its 

FIGURE 3. D2cc to the organ at risk (OAR) receiving the highest 
dose and D90 to the high risk clinical target volume (HR CTV) 
in standard (red triangles) and optimized (green circles) plans 
for all patients. The doses are expressed in percentage of 
respective dose constraints. The lower right quadrant includes 
the patients in whom both the OAR and the HR CTV dose 
constraints were respected.
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effectiveness in insertion of the IC applicator, not 
the IS needles.

In our study, an excellent reproduction of the 
pre-planned implant geometry was achieved at 
first actual BT application, resulting in clinically 
and statistically non-significant dosimetric differ-
ences between the pre-plan and actual BT plan 
(Table 1). At actual BT, the dose constraints for the 
HR CTV could be respected in all cases, while they 
were only slightly violated for the OAR in 2 cases 
(2% and 6% above the constraint for the sigmoid 
colon and bladder, respectively) (Figure 3). As far 
as the benefit from pre-planning is concerned, our 
cohort could be divided into 2 groups of patients. 
In 4 (22%) patients (median HR CTV: 20 cm3, range: 
15.1 – 26.1 cm3), the IS needles were not used. In 
these cases, the DVH constraints could be met by 
adapting the standard IC plan and the dosimetric 
benefit of pre-panning was small. In the remaining 
14 patients (median HR CTV: 28.8 cm3, range: 17.0 
– 68.3 cm3), the IS needles were used in addition to 
the IC applicator and the dosimetric benefit of pre-
planning was demonstrated. To summarize, the 
pre-planning procedure, as described here, may be 
advantageous in cases with bad tumour response 
to EBRT and/or where unfavourable topography of 
residual pathological tissues at time of BT can be 
expected. In small and/or well responding tumours 
pre-planning was not beneficial.

Limitations of our pre-planning approach in-
clude the need for an additional MRI study, staff 
requirements and administration of additional 
medications. Therefore, it may be limited to cen-
tres with high resources. However, according to 
our experience, the pre-planning reduced the time 
needed for the actual BT application and improved 
the operator confidence and patient compliance 
during the procedure. In addition, the need for 
iterative imaging and implant corrections or even 
removing the applicator due to a potentially sub-
optimal geometry could be avoided in all cases. By 
omitting multi-planar MRI and employing 3D MRI 
for pre-planning, total image acquisition time was 
shortened for approximately 50%, when compared 
to our standard MRI study at time of actual BT.43 
In fact, due to the possibility to achieve an optimal 
implant already at the first application, the de-
scribed procedure may serve as a basis for accom-
plishment of BT in a reduced number of optimized 
insertions, reducing the total MRI-time and costs. 
The clinical impact of favourable dosimetric results 
of IGABT in our patient population remains to be 
quantified and compared with our retrospective 
series on conventional 2D BT.44

Conclusions

MRI-assisted cervix cancer BT pre-planning, based 
on applicator insertion in PCA is well tolerated, 
safe and fast. In cases with bad tumour response 
to EBRT and/or unfavourable target volume topog-
raphy at time of BT it enables determination of an 
optimal distribution of the interstitial applicator 
channels. At actual BT implantation, an excellent 
reproduction of the pre-planned insertion geom-
etry and DVH outcome can be achieved. MR as-
sisted IGABT improves dosimetric outcome when 
compared with conventional dose prescription 
methods. PCA may be an effective method of pain 
control in a setting with limited resources and in 
patients with medical contraindications for general 
or spinal anaesthesia, requiring cervico-uterine BT.
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Background. A laryngectomy affects many of a patient’s functions. Besides speech and respiratory-tract problems, 
olfaction and gustation problems can also have an influence on the quality of life. The aim of this study was to find 
out how often various nasal problems and decreased gustation appear after a laryngectomy.
Patients and methods. One hundred and five laryngectomized patients (9 women, 96 men, aged 45-88 years), 
treated in two tertiary centers, were included in the study. They completed a questionnaire about various nasal prob-
lems, olfactory and gustatory capabilities, possible allergies and irritants in their environment, and the impact of the 
nasal and gustation problems on their quality of life.
Results. Olfaction was impaired in 51.4%, and was even not possible in 30.5%, of patients. Decreased gustation abili-
ties were reported in 26.7%, and dysgeusia in 11.4%, of patients. Almost 21% of patients were bothered by an impaired 
gustatory ability and 50.5% of patients were affected by their loss of olfaction. Frequent nasal discharge was reported 
in 20%, frequent sneezing in 58.1%, and nasal itching in 33.3% of the laryngectomized patients. There were no correla-
tions between the age and the olfaction and gustation abilities and between the allergy and the nasal symptoms, 
whereas the correlation between olfaction and gustation appeared significant (p=0.025).
Conclusions. Various nasal and gustatory problems were reported in more than 80% of laryngectomized patients. 
The olfaction and gustation abilities are connected and have a substantial impact on the quality of life. Like in the 
case of speech, the rehabilitation of olfaction is also necessary in all laryngectomized patients and must take place 
soon after the completion of the treatment.

Key words: laryngectomy; olfaction; gustation; questionnaire; quality of life

Introduction

Laryngectomy is a surgical procedure that is usu-
ally reserved for patients with advanced-stage la-
ryngeal or hypopharyngeal carcinoma. It is used 
when organ-preservation treatment programs are 
not possible or for the salvage of failure after a non-
surgical treatment.1 The procedure can cure the 
patient, but it can also affect many of his/her func-
tions. Respiration and speech are altered forever; 
swallowing needs to be re-learned; smell and taste 
are attenuated; lifting heavy objects, straining and 
coughing are compromised. Therefore, there are 
numerous potential problems (emotional, psycho-

logical, physical, economic, social, and communica-
tive) that can affect the quality of a patient’s life.2-4

There are a large number of papers on speech 
and respiratory rehabilitation after a laryngectomy. 
However, laryngectomized patients have already 
reported that they do not get enough informa-
tion about the potential problems with their abil-
ity to smell and taste and the consequent changes 
with respect to eating after the surgical treatment.5 
However, in the past two decades, olfaction and 
gustation problems in laryngectomees have begun 
to receive more attention. 

After a laryngectomy, the nose and mouth are 
disconnected from the lower respiratory tract, 



Radiol Oncol 2014; 48(3): 301-306.

Mumovic G and Hocevar Boltezar I / Olfaction, gustation after laryngectomy302

which results in a loss of smell. According to a sys-
tematic review of the literature dealing with the 
functions of smell and taste after a laryngectomy, 
there is a consensus that the inability to make air 
flow through the nose to reach the olfactory epi-
thelium is the main reason for the deterioration 
of these functions.6 In addition, some authors re-
ported changes in the nasal mucosa and olfactory 
system that can also affect the ability to smell in 
laryngectomized patients. Various degrees of neu-
roepithelial degeneration and decreased propor-
tion of mucus-producing cells were described.7,8 
Other authors reported atrophic nasal mucosa, but 
normal olfactory mucosa, in the majority of laryn-
gectomized patients.9

In a canine model, the olfactory mucosa showed 
involution after the simulation of a laryngectomy. 
The changes were supposed to be caused not only 
by the cessation of the air flow through the olfac-
tory groove, but also by a nonfunctioning connec-
tion between the vagal laryngeal innervation and 
the olfactory cortex.10

Veyseller et al. performed magnetic resonance 
imaging in laryngectomees and in subjects with 
a normal olfactory function, with smaller olfac-
tory bulb volumes found in the former group. 
However, it is not completely clear whether the 
lack of sensorial stimulation from the olfactory 
neuroepithelium in laryngectomized patients and 
reduced smelling abilities are the only reasons for 
the decreased size of the olfactory bulb.11

In the past two decades there were an increasing 
number of studies reporting on olfaction and gusta-
tion problems after a laryngectomy. Hyposmia or 
anosmia was reported to be experienced by 35–78 % 
of patients.12-15 Gustation was found to be less dis-
turbed after a laryngectomy than odor perception, 
i.e., in 15% of patients after a laryngectomy.12 An in-
teraction between olfaction and gustation was also 
detected12,13, but only a few studies report on other 
nasal problems. e.g., a frequent nasal discharge.12

The aim of this study was to find out how of-
ten various nasal problems and decreased gusta-
tion appear in laryngectomized patients; how these 
problems influence the quality of their lives; and 
what are the risk factors for the various affected 
functions.

Patients and methods

One hundred and five patients who underwent 
a laryngectomy for advanced laryngeal or hy-
popharyngeal cancer in two tertiary centers 

(University Hospital for Ear, Nose and Throat 
Diseases, Novi Sad, Serbia and Department of 
Otorhinolaryngology and Cervicofacial Surgery, 
University Medical Centre, Ljubljana, Slovenia) 
more than 6 months previously were included in 
the study. Sixty-two patients received postopera-
tive or up-front radiotherapy (with the laryngecto-
my being a salvage procedure). The other patients 
were treated only surgically. There were 9 women 
and 96 men, aged 45-88 years (mean 61.86 years, 
standard deviation 9.45 years). They all completed 
an anonymous questionnaire about their olfactory 
and gustatory capabilities. They stated whether 
they had received radiation therapy or not in the 
course of the treatment. The patients were asked 
about various nasal problems (decreased olfac-
tion, nasal discharge, sneezing, and nasal itching) 
and decreased gustation. They were asked about 
known allergic diseases before or after the laryn-
gectomy (asthma, allergic rhinitis, allergic derma-
titis) and about their living and working environ-
ments. They also estimated how much the nasal 
and gustation problems disturbed them and influ-
enced the quality of their lives. The questionnaire 
was created for the purpose of the study. The data 
on the time interval between the laryngectomy and 
the inclusion of the individual patient in the study, 
and the details about the radiation therapy given to 
the patients were not collected.

Analyses were performed using the statisti-
cal package SPSS 19.0 (SPSS Corporation, USA). 
Descriptive analysis and 2-sided t-test, χ²-test, 
Fisher exact test were used and the strength of the 
correlations between the different parameters were 
calculated using a Spearman rank correlation. The 
significance level was set at 0.05.

Results

The results of the questionnaire about the various 
nasal symptoms, gustation problems, and factors 
causing nasal problems are presented in Table  1. 
There were answers missing in the questionnaires 
of some patients.

Thirty-seven (35.2%) patients declared that their 
decreased olfaction abilities bother them and 16 
(15.2%) patients stated extreme inconvenience due 
to a decreased ability to smell. Nineteen (18.1%) 
patients stated that their decreased or altered abil-
ity to taste bothers them and three (2.9%) patients 
were very affected by it. Four (3.8%) patients de-
clared that their social life was affected because of 
their nasal discharge. 
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A decreased or altered gustation ability ap-
peared significantly more often in the patients with 
decreased olfaction abilities (37 out of 86, 43%) than 
in the group with the normal ability to smell (3 out 
of 19, 15.8%) (p = 0.035). Among 40 patients with 
decreased or altered gustation abilities, there were 
37 (92.5%) patients with a decreased or absent ol-
faction ability. A significant correlation was found 
between the olfaction and gestation abilities (RS  = 
0.222, p = 0.025). There were no significant associa-
tions between the age and olfaction abilities (RS = 
0.090, p = 0.532) and between the age and gustation 
abilities (RS=-0.098, p = 0.511).

Sixty-nine (65.7%) patients stopped working af-
ter their laryngectomy and retired. The others did 
not confirm the possibility of irritants at their liv-
ing or working place (12, 11.4%) or did not answer 
the question about possible irritants in their envi-
ronment (24, 22.8%). Therefore, no analysis with 
regard to the microclimate in their environment 
influencing nasal problems was possible.

Among those with known allergic diseases 
(asthma, allergic rhinitis, allergic dermatitis) 
there were significantly more patients with nasal 
discharge compared to the group without allergy 
(87.5% vs. 71.9%, p = 0.035). No other significant 

differences were detected between these two 
groups (Table 2). 

Discussion

The results of our study showed that the olfaction 
and gustatory functions were reduced in a substan-
tial proportion of laryngectomized patients; this af-
fected the quality of their lives. The results also re-
vealed that other nasal problems (nasal discharge, 
sneezing) were common after a laryngectomy.

In the present study, more than 50% of patients 
reported a decreased quality of life because of the 
loss of an ability to smell and/or taste after the 
laryngectomy. Specifically, among 105 laryngec-
tomized subjects, olfaction was impaired in 51.4% 
and was even not possible in 30.5% of patients. 
Decreased gustation abilities were reported in 
26.7%, and dysgeusia in 11.4%, of patients. Almost 
21% of patients were bothered by an impaired gus-
tatory ability and 50.5% of patients were affected 
by their loss of olfaction. 

Some authors have reported similar results. 
Caldas et al. detected fewer patients with olfaction 
and gustatory problems after a laryngectomy in 

TABLE 1. Nasal symptoms, allergic diseases (asthma, allergic rhinitis, allergic dermatitis), olfaction and gustation abilities in 
laryngectomized patients (N = 105)

Nasal or gustation problem No. of patients (%)

Nasal discharge

Never 
Sometimes
Often
The same as before the laryngectomy 

24 (22.8%)
56 (53.3%)
21 (19%)
2 (1.9%)

Nasal discharge
Not present
Watery
Mucous

24 (22.9%)
66 (62.9%)
14 (13.3%)

Often sneezing
No
Yes

44 (41.9%)
61 (58.1%)

Nasal itching
No
Sometimes
Often

70 (66.7%)
32 (30.5%)
2 (1.9%)

Allergy
No
Yes

89 (84.8%)
16 (15.2%)

Olfaction ability
The same as before the laryngectomy
Decreased
Completely absent

19 (18.1%)
54 (51.4%)
32 (30.5%)

Gustation ability
The same as before the laryngectomy
Decreased
Altered

65 (61.9%)
28 (26.7%)
12 (11.4%)
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their study than were discovered in ours. In their 
group of 63 laryngectomized patients, 52% of the 
patients reported hyposmia, while 15% reported 
dysgeusia. There was a significant correlation be-
tween hyposmia and dysgeusia, as was found in 
our study as well. All the patients with taste prob-
lems from Caldas’s study also had a reduced abil-
ity to smell.6 In our study, 37 out of 40 patients 
with dysgeusia had a decreased or absent olfaction 
ability. A significant correlation between hypos-
mia and dysgeusia was also found in several other 
studies.12,13

Smelling can be orthonasal or retronasal. In the 
first case the odorants come in the nasal cavity and 
olfactory epithelium through the nostrils. In the 
latter case the olfactory area is reached from the 
mouth through the nasopharynx and choanae.16 
While orthonasal stimuli are strongly associated 
with sniffing and the airflow through the nostrils, 
retronasal stimuli are also related to the intake of 
food.17 Chewing induces an air stream into the oral 
cavity by which the olfactory organ can be stimu-
lated backwards.18 Most of the taste sensation de-
pends upon retronasal olfaction.19 This can be the 
reason for fewer gustatory than olfactory problems 
in our laryngectomized patients.

Smelling and gustation abilities can decrease 
with advancing age, although no significant cor-
relation between the age and the olfaction abilities 
was found in the present study.

Other nasal problems in our laryngectomized 
patients were also identified. A nasal discharge 
was reported to appear occasionally in 53%, and 
frequently in 20%, of the included patients. Four 
patients declared that their social life was affected 
because of their nasal discharge. Nasal discharge 
in laryngectomized patients has already been re-

ported in several studies.12,20,21 Sesterhenn et al. 
studied the incidence of sinunasal disease in lar-
yngectomized patients. They stated that sinunasal 
diseases appear in patients after laryngectomy less 
frequently than before surgery. In addition, they 
report on an increased nasal discharge that is not 
related to common colds, acute or chronic sinusi-
tis.20 The reason for the increased mucous pro-
duction in laryngectomized patients could be the 
increase of goblet cells, which starts in the second 
week after the laryngectomy.22 Deniz et al. also re-
port on a hypersecretory phase in an early period 
after the laryngectomy.23 On the other hand, some 
authors report on decreased mucus production 
during the first 12 post-operative months.8 In our 
study we included only those patients who had a 
laryngectomy at least 6 months before the start of 
the survey. For this reason, we suppose that the 
problems with nasal discharge persisted for more 
than just during the early postlaryngectomy period 
in our patients. However, because the data on the 
length of time after the laryngectomy were not in-
cluded in the anonymous questionnaire we were 
not able to confirm our hypothesis.

The patients from our study complained about 
other nasal problems as well, e.g., frequent sneez-
ing in 58.1%, and nasal itching in 33.3%, of cases. As 
the causes of nasal discharge, sneezing and nasal 
itching can be allergies or irritants, we tried to de-
termine their importance on the incidence of these 
symptoms. Unfortunately, about two-thirds of the 
included patients were retired after the laryngecto-
my and the others could not assess the presence of 
irritant substances in their environment. Therefore, 
the analysis of the impact of irritants in the living 
or working place on some nasal symptoms could 
not be performed.

TABLE 2. Nasal symptoms and gustation problems in the laryngectomized patients with and without known allergic diseases (N = 105)

Nasal or gustation problem Patients with known allergic diseases
N = 16

Patients without known allergic diseases
N = 89 p

Nasal discharge 14 (87.5%) 64 (71.9%) 0.035

Frequent nasal discharge 4 (25%) 17 (19.1%) 0.482

Frequent sneezing 10 (62.5%) 49 (55.1%) 0.641

Nasal itching 8 (50%) 26 (29.2%) 0.138

Decreased olfaction ability 14 (87.5%) 71 (79.8%) 0.732

Handicap because of loss 
of olfaction ability 8 (50%) 46 (51.7%) 1.000

Decreased or altered 
gustation ability 4 (25%) 35 (39.3%) 0.270

Handicap because of loss 
of gestation ability 2 (12.5%) 24 (26.9%) 0.753
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Allergies and some allergic diseases were re-
ported by 16 of the patients. The presence of nasal 
discharge was the only significant characteristic of 
the allergic patients in comparison to the others 
without allergy. There were no significant differ-
ences with regard to frequent nasal discharge, type 
of nasal discharge, sneezing or nasal itching. We 
concluded that allergy did not significantly influ-
ence the nasal symptoms in our patients. The nasal 
problems can thus be related to the laryngectomy. 
A possible explanation could be a longer nasal mu-
cociliary clearance time in the laryngecomized pa-
tients, which has already been described in some 
studies22, and consequently the persistence of vari-
ous irritating air-born particles on nasal mucosa in 
laryngectomized patients.

It was also reported that gustation can change 
after radiation therapy of the head and neck cancer. 
A loss of gustation abilities was most pronounced 
2 months after the completed radiation therapy 
and recovered gradually and not always complete-
ly during the first year after the treatment.24 In a 
Japanese study including 118 patients irradiated in 
the head and neck region, a loss of taste was found 
when the anterior part of the tongue was included 
in the radiation field.25 The main cause of dimin-
ished gustation abilities resulting from the radia-
tion therapy is probably the disappearance of taste 
buds on the tongue.26 In our study the question-
naire was anonymous and therefore the data on 
radiation-therapy details were not known. Thus 
we cannot exclude the possibility that some of the 
gustation problems were the consequence of the 
radiation therapy and not related only to the laryn-
gectomy and the loss of smelling abilities.

Sinkiewicz et al. reported that the loss of olfac-
tion abilities was related to the time after the lar-
yngectomy.27 As the data on time between the lar-
yngectomy and the entry of every patient into the 
study were not collected, it was impossible to ana-
lyse the time dependence of the occurrence of the 
impairment of gustation, olfaction and other nasal 
problems.

A deficiency of the study was also the use of a 
not-yet-validated tool. The questionnaire was de-
signed for the study with the purpose of including 
all possible nasal and gustation problems in the 
laryngectomized patients, their impact on the qual-
ity of the patients’ lives and to exclude other pos-
sible reasons for the studied problems. In order to 
increase the impact of the study, the questionnaire 
should be validated on a larger group of patients 
and healthy controls, and compared to a validated 
tool for the assessment of quality of life.

In conclusion, we can say that nasal and gusta-
tory problems are not rare among laryngectomized 
patients. They are connected and have a substan-
tial impact on the quality of the patients’ lives. 
Therefore, as in the case of speech, the rehabilita-
tion of olfaction is necessary in all laryngectomized 
patients and must take place soon after the treat-
ment is completed.
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Background. Vascular cell adhesion molecule-1 (VCAM-1) is associated with ovarian cancer progression but the 
origin of its soluble form (sVCAM-1) in serum is not well investigated. The purpose of this study was to elucidate whether 
the concentration of sVCAM-1 in serum correlates with the concentration in ascites, that represents local tumour envi-
ronment, and with systemic inflammation, various clinicopathological characteristics, and patient outcome.
Patients and methods. Thirty-six patients with advanced ovarian cancer were included in the study. Serum for 
sVCAM-1 analysis was obtained prior to surgery. Ascites samples were collected at the beginning of the operation. 
Clinical data were collected from patients’ medical records. sVCAM-1 in samples was analysed by flow cytometric 
bead-based assay. The mean follow-up period was 11 months (range 0-23) from the time of surgery.
Results. Serum sVCAM-1 concentrations are positively correlated to ascites sVCAM-1 concentrations. There was a 
weakly positive correlation of serum sVCAM-1 with tumour size and no correlation with inflammatory tumour markers, 
FIGO stage or grade. Higher concentrations of sVCAM-1 were associated with poor disease outcome (death from 
ovarian cancer) in almost all cases before chemotherapy was started.
Conclusions. This is the first study demonstrating that serum concentrations of sVCAM-1 in advanced ovarian cancer 
patients correlate with sVCAM-1 concentrations in ascites, thus expressing the biologic potential of malignant disease 
to metastasis, rather than systemic inflammation. Higher serum and ascites sVCAM-1 concentrations might have pre-
dictive potential for different biologic behaviour.

Key words: sVCAM-1; ovarian cancer; flow cytometry

Introduction

Ovarian cancer (OC) is relatively asymptomatic 
in the early stages; over 70% of all OC cases are 
diagnosed at advanced stages, with extensive 
seeding of the peritoneal cavity by tumour cells 
associated with ascites.1,2 Many promising bio-
markers have been studied in serum and plasma 
of OC patients in order to provide early diagnosis 
and disease monitoring, but only carbohydrate 
antigen 125 (CA125) is approved in clinical use, 
and human epididymis protein 4 (HE4) that has 

been approved only as aid for monitoring pa-
tients.3-8 CA125 and HE4 are far from ideal, since 
both have limitations in their specificity and sen-
sitivity.7 An excellent body fluid for discovering 
potentially more specific biomarkers is the local 
tumour environment represented by ascites, due 
to the presence of tumour cells and soluble pro-
teins, reflecting the secretome of the tumour en-
vironment.4,9-11 It has been proposed that ascites is 
crucial for OC progression by favouring the dis-
semination of OC cells, which are detached from 
the primary tumour, within the peritoneal cavity. 
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cult to measure in vivo, the soluble form of VCAM-1 
(sVCAM-1) can be detected in ascites. However, its 
concentration in ascites of OC patients has not pre-
viously been measured. 

sVCAM-1 was analysed in the serum of OC pa-
tients, and an association with tumour presence 
was reported.16-18 Interpretation of detected levels 
of sVCAM-1 in serum in terms of its importance 
as a biomarker is hindered by lack of knowledge 
as to what factors determine the steady-state levels 
of this adhesion molecule in serum. Since VCAM-1 
is involved in inflammatory reaction and systemic 
inflammatory response in cancer patients is a com-
mon phenomenon, there is a need to elucidate 
whether detected concentrations of sVCAM-1 in 
serum are truly cancer-specific.19

The aim of this study was to elucidate wheth-
er concentrations of serum sVCAM-1 detected in 
OC patients correlate with sVCAM-1 concentra-
tions in the local tumour environment represented 
by ascites, thus expressing the biologic processes 
of malignant disease. To evaluate whether serum 
concentrations of sVCAM-1 are related to systemic 
inflammation, we investigated the relationship be-
tween concentrations of sVCAM-1 and markers of 
inflammation (C-reactive protein (CRP) and total 
white blood cells (WBC)). Additionally, we exam-
ined the relationship of sVCAM-1 concentrations 
to various clinicopathologic variables, as well as to 
patient outcome.  

Patients and methods
Patients

Thirty-six patients with stage III and IV prima-
ry ovarian cancer, operated in two years period 
of time (from 2011 to 2012) at the Department of 
Gynecology, University Medical Centre Ljubljana, 
were included in the study. Staging of the disease 
was according to the International Federation of 
Gynecology and Obstetrics (FIGO) classification 
for staging ovarian cancer. CRP value, WBC count, 
data on tumour histological type, grade and prima-
ry tumour size were collected from patients docu-
mentation. Prior to analysis, all patients received 
detailed oral and written information about the re-
search and procedures, and they signed informed 
consent for analysis of their blood and ascites for 
the purposes of the research. The trial was ap-
proved by the National Medical Ethics Committee 
of Republic of Slovenia with number of approval 
82/01/11and was in agreement with the Helsinki 
Declaration.

Table 1. Clinical characteristics of the patients and laboratory data

Variables Data

No. of patients 36

Age, years 

Mean 59.9 ± 12.1

Range 28-83

Vital status for the follow up period of 11,2 monthsn (%)

Dead 5 (13.9 %)

Alive 31 (86.1 %)

FIGOstage, n (%)

 III 26 (72.2 %)

 IV 10 (27 %)

Grade of differentiation, n (%)

3 19 (52.8 %)

2 11 (30.5 %)

1 5 (13.9 %)

NA 1 (2.8 %)

Hystological type 

serous carcinoma 29 (80.5 %)

endometroid carcinoma 3 (8.3 %)

mixed type and clear cell 4 (11.1 %)

Tumour size, cm 14.2 ± 6.8

WBC, x106 /l 9.28 ± 4.7 

CRP, mg/l  55.1 ± 56.2

Serum sVCAM-1, ng/ml 1639.3 ± 537.2

Ascites  sVCAM-1, ng/ml 817.9 ± 287.7

Ratio ascites/serum, range 0.51 ± 0.15 (0.30 – 0.97)

FIGO = International Federation of Gynecology and Obstetrics; NA = not avalible;  
CRP = C-reactive protein; WBC = white blood cells; sVCAM-1 = soluble Vascular Cell Adhesion 
Molecule-1

Transcoelomic dissemination is the most common 
manner of OC spread.12,13

A large proportion of soluble proteins in the 
acellular fraction of ascites have been found to be 
related to the processes of adhesion and cell move-
ment.14 The disseminated OC cells preferentially 
adhere to the mesothelium, a layer of mesothelial 
cells that lines the peritoneum and surrounds the 
serosal surface of organs in the abdominal cav-
ity. Vascular cell adhesion molecule-1 (VCAM-1), 
expressed in activated mesothelial cells, has been 
identified as an important mediator for adhesion 
of OC cells to and invasion through the mesotheli-
um.15 Although the membrane-bound form is diffi-
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Collection and storage of samples 

Venous blood samples were obtained prior to sur-
gery while the patients were hospitalized for pre-
operative preparation. Four ml of peripheral blood 
were collected into a vacutainer, without antico-
agulant or other additives. Serum was separated 
by centrifugation at 2000 x g for 15 minutes at 4oC. 
Blood for full blood count and CRP was obtained at 
the same time as for sVCAM-1 analysis. At the be-
ginning of the operation, immediately after entry 
to the abdominal cavity, twenty ml of ascites were 
aspirated into a sterile syringe and immediately 
transferred into a conical tube, which was kept on 
ice until centrifugation at 1000 x g for 10 min at 4oC 
within 30 minutes. Sera and supernatant of ascites 
were stored in aliquots at -80oC. No more than 2 
freeze-thaw cycles were allowed for any sample. 

Analysis of sVCAM-1 with flow 
cytometric bead-based assay

Concentrations of sVCAM-1 in samples were 
measured using a FlowCytomix Simplex Kit (eBio-
science, Vienna). The kit consists of fluorescent mi-
crospheres (diameter: 4 μm, emission wavelength 
at 700 nm) coated with specific antibodies raised 
against sVCAM-1. It also contains a biotin-conju-
gated second antibody and straptavidine-phyco-
erythrin emitting at 575 nm. Samples were run on 
a Cell Lab QuantaTM SC-MPL (Beckman Coulter). 
Samples were acquired by the Cell Lab QuantaTM 
SC-MPL software (Beckman Coulter) and analysed 
using FlowcytomixTM Pro 3.0 software (eBiosci-
ence). Electronic volume vs. side scatter gating was 
employed to exclude any sample particles other 
than 4 μm microspheres. A seven point standard 
curve ranging from 2.74 to 2000 ng/ml was ob-
tained by serial dilution of the reconstituted lyo-
philized standard. The lower limit of detection was 
0.9 ng/ml.

Statistical analysis

Data are presented as mean ± SD. The normality 
of distribution was tested with the Kolmogorov-
Smirnov test. Pearson’s correlation coefficient was 
used to calculate the strength of the relationship 
between normally distributed variables. Since da-
ta for tumour size was non-normally distributed, 
Spearman’s correlation coefficient was used to cal-
culate the strength of the relationship between se-
rum sVCAM-1 and tumour size. An independent 
samples t-test, and Pearson’s chi-square test were 

used to compare variables between patients that 
died before the start or during the adjuvant chem-
otherapy and those who finished complete treat-
ment and are still living. A p of <0.05 was consid-
ered significant. Statistical analysis was performed 
using software statistical package SPSS, version 19 
(IBM Statistics, USA). 

Results

The clinical characteristics of the investigated pa-
tients are summarized in Table 1. 

The data were approximately normally distrib-
uted for all variables included in the analysis, ex-
cept for tumour size. 

The mean concentration of sVCAM-1 in ascites 
was significantly lower (two fold) than that in se-
rum (Table  1). A significant positive correlation 
between sVCAM-1 concentrations in serum and 
ascites was observed (r = 0.733, p < 0.001) (Figure 1).

Thirty-four (90%) patients had elevated CRP 
levels. The mean CRP value was 59.8 ± 56.6 mg/l. 
Thirteen (36%) patients had elevated WBC lev-
els. The mean WBC count was 13.3 ± 5.8 x 106 /L. 
There was no correlation between serum sVCAM-1 
concentration and each of CRP and WBC levels 
(Figure 1). 

When sVCAM-1 concentrations were compared 
with standard clinicopathologic variables, only se-
rum sVCAM-1 concentrations were weakly corre-
lated to tumour size by the Spearman test (r = 0.347; 
p = 0.038). Concentrations of sVCAM-1 in neither 
ascites nor serum were correlated with FIGO stage 
or tumour grade (data not shown).

During the mean follow-up period of 11 months 
(range 0-23) from the time of surgery, 5 (14%) pa-
tients died from ovarian cancer, 4 out of 5 before 
chemotherapy was started. We therefore evalu-
ated the association of VCAM-1 concentrations in 
serum and ascites with patient outcome. In view 
of the small number of patients included and the 
short period of follow-up, only univariate analysis 
was performed. Our intention was to obtain pre-
liminary data on whether sVCAM-1 has potential 
as a prognostic factor and, if so, to evaluate it in 
the future. Higher concentrations of sVCAM-1 in 
serum and ascites turned out to be associated with 
poor outcome, since there was a significant differ-
ence in sVCAM-1 serum concentration between 
the 31 patients who are still living and the 5 who 
did not survive; 1557.4 ± 470 ng/ml versus 2147.2 
± 702.8 ng/ml (p = 0.02) (Table 2). The same is also 
true for sVCAM-1 concentrations in ascites: 776.2 
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± 264.4 ng/ml for those who are still living versus 
1076.5 ± 320.4 ng/ml for those who died (p = 0.028). 
Contrary to our expectation, none of the other 
variables included in the univariate analysis (age, 
tumour size, tumour grade, FIGO stage) were cor-
related with patient outcome (Table 2). 

Discussion

Blood assay for detecting tumour biomarkers is an 
important non-invasive method for establishing 
cancer diagnosis, patient prognosis and treatment 
outcome.20 One promising candidate for an OC 
biomarker, as demonstrated by a recent study, is 
the sialoglycoprotein VCAM-1.17-21 Its soluble form 
sVCAM-1 has been detected in serum but its origin 
is not well investigated. We therefore performed a 
study that might elucidate the relationship of sV-
CAM-1 in two different environments: ascites as 
the local environment, to which VCAM-1 is shed, 
and serum, where other influences that determine 
the steady-state levels of sVCAM-1, could be ex-
pected (e.g., systemic inflammation). The concen-
tration of sVCAM-1 in ascites of OC patients has 
not been measured yet. Additionally, we exam-
ined the relationship of sVCAM-1 concentrations 
to various clinicopathologic variables, as well as 
to patient outcome. The major new findings in our 
study are as follows: (1) the sVCAM-1 concentra-
tion in ascites is approximately half of that in se-
rum; (2) ascites is an important source of sVCAM-1 
in systemic circulation, since serum sVCAM-1 
concentrations are positively correlated to ascites 
sVCAM-1 concentrations; (3) serum sVCAM-1 
concentrations are not correlated to CRP and WBC 
levels, so elevated serum sVCAM-1 levels are 
probably not the result of systemic inflammation; 
(4) serum sVCAM-1 but not ascites concentrations 
are weakly correlated to tumour size, which might 
suggest that sVCAM-1 originating from the prima-
ry tumour can at least partly reach serum directly 
and not through ascites; (5) higher concentrations 
of sVCAM-1 are associated with patient death 
from OC in a short period after surgery, in almost 
all cases (4 out of 5) before chemotherapy was start-
ed. This might indicate a relation of sVCAM-1 to an 
aggressive form of the disease. 

The detected sVCAM-1 concentration in ascites 
reflects its production in the local tumour envi-
ronment. The cellular fraction of ascites consists 
mainly of OC cells, lymphocytes and mesothelial 
cells.12 The expression of a membrane-bound form 
of VCAM-1 in OC patients’ peritoneal biopsies 
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Figure  1. Correlation between serum sVCAM-1 concentrations and sVCAM-1 
concentrations in ascites, C-reactive protein (CRP) level and white blood cell (WBC) 
count.  Dashed lines represent 95% confidence intervals for the regression line. Black 
dots represent patients who died from ovarian cancer. 
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and ascites has been shown in activated mesothe-
lial cells, monocytes/macrophages, and rarely in 
T cells.15-22 We therefore assume that the main cel-
lular sources of sVCAM-1 in ascites are probably 
mesothelial cells and monocytes/macrophages. 
VCAM-1 expressed in activated mesothelial cells 
has been identified as an important mediator of 
adhesion of OC cells to and invasion through the 
mesothelium.15 An increased concentration of sV-
CAM-1 in ascites could therefore indicate a biologic 
potential of disease progression to highly invasive 
tumours, growing under the mesothelium, which 
is associated with a poor prognosis.15 Whereas the 
mechanism that regulates VCAM-1 expression 
in mesothelial cells in OC patients is unknown, a 
known inducer of VCAM-1 expression, tumour ne-
crosis factor α (TNF-α), is expressed by OC cells, 
macrophages, and is found in ascites.23,24 Increased 
production of sVCAM-1 in ascites could also be 
due to enhanced proteolytic cleavage from the cell 
surface. VCAM-1 shedding from the cell surface in 
vitro can be mediated by two distinct metallopro-
tease activities: a constitutive VCAM-1 sheddase 
that is active under normal conditions, and induc-
ible protease identified as a tumour necrosis factor-
α-converting enzyme (TACE or ADAM 17).25 The 
significance of VCAM-1 shedding in vivo is not yet 
known, but at least two roles are possible. First, 
cleavage of VCAM-1 may play a role in regulation 
of its adhesive function by rapidly decreasing its 
levels at the cell surface. A second potential role is 
that cleavage near the transmembrane region leads 
to the release of intact sVCAM-1, which may re-
main functionally active.25

Using Pearson correlation test, we were able 
to confirm a positive correlation between ascites 
and serum sVCAM-1 concentrations. This result 
reflects the important contribution of sVCAM-1 
from ascites to increasing the concentration of 
sVCAM-1 in serum, which is possibly because of 
the direct access of ascites from the peritoneum to 
circulation. Ascites carrying soluble proteins can 
enter the subperitoneal lymphatic lacunae and 
the lymphatic fluid finally drains into the left sub-
clavian vein.26 The concentration of sVCAM-1 in 
ascites is approximately half of the concentration 
in serum, assuming that all of the sVCAM-1 from 
ascites reached the blood. Other sources of sV-
CAM-1 in serum should therefore be considered. 
The existence of high basal levels of sVCAM-1 in 
serum of healthy people suggests a likely physi-
ological role.27 Another source might be systemic 
inflammation, as an inherent component in can-
cer patients.19 Inflammatory cytokines markedly 

induce VCAM-1 expression in endothelial cells. 
Endothelial VCAM-1 functions by regulating leu-
kocyte attachment and extravasation at sites of in-
flammation, a process that is similar to invasion of 
OC cells through the mesothelium.28 Inflammatory 
markers (CRP and WBC) were elevated in our pop-
ulation, providing confirmatory evidence of a con-
nection between the inflammation process and car-
cinogenesis.19,29,30 The results of our study showed 
no correlation between sVCAM-1 and inflamma-
tory markers, so an influence of systemic inflam-
mation on increased sVCAM-1 can be excluded. 

Among standard clinicopathologic characteris-
tics, only tumour size was weakly correlated with 
sVCAM-1 in serum. Tumour size was not in cor-
relation with sVCAM-1 concentration in ascites, 
indicating that sVCAM-1 originating from the 
primary tumour, could at least partly reach serum 
directly. sVCAM-1 could exit from the primary tu-
mour through new micro vessels functionally con-
nected to the peripheral blood circulation. Without 
angiogenesis, tumour expansion cannot proceed 
beyond 1-2 mm, and invading blood vessels oc-
cupy 1.5% of the tumour volume.31 We speculate 
that the origin of sVCAM-1 might be perivascular 
cells in developing vessels. VCAM-1 expressed in 
perivascular cells and integrin α4β1 in endothelial 
cells mediate adhesion between these two types 
of cells, an event that is required for the survival 
of proliferating endothelial and perivascular cells 
and, therefore, for neovascularization. VCAM-1 is 

Table 2. Univariate analysis of OC prognostic factors for cancer-specific survival

Variables Dead  
(n=5)

Alive  
(n=31) p*

Continuous 

Age, years 69.0  ±  8.6 58.5  ±  12.1 0.072

Serum sVCAM-1, ng/ml 2147.2 ± 702.8 1557.5 ± 470.1 0.02

Ascites sVCAM-1, ng/ml 1076.5 ± 320.4 776.2 ± 264.4 0.028

Tumour size, cm 18.0 ±  9.3 13.3 ±  6.1 0.145

Categorical Tumour 
grade, n (n=4) (n=31) 0.588

1 0 5

2 1 10

3 3 16

FIGO stage, n (n=5) (n=31) 0.511

III 3 23

IV 2 8  

FIGO = International Federation of Gynecology and Obstetrics; sVCAM-1 = soluble Vascular 
Cell Adhesion Molecule-1; * Independent t test for continuous variables and chi-square test for 
categorical ones.
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expressed only by proliferating and not by quies-
cent perivascular cells.32 The growth of peritoneal 
metastasis has also been reported to be dependent 
on neovasculature.31,33 An explanation of the weak 
correlation between tumour size and serum sV-
CAM-1 concentration in our study might be that 
only the size of the primary tumour was included 
in the comparison and not the extent of peritoneal 
metastasis. A direct measurement of the degree of 
neoangiogenesis by a technique such as microves-
sel density would yield a more conclusive result.

Serum and ascites sVCAM-1 concentrations 
were not in correlation with other clinicopatho-
logic variables, such as FIGO stage (III versus IV), 
grade of differentiation and histological tumour 
type. Huang et al. also found no correlation be-
tween VCAM-1 and FIGO stage in OC patients in 
their study but they examined the expression of 
VCAM-1 in ovarian cancer tissue samples and not 
in human fluids.21 A possible explanation could be 
that sVCAM-1 in the two fluids does not reflect the 
stabilized spread of the disease defined by stage 
but by the biologic potential of ovarian cancer to 
metastasis. In support of this hypothesis, we found 
that patients with more aggressive disease, who 
did not survive, had significantly higher levels of 
sVCAM-1 in both serum and ascites, although we 
are aware that the number of cases in our sample 
is not sufficient to confirm the predictive potential 
of sVCAM-1 for different biologic behaviour. More 
extensive research should be done to prove this as-
sumption. However, one recently published study 
showed that VCAM-1 overexpression in OC cells 
was an independent predictor of overall survival 
in 251 OC patients, thereby providing support for 
our result.21 VCAM-1 in this study was localized 
in the cytoplasm of tumour and stromal cells and 
not on the cell surface. How the intracellular form 
of VCAM-1 is related to sVCAM-1 in body fluids 
is as yet unknown. A limitation of our study was 
the small number of patients included, which pre-
vented reliable analysis of subgroups, especially in 
the case of histological tumour type.

In conclusion, the present study demonstrates 
that serum concentrations of sVCAM-1 in ad-
vanced stage OC patients correlate with sVCAM-1 
concentrations in ascites, that represents tumour 
local environment, and not with systemic inflam-
mation, thus expressing the biologic potential of 
malignant disease to metastasis. Another impor-
tant practical implication is that higher serum and 
ascites sVCAM-1 concentrations are correlated 
with worse patient outcome, which supports the 
predictive potential of sVCAM-1 for different bio-

logic behaviour of OC, which needs to be proven in 
more extensive research. 
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Background. To determine the role of postmastectomy radiotherapy (PMRT) in breast cancer patients with T1-2 and 
N1 disease.
Patients and methods. A total of 207 postmastectomy women were enrolled. The 5-year Kaplan-Meier estimates of 
locoregional recurrence rate (LRR), distant recurrence rate (DRR) and overall survival (OS) were analyzed by different 
tumor characteristics. Multivariate analyses were performed using Cox proportional hazards modeling. 
Results. With median follow-up 59.5 months, the 5-year LRR, DRR and OS were 9.1%, 20.3% and 84.4%, respectively. 
On univariate analysis, age < 40 years old (p = 0.003) and Her-2/neu over-expression (p = 0.016) were associated 
with higher LRR, whereas presence of LVI significantly predicted higher DRR (p = 0.026). Negative estrogen status (p = 
0.033), Her-2/neu overexpression (p = 0.001) and LVI (p = 0.01) were significantly correlated with worse OS. PMRT didn’t 
prove to reduce 5-year LRR (p = 0.107), as well as 5-year OS (p = 0.918). In subgroup analysis, PMRT showed significant 
benefits of improvement LRR and OS in patients with positive LVI.
Conclusions. For patients with T1-2 and N1 stage breast cancer, PMRT can decrease locoregional recurrence and 
increase overall survival only in patients with lymphovascular invasion.

Key words: breast cancer; postmastectomy radiotherapy; overall survival; locoregional recurrence; lymphovascular 
invasion

 Introduction

Treating breast cancer patients often requires a 
multidisciplinary approach. The standard treat-
ment is resection of primary breast tumor with 
axillary lymph nodes dissection, and adjuvant 

therapies such as chemotherapy, hormonal ther-
apy or post-mastectomy radiotherapy (PMRT) 
should be done guided by clinicopathologic fac-
tors. Adjuvant radiotherapy is indicated for pa-
tients who undergo breast-conserving surgery 
(BCS). For patients who received total mastec-
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tomy, there are also many studies demonstrated 
that PMRT reduced locoregional recurrence (LR) 
as well as improved disease free survival (DFS) 
and overall survival (OS).1-7 Although results from 
the Early Breast Cancer Trialists’ Cooperative 
Group (EBCTCG) showed that benefits of PMRT 
were emerged in all patients with positive lymph 
nodes (LN) 8, the guideline of American Society 
of Clinical Oncology recommends adjuvant ra-
diotherapy is only suggested for patients who re-
ceived BCS or total mastectomy with T3 or more 
than three (N2) positive axillary LN.9 In St. Gallen 
Consensus Conference 2011, routine PMRT was 
clearly endorsed for patients with more than 3 
involved nodes (88% yes, 5% no), but was re-
duced for patients with 1–3 affected nodes (18% 
yes, 71% no), unless if young patients (< 45 years 
of age; 51% yes, 42% no) or presented with exten-
sive vascular invasion (57% yes, 26% no).10 Even in 
the guideline of National Comprehensive Cancer 
Network (NCCN), PMRT is still not routinely sug-
gested for 1-3 positive LN patients. Therefore, for 
patients with T1-2 tumors and 1-3 positive LN, 
there is much of controversy whether PMRT has 
significant survival benefit, especially the side ef-
fects from radiation always happen during or after 
the course of radiotherapy. 

There are existing evidences proved that PMRT 
and adjuvant chemotherapy significantly improve 
locoregional DFS in N1 breast cancer patients.1-4,11,12 
The Danish 82b & 82c and British Columbia tri-
als showed survival benefits from PMRT in both 
patients with 1-3 versus 4 or more positive LN.1-

4 On the contrast, McArdle et al. presented that a 
significant advantage in cancer specific survival af-
forded by PMRT was seen only in patients with ≥ 
4 positive nodes.12 The discrepancy may be partly 
because suboptimal dissection of axillary LN in the 
Danish Trials (median, 7 nodes), compared with 
other similar series (median, 15 nodes) 13-16, and it 
resulted in higher locoregional failure rate in the 
subgroup (1-3 LN without PMRT) of the Danish 
Trials (30%) compared with others (15%).13-16 The 
recent analysis, selecting patients from the Danish 
study with 8 or more nodes removed concluded 
that the 15-year absolute magnitude of survival 
benefit was 9% in patients with either 1-3 or 4 or 
more positive LN.17

Several retrospective series tried to determine 
predictive and risk factors of recurrence among 
this subgroup. Age < 45 years old, more than 25% 
positive node ratio, medial tumor location, estro-
gen receptor (ER) negative status and lymphovas-
cular invasion (LVI) all are independently signifi-

cant factors of LR.18-20 Multidisciplinary therapy, 
including PMRT, should be considered to apply 
in this subgroup for optimal local control and pos-
sible survival benefit. Subsequent studies need to 
identify the risk factors of LR, in order to clarify 
actual benefits from PMRT in different subgroups.

The aim of our study is to find the predictive 
markers of the indication of PMRT in patients with 
T1-2 and 1-3 positive LN. In addition, for patients 
with known risk factors, we also examined the dif-
ferences of LRR and OS whether PMRT was per-
formed or not. 

Patients and methods
Patients

With the permission from institutional review 
board, we retrospectively reviewed medical re-
cords of patients who were pathologically diag-
nosed with T1-T2 and N1 staged invasive breast 
cancer at the Kaohsiung Chang Gung Memorial 
Hospital between Jan. 2000 and Dec. 2006. A total 
of 207 patients received modified radical mastecto-
my (MRM) or simple mastectomy, with or without 
PMRT were included consecutively. 

The basic characteristics of patients included 
age, histopathology, size of primary tumor (T1 or 
T2), numbers of removed and involved LN, LVI, 
ER, Her-2/neu status and types of systemic thera-
py. The location and timing of recurrence, together 
with date of death, were recorded to define locore-
gional recurrence (LR), distant recurrence (DR) and 
OS. LR was defined as recurrent tumors at residual 
breast, previous operation area, ipsilateral chest 
wall and clinical or radiographic proved lymphad-
enopathy over regional lymphatics (ipsilateral axil-
lary, supraclavicular, internal mammary LN). 

Treatments

All patients underwent mastectomy with axillary 
LN dissection. External-beam irradiation was de-
livered with a total dose of 45-50.4 Gy in 25-28 frac-
tions, and a subsequent 10-14 Gy boost to tumor 
bed if pathologically positive or close base margin 
(< 2mm). The fields of irradiation included tumor 
bed, chest wall, axillary and supraclavicular nodes. 
The internal mammary nodes were irradiated only 
if tumor located in medial side. 

Adjuvant chemotherapy was chosen by clini-
cians in view of the characteristics of patients and 
tumors. The most commonly used regimens were 
anthracycline-based regimen and cyclophospha-
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mide/methotrexate/5-fluorouracil (CMF). Patients 
with positive ER status would take at least 5-year 
of adjuvant endocrine therapy unless known con-
traindication or intolerance.

Statistical analysis

To compare the clinicopathologic characteristics 
of tumors and patients between two study co-
horts, we used Chi-square and Fisher’s exact test 
for categorical variables. The 5-year estimates of 
LRR, DRR and OS were computed by Kaplan-
Meier methods and log-rank tests to determine 
statistic significance. Cox proportional hazard 
modeling was used for multivariate analysis of 
LRR, DRR and OS.  Factors such as age (< 40 or 
≥ 40), histopathologic types (invasive ductal carci-
noma or others), primary tumor size, percentage 
of positive LN (< 25% or ≥ 25%), ER and Her-2/neu 
status and adjuvant chemotherapy or PMRT were 
all included as parameters. P value < 0.05 was con-
sidered as statistic significance, and all tests were 
two-tailed. All analyses were performed by PASW 
software version 18.1 (IBM & SPSS Inc., Somers, 
NY, USA). 

Results
Patients and treatment characteristics 

The clinicopathologic characteristics of study co-
hort were shown as Table 1. A total of 207 breast 
cancer patients who were pathologically diag-
nosed with T1-2 tumors and N1 status were en-
rolled. The median follow-up was 59.5 months, 
and mean age at diagnosis was 50.6 years. All 
patients received modified radical mastectomy or 
simple total mastectomy with axillary LN dissec-
tion. Of these patients, 35.7% (N = 74) and 64.3% 
(N = 133) patients were with T1 and T2 tumors, 
respectively. The percentage of ER positive and 
Her-2/neu overexpression were 66.2% and 20.5%. 
The mean number of removed LN was 15.4 (range, 
2-38). Eighty-one patients (39%) received PMRT, 
which was decided by clinicians or combined con-
ference. Adjuvant systemic therapies, including 
chemotherapy and hormone therapy were admin-
istered in 90.8% and 70.5% of the patients, respec-
tively, and 67.1% of patients received both treat-
ments. There were 8 of 207 patients (3.8%) who did 
not receive any adjuvant chemotherapy, endocrine 
therapy, or irradiation. For Her-2/neu overexpres-
sion patients, none of them received adjuvant tras-
tuzumab-based treatment. 

TABLE 1. Clinicopathologic characteristics of patient, tumor and treatment

Characteristics Radiotherapy No Radiotherapy p value

No. of patients 81 126

Age

Median (years) 50.75 50.43 0.83

< 40 9 20

≥ 40 72 106

Histology

Invasive ductal 
carcinoma 71 112 0.83

Others 10 14

Tumor size (T)

T1 26 48 0.46

T2 55 78

No. of positive lymph 
nodes

1 41 56 0.46

2 21 43

3 19 27

Percentage of positive 
lymph nodes

< 25% 65 112 0.11

≥ 25% 16 14

Estrogen receptor status

Positive 55 82 0.65

Negative 25 43

Unknown 1 1

Her-2/neu status

Over-expressed 19 24 0.72

Not over-expressed 56 84

Unknown 6 18

Lymphovascular invasion

Presence 46 59 0.41

Absence 21 36

Unknown 14 31

Adjuvant chemotherapy

Yes 76 112 0.33

No 5 14

Adjuvant hormone 
therapy

Yes 56 90 0.91

No 24 35

Unknown 1 1

PMRT = postmastectomy radiotherapy
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TABLE 2. Five-year Kaplan-Meier analysis of locoregional recurrence rate, distant recurrence rate and overall survival by basic characteristics of patients 
and tumors

Characteristic No. of 
patients

LRR DRR OS

% P % P % P

Age (y) 0.003* 0.18 0.69

< 40 29 22±9.0% 30.3±9.7% 79.6±8.3%

≥ 40 178 7±2.2% 17.7±3.1% 85.2±2.9%

Pathology 0.50 0.52 0.78

Invasive ductal carcinoma 183 9.6±2.5% 18.4±3.2% 84.8±2.9%

Others 24 5.9±5.7% 26.2±9.3% 81.3±8.6%

T stage 0.64 0.23 0.27

T1 74 7.7±3.3% 14.0±4.3% 92.4±3.3%

T2 133 10.1±3.1% 23.8±4.2% 80.2±3.8%

Numbers of positive LN 0.34 0.22 0.87

1 97 4.7±2.3% 14.3±3.9% 84.8±3.9%

2 64 15.4±5.4% 22.4±5.5% 85.7±4.7%

3 46 10.3±4.9% 31.4±8.4% 81.5±6.4%

% of Positive nodes 0.24 0.77 0.63

< 25% 177 7.7±2.2% 21.1±3.4% 83.1±3.1%

≥ 25% 30 18.5±8.8% 15.3±7.1% 91.7±5.7%

ER status 0.25 0.08 0.033*

Negative 68 11.0±4.3% 18.8±6.4% 76.8±5.5%

Positive 137 8.2±2.6% 15.2±3.2% 87.9±3.1%

Unknown 2

Her-2/neu 0.016* 0.59 0.001*

Negative 140 6.2±2.3% 18.8±3.6% 89.2±2.9%

Positive 43 19.4±6.7% 24.7±7.5% 71.9±7.3%

Unknown 24

LVI 0.62 0.026* 0.01*

Negative 57 6.1±3.4% 3.9±2.7% 96.4±2.5%

Positive 105 9.7±3.3% 21.1±4.4% 82.7±4.0%

Unknown 45

Adjuvant Chemotherapy 0.94 0.16 0.29

No 19 6.2±6.1% 38.1±14.1% 68.9±13.1%

Yes 188 9.2±2.4% 18.7±3.1% 85.8±2.7%

PMRT 0.11 0.94 0.92

No 126 11.8±3.2% 20.3±3.9% 83.8±3.5%

Yes 81 4.7±2.7% 22.9±6.3% 85.6±4.4%

LRR = locoregional recurrence rate; DRR = distant recurrence rate; OS = overall survival; ER = estrogen receptor; LVI = lymphovascular invasion; 

*p < 0.05

Risk factors for locoregional recurrence, 
distant recurrence and overall survival

Overall, 16 patients (7.7%) experienced locoregion-
al recurrence: 12 patients recurred on ipsilateral 
chest wall, two in axillary LN, and the other two 

patients recurred in supraclavicular LN. The me-
dian interval between surgery and locoregional re-
currence was 27.9 months (5 to 82 months). Forty of 
207 patients (19.3%) developed distant metastasis. 
Bone, liver and lung metastasis accounted for the 
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most common metastatic sites. Thirty-four patients 
(16.4%) died during the follow-up.

The relationship between the 5-year LRR, DRR, 
OS and clinicopathologic characteristics are shown 
in Table 2. On univariate analysis, young patients 
(p = 0.003), defined as age less than 40 years, and 
Her2/neu over-expression (p = 0.016) were signifi-
cantly related to higher LRR. Presence of LVI was 
related to higher DRR (p = 0.026). PMRT demon-
strated a non-significant, marginal trend of reduc-
ing 5-year LRR (from 11.8% to 4.7%, p = 0.1). There 
were several significant factors correlated with 
worse 5-year OS, including negativity of ER status 
(p = 0.033), over-expression of Her-2/neu (p = 0.001) 
and presence of LVI (p = 0.01). PMRT did not show 
significance in affecting 5-year OS (p = 0.918).

On multivariate analysis, shown in Table  3, 
young age patients (HR, 6.53, 95% CI, 1.82-23.38; p = 
0.004) and Her-2/neu over-expression (HR, 6.6; 95% 
CI, 1.79-24.28; p = 0.005) were still associated with 
higher LRR. Adjuvant chemotherapy, positivity of 
ER status and LVI showed a non-significant trend of 
lower incidence of DR. Her-2/neu over-expression 
(HR, 4.01, 95% CI, 1.64-9.84; p = 0.002) and presence 
of LVI (HR, 4.99; 95% CI, 1.16-21.55; p = 0.031) were 
associated with inferior OS significantly. 

Subgroup analysis of LRR and OS in 
patients treated with or without PMRT

We consequently examined the effect of PMRT on 
LRR and OS in subgroups. PMRT reduced LR sig-
nificantly in patients with >25% positive LN (p = 
0.033) and in presence of LVI (p = 0.049). Positive 
LVI was also a predictive marker of better OS if 
adding PMRT to T1-2 and N1 breast cancer pa-
tients (p= 0.047). Although young age and Her2/
neu overexpression were independent risk factors 
of LR, PMRT did not improve LR in such high-risk 
patients. These results were shown as Table 4. 

Discussion

Curing patients is the paramount goal of treating 
early breast cancers. Improvement of local-region-
al control often translates into better survival, not 
only in eradicating residual local malignant cells 
but also in reducing distant metastasis.21,22 The 
EBCTCG study had analyzed more than 42,000 
patients, which showed 19% reduction of 5-year 
LR risks with PMRT would also reduce 5% risk of 
15-year breast cancer mortality.8 Although a vali-
dated merit of PMRT was confirmed, delayed com-

plications from irradiation including secondary 
malignancy, cardiac toxicity, lymphedema, skin 
fibrosis and so on, should be taken into considera-
tion.41 Thus, to avoid unnecessary irradiation, it is 
reasonable to choose patients with high risk of LR 
to apply PMRT, also to find subgroups of patients 
who can get benefits from PMRT. 

Several predictive markers of LR have been 
widely discussed. Patients with larger tumor, ad-
vanced nodal status, presence of extracapsular ex-
tension, positive of LVI, high grade, involvement 
of the skin, nipple or pectoral fascia, and close or 
positive resection margins all had been reported 
to associate with higher risks of recurrence.14,22-24 
Therefore, the current consensus by the American 
Society of Clinical Oncology and other guidelines 
recommend patients with T3-4 or N2 should re-
ceive adjuvant chemotherapy and PMRT definitely 
if no contraindication.9 On the contrast, for patients 
with T1-2 tumors and 1-3 positive LNs, there are 
getting more and more debates about whether ad-
juvant PMRT is needed. The reason of such chaos is 
because of different intrinsic characteristics of dif-
ferent breast cancers. If we do the Oncotype DX® or 
MammaPrint® test, we also can see not every pa-
tient with positive LN needs adjuvant chemothera-
py. But for patients with T1-2 and N1 breast cancer 
who received total mastectomy, there are still no 
definite predictive markers for PMRT. 

With a retrospective analysis of 8,106 patients 
enrolled in 13 randomized trials, the 10-year cumu-
lative incidence > 15% for chest wall recurrence in 
patients with 1-3 positive nodes were age < 40, per-
itumoral vessel invasion or 0-7 uninvolved nodes. 
In this study, all patients were PMRT naïve. One of 
the conclusions proved in patients with 1-3 posi-
tive nodes, chest wall PMRT should be considered 
in patients aged < 40 years, with 0-7 uninvolved 
nodes or with vascular invasion.25 Hunt et al. also 
reported that young age was a risk factor of local 
recurrence in T1-2 and N0 patients.26 In our analy-
sis, the LRR of T1-2 and N1 breast cancer was only 
7.7%. Age less than 40 was one of the risk factors of 
LR, which was compatible with previous reports. 
Although PMRT did not improve LRR in young 
age group in our study, small case number might 
be the major reason of statistic insignificance.

Her-2/neu overexpression, a well-known predic-
tive marker in distant metastasis, is seldom allocat-
ed to risk factors of local recurrence from literature 
review. Currently almost all patients in this group 
will receive trastuzumab-based adjuvant chemo-
therapy, which can decrease the chance of distant 
recurrence but not clearly beneficial on local recur-
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rence. Albert et al. retrospectively reviewed 911 
T1a-bN0 breast cancer patients who had received 
definite treatment including surgery and adju-
vant chemotherapy. The 8-year LRR were greater 
in the patients with Her-2/neu-positive (17.5% vs. 
3.9%, p = 0.009) tumors.27 In our study, there were 
43 Her-2/neu overexpression patients, and none 
of them received adjuvant trastuzumab therapy. 
The reason for lack of adjuvant trastuzumab is that 
during the period of study enrollment (January 
2000 to December 2006), the concept of adjuvant 
trastuzumab had not been built up. Our study 
corroborated Her-2/neu-positive tumor was asso-
ciated with higher LR, however, PMRT failed to 
add benefits in locoregional control. The reason of 
radioresistance was supported by preclinical stud-
ies; in addition, adding anti-Her-2/neu monoclonal 
antibody can reverses resistance to irradiation.28,29

Another risk factor of LR in Karlsson’s study 
was 0-7 uninvolved LN. Fewer uninvolved LN 
might be associated with inadequate surgical sam-
pling or pathological examination. Similar result 
was reported by Duraker et al., who reported fewer 
removed LN was associated with worse survival.30 
An indirect method to evaluate the adequacy of re-
moved LN is the ratio of positive LN of all removed 
LN.30-33 In our analysis, we also found that PMRT 
can significantly reduce LR in T1-2, N1 breast can-
cers with ratio > 0.25 of positive LN. We believe ra-
tio 0.25 can be used as an indicator for PMRT, but 
it is only suitable for patients who received axil-
lary LN dissection. Besides, there is accumulating 

data to suggest PMRT, with the coverage of level 
I-II lymph node areas, can lower the rate of axil-
lary recurrences in patients with positive sentinel 
LN without LN dissection. This makes PMRT even 
more important and deservedly.34

Lymphovascular invasion has been confirmed as 
an independent poor prognostic factor in patients 
with invasive breast cancer.35,36 The prognostic role 
of LVI was reported independent of menopausal 
and LN status, tumor size, tumor grade, or adjuvant 
treatments. Breast cancers with LVI are candidates 
for more intensive adjuvant therapies.20 Trovo et al. 
analyzed 150 stages I-II breast cancer patients treat-
ed with radical mastectomy without adjuvant irra-
diation. They found statistically significant factors 
associated with increased risk of LR were premen-
opausal status (p = 0.004), ER negative (p = 0.02), 
grade 3 (p = 0.02), and LVI (p = 0.001). They assumed 
PMRT might be beneficial in patients within these 
subsets.37 In our analysis, we found the presence of 
LVI significantly related to DR (p=0.026), which also 
translated to worse OS (p=0.01). Although LVI did 
not directly related to LR in our report, PMRT could 
reduce LR in the presence of LVI (p=0.049), just as 
Trovo et al. supposed. 

The major debate of PMRT has been focused 
on whether it should be applied to all T1-2 and 
N1 breast cancer patients, regardless stratifica-
tion of high risks. In contrast to DBCG and British 
Columbia trials, a Japanese study found that 
PMRT did not offer better locoregional control and 
OS in patients with 1-3 positive LN who received 

TABLE 3. Multivariate analysis of locoregional recurrence, distant recurrence and overall survival

Variable
LRR DRR OS

P HR
 (95% CI) P HR 

(95% CI) P HR 
(95% CI)

Age (≥ 40 vs. < 40) 0.004* 0.15 
(0.04-0.55) NS NS

% Positive nodes 
(>25% vs. ≤25%) NS (0.064) 3.87

(0.92-16.23) NS NS

ER status
(Positive vs. negative) NS NS (0.061) 0.45 

(0.19-1.04) NS

Her-2/neu
(Positive vs. negative) 0.005* 6.6

(1.8-24.28) NS  0.002* 4.01 
(1.63-9.84)

LVI 
(Positive vs. negative) NS NS (0.056) 2.92

(0.97-8.76) 0.031* 4.99
(1.16-21.55)

Adjuvant chemotherapy
(Yes vs. no) NS NS (0.067) 0.36 

(0.12-1.08) NS

PMRT 
(Yes vs. no) NS (0.30) NS (0.92) NS (0.23)

LRR = locoregional recurrence rate; DRR = distant recurrence rate; NS = Non-significant; OS = overall survival; ER = estrogen receptor; LVI = lymphovascular invasion; HR = hazard 
ratio; CI = confidence interval, PMRT=Postmastectomy radiotherapy;
* p < 0.05



Radiol Oncol 2014; 48(3): 314-322.

Su YL et al. / Postmastectomy radiotherapy in breast cancer320

TABLE 4. Analysis of clinical benefits on local regional recurrence and overall survival from PMRT

Characteristic
(case numbers) PMRT

LRR OS

% p % p

Age (y)

< 40 (29)
No 25 0.6 75 0.37

Yes 11.1 88.9

≥ 40 (178)
No 7.5 0.16 84 0.64

Yes 2.8 84.7

Pathology

Invasive ductal carcinoma (183)
No 10.7 0.14 82.1 0.83

Yes 4.2 85.9

Others (24)
No 7.1 0.46 85.7 0.4

Yes 0 80

T stage

T1 (74)
No 10.4 0.088 85.4 0.28

Yes 0 92.3

T2 (133)
No 10.3 0.42 80.8 0.83

Yes 5.5 81.8

Numbers of positive LN

1 (97)
No 7.1 0.42 85.7 0.77

Yes 2.4 85.4

2 (63)
No 11.6 0.82 81.4 0.8

Yes 9.5 85.7

3 (46)
No 14.8 0.085 77.8 0.67

Yes 0 84.2

% of positive nodes

< 25% (177)
No 8 0.46 82.1 0.8

Yes 4.4 86.2

≥ 25% (30)
No 28.6 0.033* 85.7 0.37

Yes 0 81.3

ER status

Negative (68)
No 14 0.24 74.4 0.97

Yes 4 76

Positive (137)
No 8.5 0.27 86.6 0.96

Yes 3.6 89.1

Her-2/neu status

Negative (140)
No 7.1 0.43 89.3 0.48

Yes 3.6 87.5

Positive (43)
No 25 0.1 58.3 0.45

Yes 5.3 78.9

LVI status

Negative (57)
No 5.6 0.53 97.2 0.24

Yes 9.5 90.5

Positive (105)
No 11.9 0.049* 72.9 0.047*

Yes 2.2 89.1

LRR = locoregional recurrence rate; OS = overall survival; ER = estrogen receptor; LVI = lymphovascular invasion; PMRT=Postmastectomy radiotherapy;
*p < 0.05
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systemic therapy and adequate dissection.38 The 
recent published study by Yang et al. who analyzed 
544 T1-2 N1 breast cancer patients with or without 
PMRT has shown significant reduction of LR and 
improvement of OS in ER negative and LVI posi-
tive patients.39 Kyndi et al. had analyzed 1,000 of 
the 3,083 patients in the DBCG 82b & c stratified by 
ER, PgR and Her-2/neu status. In contrast to Yang’s 
result, PMRT did not have a survival benefit in ER 
negative cohort.40 Our study examined the effects 
of PMRT on 207 cases of T1-2, N1 breast cancer 
patients who received total mastectomy. Although 
PMRT didn’t influence results of LR and OS in 
general cohort and may not be routinely applied 
to be a part of adjuvant treatments, in patients with 
known risks such as >25% positive LN and LVI 
present, PMRT certainly reduced locoregional re-
currence. Moreover, PMRT significantly improved 
5-year OS in LVI positive patients. It makes sense to 
offer PMRT in selected patients.

Our report possesses several limitations. Firstly, 
a 5-year observation period is not long enough 
to precisely predict survival outcome. Secondly, 
the retrospective nature and small sample size of 
study have limited statistic power. Due to lack of 
prospective studies up to now, several large phase 
III randomized trials are ongoing to solve this is-
sue. The MA 25 study is designed to enroll stage II 
patients with 1-3 positive nodes treated with radio-
therapy versus observation only after mastectomy 
and adjuvant chemotherapy (NCT00005983). The 
other trial, SUPREMO study, has been activated re-
cently in order to compare overall survival between 
PMRT and observation in patients with pT1-2N1 or 
pT2N0 with histological grade III or LVI positive 
tumors (NCT00966888). We hope the results will 
end to long-standing debate. 

In conclusion, our work confirmed previous 
studies that risk factors, including negativity of ER, 
Her2/neu over-expression, young age and pres-
ence of LVI correlated with poor survival outcome 
and higher locoregional recurrence. In patients 
with T1-2 and N1 breast cancer, although PMRT 
by itself is of limited value in establishing locore-
gional control and OS, it should still be considered 
in high-risk patients such as with lymphovascular 
invasion, which will bring on better locoregional 
control and longer survival.
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Background. Magnetic resonance imaging (MRI) has been found to be better than computed tomography for 
defining the extent of primary gross tumor volume (GTV) in advanced nasopharyngeal cancer. It is routinely applied 
for target delineation in planning radiotherapy. However, the specific MRI sequences/planes that should be used are 
unknown. 
Methods. Twelve patients with nasopharyngeal cancer underwent primary GTV evaluation with gadolinium-en-
hanced axial T1 weighted image (T1) and T2 weighted image (T2), coronal T1, and sagittal T1 sequences. Each se-
quence was registered with the planning computed tomography scans. Planning target volumes (PTVs) were derived 
by uniform expansions of the GTVs. The volumes encompassed by the various sequences/planes, and the volumes 
common to all sequences/planes, were compared quantitatively and anatomically to the volume delineated by the 
commonly used axial T1-based dataset. 
Results. Addition of the axial T2 sequence increased the axial T1-based GTV by 12% on average (p = 0.004), and 
composite evaluations that included the coronal T1 and sagittal T1 planes increased the axial T1-based GTVs by 30% 
on average (p = 0.003). The axial T1-based PTVs were increased by 20% by the additional sequences (p = 0.04). Each 
sequence/plane added unique volume extensions. The GTVs common to all the T1 planes accounted for 38% of the 
total volumes of all the T1 planes. Anatomically, addition of the coronal and sagittal-based GTVs extended the axial 
T1-based GTV caudally and cranially, notably to the base of the skull.
Conclusions. Adding MRI planes and sequences to the traditional axial T1 sequence yields significant quantitative 
and anatomically important extensions of the GTVs and PTVs. For accurate target delineation in nasopharyngeal can-
cer, we recommend that GTVs be outlined in all MRI sequences/planes and registered with the planning computed 
tomography scans.

Key words: gross tumor volume; MRI; nasopharyngeal cancer; radiotherapy

Introduction

The introduction of intensity modulated radia-
tion therapy (IMRT) has led to improvements in 
the treatment of nasopharyngeal cancer (NPC).1-

3 Traditionally, the treatment of all gross tumor 
was secured through large lateral opposed radia-
tion fields that included the base of the skull and 

adjacent tissues, with wide margins.4 By contrast, 
highly conformal techniques produce sharp dose 
fall-off gradients, sparing noninvolved tissues. 
Therefore, precise knowledge of the boundaries 
of the gross tumor volume (GTV) is crucial for de-
fining the high-risk clinical target volume (CTV), 
and treatment must be carefully planned by imag-
ing. 
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For evaluating tumor extent in advanced para-
nasal sinus cancer and NPC, magnetic resonance 
imaging (MRI) has been found to be better than 
computed tomography (CT).5-13 It more accurately 
demonstrates base-of-skull involvement, intracra-
nial extension, involvement of the prevertebral fas-
cia, and subtle marrow space infiltration.6,7,9 Some 
studies have suggested that in patients with NPC 
and cranial nerve involvement, the more accurate 
contouring associated with MRI translates into a 
survival advantage.8 Accordingly, many radiolo-
gists rely on MRI scans for determination of target 
volumes for purposes of radiotherapy.14-19 

However, the optimal MRI dataset (imaging 
sequences) that should be used for planning ra-
diotherapy has not been established. For tumor 
staging, studies emphasize the importance of axial 
T1-weighted images acquired with fat suppres-
sion, both with and without gadolinium contrast, 
in addition to T2-weighted images and the use of 
coronal and sagittal acquisition planes.8 Although 
some authors found that the coronal imaging 
planes added important information regarding 
the cranial extent of tumors7,19, others reported 
that enhanced and nonenhanced T1 sequences 
were sufficient.20

This issue is particularly important in modern 
treatment planning which increasingly supports 
some form of interactive or automated image regis-
tration. Many studies describing techniques in clin-
ical series of IMRT for NPC, as well as the recent 
NPC protocol of the Radiation Therapy Oncology 
Group20, recommended the registration and fusion 
of the MRI image with the planning CT scan when-
ever possible. However, they did not detail the 
MRI dataset used.1,14,15,21 Although Emami et al.6, 
in a comparative study of MRI and CT-based GTV 
delineation, used all MRI sequences, other studies 
that provided any specifics about the MRI methods 
applied for GTV delineation and fusion with the 
planning CT typically used axial T1-weighted im-
ages alone.22 

The aim of the present study was to determine if 
radiotherapy planning may be based solely on MRI 
axial T1 imaging or if information from all avail-
able MRI datasets is required for accurate target 
delineation. 

Patients and methods 
Patients and setting

The study group consisted of 12 patients treated 
for NPC in 2003-2007. The study was approved 

by the institutional review board (IRB). The plan-
ning CT scans and pre-therapy MRI images were 
collected for analysis. The disease was categorized 
pathologically according to the classification of the 
World Health Organization (WHO) as type 3 in 9 
patients, type 2 in 2 patients, and type 1 in 1 pa-
tient. Staging of the primary tumor was done ac-
cording to published guidelines23: 9 patients had 
stage T4 tumor, 1 had T3, and 2 had T2.

Procedure

The original CT treatment-planning scans were 
obtained at 3-mm slice thickness, and Intravenous 
contrast was injected in all cases. Patients were im-
mobilized, scanned, and treated in the supine posi-
tion, with the aid of a thermoplastic mask. CT-based 
sagittal, coronal, and oblique reconstruction im-
ages were made with the in-house radiation plan-
ning system. MRI was performed with a 1.5 Tesla 
GE Magnet scanner (Milwaukee, WI) using the 
regular head coil. The procedure was performed in 
the supine position, but neither a mask nor exter-
nal markers were used. The imaging protocol was 
designed to obtain maximum information within a 
1‒1.5 h total scan time. T2-weighted sequences (TR/
TE/excitations: 2000‒2500 ms / 80‒90 ms / 3) and 
Tl-weighted sequences (TR/TE/excitations: 500‒600 
ms / 10‒30 ms /2‒4) were acquired by standard 
spin-echo technique. Acquisition parameters of 
the axial and sagittal images were as follows: slice 
thickness 4 mm, slice gap 1 mm, field of view 20 cm 
with an image matrix of 256 x 256; parameters of 
the coronal images were slice thickness 3 mm, slice 
gap 0.5 mm, field of view 20 cm with an image ma-
trix of 256 x 256. Four MRI datasets were studied: 
T2-weighted images in the axial plane without fat 
suppression (T2-AX, n = 12); gadolinium-enhanced 
Tl-weighted images in the axial plane with (n = 
10) and without (n = 2) fat suppression (T1-AX); 
gadolinium-enhanced T1-weighted images in the 
coronal plane (COR, n = 12); and unenhanced T1-
weighted images in the sagittal plane (SAG, n = 11). 

In order to minimize inter-observer differenc-
es, the GTVs of the primary tumors were defined 
on each of the 4 MRI datasets by consensus of a 
neuroradiologist and two head and neck radiation 
oncologists. To assess the reproducibility of the 
consensus-based contour delineation, the GTVs 
on all 4 datasets of 3 patients were redrawn by the 
same team 3 months after the first contouring ses-
sion, without review or presentation of the original 
contours. The magnitude of change in GTV size 
and the overlapping volumes between contouring 
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sessions were noted and averaged. The percentage 
difference in GTV was defined according to the for-
mula, (GTV1-GTV2)/(GTV1+GTV2)/2 x 100, where 
GTV1 is the GTV outlined in the first session and 
GTV2 is the volume outlined in the second session, 
using the same MRI dataset.

Image registration

The CT data served as the basis for registration 
of the MRI data. Registration of each dataset was 
achieved in each case using a mutual information 
rigid translation algorithm.24 Final registration was 
accomplished by simultaneously superimposing 
the intersection of the brain surface with the axial 
CT slices, with the reconstructed sagittal and coro-
nal CT images as contours. The MRI brain surface 
was interactively translated and rotated through a 
series of  3-D MRI dataset coordinate transforma-
tions until satisfactory visual agreement between 
the MRI surface and the CT images was obtained. 
Particular attention was addressed to the fixed 
bony landmarks in the region: vertebral bod-
ies of C1 and C2, hard palate, lateral and medial 
pterygoid plates, and the clinoid processes. In this 
manner, the GTV outlined on each MRI study was 
fused to the CT dataset for comparison of exten-
sion and overlap, both qualitatively (in terms of 
anatomical extent) and quantitatively (in terms of 
physical volume, after computation of encompass-
ing and overlapping volumes).

Composite GTVs

Composite GTVs were formed by spatially add-
ing the individual GTVs obtained by each MRI se-
quence and the physical volume (in cubic centim-
eters) of each composite structure. First, the COR 
and SAG datasets were assessed to determine if 
they added information to the traditional axial T1 
image primarily, if they revealed potential GTV ex-
tensions attributable to differences in the imaging 
plane. The value of each composite GTV obtained 
from each MRI sequence was calculated. Second, 
two or more GTVs were combined, and the total 
volume (totV) and the common volume (comV), 
defined as volumes overlapping all sequences, 
were calculated. Three conditions were tested: T1-
AX and T1-COR; T1-AX, T1-COR and T1-SAG; T1-
AX and T2-AX). The T1-based volumes (standard) 
were compared to the additional volumes defined 
by the union of the COR and/or SAG datasets to 
the totV. Thereafter, the axial T2 datasets were 
compared to the axial T1 datasets to investigate 

differences obtained in GTVs due to the different 
pulse sequences. A uniform 5-mm expansion of the 
GTVs was made to yield the corresponding CTVs, 
and an additional uniform 4-mm expansion was 
made to yield the PTVs of the primary tumors.

Anatomical assessment was performed by visu-
al inspection of the axial and the reconstructed sag-
ittal and coronal CT planes in each case, together 
with the different fused MRI–based GTVs. Any ex-
tension in any direction of more than 1 cm beyond 
the axial T1-based GTV borders, in which the vol-
ume would not be covered by the PTV, or similar 
underestimation, was considered potentially clini-
cally significant.   

GTVs outlined using different MRI sequences 
in the same patients were quantitatively compared 
by two-tailed paired t-tests. Statistical significance 
was set at p < 0.05.

Results
Reproducibility

The reproducibility of the GTV delineation was ex-
amined in each MRI sequence/plane in 3 patients. 
There was an average change of 1.5% between the 
re-drawn GTVs (GTV2s) and the initial drawings 
(GTV1s) (Table 1). Examination of the anatomical 
overlap between the GTV1s and GTV2s showed 
that the envelope (union) of GTV1 and GTV2 aver-
aged 10% larger than the GTV1 (Table 2), and the 
overlap (intersection) of GTV1 and GTV2 averaged 
90% of the GTV1.These results were considered to 
indicate satisfactory reproducibility.25,26

GTV and PTV statistics 

A summary of the GTV statistics for the T1 imag-
ing planes is presented in Table 2 and Figures 1 and 
2. In all cases, the T1-AX GTVs were larger than the 

Table 1. Volume Percentage differences between the initial GTVs and the re-drawn 
GTVs for 3 cases for all sequences (average difference across all planes/sequences 
= 1.5%)

% Diff.  GTV SIZES

Sag (%) T1 (%) Cor (%) T2 (%)

PATIENT 1 4.1 1.9 -0.5 -3.6

PATIENT  2 -0.4 9.5 -4.3 -4.3

PATIENT   3 -8.2 15.4 0.1 8.3

Sequence Avg. -1.5 8.9 -1.6 0.1
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GTVs of the other sequences/planes, and the addi-
tion of both the COR and SAG studies yielded an 
extension of the GTV beyond that defined by the 
T1-AX dataset alone (Figure 1). On average, addi-
tion of the COR GTVs increased the T1-AXl GTVs 
by 21% (SD = 18) (p = 0.005). Further addition of 
the SAG GTVs increased this combined volume 
by 10% (SD = 6) of the original T1-AX volume (p 
= 0.003), for an average combined increase of 30% 
over the original T1-AX volume. On average, 38% 

of the extended GTV volumes were common to all 
T1 sequences (Table 2). 

A summary of the GTV statistics for the addition 
of T2-AX images to the T1-AX images is presented 
in Table 3 and Figure 2. On average, the GTVs de-
rived from the T2-AX images increased the T1-AX 
GTVs by 12% (SD = 9) (p = 0.004).

A summary of the PTV statistics for all patients 
and all T1 imaging planes is presented in Table 4. 
As the PTVs were geometric expansions of the 
GTVs, the results were similar, but the percentage 
changes were smaller. On average, the addition of 
the COR PTVs increased the T1-AX PTVs by 14% 
(SD = 13) (p = 0.002), and the further addition of the 
SAG PTVs increased the combined volumes by 6% 
(SD = 4) (p = 0.04). On average, 50% (SD = 10) of the 
extended PTV volumes were common to both AX 
sequences and the COR and SAG sequences. 

Volume increase relative to T stage 

There was no substantial difference between ad-
vanced and early local tumors in the increase in 
GTVs with the addition of various MRI sequences 
to the T1-AX sequence. In the 10 patients with T3-4 
disease, the addition of SAG and COR-based vol-
umes extended the T1-AX-based volumes by an 
average of 27% (SD = 20). The addition of T2-Ax-
based GTVs extended the T1-based GTVs by 12% 
(SD = 9.8). In the 2 patients with T2a disease, the ad-
dition of the Cor- and SAG-based GTVs increased 
the T1-AX-based GTVs by 20% and 48%, and the 
addition of the T2-AX-based GTVs increased the 
T1-AX-based GTVs, by 18% and 8%.

Anatomical assessments 

Table  5 shows the findings of the anatomical as-
sessments of the extensions/ underestimations of 
the GTVs delineated by various MRI sequences or 
by T1-AX sequences alone. Representative cases 
are illustrated in Figures 3A-D. Addition of the 
COR-based images to the T1-AX sequences led to 
an extension of the caudal border of the GTV in 
3 cases (Figure 3B) and of the cranial border in 2 
cases; however, the COR images underestimated 
the posterior or anterior extent in 4 cases and the 
medial extent in 1 case (Table 5). Addition of the 
SAG images led to an extension of the superior and 
inferior borders of the GTVs in 2 cases (Figures 3A, 
3C). Addition of the T2-AX images generally led to 
nonspecific extensions (in terms of direction) into 
soft tissue regions which were more subtly visual-
ized than on the T1-AX images.

FIGURE 1. Differences among MRI sequences/planes. (A) 
Comparisons of gross tumor volume (GTVs) delineated by axial 
T1, axial T1+T2, and total axial T1+ sagittal + coronal T1 images 
for each patient. (B) Comparisons of total volume and axial 
T1-defined GTVs for each patient.

FIGURE 2. Comparisons of adding axial T2-defined GTVs to axial T1-defined gross 
tumor volume (GTVs) for each patient.
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There were 3 cases in which volumes based on 
different sequences and planes were almost identi-
cal qualitatively (Table 5, Figure 3D). In these cases, 
the comV:totV ratio was between 42% and 48%, 
and the addition of the COR and SAG images ex-
tended the T1-AX-based volume by 12‒16%. 

Anatomically, the superior extensions of the 
COR- and SAG-based GTVs led to the identifica-
tion of cavernous sinus, brain, and clivus involve-
ments in which subtle involvement was not appre-
ciated on axial MRI (Figures 3A, 3C). Drawing the 
GTVs in the COR and SAG planes also aided in ex-
tending the targets caudally into muscles that were 
not included in the T1-AX-based GTVs (Figures 3B, 
3C).

Discussion 

In the radiology literature, there is a consensus 
regarding the necessity of performing  MRI for 
staging nasopharyngeal tumors, and several au-
thors have examined the benefits of different MRI 

sequences in this setting.6,7,27 However, unlike the 
diagnostic radiologist who uses MRI to assess the 
extent of the gross tumor for staging purposes, the 
radiation oncologist requires an accurate defini-
tion of the edges of the radiological abnormalities 
in order to define the GTV in 3 dimensions as reli-
ably as possible. To the best of our knowledge, the 
present study is the first to assess in detail the util-
ity of various MRI sequences/planes in defining 
the GTVs of NPC. The results show that when the 
GTV data from the axial T2 sequence and coronal 
and sagittal planes were added to the gadolinium-
enhanced axial T1 sequence, the size and extent of 
the GTVs increased significantly. It has been prov-
en that there is a correlation between volume of 
tumor and outcome28, and therefore the changes 
might have been were large enough to have clini-
cal importance as well. Notably, the main changes 
were in the caudal and cranial direction, includ-
ing cavernous sinus involvement which was oc-
casionally missed when the axial dataset was used 
alone. We suggest that as we do not know which 
dataset represents the “true” extent of the GTVs, 

 Table 2. GTVs derived from different T1 imaging planes 

Axial T1
(cm3)

COR T1
(cm3)

SAG T1
(cm3)

Total T1
(A+C+S)
(cm3)

Total T1
(% of AX)

Common T1
(A&C&S)

(cm3)
Common T1
(% of Total)

Mean 40.9 34.7 30.4 51.7 130.1% 21.2 38.3%

Range 7-86 6-76 6-60 12-97 107-170 3-47 18-55

STD 23.6 21.6 19.7 29.3 22.5% 14.0 10.9%

Table 3. GTVs derived from different T1 and T2 Axial imaging planes 

Axial T1
(cm3)

Axial T2
(cm3)

Total
(T1+T2)
(cm3)

Total
(T1+T2)

(% of T1 AX)

Common
(T1&T2)
(cm3)

Common
(T1&T2)

(% of Total)

Mean 40.9 32.7 45.3 112.3% 28.3 62.6%

Range 7-86 7-63 8-90 101-130 6-57 51-71

STD 23.6 21.6 25.1 9.1% 15.8 6.7%

Table 4. PTVs derived from different T1 imaging planes 

Axial T1
(cm3)

COR T1
(cm3)

SAG T1
(cm3)

Total T1
(A+C+S)
(cm3)

Total T1
(% of AX)

Common T1
(A&C&S)

(cm3)
Common T1
(% of Total)

Mean 136.0 117.5 103.6 160.9 120.1% 81.4 50.0%

Range 43-234 44-221 38-191 71-280 106-149 28-139 37-68

STD 57.7 52.6 49.4 68.9 16.7% 38.1 10.0%
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defining a composite GTV that encompasses the 
targets outlined using all datasets is the safest ap-
proach to defining the target for highly conformal 
radiotherapy of NPC. Our study suggests that if 
only axial images are available, the GTVs may be 
underestimated. Adding coronal and sagittal MRI 
images is expected to substantially improve tar-
get delineation. It is reasonable to continue the 
current study by analyzing the impact of MRI on 
radiation volume assessment when tumor deline-
ation is performed in all three planes with the use 
of T1 sequence and fat suppression after adminis-
tration of contrast. This will be the subject of fu-
ture study.

These findings support previous diagnostic ra-
diology studies, such as those of Chung et al.7 and 
Sakata et al.19, which suggested that coronal imag-
ing plays a unique role in detecting cranial, base of 
skull, and clivus tumor extension. However, they 
disagree with the study of Lau et al.20 which sug-
gested that coronal, sagittal and axial T2-weighted 
images do not have an impact on tumor staging 
and are therefore redundant. We found that sag-
ittal plane-based GTVs significantly increased the 
volume obtained by the coronal and axial-plane 
MRI, whereas Vogl et al.27 stated that for staging 
purposes, the sagittal views had little impact and 
could be omitted. Furthermore, although Ng et al.9 
suggested that for smaller tumors, relying only on 
axial T1 images is sufficient for staging purposes, 
our findings suggest that the addition of the cor-
onal and sagittal views has a similarly important 
impact on GTV estimation in both early-stage and 
locally advanced tumors. 

Previous studies of GTV measurements in head 
and neck cancers, including NPC, suggested prom-

inent interobserver differences and smaller though 
still considerable intraobserver differences.25,26 To 
limit this problem in our study, the GTV was de-
rived by consensus among several observers. The 
reproducibility of GTV delineation by the consen-
sus members, as tested in our study, was reason-
able, and the differences noted in the reproducibil-
ity test were substantially smaller than the differ-
ences in the GTVs that were related to the different 
MRI datasets. 

This study was limited by the need to register 
MRI and CT scans made at different head and neck 
positions. The tight head and neck coil used for the 
clinical MRI scans did not accommodate the im-
mobilization system used for the planning CT. The 
registration of MRI-based GTVs with the planning 
CTs using landmarks in the skull and base of the 
skull was previously found to be highly reliable for 
brain tumors and for tumors residing near the base 

A B C D

FIGURE 3. Gross tumor volume (GTVs) based on different MRI sequences fused into sagittal (A, C, D) or coronal (B) CT images. Brown = sagittal-based 
GTV; blue = axial T2-based GTV; red = coronal -based GTV; and green = axial T1-based GTV. 

Table 5. Anatomical GTV extents based on various MRI 
sequences compared with the axial T1-based GTVs

Direction of Extension Coronal MRI Sagittal MRI

Cranial 2+ 2+

Caudal 3+ 2+ & 2-

Medial 1- 2-

Lateral 3-

Posterior 3-

Anterior 1-

+ = No. of patients where the GTV border extended beyond the T1 axial GTV;

- = No. of patients where the GTV border underestimated compared to 
the T1 axial GTV (By at least 1 cm in each direction)
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of the skull, and this technique has been used clini-
cally in our department for many years. However, 
the caudal-most extension of the tumors, beyond 
the base of the skull, may have not been well reg-
istered, potentially leading to an error in our volu-
metric calculations. Nevertheless, the most impor-
tant message of our study is that different MRI 
sequences may produce different extensions of the 
GTV cranially, toward the cavernous sinus and re-
lated anatomical structures, which may not be ap-
preciated using the axial T1 sequence alone. 

The ability to register non-axial MRI images into 
the axial planning CT dataset, as performed in this 
study, is available in the in-house treatment plan-
ning system used at our institution. Some commer-
cial planning systems do not have this capability, 
although in many cases, manufacturers have come 
out with new versions that do (Bruce Curran, PhD, 
personal communication). Our results suggest that 
this capability should be used for multi-sequence 
delineation of GTVs of tumors near the base of the 
skull. 

PTVs were obtained in this study by uniform 
expansions of the GTVs. As expected, there was a 
lesser difference between the axial T1 and multiple 
MRI sequences for PTVs than GTVs. We speculate 
that as PTV margins are tightened by daily locali-
zation and correction of the set-up uncertainties29,30, 
the benefits of multi-sequence MRI for PTVs will be 
close to the ones found for GTVs. 

In conclusion, using MRI for defining the prima-
ry NPC GTV, fusion of GTVs delineated on axial 
T1 sequences with coronal and sagittal images as 
well as with T2 sequences significantly changes the 
sizes and extents of the GTVs calculated on the ba-
sis of gadolinium-enhanced T1 axial images alone. 
These differences may have a major impact on 
GTV definition in some cases. Our results suggest 
that incorporating all MRI datasets in GTV deline-
ation should be routine clinical practice in highly 
conformal radiation therapy.
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Vloga pozitronske emisijske računalniške 
tomografije s fluorodeoksiglukozo za vrednotenje 
odgovora na zdravljenje s tirozin kinaznimi zaviralci 
pri bolnikih s primarnim metastatskim rakom ledvic
Caldarella C, Muoio B, Isgrò MA, Porfiri E, Treglia G, Giovanella L

Izhodišča. Pozitronsko emisijsko tomografijo – računalniško tomografijo (PET-CT) s fluorodeoksiglukozo (FDG) vedno 
bolj uporabljamo pri vrednotenju bolnikov z napredovalim rakom ledvic. Najpogosteje z njo opredelimo stadij bolezni. 
Namen članka je sistematično pregledati uporabnost PET-CT s FDG za oceno odgovora na zdravljenje s tirozin kina-
znimi zaviralci pri bolnikih z napredovalim rakom ledvic.

Materiali in metode. Sistematično smo pregledali raziskovalno literaturo, ki opisuje vlogo PET-CT s FDG pri ocenje-
vanju odgovora na zdravljenje s tirozin kinaznimi zaviralci pri bolnikih z napredovalim rakom ledvic.

Rezultati. Našli smo sedem raziskav o vlogi PET-CT s FDG pri oceni odgovora na zdravljenje s tirozin kinaznimi zaviralci 
(sunitinib in sorafenib) pri bolnikih z napredovalim rakom ledvic. Na voljo je bilo celotno besedilo, ki smo ga analizirali, 
da bi ugotovili napovedno vlogo te morfološko funkcionalne metode slikanja na izid bolezni.

Zaključki. Vloga PET-CT s FDG za oceno odgovora na tirozin kinazne zaviralce pri metastatskem rakom ledvic do 
danes še ni natančno opredeljena, delno tudi zaradi heterogenosti narejenih raziskav. Vendar pa PET-CT razkriva mo-
rebitno vlogo pri izboru bolnikov za zdravljenje s tirozin kinaznimi zaviralci. Uporaba PET-CT s kontrastom je obetavna 
za večdimenzionalno vrednotenje odziva na zdravljenje teh bolnikov.

Radiol Oncol 2014; 48(3): 228-234.

doi:10.2478/raon-2013-0075

Naključno kopičenje 18-F fluoroholina (FCH) 
v področju glave in vratu pri bolnikih z rakom 
prostate
Hodolič M, Huchet V, Balogova S, Michaud L, Kerrou K, Nataf V, Cimitan M, Fettich J, 
Talbot JN

Izhodišča. Pozitronska emisijska tomografija z računalniško tomografijo (PET/CT) z 18-F fluoroholinom (FCH) je postala 
rutinska preiskava pri bolnikih z rakom prostate. Mesta patološko zvišanega kopičenja radioindikatorja v področju 
glave in vratu smo pri bolnikih z rakom prostate ocenjevali kot incidentalome (naključno odkrite tumorje), razen če 
smo dokazali zasevke v okostju.

Rezultati. Pri osmih bolnikih je naključno zvišano kopičenje predstavljalo benigni tumor. Končna diagnoza je bila 
adenom hipofize v 3 primerih, meningeom v 2, adenom obščitnice v 2 in lokalizirano avtonomno tkivo ščitnice (hiper-
funkcijski adenom) pri 1 bolniku. Diagnozo smo potrdili s histološkim pregledom pri 4 bolnikih, z magnetnoresonančnim 
slikanjem (MRI) pri 4 ter z dodatno ultrazvočno preiskavo, scintigrafijo z 99m-Tc sestaMIBI in biokemičnimi preiskavami 
pri 1 bolniku.

Zaključki. V nam znani literaturi kopičenje FCH še ni bilo dokumentirano pri bolnikih z adenomom obščitnice in ade-
nomom hipofize. Predlagamo, da bi PET/CT preiskava s FCH lahko postala indicirana pri bolnikih, kjer je tovrsten tumor 
že znan (n.pr. adenom obščitnice), pri sumu na ostanek ali recidiv adenoma hipofize in za načrtovanje operacije 
ali obsevanja meningeomov. Pri teh potencialnih indikacijah so potrebne primerjave z drugimi radioindikatorji PET-a 
oziroma v primeru hiperparatiriodizma primerjava z 99m-Tc sestaMIBI.



Slovenian abstracts

Radiol Oncol 2014; 48(3): I-VII.

II

Radiol Oncol 2014; 48(3): 235-242.

doi:10.2478/raon-2014-0005

Klinični in radiološki znaki izvenskeletnega 
miksoidnega hondrosarkoma. Znaki bolezni ob 
diagnozi, lokalnih ponovitvah in zasevanju
Kapoor N, Shinagare AB, Jagannathan JP,  Shah SH, Krajewski KM, Hornick JL, Ramaiya NH 

Izhodišča. Namen raziskave je bil oceniti klinične in radiološke znake izvenskeletnega miksoidnega hondrosarkoma 
vključno z začetnimi znaki bolezni, ob ponovitvi in ob zasevanju bolezni.

Bolniki in metode. V raziskavi smo retrospektivno analizirali radiološke slike 13 bolnikov s patološko potrjenim izven-
skeletnim miksoidnim hondrosarkomom, ki smo ga odkrili med avgustom 1995 in decembrom 2011. V skupini so bile tri 
ženske in deset moških, povprečne starosti 54 let (29–73). Slikovni material sta neodvisno ocenjevala dva radiologa. 
Ovrednotila sta mesto, velikost in radiološke značilnosti primarnega tumorja, prisotnost ponovitve bolezni in lokacijo 
zasevkov.

Rezultati. Med 13 bolniki so trije umrli v času poteka klinične raziskave. 9 bolnikov je imelo tumor na spodnjih okon-
činah, povprečne velikosti 9,3 cm (3,3–18). Na T2 obteženih slikah, pridobljenih z magnetno resonanco (MRI) so bili 
primarni tumorji hiperintenzivni in podobne intenzitete kot mišice na T1 obteženih slikah. 3 bolniki so imeli lokalno po-
novitev bolezni in 12 jih je imelo oddaljene zasevke, najpogosteje v pljuča. Tumorska gostota (denziteta) na preiska-
vah računalniške tomografije (CT) s kontrastnim sredstvom je bila med 8,2 in 82,9 HE. Fluordeoksiglukoza pozitronsko 
emisijsko tomografijo (FDG-PET) s CT-jem smo naredili pri 3 bolnikih. Eden ni imel znakov kopičenja FDG, ostala dva 
pa sta imela metastatsko obliko bolezni z vrednostjo standardnega prevzema izotopa (SUV) 2,8 in 7,4. Bolnik z večjim 
kopičenjem FDG je imel bolj solidno obliko tumorja in krajše preživetje.

Zaključki. Izvenskeletni miksoidni hondrosarkom je redek tumor. V raziskavi smo ga najpogosteje odkrili na spodnjih 
okončinah, pogosto je zaseval v pljuča. Večja gostota tumorja pri preiskavah CT in MRI ter večje privzemanje FDG pri 
preiskavi PET-CT sta lahko povezana z bolj agresivno obliko bolezni.

Radiol Oncol 2014; 48(3): 243-246.

doi:10.2478/raon-2013-0034

Osteoblastni kostni zasevki pri ledvičnem raku 
Salapura V, Zupan I, Šeruga B, Gašljević G, Kavčič P

Izhodišča. Ledvični rak predstavlja le 2-3% vseh rakastih obolenj. Zaradi neznačilnih simptomov bolezen mnogokrat 
ugotovimo šele v napredovalem stadiju. Razširjeni rak ledvice pogosto zaseva v kosti, zasevki so praviloma zelo de-
struktivni, dobro prekrvljeni in povsem osteolitični. 

Prikaz primera. V prispevku predstavljamo primer 71 let starega bolnika z razširjenim ledvičnim rakom in številnimi 
osteoblastnimi zasevki v kosteh. Hkrati predstavljamo kratek pregled literature, kjer poročajo o osteoblastnih zasevkih 
ledvičnega raka. Vodilni klinični simptom pri našem bolniku je bila prsna bolečina, ki se je stopnjevala ob gibanju. S 
slikovno diagnostiko smo ugotovili pretežno osteoblastne kostne zasevke v vretencih prsne in ledvene hrbtenice, v 
črevnici, rebrih, nadlaktnici in ključnici. Sprva je bil izvor zasevkov neznan, kasneje pa smo pri bolniku ugotovili majhen 
tumor v desni ledvici. Mikroskopska ocena tkiva po odprti biosiji je pokazala velikocelični karcinom ledvice s sarkoma-
toidno diferenciacijo. 

Zaključki. Zaradi svoje redkosti ledvični rak ni vključen v primarno diferencialno diagnozo pri bolnikih z osteoblastnimi 
zasevki. Primeri, kot je naš, kažejo, da bi bilo ledvični rak smiselno uvrstiti med možne diagnoze pri bolnikih, kjer nismo 
našli sprememb, ki bi odkrivale druge primarne tumorje.
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Učinki različnih doz sevanja na preoblikovanje 
skeletne mišice
Hardee JP, Puppa MJ, Fix DK, Gao S, Hetzler KL, Bateman TA, Carson JA

Izhodišča. Namen študije je bil določiti učinek dveh klinično ustreznih doz na preoblikovanje mišjih skeletnih mišic. 

Materiali in metode. Spremembe v morfologiji mišic in regulatornih signalnih poteh smo preučili na mišici tibialis 
anterior in gastrocnemius po obsevanju z dozami, ki so se razlikovale glede na popolno biološko efektivno dozo (BED). 
Miši C57Bl/6 ženskega spola so bile naključno razporejene v kontrolno, neobsevano skupino, ki je prejela 4 frakcioni-
rane doze po 4 Gy (4 x 4 Gy; BED 37 Gy), in skupino, ki je prejela 16 Gy v enkratni dozi (16 Gy; BED 100 Gy). Miši smo 
žrtvovali 2 tedna po začetku prvega obsevanja. 

Rezultati. Skupna količina proteinov in ribonukleinske kisline v mišici se je zmanjšala po obsevanju s 16 Gy, ne pa po 
obsevanju s 4 x 4 Gy. Pri obeh skupinah se je povečalo število miofibril s centralno postavljenim jedrom, kar kaže na mi-
šično regeneracijo. Samo pri skupini, ki je bila obsevana s 16 Gy, se je povečala prostornina zunajceličnega matriksa. 
Na drugi strani pa je prišlo do povečanega izražanja 4-hidroksinonenala samo pri skupini obsevani s 4 x 4 Gy. Medtem 
ko se je pri obeh skupinah zmanjšala presečna površina IIB miofibril, se je presečna površina miofibril IIA zmanjšala 
samo pri skupini obsevani s 16 Gy. Obsevanje s 16 Gy je tudi povečalo pojavljanje manjših premerov miofibril obeh 
tipov, IIA in IIB, obsevanje s 4 x 4 Gy pa samo pri tipu IIB. Obe terapiji sta zmanjšali pogostost in presečno površino fibril 
z zmanjšano sukcinat dehidrogenazno aktivnostjo. Samo pri skupini obsevani s 16 Gy je bil zmanjšan tudi premer teh fi-
bril. Signalne poti vpletene v proteinsko pretvorbo in oksidativni metabolizem niso bile spremenjene pri nobeni terapiji. 

Zaključki. Dobljeni rezultati kažejo na to, da uporabljeni dozi sevanja različno učinkujeta na mišično preoblikovanje 
in da so ti učinki povezani s tipom mišičnih fibril in oksidativnim metabolizmom.
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Ugotavljanje možnih plazemskih bioloških 
označevalcev pri glioblastomu z uporabo 
proteomske tehnike mikromrež s protitelesi
Zupančič K, Blejec A, Herman A, Veber M, Verbovšek U, Koršič M, Knežević M, Rozman P, 
Lah Turnšek T, Gruden K, Motaln H

Izhodišča. Glioblastoma multiforme (GBM) je možganski tumor z zelo visoko stopnjo smrtnosti, saj je srednje prežive-
tje bolnikov z GBM le 47 tednov. Preživetje bolnikov z GBM bi lahko izboljšali z novimi diagnostičnimi in napovednimi 
biološkimi označevalci v krvi bolnikov, pa tudi z biološkimi označevalci, ki napovedujejo odziv na zdravljenje. Oboji bi 
olajšali diagnozo, izbiro primernega zdravljenja in sledenje bolezni. Cilj raziskave je bil določiti vpliv GBM na količino 
prisotnih proteinov v krvi bolnikov v primerjavi z zdravimi prostovoljci. 

Bolniki in metode. Uporabili smo komercialno dostopne mikromreže, ki so vključevale 656 različnih protiteles, z njimi 
smo analizirali vzorce krvne plazme 17 zdravih prostovoljcev ter 17 bolnikov z GBM. 

Rezultati. Identificirali smo 11 plazemskih proteinov, katerih nivo je bil statistično značilno spremenjen pri bolnikih z 
GBM. Funkcija teh proteinov je bila opisana v treh signalnih poteh: T-celični signalizaciji in imunskem odzivu; celični 
adheziji in migraciji; nadzoru celičnega cikla in apoptozi. Ta set ugotovljenih proteinov zato predstavlja potencialne 
kandidate diagnostičnih bioloških označevalcev za GBM. Nadalje smo ugotovili tudi 16 plazemskih proteinov, ki so bili 
statistično značilno povezani s preživetjem GBM bolnikov. Gvanin nukleotid vezni protein alfa (GNAO1), katerega nivo 
je bil statistično značilno spremenjen v plazmi bolnikov GBM, je bil edini ugotovljen tudi v omenjenem setu proteinov, 
ki so sovpadali s preživetjem GBM bolnikov. 

Zaključki. Menimo, da so mikromreže s protitelesi uporabne za presejevalno testiranje plazemskih vzorcev in ugota-
vljanje potencialnih kandidatnih tumorskih bioloških označevalcev v manjših laboratorijskih poskusih. Za prenos tako 
dobljenih rezultatov v klinično uporabo pa je slednje potrebno najprej ovrednotiti v neodvisnih raziskavah na večjem 
naboru bolnikov z GBM.



Slovenian abstracts

Radiol Oncol 2014; 48(3): I-VII.

IV

Radiol Oncol 2014; 48(3): 267-281.

doi: doi:10.2478/raon-2014-0022

Razgradnja jetrnih žil na magnetnoresonančnih 
slikah za načrtovanje terapij, ki temeljijo na 
elektroporaciji
Marčan M, Pavliha D, Marolt Mušič M, Fučkan I, Magjarević R, Miklavčič D

Izhodišča. Elektroporacija zagotavlja povečanje prepustnosti celične membrane zaradi izpostavitve celic električ-
nemu polju. Za zagotovitev pokritja celotnega tumorja z dovolj visokim električnim poljem lahko uporabimo numerični 
model, ki ga zgradimo na osnovi razgrajenih medicinskih slik. Za namene rekonstrukcije jetrnih žil iz magnetnoreso-
nančnih slik smo poiskali optimalno metodo razgradnje, ki bi zadoščala vnaprej zastavljenim kriterijem: identifikaciji 
glavnih jetrnih žil, robustnosti in z najmanjšim naporom uporabnika.

Materiali in metode. Preizkusili smo različne metode razgradnje slik, temelječih na filtriranju, ki ojačuje žilne strukture, 
na upragovljanju, ter na njihovi kombinaciji v obliki lokalnega upragovljanja. Preizkušene metode smo ovrednotili na 
fantomih in kliničnih podatkih.

Rezultati. Metoda upragovljanja, ki temelji na minimizaciji variance, daje manjše napake kot metoda, ki temelji na 
maksimizaciji entropije. Najboljše rezultate smo dosegli z izvajanjem lokalnega upragovljanja na izvirnih slikah, na ka-
terih smo odpravili nehomogenost intenzitete. Rezultati so bili najboljši v območjih interesa, ki smo jih pred tem določili 
s filtrom, ki ojačuje žilne strukture. Pri vrednotenju na kliničnih primerih smo s predlagano optimalno metodo dosegli 
povprečno občutljivost 93,68 %, povprečno simetrično površinsko razdaljo 0,89 mm in Hausdorffovo razdaljo 4,04 mm.

Zaključki. Predlagana metoda za razgradnjo jetrnih žil na magnetnoresonančnih slikah, ki temelji na lokalnem 
upragovljanju, izpolnjuje vse v začetku zastavljene kriterije. Ti so nujni za uporabo metode razgradnje v načrtovanju 
zdravljenja z metodami, ki temeljijo na elektroporaciji. Metoda razgrajuje glavne žile, daje rezultate z dosledno točno-
stjo in deluje popolnoma avtomatično. Ali je dosežena točnost sprejemljiva za modele načrtovanja zdravljenja ali ne, 
pa je potrebno še potrditi z numeričnim modeliranjem vpliva napake razgradnje na porazdelitev električnega polja.
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Mikroinvazivni ploščatocelični karcinom 
materničnega vratu v Sloveniji v obdobju  
od 2001 do 2007
Gutnik H, Matišić JP, Primic Žakelj M, Strojan Fležar M

Izhodišča. Mikroinvazivni ploščatocelični karcinom predstavlja znaten delež v incidenci rak materničnega vratu v 
Sloveniji. Čeprav so merila karcinomske invazije v literaturi dobro opisana, je histopatološko ocenjevanje mikroinvazivne-
ga ploščatoceličnega karcinoma zahtevno, saj se morfološke spremembe lahko prekrivajo s cervikalno intraepitelijsko 
neoplazijo 3. stopnje (CIN 3) in drugimi patološkimi spremembami. Namen raziskave je bil ugotoviti zanesljivost svetlob-
nomikroskopske histopatološke ocene mikroinvazivnega ploščatoceličnega karcinoma v Sloveniji v obdobju 2001–2007. 

Materiali in metode. Iz Registra raka Republike Slovenije smo dobili podatke o bolnicah s histopatološko diagnozo 
mikroinvazivni ploščatocelični karcinom materničnega vratu (stadija Mednarodne zveze za ginekologijo in porodni-
štvo [FIGO] IA) za obdobje 2001–2007. Iz večine laboratorijev za patologijo v Sloveniji smo dobili histološke preparate 
biopsijskih vzorcev materničnega vratu. Prejeli smo 250 vzorcev (69 % vseh mikroinvazivnih ploščatoceličnih karcino-
mov v obdobju 2001–2007) primernih za ponovni pregled; dodali smo 30 kontrolnih vzorcev s CIN 3 in ploščatoceličnim 
karcinomom, stadija FIGO IB. Preparate smo anonimizirali in znova pregledali. 

Rezultati. Od 250 primerov s primarno diagnozo mikroinvazivni ploščatocelični karcinom jih je bilo 184 (73,6 %) znova 
ocenjenih kot mikroinvazivni ploščatocelični karcinom (179/184 [97,3 %] stadij FIGO IA1 in 5/184 [2,7 %] stadij FIGO IA2). 
Med 179 primeri s stadijem FIGO IA1 je bilo 117 primerov z zgodnjo stromalno invazijo. 

Zaključki. Ponovni pregled primerov mikroinvazivnega ploščatoceličnega karcinoma materničnega vratu v 
Sloveniji v obdobju 2001–2007 je pokazal znaten delež precenjenih vzorcev in tudi velik delež primerov z zgodnjo stro-
malno invazijo (globina invazije do 1 mm) v ustrezno ocenjenih mikroinvazivnih ploščatoceličnih karcinomih.
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Vpliv polimorfizmov folatne poti na pojav neželenih 
učinkov metotreksata v visokih odmerkih in 
preživetje pri otrocih z ne-Hodgkinovim limfomom
Erčulj N, Faganel Kotnik B, Debeljak M, Jazbec J, Dolžan V

Izhodišča. V raziskavi smo želeli opredelili vpliv polimorfizmov folatne poti na pojav neželenih učinkov metotreksata 
v visokih odmerkih pri pediatričnih bolnikih z ne-Hodgkinovim limfomom. 

Bolniki in metode. Pri 30 bolnikih z ne-Hodgkinovim limfomom, zdravljenimi z metotreksatom v visokih odmerkih, 
smo določili izbrane polimorfizme folatne poti. 

Rezultati. Nosilci alela MTHFR 677T so imeli značilno večjo površino pod časovno-koncentracijsko krivuljo metotrek-
sata. Ti bolniki so imeli tudi povečano tveganje za levkopenijo (P = 0,006) in trombocitopenijo (P = 0,028) ter večje 
število različnih neželenih učinkov povezanih z metotreksatom v visokih odmerkih (P = 0,006) v primerjavi z bolniki z 
normalnim genotipom. 

Zaključki. Rezultati nakazujejo pomembno vlogo polimorfizma MTHFR 677C>T na pojav neželenih učinkov metotrek-
sata v visokih odmerkih pri pediatričnih bolnikih z ne-Hodgkinovim limfomom.
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Vnaprejšnje načrtovanje brahiterapije raka 
materničnega vratu v para-cervikalni anesteziji na 
podlagi magnetnoresonančnega slikanja. Končno 
poročilo
Petrič P, Hudej R, Hanuna O, Marolt P, Al-Hammadi NMAA, Riyas MP, Šegedin B

Izhodišča. Ustrezna vstavitev aplikatorja je predpogoj za uspešno izvedbo brahiterapije raka materničnega vratu. 
Namen naše raziskave je bil opredeliti učinkovitost vnaprejšnjega načrtovanja brahiterapije na podlagi vstavitve 
aplikatorja v paracervikalni anesteziji (PCA) in magnetnoresonančnega slikanja. 

Bolniki in metode. 18 bolnicam z rakom materničnega vratu smo 5 dni pred brahiterapijo vstavili intrakavitarni 
aplikator (obroček in sonda) v PCA, opravili magnetnoresonančno slikanje medenice in aplikator odstranili. Na ma-
gnetnoresonančne slike smo vrisali visoko rizični tarčni volumen (high risk clinical target volume – HR CTV) in rizične 
organe, vstavili virtualne igle na optimalne položaje in opravili dozno planiranje. Brahiterapijo smo izvedli v subarah-
noidni anesteziji, upoštevaje vnaprej načrtovano geometrijo.

Rezultati. Postopek vnaprejšnjega načrtovanja so bolnice dobro prenašale. Srednja razlika med vnaprej načrtova-
no in dejansko globino oz. kotom vstavitve je bila 2 (0-10) mm oz. 4 (0-30) stopinj. Vse igle smo vstavili znotraj HR CTV 
in izven rizičnih organov.

Zaključki. Opisani postopek omogoča dobro reprodukcijo vnaprej načrtovane optimalne geometrije implantacije 
in dozne porazdelitve ob brahiterapiji raka materničnega vratu.
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Sposobnosti voha in okušanja po laringektomiji
Mumović G, Hočevar-Boltežar I

Izhodišča. Laringektomija vpliva na številne bolnikove funkcije. Poleg izgube glasnega govora in težav z dihalnim 
traktom vplivajo na kakovost bolnikovega življenja tudi težave z vohom in sposobnostjo okušanja. Namen raziskave je 
bil ugotoviti, kako pogoste so nosne težave in slabše sposobnosti okušanja po odstranitvi grla.

Metode. V raziskavo smo vključili 105 laringektomiranih bolnikov (9 žensk, 96 moških, starih od 45 do 88 let), ki smo jih 
zdravili v dveh terciarnih centrih. Bolniki so izpolnili vprašalnik o različnih nosnih težavah in sposobnosti okušanja, možnih 
alergijah in dražečih snoveh v njihovem okolju ter ocenili vpliv težav z nosom in okušanjem na kakovost njihovega 
življenja.

Rezultati. Slabši voh je navedlo 51,4 % bolnikov, 30,5 % pa jih sploh ni vohalo. Slabšo sposobnost okušanja je navedlo 
26,7 % bolnikov, pri 11,4 % je bilo okušanje spremenjeno. Skoraj 21 % bolnikov je bilo prizadetih zaradi slabše sposob-
nosti okušanja in 50,5 % bolnikov zaradi izgube sposobnosti vohanja. Pri 20 % bolnikov se je pojavljal pogost izcedek iz 
nosu, 58,1 % bolnikov je pogosto kihalo in 33,3 % bolnikov je navedlo srbenje nosu. Povezav med starostjo ter vohom 
in sposobnostjo okušanja nismo ugotovili, prav tako ne med alergijo in nosnimi simptomi. Ugotovili pa smo pomembno 
soodvisnost med sposobnostjo okušanja in vohanja (p = 0,025).

Zaključki. Različne težave z nosom in okušanjem so se pojavljale pri več kot 80 % laringektomiranih bolnikov. 
Sposobnosti vohanja in okušanja sta povezani in bistveno vplivata na kakovost bolnikovega življenja. Enako kot 
rehabilitacija govora je po laringektomiji nujna tudi rehabilitacija voha. Pomembno je, da jo pričnemo čim prej po 
zaključenem zdravljenju.
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Koncentracija v krvi krožeče sVCAM-1 pri bolnicah 
z napredovalim rakom jajčnikov: korelacija s 
koncentracijo v ascitesu 
Jakimovska M, Černe K, Verdenik I, Kobal B

Izhodišča. Žilna adhezijska molekula-1 (VCAM-1) je vpletena v napredovanje raka jajčnikov, vendar izvor njene 
topne oblike (sVCAM-1) v serumu ni dobro raziskan. Namen raziskave je bil ugotoviti, ali je koncentracija sVCAM-1 
v serumu povezana s koncentracijo v ascitesu, ki predstavlja lokalno tumorsko okolje, ter ali je povezana z različnimi 
kliničnopatološkimi značilnostmi, sistemskim vnetjem in kliničnim izhodom bolnic.

Bolnice in metode. V raziskavo smo vključili 36 bolnic z napredovalim rakom jajčnikov. Serum za analizo sVCAM-1 
smo odvzeli pred operacijo, vzorce ascitesa pa na začetku operacije. Klinične podatke smo zbrali iz medicinske doku-
mentacije bolnic. sVCAM-1 v vzorcih smo analizirali s pretočno citometrijo na osnovi flourescentnih kroglic. Povprečni 
čas spremljanja bolnic po operaciji je bil 11 mesecev (interval 0-23).

Rezultati. Med koncentracijo sVCAM-1 v serumu in v ascitesu smo ugotovili pozitivno povezavo. Koncentracija se-
rumskega sVCAM-1 je bila šibko povezana z velikostjo tumorja, medtem ko z vnetnimi označevalci, FIGO stadijem in 
stopnjo diferenciacije tumorja ni bila povezana. Pri bolnicah, ki so umrle v skoraj vseh primerih še pred kemoterapijo, 
smo ugotovili višje koncentacije sVCAM-1. 

Zaključki. To je prva raziskava, ki je pokazala, da je koncentracija serumskega sVCAM-1 pri bolnicah z napredovalim 
rakom jajčnikov povezana s koncentracijo sVCAM-1 v ascitesu, ki predstavlja lokalno tumorsko okolje. Koncentracija 
sVCAM-1 v serumu tako izraža potencial maligne bolezni za zasevanje in ni odsev sistemskega vnetja. Visoke koncen-
tracije sVCAM-1 v serumu in ascitesu imajo lahko napovedno vrednost za biološko vedenje raka jajčnikov.
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Radioterapija po mastektomiji koristi podskupinam 
bolnic z rakom dojke, ki so imele tumorje T1-2 in 
1-3 zasevke v pazdušnih bezgavkah
Su YL, Li SH, Chen YY, Chen HC, Tang Y, Huang CH, Chou FF, Wu SC, Rau KM

Izhodišča. Namen raziskave je bil določiti vlogo radioterapije po mastektomiji pri bolnicah z rakom dojke, ki so imele 
tumorje T1-2 in bezgavke N1.

Bolnice in metode. V raziskavo smo vključili 207 bolnic. Glede na različne lastnosti tumorjev smo analizirali 5-le-
tno oceno po Kaplan-Meierju za lokalno ponovitev bolezni, oddaljeno ponovitev bolezni in celokupno preživetje. 
Multivariatno analizo smo naredili po Coxovem modelu sorazmernih tveganj. 

Rezultati. Srednji čas spremljanja bolnic je bil 59,5 mesecev; 5-letna lokalna ponovitev bolezni je bila 9,1 %, oddaljena 
ponovitev bolezni 20,3 % in celokupno preživetje 84,4 %. Univariatna analiza je pokazala, da sta starost < 40 let (p = 0,003) 
in povečano izražanje Her2/neu (p = 0,016) povezana z bolj pogosto lokalno ponovitvijo bolezni, medtem ko je prisotnost 
limfno-vaskularne invazije značilno napovedovala bolj pogosto oddaljeno ponovitev bolezni (p = 0,026). S slabšim celo-
kupnim preživetjem so bili značilno povezani negativni estrogenski status (p = 0,033), povečano izražanje Her-2/neu (p 
= 0,001) in prisotnost limfno-vaskularne invazije (p = 0,01). Radioterapija po mastektomiji ni zmanjšala pogostnosti 5-letne 
lokalne ponovitve bolezni (p = 0,107) ali podaljšala 5-letnega celokupnega preživetja (p = 0,918). Nasprotno pa je ana-
liza posameznih podskupin bolnic pokazala, da je radioterapija po mastektomiji značilno zmanjšala pogostnosti 5-letne 
lokalne ponovitve bolezni in podaljšala 5-letno celokupno preživetje pri bolnicah s tumorsko limfno-vaskularno invazijo. 

Zaključki. Pri bolnicah z rakom dojke lahko radioterapija po mastektomiji zmanjša pogostnost lokoregionalne pono-
vitve bolezni in poveča celokupno preživetje samo pri tistih bolnicah s tumorji T1-2 in bezgavkami N1, kjer ugotovimo 
tumorsko limfno-vaskularno invazijo.

Radiol Oncol 2014; 48(3): 323-330.
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MR za označevanje tumorskega volumna (GTV) pri 
raku nosnega žrela. Katere ravnine in sekvence bi 
morali uporabiti
Popovtzer A, Ibrahim M, Tatro D, Feng FY, Ten Haken RK, Eisbruch A

Izhodišča. Pri napredovalem raku nosnega žrela slikanje z magnetno resonanco (MR) izboljša opredelitev obsega 
primarnega tumorskega volumna (GTV). Zato MR rutinsko uporabljamo za opredeljevanje tarče pri načrtovanju radi-
oterapije. Niso pa znane specifične ravnine in sekvence, ki jih naj bi uporabljali.

Metode. Pri 12 bolnikih z rakom nosnega žrela smo naredili oceno primarnega GTV z gadolinijem obarvanim aksi-
alnim slikanjem T1 in T2, koronarnimi sekvencami T1 ter sagitalnimi sekvencami T1. Vsako sekvenco smo registrirali z 
računalniškimi tomografskimi posnetki za načrtovanje radioterapije. Planirni tarčni volumen (PTV) smo ustvarili z uni-
morfnim povečanjem GTV. Kvantitativno in anatomsko smo primerjali volumne, ki so vključevali različne ravnine in 
sekvence, pa tudi volumne, ki so bili skupni vsem ravninam in sekvencam, z volumni označenimi s pomočjo običajno 
uporabljenih aksialnih slik T1.

Rezultati. Dodatek aksialne sekvence T2 je povečal GTV, označen na aksialnih posnetkih T1 v povprečju za 12 %  
(p = 0,004). Skupne ocene, ki so vključevale koronarne ravnine T1 in sagitalne ravnine T1, pa so povečale aksialni GTV 
T1 v povprečju za 30 % (p = 0,003). Aksialni PTV T1 se je z dodatnimi sekvencami povečal za 20 % (p = 0,04). Vsaka 
ravnina in sekvenca je prispevala originalna povečanja volumna. GTV, ki so bili skupni vsem ravninam T1, so prispevali 
38 % skupnih volumnov vseh ravnin T1. Anatomsko je dodatek koronarnih in sagitalnih GTV povečal aksialni GTV T1 v 
kavdalni in kranialni smeri, vse do baze lobanje.

Zaključki. Dodatek MR ravnin in sekvenc k tradicionalni aksialni sekvenci T1 prispeva k statistično pomembnim kvan-
titativnim in anatomsko pomembnim povečanjem GTV in PTV. Za natančno označevanje tarče pri raku nosnega žrela 
priporočamo, da je GTV označen na vseh MR ravninah in sekvencah ter registriran skupaj z računalniškimi tomograf-
skimi posnetki za načrtovanje radioterapije.



Fundacija "Docent dr. J. Cholewa"

je neprofitno, neinstitucionalno in nestrankarsko

združenje posameznikov, ustanov in organizacij, ki želijo

materialno spodbujati in poglabljati raziskovalno

dejavnost v onkologiji.

Dunajska 106

1000 Ljubljana

ŽR: 02033-0017879431



Activity of "Dr. J. Cholewa" Foundation for 
Cancer Research and Education – a report for 
the second quarter of 2014

The Dr. J. Cholewa Foundation for Cancer Research and Education is a non-profit, non-political and 
non-government organisation that unites medical professionals, medical institutions and other indi-
viduals and organisations in their support of cancer research, education, treatment and prevention. It 
provides financial support for all qualified individuals and organisations interested in problems associ-
ated with cancer, resulting in a number of successful initiatives, publications and projects. 

The symposium to honour the 20th anniversary of the Dr. J. Cholewa Foundation for Cancer Research 
and Education took place on December 13th, 2013, in Ljubljana, Slovenia, and was considered a suc-
cess by organizers and participants alike. Preliminary discussions are being held to organise a similar 
Symposium in 2014 and to establish enough support to organise such symposia on a regular basis in 
the future.

The Foundation continues to provide regular financial support to "Radiology and Oncology”, an inter-
national scientific journal that is edited, published and also printed in Ljubljana, Slovenia. “Radiology 
and Oncology” publishes scientific research articles, reviews, case reports, short reports and letters 
to the editor about research and studies in experimental and clinical oncology, supportive therapy, 
experimental and clinical research in radiology, radiophyics, prevention and early diagnostics of differ-
ent types of cancer. It is an open access journal available in pdf format and with an important Science 
Citation Index Impact factor. All the abstracts in “Radiology and Oncology” are translated in Slovenian 
and the journal can thus provide sufficient scientific information from various fields of high quality 
cancer research to interested lay public in Slovenia. 

The Dr. J. Cholewa Foundation for Cancer Research and Education is evaluating ways to intensify 
financial and other means of support to all in Slovenia interested in the fight against cancer. Efforts to 
help to organise scientific and other meetings of specific interest in different fields of cancer research 
and education are thus perhaps the first step in expanding Foundation’s activities in the future. 

Tomaž Benulič, MD
Viljem Kovač, MD, PhD
Andrej Plesničar, MD, MSc
Borut Štabuc, MD, PhD



Tantum Verde 1,5 mg/ml oralno pršilo, raztopina

Kakovostna in količinska sestava 
1 ml raztopine vsebuje 1,5 mg benzidaminijevega klorida, kar ustreza 1,34 mg 
benzidamina. V enem razpršku je 0,17 ml raztopine. En razpršek vsebuje 0,255 
mg benzidaminijevega klorida, kar ustreza 0,2278 mg benzidamina. En razpršek 
vsebuje 13,6 mg 96 odstotnega etanola, kar ustreza 12,728 mg 100 odstotnega 
etanola, in 0,17 mg metilparahidroksibenzoata (E218).

Terapevtske indikacije 
Samozdravljenje: lajšanje bolečine in oteklin pri vnetju v ustni votlini in žrelu, ki 
so lahko posledica okužb in stanj po operaciji. Po nasvetu in navodilu zdravnika: 
lajšanje bolečine in oteklin v ustni votlini in žrelu, ki so posledica radiomukozitisa.

Odmerjanje in način uporabe 
Uporaba 2- do 6-krat na dan (vsake 1,5 do 3 ure). Odrasli: 4 do 8 razprškov 2- do 
6-krat na dan. Otroci od 6 do 12 let: 4 razprški 2- do 6-krat na dan. Otroci, mlajši 
od 6 let: 1 razpršek na 4 kg telesne mase; do največ 4 razprške 2 do 6-krat na dan.

Kontraindikacije 
Znana preobčutljivost za zdravilno učinkovino ali katerokoli pomožno snov. 

Posebna opozorila in previdnostni ukrepi 
Pri manjšini bolnikov lahko resne bolezni povzročijo ustne/žrelne ulceracije. 
Če se simptomi v treh dneh ne izboljšajo, se mora bolnik posvetovati z 
zdravnikom ali zobozdravnikom, kot je primerno. Zdravilo vsebuje aspartam 
(E951) (vir fenilalanina), ki je lahko škodljiv za bolnike s fenilketonurijo. Zdravilo 
vsebuje izomalt (E953) (sinonim: izomaltitol (E953)). Bolniki z redko dedno 
intoleranco za fruktozo ne smejo jemati tega zdravila. Uporaba benzidamina 
ni priporočljiva za bolnike s preobčutljivostjo za salicilno kislino ali druga 
nesteroidna protivnetna zdravila. Pri bolnikih, ki imajo ali so imeli bronhialno 
astmo, lahko pride do bronhospazma. Pri takih bolnikih je potrebna previdnost. 

Medsebojno delovanje z drugimi zdravili in druge oblike interakcij 
Pri ljudeh raziskav o interakcijah niso opravljali. 

Nosečnost in dojenje 
Tantum Verde z okusom mentola 3 mg pastile se med nosečnostjo in dojenjem 
ne smejo uporabljati. 

Vpliv na sposobnost vožnje in upravljanja s stroji 
Uporaba benzidamina lokalno v priporočenem odmerku ne vpliva na sposobnost 
vožnje in upravljanja s stroji. 

Neželeni učinki 
Bolezni prebavil Redki: pekoč občutek v ustih, suha usta. 
Bolezni imunskega sistema Redki: preobčutljivostna reakcija. 
Bolezni dihal, prsnega koša in mediastinalnega prostora Zelo redki: 
laringospazem. 
Bolezni kože in podkožja Občasni: fotosenzitivnost. Zelo redki: angioedem. 

Rok uporabnosti 
4 leta. Zdravila ne smete uporabljati po datumu izteka roka uporabnosti, ki je 
naveden na ovojnini. Posebna navodila za shranjevanje Za shranjevanje pastil 
niso potrebna posebna navodila. Plastenko z raztopino shranjujte v zunanji 
ovojnini za zagotovitev zaščite pred svetlobo. Shranjujte pri temperaturi do 25°C. 
Shranjujte v originalni ovojnini in nedosegljivo otrokom.
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Lajšanje bolečine in oteklin pri vnetju v 
ustni votlini in žrelu, ki nastanejo zaradi 
okužb in stanj po operaciji in kot posledica 
radioterapije (t.i. radiomukozitis).

Imetnik dovoljenja za promet
CSC Pharma d.o.o.
Jana Husa 1a
1000 Ljubljana



XGEVA®: PRVI IN EDINI ZAVIRALEC LIGANDA RANK, 
KI PREPREČUJE ZAPLETE KOSTNIH ZASEVKOV

SUPERIORNO 
  PREPREČEVANJE.1 
     TARČNO DELOVANJE.1

        SUBKUTANO INJICIRANJE.1

NATANČEN. MOČAN. DOKAZAN.NATANČEN. MOČAN. DOKAZAN.

XGEVA® 120 mg raztopina za injiciranje (denosumab) – SKRAJŠAN POVZETEK GLAVNIH ZNAČILNOSTI ZDRAVILA
Samo za strokovno javnost. Pred predpisovanjem si preberite celoten povzetek glavnih značilnosti zdravila.
▼Za to zdravilo se izvaja dodatno spremljanje varnosti. Poročati je potrebno o vseh domnevnih neželenih učinkih zdravila.
SESTAVA ZDRAVILA: Ena viala vsebuje 120 mg denosumaba v 1,7 ml raztopine (70 mg/ml). Pomožne snovi s prepoznavnim delovanjem: 1,7 ml raztopine vsebuje 78 mg sorbitola (E420). TERAPEVTSKE 
INDIKACIJE: Preprečevanje skeletnih dogodkov (patoloških zlomov, obsevanja kosti, kompresije hrbtenjače ali operacije kosti) pri odraslih s kostnimi metastazami solidnih tumorjev. ODMERJANJE IN NAČIN 
UPORABE: Priporočeni odmerek zdravila XGEVA® je 120 mg enkrat na 4 tedne v enkratni subkutani injekciji v stegno, trebuh ali nadlaket. Vsi bolniki morajo prejemati dodatek vsaj 500 mg kalcija in 400 i.e. 
vitamina D dnevno, razen če ima bolnik hiperkalciemijo. Bolniki z okvaro ledvic: Prilagoditev odmerka ni potrebna. Izkušnje pri bolnikih na dializi ali s hudo okvaro ledvic (očistek kreatinina < 30 ml/min) so 
omejene. Bolniki z okvaro jeter: Varnost in učinkovitost denosumaba nista raziskani. Starejši bolniki (stari ≥ 65 let): Prilagoditev odmerka ni potrebna. Pediatrični bolniki: Uporaba zdravila XGEVA® ni priporočljiva 
za pediatrične bolnike (stare < 18 let), ker njegovi učinkovitost in varnost pri teh bolnikih nista dokazani. Za subkutano uporabo. Zdravilo XGEVA® mora aplicirati zdravstveni delavec. KONTRAINDIKACIJE: 
Preobčutljivost na zdravilno učinkovino ali katero koli pomožno snov. Huda, nezdravljena hipokalciemija. POSEBNA OPOZORILA IN PREVIDNOSTNI UKREPI: Vsi bolniki morajo prejemati dodatek kalcija in 
vitamina D, razen če ima bolnik hiperkalciemijo. Obstoječo hipokalciemijo je treba odpraviti še pred začetkom zdravljenja z zdravilom XGEVA®. Hipokalciemija se lahko pojavi kadarkoli med zdravljenjem z 
zdravilom XGEVA®. Najpogosteje se pojavi v prvih 6 mesecih zdravljenja. Bolniki s hudo okvaro ledvic (očistek kreatinina < 30 ml/min) ali na dializi imajo večje tveganje za pojav hipokalciemije, tem bolnikom je 
priporočljivo kontrolirati koncentracijo kalcija. Če se med prejemanjem zdravila XGEVA® pojavi hipokalciemija, je lahko potrebno dodatno dodajanje kalcija. Bolniki z aktivnimi zobnimi boleznimi ali boleznimi 
čeljustnice morajo pred zdravljenjem z zdravilom XGEVA® opraviti zobozdravstveni pregled, vključno z ustreznimi preventivnimi zobozdravstvenimi ukrepi. Med zdravljenjem se morajo bolniki izogniti 
invazivnim zobozdravstvenim posegom, če je to mogoče, ter skrbeti za dobro ustno higieno. Bolnike, pri katerih med zdravljenjem z zdravilom XGEVA® obstaja sum na osteonekrozo čeljustnice ali se jim ta 
razvije, mora zdraviti zobozdravnik ali ustni kirurg. Pri takšnih bolnikih lahko obsežna zobna operacija za zdravljenje osteonekroze čeljustnice stanje še poslabša. Preden zdravnik predpiše zdravilo XGEVA® 
bolniku z neugodnimi dejavniki tveganja za osteonekrozo čeljustnice in če se med zdravljenjem z zdravilom XGEVA® pojavi osteonekroza čeljustnice, je treba narediti individualno oceno koristi in tveganja. 
Atipični zlomi stegnenice se lahko pojavijo že ob majhni poškodbi ali celo brez poškodbe, in sicer v subtrohanternem in diafiznem predelu stegnenice. Za te dogodke so značilni specifični radiografski izvidi. 
O njih so poročali tudi pri bolnikih z določenimi sočasnimi bolezenskimi stanji (npr. s pomanjkanjem vitamina D, revmatoidnim artritisom, hipofosfatazijo) in med uporabo določenih zdravil (npr. difosfonatov, 
glukokortikoidov, zaviralcev protonske črpalke). Ti dogodki so se pojavili tudi brez antiresorpcijskega zdravljenja. Podobni zlomi, opisani v zvezi z difosfonati, so pogosto obojestranski, zato je treba pri 
bolnikih, ki se zdravijo z denosumabom in so imeli zlom srednjega dela stegnenice, opraviti tudi pregled druge stegnenice. Pri bolnikih, pri katerih obstaja sum na atipičen zlom stegnenice, je treba razmisliti 
o prenehanju uporabe zdravila XGEVA® ob vrednotenju bolnika glede na individualno oceno koristi in tveganja. Bolnikom je treba naročiti, da morajo med zdravljenjem z zdravilom XGEVA® zdravniku poročati o 
novi ali nenavadni bolečini v stegnu, kolku ali dimljah. Bolnike s takšnimi simptomi je treba preiskati glede nepopolnega zloma stegnenice. Bolniki, zdravljeni z zdravilom XGEVA®, sočasno ne smejo prejemati 
drugih zdravil, ki vsebujejo denosumab (za indikacije pri osteoporozi), in difosfonatov. Bolniki z redko prirojeno motnjo intolerance za fruktozo ne smejo uporabljati zdravila XGEVA®. INTERAKCIJE: Študij 
medsebojnega delovanja niso izvedli. V kliničnih preskušanjih sočasna kemoterapija in/ali hormonsko zdravljenje ali predhodna intravenska izpostavljenost difosfonatom niso klinično pomembno spremenili 
najmanjše koncentracije denosumaba v serumu in farmakodinamike denosumaba (N‑telopeptid v urinu, prilagojen na kreatinin, uNTx/Cr). POVZETEK NEŽELENIH UČINKOV: Zelo pogosti (≥ 1/10): dispneja, 
driska. Pogosti (≥ 1/100 do < 1/10): hipokalciemija, hipofosfatemija, ekstrakcija zoba, hiperhidroza, osteonekroza čeljustnice. Redki (≥ 1/10.000 do < 1/1.000): preobčutljivost na zdravilo, anafilaktična reakcija, 
atipični zlom stegnenice. FARMACEVTSKI PODATKI: Shranjujte v hladilniku (2 °C ‑ 8 °C). Ne zamrzujte. NAČIN IN REŽIM PREDPISOVANJA TER IZDAJE ZDRAVILA: Predpisovanje in izdaja zdravila je le na 
recept s posebnim režimom – ZZ. IMETNIK DOVOLJENJA ZA PROMET: Amgen Europe B.V., Minervum 7061, NL‑4817 ZK Breda, Nizozemska. Dodatna pojasnila lahko dobite v lokalni pisarni: Amgen zdravila 
d.o.o., Šmartinska 140, SI‑1000 Ljubljana. DATUM ZADNJE REVIZIJE BESEDILA: 24. oktober 2013. DATUM PRIPRAVE INFORMACIJE: Julij 2014. Podrobne informacije o zdravilu so objavljene na spletni strani 
Evropske agencije za zdravila http://www.ema.europa.eu/.
Literatura: 1. Povzetek glavnih značilnosti zdravila XGEVA® (denosumab), Amgen 2013.SL
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Zdravilo XGEVA® je indicirano za preprečevanje 
zapletov kostnih zasevkov pri odraslih s kostnimi 
zasevki solidnih tumorjev.

Priporočen odmerek zdravila XGEVA®  je 120 mg v 
enkratni subkutani injekciji, enkrat na 4 tedne.1



SKRAJ[AN POVZETEK GLAVNIH ZNA^ILNOSTI ZDRAVILA

DODATNE INFORMACIJE SO NA VOLJO PRI:
Roche farmacevtska družba d.o.o., Vodovodna cesta 109, 1000 Ljubljana.
Povzetek glavnih značilnosti zdravila je dosegljiv na 
www.roche.si ali www.onkologija.si. 32
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Samo za strokovno javnost.

Ime zdravila: Tarceva 25 mg/100 mg/150 mg filmsko obložene tablete
Kakovostna in količinska sestava: Ena filmsko obložena tableta vsebuje 25 mg, 100 mg 
ali 150 mg erlotiniba (v obliki erlotinibijevega klorida).
Terapevtske indikacije: Nedrobnocelični rak pljuč: Zdravilo Tarceva je indicirano za 
prvo linijo zdravljenja bolnikov z lokalno napredovalim ali metastatskim nedrobnocelič-
nim rakom pljuč z EGFR-aktivirajočimi mutacijami. Zdravilo Tarceva je indicirano tudi za 
samostojno vzdrževalno zdravljenje bolnikov z lokalno napredovalim ali metastatskim 
nedrobnoceličnim rakom pljuč s stabilno boleznijo po 4 ciklih standardne kemoterapije 
na osnovi platine v prvi liniji zdravljenja. Zdravilo Tarceva je indicirano tudi za zdravlje-
nje bolnikov z lokalno napredovalim ali metastatskim nedrobnoceličnim rakom pljuč 
po neuspehu vsaj ene predhodne kemoterapije. Pri predpisovanju zdravila Tarceva je 
treba upoštevati dejavnike, povezane s podaljšanim preživetjem. Koristnega vpliva na 
podaljšanje preživetja ali drugih klinično pomembnih učinkov zdravljenja niso dokazali 
pri bolnikih z EGFR-negativnimi tumorji (glede na rezultat imunohistokemije). Rak trebu-
šne slinavke: Zdravilo Tarceva je v kombinaciji z gemcitabinom indicirano za zdravljenje 
bolnikov z metastatskim rakom trebušne slinavke. Pri predpisovanju zdravila Tarceva je 
treba upoštevati dejavnike, povezane s podaljšanim preživetjem. Koristnega vpliva na 
podaljšanje preživetja niso dokazali za bolnike z lokalno napredovalo boleznijo.
Odmerjanje in način uporabe: Zdravljenje z zdravilom Tarceva mora nadzorovati zdrav-
nik z izkušnjami pri zdravljenju raka. Pri bolnikih z lokalno napredovalim ali metastatskim 
nedrobnoceličnim rakom pljuč, ki še niso prejeli kemoterapije, je treba testiranje za do-
ločanje mutacij EGFR opraviti pred začetkom zdravljenja z zdravilom Tarceva. Zdravilo 
Tarceva vzamemo najmanj eno uro pred zaužitjem hrane ali dve uri po tem. Kadar je 
potrebno odmerek prilagoditi, ga je treba zmanjševati v korakih po 50 mg. Pri sočasnem 
jemanju substratov in modulatorjev CYP3A4 bo morda potrebna prilagoditev odmerka. 
Pri dajanju zdravila Tarceva bolnikom z jetrno okvaro je potrebna previdnost. Če se poja-
vijo hudi neželeni učinki, pride v poštev zmanjšanje odmerka ali prekinitev zdravljenja z 
zdravilom Tarceva. Uporaba zdravila Tarceva pri bolnikih s hudo jetrno ali ledvično okvaro 
ter pri otrocih ni priporočljiva. Bolnikom kadilcem je treba svetovati, naj prenehajo kaditi, 
saj so plazemske koncentracije erlotiniba pri kadilcih manjše kot pri nekadilcih. Nedrob-
nocelični rak pljuč: Priporočeni dnevni odmerek zdravila Tarceva je 150 mg. Rak trebušne 
slinavke: Priporočeni dnevni odmerek zdravila Tarceva je 100 mg, v kombinaciji z gem-
citabinom. Pri bolnikih, pri katerih se kožni izpuščaj v prvih 4 do 8 tednih zdravljenja ne 
pojavi, je treba ponovno pretehtati nadaljnje zdravljenje z zdravilom Tarceva.
Kontraindikacije: Preobčutljivost na erlotinib ali katero koli pomožno snov.
Posebna opozorila in previdnostni ukrepi: Pri določanju bolnikovega statusa mutacij 
EGFR je pomembno izbrati dobro validirano in robustno metodologijo, da se izognemo 
lažno negativnim ali lažno pozitivnim rezultatom. Kadilci: Bolnikom, ki kadijo, je treba sve-
tovati, naj prenehajo kaditi, saj so plazemske koncentracije erlotiniba pri kadilcih zmanj-
šane v primerjavi s plazemskimi koncentracijami pri nekadilcih. Verjetno je, da je velikost 
zmanjšanja klinično pomembna. Intersticijska bolezen pljuč: Pri bolnikih, pri katerih se 
akutno pojavijo novi in/ali poslabšajo nepojasnjeni pljučni simptomi, kot so dispneja, 
kašelj in vročina, je treba zdravljenje z zdravilom Tarceva prekiniti, dokler ni znana dia-
gnoza. Bolnike, ki se sočasno zdravijo z erlotinibom in gemcitabinom, je treba skrbno 
spremljati zaradi možnosti pojava toksičnosti, podobni intersticijski bolezni pljuč. Če je 
ugotovljena intersticijska bolezen pljuč, zdravilo Tarceva ukinemo in uvedemo ustrezno 
zdravljenje. Driska, dehidracija, neravnovesje elektrolitov in ledvična odpoved: Pri približno 
polovici bolnikov, ki so se zdravili z zdravilom Tarceva, se je pojavila driska (vključno z zelo 
redkimi primeri, ki so se končali s smrtnim izidom). Zmerno do hudo drisko zdravimo z 
loperamidom. V nekaterih primerih bo morda potrebno zmanjšanje odmerka. V primeru 
hude ali dolgotrajne driske, navzeje, anoreksije ali bruhanja, povezanih z dehidracijo, je 
treba zdravljenje z zdravilom Tarceva prekiniti in dehidracijo ustrezno zdraviti. O hipoka-
liemiji in ledvični odpovedi so poročali redko. Posebno pri bolnikih z dejavniki tveganja 
(zlasti sočasnim jemanjem kemoterapevtikov in drugih zdravil, simptomi ali boleznimi ali 
drugimi dejavniki, vključno z visoko starostjo) moramo, če je driska huda ali dolgotrajna 
oziroma vodi v dehidracijo, zdravljenje z zdravilom Tarceva prekiniti in bolnikom zagoto-
viti intenzivno intravensko rehidracijo. Dodatno je treba pri bolnikih s prisotnim tvega-
njem za razvoj dehidracije spremljati ledvično delovanje in serumske elektrolite, vključno 
s kalijem. Hepatisis, jetrna odpoved: Pri uporabi zdravila Tarceva so poročali o redkih pri-
merih jetrne odpovedi (vključno s smrtnimi). K njenemu nastanku je lahko pripomogla 
predhodno obstoječa jetrna bolezen ali sočasno jemanje hepatotoksičnih zdravil. Pri 
teh bolnikih je treba zato premisliti o rednem spremljanju jetrnega delovanja. Dajanje 
zdravila Tarceva je treba prekiniti, če so spremembe jetrnega delovanja hude. Perforacije 
v prebavilih: Bolniki, ki prejemajo zdravilo Tarceva, imajo večje tveganje za razvoj perfo-
racij v prebavilih, ki so jih opazili občasno (vključno z nekaterimi primeri, ki so se končali 
s smrtnim izidom). Pri bolnikih, ki sočasno prejemajo zdravila, ki zavirajo angiogenezo, 
kortikosteroide, nesteroidna protivnetna zdravila (NSAID) in/ali kemoterapijo na osnovi 
taksanov, ali so v preteklosti imeli peptični ulkus ali divertikularno bolezen, je tveganje 
večje. Če pride do tega, je treba zdravljenje z zdravilom Tarceva dokončno ukiniti. Ko-
žne bolezni, pri katerih so prisotni mehurji in luščenje kože: Poročali so o primerih kožnih 
bolezni z mehurji in luščenjem kože, vključno z zelo redkimi primeri, ki so nakazovali na 
Stevens-Johnsonov sindrom/toksično epidermalno nekrolizo in so bili v nekaterih prime-
rih smrtni. Zdravljenje z zdravilom Tarceva je treba prekiniti ali ukiniti, če se pri bolniku 
pojavijo hude oblike mehurjev ali luščenja kože. Pri bolnikih s kožnimi boleznimi z me-
hurji in luščenjem kože je treba preveriti prisotnost okužbe kože in jih zdraviti v skladu z 
lokalnimi smernicami. Očesne bolezni: Bolniki, pri katerih se pojavijo znaki in simptomi, 
ki nakazujejo na keratitis in so lahko akutni ali se poslabšujejo: vnetje očesa, solzenje, 
občutljivost na svetlobo, zamegljen vid, bolečine v očesu in/ali rdeče oči, se morajo ta-

koj obrniti na specialista oftalmogije. V primeru, da je diagnoza ulcerativnega keratitisa 
potrjena, je treba zdravljenje z zdravilom Tarceva prekiniti ali ukiniti. V primeru, da se 
postavi diagnoza keratitisa, je treba skrbno razmisliti o koristih in tveganjih nadaljnega 
zdravljenja. Zdravilo Tarceva je pri bolnikih, ki so v preteklosti imeli keratitis, ulcerativni 
keratitis ali zelo suhe oči, uporabljati previdno. Uporaba kontaktnih leč je prav tako de-
javnik tveganja za keratitits in ulceracijo. Med uporabo zdravila Tarceva so zelo redko 
poročali o primerih perforacije ali ulceracije roženice. Medsebojno delovanje z drugimi 
zdravili: Močni induktorji CYP3A4 lahko zmanjšajo učinkovitost erlotiniba, močni zavi-
ralci CYP3A4 pa lahko povečajo toksičnost. Sočasnemu zdravljenju s temi zdravili se je 
treba izogibati. Tablete vsebujejo laktozo in jih ne smemo dajati bolnikom z redkimi de-
dnimi stanji: intoleranco za galaktozo, laponsko obliko zmanjšane aktivnosti laktaze ali 
malabsorpcijo glukoze/galaktoze.
Medsebojno delovanje z drugimi zdravili in druge oblike interakcij: Erlotinib se pri 
ljudeh presnavlja v jetrih z jetrnimi citokromi, primarno s CYP3A4 in v manjši meri s CY-
P1A2. Presnova erlotiniba zunaj jeter poteka s CYP3A4 v črevesju, CYP1A1 v pljučih in 
CYP1B1 v tumorskih tkivih. Z zdravilnimi učinkovinami, ki se presnavljajo s temi encimi, 
jih zavirajo ali pa so njihovi induktorji, lahko pride do interakcij. Erlotinib je srednje mo-
čan zaviralec CYP3A4 in CYP2C8, kot tudi močan zaviralec glukuronidacije z UGT1A1 in 
vitro. Pri kombinaciji ciprofloksacina ali močnega zaviralca CYP1A2 (npr. fluvoksamina) z 
erlotinibom je potrebna previdnost. V primeru pojava neželenih učinkov, povezanih z 
erlotinibom, lahko odmerek erlotiniba zmanjšamo. Predhodno ali sočasno zdravljenje 
z zdravilom Tarceva ni spremenilo očistka prototipov substratov CYP3A4, midazolama in 
eritromicina. Inhibicija glukoronidacije lahko povzroči interakcije z zdravili, ki so substrati 
UGT1A1 in se izločajo samo po tej poti. Močni zaviralci aktivnosti CYP3A4 zmanjšajo pre-
snovo erlotiniba in zvečajo koncentracije erlotiniba v plazmi. Pri sočasnem jemanju erlo-
tiniba in močnih zaviralcev CYP3A4 je zato potrebna previdnost. Če je treba, odmerek 
erlotiniba zmanjšamo, še posebno pri pojavu toksičnosti. Močni spodbujevalci aktivnosti 
CYP3A4 zvečajo presnovo erlotiniba in pomembno zmanjšajo plazemske koncentracije 
erlotiniba. Sočasnemu dajanju zdravila Tarceva in induktorjev CYP3A4 se je treba izo-
gibati. Pri bolnikih, ki potrebujejo sočasno zdravljenje z zdravilom Tarceva in močnim 
induktorjem CYP3A4, je treba premisliti o povečanju odmerka do 300 mg ob skrbnem 
spremljanju njihove varnosti. Zmanjšana izpostavljenost se lahko pojavi tudi z drugimi 
induktorji, kot so fenitoin, karbamazepin, barbiturati ali šentjanževka. Če te zdravilne 
učinkovine kombiniramo z erlotinibom, je potrebna previdnost. Kadar je mogoče, je 
treba razmisliti o drugih načinih zdravljenja, ki ne vključujejo močnega spodbujanja ak-
tivnosti CYP3A4. Bolnikom, ki jemljejo kumarinske antikoagulante, je treba redno kontro-
lirati protrombinski čas ali INR. Sočasno zdravljenje z zdravilom Tarceva in statinom lahko 
poveča tveganje za miopatijo, povzročeno s statini, vključno z rabdomiolizo; to so opazili 
redko. Sočasna uporaba zaviralcev P-glikoproteina, kot sta ciklosporin in verapamil, lahko 
vodi v spremenjeno porazdelitev in/ali spremenjeno izločanje erlotiniba. Za erlotinib je 
značilno zmanjšanje topnosti pri pH nad 5. Zdravila, ki spremenijo pH v zgornjem delu pre-
bavil, lahko spremenijo topnost erlotiniba in posledično njegovo biološko uporabnost. 
Učinka antacidov na absorpcijo erlotiniba niso proučevali, vendar je ta lahko zmanjšana, 
kar vodi v nižje plazemske koncentracije. Kombinaciji erlotiniba in zaviralca protonske 
črpalke se je treba izogibati. Če menimo, da je uporaba antacidov med zdravljenjem z 
zdravilom Tarceva potrebna, jih je treba jemati najmanj 4 ure pred ali 2 uri po dnevnem 
odmerku zdravila Tarceva. Če razmišljamo o uporabi ranitidina, moramo zdravili jemati 
ločeno: zdravilo Tarceva je treba vzeti najmanj 2 uri pred ali 10 ur po odmerku ranitidina. 
V študiji faze Ib ni bilo pomembnih učinkov gemcitabina na farmakokinetiko erlotiniba, 
prav tako ni bilo pomembnih učinkov erlotiniba na farmakokinetiko gemcitabina. Erlo-
tinib poveča koncentracijo platine. Pomembnih učinkov karboplatina ali paklitaksela na 
farmakokinetiko erlotiniba ni bilo. Kapecitabin lahko poveča koncentracijo erlotiniba. 
Pomembnih učinkov erlotiniba na farmakokinetiko kapecitabina ni bilo. Zaradi meha-
nizma delovanja lahko od zaviralcev proteasomov, vključno z bortezomibom, pričakuje-
mo, da vplivajo na učinek zaviralcev EGFR, vključno z erlotinibom.
Neželeni učinki: Zelo pogosti neželeni učinki so kožni izpuščaj in driska, kot tudi utruje-
nost, anoreksija, dispneja, kašelj, okužba, navzea, bruhanje, stomatitis, bolečina v tre-
buhu, pruritus, suha koža, suhi keratokonjunktivitis, konjunktivitis, zmanjšanje telesne 
mase, depresija, glavobol, nevropatija, dispepsija, flatulenca, alopecija, okorelost, pire-
ksija, nenormalnosti testov jetrne funkcije. Pogosti neželeni učinki so krvavitve v preba-
vilih, epistaksa, resna intersticijska bolezen pljuč, keratitis, paronihija, folikulitis, akne/
akneiformni dermatitis, fisure na koži in ledvična insuficienca. Občasno so poročali o per-
foracijah v prebavilih, hirzutizmu, spremembah obrvi, krhkih nohtih, odstopanju nohtov 
od kože, blagih reakcijah na koži (npr. hiperpigmentaciji), spremembah trepalnic, nefri-
tisu in proteinuriji. Redko pa so poročali o jetrni odpovedi in sindromu palmarno-plan-
tarne eritrodisestezije. Zelo redko so poročali o Stevens-Johnsonovem sindromu/toksični 
epidermalni nekrolizi ter o ulceracijah in perforacijah roženice.
Režim izdaje zdravila: H/Rp. 
Imetnik dovoljenja za promet: Roche Registration Limited, 6 Falcon Way, Shire Park, 
Welwyn Garden City, AL7 1TW, Velika Britanija. 
Verzija: 2.0/13
Informacija pripravljena: julij 2014



1 Povzetek glavnih značilnosti zdravila Tarceva® 18.12.2013. 
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BISTVENI PODATKI IZ POVZETKA GLAVNIH ZNAČILNOSTI ZDRAVILA

SUTENT 12,5 mg, 25 mg, 37,5 mg, 50 mg trde kapsule
Sestava in oblika zdravila: Ena kapsula vsebuje 12,5 mg, 25 mg, 37,5 mg ali 50 mg sunitiniba (v 
obliki sunitinibijevega malata). Indikacije: Zdravljenje neizrezljivega in/ali metastatskega malignega 
gastrointestinalnega stromalnega tumorja (GIST) pri odraslih, če zdravljenje z imatinibom zaradi 
odpornosti ali neprenašanja ni bilo uspešno. Zdravljenje napredovalega/metastatskega karcinoma 
ledvičnih celic (MRCC) pri odraslih. Zdravljenje neizrezljivih ali metastatskih, dobro diferenciranih 
nevroendokrinih tumorjev trebušne slinavke (pNET), kadar gre za napredovanje bolezni pri odraslih 
(izkušnje z zdravilom Sutent kot zdravilom prve izbire so omejene). Odmerjanje in način uporabe: 
Terapijo mora uvesti zdravnik, ki ima izkušnje z uporabo zdravil za zdravljenje rakavih bolezni. GIST 
in MRCC: Priporočeni odmerek je 50 mg peroralno enkrat na dan, 4  tedne zapored; temu sledi 
2-tedenski premor (Shema 4/2), tako da celotni ciklus traja 6 tednov. pNET: Priporočeni odmerek 
je 37,5 mg peroralno enkrat na dan, brez načrtovanega premora. Prilagajanje odmerka: Odmerek 
je mogoče prilagajati v povečanjih po 12,5 mg, upoštevaje individualno varnost in prenašanje. Pri 
GIST in MRCC dnevni odmerek ne sme preseči 75 mg in ne sme biti manjši od 25 mg; pri pNET je 
največji odmerek 50 mg na dan, z možnimi prekinitvami zdravljenja. Pri sočasni uporabi z močnimi 
zaviralci ali induktorji CYP3A4 je treba odmerek ustrezno prilagoditi. Pediatrična populacija: 
Uporaba sunitiniba ni priporočljiva. Starejši bolniki (≥ 65 let): Med starejšimi in mlajšimi bolniki 
niso opazili pomembnih razlik v varnosti in učinkovitosti. Okvara jeter: Pri bolnikih z jetrno okvaro 
razreda A in B po Child-Pughu prilagoditev odmerka ni potrebna; pri bolnikih z okvaro razreda 
C sunitinib ni bil preizkušen, zato njegova uporaba ni priporočljiva. Okvara ledvic: Prilagajanje 
začetnega odmerka ni potrebno, nadaljnje prilagajanje odmerka naj temelji na varnosti in 
prenašanju pri posameznem bolniku. Način uporabe: Zdravilo Sutent se uporablja peroralno, bolnik 
ga lahko vzame s hrano ali brez nje. Če pozabi vzeti odmerek, ne sme dobiti dodatnega, temveč naj 
vzame običajni predpisani odmerek naslednji dan. Kontraindikacije: Preobčutljivost na zdravilno 
učinkovino ali katerokoli pomožno snov. Posebna opozorila in previdnostni ukrepi: Bolezni kože 
in tkiv: obarvanje kože, gangrenozna pioderma (običajno izgine po prekinitvi zdravljenja), hude 
kožne reakcije (multiformni eritem (EM), Stevens-Johnsonov sindrom (SJS) in toksična epidermalna 
nekroliza (TEN)). Če so prisotni znaki EM, SJS ali TEN, je treba zdravljenje prekiniti. Krvavitve v 
prebavilih, dihalih, sečilih, možganih; najpogosteje epistaksa; krvavitve tumorja, včasih s smrtnim 
izidom. Pri bolnikih, ki se sočasno zdravijo z antikoagulanti, se lahko redno spremlja celotna krvna 
slika (trombociti), koagulacijski faktorji (PT / INR  ) in opravi telesni pregled. Bolezni prebavil: poleg 
diareje, navzee/bruhanja, bolečine v trebuhu, dispepsije, stomatitisa/bolečine v ustih in ezofagitisa 
tudi hudi zapleti (včasih s smrtnim izidom), vključno z gastrointestinalno perforacijo. Hipertenzija: 
pri bolnikih s hudo hipertenzijo, ki je ni mogoče urediti z zdravili, je priporočljivo začasno prenehanje 
zdravljenja. Hematološke bolezni: zmanjšanje števila nevtrofilcev, trombocitov, anemija. Bolezni 
srca in ožilja: srčno-žilni dogodki, vključno s srčnim popuščanjem, kardiomiopatijo in motnjami v 
delovanju miokarda, v nekaterih primerih s smrtnim izidom. Sunitinib povečuje tveganje za pojav 
kardiomiopatije. Podaljšanje intervala QT: previdna uporaba pri bolnikih z znano anamnezo 
podaljšanja intervala QT, tistih, ki jemljejo antiaritmike, in tistih z relevantno, že obstoječo srčno 
boleznijo, bradikardijo ali elektrolitskimi motnjami. Venski in arterijski trombembolični dogodki; 
arterijski včasih s smrtnim izidom. Dogodki na dihalih: dispneja, plevralni izliv, pljučna embolija 

ali pljučni edem; redki primeri s smrtnim izidom. Moteno delovanje ščitnice: bolnike je treba med 
zdravljenjem rutinsko spremljati glede delovanja ščitnice vsake 3 mesece. Pankreatitis, tudi resni 
primeri s smrtnim izidom. Hepatotoksičnost, nekateri primeri s smrtnim izidom. Holecistitis, vključno 
z akalkuloznim in emfizemskim holecistitisom. Delovanje ledvic: primeri zmanjšanega delovanja 
ledvic, odpovedi ledvic in/ali akutne odpovedi ledvic, v nekaterih primerih s smrtnim izidom. Fistula: 
če nastane fistula, je treba zdravljenje s sunitinibom prekiniti. Oteženo celjenje ran: pri bolnikih, 
pri katerih naj bi bil opravljen večji kirurški poseg, je priporočljiva začasna prekinitev zdravljenja s 
sunitinibom. Osteonekroza čeljustnic: pri sočasnem ali zaporednem dajanju zdravila Sutent in 
intravenskih bisfosfonatov je potrebna previdnost; invazivni zobozdravstveni posegi predstavljajo 
dodatni dejavnik tveganja. Preobčutljivost/angioedem. Motnje okušanja. Konvulzije: obstajajo 
poročila, nekatera s smrtnim izidom, o preiskovancih s konvulzijami in radiološkimi znaki sindroma 
reverzibilne posteriorne levkoencefalopatije. Sindrom lize tumorja, v nekaterih primerih s smrtnim 
izidom. Okužbe: hude okužbe z ali brez nevtropenije (okužbe dihal, sečil, kože in sepsa), vključno 
z nekaterimi s smrtnim izidom; redki primeri nekrotizitajočega fasciitisa, vključno s prizadetostjo 
presredka, ki so bili včasih smrtni. Medsebojno delovanje z drugimi zdravili: (Študije so izvedli 
le pri odraslih.) Zdravila, ki lahko zvečajo koncentracijo sunitiniba v plazmi (ketokonazol, ritonavir, 
itrakonazol, eritromicin, klaritromicin ali sok grenivke). Zdravila, ki lahko zmanjšajo koncentracijo 
sunitiniba v plazmi (deksametazon, fenitoin, karbamazepin, rifampin, fenobarbital, Hypericum 
perforatum oz. šentjanževka). Plodnost, nosečnost in dojenje: Zdravila Sutent ne smemo 
uporabljati med nosečnostjo in tudi ne pri ženskah, ki ne uporabljajo ustrezne kontracepcije, 
razen če možna korist odtehta možno tveganje za plod. Ženske v rodni dobi naj med zdravljenjem 
z zdravilom Sutent ne zanosijo. Ženske, ki jemljejo zdravilo Sutent, ne smejo dojiti. Neklinični 
izsledki kažejo, da lahko zdravljenje s sunitinibom poslabša plodnost samcev in samic. Vpliv na 
sposobnost vožnje in upravljanja s stroji: Sutent lahko povzroči omotico. Neželeni učinki: 
Najbolj resni neželeni učinki (nekateri s smrtnim izidom) so: odpoved ledvic, srčno popuščanje, 
pljučna embolija, gastrointestinalna perforacija in krvavitve (npr. v dihalih, prebavilih, tumorju, 
sečilih in možganih). Najpogostejši neželeni učinki (ki so se pojavili pri vsaj 20 % bolnikov v 
registracijskih preskušanjih) so: zmanjšan apetit, motnje okušanja, hipertenzija, utrujenost, 
prebavne motnje (npr. driska, slabost, stomatitis, dispepsija in bruhanje), sprememba barve kože in 
sindrom palmarno-plantarne eritrodisestezije. Med najbolj pogostimi neželenimi učinki so hematološke 
motnje (nevtropenija, trombocitopenija in anemija). Ostali zelo pogosti (≥ 1/10) neželeni učinki so: 
virusne okužbe, hipotiroidizem, nespečnost, omotica, glavobol, dispneja, epistaksa, ustno-žrelna bolečina, 
kašelj, bolečina v trebuhu, glosodinija, bolečine v ustih, zaprtje, flatulenca, suha usta, gastroezofagealna 
refluksna bolezen, motnje pigmentacije, izpuščaj, eritem, alopecija, spremembe barve las, suha koža, 
bolečine v udih, mialgija, artralgija, mišično-skeletna bolečina, mišični krči, bolečine v hrbtu, bolečina v 
prsnem košu, vnetje sluznice, edem, pireksija, mrzlica, zmanjšan iztisni delež, zmanjšanje telesne mase. 
Način in režim izdaje: Predpisovanje in zdaja zdravila je le na recept, zdravilo pa se uporablja samo v 
bolnišnicah. Izjemoma se lahko uporablja pri nadaljevanju zdravljenja na domu ob odpustu iz bolnišnice 
in nadaljnjem zdravljenju. Imetnik dovoljenja za promet: Pfizer Limited, Ramsgate Road, Sandwich, 
Kent, CT13 9NJ, Velika Britanija. Datum zadnje revizije besedila: 23. 1. 2014
Pred predpisovanjem se seznanite s celotnim povzetkom glavnih značilnosti zdravila.

elektrolitskimi motnjami, je priporočljivo spremljanje EKG. Pred začetkom zdravljenja s 
Halavenom je treba popraviti hipokaliemijo in hipomagneziemijo in te elektrolite je treba 
občasno kontrolirati med zdravljenjem. Eribulina ne smemo dajati bolnikom s prirojenim 
sindromom dolgega intervala QT. To zdravilo vsebuje majhne količine etanola (alkohola), 
manj kot 100 mg na odmerek. Eribulin je pri podganah embriotoksičen, fetotoksičen in 
teratogen. Halavena se ne sme uporabljati med nosečnostjo, razen kadar je to nujno 
potrebno. Ženske v rodni dobi naj ne zanosijo v času, ko same ali njihov moški partner 
dobivajo Halaven, in naj med zdravljenjem in še do 3 mesece po njem uporabljajo 
učinkovito kontracepcijo. Moški naj se pred zdravljenjem posvetujejo o shranjevanju 
sperme zaradi možnosti nepopravljive neplodnosti. INTERAKCIJE: Eribulin se izloča do 
70 % prek žolča. Sočasna uporaba učinkovin, ki zavirajo jetrne transportne beljakovine, kot 
so beljakovine za prenos organskih anionov in beljakovine, odporne na številna zdravila, z 
eribulinom se ne priporoča (npr. ciklosporin, ritonavir, sakvinavir, lopinavir in nekateri drugi 
zaviralci proteaze, efavirenz, emtricitabin, verapamil, klaritromicin, kinin, kinidin, 
dizopiramid itd). Sočasno zdravljenje z indukcijskimi učinkovinami, kot so rifampicin, 
karbamazepin, fenitoin, šentjanževka, lahko povzroči znižanje koncentracij eribulina v 
plazmi, zato je ob sočasni uporabi induktorjev potrebna previdnost. Eribulin je blag 
inhibitor encima CYP3A4. Priporočljiva je previdnost in spremljanje glede neželenih 
učinkov pri sočasni uporabi  snovi, ki imajo ozko terapevtsko okno in se odstranjujejo iz 
telesa predvsem preko CYP3A4 (npr. alfentanil, ciklosporin, ergotamin, fentanil, pimozid, 
kinidin, sirolimus, takrolimus). NEŽELENI UČINKI: Povzetek varnostnega profila Neželeni 
učinek, o katerem najpogosteje poročajo v zvezi s Halavenom, je supresija kostnega 
mozga, ki se kaže kot nevtropenija, levkopenija, anemija, trombocitopenija s pridruženimi 
okužbami. Poročali so tudi o novem začetku ali poslabšanju že obstoječe periferne 
nevropatije. Med neželenimi učinki, o katerih poročajo, je toksičnost za prebavila, ki se kaže 
kot anoreksija, navzea, bruhanje, driska, zaprtost in stomatitis. Med drugimi neželenimi 
učinki so utrujenost, alopecija, zvečani jetrni encimi, sepsa in mišičnoskeletni bolečinski 
sindrom. Seznam neželenih učinkov: Zelo pogosti (≥ 1/10): nevtropenija (57,0 %) (3./4. 
stopnje: 49,7 %), levkopenija (29,3 %) (3./4. stopnje: 17,3 %), anemija (20,6 %) (3./4. 
stopnje: 2,0 %), zmanjšan apetit (21,9 %) (3./4. stopnje: 0,7 %), periferna nevropatija 
(35,6 %) (3./4. stopnje: 7,6 %), glavobol (17,2 %) (3./4. stopnje: 0,8 %), dispnea (13,9 %) 
(3./4. stopnje: 3,1 %), kašelj (13,6 %) (3./4. stopnje: 0,6 %), navzea (33,8 %) (3./4. stopnje: 
1,1 %), zaprtost (19,6 %) (3./4. stopnje: 0,6 %), driska (17,9 %) (3./4. stopnje: 0,8 %), 
bruhanje (17,6 %) (3./4. stopnje: 0,9 %), alopecija, artralgija in mialgija (19,4 %) 
(3./4. stopnje: 1,1 %), bolečina v hrbtu (13,0 %) (3./4. stopnje: 1,5 %), bolečina v udu 
(10,0 %) (3./4. stopnje: 0,7 %), utrujenost/astenija (47,9 %) (3./4. stopnje: 7,8 %), pireksija 
(20,4 %) (3./4. stopnje: 0,6 %), zmanjšanje telesne mase (11,3 %) (3./4. stopnje: 0,3 %). 
Pogosti (≥ 1/100 do < 1/10): okužba sečil (8 %) (3./4. stopnje: 0,5 %), pljučnica (1,2 %) 
(3./4. stopnje: 0,8 %), ustna kandidiaza, ustni herpes, okužba zgornjih dihal, nazofaringitis, 
rinitis, limfopenija (4,9 %) (3./4. stopnje: 1,4 %), febrilna nevtropenija (4,7 %) (3./4. stopnje: 
4,5 %), trombocitopenija (4,3 %) (3./4. stopnje: 0,7 %), hipokaliemija (6,1 %) (3./4. stopnje: 

HALAVEN 0,44 mg/ml raztopina za injiciranje (eribulin)
TERAPEVTSKE INDIKACIJE: Zdravljenje lokalno napredovalega ali metastatskega raka 
dojke, ki je napredoval po vsaj enem režimu kemoterapije za napredovalo bolezen vključno 
z antraciklinom in taksanom (adjuvantno zdravljenje ali zdravljenje metastatskega raka 
dojke), razen če to ni bilo primerno. ODMERJANJE IN NAČIN UPORABE: Halaven se daje 
v enotah, specializiranih za dajanje citotoksične kemoterapije, in le pod nadzorom 
usposobljenega zdravnika z izkušnjami v uporabi citotoksičnih zdravil. Odmerjanje: 
Priporočeni odmerek eribulina v obliki raztopine je 1,23 mg/m2 i.v. v obliki 2‑ do 5‑minutne 
infuzije 1. in 8. dan vsakega 21‑dnevnega cikla. Bolnikom je lahko slabo ali bruhajo. Treba 
je razmisliti o antiemetični profilaksi, vključno s kortikosteroidi. Preložitev odmerka med 
zdravljenjem: Dajanje Halavena je treba preložiti, če se pojavi kaj od naslednjega: absolutno 
število nevtrofilcev (ANC) < 1 x 109/l, trombociti < 75 x 109/l ali nehematološki neželeni 
učinki 3. ali 4. stopnje. Zmanjšanje odmerka med zdravljenjem: Za priporočila za 
zmanjšanje odmerka ob pojavu hematoloških ali nehematoloških neželenih učinkov glejte 
celoten povzetek glavnih značilnosti zdravila. Okvara jeter zaradi zasevkov: Priporočeni 
odmerek pri blagi okvari jeter (stopnje A po Child‑Pughu) je 0,97 mg/m2 v obliki 2‑ do 
5‑minutne i.v. infuzije 1. in 8. dan 21‑dnevnega cikla. Priporočeni odmerek pri zmerni okvari 
jeter (stopnje B po Child‑Pughu) je 0,62 mg/m2 v obliki 2‑ do 5‑minutne i.v. infuzije 1. in 8. 
dan 21‑dnevnega cikla. Pri hudi okvari jeter (stopnje C po Child‑Pughu) se pričakuje, da je 
treba dati še manjši odmerek eribulina. Okvara jeter zaradi ciroze: Zgornje odmerke se 
lahko uporabi za blago do zmerno okvaro, vendar se priporoča skrbno nadziranje, saj bo 
odmerke morda treba ponovno prilagoditi. Okvara ledvic: Pri hudi okvari ledvic (očistek 
kreatinina < 40 ml/min) bo morda treba odmerek zmanjšati. Priporoča se skrbno 
nadziranje varnosti. Način uporabe: Odmerek se lahko razredči z do 100 ml 0,9 % raztopine 
natrijevega klorida (9 mg/ml) za injiciranje. Ne sme se ga redčiti v 5 % infuzijski raztopini 
glukoze. Pred dajanjem glejte navodila glede redčenja zdravila v celotnem povzetku glavnih 
značilnosti zdravila ter se prepričajte, da obstaja dober periferni venski dostop ali prehodna 
centralna linija. Ni znakov, da bi eribulin povzročal mehurje ali dražil. V primeru 
ekstravazacije mora biti zdravljenje simptomatsko. KONTRAINDIKACIJE: Preobčutljivost 
na zdravilno učinkovino ali katerokoli pomožno snov. Dojenje. POSEBNA OPOZORILA IN 
PREVIDNOSTNI UKREPI: Mielosupresija je odvisna od odmerka in se kaže kot 
nevtropenija. Pred vsakim odmerkom eribulina je treba opraviti pregled celotne krvne slike. 
Zdravljenje z eribulinom se lahko uvede le pri bolnikih z vrednostmi ANC ≥ 1,5 x 109/l in s 
trombociti > 100 x 109/l. Bolnike, pri katerih se pojavijo febrilna nevtropenija, huda 
nevtropenija ali trombocitopenija, je treba zdraviti v skladu s priporočili v celotnem 
povzetku glavnih značilnosti zdravila. Hudo nevtropenijo se lahko zdravi z uporabo G‑CSF 
ali enakovrednim zdravilom v skladu s smernicami. Bolnike je treba skrbno nadzirati za 
znake periferne motorične in senzorične nevropatije. Pri razvoju hude periferne 
nevrotoksičnosti je treba odmerek prestaviti ali zmanjšati. Če začnemo zdravljenje pri 
bolnikih s kongestivnim srčnim popuščanjem, z bradiaritmijami ali sočasno z zdravili, za 
katera je znano, da podaljšujejo interval QT, vključno z antiaritmiki razreda Ia in III, in z 
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Odgovoren za trženje v Sloveniji: 
PharmaSwiss d.o.o., Brodišče 32, 1236 Trzin
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1,7 %), hipomagneziemija (2,9 %) (3./4. stopnje: 0,2 %), dehidracija (2,8 %) (3./4. stopnje: 
0,5 %), hiperglikemija, hipofosfatemija, nespečnost, depresija, disgevzija, omotičnost 
(7,9 %) (3./4. stopnje: 0,5 %), hipoestezija, letargija, nevrotoksičnost, obilnejše solzenje 
(6,0 %) (3./4. stopnje: 0,1 %), konjunktivitis, vrtoglavica, tahikardija, vročinski valovi, 
orofaringealna bolečina, epistaksa, rinoreja, bolečina v trebuhu, stomatitis (9,3 %) 
(3./4. stopnje: 0,8 %), suha usta, dispepsija (5,9 %) (3./4. stopnje: 0,2 %), gastroezofagealna 
refluksna bolezen, razjede v ustih, distenzija trebuha, zvišanje alanin‑aminotransferaze 
(7,6 %) (3./4. stopnje: 2,1 %), zvišanje aspartat‑aminotransferaze (7,4 %) (3./4. stopnje: 
1,5 %), zvišanje gama‑glutamiltransferaze (1,8 %) (3./4. stopnje: 0,9 %), hiperbilirubinemija 
(1,5 %) (3./4. stopnje: 0,3 %), izpuščaj, pruritus (3,9 %) (3./4. stopnje: 0,1 %), bolezni nohtov, 
nočno potenje, suha koža, eritem, hiperhidroza, bolečina v kosteh (9,6 %) (3./4. stopnje: 
1,7 %), mišični spazmi (5,1 %) (3./4. stopnje: 0,1 %), mišično‑skeletna bolečina in mišično‑
skeletna bolečina v prsih, mišična oslabelost, disurija, vnetje sluznice (8,3 %) (3./4. stopnje: 
1,1 %), periferni edem, bolečina, mrzlica, bolečina v prsih, gripi podobna bolezen. Občasni (≥ 
1/1.000 do < 1/100): sepsa (0,5 %) (3./4. stopnje: 0,2 %), nevtropenična sepsa (0,1 %) 
(3./4. stopnje: 0,1 %), herpes zoster, tinitus, globoka venska tromboza, pljučna embolija, 
hepatotoksičnost (1,0 %) (3./4. stopnje: 0.6 %), palmarno‑plantarna eritrodisestezija, 
hematurija, proteinurija, odpoved ledvic. Redki (≥ 1/10.000 do < 1/1.000): diseminirana 
intravaskularna koagulacija, intersticijska pljučna bolezen, pankreatitis, angioedem. Za 
popoln opis neželenih učinkov glejte celoten povzetek glavnih značilnosti zdravila. Vrsta 
ovojnine in vsebina: viala z 2 ml raztopine. Režim izdaje: H Imetnik dovoljenja za promet: 
Eisai Europe Ltd, European Knowledge Centre, Mosquito Way, Hatfield, Hertfordshire, 
AL10 9SN, Velika Britanija
HAL‑270614, julij 2014
Pred predpisovanjem in uporabo zdravila prosimo preberite celoten povzetek glavnih 
značilnosti zdravila!

Viri: (1) Povzetek glavnih značilnosti zdravila Halaven, junij 2014;  (2) Cortes J et al. 
Lancet 2011; 377: 914–23.

Prva in edina samostojna kemoterapija, 
ki v primerjavi z ostalimi možnostmi zdravljenja 
z enim zdravilom, pri bolnicah s predhodno že 
večkratno zdravljenim metastatskim rakom dojke, 
dokazano značilno podaljša celokupno preživetje.1,2

    NOVA SMER
DO PODALJŠANJA 
CELOKUPNEGA
        PREŽIVETJA

	 Halaven	(eribulin):	ne-taksanski	zaviralec	dinamike	mikrotubulov,	prvo	zdravilo	iz	
nove	skupine	kemoterapevtikov,	imenovanih	halihondrini.

	 Zdravilo	HALAVEN	je	indicirano	za	zdravljenje	bolnic	z	lokalno	napredovalim	ali	
metastatskim	rakom	dojke,	ki	je	napredoval	po	vsaj	enem	režimu	kemoterapije	
za	napredovalo	bolezen.	Predhodna	zdravljenja	morajo	vključevati	antraciklin	in	
taksan,	bodisi	kot	adjuvantno	zdravljenje	ali	za	zdravljenje	metastatskega	raka	
dojke,	razen	če	to	zdravljenje	za	bolnice	ni	bilo	primerno.1

	 Priporočeni	odmerek	1,23	mg/m2,	intravensko,	v	obliki	2-	do	5-minutne	infuzije,	
1.	in	8.	dan	vsakega	21-dnevnega	cikla.	

	 Ena	2	ml	viala	vsebuje	0,88	mg	eribulina.
	 Raztopina,	pripravljena	za	uporabo,	redčenje	ni	potrebno.
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