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Prodluzuje celkové preziti na 19,2 mésicu.

1. LINIE POKROCILEHO NEBO
NERESEKOVATELNEHO
HEPATOCELULARNIHO KARCINOMU'

Ikrécend informace o pripravku TECENTRIQ 840 mg a 1200 mg koncentrét pro infuzni roztok. UGinnd latka: atezolizumabum. Indikace: Urotelidln/ karcinom. Pripravek Tecentri je jako monoterapie indikovan k 16cbé dospélych pacienti s lokdlng pokrogilym nebo
metastazujicim uroteliainim karcinomem (UK) po predchozi chemoterapii obsahujici platinu, nebo u pacientd, ktefijsou povaZovni za nezpisobilé k165b& cisplatinou a jejichZ nadory maji expresi PD-L1 = 5 %, * Casné stadium nemalobunécného karcinomu plic (NSCLC):
Pripravek Tecentriq v monoterapii je indikovan k adjuvantni 6cbe dospélych pacientt s NSCLC s vysokym rizikem rekurence onemocnéni, ktefi maji nédory s expresi PD-L1 na = 50 % nadorovjch bungk (TC) po pIné resekcia chemoterapii na bazi platiny a ktefi nemaji NSCLC
s aktivatnimi mutacemi EGFR nebo prestavbami ALK Metastazujici NSCLL: 1) Pripravek Tecentriq je jako monoterapie indikovan k 16gbe dospélych pacientdi s lokélng pokrotilym nebo metastazujicim NSCLC po predchozf chemoterapii. Pacientim s NSCLC s aktivagnimi
mutacemi EGFR nebo prestavbami ALK ma byt take poddvéna cilend I6cba pred podanim atezolizumabu. 2) Pripravek Tecentriq je v kombinaci s bevacizumabem, paklitaxelem a karboplatinou indikovan k prun linii 168by dosp&lych pacientd s metastazujicim neskvamdznim
NSCLC. U pacientii s aktivacnimi mutacemi EGFR nebo prestavbami ALK je pripravek Tecentriq v kombinaci s bevacizumabem, paklitaxelem a karboplatinou indikovén az po selhni vhodnych moznosti cilend Iécby. 3) Pripravek Tecentriq je v kombinaci s nab-paklitaxelem
a karboplatinou indikovan k pruni linii 168by dospélych pacientd s metastazujicim neskvamdznim NSCLC bez aktivaSnich mutaci EGFR nebo bez prestavby ALK, 4) Pripravek Tecentriq je jako monoterapie indikovan k prunf linii I6by dospélyich pacientd s metastazujicim
nemalobungcnym karcinomem plic (NSCLC), ktef maji nadory s expresi PD-L1 na = 50 % TC nebo = 10 % na tumor infiltrujicich imunitnich buikdch (IC) a ktef nemaji NSCLC s mutacemi EGFR nebo prestavbami ALK. Malobunécny karcinom piic: Pripravek Tecentrig je
v kombinaci s karboplatinou a etoposidem indikovén k prvni linii [6by dospélych pacient( s extenzivnim stadiem malobunétného karcinomu plic. 7rple negativni karcinom prsu: Pripravek Tecentrig je v kombinaci s nab-paklitaxelem indikovén k 165bé dospélych pacientd
sneresekovatelnym lokdlng pokrocilym nebo metastazujicim triple negativnim karcinomem prsu (TNBC), jejichZ nadory maj expresi PD-L1 = 1 % aktefinebyli IéGeni chemoterapii pro metastazujici onemocnéni. Hepatoceluldrns karcinom: Pripravek Tecentrig je v kombinaci
s hevacizumabem indikovén k 165bé dospélych pacientd s pokroilym nebo neresekovatelnym hepatoceluldrnim karcinomem (HCC), ktefi dosud neuzivali systémovou Iéghu. Davkovani: doporucena davka pripravku Tecentriq je bud 840 mg podévand intravendzné kazdé dva
tydny, nebo 1 200 mg poddvand intravendzné kazdé tfi tydny nebo 1 680 mg poddvand intravendzné kazde Gtyfi tydny (blize viz pfislusny Souhrn idajii o pripravku - SPC). Pri poddvani pripravku Tecentriq v kombinované terapii viz také tpIné informace pro predepisovni
kombinované terapie. Zpiisob podani: Pfipravek Tecentrig e pro intravendzni podéni. Infuze nesmi byt podavany jako intravendzniinjekce nebo bolus. Uvodni dévka musi byt podvana po dobu 60 minut. Pokud je prvniinfuze dobie snasena, mohou byt nésledujictinfuze podavany
podobu 30 minut. Doporucuje se, aby pacienti s neresekovatelnym, pokrogilym nebo metastazujicim karcinomem bylil§geni pripravkem Tecentrig, dokud nedojde ke ztraté klinického prinosu, k progresi onemocnéni nebo k nezvladnutelng toxicits (blize viz prislusny Souhrn tidaji
0 pripravku - SPC). U pacientti v Gasném stadiu NSCLC je doporutena I6cha po dobu 1 roku do rekurence onemocnéni nebo nepfijatelné toxicity. Snizovani davky atezolizumabu se nedoporuguje. Doporugent pro pravy davkovani u konkrétnich nezadoucich GGinki naleznete
vSPC. Pacientilécent pripravkem Tecentriqv monoterapii v prvnilinii UK, *v asném stadiu NSCLC av pruni inii metastazujiciho NSCLC,a pacienti Iégeni pripravkem Tecentri v kombinované terapii s dfive nelégenym TNBC majf byt k Iécbe vybirani na zakladg potvrzené exprese PD-
1 validovanym testem. Kontraindikace: Hypersenzitivita na atezolizumah nebo na kteroukoli pomocnou ltku. Upozorngni; Z divodu snadngjsi zpstné zjistitelnosti biologickych [éSivych pFipravkii mé byt obchodni ndzev a Gislo SarZe poddvaného pripravku zfstelng zaznamendny
v pacientové dokumentaci. Byly pozorovany imunitné podminéné neZadouci ucinky postihujici vice neZ jeden télesny systém. VEtSina imunitng podminénych nezadoucich Gginki vyskytujicich se v prbshu Iégby atezolizumabem byla reverzibilnich pfi
preruseni poddvani atezolizumabu a zahdjeni I6ghy kortikosteroidy a/nebo podparné péce. Pri podezieni na imunitné podmingné nezadouct Gcinky musf byt provedeno dikladné posouzent za ticelem potvrzeni etiologie a vylougent jinych pricin. Podle zavaznosti nezadouciho
(icinku je treba ukontit poddvani atezolizumabu a zahajit I§Ehu kortikosteroidy. Podrobné informace tykajici se jednotlivych imunitng podmingnych nezédoucich reaker a doporugeni pro 168bu naleznete v SPC. Viichni lgkai, kiefi predepisuji pripravek Tecentrig, museji dobfe znat
Pokyny a informace pro I6kafe tykajici se Iéchy. Predepisujici 6kar musi s pacientem probrat rizika I6cby pfipravkem Tecentriq. Pacient dostane kartu pacienta a bude pouten, aby ji nosil stéle u sebe. Opatien/ specifickd dle onemocnéni: Pouziti atezolizumabu
v kombinaci s bevacizumabem u hepatoceluldrniho karcinomu: Pacienti Iégent bevacizumabem maji zvySené riziko krvéceni a u pacientd s hepatocelulérnim karcinomem (HCC) Iécenych atezolizumabem v kombinaci s bevacizumabem byly hiaseny pripady tézkého
gastrointestindlniho krvéceni véetné fatdlnich prihod. U pacient s HCC je pred zahdjenim 168by kombinacf atezolizumabu s bevacizumabem tfeba provést screening jicnovych varixd a jejich néslednou 1égbu dle klinické praxe. PFi 168bé atezolizumabem v kombinaci
s bevacizumabem se miiZe rozvinout diabetes mellitus. Je tFeba, aby Iékafi pred Iéchou atezolizumabem v kombinaci s bevacizumabem a pravidelng béhem této Iécby monitorovali glykémii podle Klinicke indikace. Pouziti atezolizumabu v kombinaci s nab-paklitaxelem
u metastazujiciho triple negativniho karcinomu prsu: Neutropenie a periferni neuropatie vyskytujici se v pribghu I66by atezolizumabem a nab-paklitaxelem mohou byt reverzibilni pfi preruseni podavani nab-paklitaxelu. Pouziti atezolizumabu v kombinaci
s bevacizumabem, paklitaxelem a karboplatinou u metastazujiciho neskvamdznitio NSCLC: Pacienti, u kterych zobrazovaci metody prokdzaly zietelnou infiltraci nadorovych bunék do velkych hrudnich cév nebo zetelnou kavitaci plicnich lozisek, byli vylougeniz pivotni
Klinicke studie IMpower150 po zjisténi nékolika pripad fatdlniho krvaceni do plic, které je zndmym rizikovym faktorem Iéchy bevacizumabem Klinicky vjznamné interakee: S atezolizumabem nebyly provedeny zadné forméini studie farmakokinetické Iékove interakce. ProtoZe se
atezolizumab z cirkulace odstranuje katabolismem, neotekdvaji se zadné metabolicke [kove interakce. Pred zahdjenim 16Gby atezolizumabem je tfeba se vyvarovat uzivani systémovyich kortikosteroidd nebo imunosupresiv. Systémove kortikosteroidy a imunosupresiva ale lze
pouzitk Iéghe imunitné podminénych nezadoucich icinki po zahdjeniléchy atezolizumabem. Hlavni Klinicky vjznamné nezadouc dginky: Nejcastejsimi nezédoucimiicinky (> 10 %) monoterapie byly inava, snizend chutk jidlu, nauzea, vyrazka, horegka, kasel, prajem, dusnost,
artralgie, astenie, bolest zad, zvraceni, infekce motovyich cest a bolest hlavy. Nejtastajsimi nezadoucimi uginky (= 20 %) atezolizumabu v kombinaci s jinymi [6givmi pripravky byly u pacienti s riznym typem nadord anémie, neutropenie, nauzea, inava, alopecie, vyrazka,
priem, trombocytopenie, zécpa, snizend chut kjiclu a periferni neuropatie. Imunitné podminéné nezadouc Gginky, které se vyskytly u< 10 % pacientd zahmovaly hypotyredzu. U< & % pacient se vyskytly: pneumanitida, koltida, hepatitida, diabetes mellitus (u pacienti s HCC,
kteri dostavali atezolizumab v kombinaci s bevacizumabem) a hypertyredza. U< 1 % pacient( se vyskytly: insuficience nadledvin, zénét hypofyzy, diabetes mellitus (pfi poddni atezolizumabu v monoterapii), meningoencefalitida, neuropatie, myastenicky syndrom, pankreatitida,
myokarditida, nefritida, myozitida a tézke kozni nezadouci tcinky. Vzhledem k mechanismu tiéinku atezolizumabu se mohou objevit dalsf potencidlniimunitng podmingné nezadouci Gcinky, viietng neinfekeni cystitidy. TEhotenstvi a kojeni: Zeny ve fertilnim véku musi bghemgchy
atezolizumabem a b mésicl po posledni ddve pouZivat Gginnou antikoncepci. O pouZiti atezolizumabu u t8hotnych Zen nejsou k dispozici Zadné tidaje. Atezolizumab se nemd behem téhotenstvi uzivat, pokud Klinicky stav Zeny nevyZaduje 16tbu atezolizumabem. Neni zndmo, jestli
Je atezolizumab vylugovan do lidského mika. Nelze vyloutit riziko pro novorozence/ kojence. Je tieba uginit rozhodnuti, jestli ukonit kojen nebo ukongit podavani atezolizumabu s ohledem na prospéch kojeni pro dité a prospéch IEEby pro Zenu. Baleni pripravku: 1 injekéni
lahvicka s uzavérem zbutylové pryZe ahlinikovym uzavérem s Sedym nebo tyrkysovym plastovjm odtrhdvacim vickem obsahujici 14 mInebo 20 ml koncentratu pro infuzni roztok. Baleni obsahuje 1injekénilahvicku. Padminky uchovavéni: Uchovévejte v chladnicee (2 °C-8 °C).
Chrarite pred mrazem. Uchovavejte injekcni lahvicku v krabitice, aby byl pripravek chranén pred svétlem. DrZitel registracniho rozhodnuti: Roche Registration GmbH, Emil-Barell-Strasse 1, 79639 Grenzach-Wyhlen, Némecko Registraéni Gislo: EU/1/17/1220/001
akU/1/17/1220/002. Datum registrace: 21.09. 2017 Datum posledni tipravy textu Zkracené informace o pripravku: 01.07. 2022 Aktualni verze Souhrnu tdaji o pripravku je dostupna na https:/ /www.sukl.cz. Vydej Iéivého pripravku je vazén na Igkarsky predpis. Lécivy
pripravek TECENTRIQ 1200MG INF CNC SOL 1X20ML (kdd SUKL: 0222461) je hrazen  prostiedki verejného zdravotniho pojisténiv monoterapii k 16b dospélyeh pacienti s lokéing pokroiljm nebo metastazujicim NSCLC po predchoz chematerapii, déle v monoterapil v prvnf
linii Ié6by metastazujiciho nemalobunéného karcinomu plic u dospélych pacientd, jejichZ nédorové elementy exprimuji PD-L1 s TPS vétsim nebo rovnym 50 %; nebo s expresi PD-L1 na =50 % nadorovych buiikach nebo = 10 % tumor infiltrujicich imunitnich bufikéch, a ktefi
Zéroveri nejsou vhodni k [6Ehe pembrolizumabem v kombinaci s chemoterapif tvofenou pemetrexedem a platinovym derivétem a v kombinaci s bevacizumabem v I6cbé dospélych pacient( s pokrogilym nebo neresekovatelnym hepatoceluldrnim karcinomem s jaterni funkci
hodnocenou skére A dle Child-Pughovy Klasifikace, ktefi dosud neuZivali systémovou Iébu a u kterych lokoregionalni 16tba nepfedstavuje 16tebnou moznost. Dalii podminky hrady viz www.sukl.cz. 0 Ghradé v dal$ich indikacich zatim nebylo rozhodnuto. L&Civy pripravek
TECENTRIQ 840MG INF CNC SOL TX14ML (kod SUKL: 0238583) neni hrazen z prostredki vefejného zdravotniho pojisténi. Dalsiinformace o pfipravku ziskéte z platného Souhrnu Gdaji o pripravku Tecentrig, nebo na adrese: Roche s.r.0., Futurama Business Park BId F, Sokolovské
685/136f, 186 00 Praha 8, telefon 220 382 111. Podrobné informace o tomto pripravku jsou uveFejnény nawebovych strankdch Evropske lekove agentury (EMA) http:/ /www.ema.europa.eu/. * Vsimnéte si; prosim, zmén v informacich o lécivem pripravku.
Reference: 1. SPC Tecentriq v aktudlnim znéni na www.sukl.cz. 2. Finn: Presentation ASCO Gl 2021, i g
3. https:/ /www.sukl.cz/ leciva/ souhmy-k-hz-2022 - hodnotici zprdva ze dne 27. 5. 2022, ! | g \
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EDITORIAL

Editorial

Kdyz se klinického nebo radia¢niho on-
kologa zeptame, jaké primarni nadory
mozku jsou nejcastéjsi, odpovédi bude
nejspis ,glioblastomy, jedna se bohu-
Zel soucasné i o nejagresivné;jsi tumory”.
Ptipadné by onkolog doplnil, ze inci-
dence je 3-4 pacienti na 100 000 obyva-
tel, coz glioblastomy nastésti fadi mezi
vzacna onemocnéni. Ve skutecnosti jsou
ale nejcastéjsimi primarnimi nadory
mozku meningeomy. Dle report(i Central
Brain Tumor Registry of the United Sta-
tes (CBTRUS) maiji az trojndsobné vyssiin-
cidenci a celkové tvoii az jednu tfetinu
vsech primarnich nadorovych onemoc-
néni CNS, pfedevsim u starsich pacientd.
S velkou ¢asti téchto pacientl se nicméné
onkologové v ramci rutinni praxe vibec
nesetkaji, nebot jsou po Uspésné kura-
tivni operaci v dispenzarizaci neurochi-

rurgl nebo neurologt. Tak jako u jinych
nadorovych onemocnéni lé¢enych s ku-
rativnim zamérem plati, Ze je nutné in-
dikovat adekvatné agresivni terapii nut-
nou k dosazeni kurativniho efektu |écby,
ale zaroven se snazit o co nejSetrné;jsi po-
stupy se snahou minimalizovat dlouho-
dobé nezidouci ucinky a de facto iatro-
genni poskozeni u vylé¢eného pacienta
(pficemz lokalni recidivu Ize ale povaZzo-
vat za nejzavaznéjsi ,toxicitu” kurativni
lé¢by). Jak shrnuje prehledovy ¢lanek
Prognostické a prediktivni faktory me-
ningeom( mozku publikovany v tomto
Cisle ¢asopisu Klinickd onkologie, pravé
vyhodnoceni rliznych novych prognos-
tickych, pfip. prediktivnich, biomarker(
muze identifikovat podskupinu pa-
cientl se zdénlivé nizkorizikovym me-
ningeomem grade |, u kterych je vétsi ri-

ziko recidivy a ktefi by méli byt indikovani
k poopera¢ni onkologické 1é¢bé. Stejné
tak je mozné identifikovat podskupinu
pacientl s histologicky agresivnéjsim tu-
morem (grade I, pfip. lll), u kterych je ale
relativné mensi riziko nasledné recidivy
a u kterych by mohly byt napf. voleny
mensi davky radioterapie v rdmci poope-
ra¢niho adjuvantniho ozareni. Pravé ra-
dioterapie je Siroce diskutovédna ve
zminovaném prehledovém ¢lanku s uve-
denim rlGznych technik a taktik ozéareni
meningeomd. Slibnymi postupy pro uve-
denou stratifikaci pacientd mohou byt
stanoveni metyla¢niho profilu nadord,
estrogenovych receptord nebo stanoveni
Ki-67/MIB-1 indexu, pfip. miRNA.

doc. MUDr. Tomds Kazda, Ph.D.
Masarykuv onkologicky ustav, Brno
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OPDIVO + YERVOY *
(nivolumab) (ipilimumab)

OBJEVENO PRO
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)

Detailni informace k jednotlivym indikacim naleznete ve zkracenych informacich o pfipravku, které jsou uvedeny nize, nebo na www.sukl.cz

ZKRACENE INFORMACE 0 PRIPRAVKU *V kombinaci s chemoterapif

Nézev pfipravku: OPDIVO 10 mg/ml koncentrat pro infuzni roztok. Slozeni: Nivolumabum 10 mgv1ml koncentratu. Indikace*: Melanom: v monoterapii/kombinaci s ipilimumabem u pokrogilého (neresekovatelného nebo metastazujiciho) melanomu u dospélych. Adjuvantnilécha
melanomu: monoterapie k adjuvantni lécbé dospélych s melanomem s postizenim lymfatickych uzlin nebo metastazami po kompletni resekci. Nemalobuné¢ny karcinom plic (NSCLC): monoterapie lokalné pokrotilého nebo metastazujiciho NSCLC po predchozi chemoterapii
u dospélych; v kombinaci s ipilimumabem a 2 cykly chemoterapie na bazi platiny v prun linii u dospélych bez EGFR nebo ALK. Maligni mezoteliom pleury (MPM): v kombinaci s ipilimumabem k [écbé neresekovatelného MPM u nep?edléfen\]ch dospélych. Renalni karcinom (RCC):
monoterapie pokrocilého RCC po predchozi terapii u dospélych; v kombinaci s ipilimumabem terapie pokrocilého RCC v pruni linii u dospélych se stredmm nebo vysokym rizikem; v kombinaci s kabozantinibem terapie pokrotilého RCCv pruni lnii u dospéljch. Klasicky Hodgklnu

lymfom (cHL): monoterapie recidivujiciho nebo rezistentniho cHL po autologni transplantaci kmenovych bunék (ASCT) a lécbé brentuximab vedotinem. Skvamdzni karcinom hlavy akrku SEEHN monoterapie rekurentniho nebo metastazujiciho SCCHN progredujiciho pfi nebo po

[écbé platinovymi derivaty u dospélych. Kolorektalni karcinom s fenotypem dMMR/MSI-H (dMMR/MSI-H CRC): v kombinaci s ipilimumabem terapie dMMR/MSI-H CRC po kombi ct i na bazi fluorpyrimidinu u dospélych. Urotelidini karcinom (UC): monoterapie
lokalné pokrotilého neresekovatelného nebo metastazujiciho UC u dospéljch po selhani 1écby platinovymi derivaty. Adjuvantni lécba urotelialniho karcinomu: munuterap\ekad]uvantmIechedospe\ychsurotelmlmmkartlnomem postihujicim svalovinu (MIUC) s expresi PD-L1na
nadorovych burikach 2 1 %. Skvamézni karcinom jicnu (ESCC): monoterapie neresekovatelného pokrotilého, rekurentniho nebo metastazujiciho ESEEudosuelyth po predchozi kombi na bazi fluorpyrimidinu a platiny, v kombinaci s ipilimumabem nebo

chemoterapii na bazi fluorpyrimidinu a platiny k Iécbé v prvnilinii u dospélych s neresekovatelnym pokrocilym, rekurentnim nebo metastazujicim ESCC s expresi PD-L1na nadorovy:h bufikich 21 % Adiuvantnié¢ba karcinomu icnu nebo gastroezofagealnl unkee (EC nebo GE|C):
monoterapie k adjuvantni é¢bé dospélych s EC nebo GEJC po predchozi neoadjuvantni chemoradioterapii. Adenokarcinom Zaludku, gastroezofagealni junkce (GEJ) nebo jicnu: v kombinaci s chemoterapii na bazi fluorpyrimidinu a platiny k 1é¢bé v prvni linii u dospélych s HER2-
negativnim pokrocilym nebo metastazujicim adenokarcinomem Zaludku, GEJ nebo jicnu, jejich nadory exprimuji PD-L1s kombinovanym pozitivnim skore (CPS) > 5. Davkovani a zpiisob podani*: Monoterapie: bud' 240 mg . infuzi (30 min) kazdé 2 tydny (vsechny indikace) nebo
480 mg . infuzi (60 min) kazdé 4 tydny (pouze indikace melanom, rendlni karcinom a MIUC), u adjuvantni lécby EC nebo GEJC 240 mgi.v. infuzi (30 min) kazdé 2 tydny nebo 480 mg i.v. infuzi (30 min) kazdé 4 tydny po dobu prvnich 16 tydnu a nasledné 480 mg i.v. infuzi (30 min)
kazdé 4 tydny. Kombinace s ipilimumabem: Melanom: 1mg/kg nivolumabu i.v. infuzi (30 min) s ipilimumabem 3 mg/kg i.v. infuzi (30 min) kazdé 3 tydny u prnich 4 davek, dale nivolumab i.v. infuzi 240 mg (30 min) kazdé 2 tydny nebo 480 mg kazdé (60 min) 4 tydny, prvni davka za
3tydny (240 mg) resp. 6 tydnu (480 mg), a pak dale kazdé 2 tydny, resp. 4 tydny. MPM: 360 mg nivolumabu i.v. infuzi (30 min) kazdé 3 tydny s ipilimumabem 1 mg/kg i.v. infuzi (30 min) kazdych 6 tydnii. RCC: 3 mg/kg nivolumabui.v. infuzi (30 min) s ipilimumabem 1mg/kg iv. infuzi
(30 min) kazdé 3 tydny u prvnich 4 davek, dale nivolumab i.v. infuzi 240 mg (30 min) kazdé 2 tydny nebo 480 mg kazdé (60 min) 4 tydny, prvni davka za 3 tydny (240 mg) resp. 6 tydnii (480 mg), a pak dale kazdé 2 tydny, resp. 4 tydny. dMMR/MSI-H CRC: 3 mg/kg nivolumabu i.v.
infuzi (30 min) s ipilimumabem 1mg/kgi.v. infuzi (30 min) kazdé 3 tydny u prvnich 4 davek, dale nivolumab i.v. infuzi 240 mg (30 min) kazdé 2 tydny. ESCC: 3 mg/kg nivolumabu kazdé 2 tydny, resp. 360 mg nivolumabu kazdé 3 tydny i.v. infuzi (30 min) s ipilimumabem 1 mg/kg i.v.
infuzi (30 min) kazdych 6 tydnu. Kombinace s kabozantinibem: RCC: 240 mg nivolumabu . infuzi (30 min) kazdé 2 tydny nebo 480 mg nivolumabu .. infuzi (60 min) kazdé 4 tydny s kabozantinibem 40 mg perordiné kazdy den. Kombinace s ipilimumabem a chemoterapii; NSCLC:
360 mg nivolumabu i.v. infuzi (30 min) kazdé 3 tydny s ipilimumabem 1 mg/kg i.v. infuzi (30 min) kazdych 6 tydni a 2 cykly chemoterapie na bazi platiny kazdé 3 tydny. Kombinace s chemoterapii: ESCC: 240 mg kazdé 2 tydny nebo 480 mg kazdé 4 tydny i.v. infuzi (30 min)
s chemoterapii na bazi fluorpyrimidinu a platiny. Adenokarcinom Zaludku, GEJ nebo jicnu: 360 mg nivolumabu iv. infuzi (30 min) kazdé 3 tydny s chemoterapif na bazi fluorpyrimidinu a platiny nebo 240 mg nivolumabu i.v. infuzi (30 min) kazdé 2 tydny s chemoterapii na bazi
fluorpyrimidinu a platiny. Lécba vzdy pokracuie dokud je pozorovan klinicky pfinos nebo dokud ji pacient snasi, u adjuvantni lécby po dobu max.12 mésicti a u lécby NSCLC v kombinaci, MPM v kombinaci, adenokarcinomu Zaludku, GEJ nebo jicnu v kombinaci a RCC v kombinaci
s kabozantinibem po dobu max. 24 mésici. Lécba kabozantinibem pokratwe do progrese nebo nepruatelne toxicity. Dalsi podrobnosti davkovani viz SPC. Kontraindikace: Hypersenzitivita na lécivou latku nebo na kteroukoli pomocnou latku. ZvIdstni upozornéni: Nivolumab je
spojen s imunitné podminénymi nezadoucimi acinky. Pacienti maji byt pribézné sledovani (min. 5 mésict po posledni dévee). Podle zdvaznosti NU se nivolumab vysadi a podaji se kortikosteroidy. Po zlep3eni se dévka kortikosteroidi snizuje postupné po dobu min. 1 mésice.
V pripadé zavaznjch, opakujicich se nebo zivot nhrozuucu:h imunitné podminénjch NU musi byt nivolumab trvale vysazen. U pacienti s vjchozim ECOG > 2, s aktivnimi mozkovymi metastazami, autoimunitnim onemocnénim, symptomatlckym intersticialnim plicnim onemocnénim
au pacientd, ktefi jiz uzivali systémova i |munosupre5|va |etreha pripravek pouzivat jen s opatrnosti. Interakce: Nivolumab je humanni monoklonaini protilatka, ktera neni metabolizovana cytnchromem P45[] ([VP) ani jingmi enzymy metabolizujicimi Iéky. Je tieba se vyhnout
podavam systemovych kortikosteroiddi nebo jinjch i munosupresw na pocatku a pied zaha|en|m lécby. Lze je nicméné pouzit k Iéché imunitné podminénych nezadoucich Gtink. Ték a kojeni: Nivolumab se nedoporucuje béhem téhotenstvi a fertilnim Zenam, které
nepouzwa]l Géinnou antikoncepci, pokud khnlckypnnos neprevysmemuzne riziko. Neniznamo, zda se nlvnlumabvy\uculedomaterskehu mléka. Nezadouci ucinky*: Velmi casté: infekce hornich cest dythaclch snizena chut kijidlu, bolest hlavy, periferni neuropatie, dyspnoe, kasel,
prujem, zvraceni, nauzea, bolest bicha, zacpa, vyrazka, svédeéni, tnava, horecka, otok, lymf hyperglykemie, anemie, i hypualhummemle, zvyseni AST, ALT, alkalické fcsfatazy, lipazy, amylazy, kreatininu, hyperkalemie, hypokalcemie, Ieukopenle,
hiypomagnesemie, neutropenie trombocytopenie, hypokalemle hypug\ykemle hyperkaltemle u kombinace s |p\||mumahem prip. chemoterapn dale i pneumonie, hypotyreoza, hypertyredza, zavrat hypertenze kolltlda suchd kiiZe, artralgie, muskuloskeletalni bolest, zvy3eny
celkovy bilirubin a zvy3ené tr y; u kombinace s kab ale  dysgeusie, dysfonie, stomatitida, dyspepsie, syndrom palmoplantarni erytrodysestezie, svalové spasmy, p emie, ie, hypernatremie a snizend télesna hmotnost.
Dalsi podrabnosti k NU, zvIa&té imunitné podminénym, viz SPC. Predavkovani: Pacienti musi byt peclivé monitorovani s ohledem na pfiznaky nezadoucich inki a zahajena vhodna symp icka lécba. Uchovavani: Uchova jte v chladnicce (2 °C - 8 °C) v pavodnim obalu, aby
byl pripravek chranén pied svétlem. Chrarite pied mrazem. Driitel rozhodnuti o registraci: Bristol-Myers Squibb EEIC, Dublin, Irsko. Reglslvacm ¢islo: EU/1/15/1014/001-004. Datum posledni revize textu: zafi 2022. Pnpravek je hrazen z vefejného zdravotniho pojiténi v téchto
indikacich: pokrotily maligni melanom v monoterapii, v kombinaci s ipilimumabem a v adjuvanci, pokrotily renalni karcinom v monoterapii i kombinaci s ipilimumabem, nemalobunéény karcinom plic v monoterapn ivkombinaci s ipilimumabem a chemoterapii, klasicky Hodgkindv
lymfom, skvamdzni karcinom hlavy a krku, skvamazni karcinom jicnu v monoterapii, maligni mezoteliom pleury v kombinaci s ipilimumabem, kolorektalni karcinom v kmbinaci s ipilimumabem a karcinom jicnu nebo GE| v adjuvanci.

Nazev ptipravku: YERVOY 5 mg/ml koncentrat pro infuzni roztok. Slozeni: Ipilimumabum 5 mg v1ml koncentratu. Terapeutické indikace*: Melanom: monoterapie pokrotilého (neresekovatelného nebo metastazujiciho) melanomu u dospélych a dospivajicich ve véku 12 let
astarsich; v kombinaci s nivolumabem Iécba pokrotilého (neresekovatelného nebo metastazujiciho) melanomu u dospélych. Nemalobunéény karcinom plic (NSCLC): v kombinaci s nivolumabem a 2 cykly chemoterapie na bazi platiny |é¢ba metastazujiciho NSCLC v prvnilinii
u dospélych bez EGFR nebo ALK. Maligni mezateliom pleury (MPM): v kombinaci s nivolumabem k Ié¢bé neresekovatelného MPM u nepiedlécenych dospélych. Rendlni karcinom (RCC): v kombinaci s nivolumabem terapie pokrocilého RCC v prvni linii u dospélych se stfednim
nebo vysokym rizikem. Kolorektalni karcinom s fenotypem dMMR/MSI-H (dMMR/MSI-H CRC): v kombinaci s nivolumabem terapie dMMR/MSI-H CRC po kombinované chemoterapii na bazi fluorpyrimidinu u dospélych. Skvamozni karcinom jicnu (ESCC): v kombinaci
s nivolumabem k Ié¢bé v prni linii u dospélych s neresekovatelnym pokrotilym, rekurentnim nebo metastazujicim ESCC s expresi PD-L1 na nadorovych bufikich > 1%. Davkovani a zpiisob podani*: Melanom: Monoterapie: Indukéni rezim: 3 mg/kg i.v. infuzi (30 min) kazdé
3 tydny, celkem 4 davky. Cely indukéni rezim (4 davky) je tfeba dodrzet dle tolerance, bez ohledu na vzhled novych Iézi nebo rust existujicich Iézi. Kombinace s nivolumabem: 3 mg/kg ipilimumabu i.v. infuzi (30 min) s 1 mg/kg nivolumabu i.v. infuzi (30 min) kazdé 3 tydny
u prvnich 4 davek, dale nivolumab v monoterapii i.v. infuzi 240 mg (30 min) kazdé 2 tydny nebo 480 mg (60 min) kazdé 4 tydny, prvni davka za 3 tydny (240 mg) resp. 6 tydnii (480 mg), a pak dale kazdé 2 tydny, resp. 4 tydny. NSCLC: 1 mg/kg ipilimumabu i.v. infuzi (30 min)
kazdych 6 tydni v kombinaci s nivolumabem 360 mgi.v. infuzi (30 min) kazdé 3 tydny a 2 cykly chemoterapie na bazi platiny kazdé 3 tydny. ESCC: 1mg/kg ipilimumabu kazdych 6 tydnii i.v. infuzi (30 min) s nivolumabem 3 mg/ke kazdé 2 tydnyi.v. infuzi (30 min), resp. 360 mg
kazdé 3 tydny. MPM: 1mg/kg ipilimumabu i.v. infuzi (30 min) kazdych 6 tydnu s nivolumabem 360 mg i.v. infuzi (30 min) kazdé 3 tydny. RCC: 1 mg/kg ipilimumabu iv. infuzi (30 min) s nivolumabem 3 mg/kg i.v. infuzi (30 min) kazdé 3 tydny u prvnich 4 davek, dale nivolumab
i.v. infuzi 240 mg (30 min) kazdé 2 tydny nebo 480 mg (60 min) kazdé 4 tydny, prvni davka za 3 tydny (240 mg) resp. 6 tydni (480 mg), a pak dale kazdé 2 tydny, resp. 4 tydny. dMMR/MSI-H CRC: 3 mg/kg nivolumabu i.v. infuzi (30 min) s ipilimumabem 1mg/kg i.v. infuzi
(30 min) kazdé 3 tydny u prvnich 4 davek, dale nivolumab i.v. infuzi 240 mg (30 min) kazdé 2 tydny. U kombinované lécby lécba pokracuje, dokud je pozorovan klinicky pfinos nebo dokud ji pacient snasi, u NSCLC, MPM a ESCC po dobu max. 24 mésici. Dalsi podrabnosti viz
SPC. Kontraindikace: Hypersenzitivita na lécivou latku nebo na kteroukoli pomocnou [atku. ZvIastni upozornéni: Imunitné podminéné nezadouci ucinky, které mohou byt zavazné nebo Zivot ohroZujici, se mohou tykat GIT, jater, kuZe, nervove, endokrinni nebo jiné organové
soustavy. Pokud neni identifikovana jina etiologie, je nutno prijem, zvy3enou frekvenci stolic, krvavou stolici, zvy3eni jaternich testu, vyrazku a endokrinopatii povazovat za zanétlivé a souvisejici s ipilimumabem. U pacientd se zavaznou aktivni autoimunitni chorobou,
kde je daliimunitni aktivace potencialné bezprostiedné Zivot ohrozujici, se pripravek nema podavat. Interakee: Ipilimumab je lidska monoklonalni protilatka, ktera neni metabolizovana cytochromem P450 (CYP) ani jinymi enzymy metabolizujicimi Iéky. Je tFeba se vyhnout
podavani systémovych kortikosteroidi nebo jinych imunosupresiv na pocatku a pred zahajenim Iécby. Lze je nicméné pouiitkléﬁbéimunitné podminény’th nezadoucich ucinkd. Pouziti antikoagulancii zvy3uje riziko GIT krvaceni; pacienti se soub&znou lécbou antikoagulancii
musi byt pethve monitorovani. Téhotenstvi a kojeni: Iplhmumabse nedoporuuje podavat béhem téhotenstvia fertilnim Zenam, které nepouzivaji d¢innou antikoncepci. Neni znamo, zdasemlhmumab vylucuje do lidského mléka. Nezadouci ucinky*: Velmi casté: snizend
chut kjidlu, prijem, zvraceni, nauzea, vyrazka, pruritus, tnava, reakce v misté injekce, pyrexie, v kombinaci s nivolumabem, pip. chemoterapii dale i infekce hornich cest dychacich, pneumome hypntyreoza hypertyrenza bo\esthlavy, zdvrat, hypertenze, dyspnoe, kadel,
kolitida, bolest bficha, zacpa, sucha kiize, artralgie, muskuloskeletalni bolest, otok, horecka, zvy3eni AST, ALT, celkového bilirubinu, alkalické fosfatazy, lipazy, amylazy, kreatininu, dale hyperglyké penie, neutropenie, trombocytopenie,
anemie, hypokalcemie, hyperkalemie, hypokalemie, hypomagnezemie, hyponatremie, hyperkalcemie. Dalsi nezddouci icinky - viz SPC. Predavkovani: Pacienti musi byt peclivé monitorovani s ohledem na pnznakynezaduutl(h Géink( a zahdjenavhodnd symptomaticka lécba.
Uchovavani: Uchovavejte v chladnicce (2 °C - 8 °C) v pivodnim obalu, aby byl pfipravek chranén ped svétlem. Chrarite pied mrazem. DrZitel rozhodnuti o registraci: Bristol-Myers Squibb Pharma EEIG, Dublin, Irsko. Registraéni éislo: EU/1/11/698/001-2. Datum posledni revize
textu: zafi 2022, Pripravek je hrazen z vefejného zdravotniho pojisténi v téchto indikacich: pokrotily maligni melanom vmonoterapii i kombinaci s nivolumabem, pokrotily rendlni karcinom v kombinaci s nivolumabem, nemalobunéény karcinom plic v kombinaci s nivolumabem
a chemoterapii, maligni mezoteliom pleury v kombinaci s nivolumabem a kolorektaIni karcinom v kombinaci s nivolumabem.

Vydej téchto lécivych pipravkil je vazan na lékafsky predpis. Dfive, nez je pedepiSete, prectéte si, prosim, ipiné znéni pfislusného Souhru ddaji o pfipravku. Podrobné informace o téchto pFipraveich jsou uvefejnény na webovyjch strankach Evropské [ékové agentury (EMA)
http://ema.europa.eu nebo jsou dostupné u zastupce dritele rozhodnuti o registraci v CR: Bristol-Myers Squibb spol. s r. 0., Budgjovicka 778/3,140 00 Praha 4, tel.: +420 221016 111, www.bms.com/cz.

*\/simnéte si, prosim, zmén v Souhrnu ddaji o pripravku

Reference: Opdivo® (nivolumab), Souhrn tdaji o pripravku, 2022; Yervoy® (ipilimumab), Souhrn tidaji o pripravku, 2022.
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Lécba predlécenych pacientii s mCRC

Vice Casu na zazitky
s

trifluridin/tipiracil

Zmeénte budoucnost
vasich pacientii s mCRC

LONSURF® (trifluridin/tipiracil) je indikovan pro ICbu
dospélych pacient(l s metastazujicim kolorektalnim
karcinomem (mCRC), kteri byli v minulosti 1éCeni nebo
nejsou vhodnymi kandidaty pro terapie zahrmujici
chemoterapie zalozené na fluoropyrimidinu, oxaliplatiné
I-EGFR latek.

LONSURF® je vyvijen spolecnostmi Servier a Taiho,
a na zakladg licence obchodovan v pfislusnych teritoriich.

TAIHO PHARMACEUTICAL CO., LTD. SERV’ER’}

moved by you

Zkrécend informace o pripravku Lonsurf®

SLOZEN*: Lonsurf 1 mg/6,14 mg; jedna potahovand tableta obsahuje trifluridinum 15 mg a tipiracilum 6,14 mg (jako tipiracili hydrochloridum). Lonsurf 20 mg/8,19 mg: jedna potahovand tableta obsahuje trifluridinum 20 mg a tipiracilum 8,19 mg (jako tipiracil
hydrochloridum). INDIKACE*: V' monoterapii k 16cbé dospelych pacientii s metastazujicim kolorektdlnim karcinomenm, ktefi byli v minulosti Iégeni nebo nejsou vhodnymi kandidaty pro dostupné terapie zahmujfci chemoterapie zalozené na fluorpyrimidinu, oxaliplating
airinotekanu, ant-VEGF ldtek a ant-EGFR Idtek. V monoterapi k Iéché dospélyoh pacientd s metastazujicim karcinomem Zaludku véetné adenokarcinomu gastrogsofagedint junkce, kterf byli diive |éSeni alespori dvéma rezimy systémové terapie pro pokracilé stadium
anemocnani.”* DAVKOVANI A ZPUSOB PODANI™: Davkovan Doporugend dvodn davka je 35 mg/m?/dévku, podavanyich perording dvakrat denné 1. a7 5. den a 8. a7 12. den kazdeho 28denniho cyklu o hodiny po rannim a veternim jidle. Dévka pipravku
se potita podle plochy povrchu téla a nesmi prekrotit 80 mg v 1 davee. Upravy dévky jsou mozné podle individuaini bezpenosti a snasenlivost je povoleno snizen dévky na minimalni hodnotu dévky 20 m/m? dvakeat dennd, zvyieni dévky neni povoleno poté, co byla
snizena. U pacientii s téikuu poruchou funkee ledvin se doporutuje dvodni dévka 20 mg/me dvakrét dennd. Na zakladé individudlni bezpecnosti a snasenlivosti je povoleno jedno snizeni dévky na minimélni dévku 15 mg/m? dvakrdt denng. ZvySent dévky neni povoleno
Poté, co byla snizena.” " V piipads hematologické a/ nebo nehematologické toxicity maj pacienti dodrZovat kritéria pro preruSent davkovéni, optovné zahdjeni échy a snizenf dévky viz Souhrn ddaji o pripravku. ™ KONTRAINDIKACE*: Hypersenzifivita na I6cive latky
nebo na kteroukoli pomocnou létku. ZVLASTNI UPOZORNENI*: Utlum kostai dFené: Pred zahdjenim terapie, a dle v intervalech potiebnyich k monitorovani toxicity je nutno provdét vySetreni kompletniho krevniho obrazu, minimalng vsak pred kazdym légebnym
cyklem. Lécha nesmi byt zahdjena, je-li absolutni pocet neutrofilii < 1,5 < 10°/1, podet trombocytd < 75 x 10%/1, nebo pokud mé pacient nevyresenou klinicky wyznamnou nehematologickou toxicitu stupné 3 nebo 4 z predchozi I6chy. Stav pacienta je tfeba peclivé
sledovat a, je-f to klinicky indikovéno, maji byt nasazena adekvatni opatfeni. Gastraintestinalny toxicita: antiemetika, Iéky proti prijmu a dalsf opatfeni maji byt nasazena, je-i to klinicky indikovano, tpravy davkovani (odloZeni a/nebo snizeni) se maji aplikovat tak, jak je
tfeba. Porucha funkce ledvin: Pripravek Lonsurf se nedoporucuje k pouZiti u pacientdl s termindlnim stadiem onemocnéni ledvin (s clearance kreatininu [CrCl] < 15 mi/min nebo vyZadujicich dialyzu). ** Pacienti s poruchou funkee ledvin maji byt peclivé monitorovani
v pribéhu Iéchy pripravkem Lonsurf**; pacienti se stfedng tézkou a tézkou poruchou funkee ledvin maji byt Gastgji monitorovni kvili hematologicke toxicité. Porucha funkee jater; pripravek Lonsurf se nedoporuduje k pouZiti u pacientd s vyichozi stfedné tézkou nebo
t&zkou poruchou funkce jater. Protsinurie; doporuGuje se sledovat proteinuril za pomoci diagnostického prouzku pro analyizu moti pred zahdjenim a béhem I&Sby. Pomocne létky: laktosa, INTERAKCE™: Opatrnosti je zapotfebi pfi pouzivanf Iécivych pripravk, které
jsou substréty pro nukleosidové transportéry CNT1, ENT1 a ENT2, inhibitory OCT2 a MATET, a subsraty lidské thymidin-kindzy (zidovudin). FERTILITA*. TEHOTENSTVi A KOJENI*: Nedoporuzuje se. ANTIKONGEPGE™: Muzi i zeny musf pouzivat cinnou
antikoncepci v pribéhu Iéchy a jeste 6 mésic po ukongeni Iéchy. UGINKY NA SCHOPNOST RiDIT A OBSLUHOVAT STROJE*: milze bt pozorovdna tnava, zdwaté nebo maldtnost, NEZADOUGH UEINKY*: Velmi casts: Neutrapenie, leukapenie, anemie,
trombocytopenie, snizend chut k jdlu, préiem, nauzea, awracen, tinava. Casté: Infekee dolnich cest djchacich, febrini neutropenie, lymfopenie, hypalbuminemie, dysgeuzie, perifernineurapatie, dusnost, bolest bficha, zdcpa, stomatitda, oralni poruchy, hyperbilirubinemie,
syndrom palmoplantarni erytrodysestezie, vyrézka, alopecie, pruritus, such kize, proteinurie, pyrexie, edém, zanét sliznic, malatnost, 2vySend hladina jaternich enzymd, zvySend hladina alkalické fosfatazy v krvi, snizeni télesné hmotnosti. Mené casté: Septicky Sok, stievni
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PREHLED

Fekalni mikrobialni transplantace —
nova moznost ovlivnéni vysledku terapie

onkologickych pacientu

Fecal microbiota transplantation — new possibility to influence

the results of therapy of cancer patients

Kfizova L', Bene$ova 1.2 Spacek J.!, Petruzelka L., Vo¢ka M.’

' Onkologicka klinika 1. LF UKa VFN v Praze
?Ustav imunologie 2. LF UK a FN Motol, Praha

Souhrn

Vychodiska: Stievni mikrobiom je zcela zasadni pro fungovani lidského téla, ovliviiuje nejen
metabolizmus a traveni, ale také imunitni a neurobehaviordlni systém. Slozeni lidského strev-
niho mikrobiomu je v poslednich letech predmétem zajmu fady védeckych tymd po celém
svété, cemuz napomaha i rychly rozvoj metod molekuldrni genetiky. Dysbalance stfevniho
mikrobiomu (tzv. dysbiéza) mdze napomahat rozvoji fady patologickych stav(, jako jsou au-
toimunitni nemoci, nebo se miZe uplatrovat v procesu kancerogeneze. Vyzkum mikrobiomu
v onkologii se zatim nejvice zaméruje na vliv sloZeni strevniho mikrobiomu na U¢innost terapie
inhibitory kontrolnich bodl imunitni reakce. Ukazuje se, Ze rozdily v relativnim zastoupeni jed-
notlivych bakterialnich kmen( a celkova diverzita mikrobiomu u pacientt [é¢enych inhibitory
kontrolnich bod{ souvisi s G¢innosti této terapie. Rada projektl se v sou¢asné dobé zabyva
moznosti manipulace se sloZzenim stfevniho mikrobiomu, a to zejména pomoci fekalni mikro-
bidlni transplantace (FMT). Dvé publikované klinické studie potvrdily, Ze pomoci této metody
je mozné prekonat u maligniho melanomu rezistenci na terapii inhibitory kontrolnich bod
a po provedené FMT navodit opét klinickou odpovéd. Jednim z problém{ tohoto klinického
vyzkumu je vyrazna diverzita ve slozeni mikrobiomu v rGiznych populacich. Proto je kli¢cova zna-
lost mikrobialniho slozeni v konkrétni populaci. V rdmci vyzkumného programu Onkologické
kliniky 1. [ékafské fakulty Univerzity Karlovy a Vseobecné fakultni nemocnice v Praze jiz nékolik
let probiha program zkoumani sloZeni stfevniho mikrobiomu u pacient(i s nemalobunécnym
plicnim karcinomem, renalnim karcinomem a malignim melanomem v pridbéhu terapie inhi-
bitory kontrolnich bod{ imunitni reakce. Cil: Cilem sdéleni je pfiblizit aktualni dostupné infor-
mace o vyznamu fekalni transplantace v onkologii a také predstavit nas aktualné probihajici
vyzkumny projekt.

Klicova slova
fekalni mikrobidlni transplantace — mikrobiom — imunoterapie - inhibitory kontrolnich bod{ -
imunitni reakce — karcinom plic - maligni melanom - renalni karcinom
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FEKALNI MIKROBIALNI TRANSPLANTACE — NOVA MOZNOST OVLIVNENIVYSLEDKU TERAPIE ONKOLOGICKYCH PACIENTU

Summary

Background: The intestinal microbiome is essential for the function of the human body, it affects not only metabolism and digestion, but also
the immune and neurobehavioral systems. The composition of the human intestinal microbiome has been of interest to many scientific teams
around the world in recent years, aided by the rapid development of molecular genetics methods. Intestinal microbiome imbalance (so-called
dysbiosis) can help develop several pathological conditions such as autoimmune diseases or can be involved in the process of carcinogenesis.
Microbiome research in oncology has so far focused most on the effect of intestinal microbiome composition on the effectiveness of checkpoint
inhibitors. Differences in the relative proportions of individual bacterial strains and the overall microbiome diversity in patients treated with
checkpoint inhibitors appear to be related to the efficacy of this therapy. Many projects are currently studying the possibility of manipulating
the composition of the intestinal microbiome, especially by means of fecal microbial transplantation (FMT). Two published clinical studies have
confirmed that it is possible to overcome resistance to checkpoint inhibitor therapy in malignant melanoma with this method and to re-establish
a clinical response after FMT. One of the problems of this effort is the significant diversity in the composition of the microbiome in different po-
pulations. Therefore, knowledge of the microbial composition in a particular population is of key importance. The Department of Oncology of
the 1t Faculty of Medicine at Charles University and the General University Hospital in Prague is part of this effort, where a program to investigate
intestinal microbiome composition in patients with non-small cell lung cancer, renal cell carcinoma and malignant melanoma during checkpoint
inhibitor therapy has been running for several years. Purpose: The aim of the publication is to demonstrate the current information and the im-

portance of fecal transplantation in oncology and also to present our currently ongoing research project.

Key words

fecal microbial transplantation — microbiome — immunotherapy - immune checkpoint inhibitors — immune reaction - lung cancer — malignant

melanoma - renal cell carcinoma

Uvod

Vyznam stfevniho mikrobiomu je studo-
van fadu let a jeho neoddiskutovatelnd
role v trdveni a metabolizmu je dobfe
znama jiz dlouho. Zasadni prilom v této
oblasti vsak nastal relativné neddvno
v souvislosti s rozvojem metod moleku-
larni genetiky, které umoznily detailni
studium slozeni velmi heterogenni mi-
krofléry, vztahy mezi jednotlivymi mik-
roorganizmy a také jejich metabolickou
aktivitu. Postupné se tak zacina odkry-
vat velmi komplexni systém lidského mi-
krobiomu, nejen toho stfevniho, a tim se
také zacina objasrfiovat jeho vyznam pro
lidské zdravi a imunitni systém. Naru-
eni stfevniho mikrobiomu (dysbiéza) je
spojovano s rlznymi patologickymi, ze-
jména autoimunitnimi stavy, typickym
pfikladem jsou idiopatické stfevni za-
néty [1]. Nékteré mikrobidlni druhy vy-
skytujici se ve stfevnim mikrobiomu jsou
asociovany s kancerogenezi, a to nejen
nador( gastrointestinalniho traktu [2,3].
Zaroven se intenzivné zkouma vliv mi-
krobiomu na ucinnost protinddorové
|éCby a jeji nezddouci ucinky [4,5]. | kdyz
pfibyvaji stdle nové informace o vy-
znamu mikrobiomu v onkologii, je zatim
nejvice preklinickych a klinickych dat
o vlivu sloZzeni mikrobiomu na efekti-
vitu imunoterapie, resp. 1é¢bu inhibi-
tory kontrolnich bod0 imunitni reakce
(checkpoint inhibitory). Recentné byly
publikovany vysledky pilotnich klinic-

kych studii, které se snazi slozenim mi-
krobiomu manipulovat pomoci fekalni
transplantace, a ovlivnit tim efektivitu
imunoterapie [6,7]. V tomto ¢lanku uva-
dime aktudlni dostupné informace o vy-
znamu fekdlni transplantace v onkologii
a predstavujeme nds aktualné probiha-
jici vyzkumny projekt. Ten se zabyva vli-
vem slozeni mikrobiomu u pacient(
s nemalobunéénym karcinomem plic
(non-small cell lung cancer - NSCLQ),
malignim melanomem a renélnim kar-
cinomem na probihajici imunoterapii.
U casti pacientl je také provadéna ma-
nipulace mikrobiomu pred zahdajenim
imunoterapie cestou fekalni mikrobidlni
transplantace (FMT).

Stirevni mikrobiom

Diky své konstantni teploté, anaerob-
nim podminkdm a hojnosti substratu
stievo tvori unikatni prostredi pro mik-
robiotu - spole¢enstvi mikroorganizmd.
Stievni mikrobiom je definovan jako
kolektivni genom mikroorganizmd ve
stfevé, jenz ovliviuje rGzné fyziologické
funkce v lidském téle v¢. metabolizmu,
imunitniho a neurobehavioralniho sys-
tému [8,9]. Stfevni mikroflora zajistuje
traveni nestravitelnych ¢asti potravy,
syntetizuje nutri¢ni faktory (napf. vita-
min K) a detoxikuje nékteré potencidlné
skodlivé latky [10]. Mikrobiota napo-
maha metabolizmu |é¢iv, zabranuje ko-
lonizaci patogennich mikroorganizmu

a hraje dulezitou roli ve funkci stfevni
bariéry [11].

Kromé dominantnich bakterii jsou
soucasti stfevniho mikrobiomu houby
(mykobiom), viry (virom) a archea (ar-
chaeom). Jejich funkéni role, vliv na fy-
ziologii a patofyziologii ani jejich inter-
akce mezi sebou navzdjem a hostitelem
nejsou zatim prozkoumany tak jako
u bakterialni slozky stfevniho mikro-
biomu [12], u kterého jsou ale nase zna-
losti i pfes intenzivni vyzkum prozatim
také zna¢né limitované [13]. Podle sou-
¢asnych znalosti je 95 % stfevniho mi-
krobiomu tvofeno ¢tyfmi kmeny: Fir-
micutes, Bacteroidetes, Actinobacteria
a Verrucomicrobia [14]. Nicméné kon-
krétni slozeni a mnozstvi mikrobioty
je velice rozdilné v rlznych ¢astech za-
zivaciho traktu i stfeva; pocet bak-
terii osciluje od 10" na gram obsahu
v jicnu a zaludku az po 10'? na gram ob-
sahu v tlustém stfevé [15]. Kromé roz-
dilu ve sloZeni v rliznych &astech streva
jsou informace o tom, Ze existuje také
axidlni rozdil ve slozeni mikrobiomu -
tedy od lumen k povrchu sliznice
stfeva [16].

Vétsinu stfevniho viromu tvofi bakte-
riofdgy a pouze minoritu zastupuji euka-
ryotické viry. Odhaduje se, Ze bylo iden-
tifikovano pouhé 1 % viromu. Strevni
mykobiom je vyrazné méné diverzifiko-
vany a tvofi malou slozku celého stfev-
niho mikrobiomu. Vétsina studii uvadi
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nejvyssi zastoupeni Ascomytes, nasle-
dovanych Zygomycotes a Basidiomyco-
tes [18]. Nejméné prozkoumanou skupi-
nou stfevniho mikrobiomu je archaeom,
ktery tvofi pfevazné methanogenni Ar-
chea, z nichZ pouze nékolik bylo dosud
izolovano [19].

Pro formovani slozeni stfevni mikro-
bioty je rozhodujicich prvnich 1 000 dni
tory patii zplsob porodu, strava (matef-
ské mléko vs. uméla vyziva) a podavani
antibiotik [20]. Novorozenci narozeni
pfirozenym porodem maji mikrobiotu
podobnou vaginalni mikrobioté matky,
kterd obsahuje prospésné bakterie, za-
timco mikrobiota novorozenctd naro-
zenych cisafskym fezem odrazi kozni
mikrobiotu matky [21,22]. Matefskym
mlékem se prendsi prospésné Bifidobac-
terie, kterd posiluji stfevni bariéru; matef-
ské mléko zaroven obsahuje pro ¢lovéka
nestravitelné oligosacharidy podporujici
rist Bifidobacterii, které je metabolizuji.
S pfechodem na pevnou stravu dochdzi
k formovani komplexniho diverzifikova-
ného strevniho mikrobiomu dospélého
typu [23], kjehoZ ovlivnéni dochazi skrze
napf. antibiotik nebo inhibitord proto-
nové pumpy [24,25].

Jednou z limitaci studia mikrobiomu
je jeho znacnd diverzita napf¥i¢ populaci
a jesté vétsi rozdily mezi populacemi.
Vétsina dat a studii pochdzi z rozvinu-
tych zemi s méstskym Zivotnim stylem,
v terminologii studia mikrobiomu jsou
tyto staty nazyvany akronymem WEIRD
z anglického Western, Educated, Indu-
strialized, Rich and Democratic count-
ries, ale ukazuje se, ze zavéry z nich nelze
aplikovat globalné. Napt. Bacteroides
se vyskytuje dominantné u lidi z USA,
Ciny, Spanélska a Danska, ale malo u lidi
z Malawi, Peru, Ruska nebo Svédska, za-
timco Prevotella je dominantni v Ma-
lawi, Peru a Venezuele ve srovnani s USA
a Kanadou [26].

Vliv strevniho mikrobiomu

na terapii inhibitory kontrolnich
bodt

Jak jiz bylo zminéno vyse, slozeni mikro-
biomu a ptitomnost, resp. nepfitomnost
urc¢itych druh( bakterii ma vyznamny
vliv na u¢innost terapie inhibitory kon-

trolnich bodd. Klinicky vyznamny ¢la-
nek Gopalakrishnana et al pfines| data
o sloZeni ordlniho a stfevniho mikro-
biomu u vice nez 100 pacientd s malig-
nim melanomem podstupujicichimuno-
terapii. Byly popsany vyznamné rozdily
v diverzité a slozeni stfevniho mikro-
biomu pacientl odpovidajicich na Ié¢bu
(tzv. respondér(l) ve srovnani s pacienty
neodpovidajicimi na terapii (s tzv. non-
-respondéry). U respondér(i byla obecné
vyssi diverzita bakterii a relativné vétsi
zastoupeni bakterie Ruminococcaceae.
Predpoklada se, Ze toto pfiznivé slozeni
mikrobiomu vede ke zvyseni systémové
a protinddorové imunitni reakce zpro-
stfedkované zvysenou prezentaci anti-
genu a zlepsenou funkci efektorovych
T bunék v mikroprostredi nadoru [27].
Dalsi prace zkoumajici vysledky inhi-
bitor( kontrolnich bod( v [é¢bé malig-
niho melanomu ukdzala, Ze respondéfi
méli celkové vyssi diverzitu a také vyssi
abundanci rod Ruminococcaceae/Fae-
calibacterium. Naproti tomu non-re-
spondéfi méli nizkou diverzitu s vyso-
kym relativnim vyskytem Bacteroidales.
V této praci provadéli FMT od pacient(
na bezmikrobni mysi, kterym nésledné
inokulovali maligni melanom a |écili
je imunoterapii. Mysi, které dostaly pfi
transplantaci mikrobiom od respon-
dérh, mély lepsi odpovéd na imunote-
rapii [28]. Vysledky vyzkumu ukazuji, ze
se sloZzeni mikrobiomu u respondérli na
imunoterapii je odlisné u rGznych inhibi-
tor( kontrolnich bod(. U pacientl s ma-
lignim melanomem, ktefi byli 1é¢eni ipi-
limumabem nebo nivolumabem byla
pozorovana lepsi odpovéd na lécbu,
pokud méli stfevni mikrobiom oboha-
ceny o Faecalibacterium prausnitzii, Bac-
teroides thetaiotamicron a Holdemania
filiformis. Oproti tomu respondéfi pfi te-
rapii pembrolizumabem méli strevni mi-
krobiom obohaceny o bakterii Dorea
formicogenerans. Spole¢nym prvkem
vsech respondér bylo vyssi zastoupeni
Bacteroides caccae [29]. Fakt, Ze ve slo-
zeni mikrobiomu respondér(i a non-re-
spondérd je signifikantni rozdil, potvr-
dila i metaanalyza ¢tyf metagenetickych
studii. Strevni mikrobiom respondéra
byl obohacen o Ruminococcaceae, Fae-
calibacterium, Ruminococcus bicirculans
a Barnesiella intestinihominis, strevni mi-

krobiom non-respondérd byl oboha-
cen o Bacteroides thetaiotaomicron,
Adlercreutzia, bakterie Mogiumfidolifa-
ciens, Mogiiumfidolifaciens [30]. U pa-
cientd s NSCLC a karcinomem ledviny
byla odpovéd na inhibitory kontrolnich
bodl asociovana s relativnim vyskytem
bakterie A. muciniphila ve stfrevnim mi-
krobiomu. Zaroven bylo popsdno ne-
zadouci pusobeni antibiotik, které byly
podavany 2 mésice pred zahajenim te-
rapie inhibitory kontrolnich bod( nebo
v jejim prabéhu. Jejich podavani vedlo
ke zhorsené odpovédi na imunoterapii.
Na mysich modelech bylo prokazano, ze
pokud byla po antibiotické terapii pro-
vedena peroralni suplementace bakte-
rie A. muciniphila, efektivita imunotera-
pie se opét zlepsila [6]. Pravé vliv uzivani
antibiotik na uc¢innost imunoterapie Ize
povazovat za nepfimy didkaz naznacu-
jici, ze sloZzeni mikrobiomu a jeho zmény
hraji zasadni roli. Nejméné v 11 publi-
kovanych studiich byl pozorovan ne-
gativni Ucinek antibiotik na vysledek
imunoterapie u rlznych nadorovych
onemocnéni [31].

Neméné podstatné je, Ze na mo-
delu bezmikrobnich mysi, kterym byl
transplantovan mikrobiom od respon-
dérl a nasledné inokulovany nadorové
buriky NSCLC, byla pozorovéna vétsi
efektivita imunoterapie. Zaroven nebyl
pozorovan rozdil v preziti mysi po FMT
od respondéri nebo non-respondérq,
pokud jim byl inokulovan nador a ne-
byly [é¢eny imunoterapii. Samotné pfi-
znivé slozeni mikrobiom{ se tedy pro-
jevi az pfi terapii inhibitory kontrolnich
bodd [6].

Problém s interpretaci aktualné do-
stupnych praci spociva v tom, ze jejich
vysledky jsou velmi rozdilné. Zda se, ze
nékteré bakteridlni kmeny, jako je napf.
Firmicutes, jsou obecné spojeny s lepsi
odpovédi na imunoterapii, ale jedno-
znacné zavéry nelze provést. Mdme
k dispozici hodné preklinickych dat, ale
vysledkd klinickych studii je malo. Prvni
dvé klinické studie faze | byly publiko-
vany v lednu 2021 a obé se zabyvaly
FMT u pacientl s malignim melanomem
[é¢enych inhibitory kontrolnich bodd.
V obou byla provadéna FMT u pacientt
rezistentnich na imunoterapii, aby se
zjistilo, zda je mozné rezistenci preko-
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Tab. 1. Testovani krve a stolice pro
kontrolu darcli na potencialné pre-
nosné onemocnéni [37].

Obecny krevni test
cytomegalovirus
virus Epstein-Barrové
virus hepatitidy A
virus hepatitidy B
virus hepatitidy C
virus hepatitidy E
syfilis

HIV-1 a HIV-2
Entamoeba histolytica

kompletni krevni obraz s diferencia-
lem + sedimentace

C-reaktivni protein, albumin, kreati-
nin a elektrolyty, aminotransferazy,
bilirubin, gama-glutamyltransferaza,
alkalicka fosfatéza

Obecné vysetieni stolice
detekce Clostridium difficile

detekce strevnich patogent,
v¢. Salmonella, Shigella

Campylobacter, Escherichia coli 0157
H7, Yersinia, enterokoky rezistentni
na vankomycin, Staphylococcus au-
reus rezistentni na meticilin, gramne-
gativni multirezistentni bakterie

norovirus

antigeny a/nebo kyselé rychlé bar-
veni pro Giardia lamblia a Criptospo-
ridium parvum

prvoci (v¢. Blastocystis hominis)
a helminti

test na okultni krvaceni ve stolici

HIV - virus lidské imunodeficience

nat zménou stfevni mikrofléry. V prvni
studii provedli FMT u 15 pacientl a pro
Sest z nich to mélo jednoznacny klinicky
pfinos. Autofi uvadéji, ze FMT v kombi-
naci s inhibitory kontrolnich bodd zmé-
nila stfevni mikrobiom a pfeprogramo-
vala mikroprostredi nadoru, a tim byla
prekonana rezistence vidi terapii inhi-
bitory kontrolnich bodu [32]. Ve druhé
studii provadéli reindukci imunoterapie

v kombinaci s FMT u 10 pacient( s anti-
-PD-1 refrakternim metastatickym me-
lanomem a klinickou odpovéd pozoro-
vali u tfi pacientl (1x kompletni remise,
2x parcialni remise) [33]. Aktualné pro-
biha nékolik desitek prospektivnich kli-
nickych studii, na zakladé jejichz vy-
sledkd budeme schopni Iépe pochopit
vztah mezi imunoterapii, mikrobiomem
a antibiotiky.

Fekalni transplantace

FMT je metoda, kdy se aplikuje mik-
robidlni eluat ze stolice darce do gas-
trointestindlniho systému pfijemce
s cilem zménit sloZeni pfijemcova stiev-
niho mikrobiomu. Zatim jedinou stan-
dardni indikaci je perzistujici infekce
C. difficile, ale pokus( o vyuziti i v jinych
oborech, v¢. onkologie, pfibyva [18].
FMT muze byt podévana do horniho
gastrointestinalniho traktu cestou na-
sogastrické sondy nebo do proximalni
¢asti tenkého stfeva pomoci gastrofibro-
skopie. Vyrazné méné casto se FMT pro-
vadi formou enterosolventnich kapsli.
Pokud se FMT aplikuje do dolniho zazi-
vaciho traktu, je provadéna kolonosko-
picky do oblasti vzestupného tra¢niku
nebo pomoci retenc¢nich klystyrG. Nej-
Castéjsi ze vSech vyjmenovanych metod
podani je kolonoskopické podani [34].
Zatim neexistuje jednoznacny proto-
kol na pripravu bakteridlniho eluatu
k transplantaci. Rozdil v efektivité po-
dani ¢erstvého nebo (z ddvodu sklado-
vani) zmrazeného bakteridlniho eludtu
nebyl pozorovén [35].

FMT je pomérné bezpecnad metoda,
dle systematického review, které analy-
zovalo data z let 2000-2020 byl vyskyt
nezadoucich Gc¢inkd po probéhlé FMT
19 %, z toho 1,4 % zavaznych. Nejcas-
t&ji se jednalo o prijmy (10 %) a bfisni
diskomfort (7 %), nicméné byly hlaseny
i zdvazné multirezistentni infekce, které
byly velmi vzacné i fatalni. Podle této
prace byly zdvazné nezaddouci ucinky
Castéjsi pfi provedeni FMT do horniho
gastrointestindlniho traktu [36].

Vybér vhodného darce stolice je pro
uspésnou lé¢bu FMT krucidlni. Pro vybér
darcl stolice na FMT z indikace infekce
C. difficile existuje doporuceny evropsky
konsenzus, na zékladé kterého by méli
byt dérci vybirani. Doporucuje se pouziti

vstupniho dotazniku a u vhodnych darct
se dale pristupuje k podrobnému scree-
ningu infekénich nemoci z krve a stolice
(tab. 1), tak aby se snizilo riziko pfenosu
infekce z darce na pfijemce. Darce pod-
stupuje vysetreni krevniho obrazu a bio-
chemie z krve [37]. Z téchto obecnych
doporuceni je mozné vychézet i v onko-
logii a aplikovat je na potencidlni darce
stolice pro onkologické pacienty.

Podle metaanalyzy dostupnych dat
neexistuje zadny vyznamny rozdil ve vy-
sledku a Uspésnosti FMT v 1é¢bé klostri-
diové infekce mezi anonymnim darcem
a konkrétnim vybranym darcem (napf.
rodinny pfislusnik) [38]. Proto se zaci-
naji vytvaret ve vétsich centrech banky
se vzorky stolice od anonymnich darc.
Nicméné v onkologickych indikacich
jesté neni stanoveno, jaky dérce je nej-
vhodnéjsi, zda se md aplikovat stolice od
zdravého dérce bez onkologického one-
mocnéni nebo od darce se stejnou on-
kologickou diagnézou, ktery dobfe od-
povida na terapii (respondér). Dosud
publikované klinické studie faze I, které
testovaly FMT u pacientd s melanomem
jako darce stolice pro FMT, volily pacienty
se stejnou onkologickou diagnézou,
v jedné studii byli pouze dva dérci a oba
méli kompletni remisi maligniho mela-
nomu po terapii inhibitory kontrolnich
bodd po dobu minimalné 1 roku [32], ve
druhé studii bylo sedm darcd s melano-
mem, ktefi méli na této terapii kompletni
nebo parcialni remisi [33].

Popis vyzkumného projektu

Na Onkologické klinice 1. LF UK a VFN
v Praze aktualné probihd vyzkumny pro-
jekt se zaméfenim na zjistovani slozeni
a manipulaci fekalniho mikrobiomu on-
kologickych pacientt. Projekt ma dvé
hlavni klinickd ramena — observacni a in-
tervencni.V intervenénim rameni se pro-
vadéji fekalni transplantace u pacient(
s NSCLC pred zahajenim imunoterapie.
Nacasovani FMT je tedy jiné nez v dosud
publikovanych pracich, kde se k FMT pfi-
stupuje az pfi progresi na imunoterapii.
Jako donofi stolice pro pfipravu eludtu
jsou vybirani pacienti s NSCLC, ktefi méli
dlouhodobou nebo vyznamnou od-
povéd na terapii inhibitory kontrolnich
bodu. FMT je provddéna pomoci gastro-
fibroskopie, a to do proximalni ¢asti ten-
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FEKALNI MIKROBIALN

TRANSPLANTACE - NOVA MOZNOST OVLIVNEN

VYSLEDKU TERAPIE ONKOLOGICKYCH PACIENTU

kého stfeva za vizudlIni kontroly, ¢imz
se snizuje riziko vzniku pfipadnych ne-
zadoucich udalosti, jako je aspirace. Pa-
cienti jsou pfipravovani den pred vyko-
nem prokinetiky a laxativy. FMT je velmi
dobre tolerovdna a nevyskytly se dopo-
sud zadné zdvazné nezadouci pfihody
spojené s timto vykonem.

V druhém, observa¢nim rameni jsou
u pacientt s NSCLC, malignim melano-
mem a karcinomem ledviny sledovany
zmény ve slozeni mikrobiomu v prd-
béhu terapie inhibitory kontrolni bod.

Zavér

Studium stfevniho mikrobiomu je ak-
tudlné jedna z nejdynamictéjsich ob-
lasti medicinského vyzkumu, ¢emuz od-
povida i exponencidlni rlst praci, které
se tomuto tématu vénuji. | pfes tento
zajem je stale vice otdzek nez odpovédi
a je tfeba vyckat dalsich vysledkd. Jed-
nim z uskali vyzkumu mikrobiomu je
mezipopulaéni diverzita a pouze ome-
zend moznost aplikovat vysledky mezi-
narodnich studii na konkrétni populace.
Proto jsou dllezité lokalni projekty ma-
pujici slozeni mikrobiomu v konkrétni
populaci. Takovy projekt probihd v ramci
vyzkumu na 1. |ékaiské fakulté Univer-
zity Karlovy ve V3eobecné fakultni ne-
mocnici a jeho vysledky Ize pfedpokla-
dat v roce 2024. Jsme pfesvédceni, ze
jediné kombinace lokalnich dat s mezi-
narodnimi udaji pfi meziinstitucionalni
kooperaci mize pfFinést relevantni vy-
sledky a mGze vést k pouzivani FMT v kli-
nické praxi.
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meningeomu mozku

Prognostic and predictive factors of brain meningiomas
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Souhrn

Vychodiska: Meningeomy jsou ¢astymi primarni nadory mozku s ro¢ni incidenci 3-8 pfipadu
na 100 000 obyvatel. Pfestoze se vétsinou jedna o benigni onemocnéni, zhorsuje ¢asto svym
charakterem a lokalizaci svému nositeli kvalitu Zivota. Zakladnimi |é¢ebnymi metodami jsou
neurochirurgicka exstirpace nebo stereotaktické ozéreni. Obé metody dosahuji velmi dobrych
|é¢ebnych vysledkd, presto ¢ast pacient( trpi recidivou onemocnéni vyzadujici dalsi intervenci
s rizikem vzniku nebo zhorseni neurologického deficitu. Nevelké meningeomy bez riistové ten-
dence a s absenci symptomatologie byvaji ¢asto sledovany. Na druhou stranu se nelze spokojit
s dlouhodobymi vysledky |é¢by meningeom(l s agresivnéjsim biologickym chovanim. Zna-
mym rizikem recidivy meningeomd je vyssi grade, casto je vsak obtizné identifikovat podsku-
piny, které vykazuji prospéch z kombinované neurochirurgické operace a radioterapie, resp.
u kterych je vhodné hledat cesty k dalsi eskalaci 1é¢by, a to i za cenu jistych vedlejsich ucinkd.
Pro rozvoj personalizované mediciny se perspektivné jevi analyza hormondlni, cytogenetické
i epigenetické vybavy nadora. Cil: Cilem prace je shrnout poznatky o epidemiologii, [é¢ebnych
algoritmech a prognéze meningeom@ mozku a navrhnout perspektivni prognostické a predik-
tivni faktory pro maximalné individualizovanou terapii.

Klicova slova
meningeom - stereotaktickd radiochirurgie — cytogenetika — epigenetika

Summary

Background: Common primary brain tumors are meningiomas with year incidence 3-8 cases
per 100 000 people. Even though we mainly speak about benign disease, with its character and
localization, it worsens the life quality to its bearer. The main therapeutic methods are neu-
rosurgery extirpation and stereotactic radiosurgery. Despite reaching very good therapeutic
results with both methods, some of the patients suffer with recurrence of the disease requiring
other interventions with the risk of creating or worsening a neurological deficit. Small menin-
giomas without growing tendency and with the absence of symptomatology are observed.
On the other hand, we cannot be satisfied with long-term results of the therapy of meningio-
mas with more aggressive biological behavior. A higher grade is a known risk of meningioma
recurrence; however, it is often difficult to identify subgroups that show advantage of a com-
bination of neurosurgery and radiosurgery, respectfully at which it is appropriate to look for
ways to treatment escalation, and that is with the risk of side effects. The analysis of hormonal,
cytogenetics and epigenetics tumor equipment seems to be the most promising for the deve-
lopment of personalized treatment. Purpose: The aim of this work is to sum up the facts about
epidemiology, treatment algorithms and the prognosis of brain meningiomas and to suggest
perspective prognostic and predictive factors for maximally individualized therapy.

Key words
meningioma - stereotactic radiosurgery — cytogenetics — epigenetics
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PROGNOSTICKE A PREDIKTIVNI FAKTORY MENINGEOMU MOZKU

Uvod

Meningeomy jsou nadory centralniho
nervového systému pochdzejici nej-
Castéji z cepickovych bunék (cap cells)
arachnoidey. S ro¢ni incidenci 3-8 pfi-
padl na 100 0000 obyvatel predstavuji
zhruba tfetinu vsech primarnich tumor(
CNS, coz z nich ¢ini vibec nejcastéjsi
typ nadoru CNS [1,2]. Incidence menin-
geoml roste s vékem, s prudkym narus-
tem po dosazeni 65 let, coz v kontextu
postupného starnuti populace zvysuje
i prevalenci onemocnéni.

Obvykle se jedna o nadory benigni,
které se mohou vyskytnout napfic celou
kraniospindlni osou a dle své lokalizace
se projevuji neurologickou symptoma-
tologii, a to at uz irita¢ni (epileptogenni
aktivita, bolesti hlavy, tinnitus), tak za-
nikovou (motoricky ¢i senzitivni defi-
cit). V pripadé lokalizace pfi bazi lebni
se meningeomy mohou projevovat po-
ruchami zraku ¢i endokrinnimi vypadky.
Za povsimnuti stoji také popisovand zvy-
sena aktivace koagula¢ni kaskady u pa-
cientl s meningeomem, coz by mohlo
znamenat vy3si riziko tromboembolic-
kych komplikaci [3]. Meningeomy jsou
viak také casto ndhodnym nélezem
s asymptomatickym pribéhem.

Rizikové faktory lze pro prehled-
nost rozdélit na endogenni a exogenni.
Mezi endogenni fadime Zenské pohlavi
(pomér sanci (odds ratio) 2-4 : 1), one-
mocnéni neurofibromatézou 2. typu, Li-

-Fraumeniho syndrom, MEN1 syndrom,
onemocnéni von Hippel-Lindau ¢i Cow-
denovu chorobu. Za prokazané exo-
genni rizikové faktory Ize povazovat io-
nizujici zafeni a hormondlni |é¢bu, oboji
v zavislosti na dévce [4].

Aktudlné platnd WHO klasifikace
z roku 2021 rozdéluje meningeomy do
3 gradd a 15 histopatologickych pod-
typu (tab. 1) [5]. Podle této klasifikace
jsou tumory oznacovany jako grade 1,
2 nebo 3 na zékladé histopatologickych
a nové také cytogenetickych znakd.
Z histopatologie je popisovana zvy-
Sena mitoticka aktivita, invaze tumoru
do mozkové tkané, vysoky nukleo-cy-
toplazmaticky pomér, makronuklearita,
hypercelularita nebo spontdnni nekréza
v nadorovych bunkach. Z cytogenetiky
jmenujme napf. zmény KLF4/TRAF7,
SMARCE1, BAP 1, promotoru telome-
rdzové reverzni transkriptdzy (TERTp)
nebo inhibitoru cyklin-dependentni ki-
nazy 2A/B (CDKN2A/B). V naprosté vét-
Siné (80-85 %) jsou meningeomy kla-
sifikovany jako benigni G1 a Ize u nich
ocekavat casto indolentni pridbéh.
Presto je v literatufe popisovéano az 10 %
recidiv v 10letém obdobi po radikalni
excizi [1] a az 15 % 5letych recidiv v pfi-
padé, kdy je metodou prvni volby ra-
dioterapie [2]. Naproti tomu G3 menin-
geomy (maligni varianta), jejichz ¢etnost
se udava kolem 1,5 %, jsou spojeny s 80—
100% jistotou 5leté recidivy a $patnou

Tab. 1. Rozdéleni jednotlivych histologickych typt dle gradingu, souvisejici cyto-
genetické zmény, dle WHO klasifikace 2021.

WHO grade |
Benigni
sekretoricky — KLF4/TRAF7
meningoteliomatdzni
psammomatézni
mikrocysticky
fibroblasticky

bohaty na
lymfoplazmocyty

angiomatézni
metaplasticky

smiSeny

WHO gradelll
Atypicky
chordoidni - SMARCE1
svétlobunécny

atypicky

WHO grade lll
Maligni
papilarni — BAP1
rhabdoidni - BAP1

anaplasticky

prognézou. Atypické (G2) meningeomy
se vyskytuji s cetnosti zhruba 15 % a vy-
kazuji nejvyssi variabilitu v mife 5leté
rekurence, kterd je popisovana zhruba
v 50 % piipadd, coz z nich dlouho cinilo
nejvétsi ofisky pro stanoveni evidence-
based managementu terapie [6].

Z doposud uvedeného lze vyvodit,
Ze existuji podmnoziny klinicky agresiv-
néjsich G1 tumortd s vétsim potencia-
lem c¢asné recidivy. Stejné tak ve skupiné
G2 mohou existovat podmnoziny s pfiz-
nivé;jsim klinickym prabéhem a relativné
mensim rizikem recidivy. Navzdory vé-
deckému pokroku v poslednich letech
i implementaci cytogenetickych nélezl
do nové WHO klasifikace zUstavaji sta-
vajici algoritmy Ié¢by v nékterych pfi-
padech nedostatecné. V budoucnu by
se méla stat cilem individualizovana te-
rapie pro kazdého pacienta zaloZzend na
znalosti genetickych i epigenetickych
prediktorud biologického chovani nadoru
(tab. 1).

Lécba

Zékladnim lé¢ebnym pfistupem v terapii
meningeom v piipadé pristupnosti tu-
moru a Unosnosti pacienta k operaci je
neurochirurgickd exstirpace s cilem do-
sazeni maximalni mozné radikality vy-
konu. K hodnoceni radikality vykonu
je uzivana pétistupriova klasifikace dle
Simpsona (tab. 2), pomoci které operatér
udava radikalitu vykonu od makrosko-
picky kompletniho odstranéni tumoru
vC. excize pfilehlé dury a patologicky po-
stizené kosti (Simpson 1) az po prostou
dekompresi ¢i biopsii (Simpson 5, tab. 2).
Za radikaIni vykon lze povazovat exstir-
paci stupné 1-3 dle Simpsona. Subto-
talni resekce je povazovdéna za nezavisly
prognosticky faktor ¢asné recidivy. Dal-
$imi nezavislymi prognostickymi faktory
pro dfivéjsi recidivu jsou lokalizace tu-
moru v zadni jdmé lebecni, jaderné aty-
pie a zvy$eny MIB-1 index [7].

U skupiny meningeom(, které vzhle-
dem ke svému umisténi v tésném kon-
taktu s cévnimi strukturami nejsou
bezpecné pfistupné radikdlnimu chirur-
gickému odstranéni, protoze roste riziko
morbidity a mortality spojené se snahou
o maximalni radikalitu vykonu, je volen
spise subradikalni operacni vykon. V tako-
vych pfipadech je alternativou i stereotak-
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tické ozafeni, které Ize vyuZzit jak pro pri-
marni 1écbu, tak pro ozafeni operacnich
rezidui ¢i recidiv. Stereotaktické ozareni
Ize jako primérni modalitu [é¢by vyuzit
také v pripadé, kdy je pacient vzhledem ke
svému celkovému zdravotnimu stavu ne-
unosny pro chirurgické reseni.

Pfi stereotaktickém ozéafeni je dosa-
Zeno dobré 5leté lokdlni kontroly, ktera
se pohybuje kolem 85 % [2]. Srovnani
ucinnosti obou hlavnich lé¢ebnych
metod nebylo prospektivné hodnoceno,
v retrospektivnich souborech je zkreslo-
vano odlisnou skladbou pacient( a loka-
lizaci tumord.

Zafeni Ize do tkani dorucit linedrnimi
urychlovaci nebo specialnimi pfistroji,
jako jsou Cyber knife nebo Gamma knife.
Pozadovanou davku zareni Ize apliko-
vat odlisSnymi zpUsoby, které Ize rozdélit
do dvou zékladnich skupin, a to stereo-
takticka radiochirurgie a stereotaktickd
radioterapie (normo- a hypofrakcio-
novanad). V nasem prostfedi je toto roz-
déleni chapano obvykle tak, ze ste-
reotaktickd radiochirurgie predstavuje
»single shot” 1é¢bu. Hypofrakcionovand
stereotaktickd radioterapie poté zna-
mena ozafeni ve 2-5 frakcich, normo-
frakcionovana radioterapie pak obvykle
30 frakci do celkové davky 54 Gy.

Podle metaanalyzy autor( ze Stanford-
ské univerzity jsou obé stereotaktické
techniky bezpe¢nymi metodami pro
[é¢bu intrakranidlnich meningeoma [8].
Stereotakticka radioterapie nicméné pfi-
nasilepsiradiologickou kontrolutumoru,
cidenci polé¢ebnych symptomatickych
nezddoucich ucinkad, v¢. edému mozku
bezprostfedné po 1é¢bé; to vie pfi vyraz-
ném rozdilu stredniho objemu tumord,
ktery byl u stereotaktické radiochirurgie
2,84 cm?® ve srovnani s hypofrakcionova-
nou radioterapii (5,45 cm?) a normofrak-
cionovanou radioterapii (12,75 cm?).

V kontextu nize uvedeného je také
zajimavé srovnani stfednich okrajo-
vych dévek radioterapie, které u stereo-
taktické radiochirurgie ¢inily ,pouze”
15,2 Gy, nacez u hypofrakcionované ra-
dioterapie to bylo 33,75 Gy a u normo-
frakcionované radioterapie az 53,5 Gy.
V tomto pfipadé by bylo lepsi srovnavat
spiSe biologicky efektivni davku (tab. 3),
coz vsak v pfipadé radiochirurgickych

e N
Tab. 2. Klasifikace radikality vykonu dle Simpsona.
Simpson 1 Makroskopicky kompletni odstranéni s excizi pfilehlé tvrdé plény
a patologicky zménéné kosti. Zahrnuje i resekci splav pokud
jsou infiltrovany.
Simpson 2 Makroskopicky kompletni resekce a koagulace pfilehlé dura
mater
Simpson 3 Makroskopicky kompletni resekce tumoru bez resekce nebo koa-
gulace prilehlé dura mater
Simpson 4 Parcidlni resekce tumoru
Simpson 5 Prostad dekomprese, resp. biopsie tuomoru
/
Tab. 3. Srovnani biologické efektivni davky pfi riznych davkovacich schématech
radioterapie meningeomu.
Déavkové schéma 1% 15 Gy 5% 6,5 Gy 30x 1,8 Gy
Biologicky efektivni davka 60 75 73

rezimU neni Uplné korektni vzhledem
k tomu, ze platnost LQ modelu je expe-
rimentalné platna predevsim v rozmezi
2-8 Gy (tab. 3).

Systémova lécba meningeomd je
vzhledem k Gcinnosti vyse zminénych
metod nevyznamna a efekt zkouSenych
|éCiv je navic velmi nizky. Pro Uplnost za
zminku stoji IFN-alfa, agonisté somato-
statinovych receptorl (pasireotid) a in-
hibitory vaskularniho endotelidlniho
rdstového faktoru (bevacizumab). Probi-
haji studie hodnotici efekt imunoterapie
(pembrolizumab, nivolumab, avelumab)
¢i jeji kombinace s radiochirurgii.

Lécebny algoritmus
V managementu lé¢by je nezbytna mul-
tidisciplinarni spoluprace mezi neuro-
chirurgy, radia¢nimi onkology, radiology,
patology, genetiky a dal$imi specialisty
a individudlni pfistup ke kazdému pa-
cientovi se zvéZzenim mnoha faktord v¢.
preferenci pacienta samotného.

RadikaIné exstirpované G1 menin-
geomy (Simpson 1-3) jsou po operaci
standardné sledovany klinicky a radiolo-
gicky s eventualni reoperaci nebo ozare-
nim v pfipadé recidivy. Lé¢bu tumord po
subtotalni resekci Ize doplnit radiotera-
pii (obr. 1).

U radikalné exstirpovanych G2 tumor(
je dle nejnovéjsich poznatkdl mozno pa-

cienta po operaci sledovat a v pfipadé
recidivy zvazit reoperaci ¢i adjuvantni
radioterapii [9].

G3 tumory jsou indikovany k ad-
juvantni radioterapii vzdy, je-li to
mozné [10].

V neposledni fadé nelze opomenout
moznost konzervativniho postupu v pfi-
padech, kdy je ndlez meningeomu inci-
dentalomem a nepusobi svému nositeli
potize.V takovém pfipadé se doporucuje
pravidelnd observace pacienta (obr. 1).

Davkovani radioterapie a objem
tumoru jako faktory ovliviujici
progresi
Stanoveni optimalni [é¢ebné davky za-
feni maze byt ¢astym dilematem ra-
dia¢nich onkologt, zvlasté pokud se
meningeom ¢i jeho reziduum nachazi
v paraselarni oblasti nebo v tésné bliz-
kosti dllezitych nervovych struktur, pre-
devsim optického nervu. Nizké davky
mohou byt pfi¢inou Spatné lokdIni kon-
troly tumoru. Naopak pfilis vysoké davky
zvysuji riziko nezadoucich ucinkd, ze-
jména radionekréz. Na nasem oddéleni
ozafujeme meningeomy obvykle dévko-
vacimi schématy 1x 14 Gy, 3x 7 Gy nebo
5% 6 Gy, dle velikosti a vztahu tumoru
k optické draze, resp. mozkovému kmeni.
Podle prace Cohena-Inbara et al [11]
dosahuji pacienti [éCeni stereotaktic-
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utlak, prani
pacienta,
symptomy

Magneticka
rezonance:
meningeom

ani utlak

Histologie,
stupen resekce

__ 7adné symptomy,

WHO stupen |, subtotalni
nebo parcidlni resekce

WHO stupen I,
totalni resekce

WHO stupen lll, subtotalni
nebo parcialni resekce

WHO stupen llI

$patny klinicky
stav
lécba

" $patnyklinicky

stav

pozorovani

WHO stupen |,
totalni resekce

frakcionovana radioterapie nebo kombinace
se stereotaktickou radiochirurgii

frakcionovana radioterapie nebo pozorovani; RTOG-0539 ukazuje, Ze je
mozno pockat s adjuvantni radioterapii az po reoperaci pro recidivu

frakcionovana radioterapie

experimentalni chemoterapie, frakcionovana radioterapie
nebo radionuklidova terapie peptidovych receptori

frakcionovana
radioterapie nebo

iy ozorovani
stereotakticka P
radiochirurgie —
chirurgicky histologie,
zékrok stupen resekce
pozorovani

Schéma 1. Lécebny algoritmus meningeomd.

RTOG - Radiation Therapy Oncology Group

kou radiochirurgii s okrajovymi dav-
kami > 16 Gy vyrazné lepsi dlouhodobé
lokdIni kontroly tumoru nez pacienti |é-
¢eni okrajovymi davkami < 16 Gy. Dese-
tiletého intervalu bez progrese se dozilo
v pfipadé davek > 16 Gy 95,7 % pacient(.
Pfi davkach < 16 Gy se jednalo pouze
0 82,1 % pacient(.

Objem tumoru pfed samotnym za-
hajenim radioterapie je ocekdvatelnym
faktorem ovliviujicim selhdni [écby
a ¢asnou progresi. Podle prace autor(
citovanych vyse se riziko selhani radio-
chirurgie zvy3uje od objemu > 14 cm?3.
U vétsich meningeom( je nutné oza-
feni provést ve vice frakcich, avsak se za-
chovanim vyse uvedenych okrajovych
davek.

Ki-67/MIB-1 prediktorem vyssi
radiosenzitivity?

Jak jiz bylo naznaceno vyse, stavajici
WHO klasifikace i pres implementaci nej-

Castéjsich genetickych aberaci neumoz-
fuje plnohodnotnou predikci odpovédi
nadoru na radioterapii. Je tedy potieba
hledat nové cesty k zajisténi individua-
lizované terapie pro kazdého pacienta.

Exprese lidského proteinu Ki-67 je v or-
ganizmu asociovana vyhradné s bunéc¢-
nym délenim, kdy je tento protein vysta-
ven na povrchu chromozom v priibéhu
mit6ézy. Naopak v interfazi buné¢ného
cyklu je protein ,uschovadn” v blizkosti
jadra, coz z Ki-67, potazmo z monoklo-
nalni protilatky MIB-1 namifené pravé
proti tomuto proteinu ¢ini vyborny pro-
lifera¢ni marker. Udava se obvykle v pro-
centech vyjadfujicich mitoticky index,
tj. podil délicich se bunék z celku. V li-
teratufe lze dohledat jasnou souvislost
pravé mezi indexem Ki-67/MIB-1 a gra-
dingem meningeomu. Stiedni hodnoty
pro jednotlivé grady jsou 3,8a 17 %.

Z prace autori Haddada et al dokonce
vyplyvd, Ze zvyseni indexu MIB-1 nad

4,5 % je nezavislym prognostickym fak-
torem pro dfivéjsi recidivu onemocnéni
po radikalni exstirpaci. Navic pacienti
s MIB-1 > 4,5 % po radikalni exstirpaci
maji podobné riziko recidivy jako pa-
cienti, u kterych byla provedena pouze
subtotalni resekce, coz by pfi pohledu na
vyse uvedeny algoritmus |é¢by mohlo
inklinovat k dvahdm o kombinované
[é¢bé téchto nalezd. Stanoveni hranice
na 4,5 % potvrzuje vyse uvedenou hy-
potézu, ze v G1 skupiné meningeom(
pravdépodobné existuje podmnozina
tumord s vy$sim rizikem recidiv po ope-
raci a horsiho klinického prabéhu [7].
Ki-67/MIB-1 index tedy vyjadfuje pro-
cento délicich se bunék nadoru. Se zvy-
Sujicim se procentem roste riziko ¢asné
recidivy, coz z tohoto indexu ¢&ini pro-
gnosticky faktor. Pohledem radiacnich
onkologu by se vsak stejny index mohl
stat také faktorem prediktivnim, jelikoz
u tumord s vyssim mitotickym indexem
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Tab. 4. Rozdéleni meningeoml podle methyla¢nich skupin.
Meth.ylacnl Benigni 1 Benigni 2 Benigni 3 Prechodna A Piechodna B Maligni
skupina
TRAF7, KLF4,
Mutace NF2 SMO, AKT1 NF2 NF2, TERT NF2, TERT
22q delece, 22q delece, 1p,
Cytogenetika 22q delece balancovana zfgk(i(:zc;’ 22q§§I§:§, 1p 1p delece, 10 delece,
CDKN2A delece  CDKN2A delece
Lo fibroblasticky, sekretoricky, pfe- angiomatézni, fibroblasticky, -

Dominujici y , , . " , L , atypicky, L

. . prechodny, chodny, menin- prechodny, pfechodny, S anaplasticky
histologie e - _— I N anaplasticky

atypicky goteliomatdzni atypicky atypicky

Pohlavi 76 % zeny, 85 % zeny, 64 % zeny, 55 % zeny, 64 % zeny, 45 % zeny,
pacienta 24 % muZzi 15 % muzi 36 % muzi 45 % muzi 36 % muzi 55 % muzi
Dominujici
lokalizace konvexitarni selarni konvexitarni konvexitarni konvexitarni konvexitarni
tumoru
Median doby
do progrese nedosazeno nedosazeno nedosazeno 920 920 20
(mésice)

Ize ocekdvat také vétsi a rychlejsi odpo-
véd' na radioterapii. Toho by se dalo vy-
uzit pro vznik pfesnéjsich algoritmi
Ié¢by i davkovacich schémat eventuadlni
radioterapie [7,12,13].

Na cesté k individualizované terapii se
z onkologického hlediska jevi zajimavé
také nové moznosti v zobrazovani mag-
netické rezonance. ,Amide proton trans-
fer” (APT) je technika umoznujici zobra-
zeni mobilnich (pohyblivych) protein(
v Zivé tkani. Studie ukazaly, ze sila sig-
nalu spojend pravé s APT (APT signal in-
tensity — APTSI) koreluje s malignitou
tumord (napft. glioblastoma). Zvysena
APTSI byva spojovana s pohybem cyto-
solickych proteinC a peptidd u proliferu-
jicich nddorovych bunék a podobného
principu by mélo byt mozno vyuzit také
u meningeom [14]. MozZnost stanoveni
malignity tumoru s vyuZitim magnetické
rezonance by umozniovala zkvalitnéni
a zpresnéni managementu terapie bez
zatiZzeni pacienta invazivnimi zakroky.
V obou téchto oblastech je vSak nepo-
chybné zapotrebi dalsiho vyzkumu.

Geneticka vybava meningeomti
jako prognosticky a prediktivni
faktor

Posledni dekada pfinesla fadu novych
poznatkl ohledné genetickych, epi-

genetickych a molekuldrnich alteraci
meningeomd, které pomohly zpfesnit
diagnostiku a umoznily Iépe posoudit ri-
zikovost horsiho klinického pribéhu in-
dividudlné u konkrétniho pacienta.

Obecné a dle o¢ekdvani Ize Fici, Ze me-
ningeomy vyssich gradt kumuluji vice
chromozomalnich aberaci nez G1. Mezi
nejcastéji popisované chromozomalni
aberace patfi ztrata kratkého raménka
chromozomu 22. Z dalSich Ize zminit
napf. ztraty 1q 14q nebo 10q. Posledné
zminénou aberaci obvykle pozorujeme
u G3 meningeom{, ale témérf vibec se
nevyskytuje u G2. Néktefi autofi do-
konce navrhuji stanovit ji jako ,rozliso-
vaci” marker mezi G2 a G3.

U vyssich gradd meningeoml Ize ¢as-
téji dohledat také nékteré mutace spo-
jované s horsi prognézou. Za zminku
stoji napft. ztrata BRCAT (breast cancer
susceptibility gene 1) asociovaného pro-
teinu 1 (BAP-1), mutace v TERTp, ztra-
tové mutace v p53 nebo inhibitoru
CDKN2A/B.

BRCAT1 je tumor supresorovy gen,
jehoz mutace, jak zndmo, predisponuje
ke vzniku karcinomu prsu ¢i ovaria. In-
tenzivni vyzkum genu v poslednich le-
tech ukazal, Ze proteiny asociované
s BRCA geny jsou zapojeny do fady bu-
nécnych procesd. Mimo jiné tyto pro-

teiny pfispivaji k reparaci DNA, regulaci
transkripce v reakci na poskozeni DNA
a také zodpovidaji za chromozomalni
stabilitu a fidi homologni rekombinaci,
tedy chrani pfed poskozenim genomu.
Pfi poskozeni genu vznikaji nefunkéni
proteiny, coz vede k deregulaci bunéc-
ného déleni [15].

Podobnd situace nastavd u ztratové
mutace v tumor supresorovém pro-
teinu p53, ktery je Uzce spjat s regulaci
bunéc¢ného rlstu a apoptdzy. Pii ztra-
tové mutaci produkty genu ztraceji své
funkce, coz vede k nadmérné bunécné
proliferaci. Na stejném principu Ize vy-
svétlit také mutaci inhibitoru cyklin-
-dependentni kinazy 2A/B, ktera se bez
svého inhibitoru stava hyperfunkéni,
a vysledkem je opét zvysend bunécna
proliferace a rychlejsi rlist (progrese)
tumoru [16,17].

Z hlediska radia¢ni onkologie a pre-
dikce lepsi odpovédi na lécbu se déle
jako zajimavé jevi alterace v signaliza¢ni
draze PI3K-AKT1-mTOR. Zejména mu-
tace v AKT1 je v literatufe opakované
spojovana s vyssi mirou recidivy menin-
geoml a ¢asté&jsi lokalizaci pfi bazi lebni.
Také Krippel-like factor 4 (KLF4), resp.
inaktiva¢ni mutace prokazand v tomto
regulatoru buné¢ného déleni, vede
k rychlejsimu rlistu nadord [18,10].
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Vdechny vyse uvedené mutace ve
svém dusledku mohou znamenat na
jedné strané horsi prognézu onemoc-
néni a vyssi riziko ¢asné recidivy po ope-
raci, na strané druhé pak vyssi radio-
senzitivitu. Tyto hypotézy je vsak nutno
podrobit dalsimu klinickému vyzkumu.

Dynamika a mira regrese
meningeom v zavislosti na
hormonalni vybavé

Mezi velmi zajimavé aspekty menin-
geomU patii exprese hormonalnich
receptorl. Znamé jsou somatostati-
nové receptory, které lze v pfipadé
diagnostickych rozpakd vyuzit pro
potvrzeni ¢i vyvraceni diagnézy Octreo-
Scanem. Exprese somatostatinovych re-
ceptorli se dle dostupné literatury vy-
razné nelisi mezi jednotlivymi grady, coz
z nich ¢ini zajimavy cil pro vyvoj novych
[é¢iv. Na druhé strané diky tomuto faktu
nelze o somatostatinovych receptorech
uvazovat v kontextu predikce odpovédi
na radioterapii ¢i brzké, nebo naopak
pozdni recidivy po primarni 1écbé.

Z dalsich hormondlnich receptorl
se vyskytuji v 88 % progesteronové, ve
40 % estrogenové a ve 39 % androge-
nové receptory, coz mize ¢aste¢né vy-
svétlovat vyssi incidenci meningeomu
u zen. Zajimavé je, Ze estrogenové a an-
drogenové receptory se vyskytuji signifi-
kantné castéji u nizsich gradud (G1). Jesté
zajimaveéji se jevi zjisténi, ze estrogen-
-pozitivni tumory s sebou nesou vyssi
prolifera¢ni index nez estrogen-nega-
tivni tumory, coz by mohlo naznacovat
lepsi a rychlejsi reakci na ozareni [6].

Globalni DNA metylace a jeji vliv
na casnou recidivu
Metylace DNA je epigeneticky mecha-
nizmus zahrnujici pfenos metylové sku-
piny na patém uhliku cytosinu, ¢imz
vznikd 5-metylcytosin. Timto mechaniz-
mem je regulovéna exprese gend a byla
prokdzadna nepfima uméra mezi mirou
metylace DNA a stupném malignity na-
doru. Jinymi slovy — ¢&im mensi miru me-
tylace u nddoru prokazeme, tim vyssi
malignitu a horsi prlibéh onemocnéni
Ize oekavat.

V multicentrické studiizroku 2017 bylo
analyzovédno 479 meningeom se sta-
novenim jejich globalni metylace DNA

a k tomu byly vysetteny dalsi vyse zmi-
néné genové i chromozomalni aberace.
Na zakladé miry metylace DNA se poté
podafilo rozdélit meningeomy do 6 sku-
pin (methylation class — MC) s rozdilnym
klinickym chovanim: MC benigni 1-3,
MC intermediate A B a MC maligni.

V kontextu metyla¢nich skupin je
velmi zajimavé zpétné rozloZeni menin-
geomU podle WHO gradingu, kde by-
chom v pfipadé dostacujici WHO klasifi-
kace ocekavali korelaci mezi gradingem
a metyla¢nimi skupinami. WHO grade 1
meningeomy byly zpétné rozloZeny do
MC benignich 1-3, coZz samo o sobé je za-
jimavé, protoZe to potvrzuje vyse vyslo-
venou hypotézu o existenci podmnozin
benignich meningeom s klinicky agre-
sivnéjsim chovanim. WHO grade 3 me-
ningeomy odpovidaly maligni skupiné
MC.WHO grade 2 meningeomy neodpo-
vidaly metyla¢nim skupindm a byly roz-
trouseny naptic¢ véemi Sesti skupinami.
NejdulezitéjSim vystupem z této analyzy
je fakt, Ze jednotlivé MC jsou ve srovnani
s WHO klasifikaci schopny Iépe prediko-
vat klinicky prbéh onemocnéni a riziko
recidivy, coz by mélo byt cennym po-
znatkem jak pro planovani radioterapie,
tak v budoucnu pro zpfesnéni a Upravu
algoritma [é¢by [19] (tab. 4).

Zavér

Meningeomy tvofi zhruba jednu tie-
tinu vSech primarnich intrakranial-
nich tumor( CNS. Jejich incidence roste
s vékem, coz s ohledem na demograficky
vyvoj obyvatelstva CR mGze v budoucnu
znamenat dalsi rdst incidence. Vzhle-
dem k tomu, Ze meningeomy jsou nej-
Castéji benigniho charakteru a vétsina
jich je radikalné fesitelnd neurochirur-
gickou exstirpaci nebo primarni radiote-
rapii s dobrou dlouhodobou lokalni kon-
trolou, mohlo by se zdat, ze tyto tumory
stoji na pokraji zajmu radiacnich onko-
logl. Pravdou vsak je, Ze nase pozndani
a lécebné algoritmy rozhodné nejsou ve
vsech pfipadech optimélni, o ¢emz vy-
povidaji vyse popsané nedostatky i v sa-
motné WHO klasifikaci.

Posledni dekada pfinesla fadu no-
vych poznatku jednak v genetické, epi-
genetické a molekuldrni vybavé me-
ningeom, jednak také v radia¢nich
davkovacich schématech ¢&i technickém

pokroku jiz p¥i diagnostice magnetickou
rezonanci. VSechno zde uvedené mélo
za Ukol stru¢né a prehledné shrnout tyto
nové poznatky, podtrhnout potfebu
prohlubovani znalosti a nabidnout cesty
dalsiho vyzkumu v této oblasti na cesté
k individualizované terapii a vyvoji opti-
malizovanych modelU pro jednotlivé pa-
cienty tak, jak je tomu v jinych oblastech
onkologie.

Jako nejzajimavéjsi sméry pro vyzkum
se v kontextu vyse uvedeného jevi DNA
metylacni profily, které diky svoji predik-
tivni hodnoté a vyssi pfesnosti maji po-
tencidl obratit v budoucnu WHO klasi-
fikaci naruby. Limitaci je aktualné cena
a doba potiebna k metyla¢ni analyze
DNA. Z genetickych aberaci se jevi jako
nejzajimavéjsi alterace v signalizac¢ni
draze PI3K-AKT1-mTOR; z dalsich pak vy-
uziti Ki-67/MIB-1 indexu nebo hormo-
nalni receptorova vybava jednotlivych
nadorl pti hledani optimalnich davko-
vacich schémat. Pokroku v této oblasti
vsak kromé dalSiho vyzkumu nelze do-
sahnout bez multidisciplinarni spolu-
prace neurochirurgt, radiacnich on-
kologl, patologll, genetikl a dalSich
odbornikd.
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ORIGINAL ARTICLE

Comparison of the efficiency of peripheral blood
stem cell apheresis on the blood cell separators

Porovnani Ucinnosti aferézy perifernich kmenovych bunék

na separatorech krevnich bunék
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*Immunology and Molecular Oncology, Epworth Healthcare, East Melbourne, VIC, Australia
“Department of Chemotherapy of Hemoblastoses, National Cancer Institute, Kyiv, Ukraine

Summary

Background: Stem cells apheresis is a key step in the process of the autologous stem cell transplan-
tation. Available blood cell separators (BCS) have different efficiency due to the technical characte-
ristics and influence of the operator. Materials and methods: Retrospectively, data were collected of
the peripheral blood stem cells apheresis performed using available BCS manufactured by Fresenius
(ComTec and Amicus) in the National Cancer Institute Ukraine from 2017 to 2020. The collection
efficiency coefficient (CEC) was calculated, the formula for predicting the total volume of processed
blood (TVPB) was adapted for each separator. Results: The analysis included data from 60 patients
(total of 92 apheresis procedures). The mean CEC was established at the level of (53.8 + 36.6)% for the
Amicus device and (44.2 + 37.3)% for the ComTec device; P = 0.22. The lower product volume was ob-
tained using the Amicus device compared to the ComTec device; P =2x107. The amount of collected
stem cells was comparable in both groups (5.8 + 5.7) x10%/kg and (4.1 £ 3.1) x10%kg, respectively;
P = 0.064. The adaptation of the formula for predicting the TVPB to achieve the optimum amount of
stem cells was performed. Conclusion: The CEC for each device was within the generally accepted
limits of 30-50%, and did not differ significantly. Nevertheless, using of the Amicus BCS allowed to
collect lower volumes of the product, maintaining other characteristics of the product competitive.

Key words
autologous transplantation — stem cells - efficacy - blood cell separation - cell separation - leu-
kapheresis - Amicus — ComTec

Souhrn

Vychodiska: Aferéza kmenovych bunék je v procesu autologni transplantace kmenovych bunék kli-
¢ovym krokem. Dostupné separatory krevnich bunék (blood cell separators — BCS) maji diky svym
technickym vlastnostem a vlivem obsluhy rliznou Ucinnost. Materidl a metody: Retrospektivé byla
shromazdovana data z aferéz perifernich kmenovych bunék provedenych pomoci dostupnych BCS
od vyrobce Fresenius (ComTec a Amicus) v Ukrajinském narodnim onkologickém institutu (National
Cancer Institute Ukraine) v letech 2017-2020. Byl vypocitan koeficient ucinnosti odbéru (collection
efficiency coefficient — CEC) a pro kazdy separator byl upraven vzorec pro predikci celkového ob-
jemu zpracované krve (total volume of processed blood - TVPB). Vysledky: Analyza dat 60 pacient(
(celkem 92 provedenych aferéz). Primérné hodnoty CEC byly (53,8 + 36,6) % pro pfistroj Amicus
a (44,2 £ 37,3) % pro pristroj ComTec; p = 0,22. Pii pouziti pfistroje Amicus byl ziskan nizsi objem
produktu v porovnani s pfistrojem ComTec; p = 2x10”7. Mnozstvi odebranych kmenovych bunék
bylo v obou skupinach srovnatelné: (5,8 + 5,7) x10%kg pro Amicus a (4,1 £ 3,1) x10%kg pro Com-
Tech; p =0,064. Aby bylo dosazeno optimalniho mnozstvi kmenovych bunék, byla provedena Gprava
vzorce pro odhad TVPB. Zdvér: Hodnoty CEC pro oba pristroje byly v obecné akceptovaném rozmezi
30-50 % a vyrazné se nelisily. Nicméné pfi pouZiti pristroje Amicus bylo dosazeno nizsich objem
produktu, pficemz ostatni charakteristiky byly srovnatelné.

Klicova slova
autologni transplantace - kmenové bunky - G¢innost — separace krevnich slozek - separace
bunék - leukoferéza - Amicus — ComTec
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COMPARISON OF THE EFFICIENCY OF PERIPHERAL BLOOD STEM CELL APHERESIS ON THE BLOOD CELL SEPARATORS

Introduction

High dose chemotherapy (HDCT) follo-
wed by autologous stem cell transplan-
tation (ASCT) is utilized as a standard
treatment for multiple hematological
malignancies and some solid tumors [1]
and can significantly improve the sur-
vival of patients [2-6]. To ensure the ef-
fectiveness of graft function and timely
recovery of hematopoiesis after ASCT,
a sufficient number of a patient’s stem
cells need to be collected prior to start-
ing the HDCT (conditioning regimen).
Hematopoietic stem cells are usually
mobilized into the peripheral blood by
a short course of subcutaneous injec-
tions of granulocyte-colony-stimulat-
ing factor (G-CSF, filgrastim), and then
collected with one or multiple leuka-
pheresis procedures. According to the
European Group for Blood and Marrow
Transplantation (EBMT) recommenda-
tions, in order to guarantee a quick re-
covery of blood counts after transplant,
the collected peripheral blood stem cells
(PBSC) should contain = 2x10° CD34*
cells/kg of patient’s body weight [7-9].
A number of factors can influence the
effectiveness and the duration of PBSC
apheresis, including the concentra-
tion of hematopoietic stem cells in the
peripheral blood on the day of collec-
tion, platelet count, hematocrit, blood
cell separator (BCS) specifications, type
of software used, the operator’s expe-
rience etc. [7,9-11]. Before starting the
apheresis, the total volume of processed
blood (TVPB), a key parameter, needs to
be chosen as it can affect both the du-
ration and the efficiency of the proce-
dure. In fact, the choice of an insufficient
TVPB can lead to the unsuccessful col-
lection, whereas opting for an excessive
TVPB can affect an already weak patient
by: prolonging patient’s stay in a forced
position, and increasing the risk of hy-
pocalcemia/hypomagnesemia induced
tetany (without appropriate replace-
ment therapy), or increasing the risk of
bleeding due to a decrease in the plate-
let count at the end of the apheresis
procedure [9].

The purpose of our work was to deter-
mine the collection efficiency coefficient
(CEC) of the PBSC using BCS available
at the Department of Oncohematology

of the National Cancer Institute (NCI),
Ukraine, manufactured by Fresenius
(ComTec and Amicus), as well as to adapt
the formula for predicting the TVPB for
each of the devices.

Materials and methods

The data on the procedure of PBSC
apheresis in patients of the Department
of Oncohematology of the NCI from
2017 to0 2020 on the ComTec BCS and the
Amicus BCS manufactured by Fresenius
were collected retrospectively. We an-
alyzed the complex impact of the mul-
tiple factors on efficiency of the collec-
tion. These included: demographic (age,
gender) and disease (diagnosis, disease
status at the time of collection) charac-
teristics, the TVPB adopted, blood cell
counts (hematocrit, platelet and leuko-
cyte level) and the level of circulating
CD34* cells at the beginning of collec-
tion, and the use of plerixafor [“Mosifer”,
1.2 mL] prior to collections. The prognos-
tic risk factors for poor mobilization that
were analyzed were: age > 60 years, ad-
vanced stage of the underlying disease,
number of previous therapies, prior
treatment with fludarabine, melphalan
and lenalidomide, low CD34* cells level
before apheresis, and low platelet count
prior to it [7].

The parameter for starting the apher-
esis was the presence of at least 20 cir-
culating CD34* cells/uL, detected in the
patient’s blood by standard cytofluori-
metric methods on the day of collection.
The additional use of plerixafor was in-
dicated in patients who had previously
failed to mobilize sufficient numbers of
stem cells with standard regimens, or
collected insufficient numbers of PBSC,
or in whom the number of circulating
CD34* cells/uL after 4 days of mobiliza-

tion with G-CSF was >10 but < 20 [7]. In
addition, some patients who initially had
high risk of poor mobilization were of-
fered the use of plerixafor at the first at-
tempt to mobilize.

The definition of ‘poor mobilization’
included either the inability to per-
form apheresis due to low CD34* cells
in the peripheral blood after mobili-
zation (< 20 cells/pL) or the inability to
collect at least 2x10%/kg CD34* cells for
a maximum of four consecutive days of
apheresis.

The TVPB was chosen independently
by an experienced operator of a BCS
based on a standard approach. For pa-
tients who did not have risk factors for
poor mobilization and had a sufficient
amount of the PBSC (= 20 cells/uL) on
the day of collection, apheresis was
used from the TVPB amounting to 2 or
3 volumes of circulating blood (VCB) of
a patient. For patients with a high risk
of unsuccessful mobilization apheresis
with a larger TVPB was used, equal to
4 or 5 the patient’s VCB [12-14]. To ob-
jectify the choice of the TVPB by tak-
ing into account the parameters of the
BCS available in the Department of On-
cohematology, the CEC was analyzed
retrospectively.

The level of stem cells (SC) of the prod-
uct was determined by flow cytome-
try. The result of the collection was de-
fined as the amount of SC in the product
perkg of patient’s body weight.

For both BCS, the CEC was calculated
according to the standard formula 1 [15],
and the CEC of both separators were
compared.

The TVPB forecasting formula has
been adapted for each of the BCS availa-
ble in the department from the standard
formula 2 [16]

{ CEC (%) =

(SC of the product (cells/pL) x volume of the product (mL)) « 100% W
(TVPB (mL) x PBSC (cells/uL)) ’

Formula 1. CEC - collection efficiency coefficient, SC - stem cells, TVPB - total volume
of processed blood, PBSC - peripheral blood stem cells

PBSC (cells/pL) x CEC (%)

{ Result of product ((10° cells)/kg) =

body weight (kg)

X TVPB (mL) }

Formula 2. PBSC - peripheral blood stem cells, CEC- collection efficiency coefficient,

TVPB -total volume of processed blood

Klin Onkol 2022; 35(6); 448-453

449
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Tab. 1. Distribution by demographic characteristics, hemogram parameters, diagnosis and disease status.

Parameters
age (years)

female

gender* male

hematocrit (%)

platelet level (x10° cells/mL)

leukocyte level (x10° cells/mL)

Ewing’s sarcoma
Hodgkin lymphoma

diagnosis* multiple myeloma

complete response

T partial response
minimal response

progression of disease

N

non-Hodgkin lymphoma

very good partial response

~
Both groups Amicus ComTec
36.7+12.0 404 +12.7 39.0£11.3
P=0.56
30 (51.6 %) 19 (63.3 %) 13 (40.6 %)
22 (48.4 %) 11 (36.7 %) 19 (59.4 %)
P=0.08
36.4+12.0 40.2 +28.0 33.2+124
P=0.21
101.3 £54.8 88.9+55.8 1143 £51.6
P =0.086
33.8+23.1 35.5+18.1 323 +26.7
P=0.52
1(1.6 %) 1(3.3%) 0 (0.0 %)
31 (50 %) 18 (60 %) 13 (40.6 %)
24 (38.7 %) 10 (33.3 %) 14 (43.8 %)
6 (9.7 %) 1(3.3%) 5(15.6 %)
P=0.14
17 (27.4 %) 7 (23.3 %) 10(31.2 %)
6 (9.7 %) 1(3.3 %) 5(15.6 %)
33(53.2%) 17 (56.7 %) 16 (50 %)
2(3.2%) 1(3.3 %) 1(3.1 %)
4 (6.5 %) 4 (13.3%) 0 (0 %)
P=0.108
*The following factors like gender, diagnosis, and disease status were calculated not by the number of collection attempts but by
the number of patients. If one patient passed the collection on both separators, he was considered in both groups.

Statistical data processing was per-
formed using EZR v.1.35 (Saitama Med-
ical Center, Jichi Medical University,
Saitama, Japan, 2017). Descriptive sta-
tistics methods were used to present
the results of the study. The arithme-
tic mean is (X), the error of the mean
is SX, and the standard deviation is o.
The differences between samples were
evaluated by Student'’s parametric crite-
rion. In all cases, the critical level of sig-
nificance is taken at the level 0.05. In the
analysis of discrete indicators, the com-
parison between the groups was carried
out by constructing conjugation tables
and using the exact Fisher or X2-Pearson
criteria. The pairwise intergroup analy-
sis was performed using the Bonferroni
amendment.

Results
In this study, we analyzed 92 stem cell
apheresis procedures from 60 patients
(28 males and 32 females). The mean
age of patients was 36.7 £ 12.0 years. The
apheresis procedures were performed
using the ComTec (Fresenius Kabi, France)
device in 32 patients, with a total of 48 pro-
cedures performed; and the Amicus (Fre-
senius Kabi, France) device in 30 patients,
with a total of 43 procedures. The data on
patient demographic characteristics, key
hematological parameters, the distribution
of diagnoses and the status of the achieved
response at the time of apheresis in the
two groups are presented in Tab. 1; the dif-
ferences were not statistically significant.
We then compared the two groups
for indicators directly related to the mo-

bilization procedure and collection, in-
cluding the number of patients at risk of
failed mobilization; the use of plerixafor;
the selected TVPB and the circulating
CD34* cell number on the day of aphere-
sis. The data are presented in Tab. 2. The
two groups did not differ in the selected
TVPB, the level of CD34* cells on the day
of apheresis and the frequency of the
use of plerixafor. However, the group of
patients who were collected using the
Amicus BCS included a higher number
of patients with factors associated with
unsuccessful mobilization: 48.8% vs.
27.1% (P = 0.05).

Nevertheless, the analysis of grafts
from each group showed that the av-
erage numbers of the CD34* cells ob-
tained from both separators were sat-
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Table 2. Parameters of the PBSC mobilization and collection A
Parameters Both groups Amicus ComTec
no 57 (62.6 %) 22 (51.2 %) 35(72.9 %)
risk of failed mobilization yes 34 (37.3 %) 21 (48.8 %) 13 (27.1 %)
P=0.05
TVPB (mi) 12645.5 + 3 290.5 12604.7 +£3 148.24 12682.1 £3445.8
P=0.91
yes 10 (11 %) 7 (16.3 %) 3(6.2 %)
use of plerixafor no 81 (89 %) 36 (83.7 %) 45 (93.8 %)
P=0.18
PBSC (cells/uL) 84.2+81.6 81.6 £92.1 86.6 +71.9
P=0.78
TVPB - total volume of processed blood, PBSC - peripheral blood stem cells
\_ J

Table 3. Results of apheresis.

- isfactory and comparable: (5.8 £ 5.7)
x10%/kg for Amicus BCS and (4.1 £ 3.1)

Parameters Both groups Amicus
296.4 + 148.8 2174 +61.8
volume of the product (mL) >
P=2x10"
stem cell level in the product 1540.2+1663.2 2107.9+2162.5
(cells/pL) P=0.0016
. s 49146 58+5.7
collection (x10° cells/kg)
P =0.064

ComTec
367.2 + 166.6

1031.6+747.4

41+3.1

TVPB - total volume of processed blood, PBSC - peripheral blood stem cells

x10%/kg for ComTec BCS (P = 0.064)
(Fig. 1, Tab. 3), respectively. However, sig-
nificant differences in the volume of the
obtained product and the concentration
of PBSC per unit volume of the product
were revealed.

We observed that using the Amicus
device, the final product had a smaller
volume (217.4 + 61.8 mL) compared to
the ComTec device (367.2 £ 166.6 mL)
(P = 0.000). Therefore, the CD34* cell

\_ _/ concentrations in the product of the two
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Fig. 1. Number of CD34+ cells collected per kilogram of body  Fig. 2. Collection efficiency coefficient for each device.
weight of patients for each device.
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A B C
1
2 Patient's name
3
4
5
b
7
8
2 THE DESIRED RESULT
10 OF THE COLLECTION
11
12

W

13
14 Gnllecth:n 4 x 10°6 cells/kg WPEI)
15

16 Collection 3 x 106 cells/kg TVPB

17
18 | Collection 2 x 106 cells/kg
19

Amicus

Comtec

CEC (DO NOT CHANGE!)) 0,538

0,442

[Body weight (kg) |

|cD34+ (cells/ul) |

—

Amicus Comtec
35175
26,535 32,299
17 896 21,783

@< |
@

ENTER PATIENT S BODY
WEIGHT (KG)

ENTER PBSC LEVEL
(CELLS/pI)

CALCULATED REQUIRED TVPEB

)

Fig.3.The view of the spreadsheet editor created to predict the required total volume of processed blood before apheresis procedure.
CEC - collection efficiency coefficient, PBSC - peripheral blood stem cells, TVPB -total volume of processed blood

groups were: 2 107.9 £+ 2 162.5 cells /pL
(Amicus) and 1 031.6 + 747.4 cells/uL,
(ComTec), respectively (P = 0.0016).

The next part of the analysis was the
CEC calculation for both separators.
For the Amicus BCS, the mean CEC was
53.8 + 36.6%, and for ComTec BCS, it was
44.2 + 37.3%, P = 0.22 (Fig. 2). Thus, the
CEC indicators for both separators were
comparable and were not lower than
the acceptable range 30-50% [15].

Further, we adapted the formula used
to predict expected TVPB that must be
processed to achieve the optimal num-
ber of PBSC for transplantation; this was
performed for each of the devices.

Thus, having calculated the CEC for
each of the devices and the target re-
sult of the collection and patients’ data
(body weight and number of CD34+* cells
on the day of apheresis), one can predict
the required for this TVPB procedure.

To use the formula when planning
apheresis in each of the patients in Excel
is convenient, a spreadsheet editor was
created to be used as an algorithm to
predict the required TVPB for this pro-
cedure. According to this algorithm, to
perform calculations in the appropriate
columns for a given separator that will
be used, itis necessary to enter the PBSC
level on the day of collection (cells/pL)

and the patient’s weight (kg). The table
will automatically calculate the TVPB,
which is required for SC collection of
2x10%/kg, 3x10¢kg or 4x10%kg (Fig. 3).

Discussion
Our analysis showed that when using
the ComTec and Amicus BCS used in the
Department of Oncohematology of the
NClI, the CEC was not less than the gen-
erally accepted range of 30-50% and did
not differ significantly between the two
devices. It was noted that in the group
of patients whose collections were per-
formed on the Amicus BCS, there was
a higher number of those who had risk
factors for unsuccessful collection, with
other comparable indicators and com-
parability of the collection. Such data
may indicate the feasibility of using this
device during apheresis in patients at
higher risk of unsuccessful collection.
The characteristics of the PBSC ob-
tained as a result of apheresis on both
devices of the product also did not differ
in most parameters. However, it is note-
worthy that the volume of the prod-
uct, obtained using the Amicus device
was smaller, which in turn led to the re-
duced use of dimethylsulfoxide (DMSO),
which is a necessary reagent during
the PBSC cryopreservation procedure

and represents 5-10% of the total vol-
ume of cryopreserved product [17].
Thus, in some patients, the risks asso-
ciated with the DMSO transfusion dur-
ing the SC transfusion were reduced and
the number of SC transfusion days was
reduced [17-19].

In the routine practice of our de-
partment before the conducted anal-
ysis, the TVPB was chosen by the oper-
ator based on the standard approach
and experience of the operator. Now,
the calculation in the Excel spreadsheet
editor is available to determine and
standardize this parameter prior to the
procedure.

Adapting the formula for predicting
the total blood volume that needs to be
processed to achieve the optimal num-
ber of stem cells for transplantation re-
quires validation in a prospective study
and will allow us to determine more ac-
curately the parameters of stem cell
apheresis in the future.

Thus, after performing calculations as
a local practice for performing the PBSC
apheresis in our department, the Amicus
device is preferred over the ComTec de-
vice. A prospective evaluation of the ob-
tained data is carried out to further vali-
date the TVPB calculations, as well as to
optimize current collections.
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Conclusion

The CEC for each device was within the
generally accepted limits of 30-50%,
and did not differ significantly. Never-
theless, using of the Amicus BCS allowed
to collect lower volumes of the product,
maintaining other characteristics of the
product competitive.
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POVODNA PRACA

Kardiovaskularne komplikacie u pacientov po
alogénnej transplantacii krvotvornych buniek —

Uloha kardiomarkerov

Cardiovascular complications among hematopoietic cell
transplantation survivors — the role of cardiomarkers

Harvanova L."? Labska V.!, Bojtarova E.!, Hrubisko M. Batorova A.', Dubrava J.3, Gergel J.4,

Mladosievicova B.°
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5 Ustav patologickej fyzioldgie, LF UK, Bratislava

Sudhrn

Vychodiskd: Alogénna transplantacia kmenovych krvotvornych buniek (TKB) sa stala lieceb-
nou modalitou pre mnohé maligne a nemaligne ochorenia. Pocet dlhodobo prezivajucich
pacientov sa neustdle zvysuje. Transplantacia moze zapricinit poskodenia réznych organov
a tkaniv — od minimalnych potencialne progredujucich subklinickych zmien az po zivot ohro-
zujuce stavy. Ciefom tejto prace bolo vyhodnotit prognosticki hodnotu vysokosenzitivneho
kardialneho troponinu T (hs-cTnT) a N-terminalneho fragmentu mozgového natriuretického
peptidu (NT-proBNP) v diagnostike kardiotoxicity, ako aj v¢asnej identifikacie vysokoriziko-
vych pacientov z hladiska mozného vzniku kardiadlnej komplikacie po alogénnej TKB. Subor
pacientov a metédy: Subor tvorilo 63 pacientov s hematologickymi malignitami s media-
nom veku 37 rokov v Case alogénnej TKB. Kardialne biomarkery boli vySetrované pred po-
danim pripravného rezimu (PR) a derl +1, +14 a +30 po TKB. Systolicka a diastolicka funkcia
bola vyhodnotena echokardiograficky pred podanim PR a 1 mesiac po TKB. Vysledky: Zmeny
v koncentraciach NT-proBNP a hs-cTnT v priebehu 30 dni po TKB boli $tatisticky vyznamné
(p < 0,001 vs. p=0,02). U 7 pacientov (11,1 %) sa objavila kardiovaskularna komplikdcia, ktora
bola definovana ako arytmia, perikardidlny vypotok s tamponddou srdca a srdcové zlyhanie.
Multivariantnou analyzou sme zistili, Ze najsilnejsim prognostickym faktorom kardialnych kom-
plikacii bolo sucasné pretrvévanie zvysenych hodnot NT-proBNP a hs-cTnT s odstupom 14 dni
od TKB (p < 0,0001). Pri sti¢asnej pozitivite obidvoch kardialnych markerov v den +14 po TKB
bola zaznamenana najlepsia hodnota oblasti pod krivkou (area under the curve — AUC) (0,95).
Zdver: Opakované meranie plazmatickych koncentracii NT-proBNP a hs-cTnT méze byt uzitoc-
nym markerom pre véasnu detekciu poskodenia srdca u pacientov liecenych alogénnou TKB
a moze identifikovat pacientov s vysokym rizikom rozvoja kardiotoxicity. Sucasna pozitivita
obidvoch kardiomarkerov bola silnejsim prognostickym markerom ako len pozitivita jedného
z nich.

v
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Summary

Background: Allogeneic hematopoietic stem cell transplantation (HSCT) offers potentially curative therapy for numerous malignant and nonma-
lignant diseases. The number of survivors and length of follow-up after successful HSCT is continually increasing. HSCT can induce damage of
various organs and tissues — from minimal potentially progressive subclinical changes to life-threatening conditions. The aim of this thesis was to
assess the prognostic value of high sensitive cardiac troponin T (hs-cTnT) and N-terminal pro-B-type natriuretic peptide (NT-proBNP) testing and
early identification of patients at high risk of a cardiac event after allogeneic HSCT. Patients and methods: Sixty-three patients with the median
age of 37 years at the time of allogeneic HSCT for hematologic diseases were studied. Cardiac biomarkers were serially measured before condi-
tioning regimen and at days 1, 14 and 30 after HSCT. Cardiac systolic and diastolic functions were assessed before the conditioning regimen and
1 month after HSCT by echocardiography. Results: The differences in plasma NT-proBNP and hs-cTnT concentrations during the 30 days following
HSCT were statistically significant (P < 0.001 vs. P = 0.02). Seven of 63 patients (11.1 %) developed a cardiac event defined as cardiovascular dys-
rhythmias, pericarditis with cardiac tamponade and heart failure. By multivariate analysis, the strongest prognostic factor of cardiac event was an
increased level of hs-cTnT and NT-proBNP persisted for a period of 14 days after HSCT (P < 0.0001). The area under the curve from hs-cTnT testing
plus NT-proBNP testing together (AUC = 0.95) was superior to each diagnostic modality alone. Conclusion: Measurements of plasma NT-proBNP
and hs-cTnT concentrations might be a useful tool for identification of high-risk patients requiring further cardiological follow up. Measurement
of hs-cTnT plus NT-proBNP together was superior to hs-cTnT and NT-proBNP measurements alone.

Key words

allogeneic hematopoietic stem cell transplantation - cardiac biomarkers — cardiotoxicity — acute complications

Uvod

Transplantacia kmenovych krvotvor-
nych buniek (TKB) ma nezastupitelné
miesto v liecbe zdvaznych hematolo-
gickych ochoreni a stala sa potenciédlne
kurativnou liecebnou modalitou. Po-
krok v lie¢be a podpornej starostlivosti
0 pacientov s malignymi a nemalig-
nymi hematologickymi ochoreniami vy-
ustil nielen do ich zlepseného celko-
vého prezivania, ale aj do zvy3ujuceho
sa poctu prezivajucich pacientov. Ro¢ne
sa realizuje celosvetovo asi 50 000 trans-
plantacii. Ocakdva sa, ze pocet dlho-
dobo prezivajucich pacientov sa viac
ako zdvojnédsobi z 242 000 v roku
2020 na viac ako pol miliéna v roku
2030[1].

Transplantacie krvotvornych buniek
mézu zapricinit poskodenia réznych or-
ganov a tkaniv - od minimalnych po-
tencidlne progredujucich subklinickych
zmien az po zivot ohrozujuce stavy. Kar-
diotoxicita moéze viest az k ohrozeniu
Zivota po TKB. Carver et al definovali
v€asnu kardiotoxicitu po TKB ako kar-
diotoxicitu vznikajucu pocas podava-
nia pripravného rezimu a s odstupom do
100 dni od TKB [2].

Udaje o vyskyte kardiovaskularnych
(KVS) komplikacii sa v jednotlivych 3tu-
diach lisia, incidencia je uddvana od 1 %
az po 43 % [3]. Riziko umrtia z kardio-
vaskularnej pric¢iny po TKB je 1,7-2,3 na-
sobne vyssie ako v beznej populacii [4].
Medzi vcéasné kardiovaskuldrne kom-
plikacie po TKB patri srdcové zlyhanie,

arytmie, koronarna artériovd choroba,
ischémia a tromboembolizmus [5].

Medzi hlavné rizikové faktory akutnej
kardiotoxicity patri kumulativna davka
antracyklinov (ANT) a ich podanie s ¢a-
sovym odstupom menej ako 60 dni
pred TKB, pocet cyklov chemoterapie
(CHT) pred TKB, cyklofosfamid v pri-
pravnom rezime, anamnéza srdcového
ochorenia alebo reakcia Stepu proti
hostitelovi (graft versus host disease -
GvHD) [6].

Véasnd identifikacia rizikovych pa-
cientov z hladiska mozného rozvoja kar-
diotoxicity predstavuje primarny ciel
hematoonkolégov a kardiolégov. Naj-
vhodnejsia metdda, ktord by dokazala
detekovat a monitorovat progresiu kar-
diotoxicity by mala mat vysoku $peci-
ficitu a senzitivitu, neinvazivnost, opa-
kovatelnost, lahku reprodukovatelnost,
nezavislost od zatazovych podmienok
a finan¢nu nenérocnost. V sucasnosti
pouzivané neinvazivne diagnostické
postupy zahffhaju hodnotenie ejek¢-
nej frakcie lavej komory (EFLK) pomo-
cou echokardiografického vysetrenia,
ktorad vsak ukazala nizku diagnosticku
senzitivitu a nizku prediktivnu hodnotu
v detekcii subklinickej kardiotoxicity.
Odhalenie subklinickych foriem kardio-
toxicity si vyZzaduje pravidelné sledo-
vanie pacientov a monitorovanie para-
metrov, ktoré mozu vcéas upozornit na
postihnutie srdca. Na druhej strane, nie
vsetci pacienti si vyzaduju casté opako-
vané vysetrenie EFLK, nakolko to moze

mat negativny vplyv na celkové naklady
zdravotnej starostlivosti [7].

V sucasnosti sa hladaju diagnostické
metddy, ktoré by vcas identifikovali pa-
cientov ohrozenych rozvojom kardioto-
xicity. Cielom tejto prace bolo zistit prog-
nosticku ulohu kardidlnych biomarkerov
- vysokosenzitivneho kardiadlneho tro-
poninu T (hs-cTnT) a N-terminalneho
fragmentu nétriuretického peptidu typu
B (NT-proBNP) vo vcasnej detekcii kar-
diovaskuldarnych komplikacii po alogén-
nej TKB.

Subor pacientov

Subor tvorilo 63 dospelych pacientov
(39 muzov a 24 zien), ktori podstupili
TKB na Klinike hematolégie a transfu-
ziolégie LF UK, LF SZU a UN Bratislava.
Median veku v ¢ase transplantacie bol
37 rokov (rozsah 19-67 rokov). Styrid-
satstyri (69,8 %) pacientov bolo pred
TKB lie¢enych ANT s medidnom kumula-
tivnej davky (prepocitanej na doxorubi-
cin) 250 mg/m? (rozsah 100-520 mg/m?),
20 pacientov dostalo radioterapiu (RT)
na centralny nervovy systém (CNS) v cel-
kovej davke 24 Gy a 2 pacienti RT na me-
diastinum v celkovej davke 24 Gy. Zdro-
jom kmenovych krvotvornych buniek
bola kostna dreri u 4 pacientov a pe-
riférne kmenové krvotvorné bunky
(PKB) u 59 pacientov. Darcom krvotvor-
nych buniek bol HLA-zhodny surode-
nec v 27 pripadoch a nepribuzensky
darca v 36 pripadoch. Vacsina pacientov
(80,9 %) mala myeloablativny pripravny
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rezim.V rdmci profylaxie GvHD dostavali
pacienti cyklosporin A s metotrexatom.
Akutna GvHD sa objavila u 22 pacientov
a liecba pozostavala z posilnenia imu-
nosupresivnej terapie kortikosteroidom
alebo mykofenolat mofetilom. Piati pa-
cienti boli pred TKB liec¢eni na artériovu
hypertenziu, 3 pacienti mali diabetes
mellitus a 18 pacientov hyperlipidémiu.
Charakteristiky pacientov st uvedené
v tab. 1.

Praca bola schvélena Etickou komisiou
Univerzitnej nemocnice v Bratislave.
Kazdy pacient bol pouceny a podpisal
informovany suhlas.

Metody

Analyzy kardialnych markerov

Spolu bolo vysetrenych 252 vzoriek
u 63 pacientov. Vysetrenie kardidlnych
markerov prebiehalo v spolupraci s Od-
delenim klinickej biochémie Univerzit-
nej nemocnice Bratislava. Vzorky venéz-
nej krvi boli odoberané z centralneho
vendzneho katétra priblizne o 6:00 ho-
dine. Opakované merania plazmatickych
hladin NT-proBNP a hs-cTnT sme realizo-
vali pred zahajenim pripravného rezimu
(PR), 1 den po TKB (D + 1), 14 dni po TKB
(D+14)a30dni poTKB (D + 30). Plazma-
tické koncentracie kardiomarkerov boli
vysetrené ihned' v den odberu prostred-
nictvom elektrochemiluminiscenc¢nej
imunoanalyzy s pouzitim analyzatora
Elecsys 2010 (Roche Diagnostics) pomo-
cou diagnostickej supravy Elecsys hs TnT
STAT (Roche Diagnostics) a Elecsys NT-
-proBNP (Roche Diagnostics). Hodnoty
vyluc€ujuce poskodenie kardiomyocytu
pre hs-cTnT boli < 0,014 pg/l a hodnoty
vylucujuce akutne srdcové zlyhanie pre
NT-proBNP boli pod 450 ng/l u [udi do
50 rokov a pod 900 ng/l u ludi vo veku
50-75 rokov.

Systolické a diastolickeé
echokardiografické parametre
Echokardiografické vysetrenia boli rea-
lizované pred podanim pripravného re-
zimu a 1 mesiac po TKB v spolupraci
s Oddelenim funk¢nej diagnostiky Uni-
verzitnej nemocnice. Systolicka funkcia
bola sledovand prostrednictvom EFLK,
diastolicka funkcia bola hodnotend pro-
strednictvom vrcholovej rychlosti plne-
nia lavej komory vo vcasnej diastole (E),

/Tab. 1. Charakteristika stboru pacientov.
Vek v ¢ase TKB
vek (median) 19-67 rokov

(37 rokov)

Pohlavie
muzi 39
zeny 24
Diagnéza
AML 21
B-ALL 18
T-ALL 2
CML 5
SAA 5
HL 1
OMF/ET 1.1
MDS 9
Predtransplantacna liecba
ANT 44
RT na kranium 20
RT na mediastinum 2

nych buniek

N

AML - akdtna myeloblastova leukémia, ALL — akutna lymfoblastova leukémia,
ANT - antracyklin, ATG - antitymocytovy globulin, BU - busulfan, CML - chronicka
myeloidna leukémia, CY - cyklofosfamid, FLU — fludarabin, GvHD - reakcia Stepu
proti hostitelovi, MDS — myelodysplasticky syndrom, OMF — osteomyelofibréza,
PNH - paroxyzmalna no¢na hemoglobinuria, RT - radioterapia, SAA — tazka aplas-
ticka anémia, TBI - celotelové oziarenie, TKB - transplantacia kmenovych krvotvor-

Typ alogénnej TKB

pribuzenska 27
nepribuzenska 36
Zdroj KB

PKB 59
KD 4
Pripravny rezim

BUCY2 29
TBI+CY 19
CY+ATG 2
BEAM 1

BU+FLU+CY 7
FLU+CY+ATG 2
BU+FLU+ATG 1

FLAMSA 2
GvHD

Akutna GvHD 22

vrcholovej rychlosti plnenia LK v ¢ase
predsienovej systoly (A), pomeru E/A,
decelera¢ného casu v¢asného diastolic-
kého plnenia LK (DT) a ¢asu izovolumet-
rickej relaxacie LK (IRVT).

Statisticka analyza

Zakladné charakteristiky suboru pacien-
tov, ako vek v ¢ase TKB a kumulativna
dévka ANT, boli vyjadrené ako median
a rozsah. Premenné hodnoty (echokar-
diografické parametre) boli vyjadrené
ako priemer + smerodajnd odchylka
(standard deviation - SD). Hodnoty NT-
-proBNP a hs-cTnT boli vyjadrené ako
medidn a medzikvartilové rozpatie.
V pripade nepreukézania normality roz-
loZenia parametrov sme na porovnanie
pouzili Mann-Whitneyov test a Wilcoxo-
nov test, pri preukazani normality roz-

loZenia parametrov sme pouzili Studen-
tov t-test. Pre porovnavanie viacerych
skupin alebo viacerych hodn6t name-
ranych u jedného pacienta sme pou-
zili Kruskal-Wallisov test a test repeated
mesures ANOVA. Asociacie medzi pre-
mennymi boli vyhodnocované prostred-
nictvom Spearmannovho korela¢ného
koeficientu. Signifikantnost vybranych
rizikovych faktorov bola vyhodnoco-
vana pomocou multivariantnej logistic-
kej regresie. Charakteristiky jednotlivych
diagnostickych testov boli vyhodnoco-
vané prostrednictvom ROC (Receiver
Operating Characteristic) kriviek. Na
Statistické spracovanie sme pouzili Sta-
tisticky program MedCalc verzia 14. Za
signifikantny rozdiel sme povazovali
pravdepodobnost nulovej hypotézy
<5 % (p < 0,05).
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Vysledky

V nasom subore sme klinicky vyznamnu
kardiotoxicitu definovanu ako arytmiu,
perikardidlny vypotok s tampondadou
a srdcové zlyhanie zaznamenali u 7 pa-
cientov. Prevalencia kardiotoxicity bola
11,1 %, u 1 pacienta viedla k umrtiu
a u 1 pacienta neumoznila pokra¢ovanie
v protinddorovej liecbe.

V skupine pacientov s klinickou kar-
diotoxicitou sme zaznamenali signifi-
kantne vyssie hodnoty NT-proBNP v der
+1 a den +14 po TKB (graf 1). Signifi-
kantné zmeny hodné6t hs-cTnT u pacien-
tov s a bez klinicky vyznamnej kardioto-
xicity zobrazuje graf 2.

Jednotlivé parametre systolic-
kej a diastolickej funkcie su uvedené
v tab. 2.V naSom stbore sme zazname-
nali signifikantny pokles pomeru E/A
a EFLK po TKB.

Na zadklade multivariantnej analyzy
ndm ako silny prognosticky faktor kli-
nickej kardiotoxicity po TKB vysli ab-
normalne hodnoty NT-proBNP v den
+14 (p = 0,0002), hodnoty hs-cTnT
v den +14 (p = 0,03) a sucasnd poziti-
vita obidvoch kardiomarkerov v den
+14 (p < 0,0001). S tymito prognostic-
kymi faktormi sme dalej pracovali pri vy-

hodnocovani jednotlivych charakteristik
diagnostickych testov (tab. 3).

Charakteristiky jednotlivych
diagnostickych testov
Najvyssia hodnota AUC (area under curve,
plocha pod ROC krivkou - receiver opera-
ting characteristic curve) pre NT-proBNP
bola namerana na den +14 po TKB
(AUC = 0,92) so senzitivitou 100 % (95 % ClI
59,0-100,0) a Specificitou 83,93 % (95 % Cl
71,7-92,4) pri cut-off hodnote > 1411 ng/I.
Vlysokosenzitivny troponin T tiez dosiahol
najvyssiu hodnotu AUC nameranu v den
+14 po TKB (AUC = 0,92). Senzitivita cut-
-off hodnoty > 0,014 ug/| pre hs-cTnT bola
v tomto ¢ase 100 % (95 % Cl 59,9-100,0)
a Specificita 83,93 % (95 % Cl 71,4-92,4).
Pri sucasnej pozitivite obidvoch kar-
didlnych markerov (nad referen¢né hod-
noty) v def +14 po TKB bola podla ana-
lyzy ROC krivky zaznamenand najlepsia
hodnota AUC (AUC = 0,95). Senzitivita
bola 100 % (95 % Cl 59,0-100,0) a su-
¢asne doslo k zvyseniu specificity na
89,29 % (95 % Cl 78,12-95,97).

Diskusia
V predlozenej prospektivnej praci sme
zistovali abnormality a dynamiku kar-
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Graf 1. Hodnoty N-terminalneho fragmentu mozgového natriuretického peptidu typu
B (NT-proBNP) u pacientov s klinickou kardiotoxicitou a bez nej.

didlnych markerov, vyskyt klinickej kar-
diotoxicity a moznosti jej v¢asnej de-
tekcie u pacientov liecenych alogénnou
TKB. Principidlnym zistenim bolo, Ze KVS
komplikacie a nasledky boli rozneho
stupria od minimalnych prechodnych
zmien kardidlnych biomarkerov cez
perzistujuce abnormality biomarkerov,
echokardiografické abnormality az po
Zivot ohrozujucu kardiotoxicitu, ktord
u jednej pacientky skoncila exitom
a u druhého pacienta neumoznila po-
kracovanie v protinadorovej liecbe.

V klinickej praxi vsak nie je mozné sle-
dovanie vsetkych pacientov z hladiska
mozného rozvoja kardiotoxicity. Preto je
vhodna rizikova stratifikdcia pacientov
a zvysenu pozornost venovat hlavne vy-
sokorizikovym pacientom. V ramci rizi-
kovej stratifikacie by mohli byt uZito¢né
prave kardidlne biomarkery. Zistili sme,
Ze sUcasna pozitivita biomarkerov (NT-
-proBNP a hs-cTnT) v deni +14 po TKB by
mohla vyclenit skupinu pacientov vy-
sokorizikovych z rozvoja kardiotoxicity.
Tato diagnostickd metdéda mala v nasej
praci vysoku senzitivitu a $pecificitu.

V sucasnosti medzi Standardné me-
tédy monitorovania kardidlnej funkcie
pocas protinddorovej liecby patri hod-
notenie EFLK, ktord vSak mé6ze podhod-
notit v€asné poskodenie srdca, pretoze
kompenzaéné mechanizmy srdca udr-
Zuju EFLK v norme uz v ¢ase objavenia sa
abnormalit kardiomyocytov [8]. Preto je
potreba hladania novych neinvazivnych,
vysokosenzitivnych a finan¢ne nendroc-
nych metdd na véasnu identifikéciu vy-
sokorizikovych pacientov.

V nedavno publikovanej praci
u takmer 600 pacientov po alogénnej
TKB sledovali autori vplyv podavania
potransplanta¢ného cyklofosfofamidu
na rozvoj akutnej kardiotoxicity po TKB.
Medzi signifikantné prediktory akutnej
kardiotoxicity do 100 dni po TKB patril
vek > 55 rokov, anamnéza hypertenzie,
arytmie, diabetu a kardidlnej komorbi-
dity. Naopak pripravny rezim ani GvHD
profylaxia nepatrili medzi prediktory
kardiotoxicity. Kumulativna incidencia
akutnej kardiotoxicity stupala s vyskou
skore a dosahovala 19 % u pacientov
s 3 alebo 4 rizikovymi faktormi [9].

Armenian et al sledovali rozvoj KVS
komplikéacii u 1 930 pacientov, ktori
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podstupili TKB a prezili aspon 1 rok po
TKB. Medzi rizikové faktory KVS kom-
plikacii patrila kumulativna davka
ANT = 250 mg/m?, oZiarenie mediastina,
vek > 50 rokov, anamnéza hypertenzie,
diabetu a faj¢enia. Pacienti s pritomnos-
tou < 3 rizikovych faktorov boli zaradenf
do nizkeho rizika, s 4-5 rizikovymi fak-
tormi do stredného rizika a pritomnost
6 faktorov zaradila pacientov do vyso-
kého rizika. Desatro¢na kumulativna in-
cidencia KVS prihod bola 3,7 % u pacien-
tov s nizkym rizikom, 9,9 % pri strednom
a 26,2 % pri vysokom riziku [10].

V subore 216 pacientov, ktori pod-
stupili haploidentickd transplantaciu
s pripravnym rezimom pozostavaju-
cim z busulfanu, cyklofosfamidu a anti-
T-lymfocytarneho globulinu malo 5,6 %
pacientov kardialnu toxicitu 3. a 4. stup-
na. Medzi nezavislé rizikové prediktory
zavaznej kardiotoxicity patrilo pretrans-
planta¢né ECOG skoére (> 2), abnorma-
lity ST segmentu a T-viny na EKG, hy-
perlipidémia a davka cyklofosfamidu
(= 1,8g/m?/den). Incidencia zévaznej
kardiotoxicity bola 50,0 %, 6 % a 1,3 %
pre pacientov vo vysokom riziku (s pri-
tomnostou 3-4 rizikovych faktorov),
v strednom riziku (2 faktory) a nizkom ri-
ziku (0-1 faktor) (p < 0,001) [11].

V sucasnosti sa hladaju neinvazivne
a financ¢ne nendroc¢né diagnostické me-
tody, ktoré by vcas identifikovali pa-
cientov ohrozenych rozvojom kardioto-
xicity. Vyznam kardidlnych troponinov
a natriuretickych peptidov je nepopie-
ratefny a vacsina literdrnych udajov ako
aj Eurépska kardiologickd spolo¢nost
ich meranie odporuca pri rizikovej strati-
fikacii, diagnostike v¢asného KVS ocho-
renia pocas onkologickej lie¢by aj po jej
ukonceni, tiez pri identifikacii onkologic-
kych pacientov, ktori mézu mat bene-
fit z kardioprotektivnej liecby, a realna
je aj ich prognosticka hodnota pri iden-
tifikacii tych pacientov, ktori budu po-
trebovat dlhodobé sledovanie KVS
ochorenia [12-14].

Natriuretické peptidy su syntetizo-
vané v kardiomyocyte ako odpoved na
tlakové a objemové pretazenie. Viacero
prac potvrdilo signifikantny vzostup
natriuretickych peptidov kratko po TKB,
ako aj ich perzistujuce elevécie vo véas-
nom potransplanta¢nom obdobi [15].
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Graf 2. Hodnoty vysokosenzitivneho kardialneho troponinu T (hs-cTnT) u pacientov

s klinickou kardiotoxicitou a bez nej.
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Tab. 2. Parametre systolickej a diastolickej funkcie pred a po TKB.
pred TKB po TKB p-hodnota
Systolické parametre
EFLK (%) 64 +5,2 61+4,0 0,02
Diastolické parametre
E/A 1,39+0,32 1,1+0,29 0,0003
DT (ms) 170+19,3 176,6 + 28 0,31
IVRT (ms) 755+6,7 76,8 £ 8,4 0,5
DT - decelerac¢ny cas vcasného diastolického plnenia lavej komory, E/A - pomer vr-
cholovej rychlosti plnenia lavej komory vo véasnej diastole a v Case predsienovej sy-
stoly, EFLK — ejek¢na frakcia lavej komory, IVRT - cas izovolumetrickej relaxacie lavej
komory,TKB - transplantacia kmenovych krvotvornych buniek
J

Inicidlny vzostup hladiny NT-proBNP
po TKB méze byt odrazom poskodenia
srdca spésobeného podanym priprav-
nym rezimom a akutnym objemovym
pretazenim néasledkom masivnej hyd-
ratacie, pritomnosti dimetylsulfoxidu
v transplantdte a pouzitia kostnej drene
ako zdroja krvotvornych buniek. Pri-
pravny rezim navyse sposobuje aktiva-
ciu endotelovych buniek a makrofagov
s naslednym uvolnenim zapalovych cy-
tokinov ako su tumor nekrotizujuci fak-

tor (TNF-a) alebo interleukiny (IL) 1 a 6.
Zéapalové cytokiny mozu hrat dolezitu
Ulohu v patogenéze srdcového zlyha-
vania inhibiciou kontraktility myokardu,
navodenim hypertrofie myokardu
a apoptézy kardiomyocytu [16]. Na
druhej strane je véak zndme, ze natriure-
tické peptidy mézu byt produkované aj
nadorovou bunkou bez pritomnosti kar-
didlneho zlyhdavania. Syntéza proBNP
mbze byt stimulovana zapalovymi cy-
tokinmi, ako je TNF, a niektorymi inter-
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Tab. 3. Porovnanie vlastnosti jednotlivych diagnostickych testov.

Vlastnosti diagnostického testu

senzitivita (%)

Specificita (%)

AUC

pozitivna prediktivna hodnota (%)
negativna prediktivna hodnota (%)
pozitivny pravdepodobnostny pomer

negativny pravdepodobnostny pomer

NT-proBNP NT-proBNP
> 450 ng/l, >1411ng/l
> 900 ng/l (> 50 rokov)
100 100
55,36 83,93
0,78 0,92
21,88 43,75
100 100
2,24 6,22
0 0

* hodnoty kardiomarkerov nad referen¢né hodnoty, AUC - oblast pod krivkou, hs-cTnT - vysokosenzitivny kardiélny troponin T,
NT-proBNP — N-termindlny fragment mozgového natriuretického peptidu typu B

hs-cTnT sucasna pozitivita
> 0,014 pg/l obidvoch KM*
100 100
83,93 89,29
0,92 0,95
43,75 53,8
100 100
6,22 9,33
0 0

leukinmi produkovanymi nadorom. NT-
-proBNP a troponin T mézu byt cenné
markery nielen kardidlneho poskodenia
pocas chemoterapie, ale aj progndézy on-
kologickych choréb [17].

Vzostup v koncentracii kardidlnych
troponinov je odrazom S$trukturalneho
poskodenia myocytu a aj minimalne ab-
normality v hladindch cTnT sa mézu spa-
jat s akdtnym poskodenim myokardu. Pri
poskodeni kardiomyocytu sa troponin
uvolnuje z cytoplazmy do séra a je lahko
detekovatelny. Vacsina troponinu je vsak
naviazand na aktin a uvolfiuje sa pomaly,
¢o umoznuje detekovat nielen akutne,
ale aj prebiehajuce poskodenie [18]. Pre
chemoterapiou navodenu kardiotoxi-
citu, ktord je spojend s neischemickou
etiolégiou, su typické nizke a perzistu-
juce elevacie odrazajuce pokracujuice
poskodzovanie myokardu. Tieto vlast-
nosti troponinu a vyvin vysokosenzi-
tivnych testov ho predisponuju na bio-
marker vcasnej detekcie kardiotoxicity.

Iba mélo prac sledovalo prediktivnu
Ulohu kardiomarkerov v detekcii kardio-
toxicity. Sandri et al na zéklade perzis-
tujucich abnormalit NT-proBNP s odstu-
pom 72 hodin po vysokodavkovanom
cyklofosfamide vy¢lenili vysokorizi-
kovu skupinu pacientov, v ktorej doslo
sucasne k zhorseniu parametrov sys-
tolickej a diastolickej funkcie [19]. Po-
dobne aj Coghlan et al vo svojich odpo-
rucaniach pre pacientov s amyloidézou
definovali pacientov s perzistujucim
zvy$enim hladiny NT-proBNP nad dvoj-

nasobok normy za vysokorizikovych
z hladiska mozného rozvoja kardiotoxi-
city [20]. V praci zahfhajucej 37 pacien-
tov po alogénnej TKB autori identifiko-
vali vysokorizikovu skupinu pacientov,
ktora bola ohrozend kardiovaskuldrnou
komplikaciou v priebehu 6 mesiacov po
TKB. Za rizikovu skupinu boli povazovani
pacienti s perzistujucimi elevaciami NT-
-proBNP a hs-cTnT s odstupom 14 dni po
transplantdcii [21].

Aj napriek mnohym 3tudiam zamera-
nym na vyznam kardiomarkerov v de-
tekcii kardiotoxicity, stale neexistuju
vieobecne akceptované zavery pre kli-
nickd prax. Mnohé prace zahfnaju len
malé pocty vySetrovanych pacientoyv,
s r6znymi malignitami, v r6znom 3$ta-
diu ochorenia a liecenymi réznymi pro-
tinadorovymi liekmi. Navyse rozne stu-
die vysetruju rézne natriuretické peptidy
(ANP, NT-proANP, BNP alebo NT-proBNP),
pouzivaju réznu metodiku ich stanove-
nia s inymi ,,cut-off “ hodnotami a od-
berom vzoriek v réznych ¢asovych
intervaloch v zavislosti od podania pro-
tinddorovej liecby.

Vstupné meranie kardiomarkerov —
natriuretickych peptidov a troponinov
- je obzvlast doélezité, najma ak su pri-
tomné u pacienta dalsie KVS ochorenia,
ktoré mézu sposobit zvysenie tychto ini-
cidlnych hodnét. Z toho dévodu, aby sa
zmeny v dynamike vySetrovanych kar-
diomarkerov mohli spravne pouzit nain-
terpretaciu novych kardialnych kompli-
kacii. 1zolovana elevacia biochemickych

kardiomarkerov nikdy alebo len zriedka
opraviuje k ukonceniu protinddorovej
liecby. Mala by viest k diskusii medzi on-
kolégom a kardiol6gom ohladom moz-
ného benefitu a mozného poskodenia
dalSou protinadorovou lie¢bou. Na zak-
lade elevacii kardiomarkerov by sa mala
zvysit frekvencia monitorovania pa-
cienta, zahdjit kardioprotektivna lie¢ba
alebo doplnit dalsie kardiologické vyset-
renia [14]. Hodnotenie vyznamu kardio-
vaskularnych komplikacii onkologickej
liecby viak patri do ruk onkoléga.

Zaver

Sucasnd pozitivita abnormalnych hod-
n6t NT-proBNP a hs-cTnT s ¢asovym
odstupom 14 dni po TKB bola spojena
s vysokym rizikom rozvoja kardiovas-
kuldrnych komplikacii. Nase zistenia
prispeli k lep3ej rizikovej stratifikacii pa-
cientov po liecbe, pricom povazujeme
za ziaduce, aby sa aspon pacientom
s abnormalitami kardidlnych enzymov
venovala déslednejsia dlhodoba sta-
rostlivost. Potrebné su vsak vacsie pro-
spektivne a multicentrické studie na
definovanie prognostickej ulohy kardio-
markerov v detekcii kardiotoxicity v uve-
denej vybranej skupine pacientov.
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Summary

Background: The presented study aimed to gain insights into the pathogenesis of lung can-
cer (LC) and provide novel biomarkers for LC by building a regulatory circular (circ)RNA-micro
(mi)RNA-mRNA network. Materials and methods: High-throughput sequencing data of
circRNAs, miRNAs and mRNAs related to LC originated from GEO (Gene Expression Omnibus)
database, and the differential expressions of circRNAs, miRNAs and mRNAs were screened with
R language Limma. The circRNA-miRNA and miRNA-mRNA pairs were used to build the ceRNA
network. The functions of differential expression circRNAs were elucidated by performing the
functional enrichment analysis on GO and KEGG. Furthermore, the selected LC prognostic
genes were verified by tissue chips and immunohistochemistry (IHC). Results: On the whole,
20 downregulated circRNAs, 55 upregulated miRNAs and 243 downregulated mRNAs were
identified in LC. Lastly, a circRNA-miRNA-mRNA ceRNA network was built, which was composed
of 2 circRNAs, 2 miRNAs, and 2 mRNAs. As indicated from the analysis based on public da-
tabases and IHC, the differential genes (i.e., FXYD1 and SEMAS5A) in this network acted as LC
prognostic factors. As confirmed by performing IHC and survival analyses, FXYD1 and SEMA5A
expressions in LC were downregulated, and their expressions displayed a relationship to the
overall survival (OS) of LC cases. Conclusions: This study presents novel insights into the role
of circRNAs in the development of LC via the ceRNA mechanism. The identified FXYD1 and
SEMAS5A gene could act as novel and vital LC prognostic indicators.
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lung cancer - circular RNA — ceRNA network — prognosis
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RECONSTRUCTION AND ANALYSIS OF CIRCRNA-MIRNA-MRNA NETWORK IN THE PATHOLOGY OF LUNG CANCER

Souhrn

Vychodiska: Cilem predklddané studie je ziskat vhled do patogenéze karcinomu plic (lung cancer - LC) a poskytnout nové biomarkery pro LC,
a to vytvorenim sité regulacnich cirkularnich (circ)RNA-micro (mi)RNA-mRNA. Materidl a metody: Pomoci R programovaciho jazyku Limma byla
provéfena data o vysokokapacitnim (high-throughput) sekvenovéni circRNAs, miRNAs a mRNAs souvisejicich s LC, kterd byla vzata z databaze
Gene Expression Omnibus (GEO) a data o rozdilné expresi circRNAs, miRNAs a mRNAs. K vybudovani sité ceRNA byly pouzity pary circRNA-miRNA
a miRNA-mRNA. Funkce rozdilné exprese circRNAs byly objasnény tak, Ze byla provedena analyza funkéniho obohaceni genli pomoci databazi
GO a KEGG. Vybrané prognostické geny pro LC byly navic ovéreny v tkdnovych cipech a pomoci imunohistochemie (IHC). Vysledky: V LC bylo
celkem identifikovéano 20 downregulovanych circRNAs, 55 upregulovanych miRNAs a 243 downregulovanych mRNA. Nakonec byla vytvorena sit
circRNA-miRNA-mRNA ceRNA, kterd se sklddala ze dvou circRNAs, dvou miRNAs a dvou mRNAs. Jak vyplynulo z analyzy zalozené na verejnych
databazich a IHC, rdzné geny (tj. FXYD1 a SEMA5A) v této siti fungovaly jako prognostické faktory pfi LC. Provedenim IHC a analyzami preziti bylo
potvrzeno, ze exprese FXYD1 a SEMAS5A pfi LC byla downregulovana a tato exprese odrazela vztah k celkovému preziti pacientd s LC. Zdvéry: Tato
studie predstavuje nové vhledy do role circRNAs pii rozvoji LC skrze mechanizmus ceRNA. Identifikace gent FXYD1 a SEMA5A by mohla fungovat
jako novy a nezbytny prognosticky ukazatel LC.

Klicova slova

karcinom plic - cirkularni RNA - sit ceRNA - progndza

Introduction

Lung cancer (LC) refers to one of the
most common malignancies worldwide,
and its morbidity and fatality have sur-
ged over the past few decades [1]. As
suggested from the latest cancer statis-
tics, the incidence and mortality of LC are
the highest in malignant tumors glob-
ally [2]. Overall, the histological classifi-
cation of LC can fall to two categories —
non-small-cell lung cancer (NSCLC) and
small cell lung cancer (SCLC) [3]. NSCLC
takes up 80-85% in all LC, which is pri-
marily split into adenocarcinoma and
squamous cell carcinoma [3]. The prog-
nosis of carcinoma displayed a close re-
lationship to the period of clinical dia-
gnosis: the postoperative 5-year survival
rate after surgery was over 90% for pa-
tients at stage 0, about 70% of those at
stage |, and patients at stages II-1V de-
creased from (30-40%) to (5-1%) [2-6].
However, nearly 75% of the patients with
NSCLC were already in advanced stages
at the time of admission, with a very low
5-year survival rate [3]. Accordingly, to
improve the early diagnosis rate of LC
and the survival rate, the related factors
and molecular mechanisms of the occur-
rence and development of LC should be
investigated in depth.

Over the past few years, circular RNA
(circRNA) has attracted many attentions
in the field of oncology. circRNA refers
to a novel class of covalent closed-loop
coding or non-coding RNAs, which were
previously considered to be synthesized
by mistranscription during the splicing

process [7,8]. The lack of a 5 cap struc-
ture and a 3’ poly A tail results in a long
half-life and resistance to RNA enzymes
that are expressed in a tissue-specific
and developmental stage-specific man-
ner [9]. circRNA has been confirmed to
be extensively involved in gene tran-
scription, post-transcription and even
translation regulation [10]. It has been
increasingly evidenced that abnor-
mally expressed circRNAs can regulate
tumor occurrence and development
via the ceRNA mechanism: circRNA,
the ,molecular sponges” of microRNA
(miRNA), indirectly regulate the expres-
sions of miRNA target genes by com-
petitively binding to miRNA, which re-
sults in the abnormal expression of gene
products (e.g., abnormal activation of
proto-oncogenes) [11-13].

As sequencing technologies are ad-
vancing, RNA sequencing based on
high-throughput platform has been
adopted a tool to effectively excavate
and identify novel transcripts [14]. Ex-
isting LC research based on ceRNA net-
work remains in the preliminary stage.
To screen out differentially expressed cir-
cRNAs, miRNAs and mRNAs, the authors
acquired circRNA (GSE101684), miRNA
(GSE53882) and mRNA (GSE116959)
chip data related to LC from GEO data-
base. On this basis, circRNA-microRNA
and miRNA-mRNA pairs were screened,
and circRNA-miRNA-mRNA gene net-
works were successfully built. Through
GO analysis and KEGG function enrich-
ment, in this network, mRNA molecular

function and the main signaling path-
ways in the LC were analyzed. Further-
more, in TCGA database, the mRNAs as-
sociated with LC survival and prognosis
were screened, and the differentially ex-
pressed genes were further verified by
using tissue chips and IHC.

Materials and methods

Data collection

The LC gene chips required for analy-
sis originated from the GEO database,
including the original gene chips of
human LC tissues and circRNA, miRNA
and mRNA paired with non-tumor tis-
sues. The circRNA gene chip data cov-
ered four pairs of LC tissues and their
paired non-tumor tissues (GSE101684),
the miRNA one consisted of 397 cases
of LC tissues, 151 cases of paracan-
cerous tissues (GSE53882), while the
MRNA one involved 57 cases of LC tis-
sues and 11 cases of normal lung tis-
sues (GSE116959). By complying with
the platform file of the chip data, the
original probe matrix file was converted
into circRNA matrix, miRNA matrix and
MRNA matrix file, and the circRNA ma-
trix was converted into the standard
circBase name.

Differential analysis of circRNA,
miRNA and mRNA and construction
of ceRNA network

Bioconductor Limma packet of R lan-
guage was adopted to read the initial
data, and the background was corrected
and then normalized. The difference
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Fig. 1. Differentially expressed circRNAs, miRNAs, mRNAs identified from GEO datasets and intersected miRNAs predicted by CSCD
database. (A) 49 downregulated circRNAs; (B) 8 upregulated miRNAs; (C) 702 downregulated mRNAs achieved the differential
expressions between hepatocellular carcinoma and matched normal tissues. The intersected miRNAs predicted by (D) CSCD and
(E) miRDB and miRTarBase.
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Fig. 2. Construction of the circRNA-miRNA-mRNA ceRNA network in lung cancer. (A) Structural patterns of predicted two circRNAs in
the ceRNA network; (B) the built circRNA-miRNA-mRNA ceRNA network.

analysis was conducted on the chip
data. The differential expression RNA
was screened, and the filtration con-
dition was set as the absolute value of
LogFold Change (FC) > 2, with the cor-
rected P-value < 0.05. On that basis, dif-
ferential circRNAs, miRNAs and mRNAs
were obtained. Moreover, R language
was employed to draw the heat map
and volcano map of differential expres-
sion RNA for cluster analysis. By using
the CSCD database, the structures of
circRNAs and the target miRNAs bound
by circRNAs were predicted. Next, the
different mRNA was intersected with the
target miRNA bound by circRNA, and
the target mRNAs of the intersection
of miRNAs were predicted online with
miRDB and miRTARbase databases. In
this study, only mRNAs (differential ex-

pression genes) identified by two data-
bases were employed to intersect with
the differentially expressed mRNAs ob-
tained previously. Furthermore, the
circRNA-miRNA-mRNA network was
built and then visualized with Cypo-
scape software.

Functional enrichment analysis

and survival analysis

To assess the potential biological func-
tions of mRNA in the ceRNA network
and the pathways involved, the “cluster
profiler” module of R software was ex-
ploited to conduct GO functional enrich-
ment analysis and KEGG signaling path-
way enrichment analysis on mRNA. GO
analysis included three parts, i.e., mo-
lecular function, biological process and
cell composition, and key pathways in

LC development were obtained with
KEGG database. The mRNA expression
profile and clinical sample data regard-
ing LC originated from the TCGA data-
base, and the survival time and status of
the patients were extracted, in combina-
tion with the mRNA data in the ceRNA
network. Moreover, with LOGpc and Ka-
plan-Meier Plotter public databases, the
value of differential expression genes
(mRNAs) in the prognosis assessment of
LC was analyzed. P < 0.05 indicated the
statistically significant difference.

IHC and prognosis statistical analysis
Given the bioinformatics analysis data,
tissue chip and IHC experiments were
further performed to verify the expres-
sions of differential genes in LC and the
correlation with patient prognosis at
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Fig. 3. Heatmaps and boxplots of ceRNA interactions. (A) circRNAs; (B) miRNAs; (C) mRNAs.

the protein level. Then, the reliability of
bioinformatics analysis data could be
verified in depth. This study employed
high-throughput breast cancer tissue mi-
croarray (HLugS180Su02, each tissue mi-
croarray containing 90 points of lung ad-
enocarcinoma tissue and 90 points of
corresponding paracancerous tissue) to
analyze protein expression. By complying
with the instructions of EnVision DAB test

kit, the paraffin embedded tissues/cells
fixed with 4 uM formaldehyde were ana-
lyzed by performing immunohistochem-
istry. PBS was used as negative control in-
stead of primary antibody, and the light
microscope (Olympus) was used to ob-
serve and take images. To verify whether
the cells in the sections showed color and
chromogenic degree, the scores included
0, 1, 2, and 3 for non-immune color, light

brown, medium brown and dark brown,
respectively. According to the positive
staining proportion of sections, the score
reached: < 5% for 0, 5-25% for 1, 25-50%
for 2, and > 50% for 3, and the final score
of protein expression is the product of
score and intensity: 0 for —, 1-2 for +,
3-5 for ++, and 6-9 for +++, where +/+
indicates low expression, and ++/+++ ex-
presses high expression [15]. Given the
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sions of mMRNAs with differential expressing states; (D) KEGG pathways under the enrichment inside the target genes. P < 0.05 sho-
wed statistical significance.

466 Klin Onkol 2022; 35(6): 461-472




RECONSTRUCTION AND ANALYSIS OF CIRCRNA-MIRNA-MRNA NETWORK IN THE PATHOLOGY OF LUNG CANCER

MAP kinase activity |

MAP kinase kinase anﬁvll'r'I

RNA polymerase | CTD heplapeplide repeal kinase activity <
milogen—activaled protein kinasa kinase kinase blm:kng-l
sodium channel regulator acl'wlry-’

oxygen binding <

phosphotyrosine residue binding

profein sefinethreoninefyrosine kinase activity -

jprotein phosphorylated amino acid binding |

pyridoxal phosphate binding 1 ot
vitamin BB binding 1 @
neuratransmitter binding -
hydro=lyase ac-twltyj pralug

transferase activily, transferring alkyl or aryl (other than methyl) groups 4
chioride channel activity -

carbon-oxygen lyase activity |
phasphoprotein bmrﬂngﬂi .
anion channel activity 4 o4

modified amino acid b-ndung-!

chloride transmembrane transporier act‘wity-i

ion channel regulator activity -

ion channel binding <

heme hiru:Eng-i

vitamin binding <

inorganic anion transmembrane transporter activity |
channal regulator activity |

tetrapysrole binding | ! : : :

a3 nad nte AL} [alrlil

o
2

cAMP signaling pathway - [ }

Tarpenaid backbane biosynthesis - |
Aldosterone-regulated sodium reabsorption |
Thyroid cancer -

Glycine, serine and threonine metabolism
Bladder cancer -

Type |l diabetes melfius -

Cysieina and mathionine metabolism -
Endamedrial cancer -

VEGF signaling pathway -

Long=term depression -

GnRH secration -

Leng=term potentiation -

Acule myeloid leukemia 4

Fe epsilon R signaling pathway -
Non-small cell lung cancer

Renal cell carcinoma

Profactin signaling pathwary -

Central carbon metabolism in cancer
Adherens junction -

Malanoma -

Platinum drueg resistance -

Blosynthesis of aming acids -

Glioma -

Parfussis -

Pancrealic cancer

Chronic myedoid leukemia 4
Leshmaniasis 1

EGFR tyrosing kinasa inhibitor resistance -
B cell recaptor signaling pathway <

Count

8 1M
@ =
$® =
. 175

ooz
003

004

SEEA R E R R R RN RN RN EENERNERNERSENRDENNN]

5 0.30 0.35 0.40 0.45 0.50
GanaRatio
\ J

Fig. 4 - continuing. GO functional and KEGG pathways enrichment investigations on the mRNAs with differential expression inside
the ceRNA network. (A) The biology-related procedures; (B) cellular components; (C) molecular functions under the mediation from
the expressions of mRNAs with differential expressing states; (D) KEGG pathways under the enrichment inside the target genes.
P < 0.05 showed statistical significance.

=]

Klin Onkol 2022; 35(6): 461-472 467




RECONSTRUCTION AND ANALYSIS OF CIRCRNA-MIRNA-MRNA NETWORK IN THE PATHOLOGY OF LUNG CANCER

4 N
A FXYD1
*—
G e
i
m B o
i l'_!l
+ - iy
aa
W
¢
_
s
p
ok
& d L
] I
LUAD LuUsC
(num(T=483; num{N)=347) (num({T)=486; num({N}=338)
B SEMASA
—_—
-
T ;
n — .
% L A .Ir
* : b S
= i F %
.'E '-E'E: -.Iu.
Ll o
e o
4 e
™ : bl
[
= i
T T
LLAD LUSC
(num{Ti=483; num(N}=347) (num{T)=486; num{N}=338)
- )

Fig. 5. Expressions of FXYD1 and SEMA5A in lung cancer and the prognostic significan-
ces. (A,B) Expressions of FXYD1 and SEMA5A mRNAs in LUAD and LUSC; (C,D) survival

analysis by the Kaplan-Meier plotter.

clinical data and follow-up information
of patients in the tissue chips, the Kaplan-
-Meier survival curve was plotted with
GraphPad Prism 5.0 software to analyze
the correlation between differential pro-
tein expression and patient prognosis.
A cut-off value of P < 0.05 indicated the
statistically significant difference.

Results

Screening of differentially expressed
circRNAs, miRNAs and mRNAs

A total of 7 320 circRNAs, 1 842 miRNAs
and 32 075 mRNA:s related to LC were ob-
tained in total from the GEO database.
After threshold screening was conducted,
this study found 24 differential circRNAs
(20 downregulated), 108 differential
miRNAs (55 upregulated), and 329 dif-
ferential mRNAs (243 downregulated).
Fig. 1 illustrates the basic information of
circRNA (GSE101684), miRNA (GSE53882)
and mRNA (GSE116959) in LC tissues and
their pairing non-tumor tissues.

Visualization results of the ceRNA
network

The basic information of the 24 differen-
tial circRNAs screened in the CSCD data
was searched, and 16 circRNAs were iden-
tified. According to the prediction of this
study, there might be 791 target miRNAs
among the mentioned 16 circRNAs,
and 20 intersection miRNAs were ob-
tained by intersecting with differential
miRNAs. Construction of the circRNA-
-miRNA-mRNA ceRNA network in LC has
been shown in Fig. 2. Overall, 499 po-
tential target genes were predicted with
miTarbase and miRDB, and 10 intersect-
ing mRNAs were obtained by intersect-
ing them with a range of mRNAs. Lastly,
Cytoscape software was employed to
map a visual network of circRNA-miRNA-
-mRNA that was composed of two down-
regulated circRNAs, two upregulated
miRNAs, as well as two downregulated
mRNAs. Fig. 3 illustrates the heatmaps
and boxplots of such circRNAs miRNAs
and mRNAs involved in the network.

Enrichment analysis of functional

and signaling pathway

As revealed from the results of GO anal-
ysis, the identified mRNAs showed the
main enrichments in cellular response to

468

Klin Onkol 2022; 35(6): 461-472




RECONSTRUCTION AND ANALYSIS OF CIRCRNA-MIRNA-MRNA NETWORK IN THE PATHOLOGY OF LUNG CANCER

extracellular stimulus, cellular response
to external stimulus, and sulfur com-
pound metabolic process for BP item
(top 3), and caveola, plasma membrane
raft and membrane raft for CC item
(top 3), and MAP kinase activity, RNA
polymerase Il CTD heptapeptide repeat
kinase activity, as well as mitogen—ac-
tivated protein kinase binding. Accord-
ing to KEGG pathway analysis, the target
gene showed a significant enrichment
effect with the cAMP signaling path-
way, terpenoid backbone biosynthesis
as well as aldosterone—regulated so-
dium reabsorption (top 3), the graphical
presentation of which has been demon-
strated in Fig. 4.

Survival analysis and IHC validation

Onthe whole, 1,145 LC mRNA microarray
expressing data and clinical sample data
originated from the TCGA database. Two
mMRNAs (FXYD1, SEMAS5A) in the built
circRNA-miRNA-mRNA network were an-
alyzed in depth. As manifested by GEPIA
database, the expression of FXYD1 in
both LUAD and LUSC LC subtypes was
lower than that in the control. SEMA5A
exhibited the consistent expression
state with that of FXYD1. Moreover, as
indicated from the prognostic analysis
based on public databases, LC patients
achieving high FXYD1 expression had
longer overall survival time, which was
suggested as a protective factor of pa-
tients’ prognosis. However, SEMAS5A was
not prognosis-significant in LOGpc data-
base, whereas it was reported as a prog-
nosis factor based on the analysis of Ka-
plan-Meier Plotter. As suggested by the
IHC data, the expressions of FXYD1 and
SEMAGSA proteins in LC were downreg-
ulated (Fig. 5), and LC patients achiev-
ing a high expression of FXYD1 or
SEMAS5A were more likely to benefit from
prognosis and overall survival (Fig. 6).

Discussion

CeRNA refers to a general term for a class
of RNA molecules (e.g., mRNA, pseudo-
genes, INcRNA and circRNA) [16]. ceRNA
reduces its inhibitory effect on mRNA
translation by competitively binding to
common miRNAs [11-13,17]. As con-
firmed by existing studies, dysregulation
of ceRNA shows a tight relationship to
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Fig. 5 - continuing. Expressions of FXYD1 and SEMA5A in lung cancer and the prognos-
tic significances. (A,B) Expressions of FXYD1 and SEMA5A mRNAs in LUAD and LUSC;
(C,D) survival analysis by the Kaplan-Meier plotter.
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Fig. 6. The forest plots of (A) FXYD1 and (B) SEMAS5A in predicting the survival of lung
cancer analyzed based on LOGpc database.

the occurrence of a wide range of malig-
nant tumors [17,18]. Based on the chip
data of GEO database, this study identi-
fied the differential expression circRNAs,
miRNAs and mRNAs, which have pro-
vided the foundation for the success-
ful construction of a gene network. The
mRNA molecular function and the main
signaling pathways in the LC were an-
alyzed by conducting GO and KEGG
function enrichment analyses in this
network. Furthermore, the mRNA asso-
ciated with LC survival and prognosis
was screened in TCGA database, and the
prognostic significance of differential
expression genes were verified in depth.

Based on the GEO database, this study
selected microarray data of circRNA,
miRNA and mRNA of LCand screened out
24 differential circRNAs, 108 differential
miRNAs and 329 differential mRNAs. To
more specifically study which circRNAs
and their target genes (MRNAs) regu-
lated via the ceRNA network are related
to the prognosis of LC, this study built
the circRNA-miRNA-mRNA regulatory
network, and screened out the ceRNA
regulatory axis that may be mediated by
has_circ_0001806-miR-3178-FXYD1 and
has_circ_0031968-miR-4270-SEMAS5A.
As proved by GO enrichment analysis,
this network gene was involved in nu-
merous important biological functions
and metabolic pathways of LC (e.g., MAP
kinase activity, CAMP signaling pathway
and VEGF signaling pathway), which
were closely related to the progression
of LC.

Based on the TCGA database, ten dif-
ferential MRNAs that were intersected
were analyzed, and by using R language,
a total of two mRNAs (FXYD1, SEMASA)
in this network were found to be asso-
ciated with the prognosis of LC patients.
GEPIA showed that FXYD1 and SEMA5A
were downregulated in LC tissues. In ad-
dition, the expressions of FXYD1 and SE-
MAGSA was positively correlated with the
survival time of patients. There are few
studies on the correlation of FXYD1 and
a tumor. Reports like FXYD1 may be the
important factors involved in the occur-
rence and development of gastric can-
cer [19]. This study initially reported that
FXYD1 can achieve a low expression in
both lung adenocarcinoma and squa-
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Fig. 7. Expressions of FXYD1 and SEMAS5A in lung cancer by immunohistochemistry. (A) Expressions and cellular localization of
FXYD1 and SEMAS5A in lung cancer tissue; (B) survival analysis of FXYD1 and SEMA5A in lung cancer based on the follow-up infor-

mation of the chip tissue.

mous cell carcinoma, and a high expres-
sion of FXYD1 can act as a protective
factor for the prognosis of LC patients.
The study of SEMAS5A in LC has been re-
ported in some recent studies [20-22].
As reported by Lu TP et al, the down-
regulation of SEMAS5A in tumor tissue
at the transcriptional and translational
levels was associated with poor sur-
vival among nonsmoking women with
NSCLC [21]. Likewise, as further con-
firmed by a newly published study, the
upregulation of SEMAS5A significantly in-
hibited the proliferation, colony forma-
tion and migratory ability in A549 and

H1299 lung adenocarcinoma cells, and
hypermethylation of SEMA5A and the
cleavage of the extracellular domain of
SEMAGSA contributed to the downregu-
lation of the SEMAS5A levels in such cell
lines [20]. The expression and prognos-
tic significance of FXYD1 and SEMA5A
in LC by tissue microarray combined
with IHC was further verified by our
group, and FXYD1 and SEMAS5A were
found to achieve low expressions in LC.
The expressions of FXYD1 and SEMA5A
were the protective factors to conduct
the prognosis of LC patients. Further-
more, the validation results here can

confirm the reliability of the predictive
analysis.

In this study, the LC expression pro-
file gene chip of GEO database was em-
ployed to screen the differentially ex-
pressed circRNAs, miRNAs and mRNAs,
the circRNA-miRNA-mRNA network was
built, and the enrichment analysis of the
functions and signaling pathways was
conducted. The identified FXYD1 and
SEMAS5A genes can act as vital molecu-
lar markers for the prognosis of LC, the
result of which has been demonstrated
in Fig. 7. This study was also subject to
many limitations (e.g., insufficient sam-
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ple data and limited chip data combi-
ned analysis). Thus, the conclusion here
should be verified by conducting consi-
derable studies of higher quality.

Acknowledgements

This study was conducted at the Kowsar poly-clinic, Teh-
ran, Iran, thus appreciating the spiritual support of this
center is admitted.

Author contributions

Atefeh Sayadi and Dr. Shadi Babaei, the corresponding
authors of this article, justify that all the mentioned indi-
viduals in this article are members of this research team
and had had substantial contributions to conception and
design, acquisition of data, analysis and interpretation of
data, drafting the article, revising it, and final approval of
the version to be published.

Consent for publication

All the authors confirm that the manuscript represents
their honest work.

Availability of data and materials

The data used in this study are available from the corre-
sponding author on request.

References

1. Barta JA, Powell CA, Wisnivesky JP. Global epidemiol-
ogy of lung cancer. Ann Glob Health 2019; 85(1): 8. doi:
10.5334/a0gh.2419.

2.Torre LA, Siegel RL, Jemal A. Lung cancer statistics. Adv
Exp Med Biol 2016; 893: 1-19. doi: 10.1007/978-3-319-
24223-1_1.

3. Blandin Knight S, Crosbie PA, Balata H et al. Progress
and prospects of early detection in lung cancer. Open Biol
2017; 7(9): 170070. doi: 10.1098/rs0b.170070.

4.LiJ,He J, Zhang Y et al. Survival in lung cancer among
female never-smokers in rural Xuanwei and Fuyuan coun-
ties in Eastern Yunnan province, China. Zhongguo Fei
Ai Za Zhi 2019; 22(8): 477-487. doi: 10.3779/j.issn.1009-
-3419.2019.08.01.

5. Zhou X, Zhang Z, Liang X. Regulatory network anal-
ysis to reveal important miRNAs and genes in non-
small cell lung cancer. Cell J 2020; 21(4): 459-466. doi:
10.22074/cellj.2020.6281.

6. Su T, He C, Li X et al. Association between early in-
formed diagnosis and survival time in patients with
lung cancer. Psychooncology 2020; 29(5): 878-885. doi:
10.1002/pon.5360.

7. Meng S, Zhou H, Feng Z et al. CircRNA: functions and
properties of a novel potential biomarker for cancer. Mol
Cancer 2017; 16(1): 94. doi: 10.1186/512943-017-0663-2.
8. Zhang HD, Jiang LH, Sun DW et al. CircRNA: a novel
type of biomarker for cancer. Breast Cancer 2018; 25(1):
1-7.doi: 10.1007/512282-017-0793-9.

9. Suzuki H, Tsukahara T. A view of pre-mRNA splicing
from RNase R resistant RNAs. Int J Mol Sci 2014; 15(6):
9331-9342. doi: 10.3390/ijms15069331.

10. Chen LL, Yang L. Regulation of circRNA bio-
genesis. RNA Biol 2015; 12(4): 381-388. doi:
10.1080/15476286.2015.1020271.

11. Rong D, Sun H, Li Z et al. An emerging function of
circRNA-miRNAs-mRNA axis in human diseases. Onco-
target 2017; 8(42): 73271-73281. doi: 10.18632/onco-
target.19154.

12. Liang ZZ, Guo C, Zou MM et al. CircRNA-miRNA-
mRNA regulatory network in human lung cancer: an up-
date. Cancer Cell Int 2020; 20: 173. doi: 10.1186/512935-
020-01245-4.

13.Tian Y, Xing Y, Zhang Z et al. Bioinformatics analysis of
key genes and circRNA-miRNA-mRNA regulatory network

in gastric cancer. Biomed Res Int 2020; 2020: 2862701. doi:
10.1155/2020/2862701.

14. Pareek CS, Smoczynski R, Tretyn A. Sequencing tech-
nologies and genome sequencing. J Appl Genet 2011;
52(4): 413-435. doi: 10.1007/513353-011-0057-x.

15.Cui Z LiY, GaoY et al. Cancer-testis antigen lactate de-
hydrogenase C4 in hepatocellular carcinoma: a promis-
ing biomarker for early diagnosis, efficacy evaluation and
prognosis prediction, Aging (Albany NY) 2020; 12(19):
19455-19467. doi: 10.18632/aging.103879.

16. Qi X, Zhang DH, Wu N et al. CeRNA in cancer: possi-
ble functions and clinical implications. J Med Genet 2015;
52(10): 710-718.doi: 10.1136/jmedgenet-2015-103334.
17.Ergun S, Oztuzcu S. Oncocers: ceRNA-mediated cross-
talk by sponging miRNAs in oncogenic pathways. Tu-
mour Biol 2015: 36(5): 3129-3136. doi: 10.1007/513277-
015-3346-x.

18. Chan JJ, Tay Y. Noncoding RNA:RNA regulatory net-
works in cancer. Int J Mol Sci 2018; 19(5): 1310. doi:
10.3390/ijms19051310.

19. Zhang J, Liu X, Yu G et al. UBE2C is a potential bio-
marker of intestinal-type gastric cancer with chromo-
somal instability. Front Pharmacol 2018; 9: 847. doi:
10.3389/fphar.2018.00847.

20. Ko PH, Lenka G, Chen YA et al. Semaphorin 5A sup-
presses the proliferation and migration of lung adeno-
carcinoma cells. Int J Oncol 2020; 56(1): 165-177. doi:
10.3892/ij0.2019.4932.

21. Lu TR, Tsai MH, Lee JM et al. Identification of a novel
biomarker, SEMA5A, for non-small cell lung carcinoma in
nonsmoking women. Cancer Epidemiol Biomarkers Prev
2010; 19(10): 2590-2597. doi: 10.1158/1055-9965.EPI-10-
-0332.

22. Chen WC, Wang CY, Hung YH et al. Systematic analy-
sis of gene expression alterations and clinical outcomes
for long-chain acyl-coenzyme A synthetase family in can-
cer. PLoS One 2016; 11(5): e0155660. doi: 10.1371/jour-
nal.pone.0155660.

472

Klin Onkol 2022; 35(6): 461-472




ORIGINAL ARTICLE

Advantages and limitations of 3D organoids
and ex vivo tumor tissue culture in personalized

medicine for prostate cancer
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Summary

Background: Current in vitro model systems do not fully reflect the biological and clinical diver-
sity of prostate cancer (PCa). Organoids are 3D in vitro cell cultures that may better recapitulate
disease heterogeneity and retain parental tumor characteristics. Short-term ex vivo culture of
PCa tissues may also facilitate drug testing in personalized medicine. Materials and methods:
For organoid culture, we have processed both cancer and normal tissues from 50 patients who
underwent radical prostatectomy or transurethral resection of the prostate. In addition, we
exploited the ex vivo tissue culture technique and performed short-term chemotherapy assay
using gemcitabine and Chk1 inhibitor MU380 in 10 patient samples. Results: In total, we were
able to cultivate organoids from 58% of tumors (29/50) and 69% of normal tissue (20/29). Im-
munohistochemical staining of two representative cases revealed cell positivity for pan-cyto-
keratin confirming the presence of epithelial cells. However, the overexpression of AMACR and
ERG proteins in tumors was not recapitulated in organoids. Another limitation was the propa-
gation of organoids only up to 3 weeks till the first passage. Next, a short-term drug test was
performed for ten patients using ex vivo tissue culture. Samples from prostatectomies mostly
presented a low proliferation rate as assessed by Ki-67 staining. Another drawback of this ap-
proach was inconsistent tissue morphology among particular tissue fragments. Only one case
showed a high proliferation rate for drug testing and tumor tissue was present in all tested
samples. In our work, we also provide an overview of recent studies and a detailed comparison
of culture conditions. Conclusion: We have established cultures of both organoids and tissue
fragments from PCa patient samples. However, the expression of tumor markers was not reca-
pitulated in organoids. Inconsistent morphology among tissue fragments and low proliferation
hampered the interpretation of the drug testing in most cases. Still, these approaches may be
promising using tissues from metastatic castration-resistant prostate cancer.

Key words
organoids - ex vivo tissue culture — personalized medicine - prostate cancer
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ADVANTAGES AND LIMITATIONS OF 3D ORGANOIDS AND EX VIVO TUMOR TISSUE CULTURE

Souhrn

Vychodiska: Soucasné in vitro modelové systémy plné neodrézeji biologickou a klinickou diverzitu karcinomu prostaty (prostate cancer — PCa). Or-
ganoidy jsou 3D in vitro bunécné kultury, které mohou lépe rekapitulovat heterogenitu onemocnéni a zachovat vlastnosti pdvodniho nadoru. Krat-
kodoba ex vivo kultivace PCa tkdni mize také usnadnit testovani Ié¢iv v personalizované mediciné. Materidl a metody: Pro organoidni kultivaci jsme
zpracovali jak nadorovou, tak normalni tkan od 50 pacientd, ktefi podstoupili radikalni prostatektomii nebo transuretralni resekci prostaty. Kromé
toho jsme vyuzili techniku ex vivo tkdnové kultivace a provedli krdtkodoby experiment s pouzitim gemcitabinu a inhibitoru Chk1 MU380 ve vzorcich
od 10 pacient(. Vysledky: Celkem jsme byli schopni kultivovat organoidy z 58 % nadorovych (29/50) a 69 % normalnich tkani (20/29). Imunohisto-
chemické barveni dvou reprezentativnich pfipad( odhalilo bunécnou pozitivitu na pan-cytokeratin potvrzujici piitomnost epitelidlnich bunék. Nad-
mérna exprese proteinll AMACR a ERG v nddorech viak nebyla zachovana v organoidech. Dalsim omezenim bylo udrzeni organoid( pouze do prvni
paséze, obvykle po dobu 3 tydnt. Dale byly provedeny kratkodobé testy v ex vivo kultufe nddorovych tkani od deseti pacient(. Tkarové vzorky
z prostatektomii vétsinou vykazovaly nizkou miru proliferace a Ki-67 pozitivity. Dalsi nevyhodou tohoto pfistupu byla nekonzistentni morfologie
mezi jednotlivymi tkanovymi fragmenty. Pouze jeden pfipad vykazoval vysokou miru proliferace pro testovani Ié¢iv a nddorova tkan byla pfitomna
ve véech testovanych vzorcich. V nasi praci také poskytujeme piehled nedavnych studii a podrobné srovnani kultivacnich podminek. Zdvér: Podafilo
se ndm ustavit kultury organoidd i fragment( tkani z primarnich nadord prostaty. Exprese nadorovych marker( vsak nebyla zachovéna v ziskanych
organoidech. Nekonzistentni morfologie a nizka proliferace ztézovaly interpretaci vysledk( testovani léciv u vétsiny piipadd. Presto mohou byt tyto
pfistupy slibné pfi pouziti tkdni z metastatického kastracné rezistentniho karcinomu prostaty.

Kli¢cova slova

organoidy - tkédnova kultivace ex vivo — personalizovana medicina — karcinom prostaty

Introduction

Prostate cancer is the second most fre-
quent cancer as well as the second lead-
ing cause of cancer-related deaths in
men in Western countries [1]. This malig-
nancy develops as androgen-dependent
and initially responds to androgen dep-
rivation therapies; however, it ultimately
progresses to incurable castration-resis-
tant stage accompanied with metastatic
dissemination to the bones, lung, brain,
or liver. Personalized medicine may help
in the next therapy selection for these
patients with progressive disease. The
application of next generation sequenc-
ing and armamentarium of new treat-
ment options for castration resistant
prostate cancer (CRPC) patients have re-
cently been reviewed [2,3]. Importantly,
therapy decision making may also be fa-
cilitated by ex vivo drug testing.

Suitable models for this purpose may
be self-organized three-dimensional or-
ganoid cell cultures that should largely
recapitulate heterogeneous composition
of original tumor and preserve gene mu-
tation landscape associated with the can-
cer development [4-7]. Clevers et al were
the first who established cell culture of
genetically stable prostate organoids de-
rived from luminal and basal adult stem
cells [8,9]. Importantly, they introduced
necessary factors promoting mitosis, Wnt
pathway activation, and bone morphoge-
netic protein (BMP) pathway inhibition,
that ensured the growth of stem cells [4].

The ability to grow organoids with high
efficiency from healthy adult human
stem cells paved the way for the estab-
lishment of organoids from patient-de-
rived tumor tissue [10]. So far, it has been
shown that organoid cultures keep muta-
tional patterns during long-term cultiva-
tion without genetic alterations in several
cancer types such as colon, esophagus,
pancreas, stomach, liver, endometrium,
and breast [4,11-20]. Similar results were
achieved using metastatic colon and
breast bioptic samples [6,10,20]. This cell
culture approach has also been tested for
PCa in several studies [21-24]. Another
approach for personalized drug screen-
ing is represented by short-term ex vivo
tissue culture. This model retains origi-
nal tissue architecture but enables only
short-term drug testing. It has been pre-
viously utilized for multiple tumor types
including prostate, bladder, breast, colon,
or gastric cancer [25-30].

Taken together, both organoids and
ex vivo tissue cultures can serve as clin-
ically relevant tools for improved ther-
apy decision making for patients with
advanced prostate cancer (Fig. 1). This
study aimed to establish organoid and
ex vivo tissue culture models and deter-
mine their advantages and limitations.

Methods

Patient selection and tissue collection
The study was approved by the Ethical
Committee of the University Hospital

Olomouc (Ref. No. 127/14) and all exper-
imental procedures were done in com-
pliance with the Declaration of Helsinki,
as well as with the law of the Czech Re-
public. All human samples were ob-
tained at the Department of Urology of
the University Hospital (Olomouc, Czech
Republic), based on informed consent
signed by all patients involved in the
study. The patient’s cohort consists of
patients who have undergone radical
prostatectomy or TURP (transurethral
resection of the prostate) in the years
2017-2020. Tumor and benign samples
were chosen by the skilled pathologists
(GK, DK, and M.M.).

Establishment and cultivation

of organoids or spheroids

Tissue specimens were placed into a ster-
ile Petri dish, washed three times with
1x phosphate buffer solution (PBS),
and minced into small pieces. Three ap-
proaches were used for tissue digestion.
First, the tissue was dissociated by Col-
lagenase I-A (2.5 mg/mL, Sigma-Aldrich,
St. Louis, USA) for 2 hours. Second, the tis-
sue was dissociated by Collagenase Type |
(125 units/ml, Worthington Biochemical
Corp., Lakewood, USA) overnight and addi-
tionally retrieved by Tryple (Sigma-Aldrich,
St. Louis, USA) for 15 min. Third, the sub-
set of tissue samples was dissociated by
Tumor Cell Isolation Kit and gentleMACS
Dissociator (Miltenyi Biotec, Germany) ac-
cording to the manufacturer’s protocol.
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Single cell dissociation 3D organoid culture

Prostate tissue Dissection 2 :
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Vibratom tissue slicing Ex vivo tissue culture
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Fig. 1. Brief overview of tissue processing for organoid and ex vivo slice culture. Further details are available in Methods and Results
sections.
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Tab. 1. Culture conditions for prostate cancer organoids and spheroids.
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[37] F-medium + + - + - - + - - 4+ 4+ - - - - - - - 4+ 4+ - + -
[31] ADMEM/F12 + - - - 4+ - + + + - - + + + + + - - + + -
[32] ADMEM/F12 + - - - - - + + + - - + - -+ - - + 4+ -
[22] DMEM/F-12 - - - 4+ - + - + - - - - - 4+ - - - - - - - 4+ 4
[23] KSFM ' Y B N I I S R R I I R I I R I R B R R R
A83-01 - inbibitor of transforming growth factor, ADMEM/F-12 - advanced Dulbecco’s modified eagle medium F-12, BSA — bovine
serum albumin, DMEM/F-12 - Dulbecco’s modified eagle medium F-12, EGF - epithelial growth factor, FBS — fetal bovine serum,
FGF2 - fibroblast growth factor 2, FGF10 - fibroblast growth factor 10, KSFM - keratinocyte serum-free medium, SB 202 190 - inhi-
bitor of p38, Y-27632 - ROCK inhibitor

- /

The single-cell suspension (50 thou-  Waltham, USA), 1% antibiotics and en- 1 nM R1881 (Organon, Wien, Austria),
sand) was seeded into the drop of riched with 1x B27 supplement (Ther-  1.25 mM N-acetylcysteine (Sigma-Al-
Matrigel (Corning; USA) in a Nunc 4-well ~ moFisher, Waltham, USA), 5 ng/ml EGF  drich, St. Louis, USA), 10 uM ROCK- in-
dish IVF (Thermo Scientific, USA) or in  (ThermoFisher, Waltham, USA), 5 ng/mL  hibitor Y-27632 dihydrochloride (Tab. 1).
a 24-well low-attachment plate (Corning;  FGF2 (Peprotech, London, UK), 10 ng/mL  Importantly, the medium was also sup-
USA). The main subset of samples was  FGF10 (Peprotech, London, UK), 10 mM  plemented either with 0.5 pg/mL re-
cultured according to [31]. Advanced nicotinamide (Sigma-Aldrich, St. Louis, combinant R-spondin 1 and 0.1 pg/mL
DMEM/ F-12 medium (ThermoFisher,  USA), 500 nM A83-01 (Tocris Bioscience,  noggin (both Peprotech, London, UK)
Waltham, USA) was supplemented with  Bristol, UK), 10 uM SB 202 190 (Sigma-Al-  or with respective conditioned media
1x Glutamax (ThermoFisher, Waltham,  drich, St. Louis, USA), 1 uM prostaglan-  (see below and Suppl. Tab. 1). A subset
USA), 10 mM HEPES (ThermoFisher, din E2 (Tocris Bioscience, Bristol, UK),  of samples was simultaneously cultured
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benign

tissue organoid

- J
Fig. 2. Immunohistochemical analysis of organoids and primary patient tissue. Staining of pan-CK, CK18, CK19, p63, AR, ERG, and
AMACR from case pT3a with a Gleason score 9 without metastasis in lymph nodes (patient no. 1 595). Magnification 200X, scale bar 50 um.
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in a modified medium without nicotina-
mide and inhibitor of p38 (SB 202 190)
(Suppl.Tab. 1) [32]. We have also adopted
spheroid and organoid culture [22]. For
a total volume of 100 mL, this StemPro
medium was composed of 89.8 mL Gibco
GlutaMAX DMEM/F-12 (ThermoFisher,
Waltham, USA), 7.2 mL 25% BSA (Ther-
moFisher, Waltham, USA), 182 pL 2-Mer-
captoethanol (ThermoFisher, Waltham,
USA), 2mL StemPro hESC Supplement
(ThermoFisher, Waltham, USA), 1 mL
penicillin/streptomycin (Sigma-Aldrich,
St. Louis, USA), 1 pyL 10 uM R1881 (Or-
ganon, Wien, Austria), 40 uL FGF-b
(20 pg/mL; ThermoFisher, Waltham,
USA),and 17.48 uL50 mMY-27632 (Santa
Cruz Biotechnology, USA). The orga-
noids in Matrigel were passaged via trit-
uration and dissociation using Dispase
(Thermo Fisher, Waltham, MA, USA).
Cell suspensions from the organoids
or spheroids were further dissociated
by Liberase (Roche, Basel, Switzerland)
or Tryple (Sigma-Aldrich, St. Louis, MO,
USA) [33].

R-spondin 1 and noggin

conditioned medium

The HEK 293-T cells producing R-spon-
din 1 and noggin were cultured as pre-
viously described [21]. The cells pro-
duced R-spondin 1 and noggin for
7 days in serum-free ADMEM (Ad-
vanced Dulbecco’s modified eagle me-
dium; Sigma-Aldrich, St. Louis, MO, USA)
supplemented with HEPES and Glu-
tamax. The activity of the conditioned
R-spondin 1 was confirmed by the in-
crease of luciferase signal using Super-
TopFlash (STF) 293T cells. Twenty per-
cent of conditioned R-spondin 1 media
in the complete medium was equal
to 0.5 pg/mL recombinant R-spon-
din 1 (Peprotech) (Suppl. Fig. 1). The ac-
tivity of the noggin conditioned me-
dium was confirmed by the decrease
of luciferase signal after the addition of
0.1 pg/mL BMP4 to BMP reporter cell
line, BRITER (BMP Responsive Immortal-
ized Reporter cell line; purchased from
Kerafast, USA) [34]. Twenty percent of
conditioned noggin in the complete
medium corresponded to the activity of
0.7 pg/mL recombinant noggin (Pepro-
tech) (Suppl. Fig. 2).

Paraffin-embedding of

organoids and spheroids and
immunohistochemistry

The pellet of spheroids was resuspended
in the mixture of 225 pL plasma (blood
was collected in sodium citrate vacuum
tubes from volunteers, spun 5 min at
30009, and the supernatant was frozen
in aliquots) with 5.65 pL of 1 M calcium
chloride. A clot was formed by adding
22.5 pL thrombin (120 NIHU/mL, Sigma
Aldrich, St. Louis, MO, USA) and trans-
ferred with a pipette tip into Tissue-Tek
Paraform Sectionable Cassette for small
samples (Sakura, The Netherlands). The
organoids in Matrigel were directly
placed into the same cassette using an
iron spoon. Formalin-fixation and paraf-
fin-embedding (FFPE) were performed
according to standard protocol. FFPE or-
ganoids, spheroids, and tissue samples
were immunostained with appropriate
antibodies according to the standard
manual or automatic protocols (Suppl.
Tab. 2).

Human prostate cancer tissue culture
We have adopted the Knudsen pro-
tocol for short-term ex vivo tissue cul-
ture [25,27]. Briefly, fresh tissue was ob-
tained from a pathologist immediately
following radical prostatectomy. Under
a laminar flow hood, the tissue was
placed into the lid of a 10-cm plate and
dissected into 1-mm? pieces with a scal-
pel. The pieces of tissue were placed in
24-well plates on sponges (Spongostan
dental, Johnson & Johnson), which were
soaked in 500 yL media (DMEM/F12 sup-
plemented with 5% heat-inactivated
fetal bovine serum (FBS), hydrocorti-
sone, insulin from bovine pancreas, and
100 units/mL penicillin-streptomycin)
and appropriate treatment at time 0 (ve-
hicle or 500 nM gemcitabine, purchased
from Carbosynth Ltd, Compton, UK).
The plates were placed in an incubator
at 37 °Cand 5% CO,. The treatment with
4 uM MU380 was performed 24 hours
later, and the tissues were harvested at
a time point of 48 hours [35,36]. The ex-
perimental design was the same as in
our previous in vitro and animal exper-
iments [35]. From each treatment, two
pieces were frozen and one was fixed in
4% formalin. The formalin-fixed and par-

affin-embedded blocks were cut with
a microtome and the slides underwent
standard hematoxylin and eosin stain-
ing. The samples with cancer cells pre-
sent in all experimental conditions were
immunohistochemically stained for
Ki67 and yH2AX.

Results

Establishment of 3D organoids from
tumor and normal tissues

We have processed normal and cancer
tissue from 50 patients who underwent
either radical prostatectomy or transure-
thral resection of the prostate (TURP).
Their median age was 65 (range 46-85)
years and the median Gleason score was
7 (range 7-10) (Suppl. Tab. 1). Several
prostate organoid culture conditions
have so far been used [21-23,32,37].
The overview of various growth fac-
tors is summarized in Tab. 1. We have
adopted the protocol by Drost et al, with
higher efficiency of organoid growth
in the presence of recombinant nog-
gin (77% of both tumor and non-tumor
samples) in comparison to the noggin-
conditioned media (33% and 41% of the
tumor and non-tumor samples, respec-
tively; Suppl. Tab. 1) [21,31]. Two repre-
sentative cases are shown in Fig. 2 and
Suppl. Fig. 3. The activity of conditioned
media for both noggin and R-spondin 1
was determined by luciferase assays
(Suppl. Fig. 1 and 2). To achieve better
organoid growth, we modified this me-
dium, with exclusion of nicotinamide
and inhibitor of p38 (SB 202 190) [32]. We
observed significant increase in growth
in the modified medium which was
documented by a larger radius of orga-
noids (Suppl. Fig. 4A). On the other hand,
none of the above-mentioned modifica-
tions ensured the growth of tumor cells
(Suppl. Fig. 4B) and long-term organoid
culture. We have also adopted a protocol
by Linxweiler et al for spheroid and orga-
noid cultures [22]. The success rate was
comparable with previous culture condi-
tions being 50% (4/8) and 77% (7/9) for
spheroid and organoid cultures, respec-
tively. In total, we were able to cultivate
organoids from 58% of tumors (29/50)
and from 69% of normal tissue (20/29).
We did not observe any association be-
tween Gleason score and organoid for-
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Fig. 3. Short-term tissue culture for drug testing. Fresh tissues were obtained from a pathologist imnmediately after radical prostatec-
tomy. Pieces of 1-mm? tissue were placed in 24-well plates on sponges, which were soaked in 500 pL media and appropriate treatment
at time 0 (vehicle or gemcitabine). Treatment with MU380 was performed 24 hours later and the tissues were harvested at a time point

of 48 hours. Arrows indicate cancer areas. Scale bar 50 uM.

mation. The samples with no significant
increase in size 7 days after seeding were
considered as non-proliferative. The av-
erage length of cultivation was 21 days;
however, we were not successful in
subsequent passaging and long-term
cultivation.

Immunohistochemical analysis of
prostate organoids

Two representative cases (no. 1595 and
1558) were selected for the compara-
tive analysis of selected proteins in or-

ganoids and primary patient tissue
(Fig. 2 and Suppl. Fig. 3). Their patho-
logical stage was pT3a and pT2b with
the Gleason score 9 and 7, respectively,
both without metastasis in the lymph
nodes. Whole organoid immunohisto-
chemical staining of two representa-
tive cases revealed positivity for pan-
cytokeratin confirming the presence of
epithelial cells. Both cases were partially
positive for the androgen receptor and
p63 protein. The fraction of cells from
the first case (Fig. 2) was positive for lu-

minal marker, cytokeratin 18, while the
other case (Suppl. Fig. 3) was positive
for cytokeratin 19, a marker of interme-
diate cells. However, overexpression of
AMACR and ERG proteins was not reca-
pitulated in tumor organoids.

Short-term drug testing in ex vivo
tissue culture.

Despite intensive efforts in different lab-
oratories, the efficiency of PCa organoid
culture is low [21,22,24]. An alternative
approach for personalized medicine is
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Tab. 2. Advantages and disadvantages of organoids and tissue culture in personalized medicine.

Culture Advantages

potential long-term culture

. and repeatinng drug-testing
organoids . i )
potential expansion of tiny

culture of intact tissue

tissues

Disadvantages

low efficiency of establishment of tumor
organoids from prostatectomies

tumor samples and biobanking

non-uniform composition of tissue pieces

only one short treatment

results available within a week

low rate of proliferation in primary
prostate cancer

Improvements

better conditions for long-term
tumor organoid culture

metastatic samples from patients with
castration resistant prostate cancer

vibratom slicing after cryosection
check

metastatic samples from patients with
castration resistant prostate cancer

short-term tissue fragment culture. We
have adopted the Knudsen protocol for
small tissue pieces on a sponge for the
testing of a Chk1 inhibitor in combina-
tion with gemcitabine [25,27,35,36]. Ten
prostatectomy samples were processed
(Suppl. Tab. 3); however, most cases dis-
played either low proliferation rate or
missing cancer cells in selected tissue
pieces. Only one experiment provided
reasonable results with cancer cells in all
tissues tested. The combined treatment
of Chk1 inhibitor and gemcitabine in-
hibited proliferation and induced sub-
stantial DNA damage, as assessed by
Ki67 and yH2AX staining, respectively
(Fig. 3). The observed advantages and
limitations of organoid and tissue cul-
ture are summarized in Tab. 2.

Discussion

Our goal was to establish conditions
for the cultivation of primary PCa sam-
ples that can pave the way for the anal-
ysis of biopsies from castration-resistant
patients, allowing them to potentially
benefit from drug screening. Cancer cell
lines derived from primary patient ma-
terial have contributed tremendously to
cancer research, however, they have sev-
eral drawbacks. For example, their gen-
eration from primary patient material is
inefficient and involves selection to in
vitro 2D culture conditions. Furthermore,
only rare clones are able to expand and
no longer recapitulate the heterogene-
ity of the original tumors [10]. Patient-
derived xenografts (PDX) are considered
as a gold-standard for cancer research
and preclinical drug testing; however,

this approach is expensive and time con-
suming, and PDXs may undergo mouse-
specific tumor evolution [10,38,39]. Or-
ganoids and ex vivo tissue culture have
been proposed as suitable alternative
models.

Since the culture conditions for pros-
tate tumor organoids are not strictly de-
fined, we have summarized the work
published so far in Tab. 1. By adopting
the protocol by Drost et al, we were able
to cultivate 77% of both tumor and non-
tumor samples in our laboratory con-
ditions [31]. The organoids grew more
efficiently in the presence of recombi-
nant noggin in comparison to the con-
ditioned medium. These culture condi-
tions supported the growth of epithelial
cells; nevertheless, we were unable to
confirm the growth of tumor cells with
AMACR or ERG overexpression in two
representative cases. Other researchers
have also been unable to establish pri-
mary tumor organoids, as less aggres-
sive specimens are prone to overgrowth
from normal prostate epithelium in bio-
psy samples [21,40]. Another disadvan-
tage was the length of cultivation, which
did not last longer than 3 weeks, until
the first passage. Therefore, we have
tested further modifications of the pro-
tocol. Recent work suggested leaving
out p38 inhibitor SB202190 and nicoti-
namide from the medium [32]. We had
indeed observed larger organoids using
this modification; however, neither
AMACR- nor ERG-positive tumor cells
were detected. Linxweiler et al reported
spheroid culture from organ-confined
PCa, including short-term drug test-

ing [22]. However, we have not observed
improved growth of neither spheroids
nor organoids in the reported medium.
One of the reasons may be limited ma-
terial amount used as an input and the
presence of non-tumor cells.

Comprehensive analysis of organoids
from 81 clinical specimens cultured in
the presence of R-spondin 1 and nog-
gin has been published recently [24].
Despite initial success in the tumor or-
ganoid establishment, all were progres-
sively overgrown by normal cells and
gained a benign-like phenotype. Authors
performed IHC analysis of ERG and PTEN
at early time points (up to 30 days). No-
tably, none of the four organoid cultures
derived from samples with ERG overex-
pression and PTEN positivity exhibited
positivity for ERG. The authors also pro-
cessed nine metastatic samples and es-
tablished one novel organoid model
derived from hormone-naive lung me-
tastasis. A recent study pointed out the
essential role of stromal paracrine sig-
naling on organoid growth and pheno-
type [23]. Co-cultivation with patient-
derived stromal cells caused increased
branching and budding of prostate ep-
ithelial organoids, that greatly mimicked
the normal in vivo acinar structure. Im-
portantly, the organoids derived from
areas of PCa maintained expression of
AMACR and showed increased viability.
Stromal cells expressed a plethora of fac-
tors, which were not observed in non-
prostatic feeder fibroblasts.

Another approach for short-term
drug screening is the whole tissue cul-
ture, which maintains all components
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of the tumor microenvironment. The
tumor cells in this model system exhib-
ited de novo proliferative capacity that
can be used to predict therapeutic re-
sponse and identify novel targets in ad-
vanced disease [27]. We have adopted
a protocol for small tissue pieces on
a sponge [25,27] for testing of a Chk1 in-
hibitor in combination with gemcit-
abine. We showed that treatment of
tumor tissue with the combination of
both drugs results in decreased prolifer-
ation and induction of DNA damage, as
assessed by Ki67 and yH2AX staining, re-
spectively. These results are in line with
in vitro and in vivo experiments in our
previous study [36]. On the other hand,
most of the cases displayed either low
proliferation rate or missing cancer cells
in selected tissue pieces. This could be
improved by the preparation of consec-
utive sections using vibratome, a device
invented for cutting fresh tissues. Low-
-rate proliferation is typical for primary
prostate tumors; however, it is expected
high in samples from CRPC patients, in
particular from metastases. Despite the
multiclonality and heterogeneity of pri-
mary cancer, clonal bottlenecks imposed
by the metastatic process and further by
therapeutic interventions seem to se-
lect for a single dominant clone in le-
thal metastatic PCa [41]. Several studies
have recently used tissue slices prepared
by vibratome for drug testing, including
enzalutamide, apalutamide, docetaxel,
gemcitabine, or olaparib [28,42,43]. This
methodology has also been used for the
analysis of tumor aggressiveness under
hypoxia conditions [44]. Tissue slicing
and ex vivo culture may also be used
for PDX which are considered as a gold-
standard for cancer research and preclin-
ical drug testing [38,39]. The faithful re-
tention of tissue structure and function
in ex vivo PDX culture offers an ideal op-
portunity for treatment efficacy screen-
ing, thereby reducing costs and num-
bers of experimental animals [39,42].

Conclusion

We have established a culture of both or-
ganoids and tissue fragments from pa-
tients with primary PCa. However, the
organoids did not fully recapitulate pri-
mary tissue characteristics and hetero-

geneity between tissue fragments ham-
pered interpretation of the drug testing.
Still, these approaches may be promis-
ing for the establishment of organoids
and ex vivo tissue fragment cultures
using tissues from metastatic castration-
-resistant PCa.
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CASE REPORT

Benign lymphoid hyperplasia mimicking
oligometastasis from non-small cell
lung cancer after stereotactic ablative

radiotherapy

Benigni lymfoidni hyperplazie imitujici oligometastazu

nemalobunécneho karcinomu plic po stereotakticke ablacni

radioterapii

HamaY., Tate E.

Department of Radiation Oncology, Tokyo-Edogawa Cancer Center, Edogawa Hospital, Tokyo, Japan

Summary

Background: Benign lymphoid hyperplasia (BLH) is a rare lymphoproliferative disorder of nor-
mal polyclonal B lymphocytes, but is sometimes difficult to distinguish from malignancy. Case:
An 87-year-old man with a history of localized non-small cell lung cancer (NSCLC) was referred
for evaluation and treatment of an elastic hard tumor in the left supraclavicular fossa one year
after stereotactic ablative radiotherapy (SABR). Whole-body PET scan showed high '8F-fluoro-
deoxyglucose uptake in the left supraclavicular fossa, and a diagnosis of oligometastasis was
made. The tumor was homogeneously high signal on T2-weighted image with homogeneous
enhancement after contrast administration. Since the palpation and MRI findings were incon-
sistent with those of metastatic NSCLC, a biopsy was performed. Pathological and immunohis-
tochemical investigation revealed the lesion to be BLH. Conclusion: In a patient with suspected
oligometastasis after SABR for NSCLC, caution should be exercised before undergoing SABR for
oligometastasis because BLH may be present.

Key words
oligometastatic disease — pseudolymphoma - reactive lymphoid hyperplasia — stereotactic
body radiotherapy - lymph node metastasis
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BENIGN LYMPHOID HYPERPLASIA MIMICKING OLIGOMETASTASIS FROM NON-SMALL CELL LUNG CANCER

Souhrn

Vychodiska: Benigni lymfoidni hyperplazie (BLH) je vzécné lymphoproliferativni onemocnéni normélnich B-lymfocyt(, pricemz nékdy je obtizné
odlisit jej od malignity. Popis pripadu: Muz ve véku 87 let s lokalizovanym nemalobnécnym karcinomem plic (non-small cell lung cancer - NSCLC)
v anamnéze byl pfijat pro zhodnoceni a lé¢bu elastického solidniho tumoru v levé supraklavikularni jamce jeden rok po stereotaktické abla¢ni
radioterapii (SABR). Celotélova PET ukézala vysoky uptake '®F-fluorodeoxyglukézy v levé supraklavikularni jamce a byla diagnostikovana oligo-
metastaza. V T2-vdzeném obraze byl tumor homogenné hypersignalni pfi homogennim zesileni signdlu po podéni kontrastni latky. Jelikoz po
palpacnim vysetieni a MR nalezy neodpovidaly metastaze NSCLC, byla provedena biopsie. Patologické a imunohistochemické vysetieni odhalilo,
Ze léze ma pavod v BLH. Zdvér: U pacienta s podezienim na oligometastazu po SABR pii NSCLC je pred provedenim SABR pro oligometastazu
nutna opatrnost, a to kvili ptipadnému vyskytu BLH.

Klicova slova

oligometastatické onemocnéni - pseudolymfom - reaktivni lymfoidni hyperplazie - stereotakticka radioterapie — metastazy lymfatickych uzlin

Introduction

Several studies have suggested that ste-
reotactic ablative radiotherapy (SABR) is
well tolerated and of clinical benefit for
patients with oligometastatic non-small
cell lung cancer (NSCLC) [1,2]. However,
the diagnosis of oligometastases is gen-
erally based on noninvasive imaging
findings. Therefore, accurate diagnosis
of oligometastasis is an important factor
in determining treatment and evaluat-
ing treatment efficacy. Here we report
a case of NSCLC with a solitary hyper-
metabolic mass in the left supraclavicu-
lar fossa on positron emission tomogra-
phy (PET), which was finally diagnosed
as benign lymphoid hyperplasia (BLH)
on pathological examination. As far as
we know, this is the first case of NSCLC
treated with SABR that subsequently de-
veloped BLH.

Case report

All procedures performed in this case re-
port were in accordance with the eth-
ical standards of the institutional and
national research committee and with
the 1964 Helsinki declaration and its
later amendments or comparable ethi-
cal standards. Written informed consent
was obtained from the patient for use of
clinical data in research.

An 87-year-old man was referred to
our institution for evaluation and treat-
ment of a palpable mass in the left su-
praclavicular fossa. His past medical
history was unremarkable except for
surgical resection for early-stage colon
cancer three years ago, and SABR (60 Gy
/ 5 fractions) for stage IB NSCLC (ade-
nocarcinoma, American Joint Commit-
tee of Cancer, 8th ed.) of the right upper

lobe one year ago. Prior to SABR, there
were no metastases on whole-body
®F-fluorodeoxyglucose (FDG) PET im-
aging (Fig. 1A). He had no recurrence
without adjuvant therapy, but a pain-
less elastic mass that was clinically un-
fixed appeared in the left supraclavicular
fossa one year after SABR. Whole-body
FDG-PET and PET/CT scan showed in-
tense FDG uptake in the left supracla-
vicular fossa, but no other abnormali-
ties were found (Fig. 1B, C). Maximum
standardized uptake value (SUV__) in-
creased at 2 hours (4.52) compared
to 1 hour (3.77) after FDG administra-
tion. CEA and CA 19-9 concentrations
were within normal limits. Based on
PET imaging findings, the patient was
diagnosed with oligometastasis from
NSCLC. Since there was no medical in-
dication for systemic chemotherapy or
immunotherapy, MRI-guided radiother-
apy was planned. On MRI taken for ra-
diation treatment planning, the tumor
was homogeneously high signal on
T2-weighted image (Fig. 1D), high sig-
nal on T1 map (Fig. 1E), and low signal
on apparent diffusion coefficient from
diffusion-weighted imaging (Fig. 1F).
Post-gadolinium T1-weighted image
demonstrated homogeneous enhance-
ment of the tumor (Fig. 1G). Since the
palpation and MRI findings were incon-
sistent with those of metastatic NSCLC,
a core needle biopsy was performed.
Pathological and immunohistochemical
investigation of the biopsy specimen re-
vealed the atrophic germinal center sur-
rounded by concentric zones of lym-
phocytes (Fig. TH), predominantly with
CD20+ B cells. Based on the histopatho-
logical and immunohistochemical find-

ings, a diagnosis of BLH was made. Since
there was no recurrence of NSCLC, SABR
was cancelled and followed up without
treatment. The tumor of the left supr-
aclavicular fossa gradually shrank and
FDG uptake normalized one year after
biopsy (SUV__ 1.94:2 hours).

Discussion
Oligometastasis is a type of metasta-
sis in which cancer cells from the pri-
mary tumor travel through the body
and form 1-5 metastatic lesions [3].
Studies have shown that aggressive
treatment of NSCLC with oligometasta-
sis improves overall survival compared
to palliative approaches orimmunother-
apy alone [4]. SABR is one of the most ef-
fective treatments for oligometastatic
disease, but standard diagnostic meth-
ods for each metastatic lesion have not
been established. In general, the diag-
nosis of oligometastases is made by
noninvasive imaging, including whole-
body PET, with little or no histopatho-
logic examination. This case was ini-
tially diagnosed as oligometastasis from
NSCLC by whole-body PET, but was later
diagnosed as BLH by histopathology.
BLH is a rare disorder characterized by
polyclonal lymphocytic infiltration pre-
dominantly with B lymphocytes, but the
diagnosis of BLH is of clinical importance
asit may be confused with malignantlym-
phoma or oligometastasis. FDG-PET can
easily detect BLH, but its diagnostic ac-
curacy is controversial [5]. Because of the
rarity of this disease, there have been no
well-organized studies investigating the
diagnostic accuracy of FDG-PET. This case
suggests the importance of routine phys-
ical examination and a multimodal diag-
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BENIGN LYMPHOID HYPERPLASIA MIMICKING OLIGOMETASTASIS FROM NON-SMALL CELL LUNG CANCER

Fig. 1. An 87-year-old man with benign lymphoid hyperplasia after stereotactic ablative radiotherapy for non-small cell lung cancer.
(A) Maximum intensity projection PET imaging showed there was no abnormal FDG uptake besides the primary tumor in the right upper
lobe (arrow). (B) Maximum intensity projection PET and (C) PET/CT imaging showed intense FDG uptake in the left supraclavicular fossa
without other abnormal uptake, suggesting oligometastasis of non-small cell lung cancer. The tumor (arrow) was homogeneously high
signal on (D) T2-weighted image, high signal on (E) T1 map, and high signal on (F) diffusion-weighted image (b-value 800 s/mm?). (G)
Post-gadolinium T1-weighted image demonstrated homogeneous enhancement of the tumor (arrow). (H) Photomicrograph of the
biopsy specimen from the left supraclavicular lymph node (hematoxylin-eosin stain, 40x). Biopsy specimens show an atrophic germinal
center surrounded by concentric zones of lymphocytes.

FDG - '8F-fluorodeoxyglucose
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nostic approach using PET and MRI for an
accurate diagnosis of BLH. Although it is
difficult to distinguish lymphoma from
BLH by PET and/or MRI, it may be pos-
sible to rule out lymph node metastasis
from NSCLC. Homogeneous hyperinten-
sity of the tumor on T2-weighted image
and T1 map with homogeneous en-
hancement after contrast agent adminis-
tration, and the absence of central necro-
sis or hemorrhage are important clues to
exclude metastases of NSCLC [6]. Elastic,
unfixed lymph nodes on palpation are an
adjunctive finding and are useful in the
diagnosis [7].

Conclusion
In conclusions, a single case report can-
not be generalized to others without

further validation; however, a multi-
modal and multifactorial diagnostic
approach would be warranted before
performing SBRT for oligometastasis
of NSCLC.
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CASE REPORT

Fatal myocarditis after the first dose

of nivolumab

Fatalni myokarditida po prvni davce nivolumabu
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Summary

Background: Thymic carcinoma (TC) is a rare subtype of thymic epithelial malignancy. Surgi-
cal resection is a mainstay in the treatment of TC, while radiotherapy and chemotherapy are
modalities used in adjuvant or palliative setting. Immune checkpoint inhibitors (ICl) including
anti-PD-1 (programmed cell death 1) antibodies represent an emerging treatment modality
in TC; however, their administration could be associated with life-threatening toxicity. Case:
We present a case of a 59-year-old female with grade Il TC, who had received neoadjuvant
chemotherapy followed by surgery and subsequent adjuvant radio-immunotherapy with an
ICl, nivolumab. We provide our experience with the toxicity of an administered treatment.
Results: Fourteen days after the first dose of nivolumab and on 214 day after starting of radio-
therapy (total dose of 40 Gy), the patient developed fulminant myocarditis with subsequent
heart failure. Despite immunosuppressive therapy with high-dose glucocorticoids and myco-
phenolate mofetil and intensive support, the patient died within 6 days after the onset of first
symptoms. Conclusion: Physicians should be aware of these extremely rare, but potentially fatal
complications of immunotherapy.

Key words
immunotherapy — immune checkpoint inhibitors — nivolumab — thymic carcinoma - cardiotoxicity

Souhrn

Vychodiska: Karcinom thymu (thymic carcinoma - TC) je vzacnym podtypem malignity thymu
epitelidlniho pdvodu. Stézejni soucasti 1écby TC je chirurgicka resekce, zatimco radioterapie
a chemoterapie jsou modality, které se pouzivaji v adjuvantnim nebo paliativnim rezimu.
Checkpoint inhibitory, kam patfi protilatky proti receptoru programované bunécné smrti 1
(programmed cell death 1 - PD-1), pfedstavuji nové vznikajici modalitu 1écby TC, nicméné je-
jich podavani maze byt spojeno s zivot ohrozujici toxicitou. Pfipad: Prezentujeme pfipad 59leté
zeny s grade lll TC, které byla podana neoadjuvantni chemoterapie, po které nasledoval chi-
rurgicky zékrok a nasledné byla podéna adjuvantni radioimunoterapie s checkpoint inhibi-
torem, nivolumabem. V ¢lanku sdélujeme nase zkusenosti s toxicitou podavaného pfipravku.
Vysledky: Ctrnact dni po prvni ddvce nivolumabu a 21. den po zahajeni radioterapie (v celkové
davce 40 Gy) se u pacientky rozvinula fulminantni myokarditida s naslednym srde¢nim selha-
nim. | pres imunosupresivni terapii vysokodavkovymi glukokortikoidy a mykofenolat mofeti-
lem a pies intenzivni podpUrnou terapii pacientka béhem 6 dni od nastupu prvnich symptoma
zemfela. Zdvér: Lékati by méli mit na paméti tyto extrémné vzacné, avsak potencialné fatalni
komplikace imunoterapie.

Klicova slova
imunoterapie — checkpoint inhibitory — nivolumab - karcinom thymu - kardiotoxicita
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FATAL MYOCARDITIS AFTER THE FIRST DOSE OF NIVOLUMAB

Introduction
Currently, immune checkpoint inhibitors
(IClI) are emerging treatment modalities
with effectivity in broad spectrum of tu-
mors [1]. They are mainstay in the treat-
ment of cancers in monotherapy or in
combination with chemotherapy or ra-
diation therapy [2]. However, substantial
proportion of patients experience im-
mune-related adverse events including
fatal complications [2]. Most common
immune-related adverse events include
hepatitis, colitis, pneumonitis, hypo-
physitis, myocarditis, nephritis, hemato-
logic adverse effects, and others [3].
Herein, for the first-time we report
a patient with a rare type of cancer,
thymic carcinoma, primarily refractory
to chemotherapy, with high expres-
sion of programmed cell death 1 (PD-1)
protein, treated with adjuvant combi-
nation of radio-immunotherapy due to
R1 tumor resection. After first adminis-
tration of anti-PD-1 inhibitor, nivolumab,
severe cardiac toxicity was observed.
The patient developed severe fulminant
myocarditis with fatal course despite
complex supportive care.

Case analysis

We report the case of a 59-year-old fe-
male patient presented herself with
a history of fever of unknown origin,
which persisted one month despite re-
peated antibiotic treatments. The pa-
tient had no previous history of cardiac
disease and the rest of physical exam
was within normal limits. She under-
went diagnostic procedures in the Uni-
versity Hospital in Martin in May 2019.
The tumor size 69 X 79 X 56 mm was

found in the anterior mediastinum on
CT scan. Subsequently, tumor biopsy
was performed, which showed a squa-
mous cell thymic carcinoma. The tumor
was borderline resectable; therefore, in
July 2019, the patient underwent two cy-
cles of neoadjuvant chemotherapy con-
sisted of cisplatin 75 mg/m? on 1t day
and gemcitabine 1 000 mg/m?on 1%*and
8™ days. However, CT scan after two cy-
cles of therapy revealed no tumor re-
gression. In August 2019, the tumor was
resected with concurrent brachioce-
phalic plastic vein replacement, in a spe-
cialized center for thoracic surgery in
Bratislava. The postoperative period was
complicated by a formation of an ante-
rior mediastinal abscess, with the need
for drainage. Definitive histology con-
firmed a thymic carcinoma, grade 3,
pT1bN1, with PD-L1 expression > 50%,
R1 resection, and microscopic infiltra-
tion of resection borders. Subsequently,
the tumor board suggested adjuvant
treatment consisted of nivolumab with
concomitant external radiotherapy to
the mediastinal area. In November 2019,
external radiotherapy was started using
three direct fields 18MVX technique
at 2 Gray (Gy) to a planned total dose
of 50 Gy with concomitant nivolumab,
240 mg bi-weekly.

On 14™ day of administration of the
first nivolumab dose and on the 21t day
of external radiotherapy (40 Gy), the pa-
tient started to complain of mild dysp-
nea. She felt a mild chest pain and pal-
pitation lasting a few minutes. ECG
revealed atypical complete LBBB, with
QS complexes in V1-V5, ST depressions
in II, 1ll, aVF, and elevations in |, and aVL

in the positive QRS complex (Fig. 1). Lab-
oratory findings showed an elevation
in troponin T (3.08 ng/mL), pro-brain
natriuretic peptide (2 509 ng/L), C-reac-
tive protein (17 mg/L), and white blood
cells 6.12g/L (Tab. 1). Subsequently,
the patient reported worsening of pal-
pitations, and ECG showed ventricular
tachycardia at a heart rate of 150 beats
per minute.

Acute myocardial infarction was ini-
tially suspected; therefore, the patient
was transported to the intensive care
unit of National Institute of Cardiovas-
cular Diseases, Bratislava. Urgent coro-
nary angiography ruled out acute coro-
nary syndrome (Fig. 3, 4). On the day of
admission, transthoracic cardiac ultra-
sound examination showed hypertro-
phy of the left ventricle with preserved
function and ejection fraction (EF) 60%.
Frequent ventricular ectopy has pro-
gression to hemodynamically signifi-
cant persistent ventricular tachycardia.
There was no effect of amiodarone treat-
ment and due to concerns of its proar-
rhythmogenic action, direct current
electrical cardioversion was performed
with acute success, but with early recur-
rence of ventricular tachycardia. Due to
high levels of troponin T and exclusion
of acute coronary syndrome using cor-
onary angiography, ICl-associated myo-
carditis was suspected.

Cardiac MR revealed severe hypoki-
nesis of the anterior wall, interventricu-
lar septum, EF 40-42% and akinesis of
the greater part of the right ventricle, EF
20% (Fig. 5). Subsequently, endomyocar-
dial biopsy under ultrasonographic nav-
igation was performed. It revealed myo-

Tab. 1. Laboratory test results of a 59-year-old female patient with myocarditis.

Date T - troponine ng/L NTproBNP ng/L Myoglobin pg/L Creatinine pmol/L CRP
11.12.19 3081 2509 NA 52 17
11.12.19 2859 NA 1301 63 171
12.12.19 3762 NA NA 46 20.9
13.12.19 4055 11329 NA 110 9.7
14.12.19 NA NA NA 119 NA
15.12.19 NA NA NA 200 NA
CRP - C-reactive protein, NA - not available, NTproBNP — N-terminal pro-brain natriuretic peptide
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Fig. 5. Cardiac MRl scan.

R 142 | - 195

In the upper anterior mediastinum, parasagittally left diffusely increased adipose tissue density (40 HU), v.s. is a correlate of postopera-
tive and post-radiation fibrosis, the nearby pericardium is partially involved in these changes. Postradiation fibrotic changes also in the
parenchyma of the adjacent upper lobe of the lung on the left. No oppression of the large vessels of the mediastinum, no oppression of

the cardiac compartments.

cardial infiltration of inflammatory cells,
and T cell-dominant lymphocyte infiltra-
tion, which were consistent with acute
lymphocytic myocarditis. Viral PCR test-
ing using myocardial specimens for cor-
onavirus, influenza and parainfluenza
virus, adenovirus, respiratory syncytial
virus, bocavirus, echovirus, coxsackie
virus and enterovirus were all nega-

tive. In an electron microscope without
clear evidence of a replicated virus, there
was a genetically persistent parvovi-
rus B19 RNA, which is clinically insignif-
icant. Serum antibodies measured in the
convalescent phase against coxsackie
virus, enterovirus, echovirus, adenovi-
rus, influenza and parainfluenza virus,
and respiratory syncytial virus were not

elevated. Samples of endomyocardial
biopsy for transmission electron micros-
copy (TEM) investigation were fixed with
3% solution of glutaraldehyde, postfixed
with 1% solution of OsO4, embedded
into Durcupan AMC and cut by ultrami-
crotome. Thin sections were contrasted
by uranyl acetate and lead citrate. The
documentation was made by transmis-
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Fig. 6. Autophagic membrane bound vacuole with glycogen content (near the nucleus),
x 12 000.

sion microscope Tesla BS 540. TEM exam-
inations showed nonspecific changes in
cardiomyocytes, like hypercontractions,
myofibrillar lysis, autophagic vacuoles,
myelin-like structures and alteration of
mitochondria shape and size (Fig. 6-8).
The finding of TEM is without conclusive
evidence of replicated viral particles.
Immunosuppressive therapy was
started on the 3™ day after the onset of
first cardiac symptoms. The patient re-
ceived high-dose glucocorticoids (in-

travenous methylprednisolone adminis-
tered at 1 mg/kg/day for 3 days and then
the patient continued on prednisone
treatment (1 mg/kg). Echocardiography
on 4™ day showed biventricular heart
failure with left ventricular ejection func-
tion 35%. Due to the development of
fulminant heart failure, mycophenolate
mofetil, a reversible, non-competitive
inhibitor of inosine-5"-monophosphate
dehydrogenase, was added in the dose
1 000 mg twice daily, to further inten-

sify immunosuppression. Extracorporeal
membrane oxygenation (ECMO) was not
indicated because of concerns of its safe
implantation after multiple thoracic sur-
gery. Despite complex supportive ther-
apy and early administration of immu-
nosuppressants, multi organ failure and
persistent ventricular tachycardia (Fig. 9)
with progression to fatal acute heart fail-
ure developed and patients died 6 days
after the onset of first symptoms.

Discussion

Standard treatment options for patients
with operable thymic carcinoma include
the surgery for Masaoka stage | with ad-
juvant radiation therapy in stage Il. In 1ll
and IVa Masaoka stages, the tumors are
primarily inoperable, so multimodal ap-
proach with neoadjuvant chemotherapy
and radical resection followed by adju-
vant chemoradiation is suggested [4].

Chemotherapy is the primary treat-
ment modality for patients with IVb
thymic carcinoma. Most regimens in-
volve a platinum composite with or
without an anthracycline (PAC - cispl-
atin, doxorubicin, cyclophosphamide,
VIP - etoposide, ifosfamide, and cispl-
atin, ADOC - doxorubicin, cisplatin, vin-
cristine, cyclophosphamide) [5]. A gem-
citabine and cisplatin combination offers
a tolerable and effective treatment op-
tion. In retrospective analysis, 13 pa-
tients with untreated or unresectable
recurrent thymic squamous cell carcino-
mas were treated with gemcitabine and
cisplatin. Eight patients achieved a par-
tial response, four patients had a sta-
ble disease, and one had a progressive
disease. The overall response rate (ORR)
and disease control rate were 61.5 and
92.3%, respectively [6].

Anti PD-1/L1 inhibitors are approved
for the treatment of multiple malignan-
ciesincluding melanoma, non-small-cell
lung cancer, renal cell carcinoma, Hodg-
kin lymphoma, head and neck squa-
mous cell cancer, urothelial carcinoma,
colorectal cancer and many others. Re-
cently, ICl showed effectivity in epithe-
lial thymic tumors as well [7]. Yang et al
report a case of a patient with thymic
carcinoma, who achieved a partial re-
sponse with nivolumab after standard
care [8]. Single-arm, multicenter, phase I
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trial (PRIMER) assessed effectiveness
and safety of nivolumab for previously
treated thymic carcinoma patients.
While nivolumab produced no respond-
ers among the 15 patients accrued dur-
ing the first stage, the disease control
rate 73% suggested clinical benefit [9].
Assingle arm, phase Il study performed
by Giaccone et al assessed the effi-
cacy of pembrolizumab in 40 patients
with recurrent TC (rTC). The overall re-
sponse rate was 22.5%. The response
lasted for 22.4 months. The median pro-
gression-free survival was 4.2 months
and the median overall survival was
24.9 months [10]. Cho et al evaluated
pembrolizumab in 26 patients with rTC
and 7 patients with recurrent thymoma.
The ORR was 19.2% in patients with
thymic carcinoma and 28.6% in patients
with thymoma [11]. In both trials, high
PD-L1 expression was associated with
a response to therapy [12]. Rajan et al
evaluated avelumab in 8 TET patients
(7 thymoma and 1 TC) with no history of
autoimmune disease. Four of seven pa-
tients with thymoma had an objective
response including a confirmed partial

i Tk &

Fig. 8. Alteration of mitochondria — degenerated mitochondria with a dissolved mem-

h s B s

brane and abnormal size and shape, x 30 000.

response in 2 (29%) patients. Notewor-
thy tumor shrinkage was observed [13].

ICI are associated with multiple im-
mune related adverse events includ-
ing gastrointestinal, endocrine toxic-

ity and dermatologic toxicity as most
common side effects. Neurotoxicity and
pulmonary toxicity are relatively rare
but can be fatal [14]. Serious adverse
events include also cardiotoxicity, such

ﬂ%ww\fmw
A:;—‘VWWW\/MM
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GO 2000 1.1 1250™ v241
Fig. 9. Progressive ventricular arrhythmia.
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as myocarditis, rhythm disorders (atrio-
ventricular blocks, atrial and ventricu-
lar arrhythmias), myocardial infarction,
pericardial disease, left ventricular dys-
function, dilated cardiomyopathy, heart
failure, cardiogenic shock and sudden
cardiac death [15-19]. Based on recently
presented findings from a large meta-
analysis of randomized clinical trials, ICI
related cardiac adverse events are un-
common with occurrence < 4% of pa-
tients [20]. Immunotherapy in patients
with preexisting conditions for cardiac
damage, diabetes mellitus, underlying
autoimmune disease and some other
factors could increase the risk of cardio-
toxicity as well [21]. The risk of ICl-asso-
ciated cardiotoxicity might be increased
also in combination with other cancer
treatments [22]. The role of radiation
therapy in the development and pro-
gression of these cardiovascular events
should be also considered [23]. How-
ever, according to the largest report of
adverse effects of combined treatment
with radiotherapy and ICl, there was no
higher risk of myocarditis in patients re-
ceiving ICl treatment with radiotherapy
compared to patients without radio-
therapy [24]. The most common cardiac
event is ICl-related myocarditis. It has
a reported incidence of 0.04-1.14%.
Compared with other adverse events,
it has a significantly higher associated
mortality of 25-50% [25].

The variability in time diagnosis of
ICI-related myocarditis after the initia-
tion of ICl is known from a small num-
ber of individual case reports. The study
by Mahmood et al reported evaluated
time of onset of ICl associated myocar-
ditis after initiating of immunotherapy
in 35 cases. They observed the median
34 days (interquartile range 21-75 days)
to the onset of myocarditis from the start
of ICl administration [26]. Another co-
hort presented by Escudier et al revealed
the median 65 days (range 2-454 days)
to a diagnosis of cardiotoxicity after stat-
ing of ICI. There was an average of three
infusions administered before cardiotox-
icity developed [27]. Data from the Vigi-
Base (which is World Health Organiza-
tion’s global database of individual case
safety reports), that included 33 cases
with ICI related myocarditis suggest

that 75% of them developed myocardi-
tis in the first 6 weeks of treatment, (me-
dian onset 27 days). Almost two thirds of
these patients had received only one or
two doses of therapy before the onset of
myocarditis [16]. Cardiac magnetic res-
onance (CMR) has become nowadays
a cornerstone of the diagnosis of myo-
carditis and its high sensitivity and spec-
ificity is valuable especially in less severe
forms and in cases of uncertainty. In our
case of rapid onset of fulminant myo-
carditis, CMR was not performed due to
hemodynamic instability of the patient.

In our patient, myocarditis developed
on 14™ day after first dose of nivolumab.
Consistently, with previous data, our
case indicates, that nivolumab-induced
myocarditis can develop even one dose
after its administration. In case pre-
sented, patient was pre-treated with
neoadjuvant chemotherapy and subse-
quent adjuvant radioimmunotherapy.
While patient had negative medical his-
tory for other diseases including cardio-
vascular or autoimmune, concomitant
radiation therapy could increase risk of
myocarditis in our case. Previous data
suggests that the mechanism associated
with the development of myasthenia
gravis in patients with thymic epithelial
tumor (TET) may be a result of imma-
ture, TET derived thymocytes that have
escaped self-tolerance and become
auto-reactive [28]. ICl therapy further ac-
tivates T lymphocytes, exacerbating the
autoimmune reactivity of the cells and
most likely resulting in the increased
rates of immune-related adverse events
(irAEs) compared to other cancers [29].
However, in the PRIMER trial (see above),
only 2 of 15 (13.3%) patients expe-
rienced immune-related serious adverse
events grade lll, including aspartate ami-
notransferase increase and grade Il adre-
nal insufficiency, both of which were re-
solved after drug discontinuation [9].

In a phase Il study of pembrolizumab,
adverse events of any grade were
counted. The safety profile of pembroli-
zumab in this study was notable because
of a high percentage of irAEs. Among all
patients, nine patients (27.3%) stated
grade 3 or 4 irAEs, and eight (24.2%)
discontinued pembrolizumab therapy.
irAEs were more prevalent in patients

with thymoma compared with patients
with thymic carcinoma (71.4 vs. 15.4%,
respectively). Furthermore, five out of
nine patients (four with T and one with
TC) experienced multiple autoimmune
adverse events simultaneously, which
were not frequently observed in other
malignancies treated with pembroli-
zumab. Of note, severe immune-related
myocarditis, which is a relatively rare au-
toimmune syndrome, even in TET, devel-
oped in three patients with thymoma,
but all have fully recovered with high-
dose corticosteroids and intravenous
immunoglobulin [11].

The most common adverse events
of any grade included dyspnea (11;
33.3%), chest wall pain (10; 30.3%), an-
orexia (7; 21.2%), and fatigue (7; 21.2%).
Five (71.4%) of seven patients with
thymoma and four (15.4%) of 26 pa-
tients with thymic carcinoma reported
grade = 3 immune-related adverse
events, involving hepatitis (4; 12.1%),
myocarditis (3; 9.1%), myasthenia gravis
(2; 6.1%), thyroiditis (1; 3.0%), antineu-
trophil cytoplasmic antibody-asso-
ciated rapidly progressive glomerulo-
nephritis (1; 3.0%), colitis (1; 3.0%), and
subacute myoclonus (1; 3.0%) [11]. Until
now, no myocarditis was described in
patients with thymic carcinoma treated
with ICI.

ICl-related myocarditis has a reported
incidence of 0.04-1.14%, but when
compared with irAEs, it has a signifi-
cantly higher associated mortality of
25-50% [25]. The treatment of ICl-as-
sociated myocarditis has largely been
based on the use of glucocorticoids. Rec-
ommended pulse dose of methylpredni-
solone at 1 000 mg daily for 3 days was
followed by 1 mg/kg daily of either oral
or intravenous steroids [26]. The clinical
practice guidelines by American Society
for Clinical Oncology for irAEs suggest
initiation at 1 mg/kg daily of either intra-
venous or oral steroids [30].

There have been case reports or small
case series of successfully treated ICI-
related myocarditis with intravenous
immunoglobulin, mycophenolate, in-
fliximab, anti-thymocyte globulin, plas-
mapheresis, alemtuzumab and abata-
cept. The effectiveness of these agents
in ICl-related myocarditis is unclear, and
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they are generally reserved for those
patients who have an inadequate re-
sponse to glucocorticoids [25]. In our
patient, despite the rapid administration
of corticosteroids at an adequate dose of
1mg/kg on the 3 day after the onset of
symptoms, no clinical improvement oc-
curred. Biventricular heart failure pro-
gressed. As infliximab was contraindi-
cated due to heart failure, we decided to
initiate dual immunosuppression with
mycophenolate. However, no improve-
ment was observed and despite dual im-
munosuppressive therapy the course of
myocarditis was fatal.

Conclusion

Myocarditis is the most serious form of
the cardiovascular toxicity of ICI. Itis nec-
essary for both the oncologist and the
cardiologist to have a high suspicion for
the diagnosis of ICI-related cardiotoxicity
in patients with nonspecific symptoms
even after the first dose of nivolumab.
The exact mechanism of nivolumab car-
diotoxicity is not fully understood. It re-
mains unclear whether the combination
of ICI with previous chemotherapy and
radiotherapy could contribute to cardiac
damage in our patient. Despite the low
incidence of cardiotoxicity of ICl, poten-
tially fatal cardiac adverse events follow-
ing ICl treatment for cancer should be
reported systematically.
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dvakrat denn&, co? odpovida celkové denni davce 90 mg, s priblizné 12 hodinovym odstupem. Uprava davky je popsana v SPC. KONTRAINDIKACE: Hypersenzitivita na lécivou latku nebo na
kteroukoli pomocnou latku (viz SPC, bod 6.1). ZVLASTNi UPOZORNENI A OPATRENI PRO POUZITi: Binimetinib se mé& podavat v kombinaci s enkorafenibem. Dali udaje tykajici se upozorn&ni
a opatfeni pro lé¢bu enkorafenibem viz bod 4.4 SPC enkorafenibu. INTERAKCE: Induktory enzym& CYP1A2 a induktory transportu pies Pgp (jako je tfezalka te¢kovana nebo fenytoin) mohou
sniZovat expozici binimetinibu, coz mliZze vést k poklesu jeho ucinnosti. Binimetinib je potencialnim induktorem CYP1A2 a pfi jeho sou¢asném podavani se senzitivnimi substraty (jako je duloxetin
nebo theofylin) je zapottebi postupovat s opatrnosti. Podrobngji v SPC, bod 4.5. NEZADOUCH UEINKY: Uvadime velmi asté: anemie, periferni neuropatie, zavrat, bolest hlavy, poruchy vidéni,
RPED, hemoragie, hypertenze, bolest bficha, prdjem, zvraceni, nauzea, zacpa, hyperkeratéza, vyrazka, suchd kdze, pruritus, alopecie, artralgie, myalgie, bolest zad, bolest koncetin, pyrexie,
periferni edém, unava, zvyieni kreatinfosfokinazy v krvi, aminotransferdz a GGT. Podrobnéji viz SPC, bod 4.8. ZVLASTNI OPATRENI PRO UCHOVAVANI: Tento Iéivy pripravek nevyzaduje zadné
zvl&stni podminky uchovavani. DRZITEL ROZHODNUTI O REGISTRACI: Pierre Fabre Médicament, Boulogne-Billancourt, Francie. REGISTRACNI CiSLA: EU/1/18/1315/001 (84 potahovanych tablet),
EU/1/18/1315/002 (168 potahovanych tablet). DATUM REVIZE TEXTU: 08/2021. Seznamte se s Uplnym zn&nim Souhrnu udajt o pfipravku, ktery je k dispozici na webovych strankach Evropske
agentury pro lécivé pripravky www.ema.europa.eu nebo na adrese: Pierre Fabre Medicament s.r.o., Proseckd 851/64, 19000 Praha 9. Farmakovigilan¢ni servis 24H/7D: +420 286 004 111; e-mail:
info.cz@pierre-fabre.com. ZPUSOB VYDEJE: Vydej lécivého pripravku je vazan na lékafsky predpis s omezenim. ZPUSOB UHRADY: Lécivy pripravek je hrazen indikovanym pacientim z prostfedkd
Vetejného zdravotniho pojisténi.
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AKTUALITY Z ODBORNEHO TISKU

Aktuality z odborného tisku

Pembrolizumab plus chemotherapy in advanced triple-negative breast cancer

Cortes J, Rugo HS, Cescon DW et al.
N Engl J Med 2022; 387(3): 217-226. doi: 10.1056/NEJM0a2202809.

Triple-negativni karcinom prsu je jednim z nejagresivnéjsich solidnich nador(. Medidn pfeziti pacientek s metastatickym
onemocnénim je jen néco malo pres 1 rok, proto se hledaji nové Ié¢ebné moznosti v¢. imunoterapie. V této studii faze Il bylo
hodnoceno pfidani pembrolizumabu k chemoterapii u pacientek s pokrocilym triple-negativnim karcinomem prsu, jejichz
tumory exprimovaly PD-L1 (hodnoceno na zakladé kombinovaného pozitivniho skore). Pacientky byly randomizovany do ramene
s chemoterapii (nab-paklitaxel, paklitaxel nebo gemcitabin — karboplatina) nebo s kombinaci chemoterapie a pembrolizumabu
(200mg kazdé 3 tydny). Primarnimi cili byly preziti bez progrese a celkové preziti u pacientek, jejichz nddory exprimovaly
PD-L1 s CPS 10 nebo vice, déle u pacientek, jejichz nadory exprimovaly PD-L1 s CPS 1 nebo vice a v ,intent-to-treat” populaci.
Randomizaci podstoupilo celkem 847 pacientek, z nichz 566 bylo zafazeno do skupiny s pembrolizumabem a chemoterapii
a 281 do skupiny s placebem a chemoterapii. Stredni doba sledovani byla 44,1 mésice.V podskupiné CPS-10 byl median celkového
preziti ve skupiné s pembrolizumabem a chemoterapii 23,0 mésice a ve skupiné s placebem a chemoterapii 16,1 mésice (pomér
rizika umrti (HR) 0,73; 95 % interval spolehlivosti (Cl) 0,55-0,95; p = 0,0185); v podskupiné CPS-1 byl medidn celkového preziti
17,6 a 16,0 mésice (HR 0,86; 95 % ClI 0,72-1,04; p = 0,1125). Nezddouci pfihody stupné 3, 4 nebo 5, které souvisely s |é¢bou, se
vyskytly u 68,1 % pacientek ve skupiné s pembrolizumabem a u 66,9 % ve skupiné s placebem a chemoterapii, v¢. imrti u 0,4 %
pacientek ve skupiné s pembrolizumabem a Zddného umrti ve skupiné s placebem a chemoterapii. Studie tedy prokazala, Ze
pfidani pembrolizumabu k chemoterapii u pacientek s PD-L1 s CPS 10 nebo vice vedlo k statisticky i klinicky vyznamné prodlouzeni
celkového preziti. Toto preziti se blizi k milniku 2 let, a pfitom bez zdsadniho zvy3eni toxicity terapie.

Global burden of cancer in 2020 attributable to alcohol consumption: E.’F—E
a population-based study Tﬁ( :
Rumgay H, Shield K, Charvat H et al.
Lancet Oncol 2021; 22(8): 1071-1080. doi: 10.1016/51470-2045(21)00279-5. E

Uzivani alkoholu je kauzélné spojeno s mnoha druhy nadord. V této studii autofi predkladaji globalni, regionalni a narodni odhady
vyskytu nadord zplsobenych alkoholem v roce 2020. V této populacni studii byly vypocitany populaéni atribucni frakce (PAF)
pomoci teoretické minimalni rizikové expozice celozivotni abstinence a odhadu spotieby alkoholu z roku 2010 podle Globalniho
informacniho systému o alkoholu a zdravi (za pfedpokladu 10letého obdobi latence mezi konzumaci alkoholu a diagnézou
rakoviny), zkombinovény s odpovidajicimi odhady relativniho rizika ze systematickych literarnich pfehled( v rdmci projektu WCRF
Continuous Update Project a nakonec aplikovany na tdaje o incidenci rakoviny z GLOBOCAN 2020 s cilem odhadnout pocet
novych pfipadd rakoviny souvisejicich s konzumaci alkoholu. Hodnocen byl také vliv mirného (< 20 g denné), rizikového (20-60 g
denné) a tézkého (> 60 g denné) piti na celkovou zatéz rakovinou zpisobenou alkoholem a také vliv kazdych 10g za den (aZ do
maxima 150 g). Byly odhadnuty 95% intervaly nejistoty (Ul), a sice pomoci pfistupu podobného metodé Monte Carlo. Celosvétové
se odhaduje, ze 741 300 (95 % Ul 558 500-951 200) neboli 4,1 % (3,1-5,3) vsech novych pfipadud rakoviny v roce 2020 Ize pfipsat
konzumaci alkoholu. Z celkového poctu nadord zplsobenych alkoholem pripadlo na muze 568 700 pfipadu (76,7 %; 95 % Ul
422 500-731 100) a nejvice pfipadd tvofily nadory jicnu (189 700), jater (154 700) a prsu (98 300). PAF byly nejnizsi v severni
Africe (0,3 % (95 % Ul 0,1-3,3)) a zapadni Asii (0,7 % (0,5-1,2)) a nejvyssi ve vychodni Asii (5,7 % (3,6-7,9)) a stiedni a vychodni
Evropé (5,6 % (4,6-6,6)). Nejvétsi mnozstvi nador(l zplisobenych alkoholem bylo disledkem nadmérného piti (346 400 (46,7 %;
95% Ul 227 900-489 400) piipadl) a rizikového piti (291 800 (39,4 %; 227 700-333 100) piipadd), zatimco mirné piti pfispélo
k 103 100 (13,9 %; 82 600-207 200) pfipadll a piti do 10g denné prispélo k 41 300 (13,9%; 35 400-145 800) piipaddm. Ackoliv vliv
alkoholu na vznik naddor0 neni tak dramaticky jako vliv koufeni tabaku, pfesto je konzumace alkoholu spojend s velmi vyznamnym
poctem nador(. Tato studie zdUrazriuje potiebu ucinnych opatfeni a intervenci pro zvyseni povédomi o rizicich nddorl spojenych
s uzivanim alkoholu a pro snizeni celkové spotieby alkoholu.
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Imunoterapie prokazujici celkové preziti v nastaveni prvni linie
pro lokalné pokrocily nebo metastazuijici urotelidlni karcinom
(UC) jako udrzovaci lé¢ba’

PROKAZAN
05 DATH

Kombinace BAVENCIO + BSC prokazala signifikantni celkové
preziti (OS) ve studii faze Ill u pacient, jejichZ onemocnéni
neprogredovalo pfi chemoterapii obsahujici platinu’

22 1 MESICE .. 14,6 MESICE

mOS mOS
BAVENCIO + BSC’ Samotnda BSC’ =,
(n=350) (n=350)

Pomér rizik (HR): 0,70 (95% Cl: 0,56-0,86); oboustranna hodnota p = 0,0008

Uhrada z vefejného zdravotniho \ gl BAVENCIO
pojisténi od 1. 11. 20212 avelumab 20 mgmi

Infuzni koncentrat

BSC = nejlepsi podplrna péce; mOS = median celkového preziti; UC = urotelialni karcinom.

Zkracena informace o pripravku BAVENCIO® (avelumabum)

Nazev pripravku a slozeni: BAVENCIO 20 mg/ml koncentrat pro infuzni roztok. Jeden ml koncentratu obsahuje avelumabum 20 mg. Jedna injekéni lahvicka s 10 ml
roztoku obsahuje avelumabum 200 mg; a dal$i pomocné I4tky. Indikace: Pripravek BAVENCIO je indikovan v monoterapii k 1é¢bé dospélych pacientli s metastatickym
karcinomem z Merkelovych bunék (MCC). Piipravek Bavencio je indikovan v monoterapii k udrzovaci 1é¢bé prvni linie dospélych pacientl s lokélné pokrocilym nebo
metastazujicim urotelidlnim karcinomem (UC), ktefi jsou bez progrese po chemoterapii na bazi platiny. Pripravek BAVENCIO je v kombinaci s axitinibem indikovan k prvni
linii 1écby dospélych pacientl s pokroCilym rendlnim karcinomem (renal cell carcinoma, RCC). Davkovani a zplsob podani: Doporucena davka pripravku BAVENCIO
v monoterapii je 800 mg podavanych intravendzné v priibéhu 60 minut kazdé 2 tydny. Pripravek BAVENCIO se ma podavat podle doporuceného pléanu az do progrese
onemocnéni nebo nepfijatelné toxicity. Doporucend dévka pripravku BAVENCIO v kombinaci s axitinibem je 800 mg podavanych intravenézné v pribéhu 60 minut
kazdé 2 tydny a davka axitinibu 5 mg uzivana peroralné dvakrat denné (v rozmezi 12 hodin) s jidlem nebo bez jidla az do progrese onemocnéni nebo nepfijatelné
toxicity. Pacienti musi byt pfed prvnimi 4 infuzemi pfipravku BAVENCIO premedikovéni pomoci antihistaminika a paracetamolu. Nezadouci ti¢inky: Nejcastéjsi nezadouci
(cinky stupné > 3 byly anemie (6,0 %), dyspnoe (3,9 %) a bolest bficha (3,0 %). Zavaznymi nezadoucimi dcinky byly nezadouci reakce souvisejici s imunitou a reakce
spojené s infuzi. Vice informaci v UpIné verzi SPC. Kontraindikace: Hypersenzitivita na Iécivou I4tku nebo na kteroukoli pomocnou latku pfipravku. Zvlastni upozornéni:
Peclivé sledovat reakce spojené s infuzi a nezadouci ucinky souvisejici s imunitou. Fertilita, téhotenstvi a kojeni: Zeny ve fertilnim véku maji byt informovany, Ze pfi
podavani avelumabu nemaji otéhotnét a maji pouzivat ucinnou antikoncepci béhem Iécby avelumabem a nejméné 1 mésic po posledni davce avelumabu. Podavani
avelumabu v téhotenstvi se nedoporucuje, pokud klinicky stav Zeny lécbu avelumabem nevyzaduje. Kojicim Zendm by mélo byt doporuceno, aby nekojily béhem léchy
a po dobu nejméné 1 mésice po posledni davce v diisledku moznych zévaznych nezadoucich Ucinkd na kojené novorozence. Interakce: Nejsou ocekavany. Uchovavani:
Uchovavejte v chladnicce (2 °C - 8 °C). Chrante pied mrazem. Uchovévejte v pivodnim obalu, aby byl pipravek chranén pred svétlem. Z mikrobiologického hlediska
ma byt pfipravek po otevieni nafedén a okamzité podan v infuzi. Velikost baleni: 10 ml koncentratu v injekéni lahvicce (sklo tfidy I) s halobutylovou pryZovou zatkou
a hlinikovym uzavérem s odnimatelnym plastovym vickem. Baleni obsahuje 1 injekcni lahvicku. Registraéni €islo: EU/1/17/1214/001. Drzitel rozhodnuti o registraci:
Merck Europe B.V., Amsterdam, Nizozemsko. Datum posledni revize textu: 09/2022. Lék je vydévan pouze na lékar'sky predpis. Pfipravek je hrazen z prostredk( vefejného
zdravotniho pojisténi s omezenim. S Uhradou pfipravku v konkrétni indikaci se seznamte na www.sukl.cz.

v Tento léCivy pfipravek podiéhé dalsimu sledovani. To umozni rychlé ziskani novych informaci o bezpeénosti. Zadame zdravotnické pracovniky, aby hlasili jakakoli
podezieni na nezadouci Ucinky. Podrobnosti o hlaseni nezadoucich tGcink viz bod 4.8. SPC.

Pred predepsanim Iécivého pripravku se, prosim, seznamte s Uplnym znénim Souhrnu tdajd o pfipravku, které obdrZite na adrese spolec¢nosti Merck spol. s r.o.
MERCK spol. s r.0., Na Hiebenech 11 1718/10, 140 00 Praha 4, tel: +420 272 084 211, www.merck.cz
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AKTUALITY Z ODBORNEHO TISKU

Tumour-agnostic efficacy and safety of selpercatinib in patients with RET fusion-positive

solid tumours other than lung or thyroid tumours (LIBRETTO-001): a phase 1/2, open-label, E.
basket trial E{
Subbiah V, Wolf J, Konda B et al. :
Lancet Oncol 2022; 23(10): 1261-1273. doi: 10.1016/S1470-2045(22)00541-1. Et‘r 5

V éfe precizni onkologie pfibyva indikaci, které jsou tumor agnostické, tzn. Ze indikace vychazi z pfitomnosti jistého biomarkeru
bez ohledu na histologicky typ tumoru. Posledni indikaci tohoto druhu je selperkatinib pro 1é¢bu pokrocilych tumora s RET
fuzi, a to na zakladé vysledk( studie LIBRETTO-001. Tato studie hodnotila G¢innost a bezpecnost selperkatinibu u pacient
s riznymi typy nadorl s RET fuzi (kromé nadoru plic a stitné zlazy). Jedna se o otevienou studii faze I/l typu basket trial, ktera
probihala v 89 centrech 16 zemi. Selperkatinib byl podavan peroralné v kontinualnim 28dennim cyklu. Pacienti zafazeni do faze
I s eskalaci davky dostavali bud’ 20 mg 1x denné nebo 20-240 mg 2x denné; doporucena davka pro fazi Il byla 160 mg 2x denné.
Primarnim cilovym parametrem byla mira objektivni odpovédi. Bylo zafazeno 45 pacient(, u 41 z nich byla hodnocena ucinnost,
mira objektivni odpovédi dosahla 43,9 % (95% CI 28,5-60,3; 18 pacientl). Nejcastéjsimi nezadoucimi Ucinky 3. nebo vyssiho
stupné souvisejicimi s Iécbou byla hypertenze (10 (22 %) pacientu), zvysena alaninaminotransferaza (7 (16 %) pacientd) a zvysend
aspartataminotransferaza (6 (13 %) pacient(). Zavazné nezddouci Ucinky souvisejici s [é¢bou se vyskytly u 18 (40 %) pacient(.
V souvislosti s [é¢bou nedoslo k zddnému Umrti. Selperkatinib tedy prokazal klinicky vyznamnou aktivitu ve skupiné pacientt
s rlznymi nadory s RET fuzi, pficemz bezpecnostni profil je podobny jako u jinych indikaci. Pro uréeni pacientd, ktefi budou mit
z terapie selperkatinibem prospéch, bude klicové komplexni genomické testovani zahrnujici fzi RET.

Overall survival in the OlympiA phase lll trial of adjuvant olaparib in patients with germline E!
pathogenic variants in BRCA1/2 and high-risk, early breast cancer @(
H

Geyer CE Jr, Garber JE, Gelber RD et al. E
Ann Oncol 2022; 50923-7534(22)04165-5. [In press]. doi: 10.1016/j.annonc.2022.09.159.

Terapie olaparibem je doporu¢ovand u pacientek s metastatickym karcinomem prsu s germinalni mutaci BRCA1/2 a studie OlympiA
prokazala zlep3eni preziti bez nemociiu ¢asného karcinomu prsu. Novy update studie OlympiA potvrdil i zlepSeni celkového preziti.
Tato randomizovana, dvojité zaslepena studie porovnavala jednoro¢ni podani peroralniho inhibitoru poly(adenosindifosfat-
ribéza)polymerazy, olaparibu, s placebem jako adjuvantni terapii u pacientd s patogennimi nebo pravdépodobnymi patogennimi
germinalnimi variantami BRCAT nebo BRCA2 (gBRCA1/2pv) a vysoce rizikového ¢asného HER2 negativniho karcinomu prsu.
Bylo zafazeno 1 836 pacientek po (neo)adjuvantni chemoterapii, operaci a radia¢ni terapii, pokud byly tyto Ié¢ebné modality
indikovany. S medianem sledovani 3,5 roku prokdazala druhd interim analyza vyznamné zlep3eni celkového preziti (overall
survival - OS) ve skupiné s olaparibem ve srovnani se skupinou s placebem (HR 0,68; 98,5% Cl 0,47-0,97; p = 0,009). CtyFleté OS
bylo 89,8 % ve skupiné s olaparibem a 86,4 % ve skupiné s placebem (A 3,4 %; 95% Cl 0,1-6,8 %). Ctyfleté preziti bez znamek
invazivniho onemocnéni (invasive disease free survival — IDFS) pro skupinu s olaparibem vs. pro skupinu s placebem bylo 82,7 vs.
75,4 % (A 7,3 %; 95% Cl 3,0-11,5 %) a 4leté preziti bez zndmek vzdélenych metastaz (distant disease free survival - DDFS) bylo
86,5 vs. 79,1 % (A 7,4 %; 95 % Cl 3,6-11,3 %). Analyzy podskupin z hlediska OS, IDFS a DDFS prokazaly vyhody nap¥i¢ hlavnimi
podskupinami. Nebyly identifikovany zadné nové bezpecnostni signaly, v¢. zadnych novych pfipadd akutni myeloidni leukemie
nebo myelodysplastického syndromu. Tato studie prokazala snizeni rizika Umrti 0 32 % u selektované skupiny pacientek. Testovani
BRCA by se proto mélo stat standardem u pacientek s ¢asnym karcinomem prsu (minimalné u podskupin s vy$sim moznym
zachytem) a tyto pacientky by mély absolvovat adjuvantni terapii olaparibem.

Cldnky vybral a komentoval
MUDr. Peter Grell, Ph.D.
Klinika komplexni onkologické péée LF MU a MOU, Brno
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Y NINLARO®

Ixazomib capsules

Vice nez dvojnasobna doba do progrese
(PFS) pro pacienty s RRMM a rizikovym
cytogenetickym profilem.?

* Triplet NINLARO + lenalidomid/dexamethason prodlouzil median PFS ve srovnani s rezimem placebo + lenalidomid/
dexamethason u viech pacientUl, véetné pacientd s HRCG a ve druhém a dal$im relapsu.?

q

Vice ¢asu bez progrese.” Vice ze zZivota.

NINLARO 2,3 mg, 3 mg, 4 mg - Zkracené informace o lé¢ivém pfFipravku

W Tento lécivy piipravek podiéhd dalsimu sledovani. To umozni rychlé ziskani novych informaci o bezpecnosti. Zadame zdravotnické pracovniky, aby hlasili jakakoli podezieni na nezadouci tcinky. Podrobnosti o hidsent
nezddoucich Ucinkd viz bod 48 SPC.

Nazev: NINLARO 2,3 mg tvrdé tobolky, NINLARO 3 mg tvrdé tobolky, NINLARO 4 mg tvrdé tobolky. SloZeni: NINLARO 2,3 mg tvrdé tobolky. Jedna tobolka obsahuje ixazomibum 2,3 mg (jako ixazomibi citras 3,3 mg), NINLARO
3mg tvrdé tobolky. Jedna tobolka obsahuje ixazomibum 3 mg (jako ixazomibi citras 4,3 mg), NINLARO 4 mg tvrdé tobolky. Jedna tobolka obsahuje ixazomibum 4 mg (jako ixazomibi citras 5,7 mg). Indikace: Pripravek NINLARO
v kombinaci s lenalidomidem a dexamethasonem je indikovan k 16cbé dospélych pacientd s mnohocetnym myelomem, ktefi jiz prodélali nejméné jednu predchozi lécbu. Davkovani a zpuisob podani: Doporucend pocatecni
davka ixazomibu je 4 mg, podavana peroraIng jednou tydné 1, 8. a 15. den 28denniho lé¢ebného cyklu. Doporucend pocatecn davka lenalidomidu je 25 mg, podavana perorainé denné od 1. do 21. dne 28denniho [écebného cyk\u
Doporucend pocatecni davka dexamethasonu je 40 mg, podavana 8., 15.a 22. den 28denniho lécebného cyklu. Pred zahdjenim nového cykiu Iecby ma byt absolutni pocet neutrofild > 1000/mm?, pocet trombocytd ma byt
>75000/mm? a nehematologicke toxicity se obvykle maji vratit na hodnoty jaké mél pacient pri zahdjeni Iécby, nebo na hodnotu < stupen 1. Lécba ma pokracovat az do progrese onemocnénf nebo nepfijatelnd toxicity. ZpoZadéni
nebo vynechani dévky: V pripadé, ze dojde ke zpozdéni nebo vynechani davky ixazomibu, md se tato dévka uzit jen tehdy, pokud je Casovy odstup od nasledujici planované davky > 72 hodin. Nema se uzivat dvojndsobnd ddvka,
aby se nahradila vynechand davka. Pokud pacient po uzitf davky zvraci, nemd se davka opakovat, ale ma se pokracovat v uzivani v dobé dalsi planované davky. Uprava davkovani: PFi vyskytu stfedné tézké nebo tézké poruchy
funkee jater, t&Zké poruchy funkce ledvin nebo terminainiho stadia onemocnéni ledvin (ESRD) vyZaduiiciho dialyzu je doporucena snizena davka 3 mg. V pripadé prekryvajicich se toxicit, jako jsou trombocytopenie, neutropenie
a vyrazka, se u ixazomibu a lenalidomidu doporucuje postup stridavé dpravy davky. U téchto toxicit je prvnim krokem pfi Upravé dévky vysazeni/snizeni davky lenalidomidu. Postup pfi snizovani davky u téchto toxicit naleznete
v SmPC lenalidomidu. Postup pfi snizovani davky ixazomibu je uveden v tabulce 1a pokyny pro Upravu davky jsou uvedeny v tabulce 2 v SmPC. Soubézné podavané écivé pripravky: U pacientl lécenych ixazomibem je treba
Zvazit antivirovou profylaxi ke snizen rizika reaktivace herpes zoster. U pacientt Iécenych ixazomibem v kombinaci s lenalidomidem a dexamethasonem se doporucuje tromboprofylaxe, ktera ma vychazet z vyhodnoceni rizik
a klinického stavu pacienta. Starsi pacienti: U pacientd starsich 65 let neni nutna Uprava davky ixazomibu. Porucha funkce jater: U pacientl s lehkou poruchou funkce jater neni nutna zadna Uprava dévky ixazomibu. U pacientd
se stfedné tézkou nebo tézkou poruchou funkee jater se doporucuje snizena davka 3 mg. Porucha funkee fedvin: U pacientd s lehkou nebo stiedné tézkou poruchou funkce ledvin (clearance kreatininu > 30 mi/min) neni
nutna Uprava davky ixazomibu. Snizend davka 3 mg se doporucuje u pacientd s t&7kou poruchou funkce ledvin (clearance kreatininu < 30 ml/min) nebo v terminalnim stadiu onemocnéni ledvin (ESRD) vyZadujicim dialyzu.
Ixazomib neni dialyzovatelny. Zodisob podani: Ixazomib je urcen k peroralnimu podéni. Kontraindikace: Hypersenzitivita na lécivou latku nebo na kteroukoli pomocnou ltku. Zvlastni upozornéniz* Vzhledem k tomu, ze se
ixazomib podava v kombinaci s lenalidomidem a dexamethasonem, je tfeba si precist dalsf zvIastni upozoréni a opatreni pro pouziti v SmPC téchto lécivych pripravkd. Pri lécbé ixazomibem byla hiasena trombocytopenie,
pricemz k nejvétsimu poklesu poctu trombocytl doslo obvykle mezi14.-21. dnem kazdého 28denniho cykiu a k obnovent vychozich hodnot doslo pred zahajenim dalsiho cyklu. V' pripadé zavaznych priznakd gastrointestinalni
toxicity (stupen 3-4) se md provést (iprava davky a doporucuje se sledovat hladinu drasliku v séru. U pacienta mé byt sledovan pripadny vyskyt priznakli periferni neuropatie. Pacienti s nové vzniklou nebo zhorsujici se periferni
neuropatil mohou vyzadovat Upravu davky. Pri léché ixazomibem byl hiasen vyskyt perifernino otoku. PFi léché ixazomibem byla hidsena vyrazka. Pri lécbé ixazomibem byl hiasen také Stevenstiv JohnsonGv syndrom. Vyskytne
li se Stevenstv JohnsonGv syndrom, ixazomib vysadte. U pacwentu kteff dostavali ixazomib, byly h\aseny pripady trombotické mikroangiopatie véetné trombotické trombocytopemcke purpury. Pri [é¢bé ixazomibem by\a méné
¢asto hidsena poskozen jater vyvolana Iékem. Jaterni enzymy maif byt pravidelng sledovany a dévka mé byt upravena pro priznaky stupné 3 nebo 4. Zeny lé¢ené ixazomibem se majf vyhnout otéhotnéni. U pacientd uzivaiicich
ixazomib se vyskytl syndrom posteriorni reverzibilni encefalopat\e (PRES). U pacientd, u kterych se PRES vyskytl, ixazomib vysadte. Silné induktory mohou snizovat icinnost ixazomibu, a proto je tfeba se vyhnout soubeznemu
podavani silnych induktort CYP3A, jako jsou napf. karbamazepin, fenytoin, rifampicin a tfezalka teckovand. Lékové interakce: inhibitory CYP: Soubézné podavani ixazomibu a klarithromycinu (silny inhibitor CYP3A) nebo
soub&zné podavani ixazomibu se silnymi inhibitory CYP1A2 nevedlo ke Klinicky vyznamné zméné v systémové expozici ixazomibu. Induktory CYP: Soubé&zné podavani ixazomibu s rifampicinem vedlo ke snizeni hodnoty Cmax
ixazomibu 0 54 % a hodnoty AUC o 74 %. Proto se soucasné podavani siinych induktor(i CYP3A s ixazomibem nedoporucuje. Ucinek ixazomibu na jiné I6civé pripravky: Nepredpok\adé se, 7e U ixazomibu dochdzf prostrednictvim
inhibice nebo indukce CYP k interakei s jinymi [&Civy. Transportni interakce: Nepfedpokladd se, Ze u ixazomibu dochdzi k transportni interakci s jinymi IEcivy. Perordini kontracept va: Pokud se ixazomib podava spolecné
s dexamethasonem (slaby a7 stfedni induktor CYP3A4 i jinych enzymdl a transportér(l), je tieba vzit v vahu riziko snizené Ucinnosti perordlnich kontraceptiv. Zeny, které pouzivaji hormonalni antikoncepci, maif navic pouzivat
i nékterou z metod bariérové antikoncepce. Nezadouci uéinky: [xazomib se podava v kombinaci s lenalidomidem a dexamethasonem, proto dalsf nezadouci cinky naleznete v SmPC téchto lécivych pripravkd. Velmi casté:
infekce hornich cest dychacich, bronchitida, trombocytopenie, neutropeme periferni neuropatie, prijem, nauzea, zvraceni, zacpa, vyrazka, bolest zad, periferni edém. Casté: Herpes zoster. Ostatni nezadouci Ucinky - viz Uplné
znéni SmPC. Zvlastni opatteni pro uchovavani: Neuchovavejte pn teploté nad 30 °C. Chrante pred mrazem. Uchovavejte v plvodnim obalu, aby byl pripravek chranén pred vihkosti. Zvlastni opatteni pro likvidaci pfipravku
apro zachazeni s nim: [xazomib je cytotoxicky. Tobolku vyjméte az tésné pred uzitim. Tobolky se nesméji otvirat ani drtit. Je treba zamezit primému kontaktu s obsahem tobolky. DrZitel rozhodnuti o registraci: Takeda Pharma
A/S, Delta Park 45, 2665 Vallenshaek Strand, Dansko. Registraéni islo: EU/1/16/1094/001, EU/1/16/1094/002, EU/1/16/1094/003. Datum posledni revize: 2.12. 2021.

*VSimnéte si, prosim, zmén v informacich o [é¢ivém pfipravku

Ixazomib je hrazen v kombinacis lenalidomidem a dexamethasonem k [é¢bé dospélych pacientii s mnohocetnym myelomem, ktefijiz prodélali jednu aZ tfi predchozilinie [é¢by a ktefi jiZ podstoupili transplantaci kostni
drené nebo jsou pro transplantaci kostni dfené nevhodni. PFipravek je vydavan pouze na lékafsky predpis. Pied predepsanim se seznamte s tplnym znénim Souhrnu Udaj o pfipravku (SmPC).

Z4dame zdravotnické pracovniky, aby hidsili podezeni na nezédouci tcinky na SUKL nebo spolecnosti Takeda emailem na AE.CZE@takeda.com. Podezfeni na nezadouci tcinky hlaste také podle narodnich legislativnich pozadavke.
Design studie TOURMALINE-MMT: mezinarodn, randomizovand, dvojité zaslepend, placebem kontrolovan, multicentrické studlie superiority faze 3 u pacientt s RRMM, ktef jiz prodélali nejméné jednu predchozi [écbu. Randomizovano
celkem 722 pacientd v poméru 11 k uzivanibud kombinace ixazomib, lenalidomid a dexamethason (n = 360), nebo kombinace placebo, lenalidomid a dexamethason (n = 362) az do progrese onemocnéni nebo vyskytu nepfijatelné toxicity.
Pacientdm byl podavan ixazomib 4 mg nebo placebo 1, 8. a15. den plus lenalidomid (25 mg) 1. az 21. den a dexamethason (40 mg) 1, 8., 15. a 22. den 28denniho cyklu. Primarnim cilovym parametrem byla PFS.2

Reference: 1. Databaze pipravkd www.sukl.cz. 2. Avet-Loiseau et al, Blood 2017 130:2610-2618. 3. SPC pripravku Ninlaro.

RRMM - relabovany / refrakterni mnohocetny myelom; HRCG - vysoce rizikova cytogenetika.
Takeda Pharmaceuticals Czech Republic s.r.o. al 'ceda
Skrétova 490/12, 120 00 Praha 2-Vinohrady, Ceska republika C-APROM/CZ/NINL/0022

telefon: +420 234 722 722 | e-mail: info-cz@takeda.com | www.takeda.cz Datum pfipravy: 2/2022 ONCOLOGY



AKTUALITA Z BRNENSKYCH ONKOLOGICKYCH DNU

Souhra klinické onkologie, radiacni onkologie
a chirurgie v léché pacientu s nadory GIT

Panelova diskuze spojena s prezentaci t¥i kazuistik pofadana 13. fijna s podporou spole¢nosti Servier ukazala, ze i pa-
cienti s agresivnimi nadory gastrointestinalniho traktu, u kterych jsou rychle vycerpany moznosti casnych linii Iécby, maji
Sanci profitovat z dalsi terapie. Ta jim miize nékdy dokonce nabidnout vice nez vSechny pfedchozi linie.

KAZUISTIKA 1

Trifluridin/tipiracil s konkomitantni
radioterapii ve 3. linii lécby CRC
MUDr. Stanislav Batko z Onkologické kli-
niky 2.LF UKa FN Motol, Praha, prezento-
val pfipad mladého muze ve véku 35 let,
az dosud zdravého a bez vyznamné ro-
dinné anamnézy. V srpnu 2018 mu byl
diagnostikovan karcinom rekta - ade-
nokarcinom grade 2, cT3NOMO s posti-
zenim mezorektalni fascie (negativni
prognosticky faktor), s mutaci KRAS, mi-
krosatelitové stabilni. ,Nebyl tedy divod
predpoklddat, Ze by prdvé tento pripad
nemél mit dobry konec,” konstatoval
MUDr. Batko.

Pacient absolvoval standardni neoad-
juvantni chemoradioterapii néasledo-
vanou v prosinci 2018 nizkou pfedni
resekci rekta. ,Vyslo najevo, Ze k vy-
razné regresi onemocnéni nedoslo, ale
12 z 12 lymfatickych uzlin bylo negativ-
nich, nebyl proto divod ztrdcet optimiz-
mus,” uvedl MUDr. Batko.

V lednu 2019 se v levé plici objevilo
7mm solitarni loZisko, pro které byla
v unoru 2019 provedena klinovita re-
sekce dolniho laloku levé plice. Histolo-
gicky byla potvrzena metastaza CRC.

Od brezna do cervence 2019 pacient
podstoupil 1. linii 1é¢by reZimem FOL-
FOX, kterd vsak nebyla dobfe snasena
a po 7 cyklech byla ukoncena pro hema-
totoxicitu (a také proto, Ze pacient ne-
chtél dale pokracovat).

V Unoru 2020, tedy pul roku po ukon-
¢eni chemoterapie, se objevilo nové lo-
zisko v nadledviné, po adrenalekto-
mii v kvétnu 2020 byla histologicky
potvrzena metastaza CRC. V Cervenci
2020 navic pfibyla dvé loZiska v levé plici.

JProtoZe $lo o oligometastatické one-
mocnéni, snazili jsme se byt co nejradi-
kdInéjsi,” poznamenal MUDr. Batko s tim,
Ze v srpnu 2020 byla zahdjena indukéni

chemoterapie rezimem FOLFIRI plus be-
vacizumabem. Lécba byla i tentokrat
$patné snasena, byla komplikovana pra-
jmy s nutnosti redukce a vynechéni bo-
lusu. | tak pacient vydrzel jen Ctyfi cykly.
V fijnu 2020 byla provedena thorakoto-
mie, perioperacné bez priikazu metasta-
tického postizeni.

V bieznu 2021 byly hned na prvnim
poopera¢nim CT zachyceny zmény se
suspekci na metastazy, ale nebylo je
mozné dobre odlisit od pooperacnich
zmén. V &ervenci 2021 nasledoval nélez
vicecetnych lozisek v plicich a zebrech.

Jlakze to, co se zprvu jevilo jako pribéh
s predpoklddanym $tastnym koncem, se
za pouhého 2,5 roku vyvinulo uplné jinak
- provedlijsme za tu dobu cCtyri chirurgické
zdkroky, vycerpali jsme dvé linie systémové
i cilené lécby, obé Spatné tolerované, a do-
stali jsme se velmi rychle ke konci svych
moznosti,” zrekapituloval MUDr. Batko.

Od srpna 2021 byl pacient nasazen na
3. linii 1é¢by kombinaci trifluridinu (anti-
neoplastického analoga nukleosidi za-
loZzeného na thymidinu) a tipiracilu (inhi-
bitoru thymidin-fosforylazy), ktera byla
zprvu opét komplikovana hematotoxi-
citou, ale po podavani faktoru stimulu-
jiciho kolonie granulocytd byl pacient
schopen pokracovat jiz bez vyraznéjsich
hematologickych problém.

V lednu 2022 byla pfi restagingu kon-
statovana stabilizace onemocnéni, nic-
méné byl laboratorné potvrzen mirny
vzestup onkomarkerd, pacient sdm uda-
val mirnou progresi bolesti a v hrudni
sténé byly hmatné rezistence.

,Tim jsme narazili na limity souc¢asnych
lé¢ebnych metod, rozhodli jsme proto pro
ozdreni vsech lozisek v plicich a Zebrech.
S tim, Ze trifluridin/tipiracil nebudeme
periprocedurdlné vysazovat, protoZe uz,

upfimné feceno, nebylo moc co ztratit,”

vysvétlil MUDr. Batko. V Gnoru 2022 pa-

cient obdrzel 15 frakci po 3 Gy - pfijem-
nym piekvapenim byla dobra tolerance
|éCby pouze s mirnou Unavou a hema-
tologicky jen s mirnym poklesem trom-
bocytd. Lécba trifluridinem/tipiracilem
Uspésné pokracovala, onkomarkery kle-
saly a pacient i naddle 1é¢bu toleroval,
mohla mu byt i vysazena analgetika. Na
PET/CT v kvétnu 2022 (po 3 mésicich od
ozéreni) byla vyraznd parcialni regrese
ve vsech ozafenych loZiscich.

Prvni ptijemné prekvapeni za celou
dobu dosavadni 1é¢by bylo bohuzel po
tydnu pokazeno oligoprogresi s kulovi-
tym loziskem v oblasti mozecku. ,Roz-
hodli jsme se byt opét radikdini, do tydne
byla v prazské UVN provedena resekce
a o mésic pozdéji byla poresekcni dutina
ozdrena pristrojem CyberKnife. Kvili nejis-
toté ohledné tolerance medikace jsme ten-
tokrdt po dobu radioterapie radéji lécbu
trifluridinem/tipiracilem vysadili,” uvedl
MUDr. Batko.

Pacient se citil natolik dobte, Ze se roz-
hodl opétovné uzivani trifluridinu/tipi-
racilu odlozit az po dovolené s rodinou.
Komunikace s nim nebyla uplné jedno-
duchd, nastaly dalsi odklady, v dlsledku
toho doslo znovu k vzestupu onkomar-
kerG a na PET/CT vsechna loziska v pli-
cich, kterd byla oSetfena ozafenim, opét
zprogredovala. Rechallenge trifluridi-
nem/tipiracilem (mohl byt pouzit, pro-
toZze k progresi nedoslo pfi l1é¢bé) byl
tedy zahdjen az v zafi 2022 a nyni se ¢ekd
se na vysledek.

,Pointa kazuistiky je v tom, Ze i u pa-
cientd, u nichZ bychom to nepredpokld-
dali, se muze objevit natolik agresivni
onemocneénti, Ze v krdtké dobé dojde k vy-
Cerpdni standardnich moznosti 1. a 2. linie
1é¢by,” shrnul zdvérem MUDr. Batko a po-
kracoval: ,Neznamend to ale, Ze jsme
uplné bezmocni - i takovy pacient, ktery
navic spatné toleroval predchozi lIécbu,
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po 14 mésicich od prvniho poddni triflu-
ridinu/tipiracilu stdle Zije, navic v dobrém
stavu. Treti linie 1écby tomuto pacientovi
prinesla vyssi efekt nez vse, co mu bylo po-
skytnuto dFive — a zdd se, Ze vyznam kom-
binace trifluridinu/tipiracilu s radiotera-
pii ve 3. linii m{iZe byt vétsi, nez se to jevilo
v randomizovanych studiich.”

S tim v nésledujici diskuzi souhlasil
i MUDr. Tomas Svoboda, Ph.D., z Onkolo-
gické a radioterapeutické kliniky LF UK
a FN Plzen. Na prezentované kazuistice
ocenil nejprve vysledky lokalni 1é¢by -
té chirurgické (pacient nemél lokalni
progresi) i radia¢ni. ,Trifluridin/tipiracil je
pro tohoto pacienta skutecnym poZehnd-
nim - s nejdel$i lécebnou odpovédi, s vy-
uzitim terapeutickych prdzdnin i s moz-
nosti opétovného ndvratu k této nejlépe
tolerované systémové lécbeé ze vsech, které
kdy mél,” uvedl MUDr. Svoboda s tim,
Ze jesté nedavno bylo u pacient( s pri-
marné velmi ¢asnym metastatickym
onemocnénim v randomizovanych stu-
diich s cilenou lé¢bou pfeZiti na Urovni
30-33 mésicd, zatimco prezentovany
pacient Zije jiz bezmala 4 roky.

KAZUISTIKA 2
Trifluridin/tipiracil v 1é¢bé
metastatického CRC po imunoterapii
Jak v ivodu druhé prezentované kazuis-
tiky pfipomnél MUDr. Jifi Tomasek, Ph.D.,
z Kliniky komplexni onkologické péce
LF MU a MOU Brno, problematika pou-
ziti trifluridinu/tipiracilu po predléceni
pacienta inhibitory kontrolnich bod0
imunitni odpovédi (check-point inhibi-
tory) je prozatim pole pomérné neorané.
Mj. dosud nebyly identifikovany predik-
tivni faktory pro ucinnost 1é¢by vyssich
linii ndsledujicich po imunoterapii.
Zkusenosti z praxe neni zatim mnoho -
jednu z nich nabidla pravé prezento-
vana kazuistika 48letého muze. Jeho
rodinnd i osobni anamnéza byly ne-
vyznamné, s ni¢cim se aktudlné nelécil.
V bfeznu 2020 se dostavil do zdravotnic-
kého zafizeni pro subiledzni stav, uda-
val pul roku trvajici vyskyt krve ve stolici
a brisni diskomfort. Na CT bficha a panve
byl patrny tumor rektosigmoidea bez
vzdéalenych metastdz. Kolonoskopicky
byl potvrzen obturujici tumor v oblasti
stredniho az horniho rekta, histologicky
adenokarcinom grade 1, magnetickou

rezonanci hodnocen jako cT4aNOMO.
Podle vysledkd molekularné genetic-
kého vysetieni byl RAS- i BRAF-nega-
tivni, dodatecné s potvrzenym defektem
DNA-repara¢niho mechanizmu (dMMR)
a vysokou mirou mikrosatelitové nesta-
bility (MSI-high).

S ohledem na pokrocilost nélezu byla
v bfeznu 2020 provedena axialni deri-
vacni sigmoideostomie.

»Pro dal$i postup u podobnych nd-
lez(i je treba vzit v dvahu fadu faktort -
vék, komorbidity, symptomy, vykonnostni
stav, schopnost absolvovat chemoterapii
indzor a preference samotného pacienta,”
pfipomnél MUDr. Tomasek s tim, ze se
nakonec rozhodli pro totédlni neoadju-
vanci, podle platnych doporuceni za-
hajovanou systémovou chemoterapii
(CAPOX, FOLFOX, pfipadné mFOLFIRI-
NOX) nasledovanou radioterapii a po-
sléze chirurgickym vykonem.

Pacient proto absolvoval ¢tyfi cykly re-
zimu CAPOX - bylo jich planovano vice,
ale pro trombocytopenii a neutrope-
nii doslo ke zkraceni, aby mohl absol-
vovat i konkomitantni chemoradiote-
rapii s kapecitabinem. V zafi 2020 byla
provedena resekce rektosigmoidea dle
Hartmanna, operatérem byla hodnocena
jako R2.

Jizvlistopadu 2020 nastal ¢asny relaps —
infiltrace colon descendens 10-15cm od
stomie.V lednu 2021 byla provedena pa-
liativni levostranna hemikolektomie -
transverzostomie. Histologicky byla reci-
diva tumoru hodnocena jako low-grade
adenokarcinom pT3pN1b(2/10) M1 (pro
diseminaci po peritoneu).

V bfeznu 2021 byl pacient v 1. linii
|é¢by zafazen do studie (imunotera-
pie vs. standardni chemoterapie/cilena
|é¢ba) do kontrolniho ramene (FOL-
FIRI + cetuximab), v kvétnu téhoz roku
pfi prvni kontrole zjiSténa progrese
(doba preziti bez progrese (PFS) pou-
hych 8 tydn().

Ve 2. linii byl proto lé¢en imunotera-
pii (nivolumabem s ipilimumabem) od
kvétna 2021 do ledna 2022, kdy byla na
centrédlné hodnoceném CT zazname-
nana progrese (PFS tentokrat 8 mésicu).
V té dobé byl, stejné jako po celou dobu
Iécby, klinicky stabilni a v dobrém vy-
konnostnim stavu, ze studie ale musel
byt podle protokolu vyfazen.

V lednu 2022 mu byl ve 3. linii nasa-
zen trifluridin/tipiracil, na lé¢bé je kli-
nicky stabilni az dosud (zatim posledni
kontrola v z&Fi 2022, PFS 8 mésict). Je-
dinym limitujicim faktorem je hematoto-
xicita, ktera byla resitelnd redukci davky.

Zavérem tedy mohl MUDr. Tomasek
shrnout, ze kazuistika svédc¢i o velmi
dobré ucinnosti trifluridinu/tipiracilu
u pacienta s mCRC MSI-high po pred-
lé¢eni chemoterapii a kombinovanou
imunoterapii. Dosavadni doba PFS ve
3. linii odpovidd dobé dosazené dfive
pfi podavani imunoterapie. Subjektivné
vnimana tolerance 1écby je velmi dobra
a hematologicka toxicita pfimérena.

KAZUISTIKA 3

Nal-irinotekan po gemcitabinu

u karcinomu pankreatu

Z jiného konce gastrointestindlniho
traktu pfinesla zavére¢nou kazuistiku
sympozia doc. MUDr. Beatrice Mohelni-
kova Duchonovd, Ph.D., z Onkologické
kliniky LF UP a FN Olomouc.

~Karcinom pankreatu je problematické
téma, protoZe nepatii k nddorim che-
mosenzitivnim. Ve 2. linii systémové lécby
se v klinickych studiich bavime o medidnu
3—-4 mésice do progrese, coZ u mnoha on-
kologt mize vést k deziluzi az skepsi”
uvedla doc. Mohelnikové Duchonova.

Vzapéti viak slibila, Ze prezentovana
kazuistika bude veskrze pozitivni — pro-
toze i boj s vétrnymi mlyny mdze mit
nékdy smysl.

U 59letého muze, dosud zdravého,
bez onkologického onemocnéni v ro-
dinné anamnéze, kurdka (od mladi cca
20 cigaret denné) byla pfi preventivni
prohlidce u praktického |ékafe zjisténa
elevace jaternich test(. V zaii 2020 pod-
stoupil v rdmci dosetieni endoskopickou
retrogradni cholangiopankreatikogra-
fii s ndlezem stendzy distalniho cho-
ledochu. Biopticky nebyla prokizana
malignita.

V fijnu 2020 absolvoval endoskopic-
kou ultrasonografii s ndlezem hypoecho-
genniho lozZiska v oblasti papily, histolo-
gicky byl ur¢en ampulom s low-grade
dysplazii, tedy prekanceréza. Péce o pa-
cienta proto nebyla nijak akcelerovéna,
i s ohledem na pandemickou situaci se
dostal k operaci v bfeznu 2021. Opera-
tér palpoval velmi tuhou hlavu slinivky
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SOUHRA KLINICKE ONKOLOGIE, RADIACNI ONKOLOGIE A CHIRURGIE V LECBE PACIENTU S NADORY GIT

kolem mnoha uzlin. ProvedlI tru cut bio-
psii samoreznou jehlou. Perioperacni pa-
tologie malignitu jednoznacné neproka-
zala, ale chirurg s ohledem na suspekci
pfi makroskopickém nalezu radéji roz-
hodl o radikalnim resekénim vykonu.

Po provedeni pravostranné duode-
nopankreatektomie, cholecystektomie
a lymfadenektomie prokazala histolo-
gie z resekatu invazivni adenokarcinom
hlavy pankreatu grade 2, s perineuralni
invazi a lymfangioinvazi. Lymfatickych
uzlin v okoli resekatu bylo z osmi pét po-
zitivnich, klasifikace pT3pN2.

V dubnu 2021 byla zahajena adju-
vantni chemoterapie gemcitabinem
v monoterapii s velmi $patnou toleranci
(febrilni stavy, otoky, hematologicka to-
xicita). Vzhledem k progresi klinickych
obtizi a vzestupu sérovych onkomarker(
a s ohledem na intoleranci gemcitabinu
bylo pred 2. cyklem provedeno preset-

feni. Na PET/CT byly prokazany dvé pozi-
tivni lymfatické uzliny v retroperitoneu.

Pacient byl indikovan k 1. linii palia-
tivni chemoterapie v rezimu vyhraze-
ném nemocnym s karcinomem pan-
kreatu po selhdni gemcitabinu, tedy ke
kombinaci nanolipozomalniho irinote-
kanu s 5-fluorouracilem a leukovorinem
(nal-IRI4+-5FU/LV). Po 3esti cyklech doslo
ke klinickému zlep3eni's normalizaci hla-
diny onkomarkeru Ca19-9. | na PET/CT
doslo k normalizaci nélezu bez priikazu
patologické akumulace.

S ohledem na to byla terapie preru-
$ena a vyménéna za prosté sledovani
(watch and wait). ,Osobné tento pristup
u pacientt s karcinomem pankreatu pfi
dosazZeni kompletni radiologické remise
volim vZdy,” uvedla Mohelnikova Ducho-
nova.,Obvykle k elevaci nddorovych mar-
kerd, kdy je tfeba se k chemoterapii vrdtit,
dojde béhem 2-3 mésicd, coZ ve studiich

odpovidd PFS ve 2. linii lécby. Takové lé-
kové prdzdniny u pacienta v dobrém stavu
tedy jisté své opodstatnéni maji

Prekvapenim prezentované kazuis-
tiky (a ddvodem k mirnému optimizmu)
vsak je, Ze pacient je v reZimu watch and
wait od srpna 2021 v kompletni remisi,
ma stale negativni onkomarkery i kont-
rolni PET/CT.

Jak zaznélo v zavérecné diskuzi, po pfi-
chodu nal-irinotekanu do klinické praxe,
diky némuz je mozno lé¢bu zahajovat
gemcitabinem, protoze i po jeho selhani
je pacientovi co nabidnout, se nemocni
s karcinomem pankreatu v dalsi 1é¢bé
déli na dvé skupiny - jedna polovina bo-
huzel rychle zprogreduje, zato ta druha
profituje v podobé donedévna nevidané
doby preziti.

Ing. Katefina Michnovd,
séfredaktorka Care Comms. r. o.
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ONIVYDE PEGYLATED
LIPOSOMAL: HIT

ONIVYDE pegylated liposomal je schvalen

pro lé¢bu metastazujiciho adenokarcinomu
pankreatu v kombinaci s 5-fluorouracilem (5-FU)
a leukovorinem (LV) u dospélych pacientt, u kterych

doslo k progresi po lécbé zalozené na gemcitabinu.*

PANCREATIC CANCER
HEAD ON

ONIVYDE JE IRINOTEKAN
V PEGYLOVANE LIPOSOMALNI
FORME URCENY PRO UCINNOU
LECBU TOHOTO AGRESIVNIHO
ONEMOCNENi?5

VYSLEDKY Z KLINICKE STUDIE FAZE 3
NAPOLI-1 UKAZUJi NA VYBORNOU
KLINICKOU UCINNOST KOMBINACE
PRiPRAVKU ONIVYDE S 5-FU/LV:

Shodné napric¢ vSemi cilovymi ukazateli
ucinnosti: vyznamné zlepseni
preziti i vyznamné vyssi ¢etnost lé€¢ebnych
odpoveédi®-8
Zachovani dobré kvality zivota®°®
Dobre popsany bezpeé¢nostni profilt¢”

LECBA ONIVYDE + 5-FU/LV
JE DOPORUCENA VSEMI STEZEJINIMI
GUIDELINES!-13
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Zkracend informace o pfipravku ONIVYDE pegylated liposomal®:

SLOZENI*: ONIVYDE pegylated liposomal 4,3 mg/ml koncentrat pro infuzni disperzi
Jedna 10ml injekéni lahvicka koncentrétu obsahuje irinotecanum 43 mg (jako irinotecani
sucrosofatum v pegylované lipozomalni formé). INDIKACE*: Lécba metastazujiciho
adenokarcinomu pankreatu, v kombinaci s fluoruracilem (5-FU) a leukovorinem (LV),
u dospélych pacientt, u nichz doslo k progresi po terapii zalozené na gemcitabinu.
DAVKOVANi A ZPUSOB PODANi*: Pripravek ONIVYDE pegylated liposomal smi
pacientim predepisovat a podavat pouze [ékafi a zdravotnicti pracovnici se zkusenostmi
s protinddorovymi terapiemi. Pripravek ONIVYDE pegylated liposomal neni ekvivalentem
nelipozomélnich forem irinotekanu a nesmi byt s nimi zamérovan. Pripravek ONIVYDE
pegylated liposomal, leukovorin a fluoruracil se maji podavat postupné. Doporucena
davka a rezim pfipravku ONIVYDE pegylated liposomal je 70 mg/m? intravendzné po
dobu 90 minut, nasledné LV 400 mg/m? intravendzné po dobu 30 minut a poté 5FU
2400 mg/m? intravendzné po dobu 46 hodin, s podavanim kazdé 2 tydny. Pripravek
ONIVYDE pegylated liposomal se nemé podavat jako monoterapie. Snizenou pocatecni
davku pfipravku ONIVYDE pegylated liposomal 50 mg/m? je tfeba zvazit u pacientd,
o nichz je zndmo, Ze jsou homozygoty alely UGT1A1*28. V naslednych cyklech je tieba
2vazit zvyseni davky pripravku ONIVYDE pegylated liposomal na 70 mg/m? pokud
je tolerovéna. PREMEDIKACE*: Doporucuje se standardnimi dévkami dexamethasonu
(nebo ekvivalentnim  kortikosteroidem) spolecné s antagonistou 5-HT3 (nebo jinym
antiemetikem) alespon 30 minut pred infuzi pripravku ONIVYDE pegylated liposomal
Upravy davek se doporucuiji ke zviadnuti toxicit 3. a 4. stupné souvisejicich s piipravkem
ONIVYDE pegylated liposomal. Porucha funkce jater: pfipravek se nema pouzivat
u pacientt s hodnotami bilirubinu > 2,0 mg/dl nebo AST a ALT > 2,5nasobek horni meze
normalu (ULN) nebo > 5nasobek ULN, pokud jsou v jatrech pfitomny metastazy. Porucha
funkce ledvin: U pacientd s mirmou az stfedné zavaznou poruchou funkce ledvin neni
nutna Uprava davky. Pripravek se nedoporucuje u pacientt se zévaznou poruchou funkce
ledvin (clearance kreatininu < 30 mi/min). KONTRAINDIKACE*: Anamnéza zavazné
hypersenzitivity na irinotekan nebo na kteroukoli pomocnou latku. Kojeni. ZVLASTNI
UPOZORNENI*: Obecnd: Pripravek ONIVYDE pegylated liposomal neni ekvivalentem
jinych nelipozomélnich forem irinotekanu a nesmi byt s nimi zamérovan. Myelosuprese/
neutropenie: Doporu¢uie se sledovat kompletni krevni obraz. Febrilni neutropenii je tfeba
okamzité it Sirokospektrymi intravendznimi antibiotiky v nemocnici. Lécbu pripravkem
ONIVYDE pegylated liposomal je tfeba pozastavit, pokud se vyskytne febrilni neutropenie
nebo klesne absolutni pocet neutrofilt pod 1500/mm?. Pacienti se zavaznym selhanim
kostni dfené nemaji byt léceni pripravkem ONIVYDE pegypated liposomal. Predchozi
ozafovani oblasti bfiéni v anamnéze zvySuje riziko zévazné neutropenie a febrilni
neutropenie po [é¢bé pripravkem ONIVYDE pegylated liposomal. U pacientt s ozafovanim
oblasti bfidni v anamnéze se doporucuje peclivé sledovani krevniho obrazu a je tfeba zvazit
pouziti myeloidnich ristovych faktoru. U pacientu, kterym je pfipravek ONIVYDE pegylated
liposomal podévan soubézné s ozafovanim, je tfeba postupovat s opatrnosti. U pacientt
s nedostatecnou glukuronidaci bilirubinu miize pfi [€cbé pfipravkem ONIVYDE pegylated
liposomal existovat zvysené riziko myelosuprese. U asijskych pacientl existuje zvysené
riziko zévazné a febrilni neutropenie po [é¢bé pripravkem ONIVYDE pegylated liposomal
U osob, které jsou 7/7 homozygoty alely *28 genu UGT1A1*28, existuje zvysené riziko
neutropenie. Imunosupresivni Ucinky a vakciny: Je nutné vyvarovat se vakcinaci Zivymi
vakcinami. Mrtvé ¢iinaktivované vakciny se mohou podavat; odpovéd na né viak muze byt

Available at https://wwwz2.tri-kobe.org/nccn/guideline/pancreas/english/pancreatic.pdf.Last accessed March 2021.

snizend. Interakce se silnymi induktory CYP3A4, silnymi inhibitory CYP3A4 nebo silnymi
inhibitory UGTIAL: |ze podévat se silnymi induktory enzymu CYP3A4 pouze pokud
neexistuji zadné terapeutické alternativy. Je tieba zvazit substitucni terapii neindukujici
enzymy, a to nejméné 2 tydny pred zahdjenim 1écby pripravkem ONIVYDE pegylated
liposomal. se nesmi podavat se silnymi inhibitory enzymu CYP3A4. Podévani je tieba
ukongit nejméné 1 tyden pred zahajenim [écby pfipravkem ONIVYDE pegylated liposomal
Lze podavat se silnymi inhibitory UGT1A pouze pokud neexistuji zadné terapeutické
alternativy. Prijem: Prijem se mUze objevit Casné (nastup béhem < 24 hodin po zahéjeni
lécby pripravkem ONIVYDE pegylated liposomal) nebo opozdéné (> 24 hodin). U pacientd,
u kterych dojde k ¢asnému nastupu prajmu, je tieba zvazit terapeuticky a profylakticky
podavany atropin, pokud neni kontraindikovan. Podavani loperamidu je tfeba zahgjit pfi
prvnim vyskytu fidké stolice nebo prijmu nebo ihned po nastupu Castéjsino vyprazdiovani
stiev nez obvykle. Loperamid je tieba podévat do doby, nez bude pacient alespor 12 hodin
bez prijmu. Jestlize prijem pretrvava, i kdyz pacient uzivé loperamid déle nez 24 hodin, je
tfeba zvazit podplrmou lécbu peroralnimi antibiotiky. Loperamid se nesmi podavat déle
nez 48 po sobé nasledujicich hodin z dlvodu rizika paralytického ileu Jestlize prijem
pretrvava déle nez 48 hodin, ukoncete podavani loperamidu, monitorujte a doplrite
tekutiny s obsahem elektrolytil a pokracujte v antibiotické podptrné (écbé. Lécbu
pripravkem ONIVYDE pegylated liposomal je tfeba odlozit do doby, nez prujem dosahne
< 1. stupné (o 2-3 stolice/den vice nez v dobé pred lécbou). Nesmi se podavat pacientim
se stfevni obstrukci a chronickym zénétlivym onemocnénim stfev, dokud neodezni
Cholinergni reakce: Prijem s ¢asnym nastupem mohou provézet cholinergni pfiznaky,
jako jsou rinitida, zvySend salivace, zrudnuti, diaforéza, bradykardie, miéza a hyper-
peristaltika. V pripadé cholinergnich priznaku je teba podat atropin. Akutni reakce na infuzi
a souvisejici reakce: V piipadé zavaznych hypersenzitivnich reakci, véetné akutni reakce
na infuzi, anafylaktické/anafylaktoidni reakce a angioedému**, je treba lécbu pfipravkem
ONIVYDE pegylated liposomal ukoncit. Predchozi Whippleova operace: Je tfeba sledovat
znémky infekci. Cévni onemocnéni: ONIVYDE pegylated liposomal je spojovén s trombo-
embolickymi prihodami, jako je plicni embolie, Zilni trombdza a arterialni trombo-
embolismus. Pro odhaleni pacient s vicec¢etnymi rizikovymi faktory kromé zakladniho
novotvaru ma byt odebrana dikladna anamnéza. Pacienti maji byt informovani
o zndmkach a symptomech tromboembolie a maji okamzité kontaktovat (ékafe nebo
zdravotni sestru, pokud se u nich takové zndmky nebo symptomy objevi. Plicni toxicita.
U pacientli lécenych nelipozomalnim irinotekanem se vyskytly pfihody podobné
intersticilnimu plicnimu onemocnéni (ILD). Mezi rizikové faktory patfi preexistujici plicni
onemocnéni, podavani pneumotoxickych lécivych pripravky, kolonie stimulujicich faktord
nebo predchozi radiacni terapie. U téchto pacienty je tfeba peclivé sledovat respiracni
pfiznaky pfed |é¢bou pfipravkem ONIVYDE pegylated liposomal i béhem ni. Objevi-li se
nové nebo progresivni dyspnoe, kasel a horecka, je tieba lécbu pripravkem ONIVYDE
pegylated liposomal okamzité prerusit az do vyhodnoceni diagnézy. U pacientd
s potvrzenou diagnézou ILD je tieba lécbu pripravkem ukoncit. Porucha funkce jater:
Pacienti s hyperbilirubinemii méli vy3si koncentrace celkového SN38, a proto je u nich
2zvysené riziko neutropenie. U pacientt s celkovym bilirubinem 1,0-2,0 mg/dl je tieba
pravidelné sledovat krevni obraz. U pacientt s poruchou funkce jater (bilirubin > 2nésobek
horni hranice normalnino rozmezi [upper limit of normal, ULN]; transamindzy > 5nasobek
ULN) je tieba postupovat opatmé. Pokud se pripravek ONIVYDE pegylated liposomal
podavé v kombinaci s jinymi hepatotoxickymi [éCivymi pripravky, je zapotfebi opatrnosti.
Porucha funkce ledvin: Pouziti pfipravku ONIVYDE pegylated liposomal u pacientl

onivyde®

pegylated liposomal irinotecan

s vyznamnou poruchou funkce ledvin nebylo stanoveno. Pacienti s podvahou: u pacientd
s body mass indexem < 18,5 kg/m? je tfeba postupovat opatrné. Pomocné latky: obsahuje
33,1 mg sodiku v lahvicce, coz odpovida 1,65% doporuceného maximélnino denniho
pfijmu sodiku potravou podle WHO pro dospélého, ktery Cini 2 g sodiku. INTERAKCE*:
Soubézné podavani s induktory CYP3A4 (antikonvulziva (fenytoin, fenobarbital nebo
karbamazepin), rifampin, rifabutin a tfezalka te¢kovana) muze snizit a soubézné podavani
sinhibitory CYP3A4 (napf. grapefruitovou stavou, klarithromycinem, indinavirem, regorafe-
nibem, itrakonazolem, lopinavirem, nefazodonem, nelfinavirem, ritonavirem, sachinavirem,
telaprevirem, vorikonazolem) a inhibitory UGTIAL (napf. atazanavirem, gemfibrozilem,
indinavirem, regorafenibem) mize zvysit systémovou expozici pfipravku ONIVYDE
pegylated liposomal. Soucasné podavani s cytostatickymi latkami (véetné flucytosinu)
muze zhorsit nezadouci ucinky pripravku ONIVYDE pegylated liposomal**. FERTILITA*:
Pred zahajenim podavani pfipravku ONIVYDE pegylated liposomal zvazte moznost poucit
pacienty o zachovani pohlavnich bunék**. TEHOTENSTVI*: Nedoporucuje se. KOJENI*:
kontraindikovano. ANTIKONCEPCE*: Muzi i zeny musi pouzivat Ucinnou antikoncepci
v pribéhu [écby a jeste 7 mésic po ukonceni l€Cby u Zen a 4 mésice u muzd. UCINKY
NA SCHOPNOST RIDIT A OBSLUHOVAT STROJE*: Dbat zvysené pozornosti
NEZADOUCH UCINKY*: Velmi casté: neutropenie, leukopenie, anémie, trombocytopenie,
hypokalemie, hypomagnezemie, dehydratace, snizend chut k jidlu, zavrat, prijem,
zvraceni, nauzea, bolest bricha, stomatitida, alopecie, pyrexie, periferni otok, zanét sliznice,
Unava, astenie, snizeni hmotnosti. Casté: septicky $ok, sepse, pneumonie, febrilni
neutropenie, gastroenteritida, oralni kandiddza, lymfopenie, hypoglykemie, hyponatremie,
hypofosfatemie, insomnie, cholinergni syndrom, dysgeuzie, hypotenze plicni embolie,
embolizace, hluboka Zilni trombdza, dyspnoe, dysfonie, kolitida, pruritus**, hemoroidy,
hypoalbuminemie, akutni renalni selhani, reakce spojend s infuzi, edém, zvyseny bilirubin,
zvySend ALT, zvydend AST, zvyeni INR. Méné Casté: biliarni sepse, hypersenzitivita,
trombdza, hypoxie, ezofagitida, proktitida, kopfivka**, vyrazka**, makulopapuldzni vyrazka,
diskolorace nehtu. Neni zndmo** anafylakticka/anafylaktoidni reakce, angioedém, erytém.
PREDAVKOVANI* VLASTNOSTI*: Irinotekan (inhibitor topoizomerdzy |) zapouzdreny
v lipidové dvouvrstvé vezikule nebo lipozomu. Irinotekan je derivatem kamptothecinu
Kamptotheciny pusobi jako specifické inhibitory enzymu DNA topoizomerazy . Irinotekan
a jeho aktivni metabolit SN-38 vytvafeji reverzibilni vazbu s komplexem topoizomeréaza
|-DNA a indukuji jednorfetézcové léze DNA, které blokuijf replikacni vidlici DNA a odpovidaji
za cytotoxicitu. Irinotekan se metabolizuje prostfednictvim karboxylesterazy na SN-38.
SN-38 je z hlediska inhibice topoizomerazy | purifikované z nadorovych bunécnych linif
Clovéka a hlodavcu priblizné 1000krat silnéjsi nez irinotekan. PODMINKY UCHOVAVANI*:
Uchovavejte v chladniéce (2-8 °C). Chrante pred mrazem a svétlem. BALEN*: 1 injekéni
lahvicka obsahujici 10 ml koncentratu. Datum posledni revize textu: 08/2022. Registraéni
&islo: EU/1/16/1130/001. Drzitel registraéniho rozhodnuti: Les Laboratoires Servier 50, rue
Carnot, 92284 Suresnes cedex Francie. Pfed predepsanim pfipravku si pfectéte Souhm
Udajui o pripravku. Vydej [é¢ivého pfipravku je vazan na lékar'sky priedpis. Pripravek je hrazen
z prostredk vefejného zdravotniho pojisténi viz Seznam cen a Uhrad écivych pripravkl
http://www.sukl.cz/sukl/seznam-leciv-a-pzlu-hrazenych-ze-zdrav-pojisteni. Pfipravek je
k dispozici v [ékdrach. Dalsi informace lze vyzadat na adrese Servier sr.o., Na Florenci
2116/15,110 00 Praha 1, tel.: (+420) 222 118 111

* pro Uplnou informaci si prosim prectéte cely Souhrn tdaju o pripravku
**\/Simnéte si prosim zmén v informaci o [é¢ivém pripravku ONIVYDE pegylated liposomal



LEKOVY PROFIL

Tebentafusp

Vokurka S.

Onkologicka a radioterapeuticka klinika LF v Plzni UK a FN Plzen

Uvod

Uvedlni melanom, i kdyz je nejcastéjsi
nitroo¢ni malignitou u dospélych, je cel-
kové vzacnym novotvarem s vyskytem
5 pfipadd na 1 mil. obyvatel a s rizikem
rozvoje metastatického onemocnéni
u 20-30 % pacientt do 5 let od diagndzy
au 50 % pacientt do 15 let [1-3]. S ohle-
dem na biologické charakteristiky uveal-
niho melanomu, napf. nizkou mutacni
naloz, nepfinasi 1é¢ba metastatickych
onemocnéni s vyuzitim imunoterapie
inhibitor( kontrolnich bodl srovnatelné
dobré vysledky zndmé u melanomu koz-
niho, nehledé na omezeni Uhrad z ve-
fejného zdravotniho pojisténi [4-6]. Na-
prosto zasadni molekulou se tak pro

tuto diagnézu a vybrané pacienty stava
tebentafusp.

Tebentafusp

Tebentafusp je bispecificky fuzni protein,
ktery méd doménu charakteru receptoru
TCR zacileného na vazbu s antigenem
gp100 prezentovanym v ramci kom-
plexu lidskych leukocytarnich antigent
(human leukocyte antigens — HLA) HLA-
-A*02:01 na povrchu nddorové buriky
melanomu, aktery masoucasné efektoro-
vou ¢ast charakteru anti-CD3 s moznosti
vazby a aktivace cirkulujiciho cytotoxic-
kého T-lymfocytu s uvolnénim cytokint
a navozenim ndsledné smrti naddorové
bunky (obr. 1).

4 N
bunka melanomu
HLA-A*0201 3
9p100,80 255 —
cilovadoména
tebentafusp upraveny TCR (pM)
}efektorové doména
] anti-CD3 (nM)
aktivace CD3 ___ 1
receptoru (
jakvkoliv T-lymfocyt
\_ J

Obr. 1. Mechanizmus tcinku molekuly tebentafuspu - bispecifického proteinu ze sku-
piny ImmTAC (immune mobilizing monoclonal T-cell receptors against cancer). Cast
molekuly 1é¢iva s doménou TCR (cilovéd doména) se vaze a vytvali synapsi s komplexem
HLA a prezentovanym antigenem gp100 asociovanym s nadorovou burkou. Cast lé¢iva
s fragmentem anti-CD3 (efektorovd doména) se nasledné vaze na CD3 antigen cirkuluji-
cich T-lymfocytl a spousti proces smrti nddorovych bunék [7]. Pfevzato z [19].

HLA - lidské keukocytérni antigeny, nM - nanomol, pM - pikomol, TCR - receptor
T-lymfocytd

Tebentafusp je prvnim zastupcem
této tfidy bispecifickych ,pfesméro-
vacd” T-lymfocytl oznacovanych jako
ImmTAC (immune mobilizing monoclo-
nal T-cell receptors against cancer) [7,8].
Vazba tebentafuspu je zavisla na HLA,
respektive komplexu HLA s prezento-
vanym cilovym peptidovym antigenem
(komplex peptid-HLA). Tkanovy diferen-
ciacni antigen gp100 je vysoce exprimo-
vany u melanomu s trvale vy3si expresi
u melanomu uvedlniho oproti koznimu,
soucasné je slabé exprimovany v nor-
malnich melanocytech a minimalné pak
v nemelanocytarnich bunkach [9]. Te-
bentafusp nebyl aktivni proti gp100 ne-
gativnim bunkdm a stupen ucinnosti
léc¢iva koreloval se zvySenou expresi
gp100 a HLA-A2 [10]. Silna afinita te-
bentafuspu ke komplexu gp100 a HLA-
-A¥02:01 z ngj Cini atraktivni cil pro 1é¢bu
uvedlniho melanomu, nicméné limitaci
je soucasné exkluzivita vazby v kontextu
HLA-A*02:01, kdyZ tento podtyp HLA je
vyjadren pfiblizné u poloviny lidi euro-
poidni rasy. Pozorovana aktivace také
podskupiny CD4* lymfocytl naznacuje,
Ze tebentafusp muze zapojit tyto pamé-
tové T-lymfocyty a indukovat setrvalou
imunitné zprostiedkovanou protinado-
rovou aktivitu [7,11].

Uécinnost, klinické vysledky

Ve studii IMCgp100-102 faze Il bylo za-
fazeno 127 pacientl s pozitivitou HLA-
-A*02:01, medidnem véku 61 let a vétsi-
nou se se Spatnymi prognostickymi cha-
rakteristikami, v¢. zvySené hladiny lak-
tatdehydrogendzy (58 %) a s prdmérem
jaternich metastaz > 3cm (54 %). Jedna
tietina pacientl podstoupila jiz dvé
nebo vice predchozich linii 1écby, 73 %
bylo predléceno kombinovanou imuno-
terapii. Lé¢ebné odpovédi dosdhlo 5 %
pacientl (vSichni parcidlni remise), sta-
bilni onemocnéni bylo u 45 % pacientd.
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Graf 1. Celkové preziti pacientl ve skupiné lécené tebentafuspem oproti skupiné kontrolni s volbou dle volby zkousejicich (dakar-
bazin, ipilimumab, pembrolizumab) [13]. Pfevzato z [20]. Celkové preziti bylo statisticky vyznamné ve prospéch tebentafuspu ve srov-
nani s [é¢bou zvolenou zkousejicim (kontrolni skupina) s HR 0,51 (0,36-0,71); p < 0,0001. Casna a pokracujici separace Kaplan-Meierovych
kiivek pfi medianu délky nasledného sledovani 14,1 mésice ukazuje prodlouzeni medidnu celkového preziti u tebentafuspu o 6 mésica.
Jednoleté relativni preziti dosahlo ve skupiné lécené tebentafuspem 73,2 % a v kontrolni skupiné (volba Ié¢by zkousejicim) 58,5 %

Cl - interval spolehlivosti, HR — pomér rizik, OS - celkové preziti

Pres takto nizké zastoupeni odpovédi
byl median OS 16,8 mésice (95% Cl 12,9-
21,3 mésice) a preziti 1 rok 62 % (95% Cl
53-70 %) [12].

Recentni studie faze Ill IMCgp100-202
[13] randomizovala 378 doposud ne-
l[é¢enych a HLA-A*02:01 pozitivnich
pacientd s pokrocilym uvedlnim me-
lanomem v poméru 2 : 1 do léCby s te-
bentafuspem (n = 252) nebo dle volby
zkousejicich do 1é¢by s dakarbazinem,
ipilimumabem nebo pembrolizumabem
(n = 126). Do studie mohli byt zafazeni
pacienti, ktefi v minulosti podstoupili
chirurgickou resekci nebo byli pfedtim
|éCeni adjuvantni a neoadjuvantni é¢-

bou pro nemetastatické onemocnéni.
Klicové klinické charakteristiky, v¢etné
laktatdehydrogenazy, alkalické fosfa-
tazy, vykonnostniho stavu dle Eastern
Cooperative Oncology Group (ECOG),
véku a pohlavi byly podobné mezi po-
rovndvanymi skupinami. Pfi medianu
sledovani 14,1 mésice naplnila stu-
die svlj primarni cil a potvrdila dosa-
zeni celkového preziti (overall survi-
val - OS) s hodnotou HR 0 0,51 (95% Cl
0,37-0,71). Jednoleté OS ve skupiné |é-
¢ené tebentafuspem oproti skupiné
kontrolni bylo 73 % vs. 59 % a median
OS byl 21,7 vs. 16,0 mésice (p < 0,0001)
(graf 1). Po 6 mésicich 1écby bylo pre-

Ziti bez progrese u 31 % pacientd léce-
nych tebentafuspem oproti 19 % v kont-
rolni skupiné (HR 0,73; 95% Cl 0,58-0,94;
p =0,01) a do dne 100 se progrese jako
nejlepsi celkova Ié¢ebnd odpovéd obje-
vila u 52 % (130/252) vs. 60 % (76/126)
pacientd. Tyto Udaje, spolu se slibnymi
Udaji o preziti ze studie faze Il [12] na-
vzdory nizké mife |é¢ebnych odpovédi
naznacuji, ze i pfes progresivni onemoc-
néni na zakladé radiografického hod-
noceni mohou mit pacienti nadale kli-
nicky prospéch z lécby tebentafuspem
v podobé zlepseného OS. Zatimco tedy
u jinych malignit koreluje celkovd [é-
¢ebna odpovéd zaloZzena na radiogra-
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fickém hodnoceni podle kritérii RECIST
s celkovym prezitim, v pripadé tebenta-
fuspu tomu tak zcela neni. Hypotézy pro
vysvétleni tohoto pozorovani zahrnuji
uvahy o infiltraci T-lymfocyt(i do tumoru
s rozvojem obrazu pseudoprogrese,
moznost opozdéného nastupu imunit-
nich odpovédi, pfipadné terapii navo-
zené zmény v kinetice rGstu nddoru. Tra-
di¢ni hodnoceni Ié¢ebné odpovédi zde
tedy nemusi dostate¢né odrazet odpo-
véd' nadoru na lé¢bu, kdyz rozvoj kli-
nického Uc¢inku mudze vyzadovat vice
casu [14,15].

Bezpecnosti profil

Nejcastéjsi nezddouci ucinky spojené
s |é¢bou tebentafuspem zahrnuji prede-
vsim reakce zprostfedkované cytokiny
a kozni nezadouci ucinky. Nezadouci
Ucinky vdzané na reakce z uvolnéni cyto-
kini zahrnovaly ve studii faze Il horecku
(80 %), zimnici (64 %), nevolnost (59 %),
hypotenzi (41 %) a hypoxii (4 %) [16].
V post-hoc recenzi s vyuzitim kritérii
Americké spolecnosti pro transplantaci
a bunécnou terapii (ASTCT) [17] prodé-
lalo 109/127 (86 %) léCenych pacientl
jakykoli stupen syndromu z uvolnéni
cytokinG (cytokine release syndrome -
CRS), pficemz vétsina méla reakci stupné
1 (33 %) nebo 2 (49 %) a méné pak stu-
pen 3 (3,1 %) a jednou stupen 4 (0,8 %).
Pripady CRS byly omezené na aplikaci
prvni nebo druhé davky tebentafuspu
s nastupem rozvoje do 24 hodin od apli-
kace a obvykle vymizenim béhem dvou
dni. Pacienti byli bézné pfijimani k hos-
pitalizaci k aplikaci Ié¢by a na 24 hodin
k pozorovani se zajisténim nitrozilni te-
kutinové hydratace béhem prvnich tfi
davek tebentafuspu s nasledné pak jiz
[é¢bou obvykle v ambulantnim rezimu.
Pouze 2 ze 127 pacientl ukoncili 1é¢bu
zdlvodu CRS.

Dermatologické nezadouci ucinky,
u kterych se pfedpoklada souvislost s ci-
lenim tebentafuspu i na populaci koz-
nich melanocytd rovnéz exprimujicich
gp100, zahrnuji akutni projevy jako své-
déni a vyrazka, a opozdénéjsi toxicity
pak v podobé vitiliga a depigmentace
vlasy, fas, a obodi. Ve studii faze Il [13] se
u 245 pacientl lécenych tebentafuspem
objevovala vyrdzka (82 %), svédéni
(68 %), pigmentové zmény na kizi nebo

vlasech (45 %) a erytém (28 %). Zatimco
se vyrazka, erytém a svédéni obvykle ob-
jevila v prvnich 4 tydnech, ke zménam
pigmentace kiZe nebo vlastd doslo po
medianu 2,7 mésice. Pacienti |éCeni te-
bentafuspem, u kterych se rozvinula vy-
razka v 1. tydnu, méli vyrazné delsi pre-
ziti ve srovnani s kontrolni skupinou
(HR 0,35; 95% Cl 0,23-0,53; p < 0,0001)
nicméné vyrazka nebyla hodnocena
jako nezavisly prediktor v multivariantni
analyze a pfeziti bylo vy3si i u pacientl
na tebentafuspu bez rozvoje vyrazky do
3. tydne oproti pacientdm v kontrolni
skupiné.

Aplikace lécby

Podani |éciva za hospitalizace je do-
poruceno alespon pro prvni tii davky
s dobou sledovani ptiznakl rozvoje
CRS po dobu alespon 16 hodin. Dopo-
ru¢ena davka pripravku je 20 ug v den
1, dale 30 ug v den 8, dale 68 pg v den
15 a poté 68 ug kazdy tyden, dokud je
klinicky pfinos a neni nepfijatelnd toxi-
cita. Podani lé¢iva je intravendzni s do-
poruc¢enou dobou infuze 15 az 20 minut.
Pro minimalizaci rizika hypotenze spo-
jené se syndromem uvolnéni cytokinud
Ize s ohledem na stav pacienta dopo-
rucit intravenézné aplikaci tekutin pred
zahdjenim infuze tebentafuspu. U pa-
cientl s jiz existujici nedostate¢nosti
nadledvin na udrzovacich systémovych
kortikosteroidech by méla byt zvazena
Uprava davky kortikosteroidd pro zvlad-
nuti rizika hypotenze. Pokud je davka
68 ug tebentafuspu tolerovana, mohou
byt daldi aplikace podavany ambulantné
se sledovanim po dobu minimalné
60 minut po kazdé infuzi a po 3 mésicich
ambulantni lé¢by bez preruseni déle nez
2 tydny mUze byt doba sledovani mini-
malné 30 minut [18].

Zaveéry

U tebetanfuspu jako u vibec prvniho Ié-
¢iva byl v rdmci randomizované studie
prokazan jasny pfinos v podobé celko-
vého preziti u pacientd s metastatickym
uvedlnim melanomem. Soucasné pred-
stavuje prvni terapeutikum na bazi T-bu-
nécnych receptord (TCR), které proka-
zalo pfinos pro preZiti pfi lécbé solidnich
malignit. Nezddouci Ucinky souvisejici
s imunitni reakci a uvolnénim cytokint

a kozni toxicita se vyskytovaly casto, ale
vétsina pripadl byla nizkého stupné. Lé-
kové agentury FDA a EMA udélily v roce
2021 registraci tebentafuspu, ktery je in-
dikovan jako monoterapie pro l1é¢bu do-
spélych pacientl s neresekovatelnym
nebo metastatickym uvealnim melano-
mem s pozitivnim lidskym leukocytar-
nim antigenem (HLA)-A*02:01 [18]. Do
budoucna jsou daldimi vyzvami napf.
otadzky potreby trvalé aplikace v ty-
dennim intervalu, Ucinnost tebenta-
fuspu v adjuvanci, moznosti kombi-
nace nebo spise sekvencniho podavani
s imunoterapif, nebo vyvoj molekul cile-
nych na gp100 ve vazbé na jiné subtypy
HLA [15].

Literatura

1.Jager MJ, Shields CL, Cebulla CM et al. Uveal melanoma.
Nat Rev Dis Primers 2020; 6(1): 24. doi: 10.1038/541572-
020-0158-0.

2. Singh AD, Turell ME, Topham AK. Uveal melanoma:
trends in incidence, treatment, and survival. Ophthal-
mology 2011; 118(9): 1881-1885. doi: 10.1016/j.0ph-
tha.2011.01.040.

3. Kujala E, Makitie T, Kiveld T. Very long-term prognosis of
patients with malignant uveal melanoma. Invest Ophthal-
mol Vis Sci 2003; 44(11): 4651-4659. doi: 10.1167/iovs.03-
0538.

4. Pelster MS, Gruschkus SK, Bassett R et al. Nivolumab
and ipilimumab in metastatic uveal melanoma: results
from a single-arm phase Il study. J Clin Oncol 2021; 39(6):
599-607. doi: 10.1200/JC0O.20.00605.

5. Khan S, Carvajal RD. Dual immunological checkpoint
blockade for uveal melanoma. J Clin Oncol 2021; 39(6):
554-556. doi: 10.1200/JC0O.20.03274.

6. Furney SJ, Pedersen M, Gentien D et al. SF3B1 muta-
tions are associated with alternative splicing in uveal
melanoma. Cancer Discov 2013; 3(10): 1122-1129. doi:
10.1158/2159-8290.CD-13-0330.

7. Damato BE, Dukes J, Goodall H et al. Tebentafusp: T cell
redirection for the treatment of metastatic uveal mela-
noma. Cancers (Basel) 2019; 11(7): 971. doi: 10.3390/can-
cers11070971.

8. Liddy N, Molloy PE, Bennett AD et al. Production
of a soluble disulfide bond-linked TCR in the cyto-
plasm of Escherichia coli trxB gor mutants. Mol Biotech-
nol 2010; 45(2): 140-149. doi: 10.1007/512033-010-9
250-0.

9. Crabb JW, Hu B, Crabb JS et al. iTRAQ quantitative pro-
teomic comparison of metastatic and non-metastatic
uveal melanoma tumors. PLoS One 2015; 10(8): e0135543.
doi: 10.1371/journal.pone.0135543.

10. Harper J, Adams KJ, Bossi G et al. An approved in
vitro approach to preclinical safety and efficacy evalua-
tion of engineered T cell receptor anti-CD3 bispecific (Im-
mTAC) molecules. PLoS One 2018; 13(10): €0205491. doi:
10.1371/journal.pone.0205491.

11. Hu H-M, Winter H, Urba WJ et al. Divergent roles
for CD4 + T cells in the priming and effector/mem-
ory phases of adoptive immunotherapy. J Immunol
2000; 165(8): 4246-4253. doi: 10.4049/jimmunol.165.8.
4246.

12. Sacco JJ, Carvajal R, Butler MO et al. 64MO A phase
(ph) Il, multi-center study of the safety and efficacy of
tebentafusp (tebe) (IMCgp100) in patients (pts) with

506

Klin Onkol 2022; 35(6): 502-507




TEBENTAFUSP

metastatic uveal melanoma (mUM). Ann Oncol 2020;
31 (Suppl 7): S1441-S1451. doi: 10.1016/annonc/annonc
392.

13. Piperno-Neumann S, Hassel J, Rutkowski P et al. Ab-
stract CT002: phase 3 randomized trial comparing teben-
tafusp with investigator’s choice in first line metastatic
uveal melanoma. Cancer Res 2021; 81 (Suppl 13): CT002.
doi: 10.1158/1538-7445.AM2021-CT002.

14. Nathan P, Hassel JC, Rutkowski P et al. Overall survival
benefit with tebentafusp in metastatic uveal melanoma.
N EnglJ Med 2021; 385(13): 1196-1206. doi: 10.1056/NE-
JM0a2103485.

15. Liu A, Wei A, Ashray B et al. Tebentafusp in advanced
uveal melanoma: proof of principle for the efficacy of
T-cell receptor therapeutics and bispecifics in solid tu-

mors. Expert Opin Biol Ther 2022; 22(8): 997-1004. doi:
10.1080/14712598.2022.2031970.

16. Carvajal R, Sato T, Butler M et al. Characterization of cy-
tokine release syndrome (CRS) following treatment with
tebentafusp in patients (pts) with previously treated (2L+)
metastatic uveal melanoma (mUM). J Clin Oncol 2021;
39 (Suppl 15):9531.doi: 10.1200/JC0O.2021.39.15_SUPPL9531.
17. Lee DW, Santomasso BD, Locke FL et al. ASTCT con-
sensus grading for cytokine release syndrome and neu-
rologic toxicity associated with immune effector cells.
Biol Blood Marrow Transplant 2019; 25(4): 625-638. doi:
10.1016/j.bbmt.2018.12.758.

18. Statnf Ustav pro kontrolu lé¢iv Ceska republika a Ev-
ropské Iékova agentura EMA. Souhrn Udajd o pripravku
Kimmtrak. [online]. Dostupné z: https://www.ema.eu-

ropa.eu/en/documents/product-information/kimmtrak-
epar-product-information_cs.pdf.

19. Sacco J, Carvajal R, Butler MO et al. 64MO - a phase
(ph) 1l, multi-center study of the safety and efficacy of
tebentafusp (tebe) (IMCgp100) in patients (pts) with
metastatic uveal melanoma (mUM). [online]. Available
from: https://www.annalsofoncology.org/article/S0923-
7534(20)43065-0/fulltext.

20. Piperno-Neumann S, Hassel JC, Rutkowski P et al.
AACR 2021. Abstract CT002. Phase 3 randomized trial
comparing tebentafusp with investigator's choice in first
line metastatic uveal melanoma. [online]. Available from:
https://ascopost.com/issues/may-10-2021/tebentafusp-
shows-overall-survival-benefit-in-first-line-treatment-of-
metastatic-uveal-melanoma/

Klin Onkol 2022; 35(6): 502-507

507




o

RV

(/ \l KCi .
V74 vakciny.avenier.cz -

800 1122 33

S Jablonec nad Nisou |
8 \

N
~

Jihlava

Jakeé jsou vyhody distribuce od Avenieru?

nejvétsi distributor vakcin do ordinaci viech lékard v CR

« distribuce centrovych |é¢iv do specializovanych center a nemocnic po celé CR

o kompletni nabidka v3ech vakcin na jednom misté

o dodanivakcin specialné upravenymi vozy, které spliuji nejprisnéjsi normy
pro rozvoz termolabilnich latek

» nepretrzity online monitoring teplot Iécivych pfipravkd

o objednani online pfes web vakciny.avenier.cz nebo na bezplatné zakaznické lince
o dodavky vakcin od 1 baleni ZDARMA

e podpora pfi vykazovani povinného ockovani

individudlIni pristup diky vySkolenym specialistdm distribuce

DISTRIBUCE VAKCIN DO ORDINACI



CENTRA OCKOVANI
A CESTOVNI MEDICINY

& Q

www.ockovacicentrum.cz Najdete nas po celé CR 545 123 321

Usti nad
Labem

Hradec
Kralové

Pardubice

Ostrava

Olomouc

o

Jihlava

Brno

Breclav

Ceské Bud&jovice

Znojmo

@ Ockovaci centrum Avenier

Vyhody nasi sluzby

o online/telefonické objednani na prfesny termin navstévy ockovaciho centra
e moznost platby kartou, poukazkami i benefitnimi kartami

v

e e-mailové upozornéni na koncici t¢innost ockovani —

» bezplatné vystaveni ockovaciho prikazu N

» sestaveni ockovaciho planu pfred cestou

e komunikace pres zakaznickou linku

« elektronicky ockovaci priikaz

CENTRA OCKOVANI A CESTOVNi MEDICINY AVENIER

BRNO, OC LETMO, NADRAZN[ 2A - BRNO, OC CAMPUS, NETROUFALKY 5/797 - BRECLAV, POLIKLINIKA BRECLAV, BRATRI MRSTIKU 38 - €ESKE BUDEJOVICE, OC IGY,
PRAZSKA 1247/24 - HRADEC KRALOVE, ZELEZNICNI POLIKLINIKA, VEVERKOVA 1631/5 « JIHLAVA, POLIKLINIKA DORADUS, MRSTIKOVA 1133/30 - OLOMOUC, POLIKLINIKA
OLOMOUC, TRIDASVOBODY 32:0LOMOUC,WOLKEROVA 1210/27-0STRAVA, HORNICKA POLIKLINIKA, SOKOLSKATRIDA81-OSTRAVA, POLIKLINIKAHRABUVKA, DR. MARTINKA

7-PARDUBICE, POLIKLINIKA HELP, KARLA SIPKA 282 - PLZEN, LEKARSKY DUM RONDEL, LOCHOTINSKA 18- PRAHA 1, POLIKLINIKA REVOLUCNI, REVOLUCNI 765/19- PRAHA 2,
1. LEKARSKA FAKULTA, STUDNICKOVA 7 « PRAHA 4, POLIKLINIKA BUDEJOVICKA, ANTALA STASKA 80 - PRAHA 5, ZENSKE DOMOVY, OSTROVSKEHO 253/3 « PRAHA 6,
VELESLAVINSKA 150/44 - USTi NAD LABEM, POLIKLINIKA DOCTUS, MASARYKOVA 94 - ZLiN, ZLINSKA POLIKLINIKA, TRIDA T. BATI 3705 - ZNOJMO, KHS ZNOJMO,
MUDR. JANA JANSKEHO 15




TIRAZ

KLINICKA ONKOLOGIE

Casopis Ceské onkologické spole¢nosti a Slovenskej onkologickej spolo¢nosti
The Journal of the Czech and Slovak Oncological Societies

REDAKCNi RADA

Vykonna redak¢ni rada (Brno)

vedouci redaktor
doc. MUDr. Vuk Fait, CSc.

MUDr. Petr Coupek

doc. MUDr. Toma$ Kazda, Ph.D.
prof. MUDr. Martin Klabusay, Ph.D.
MUDr. Ivo Kocék, Ph.D.

Sirsi redakéni rada

prof. MUDr. Zdenék Adam, CSc., Brno

doc. MUDr. Igor Andrasina, CSc., Kosice

doc. MUDr. Sona Balogovd, Ph.D,, Bratislava
doc. MUDr. Tomés Biichler, Ph.D,, Praha

prof. MUDr. David Cibula, CSc,, Praha

MUDr. Karel Cwiertka, Ph.D., Olomouc

doc. MUDr. Martin Dolezel, Ph.D., Olomouc
doc. MUDr. Lubo$ Drgona, CSc,, Bratislava
prof. MUDr. Ladislav Dusek, Ph.D., Brno

prof. MUDr. Tomas Eckschlager, CSc,, Praha
prof. MUDr. David Feltl, Ph.D.,, Ostrava

prof. MUDr. Jindfich Finek, Ph.D., MHA, Plzen
doc. MUDr. Lenka Foretova, Ph.D.

doc. MUDr. Maridn Hajduch, Ph.D., Olomouc
prof. MUDr. Roman Hajek, CSc,, Ostrava
MUDr. Jana Haldmkova, Ph.D,, Brno

Cestni ¢élenové redakéni rady
doc. MUDr. Juraj Kausitz, CSc,, Bratislava
prof. MUDr. Jan Klastersky, Brusel

prof. MUDr. Pavel Klener, DrSc., Praha

prof. RNDr. Jan Kovarik, DrSc,, Brno

vykonny redaktor
prof. MUDr. Marek Svoboda, Ph.D.

MUDr. Rudolf Nenutil, CSc.
MUDr. Jifi Novak
PharmDr. Roman Gonéc
MUDr. Peter Grell, Ph.D.

doc. MUDr. Igor Kiss, Ph.D., MBA

prof. MUDr. Alexandra Kolenové, Ph.D,, Bratislava
MUDr. Jiff Kubes, Ph.D., Praha

Andrea Lancia, M.D,, Rome

assoc. prof. Jeong Eon Lee, M.D,, Ph.D,, Seoul
prof. MUDr. Jifi Mayer, CSc., Brno

prof. MUDr. Michal Mego, DrSc., Bratislava

prof. MUDr. Bohuslav Melichar, Ph.D., Olomouc
prof. MUDr. Beata Mladosievicova, CSc., Bratislava
doc. MUDr. Jan Novotny, Ph.D,, Praha

prof. MUDr. Dalibor Ondrus, DrSc,, Bratislava

doc. RNDr. Martina Ondrusova, Ph.D., MPH, Bratislava
prof. Yeon Hee Park, M.D., Ph.D., Seoul

prof. MUDr. Lubo$ Petruzelka, CSc., Praha

prof. RNDr. Sérka PospiSilové, Ph.D., Brno

prof. MUDr. Ludék Pour, Ph.D., Brno

doc. MUDr. Jozef Mardiak, CSc., Bratislava
prof. MUDr. Zdenék Mechl, CSc., Brno
MUDr. Jaroslav Némec, CSc,, Brno

prof. RNDr. Ondfej Slaby, Ph.D., Brno

doc. RNDr. Sabina Sev¢ikova, Ph.D.
prof. MUD. Jan Zaloudik, CSc.

doc. MUDr. Jana Prausové, Ph.D., MBA, Praha
doc. MUDr. Igor Puzanov, Nashville

prof. MUDr. Lukas Rob, CSc,, Praha

prof. MUDr. Miroslav Ryska, CSc., Praha

prof. MUDr. Ale$ Ryska, Ph.D., Hradec Kralové
prof. MUDr. Jana Skfickova, CSc,, Brno

prof. MUDr. Martin Smr¢ka, Ph.D., Brno
MUDr. Toméds Svoboda, Ph.D., Plzen

doc. MUDr. Michal Stanik, Ph.D,, Brno

MUDr. Tomas Sélek, Bratislava

prof. MUDr. Pavel Slampa, CSc,, Brno

prof. MUDT. Jaroslav Stérba, Ph.D,, Brno

prof. MUDr. Dalibor Valik, Ph.D., Brno

prof. MUDr. Anna Vaskd, CSc., Brno

doc. MUDr. Maria Wagnerové, CSc,, Kosice
prof. MUDT. Stanislav Spanik, CSc.,, Bratislava

MUDr. Viliam Ujhézy, DrSc,, Bratislava
prof. MUDr. Jifi Vorlicek, CSc,, drh.c, Brno
prof. MUDr. Rostislav Vyzula, CSc,, Brno

© Ceska lékarska spolecnost Jana Evangelisty Purkyné, Praha 2022

KLINICKA ONKOLOGIE

Vydava Ceskéa Iékarska spolecnost J. E. Purkyné.

Registrac¢ni znacka MK CR 5158. ISSN 0862-495X. ISSN pro on-line pfistup 1802-5307.
On-line verze je pristupnd na adrese www.linkos.cz.

Nakladatel: Care Comm s.r.o., Klicperova 604/8, 150 00 Praha 5

Odpovédnd redaktorka: Ing. Petra Polsen, e-mail: petra.polsen@carecomm.cz

Grafickd Uprava: Karel Zlevor. Jazykové korektura: Mgr. Ivana Dachary, Mgr. Lucie Pokornd, Ing. Jaroslav Zdmecnik

Vychdzi 6x rocné. Predplatné na rok 2022 ¢inf 540 K¢ (22 eur).

Informace o podminkéch inzerce poskytuje a objedndvky prijima: Jan Laitl, e-mail: jan.laitl@carecomm.cz, tel. +420 725 778 001.

Rukopisy vkladejte do redakeniho systému: https://redakce.carecomm.cz/ko; pifpadné dotazy sméfujte na e-mail klinickaonkologie@mou.cz
Redakce casopisu Klinickd onkologie, Masarykdv onkologicky Ustav, Zluty kopec 7,656 53 Brno, e-mail: klinickaonkologie@mou.cz.

Pokyny pro autory naleznete na www.linkos.cz v sekci ¢asopisu.
Toto ¢islo vychazi 15. 12,2022

510

Klin Onkol 2022; 35(6)




ZSNTIVA

VAS PARTNER V ONKOLOGI
A HEMATOONKOLOGII

Zentivz!n, k.s., marketingové oddéleni
= U Kabelovny 130, 102 37 Praha 10
Ceska republika, www.zentiva.cz




KEYTRUDA

(meerllzumab) for Injection 100mg

: LF: KEYTRUDA®
- mozn_ost flexibilnihg
avkovdnj

LP KEYTRUDA® prodiuzuje celkové preziti.’ /

.‘._,-l.‘-l- = . /

Zkracend informace o lécivém pipravku

Nazev piripravku: KEYTRUDA® 25 mg/ml koncentrdt pro infuzni roztok. Kvalitativni a kvantitativni slozeni: Injekcnilahvicka se 4 ml koncentrtu obsahuje pembrolizumabum 100 mg. Pomacné ldiky: Sachardza,
histidin, polysorbét 80, monohydrdt hydrochloridu-histidinu, voda pro injekci. Indikace: Pripravek KEYTRUDA je indikovdn: 1. v monaterapii k Iécbé pokrocilého (neresekovatelného nebo metastazujictho) melanomu
u dospélyich; 2. v monoterapii k adjuvantnf 1écbé melanomu u stadia Il u dospélych s postizenim lymfatickych uzlin, kteff podstoupili kompletni resekdi; 3. v monoterapii v prvni linii k 1é¢hé metastazujiciho nemalobunécného
karcinomu plic (NSCLC) u dospélyich, jejichZ nddory exprimujf PD-L1, se skére nddorového padilu (tumour proportion score - TPS) =50 % bez pozitivnich nddorovych mutaci EGFR nebo ALK; 4. v kombinaci s chemoterapif
pemetrexedem a platinou v prvnf linii k 1é¢hé metastazujiciho neskvamézniho NSCLC u dospélyich, jejichz nddory nevykazujf pozitivni mutace EGFR nebo ALK; 5. v kombinaci s karboplatinou a paklitaxelem nebo nab-
paklitaxelem v prvnilinii k 1écbé metastazujiciho skvamdzniho NSCLC u dospélyich; 6. v monoterapii k Iéché lokdiné pokrocilého nebo metastazujiciho NSCLC u dospélyich, jejichz nédory exprimuji PD-L1sTPS >19%, a kteffjiz
byli léceni nejméné jednim chemoterapeutickym rezimem. Pacienti s pozitivnimi nddorovymi mutacemi EGFR nebo ALK musf byt také predtim, neZ dostanou pripravek KEYTRUDA, éceni cilenou terapif; 7. v monoterapii
indikovan k I6cbé dospélyich a pediatrickyich pacient ve véku od 3 let s relabujicim nebo refrakternim klasickym Hodgkinovym lymfomem, u nichZ selhala autologni transplantace kmenovyich bunék (autologous stem cell
byliléceni chematerapif obsahujicf platinu; 9. v monoterapi k 1éché lokdIné pokrocilého nebo metastazujiciho urotelidiniho karcinomu u dospélyich, u kterych nenf chemoterapie obsahujicf cisplatinu vhodnd a u kterych nddory
vykazujf expresi PD-L1s kombinovanym pozitivnim skére (combined positive score, CPS) > 10; 10.v monoterapii nebo v kombinaci s chemoterapif platinou a fluoruracilem (5-FU) indikovan v prvnilinii k Iéché metastazujiciho
nebo neresekovatelného recidivujiciho skvamdzniho karcinomu hlavy a krku (HNSCC) u dospélych, jejichz nddory exprimuji PD-L1 s CPS > 1; 11. v monoterapii k é¢bé recidivujicho nebo metastazujicho skvamézniho
karcinomu hlavy a krku (HNSCC) u dospélyich, jejichZ nddory exprimuji PD-LT s TPS > 50 %, a kteff podstupujf nebo podstoupili chemoterapii obsahujici platinu; 12. u dospélych v kombinaci s axitinibem v prvn linii k lécbé
pokrocilého rendIniho karcinomu (RCC); 13. v kombinacis lenvatinibem v prvn linii k [écbé pokroilého rendIniho karcinomu u dospélych; 14. v monoterapii k adjuvantn Ié¢bé dospélych s renéinim karcinomem se zvysenym
rizikem rekurence po nefrektomii, nebo po nefrektomii a resekc metastatickych 1€zf; 15. vmonoterapii v prvnf linii k Iéché metastazujiciho kolorektéiniho karcinomu s vysokou mikrosatelitovou nestabilitou (microsatellite
instability-high, MSI-H) nebo s deficitem systému apravy chybného pérovani bdzi (mismatch repair deficient, dMMR) u dospélyich; 17. v kombinaci s chemoterapif na bdzi platiny a fluoropyrimidinu indikovén v prvni linii
kléché pacientii s lokdIné pokrocilym neresekovatelnym nebo metastazujicim karcinomem jicnunebo HER-2 negativnim adenokarcinomem gastroezofagedInijunkce u dospélych, jejichz nddory exprimujPD-L1s CPS > 10;16.
v kombinaci s chemoterapif je indikovan k 1écbé lokdIné rekurentniho neresekovatelného nebo metastazujicho triple-negativniho karcinomu prsu u dospélych, jejichZ nddory exprimujf PD-LTs CPS > 10 a kteff dosud nebyli
éceni chemoterapif pro metastatické onemocnéni ; 18. v kombinadi s lenvatinibem indikovan k Iécbé pokrocilého nebo rekurentnino endometridiniho karcinomu u dospélyich, u nichz doslo k progresi onemocnéni béhem
pedchozi Iéchy terapif obsahujict platinu v jakémkoli reZimu nebo po nia kteff nejsou kandidaty na chirurgicky zakrok nebo ozafovani. Davkovani a zpiisob podani: Doporucend dévka pipravku KEYTRUDA u dospélyich
je 200 mg kazdé 3 tydny nebo 400 mg kazdyich 6 tydn, davka se poddvd intravendzniinfuzi po dobu 30 minut. Doporucend davka pfipravku KEYTRUDA vmonoterapii u détfa dospivajicich ve véku od 3 let vy3e s cHL je 2 mg/
kg télesné hmotnosti (az do maximdini ddvky 200 mg) kazdé 3 tydny, ddvka se poddvd intravendzniinfuzf po dobu 30 minut. Pfi podavani pfpravku KEYTRUDA v rdmcikombinace s chemoterapif je nutno piipravek KEYTRUDA
podavat prvni. Pacienty je nutno pripravkem KEYTRUDA Iéit do progrese nemodi nebo do vzniku nepfijatelné toxicity (a az po maximaini dobu trvanf 1échy, pokud je to pro indikaci specifikovano). Byly pozorovany atypické
odpovédi (tj. pocatecnf prechodné zvétsent nddoru nebo vznik novyich malyich 1ézf béhem prvnich nékolika mésicdi, ndsledované zmensenim nddoru). Klinicky stabilnf pacienty s pocatecnimi zndmkami progrese nemoci s
doporucuje Iécit ddl, dokud se progrese nepotvrdi. K adjuvantni lécbé melanomu a renéiniho karcinomu se KEYTRUDA md podavat do recidivy onemocnéni, nepfijatelné toxicity nebo po dobu a7 jednoho roku. Ddvkovdni
pHipravkd v kombinadi s pembrolizumabem viz SmPC pro soubéZné pouzitd Iéciva. Zvlastni upozornéni: U pacientli s NSCLC se doporucuje testovani nddorové exprese PD-L1 pomocf validovaného testu. U pacientl
sneskvamdznim NSCLG, jejichZ nédory vykazujf vysokou expresi PD-L1, je nutno zvd-it riziko neZddoucich tcink(i pfi kombinované écbé v porovnani' s monoterapii pembrolizumabem. Pacienti s v minulosti nelécenym
urotelidInim karcinomem nebo HNSCC musi byt k Iéché vybrani na zakladé exprese PD-L1 nédorovymi burikami potvrzené validovanym testem. Pembrolizumab v kombinadi s chemoterapil md byt pouzivdn s opatrnosti
u pacientlive véku > 75let po peclivémindividuginim zvazeni potencidiniho prinosu/rizika Imunitné zprostredkované neZddouciticinky: U pacient, kterym byl podavan pembrolizumab, se vyskytly nezadoucf tcinky
souvisejici s imunitou, vetné zdvaznych a fatdInich, vétsina z nich byla reverzibilni a zvlddla se prerusenim poddvani pembrolizumabu, podanim kortikosteroid( a/nebo podptirnou lécbou. Mohou se vyskytnout neZddouc
(icinky postihujici soucasné vice télesnych systémd, napf. pneumonitida, kolitida, hepatitida, nefritica, endokrinopatie, kozni nezadouci ticinky. Pembrolizumab musf byt trvale vysazen pfijakémkoliimunitné zprostiedkovaném
nezddoucim Gcinku stupné 3, ktery se opakuje, nebo pfi jakékoli imunitné zprostiedkované nezédouci toxicité stupné 4, kromé endokrinopatif, které jsou zviddnuty hormondinf substituci. Pembrolizumab miZe byt znovu
nasazen po 12 tydnech po posledni ddvce pripravku KEYTRUDA, pokud se nezadouci cinek zlepsf na stupefi < 1 a ddvka kortikosteroid(i byla redukovdna na < 10 mg prednisonu nebo jeho ekvivalentu za den. Pfi
hematologické toxicité stupné 4, pouze u pacient s cHL, se piipravek KEYTRUDA musi vysadit do zlepseni nezadoucich ticinkdi na stupeni 0 az 1. Lécba pembrolizumabem mdize u pifjemct transplantovanyich solidnich organd
2vySit riziko rejekee, je nutné zvdzit benefit/risk. U pacientd s cHL, podstupujicich alogennt transplataci kostni diené, byly pozorovdny pfipady GVHD a VOD. Kontraindikace: Hypersenzitivita na écivou létku nebo na
kteroukolipomocnouldtku. Interakee: Nebyly provedeny Zddné formélnifarmakokinetické studie Iékovyich interakdl. Pembrolizumab se odstrariuje z obéhu katabolizadi, zadné metabolické [ékové interakce se nepredpokladaj.
Pred nasazenim pembrolizumabu je nutno se vyhnout podavani systémovych kortikosteroid nebo imunosupresiv, a to kvilijejich potenciélnimu vlivu na farmakodynamickou aktivitu a cinnost pembrolizumabu. Systémové
kortikosteroidy nebo jind imunosupresiva vsak lze pouzivat po nasazeni pembrolizumabu k 1écbé imunitné zprostiedkovanyich nezadoucich (cink{i. Téhotenstvi, kojeni: Udaje o podavani pembrolizumabu t€hotnym
Zendm nejsou k dispozici. Zeny ve fertiinim véku musf béhem Iéchy a nejméné 4 mésice po posledni dévce pembrolizumabu pouZivat tcinnou antikoncepci. Nenf zndmo, zda se pembrolizumab vylucuje do lidského
matefského migka. Je nutno se rozhodnout, zda pierusit kojenf nebo vysadit pembrolizumab. Nezadouci Gcinky: Velmi casté (> 1/10): anémie, neutropenie, trombocytopenie, hypotyredza, hypertyredza, snizeni chuti
K jidlu, hyponatremie, hypokalémie, insomnie, bolest hlavy, zavrat, perifernf neuropatie, dysgeuzie, hypertenze, dyspnoe, kasel, dysfonie, priijem, bolest bicha, nauzea, zvracent, zicpa, vyrézka, pruritus, alopecie, syndrom
palmoplantdmi erytrodysestezie, muskuloskeletdlni bolest, artralgie, bolest v koncetiné, tinava, astenie, edém, pyrexie, zvySenf ALT, AST a kreatininu v krvi; Casté (> 1/100 a7 < 1/10): pneumnonie, lymfopenie, febrilni
neutropenie, leukopenie, reakce spojend s infiizi, hypofyzitida, tyreoiditida, adrendinf insuficience, hypokalemie, hypokalcemie, letargie, suché oko, srdecni arytmie (vcetné fibrilace sfni), pneumonitida, kolitida, suchd tsta,
hepatitida, t&7ké koZnireakce, suchd kiize, erytém, vitiligo, ekzém, akneiformni dermatitida, myozitida, artritida, tendosynovitida, nefritida, akutnf poskozeniledvin, onemocnéni podobné chipce, zimnice, edém, hyperkalcemie,
zvyseni ALP bilibrubinu v krvi. Uddna vZdy nejvyssi frekvence vyskytu, pro podrobnéjsiinformace o vyskytu pfi [écbé v monoterapii nebo v kombinaci s chemoterapi ¢i axitinibem viz SPC piipravku. Pokud se pouzivd v kombinaci
s lenvatinibem, maji se jedno nebo obg Iéciva vysadit dle potieby. Lenvatinib mé byt docasné vysazen, jeho davka snizena nebo trvale vysazen v souladu s pokyny uvedenymi v SmPC lenvatinibu pro kombinaci
s pembrolizumabem. Pro pripravek KEYTRUDA se Zddné snizeni ddvky nedoporucuje. Upozornéni: Pembrolizumab miize mit mirny vliv na schopnost fidit motorovd vozidla a obsluhovat stroje. Po poddni pembrolizumabu
bylahidsena inava. Doba pouZitelnosti: 2 roky Keytruda 25mg/ml. Uchovavani: Z mikrobiologického hlediska md byt pripravek, jakmile se nafedf, pouzit okamzité. Neni-li pouzit okamyité, chemickd a fyzikainf stabilita
pifpravku po otevieni pred pouZitim byla prokézana na dobu 96 hodin pfi 2 a2 8 °C. Tento 96hodinovy limit miZe zahmovat aZ 6 hodin pfi pokojové teploté (25 °C nebo nizsi). Pfi uchovdvani v chladnicce nechat injekénilahvicky
a/nebo intravendzni vaky pied pouzitim ohfdt na pokojovou teplotu. Baleni: Jedna injekéni lahvicka 10ml se 4 ml koncentrétu pembrolizumabu. Drzitel rozhodnuti o registraci: Merck Sharp & Dohme BV,
Waarderweg 39, 2031 BN Haarlem, Nizozemsko. Kontaktni e-mail: dpoc_czechslovak@merck.com. Registracni €islo: £U/1/15/1024/002. Datum posledni revize textu: 24. 1.2022. RCN 000020938-(7;
000021202-CZ. Zpisob vydeje: Vazan na Iékarsky predpis. Zplisob thrady: Lécivy pripravek je hrazen z prostredk( vefejného zdravotniho pojistént (indikace 1,2,3,4,5,8,10 — viz www.sukl.cz).

Drive ne7 prfpravek predepiSete, seznamte se prosim s tplnym souhmem tidajti o pripravku.

Reference: 1. SPCLP KEYTRUDA®, www.sukl.cz.
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