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KEYTRUDA

(pembrolizumab)

DALSI PERSPEKTIVY v lécbé
onkologickych onemocnéni.’

s

.

Zkracena informace o lécivém pripravku

Nazev piripravku: KEYTRUDA™ 25 mg/ml koncentrét pro infuzni roztok. Kvalitativni a kvantitativni sloZeni: Injekcni lahvicka se 4 ml koncentrétu obsahuje 100mg pembrolizumabu. Pomocné litky: Sacharoza, histidiin,
polysorbdt 80, monohydrdt hydrochloridu-histidinu, voda proinjekei. Indikace: Pripravek KEYTRUDA je indikovan klécbé: 1.v monoterapii dospélych a dospivajicich ve véku 12let a starsich s pokrocilym (neresekovatelnym nebo
metastazujicim) melanomem; 2. v monoterapii k adjuvantniléché dospélych a dospivajicich ve véku 12 let a starsich s melanomem stadia lIB, iC nebo ll kteff podstoupili kompletni resekdi; 3. v monoterapii indikovdn k adjuvantni
écbé dospélych s nemalobunécnym karcinomem plic, kteff maj vysoké riziko recidivy po kompletni resekci a Iéché chemoterapi na bdzi platiny; 4. v monoterapi v prvn linii metastazujicho nemalobunééného karcinomu plic
(NSCLC) u dospélych, jejichz nddory exprimuiji PD-L1, se skére nadorového podilu (TPS) >50% bez pozitivnich nddorovych mutaci EGFR nebo ALK; 5. v kombinaci s chemoterapif pemetrexedem a platinou v prvni linii u
metastazujictho neskvamdzniho NSCLC u dospélyich, jejichz nddory nevykazujf pozitivni mutace EGFR nebo ALK; 6. v kombinaci s karboplatinou a (nab)paklitaxelem v prvnf linii u metastazujictho skvaméznino NSCLC u dospélyich;
7.vmonoterapii u lokdIné pokrocilého nebo metastazujicho NSCLC u dospélych, jejichz nddory exprimuji PD-LTSTPS >19%, akteff|iz byli 1éceni nejméné jednim chemoterapeutickym rezimem. Pacienti s pozitivnimi nddorovymi
mutacemi EGFR nebo ALK musf byt také predtim, nez dostanou pripravek KEYTRUDA, éceni cilenou terapif; 8. v monoterapii u dospélyich a pediatrickyich pacientd od 3 let s relabujicim nebo refrakternim klasickym Hodgkinovym
lymfomem, unichselhala autolognitransplantace kmenovych bunék (ASCT), nebo byli léceni alespori dvéma predchozimi terapiemi, pricemZ ASCT nenfmoznosti1échy; 9.vmonoterapii ulokdln pokrocilého nebo metastazujicho
urotelidlniho karcinomu u dospélych, kteffjiz byli 1éceni chemoterapif obsahujicf platinu; 10.vmonaterapii u lokéiné pokrocilého nebo metastazujicho urotelidIniho karcinomu u dospélyich, u kterych neni chemoterapie obsahujicf
cisplatinuvhodnd a u kterych nddory vykazujf expresi PD-L1 s kombinovanym pozitivnim skére (CPS) >10; 110.vmonoterapii nebo v kombinaci s chemoterapi platinou a fluoruracilem (5-FU) v prnilinii u metastazujicho nebo
neresekovatelného recidivujiciho skvamdzniho karcinomu hlavy a krku (HNSCC) u dospélych, jejichZ ndory exprimuji PD-LTs CPS > 1; 12. v monoterapii u recidivujictho nebo metastazujicho HNSCC u dospélyich, jejichz nédory
exprimuji PD-L1 s TPS > 50%, a kteff podstupuj nebo podstoupili chemoterapii obsahujicf platinu; 13. u dospélyich vkombinadi s axitinibem v prvnilinii u pokrocilého rendiniho karcinomu (RCC); 14. vkombinaci s lenvatinibem
v prvni finii- u- pokrocilého RCC u dospélyich; 15. v monoterapil k adjuvantni lécbé dospélyich s RCC se zvySenym rizikem rekurence po nefrektomii, nebo po nefrektomii a resekci metastatickyich ézf; 16. Nadory MSI-H/dMMR.
Kolorektdin karcinom (CRC), v monoterapii pro dospélé s MSIH nebo dMIMR CRC: - v prvni linii metastazujictho CRC, - po piedchozi kombinované [é¢hé zalozené na fluorpyrimidinu u neresekovatelného nebo metastazujicho CRG;
Nedory kromé CRC, v monoterapii k IEcbé ndsledujicich MSI-H nebo dMIMR nddord u dospélyich s. - pokrocilym nebo recidivujicim endometriéinim karcinomen, u kterych doslo k progresi onemocnénf pii nebo po pedchozi Iéché
zalozené na platiné v jakémkoli rezimu 1échy a kteff nejsou kandiddty pro kurativnf chirurgickou Iécbu nebo radioterapii, - neresekovatelnymi nebo metastazujicimi nédory Zaludku, tenkého streva nebo Zlucovych cest, u kteryich
doslok progresi onemocnénibéhem nebo po alespor jedné predchozi1éché; 17.vkombinaci s chemoterapifna bazi platiny a fluorpyrimidinu v prvn liniik léché pacienti s lokdIné pokrocilym neresekovatelnym nebo metastazujicim
karcinomem jicnu nebo HER-2 negativnim adenokarcinomem gastroezofagedIni junkce u dospélyich, jejichz nddory exprimuji PD-L1's CPS > 10; 18. v kombinaci s chemoterapif v neoadjuvantni Iéché a nésledné po chirurgické
[écbé v monoterapii v adjuvantni Iécbé u dospélych s lokéiné pokrocilym nebo casnym stadiem triple-negativnino karcdnomu prsu (TNBC) s vysokym rizikem recidivy; 19. v kombinaci s chemoterapif u lokdIné rekurentniho
neresekovatelného nebo metastazujictho TNBC u dospélych, jejichZ nddory exprimujf PD-LTs CPS > 10 a kteff dosud nebyli [éceni chemoterapif pro metastatické onemocnéni; 20. v kombinaci s lenvatinibem u pokrocilého nebo
rekurentnino endometridiniho karcinomu u dospélych, u nichZ doslo k progresi onemocnéni béhem predchoz 1échy terapi obsahujici platinu v jakémkoli rezimu nebo po ni a kteff nejsou kandiddty na chirurgicky zakrok nebo
ozafovani; 21. v kombinaci s chemoterapif s nebo bez bevacizumabu u- perzistentniho, recidivujiciho nebo metastazujicho karcinomu délozniho hrdla u dospélyich, jejichz nddory exprimu;ji PD-L1s CPS > 1; 22. v kombinaci s
trastuzumabem, fluorpyrimidinem a chemoterapif obsahujici platinu v prvnilinii 1échy lokdIné pokrocilého neresekovatelného nebo metastazujicho HER2-pozitivniho adenokarcinomu Zaludku nebo gastroezofagedinf junkce u
dospélych, jejichz nadory exprimujiPDL1s CPS > 1. Davkovani a zptisob podani: Doporucend dévka pripravku KEYTRUDA u dospélyich je 200 mg kazdé 3 tydny nebo 400 mg kazdyich 6 tydndi. Doporucend ddvka pripravku
KEYTRUDA v monoterapii u pediatrickyich pacient(i ve véku od 3 let vyse s cHL nebo pacientli od 12 let vySe s melanomem je 2 mg/kg télesné hmotnosti (bw - bodyweight) (az do maximdlni ddvky 200 mg) kazdé 3 tydny. Ddvka
se poddvaintravendznfinfuzf po dobu 30 minut. Pfi podavani pripravku KEYTRUDA v rémd kombinace s chemoterapifje nutno pripravek KE Y TRUDA podavat prvni. Pacienty je nutno pifpravkem KEYTRUDA Iécit do progrese nemodi
nebo do vzniku nepfijatelné toxicity (a az po maximaini dobu trvaniléchy, pokud je to proindikaci specifikovano). Byly pozorovény atypické odpovédi (tj. poctecni prechodné zvétseni nddoru nebo vznik novyich malyich 6z béhem
prvnich nékolika mésictl, ndsledované zmensenim nddoru). Klinicky stabilnf pacienty s pocatecnimi zndmkami progrese nemoci se doporucuje [écit dal, dokud se progrese nepotvrd. Dalsf podrobné informace ohledné ddvkovdni
atrvaniécby v jednotlivych indikacich udavé Souhm tidajti o prfpravku (SPC). Davkovénf pripravkd v kombinaci s pembrolizumabem viz SPC pro soubéZné pouzitd léciva. ZvlaStni upozorméni: Viyhodnocen stavu PD-LT: Pii
hodnoceni stavu tumoru s ohledem na PD-L1 je d(ile7ité zvolit dobfe validovanou a robustni metodiku. Aby se zlepsila sledovatelnost biologickych Iécivyich piipravkd, md se prehledné zaznamenat ndzev podaného pripravku a
{islo SarZe. Imunitné zprostredkované neZddouci ticinky: U pacient(l, kterym byl poddvan pembrolizumab, se vyskytly imunitné zprostfedkované neddouc ticinky, vcetné zavaznych a fatdInich, vétsina z nich byla
reverzibilni a zviddIa se pierusenim podévéni pembrolizumabu, podanim kortikosteroidd a/nebo podpiimou Iéchou. Mohou se vyskytnout nezadouci ticinky postihujict soucasné vice télesnyich systémdi, napf. pneumonitida,
kolitida, hepatitida, nefritida, endokrinopatie, kozni nezadoucf tcinky, dalsf nezadouci (cinky podrobné uvedeny v SPC. Pembrolizumab musf byt trvale vysazen pijakémkoliimunitné zprostredkovaném nezddoucim ticinku stupné
3, ktery se opakuje, nebo pri jakékoli imunitné zprostiedkované nezadouci toxicité stupné 4, kromeé endokrinopatif, které jsou zvIddnuty hormondlnf substitucf. Pembrolizumab mZe byt znovu nasazen po 12 tydnech po posledni
dévee pripravku KEYTRUDA, pokud se neZddouci (icinek zlepsi na stupen < 1 a ddvka kortikosteroid( byla redukovéna na < 10 mg prednisonu nebo jeho ekvivalentu za den. Lécha pembrolizumabem miize u pifiemci
transplantovanyich solidnich organd zvysit riziko rejekee, je nutné zvazit benefit/risk. U pacient(i s cHL, podstupujicich alogenni transplataci kostni diené, byly pozorovdny pfipady GYHD aVOD. Kontraindikace: Hypersenzitivita
na lécivou létku nebo na kteroukoli pomocnou ldtku. Interakce: Nebyly provedeny zadné formdini farmakokinetické studie Iékovyich interakci. Pembrolizumab se odstrariuje z obéhu katabolizac, Zddné metabolické lékové
interakce se nepiedpokladajl. Pied nasazenim pembrolizumabu je nutno se vyhnout podavani systémovych kortikosteroidd nebo imunosupresiv, a to kvl jejich potenciainimu viivu na farmakodynamickou aktivitu a dcinnost
pembrolizumabu. Systémové kortikosteroidy nebo jind imunosupresiva v3ak Ize pouzivat po nasazeni pembrolizumabu k Ié¢bé imunitné zprostiedkovanyich nezédoucich cinkdi. Téhotenstvi, kojeni: Udaje o podavani
pembrolizumabu téhotnym Zendm nejsou k dispozici. Zeny ve fertilnim véku musi béhem [écby a nejméné 4 mésice po posledni dévce pembrolizumabu pouzivat ticinnou antikoncepdi. Nenf znémo, zda se pembrolizumab
wylucuje do lidského matefského miéka. Je nutno se rozhodnout, zda prerusit kojeni nebo vysadit pembrolizumab. NeZadouci ticinky: Velmi asté (> 1/10): infekce mocovyich cest, anémie, neutropenie, trombocytopenie,
leukopenie, hypotyredza, snizenf chuti k jidlu, hypokalémie, insomnie, bolest hlavy, zavrat, periferni neuropatie, dysgeuzie, hypertenze, dyspnoe, kasel, dysfonie, préjem, bolest bficha, nauizea, zviacen, zcpa, vyrdzka, pruritus,
alopecie, muskuloskeletaIni bolest, myozitida, artralgie, bolest v konceting, tinava, astenie, edém, pyrexie, zvySeni ALT, AST, lipdzy a kreatininu v krvi; Casté (> 1/100a7 < 1/10): pneumonie, lymfopenie, febrilni neutropenie, reakce
spojend s infiizi, hypotyredza, tyreoiditida, adrendini insuficience, hypokalemie, hypokalcemie, hyponatremie, letarge, suché oko, srdecni arytmie (vetné fibrilace sinf), pneumonitida, kolitida, suchd sta, hepatitida, t&7ké koznf
reakce, suchd klize, erytém, vitiligo, ekzém, akneiformni dermatitida, myozitida, artritida, nefritida, akutni poskozeniledvin, onemocnéni podobné chiipce, zimnice, hyperkalcemie, zvy3eni ALR bilibrubinu v krvi. Uddna vzdy nejvyssi
frekvence vyskytu. Pripravek KEYTRUDA, v monoterapii nebo v kombinované terapii, je nutno trvale vysadit pfi nezadoucich dcincich stupné 4 nebo recidivuicich imunitné zprostiedkovanyich nezadoucich dcincich stupné 3, pokud
neni v tabuilce T SPCuvedeno jinak. Podrobnéjsf informace o vyskytu a tpravach davky pfiléché v monoterapii nebo v kombinaci s chemoterapil, axitinibem ¢i lenvatinibem viz SPC pifpravkd. Pfi hematologické toxicité stupné 4,
pouze u pacientli s cHL, se pripravek KEYTRUDA musi vysadit do zlepseni nezadoucich (icinkéi na stupeni 0 a7 1. Upozoméni: Pembrolizumab mdize mit mimy viiv na schopnost fidit motorova vozidla a obsluhovat stroje. Po
poddni pembrolizumabu byla hlsena tinava. Doba pouzitelnosti: 2 roky. Z mikrobiologického hlediska mé byt pifpravek, jakmile se nated, pouZit okam?ité. Neni-li pouZit okamZité, chemickd a fyzikalni stabilita pifpravku po
otevienf pied pouzitim byla prokdzana na dobu 96 hodin pfi 2 az 8 °C. Uchovavani: Uchovdvejte v chladnicce (2 az 8°C). Baleni Jedna injek¢nilahvicka 10ml se 4 ml koncentrdtu obsahuje 100 mg pembrolizumabu. Drzitel
rozhodnuti o registraci: Merck Sharp & Dohme B.V, Waarderweg 39, 2031 BN Haarlem, Nizozemsko. Kontaktni e-mail: dpoc_czechslovak@merck.com. Registraéni cislo: £U/1/15/1024/002. Datum posledni
revize textu: 12.10. 2023. RCN 000023046-(Z; 000025158-(Z; 000025905-(Z. Zplisob vydeje: Vdzdn na lékarsky predpis. Zpiisob hrady: Lécivy pripravek je hrazen z prostredk vefejného zdravotniho pojisténi (indikace
1,245,69,11,14,16-pouze MSI-H/DMMR metastazujici (RC v 1.linii, 18,19,20,21) vice na wwwisukl.z.

Drive neZ pripravek predepiSete, seznamte se prosim s iplnym souhrnem dajli o pripravku, ktery naleznete na adrese: Merck Sharp & Dohme s.ro,, Na Valentince 3336/4150 00 Praha 5 nebo na strdnkdch Evropskeé agentury pro
Iécivé pripravky http://ema.europa.eu/.

Reference: 1. SPC pripravku KEYTRUDA® na www.sukl.cz, datum posledni revize 12.10. 2023.

% MSD N LOGY Copyright © 2023 Merck & Co,, Inc., Rahway, NJ, USA a pridruzené spolecnosti. V3echna prdva vyhrazena.
% 0 CO OG Merck Sharp & Dohme s.r.0., Na Valentince 3336/4, 150 00 Praha 5, geské republika, IC: 028462564, Tel.: +-420 277 050 000, e-mail: dpoc_czechslovak@merck.com, www.MSD.cz
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METASTATICKEHO
KARCINOMU PANKREATU?

pegylated liposomal irinotecan

STANDARD 2. LINIE LECBY 6 Onivyde®

UNIKATNI PEG-LIPOZOMALNIi FORMA
- SILNEJSi INHIBICE NADOROVEHO RUSTUz .

DOPORUCENO VSEMI STEZEINiMI GUIDELINESS

Uginna lé¢ba metastazujiciho adenokarcinomu pankreatu i
v kombinaci s 5-FU/LV u dospélych pacientu, u kterych doslo
k progresi po lé¢bé zalozené na gemcitabinu*

LITERATURA: 1. UNIVYDEpegy\atedHpusnmaISPU Poslednirevize textu 08/2022. 2. Lamb YN, Scott LJ. Drugs. 2017;77:785-792. 3. Drummond DC et al. Cancer Res 2006;66:3271-3277. 4. Kalra AV etal. Cancer Res. 2014:74:7003-7013. 5. CarnevaleJ,
Ko AH. Future Oncol. 2016;12:453-464. 6. elUpdate -Cancer of the Pancreas Treatment Recommendations. Published: 15 March 2019. ESMO Guidelines Committee. Available at: https://www.esmo.org/quidelines/ guidelines-by-topic/gastrointestinal-cancers/
pancreatic- Gaﬂcer/eupdate cancer-f-the-pancreas-treatment-recommendations. Last accessed: December 2022. 7. Ducreux M et al. Ann Oncol. 2015;25(supplb):v58-v68. 8. Tempero MA et al. J Natl Compr Canc Netw. 2021;19(4):439-457. 9. Sohal D et
al.J Clin Oncol. 2020;38:3217-3230. 10. Okusaka T et al. Pancreas. 2020;49:326-335. 11. Cui J et al. Chinese Society of Clinical Oncology (CSCO). J Natl Cancer Cent. 10.1016/jjnce.2022.08.008. 12. National Health Commission of the People’s Republic of
China. Chin J Cancer Res.2022;34(3):238-255. 13. Modré kniha - 29. aktualizované vydéni.

Zkracena informace o pripravku ONIVYDE pegylated liposomal®: SLOZENi*: ONIVYDE pegylated liposomal 4,3 mg/ml koncentrat pro infuzn disperzi: Jedna 10ml injekcni lahvicka koncentratu obsahuje irinotecanum 43 mg (jako irinotecani sucrosofatum
v pegylované lipozoméini formé). INDIKAGE*: Létba metastazujicho adenokarcinomu pankreatu, v kombinaci s fl uoruracilem (5-FU) a leukovorinem (LV), u dospélch pacient, u nichZ doSlo k progresi po terapii zaloZené na gemcitabinu. DAVKOVANI A ZPUSOB
PODANI*: Pripravek ONIVYDE pegylated liposomal smi pacientiim pedepisovat a podavat pouze Iékafi a zdravotnicti pracovnici se zkusenostmi s protinadorovymi terapiemi. Pripravek ONIVYDE pegylated liposomal neni ekvivalentem nelipozomainich forem irinotekanu
anesmi byt s nimi zamenovén. Pripravek ONIVYDE pegylated liposomal, leukovorin a fluoruracil se maji podavat postupné. Doporucend davka a rezim pripravku ONIVYDE pegylated liposomal je 70 mg/m? intravendzné po dobu 90 minut, nasledng LV 400 mg/m? intravendzng
po dobu 30 minut a poté 5FU 2400 mg/m? intravendzng po dobu 46 hodin, s poddvanim kazde 2 tyny. Pripravek ONIVYDE pegylated liposomal se nemé podavat jako monoterapie. Snizenou pocétegni davku pfipravku ONIVYDE pegylated liposomal 50 mg/m? je tieba zvait
u pacientd, 0 nich je znamo, Ze jsou homozygoty alely UGTTA128. V ndslednjch cyklech je treba zvait zvjieni dvky pripravku ONIVYDE pegylated liposomal na 70 mg/m?, pokud je tolerovéna. PREMEDIKAGE*: Doporuzue se standardnimi dévkami dexamethasonu
(nebo ekvivalentnim kortikosteroidem) spolecng s antagonistou 5-HT3 (nebo jingm antiemetikem) alespoii 30 minut pred infuzi pripravku ONIVYDE pegylated liposomal. Upravy davek se doporuguji ke zviddnuti toxicit 3. a 4. stupn souvisejicich s pripravkem ONIVYDE pegyla-
ted liposomal. Porucha funkee jater: pripravek se nema pouzivat u pacient s hodnotami bilirubinu > 2,0 mg/dl nebo AST a ALT > 2,5nésobek horni meze normalu (ULN) nebo > bnésobek ULN, pokud jsou v jatrech pritomny metastazy. Porucha funkce ledvin: U pacient
s mirnou aZ stredn zévaznou poruchou funkce legvin nenf nutnd tprava davky. Pripravek se nedoporutuje u pacienti se zavaznou poruchou funkee ledvin (clearance kreatininu < 30 ml/min). KONTRAINDIKACE™: Anamnéza zavazné hypersenzitivity na irinotekan nebo
na kteroukali pomocnou tku. Kajeni. ZVLASTNI UPOZORNEN™: Obecnd: Pripravek ONIVYDE pegylated liposomal nen ekvivalentemjinjch nelipozomalnich forem irinotekanu a nesmi bjt s nimi zaméiovan. Myelosupress/neutropenie: Doporutue se sledovat kompletni
krevni obraz. Febrilni neutropenii je tfeba okamZité Iégit Sirokaspekirymi intravendznimi antibiotiky v nemocnici. Légbu pripravkem ONIVYDE pegylated liposomal je treba pozastavit, pokud se vyskytne febrini neutropenie nebo klesne absolutni pocet neutrofi i pod 1500/mm?.
Pacienti se zavaznym selhdnim kostni dfend nemaji bt Iégeni pripravkem ONIVYDE pegypated liposomal. Predchozi ozafovéni oblasti bFisni v anamnéze zySuje riziko zdvazné neutropenie a febrilni neutropenie po 16cbé pripravkem ONIVYDE pegylated liposomal. U pacienti
s zafovani oblasti biiSni v anamnéze se doporuduje peclivé sledovani krevniho obrazu a je tfeba zvzit pouziti myeloidnich ristovych faktord. U pacientd, kterym je pripravek ONIVYDE pegylated liposomal podavan soub&Zné s ozafovanim, je tfeba postupovat s opatrnost.
U pacientdl s nedostategnou glukuronidact bilirubinu miZe pfi 16thé pripravkem ONIVYDE peqylated liposomal existovat zvysené riziko myelosuprese. U asijskych pacientl existuje zvysené riziko zavazné a febrilni neutropenie po 16Ebé pripravkem ONIVYDE pegylated liposomal.
U osob, které jsou 7/7 homozygoty alely *28 genu UGTTA1™28, existuje zvySené riziko neutropenie. Imunosupresivi tiginky a vakeiny: Je nutné vyvarovat se vakcinaci Zivymi vakcinami. Mrivé & inaktivované vakciny se mohou podavat; odpovéd na né vak mize byt snizend.
Interakee se silnymi induktory GYP3A4, silnymi inhibitory CYP3A4 neba silnymi inhibitory UGT1A1. 1ze podavat se silnymi induktory enzymu CYP3A4 pouze pokud neexistujf Zadné terapeuticke alternativy. Je tfeba zvZit substituéni terapii neindukujici enzymy, a to nejméng 2
tydny pred zahdjenim 165by pripravkem ONIVYDE pegylated liposomal. se nesmi poddvat se silngmi inhibitory enzymu CYP3A4. Poddvani je treba ukonGit nejméné 1 tyden pred zahdjenim l6cby pripravkem ONIVYDE pegylated liposomal. Lze podavat se silnymi inhibitory UGTTA
pouze pokud neexistuji Zadné terapeutické alternativy. Prdjem: Prijem se miiZe objevit Gasné (ndstup béhem < 24 hodin po zahdjeni 16cby pripravkem ONIVYDE pegylated liposomal) nebo opozdéné (> 24 hodin). U pacientd, u kterych dojde k Gasnému nastupu prijmu, je
tfeba zva7it terapeuticky a profylakticky poddvany atropin, pokud nenf kontraindikovan. Poddvani loperamidu je tfeba zahdjit pfi prvnim vyskytu Fidké stolice nebo préjmu nebo ihned po ndstupu GastéjSiho vyprazdfiovani stfev neZ obvykle. Loperamid je tfeba poddvat do doby,
neZ bude pacient alespoii 12 hodin bez prijmu. Jestlize prijem petrvava, i kdyZ pacient uziva loperamid déle neZ 24 hodin, je tfeba zvaZit podpirnou Iégbu perorainimi antibiotiky. Loperamid se nesmi poddvat déle nez 48 po sobé ndsledujicich hodin z divodu rizika paralytic-
kého ileu Jestlize prijem pretrvava déle nez 48 hodin, ukoncete podavani loperamidu, monitorujte a dopliite tekutiny s obsahem elektrolytii a pokratujte v antibiotické podpdrné I6che. Lecbu pripravkem ONIVYDE pegylated liposomal je tfeba odloZit do doby, neZ prijem dosah-
ne < 1. stupné (o 2-3 stolice/den vice nez v dobé pred Iéchou). Nesmi se podévat pacientim se strevni obstrukef a chronickym zantlivyjm onemocnénim stiev, dokud neodezni. Cholinergni reakce. Prijem s Easnym ndstupem mohou provézet cholinergni priznaky, jako jsou
rinitida, 2vySend salivace, zrudnuti, diaforéza, bradykardie, midza a hyperperistaltika. V pfipadé cholinergnich priznak( je tfeba podat atropin. Akutni reakce na infuzi a souvissjici reakce: V pripadé zavaznjch hypersenzitivnich reakcf, véetng akutni reakce na infuzi, anafylakticke/
anafylaktoidni reakce a angioedému™*, je tfeba lécbu pripravkem ONIVYDE pegylated liposomal ukontit. Predchozi Whippleova aperace: Je treba sledovat zndmky infekei. Cévni onemocnéni: ONIYDE pegylated liposomal je spojovan s tromboembolickymi prihodami, jako je
plicnf embolie, Zilnf trombdza a arteridlni tromboembolismus. Pro odhaleni pacient(i s vicetetnymi rizikovymi faktory kromé zakladniho novotvaru mé byt odebréna dikladnd anamnéza. Pacienti majf byt informovéni o zndmkéch a symptomech tromboembolie a maji okamité
kontaktovat Iékare nebo zdravotni sestru, pokud se u nich takové zndmky nebo symptomy objevi. Plicn/ toxicita: U pacientl Iéenych nelipozomalnim irinotekanem se vyskytly pithody podobné intersticidlnimu plicnimu onemocnénf (ILD). Mezi rizikové faktory patfi preexistujici
plicni onemocnéni, podavani pneumotoxickych 168ivych pripravkd, kolonie stimulujicich faktor( nebo predchozi radiacini terapie. U téchto pacient je tfeba peclivé sledovat respiracni priznaky pred Iécbou pripravkem ONIVYDE pegylated liposomal i bhem ni. Objevii se nova
nebo progresivni dyspnoe, kasel a horecka, je tfeba Iégbu pripravkem ONIVYDE pegylated liposomal okamité prerusit a7 do vyhodnocent diagndzy. U pacientii s potvrzenou diagndzou ILD je tieba 6cbu pripravkem ukonit. Porucha funkce jater: Pacienti s hyperbilirubinemif méli
vysSi koncentrace celkového SN38, a proto je u nich zvyené riziko neutropenie. U pacientd s celkovym bilirubinem 1,0-2,0 mg/dl je tfeba pravideIng sledovat krevni obraz. U pacienti s poruchou funkee jater (bilirubin > 2nsobek horn hranice normainiho rozmezi [upper
limit of normal, ULN]; transaminézy > bndsobek ULN) je treba postupovat opatré. Pokud se pripravek ONIVYDE pegylated liposomal podava v kombinaci s jingmi hepatotoxickymi Iégivimi pripravky, je zapotiebi opatmosti. Parucha funkce ledvin: Pouiti pripravku ONIVYDE
pegylated liposomal u pacienti s vyznamnou poruchou funkee ledvin nebylo stanoveno. Pacienti s podvahou: u pacienti s body mass indexem < 18,5 kg/m? je tieba postupovat opatrng. Pamocné fatky: obsahuje 33,1 mg sodiku v lahvitce, coZ odpovida 1,65 % doporucené-
ho maximalniho denniho pfjmu sodiku potravou podle WHO pro dospélého, ktery Gini 2 g sodiku. INTERAKCE™: Soub&zné podavani s induktory CYP3A4 (antikonvulziva (fenytoin, fenobarbital nebo karbamazepin), rifampin, rifabutin a trezalka tetkovand) mize snizit
a Soub&zné podavani s inhibitory CYP3A4 (napr. grapefruitovou Stdvou, klarithromycinem, indinavirem, regorafenibem, itrakonazolem, lopinavirem, nefazodonem, nelfi navirem, ritonavirem, sachinavirem, telaprevirem, vorikonazolem) a inhibitory UGTTAT (napF. atazanavirem,
gemfi brozilem, indinavirem, regorafenibem) maze zvyiit systémovou expozici pripravku ONIVYDE pegylated liposomal. SuucasnepudavamscytostaﬂckymlIatkaml (veetné fl ucytosinu) mize zhorSit neZadouct dcinky pripravku ONIVYDE pegytated liposomal ™ *. FERTILITA*:
Pred zahdjenim podavani pfipravku ONIVYDE pegylated liposomal zvazte mnznosljmucn pacienty o zachovani pohlavnich bunék ™ . TEHOTENSTVI*: Nedoporutuje se. KUJENI* kontraindikovéno. ANTIKONCEPGE*: Muzi i Zeny musf pouzivat utinnou antikoncepci
v pribhy 165y a jests 7 mésic po ukonceni 8by u Zen a 4 mésice u muZd. UGINKY NA SCHOPNOST RIDIT A OBSLUHOVAT STROJE*: Dbt zv3ené pozornosti, NEZADOUCH UCINKY*: Velmi Gast: neutropenie, leukapenie, angmie, trombocytapenie, hy-
pokalemie, hypomagnezemie, dehydratace, snizend chut k jclu, zawrat, prijem, zvaceni, nauzea, bolest bricha, stomatitida, alopece, pyrexie, periferni otok, zanét sliznice, Gnava, astenie, snizeni hmotnosti. Caste: septicky ok, sepse, pneumonie, febrini neutropenie, gastro-
enteritida, ordln kandiddza, lymfopenie, hypoglykemie, hyponatremie, hypofosfatemie, insomnie, cholinergni syndrom, dysgeuzie, hypotenze plicni embolie, embolizace, hiubokd Zilnf tromboza, dyspnne dysfonie, kolitida, pruritus™*, hemoroidy, hypoalbuminemie, akulm’rené\r
ni selhani, reakce spojend s infuzi, edém, zvjSeny bilirubin, zvySend ALT, zviSend AST, zvjSeni INR. Mené Casté: bilidri sepse, hypersenzifivita, trombdza, hypoxie, ezofagitida, prokitida, kopfivka™ *, vyrézka” *, makulopapuldzni vyréka, diskolorace nehtu. Nenf znamo ™
anafylaktickd/anafylaktoidni reakee, angioedém, erytém. PREDAVKOVANI* VLASTNOSTI*: lrinotekan (inhibitor topoizomerdzy I) zapouzdieny v lipidové dvouvrste vezikule nebo lipazomu. lrinotekan je derivatem kamptothecinu. Kamptotheciny pisobi jako specif cke
inhibitory enzymu DNA topoizomerdzy . rinotekan a jeho aktivni metabolit SN-38 vytvérei reverzinilni vazbu s komplexem topoizomerdza FONA a indukui jednotetézcové 1éze DNA, kterd blokuf replikacni vidlici DNA a odpovidaji za cytotoxicitu. rinotekan se metabolizuje pro-
stfednictvim karboxylesterdzy na SN-38. SN-38 je z hlediska inhibice topoizomerdzy | purifi kované z nédorovjch bunétnyeh linif tlovéka a hlodave priblizng 1000krdt silngjsi neZ irinotekan. PODMINKY UCHOVAVANI*: Ushovdvete v chiadnisce (2-8 °C). Chrarite pred
mrazem a svétlem. BALENI*: 1 injekéni lahvicka obsahujici 10 ml koncentratu. Datum posledni revize textu: 08/2022. Registraéni Gislo: EU/1/16/1130/001. Drzitel registracniho rozhodnuti: Les Laboratoires Servier 50, rue Carot, 92284 Suresnes
cedex Francie. Pred predepsanim pripravku si prectéte Souhrm Gdajti o pFipravku. Vydej I68iveho pFipravku je vazan na Iékafsky predpis. Pripravek je hrazen z prostedk(i vefejného zdravotniho pojisténi viz Seznam cen
a tihrad IéGivych pripravki: htp:/ /www sukl.cz/sukl/ seznam-leciv-a-pzlu-hrazenych-ze-zdrav-pojisteni. Pripravek je k dispozici v Ikarméch. Dalsi informace Ize vyZddat na adrese Servier s.r.0., Na Florenci 2116/15,
110 00 Praha 1, tel. (+420) 222 118 111, SERV,ERJ*
* Pro tiplnou informaci si prosim prectéte cely Souhrn tidaji o piipravky ™ VSimnéte si prosim zmén v informaci o Iégivém pipravku ONIVYDE pegylated liposomal moved by you



EDITORIAL

Editorial

Vazené kolegyné, vazeni kolegové!
Dovolte mi touto cestou kratké ohlédnuti
za Brnénskymi onkologickymi dny (BOD).
Ackoliv se letosni kongres konal v pozdné
podzimni listopadové atmosfére, byl
nabit nesmirné pozitivni energii.

V dvodu nemohu nevzpomenout na
nékteré vyznamné udalosti z historie
BOD. V roce 1976 zacinaly jako mald on-
kologicka konference, ktera se postupné
etablovala a stala se kazdoro¢nim mitin-
kem specialistl podilejicich se na péci
o onkologické pacienty. O 10 let poz-
déji BOD obohatila partnerska konfe-
rence uréend nelékafskym zdravotnic-
kym pracovniklim (KNZP), ktera je nyni
jiz 37. rokem pevnou souc¢asti BOD. Kon-
ference se dynamicky vyvijela a béhem
let také rozrlstala. Zlstanu-li u chro-
nologického fazeni, od roku 2017 pfi-
byla Konference pro laboratorni pracov-
niky a od roku 2021 mezinarodni ¢ast
konference ,International Brno Onco-
logy Days". Poslednim pocinem je 1. roc-
nik ,Psychologie v kontextu mediciny”,
ktery se uskutecnil pravé v letosnim
roce.

Mam-Ili popsat BOD 2023 v ¢islech,
zahajim poctem ucastnik(, jichz bylo
2 333. Tito méli moznost vyslechnout
si 340 pfispévkud (z toho 225 vyzvanych
prednasek) a zucastnit se 35 edukacnich
bloki a 11 blok( vénovanym volnym
pfispévkiim. Konference rovnéz nabidla
14 workshop(, 4 setkani pracovnich sku-
pin, 9 satelitnich sympozii a fadu se-
tkani vybort spole¢nosti a pacientskych
organizaci.

Letosni BOD byly zahajeny ve stfedu
1. listopadu 2023 tradi¢nim GlioMee-
tingem, jiz nékolikatym rokem také pro-
gramovymi bloky pro praktické lékarfe
a neonkology, a v neposledni fadé i pro-
gramem vénovanym problematice kli-
nickych studii. Ctvrtek je nejnavitévo-
vanéjsim dnem konference a kromé
stabilnich edukacnich blokd o karci-
nomu prsu, plic a nddorech zazivaciho

traktu obsahoval fadu volnych sdé-
leni i novinek, jako napf. programovy
blok vénovany moznostem transplan-
tace v solidni onkologii. Ve ¢tvrtek byl
také zahajen 3. ro¢nik International Brno
Oncology Days (I-BOD). Ackoliv I-BOD
v roce 2021 zacinal skromné, letosniho
ro¢niku se zUcastnilo vice nez sto za-
hrani¢nich Gcastnik. Nejvic byli za-
stoupeni nasi kolegové ze Slovenska,
ale pfivitali jsme i ucastniky z ostatnich
sousednich statd, a to z Polska, Madar-
ska, Rakouska a Némecka, a minoritné
i z ostatnich koutl Evropy. Uvodni sdé-
leni I-BOD 2023 se soustiedila na pro-
blematikou hrudni chirurgie. Tato ¢ast
konference byla pofadana ve spolupraci
s Fakultni nemocnici Brno, kde také pro-
bihala paralelni ¢ast programu. Za orga-
nizaci si dovoluji podékovat doc. Teo-
doru Horvathovi, jehoz zasluhou vznikl
bohaty program za aktivni ucasti etab-
lovanych expertd v oboru hrudni chirur-
gie, anesteziologie a klinické onkologie.
Pozvani pfijali odbornici z fady evrop-
skych statd a z Taiwanu.

Z bohatého programu | - BOD bych
déle rada vyzdvihla ,Meet the Experts
Session”, tento roc¢nik s odborniky na
gastrointestindlni nadory a ,Breaking
News,” které rekapitulovaly practice
changing news roku 2023. MozZnosti
precizni onkologie v praxi byly téma-
tem ,Molecular Tumour Board Session’,
kterd pfivitala tuzemské i zahrani¢ni ex-
perty precizni mediciny; zde nemohu
nezminit brilantni pfednasku prof. Bene-
dicta Westphalena z Mnichova. Spole¢na
diskuze pak nastinila moznosti spolu-
prace GENESIS, nérodni plaformy sdru-
zujici vysledky multigenomového testo-
vani a konzultace molekuldrnich tumor
boardd v Ceské republice, s ostatnimi
onkology v CR a moznost networkingu
s evropskymi platformami specializova-
nymi na precizni medicinu.

Paralelné s I-BOD samoziejmé probi-
hal program i v ¢estiné s nabidkou jak

tradi¢nich eduka¢nich blokd, tak i ka-
zuistickych setkani ¢i panelovych dis-
kusi zaméfenych na jednotlivd nadorova
onemocnéni.

Jak jsem jiz predeslala, novinkou roku
2023 se stala konference ,Psychologickd
péce v kontextu mediciny” zamérena
na psychologické aspekty péce o on-
kologického pacienta. Jednalo se o in-
teraktivni setkdni nejen psychologl
ale i ostatnich odbornosti, tedy celého
multidisciplindrniho tymu, ktery se po-
dili na pé¢i o pacienta. Rada inspirativ-
nich témat vzbudila vysoky zdjem tcast-
nika a nastinila dalsi napady a myslenky,
které budou namétem planovaného
2. ro¢niku v roce 2024.

Véda a vyzkum je stabilni soucasti pro-
gramu BOD. | letos jsme zafadili pro-
gramovou sekci, kde méli mladi védci
a onkologové z CR i zahrani¢ni moz-
nost prezentovat vysledky vlastniho vy-
zkumu ¢&i predstavit pldnované védecké
projekty.

Jednim ze stéZejnich ukoll odbornikd
v onkologické péci je prevence. Kom-
plexni problematika prevence byla za-
hrnuta v eduka¢nim bloku ,Prevence
a ¢asna detekce zhoubnych nadord’, kde
byly mimo jiné predstaveny i popula¢ni
pilotni programy ¢asného zachytu karci-
nomu plic a prostaty.

A pravé zminkou o vyznamu pre-
vence v onkologii bych si dovolila ukon-
¢it letosni ohlédnuti za BOD, podékovat
vsem predndsejicim i ucastniklim za je-
jich podil na uspéchu BOD 2023 a po-
prat nam hodné zdaru s pfipravou dal-
$iho ro¢niku.

Pro zdjemce mi dovolte pfipomenout,
Ze abstrakta z BOD 2023 byla uvefejnéna
ve Sborniku abstrakt publikovaném jako
supplementum casopisu Klinickd onko-
logie (Klin Onkol 2023; 36 (Suppl 1): 5.).

doc. MUDr. Radka Lordick
Obermannovd, Ph.D.
Masarykdv onkologicky tstav
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Klasifikace zarodecnych variant

identifikovanych pri genetickém vysetieni
nadoroveé predispozice — konsenzus konzorcia

CZECANCA

Classification of germline variants identified in cancer
predisposition genetic testing — consensus of the CZECANCA

consortium

Janatova M.', Chvojka S.2, Machac¢kova E.2, Soukupova J.', Zemankova P.'#, Nehasil P.*5, Zavoral T¥,
Hruskova L.7, Janikova M.2 Kozakova K.?, Lhota F.2, Tavandzis S.'°, Kleiblova P, Kleibl Z.;

konzorcium CZECANCA

" Ustav lékarské biochemie a laboratorni diagnostiky, 1. LF UK a VFN v Praze
2Centrum lékafské genetiky a reprodukeni mediciny, Gennet, Praha
30ddélenf epidemiologie a genetiky nadort, MOU Brno
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°Genetickd laboratof PRONATAL, PRONATAL s.r.o., Praha
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1"Ustav biologie a lékafské genetiky, 1. LF UK a VFN v Praze

Souhrn

Vychodiska: Hereditarni nddorové syndromy tvoii vyznamnou podskupinu zhoubnych nddoro-
vych onemocnéni zpUsobenych patogennimi variantami v nékterém z mnoha zndmych nado-
rovych predispozi¢nich gend. Diagnostika nadorové predispozice je zalozena na genetickém
testovani pomoci sekvenovani nové generace. To umoznuje analyzu mnoha gend najednou,
nicméné zaroven se zvysuje pocet identifikovanych variant. Spravna klasifikace nalezenych
variant je zasadni pro klinickou interpretaci vysledkd genetického testovani. Cil: Cilem prace je
shrnuti pravidel pro klasifikaci identifikovanych variant v rdmci jednotlivych pracovist a pred-
staveni procesu tvorby spole¢né klasifikace. Sdileni nalezenych genetickych variant a tvorba
jejich konsenzualni klasifikace v rdmci narodnich laboratorné diagnostickych komunit probiha
v CR v ramci konzorcia Czech Cancer Panel for Clinical Application (CZECANCA) sdruzujiciho
vyzkumné a diagnostické onkogenetické laboratore. Tvorba konsenzu pro klasifikaci variant
probiha podle definovaného protokolu. Sdileni vysledk( a konsenzudlni klasifikace zrychluje
a zpfesnuje vydavani vysledkl genetického testovani, harmonizuje vysledky mezi laboratofemi
a prispiva tak ke zkvalitnéni péce o jedince ve vysokém riziku vzniku nadorovych onemocnéni
a jejich piibuzné.

Klicova slova
hereditarni nadorové syndromy — masivné paralelni sekvenovani - genetické testovani —
klinicka relevance - klasifikace variant — narodni konsenzus
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KLASIFIKACE ZARODECNYCH VARIANT IDENTIFIKOVANYCH PRI GENETICKEM VYSETRENI NADOROVE PREDISPOZICE

Summary

Background: Hereditary cancer syndromes are an important subset of malignant cancers caused by pathogenic variants in one of many known
cancer predisposition genes. Diagnosis of cancer predisposition is based on genetic testing using next-generation sequencing. This allows
many genes to be analysed at once, increasing the number of variants identified. The correct classification of the variants found is essential
for the clinical interpretation of genetic test results. Purpose: The aim of this study is to summarise the rules for classifying identified variants
within individual laboratories and to present the process for creating a common classification. In the Czech Republic, the sharing of identified
genetic variants and the development of their consensus classification among national laboratory diagnostic communities is carried out within
the Czech Cancer Panel for Clinical Application (CZECANCA) consortium of scientific and diagnostic oncogenetic laboratories. Consensus for
variant classification follows a defined protocol. Sharing the results and consensus classification accelerates and refines the release of genetic
test results, harmonises results between laboratories and thus contributes to improving the care of individuals at high risk of cancer and their

relatives.
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Uvod Box 1. DNA). Technologie NGS je zaloZzena na

Hereditarni nddorové syndromy jsou he-
terogenni skupina dédi¢nych onemoc-
néni charakterizovanych vznikem r(iz-
nych typ0 tumord u nosic¢l vzacnych
germinélnich mutaci v nddorovych pre-
dispozi¢nich genech. Nejcastéji se jednd
o tumor supresorové geny, jejichz pro-
dukty se negativné podileji na regulaci
mitotickych signald a bunécného cyklu,
aktivuji apoptézu nebo jsou zapojeny do
oprav poskozeni DNA[1]. Nddorové one-
mocnéni vznikajici na podkladé dédi¢né
predispozice predstavuji 5-10 % pfi-
padu vsech onkologickych onemocnéni,
nicméné mezi diagnézami se zastou-
peni dédi¢nych forem lisi a napf. u kar-
cinomu ovaria pfedstavuji az 25 % [2].
Pro nastaveni spravné péce o pacienty
s hereditarnimi nadorovymi onemoc-
nénimi a jejich pfibuzné je nezbytna
spravnd identifikace pfi¢inné patogenni
varianty, kterd ma jasny prognosticky,
ale ¢asto i prediktivni vyznam [3]. Za kli-
nicky vyznamné v soucasnosti povazu-
jeme varianty/geny, u nichz riziko vzniku
onemocnéni (odds ratio — OR) pfesa-
huje dvojnasobek rizika béZné populace
(OR > 2). Geny/varianty se stfedni pene-
tranci jsou spojeny s rizikem v intervalu
OR = 2-4. Pfesahuje-li riziko vzniku on-
kologického onemocnéni OR > 4, ho-
vofime o genech s vysokou penetranci.
Termin ,penetrance” prakticky charak-
terizuje podil jedinc, ktefi vyvinou ur-
¢ité nddorové onemocnéni z celkového
poctu viech nosi¢t hodnocené varianty
(box 1).

Pro sprdvnou interpretaci celkového
(celoZivotniho) rizika je nezbytné kon-
kretizovat OR s ohledem na vyskyt sle-
dovaného nddorového onemocnéni
v bézné populaci. Riziko vzniku kar-
cinomu prsu u nosicek patogennich
variant v genu BRCAT je OR = 6-8.
ProtoZe celoZivotni riziko vzniku karci-
nomu prsu bézné populace Zen ve véku
50 let dosahuje v CR pfiblizné 10 %,
vyplyvd z toho, Ze celoZivotni riziko
stejné staré nosicky patogenni varianty
v genu BRCAT je 60-80 %. Muz, nosic¢
patogenni varianty v genu BRCAT md
ve srovndni s nenosicem riziko pro
vznik karcinomu prsu mnohem vyssi
OR = 20-30. Protoze vsak celoZivotni ri-
ziko vzniku karcinomu prsu v bézné po-
pulaci muzd je 0,1 %, celoZivotni riziko
vzniku karcinomu prsu u muzskych no-
si¢ti BRCAT mutace bude stdle ,pouze”
2-3%.

V soucasné dobé vsechny klinicko-ge-
netické laboratofe u nds vyuzivaji ke ge-
netickému testovani pacientd s here-
ditdrnimi nadorovymi onemocnénimi
sekvenovani nové generace (next gene-
ration sequencing — NGS). NGS umoz-
nuje identifikaci variant v mnoha ci-
lovych Usecich DNA v definovaném
souboru vybranych gen0 (pfi panelo-
vém sekvenovani), nebo v celém exomu
(souboru vsech genud kddujicich pro-
teiny pfi celoexomovém sekvenovani), Ci
v genomu (pfi celogenomovém sekve-
novani analyzujicim veskerou jadernou

masivné paralelnim sekvenovani, tedy
analyze mnoha (miliond) cilovych useki
najednou [4]. Neustalé zvySovani kapa-
city a zlevihovani NGS umoziuje jedno-
duse rozsifovat spektrum vysetfovanych
genU. To se ukazalo jako vyznamny krok
k zjisténi mnohem rozmanitéjsiho feno-
typového spektra nosi¢li patogennich
variant v nadorovych predispozi¢nich
genech, nez tomu bylo v dobach tes-
tovani jednotlivych genli vychazejiciho
z analyz omezeného poctu typickych
rodin nosi¢ patogennich variant v hlav-
nich predispozi¢nich genech [5]. Rozsi-
feni panelll tak déle pfrispiva ke zvyso-
vani poctu genu s potvrzenou klinickou
relevanci [3].

Na druhou stranu s tim souvisi také
neustalé zvysovani poctu identifikova-
nych genetickych variant, které zahr-
nuji vsechny odchylky od referen¢ni sek-
vence. Nalezené varianty mohou byt
jasné klinicky hodnotitelné, ale ¢asto se
jednd o varianty s nejasnym klinickym
vyznamem (variant of uncertain signifi-
cance - VUS), u kterych nejsme schopni
kvalifikované potvrdit, Ze se tyto varianty
podileji na vzniku onemocnéni, ani vy-
loucit, ze se na vzniku onemocnéni ne-
podileji. PFitomnost VUS znacné ztéZuje
klinickou interpretaci vysledkd NGS a vy-
téZnost genetického vysetreni [6].

Robustni, rychla a pfesna analyza va-
riant, jejich spravna klasifikace a inter-
pretace asociovaného rizika onemoc-
néni ma zasadni vyznam pro efektivni
poskytovani vysledkd genetického tes-
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tovani. Konsenzualni klasifikace pak za-
jistuje konzistenci vystupl genetického
testovani mezi pracovisti v celé repub-
lice. Snaha o konzorcidlni spolupraci
na narodni Urovni probihd v mnoha ze-
mich [7-10]. Koncept sdileni variant je
zac¢lenén do tzv. best-practice guide-
lines [11]. Vytvoreni procesu jednotné
klasifikace variant na urovni spolu-
prace pracovist sdruzenych v konzorciu
Czech Cancer Panel for Clinical Applica-
tion (CZECANCA) v rdmci narodni labo-
ratorné diagnostické komunity v CR je
tedy dulezitym pfispévkem ke standar-
dizaci vysledkd genetického testovani
nadorové predispozice.

Konzorcium CZECANCA
Konzorcium CZECANCA je dobrovolné
uskupeni pracovist zabyvajicich se kli-
nickou onkogenetikou. K diagnostice
nadorové predispozice vyuzivaji spo-
lupracujici pracovisté prevazné panel
CZECANCA, ktery vznikl v roce 2015 jako
diagnosticky nastroj spolehlivého a ren-
tabilniho NGS vysetieni Sirokého spek-
tra gen® u pacientl s nadorovou pre-
dispozici v CR [12,13]. Panel CZECANCA
prodel v prdbéhu doby vyvojem ovliv-
nénym rozsifujicim se portfoliem pre-
dispozi¢nich genli i zménami v techno-
logické pfipravé. V soucasné podobé
obsahuje 226 nadorovych predispozic-
nich a kandidatnich gen( a Ize jej roz-
Sifit i o analyzu polygenniho rizika, jak-
mile vyvstane klinickd poptavka [14].
Pouziti Sirokého panelu umoziuje cha-
rakterizovat nové nadorové predispo-
zi¢ni geny ¢i moznou manifestaci jiz zna-
mych nadorovych predispozi¢nich gent
u pacientl s doposud neasociovanymi
typy onkologickych onemocnéni. Pou-
Ziti jednotného panelu neni podminkou
¢lenstvi v konzorciu CZECANCA, na roz-
dil od sdileni anonymizovanych NGS dat
analyzovanych osob doplnénych o za-
kladni klinicko-patologické charakteris-
tiky slouzici pro tvorbu spole¢né konzor-
cidlni databdaze.

Postup NGS analyzy je mezi pracovisti
v ramcikonzorcia dozna¢né miry sjedno-
cen, coz umoznuje i sjednocovat a stan-
dardizovat vysledky genetickych ana-
lyz. Bioinformatickd analyza NGS dat pro
identifikaci variant je pro diagnostické
Ucely realizovana jednotlivymi praco-

visti dle vlastnich postupd, avsak pro
tvorbu spolecné frekvenc¢ni databaze
CZECANCA je provadéna dle jednot-
ného publikovaného postupu [12,13].
Databédze neobsahuje zadna indivi-
duédini data jednotlivych pacientd, ale
pouze Udaje o kumulativni frekvenci no-
sicd dané varianty v souborech pacientt
s rdznymi onkologickymi diagnézami
v zapojenych diagnostickych centrech,
v souborech kontrol z mezinarodnich
databdzi a v databdzich kontrolnich
osob z ¢eské populace.

Databdze variant je pravidelné ak-
tualizovéna v Laboratofi onkogenetiky
Ustavu lékafské biochemie a labora-
torni diagnostiky (ULBLD) 1. LF UK a VFN
v Praze, kde rovnéz probiha analyza po-
pulacné specifickych kontrol, kterd je dd-
lezitym prvkem pro detekci narodnich
(populacné specifickych) genetickych
variant. Databdze je k dispozici viem
spolupracujicim centrdm pro jejich in-
terni vyuziti pfi hodnoceni variant nale-
zenych u jimi vySetfovanych pacientd.

Kromé klinickych pracovist se na kom-
plexnim hodnoceni variant podili i la-
boratofe vyzkumné v rdmci spolupraci
a grantovych projektd. Vyzkumna ¢ast
Laboratofe onkogenetiky ULBLD 1. LF
UK a VFN v Praze zajistuje hodnoceni va-
riant ovliviujicich sestfih pomoci NGS
analyzy mRNA. Pod vedenim Oddéleni
biologie nadorové buriky Ustavu mo-
lekularni genetiky AV CR probihaji stu-
die zamérené na charakterizaci vybra-
nych VUS pomoci in vitro funkénich
analyz [15-17]. Aktivity ndrodniho kon-
zorcia jsou koordinovany s mezinarod-
nimi konzorcii (ENIGMA, CIMBA, BCAC,
OCAC), coz je dulezitym predpokladem
pro identifikaci rizik spojenych s nosic-
stvim velmi vzdcnych variant i pro kon-
senzudlni hodnoceni variant ve svété.

Konzorcium CZECANCA organizuje
pravidelnd setkani svych ¢lenli od roku
2016.0d roku 2021 probihaji setkani spo-
le¢né s Pracovni skupinou onkogenetiky
Spole¢nosti lékafské genetiky (SLG) CLS
JEP, sdruzujici ¢leny SLG se zéjmem o tuto
problematiku. Program setkani se v pru-
béhu casu proménuje. Zatimco v po-
¢atcich byly reSeny hlavné otazky spo-
jené s laboratornim zpracovanim vzorkd
a bioinformatickou analyzou, v soucasné
dobé dominuji témata klasifikace variant,

rozsahu reportovanych genu a souvise-
jicich klinickych doporuceni. Zapojena
pracovisté se tak spolecné podileji na vy-
tvofeni ndrodniho konsenzu tykajiciho se
jednotné klasifikace identifikovanych va-
riant a rozsahu gend reportovanych indi-
kujicim lékafdm pfi vysetfeni nddorové
predispozice a na pfipravé klinickych do-
poruceni pro nosice klinicky relevantnich
germindlnich variant.

Klasifikace nalezenych
germinalnich variant
Bioinformaticka analyza primarnich NGS
dat z panelu CZECANCA odhali pfitom-
nost nékolika set az tisice variant u kaz-
dého pacienta, v nichz je nezbytné
vyhledat nebo vyloucit pfitomnost pfi-
padné patogenni varianty, zodpovédné
za vznik onemocnéni. Proces filtrace na
soubor kandidatnich variant se obvykle
oznacuje jako prioritizace a zohlednuje
fadu aspektd, predevsim vylouceni cas-
tych (tedy funkéné i klinicky bezvy-
znamnych) variant vyskytujicich se v do-
stupnych mezinarodnich databazich ¢i
v souborech ¢eskych popula¢nich kon-
trol. Po prioritizaci se pocet dale hodno-
cenych variant zUzi na jednotky az nizké
desitky kandidatnich variant.

Dalsim krokem je klasifikace kandidat-
nich variant v ramci laboratorni zpravy
ur¢ené klinickému genetikovi, zajistu-
jici, ze ve vysledné zpravé pro osetiuji-
ciho |ékafre budou reportovany (byly-li
nalezeny) pouze klinicky relevantni va-
rianty modifikujici riziko vzniku one-
mocnéni, jeho 1écbu ¢i péci o pacienta,
pfipadné jeho piibuzné. Klasifikace na-
lezenych variant je stéZejnim, a i jednim
z nejobtiznéjsich krokd procesu genetic-
kého vysetreni. Klasifikovany jsou nejen
standardné anotované jednonukleoti-
dové zdmény a kratké delece/inzerce,
ale i stfedné dlouhé inzerce/delece
(> 50 bp) a tzv. copy number variations
(CNV) - intragenové a intergenové de-
lece/duplikace. Klasifikace nalezenych
variant probiha samostatné v ramci jed-
notlivych pracovist v CR na zakladé do-
poruceni American College of Medical
Genetics (ACMG) poskytujicich pro jed-
notnou klasifikaci variant obecny ramec
a srovnani s databazi ClinVar (viz dale).

Zékladem soucasné klasifikace va-
riant je tedy pétittidni klasifikace dle
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Tab. 1. Klasifikace identifikovanych variant dle biologického vyznamu.

Trida Biologicky vyznam Pravdépodobnost
patogenity varianty

trida 1 benigni <0,1%

tfida 2 pravdépodobné benigni 0,1-9,9 %

tfida 3 nejasny vyznam (VUS) 10-89,9 %

tfida 4 pravdépodobné patogenni 90-99,9 %

tfida 5 patogenni > 99,9 %

VUS - varianta s nejasnym klinickym vyznamem

reportovany u genl vyzadanych indikujicim |ékarfem

Zprava indikujicimu lékafi

nereportovany

nereportovany

reportovany

reportovany

ACMG (tab. 1), kterd rozdéluje varianty
na zakladé pravdépodobnosti pato-
genity — pFicinné souvislosti pfitom-
nosti varianty se vznikem konkrétniho
fenotypu (v nasem pfipadé s rozvo-
jem konkrétniho typu onkologického
onemocnéni) [18,19].

Varianty tfidy 4 a 5 zahrnuji varianty
s pravdépodobnosti patogenity = 90 %
resp. = 99,9 %. Varianty tfidy 4 a 5 v kli-
nicky relevantnich nddorovych predis-
pozi¢nich genech (geny s vysokou az
stredni penetranci) jsou zodpovédné
za riziko vzniku konkrétniho onkologic-
kého onemocnéni a jsou vzdy reporto-
vany indikujicimu lékafi. Z klinického
Uhlu pohledu neni Zadny rozdil mezi no-
sicem varianty tfidy 4 a tfidy 5. Na za-
kladé mezinarodnich a narodnich dopo-
ruceni by mély byt reportovany varianty
tfidy 4/5 i v nékterych dalSich klinicky
vyznamnych testovanych genech, které
nesouvisi s primarnim Gcelem testovani
(tzv. neocekdavany ndlez). Jedna se o va-
rianty, jejichZ pfitomnost ovliviuje péci
o nosice téchto variant ¢i jejich rodiny,
ktefi z této znalosti mohou profitovat.
Reportovani neocekdvanych nalezl je
pfedmétem zivych diskuzi a proto zatim
neprobiha zcela konsenzualnim zpUso-
bem (box 2).

Varianty tfidy 3 predstavuji VUS. Prav-
dépodobnost jejich patogenity se po-
hybuje v rozmezi 10-90 %. S ohledem
na velmi Siroky interval patogenity,
tedy i vysokou miru neurcitosti, nejsme
schopni u VUS ur¢it jejich klinicky vy-
znam pro péci u pacientd a jejich pfi-
buznych. Obvykle jsou VUS reportovany
pouze v genech s jasnym vztahem k fe-
notypu testovaného jedince.

(Pozn. odlisny pfistup k vyznamu VUS
variant mohou mit analyzy somatickych
variant, protoZze jejich pfitomnost ve vy-
Setfovanych vzorcich nddoru muze re-
prezentovat pfitomnost varianty pro ci-
lenou lé¢bu).

Varianty tfidy 1 a 2 (pravdépodobnost
patogenity < 10 % pro tfidu 2, < 0,1 %
pro tfidu 1) nemaji zadny klinicky vy-
Znam a reportovany nejsou.

Varianty v genech, jejichz proteinové
produkty se podileji na metabolizmu
Ié¢iv (napt. DPYD) [20], jsou klasifikovany
jako ,drug response” Varianty, které po-
Skozuji funkci takového kédovaného
proteinu a maji vliv na vznik zdvazné to-
xicity po podani pfislusného Iéku, jsou
reportovany indikujicimu lékafi.

Box 2.

U nosicu varianty tridy 4/5 v klinicky
relevantnich nddorovych predispo-
zi¢nich genech je mozné se vyjddrit
pouze k riziku (rizikiim) vzniku onko-
logickych onemocnéni, kterd jsou pro-
kazatelné spojena s jejich s nosicstvim,
a kterd jsou ovlivnéna penetranci dané
varianty:

Pritomnost varianty tfidy 5 v genu
BRCA1 znamend pro nosicku > 99,9%
pravdépodobnost, Ze jeji celoZivotni ri-
ziko vzniku karcinomu prsu dosdhne
80 %.

Pfitomnost varianty tfidy 5 v genu
CHEK2 znamend pro nosicku > 99,9%
pravdépodobnost, Ze jeji celoZivotni ri-
ziko vzniku karcinomu dosdhne 30 %.

Pritomnost varianty tfidy 5 v genu
DPYD vypovidd s > 99,9% pravdépo-
dobnosti o riziku vzniku toxicity po po-
ddni fluoropyrimidind, ale nevypovidd

nic o riziku onkologického onemocnéni,
tedy neni z hlediska karcinomu prsu kli-
nicky vyznamnd, ale mize ovlivnit péci
o pacienta (v pfipadé jeho lécby).

Pritomnost varianty tridy 5 v genu
BLM znamend, Ze nosi¢ dvou tako-
vychto variant (homozygot nebo slo-
Zeny heterozygot) vyvine s > 99,9%
pravdépodobnosti Bloom(yv syndrom
(vzdcné autozomdlné recesivni one-
mocneéni), ale podil nosicstvi jedné této
varianty na vzniku karcinomu prsu je
zcela nejasny a s onemocnénim nemusi
souviset viibec.

ACMG doporuceni zohlednuji fadu
parametr( (napf. vliv varianty na struk-
turu a funkci kddovaného proteinu, fre-
kvence varianty v populaci, in silico
predikce, funkéni analyzy, databéze, pu-
blikace), pficemz vaha téchto parame-
trd pro konecnou klasifikaci varianty se
i3 [18]. Pro nékteré geny byla vytvorena
modifikovanda ACMG doporuceni, jez
zohlednuji jejich specifika (napf. TP53,
ATM) [21,22]. Jakkoliv jsou ACMG krité-
ria pro klasifikaci variant jednotici plat-
formou se snahou o objektivizaci klasi-
fikace genetickych ndlez(, subjektivni
hodnoceni klasifika¢nich parametrt
muze vést k diskrepantnimu hodnoceni
variant mezi jednotlivymi pracovisti.

Nejpouzivanéjsim podkladem pro kla-
sifikaci je vefejné dostupnd databéze
ClinVar shromazdujici varianty identifi-
kované rdznymi klinickymi a vyzkum-
nymi laboratofemi z celého svéta do-
plnéné o komentar k jejich klasifikaci.
Pti vyuziti hodnoceni variant z data-
baze ClinVar je vak potfeba mit na zfe-
teli spolehlivost hodnoceni vyjadfenou
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Tab. 2. Vyznam oznaceni relevance (pocet *) klasifikace variant v databazi ClinVar.

Pocet * Zpusob hodnoceni

zadna varianta bez uvedeni rozhodovacich kritérif klasifikace

* varianta hodnocend jedinym pracovistém, nebo vice pracovisti s konfliktni klasifikaci

** varianta hodnocend vice pracovisti, s konsenzni klasifikaci a poskytnutymi kritérii klasifikace

HxX varianta hodnocend vice pracovisti, s konsenzni klasifikaci a pfezkoumdanim expertnim panelem
FHRX viz *** y¢. uvedeni praktickych pokynl pro klinickéd doporuceni

poc¢tem hvézdicek (*). Pocet hvézdicek
vyjadfuje miru relevance, ktera vznika
v pomérné slozitém procesu hodnoceni
variant expertnimi panely nebo odbor-
nymi spole¢nostmi/konzorcii (tab. 2).

Existuji dal3i zdroje, napf. iniciativa
ClinGen, jako nadstavba databdze Clin-
Var, poskytujici navic informaci o re-
levanci testovanych genu k fenotypu
pacienta. Rada daliich databéazi a plat-
forem (BRCA Exchange, LOVD, IARC)
shromazduje informace o nalezenych
variantach v¢. jejich klasifikace nejen
u pacientl s dédi¢nymi nadorovymi
onemocnénimi.

Klasifikace variant dle jejich vlivu na
funkci kédovaného proteinu je pouze
prvni Urovni pfi interpretaci vysledkd ge-
netického vysetieni. Pro vyslednou in-
terpretaci varianty je vzdy nutné in-
dividudlné zohlednit nejen vliv dané
varianty na biologickou funkci proteinu,
ale také vztah varianty k fenotypu, za-
hrnujici penetranci, riziko (OR) a kon-
kordanci (souvislost vyskytu patogenni
varianty s pritomnosti typického onko-
logického onemocnéni). Penetrance va-
riant tfidy 4/5 se mezi geny vyrazné lisi
(viz vySe). Oviem mze se lidit i v rdmci
jednoho genu. Pfikladem je ,missense”
varianta v genu BRCAT:c.5096G>A,
p.(Arg1699GlIn), ktera je v databazi ClinVar
vedena jako patogenni, nicméné celozi-
votni riziko vzniku karcinomu prsu u je-
jich nosic¢l dosahuje ~20 % (spada do ka-
tegorie variant se stfedni penetranci) [23]
a je tak vyznamné nizdi nez riziko spo-
jené s ostatnimi jasné patogennimi (a vy-
soce penetrantnimi) variantami v genu
BRCAT1 s celoZivotnim rizikem vzniku kar-
cinomu prsu 60-80 % [24]. RovnézZ je po-
tfeba brat v potaz typ dédi¢nosti. Za-
timco bialelické patogenni varianty
v genu MUTYH jsou spojeny s vysokym

rizikem (70-90 %) vzniku kolorektalniho
karcinomu (colorectal cancer — CRC), he-
terozygotni mutace v tomto genu zvy3uji
riziko CRC pouze mirné (6-13 %) [25]. Ma-
nagement nosicl se nasledné odviji od
vyse rizik spojenych s nosi¢stvim identi-
fikované varianty v kontextu osobni a ro-
dinné anamnézy.

Tvorba narodniho konsenzu
klasifikace germinalnich variant
Klasifikace variant do tfid ma zasadni
dopad na péci o pacienty. Pro dosazeni
spolecného narodniho konsenzu v ramci
konzorcia CZECANCA byla stanovena
pevna pravidla. Varianty ve spole¢né da-
tabdzi jsou nejprve individualné hod-
noceny jednotlivymi (osmi) pracovisti.
Pro dosazeni konsenzualni klasifikace je
nutné, aby byly varianty hodnoceny ales-
pon tfemi centry v rdmci konzorcia. Kon-
senzus je stanoven pfimo pokud: 1) va-
rianta ziska hodnoceni s Uplnou shodou,
alespon od 3 center; 2) pokud u varianty
prevazuje shodné hodnoceni, alespor od
4 center, a pfitom s rozdilem klasifikace
maximalné o 1 tfidu ve smyslu 1/2 nebo
4/5.V pripadé diskrepantnich hodnoceni
jsou varianty postoupeny k diskuzi komisi
slozené ze tii vybranych zastupc hodno-
titel( variant z rznych pracovist, kterd se
snazi dosdhnout spole¢ného konsenzu
v hodnoceni. Vysledny konsenzus u ta-
kovych variant je podroben zpétné opo-
nentufe viemi centry. V pfipadé neshody
v rdmci komise a v pfipadé diskrepant-
nich hodnoceni s rozdilem dvou a vice
tfid s hodnocenim prechdzejici pres tfidu
3, tedy rozdil ovlivAujici klinickou péci
(napt. tiidy 2-4, 3-5) jsou varianty disku-
tovany plénem v rdmci setkdni konzorcia
(schéma 1).

Vysledky ndrodni klasifikace jsou pra-
videlné (~ 1x ro¢né) porovnavany s da-

tabazi ClinVar a rozdilnd hodnoceni jsou
posouzena komisi. V pfipadé zmény kla-
sifikace na zdkladé nejnovéjsich po-
znatkl jsou informovana vsechna pra-
covisté a nové hodnoceni upraveno
v nejnovéjsi verzi frekvenéni databaze.
V ptipadé zmény klasifikace varianty ve-
douci ke zméné péce o nosice (rekla-
sifikace variant tfidy 3 na varianty tfidy
4/5 nebo obracené) je dodateéné vy-
déna zprava lékafi, ktery indikoval no-
sice takovéto varianty ke genetickému
testovani. V soucasné dobé jsou kon-
senzudlné klasifikované varianty v rdmci
konzorcia CZECANCA vkladany do da-
tabdze ClinVar pouze epizodicky, kom-
pletni sdileni variant je pfipravovano.

CZECANCA databdze verze 5.0 obsa-
huje vysledky vysetieni 10 480 pacientt
s nddorovymi onemocnénimia 791 osob
ze skupiny nenddorovych kontrol. Cel-
kem bylo nalezeno 77 812 rliznych sek-
vencnich variant zarode¢né DNA. Z nich
se 26 874 vyskytovalo v kédujicich exo-
novych a pfilehlych intronovych oblas-
tech. Pro tvorbu konsenzu bylo doposud
(k 31.5.2023) klasifikovano 20 gen( aso-
ciovanych se syndromem hereditédrniho
karcinomu prsu a ovaria a genli Lynchova
syndromu: ATM, BARD1, BRCA1, BRCA2,
BRIP1, CDH1, EPCAM, CHEK2, MLH1, MSH2,
MSH6, MUTYH, NBN, PALB2, PMS2, PTEN,
RAD51C, RAD51D, STK11 a TP53. Hodno-
ceni se Ucastnilo 8 pracovist.

Ve vyse uvedenych genech bylo cel-
kem pfitomno 9 797 variant. Z nich se
3 428 vyskytovalo v kédujicich exono-
vych a pfilehlych intronovych oblastech.
Alespon jednim pracovistém bylo hod-
noceno 3 190 (93,1 %) variant. Alespor
tfikrdt bylo hodnoceno 2 017 (58,8 %)
variant a 1 411 variant bylo hodnoceno
pouze nedostate¢nym poctem pracovist
(graf 1).
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Schéma 1. Schéma tvorby spole¢ného konsenzu klasifikace nalezenych germinalnich variant v rdmci vSech spolupracujicich labora-
tofi konzorcia Czech Cancer Panel for Clinical Application (CZECANCA).
* bez vlivu na péci o pacienta (a jeho pfibuzné); ** ovliviiuje péci o pacienta (a jeho pfibuzné)
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Graf 1. Celkovy pocet hodnocenych variant byl 3 428. A) Procentualni zastoupeni variant dle poc¢tu hodnoticich pracovist; B) pocet
hodnocenych variant jednotlivymi pracovisti. (Databaze CZE v.5.0; kvéten 2023).

Konsenzu bylo dosazeno ptimo
u 1858 z2 017 variant (92,1 %). Ke ko-
misiondlnimu hodnoceni konsenzu bylo
postoupeno 159 variant (7,9 %). VétSinou
se jednalo o nesouhlasné hodnoceni ve
smyslu tfid 1-2, 2-3, 1-3, nebo 4-5, které
fesilo jednani hodnotici komise. V osmi
pfipadech se hodnoceni lisilo o vice nez
dvé tfidy a presahovalo tfidu 3. Celkem
jedendct variant (osm pres tfidu 3, tfi bez
shody v rdmci komise) bylo diskutovano
na spolec¢ném setkani uzivatel(.

V kone¢ném konsenzu bylo klasifiko-
vano 2 005 z 2 017 variant hodnocenych
dostatecnym poctem ¢len(l (spolupra-

cujicich pracovist) narodniho konzorcia.
Dvanact,missense” variant nebylo zatim
klasifikovano, vzhledem k diskordant-
nim vysledkdim funk¢nich analyz [16,17]
a klasifikaci v databazi ClinVar.

V kone¢ném konsenzu se podafilo pfi-
fadit hodnoceni s jasnym klinickym vy-
znamem (bez VUS) u 1 170 (58,4 %) va-
riant. Z toho 771 (38,5 %) zafadit do tfid
1/2 a 399 (19,9 %) do tfid 4/5. Po zvazeni
vsech dostupnych informaci oviem stale
zGstava 835 (41,6 %) variant klasifikova-
nych do t¥idy 3 (VUS) (graf 2).

Nejcastéji se hodnoceni s nejasnym
klinickym vyznamem vyskytuji u vzac-

nych ,missense” variant a dale u va-
riant v pfilehlych intronovych oblas-
tech mimo konsenzni sestfihova mista
+1/2, u nichZ vliv na sestfih mRNA
bez jeji analyzy Ize na zékladé nepres-
nych predikénich algoritm( hodno-
tit pouze orientac¢né. Mezi geny s nej-
mensim zastoupenim VUS patii geny
BRCAT (21,2 %) a BRCA2 (26,9 %), které
jsou nejdéle spojovany s hereditarni na-
dorovou predispozici a jimz hodnocenf
je dlouhodobé vénovéano velké usili. Na-
opak nejvétsi zastoupeni VUS se vysky-
tuje v genech velkych (ATM - 58,1 %)
a v genech, kterym je v rdmci nddorové
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predispozice pozornost vénovana kratsi
dobu (RAD51D - 63,2 %, CHEK2 - 58,2 %,
NBN - 55,2 % a BARD1 - 54,2 %) (graf 3).
Takové varianty pfedstavuji problém
v klinické interpretaci néalezd. V ramci
spoluprace s mezinarodnimi konzor-
cii panuje obrovska snaha VUS varianty
funkcné charakterizovat a nasledné kla-
sifikovat do jasné klinicky interpreto-
vatelnych tfid 1/2 (bez klinického vy-
znamu) nebo 4/5 (s jasnym klinickym
dopadem) [16,26,27].

Z 2 005 variant klasifikovanych CZE-
CANCA konzorciem neni pfitomno v da-
tabazi ClinVar 284 variant (k 31. 5. 2023),
v¢. 80 klinicky vyznamnych variant kla-
sifikovanych do tfid 4/5. Dalsich 353 va-
riant ma konfliktni hodnoceni, v¢.
18 klinicky vyznamnych variant klasifiko-
vanych do tfid 4/5. Ze zbylych 1 370 va-
riant s jasnou klasifikaci v databazi Clin-
Var jsme ve velké vétsiné (99 %) dospéli
ke stejné klasifikaci, pouze u 17 variant
se klasifikace lisi, v 15 pfipadech na
urovni zmény mezi tfidami 2 a 3, tedy
bez vlivu na péci o pacienta (graf 4).

Ve dvou ptipadech se jednalo o kli-
nicky vyznamnou zménu mezi tfidami
3 a 4:varianta v genu MLH1:c.1897-2A>G
je hodnocena jako tfida 4 expertni skupi-
nou International Society for Gastrointes-
tinal Hereditary Tumours (InSiGHT) z roku
2019 pouze na zakladé postizeni kon-
senzniho sestfihového mista, ovsem bez
provedené analyzy RNA. Databaze ale
obsahuje dalsich 5 zaznam( hodnoticich
variantu jako tfida 3. To podporuje i nase
analyza RNA, kterd sice potvrdila alteraci
sestfihu MLH1 mRNA, av3ak vedouci k re-
tenci tii nukleotidd zpUsobujicich vioZeni
jedné aminokyseliny do oblasti proteinu
neobsahujici zddnou znamou funkéni
ani interakéni doménu. Naopak, varianta
MLH1:c.2252_2253dup je hodnocena
skupinou InSiGHT z roku 2019 jako tfida 3
bez dodatecnych komentai. Nicménég,
databdaze dale obsahuje dalsi ¢tyfi hod-
noceni jako tfida 4 v¢. odkazl na funkéni
analyzy potvrzujici dopad na strukturu
a funkci proteinu. Tyto pfiklady naznacuji
nezbytnost peclivé kontroly hodnoceni
v databazi ClinVar.

-~
‘i tiida 1
trida 5 13,6 %
16,9 %
trida 4

3%\

tfida 2
24,9 %
tiida 3
41,6 %

J
Graf 2. Zastoupeni jednotlivych hodno-
ceni dle tfid v kone¢ném konsenzu v da-
tabazi CZE v.5.0 (kvéten 2023).

Pri klasifikaci variant je z hlediska fre-
kvence variant v populaci nejcastéji vy-
uzivanym zdrojem databaze GnomAD
(The Genome Aggregation Database) da-
tabaze zahrnujici exomova a genomova
data z mezinarodnich rozsahlych sekve-
nacnich projektl. V této frekvencni da-
tabazi neni pfitomno 688 dosud nami
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Graf 3. Zastoupeni jednotlivych hodnoceni dle gent (sloupcovy graf) a zastoupeni variant tfidy 3 (VUS, %) v jednotlivych genech

v databazi CZE v.5.0 (kvéten 2023).

VUS - varianty s nejasnym klinickym vyznamem
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Graf 4. Srovnani poc¢tli hodnoceni v databazi ClinVar a v ramci konsenzu v databazi

CZE v.5.0 (kvéten 2023).

CZECANCA - Czech Cancer Panel for Clinical Application

klasifikovanych variant, v¢. 254 klinicky
vyznamnych variant klasifikovanych jako
tridy 4/5. Naopak frekvence nékterych
populacné-specifickych patogennich va-
riant m{ize byt v GhomAD pomérné vy-
sokd. Napf. jasné patogenni varianta
v genu CHEK2:c.1100del ma v této data-
bazi frekvenci > 0,2 % (databaze je obo-
hacena o populace, kde je tato varianta
nejcastéjsi). Frekvence fady variant se
tedy mezi populacemi mGze vyznamné
lisit, prikladem muze byt patogenni
(founder) varianta v genu NBN:c.657_
661del (oznacovana také jako c.657del5),
jejiz maximalni frekvence v databézi Gno-
mAD je v evropské populaci (mimo fin-
ské) 0,04 %, zatimco frekvence této va-
rianty v ¢eské kontrolni populaci je 0,2 %.

Spole¢ny konsenzus je tak ddlezitym
nastrojem i pro klasifikaci populacné
specifickych variant, které nelze najit
v mezinarodnich multipopulacnich da-
tabazich nebo jsou v jednotlivych popu-
lacich zastoupeny s rliznou frekvenci.

Klasifikace variant v ramci konzorcia
CZECANCA neustale probihd, s kazdou
dalsdi verzi frekven¢ni databdze pfiby-
vaji hodnoceni novych genu a variant.
Zména klasifikaci a nasledné i klinického
vyznamu bude jisté prochazet dynamic-
kym vyvojem i nadale dle neustalého
posouvani nejnovéjsiho poznani. Proto
je nezbytnad i priibézna zpétna kontrola
jiz hotovych hodnoceni.

Zaveér

Narodni spoluprdce v ramci konzorcia
CZECANCA umoznuje komplexni pfi-
stup k vysetfeni nddorové predispozice
u nejcastéjsich solidnich nadorl dospé-
lého véku. Spole¢ny postup a sdileni
vysledk( pfi hodnoceni germindlnich
variant zvysuje uniformitu vysledk( ge-
netickych analyz a snizuje vyskyt chyb
napfi¢ diagnostickymi centry v CR a sou-
Casné Setfi ¢as hodnoticich pracovnika.
Konsenzualni pfistup ke klasifikaci nale-
zenych variant zkvalitfiuje reportovani
laboratornich nélez(, které je nezbytné
pro efektivni a optimalni péci o pacienty
s nadorovymi onemocnénimi a jejich
pfibuzné.

Dalsim cilem konzorcialni spoluprace
bude vytvofit narodni konsenzus tyka-
jici se rozsahu genl reportovanych pfi
vysetieni nddorové predispozice labo-
ratofemi indikujicim klinickym geneti-
kaim. V rdmci konzorcia shoda zatim ne-
panuje, nicméné je nezbytna pro dalsi
zlepseni a sjednoceni genetického tes-
tovani v ramci celé CR.V procesu je také
tvorba konsenzu tykajiciho se klinic-
kych doporuceni v péci o nosice pato-
gennich variant v nadorovych predis-
pozi¢nich genech, jehoz tvorba probiha
v rdmci Siroké platformy klinickych Ié-
kard z riznych obord, ktefi se podileji na
pédi o tyto vysoce rizikové osoby. Jakko-
liv doslo v oblasti genetického testovani

nadorové predispozice v CR k obrov-
skému pokroku a v mezindarodnim mé-
fitku je naprosto srovnatelné, obrovskou
vyzvou bude naprosto nedostate¢nd ka-
pacita ambulanci poskytujicich péci no-
si¢clm patogennich variant v nadoro-
vych predispozi¢nich genech.
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Novy cil specifické protinadorove lécby
mnohocetného myelomu — endoplazmaticke

retikulum a jeho signalni drahy

The endoplasmic reticulum and its signaling pathways —

a novel target for multiple myeloma treatment

Dostalova A.", Vlachova M.!, Gregorova J.', Moran L.23, Pecinka L.!, Gabrielova V.2,
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Souhrn

Vychodiska: Endoplazmatické retikulum (ER), organela tvofend soustavou cisteren a tubuld,
je esencialni pro fadu bunécnych déjd, mj. pro syntézu a transport proteind. Pokud se chybné
slozené proteiny hromadi v lumen ER, dochazi k rozvoji stresu ER, pficemz naslednou odpovédi
na naruseni homeostazy je aktivace signalni drahy UPR (z angl. unfolded protein response, tj.
odpovéd na pfitomnost nesbalenych proteint). Cilem procesu je obnovit homeostézu zvyso-
vanim kapacity ER a jeho schopnosti skladat proteiny. K aktivaci homeostatické UPR dochazi
prostrednictvim nékterého ze tfi transmembranovych protein(, kterymi jsou enzym vyzadu-
jici inositol 1a (inositol-requiring enzyme Ta - IRE1a), kindza ER podobna R kinaze (proteine
kinase R-like ER kinase — PERK) a aktivujici transkrip¢ni faktor 6 (activating transcription factor
6 — ATF6). V piipadé selhani pokusu o obnovu homeostazy naopak dochazi prostrednictvim
hyperaktivace tychz protein(i k rozvoji terminalni UPR a apoptéze. Aktivace rliznych vétvi UPR
byla popsana u mnoha nadorovych onemocnéni v¢. mnohocetného myelomu (MM), ktery se
vyznacuje maligni transformaci plazmatickych bunék a zvy3enou syntézou monoklonélniho
imunoglobulinu, kdy je role ER zvlasté podstatna. Navzdory pokrokim v [é¢bé MM z(stava
onemocnéni jen obtizné [écitelné a cileni na signdlni drahy spojené s UPR by mohlo napt. pod-
potit ucinek inhibitord proteazomu. Cil: Tato prace si klade za cil pfedstavit molekularni odpo-
véd na stres ER za fyziologickych okolnosti i v kontextu nadorovych onemocnéni, a to zejména
s prihlédnutim k potencialnim terapeutickym cildm u MM.
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mnohocetny myelom — endoplazmatické retikulum — signélni drdha UPR
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NOVY CIL SPECIFICKE PROTINADOROVE LECBY MNOHOCETNEHO MYELOMU

Summary

Background: The endoplasmic reticulum (ER), an organelle composed of a system of cisternae and tubules, is essential for many cellular proces-
ses, including protein synthesis and transport. When misfolded proteins accumulate in the ER lumen, ER stress is induced, and the subsequent
response to the disruption of homeostasis is the activation of the unfolded protein response (UPR). The purpose of this process is to restore
homeostasis by increasing the capacity of the ER and its ability to fold proteins. Activation of the homeostatic UPR occurs via one of three trans-
membrane proteins, inositol-requiring enzyme 1o (IRE1a), protein kinase R-like ER kinase (PERK) and activating transcription factor 6 (ATF6).
Failure of the attempt to restore homeostasis, on the other hand, leads to the development of terminal UPR and apoptosis via hyperactivation of
the same proteins. Activation of UPR has been described in many malignancies, including multiple myeloma (MM), which is characterized by ma-
lignant transformation of plasma cells and increased monoclonal immunoglobulin synthesis, where the role of the ER is of particular importance.
Despite advances in the treatment of MM, the disease remains difficult to treat and targeting signaling pathways associated with the UPR could,
for example, enhance the effect of proteasome inhibitors. Purpose: This review intends to present the molecular response to ER stress under

physiological circumstances and in the context of cancer, particularly with regard to potential therapeutic targets in MM.

Key words

multiple myeloma - endoplasmic reticulum — unfolded protein response

Uvod
Mnohocetny myelom (MM) je hema-
toonkologické onemocnéni zplsobené
maligni transformaci plazmatickych
bunék v kostni dfeni [1].
Endoplazmatické retikulum (ER) tvori
slozity systém membran a tubuld sou-
stfedénych kolem jadra (obr. 1). Struk-
turné lze rozlisit dva typy ER, drsné
a hladké. Drsné ER je tvofeno pfevézné
plochymi cisternami, na jejichZ povrch je
navazano velké mnozstvi ribozoma. Tyto

ribozomy prekladaji proteiny do cisteren
ER prostfednictvim signalni sekvence,
kterd slouzi jako ligand pro translo-
kon [2-5]. V lumen ER jsou nascentni
polypeptidy pomoci chaperonl a en-
zymu skladany a modifikovény (N-gly-
kosylace), a ziskavaji sprdvnou terciarni
strukturu [6]. Hladké ER je tvofeno pre-
vazné tubuly a na rozdil od drsného ER
na néj nenasedaji ribozomy, jeho funkce
spociva zejména v syntéze lipidd [2,3].
V plazmatickych bunkach prevldda

-

jadérko

jadro
jaderny pdl
ribozom

cisterna ER

hladké ER

N

~

Obr. 1. Endoplazmatické retikulum. Tato organela je umisténa v tésné blizkosti bunéc-
ného jadra a je tvofena membranami, cisternami a tubuly. Strukturné se déli na drsné
ER s plochymi cisternami, k jejichz vnéjSimu povrchu jsou navazany ribozomy, a hladké
ER tvofené tubuly bez ribozom. Dvoji morfologie ER podtrhuje odliSnou roli v bunéc¢-
nych procesech, kdy v drsném ER dochazi k syntéze proteint, naproti tomu v hladkém
ER se odehrava napt. metabolizmus lipidd.

ER - endoplazmatické retikulum

drsné ER, ¢asto v podobé dilatovanych
a vakuolizovanych cisteren. Primarni
funkci ER plazmatickych bunék je pro-
teosyntéza, skldadani a kontrola kvality
imunoglobulind. Podobné maligni plaz-
matické bunky vytvareji stejnym mecha-
nizmem paraprotein [7].

Spravny prabéh proteosyntézy a skla-
dani proteinl a jejich prichod ER je
komplikovany biochemicky déj. Chybné
syntetizované nebo poskladané pro-
teiny jsou degradovany prostfednictvim
ER-asociované degradace. Pokud vznika
nespravné slozenych proteind velké
mnozstvi, za¢nou se hromadit v lumen
ER, dochazi k selhdni homeostazy ER
a nastaly stav je oznacovan jako stres ER.
Burika na néj reaguje zvysenim kapacity
a schopnosti ER skladat proteiny. K tomu
slouzi signdlni a metabolicky proces sou-
hrnné oznacovany jako odpovéd na pfi-
tomnost nesbalenych proteinl (unfol-
ded protein response — UPR) [8].

Molekularni odpovéd na stres ER

UPR je molekuldrnim nastrojem buriky,
jak kompenzovat naruseni homeostazy
ER a proteosyntézy. K aktivaci UPR do-
chazi tfemi cestami, prostiednictvim
tii transmembranovych proteind, které
funguji jako senzory nahromadénych
nespravné poskladanych protein( v ER.
Jedna se o tyto transmembranové pro-
teiny: enzym vyzaduijici inositol 1a (ino-
sitol-requiring enzyme 1a - IRE1a), ki-
naza ER podobna R kindze (protein
kinase R-like ER kinase - PERK) a aktivu-
jici transkrip¢ni faktor 6 (activating tran-
scription factor 6 — ATF6) [9]. Pokud se
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Obr. 2. Hlavni mechanizmy odpovédi na pfitomnost nesbalenych proteind. Transmembranové proteiny se aktivuji v reakci na aku-
mulaci defektnich proteint v lumen ER. ATF6, membranové vazany transkrip¢ni faktor, je pfi stresu ER disociovan od chaperonu
BiP a nasledné je transportovan do Golgiho aparatu. Tam je zpracovan protedzami S1P a S2P, coz uvolni jeho cytosolickou doménu,
ktera migruje do jadra a reguluje transkripci cilovych gent. PERK, transmembranova proteinkinaza, se po disociaci od BiP aktivuje
a fosforyluje podjednotku elF2q, ¢imz dochazi k redukci proteosyntézy; zarovern umoziuje zvysenou expresi napf. ATF4. IRE1 je
transmembranova ribonukleaza, ktera po disociaci od BiP umoziuje sestfih XBP1 mRNA, coz vede k tvorbé aktivniho transkripéniho
faktoru XBP1s. Aktivovana forma IRE1a je schopna také degradovat nékteré mRNA procesem RIDD.

ATF4 - aktivujici transkrip¢ni faktor 4, ATF6 — aktivujici transkripcni faktor 6, BiP — protein vazajici imunoglobulin, ER — endoplazmatické
retikulum, ERAD - ER-asociovana degradace, elF2a — eukaryoticky inicia¢ni faktor 2q, IRETa — enzym vyzadujici inositol 1a, JNK — c-Jun
N-terminalni kindza, PERK - kindza ER podobna R kinaze, RIDD - regulovany rozklad zavisly na IRE1a, S1P - site-1 protedza, S2P - site-2

proteaza, UPR - odpovéd na piitomnost nesbalenych proteinl, XBP1 — X-box vazajici protein 1

ER nachazi v homeostatickém stavu (ne-
dochéazi k hromadéni nespravné poskla-
danych proteinl v lumen ER), jsou trans-
membranové proteiny inaktivni diky
interakci s chaperonem oznacovanym
jako protein vazajiciimunoglobulin (bin-
ding Ig protein - BiP). BiP selektivné véze
aminokyselinové zbytky typické pro ne-
sbalené nebo chybné sbalené proteiny.
Pokud je kapacita ER dostatecnd, ne-
sbalené proteiny se nevytvaieji ve zvy-
seném mnozstvi, BiP vytvaii komplex
s IRE1a, PERK a ATF6 a inaktivuje je. Na-
opak, v pfipadé akumulace nesbalenych

proteint se BiP z komplexu s transmem-
bradnovymi proteiny uvolfiuje a umoz-
nuje tak jejich aktivaci (obr. 2) [10].
IRETa je transmembrénovy protein
v membrané ER. V inaktivni formé se vy-
skytuje ve formé monomeru. K jeho ak-
tivaci dochézi navdzanim nespravné
poskladaného proteinu na jeho lume-
nalni doménu a oligomerizaci. Je-li ER
v homeostatickém stavu, je na lume-
nalni doménu vazan chaperon BiP, napf.
GRP78 nebo HSPAS5. Jeho funkci je s vy-
uzitim ATP podporovat skladani pro-
teind nebo branit jejich agregaci. Pfi na-

hromadéni abnormalné poskladanych
proteinl nebo pretizeni kapacity ER se
BiP uvolni z vazby s IRETa. Po uvolnéni
BiP dochazi k oligomerizaci IRE1a a tim
také k jeho aktivaci [10,11]. Aktivovana
forma IRETa ma RNazovou aktivitu, ktera
umoziuje alternativni sestfih transkriptu
X-box vazajiciho proteinu 1 (X-box bin-
ding protein 1 — XBP1), ¢imz vznika va-
riantni transkrip¢ni faktor XBP1s, ktery
selektivné podporuje transkripci gend
podilejicich se na biogenezi ER a skla-
dani a sekreci protein(i [8]. Aktivovana
forma IRE1a také dokaze stépit a tim de-
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gradovat nékteré mRNA, které tak ne-
mohou byt pfekladany do polypeptido-
vého fetézce a nevstupuji do cisteren ER.
Tato schopnost IRE1a se nazyva regulo-
vany rozklad zavisly na IRETa (regulated
IRETa-dependent decay - RIDD) [12].

Transmembrénovy protein PERK je ve
své inaktivni formé (stejné jako IRE1a)
monomer. Také zpUsob jeho aktivace je
stejny jako u IRETq, regulovany prostied-
nictvim vazby BiP [9]. V aktivované formé
ma schopnost fosforylovat translacni ini-
ciacni faktor elF2q, a tlumit tak translaci
velkého mnozstvi mRNA. Zaroven ale
umoznuje translaci specifickych mRNA,
oznacovanych jako ,integrated stress re-
sponse” (ISR) mRNAs, kodujicich napf.
transkrip¢ni faktor ATF4 nebo protein
QRICH1 s dosud ne zcela ziejmou funkci.
ATF4 reguluje expresi dalsich chaperon,
QRICH1 je zfejmé zapojeny do regulace
programované bunécné smrti [9,13].

ATF6 je tfeti z transmembranovych
proteinl. ZpUsob jeho aktivace je od-
liSny nez ve dvou prfedchozich pfipa-
dech. Po disociaci BiP je proteolyticky ak-
tivovan S1P a S2P protedzami v Golgiho
aparatu. Jeho aktivovana forma translo-
kuje do jadra, kde spole¢né s XBP1s in-
dukuje expresi gend, jejichZ regula¢ni
oblasti obsahuji specifické sekvence
oznacované jako ,ER stress specific ele-
ments” (ERSE) [9,10].

Souhrnné Ize tedy fict, Ze at uz je UPR
aktivovana jakoukoliv ze zminénych
cest, vede ve vysledku ke zvy3eni schop-
nosti ER skladat proteiny a obnovit ho-
meostazu. V takovém pfipadé se jedna
o tzv. homeostatické UPR. KdyzZ se v3ak
homeostazu obnovit nedafi a ER je vy-
staveno trvalému stresu, prechazi ho-
meostatické UPR v UPR terminalni, kdy
aktivace transmembranovych protein(
vede k destrukci bunky. Déje se tak
napf. prostiednictvim protein( ze sku-
piny BCL-2, které ovliviuji integritu mi-
tochondrialni membrany a mohou mit
jak antiapoptoticky, tak i proapoptoticky
ucinek [14]. Hyperaktivace transmem-
branového proteinu PERK pak maze po-
moci zvysené exprese transkripéniho
faktoru CHOP/GADD153 inhibovat ex-
presi antiapoptotickych a naopak ini-
ciovat expresi proapoptotickych BCL-2,
coz vede k buné¢né smrti [15]. Dalsim
z mechanizm terminalni UPR je zvy-

Send exprese Ci aktivace prozanétlivych
a proapoptotickych protein( iniciovana
hyperaktivovanym oligomerizovanym
IRE1a. Ten pak pomoci své RNazové ak-
tivity maze degradovat specifické mi-
kroRNA, které by se podilely na represi
proapoptotickych faktord, jako je napf.
protein TXNIP. To vede k narlstu kon-
centrace téchto protein(, které pak po-
moci aktivace daldich prozanétlivych
a proapoptotickych faktori zplsobi
apoptdzu bunky [16].

UPR v patogenezi nadorovych
onemocnéni

U nadorovych bunék muaze byt stav ER
stresu vyvolan rdznymi vnitfnimi i vnéj-
$imi pfi¢inami [10]. Mezi ty vnitfni patfi
aktivace onkogen( nebo ztrata tumor
supresorovych gend, pretizeni proteo-
syntézy a chyby ve skladéani proteinu i
oxidativni stres. Navic samotné nadorové
mikroprostifedi mize vyvolat ER stres
v dlsledku hypoxie, nedostatku zivin,
plsobeni prozénétlivych signalnich mo-
lekul nebo cytotoxického plsobeni pro-
tinddorové terapie [17-19]. V odpovédi
na tento stav dochdzi s rdznou inten-
zitou k aktivaci rdznych vétvi UPR, jak
bylo prokazéno u rdznych typl hema-
tologickych malignit, jako je MM, leuke-
mie a lymfomy [20-22], i u solidnich né&-
dor(, napf. nddoru prsu, tlustého streva,
ledvin, jater, plic ¢i slinivky bfisni [23-28].

UPR tedy integruje plGsobeni fady fak-
tor( a jeji pronadorovy ¢i protinadorovy
prispévek k patogenezi tumoru zavisi na
konkrétnim bunécném a molekuldrnim
kontextu, pfip. genotypu pacienta. Exis-
tuji studie poukazujici na jeho protina-
dorové pusobeni [29]. Vice je viak téch,
které dokladaji, ze aktivace UPR ovliv-
nuje rizné bunécné procesy ve pro-
spéch nadorovych bunék, jak bude uve-
deno dale.

Jednim ze zpUsobl pronadorového
pUsobeni UPR je jeho vliv na angioge-
nezi. UPR podporuje angiogenezi u so-
lidnich nadord, coz jim umoznuje prezit
v prostiedi, kde jsou vystaveny nedo-
statku zivin a kysliku. Déje se tak pro-
stfednictvim proangiogenniho rlsto-
vého faktoru VEGF-A, jehoz exprese je
indukovana pomoci ATF4 [10,30].

Dulezitou cestou pronadorového pl-
sobeni UPR je také jeho propojeni s au-

tofagii — bunécnym procesem zodpovéd-
nym za degradaci proteint a organel [31].
Autofagie dokdze zmirnit akumulaci
reaktivnich forem kysliku a zabranit tak
poskozeni DNA, ¢imz mUze branit vzniku
nadoru. Na druhou stranu viak mohou
bunky diky autofagii ziskavat energii
a recyklovat organelové komponenty,
coz mUze u nadorovych bunék vysta-
venych hypoxii a nedostatku Zivin zajis-
tit pfisun potfebné energie a tim pre-
Ziti [32]. Bylo prokazano, Ze slozky viech
tii aktivacnich cest UPR mohou induko-
vat aktivaci autofagie [10,31].

UPR ma dale vliv na schopnost na-
dorovych bunék migrovat a tvofit me-
tastaze. Napf. aktivace transmembrano-
vého proteinu PERK mUiZe vést k expresi
proteinu LAMP3, ktery je asociovan
s tvorbou metastaz [33].

Nadorové buriky mohou také vyu-
zit aktivace UPR k pozménéni meta-
bolickych drah, coz jim zajisti preziti
v pfipadé, Ze se nachazi v prostiedi s ne-
dostatkem zivin. Napf. XBP1s i ATF4 in-
dukuji produkci enzymu GFAT1, ktery
je prvnim enzymem hexosaminové bio-
syntetické drahy. Ta produkuje UDP-N-
-acetylglukosamin, dulezity substrat
v glykosylaci protein( a lipid{i [34,35].

Dalsim ze zpUsobd, jak mdze UPR mo-
dulovat progresi nddoru je vliv na odpo-
véd na chemoterapeutika [36]. Zvysend
exprese UPR transmembranovych pro-
teinU a dalSich komponent UPR koreluje
u nadoru prsu s rezistenci nddorovych
bunék k tamoxifenu [37]. Dale byla po-
zorovana spojitost mezi zvysenou hladi-
nou BiP a rezistenci k [é¢ivim indukuji-
cim apoptozu, jako je doxorubicin. BiP
dokaze napf. inhibovat aktivaci kaspéazy
7, ¢imz zabrani apoptdze bunky [38,39].
Aktivovany transmembranovy protein
PERK fosforyluje nukledrni transkripéni
faktor Nrf2, ktery indukuje expresi
efluxniho transportéru MRP1, vylucuji-
ciho cytotoxické 1é¢ivo z buriky. Buriky,
u nichz byla pozorovana zvysena ex-
prese PERK, vykazovaly rezistenci k |é-
¢ivim oxaliplatina, 5-fluorouracil a do-
xorubicin [40]. Jind studie popisuje vliv
ATF6 a proteinu PDIAS5, podilejiciho se
na jeho aktivaci, na rezistenci leukemic-
kych bunék vici lé¢ivu imatinib. Inhibice
PDIA5/ATF6 vedla u zkoumanych bunék
k obnoveni citlivosti k Ié¢ivaim [41].
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Vzhledem ke viem vyse uvedenym
zjisténim je UPR pfedmétem dalSiho vy-
zkumu jako potencialni cil specifickych
cytostatickych lé¢iv [42]. Zkoumdany jsou
tak napft. inhibitory IRETa a jeho RNa&-
zové aktivity ¢i inhibitory transmem-
branového proteinu PERK [43]. Inhibitor
RNazové aktivity IRETo. — STF-083010 —
vykazoval schopnost cytotoxického pu-
sobeni na buriky MM [44]. A-106, produkt
hydrolyzy STF-083010, taktéz inhibuje
RNazovou aktivitu IRETa, coZ vede ke
snizené expresi XBP1 a indukci apoptézy
nadorovych bunék u chronické lymfo-
cytarni leukemie [45]. Na mysich mo-
delech triple negativniho nadoru prsu
byly pozorovany ucinky MKC8866, dal-
$iho z inhibitorl RNazové aktivity IRE1a,
jehoz vlivem doslo k potlaceni rlstu na-
doru [46]. Inhibitor transmembréno-
vého proteinu PERK — GSK2606414 - in-
hiboval u mysi rlist xenograftu lidského
nadoru [47].

UPR u mnohocetného myelomu
MM tvofi cca 1 % ze viech nadorovych
onemocnéni. Je charakterizovany klo-
nalni proliferaci malignich plazmatic-
kych bunék (PB) v kostni dfeni, kterd
vede k nadprodukci monoklondl-
nich imunoglobulind; typickymi pro-
jevy onemocnéni jsou osteolytickd
loZiska, selhani ledvin, anemie a hyper-
kalcemie. V CR je median véku pacientd
pfi diagnéze 68 let u muzl a 70 let
u zen [1,48].

Signalni drahy asociované s ER jsou
klicové pro diferenciaci, mezibunécné
interakce i fyziologickou funkci plazma-
tickych bunék. Bylo prokdzéno, ze ke
spravnému vyvoji B lymfocytl a jejich
diferenciaci v plazmatické buriky je po-
tfeba transmembranovy protein IRET1a
a XBP1 protein [49]. Jind studie pouka-
zala na dysregulaci XBP1s u pacientl
s MM. Byla porovnana hladina XBP1s
v normalnich PB a PB pacientd s MM.
Zatimco u normalnich PB byla hladina
XBP1s velmi nizkd nebo nedetekova-
telnd, u myelomovych PB byla vyrazné
zvysend, a to az v 70 % zkoumanych
vzork( [50].

V soucasné dobé jsou k |é¢bé MM vyu-
Zivany inhibitory proteazomu. Tyto latky
plsobi inhibici antiapoptotického tran-
skrip¢niho faktoru NF-kB a mimoto brani

proteazomu degradovat nespravné po-
skladané proteiny, v disledku ¢ehoz se
proteiny hromadi, dochézi ke vzniku
stresu ER, aktivaci termindlni UPR
a indukci apoptézy myelomovych
bunék [51,52]. Kromé toho, ze plsobi
proti nadorovym burkdm, dokdzi inhi-
bitory proteazomu redukovat resorpci
a zvysit novotvorbu kostni tkdné u pa-
cientll s MM. Hlavni roli v tomto mecha-
nizmu ma XBP1s, které vznika jako pro-
dukt aktivace IRETa v odpovédi na stres
ER zplsobeny inhibitory proteazomu.
XBP1s reguluje diferenciaci osteoblastt
a podporuje osteogenezi [53].

Zavedeni zminénych Ié¢iv pfineslo vy-
znamné zlepseni v 1écbé pacientll s MM,
pfesto muze dojit k relapsu onemoc-
néni spojenému s rezistenci k inhibito-
rdm proteazomu [54,55]. Proto se tes-
tuji latky, jejichz pouziti by mohlo G¢inek
stdvajicich Iéciv podpofit. Zkoumany
jsou napf. GGSI inhibitory geranylgera-
nyl difosfat syntdzy (GGDPS). GGDPS se
podili na regulaci transportu proteind.
Je-li tento mechanizmus pomoci GGSI
narusen, dochazi k hromadéni protein(
uvnitf buriky, indukci stresu ER, aktivaci
UPR a apoptdze.V kombinaci s inhibitory
proteazomu (bortezomib, karfilzomib)
dochazi ke zpomaleni rdstu nadoru [56].
Dalsi studie se zaméfuje na inhibitory
histonové deacetylazy. Jednim z nich je
selektivni inhibitor TMP269. Ten v kom-
binaci s karfilzomibem indukoval expresi
proapoptotického faktoru CHOP a také
expresi ATF4, kterad vedla ke stresu ER
a apoptdze. Tento ucinek byl pozorovan
pouze pii vyuziti obou léc¢iv, TMP269 ani
karfilzomib samostatné tuto schopnost
nemély [57]. Pfi |é¢bé proteazomovym
inhibitorem bortezomibem dochazi k in-
dukci stresu ER u myelomovych bunék.
Bunky vsak mohou vyuzit autofagii, jako
alternativni zplsob vyporadani se s aku-
mulovanymi proteiny. Antibiotikum ba-
filomycin A1 plsobi jako inhibitor auto-
fagie a v kombinaci s bortezomibem tak
zvysuje jeho ucinnost [58]. Jiny inhibi-
tor histonové deacetylazy, SAHA, zabra-
nuje degradaci nespravné poskladanych
protein(, které jsou ve formé agregatu
za pomoci histonové deacetylazy de-
gradovany. To vede k jejich hromadéni
v bunice a SAHA v kombinaci s borte-
zomibem a klaritromycinem (makro-

lidovym antibiotikem zabranujicim
autofagii) tak indukuje stres ER a apo-
ptézu [59]. Dalsi studie se zaméfuje na
P13K/Akt cestu, kterd ma dulezitou roli
v patogenezi MM a podporuje rdst na-
doru. Inhibice Akt pomoci selektivniho
inhibitoru TAS-117 vede k aktivaci PERK
a IRE1q, indukci UPR a apoptéze. V kom-
binaci s inhibitory proteazomu, bortezo-
mibem a karfilzomibem, zvy3uje jejich
toxicitu vaci myelomovym bunkam [60].
Dalsi studovanou latkou je verapamil,
ktery blokuje vapnikové kandly a brani
pfisunu kalciovych iontl do bunky. In-
dukuje tak produkci reaktivnich forem
kysliku, autofagii a prispiva k tvorbé
proapoptotickych stresovych signalt
a aktivaci terminalni UPR u bunék vysta-
venych bortezomibu [61]. Dale bylo zjis-
téno, Ze v dlsledku stresu ER zpUsobe-
ného bortezomibem dochdézi ke zvyseni
exprese DR5 receptoru, a naopak snizeni
exprese HLA-E na povrchu myelomo-
vych bunék. Snizena exprese HLA-E vede
k senzitizaci téchto bunék k degradaci
NK burikami, které maji receptor NKG2A.
Infuze takovychto NK bunék, nasleduijici
po lé¢bé bortezomibem, by mohla zajis-
tit degradaci i téch bunék, které unikly
béznému mechanizmu pudsobeni bor-
tezomibu, coz by mohlo vést ke zlep-
$eni ucinnosti lé¢by [55]. Dalsim ze zpU-
sobU, jak podpofit Ucinek inhibitord
proteazomu je prostfednictvim mutaci
gen( KRAS, NRAS a BRAF, které se casto
vyskytuji u pacientd s MM a podileji se
na rezistenci myelomovych bunék k 1é¢i-
vUim. Tyto mutace aktivuji drahu mitoge-
nem aktivované protein kinazy (MAPK)
a podporuji expresi proteazomovych
podjednotek a chaperonl podilejicich
se na proteazomové aktivité, ¢imz akti-
vitu proteazomu podporuji. Dale maji
vliv na aktivaci UPR, kterou snizuji. Vyu-
Ziti inhibitort MAPK kinazy (MEK) vedlo
k snizeni proteazomové aktivity a sen-
zitizaci myelomovych bunék k inhibito-
rdm proteazomu [62]. Podobné Besse
et al. popsali masivni zmény v metaboli-
zmu bunék MM rezistentnich k inhibito-
riim proteazomu, a identifikovali klicové
molekuldrni dradhy v¢. UPR jako poten-
cidlni terapeutické cile [63]. ER a jeho
molekuldrni signalizace m{ize predsta-
vovat vhodny cil i pro terapii kompli-
kaci MM, jako je napf. AL amyloiddza,
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pro kterou je typicka produkce abnor-
malnich lehkych fetézcd, které agreguiji
do amyloidovych fibril a deponuiji v rliz-
nych organech. Cytostatikum melflufen
(melphalanflufenamid) je kandidatnim
[écivem pravé pro AL amyloidézu aso-
ciovanou s MM. Flanagan et al. identifi-
kovali bunéc¢ny cil pro melflufen, kterym
je pravé ER a ATF-4 dependentni vétev
UPR [64].

Zavér

Léciva cilend na endoplazmatické re-
tikulum plazmatickych bunék a s nim
souvisejici signalni drdhy mohou pfi-
spét k léc¢bé pokrocilého MM a k po-
chopeni jeho etiopatogeneze a rozvoje
chemorezistence.

Podporujici agentury
Publikace vznikla diky podpore AZV NU21-03-00076
a LF MUNI/A/1370/2022.
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ORIGINAL ARTICLE

Investigating changes in the post-transcriptional
pattern of VEGF and CD146 genes carrying
miR-573 in breast cancer cells treated

with tamoxifen

Zkoumani zmeén posttranskripéniho Uprav genu VEGF
a CD746 nesoucich miR-573 v burikach karcinomu prsu osetfenych

tamoxifenem

Abyar M., Kavousi M., Jamshidian F.

Department of Biology, East Tehran Branch, Islamic Azad University, Tehran, Iran

Summary

Background: Recent developments regarding the contribution of microRNAs (miRNAs) to
tumor angiogenesis and the oncogenic effects of miRNAs point to their potential role in breast
cancer angiogenesis. Tumor-derived exosomes are considered a rich source of miRNAs that
can regulate the function of other cells in the tumor microenvironment, including vascular
endothelial cells. This study analyzes the effect of tamoxifen chemotherapy on the expression
of a key miRNA, miR-573, involved in the angiogenesis of the tumor exosomes and introdu-
ces a regulatory link between this miRNA and the CD746 gene associated with the vascular
endothelial growth factor (VEGF) messaging pathway. Materials and methods: MCF-7 breast
cancer cells were purchased and cultured in a complete culture medium. These cells were trea-
ted with tamoxifen and then their exosomes were extracted from the culture medium. The
RNAs of the exosomes were isolated and the expression of miR-573, VEGF, and CD146 genes in
the exosomes was investigated using the real-time polymerase chain reaction (PCR) method.
Results: The results of this study showed that tamoxifen treatment increased the expression
of miR-573 in exosomes derived from MCF-7 cancer cells. The expression of CD146 and VEGF
genes in drug-treated cell exosomes had a downward pattern. Conclusion: The results of this
experiment demonstrated that the treatment of breast cancer cells with tamoxifen reduces
the expression of VEGF and CD146 by increasing miR-573. Thus, angiogenesis is reduced and,
therefore, its anti-tumor effects are applied.
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INVESTIGATING CHANGES IN THE POST-TRANSCRIPTIONAL PATTERN OF VEGF AND CD146 GENES CARRYING MIR-573

Souhrn

Vychodiska: Nejnovéjsi vyzkumy tykajici se podilu microRNA (miRNA) na nadorové angiogenezi a onkogennich ucinkl miRNA ukazuji na je-
jich potencidlni roli pfi angiogenezi karcinomu prsu. Exozomy ziskané z nédoru jsou povazovany za bohaty zdroj miRNA, které reguluji funkce
ostatnich bunék v nddorovém mikroprostredi, v¢. endotelialnich bunék cév. Tato studie analyzuje U¢inek chemoterapie tamoxifenem na expresi
klicové miRNA, miR-573, ktera se Gcastni angiogeneze v exozomech nadoru a plsobi jako regula¢ni spojka mezi miRNA a genem CD146, ktery
je soucasti drahy vaskularniho endotelidlniho ristového faktoru (vascular endothelial growth factor — VEGF). Materidl a metody: Byly zakoupeny
bunky karcinomu prsu MCF-7 a kultivovany v kompletnim médiu. Tyto buriky byly osetfeny tamoxifenem a z média byly nasledné exrahovany
jejich exozomy. Byla izolovana RNA exozomu a pomoci metody polymerazové fetézové reakce (PCR) v redlném case byla vyhodnocena exprese
genll miR-573, VEGF a CD146 v exozomech. Vysledky: Vysledky této studie ukazaly, Ze osefeni bunék tamoxifenem zvysilo expresi miR-573 v exo-
zomech ziskanych z nadorovych bunék MCF-7. Exprese genli CD146 a VEGF v exozomech bunék osetfenych [é¢ivem méla klesajici tendenci.
Zdveér: Vysledky tohoto pokusu prokazaly, Ze osetfeni nddorovych bunék tamoxifenem snizuje expresi genli VEGF and CD146 zvysenim miR-573.
Dochazi tedy k omezeni angiogeneze a tim k protinadorovému plsobeni [éciva.
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Introduction
Breast cancer occurs as a result of the ab-
normal growth of cells in the breast. That
growth pattern stops at a certain stage
in benign tumors, whereas the malig-
nancy development continues uncon-
trollably in malignant tumors that if left
untreated, affect and disable all parts of
the body [1]. Tamoxifen is a drug used to
reduce or stop the effects of the female
hormone, estrogen, in the body and is
one of the drugs used in breast cancer
treatment [2]. MicroRNAs (miRNAs) are
a new class of endogenous non-coding
RNA molecules that regulate gene ex-
pression at the post-transcriptional level
by mRNA degradation and/or transla-
tion inhibition. There exist more than
2,000 miRNA-encoding genes in the
human genome, which make up about
one percent of the whole genome [3].
The essential role of miRNA in the pro-
cesses of carcinogenesis and oncogen-
esis is obvious. Available evidence sug-
gests that abnormal levels of expression
in some specific miRNAs can cause mis-
alignment of cancer cells. MiRNA mol-
ecules can play an important role in
disease control at the biological stages.
These miRNAs can act as oncogenes or
tumor suppressor genes. The study of
the expression of total genome miRNAs
in recent years has shown more detailed
information about the intervening role
of these small regulatory molecules in
human cancers [4].

Exosomes are small vesicles (50-
100 nm) that have recently been known
as intercellular communication linkers.

Exosomes can transfer lipids, proteins,
mRNAs, and miRNAs to the receptor cell
when moving to other cells. Cancer cells
have been shown to secrete far more
exosomes than normal cells, thus tran-
smitting tumor-dependent signaling
molecules to surrounding cells [5].
MiRNAs are among the molecules
being transferred by exosomes and re-
gulate most of the cell’s biological func-
tions. They regulate translation and
transcription programs and coordinate
pathological as well as physiological pro-
cesses such as development, cell diffe-
rentiation, proliferation, apoptosis, and
tumor growth [6]. MiRNAs act as small
guide molecules in RNA silencing and
negatively regulate the expression of va-
rious genes, both at the miRNA level and
the protein level, by degrading the tar-
get miRNA and silencing the translation.
One of the recent developments in this
field of study is the understanding of
their role in oncogenesis. The number of
miRNA genes is increasing, and changes
in the level of miRNAs play a role in the
initiation, progression, and metastasis
of various tumors. Biochemical and ge-
netic evidence confirms the role of miR-
NAs in tumor development. The abnor-
mal expression of miRNAs in cancer cells
is a well-known phenomenon, the cause
of which is yet unidentified [7]. The exact
mechanism by which tumor cell-derived
exosomes affect their constituent micro-
environmental cells, including endothe-
lial cells, has not yet been determined,
and the biological function of exoso-
mal miRNAs in receptor cells is not well

understood. Therefore, this study in-
vestigates the effect of tamoxifen che-
motherapy drug on the expression of
a key miRNA involved in angiogenesis,
miR-573, in tumor exosomes and intro-
duces a regulatory relationship between
this miRNA and CD146 gene, associated
with vascular endothelial growth factor
(VEGF) messaging pathway.

Materials and methods

Cell preparation and culture

The MCF-7 breast tumor cell line with
NCBI CODE 135 and HUVEC cell line were
both purchased from the Iranian Ge-
netic Resources Center. Subsequently,
the cells were cultured in a full culture
medium containing FBS and trypsin
(GibCo). The flasks were kept inside an
incubator with CO2 saturation rate 5%
and a temperature of 37 °C.

Tamoxifen treatment

Based on the results of various experi-
ments and resource reviews [8], tamox-
ifen IC50 was a concentration between
54 uM (equivalent to 20 pg/mL) and
68 uM (equivalent to 25 pg/mL). Hence,
the concentration of 60 uM (as a concen-
tration close to IC50) was considered for
the treatment in this study.

Exosome isolation

Exosomes were isolated from the cul-
ture medium of MCF-7 cells. For this
purpose, the culture medium was first
centrifuged at 3,000g for 10 minutes
to separate the dead cells from the cul-
ture medium. Exoquick solution (System
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Tab. 1. The sequence of forward and reverse primers used to study

gene expression.
Genes Primers
forward
VEGF
reverse
forward
CD146
reverse
forward
U6snRNA
reverse
forward
GAPDH
reverse

Primer sequences
5-TGCAGATTATGCGGATCAAACC-3
5-TGCATTCACATTTGTTGTGCTGTAG-3
5-GGGTACCCCATTCCTCAAGT-3
5-CAGTCTGGGACGACTGAATG-3
5-CTCGCTTCGGCAGCACATATACT-3
5-ACGCTTCACGAATTTGCGTGTC-3
5-ACCCACTCCTCCACCTTTGA-3
5-CTGTTGCTGTAGCCAAATTCGT-3

Biosciences) was then added to the su-
pernatant. Vortex binds the exoquick
solution to exosomes. Then it was incu-
bated for 20 minutes at 4 °C. The centrif-
ugation was afterwards performed at
a speed of 1,5009 for 15 minutes. 50uL
PBS was then added to the solution
and pipetting was performed. The con-
tent was transferred to a microtube and
placed on a heater for 5 minutes at 70°C
and then at —20 °C. Exosome isolation
was performed from the supernatants
of both treated and control cell groups,
confirmation of which was done by mi-
croscopic examination, digital elec-
tron microscope (Digital FESEM, KYKY-
EM3200, China), evaluating the size and
morphology of the exosomes.

Exosome labeling

PKH26 (PKH26 Red fluorescent — Mini26-1,
Sigma) was used to label the exosomes.
One mL of the exosome was transferred
to a microtube, and 1 mL of diluent C
was added to it and gently pipetted.
From the diluted paint PKH26, 1 mL was
added into the microtube which con-
tained the exosome, and then incubated
at room temperature for 5 min. To stop
the labeling, 2 mL of diluent C was again
added into the microtube and placed at
room temperature for 5 more minutes.
Then the exoquick solution was added
with a ratio of 3 : 1 and kept at 4 °C for
20 minutes. Later, the solution was cen-
trifuged for 20 minutes at 15,000 g. After
centrifugation, the top solution was re-
moved and the exosome-containing
precipitate was dissolved in 30 uB PBS.

The endothelial cell was then treated
with stained exosomes, followed by
incubation at room temperature for
12 hours. Due to the presence of miR-
NAs in exosomes, the exosomal trans-
mission of miR-206 to fibroblast cells
was investigated. In this regard, fibro-
blast cells were treated by 100 pg/mL
tumor exosomes and 50 pg/mL alpha-
amanitine. The rate of miR-206 transfer-
ring to fibroblast cells was evaluated at
0, 24, and 48 hours post-treatment. The
reason for using alpha-amanitine is to
inhibit any transcription activity that
can be induced by exosomal treatment
in cells.

RNA isolation

RNA isolation from cells and exosomes
was performed using the Trizol (Invitro-
gen) agent. After centrifuging the cells
and adding 50 pL of Trizol solution, 15 pL
of chloroform was added to it and incu-
bated at room temperature for 2-3 min-
utes. After centrifugation at 12,000 g, the
upper phase was removed and isopro-
panol was added and then the whole so-
lution was incubated on ice for 10 min-
utes. The centrifugation was performed
another time at 12,000 g for 10 minutes.
Subsequently, T mL of ethanol 75% was
added to the residual precipitate, and
centrifugation was performed again at
7,5009 at 4 °C for 5 min. The RNA sam-
ple was stored in a freezer at —80 °C. The
quantitative analysis of the isolated RNA
was done using spectrophotometry (Na-
noDrop Technologies, Wilmington, DE,
USA).
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Fig. 1. Exosomes isolated from MCF-7
breast cancer cells’ supernatant. As can
be seen in the figure, these exosomes are
spherical and have a size in the range of
30-150 nm.

Investigating the expression level of
CD146, VEGF, and miR-573

cDNA was generated using the 1% strand
cDNA Synthesis kit (Thermo Fisher
Scientific), Oligo dT, and random hex-
amer primers. In order to perform the
real-time PCR reaction, the forward and
reverse primers (Tab. 1), cDNA, DEPC
water, Mastermix, and CybrGreen dye
were all added and the solution was
placed in a thermocycler. Data analy-
sis was performed using the threshold
cycle comparison method according
to the table below. Normalization of
changes in miRNA expression level was
done in comparison with the endoge-
nous U6 snRNA expression level, while
the expression level of other genes was
compared with GAPDH. Data analysis
was performed using ABI step one Real-
Time PCR Software v2.0.2 (Applied Bio-
systems, UK), Excel software (Microsoft,
2010), and GraphPad software.

Statistical analysis

Statistical analysis of the obtained data
was performed using the SPSS v.20 soft-
ware, Anova test and Tukey follow-up
test. P < 0.05 was considered signifi-
cantly meaningful in this study.

Results

Exosome isolation confirmation

The size and morphology of the exo-
somes were evaluated by electron mi-
croscopy. The results showed that the
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Fig. 2. A) HUVEC endothelial cell line (magnification 90x%); B) locating PKH26-labeled tu-
mor exosomes in the cytoplasm of endothelial cells.
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Graph 1. The expression level of miR-573
in MCF-7 cancer cell-derived exosomes
treated by tamoxifen compared with
the control untreated group. Expression
of miR-573 is significantly higher in exo-
somes derived from tamoxifen-treated
cells than the control group.

isolated exosomes had a spherical ap-
pearance with a size range of 30-150 nm
(Fig. 1).

Measurement of endothelial

cells’ ability to absorb PKH26
fluorescent-labeled tumor exosomes
In order to determine the ability of en-
dothelial cells to absorb tumor ex-
osomes, HUVEC endothelial cells were
treated by PKH26-labeled fluorescent
colored exosomes. They were then in-
cubated for 12 hours. Fluorescent mi-
croscopic analysis showed that PKH26
fluorescent-labeled exosomes are lo-
cated in the cytoplasm of endothelial
cells (Fig. 2). This indicates the ability of
HUVECs to absorb endosomes derived
from breast tumor cells.

Graph 2. Exosomal transfer of miR-573 to
endothelial cells has a time-dependent
manner. Over time, the exosomal trans-
fer has increased significantly.

Examination of miR-573 expression
level in exosomes isolated from
MCF-7 breast cancer cells

According to Graph 1, the miR-573 expres-
sion level in tumor cell-derived exosomes
treated with tamoxifen has a higher ex-
pression than exosomes derived from
the control cell group. This result sug-
gests that tamoxifen treatment may alter
the expression profile of miRNAs which
have tumor suppressor activities such as
miR-573 in tumor cell-derived exosomes.
The expression level of miR-573 being
treated by tamoxifen has up-regulation.

Transferring miR-573 from MCF-7
breast tumor cell-line to HUVEC
endothelial cells

Initially, the exosomal transfer of miR-573
to endothelial cells was investigated
due to the presence of miRNAs in the

exosomes. For this reason, HUVEC en-
dothelial cells were first treated by
100 pg/mL alpha-amanitine, and then
the rate of miR-573 transfer to endothe-
lial cells was assessed at 0, 24, and
48 hours post-treatment. The reason
lying behind using alpha-amanitine is
to inhibit any transcription activity that
can be induced by exogenous exosomes
in the endothelial cells. As it is seen in
Graph 2, the level of miR-573 transcripts
in endothelial cells treated by exosomes
and alpha-amanitine increased signifi-
cantly over time.

Effects of breast tumor cells-derived
exosomes on the expression level of
CD146 and VEGF genes: tumor-derived
exosomes that have been left untrea-
ted induced the expression level of
CD146 and VEGF genes time-depen-
dently. Much to our surprise, in contrast,
tamoxifen-treated tumor exosomes re-
duced CD746 and VEGF expression le-
vels over time. Therefore, given the
greater presence of miR-573 in tamoxi-
fen-treated tumor exosomes, it is com-
prehended that the miR-573 exosomal
transfer reduces the expression level of
CD146 and VEGF in endothelial cells after
24 and 48 hours significantly and time-
-dependently. Therefore, it is assumed
that the exosomal transfer of miR-573,
which is a tumor suppressor, from the
mammary tumor cells being treated
by tamoxifen may have an inhibitory
effect on angiogenesis through decrea-
sing the activity and expression level of
CD146 and VEGF pro-angiogenic genes
(Graphs 3,4).

Discussion

Cancer cells seek to activate regulatory
pathways for survival and development,
as well as to obtain the metabolites and
growth factors they need [9]. Since an-
giogenesis is developed by microen-
vironmental changes in cancer cells
through tumor exosomes, it appears
that inhibiting angiogenesis is mediated
by the anti-angiogenic chemotherapy
drug, tamoxifen, through modulating
related miRNAs’ expression. Therefore,
it is assumed that tumor cell exosomes
should be targeted to inhibit angiogen-
esis [10]. Tumor-derived exosomes are
considered as a rich source of miRNAs
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that could regulate the function of
other cells in the tumor microenviron-
ment, including vascular endothelial
cells. However, the exact mechanisms
by which tumor cell-derived exosomes
affect their microenvironmental cells,
as well as the biological function of ex-
osomal miRNAs in cells, have not been
well established [11]. Therefore, this
study evaluated the effect of one of the
chemotherapy drugs, tamoxifen, on the
expression level of a key miRNA involved
in angiogenesis, miR-573, and tried to in-
troduce a regulatory relationship be-
tween this miRNA and CD146 gene as-
sociated with the VEGF messaging
pathway. The results showed that the
expression of miR-537 in the exosomes
derived cells treated by tamoxifen in-
creased significantly and time-depend-
ently. On the other hand, the expression
of CD146 and VEGF genesin drug-treated
cell exosomes had a downward pattern.

In 2015, Tahakashi et al. investiga-
ted the breast tumor-derived miRNAs
and introduced these miRNAs as a dia-
gnostic biomarker in the treatment of
breast cancer [12]. The result of the pre-
sented study, in line with the research
of Tahakashi et al., confirmed the role
of miR-573 as a diagnostic biomarker
in breast cancer. In 2015, Hanafen et al.
concluded that the use of the anti-cancer
drug docosahexaenoic acid (DHA) chan-
ges the exosomal secretions of breast
cancer cells. They isolated MCF7 and
MDA-MB-231 breast cancer cell exo-
somes after treatment with DHA and ob-
served an increase in the secretion of
exosomes and the content of miRNAs of
DHA-treated exosomes. The expression
level of miRNA-83 in MCF7-treated exo-
somes had changed. The group conclu-
ded that DHA alters the exosomal se-
cretions of breast cancer cells and their
miRNA content, thereby inhibiting an-
giogenesis [13]. Although the chemo-
therapy drug used in the present study,
tamoxifen, is different from that of Hana-
fen et al,, the results are in line with each
other in terms of diminishing the expre-
ssion level of genes targeting the angio-
genesis and cancer development.

The CD146 molecule belongs to the
family of immunoglobulins. Recent re-
search suggests that CD746 is an endo-
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Graph 3. inhibitory effect of mammary tumor cell-derived exosomes treated by tamo-
xifen in comparison with the progressive effect of the control group which has been
left untreated on CD146 gene expression after 24 and 48 hours of treatment (gene ex-
pression is normalized by the GAPDH gene).
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Graph 4. Inhibitory effect of mammary tumor cell-derived exosomes treated by tamo-
xifen in comparison with the progressive effect of the control group which has been
left untreated on VEGF gene expression after 24 and 48 hours of treatment (gene ex-
pression is normalized by the GAPDH gene).

thelial biomarker that promotes angio-  role in cell migration, especially in in-

genesis. The antibody against CD746,
called AA98, prevents the migration of
endothelial cells and subsequently pro-
hibit angiogenesis and the growth of
human tumors, and plays an important

vasive intermediate trophoblast cells.
It has recently been discovered that
the CD146 is a transferring inducer be-
tween the epithelium and the mesen-
chymal tissue, thus expanding the in-
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vasion of breast cancer cells. CD746 is
known as a receptor on endothelial cells.
Tumor secretions stimulate the dimeri-
zation of CD146 molecules, activation
of p38 MAPKs / NF-kB, and activation of
many gene-producing genes including
VEGF, MMP-9, and IL-8. AA98, which is
the anti-molecular antibody of CD146,
interferes with this signaling. The asso-
ciation of CD146 with tyrosine kinase
P59, phosphorylase P125, and paxillin
promotes the migration of endothe-
lial cells. CD7146 promotes angiogene-
sis in both laboratory and somatic cell
conditions [14].

Increasing the expression level of
CD146 facilitates the endothelial re-
sponse to the kinase SRC stimulated by
VEGF or VEGF-induced SRC kinase family
(SKF), p38 mitogen-activated protein ki-
nase (MAPKs) and NF-kappaB activation,
and subsequently increases the migra-
tion of endothelial cells and tube forma-
tion. CD146 is a co-receptor for VEGFR-2;
therefore, suppression of CD146 by
miR-329 impairs signaling and angioge-
nesis induced by VEGF [15].

The expression level of miR-573 dec-
reases in various tumors and its re-ex-
pression in the cell prevents the growth
and development of melanoma. Charac-
teristics of rheumatoid arthritis, which
is a chronic autoimmune disease, is an-
giogenesis and cartilage decay in which
miR-573 has a role [16]. MiR-578 and
miR-573 play a role in the process of an-
giogenesis in breast cancer associated
with BRCA gene. Laboratory evaluations
on HEK293, MCF-7, and SUM149PT cells
to investigate the role of miR-578 and
miR-573 have shown that these miRNAs
have been suppressed in breast cancer
associated with BRCA 1/2. MiR-578 and
miR-573 are associated with the cent-
ral connection, or focal adhesion, VEGF,
and the signaling pathway of hypoxia
inducible factor-1 (HIF-1). MiR-578 and
miR-573 control angiogenesis in breast
cancer associated with BRCA 1/2, and
do so by regulating VEGF and inducing
HIF-1 [17]. In line with this research, the
present study showed that when the ta-

moxifen-treated exosomes were transfe-
rred to the endothelial cell line, the ex-
pression of VEGF gene had a decreasing
pattern.

Conclusion

Based on the results of the present study
on the MCF-7 breast cancer cell line, it
was found that there was a significant
relationship between 60 uM dose of ta-
moxifen and MCF-7 cell supernatant
exosomes, in a way that the expression
level of exosomal miR-573 showed a sig-
nificant increase. In this study, the ef-
fect of tamoxifen-treated tumor-derived
exosomes was evaluated on the HUVEC
endothelial cell line to assess the pro-
cess of angiogenesis and treatment of
breast cancer in its early stages. Apply-
ing the experiment group to the en-
dothelial cell line reduces the expres-
sion of CD146 gene in endothelial cells
significantly over time. The second gene
studied in this study was VEGF, the re-
sult of which was the same as CD146. Ul-
timately, this paper could conclude that
the exosomal transfer of miR-573 to en-
dothelial cells reduces the expression
of genes responsible for the angiogen-
esis process, including VEGF and CD146,
identification of which could mitigate
the tumor process.

When breast cancer cells are trea-
ted with tamoxifen, the level of miR-573
which is a tumor suppressor miRNA in
the exosomes of these cells, is much
higher than in untreated cancer cells.
In contrast, when tamoxifen-treated
tumor-derived exosomes are transfe-
rred to endothelial cells, the expression
level of CD746 and VEGF genes decli-
nes in a time-dependent manner. This
achievement brings us to the idea that
the therapeutic effect of tamoxifen on
breast cancer lies behind its relation-
ship with the expression level of exo-
somal miRNAs that regulate the cancer
microenvironment.
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ORIGINAL ARTICLE

The effect of demographic and clinical data on
anxiety and depression levels in breast cancer

patients receiving radiotherapy

Vliv demografickych a klinickych Udaju na Uzkost a depresi
u pacientek s karcinomem prsu Iécenych radioterapii

Benderli Cihan Y., Ozturk O.2

' Department of Radiation Oncology, Kayseri City Education and Research Hospital, Turkey
?Department of Statistics, Hacettepe University, Turkey

Summary

Purpose: The aim of this study is to investigate the effects of sociodemographic and clinical
data on depression and anxiety levels in patients who undergoing radiotherapy for breast can-
cer. Materials and methods: A total of 111 patients with breast cancer treated in the Radiation
Oncology Department of Kayseri City Education and Research Hospital were included in this
study. The study was planned prospectively as a survey research based study. Ethics commit-
tee approval was obtained. After obtaining the necessary consent for voluntary participation,
patients were interviewed face-to-face. The research survey included the Hospital Anxiety and
Depression Scale (HADS), as well as demographic and clinical information. Statistical analysis
was performed with the collected data. Results: According to the results of repeated measu-
res analysis of variance, the mean difference between the 3-month and 6-month measure-
ments of the depression scale values on the first day of radiotherapy was statistically significant
(P < 0.001). Mean differences were statistically notable for age and marital status variables in
anxiety and for age, education level, marital status, employment status, family history of cancer,
menopause, surgery, chemotherapy and hormone therapy variables in depression. When the
change in the presence (> 10 depression scale) or absence (< 10 depression scale) of depression
at three different times of radiotherapy (first day, 3 and 6 months) was examined, a statistical-
ly notable difference was found between the depression scale values of patients receiving
radiotherapy on the first day, 3 months after radiotherapy and 6 months after radiotherapy
(P < 0.05). Conclusion: According to the results of our study, the psychological health of women
with breast cancer was affected during and after radiotherapy. As a response, psychiatric coun-
seling should be considered as a part of the treatment for depression and anxiety that occur
during and after treatment in breast cancer patients.

Keywords
breast cancer - radiotherapy - depression - anxiety — Hospital Anxiety and Depression Scale
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Souhrn

Cil: Cilem této studie je prozkoumat vliv sociodemografickych a klinickych dat na miru deprese a Uzkosti u pacientek s karcinomem podstupuji-
cich radioterapii. Materidl a metody: Do této studie bylo zahrnuto 111 pacientek s karcinomem prsu lécenych na oddéleni radia¢ni onkologie ne-
mocnice Kayseri City Education and Research Hospital. Studie byla pldnovana prospektivné jako studie zaloZzena na priizkumu. Byl ziskéan souhlas
etické komise. Po ziskani potfebného souhlasu s dobrovolnou tcasti ve studii byly s pacientkami vedeny individualni (,face-to-face”) rozhovory.
Prizkum zahrnoval $kalu Hospital Anxiety and Depression Scale (HADS) a také demografické a klinické informace. U shromazdénych dat byla
provedena statisticka analyza. Vysledky: Podle vysledkd analyzy rozptylu opakovanych méreni byl zjistén statisticky vyznamny prdmérny rozdil
mezi hodnotami na 3kéle deprese zjisténymi po 3 a 6 mésicich a hodnotami ziskanymi v prvni den radioterapie (p < 0,001). V pfipadé tzkosti
byly zjistény statisticky vyznamné primérné rozdily u proménnych jako je vék a rodinny stav a v pfipadé deprese u proménnych jako je vék, do-
sazené vzdélani, rodinny stav, zaméstnéni, vyskyt rakoviny v rodinné anamnéze, menopauza, operace, chemoterapie a hormondlni terapie. Kdyz
byla zkouména zména ve vyskytu (Skala deprese > 10) nebo absenci (Skala deprese < 10) deprese ve trech rdznych casech radioterapie (prvni
den, 3 mésice a 6 mésicl), mezi hodnotami na skéle deprese u pacientek Ié¢enych radioterapii zjisténych prvni den radioterapie a 3 a 6 mésict
po radioterapii byl zjistén statisticky vyznamny rozdil (p < 0,05). Zdvér: Podle vysledk(l nasi studie bylo psychické zdravi Zzen s karcinomem prsu
ovlivnéno béhem radioterapie i po ni. U pacientek, u kterych se béhem lécby karcinomu prsu vyskytne izkost nebo deprese, by tedy mélo byt

zvazeno zaclenéni psychiatrického poradenstvi do 1écby.

Klicova slova

karcinom prsu - radioterapie — deprese - Uzkost - Skala Hospital Anxiety and Depression Scale

Introduction

Cancer is a very serious health problem
that affects people physically and emo-
tionally. Some side effects can be seen
depending on both the disease and the
treatments applied. This causes reac-
tions in the patient that can be defined
as a crisis. A crisis is a period of transition
from a healthy life to a new life, illness
and being under constant threat. Emo-
tional reactions such as anxiety and de-
pression may be observed in the patient
after the crisis [1-3].

In patients with breast cancer, there
will be reasons such as deterioration in
body image, inadequacy in social sup-
port, feeling of helplessness against can-
cer, inability to meet the needs in the
disease process on time, negative ex-
periences in the past, negative percep-
tions about the disease, isolation due to
the disease, prolonged treatment, side
effects of the treatment, activity limita-
tion. It increases the uncertainty about
the situation and leads to hopelessness.
This hopelessness may facilitate the
emergence of anxiety and depression
(AD) in sick individuals. Both anxiety and
depression are among the most com-
mon mental disorders in cancer patients
[4-6]. The rate of anxiety disorders seen
in cancer patients has been reported in
avery wide range, ranging from 0.9-49%
and for the frequency of depression 4.5-
58%. Possible reasons for this difference
in prevalence rates are social or demo-

graphic factors, differences in cancer
types and treatment [4-11].

Compared to the general population,
the rate of pathological AD was found to
be higher in patients with breast cancer.
Failure to properly diagnose and follow-
up AD reduces the quality of life of pa-
tients. In patients with poor quality of life,
compliance with the treatment plan de-
creases and the length of hospital stay is
prolonged. For this reason, it is important
for physicians to know the prevalence of
psychiatric disorders such as anxiety and
major depression that may occur in pa-
tients with breast cancer.Physicians should
have a high awareness of the psychosocial
changes that these emerging psycholog-
ical disorders can cause in the patient. It
is known that AD in cancer patients neg-
atively affects the prognosis because it
harms the patient mentally [12-15].

Some scales have been prepared for
the examination of symptoms related to
general medical condition for AD. One
of the most commonly used of these
scales is the ,Hospital Anxiety and De-
pression Scale (HADS)". The purpose of
this scale is to determine the risk group
by scanning AD in a short time in pa-
tients with physical diseases, not making
a diagnosis. In addition, the scale is also
used to evaluate the change in the emo-
tional state of the patient. Therefore,
the scale does not include any physi-
cal symptoms. When patients scored
0-10 for anxiety, patients were defined

as no anxiety, 11 or more anxiety, and
0-7 points for depression as no depres-
sion, 8 or more depression. The HADS
scale was used in comparison with other
scales and it was found to be sufficientin
terms of evaluating AS in patients with
physical illness [13-18].

In this context, we aimed to determine
the effects of sociodemographic and
clinical data on AS in breast cancer pa-
tients receiving radiotherapy (RT).

Materials and method

Purpose of the study

This study was conducted to evaluate
the effects of sociodemographic and
clinical data on AS in stage 1-3 breast
cancer patients receiving RT.

Ethical aspect of the study and Ethics
Committee approval

Permission was obtained from the Erci-
yes University Non-Interventional Clin-
ical Research Ethics Committee before
starting the study. After informing each
participant about the purpose of the
study, its implementation, the volun-
teering of participating in the study and
that they can leave at any time, their ver-
bal and written consents were obtained
by giving a voluntary consent form to
those who wanted to participate.

Conduct of the study
In our study, each patient filled in forms
containing informed consent form, de-
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mographic and clinical information be-
fore the study. In addition, the HADS
scale was applied to each patient three
times, on the first day of RT, at the end
of the 3 month and at the end of the
6™ month. Patients with a history of
metastatic, cerebrovascular events and
a known cardiac, orthopedic, neuro-
logic, or serious psychiatric illness were
excluded from the study.

Data collection tools

Before the study, a questionnaire pre-
pared by the researcher containing the
demographic characteristics of the pa-
tients and the HADS scale were used to
collect the data.

Demographic characteristics
questionnaire

This form, which was prepared by scan-
ning the literature, consists of ques-
tions that include patients’ socio-de-
mographic characteristics, treatment
and disease information. It consists
of 13 questions to obtain information
about the participants’ age, education
level, marital status, employment sta-
tus, comorbidity, family history of can-
cer, tumor stage, and treatment.

Hospital anxiety and depression scale
Developed by Zigmond and Snaith in
1982, the scale addresses the cognitive
and emotional symptoms of AD. The
scale consists of 14 questions. The scale
has 2 subscales with 7 items assessing de-
pression and 7 items evaluating anxiety.
The 1%, 31, 5t 7t ot 11t and 13" ques-
tions of the scale describe anxiety; Ques-
tions 2, 4, 6, 8, 10, 12, 14 measure de-
pression. Responses are evaluated in
a three-point Likert format and scored
between 0-3. A change was made in
order to prevent repetitions of responses,
while the first response in one item re-
flects the severity, the last response in the
next item contains direct and reverse ex-
pressions, reflecting the highest severity.
Reverse statements are included in ques-
tions 1,3,5,6,8,10,11,13.

In Zigmond'’s study, the cut-off point
of the scale was determined as 7 for
anxiety and depression. Scoring of the
scale was expressed as 0-7 normal,
8-10 suspicious, and 11 or more pa-

Tab. 1. Sociodemographic data and clinical findings of the patients participating

~

-~
in the study.
Quantitative X+SD
variables
age 55.05+12.14
median (min-max)
56.0 (24.0-84.0)

Qualitative
variables N (%)
age

< 63 years 79(71.2)

> 64 years 32(28.8)
working status

no 101 (91.0)

yes 10 (9.0)
marital status

single 16 (15.0)

married 91 (85.0)
education status

no 27 (24.3)

yes 84 (75.7)
family history of cancer

no 85 (76.6)

yes 26 (23.4)
menopause status

pre 41 (36.9)

post 70 (63.1)
additional illness

no 74 (66.7)

yes 37 (33.3)
tumor stages (AJCC 2009 stage)

1 11 (9.9)

2 39(35.1)

3 53 (47.8)

4 8(7.2)
lymphnode (AJCC 2009 stage)

0 11(9.9)

1 6 (5.4)

2 44 (39.6)

3 50 (45.1)

stages

1 1(0.9)

2 14 (12.7)

3 95 (86.4)
surgery

MRM 38 (34.2)

BCS 73 (65.8)
chemotherapy

no 3(2.7)

yes 108 (97.3)
hormonal
therapy

no 16 (14.4)

yes 95 (85.6)
anxiety measurement 1

no 50 (45.0)

yes 61 (55.0)
anxiety measurement 2

no 58 (52.3)

yes 53(47.7)
anxiety measurement 3

no 55 (49.5)

yes 56 (50.5)
depression measurement 1

no 30(27.0)

yes 81(73.0)
depression measurement 2

no 8(7.2)

yes 103 (92.8)
depression measurement 3

no 11(9.9)

yes 100 (90.1)

BCS - breast conserving surgery,
MRM - modified radical mastectomy,
SD - standard deviation, X - arithme-
tic mean

tients. When patients score 0-10 for
anxiety, patients do not have anxiety; if it
is eleven and above, it has anxiety. When

patients scored 0-7 for depression, they
were defined as having no depression
and having depression of 8 or more [18].
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Tab. 2. Comparison of the Hospital Anxiety and Depression Scale mean scores of
the patients participating in the study. According to the multiple comparison test
result (Bonferroni), the difference in alphabetical (a, b) exponents indicates stati-

stically significant.

N

Variables Radiotherapy time P
first day 3 months later 6 months later
(N=111) (N=111) (N=111)
X£SD X£SD X+SD
anxiety 10.31+3.35 9.97 +£3.25 10.86 + 3.30 0.136
depression 8.75 £ 2.60° 10.29 +2.21° 9.93+2.16° < 0.001

SD - standard deviation, X — arithmetic mean

J

Its validity and reliability study was
carried out by Aydemir et al. In 1996 and
adapted to Turkish society. In this study,
it was determined as 7 for anxiety
and 10 for depression for the Turkish
population [17].

Limitations of the study

The findings of the study are limited
to a department in a hospital in the
province of Kayseri, where the appli-
cation was made, and the accuracy
of the information obtained from the
questionnaires.

Statistical analysis

The study was originally designed to en-
roll 111 individuals for a 6-month follow-
-up. Levene’s test was used for the as-
sumption of homogeneity of variance of
the data. Shapiro-Wilk test and (g-q and
histogram) graphs were used for the as-
sumption of normal distribution of the
data. The Cochran Q test was used to
compare the change in anxiety and de-
pression status of the patients included
in the study on the first day, 3 months
and 6 months later, and the McNemar
test was used for pairwise comparisons
when it was significant according to the
Cochran Qtest.The independent sample
t test was used to compare the means
of quantitative variables in two-group
variables. One-way repeated measures
analysis of variance (ANOVA) was used
to compare the means of quantitative
variables in comparisons of data be-
tween three times (first day, 3 months
later, 6 months later). The Bonferroni
method was used for multiple compar-

ison. The Pearson correlation analysis
was used to determine the direction and
strength of the relationship between
the scales (0.0 < r < 0.20 very weak,
0.20 < r < 0.40 weak, 0.40 < r < 0.60 nor-
mal, 0.60 < r < 0.80 strong and
0.80 < r < 1.00 very strong).

The analysis of the data was carried
out in the statistical cloud software of
TURCOSA (Turcosa Statistical Solutions
Ltd. Sti). The significance level was ac-
cepted as P < 0.05.

Results

Sociodemographic and clinical data re-
sults of the patients are presented in
Tab. 1. The mean age was 55.05 (24.0-
84.0). A total of 70 patients were post-
menopausal, 74 patients were operated
on for breast conserving surgery (BCS).
A total of 47.8% received stage 3, 97.3%
received chemotherapy and 85.6% re-
ceived hormone therapy.

According to the results of analysis
of variance in repeated measurements,
the mean differences of the anxiety
(P = 0.136) variable at three different
times (first day, 3 months later, 6 months
later) when he received RT were not sta-
tistically significant while the mean dif-
ferences of the depression scale were
found to be significant (P < 0.001). Ac-
cording to the multiple comparison test,
the mean of depression scale 3 months
and 6 months after RT was found to be
statistically significantly higher than the
mean depression scale on the first day of
RT (P < 0.05) (Tab. 2).

According to the analysis of variance
in repeated measurements, the differ-

ences in the mean of age and marital sta-
tus variables for anxiety scale at three dif-
ferent times (first day, 3 months later,
6 months later) were found to be statisti-
cally significant (P < 0.05) (Tab. 3). For de-
pression scale, the difference was statisti-
cally significant in age groups, education,
marital status, employment, family history
of cancer and menopause (P < 0.05). Ac-
cording to the Student’s t test results, for
each measurement (first day, 3 months,
6 months) for working and unemployed
patients, literate and illiterate patients, pa-
tients with pre- and post-menopausal sta-
tus, and patients with and without addi-
tional disease conditions. While the mean
differences of the AD scales were not sta-
tistically significant, the mean difference
in the anxiety scale (P = 0.039) 3 months
after RT was found to be statistically sig-
nificantly higher in patients aged 64 and
over compared to patients aged 63 and
younger. In addition, the average of de-
pression scale (P = 0.004) 3 months after
radiotherapy was different in patients
aged 63 years and younger compared to
patients aged 64 years and older.

According to the results of analysis of
variance in repeated measurements, pa-
tients with surgically modified radical
mastectomy and BCS, patients receiv-
ing and not receiving chemotherapy, pa-
tients receiving and not receiving hor-
mone therapy for each measurement
(first day, 3 months later, 6 months later)
anxiety scale mean differences were not
found significant (P > 0.05). According to
the results of analysis of variance in re-
peated measurements, the mean differ-
ences of depression scale (P < 0.001) in
patients with surgical status of BCS, de-
pression scale in patients receiving chem-
otherapy (P < 0.001), and depression scale
in patients receiving hormone therapy
(P <0.001) were statistically significant. Ac-
cording to the multiple comparison test,
the mean depression scale levels of pa-
tients with BCS, patients receiving chem-
otherapy, and patients receiving hormone
therapy, 3 months after RT and 6 months
after RT, were statistically significantly
higher than the mean depression scale on
the first day of RT (Tab. 4).

According to the Cochran‘Q test, there
was no statistically significant difference
when comparing the state of anxiety
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/Tab. 3. Comparison of patients’ sociodemographic data information according to the Hospital Anxiety and Depression Scale.\
According to the multiple comparison test result (Bonferroni), the difference in alphabetical exponents (a, b) indicates statisti-
cally significant.

Variables Anxiety pP* Depression P*
first day 3 months 6 months first day 3 months 6 months
X+SD _later _later X+ SD _later _later
X+ SD X+ SD X+SD X+ SD
age group
3?1 é’:les\la:‘;g) 10.11+344% 957+330° 1099+321° 0.030 858+273° 10.67+223° 977+210° <0.001
Gdyearsand 44784311 10974291 1056356 0884 9.16+224  934+186  1031£229 0109
older (N =32)
p# 0.344 0.039 0.542 0.295 0.004 0.234
working status
no (N =101) 1034+3.29 10.01+£3.27 1086+3.30 0.182 885+251* 10.30+£223> 9.82+209 <0.001
yes (N=10) 10.00 + 4.08 9.60 +3.10 10.90+3.54 0.767 7.70+3.37 1020+ 2.10 11.00%2.71 0.079
P# 0.763 0.705 0.972 0.183 0.895 0.100
marital status
single (N =16) 8.69+3.65° 10.00+2.68" 11.81+3.02> 0.015 8.88 +£4.03 9.19+1.94 10.13+£2.19 0.476
married (N=91) 10.59+324 988+337 1076+331 0.173 870+232® 10.53+222> 9.89+217° <0.001
P# 0.035 0.892 0.237 0.810 0.026 0.691
education status
no (N =27) 9.56 + 3.45 1044 +£3.03 1022+3.70 0.624 870+287* 9.63+1.71* 1041+2.19° 0.032
yes (N = 84) 10.55+3.30 9.82 +3.32 11.07£3.16  0.050 876 £2.53* 10.50+232° 9.77+2.14> <0.001
P* 0.181 0.388 0.247 0.920 0.075 0.186
family history of cancer
no (N = 85) 1015+3.49 9.86+3.17 1071+£3.28 0.243 875+2.82° 10.53+2.15> 9.71+2.00c <0.001
yes (N = 26) 10.81+£283 1035+3.52 11.38+3.38 0.566 873+1.73* 950+225* 10.65+251° 0.006
p# 0.385 0.505 0.362 0.970 0.037 0.050
menopause status
pre (N =41) 10.34+337 10.10+3.42 1044+326 0903 8.15+£253* 10.66+2.44> 959+2,00° <0.001
post (N =70) 10.29 £3.36 9.90+3.16 11.11+£3.33 0.082 9.10+2.60° 10.07+2.05° 10.13+2.24> 0.020
P# 0.933 0.759 0.301 0.062 0.178 0.202
additional disease
no (N =74) 10.49 £ 3.29 9.76 + 3.30 1091 +£3.20 0.102 8.77 £2.55* 10.39+204°> 9.76+1.96° <0.001
yes (N =37) 9.95+347 1041+3.13 10.78+354 0586 870+275* 10.08+253° 10.27+251® 0.034
P# 0.425 0.323 0.856 0.898 0.487 0.240
P* — repeated measure analysis of variance, P* - independent sample t test, SD - standard deviation, X - arithmetic mean

N

scale at three different times (first day,
3 months later, 6 months later); a statis-
tically significant difference was found in
depression (P < 0.001). According to the
Mcnemar test, the difference between
the measurement values of the patients

who received RT on the first day with
3 months after RT and 6 months after RT
was found to be statistically significant
(P < 0.05) (Tab. 5).

In Tab. 6, at the second measurement
time of the patients (3 months later), the

relationship between age and depres-
sion was negatively very weakly a signif-
icant (r = —0.1924). There is a weakly sig-
nificant negative relationship between
anxiety and depression (r = —0.3425). At
the third measurement time of the pa-
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/Tab. 4. Comparison of patients’ sociodemographic data information according to the Hospital Anxiety and Depression Scale.\
According to the multiple comparison test result (Bonferroni), the difference in alphabetical exponents (a, b) indicates statisti-
cally significant.

Variables Anxiety pP* Depression P*
first day 3 months 6 months first day 3 months 6 months
X+SD _later _later X+SD _later _later
X+ SD X+ SD X£SD X+ SD
surgery
MRM (N = 38) 10.63+£289 10.21+3.16 10.76£3.22 0.750  9.18 +2.31 10.00+2.54 10.24+2.20 0.162
BCS (N=73) 10.14 £3.57 9.85+3.31 10.92+3.37 0.146 8.52+273* 1044+£202° 9.77+214> <0.001
p# 0.462 0.580 0.816 0.204 0.323 0.279
chemotherapy
no (N = 3) 9.33+4.93 10.67 £1.15 1333+£2.08 0478 9.33+2.31 9.00 + 2.65 7.67 £1.53 0.422
yes (N =108) 10.33+3.32 9.95+3.29 10.80+3.31 0.181 8.73+262* 1032%£220° 9.99+2.15" <0.001
P# 0.612 0.709 0.191 0.695 0.308 0.066
hormone therapy
no (N=16) 10.00+£3.56 10.25+3.57 11.44+3.41 0.515 8.63 +3.03 10.13+£222 10.00+2.00 0.223
yes (N =95) 10.36+3.33  9.93+3.21 1077 £330 0.214 877+254> 1032+222° 9.92+220° <0.001
P# 0.694 0.714 0.456 0.839 0.751 0.886
BCS - breast conserving surgery, MRM - modified radical mastectomy, P* - repeated measure analysis of variance, P* - indepen-
dent sample t test, SD - standard deviation, X — arithmetic mean

N

tients, the relationship between anxiety
and depression was negatively weakly
a significant (r = —0.2739). There was
a very weakly negative relationship be-
tween the depression scale values of the
patients at 3 months and 6 months later
times (r=-0.1975), and a very weak pos-
itive relationship between the anxiety
scale values (r = 0.1877).

Discussion

AD is more common in breast cancer pa-
tients compared to both normal popula-
tion and psychiatric patients. However,
it is a psychological disorder that can be
effectively treated with the support of
specialists. In fact, AD is a normal reac-
tion to many stressful situations in life,
such as cancer [1-3]. Anxiety usually in-
creases with noticing the tumor. Anxiety
is a fear-like emotion that is synonymous
with anxiety, boredom, anxiety, and
worry. Along with anxiety, anger, sleep,
loss of appetite and concentration, fail-
ure in daily activities, and fear of the fu-
ture may develop [1]. It peaks during the
diagnostic period, the pre-operative pe-

riod, or the RT and chemotherapy pe-
riod. It decreases within one year after
the treatment and the patient calms
down [13-15]. The incidence of anxiety
in cancer patients is over 50%. Ap-
proximately 30% of them have chronic
anxiety [1,2]. Anxiety increases again
during crisis periods such as hospitaliza-
tion, initiation of a new treatment, and
relapse. Discharge from the hospital or
discontinuation of the treatment may
be seen with the feeling of helplessness
and hopelessness [19-23].

When a cancer diagnosis is made, an-
other reaction other than anxiety is de-
pression. The most common initial re-
sponse to cancer is shock and disbelief.
Seen in this period, the reflection of the
diagnosis, the feelings of anxiety and
helplessness created by the hard-to-
bearing reality appear as a counter-de-
fense. After this, anger and depression
may develop [1]. Many studies in the lit-
erature have reported that some types
of cancer are frequently associated with
depression. Again, as seen in many pub-
lications, it has been observed that de-

pression increases in cases where the
duration of the treatment is prolonged
and the treatment becomes more diffi-
cult [1-4]. The fact that the incidence of
depression is so variable was found to
be related to the fact that studies were
conducted with different cancer types,
different diagnostic methods and pa-
tient groups. In the etiology of depres-
sion in cancer patients, factors such as
cancer type, cancer course and stage,
time elapsed after the diagnosis of the
disease, hospitalization time, side ef-
fects of antineoplastics, treatment stage,
treatment success, education level, gen-
der, and ability to cope with the disease
have a great impact [5-10].

In the study conducted by Tsaras et al.,
it is reported that 38.2% of the patients
with breast cancer had depression and
32.2% had anxiety [4]. In another study,
it was reported that the rate of depres-
sion in cases with recurrent breast can-
cer was 45.5% [22]. Vodermaier et al.
looked at the prevalence of anxiety and
depression in patients with advanced or
advanced cancer with a poor prognosis.
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Female patients and younger patients
reported more anxiety and depres-
sive symptoms compared to males and
healthy subjects. They also reported that
the stage of the disease in breast can-
cer was not directly related to emotional
distress [2]. In a study conducted with RT
patients, in 70 patients for whom consul-
tation was requested, 38% had major de-
pression, 43% had adjustment disorder.
In the control group of 30 patients, 13%
had adjustment disorder and 7% major
depression [8]. In the study by Park et al.,
patients diagnosed with breast cancer at
ayoung age (< 40 years) were evaluated
using the HADS scale. The mean HADS
depression score was 4.4 and the anxiety
score was 7.9. As a result, it has been re-
ported that a significant proportion of
young women with newly diagnosed
breast cancer experience anxiety [3]. In
the study conducted by Maraste et al.
on 133 breast cancer patients who were
referred for adjuvant RT following sur-
gical treatment, anxiety was recorded
in 18 patients (14%) and significant de-
pression in patients (1.5%). They re-
ported that at the beginning of adjuvant
RT, emotional distress is characterized
by anxiety rather than depression, and
the risk of morbid anxiety is more com-
mon in women with mastectomy, es-
pecially in their fifties [13]. Both anxiety
and depression rates were found to be
high in our study.

In cancer patients, it is expected that
attempts to determine the level of AD
and reduce AD will positively affect the

e N
Tab. 5. Evaluation of anxiety and depression at three different times.
Variables First day 3 months later 6 months later P
no yes no yes no yes
anxiety 50 61 58 53 55 56 0.580
depression 30 81 8 103 11 100  <0.001
_

patient’s adherence to treatment and
quality of life. Environmental and phys-
ical causes trigger AD attacks. Physical
and treatment-related causes in can-
cer patients include infections, meta-
bolic disorders, brain metastases, and
especially the treatment (chemother-
apy, RT, steroids, antiemetics, etc.) [10-
18]. In a review, it was reported that
anxiety was seen in all kinds of treat-
ment (chemotherapy, surgery, RT) for
breast cancer (stage 0-3A breast can-
cer, ages 21-65, receiving limited treat-
ment). It was stated that anxiety was
highest in patients with mastectomy
and before the first chemotherapy infu-
sion. It has been stated that RT regimens
do not affect anxiety [11]. In our study,
we found that it was seen at the high-
est level in the 63 years old and younger
group and in singles. On the other hand,
we found that age, education level, mar-
ital status, employment, family history
of cancer, menopause, surgery, chem-
otherapy and hormone therapy varia-
bles affected depression. In the study of
Tsaras et al. in which they evaluated the
prevalence of AD and related factors in

breast cancer patients, they found de-
pression at the rate of 38.2% and anxiety
at the rate of 32.2%. According to the re-
sults of univariate and multivariate anal-
ysis, they reported that age, marital sta-
tus, education level, cancer stage and
place of residence, religion, and symp-
tom load are factors associated with
depression and anxiety [4]. Kim et al.
reported that young breast cancer pa-
tients receiving radiotherapy had higher
levels of anxiety and depression in the
married, non-religious, and high-income
group [5]. Hong et al. looked at AD levels
in different types of cancer and gave this
rate as 57.9% for breast cancer. While the
factors affecting the depression of the
patients were performance status, pain,
age and education level, risk factors for
anxiety were reported as performance
status, age and gender [20]. It is seen
that there are many factors affecting AS,
both in our study and in the studies pre-
sented in the literature.

Over time, the adaptation process be-
gins when the patient accepts the truth
and directs his energy and spiritual
power to his new life. It shows that pa-

Depression measurement 3

*P <0.05, **P < 0.01, ***P < 0.00

Tab. 6. Relationship matrix between variables of the Hospital Anxiety and Depression Scale (Spearman Rho). )

Age Anxiety Anxiety Anxiety Depression Depression Depression

measurement measurement measurement measurement measurement measurement
1 2 3 1 2 3

Age 1 0.0332 0.0452 —0.0565 0.1069 —0.1924* 0.1315
Anxiety measurement 1 1 —-0.0043 —-0.1483 0.0163 0.0482 —-0.0849
Anxiety measurement 2 1 0.0683 —-0.0159 —0.3425%** 0.1877*
Anxiety measurement 3 1 -0.0727 0.0901 —0.2739**
Depression measurement 1 1 —-0.1248 —-0.0194
Depression measurement 2 1 -0.1975*

1
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tients’ AD levels decrease if information
is provided and psychological assistance
services are provided. When we focus on
the consequences of depression, which
is such a common psychological disor-
der in cancer patients, we see that it has
very serious consequences and its ef-
fect on treatment is undeniable. Kawase
et al. formed two groups were formed to
examine the effect of RT on AD levels in
breast cancer patients receiving RT. They
gave only an information booklet to the
control group, and both an information
booklet and training to the experimen-
tal group. Anxiety and Depression Scale
was administered before and after RT in
both groups. As a result, it was seen that
the general average AD scores of the
control group did not show a significant
difference. As a result, they reported
that informing the patient and reliev-
ing their anxiety were effective in reduc-
ing AD [10]. In our study, it was seen that
anxiety was high in the questionnaire
study conducted on the first day of RT.
In subsequent measurements, it was ob-
served that the scores decreased. This
may be due to the fact that the patient
was informed about RT.

In our study, when all three measures
were examined, it was seen that anxiety
scores did not change significantly. We
saw that depression increased in the
second and third measurements. This
difference was statistically significant. It
was observed that depression contin-
ued in the patients even after the treat-
ment was completed. In their study, Bur-
gess et al. reported that anxiety and/or
depression rates are 50% in the first year
after breast cancer diagnosis; 25% in
the second, third and fourth years, 15%
in the fifth year. While the point preva-
lence was 33% at the time of diagnosis,
it decreased to 15% one year later. It has
been reported that relapses occur es-
pecially in the first three years or up to
45% of this rate [14]. Ho et al. evaluated
the HADS scale on 269 women receiv-
ing adjuvant treatment for breast can-
cer and on 148 women who had com-
pleted their treatment in the last year.
It was observed that AD was at a higher
level during the treatment. Accord-
ing to the linear regression results, they
stated that both anxiety and depression

were significantly associated with physi-
cal and functional well-being [12]. Hop-
wood et al. followed up patients who
received adjuvant RT for breast can-
cer for 5 years. Anxiety and/or depres-
sion levels were 35% before RT. There
was no change in these rates over time.
It has been seen that young age affects
anxiety negatively, chemotherapy af-
fects depression and education level af-
fects negatively both. As a result, it has
been reported that the risk factors are
effective in AS [15]. Gregorowitsch et
al. prospectively performed the HADS
scale in patients with ductal carcinoma
in situ and early stage invasive breast
cancer before (beginning) and at 3, 6, 12,
18, and 24 months after the initiation of
adjuvant radiotherapy. They found sim-
ilar anxiety rates in both groups. De-
pression scores were found to be signif-
icantly higher in the group with ductal
carcinoma in situ at the 6, 12t and 18"
months [21].

Conclusion

The psychological health of women with
breast cancer is affected during and
after the treatment. Depending on the
depressive effect of radiation in people
who receive RT, the frequency of depres-
sion may increase in people. Compari-
sons can be made by considering these
patients in the post-treatment period.
In AD that occurs during and after the
treatment in patients with breast can-
cer, getting psychiatric opinion should
be considered as a part of the treatment
when necessary. The fact that the sam-
ple was selected from a certain region in
the study and the limited number of par-
ticipants may cause problems in the in-
terpretation of the results. For this rea-
son, studies to be conducted with more
sample groups and from different re-
gions will strengthen the reliability of
the studies.
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ORIGINAL ARTICLE

Extra-cellular exosomes may have the role
of a carrier in transferring molecules from
the tumor micro-environment to the unaffected

cells in breast cancer tumors

Extracelularni exozomy pravdépodobné hraji roli nosice v pfenaseni

Vé

molekul z nadorového mikroprostredi karcinomu prsu do

nedotcenych bunék

Khani S. A., Kavousi M., Jamshidian F.

Department of Biology, Faculty of Biological Sciences, East Tehran Branch (Ghiamdasht), Islamic Azad University, Tehran, Iran

Summary

Background: Breast cancer is recognized as a major clinical challenge in gynecological diseases
worldwide. Exosomes are small vesicles derived from multicellular bodies that are secreted by
many cells into the extracellular environment and thus participate in intercellular communica-
tion through the transfer of genetic information such as encoded and non-encoded RNAs to
target cells. Tumor-derived exosomes are thought to be a rich source of microRNAs (miRNAs)
that can regulate the function of other cancer cells in the tumor microenvironment. However,
the exact mechanisms by which tumor cell-derived exosomes affect their neighboring cells, as
well as the biological function of exosomal miRNAs in receptor cells, are not well understood.
Materials and methods: In this study, after overexpression of miR-205 in breast cancer cells
(MDA-MB-231 class), cell-derived exosomes were successfully isolated and characterized by
electron microscopy and dynamic light scattering. Results: Determination of miR-205 expres-
sion levels in exosomes secreted from engineered cells confirmed the high expression of this
miRNA in exosomes. It was also found that treatment of tumor exosomes carrying this miRNA
had an apoptotic induction effect and also had a significant effect on reducing the expression
of Bcl-2 gene transcript in a time-dependent manner in breast cancer cells (P < 0.001). Conclu-
sion: Overall, this study suggests that exosomal transfer of tumor suppressor miRNAs to cancer
cells could be a suitable platform for nucleic acid transfer to these cells and be highly effective
in cancer treatment.
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breast cancer — exosomes — apoptosis — microRNA - gene therapy
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Souhrn

Vychodiska: Karcinom prsu je v gynekologickych onemocnénich celosvétové povazovén za velkou klinickou vyzvu. Exozomy jsou malé vezikuly
vzniklé z multicelularnich utvar(, které jsou uvolhovany mnoha bunkami do extracelularniho prostiedi a tim se podili na interceluldrni komu-
nikaci prostfednictvim prenosu genetické informace, napf. prostfednictvim kédovanych a nekdédovanych RNA k cilovym burikam. Exozomy vy-
tvofené v tumoru jsou povazovany za bohaty zdroj microRNA (miRNA), které reguluji funkci jinych nadorovych bunék v mikroprostredi tumoru.
Nicméné presné mechanizmy, prostiednictvim kterych exozomy odvozené od nadorovych bunék ovliviiuji sousedni burky, a biologicka funkce
exozomalnich miRNA v receptorovych burikdch nejsou jesté dobie objasnény. Materidl a metody: V této studii byly po overexpresi miR-205
v bunkéch karcinomu prsu (tfida MDA-MB-231) Uspésné izolovany exozomy odvozené od bunék a byly charakterizovany elektronovou mikro-
skopii a metodou dynamického rozptylu svétla. Vysledky: Stanoveni miry exprese miR-205 v exozomech uvoliovanych z geneticky upravenych
bunék potvrdily vysokou expresi této miRNA v exozomech. Bylo také zjisténo, ze Uprava nadorovych exozomd, které nesou tuto miRNA, méla
v bunkéch karcinomu prsu efekt indukce apoptdézy a také méla vyznamny ucinek na snizeni exprese transkriptu genu Bcl-2 v zavislosti na ¢ase
(p < 0,001). Zdveér: Tato studie naznacuje, ze prenos nadorovych supresorovych miRNA pomoci exozomd by mohl byt vhodnou platformou pro

prenos nukleovych kyselin do téchto bunék a pfi 1é¢bé karcinomu prsu by mohl byt vysoce Gcinny.

Key words

karcinom prsu — exozomy - apoptéza — microRNA - genova terapie

Introduction

Exosomes are nano-sized cup-shaped
vesicles between 40 and 100 nm, which
are released from many cell types into
the intercellular space. Pathogens can
exploit exosomes to spread their infec-
tivity. The RNA and protein contents of
exosomes released from cells into the
bloodstream and body fluids are very
different in health and disease and can
be measured as a diagnostic marker.
Exosomes derived from cancer cells have
been shown to be rich in tumor marker
microRNAs (miRNAs). More recently,
messenger RNAs (mRNAs) and miRNAs
have been identified in the exosome
that can be absorbed by neighboring
(near or distant) cells and subsequently
regulate receptor cells [1]. Therefore, the
examination of these miRNAs in cells can
be a criterion for the diagnosis of many
diseases.

MiRNAs have recently been found to
be closely linked to various diseases,
including cancer. Because of the po-
tential of miRNAs to target large num-
bers of mMRNAs, these non-coding-RNAs
(ncRNAs) are involved in all biological
phenomena, including cell cycle regula-
tion, cell growth, apoptosis, cell differen-
tiation, and the stress response [2]. There
is growing evidence that miRNAs play an
important role in cancer biology, and re-
cent studies have confirmed the onco-
genic and tumor inhibitory role of miR-
NAs in cancer cells, and also shown that
miRNAs can be expressed by oncogenes
themselves and regulate tumor inhibi-
tory genes. It is possible that the expres-

sion of miRNAs in both in vivo and in vitro
through the synthesis of pre-miRNA
molecules or antisense oligonucleo-
tides can be regulated, which is a prom-
ising prospect for cancer treatment. Ev-
idence suggests that miRNAs are stable
in body fluids, including saliva, urine,
milk, and blood [3]. In addition, extra-
cellular miRNAs for packaging inside ex-
osomes or microvesicles can be loaded
into high-density lipoprotein (HDL), or
form an AGO2-bonded extracellular pro-
tein. The key role of miRNAs has been
identified as regulators of various cellu-
lar processes such as evolutionary tim-
ing, cell proliferation, cell differentiation,
organ development and apoptosis. Ab-
normal expression of miRNAs has been
reported in many cancers, and there is
strong evidence that miRNAs play a key
role as oncogenes or tumor suppres-
sors in the development of many human
malignancies [4].

MiR-205 is highly under-expressed
in breast tumor cells compared to the
normal breast cells. Even in vivo analy-
sis reports down regulatory pattern of
miR-205 in breast cancer cell lines in-
cluding MCF-7 and MDA-MB-231. Addi-
tionally, over-expression of miR-205 in-
hibits cell proliferation and independent
growth as well as cell invasion [5]. More-
over, previous studies have proved that
miR-205 suppresses metastasis. In vivo
studies have proved the down-regu-
lated condition of miR-205 in drug-re-
sistant derivatives. ErbB3 and vascular
endothelial growth factor A (VEGF-A)
are direct targets for miR-205 and this

miRNA applies its suppressive effect via
direct interaction with the miR-205 bind-
ing site in the 3’-untranslated region
(3-UTR) of ErbB3 and VEGF-A. Hence,
these findings propose miR-205 as
a tumor suppressor in the breast can-
cer [6]. MiR-205 enhances chemosensitiv-
ity of breast cancer cells to chemotherapy
by suppressing VEGF-A and Fibroblast
growth factor-2 (FGF-2), (7) resulting in
decreased phosphatidylinositol 3-kinase
(P13K)/Akt signaling pathway activity
and increased apoptosis upon chemo-
therapy. As a result, miR-205 may be
used as a predictive biomarker and a po-
tential therapeutic target in breast can-
cer treatment [8].

Apoptosis, programmed cell death,
happens when cells are not needed. Ap-
optosis is caused by a family of proteases
called caspases. Caspases are made in
the form of inactive precursors called
procapsase, which are activated by pro-
teolytic digestion in response to symp-
toms that induce apoptosis [9]. Mem-
bers of the Bcl-2 family play a key role
in regulating changes in mitochondrial
membrane permeability. Some proteins
in this family, such as Bcl-2, Bcl-XL, and
Mcl-1, are inhibitors of apoptosis or anti-
apoptosis and maintain cell survival by
binding to mitochondrial ducts. In con-
trast, the binding of pro-apoptotic pro-
teins of the Bcl-2 family such as Bax,
Bid, Bak, Bcl-xs to the outer membrane
of the mitochondria increases the per-
meability of this organ and causes the
onset of apoptosis [10]. The balance be-
tween pre-apoptotic and anti-apoptotic
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activity of members of the Bcl-2 family
is highly determinant of whether a cell
goes for or survives the apoptosis. Cells
induce apoptosis to their adjacent cells
via intercellular communication, which
happens with the assist of exosomes in
microenvironment [11].

Materials and methods

Cell culture

Cell line MDA-MB-231 (cell line derived
from invasive breast cancer) was pre-
pared from Pasteur Institute of Iran.
These cells were grown in DMEM me-
dium contained 10% of fetal calf serum
(FBS), 2 mM L-glutamine, 100 units/mL
penicillin and 100 pg/mL streptomycin,
in a humid incubator with 5% CO, and
37 °C.

Exosome isolation and purification
Exosomes were prepared from the su-
pernatant of the MDA-MB-231 cell line at
passage 3 by differential centrifugation
and according to the manufacturer’s in-
structions. In short, the culture media
was removed when the cells were devel-
oped through up to almost 85% of the
plate. Firstly, the supernatants were cen-
trifuged at 3,000xg for 10 min for less-
ening the amount of residual cells. Then,
exoquick (System Biosciences) solu-
tion was added to the supernatant with
a ratio of 5 to 1. Isolation steps were fol-
lowed as of the manufacturer’s instruc-
tion, and the last point was to suspend
the exosome pellets in 50 uL PBS and
stored at —20 °C until use.

Exosome identification

The morphology and size of the purified
exosomes were measured by scanning
electron microscopy (Digital FESEM,
KYKY-EM3200, China). Hence, an aliquot
of the above-mentioned exosomes were
fixed in 2.5% glutaraldehyde on a micro-
scope slide, washed by PBS, and then the
ascending amount of ethanol was used
for reaching its critical point dehydra-
tion. The slide was then dried on a glass
substrate and was coated with gold.

Scanning electron microscopy

For microscopic observation, a small vol-
ume of the purified exosome was fixed
with 2.5% glutaraldehyde and washed

with PBS. The sample was then dewa-
tered with ethanol on a dry glass sur-
face. The size and morphology of the
exosomes were evaluated by electron
microscopy (Digital SEM, KYKY-EM3200,
China).

Dynamic light scattering

40 uL of extracted exosome dissolved in
300 pL PBS. The solution was then son-
icated. Exosomes were measured by
Zetasizer Nano ZS software (Malvern In-
struments, UK).

Total RNA isolation and quantitative
real-time polymerase chain reaction
Since exosomes are a rich and protected
source of miRNAs, it is presumed that
exosomal transfer of miRNAs from tumor
cells to their adjacent cells may be a fac-
tor in modulating target genes’ expres-
sion and regulating tumor progression.
We, therefore, sought to provide a mo-
lecularjustification for the effect of tumor
exosomes on its microenvironment.
Total RNA was isolated with quite simi-
lar to manufacturers’instructions, briefly
as follows: Trizol (Invitrogen/Life Tech-
nologies) was initially admitted and then
the sample was treated with RNase-free
DNase (Fermentase, Lithuania). Comple-
mentary DNA (cDNA) was synthesized
by reverse transcription of 2 ug total RNA
using random hexamers. Then, poly-(A)-
tailed RNAs were reverse-transcribed.
Quantitative real-time polymerase chain
reaction (QRT-PCR) was performed by
ABI Step One Sequence Detection Sys-
tem (Applied Biosystems, Foster City, CA,
USA) using SYBRGreen® Mastermix™ Il
(TAKARA, Japan). Real-time PCR was
used to measure the effect of miR-205-
-containing exosomes of engineered
breast cancer cells on theinduction of ap-
optosis in breast cancer cells. The expres-
sion level of each gene miRNA were sub-
sequently assessed by using the 2-AACt
method, in which AACT = (CT
- CTU6snRNA)target - (CTmiRNA_ CTUGsnRNA)con-
wr The expression level of miR-205 was
normalized to U6 small nuclear RNA
(U6snRNA). To calculate the relative fold
change values, the Ct value data were
normalized to GAPDH. The primer se-
quence was as follows: 5"-CGG GAT TTC
AGT GGA GTG AAG TTC-3" (miR-205);

miRNA

5°-CTCGCTTCGGCAGCACATATACT-3’
(U6snRNA, sense) and 5-ACGCTTCAC-
GAATTTGCGTGTC-3" (U6snRNA, anti-
sense); 5-ACCCACTCCTCCACCTTTGA-3’
(GAPDH, sense) and 5-CTGTTGCTG-
TAGCCAAATTCGT-3" (GAPDH, antisense).

Over-expression of microRNA

The tube containing the lyophilized
miRNA precursor sequence was briefly
centrifuged to collect all material at the
end of the tube. The precursor sequence
was dissolved in 330 pL of nuclease-
-free water according to the manufac-
turer’s protocol, increasing this amount
of water to form a 10 M solution. The
tube was placed at room temperature
for a few minutes, and then the con-
tents of the tube were mixed with a gen-
tle pipette. The resulting suspension was
stored at —20 °C.

Data analysis

Data were presented as mean standard
deviation from two or three indepen-
dent experiments and the t-test was used
for statistical analysis of data changes.
P values < 0.05 were considered statisti-
cally significant.

Results

The size and morphology of the exo-
somes were assessed by scanning elec-
tron microscopy. The results showed that
the isolated exosomes have a spherical
appearance with a size range of 100 nm
which is shown in Fig. 1.

Using dynamic light scattering (DLS)
technique, particles’ motion was mea-
sured and the size of the exosomes was
measured by a Zetasizer. The following
diagram (Graph 1) is based on two pa-
rameters: size and percentage of vesi-
cles. This diagram shows that the maxi-
mum vesicle population is about 60 nm.
Another short peak is observed, which is
between 120-100 nm. As we know, ves-
icles below 200 nm are evidence of the
presence of exosomes.

Exosome size measurements by DLS
showed a bell-shaped size distribution
with a peak of about 60 nm. What is im-
portant at this stage is the determina-
tion of miR-205 levels in engineered
exosomes (exosomes derived from
transfected breast cancer cells) with the
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precursor sequence (miR-205 compared
with the exosomal control group (exo-
somes derived from uninfected breast
cancer cells)). Asit can be seenin Graph 2,
engineered exosomes showed a much
higher expression of miR-205 compared
to control exosomes (P < 0.001).

To investigate the effects of exosomal
transmission of miR-205 to breast cancer
cells, these cells were compared with en-
gineered exosomes (exosomes derived
from cancer cells transfected with the
miR-205 precursor sequence) compared
with the control group’s exosomes de-
rived from untransfected breast can-
cer cells. Real-time PCR results as shown
in Graph 3 showed that exosomes de-
rived from untransfected breast can-
cer cells (exosomal control group) had
no significant effect on the expression
of Bcl-2 anti-apoptotic gene transcript.
In contrast, engineered exosomes con-
taining miR-205 resulted in a signif-
icant reduction in the expression of
Bcl-2 anti-apoptotic gene transcript in
a time-dependent manner.

To investigate the effects of exosomal
transfer of miR-205 on the induction of
apoptosis in breast cancer cells, these
cells were treated with the miR-205
derived exosomes. As shown in Graph 4,
flow cytometry results presented that en-
gineered exosomes containing miR-205
were able to induce apoptosis in breast
cancer cells compared to the control

group.

Discussion

A report of the presence of mRNA in the
exosomes refers to a study by Anuradha
et al. The group showed that human
and mouse mast cell lines contain about
1,300 different mRNAs, many of which
are not present in the cytoplasm of exo-
some-secreting primary cells. Transla-
tion of these mMRNAs in vitro showed that
they could be converted into functio-
nal proteins. This group was also able to
prove the presence of miRNAs in the stu-
died exosomes [12]. In 2017, Chen et al.
examined microparticles in mesenchy-
mal stem cell secretions and confirmed
the presence of RNA in these secretions.
They suggested that RNAs in the en-
vironment of mesenchymal stem cells
are located in phospholipid vesicles and

that these RNAs are often small RNAs,
especially miRNAs [13]. In 2004, Bar-
tel et al. examined bone marrow me-
senchymal stem cells and tissue-speci-
fic stem cells and demonstrated that the
secretion of miRNAs has a selective pat-
tern, indicating a dynamic regulation of
the presence of miRNAs in microvesicles.
Based on their observations, the group
stated that stem cells exert at least part
of their trophic activity through the
exchange of microvesicles between
cells [14]. In 2017, Page et al. concluded
that the cellular separation of cultured
breast cancer cells from the substrate,
when rapid, results in the release of exo-
somes and has significant effects on the
cellular process, which clinically leads to
the metastasis of cancer [15]. In line with
previous findings, this paper found that
exosomes’ secretion could have a direct
effect on its cancer.

Due to the attractive properties of
exosomes as carriers of drugs and genes,
many studies have been conducted in
this regard and very satisfactory results
have been obtained. In 2018, Treiber
et al. reported that overexpression of
miRNA-10b (miR-10b) initiates inva-
sion and metastasis in breast cancer and
that overexpression in early breast can-
cer is associated with clinical progres-
sion of the disease [14]. It has been re-
ported that miR-37 was highly expressed
in mouse lung cancer cells [15]. A fur-
ther study on the relationship between
expression mRNAs and the progression
of lung cancer have discovered a large
number of miRNAs that are closely re-
lated to lung cancer. Some of them con-
tained miRNA overexpression in lung
cancer, and the rest had less miRNA than
normal lung tissue or cells. However,
down-regulation and silencing methods
are commonly used for overexpression
in lung cancers, especially RNA interven-
tion technology (RNAI) [16].

Apoptosis could have been induced to
the cells via their adjacent cells, in which
many molecular pathways are involved.
Exosome transfer in the microenviron-
ment intercellular communication is to
name but a few, which has been found
in this study. In line with our study, other
previous papers also support the idea.
The pathway of cell death activation

varies depending on how the death mes-
sage is transmitted to the cell [17,18]. If
the messages are internal, the first acti-
vated organ will be the mitochondria,
and if the message is expressed through
cell surface receptors, the message will
be transmitted from the adapter to the
caspase cascade through adaptive mol-
ecules. The rate of receptor-induced cell
death is more severe than the mitochon-
drial pathway. Apoptosis receptors are
cell surface receptors that transmit mes-
sages through specific ligands and acti-
vate the caspase cascade [19,20].

Conclusion

As presented in the results section,
miR-205 was overexpressed in tumor
cells. Interestingly, exosomes derived
from the engineered cells, which con-
tained significant amounts of miR-205,
reduced the expression of the anti-ap-
optotic Bcl-2 gene and induced apop-
tosis in breast cancer cells. Importantly,
not only does miR-205 induce apoptosis
by targeting Bcl-2 gene transcripts, but
also exosomal nanocarriers were able to
deliver this miRNA to the cell, and so in
this study, a platform is proposed that is
able to effectively deliver nucleic acid to
the cell.

Since the use of exosomes secreted by
cells in gene delivery has recently been
proposed as a new approach in gene
therapy, therefore, the targeted place-
ment of miR-205 in exosomes of breast
cancer cells following the induction of
overexpression of this miRNA in cells
and the effect of exosomal treatment on
the key geneinvolved in apoptosis, Bcl-2,
was an innovative and targeted ap-
proach to this study.

Alterations in the natural expression
of miRNAs are a common feature of can-
cers, including breast cancers. Because
miRNAs can act as oncogenes or tumor
suppressors, understanding the biology of
miRNAs and modulating their expression
and activity could create new opportuni-
ties for future cancer treatment. Also, since
the anti-apoptotic gene Bcl-2 acts as the
tumor promoter in breast cancer, it can be
an attractive target for the treatment of
malignancies such as breast cancer.

Overall, the findings of the present
study showed that exosomes contain-
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ing miR-205 can significantly reduce
the expression of Bcl-2 anti-apoptotic
gene transcript and induce apoptosis in
breast cancer cells. However, the tumor
exosomes of the control group were
not able to produce this feature. The re-
sults also show that not only tumor cell-
-derived exosomes with miR-205 over-
expression can cause cell apoptosis in
breast cancer cells, but also this platform
delivers nucleic acid to the cell in terms
of performance efficiency with mini-
mal necrosis for the cell, and this is very
noteworthy in gene therapy.
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ORIGINAL ARTICLE

Analyzing the impact of close margins and
extra-resection margins on failure rates
in postoperative oral cavity cancers

Analyza vlivu tésnych a dodatecnych resekcnich okrajo na miru
selhani IéCby karcinomu Ustni dutiny po operaci
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Summary

Background: Postoperative oral cancers with close margins belong to medium- to high-risk
category for local failure. During re-surgery for close margins, there is sufficient doubt as
to whether the re-excised tissue is from the same region as the close margin. Therefore, we
planned a retrospective review of these cases of close margins that were re-excised with extra-
resection margins (ERMs). Material and methods: Details of 2011 oral cavity patients resected
at our hospital were retrieved. Cases with close margins were segregated and the status of
ERMs was noted. The postoperative histopathological details, radiotherapy details, and failure
patterns in all these cases were documented. The primary objective of the study was to assess
the overall survival (OS) and disease-free survival (DFS) in cases with ERMs. The secondary
objective was to assess the local and regional control rates and variation with the number
and status of close and ERMs. OS, DFS, and local failure rates were defined from the date of
registration. Statistical analysis was performed with the SPSS statistical software package. All
survival analyses were performed using the Kaplan-Meier method. Log-rank test was used to
test the statistical significance. A P-value of 0.05 was considered statistically significant. Results:
Sixty-four cases with a median age of 47 years (range: 29-76) were considered for the final
analysis. The median follow-up was 40 months (range: 9.5-56.5). The 2-year OS and DFS rates
were 91.5% and 88.5%, respectively. The crude local and regional failure rates were 10.9% and
3.1%, respectively. The 3-year locoregional control rate was 90.2%. The 2-year locoregional
control rate for one close margin was significantly better as compared to more than one close
margin (P = 0.049). No difference in survival and failure rates was found between the number
of ERMs resected (one vs. two) and < vs. > 3mm close margin status. Two patients developed
bone metastases. Conclusion: The survival rates and locoregional control rates did not differ
much between the groups that had one or more ERMs. However, the locoregional control
rates were better in cases with one close margin as compared to those with more than one
close margin. A larger study with longer follow-up is needed to detect statistically significant
differences in outcomes and identify the factors that portend poor prognosis in these cases
with close margins and ERMs.

Key words
close margin - extra-resection margin — postoperative oral cancer - re-excised - locoregional
control rate
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Souhrn

Vychodiska: Karcinomy dutiny Gstni s tésnymi okraji pooperacné patfi do stfedné az vysoce rizikové kategorie z hlediska selhani [é¢by. Pfi reexcizi
kvali tésnému okraji je zna¢na pochybnost o tom, zda reexcidovana tkan patfi do stejné oblasti jako plvodni tésny okraj. Proto jsme provedli re-
trospektivni analyzu pfipadd s tésnymi okraji, které byly reexcidovany s naslednym posouzenim dodatecnych resekénich okrajli (extra-resection
margins — ERM). Materidl a metody: Byly ziskany podrobné Gdaje o pacientech po resekcich dutiny Ustni provedenych v nasi nemocnici v roce
2011. Byly vyclenény pfipady s tésnymi okraji a zaznamenan stav ERM. U vech téchto piipadl byly zdokumentovany pooperacni histopatolo-
gické udaje, udaje o radioterapii a byla posouzena mira selhdni |écby. Primarnim cilem studie bylo zhodnotit celkové preziti (overall survival - OS)
a preziti bez znamek onemocnéni (disease-free survival — DFS) u pfipadd s ERM. Sekundarnim cilem bylo zhodnotit miru lokalni a regionaini kon-
troly a zmény v zavislosti na poctu a velikosti tésnych okrajii a ERM. OS, DFS a mira selhani lokalni [é¢by se pocitaly od data registrace pacient.
Statisticka analyza byla provedena pomoci statistického softwaru SPSS. Vsechny analyzy preziti byly provedeny pomoci Kaplanovy-Meierovy
metody. K testovani statistické vyznamnosti byl pouzit log-rank test. Hodnota p = 0,05 byla povazovana za statisticky vyznamnou. Vysledky:
Do konecné analyzy bylo zafazeno 64 pripadd s medidanem véku 47 let (rozmezi 29-76 let). Median doby sledovani byl 40 mésicd (rozmezi 9,5-
56,5 mésice). Dvouleté OS a DFS cCinily 91,5 a 88,5 %. Priblizna mira selhani lokalni a regionalni [é¢by byla 10,9 a 3,1 %. Tiletd lokoregionalni kon-
trola byla 90,2 %. Dvouletd lokoregiondlni kontrola pfi jednom tésném okraji byla vyznamné lepsi nez pii poctu tésnych okraji > 1 (p = 0,049).
V preziti a mite selhani 1é¢by nebyl zjistén zadny rozdil z hlediska poc¢tu ERM (jeden vs. dva) nebo velikosti tésnych okrajd (< 3mm vs. > 3mm).
U dvou pacientll se vyvinuly kostni metastazy. Zdveér: Mira preziti a lokoregionalni kontroly se mezi skupinami, které mély jeden nebo vice ERM
okraju, pfilis nelisily. Mira lokoregionalni kontroly vsak byla lepsi v pfipadech s jednim tésnym okrajem ve srovnani s pfipady s vice tésnymi okraji.
Pro zjisténi statisticky vyznamnych rozdil( ve vysledcich a pro urceni faktor(, které predznamendvaji Spatnou prognézu v ptipadech s tésnymi
okraji a ERM, jsou zapotiebi rozséhlejsi studie s delSim trvanim.

Klicova slova
tésny resekéni okraj — dodatecny resekéni okraj — karcinom dutiny Ustni pooperacné - reexcize — mira lokoregionalni kontroly

Introduction

Oral cavity cancers account for one third
of all cancers in Southeast Asia [1]. The
majority of oral cancers are squamous
cell carcinomas [2]. Surgery is the pri-
mary treatment modality [3].

Adjuvant radiotherapy after surgery
is indicated in cases with pathological
tumor size of pT3 or more, pathologi-
cal node positivity, close margins, lym-

phovascular invasion positive and peri-
neural invasion positive. The cases with
positive margins, extranodal extension
positivity, or multiple positive nodes re-
quire chemoradiotherapy or high doses
up to 66 Gy [4]. Patients with close mar-
gins represent a medium- to high-risk
category of patients, depending on the
total number of risk factors present [5].
Often, during resection, if the margin is

-~

368 patients considered
for palliative treatment
not considered for study

Details of 2011 oral cancer patients retrieved

~

close or involved in frozen section, sur-
geons excise additional tissue (extra-re-
section margins — ERMs). There is suffi-
cient doubt as to whether the re-excised
tissue or specimen is from the same re-
gion as the close or positive margin and
there is some uncertainty as to whether
to consider it a clear margin when re-ex-
cised. So, it's prudent to assess whether
these cases of close margins who are
re-excised can be categorized in the
moderate risk category or if they need
higher radiotherapy (RT) doses. Thus,
we planned a retrospective review of
the cases of oral cancers that had close
margins during surgery and were re-
-excised with ERMs, and the outcomes
were assessed. The aim of the study was
to evaluate the survival and failure out-
comes in oral cavity cancer patients with

1,643 surgically resected oral cancer patients . .
one or multiple resected surgical mar-

¢ gins after the initial close margin in fro-
1,187 patients considered for radiotherapy zen section report.

¢ Material and methods
86 patients had close margins which were re-excised This was a retrospective single-arm ob-
servational analysis conducted at a ter-

¢ ¢ tiary cancer centre in India.

Data on oral cavity patients surgi-
cally resected in the oncology depart-
ment of the tertiary cancer centre was
_/ retrieved. Data from around 2011 surgi-

cally resected oral cavity cancer patients

22 patients were operated
outside or the surgical details could
not be retrieved

64 patients were included
in the final analysis

Scheme 1. Consort diagram.
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were retrieved. Of these, all the patients
who had received RT were evaluated.
These patients were then studied in de-
tail to find out which cases had one or
more close margins and were re-excised
with ERMs. These cases were included
in the retrospective analysis. The con-
sort diagram representing the actual
number of patient data retrieved has
been depicted in Scheme 1. The treat-
ment records of all these patients were
thoroughly reviewed. The demographic
details (age and gender), surgical de-
tails (primary tumour resection and the
type of neck dissection), postoperative
histopathology (pathologic factors like
pathological tumour stage, pathological
nodal stage, lymphovascular invasion,
perineural invasion, depth of invasion,
number of positive lymph nodes, extra-
capsular extension, margin status-close
or positive), the radiotherapy doses, the
failure patterns (local, regional, distant,
and second primary), and the treatment
received in terms of salvage and/or pal-
liation were reviewed. After reviewing
all the treatment records, the follow-ups
details were assembled. The patients
whose complete follow-up details could
not be found in the files were telephon-
ically interviewed for a proper assess-
ment of their current condition.

Information regarding the close mar-
gins and ERMs was studied in detail. In
addition to the determination of the
margin status of the original speci-
men, pathology records were reviewed
to identify cases where intraoperative
frozen sections or tumour bed mar-
gins were sent. The extent and a num-
ber of close margins were reviewed. The
ERMs for the respective close margins
were noted, and their number and ex-
tent were studied. The final margin sta-
tus was considered clear if the sum of
the minimum dimension of the resec-
tion margin and the ERM was more than
0.5cm (as per standardized departmen-
tal protocol).

Radiotherapy was delivered to a dose
of 60-66 Gy using 6-MV photons, using
a standard 2-Gy dose per fraction, one
fraction per day, 5 days a week, by using
linear accelerator (Elekta Compact and
Synergy; Elekta, Crawley, UK) with a col-
limator leaf width of 1cm at the iso-

center. The patients were treated with
either two-dimensional or three-dimen-
sional conformal radiotherapy using ei-
ther anterior-lateral fields in a single
phase to a dose of 60-66 Gy respecting
the spinal cord tolerance or using ante-
rior and lateral fields or parallel opposed
fields in two phases, in which 46 Gy was
delivered in the first phase and a coned-
down boost of 14-20 Gy was deliv-
ered in the second phase. The median
dose of radiotherapy was 60 Gy (range
58-66 Gy). All patients were followed up
on a regular basis: monthly once for first
6 months, every 2 months for the next
year, every 3 months for the third and
fourth years, and then every 6 months to
annually thereafter.

The primary objective of the study
was to assess the overall survival (OS)
and disease-free survival (DFS) in cases
with ERMs. The secondary objective was
to assess the local and regional control
rates and their variation with the num-
ber of close margins, the number of
ERMs, and the close margin status.

All the time intervals were calculated
from the date of registration in the oncol-
ogy department to the date of event of
interest. OS was measured from the date
of registration to the date of death from
any cause. DFS was defined as the time
from the day of registration to the date
of failure (either locoregional, distant,
or both) or death. Locoregional failure
was defined as the appearance of a tu-
mour in the postoperative bed, cervical
node metastasis, or both. Distant metas-
tasis-free survival (DMFS) was defined as
the time interval until the development
of distant metastasis. Statistical analysis
was performed with the SPSS statistical
software package for Mac (version 23.0;
IBM, Armonk, NY, USA). All survival anal-
yses were performed using the Kaplan-
Meier method. The log-rank test was
used to test the statistical significance
of differences in the survival and control
rates. The value of p < 0.05 was consid-
ered statistically significant. All potential
prognostic factors were analyzed.

Results

Patient Characteristics

Sixty-four patients were included in
the final analysis. The median age was

47 years (range 29-76), with a male : fe-
male ratio of 4 : 1. All the patients had
squamous cell carcinoma of the oral cav-
ity. All the patients underwent ipsilateral
neck dissection except one, who under-
went ipsilateral modified neck dissec-
tion and contralateral supraomohyoid
neck dissection. The demographic, clini-
cal, and histopathological features of the
cohort are presented in Tab. 1.

Survival rates

The median follow-up was 40 months
(range 9.5-56.5). The 2-year OS and
DFS were 91.5 and 88.5%, respectively
(Graph 1). The crude OS and DFS rates
were 89.1 and 82.9%, respectively. There
were no statistically significant differ-
ences between survival outcomes for
the number of ERMs (Tab. 2).

Local control rates

The crude local and regional failure rates
were 10.9% and 3.1%, respectively. The
3-year locoregional control rate was
90.2%. The estimated 4-year local and
locoregional control rates were 79.6%
and 78.3%, respectively (Graph 2). The
2-year locoregional control rate for one
close margin was significantly better as
compared to more than one close mar-
gin (P = 0.049) (Graph 3). The local con-
trol rate was slightly better for one close
margin compared with more than one
close margin, albeit statistically insignif-
icant (P = 0.304). No difference in local
control and locoregional control rates
was found between the number of ERMs
resected (1 vs. 2) and < vs. > 3mm mar-
gin status.

Margin status

Three patients had positive margins.
The ERMs were clear in all the cases with
close margins which were re-excised.
One ERM had a foci of tumor present.
Nine patients had two ERMs with rest
all having one ERM. Close margin sta-
tus (< 3 vs.>3mm) had no significant in-
fluence on survival outcomes or failure
rates (Tab. 2). Of the margins that were
re-excised, twenty cases had < 3mm
margins, while the rest of the cases
had > 3mm margins. Most of the pa-
tients had one ERM, while only 11 cases
had more than one resection margin.
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N

Tab. 1. Patient demographics.
Characteristics N =64 %
gender male 48 75
female 16 25
site tongue 12 18.8
buccal mucosa 30 46.9
GBM/RMT 14 21.9
alveolar complex 8 125
pathological T stage T1 11 17.2
T2 23 359
T3 7 10.9
T4 23 359
pathological N stage NO 33 51.6
N1 11 17.2
N2 16 25
N3 4 6.3
AJCC 8t stage I 5 7.8
Il 12 18.8
I 11 17.2
v 36 56.3
nodal dissection ipsilateral 63 98.4
bilateral 1 1.6
neck dissection type SOND 16 25
MND 48 75
perineural invasion present 12 18.8
absent 52 81.2
lymphovascular invasion present 7 10.9
absent 52 81.2
number of close margins 1 39 60.9
2 20 313
3 3 47
4 1 1.6
5 1 1.6
number of extra-resection 1 53 82.8
margins 2 11 17.2
margins <3mm 20 313
(< 3mm, > 3mm) >3mm 44 68.8
AJCC - American Joint Committee on Cancer, GBS - gingivo-buccal sulcus,
MND - modified neck dissection, N - lymph node, RMT - retromolar triangle,
SOND - supraomohyoid neck dissection, T — tumor

J

Distant metastasis

Two patients developed bone metas-
tases. Both patients received palliative
RT as well as palliative chemotherapy

(CHT). The distant metastasis rates were
not statistically different for the num-
ber of close margins, number of ERMs
or >vs. < 3mm margin status.

Recurrence and secondary
malignancy

One patient developed flap recurrence
at local site and was cured after surgery
(pT1) and didn’t require further treat-
ment and was alive without any mor-
bidity at the last follow up cut-off date.
One patient developed breast cancer
as a second malignancy, and was cured
after surgery, CHT and RT.

Discussion

Adequate surgical resection is an im-
portant component of the multi-
modal treatment approach for oral can-
cers [6,7]. The adequacy of the surgical
resection depends upon the margin sta-
tus achieved during the procedure (8].
The histologic status of surgical mar-
gins is an independent prognostic fac-
tor for deciding local control and sur-
vival outcomes [8]. The rate of involved
margins in oral cancers is estimated to
be < 10% [9]. However, there continues
to be controversy regarding the inde-
pendent effects of margin status on fail-
ure rates and outcomes [10]. One of the
main possible reasons for the discrep-
ancy is likely due to the variable defini-
tion of margin status used in different
studies [11].

A recent meta-analysis on the effect of
clearance of positive margins reported
that surgical revision of positive mar-
gins to clear margins based on frozen
section guidance is not equivalent to
initial negative margin in terms of local
control rates [12]. Several other studies
[13-15] also suggested that positive
margins cleared to negative had poor lo-
coregional control rates compared to in-
itially negative margins. Scholl et al. re-
ported that those patients with initially
positive margins that were rendered
negative at the completion of the proce-
dure and treated with surgery only had
a significantly increased local recurrence
rate and reduced survival compared
with patients similarly treated with ini-
tially negative margins [16].

Clear surgical margins can be diffi-
cult to achieve, depending on the ana-
tomical location and size of the tumour.
The National Comprehensive Can-
cer Network defines 5mm as the mar-
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Tab. 2. Variation of survival outcomes with number of extra-resection margins, margin status and number of close margins.

No. of extra-resection margins
1

(O 88.8

P =0.067
DFS 90

P=0.673
LRC 834

P=2.157
LC 98.1

P =3.067
RC 98

P =0.394
DM 96.2

P =0.427
nal control

Margin status

2 <3 mm >3mm

85.7 95 85.7
P=0.910

81.8 814 71.7
P=0.757

81.8 85.7 81.6
P=1.144

81.8 85.7 92.6
P=0.787

100 100 97.6
P=0.873

100 95 97
P=033

DFS - disease-free survival, DM - distant metastasis, LC — local control, LRC - locoregional control, OS - overall survival RC - regio-

No. of close margins

1 >1
89.7 94.4
P=2.690
86.4 92
P=0314
94.7 92
P =0.049
97.4 92
P =0.304
97.2 100
P=1.493
94.7 100
P=1.334

gin status to define it as a clear margin
for head and neck squamous cell carci-
noma without any generalization of sub-
sites [17]. The Royal College of Pathol-
ogy defines margins as follows: < 1 mm
is considered to be involved, 1-5mm is
considered close, and > 5mm is consid-
ered as a clear margin [18].

Several authors have evaluated the
ideal margin status for oral cancers.
A wide range of cut-off margins have
been described, ranging from 1 to 7mm.
Zanoni et al. advocated that a 3mm mar-
gin may be sufficient in an evaluation of
381 cases [19]. They reported that the op-
timal margin associated with locoregional
failure-free survival (LRFS) was 2.2 mm.
Patients with a margin of 2.3-5 mm have
similar LRFS as those with > 5 mm (hazard
ratio (HR 1.31), where HRfora 0.1-2.2mm
margin was 2.83. However, the use of ad-
juvant treatments like RT and CHT may
have acted as a confounding factor.
Nason et al. reported equal survival and
recurrence rates among the patients with
3-4mm margins compared to > 5mm
margins [20]. However, another study by
Barrya et al. did not find any difference
between 3-4.9 mm and > 5mm mar-
gins in terms of recurrences between
pT1/2NO0 and pT1/2N+ cases [21].

Brinkman et al. studied 244 cases of
patients who underwent surgery and
postoperative radiotherapy (PORT) ret-
rospectively. Sixty-five patients had in-
volved margins, whereas 119 cases
had close margins. Both the 2mm and
3mm close margin cut-offs were sig-
nificantly associated with local failure
rates (P = 0.02 and 0.01, respectively)
and OS (P = 0.03 and 0.005, respec-
tively). On multivariate analysis, a 3mm
margin was found to be predictive for
OS [11]. Another study of 398 oral can-
cer cases using 5mm as the standard for
clear margins reported locoregional re-
currences and 5-year OS rates of 30%
and 52% vs. 18% and 60% for patients
with inadequate compared to adequate
margins, respectively [22]. A report of
827 cases by Liao et al. reviewed the im-
pact of different resection margins from
3mm to 11 mm. They concluded that re-
section margins of less than 7mm were
significantly associated with decreased
local control [23].

A recent retrospective study of
432 oral cavity cancer cases by Tasche
et al. analyzed local failure rates in re-
lation to each millimeter of invasive
cancer from the inked tumour speci-
men margin. The locoregional recur-

rence rates for microscopic positive mar-
gins (< Tmm, 1Tmm, 2mm, 3mm, 4mm,
and > 5mm margins) were 44%, 28%,
17%, 13%, 13%, 14%, and 11%, respec-
tively. The authors concluded that resec-
tion of additional tissue beyond a 1Tmm
margin doesn’t improve local control
rates [24]. Another study by Wong et al.
proposed that surgical margins of 2mm
may be considered the cut-off for a rec-
ommendation for PORT [25]. Ching et al.
suggested that patients with close mar-
gins as the only risk factor for PORT also
had acceptable local control without
PORT [26]. Another report by Scholl et al.
concluded that initially positive margins
cleared to negative by re-excision ben-
efited from adjuvant PORT, and the lo-
coregional control rates were similar to
those of margin negative [16].

The current study did not find any
significant differences in survival out-
comes between close margins of one
and more than one. Margin status
of > vs. < 3mm also did not yield any
significant differences in survival out-
comes. The number of ERMs also did
not have any statistically significant dif-
ferences in the survival outcomes. The
possible reasons could be the small
sample size, which results in a limited
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number of events, although the follow-
up is 40 months, which is adequate for
head and neck cancers, as most of the
failures and recurrences in these can-
cers generally occur within a 24-month
period [27].

Although the debate around margin
status continues to rage, one more issue
that remains is that different head and
neck sites require different margins [9].
Therefore, although a precise micro-
scopic 5mm margin is usually consid-
ered adequate, this may not be the best
case for all sites in the head and neck re-
gion. Individualized studies targeting
different surgical resection margins with
larger patient cohorts from specific sites
are needed to validate the question of
exact and adequate margin status.

Advantages

The strengths of the study include the
nature of the evaluation. This is one of
the first studies evaluating the role of
ERMs in treatment failures. The follow-
up duration of around forty months
seems adequate.

Limitations

The limitations of our paper include its
retrospective nature. Also, it was a sin-
gle-arm study. A match-paired analysis
with a larger cohort of patients might
better discern the differences in out-
come and whether dose escalation is
needed in cases with ERMs. Also, the
data may be confounded by a number of
other risk factors other than margin sta-
tus. The sample size is relatively small to
detect a significant difference between
survival and failure outcomes.

It is difficult to perform a study where
we can compare these cases with ERM
who have received PORT with those
cases who have not received PORT, as
the treatment in the second case will be
unethical as there are multiple other risk
factors that mandate the use of PORT.
So, a number of other confounding fac-
tors will be present, and it will be diffi-
cult to isolate patients with only ERM as
arisk factor for PORT. Therefore, only sin-

gle-arm studies that are retrospective in
nature can help evaluate the outcomes.

Conclusion

The survival rates and locoregional con-
trol rates did not differ much between
the groups which had one or more
ERMs. However, the locoregional control
rates were better in cases with one close
margin as compared to those with more
than one close margin. A larger study
with a longer duration is needed to de-
tect statistically significant differences in
outcomes and identify the factors that
portend poor prognosis in these cases
with close margins and ERMs.
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SDELENI

Nova doporuéeni ESMO pro klinickou praxi
u metastatického kolorektalniho karcinomu —
komentar ke zménam v systémoveé léché

New ESMO guidelines for clinical practice in metastatic colorectal
cancer —commentary on changes in systemic therapy

Kiss ., Tomasek J.
Klinika komplexni onkologické péce LF MU a MOU Brno

Souhrn

Komentaf nové vydanych doporuceni Evropské spolecnosti pro klinickou onkologii (European
Society for Medical Oncology - ESMO) pro diagnostiku a lé¢bu metastatického kolorektalniho
karcinomu (metastatic colorectal cancer - mCRC). Po 6 letech byly aktualizovany jednotlivé
kapitoly od molekuldrniho testovani nadoru pres diagnostické a 1écebné postupy po imple-
mentaci nové registrovanych lé¢ivych pripravkl. Autofi upozoriuji na nejddlezitéjsi zmény
v doporucenych postupech. Povédomi o moznych novych postupech mCRC je dulezité pro
stanoveni strategie [é¢by pro konkrétni pacienty s mCRC. V tomto komentdfi se vénujeme pre-
devsim postaveni systémové |écby u neresekabilniho onemocnéni.

Klicova slova
doporuceni — metastaticky kolorektalni karcinom - [é¢ba

Summary

Commentary on the newly released European Society for Medical Oncology (ESMO) guidelines
for the diagnosis and treatment of metastatic colorectal cancer (mCRC). After 6 years, individual
chapters have been updated, from molecular tumor testing to diagnostic and treatment proce-
dures to the implementation of newly registered medicinal products. The authors highlight the
most important changes in the guidelines. Awareness of possible new treatments for mCRC is
important to determine the treatment strategy for patients with mCRC. In this commentary, we
focus primarily on the status of systemic treatment in unresectable disease.

Key words
guidelines — metastatic colorectal cancer — treatment
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NOVA DOPORUCENI ESMO PRO KLINICKOU PRAXI U METASTATICKEHO KOLOREKTALNIHO KARCINOMU

Uvod

Kolorektalni karcinom (colorectal cancer
- CRCQ) je tietim nejcastéjsim nadorovym
onemocnénim celosvétové s 1,1 milio-
nem novych piipadud ro¢né, a je druhou
nejcastéjsi pricinou umrti na zhoubné
onemocnéni [1]. Dle dat Ndrodniho on-
kologického registru CR byla v roce
2021 incidence tohoto onemocnéni
67,67 novych pfipadd na 100 000 osob
(> 7 000 novych pripadl ro¢né), neceld
polovina poc¢tu nemocnych na tento
zhoubny nador kazdoro¢né umira [2].
V fijnu roku 2022 vysla po 6 letech nova
doporuceni Evropské spole¢nosti pro
klinickou onkologii (European Society
for Medical Oncology — ESMO) k lé¢bé
mCRC [3]. Tento komentaF se vénuje
nékterym novym doporucenim v sys-
témové lé¢bé mCRC. V tomto textu je
pouzito hodnoceni urovné dakazua (I-V)
a miry doporuceni (A-E) tak, jak je uve-
deno v aktualnim doporuc¢eni ESMO.

Diagnostika, patologie

a molekularni biologie

Novéa doporuceni zdlraznuji nutnost
testovani stavu mismatch repair (MMR)
proteind a onkogen( KRAS, exonl 2,
3 a 4 NRAS a mutace BRAF u vsech pa-
cientl v case diagnézy mCRC. Testo-
vani genu RAS je nutné pro indikaci te-
rapie monoklonalnimi protilatkami proti
receptoru pro epitelidlni rGstovy faktor

(anti-EGFR) a mlze byt provedeno bud’

z primarniho nadoru, nebo metastazy.
Stav mutace genu BRAF by mél byt hod-
nocen soucasné s hodnocenim genu
RAS, pro prognostické posouzeni a pro
identifikaci pacientl vhodnych pro po-
dani kombinované cilené |é¢by cetu-
ximab s enkorafenibem. Prikaz defi-
cience MMR / mikrosatelitové nestability
(dMMR/MSI) u mCRC m{ize pomoci v ge-
netickém uréeni Lynchova syndromu,
ale jde taky o molekuldrni marker pre-
dikujici uc¢innost checkpoint inhibi-
tord v 1é¢bé mCRC. Identifikace ampli-
fikace HER2 pomoci imunohistochemie
(IHC) nebo fluorescencni in situ hybridi-
zace (FISH) je doporuceno u pacientl
bez mutace RAS (RAS-wt) k detekci téch,
ktefi mohou mit prospéch z blokady
HER2 v dalsi linii 1écby. Testovani dalsich
biomarker(i v¢. gent ALK, fuze ROS a mu-
tace PIK3CA se nedoporucuje mimo kli-

nické studie. Ve vzacnych pfipadech, kdy
je detekovana fuze NTRK, je doporucena
|écba pomoci larotrektinibu nebo entre-
ktinibu. Je doporuceno testovani defi-
cience DPD pred zahajenim chemotera-
pie (CHT) fluoropyrimidiny.

Lécba pokrocilého
a metastatického onemocnéni -
systémova lécba
Pro rozhodovani o nejlepsim lé¢ebném
postupu je vhodna diskuse v multidis-
ciplindrnim tymu se zohlednénim i fak-
tor(, které byly stanoveny v doporu-
¢eni ESMO Consensus 2016 [4], jako je
klinicka prezentace (symptomy pfi dia-
gndze, lokalizace primérniho tumoru),
histologie a molekuldrni charakteristiky
nadoru, stav pacienta (vék, vykonnostni
stav (performance status — PS), komorbi-
dity, socioekonomické faktory), cil 1é¢by
a potencialni s 1é¢bou souvisejici pro-
blémy (toxicita, kvalita Zivot atd.).
Predchozi ESMO klasifikace pacientt
rozdélovala pacienty do ¢tyf skupin
podle cild 1é¢by. Cile 1é¢by pro fit pa-
cienty se lisi podle rdznych scéndard. Ku-
rativni cil je dosahovén chirurgickou
|écbou v pfipadé oligometastatického
onemocnéni, které je lokalizovano v ja-
trech, plicich nebo solitarné v jiném or-
ganu. V pfipadé inicialné neresekova-
telného onemocnéni je cilem lécby
dosazeni |é¢ebné odpovédi systémo-
vou lé¢bou, coz mlze nasledné umoznit
radikalni resekci plivodné neresekabil-
niho onemocnéni. Pokud neni vzhledem
k rozsahu onemocnéni radikalni 1é¢ba
chirurgicky ani regiondlnimi metodami
mozna, je terapeutickym cilem zlepseni
symptomU souvisejicich s nddorem, od-
déleni progrese a prodlouzeni preziti pfi
zachovani kvality Zivota. Transplantace
jater je v soucasné dobé experimentalni
moznosti pro pacienty s metastazami
omezenymi na jatra.

Lécba mCRC 1. linie

Aktudlni doporuceni v podstaté respek-
tuji béznou onkologickou praxi v CR
(schéma 1). Je vyélenéna skupina pa-
cientl s vyznamnymi komorbiditami,
ktera neni vhodnd pro kurativni [é¢bu,
u které se doporucuje fluoropyrimi-
din + bevacizumab. Pro kiehké nebo
staré pacienty je doporucena lécba fluo-

ropyrimidin + bevacizumab, pro RAS-wt
pacienty CHT v kombinaci s anti-EGFR
nebo anti-EGFR v monoterapii (mono-
terapie cetuximabem ani panitumuma-
bem v 1. linii lé¢by mCRC nema v CR
stanovenu Uhradu z prostfedki zdravot-
niho pojisténi). Skupina pacientl RAS-
-wt, BRAF-wt je nové kategorizovana
podle lokalizace primarniho nadoru.
U levostrannych nédort je doporucena
dvojkombinace CHT s anti-EGFR Ié¢bou.
Tato lé¢ba vede k prodlouzeni celko-
vého preziti (overall survival - OS), pre-
Ziti bez progrese (progression-free survi-
val - PFS) i lé¢ebné odpovédi (response
rate — RR). U pravostrannych nadord ne-
vede podani cetuximabu ani panitumu-
mabu k prodlouzeni OS ani PFS, byla
prokazana vy3si RR. Proto je u pravo-
strannych nadord preferovanou Iécbou
dublet s bevacizumabem (doporuceni
II, B) nebo triplet CHT s bevacizumabem
(doporuceni |, B). Pouze v piipadé, Ze je
cilem Ié¢by dosazeni vétsi regrese, lze
u vybranych pacientl pouzit dublet CHT
v kombinaci s anti-EGFR terapii (dopo-
ruceni |, C). Typickym pfikladem je kon-
verzni |é¢ba pred resekci jaternich me-
tastaz. Aktualni doporuceni potvrzuji
béZné pouzivana pravidla pro anti EGFR
terapii: Ize ji kombinovat s kontinudlnimi
rezimy FOLFOX nebo FOLFIRI, nevhodnd
je kombinace s bolusovymi rezimy s 5-flu-
orouracilem (napt. FLOX) nebo s kapecita-
binem. U pacientu s pfitomnosti mutace
RAS je doporucen dublet CHT + bevaci-
zumab di triplet + bevacizumab (pro oba
pfipady doporuceni |, B). Dalsi novinkou
je klasifikace pacient( s pfitomnosti mu-
tace BRAF, kde je u levostrannych nador(
doporucen dublet CHT + bevacizumab
(doporuceni |, B) a u pravostrannych na-
dor( dublet nebo triplet CHT + bevaci-
zumab (doporuceni ll, B). Triplet FOLFO-
XIRI se nedoporucuje u pacientd starsich
75 let, s PS 2 nebo u pacientll s vyznam-
nymi komorbiditami. Zadny diikaz ve
formé studie faze Ill nepodporuje pou-
Ziti monoklondlnich protilatek anti-EGFR
v kombinaci s triplety, jak je ukdzano ve
studii TRIPLETE, a to navzdory pocatec-
nimu pfinosu v celkové odpovédi na
[é¢bu v studii faze Il VOLFI [5]. Posledni
novinkou ve schématu Iécby 1. linie
u mCRC v rdmci novych ESMO doporu-
Ceni je l1é¢ba pro skupinu pacientd s pro-
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Schéma 1. Prvni linie systémové lécby neresekabilniho metastatického kolorektalniho karcinomu. Adaptovano podle [3].
CHT - chemoterapie, d-MMR - deficience mismatch repair, EGFR - receptor pro epitelialni rlstovy faktor, MSI — mikrosatelitova nestabi-

lita, mt - mutace, wt — wild type

kdazanym dMMR/MSI-H, ktera v pavod-
nim schématu nebyla pfitomna vibec.
Pro tuto skupinu pacientl je doporuco-
véana lé¢ba pomoci pembrolizumabu (do-
poruceni, A).

Udrzovaci lé¢ba mCRC

Doporuceni pro udrzovaci terapii také
popisuje nasi béznou praxi. Jde o dees-
kalaci intenzity 1é¢by, pfedevsim vysa-
zeni oxaliplatiny, ktera vede k nizSimu
vyskytu vedlejsich Gcinkd a zlepseni kva-
lity Zivota s cilem kontroly onemocnéni.
Pokud je v 1. linii pouzit rezim s oxali-
platinou a bevacizumabem, je doporu-
¢eno po > 4 mésicich 1é¢by (pfi vyrazné

neuropatii dfive) vysadit oxaliplatinu
a pokracovat fluoropyrimidinem s be-
vacizumabem (doporuceni |, B). Pouziti
monoterapie bevacizumabem vhodné
neni. Pokud byl pouzit rezim s oxalipla-
tinou a anti-EGFR léc¢bou, je vhodnou
udrzovaci terapii fluoropyrimidin s anti-
-EGFR. Rezim FOLFIRI Ize pfi dobré tole-
ranci podavat do progrese. Po progresi
na udrzovaci terapii se lze vratit k pU-
vodné uc¢innému rezimu, pokud to kli-
nicky stav umoziiuje (neurotoxicita, he-
matologickd toxicita). Také vzhledem ke
konceptu udrZovaci terapie a moznosti
navratu k indukéni terapii po progresi
je cislovani linii [é¢by problematické, Ize

hovofit spiSe o kontinuité 1é¢by. Z edu-
kativnich ddvodu se aktudlni doporu-
¢eni ESMO ¢islovani linii drzi.

Lécba mCRC 2. linie

Opét plati osvédcend pravidla. Po pro-
gresi na oxaliplatiné je do dalsi linie
vhodny rezim s irinotekanem a na-
opak. Prakticky v kazdé situaci Ize pou-
zit v 2. linii antiangiogenni |é¢bu. Be-
vacizumab je vhodny i po progresi,
v kombinaci s FOLFIRI je moZnosti afli-
bercept nebo ramucirumab (ramuci-
rumab nema stanovenu uhradu z pro-
stfedkl zdravotniho pojisténi). Nové je
uvazovan vyznam lokalizace primarniho
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nadoru i pro 2. linii. Pokud nebyla anti-
-EGFR terapie pouzita v 1. linii, je u pa-
cientl RAS-wt s levostrannym primar-
nim nddorem doporucena anti-EGFR
terapie v kombinaci s FOLFIRI nebo iri-
notekanem (doporuceni Il, C), u pravo-
strannych nador( antiangiogenni [é¢ba
s CHT (doporuceni ll, B). Dlraz je kladen
na pacienty s mutaci BRAF V600OE mu-
taci. Mutace BRAF je u pacientll s mCRC
spojena se $patnou prognézou a do-
savadni |écba prokazala u téchto pa-
cientll pouze ¢astec¢nou ucinnost. Pro
piedlécené pacienty je optimalni vol-
bou kombinace enkorafenibu (perorélni
inhibitor BRAF V600E) s cetuximabem.
V soucasné dobé probihaji studie k tes-
tovani této kombinace v ¢asnych liniich
metastatického onemocnéni, naptiklad
studie BREAKWATER. Opét, stejné jako
v ptipadé 1. linie, tak i v 2. linii 1é¢by je
nové definovana podskupina pacientt
s dMMR/MSI-H. V ptipadé, zZe tito pa-
cienti s MSI-H mCRC nebyli v 1. linii lé-
¢eni pembrolizumabem, je ve 2. linii op-
timélni volbou kombinace nivolumab
s ipilimumabem. Je nutné zdUraznit, ze
pacientdm s mCRC MSI-H moderni imu-
noterapie dramatickym zpUlsobem zlep-
Suje vyhlidky na dlouhodobé preziti
s normalni kvalitou Zivota. Pokud neni
kontraindikace, tak by méla byt vzdy po-
dana v 1. nebo 2. linii é¢by. Pokud byla
u nddord dMMR/MSI-H, mt-BRAF V600E
pouzita imunoterapie v 1. linii, mohou
tito pacienti po progresi profitovat
z kombinace enkorafenib-cetuximab.

Lécba mCRC = 3. linie

| v 1é¢bé > 3. linie nova doporuceni |é-
¢ebné schéma doplnila o nové moz-
nosti cilené terapie. V pfipadé amplifi-
kace HER2 mozno pouzit dualni blokadu
HER2 s kombinaci trastuzumabu a inhi-
bitoru tyrozinkinazy lapatinibu, pfede-
vsim v piipadé RAS-wt (tato lécba nema
stanovenu Uhradu z prostredk( zdravot-
niho pojisténi). Pokud doposud nebyla
u nadord RAS-wt pouzita anti-EGFR tera-

pie, Ize ji pouzit v pozdni linii (panitumu-
mab monoterapie nebo cetuximab s iri-
notekanem, cetuximab monoterapii).
Trifluridin-tipiracil nebo regorafenib Ize
pouzit u pacientl predlécenych oxalipla-
tinou, irinotekanem, fluoropyrimidiny
a biologickou Ié¢bou. Je zminéno, Ze je
nutné dodrzovat lokalni pravidla pro in-
dikaci téchto Iékd. V CR to znamens, ze
v pozdni linii [é¢by Ize podat trifluridin-
-tipiracil nebo regorafenib. Pokud uva-
Zujeme podani téchto |1kl sekvencné,
je nutny souhlas platce.

V listopadu 2023 byla provedena ak-
tualizace doporuceni. Nové je uvedena
jako moznost pro 3. linii |é¢by kombi-
nace trifluridin-tipiracil-bevacizumab.
Tato kombinace signifikantné prodlu-
zuje OS. Pro nasi aktualni praxi je dule-
Zité, ze tato kombinace ma registraci
EMA, je uvedena v SPC Lonsurfu (triflu-
ridin-tipiracil), ale bevacizumab v této
indikaci zatim nema stanovenu Uhradu
z prostiedkd zdravotniho pojisténi [6].

Nové je v doporucenich ESMO zmi-
néna moznost rechallenge anti-EGFR
lé¢bou u vybranych pacientd, u nichz
inicidlné doslo k lécebné odpovédi
a u nichz je zachovan stav RAS-wt proka-
zany tekutou biopsii. V CR bylo v kvétnu
2022 vydano spole¢né stanovisko Vseo-
becné zdravotni pojistovny CR, Ceské
onkologické spole¢nosti Ceské lékar-
ské spoleé¢nosti J. E. Purkyné (CLS JEP)
a Spole¢nosti ¢eskych patologi CLS
JEP pro prediktivni testovani solid-
nich nadorl. Podle této dohody je te-
kutd biopsie (vysetieni z krve) hrazena
u nadord, u kterych je indikace k pre-
diktivnimu testovani (nemalobunécny
karcinom plic, CRC, maligni melanom)
ve dvou zékladnich situacich: 1) pfi ne-
moznosti vysetfeni z bioptického mate-
ridlu pfi prvotnim stanoveni diagnézy
a 2) u nemocnych s recidivou/progresi
nadoru pfi podezieni na zménu mutac-
niho stavu nadoru, kterd by mohla mit
|é¢ebné dopady. Zde zavisi na rozhod-
nuti osettujiciho onkologa, zda jako me-

todu prvni volby pro identifikaci pro-
vede novou biopsii nadoru nebo odbér
tekuté biopsie. Na zakladé této dohody
Ize vyuzit tekutou biopsii k ovéfeni mu-
tacniho stavu pred podanim anti-EGFR
terapie v rezimu rechallenge. Vzhledem
k uhradovym pravidldim je nutné schva-
leni uhrady rechallenge platcem.

Zavér

Nova ESMO doporuceni pro l[é¢bu mCRC
reflektuji aktudlIni moznosti dostupné
[é¢by mCRC v Evropské unii. Daraz je
kladen predevsim na dullezZitost mole-
kuldrniho testovani jiz pfi stanoveni dia-
gnozy, coz pomze jak v odhadu pro-
gnézy, tak pfi volbé optimalniho planu
systémové |écby pro vice linii. Pravé na
zdkladé molekuldrniho testovani Ize
identifikovat podskupiny pacientd, pro
které mame nové ucinné protinadorové
Iéky. V bézné praxi je nutné brat v ivahu
pfi planovani |é¢by Uhradové podminky
jednotlivych protinadorovych Iékd.

Dedikace
Podpofeno MZ CR - RVO (MOU, 00209805).
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ONKOLOGIE V OBRAZECH

Paliativni radioterapie pokrocilého karcinomu
kUze usniho boltce

Palliative radiotherapy of advanced skin cancer of the auricle

Pechacova Z., Drbohlavova T, Pala M.

Ustav radia¢ni onkologie, 1. LF UK a FN Bulovka, Praha

Nadory kliZze predstavuji nej¢astéjsi ma-
ligni tumory a jejich incidence v po-
slednich letech narlsta [1,2]. Hlavnim
etiologickym faktorem je dlouhodoba
expozice kize slune¢nimu UV zareni, dG-
lezitou roli hraje také svétly fototyp klze
nebo dédi¢né predispozice. Histologicky
se mUze jednat bud o nadory epitelové
(nemelanomové), kam patii predevsim
bazoceluldrni a spinoceluldrni karci-
nomy, nebo o maligni melanomy pvo-
dem z melanocytl [1], jiné histologické
typy jsou velmi vzacné. Pfedmétem to-
hoto sdéleni je pfipad pacientky se spi-
noceluldarnim karcinomem (squamous
cell cancer — SCC) usniho boltce, proto je

déle zmirovana pouze problematika to-
hoto histologického typu.

U kozniho SCC jsou popisovany rizi-
kové charakteristiky — makroskopicka
velikost tumoru > 2cm, lokalita na
spanku, usnim boltci ¢i rtu, histopatolo-
gicky grading, invaze do koria > 6 mm,
perineuradlni Siteni, desmoplazie a cel-
kova imunosuprese [3]. Pokud jsou pfi-
tomny tyto rizikové faktory, je SCC klasi-
fikovan jako vysoce rizikovy (high risk),
pfi absenci téchto vlastnosti se jedna
0 nizce rizikovy (low risk) SCC [3].

Lécba spinocelularnich karcinoma
kGize je provadéna se zamérem radikal-
niho odstranéni tumoru za soucasného
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Obr. 1. Vstupni nalez na CT vysetieni s podanim kontrastni latky. Je ziejmy objemny tumor pravého usniho boltce s kréni lymfadeno-
patii vpravo. A) axidlni fez, B) koronarni fez.
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Obr. 2. Ozafovaci plan - paliativni radioterapie na oblast tumoru v oblasti pravého ucha a lymfatickych uzlin krku vpravo. Ozafovaci
technika: objemové modulovana radioterapie kyvem (VMAT), pfistroj Versa HD (Elekta). Pfedepsana davka: 30 Gy / 10 frakci a 3 Gy. Kon-
tury: oranzova — gross target volume (GTV), lososova - clinical target volume (CTV), ¢ervena - planning target volume (PTV). Izod6zy: ¢er-
vend - 100 % predepsané davky, Zlutozelend — 95 % predepsané davky, modra — 90 % predepsané davky. A) axidIni fez, B) koronérni fez.

Obr. 3. Regrese tumoru béhem paliativni radioterapie. Nativni CT snimek A) v dobé pldnovani radioterapie; B) po aplikaci davky 10x 3 Gy.

zachovani funkce dané oblasti téla a se
snahou o co nejlepsi kosmeticky efekt.
Lécba téchto nadorld je tedy obvykle
chirurgicka - resekce nadoru s dostatec-
nym lemem zdravé tkdné [1,4].V pfipadé
rizikovych faktor( (invaze do okolnich
struktur, postizeni lymfatickych uzlin,
perineuralni Siteni) byvda indikovana

reoperace nebo pooperacni radiotera-
pie [1]. U pacientt s inoperabilnim nale-
zem je indikovéna radikalni nebo palia-
tivni [5,6] radioterapie formou zevniho
ozafeni nebo brachyterapie technikou
muldze [1,7]. U pacientd s metastazuji-
cim nebo lokalné pokrocilym SCC klze,
ktefi nejsou vhodni k radikalni 1é¢bé, je

v 1. linii indikovana systémové imunote-
rapie — poddni protilatky proti receptoru
PD-1 - cemiplimab [4,7].

V predklddaném sdéleni prezentu-
jeme pripad pacientky s pokrocilym
spinoceluldarnim karcinomem usniho
boltce, kde bylo dosazeno dobrého
efektu pomoci radioterapie.
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Obr. 4. Reziduum tumoru u zevniho zvukovodu vpravo s akumulaci fluorodeoxyglukézy na vysetieni PET/CT s odstupem 3 mésicti
po reiradiaci pro progresi. Bez prikazu lymfadenopatie nebo vzdalené generalizace. A) axialni fez, B) koronarni fez.

U pacientky byl v dubnu 2022 ve véku
49 let zjistén objemny karcinom pravého
usniho boltce. Pacientka pozorovala re-
zistenci na uchu asi rok, anamnesticky
byla bez komorbidit, pfiznavala niko-
tinizmus od mladi, pracovala jako dél-
nice a v poslednich letech méla zvyse-
nou psychickou zatéz z dlvodu péce
o psychiatricky vézné nemocného man-
Zela. Histologicky byl ovéfen G1 epi-
dermoidni karcinom, zobrazovacimi
metodami bylo potvrzeno klinické sta-
dium T4bNOMO, nélez byl hodnocen
jako inoperabilni a pacientka byla ode-
sldna k provedeni radikdlni radiotera-
pie. Lécba byla opakované odlozena
z rdznych osobnich ddvodd pfi zhor-
sené spolupraci pacientky. V dobé pla-
novani radioterapie s odstupem 3 mé-
sict od diagn6zy mél nador v priméru
kolem 10cm (obr. 1) s vyraznym foeto-
rem, usni boltec vpravo byl tumorem
prakticky spotfebovén a bylo zjisténo
vicecetné postizeni lymfatickych uzlin
vpravo na krku. Zédmér lécby byl zménén
na paliativni.

Pacientka zahajila radioterapii na ob-
last tumoru a postizenych lymfatickych
uzlin v davce 3 Gy na frakci (obr. 2). Po
aplikaci nékolika frakci doslo k velmi
vyrazné regresi tumoru (obr. 3) a k vy-
mizeni foetoru. Proto bylo rozhodnuto

o pridani dalsich frakci radioterapie do
celkové davky 42 Gy (14x 3 Gy) - ekvi-
valentni davka pro normofrakcionaci
EQD2 = 45,5 Gy (pro tkané s pomérem
o/B = 10), resp. 50,4 Gy (pro tkdné s po-
mérem a/p = 3). Nezadouci Ucinky byly
akceptovatelné: zvysend Unava, erytém
klze, lehka konjunktivitida pravého oka
a mirna dysfagie. Na konci radioterapie
v srpnu 2022 bylo dosazeno vyrazné re-
grese tumoru — z plvodni zevni velikosti
cca 12 X 10 X 6 cm zlistavalo reziduum
cca 3 x 3 x2cm. Na kontroly po 1é¢bé se
pacientka nedostavila.

V lednu 2023 byl zjistén objemny pro-
gredujici tumor pravého ucha, bez po-
stizeni lymfatickych uzlin. V bfeznu
2023 byla provedena reiradiace jako
jedind moznost |écby - dosazeno
davky 38 Gy (10x 3 Gy + 4x 2 Gy). Cel-
kem byla z obou ozafovani aplikovana
EQD2 86,0 Gy (pro tkané s pomérem
o/f = 10), resp. 94,4 Gy (pro tkdné s po-
mérem o/ = 3).

Pldnovand systémova lécba cemi-
plimabem nebyla podana, protoze
se pacientka opakované nedostavila.
Kontrolni PET/CT vysetfeni v kvétnu
2023 zobrazilo drobné lozZisko s akumu-
laci fluorodeoxyglukdzy pfi zevnim zvu-
kovodu vpravo (obr. 4). Pacientka byla
indikovana k chirurgickému odstranéni

rezidualniho tumoru - operace byla pro-
vedena v Cervenci 2023. Z divodu roz-
sahu vykonu i poradia¢nich zmén tkani
se rana hojila pomérné pomalu, s od-
stupem 3 mésicll po operaci pretrva-
val kozni defekt o priméru cca 3cm,
byly provadény pravidelné prevazy. Pa-
cientka zUstadvala v fijnu 2023, tedy
18 mésicd od prvni diagndzy pokroci-
Iého onemocnéni, bez prikazu recidivy
nebo vzdalené generalizace, subjektivné
byla spokojena a srozuména s nasledky
[é¢by objemného tumoru.

Paliativni radioterapie je klicovou mo-
dalitou v [é¢bé pokrocilych nadorovych
onemocnéni, kde prispiva k ovlivnéni
lokélIni kontroly onemocnéni a ke zmir-
néni symptomu [8]. Prezentovany kli-
nicky pfipad pacientky s pokrocilym spi-
nocelularnim karcinomem kuze ilustruje
dulezitou roli této metody v |é¢bé po-
krocilého onemocnéni a v pfinosu pro
kvalitu Zivota pacientky i pfes urcité ri-
ziko projevl pozdni poradiacni toxicity.
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onkologického onemocnéni. Onkologie 2020; 14(6):
271-277. doi: 10.36290/x0n.2020.092
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Aktuality z odborného tisku

EV-302/KEYNOTE-A39: open-label, randomized phase Ill study of enfortumab vedotin in
combination with pembrolizumab (EV+P) vs chemotherapy (Chemo) in previously untreated
locally advanced metastatic urothelial carcinoma (la/mUC)

Powles TB, Valderrama P, Gupta S et al.
Annals of Oncology 2023. [online]. Available from: https.//www.annalsofoncology.org/article/
$0923-7534(23)04270-9/fulltext.

Na kongresu evropské onkologické spole¢nosti ESMO 2023 bylo prezentovano nékolik zajimavych nebo pfimo praxi ménicich
vysledkd klinickych studii. Jedna z téchto studii se vénovala 1é¢bé urotelidlniho karcinomu (UK). Standardem Ié¢by pro lokéalné
pokrocily nebo metastaticky UK v ramci 1. linie je jiz 3 dekddy chemoterapie na bazi platiny. Enfortumab vedotin (EV) je konjugat
cytostatikamonometylauristatin Eamonoklonalniprotilatky protinektinu4.EV jizdfive prokazal efektivitu u predlécenych pacient
s UK a cekalo se na vysledky studie, kdy EV je podavén v 1. linii. Randomizovana studie faze lll EV-302/KEYNOTE-A39 srovnavala
[é¢bu EV s pembrolizumabem (EV + P) oproti chemoterapii gemcitabin s cisplatinou nebo karboplatinou u pacientt s dfive
nelécenym urotelidlnim karcinomem. Dualnimi primarnimi cili byly preziti bez progrese (progression free survival - PFS) a celkové
preziti (overall survival — OS). Vybrané sekundarni cilové parametry zahrnovaly celkovou miru odpovédi (overall response rate -
ORR) a bezpecnost. Randomizovéano bylo 886 pacientl (EV + P: 442; chemoterapie: 444) a median sledovani byl 17,2 mésice. PFS
bylo vyznamné prodlouzeno s EV + P vs. chemoterapie (median PFS 12,5 vs. 6,3 mésice; pomér rizik (hazard ratio — HR) 0,45 (95%
interval spolehlivosti (confidence interval - Cl 0,38-0,54); p < 0,00001). OS bylo signifikantné prodlouzeno s EV + P oproti
chemoterapii, ¢imz se snizilo riziko umrti o 53 % (medidn OS byl 31,5 vs. 16,1 mésice; HR 0,47 (95% Cl 0,38-0,58); p < 0,00001).
Potvrzend ORR byla 67,7 % v rameni EV + P a 44,4 % v rameni s chemoterapii (p < 0,00001). Nezadouci Ucinky spojené s lé¢bou
(treatment related adverse event — TRAE) stupné > 3 se vyskytly u 55,9 % s EV + P a 69,5 % s chemoterapii. Nej¢astéjsi jednalo
o makulopapulézni vyrazku (7,7 %), hyperglykémii (5,0 %) a neutropenii (4,8 %) u EV + P a anemii (31,4 %), neutropenii (30,0 %)
a trombocytopenii (19,4 %) u chemoterapie. Nej¢astéjsi (= 5 %) TRAE stupné > 3 zvlastniho zédjmu pro EV zahrnovaly kozni reakce
(15,5 %), periferni neuropatii (6,8 %) a hyperglykémii (6,1 %). Lé¢ba kombinaci EV + P vyznamné zlepsila vysledky u pacientl
s dfive nelé¢enym pokrocilym urotelidInim karcinomem a témér zdvojnasobila median PFS a OS oproti chemoterapii s platinou.
Bezpecnostni profil byl obecné zvladnutelny bez novych bezpecnostnich signald. Tyto vysledky podporuji EV + P jako novy
standard |é¢by pro urotelidini karcinom. Jedna se o jeden z mnoha konjugatl cytostatika a monoklonalni protilatky, které se
postupné dostavaji do praxe a zasadné méni lécebna schémata.

First-line selpercatinib or chemotherapy and pembrolizumab in RET fusion-positive NSCLC

Zhou C, Solomon B, Loong HH et al.
N EnglJ Med 2023; 389(20):1839-1850. doi: 10.1056/NEJMoa2309457.

Dalsi studie, kterd byla prezentovana na kongresu ESMO 2023 a mé potencidl zménit standard lé¢by, je studie LIBRETTO-431.
Jedna se o randomizovanou studii faze lll, kterd hodnotila Gc¢innost a bezpecnost selperkatinibu v 1. linii [é¢by nemalobunécného
karcinomu plic (non-small cell lung cancer - NSCLC) s RET fuzi ve srovnani s kontrolni Ié¢bou, kterd spocivala v kombinaci
chemoterapie s platinovym derivatem s pembrolizumabem nebo bez néj. Selperkatinib je vysoce selektivni potentni inhibitor
RET s prinikem do mozku, ktery ve studiich ¢asné faze prokazal Gcinnost u pacientl s pokrocilym NSCLC s pfitomnou fuzi RET.
Primarnim cilem studie LIBRETTO-431 byla doba preziti bez progrese (progression free survival — PFS). Crossover z kontrolni
skupiny do skupiny se selperkatinibem byl povolen v pfipadé progrese onemocnéni. Celkem bylo randomizovéno 212 pacient(,
median ¢asu sledovani v dobé analyzy byl 21 mésict. V dobé planované prvni interim analyzy Gcinnosti byl median PFS v rameni
se selperkatinibem 24,8 mésice (95% interval spolehlivosti (confidence interval — Cl) 16,9 - nedosazeno) vs. 11,2 mésice (95%
Cl 8,8-16,8) v kontrolnim rameni (hazard ratio pro progresi nebo smrt 0,46; 95% Cl 0,31-0,70; p < 0,001). Procento pacientt
s objektivni odpovédi bylo 84 % (95% Cl 76-90) se selperkatinibem a 65 % (95% Cl 54-75) v kontrolnim rameni. Pomér rizik pro
¢as do progrese v centralnim nervovém systému byl 0,28 (95% Cl 0,12-0,68) a 12mési¢ni kumulativni incidence progrese v CNS
byla 6 vs. 20 %. Vysledky ucinnosti v celkové ,intent-to-treat” populaci (261 pacient() byly podobné jako u populace s planovanou
aplikaci pembrolizumabu. Data pro celkové preziti zatim nejsou zrald. Z pacientd, ktefi v kontrolnim rameni ukoncili 1é¢bu, 60 %
prestoupilo do ramene se selperkatinibem a dalSich 15 % bylo [é¢eno jinym RET inhibitorem. Nezadouci ucinky > 3. stupné se
vyskytly u 70 % pacientl se selperkatinibem a u 57 % pacientt v kontrolnim rameni. Nejcastéji se u selperkatinibu jednalo o elevaci
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ALT (22 %), hypertenzi (20 %), elevaci AST (13 %), prodlouzeni QT (9 %), edémy (3 %), Unavu (3 %) a trombocytopenii (3 %). Lécbu
muselo pro toxicitu ukoncit 10 % pacientu se selperkatinibem (vs. 2 % v kontrolni skupiné). V ramci hodnoceni kvality Zivota bylo
procento pacientl s potvrzenym zhorsenim symptomu nemoci (dle dotazniku NSCLC-SAQ) nizsi v rameni se selperkatinibem (23 vs.
43 %) a také byl delsi median ¢asu do zhorseni dechovych symptom( (nedosazeno vs. 1,9 mésice). Zavérem se da konstatovat,
Ze selperkatinib ve srovnani se standardni Iécbou signifikantné prodlouzil PFS v 1. linii [é¢by NSCLC s pfitomnou RET fazi. Prvni
vysledky Uc¢innosti selperkatinibu se objevily v roce 2018, nasledné prokazal efektivitu u pacientli s nddory stitné Zlazy, s NSCLC
a i u jinych solidnich nddorG s RET fuzi. Ted bude pravdépodobné doporucenou terapii v rdmci 1. linie 1é¢by NSCLC. Vysledky
uc¢innosti jsou srovnatelné s inhibitory receptoru epidermélniho rdstového faktoru (epidermal growth factor receptor — EGFR)
u pacientt s NSCLC a EGFR mutaci. Nevyhodou je toxicita, ktera u ¢asti pacientl vede i k ukonceni terapie. | kdyz je vyskyt RET fuze
u pacientd s NSCLC pomérné nizky (1-2 %), mélo by byt vysetieni RET fuze soucésti inicidlni diagnostiky onemocnéni.

Different prognostic values of KRAS exon 2 submutations and BRAF V600E mutation
in microsatellite stable (MSS) and unstable (MSI) stage lll colon cancer:
an ACCENT/IDEA pooled analysis of seven trials

Taieb J, Sinicrope FA, Pederson L et al.
Annal Oncol 2023; 34(11): 1025-1034. doi: 10.1016/j.annonc.2023.08.006.

Manazment Ié¢by kolorektalniho karcinomu (KRK) se za poslednich 20 let zdsadné zménil. Podrobné&jsi molekularni analyza KRK
prokdzala, ze se jednd o heterogenni skupinu onemocnéni s odlisSnymi klinickymi a biologickymi charakteristikami, senzitivitou na
[é¢bu a riznou progndzou. Tato preciznéjsi charakteristika umoznila individualizovat 1é¢bu predevsim u pacientl s metastatickym
onemocnénim arozsifila terapeutické moznosti. Prognosticky vyznam mutaci KRAS a BRAF V600E u KRK stadia 3 z(istava kontroverzni
a nikdy nebyl jasné analyzovan, zvlast u pacientd s nadory s vysokou mikrosatelitni nestabilitou (microsatelite instability-high —
MSI-H), pfip. s ohledem na rlizné podtypy mutaci KRAS. Autofi studie analyzovali vyse uvedené faktory pomoci databazi ACCENT
a IDEA. Jednd se o dvé mezindrodni konzorcia, kterd se zaméfuji na spolecné analyzy klinickych studii provadénych u pacientt
s KRK Ié¢enych adjuvantni [é¢bou. Cilem této analyzy bylo zhodnitit prognézu s ohledem na vyskyt mutace exonu 2 KRAS
a BRAF V600E u pacientll s mikrosatelitné stabilnim (MSS) a MSI-H KRK stadia lll. Byla hodnocena asociace mezi mutacemi exonu
2 KRAS (a podtypu) a BRAF V600E a dobou do recidivy (time to recidive — TTR), celkovym prezitim (overall survival — OS) a pfezitim
po recidivé (survival after recidive — SAR) pomoci Coxova modelu. Celkem bylo analyzovano 8 460 pacient(, z toho 11,4 % bylo MSI-
H. Ve skupiné MSI-H byly BRAF V600E, KRAS exon 2 a double-wild-type (DWT) detekovany u 40,6, 18,1 a 41,3 % pacientd, zatimco
ve skupiné MSS byly tyto mutace detekovany v 7,7 a 38,6 %, DWT bylo 53,8 % pacientd. Ve skupiné MSS byla pozorovéana 5leta
TTR61,8,66,3 a 72,9 % u pacientl s BRAF V600E, mutacemi exonu 2 KRAS a u pacientll s DWT (upraveny pomér rizik (hazard ratio —
HR) 1,58 a 1,31; oba p < 0,001). Ve skupiné MSI-H se 5letd TTR mezi podskupinami vyznamné nelisila (75,4, 75,8 a 76,1 %). Podobné
vysledky byly nalezeny v souvislosti OS. SAR bylo signifikantné kratsi u pacientd s mutovanym KRAS exonem 2 a BRAF V600E u MSS
skupiny (upraveny HR 2,06 a 1,15; obé p < 0,05) i MSI-H (upraveny HR 1,99 a 1,81; obé p < 0,05). Ve skupiné MSS byly mutace
exonu 2 KRAS spojeny s TTR, ale pouze podtypy p.G12C, p.G12D a p.G13D byly spojeny se horsim prezitim po recidivé onemocnéni.
Tato studie potvrdila o néco lepsi prognézu pacientl s MSI-H KRK stadia lll oproti MSS. V MSI-H skupiné se TTR zasadné nelisil
s ohledem na mutaci KRAS exon 2 a BRAF. Naopak, ve skupiné s MSS nadory byly mutace KRAS a BRAF spojené s horsi prognézou.
Tyto mutace souvisi i s horSim prezitim po recidivé, a to bez ohledu na MSI status. Je proto potfeba zvazit pfinos testovani mutaci
KRAS a BRAF V60OE i u pacient( v klinickém stadiu Ill, co by umozZrovalo lépe definovat prognézu jednotlivych podskupin pacient(.
Zcela jisté bude nutné zahrnout tyto charakteristiky jako stratifikacni faktory do neo/adjuvantnich studii a zaméfit se specificky na
tyto podskupiny pacientt se $patnou prognézou a hledat nové terapeutické moznosti.

Pyrotinib vs. placebo in combination with trastuzumab and docetaxel as first line treatment
in patients with HER2 positive metastatic breast cancer (PHILA): randomised, double blind, E-’F E__
multicentre, phase 3 trial - 3

MaF, Yan M, Li W et al.
BMJ 2023; 383: €076065: doi: 10.1136/bmj-2023-076065.

Trastuzumab zdsadné zménil prognézu pacientek s HER2 pozitivnim karcinomem prsu. Dnes se pouziva v 1é¢bé nejen
metastatického onemocnéni ale i v neo/adjuvantni terapii a spektrum dal3i anti-HER2 terapie se vyznamné rozsifilo ve smyslu
dalsich monoklondlnich protilatek (kombinace s pertuzumabem, margetixumab), konjugatl (T-DM1, trastuzumab deruxtecan)
nebo tyrozinkindzovych inhibitoru (lapatinib, neratinib, tucatinib). Pyrotinib je perordini ireverzibilni pan-HER inhibitor, ktery cili
na receptor epidermalniho rdstového faktoru (epidermal growth factor receptor - EGFR), humanni epidermalni receptor 2 (HER2)
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a HER4 a je schvalen pouze v Ciné do 2. linie 1é¢by HER2 pozitivnich pacientek. Zde prezentovana randomizovana studie faze
IIl PHILA hodnotila uc¢innost a bezpecnost pyrotinibu v kombinaci s trastuzumabem a docetaxelem ve srovnani s placebem,
trastuzumabem a docetaxelem u nelécenych pacientek s HER2 pozitivnim metastatickym karcinomem prsu. Studie byla
provedena ve 40 centrech v Ciné v letech 2019-2022 (byla zahajena v dobé, kdy pertuzumab v Ciné nebyl jesté schvéleny).
Primarnim cilem bylo pieziti bez progrese (progression free survival - PFS) hodnocené dle investigatord. Sekundarnim cilem
bylo PFS dle nezavislého hodnoceni (independent review committee - IRC), celkové pfreziti (overall survival — OR), celkova
mira odpovédi (overall response rate - ORR), doba trvani odpovédi (duration of response — DOR) a bezpecnost. Zafazeno bylo
celkem 590 pacientek, randomizace 1: 1, median véku 52 let, median sledovani byl 15,5 mésice. Median PFS dle investigator( byl
vyznamné delsi ve skupiné s pyrotinibem nez ve skupiné placeba (24,3 mésice (95% interval spolehlivosti (confidence interval -
Cl) 19,1-33,0) vs. 10,4 (9,3-12,3) mésice; pomér rizik (hazard ratio — HR) 0,41 (95% Cl 0,32-0,53); jednostranny p < 0,001). PFS ve
24 mésicich ve skupiné s pyrotinibem bylo 50,3 % a s placebem 16,6 %. ORR byla 83 vs. 71 % (p < 0,001). PFS hodnocené dle IRC
bylo 33,0 mésice s pyrotinibem (19,4 -nedosazeno) vs. 10,4 (10,2-12.2) mésice; HR 0,35 (0,27-0,46); p < 0,001. Nezddouci ucinky
souvisejici s [é¢bou stupné = 3 byly zjistény u 267 (90 %) z 297 pacientek ve skupiné pyrotinibem a 224 (76 %) z 293 pacientek ve
skupiné s placebem. Ve skupiné s pyrotinibem byly nej¢astéjsi toxicitou > 3. stupné: priijem 46,5 % (placebo 3 %), neutropenie
63 % (placebo 65 %), anemie 9 % (placebo 2 %), zvraceni 8 % (placebo 1 %), hypokalemie 14 % (placebo 1 %), elevace AST
3 % (placebo < 1 %), elevace ALT 4 % (placebo 2 %). Autofi konstatuji, ze kombinace pyrotinib, trastuzumab a docetaxel prokdzala
superioritu ve srovnani s placebem, trastuzumabem a docetaxelem ve smyslu vyrazného prodlouzeni PFS a tato zjisténi podporuji
dualniho anti-HER2 kombinaci jako alternativni volbu 1. linie Ié¢by. Data pro OS nejsou zatim dostate¢né zrala. Toxicita terapie
byla dobie zvladnutelna. Samoziejmé, nabizi se srovnani s aktualnim standardem lé¢by v CR, a to s kombinaci pertuzumab,
trastuzumab a chemoterapie. Cisté numericky je na tom |épe pyrotinib (median PFS 24,3 vs. 18,7 mésice; HR 0,41 vs. 0,68) ale
pertuzumab ma jednoznacna data prodlouzeni OS (u pyrotinibu je potieba delsi ¢as sledovani) a nelze jednoduse srovnavat
vysledky dvou rliznych studii (s jinou populaci pacientek). Ve studii s pyrotinibem byl u velké ¢asti pacientek ptitomny prijem
G3 (46,5 %), nicméné G4 a G5 toxicita se nevyskytla, medidn délky trvani G3 prijmu byl 1 den a zadny pacient nemusel kvl
prdjmu lé¢bu prerusit. Autofi dale uvadi, Ze pyrotinib byl u¢inny u pacientek, které byly lé¢ené trastuzumabem v neo/adjuvancii
(HR 0,23) i které nebyly (HR 0,45). Je $koda, Ze autofi neuvadi efektivitu pyrotinibu i s ohledem na postizeni CNS (napf. prodlouzeni
¢asu do relapsu v CNS), coz byva zésadni udalost u pacientek s HER2 pozitivnim karcinomem prsu a CNS je misto, kde pyrotinib
jiz prokazal svoji efektivitu.

Cldnky vybral a komentoval MUDr. Peter Grell, Ph.D.
Klinika komplexni onkologické péce LF MU a MOU Brno
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Ohlédnuti za 13. kongresem PSOGI —
je néco noveho v lé¢hé peritonealnich malignit?

Némec L.
Klinika opera¢ni onkologie LF MU a MOU Brno

Motto: ,Usli jsme dlouhou cestu, dlouha cesta je pred nami.”

Nadorova infiltrace pobfisnice byla po
dlouha léta povazovana za inkurabilni
stav. Tento pohled se za¢al ménit az kon-
cem minulého stoleti, tak jak se mnozily
dukazy o efektivité lé¢ebnych metod,
které do klinické praxe zavedl| v roce
1980 americky chirurg Paul Hendrick Su-
garbaker [1]. Jednalo se o cytoredukci,
tj. operacni odstranéni vsech makrosko-
picky viditelnych tumoréznich depozit
z dutiny bfisni (cytoreductive surgery —
CRS), a hypertermickou intraperitonedlni
chemoterapii (hyperthermic intraperito-
neal chemotherapy - HIPEC). Svétovou
autoritou v managementu péce o pa-
cienty s nddorovym postizenim perito-
nea se nasledné stala skupina Peritoneal
Surface Oncology Group (PSOGI), kterd
vznikla s cilem podporovat v této oblasti
vyzkum, vzdélavani a inovativni Ié¢ebné
postupy.

Ve dnech 4-6. fijna 2023 se v Palazzo
del Cinema v Benatkach konal jiz 13. me-
zindrodni kongres PSOGI vénovany ma-
lignitdm peritonedlniho povrchu. Pre-
zidentem letosniho kongresu, kterému
predsedali Marcello Deraco z Milana
a Paolo Sammartino z Rima, byl jiz zmi-
nény Paul H. Sugarbaker z Washing-
tonu - Zivouci chirurgicka legenda, ve
svych 81 letech stéle vitdlni, Zivé disku-
tujici a laskavé komentujici. Organiza¢né
skvéle zajisténé multioborové setkani
hostilo bezmala 900 onkochirurg(, on-
kogynekolog, klinickych a radia¢nich
onkolog, patologt a radiologli z celého
svéta, ktefi si béhem tfech dni mohli vy-
slechnout 74 prednasek a méli moz-
nost prohlédnout si 416 posterQ. Sou-
¢asti kongresu byl i spolecensky vecer

v reprezentacnich prostorach blizkého
Palazzo del Casino, béhem néhoz byly
ucastnikim programu ,European Peri-
toneal Surface Training Program’, pofa-
daném v kooperaci PSOGI a ESSO (The
European Society of Surgical Onco-
logy), slavnostné predany absolventské
certifikaty.

Oproti pafizskému kongresu PSOGI
2018 jsme sice letos v Bendtkach nebyli
svédky podobného zemétieseni, jaké vy-
volala studie van Drielové OVHIPEC-1 vé-
nujici se HIPEC u pokrocilého ovaridl-
niho karcinomu [2] a Quénetova studie
PRODIGE-7 hodnotici CRS a HIPEC u pe-
ritonedlnich metastdz kolorektélniho
karcinomu [3], i bez toho v3ak byly tfi kon-
gresové dny naplnény zajimavymi a uzi-
te¢nymi informacemi. Kongres byl zaha-
jen aktudlnimi procesnimi doporucenimi:
technika HIPEC uzavienym zpUsobem
(closed HIPEC), navyseni poctu vstupnich
perfuznich drénl ze dvou na ctyfi, kon-
strukce anastomoz gastrointestinalniho
traktu pred procedurou HIPEC, rozsah hy-
pertermie v intervalu 41-43 °C, a déle in-
formacemi o vhodnych protokolech in-
traperitonealni chemoterapie (tab. 1) [4].
Poté nasledovaly prednasky vztahujici
se k jednotlivym diagn6zam, u nichz se
CRS/HIPEC terapeuticky vyuziva (pseudo-
myxom peritonea, maligni mezoteliom
peritonea, peritonealni metastazy kolo-
rektalniho karcinomu, peritonedlni me-
tastazy karcinomu Zaludku a peritonealni
metastazy ovaridlniho karcinomu). Disku-
tovaly se moznosti a limity miniinvazivni
operativy nador( peritonea.

U pseudomyxomu peritonea PSOGI
kompletni cytoredukci v kombinaci
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s HIPEC poklada za standardni [éceb-
nou metodu, pfi HIPEC se doporucuje
intraperitonealné aplikovat mitomycin
C v ddvce 35mg/m? po dobu 90 minut.
Smysl maji i opakované ,re-do” operace
u recidivujiciho pseudomyxomu. PFi-
nos neoadjuvantni systémové chemo-
terapie prokdzan nebyl [5], adjuvantni
podani systémové chemoterapie je in-
dikovano pouze u high grade pseudo-
myxomu resp. u high grade pseudomy-
xomu s pfitomnosti bunék pecetniho
prstenu, chemoterapeutické rezimy se
nelisi od rezimd pouzivanych u pokroci-
Iého kolorektalniho karcinomu. U nere-
sekabilniho pseudomyxomu peritonea
ma paliativni systémova chemoterapie
jen minimalini efekt [6].
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ceni Peritoneal Surface Oncology Group (PSOGI).

Tab. 1. Chemoterapeutika pro intraperitonedlni aplikaci pfi hypertermické intraperitonealni chemoterapii (HIPEC) - doporu-

Diagnéza

pseudomyxom peritonea

maligni mezoteliom peritonea

peritonedlni metastazy kolorektélniho karcinomu
peritonedlni metastazy karcinomu zaludku

peritonedlni metastazy karcinomu ovaria

HIPEC - chemoterapeutikum a davka

mitomycin C 35 mg/m?

cisplatina 50 mg/m? + doxorubicin 15 mg/m?

mitomycin C 35 mg/m?

cisplatina 75 mg/m? + mitomycin C 15 mg/m?

cisplatina 100 mg/m?

Maligni difuzni mezoteliom peritonea
je primarnim nadorem pobfisnice, u néjz
PSOGI také doporuc¢uje CRS/HIPEC jako
terapeuticky standard, median pre-
Ziti se u operabilnich stavll pohybuje
mezi 3-5 lety [7]. Procedura HIPEC je
indikovéna jen pfi mozném uskutec-
néni kompletni cytoredukce, u primar-
niho opera¢niho vykonu se intrape-
ritonedlné aplikuje cisplatina v davce
50mg/m? spole¢né s doxorubicinem
v davce 15mg/m? u sekundarni ope-
race pfi recidivé se pfi nezménéné davce
doxorubicinu zvysSuje doporucend
dévka cisplatiny na 100 mg/m? [8]. Adju-
vantni systémova chemoterapie (cispla-
tina + pemetrexed) je indikovana, jde-li
o non-epitelidIni subtyp, pfi prolifera¢ni
aktivité Ki67 > 9 % [9], pfi technické ne-
proveditelnosti kompletni cytoredukce,
a u indexu peritonedlni karcinomatozy
(peritoneal cancer index - PCl) > 17.
Témér u poloviny diagnostikovanych
nemocnych je onemocnéni dia-
gnostikovano v inoperabilnim stadiu,
tehdy je namisté podani paliativni sys-
témové chemoterapie, s niz se median
preziti uvadi v rozmezi 6-15 mésict [7].

U peritonedlnich metastaz kolorektal-
niho karcinomu povazuje PSOGI cyto-
redukci a HIPEC za standardni terapeu-
ticky vykon jen u malého a stfedniho
metastatického postizeni peritonea (PCl
max. 15) [10]. Asi u 25 % pacientU s peri-
tonealnimi metastazami kolorektalniho
karcinomu je mozno timto lé¢ebnym
postupem dosahnout medidnu pfre-
Ziti 42 mésic(, pfitom u izolované palia-
tivni systémové chemoterapie je to vy-
znamné méné, pouze 16 mésicll. Vedle
fady retrospektivnich studii to vyplyva
i z francouzské prospektivni randomi-
zované studie PRODIGE-7 [3]. Pro intra-

peritonealni aplikaci PSOGI doporucuje
sholandsky protokol”, kdy se po dobu
90 minut intraperitonedlné aplikuje mi-
tomycin C v davce 35mg/m?, i kdyz se
v poslednich letech diskutuje o moz-
ném navyseni této davky na 40 mg/m2.
Intraperitonedlni aplikace oxaliplatiny
byla opusténa, studie PRODIGE-7 jeji
efektivitu neprokazala. U lokalizova-
nych recidiv, které se objevi déle nez
1 rok po inicidlni cytoredukci, pfichazi
v Uvahu i opakovany vykon CRS/HIPEC
(,re-do operation”), nebot i tento pfi-
stup s sebou pfinasi prodlouzeni preziti
oproti paliativni 1é¢bé. Pfislibem budou-
cich lé¢ebnych moznosti mize byt intra-
abdominalni aplikace radiofarmak [11]
¢i cilend intraperitonealni chemoterapie
na podkladé testovani senzitivity po in
vitro kultivaci organoidd z bioptickych
vzork{ peritonealnich metastaz [12].
Pfinos CRS/HIPEC u peritonealnich
metastaz karcinomu zaludku neni jed-
noznacny, v soucasnosti se nejedna
o standardni Ié¢bu. Ceka se na vysledky
probihajicich randomizovanych studii,
které by do této problematiky vnesly
vice svétla - zejména jde o francouzskou
studii GASTRICHIP [13], nizozemskou
studii PERISCOPE Il [14] a némeckou stu-
dii RENAISSANCE [15]. Prozatim z pub-
likovanych zkusenosti vyplyva, Ze cyto-
redukce s HIPEC muze pfinést pozitivni
terapeuticky efekt, jedna-li se o reseka-
bilni karcinom Zaludku se synchronnimi
peritonedlnimi metastdzami malého
rozsahu (PCl < 6), s pfiznivym histopa-
tologickym nélezem (nepfitomnost prs-
tencitych bunék - signet ring cells) a pfi
dobré terapeutické odpovédi na 1. linii
systémové chemoterapie. Jako chemo-
terapeutikum pro intraperitonedlni po-
dani PSOGI u peritonedlnich metastaz

zaludecniho karcinomu doporucuje ci-
splatinu v ddvce 75 mg/m? spolu s mi-
tomycinem v ddvce 15mg/m?, pficemz
HIPEC je vhodné aplikovat v indikaci
profylaktické a terapeutické spiSe nez
v neoadjuvantni a paliativni. V této sou-
vislosti se slusi pfipomenout, Zze v pa-
liativni 1é¢bé karcinomatézy peritonea
zaludec¢niho origa se jiz déle nez 10 let
pouziva metoda pretlakové nitrobfisni
aerosolové chemoterapie (pressurized
intraperitoneal aerosol chemotherapy -
PIPAC) [16], po niz byla popsana i kom-
pletni regrese peritonedlnich metastaz
umozniujici nasledné provedeni radikal-
niho resekéniho vykonu na zaludku [17].
PIPAC je mozno pouzit i u dalsich inope-
rabilnich nador pobfisnice, predevsim
k potlaceni symptomatologie maligniho
ascitu.

U peritonedlnich metastaz karcinomu
ovaria je situace slozitéjsi, uz kvuli je-
jich senzitivité (resp. vétsi ¢asti z nich)
k systémové chemoterapii, kvali cemuz
se mUze intraperitonedlni chemotera-
pie jevit jako nadbytecnd. Zatimco cyto-
redukce se u stadia lll ovaridlniho karci-
nomu vseobecné poklada za standardni
terapeuticky vykon, v indikaci HIPEC ke
shodé nedochazi. Mezioborova nejed-
notnost pak panuje i v klasifikaci rozsahu
peritonealniho postizeni a v nazvoslovi
hodnoceni kompletnosti provedené cy-
toredukce [18]. Az do soucasnosti bohu-
zel nebyla projektovéana klinicka studie,
ktera by u pokrocilého karcinomu ovaria
hodnotila u¢innost HIPEC na dostatecné
velkém souboru pacientek stratifikova-
nych do vice ramen podle histopatolo-
gickych nadorovych subtypt a odlisnosti
v genovych mutacich, a zéroven ktera by
reflektovala nejmodernéjsi rezimy systé-
mové lécby. Absence takového designu
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je také hlavni metodologickou kritikou
nizozemské studie OVHIPEC-1 [2], ktera
jinak velmi presvédcivé vyzdvihla vliv
HIPEC pfi tzv. interval debulking surgery
(IDS) na vyznamné prodlouzeni para-
metrQ Ucinnosti 1éCby — preziti bez pro-
grese (progression free survival — PFS)
i celkové preziti (overall survival - OS).
Studie OVHIPEC-1, publikovana ve stej-
ném roce (a ve stejném periodiku) jako
studie SOLO-1 hodnotici v Ié¢bé pokro-
¢ilého karcinomu ovaria efekt inhibitoru
poly(ADP-rib6za)polymerdzy (PARP) ola-
paribu [19], byla v leto$nim roce podro-
bena externimu hodnoceni validity po-
rovnavajicimu kontrolni rameno studie
s populaci [é¢enou obdobnym zpUso-
bem mimo studii, a podle tohoto hodno-
ceni je pravdépodobné mozné vysledky
studie OVHIPEC-1 zobecnit i pres vyty-
kané nedostatky [20]. Za zminku stoji
i dalsi probihajici klinické studie: aplikaci
HIPEC po ,upfront” cytoredukci u stadia
Il ovaridlniho karcinomu se vénuje me-
zinarodni multicentrickd studie OVHI-
PEC-2 (NCT03772028), kterd by méla
byt zkompletovéna v roce 2026, efek-
tem HIPEC u relapsu karcinomu ovaria
se zabyva francouzsko-belgickd studie
CHIPOR (NCT01376752), jejiz ukonceni
je naplanovéno na rok 2025. Pfedbézné
vysledky studie CHIPOR byly zverej-
nény letos béhem ,ASCO Annual me-
eting”, v rameni s HIPEC bylo popsano
signifikantni prodlouzeni PFS i OS [21].
Informace o pozitivnim Gcinku HIPEC
na prodlouzeni preziti u pokrocilého
ovaridlniho karcinomu jsou tedy po-
vzbudivé, i kdyz nezpochybnitelné da-
kazy podporené vysledky validnich kli-
nickych studii dosud dostupné nejsou,
stejné jako neni mozna jednoznacna
predikce ucinnosti intraperitonealné
podané chemoterapie pomoci vhod-
nych biomarker(. Na zakladé doposud
publikovanych dat se ukazuje, Ze nej-
vétsi profit z HIPEC maji pacientky s high
grade ser6znim karcinomem ovaria,
BRCA 1/2 negativni, se sou¢asnym de-
fektem homologni rekombinace (HRD),
s PCl < 17, které podstoupi radikalni cy-

toredukci po predchozi neoadjuvantni
systémové chemoterapii, tedy v ramci
konceptu IDS. Zaroven prozatim nelze
vyvodit, Ze by u této vybérové podsku-
piny nemocnych samotnd Ié¢ba PARP
inhibitory vyvazila benefit HIPEC (a na-
opak) — HIPEC a PARP inhibitory plisobi
ziejmé synergicky. Pokud se u vybra-
nych nemocnych s pokrocilym ovaridl-
nim karcinomem pfistoupi k HIPEC, do-
porucuje PSOGI protokol vychazejici ze
studie OVHIPEC-1, tedy intraperitonedlni
aplikaci cisplatiny v ddvce 100 mg/m? po
dobu 90 minut za souc¢asné perioperacni
nefroprotekce thiosiranem sodnym.

V souladu s obsahem motta letoSniho
kongresu PSOGI mzeme zavérem pro-
hlasit, Ze v 1é¢bé peritonedlnich malig-
nit jsme urazili dlouhou cestu, neméné
dlouha cesta vsak zUstava pred nami.
Nadory pobfisnice, primarni i sekun-
darni, jakkoli vzacné, tvoriintegralni sou-
¢ast onkologické klinické praxe, a imple-
mentace nejnovéjsich terapeutickych
modalit do jejich komplexni protinddo-
rové péce muize pacientlim s timto za-
vaznym neoplastickym stavem nabid-
nout nejen zlepseni kvality Zivota, ale
mnohdy i jeho zasadni prodlouzeni.
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AKTUALITA Z KONGRESU

Inovativni moznosti snizeni rizika vzniku
karcinomu plic a jeho ¢asné detekce

V Olomouci se 20.-22. listopadu uskutecnil v poradi jiz 18. Czech Annual Cancer Research Meeting (z minulosti znamy
jako Dny diagnostické, prediktivni a experimentalni onkologie), pofadany letos podruhé i jako konference Narodniho

ustavu pro vyzkum rakoviny.

Navstivili jsme Uvodni blok sdéleni vé-
novanych ¢asné detekci a prevenci plic-
nich karcinom. Jak ptipomnél prezi-
dent konference doc. MUDr. Marian
Hajduch, Ph.D., ktery této sekci spolu
s doc. MUDr. Jitim Votrubou, Ph.D., pfed-
sedal, karcinom plic je jednim z onko-
logickych onemocnéni s nejvyssi pre-
valenci a mortalitou v CR. Pouze 18 %
pacientll pfeziva 5 a vice let poté, co
jim byl karcinom plic diagnostikovan.
Mira 5letého preziti se oviem zvy-
Suje v zavislosti na véasném zachytu
na 77-92 % (stadium 1), 52-60 % (sta-
dium 1), resp. 36 % (stadium IlIA), jak
uvedl ve svém sdéleni jiz jmenovany
doc. Votruba.

Piehlizet koncept, harm
reduction” znamena obétovat az
64 miliont kurakui

Britsky onkolog Dr. Peter Harper, kon-
zultant londynské Guy’s and St Thomas
Hospital a zakladatel center klinické ex-
celence Leaders in Oncology Care ve
Spojeném kralovstvi, uvodem svého
sdéleni shrnul stavajici poznatky o rizi-
kovych faktorech vzniku karcinomu plic.
Nejvyznamnéjsi je koufeni tabdku, které
ma na svédomi 9 z 10 pfipadd u muzl
a pfiblizné 8 z 10 pfipadd u Zzen. Vyznam-
nym rizikem je i pasivni koureni, tedy ex-
pozice osob karcinogenim z tabéko-
vého koure v kufdkové okoli.

Svoji roli hraje i rodinnd anamnéza -
Dr. Harper uved|, Ze vyskyt karcinom plic
u pfibuznych prvniho stupné zvysuje
pravdépodobnost onemocnéni az na
dvojnésobek. Rizikové mohou byt i né-
které doplnky stravy — u kurakd, ktefi
koufi jednu krabicku cigaret denné,
a vice zvysuje riziko karcinomu plic
napf. uzivani pfipravkl s obsahem beta
karotenu.

A konecné mezi rizikové faktory kar-
cinomu plic patfi i vystaveni plynnému

radonu v budovéch (jedna z hlavnich
pfi¢in vzniku karcinomu plic), azbestu
a jinym polutantlm (zejména v zamést-
nani - riziko se nasobi, pokud doty¢na
osoba zdroven koufi) ¢i ionizujicimu
zareni.

Zavaznost expozice karcinogenu je za-
visla na davce a dobé trvani.

Nepochybné nejucinnéjsi a z farmako-
ekonomického hlediska nejefektivné;jsi
intervenci je pro kufdka zanechani kou-
feni, tedy eliminace karcinogend, kte-
rym by byl vystaven. Rdmcova umluva
Svétové zdravotnické organizace o kon-
trole tabdku, kterd vstoupila v platnost
27. Unora 2005 a k dnesnimu dni ji po-
depsalo 181 smluvnich stran, ma za cil
ovlivnit chovani souvisejici s koufenim —
konkrétni zasady se oviem v jednotli-
vych zemich lidi a Uplna celosvétova eli-
minace uzivani tabaku, resp. nikotinu, je
stejnou fikci, jakou byla prohibice alko-
holu v USA ve 20.-30. letech minulého
stoleti.

Neni-li redlné uzivani tabdku, resp. ni-
kotinu, ze spole¢nosti zcela vymytit, na-
bizi se podle Dr. Harpera alespon moz-
nost snizit miru expozice karcinogentim.
Koncept ,harm reduction’, tedy snizo-
vani rizika, neni v oblasti ochrany vefej-
ného zdravi ni¢im novym - pfidla s nim
jiz v 80. letech vlada Margaret Thatche-
rové ve Velké Britanii, a to v souvislosti
s uzivateli injekénich drog. Nefesila pfi-
tom otdzku abstinence ani vyssi krimi-
nalizace ¢i naopak legitimizace drog, ale
soustiedila se na minimalizaci nasledkd
rizikového chovani, tedy pfedevsim na
zabranéni prenosu virovych hepatitid B
a C &i HIV/AIDS, a to zpfistupnénim pro-
gramu vymény pouzitych injekénich
jehel za nové, sterilni.

Ve vztahu k uzivani tabaku koncept
,harm reduction” znamena vyvoj ino-
vativnich bezdymnych technologii
pro uzivani nikotinu zalozeny na duka-

zech o snizeni miry expozice Skodlivym
a potencidlné skodlivym latkam a na-
sledné dostupnost téchto technolo-
gii pro dospélé kuraky, ktefi z néjakého
ddvodu nedokazou, nemohou nebo
nechtéji koufeni zanechat. Jak uvedI
Dr. Harper, zavislost na nikotinu je nato-
lik silna, Zze dokonce 64 % kufakl s dia-
gnostikovanym onkologickym onemoc-
nénim nedokaze ani navzdory své vazné
nemoci s koufenim prestat. Pokud bude
lékaiskd vefejnost a obecné celd spo-
lecnost pred existenci inovativnich pro-
duktd pro uzivani tabdku, resp. nikotinu,
zavirat oc¢i, a pokud zlistane zacho-
van status quo, Ize se podle Dr. Harpera
nadat nasledujiciho scénare: soucasna
cca miliarda kurakd na planeté bude
koufit i nadale, coz znamena v pfistich
letech 80 milion{i novych ptipadud karci-
nomu plic a v jejich disledku 64 miliont
umrti.

Zadny kouf = vyznamné méné
Skodlivin

Podle Dr. Harpera je jiz bezpeéné pro-
kazano, Ze expozice karcinogenlim sou-
visi s produkci koure vznikajiciho pfi ho-
feni tabaku. Samotny nikotin, kvili jehoz
piijmu lidé koufi, v seznamu skodlivych
a potencidlné skodlivych latek vedeném
americkym Ufadem pro kontrolu potra-
vin a léciv (FDA) figuruje jako ndvykova
latka a jako reprodukéni a vyvojovy toxi-
kant, ale nikoli jako karcinogen - i proto
muze byt dlouhodobé bezpecné prede-
pisovén a uzivan v pfipravcich pro niko-
tinovou substitucni terapii pfi odvykani
koufreni.

Produkce karcinogent zavisi na tep-
loté, které je tabdk ve vyrobku vysta-
ven. Béhem hofeni pfi teplotach vyssich
nez 400 °C vznika kouf, ktery obsahuje
vice nez 6 000 chemikalii a ultrajem-
nych pevnych ¢astic, z nichz 93 FDA kla-
sifikuje jako Skodlivé a potencialné skod-

488

Klin Onkol 2023; 36(6): 488-491




INOVATIVNI MOZNOSTI SNIZENT RIZIKA VZNIKU KARCINOMU PLIC A JEHO CASNE DETEKCE

~
1000 benzo(a)anEracen
= fluoranten i
900 A o)
= pyren " |0
0- Cigareta 800 | -« penzo(a)antracen ;o T T
] f
o 1071 ~_ 700, = chrysen |
© 20 - Q G h
2 S = benzo(b)fluoranten
; 30 A £ 600 / benzo(a)pyren
S 40- T +~ benzo(a)pyren . X iy
;j) 501 [k 90 % >92 % > 98% % 500 - ideno(']’2’3.cd)pyren .I_." F i) e
L 607 = 400 jiHiorent/o <\ by AP
g 70 E A\ 10
S 80+ S 300 £ e
© 90 Nahfivani -, l A
200 f W\
akrolein B(@)P formaldehyd NNN NNK ", E - \ b
100 - — N
Vysledky testu Ufadu pro kontrolu potravin a lé¢iv FDA 0 e .
) ; — = ; £ ;
(Fijen 2017) RT350 350-400 400450 450-500 500-550 550-600
. teplota (°C)
Zdroj: predndska Dr. Petera Harpera
"upraveno podle: https://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/TobaccoProductsScientificAdvisory
Committee/UCM593109.pdf
https://www.fda.gov/media/139796/download
2upraveno podle McGrath TE, Wooten JB, Chan WG et al. Formation of polycyclic Aromatic Hydrocarbons from Tobacco: the “Link” between
Low Temperature Residual Solid and PAH Formation. Food Chem Toxicol 2007; 45(6): 1039-1050.

Graf 1. Produkce polycyklickych aromatickych uhlovodikt (PAH) a dalSich $kodlivin - hofeni vs. nahfivani tabaku.

livé slozky. Vétsina z nich (bezmala 80)
jsou karcinogeny nebo potencidlni kar-
cinogeny. Pfi nizsich teplotach (u nahti-
vaného tabdku do 350 °C) je produkce
Skodlivych a potencidlné 3kodlivych
latek v¢. karcinogen(i vyrazné reduko-
vana (graf 1).

Koncept ,harm reduction” tedy pred-
poklada existenci alternativnich bez-
dymnych forem dodani nikotinu, které
stavajicim kufakdim umozni opustit ri-
zikové cigarety (snizit expozici karcino-
genUm z tabakového koure) a postupné
se i zcela zbavit své zavislosti. Zadny
z téchto vyrobkl neni uréen nekurakiim,
natoz détem a mladistvym.

V soucasnosti se alternativy déli na in-
hala¢ni a ordlni. Inhala¢ni jsou e-cigarety
(ve kterych se teplem odpafuje tekutina
s obsahem pfirodniho nebo syntetického
nikotinu, nebo bez néj, a s pridatnymi
aromaty) a nahtivany tabak (s obsahem
ptirodniho tabéku, ktery nehofi, ale plso-
benim tepla se z néj uvolnuje aerosol s ob-
sahem nikotinu). Ordlnimi produkty jsou
oralni tabak (fezany v saccich, ve Skandi-
navii i jemné mlety, tzv. snus) a nikotinové

sacky (bez obsahu tabéku), v obou pfipa-
dech s pfichutémi, nebo bez nich.
Viechny alternativy prochazeji toxiko-
logickymi, biomarkerovymi a klinickymi
studiemi podle stejnych standardi jako
|éky. Dr. Harper shrnul nékteré poznatky.
« Snus (oralni tabak) obdrzel od FDA
v r. 2019 status ,tabdkového vyrobku
s modifikovanym rizikem” V rozhod-
nuti se mj. uvadi, ze ,...uzivdni snusu
misto cigaret sniZuje riziko karcinomut
ustni dutiny, kardiovaskuldrnich one-
mocnéni a cévni mozkové prihody, kar-
cinomu plic, emfyzému a chronické
bronchitidy.” Dr. Harper pfipomnél sta-
tisticka data ze Svédska, kde je snus
mezi muzi zavislymi na nikotinu nej-
rozsitenéjsi formou jeho uzivani a spo-
tfeba cca trojndsobné prevysuje spo-
tfebu cigaret. Diky tomu prevalence
koureni tabaku v celé Svédské popu-
laci aktualné klesla na 5,3 %, Svéd-
sko je tak se 17letym predstihem nej-
blize splnéni cile (zdvazného do roku
2040 pro vsechny clenské staty EU)
stat se nekufackou zemi (s prevalenci
koufeni v populaci < 5 %). Svédsko ma

navic mezi vsemi zemémi EU v muzské

miru vyskytu onemocnéni spojenych
s koufenim.

E-cigareta a jeji uzivani (tzv. vaping)
predstavuje podle review, kterou pro-
vedl Public Health England, ,,...zIomek
rizika koureni, nejméné o 95 %, a pred-
stavuje i zanedbatelné riziko pro kolem-
jdouci. Presto se vice neZ polovina ku-
rfdkd mylné domnivd, ze vaping je stejné
skodlivy jako koureni, nebo o jeho niz-
$im riziku prosté nevi” E-cigarety jsou
ve Velké Britanii schvéleny jako pro-
stfedek pro odvykéni koureni.
Nahfivany tabdk mé podle valida¢ni
studie provedené v Southeast Tobacco
Laboratory FDA v Fijnu 2017 oproti ci-
garetam vyrazné nizsi produkci sledo-
vanych karcinogent a skodlivych latek
(0 > 90 % méné akroleinu, 0 > 90 %
méné benzola]pyrenu, o > 80 % méné
formaldehydu a 0 > 92-98 % méné ta-
bakoveé specifickych nitrosamint NNN
a NNK). Rovnéz nahfivany tabak obdr-
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zel od FDA v r. 2020 rozhodnuti o udé-
leni statusu ,tabdkového vyrobku s mo-
difikovanym rizikem” FDA ve svém
rozhodnuti doslova uvadi, ze ,,...ackoli
,sniZeni rizika’ se dosud (klinicky) nesta-
Cilo projevit, je oduvodnitelné ocekd-
vatelné, Ze se v ndsledujicich studiich
prokdZe podstatné sniZzeni morbidity
amortality”

Zavérem svého vystoupeni Dr. Harper
konstatoval: ,Potfebujeme novd reseni,
jak pomoci lidem prestat kourit, a sniZit
skody u téch, kteri prestat z jakéhokoli du-
vodu nemohou. Vysledkem bude s obéma
pristupy snizeni poctu kuidkd konvenc-
nich cigaret.”

Moderni trendy v diagnostice
karcinomu plic

Z obsahlého prehledového sdéleni
doc. MUDr. Jitiho Votruby, Ph.D., pfed-
nosty I. kliniky tuberkulézy a respirac-
nich nemoci 1. LF UK a VFN v Praze, vy-
birdme nékolik postiehl tykajicich se
v prvni fadé diagnostiky a manage-
mentu pacientd s nahodné zachycenymi
solitdrnimi plicnimi uzly, resp. s nalezy
souvisejicimi se screeningem.

Jak uved| doc. Votruba, prevalence
solitarnich plicnich uzl{ ve screeningo-
vych studiich zahrnujicich osoby s vyso-
kym rizikem karcinomu plic se pohybuje
od 8 do 51 % (Murrmann et al., Journal
of Thoracic Disease 2014). Incidence kar-
cinom0 u pacientll se solitarnimi plic-
nimi uzly se odhaduje v rozmezi 3,2 az
4,5 % (Zhang et al., JTO Clinical and Re-
search Report 2022). Ve screeningovych
programech se podil invazivnich dia-
gnostickych vykont pohyboval od 1 do
4 % - s rizikem zavaznych komplikaci
souvisejicich s vykonem 4,5/10 000 sub-
jektd. V americké National Lung Scree-
ning Trial bylo 25 % operaci provedeno
pro plicni uzly, které posléze ukazaly byt
benignimi (McWilliams et al., NEJM 2013).

Preziti karcinomu plic pfimo souvisi se
stadiem diagnézy. | kdyz solitérni plicni
uzly jsou vyrazné castéji spojeny s be-
nignim onemocnénim, jsou zaroven nej-
¢astéjsim zpusobem zachytu plicnich
karcinomu. Publikace Meltona et al. (Cu-
reus 2019) popisuje systém komunitné
organizované péce o pacienty s nale-
zem plicnich uzl( v americké Pennsylva-

nii, v némz se kazdym individudlnim pfi-
padem zabyva multidisciplinarni tym,
v némz je zastoupen radiacni a klinicky
onkolog, hrudni chirurg, hrudni radio-
log a pneumolog. Tym pracuje na vy-
pracovani planu dalsi péce po prezkou-
mani nélezu CT a pacientovy anamnézy.
Vysledkem je podle zminéné publikace
Castéjsi zachyt plicniho karcinomu v ¢as-
néjsim stadiu oproti celkové populaci
s karcinomem plic.

Guidelines Fleischnerovy spole¢nosti
pro management pacientt s nahodnymi
nalezy plicnich uzld aktualizovana v lon-
ském roce doporucuji obecné méné in-
tenzivni pfistup v zajmu ochrany pa-
cienta pred nadmérnymi vysetienimi.
Solidni uzly < 6 mm u pacientl s nizkym
rizikem nevyZzaduji zadné rutinni sledo-
vani; pokud se jedna o vysoce rizikového
pacienta, pak je opakovani CT vyset-
feni po 12 mésicich nepovinné. Pokud je
nalez mezi 6 az 8 mm, bez ohledu na ri-
ziko pacienta, je doporuceno opakovani
CT za 6 az 12 mésicl a znovu za 18 az
24 mésicl. Pokud je uzel > 8 mm, dopo-
rucuje se opakovani CT po 3 mésicich vs.
PET/CT nebo ziskani vzorku tkané. Pfi
vysokém riziku je nezbytnd diagnosticka
biopsie k rozliseni etiologie uzlu.

Doporuceni Fleischnerovy spole¢nosti
nebyla primarné koncipovéna pro ma-
nagement pacientl s plicnimi uzly za-
chycenymi v rdmci screeningu. Podle
doc. Votruby do budoucna bude po-
tfeba hledat nové sméry v podobé néja-
kych ,integrovanych klasifikatord”, napf.
plazmatického proteomického klasifika-
toru plicnich uzld (studie PANOPTIC) vy-
uzivajiciho klinickych rizikovych faktord
a proteomickych rizik k presnéjsi kvanti-
fikaci rizika, nez jako nabizi CT. Jinou ces-
tou mohou byt identifikétory radiologic-
kého rizika zaloZzené na vyuziti umélé
inteligenci ¢i diagnostika z kondenzatu
vydechovaného vzduchu (viz déle).

Novinky v lé¢bé karcinomu plic

Jak zdudraznil doc. Votruba, cilem Iécby
¢asnych stadii nemalobunééného karci-
nomu plic (non-small cell lung cancer -
NSCLC) by mélo byt vzdy vyléceni. Zre-
kapituloval, ze adjuvantni chemoterapie
na bazi cisplatiny je stale standardem
péce u ¢asného stadia NSCLC s vysokym
rizikem metastatického Sifeni po radi-

kalni resekci. Anti-PD-L1 imunoterapie
durvalumabem po chemoradioterapii
prodluzuje celkové preziti u neresekabil-
niho nebo inoperabilniho nemetastatic-
kého NSCLC. Adjuvantni osimertinib po
dobu 3 let po standardni chemoterapii
prodluzuje preziti bez zndmek onemoc-
néni u NSCLC s mutaci EGFR.

Aktualné se pozornost soustfedi na
posun imunoterapie do neoadjuvantni
a adjuvantni lé¢by casnych operabil-
nich stadii NSCLC. Prlikaz ucinnosti ad-
juvantni blokady PD-(L)1 po kompletni
chirurgické resekci a adjuvantni chemo-
terapii pro NSCLC pfinesla klinickd stu-
die faze | IMpower010, v niz doslo k vy-
znamnému zlepseni preziti bez zndmek
onemocnéni pfidanim atezolizumabu
po chemoterapii na bazi cisplatiny u pa-
cientl s radikalni resekci PD-L1-pozitiv-
niho NSCLC stadia II-IllA. Nejvétsi pfinos
byl zaznamenan u pacientl s expresi
PD-L1 = 50 % (snizeni miry relativniho ri-
zika 0 56 %).

Zafazeni imunoterapie do neoadju-
vantni Iécby NSCLC by mélo pfinést dalsi
benefity, protoze je zndmo, ze neoad-
juvance s sebou nese fadu vyhod - mj.
lepsi toleranci v nacasovani pred ope-
raci, downstaging, ¢asnou eradikaci mik-
rometastaz ¢i moznost ¢asného hodno-
ceni ucinnostilécby. Ve studii CheckMate
816 pridani nivolumabu k neoadju-
vantni chemoterapii na bazi platiny zvy-
Silo oproti chemoterapii samotné miru
objektivnich (zobrazovacich) odpovédi
a patologickou kompletni odpovéd;, a to
bez zvysené toxicity. Vyzkumna analyza
ukazala u pacientd uzivajicich kombi-
naci ¢astéjsi clearance cirkulujici nddo-
rové ctDNA, ktera byla spojena s patolo-
gickou kompletni odpovédi.

Jak na zavér uved! doc. Votruba, ,pra-
vidla hry” by mohl zménit i debulking
NSCLC, tedy zmenseni jeho objemu
pred molekuldrné cilenou terapii NSCLC,
mozna i v pokrocilych stadiich, a to diky
minimalizaci moznosti relapsu snizenim
poctu potencialné rezistentnich nadoro-
vych bunék.

Identifikace biomarkert
karcinomu plica CHOPN ve
vydechovaném vzduchu

Jiz citovany doc. MUDr. Marian Hajduch,
Ph.D., zakladajici feditel Ustavu moleku-
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larni a transla¢ni mediciny Lékarské fa-
kulty UP, Olomouc, prezentoval i v za-
stoupeni Mgr. Jany Vaclavkové, Ph.D.,
vyzkum vyuZiti analyzy kondenzétu vy-
dechovaného vzduchu, bohatého zdroje
biomarker(, v detekci onemocnéni dy-
chaciho traktu.

Od roku 2021 jsou v CR osoby z riziko-
vych skupin (kufaci) v ramci ¢asného za-
chytu karcinomu plic screenovéany plic-
nimi funkénimi testy a nizkodavkovou
CT (low dose CT - LD-CT). Stéle vsak trva
potfeba vyvoje novych neinvazivnich
metod, které by mohly v soucasnosti
pouzivané screeningové metody dopl-
nit nebo nahradit.

Jak konstatoval doc. Hajduch, odbér
kondenzatu vydechovaného vzduchu je
¢asové nendro¢nd metoda nezatézujici
pacienta. Analyza takto ziskanych bio-
marker(i by méla mit Siroké vyuziti — pro
primarni testovani v zdjmu vcasné de-
tekce karcinomu plic, pro tridz pacientt
s nalezem plicnich uzl( na LD-CT, pro
identifikaci podezielych lézi s nizkym
rizikem bez nutnosti invazivnich dia-
gnostickych metod, pro sledovéni pa-
cientd s plicnim karcinomem béhem
terapie ¢i jako sekunddrni screening re-
cidiv onemocnéni.

Autofi v abstraktu své prednasky
uvedli: ,Zamérili jsme se na diagnostiku
nemalobunééného karcinomu plic
(NSCLC). Identifikovali jsme 4 806 protein(i
a z nich bylo 4 179 proteint kvantifiko-
vdno alespon v jednom replikdtu ve vzor-
cich 226 jedinci mérenych v triplikdtech.
Kombinaci jednorozmérnych a viceroz-
mérnych statistickych pristupt a analyzy
citlivosti jsme navrhli 72 biomarkerd, které
by mohly odlisit pacienty s NSCLC od pa-

cientt s CHOPN a zdravych kontrol. Nase
modely pro predikci biomarkerti NSCLC
a CHOPN fungovaly dobre a zdaji se byt
slibné. Probihajici cilend analyza zaloZend
na hmotnostni spektrometrii by nazna-
Covala vysledny panel biomarkerd, ktery
bude pouzit pro vyvoj testu zaloZeného
na ELISA pro poucZiti v preventivnim scree-
ningu rakoviny plic

Podle sdéleni doc. Hajducha bude po
dlsledné validaci biomarker( potiebny
vyvoj multiplexnich imunoanalyz pro
implementaci do bézné klinické praxe.
Kone¢nym cilem by méla byt point-of-
-care neinvazivni diagnostika respirac-
nich poruch.

Aktualné probiha ndbor do studie cas-
nych onkologickych biomarker( v kon-
denzétu vydechovaného vzduchu v po-
pulaci jedincd s vysokym rizikem karci-
nomu plic podstupujicich LD-CT scree-
ning. Primarnim cilem studie je vali-
dovat nové identifikované biomarkery
karcinomu plic v kondenzatu vydecho-
vaného vzduchu pro diagnostiku plic-
nich uzld a jejich tfidéni na maligni vs.
benigni. Pracovisté, kterd by projevila
zajem o Ucast, jsou vitana a mohou kon-
taktovat pfimo doc. Hajducha.

Otaci pristup ,,harm reduction”

v CR kFivku incidence karcinomu
plic?

Doc. Hajduch prezentoval i zatim velmi
predbézné vysledky ceské ekologické
studie k hodnoceni Ucinnosti protiku-
racké intervence. Zahrnuta do ni byla
data z Narodniho onkologického regis-
tru ziskand mezi lednem 2010 a prosin-
cem 2021. Tedy v ¢asovém obdobi, do
kterého spadaji i dvé dllezité udalosti -

zavedeni zékazu koufeni v restauracich
a na vefejnych mistech a uvedeni vy-
robku pro alternativni uzivani tabaku/ni-
kotinu (nahfivaného tabdku a e-cigaret)
na Cesky trh — k obojimu doslo v roce
2017.

Celkova analyza v daném ¢asovém ob-
dobi obsahla 79 066 pfipadi karcinomu
plic (52 125 muzd, 26 941 zen). Nebyla
prokdzédna zadnd vyznamnd korelace
mezi karcinomy plic a amrtimi v ob-
dobi pred covid-19 a po ném. Naopak
vyznamna byla kfizova korelace karci-
nomu plic s provedenymi CT hrudniku
(pfed covid-19 i po ném).

.Na zdkladé jednoduchého linedr-
niho regresniho modelu jsme urcili Cer-
venec roku 2019 jako odhadovany ca-
sovy bod zmény ve vyskytu karcinomu
plic v CR uved! doc. Hajduch a dodal: ,In-
terpretace pricin by prekracovala zameé-
feni studie. Nicméné podle dat Stdtniho
zdravotniho Ustavu po zdkazu koureniv re-
stauracich a na verejnych mistech mezilety
2017 a 2021 klesl pocet dennich i prilezi-
tostnych kurdku cigaret 0 0,9 resp. 1,8 pro-
centniho bodu. Z dat pokladnich systémt
pro obchody, restaurace a sluzby je naopak
v uvedeném obdobi patrny rist prodeju al-
ternativnich produktd, tedy e-cigaret a na-
hrivaného tabdku, na ukor cigaret.”

Data tedy naznacuji vyznamnou roli
piistupl ,harm reduction” pfi snizovani
vyskytu karcinomu plic. Jak ale zavérem
zdUraznil doc. Hajduch, udaje jsou zatim
stale jen predbézné a je tfeba je ovérit
a doplnit o incidenci a mortalitu v roce
2022 a dalsich letech.

Ing. Katefina Michnovd
séfredaktorka Care Comm s.r.o.
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PERSONALIA

Uvedenie vyznamnych osobnosti slovenske;j
onkologie do Dvorany slavy slovenskej mediciny

Dna 27.juna 2023 sa v bratislavskom Hoteli Sorea Regia konalo 13. sldvnostné uvddzanie osobnosti do Dvorany slavy slovenskej
mediciny Slovenskej lekarskej spolo¢nosti (SLS).

Zamerom projektu ,Dvorana slavy slovenskej mediciny” a jeho realizécie bola popularizacia poprednych osobnosti slovenskej
mediciny, ktori vyznamnou mierou prispeli k budovaniu slovenskej mediciny, medicinskeho skolstva a vzdelavania, k zvySovaniu
odbornej Urovne poskytovanej zdravotnej starostlivosti u nds, k sireniu dobrého mena slovenskej mediciny doma a v zahranici,
najma tych, ktori sa zaslizili o vznik a rozvoj Slovenskej lekarskej spolo¢nosti.

Medzi osobnostami, ktorym na navrh Slovenskej onkologickej spolo¢nosti schvalilo Prezidium SLS toto ocenenie, boli prof. MUDr. Vi-
liam Thurzo, DrSc. (1912-1984), prof. MUDr. Frantisek Svec, DrSc. (1906-1973) a jeho syn prof. MUDF. Juraj Svec, DrSc. (1938-2017).
Za tychto, zial uz nezijucich laureétov prevzali z ruk prezidenta SLS prof. MUDr. Jana Brezu, DrSc.,, MHA, MPH a vedeckého sekretéra
SLS prof. MUDr. Mariana Bernadica, CSc. diplomy ich najblizsi rodinni prislusnici: za prof. Thurza jeho syn doc. RNDr. Milan Thurzo, CSc.,

za prof. Frantidka Sveca jeho vnuk MUDr. Andrey Svec, PhD. a za prof. Juraja Sveca jeho syn MUDr. Richard Svec.

Prof. MUDr. Viliam Thurzo, DrSc.,
akademik SAV a CSAV, slovensky
lekar - onkolég, vysokoskolsky
pedagdg, vedec

Narodil sa 13. novembra 1912 v Ko-
marne, avsak jeho korene siahaju do
rodu Thurzovcov z Banskej Bystrice
- Radvane, kde sa s rodi¢mi v roku
1925 prestahoval a dokoncil fudovu
Skolu. V Banskej Bystrici studoval aj na
gymndaziu a maturoval v roku 1932. Me-
dicinu Studoval na Lekdrskej fakulte
Univerzity Komenského (LF UK) v Bra-
tislave, kde v roku 1940 promoval. V ro-
koch 1940-1941 posobil ako pracov-
nik Statneho zdravotnickeho socialneho

Ustavu v Bratislave. V rokoch 1941-1945

bol pracovnikom sanatéria Penzijného
Ustavu sukromnych dradnikov v Novom
Smokovci. Pocas tohto obdobia bol
ucastnikom Slovenského narodného
povstania (SNP) a ¢lenom povstaleckej
Slovenskej narodnej rady (SNR). V roku
1945 sa stal poverenikom SNR pre zdra-
votnictvo a v roku 1946 hlavnym rad-
com Poverenictva zdravotnictva. V roku
1954 sa stal ¢lenom-koreSpondentom
Slovenskej akadémie vied (SAV), v roku
1960 docentom LF UK, v roku 1965 dok-
torom lekarskych vied (DrSc.) a v roku
1967 univerzitnym profesorom onko-
I6gie. V roku 1973 sa stal ¢lenom kores-
pondentom Ceskoslovenskej akadémie
vied (CSAV). V roku 1975 sa stal akade-
mikom SAV a v roku 1977 akademikom
CSAV. Z iniciativy MUDTr. Viliama Thurza
vznikol v Nemocnici sv. Alzbety v Bra-
tislave v roku 1946 Ustav pre vyskum
a lie¢enie nadorov, od roku 1948 s na-
zvom Statny oblastny Ustav pre vyskum
a lie¢bu nadorov. V roku 1966 vznikol
z tohto Ustavu Onkologicky ustav pre
Slovensko, pricom vyskumna cast Ustavu
bola za¢lenend do Slovenskej akadémie
vied ako Ustav experimentalnej onkolo-
gie SAV, ktorého bol prof. Thurzo prvym
riaditelom az do roku 1982. Prof. Thurzo
bol zakladatelom onkologického vy-
skumu a onkovirolégie na Slovensku.
Vyznamné Uspechy dosiahol v proble-
matike onkogénnych RNA virusov, bol
objavitel vtacieho onkogénneho virusu
B77. Prof. Thurzo zaviedol pregradualnu

vyucbu onkoldgie na bratislavskej le-
karskej fakulte medzi prvymi v Eurépe,
ked' v roku 1964 zalozZil Katedru onkol6-
gie aradiolégie, ktord sa v roku 1978 roz-
sirila na Katedru onkoldgie, radioldgie
a nukledrnej mediciny LF UK. Od roku
1954 bol hlavnym redaktorom novo-
zaloZzeného medzinarodného ¢asopisu
Neoplasma. Bol riadnym a ¢estnym cle-
nom viacerych zahrani¢nych a medzina-
rodnych odbornych spolo¢nosti, exper-
tom Svetovej zdravotnickej organizéacie
(WHO) v Zeneve pre onkolégiu, ¢esko-
slovensky zmocnenec pre vedecku spo-
lupracu krajin byvalej Rady vzdjomnej
hospodarskej pomoci (RVHP) pre vy-
skum zhubnych novotvarov.

Akademik Thurzo sa okrajovo venoval
i uzitej entomoldgii a ako lekér-parazito-
I6g sa zaoberal prevazne studiom dvoj-
kridlovcov, hlavne komarmi. Udaje o vy-
skyte komarov rodu Theobaldia z okolia
Bratislavy a Banskej Stiavnice publiko-
val vo svojej praci, ktorad vysla v roku
1955 v Casopise Biolégia pod nazvom
Vyskyt koméra Theobaldia glaphyro-
ptera Schiner na Slovensku.”

V rokoch 1948-1952 bol predsedom
Ceskoslovenského ¢erveného kriza na
Slovensku a od roku 1966 predsedom
Slovenskej mierovej rady a podpredse-
dom Ceskoslovenského mierového vy-
boru, ¢len predsednictva Svetovej rady
mieru. Bol drzitefom mnohych medzi-
narodnych uznani, ¢estnych doktora-
tov a vysokych 3tatnych vyznamenani:
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Rad SNP I. stupnia (1945), Rad Vitazného
februara, Rad prace (1972), laureat Stat-
nej ceny Klementa Gottwalda (1973),
Cs. ceny mieru (1955), Medaily Svetovej
rady mieru, Medaily J. E. Purkyné (1962),
Striebornej plakety CSAV Za zasluhy
o vedu a ludstvo (1977), Medaily Jo-
nasa B. Guotha, Zlatej plakety SAV J. Jes-
senia a inych. Akademik Thurzo zomrel
2. marca 1984 v Bratislave.

Patril medzi vynimocné osobnosti
nasej mediciny, bol uzndvanou odbor-
nou a ludskou autoritou, Uspesne a dos-
tojne reprezentoval slovenskd medicinu
a medicinsku vedu nielen doma, ale aj
v zahranici, za ¢o mu patri Ucta a vdaka.

Prof. MUDTr. Frantisek Svec, DrSc.,
slovensky lekar - farmakolog,
onkoldg, vysokoskolsky profesor,
vedec

Narodil sa 28. augusta 1906 v Bytci v ro-
dine zelezniciara. Do zékladnej Skoly

zacal chodit vo svojom rodisku, ale ked’

sa rodina prestahovala do Nitry, po-
kracoval v skolskej dochadzke v tomto
meste, kde Studoval aj na redlnom gym-
naziu. Pre nepriaznivé finan¢né po-
mery v rodine musel $tadium prerusit,
zacal sa ucit zamocnictvu. Po vynutenej
prestavke pokracoval v gymnazidlnom
studiu. Uz vtedy ho popri matematike
a technickych disciplinach zaujala bio-
I6gia a najma chémia. Po maturite v roku
1925 jeho kroky zamierili do Bratislavy,
jednoznacne na LF UK.

Aj ked sa Frantisek Svec plne veno-
val Studiu, nasiel si ¢as aj na Sportové
zaluby. Bol ¢lenom telovychovnej jed-
noty Sokol, kde sa venoval gymnastike,
a to aj pretekarsky. Popri tom bol aj vel-
kym priaznivcom ladového hokeja, sém
hraval a neskér posobil aj ako prvy slo-
vensky hokejovy rozhodca. Bol spoluza-
kladatefom vysokoskolského fadového
hokeja a jeho dlhoro¢nym funkciona-
rom. Uz od $tudentskych cias sa venoval
aj Sachu. Ku koncu studia stal pri zaciat-
koch Spolku ¢eskoslovenskych medikov
v Bratislave (neskor Spolok slovenskych
medikov), ktorého bol dlhoro¢nym
¢lenom.

Frantisek Svec sa este ako $tudent
stal v rokoch 1928-1930 vypomocnym
asistentom na Ustave fyziolégie LF UK

v Bratislave. Po promocii v decembri
1930 bol preradeny za riadneho asis-
tenta (1931-1933), kde dokladné zna-
losti fyziologie, ktoré tu ziskal Gc¢inne vy-
uzival vo svojej pedagogickej a vedeckej
praci. Od roku 1933 p6sobil na Ustave
pre farmakolégiu a farmakognoéziu vte-
dajsej Lekarskej fakulty Slovenskej uni-
verzity. V roku 1936 sa MUDr. Frantisek
Svec intenzivne pripravoval na habilita-
ciu, v Ziadosti o udelenie titulu sa mohol
opriet o 11 vedeckych prac publikova-
nych v domacich i zahrani¢nych medi-
cinskych odbornych ¢asopisoch. Zaobe-
ral sa v nich najma rozkladom potravy
v zaludkovej Stave, rezorpciou z tenkého
¢reva a vplyvom saponinov na fiu. Ha-
bilita¢na préacu, ktoru predlozil v roku
1936 venoval problematike rozkladu
digitalisovych glykozidov v zaludko-
vej $tave. V mdji 1937 predniesol habili-
ta¢nu prednasku pod nazvom Farmako-
dynamika zdravého a chorého srdca. Po
uspesnej obhajobe sa stal ako prvy slo-
vensky lekar docentom pre odbor far-
makoldgia a farmakognézia. Uz v roku
1936 ziskal titul odborného lekdara pre
vnutorné choroby, nakolko posobil aj
ako externy asistent na Propedeutickej
klinike (neskorsej I. internej klinike) LF
UK, kde sa venoval predovsetkym kar-
diolégii. V roku 1939 sa stal profesorom
farmakoldgie a farmakognézie. V rokoch
1939-1949 posobil vo funkcii prednostu
tohto ustavu. Ustav pod jeho vedenim
zabezpecoval od roku 1940 aj studium
lekarnictva (ziskanie titulu magistra far-
macie). DuSou a veducou osobnostou
tychto zaciatkov vysokoskolského 3tu-
dia lekarnikov na uzemi Slovenska bol
nesporne profesor Frantisek Svec, ktory
na Ustave pre farmakolégiu a farmako-
gnoziu utvoril zaklad pre vznik neskorsej
samostatnej Farmaceutickej fakulty UK.
V rokoch 1947-1948 bol dekanom LF
UK v Bratislave, ale po ,politickych cist-
kach” vo februéri 1948 bol z tejto funk-
cie odvolany az napokon prepusteny
zo 3kolskych sluzieb. Po dlhych me-
siacoch neistoty, ponizovania a nedo6-
very, ked bol bez zamestnania, prejavil
o prof. Sveca zaujem Ustav pre vyskum
a liecenie nadorov. Jeho riaditel prof. Vi-
liam Thurzo prentho vytvoril bezpe¢ny
,vedecky azyl’, v ktorom mohol rozvi-
jat dosiahnuté vyspelé vedecké ambicie

a uplatiiovat svoje skusenosti. Od roku
1949 posobil teda prof. Frantisek Svec
ako vedecky pracovnik tohto Ustavu, ne-
skorsieho Vyskumného Ustavu onkolo-
gického, resp. si¢asného Ustavu expe-
rimentalnej onkoldgie Biomedicinskeho
centra SAV v Bratislave vo funkcii pred-
nostu Oddelenia experimentalnej pato-
I6gie. Vedeckou pracou, najma skima-
nim problémov interakcie nddorovych
virusov s bunkou a virusového pévodu
rakoviny vzbudil pozornost v zahranici.
Riesil aj problémy krvnej zrdzanlivosti
vo vztahu k metabolizmu glukézy, sku-
mal pésobenie kardiotonik, sledoval far-
makodynamiku poésobenia digitalizo-
vanych glykozidov, pésobenie liekov
a moznost eliminacie neziaducich toxic-
kych ucinkov pri lie¢be akutnej leuké-
mie. Vo vyskume nadorovych ochoreni
sa zameral na farmakodynamiku acetyl-
cholinu v nddorovom tkanive. Vysledky
jeho prace maju svetovy vyznam, mode-
lové pristupy skiimania virusového po6-
vodu rakoviny sa v suc¢asnosti pouzivaju
na eurépskych i zamorskych pracovis-
kach. Absolvoval viacero zahrani¢nych
$tudijnych pobytov (Svajciarsko, Velka
Britania, Rakusko). Bol autorom viace-
rych monografickych prac, vyse 200 5tu-
dii a casopiseckych ¢lankov. V roku
1962 obhajil v Prahe doktorsku dizer-
ta¢nu pracu (DrSc.) na tému Farmako-
dynamika digitalisovych glykosidov. Na
pddu UK v Bratislave sa vratil v 60. rokoch
na Farmaceuticku fakultu, jedinu svojho
druhu vo vtedajsom Ceskoslovensku
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ako profesor farmakolégie na Katedre
farmakodynamiky a toxikologie, kde po-
sobil do roku 1972. Roku 1972 Slovenskd
komisia pre vedecké hodnosti vymeno-
vala prof. Frantiska Sveca za predsedu
Komisie pre obhajoby doktorskych di-
zertacnych prac z odboru farmakolégie.
Uz predtym bol predsedom Komisie pre
obhajoby kandidatskych dizertacnych
prac z odboru onkolégia a farmakolé-
gia. Dostalo sa mu aj SirSieho uznania.
Stal sa koordinatorom Statneho planu
zakladného vyskumu a bol menovany
za ¢lena Komisie expertov ¢lenskych $ta-
tov RVHP pre problematiku chemotera-
pie nadorov, Poradného zboru Svédskej
akadémie vied pre udelovanie Nobelo-
vej ceny v medicine (1956-1958).

Bol aj predsedom Zdravotnickej ko-
misie pri Ustrednom vyboru Ceskoslo-
venského zvizu telesnej vychovy (CSTV)
(1958), ¢len organiza¢ného vyboru Slo-
venského ustredného vyboru CSTV pre
pripravu a organizaciu Majstrovstiev
Eurépy v krasokorculovani v Bratislave
v roku 1958. Bol i ¢lenom Ceskosloven-
skej mierovej rady a ¢lenom predsed-
nictva Krajskej mierovej rady v Brati-
slave. Popri studiu a praci bola v Zivote
prof. Frantiska Sveca najvaé¢sou hodno-
tou jeho rodina. S manzelkou Elenou,
ktord vytvarala pokojné rodinné zazemie
pre pracu a zivot vietkych ¢lenov rodiny,
vychovali troch synov. Dvaja z nich -
Juraj a Pavol - pokrac¢ovali v rodinnej tra-
dicii a stali sa profesormi a doktormi vied
v medicinskych odboroch onkolégia,
resp. farmakoldgia. Treti syn Otto $tu-
doval na Slovenskej vysokej Skole tech-
nickej v Bratislave a stal sa stavebnym
inzinierom. Prof. Franti$ek Svec zomrel
16. marca 1976 v Prahe.V roku 1992 bola
na jeho rodnom dome v Byt¢i odha-
lend pamatna tabula a ako prejav vdaky
a ucty k sldvnemu rodékovi je jedna z ulic
vV meste pomenovana po nom.

Prof. MUDr. Juraj Svec, DrSc.,
slovensky lekar, vysokoskolsky
profesor, vedec, akademicky
funkcionar a politik

Narodil sa 16. januara 1938 v Bratislave
ako najstarsi z troch synov prof. Fran-
tiska Sveca. Po absolvovani stredoskol-
ského studia, ktoré ukoncil maturitou
v 1. 1955 na jedenastro¢nej strednej

Skole v Bratislave, studoval medicinu na
LF UK v Bratislave, kde v r. 1961 promo-
val s vyznamenanim. UZ pred skon¢enim
vysokoskolského studia podpisal umies-
tenku do Sobraniec na vychodnom Slo-
vensku, kde odisiel pésobit ako sekun-
darny lekdr. V rokoch 1961-1962 pbsobil
ako sekundarny lekér v Lie¢ebni TBC vo
Vysnych Hagoch. V lete roku 1962 pri-
jal miesto odborného asistenta na Insti-
tute pre dalSie vzdelavanie lekarov a far-
maceutov v Bratislave. Tu, v rdmci svojho
pracovného zadelenia na Radiologickom
oddeleni a Oddeleni nukledrnej medi-
ciny Ustavu klinickej onkoldgie, absolvo-
val klinicku prax a po predatestacnej pri-
prave ziskal v roku 1966 Specializaciul.
stupnia z vnutorného lekarstva. Péso-
bil aj ako sekundarny lekar na Oddeleni
chemoterapie nddorov pod vedenim vy-
znamného onkoléga doc. MUDr. Alojza
Winklera, DrSc. (1919-1981). V roku
1969 obhdjil kandidatsku dizerta¢nu
pracu a ziskal vedecku hodnost kandi-
data lekarskych vied (CSc.) z odboru on-
kolégia. V roku 1970 prijal ponuku aka-
demika SAV a CSAV prof. MUDr. Viliama
Thurzu, DrSc. (1912-1984) a nastupil na
miesto asistenta a neskér odborného
asistenta na vtedajsiu Katedru onkold-
gie a radioldgie LF UK. V roku 1980 zis-
kal nadstavbovu Specializaciu z klinic-
kej onkolégie a zdroven po obhajobe
habilitacnej prace aj vedecko-pedago-
gickd hodnost docenta pre odbor onko-
l6gia. V roku 1983 obhdjil doktorsku di-
zertacnu pracu a ziskal vedeckd hodnost
doktora lekarskych vied (DrSc.). V roku
1987 bol vymenovany za profesora pre
odbor onkoldgia.

V roku 1980 sa Juraj Svec stal vedtcim
Katedry onkolégie a rddioldgie, neskor aj
nukledrnej mediciny LF UK.V roku 1985-
1988 bol externym veducim Laboratéria
molekulérnej biolégie nadorov Ustavu
experimentalnej onkoldgie (UEQ) SAV.
V rokoch 1992-1996 bol riaditefom UEO
SAV a zaroven v rokoch 1990-1997 aj
prednostom Onkologického ustavu
LF UK, neskor v rokoch 1998-2003 pred-
nostom Onkologickej kliniky LF UK. Od
roku 2004 pésobil Juraj Svec vo funk-
cii zastupcu prednostu I. onkologickej
kliniky LF UK a Onkologického Ustavu
sv. Alzbety, kde zotrval a vyznamne po-
mahal az do Uplného konca svojej zi-

votnej pute. V roku 1991-1997 pésobil
vo funkcii rektora UK v Bratislave a v ro-
koch 2003-2010 bol dve funkéné obdo-

bia prorektorom Slovenskej zdravotnic-
kej univerzity (SZU) pre medzinarodné
vztahy.

Prof. Juraj Svec vstapil do politiky
v roku 1994 ako nezavisly kandidat De-
mokratickej unie. V roku 1993-2002 bol
poslancom Nérodnej rady Slovenskej re-
publiky (SR) a ¢lenom jej zahrani¢ného
vyboru.V roku 1999 kandidoval na funk-
ciu prezidenta SR.

Vo svojej vedecko-vyskumnej ¢in-
nosti sa zaoberal problematikou klinic-
kej a experimentdlnej onkoldgie, studo-
val problematiku onkoviroldgie, rozvijal
problematiku molekularnej bioldgie on-
kogenézy, imunolégie nadorovej cho-
roby, predovsetkym karcindmu prsnika.
Bol zodpovednym riesitelom viacerych
vedecko-vyskumnych projektov, ktoré
boli riesené v rdmci programu rozvoja
vedy a techniky. Od zaciatku 80. rokov
minulého storocia koordinoval ¢esko-
slovensky onkologicky vyskum v rdmci
Statneho planu technického rozvoja,
bol hlavnym rieSitefom ulohy ,Kom-
plexné mechanizmy mammarnej kar-
cinogenézy”, ktord sa riesila aj v ramci
Komplexného programu onkologického
vyskumu ¢lenskych statov RVHP v spo-
lupraci s pracoviskami vo vtedajSom
Sovietskom zvéaze, v Holandsku a Vel-
kej Britanii. Uz koncom 80. rokov minu-
lého storotia bol prof. Svec povazovany
za vedca, ktory vyoral hlboku brazdu
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v onkoldgii a zapisal sa nielen do slo-
venskych, ale i svetovych andlov. Ako
vysokoskolsky pedagdg predndsal on-
kologicku problematiku slovenskym
i zahrani¢nym posluchac¢om LF UK, Priro-
dovedeckej a Farmaceutickej fakulty UK,
SZU i Vysokej Skoly zdravotnictva a so-
cidlnej prace sv. Alzbety. DIhé roky viedol
kurzy Studentskej vedeckej a odbornej
¢innosti, z ktorych viaceri Ucastnici zis-
kali popredné umiestnenia na celostat-
nych i medzinarodnych konferenciéch.
Pocas svojho odborného a vedeckého
rastu absolvoval niekolko medzina-
rodnych Stipendii, studijnych a pracov-
nych pobytov na vyznamnych onko-
logickych pracoviskach a univerzitach
nielen v Eurdpe, ale aj v USA. Ako vyso-
koskolsky pedagog a vedec vychoval
pocetnu vedecku skolu a pod jeho ve-
denim vyrastli desiatky pedagogickych
a vedeckych pracovnikov (kandidatov
vied, doktorandov, docentov i profeso-
rov onkolégie). Pocas pésobenia v aka-
demickych funkcidch zapajal Univerzitu
Komenského i Slovensku zdravotnicku
univerzitu do medzindrodného akade-
mického a vedeckého prostredia. Tieto
vysoké 3koly aj jeho pri¢inenim precha-
dzali procesom internacionalizacie. Usi-
loval o spolupracu s kvalitnymi zahra-
ni¢nymi vysokymi $kolami a vedeckymi
institdciami aj formou stipendijnych vy-
mennych pobytov pre Studentov, ab-
solventov slovenskych vysokych 3kél,
vedeckych pracovnikov a pedagdgov.
V rdmci mnohych akademickych a po-
litickych funkcii bol napr. prezidentom
Slovenskej rektorskej konferencie, pred-
sedom Klubu rektorov ¢eskych a sloven-
skych vysokych 3kél, ¢lenom Klubu eu-
répskych rektorov, Eurépskej rektorskej
konferencie i Konferencie rektorov Po-
dunajskej niziny, ¢lenom Stélej komisie

Rady Eurépy pre vysoké skolstvo a vedu,
Stalej komisie Rady Eurépy pre legisla-
tivnu reformu vysokého skolstva v Eu-
répe, zastupcom SR v Eurépskej komisii
pri Rade Eurépy pre humanizmus a tole-
ranciu, zastupcom SR v Edukacnej komi-
sii Organisation for Economic Co-Opera-
tion and Development (OECD) v Parizi
a pod. Ako ¢len Vykonného vyboru Rady
Eurépy pre legislativnu reformu vyso-
kych 3kél bol spoluautorom monogra-
fie Rady Eurépy ,Demokracia a riadenie
vo vysokom 3kolstve” Juraj Svec bol aj
¢lenom viacerych medzinarodnych on-
kologickych spolo¢nosti, napr. Euro-
pean Association for Cancer Research
(EACR), Union Internationale Contre le
Cancer (UICC), bol ¢lenom vykonného
vyboru Organization of European Can-
cer Institutes (OECI), vykonného vyboru
International Agency for Research on
Cancer (IARC), vykonného vyboru Orga-
nization of European Cancer Institutes
(OEIQ), bol zakladajucim ¢lenom a ¢le-
nom predsednictva International Asso-
ciation for Breast Cancer Research, ¢le-
nom komisie pre postgradualnu vyucbu
onkoldgie International Agency Against
Cancer (IAAQ), Eurépskej onkologickej
spolo¢nosti (ESMO), Komisie vlady SR
pre boj proti rakovine, Slovenskej lekar-
skej spolo¢nosti, Slovenskej onkologic-
kej spoloc¢nosti, Slovenskej rddiologickej
spolocnosti i ¢clenom Komisie expertov
RVHP pre problém Zhubné novotvary.

V radmci zabezpeclovania postgradual-
neho vzdeldvania bol ¢lenom Komisie
pre obhajoby kandidéatskych a doktor-
skych dizerta¢nych prac z radiolégie, Ko-
misie CR pre obhajoby kandidatskych
dizerta¢nych prac z odboru onkolégia,
¢lenom komisii SR pre obhajoby kan-
didatskych, doktorandskych a doktor-
skych dizerta¢nych prac z odboru onko-

l6gia. Juraj Svec bol drzitefom viacerych
domdcich i zahrani¢nych, najma akade-
mickych vyznamenani: Zlatej medaily
Cornell University (Ithace, NY, USA), City
University Seattle, University Ottawa,
University Utrecht, University Trieste, Po-
ntificia Universita Gregoriana (Roma),
Ain Sharm University Al-Assune (Kairo),
The Zinman College of Physical Educa-
tion (Jerusalem), University Groningen,
E6tvos Lordnd University (Budapest),
Universidad Complutense di Madrid,
Masarykovej Univerzity v Brne, ale aj
napr. Zlatej medaily Rady Eurdpy, Strie-
bornej a Zlatej medaily LF UK, Hynkovej
medaily LF UK, Velkej zlatej medaily UK
a Pamatnej medaily papeza Jana Pavla ll.
z prilezitosti audiencie vo Vatikane, Zla-
tej medaily papeza Jana Pavla Il. za roz-
voj teologickych studii v SR a dalsich.

Okrem svojej bohatej pedagogickej, ve-
decko-vyskumnej, politickej, organizator-
skej aktivite sa venoval aj Sportu, pretekar-
sky hraval volejbal, bol reprezentantom
Slovenska v lyZzovani. Takmer 70-ro¢ny ab-
solvoval potdpacsky kurz s medzinarod-
nou licenciou. Sportové aktivity i prace na
chalupe na strednom Slovensku a jeho ro-
dina ho udrziavali v kondicii do posled-
nych chvil. Je iréniou osudu, ze zomrel
na onkologické ochorenie (17. februara
2017), ktorému sa ako lekar a vysokoskol-
sky pedagog venoval cely svoj Zivot.

Z ruk celnych predstavitelov SLS pre-
vzali dekréty o slavnostnom uvedeni
tychto osobnosti do Dvorany slavy slo-
venskej mediciny SLS ich najblizsi pri-
buzni, ktori sa vo svojich prihovoroch
podakovali za tento prejav uznania
a ocenenia celozivotnej odbornej, klinic-
kej, vedeckej a pedagogickej prace svo-
jich vyznamnych predkov.

prof. MUDr. Dalibor Ondrus, DrSc.
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PERSONALIA

Jubilant prof. MUDr. Dalibor Ondrus, DrSc.

Tento rok oslavil vyznamné Zivotné jubi-
leum - 70 rokov - prof. MUDr. Dalibor On-
drus, DrSc., popredna osobnost sloven-
skej i eurépskej urologickej onkolégie.

Narodil 14. juna 1953 v Bratislave v ro-
dine lekara, patoléga. Po maturite na
SVS Metodova v Bratislave (1971) sa
mlady Dalibor prihlasil na Lekarsku fa-
kultu Univerzity Komenského (LF UK)
v Bratislave, ktord ukoncil v roku 1977.
Nasledne nastupil na Urologicku kliniku
LF UK na bratislavskych Kramaroch, kde
posobil vyse 25 rokov.

Bol Ziakom byvalych prednostov tejto
kliniky: prof. Vladimira Zvaru (1924-
2012) a prof. Michala Hornaka (1929-
2016), ktori ho in3pirovali nielen pri jeho
klinickej praci, ale ho aj podporovali vo
vedeckom a akademickom raste.

Svoj odborny zaujem upriamil na
problematiku onkouroldgie, predovset-
kym na diagnostiku a manazment lie¢by
nadorov testis. Tato diagndza pre neho
predstavovala nielen pracovnu vyzvu,
ale dokdazala naplnit jeho tuzbu po-
mahat a zachranovat najma mladych
muzov, ktorych toto ochorenie posti-
huje. Energia, s ktorou sa do prace do-
kaze pustit, definuje cely jeho Zivot a od-
zrkadluje sa v dosiahnutych Uspechoch.

V roku 1981 ziskal Specializaciu z uro-
I6gie I. stupnia, v roku 1985 Specializaciu
z uroldgie Il. stupna a v roku 1988 Spe-
cializaciu z klinickej onkolégie. Po Gspes-
nej obhajobe dizerta¢nej prace Che-
moterapia nddorov testis ziskal vedecky
titul kandidata lekarskych vied (CSc.) zis-
kal v odbore chirurgia (1989). Po obhaj-
obe habilitacnej prace v roku 1993 zis-
kal vedecko-pedagogicky titul docent
(odbor urolégia-klinickd onkoldgia)
a v roku 1999 bol vymenovany za profe-
sora (odbor onkoldgia). V roku 2021 ob-
hajil dizerta¢nu pracu Komplexna liecba
nadorov testis a ziskal vedeckd hodnost
doktora lekarskych vied (DrSc.) v odbore
chirurgia.

Postupne sa zaradil medzi ¢elnych
predstavitelov slovenskej i eurdpskej
uroldgie v problematike urologickej on-
kolégie a vysledky jeho prace su vni-
mané v medzindrodnom meradle.

Profesiondlny a zdroven empaticky
pristup prof. Ondrusa ocenuju aj pa-
cienti v Onkologickom Ustave sv. Alzbety
(OUSA), kde pésobi od roku 2004 vo
funkcii prednostu I. onkologickej kliniky
LF UK a OUSA v Bratislave. Svoje bohaté,
vysSe 45-ro¢né skusenosti odovzdava
Studentom v pregradudlnej vyucbe, ale
aj ako 3kolitel doktorandov v Studijnom
programe onkolégia a mladsim kole-
gom, vedeckej, ale i 3irsej odbornej ve-
rejnosti formou publikacii, prednasok
a seminarov.

Podiela sa na tvorbe kniznej a ¢aso-
piseckej odbornej a vedeckej literatury.
Doteraz publikoval vyse 630 odbornych
a vedeckych ¢lankov v domdcich i za-
hrani¢nych casopisoch (z toho okolo
140 v databédzach WoS alebo SCOPUS)
a bol autorom a zostavovatelom viace-
rych vedeckych monografii a vysoko-
skolskych ucebnic. Na svoju publika¢nu
aktivitu eviduje takmer 2 200 ohlasov
(z toho vyse 1 300 v databazach WoS
a SCOPUS). Viaceré jeho publikacie boli
podkladom pre Guidelines on testicu-
lar cancer (EAU) a European consensus
on diagnosis and treatment of germ cell
cancer (European Germ Cell Cancer Con-
sensus Group).

Prednasal na pocetnych domécich
i zahrani¢nych vedeckych konferenciach
a kongresoch po celom svete.

Vedecku $kolu rozvija aj garantova-
nim Studijného programu doktorand-
ského, habilitacného konania a konania
na vymenovanie profesorov v $tudij-
nom odbore onkoldgia na LF UK v Bra-
tislave, zaroven je ¢lenom Komisie pre
obhajoby doktorandskych dizertac-
nych prac v Studijnom programe uro-
I6gia. Od roku 1993 je ¢lenom komisie
pre Statne zavere¢né skusky zo Studij-
ného predmetu chirurgia na LF UK v Bra-
tislave. V rokoch 2016-2021 bol predse-
dom Komisie pre obhajoby doktorskych
dizerta¢nych prac (DrSc.) vo vednom od-
bore chirurgia a ¢lenom Komisie pre ob-
hajoby doktorskych dizerta¢nych prac
(DrSc.) vo vednom odbore onkoldgia.
V rokoch 2021-2022 bol ¢lenom komi-
sie VEGA pre lekarske a farmaceutické

vedy a v rokoch 2011-2023 bol ¢lenom
Vedeckej rady LF UK v Bratislave. Bol
riesitefom, resp. spoluriesitelom viace-
rych vedecko-vyskumnych projektov
(VEGA, KEGA, APVV). Od roku 2000 do-
teraz je ¢lenom Akademického sendtu
LF UK v Bratislave. Od roku 2017 je ¢le-
nom Spi¢kového vedeckého timu UK
v Bratislave: Translacny vyskum onkolo-
gickych ochoreni (TRANSONK) (oceneny
za vedecku cinnost Striebornou medai-
lou UK).

Okrem bohatej vedeckej a publika¢-
nej ¢innosti prispel aj k samotnej tvorbe
vedeckej tlace. V rokoch 1999-2011 bol
veducim redaktorom ¢&asopisu Urold-
gia; doteraz je ¢lenom redakcnych rad
daldich odbornych a vedeckych ¢asopi-
sov: Klinickd urolégia, Revue mediciny
v praxi, Lekarsky obzor, Onkoldégia, Uro-
logie pro praxi a Klinicka onkologie.

Prof. Ondrus je ¢lenom Slovenskej
urologickej spolo¢nosti (SUS) Sloven-
skej lekarskej spolo¢nosti (SLS) — cestny
¢len SUS (2013), Slovenskej onkologic-
kej spolo¢nosti (SOS) SLS - Cestny ¢len
SOS (2023), Slovenskej chirurgickej spo-
lo¢nosti SLS, Slovenskej spoloc¢nosti pa-
tolégov SLS, Spolku slovenskych leka-
rov v Bratislave, European Association of
Urology, European Organisation for Re-
search and Treatment of Cancer (EORTC)
— Genitourinary Group, European Germ
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Cell Cancer Consensus Group (EGCCCG),
New York Academy of Sciences; cestny
¢len Ceskej urologickej spolo¢nosti
(2005) a Ceskej onkologickej spolo¢nosti
(2013).

Za svoju publika¢nu aktivitu ziskal
viaceré domdce i zahrani¢né ocenenia,
napr. prémiu Literarneho fondu za ve-
decku a odbornu literaturu (3x), Kostli-
vého cenu (3x), Cenu SUS za najlepsiu
publikaciu roka (11x) a Slovenskej on-
kologickej spolo¢nosti (4x), Jesseniovu
cenu (1x), Cenu redakcie ¢asopisu Kli-
nickd onkologie (4x).

Prof. Ondrus$ za svoju odbornu, ve-
decku i pedagogicku ¢innost ziskal dal-
Sie pocty: Striebornd medaila SLS Propter
merita (2003), Zlata medaila SLS Propter

merita (2018), Bronzovd medaila LF UK
(2003), Strieborna medaila LF UK (2013).
Pamé&tna medaila k 100. vyrociu zaloZe-
nia LF UK v Bratislave (2019), Medaila
k 100. vyrociu zaloZenia Spolku sloven-
skych lekarov v Bratislave (2020).

Pri prilezitosti su¢asného Zivotného
jubilea ocenujuc jeho c¢innost pre rozvoj
fakulty udelil dekan LF UK v Bratislave
prof. Ondrusovi Zlatu medailu LF UK,
vybor SUS najvyssie ocenenie SUS Me-
dailu profesora Vladimira Zvaru a Prezi-
dium SLS Medailu zaloZenia Spole¢nosti
|ékaFsko-slowanskej v Pesti.

Délezitou sucastou osobného Zivota
a prace Dalibora je jeho rodina. Jeho
manzelka Martina je mu oporou a in3pi-
raciou. Okrem vedeckého nadsenia ich

spaja laska a starostlivost o ich krasne, in-
telektudlne a $portovo nadané dvojicky,
Martina a Daliu. Tak ako praca, aj Zivot
prof. Ondrusa su dékazom toho, Ze nad-
$enie a vynalozené Usilie sa nemusia od-
zrkadlit len v odbornom a spolocenskom
uznani, ale vedu aj k radosti a naplneniu.

Vazeny pan profesor, mily Dalibor,
v mene Tvojich priatelov, kolegov a spo-
lupracovnikov Ti srde¢ne blahozeldme
k Tvojmu zivotnému jubileu a Uprimne
prajeme Tebe a Tvoje rodine zdravie, spo-
kojnost a este vela pracovnych i osobnych
Uspechov. Tesime sa na dalsiu spolupracu.

MUDr. Bela Mriridkovd, PhD., MHA, MPH
a kolektiv I. onkologickej kliniky
LF UK a OUSA v Bratislave
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nemaji NSCLC s aktivagnimi mutacemi EGFR nebo prestavbami ALK, Metastazuyici NSCLC: 1) Pripravek Tecentriq je jako monoterapie indikovan k Igbe dospélych pacientd s lokalng pokrogilym nebo metastazujicim NSCLC po predchozi chemoterapii. Pacienttim s NSCLC
s aktivatnimi mutacemi EGFR nebo prestavbami ALK ma byt take poddvana cilend lécba pred podanim atezolizumabu. 2) Pripravek Tecentriq je v kombinaci s bevacizumabem, paklitaxelem a karboplatinou indikovan k prunilinii [68by dospélych pacient(i s metastazujicim
neskvamaznim NSCLC. U pacienti s aktivatnimi mutacemi EGFR nebo prestavbami ALK e pripravek Tecentriq v kombinaci s bevacizumabem, pklitaxelem a karboplatinou indikovn a7 po selhani vhodnych moznosti cleng Iéchy. 3) Pripravek Tecentrig je v kombinaci s nab-
paklitaxelem a karboplatinou indikovan k prun finii [6Eby dospglych pacientli s metastazujicim neskvamdznim NSCLC bez aktwacmch mutaci EGFR nebo bez pestavby ALK. 4) Pripravek Tecentrig je jako monoterapie indikovén k prvni linii 16cby dospélych pacientd
s metastazujicim nemalobunétnym karcinomen plic (NSCLC), ktefi majinadory s expresi PD-L1 na > 50 % TC nebo > 10 % na tumor infiltrujcich imunitnich bufikach (1C) a ktef nemaji NSCLC s mutacemi EGFR nebo prestavbami ALK Malobunény karcinom plic:

Pripravek Tecentrig je v kombinaci s karboplatinou a etoposidem indikovan k prvn linii 165by dospélych pacientl s extenzivnim stédiem malobunééného karcinomu plic. /zple negativni karcinom prsu: Pipravek Tecentrig je v kombinaci s nab-paklitaxelem indikovén
kl6che dospelch pacientii s neresekovatelngm lokalng pokroilym nebo metastazujicim triple negativnim karcinomem prsu (TNBC), jejich nadory maji expresi PD-L1 > 1% a ktefi nebyli légeni chematerapif pro metastazujici onemocnéni. Hepatocelulérm karcinom.
Pripravek Tecentriq je v kombinaci s bevacizumabem indikovan k 16Ebé dospélyich pacientd s pokroGilym nebo neresekovatelnjm hepatocelulamim karcinomem (HCC), ktefi dosud neuzivali systémovou lécbu. Ddvkovani; doporucend davka pFipravku Tecentrig je bud
840 mg poddvand intravendzné kazdé dva tydny, nebo 1 200 mg poddvand intravendzné kazdé tfi tydny nebo 1 680 mg poddvand intravendzné kazde cyfi tydny (blize viz prislusny Souhrm tidaji o ptipravku - SPC). Pri poddvani pripravku Tecentriq v kombinované terapii viz
také ipIng informace pro predepisovani kombinovan terapie. Zptisob podani: Piipravek Tecentrig je pro intravendzni poddni. Infuze nesmi byt podavany jako intravendzni injekce nebo bolus. Uvodni davka mus byt poddvéna po dobu 80 minut, Pokud je pruni infuze dobie
snasena, mohou byt nésledujic infuze podavény po dobu 30 minut. Doporutuje se, aby pacienti s neresekovatelnym, pokrogilym nebo metastazujicim karcinomem byli [éSeni pripravkem Tecentriq, dokud nedojde ke ztrate Klinického pfinosu, k progresi onemocnéni nebo
k nezviddnutelng toxicité (blize viz pFislusny Souhrn idaji o pripravku - SPC). U pacientii v Gasném stadiu NSCLC je doporucena lgtba po dobu 1 roku do rekurence onemocnéni nebo nepfijatelné toxicity. Snizovani dévky atezolizumabu se nedoporuguje. Doporuceni pro
(ipravy dévkovani u konkrétnich neZadoucich téinkii naleznete v SPC. Pacienti [éSeni pfipravkem Tecentriq v monoterapii v pruni linii UK, v Gasném stadiu NSCLC a v prvnf linii metastazujiciho NSCLC, a pacienti Iétent pnpravkem Tecentriq v kombinované terapii s dFive
neléCenym TNBC majibjt k 162b& vybirdnina zaklade potvrzené exprese PD-L1 vahdovanym testem. Kontraindikace: Hypersenziivita na atezolizumab nebo na kieroukol pomocnou ldtku, Upozomeni:  divodu snadnéjsizpétn zititelnosti biologickych Givich pipravki ma
bjt obchodni ndzev a tislo Sarze poddvanho pripravku zietelnd zaznamendny v pacientove dokumentaci. By pozorovény imunitné zorostiedkovane neZédouci cinky postihuyici vice neZ jeden tlesny system. VEtSina imunitné zprostiedkovanych nezadoucich
acinka vyskytujicich se v pribehu lécby ateznhzumabem byla reverzibinich pri prerusent poddvani atezolizumabu a zahdjeniléchy komknstemldy a/nebo podpdmé péce. PFi podszfenina imunitng zprostiedkované nezddouc cinky musibyt pmvedeno dikladné posouzent
zprostredkovanyich nezddoucich reakei a dupurucenl pm 68bu naleznete v SPC. ViSichni 8kafi, kterf predepisujf pripravek Tecentrig, museji duhre nat Pokyny a informace pro Iékare tykajici se 16cby. Predepisujici lekat musi s pacientem probrat nzwka 6thy pripravkem
Tecentriq. Pacient dostane kartu pacienta a bude pouten, aby ji nosil stéle u sebe. Gpatiens specifickd dle onemocnéni: PouZiti atezolizumabu v kombinaci s bevacizumabem u hepatocelulérmiho karcinomu: Pacienti 16Seni bevacizumabem majf zvySené riziko
krvdcenia u pacientdi s hepatoceluldrnim karcinomem (HCC) [égenych atezolizumabem v kombinaci s bevacizumabem byly hidSeny pripady tézkeho gastrointestinalniho krvaceni vietné fatalnich prihod. U pacientd s HCC je pred zahdjenim Iéchy kombinaci atezolizumabu
s bevacizumabem tfeba provést screening jicnovyich varix(l a jejich ndslednou 16gbu dle Klinické praxe. Pri 16cbé atezolizumabem v kombinaci s bevacizumabem se mize rozvinout diabetes mellitus. Je treba, aby Iékafi pred 16Ebou atezolizumabem v kombinaci
§ bevacizumabem a pravidelng béhem této Iégby monitorovali glykémii podle kiinické indikace. Aowzitr atezolizumabu v kombinaci s nabpakiitaxelem u metastazujiciho triple negativniho karcinomu prsu: Neutropenie a periferni neuropatie vyskytujici se
v pribghu lécby atezolizumabem a nab-pakitaxelem mohou byt reverzibini pii prerusent poddvani nab-pakitaxelu. Pouzitl atezolizumabu v kombinac s bevacizumabem, pakiitaxelem a /(arlwg/az‘/na// u metastazuyicifio neskvamdznihio NSCLC: Pacienti,
u klerych zuhrazuvam metody pmkazaly Zretelnou infilraci nadomvych bungk du velkych hrudnich cév nebu e e\nnu kavnam phnmch \Uzmek hyh vyluusem 7 pivotni klmlske studie IMpuwer15[] po Zjisteni nekollka pr\padu fatalniho krvacem do plic, které j Je zndmym

interakce. Pred zahdjenim Igthy atezolzumabe | je treba se vyvamvat uzivani systémovych kortikosteroidd nebo imunosupresiv. Systémové kortikosteroidy a |munusupreswa ale Ize pouzit k I6Eb& imunitng zpmstredknvanych nezadoucich Ginka po zahdjeni Iéghy
atezolizumaben. Hiavni Klinicky vjznamné nezadouci uinky: NejGastejsimi nezadoucimi dginky (> 10 %) monoterapie byly dnava, snizend chut k jidlu, nauzea, vyrazka, horeSka, kasel, prijem, dusnost, artralgie, astenie, pruritus, bolest zad, zvracent, infekce motovych cest,
bolesthlavya *suchov stech. Nejastéjsimi neZadoucimi tcinky (= 20 %) atezolizumabu v kombinaci s jingmi écivmi pFipravky byly u pacienti s riznm typem nadord anémie, neutropenie, nauzea, tnava, alopecie, vyrazka, prijem, trombocytopenie, zicpa, snizend chut
kjidlu a periferni neuropatie. Imunitng zprostiedkované nezadouci cinky, které se vyskytly u < 10 % pacientd, zahmovaly hypotyredzu. U < 5 % pacienti se vyskytly: pneumonitida, kolitida, hepatitida, diabetes melltus (u pacientd s HCC, ktefi dostavali atezolizumab
vkombinaci s bevacizumabem), hypertyredzaa * perikardidlni poruchy. U< 1 % pacientii se vyskytly: insuficience nadledvin, zanét hypofyzy, diabetes mellitus (pfi podanf atezolizumabu v monoterapii), meningoencefalitida, neuropatie, myastenicky syndrom, pankreatitida,
myokardifida, nefritida, myozitida, t87ke kozni nezédoucf Gginky, *pareza licniho nervu a myelitida. Vzhledem k mechanismu Gginku atezolizumabu se mohou objevit dalsf potencidln imunitné zprostfedkované nezadouc cinky, véetng neinfekni cystitidy. Tehotenstvi
a kojeni: Zeny ve fertilnim véku musi béhem Iggby atezolizumabem a 5 mésicii po posledni davee pouzivat tginnou antikoncepe. O pouZit atezolizumabu u téhotnych Zen nejsou k dispozici Zadné tdaje. Atezolizumah se nemd behem t8hotenstvi uzivat, pokud Klinicky stav
Zeny nevyZaduje I6cbu atezolizumabem. Neni zndmo, jestli je atezolizumab vylugovan do lidského migka. Nelze vylougit riziko pro novorozencey/ kojence. Je tfeba ucinit rozhodnuti, jestli ukongit kojenf nebo ukongit podavani atezolizumabu s ohledem na prospéch kojeni pro
dité a prospéch Igeby pro Zenu. Baleni pripravku: 1 injekéni lahvicka s uzévérem z butylové pryze a hlinikovym uzavérem s Sedym nebo tyrkysovym plastovjm odtrhavacim vickem obsahujici 14 ml nebo 20 ml koncentratu pro infuzni roztok. Baleni obsahuje 1 injekéni
[ahvicku. Podminky uchovavéni: Uchovavejte v chladnicoe (2 °C - 8 °C). Chrarite pred mrazem. Uchovavejte injekcni lahvicku v krabicoe, aby byl pripravek chrénén pred svétlem. DrZitel registragniho rozhodnuti: Roche Registration GmbH, Emil-Barelk-Strasse 1, 79639
Grenzach-Wyhlen, Némecko. Registraéni Gislo: EU/1/17/1220/001 a EU/1/17/1220/002. Datum registrace: 21.09.2017. Datum posledni upravy textu Zkrdcené informace o pripravku: 6.10.2023. Aktualni verze Souhrnu ddaji o pFipravku je dostupnd na
https:/ /www.roche.cz/ cs/ produkty-vpois.html. \ijdej Iéivého pripravku je vézan na |ékarsky predpis. Lécivy pripravek TECENTRIQ 1200MG INF CNC SOL 1X20ML (kod SUKL: 0222461) je hrazen z prostiedk( vefejného zdravotniho pojistén: 1) v monoterapii k 16cbe
dospélych pacientd s lokaing pokroCilym nebo metastazujicim NSCLC po predchozi chemoterapii, 2) v monaterapil v pruni lini 16Eby metastazujicio nemalobungtného karcinomu plic u dospélych pacientd, jefichZ nadorové elementy exprimuji PD-LT s TPS vétSim nebo
rovnym 50 %; nebo s expresi PD-L1 na > 50 % nédorovyich bukdch nebo > 10 % tumor infitrujicich imunitnich burikdch, a ktef zaroveri nejsou vhodni k 165b& pembrolizumabem v kombinaci s chemoterapii tvofenou pemetrexedem a platinovjm derivétem, 3)
v monoterapii k adjuvantni 16cb& dospéijch pacientd s nemalobunagnym karcinomen plic s vysokym rizikem rekurence onemocngn, jejich nadorové elementy exprimuji PD-L1 s TPS vétsim nebo rovnym 50 %, nebo jejich nadory vykazuji expresi PD-L1 na > 50 %
nddorovych bunk (TC), po Upiné resekei a chemoterapii na bézi platiny, 4) v kombinaci s bevacizumabem v168bé dospélych pacient s pokrotilym nebo neresekovatelnym hepatocelulamim karcinomenm s jaterni funkef hodnocenou skdre A dle Child-Pughowy klasifikace,
kteri dosud neuzivali systémovou Iégbu a u kterych lokoregiondini légba nepredstavuje Iétebnou moznost. Légivy pripravek TECENTRIQ 840MG INF CNC SOL 1X14ML (kéd SUKL: 0238583) je hrazen z prostredk( vefejného zdravotniho pojisténi *v kembinaci s etoposidem
akarboplatinou v prnilinii légby dospélych pacient( s pokrogilym stadiem malobunégného karcinomu plic (ES-SCLG) Detailni podminky dhrady viz www.sukl.cz. 0 Ghradé v dalsich indikacich zatim nebylo rozhodnuto. Dal§finformace o pripravku ziskate z platného Souhrnu
(idajii o pripravku Tecentriq, nebo na adrese: Roche s.r.0., Futurama Business Park Bld F, Sokolovska 685/ 136f, 186 00 Praha 8, telefon 220 382 111. Podrobné informace o tomto pfipravku jsou uverejnény na webowjch strankach Evropské Iékove agentury (EMA)
http:/ /www.ema.europa.eu/. Kontakt pro hidSeni nezddoucich Ucinki: czech_republic.pa_susar@roche.com. *Vsimnéte si; prosim, zmén v informacich o J6civem piipravku.

. pLEyL
Reference: 1. SPC Tecentrig, aktudlni znéni na www.roche.cz/ cs/ produkty-vpois.html. 2. SUKLS49646/2023, rozhodnuti vykonatelné od 1. 11. 2023. 3. Liu et al. IMbrella A Study, WCLC 2023. ! 1 H‘g
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