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KEYTRUDA

(pembrolizumab)

Zkracend informace o lécivém pripravku

Nézev pifipravku: KEYTRUDA® 25 mg/ml koncentrdt pro infuzni roztok. Kvalitativni a kvantitativni sloZeni: Injekcni lahvicka se 4 ml koncentrdtu obsahuje 100 mg pembrolizumabu. Pomacné itky: Sachardza, histidin,
polysorbdt 80, monohydrét histidin-hydrochloridu, voda pro injekci. Indikace: Pripravek KEYTRUDA je indikovdn k Iéché: 1. v monoterapii dospélyich a dospivajicich ve véku 12 let a starsich s pokrocilym (neresekovatelnym nebo
metastazujicim) melanomem; 2. v monoterapii k adjuvantni 1écbé dospélych a dospivajicich ve véku 12 let a starsfch s melanomem stadia 1B, 1IC nebo Il kteff podstoupili kompletni reseki; 3. v monoterapii indikovan k adjuvantnf
écbé dospélyich s nemalobunéCnym karcinomenm plic, kteff maji vysoké riziko recidivy po kompletni resekdi a Iécbé chemoterapif na bazi platiny; 4. vmonoterapii v prvni linii metastazujicho nemalobunécného karcinomu plic (NSCLC)
u dospélych, jejichz nddory exprimuji PD-L1, se skdre nadorového podilu (TPS) > 50 % bez pozitivnich nddorovyich mutaci EGFR nebo ALK; 5. v kombinaci s chemoterapif pemetrexedem a platinou v prvnf linii u metastazujicho
neskvamdzniho NSCLC u dospéljich, jejichz nddory nevykazujf pozitivnf mutace EGFR nebo ALK; 6. v kombinaci s karboplatinou a (nab)paklitaxelem v prvnilinii u metastazujiciho skvamdznino NSCLC u dospélyich; 7. v monoterapii u
lokaIné pokrocilého nebo metastazujicho NSCLC u dospélych, jejichz nddory exprimujf PD-LTs TPS > 1%, a kteff|iz byli Iéceni nejméné jednim chemoterapeutickym reZimem. Pacienti s pozitivnimi nadorovymi mutacemi EGFR nebo
ALK musf byt také predtim, nez dostanou pifpravek KEYTRUDA, léceni cflenou terapif, 8. vmonoterapii u dospélych a pediatrickyich pacientli od 3 let s relabujicim nebo refrakternim klasickym Hodgkinovym lymfomem, u nichz selhala
autologni transplantace kmenovych bunék (ASCT), nebo byli [éceni alesport dvéma predchozimi terapiemi, picemz ASCT nenf moznosti 1échy; 9. v monoterapii u lokélné pokrocilého nebo metastazujicho urotelidiniho karcinomu u
dospélych, kteff jiz byli 1éceni chemoterapif obsahujici platinu; 10. v monoterapii u lokdIné pokrocilého nebo metastazujicho urotelidlniho karcinomu u dospélych, u kterych nenf chemoterapie obsahujici cisplatinu vhodnd a ukterych
nddory vykazujf expresi PD-L1 s kombinovanym pozitivnim skdre (CPS) > 10; 11. v monoterapii nebo v kombinaci s chemoterapif platinou a fluoruracilem (5-FU) v prvni linii u metastazujiciho nebo neresekovatelného recidivujiciho
skvamdzniho karcinomu hlavy a krku (HNSCC) u dospélych, jejichZ nddory exprimujPD-LT s CPS > 1; 12. v monoterapii u recidivujicho nebo metastazujicho HNSCC u dospéljich, jejichz nddory exprimujf PD-LTsTPS > 50 %, a kteff
podstupuji nebo podstoupili chemoterapii obsahujicl platinu; 13. udospélych v kombinacis axitinibem v prvni linii u pokrocilého rendlniho karcinomu (RCC); 14. v kombinacis lenvatinibem v prynilinii u pokrocilého RCC u dospélyich;
15.vmonoterapii k adjuvantni1écbé dospélyich s RCC se zvySenym rizikem rekurence po nefrektomii, nebo po nefrektomii a resekci metastatickyich 1éz(; 16. Nadory MSI-H/dMMR. Kolorektdini karcinom (CRC), v monoterapii pro dospélé
sMSI-Hnebo dMMR CRC: - v prvnf linii metastazujictho CRC, - po pedchozf kombinované [éché zaloZené na fluorpyrimidinu uneresekovatelného nebo metastazujiciho CRC; Nedory kromé CRC, v monoterapiik lécbé ndsledujicich MSI-H
nebo dMMR nddord u dospélych s: - pokrocilym nebo recidivujicim endometridinim karcinomem, u kterych doslo k progresi onemocnéni pfi nebo po predchozi Iéché zalozené na platiné v jakémkoli rezimu 1échy a kteff nejsou
kandidaty pro kurativni chirurgickou lécbu nebo radioterapii, - neresekovatelnymi nebo metastazujicimi nddory Zaludku, tenkého stieva nebo Zlucovyich cest, u kterych doslo k progresi onemocnéni béhem nebo po alespori jedné
predchozi 1éché; 17. v kombinaci s chemoterapif na bézi platiny a fluorpyrimidinu v prvni linii k 1écbé pacient(i s lokdiné pokrocilym neresekovatelnym nebo metastazujicim karcinomem jicnu u dospélyich, jejichz nddory exprimuit
PD-L 15 CPS > 10; 18.v kombinaci s chemoterapif v neoadjuvantnilécbé a ndsledné po chirurgické Iéché v monoterapii v adjuvantniléché u dospélyich s lokdIné pokrocilym nebo casnym stadiem triple-negativniho karcinomu prsu
(TNBC) s vysokym rizikem recidivy; 19. v kombinaci s chemoterapil u- lokdIné rekurentniho neresekovatelného nebo metastazujicho TNBC u dospélych, jejichz nadory exprimuji PD-LT s CPS > 10 a kieff dosud nebyli Iéceni
chemoterapif pro metastatické onemocnéni; 20. v kombinaci s lenvatinibem u pokrocilého nebo rekurentniho endometridiniho karcinomu u dospélyich, u nichZ doslo k progresi onemocnént béhem predchozi Iéchy terapif obsahujci
platinu v jakémikoli rezimu nebo po ni a kteff nejsou kandiddty na chirurgicky zdkrok nebo ozafovani; 21. v kombinaci s chemoterapif s nebo bez bevacizumabu u- perzistentniho, recidivujicho nebo metastazujicho karcinomu
délozniho hrdla u dospélyich, jejichz nadory exprimuji PD-LT s CPS > 1; 22. v kombinaci s trastuzumabem, fluorpyrimidinem a chemoterapif obsahujicf platinu v prvnf linii Iéchy lokdiné pokrocilého neresekovatelného nebo
metastazujiciho HER2-pozitivniho adenokarcinomu Zaludku nebo gastroezofagedini junkce u dospélyich, jejich nddory exprimujf PD LT s CPS > 1; *23. v kombinaci s chemoterapif obsahujfci fluorpyrimidin a platinu indikovdn v prvni
linii k 1é¢bé lokdIné pokrocilého neresekovatelného nebo metastazujicho HER2-negativniho adenokardnomu Zaludku nebo gastroezofagedini junkce u dospélych, jejich7 nddory exprimuii PD-L1 s CPS > 1; *24. v kombinaci s
gemgitabinem a cisplatinou indikovan v prvni linii k Ié¢hé lokdIné pokrocilého neresekovatelného nebo metastazujictho karcinomu Zlucowich cest u dospélych. Davkovani a zpiisob podani: Doporucend davka pfpravku
KEYTRUDA u dospélych je 200 mg kazdé 3 tydny nebo 400 mg kazdych 6 tydn{i. Doporucend ddvka pfipravku KEYTRUDA v monoterapii u pediatrickyich pacientli ve véku od 3 let vySe s cHL nebo pacient od 12let vySe s melanomem
je2mg/kg télesné hmotnosti (bw - bodyweight) (aZ do maximéini davky 200 mg) kazdé 3 tydny. Ddvka se podava intravendznf infuzf po dobu 30 minut. Pfi podavani pripravku KEYTRUDA v rdmci kombinace s chematerapifje nutno
pifpravek KEYTRUDA podavat prvni. Pacienty je nutno pifpravkem KEYTRUDA Iécit do progrese nemoci nebo do vzniku nepfijatelné toxicity (a az po maximélni dobu trvdniléchy, pokud je to proindikaci specifikovdno). Byly pozorovany
atypicke odpovéd (t]. pocatecni piechodné zvétSeni nédoru nebo vznik novych malych 1ézf béhem prvnich nekolika mésicti, nésledované zmensenim nddoru). Klinicky stabilni pacienty s pocdtecnimi zndmkami progrese nemoci se
doporucuje lécit dal, dokud se progrese nepotvrd. Dalsf podrobné informace ohledné davkovani a trvanf Iécby v jednotlivych indikacich udavé Souhm ddajti o pfipravku (SPC). Davkovanf pifpravk( v kombinaci s pembrolizumabem
viz SPC pro soubéZné pouzit léciva. Zvlastni upozoréni: Vyhodnoceni stavu PD-L1: Pii hodnoceni stavu tumoru s ohledem na PD-L1 je dileZité zvolit dobfe validovanou a robustni metodiku. Aby se zlepsila sledovatelnost
biologickych écivych pifpravkdi, md se prehledné zaznamenat ndzev podaného pripravku a cislo Sarze. Imunitné zprostfedkované nezddouci ticinky: U pacient), kterym byl podavan pembrolizumab, se vyskytly imunitné
zprostiedkované nezadouci (cinky, vCetné zévaznych a fatdinich, vétsinaz nich byla reverzibilnia zvladla se prerusenim poddvani pembrolizumabu, podanim kortikosteroid(i a/nebo podpiirmoulécbou. Mohou se vyskytnout nezadouci
(cinky postihujfci soucasné vice télesnych systémi, napi: pneumonitida, kolitida, hepatitida, nefritida, endokrinopatie, kozni nezadouci ticinky, dalsf nezadouci icinky podrobné uvedeny v SPC. Pembrolizumab musf byt trvale vysazen
pfi jakémbkoli imunitné zprostfedkovaném nezadoucim Gcinku stupné 3, ktery se opakuje, nebo pfi jakékoli imunitné zprostfedkované nezadoucf toxicité stupné 4, kromé endokrinopatif, které jsou zviddnuty hormondini substituci.
Pembrolizumab miize byt znovu nasazen po 12 tydnech po posledn ddvce pripravku KEYTRUDA, pokud se nezddouci ticinek zlepsi na stupen < 1 a davka kortikosteroid( byla redukovéna na < 10 mq prednisonu nebo jeho
ekvivalentu za den. Lécba pembrolizumabem miZe u piflemcl transplantovanyich solidnich orgéndi zvysit riziko rejekee, je nutné 2vazit benefit/risk. U pacient(i s cHL, podstupujicich alogenni transplataci kostnf dfené, byly pozorovény
pifpady GVHD a VOD. Kontraindikace: Hypersenzitivita na Iécivou ldtku nebo na kteroukoli pomocnou létku. Interakee: Nebyly provedeny Zadné forméini farmakokinetické studie ékovych interake. Pembrolizumab se
odstrauje z obéhu katabolizaci, Zddné metabolické Iékové interakce se nepredpokladaji. Pred nasazenim pembrolizumabu je nutno se vyhnout podavéni systémovyich kortikosteroid( nebo imunosupresiv, a to kvl jejich
potencidlnimu viivu na farmakodynamickou aktivitu a dcinnost pembrolizumabu. Systémové kortikosteroidy nebojind imunosupresiva viak lze pouzivat po nasazeni pembrolizumabu k [écbe imunitné zprostiedkovanyich nezédoucich
(cink{i. Téhotenstvi, kojeni: Udaje o poddvdni pembrolizumabu t&hotnym Zendm nejsou k dispozici. Zeny ve fertilnim véku musf béhem Iécby a nejméné 4 mésice po posledni ddvce pembrolizumabu pouZivat Gcinnou
antikoncepci. Neni zndmo, zda se pembrolizumab vylucuje do lidského matefského mléka. Je nutno se rozhodnout, zda prerusit kojeni nebo vysadit pembrolizumab. Nezadouci tcinky: Velmi casté (> 1/10): infekce mocovyich
cest, anémie, neutropenie, trombocytopenie, hypotyredza, snizenf chuti k jidlu, hypokalémie, insomnie, bolest hlavy, perifernf neuropatie, dysgeuzie, hypertenze, dyspoe, kasel, dysfonie, prjem, bolest bicha, nauzea, zvracent,
74cpa, vyrazka, pruritus, alopecie, muskuloskeletdInf bolest, myozitida, artralgie, bolest v konceting, tinava, astenie, edém, pyrexie, zvySeni ALT, AST, lipdzy a kreatininu v krvi; Casté (> 1/100 a7 < 1/10): pneumonie, *leukopenie,
lymfopenie, febrilni neutropenie, reakce spojend s inflizi, hypertyredza, tyreoiditida, adrendlni insuficience, hypokalcemie, hyponatremie, *zdvrat letargie, stiché oko, srdecni arytmie (vCetné fibrilace sin), pneumonitida, kolitida,
pankreatitida, gastritida, suchd sta, hepatitida, té7ké kozni reakce, suchd kiize, erytém, vitiligo, ekzém, akneiformni dermatitida, artritida, nefritida, akutnf poskozen ledvin, onemocnéni podobné chfipce, zimnice, hyperkalcemie,
2vySenf ALP bilibrubinu a amyldzy v krvi. Uddna vzdy nejvy3si frekvence vyskytu. Pifpravek KEYTRUDA, v monaterapii nebo v kombinované terapii, je nutno trvale vysadit pfi nezadoucich ticincich stupné 4 nebo recidivujicich imunitné
zprostiedkovanych nezadoucich tcincich stupné 3, pokud neniv tabulce 1 SPC uvedeno jinak. Podrobnéjsf informace o vyskytu a tpravach davky pii léché v monoterapii nebo v kombinaci s chemoterapi, axitinibem ¢i lenvatinibem
viz SPC pifpravkd. Pii hematologické toxicité stupné 4, pouze u pacientii s cHL, se pfipravek KEYTRUDA musf vysadit do zlepSenineZddoucich tcink(ina stupert 0 a7 1. Upozornéni: Pembrolizumab miZe mit mirny viiv na schopnost
fidit motorovd vozidla a obsluhovat stroje. Po poddnf pembrolizumabu byla hidsena tnava. Doba pouzitelnosti: 2 roky. Z mikrobiologického hlediska ma byt pripravek, jakmile se nafed:, pouzit okam?ité. Neni-Ii pouzit okamyité,
chemickd a fyzikdIn stabilita prfpravku po otevienf pied pouZitim byla prokdzdna na dobu 96 hodin pii 2 a7 8 °C. Uchovavani: Uchovavejte v chladnicce (2 az 8 °C). Baleni: Jedna 10m! injekcni lahvicka se 4 ml koncentratu
obsahuje 100 mg pembrolizumabu. DrZitel rozhodnuti o registraci: Merck Sharp & Dohme B.V, Waarderweg 39, 2031 BN Haarlem, Nizozemsko. Kontakini e-mail: dpoc_czechslovak@merck.com. Registracni ¢islo:
EU/1/15/1024/002. Datum posledni revize textu: 11. 12. 2023. RCN 000025779-(Z; 000026026-(Z. Zplisob vydeje: Vazan na lékafsky predpis. Zplsob Ghrady: LéCivy pripravek je hrazen z prostiedk( vefejného zdravotniho
pojisténi (indikace 1,2,4,5,6,9,11,14,16-pouze MSI-H/DMMR metastazujici CRC v 1. linii, 18,19,20,21) vice na wwwisukl.cz.

*Vénujte, prosim, pozornost zméndm v informaci o lécivém piipravku.

Dfive neZ pfipravek predepisete, seznamte se prosim s tplnym souhrnem tdajti o pfipravku, ktery naleznete na adrese: Merck Sharp & Dohme s.r.0,, Na Valentince 3336/4150 00 Praha 5 nebo na strénkdch
Evropské agentury pro 1écivé pripravky http://ema.europa.eu/.

Reference: 1. SPC pripravku KEYTRUDA® na www.sukl.cz, datum posledni revize 11.12. 2023
Q" MSD ONCOLOGY Copyright © 2024 Merck & Co., Inc., Rahway, NJ, USA a pidruzené spolecnosti. Vechna prava vyhrazena.
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EDITORIAL

Neuroonkologie jako perspektivni oblast

mediciny

Brain Awareness Week je celosvétova ini-
ciativa zaméfena na zvyseni povédomi
vefejnosti o vyznamu mozku a neuro-
véd. Byla zaloZena v roce 1995 organizaci
Dana Alliance for Brain Initiatives a koor-
dinuje ji Dana Foundation, soukroma fi-
lantropicka organizace se sidlem v New
Yorku, kterd se zasazuje o rozvoj neurovéd
podporou multidisciplinarni spoluprace
v oblastech, jako jsou neurovédy a etika,
pravo, politika, humanitni védy a uméni.
V Ceské republice tradici Tydne mozku
inicioval a zalozil uznavany neurovédec,
prof. Josef Syka, v roce 1998. Tato uda-
lost se kond kazdoro¢né v prvni poloviné
bfezna a je pofadana Akademii véd Ceské
republiky. V tydnu 11.-17. 3. 2024 pro-
béhl jiz 25. ro¢nik, opét s nékolika pred-
naskami a tematickymi videi tykajicimi
se mozkovych nador0, prezentovanymi
nejen ve spolupraci s Narodnim Ustavem
pro vyzkum rakoviny.

Neuroonkologie je specializované
multidisciplindrni odvétvi mediciny za-
hrnujici neurochirurgii, klinickou a ra-
dia¢ni onkologii, neurologii, neuro-
patologii, neuroradiologii a nuklearni
medicinu a dalsi obory jako je napf. lo-
gopedie, klinickd psychologie nebo pa-
liatrie. | pfestoZze u nas ani ve vétsiné

zahrani¢nich zemi neexistuje zadny
akreditovany specializa¢ni nastavbovy
obor. Rada odbornikd z vyse uvede-
nych disciplin, ktefi se zabyvaji nadory
mozku, se prdvem nazyva neuroonko-
logy. V porovnani s jinymi specializova-
nymi oblastmi onkologie se viak jedna
o velmi maly, az okrajovy obor, s pouze
limitovanymi moznostmi |é¢by a velmi
$patnou progndzou vétsiny pacientl
diagnostikovanych s nddorem v oblasti
centrdIni nervové soustavy. Zatimco
jsme svédky vétsich ¢i mensich pra-
lomU a registraci novych [ékl ¢i zava-
déni novych postup( u vétsiny nadort
dospélych, v neuroonkologii byla vét-
sina studii za poslednich 20 let negativ-
nich, nebo nebyly vysledky dostate¢né
presvédcivé, aby se staly jednoznacné
uznavanym standardem Iécby s plosnou
Uhradou (pfikladem je terapie pomoci
systému Optune u glioblastomu).

V posledni dobé viak zaznamendvame
urcitou nadéji s pozitivnimi vysledky stu-
dii hodnoticich ucinek dabrafenibu a tra-
metinibu u pacientl s V600 BRAF mutova-
nymi gliomy, nebo Ucinek IDH inhibitoru
vorasidenibu u IDH mutovanych gliom0.
Také v pfipadé 1é¢by mozkovych me-
tastdz pozorujeme individualizaci jak pa-

liativni radioterapie, tak systémové lécby
a dfive tuseny nihilizmus spojeny s dia-
gndézou mozkovych metastdz tak jiz neni
na misté. Posileni zajmu mladych lékara
0 obor neuroonkologie mUze byt podpo-
rovéno nejen Tydnem mozku, ale také ka-
zdoro¢nim neuroonkologickym sympo-
ziem, které se kona v ramci Brnénskych
onkologickych dni (tzv. GlioMeeting)
a v rdmci PragueONCO. V pfistim roce ve
dnech 16.-19. 10. 2025 pak bude Ceska
republika poprvé hostit vyrocni konfe-
renci Evropské neuroonkologické spolec-
nosti (EANO 2025, Prague) ve spolupraci
s Neuroonkologickou sekci Ceské onko-
logické spolecnosti. Prilezitost k posileni
internacionalizace také poskytne mezi-
narodni kolokvium Current challenges in
neurooncology: meet the Young Neuro-
-Oncologist experts, které se bude letos
konat koncem ¢ervna v Brné.

Je tedy mozné dlvodné ocekdvat, ze
i v neuroonkologii pravdépodobné bu-
deme v brzké dobé svédky novych dia-
gnosticko-terapeutickych postupt s pro-
spéchem pro nase pacienty. Budte také
u toho.

doc. MUDr. Tomds Kazda, Ph.D.
Masarykuv onkologicky ustav, Brno
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STANDARD 2. LINIE LECBY onivyde®
METASTATICKEHO
KARCINOMU PANKREATU*

pegylated liposomal irinotecan

4

UNIKATNi PEG-LIPOZOMALNIi FORMA =
- SILNEJSi INHIBICE NADOROVEHO RUSTU?5

DOPORUCENO VSEMI STEZEINiMI GUIDELINESS*

Uginna lé¢ba metastazujiciho adenokarcinomu pankreatu
v kombinaci s 5-FU/LV u dospélych pacientu, u kterych doslo
k progresi po lé¢bé zalozené na gemcitabinu!
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Zkracena informace o pripravku ONIVYDE pegylated liposomal®: SLOZEN{*: ONIVYDE pegylated liposomal 4,3 mg/ml koncentrat pro infuzn disperzi: Jedna 10ml injek=Cni lahvicka koncentratu obsahuje irinotecanum 43 mg (jako irinotecani sucrosofatum
v pegylované lipozoméini formé). INDIKAGE*: Létba metastazujiciho adenokarcinomu pankreatu, v kombinaci s fl uoruracilem (5-FU) a leukovorinem (LV), u dospélych pacient, u nichZ doslo k progresi po terapii zaloZené na gemitabinu. DAVKOVANI A ZPUSOB
PODANI*: Pripravek ONIVYDE pegylated liposomal smi pacientim predspisovat a podvat pouze Iékafi a zdravotnicti pracovnici se zkusenostmi s protinddorowgmi terapiemi. Pripravek ONIVYDE pegylated liposomal nen ekivalentem nelipozomélnich forem irinotekanu
anesmi byt s nimi zamériovn. Pripravek ONIVYDE pegylated liposomal, leukovorin a fluoruracil se maji podévat postupng. Doporugend davka a rezim pripravku ONIVYDE pegylated liposomal je 70 mg/m? intravendzné po dobu 90 minut, nasledné LV 400 mg/m? intravendzné
po dobu 30 minut a poté 5FU 2400 mg/m? intravendzné po dobu 46 hodin, s podavanim kazdé 2 tydny. Pripravek ONIVYDE pegylated liposomal se nema podavat jako monoterapie. Snizenou poatecni davku pfipravku ONIVYDE pegylated liposomal 50 mg/m? je tieba zvait
u pacientd, 0 nich je zndmo, Ze jsou homozygoty alely UGTTA1*28. V ndslednjch cyklech je treba zvétit zvjieni dvky pripravku ONIVYDE pegylated liposomal na 70 mg/m", pokud e tolerovéna. PREMEDIKAGE*: Doporusuje se standardnimi dévkami dexamethasonu
(nebo ekvivalentnim kortikosteroidem) spolecné s antagonistou 5-HT3 (nebo jingm antiemetikem) alespoii 30 minut pred infuzf pfipravku ONIVYDE pegylated liposomal. Upravy davek se doporutujf ke zviddnuti toxicit 3. a 4. stupné souvisejicich s pipravkem ONIVYDE pegyla-
ted liposomal. Parucha funkee jater: pfipravek se nemd pouzivat u pacientd s hodnotami bilirubinu > 2,0 mg/dl nebo AST a ALT > 2,bnésobek horni meze normalu (ULN) nebo > 5nédsobek ULN, pokud jsou v jétrech pfitomny metastézy. Porucha funkce ledin: U pacientd
s mirnou a7 stredn zévaznou poruchou funkce ledvin nenf nuind iprava davky. Pripravek se nedoporuduje u pacientl se zavaznou poruchou funkee ledvin (clearance kreatininu < 30 mi/min). KONTRAINDIKAGE™: Anamnéza zévazné hypersenzitivity na irinotekan nebo
na kteroukoli pomocnou latku. Kojeni. ZVLASTNI UPOZORNENI*: Obecnd Pifpravek ONIVYDE pegylated liposomal nen ekvivalentem jinjch nelipozomalnich forem irinotekanu a nesm byt s nimi zaméiovan. Myelostprese,/neutropenie: Doporutuje se sledovat kompletni
krevni obraz. Febrilnf neutropenii je tfeba okamyité 16Git Sirokospektrymi intravendznimi antibiotiky v nemocnici. Legbu pripravkem ONIVYDE pegylated liposomal je tieba pozastavit, pokud se vyskytne febrilni neutropenie nebo klesne absolutni pocet neutrofi i pod 1500/mm?,
Pacienti se zavaznym selhdnim kostni dfené nemaji bt Iéceni pfipravkem ONIVYDE pegypated liposomal. Predchozi ozafovani oblasti bFisni v anamnéze zvySuje riziko zdvazné neutropenie a febrilnf neutropenie po 16Ebé pripravkem ONIVYDE pegylated liposomal. U pacientl
S 0zafovani oblasti bfiSni v anamnéze se doporucuje peclivé sledovanf krevniho obrazu a je tfeba zvazit pouziti myeloidnich riistovych faktord. U pacientd, kterym je pfipravek ONIVYDE pegylated liposomal poddvan soub&Zng s ozafovanim, je treba postupovat s opatrnost.
U pacient(i s nedostatetnou glukuronidaci bilirubinu mizZe pfi Iéghé pripravkem ONIVYDE pegylated liposomal existovat zvySené riziko myelosuprese. U asijskych pacientd existuje 2vySené riziko zavazné a febrilni neutropenie po I6gb pipravkem ONIVYDE pegylated liposomal.
U osob, které jsou 7/7 homozygoty alely *28 genu UGT1AT* 28, existuje zvyené riziko neutropenie. Imunasupresivni tiinky a vakciny: Je nutné vyvarovat se vakcinac Zivjmi vakcinami. Mrive i inaktivované vakciny se mohou podavat; odpovéd na né vak mize byt snizend.
Interakce se silnymi induktory CYP3A4, silnymi inhibitory CYP3A4 nebo silnymi inhibitory UGTIAT: \ze podavat se silnymi induktory enzymu CYP3A4 pouze pokud neexistuj Z4dné terapeuticke alternativy. Je treba zvazit substituéni terapii neindukujici enzymy, a to nejméng 2
tydny pred zahdjenim Iéchy pripravkem ONIVYDE pegylated liposomal. se nesmi podévat se silnymi inhibitory enzymu CYP3A4. Poddvanije tfeba ukoncit nejméné 1 tyden pred zahdjenim Iéchy pripravkem ONIVYDE pegylated liposomal, Lze podavat se silnymi inhibitory UGT1A
pouze pokud neexistujf Z4dn terapeutické alternativy. Prdjem: Prjem se miZe objevit Gasné (ndstup behem < 24 hodin po zahdjeni 16Eby pFipravkem ONIVYDE pegylated liposomal) nebo opozdéng (> 24 hodin). U pacientd, u kterych dojde k Gasnému nastupu prijmu, je
tfeba zvéZit terapeuticky a profylakticky poddvany atropin, pokud nenf kontraindikovén. Podavani loperamidu je tfeba zahdjit pfi prunim vyiskytu fidke stolice nebo prdjmu nebo ihned po ndstupu Gastéjsto vyprazdriovani stiev neZ obvykle. Loperamid je tfeba podavat do doby,
neZ bude pacient alespoii 12 hodin bez prijmu. Jestlize prijem pretrvévé, i kdyZ pacient uziva loperamid déle neZ 24 hodin, je tfeba zvaZit podplmou Iggbu perordlnimi antibiotiky. Loperamid se nesmi poddvat déle neZ 48 po sobé nésledujicich hodin z divodu rizika paralytic-
kého ileu Jestlize prijem pretrvava déle nez 48 hodin, ukongete poddvani loperamidu, monitorujte a dopliite tekutiny s obsahem elekirolytd a pokratujte v antibiotické podpirné 168bé. Léghu 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 podvat pacientim se stfevni obstrukef a chronickym zanétlivjm onemocnénim stfev, dokud neodezni. Cholinergni reakce: Prijem s Easnym ndstupem mohou provézet cholinergni priznaky, jako jsou
rinitida, zvySend salivace, zrudnutf, diaforéza, bradykardie, midza a hyperperistaltika. V' pfipadé cholinergnich pfiznakil je tfeba podat atropin. Akuini reakce na infuzi a souvisejici reakce: V| pfipadé zvaznjich hypersenzitivnich reakc, vietng akutni reakce na infuzi, anafylakticke,/
anafylaktoidni reakce a angioedému™ ™, je tfeba Iéghu pripravkem ONIVYDE pegylated liposomal ukengit. Predchozi Whippleova operace: Je tfeba sledovat zndmky infekci. Cévni onemacnéni: ONIVYDE pegylated liposomal je spojovan s tromboembolickymi pfhodami, jako je
plicni embolie, Zlni trombdza a arteridini tromboembolismus. Pro odhaleni pacient( s vicegetnymi rizikovymi faktory kromé zakladniho novotvaru mé byt odebrana dikladnd anamnéza. Pacienti majf byt informovéni o zndmkéch a symptomech tromboembolie a maji okamité
kontaktovat Iékare nebo zdravotni sestru, pokud se u nich takove zndmky nebo symptomy objevi. Plicni toxicita: U pacientd Iégenyich nelipozomélnim irinotekanem se vyskytly pfihody podobné intersticidlnimu plicnimu onemocnéni (ILD). Mezi rizikové faktory patff preexistujic
plicni onemocnéni, poddvni pneumatoxickych 6civich pripravkd, kolonie stimulujicich fakiord nebo predchozi radiatini terapie. U téchto pacientl je tfeba peglivé sledovat respiratni priznaky pred Iggbou pripravkem ONIVYDE pegylated liposomal i behem ni. ObjevFi se nova
nebo progresivni dyspnoe, kasel a horecka, je tfeba Iéghu pripravkem ONIVYDE pegylated liposomal okamyité prerusit aZ do vyhodnoceni diagndzy. U pacientii s potvrzenou diagndzou ILD je tfeba Iécbu pripravkem ukondit. Porucha funkce jater; Pacienti s hyperbilirubinemif méli
vysSi koncentrace celkového SN38, a proto je u nich zvyené riziko neutropenie. U pacienti s celkovym bilirubinem 1,0-2,0 mg/dl je tfeba pravidelng sledovat krevnf obraz. U pacientd s poruchou funkce jater (bilirubin > 2nsobek horni hranice normalniho rozmezi [upper
limit of normal, ULN]; transaminazy > nasobek ULN) je tfeba postupovat opatmé. Pokud se pFipravek ONIVYDE pegylated liposomal podava v kombinaci s jinmi hepatotoxickymi I&Givymi pfipravky, je zapotfebi opatrnosti. Porucha funkce ledvin: Pouziti pfipravku ONIVYDE
pegylated liposomal u pacienti s vjznamnou poruchou funkee ledvin nebylo stanoveno. Pacienti s podvahou: u pacienti s body mass indexem < 18,5 ky/m? je tieba postupovat opatmé. Pomocne fdtky: obsahuje 33,1 mg sodiku v lahvicce, coZ odpovidd 1,65 % doporucens-
ho maximalniho denniho prjmu sodiku potravou podle WHO pro dospélého, ktery €ini 2 g sodiku. INTERAKGE™: Soub&Zné podavani s induktory CYP3A4 (antikonvulziva (fenytoin, fenobarbital nebo karbamazepin), rifampin, rifabutin a trezalka teckovand) maze sniit
a soub&znd podavani s inhibitory CYP3A4 (napf. grapefruitovou $tavou, Klarithromycinem, indinavirem, regorafenibem, itrakonazolem, lopinavirem, nefazodonem, nelfi navirem, ritonavirem, sachinavirem, telaprevirem, vorikonazolem) a inhibitory UGT1A1 (nap?. atazanavirem,
gemfi brozlem, indinavirem, regorafenibem) miiZe zvjsit systémovou expozici pripravku ONIVYDE pegylated liposomel. Soucasné podavéini s cytostatickymilatkami (vetné fl ucytosinu) mize zhorsit nezadouc iCinky pripravku ONIVYDE pegylated liposomal™ *. FERTILITA™:
Pred zahdenim podavani pripravku ONIVYDE pegylated hpusuma\zvazemnznustjmum pacienty o zachovani poblavnich bungk™”. TEHOTENSTVI*: Nedoporutuje se. KUJENI* : koniraindikovano. ANTIKONCEPCE*: Muzi i Zeny musf pouzivat (tinnou antikoncepci
v pribéhu I6eby a jesta 7 mésicd po ukongeni 166y u Zen a 4 mésice u muzi. UCINKY NA SCHOPNOST RIDIT A OBSLUHOVAT STROJE*: Dbt it 2vySend pozornost. NEZADOUGH UGINKY*: Velmi Casté: neutropenie, leukopenie, anémie, rombocytopenie, hy-
pokalemie, hypomagnezemie, dehydratace, snizend chut k jclu, zwrat, prijem, zvraceni, nauzea, bolest bricha, stomatiida, alopecie, pyrexie, periferni otok, zanét sliznice, Gnava, astenie, snizeni hmotnosti. Caste: septicky ok, sepse, pneumonie, febrilni neutropenie, gastro-
enteritida, oraln kandiddza, lymfopenie, hypoglykemie, hyponatremie, hypofosfatemie, insomnie, cholinergni syndrom, dysgeuzie, hypotenze plicni embolie, embolizace, hiuboka Zini trombéza, dyspnme dysfonie, kolitida, pruritus™*, hemoroidy, hypoalbuminemie, akutni rendl-
ni selhdni, reakce spojend s infuzi, edém, zvjSeny bilirubin, zviSend ALT, zviSend AST, zvySen INR. Mené Casté: bilidmi sepse, hypersenczitivita, trombaza, hypoxie, ezofagitida, prokiitida, kopfivka™ *, vyrézka™ *, makulopapuldzni vyrdzka, diskolorace netu. Neni znamo™*:
anafylaktick/ analylakioidn reakce, angioedém, erytém. PREDAVKOVANI* VLASTNOSTI*: Irinotekan (inhibitor topoizomerdzy 1) zapouzdieny v ipidove dvouurstvé vezikule nebo lipozomu. rinotekan Jedenvatem kamptothecinu. Kamptotheciny pisobi jako specifi cke
inhibitory enzymu DNA topoizomerézy |. rinotekan a jeho aktivni metabolit SN-38 vytvaeji reverzibilni vazbu s komplexem topoizomerdza -DNA a indukuj jednofetézcové éze DNA, které blokui replikacni vidlici DNA a odpovidaji za cytotoxicitu. Irinotekan se metabolizuje pro-
stfednictvim karboxylesterdzy na SN-38. SN-38 je z hlediska inhibice topoizomerdzy | purifi kované z nadorovjch bunécnyeh linif lovéka a hlodavl priblizng 1000krat silngjsi nez irinotekan. PODMINKY UCHOVAVANi*: Uchovévejte v chladnitce (2-8 °C). Chrafite pred
mrazem a svétlem. BALENI*: 1 injektni lahvicka obsahujici 10 ml koncentrétu. Datum posledni revize textu: 08/2022. Registraéni ¢islo: EU/1/16/1130/001. DrZitel registracniho rozhodnuti: Les Laboratoires Servier 50, rue Camot, 92284 Suresnes
cedex Francie. Pred pedepsanim pripravku si prectéte Souhrn dajl o pripravku. Vyidej I6Givého pFipravku je vazan na Iékaisky predpis. Pripravek je hrazen z prostredkd verejného zdravotniho pojisténi viz Seznam cen
a thrad IéGivych pripravk: htp:/ /www sukl.cz/sukl/ seznam-leciv-a-pzlu-hrazenych-ze-zdvav-pojisteni. Pripravek je k dispozici v Igkaméch. Dalsi informace Ize vyZddat na adrese Servier s.r.0., Na Florenci 2116/15,
11000 Praha 1, tel: (+420) 222 118 111 SERV’EU
* Pro tiplnou informaci i prosim prectéte cely Souhrn ddajii o pripravku ** VSimnéte si prosim zmén v informaci o Iégivém pripravku ONIVYDE pegylated liposomal moved by you
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" OPDIVO

(nivolumab)

\ VELKE PLUS PRO
ONKOLOGICKE PACIENTY

v monoterapii nebo jako kombinovana Iécba

Y AN 20 v AT 9

ZKRACENA INFORMACE 0 PRiPRAVKU

Nazev pripravku: OPDIVO 10 mg/ml koncentrét pro infuzni roztok. Kvalitativni a kvantitativni sloZeni: Nivolumabum 10 mg v1 ml koncentratu. Indikace: Melanom: v monoterapii i kombinaci s ipilimumabem u pokrocilého (neresekovatelného
nebo metastazujiciho) melanomu u dospélch a dospivajicich ve véku od 12 let. Adjuvantni létba melanomu: monoterapie k adjuvantni 1écbé dospélych a dospivajicich ve véku od 12 let s melanomem stadia IIB nebo IIC nebo s melanomem
s postizenim lymfatickych uzlin nebo metastazami po kompletniresekci. Nemalobunéény karcinom plic (NSCLC): monoterapie lokalné pokrotilého nebo metastazujicino NSCLC po predchozi chemoterapii u dospélych; v kombinaci s ipilimumabem
a2 cykly chemoterapie na bazi platiny v prvni linii u dospélych bez EGFR nebo ALK. Neoadjuvantni 1é¢ba NSCLC: v kembinaci s chemoterapif na bazi platiny k neoadjuvantni 1étbé dospélych s resekovatelnym NSCLC s vysokym rizikem recidivy,
Jejich nadory maji expresi PD L1 > 1%. Maligni mezoteliom pleury (MPM): v kombinaci s ipilimumabem k Ié¢bé neresekovatelného MPM u nepfedlécenych dospélych. Rendlni karcinom (RCC): monoterapie pokrotiléha RCC po predchaz’ terapil
u dospélych; v kombinadi s ipilimumabem terapie pokrotilého RCC v prvnt linii u dospélych se stiednim neba vysokym rizikem; v kombinaci s kabozantinibem terapie pokratilého RCC v prni linii u dospélych. Klasicky Hodgkintiv lymfom (cHL):
monoterapie recidivujiciho nebo rezistentniho cHL po autologni transplantaci kmenovych bungk (ASCT) a lécbé brentuximab vedotinem. Skvamdzni karcinom hlavy a krku (SCCHN): monoterapie rekurentniho nebo metastazujiciho SCCHN
progredujiciho pfi nebo po 1éché platinovymi derivaty u dospélch. Kolorektalni karcinom s fenotypem dMMR/MSI-H (dMMR/MSI-H CRC): v kembinaci s ipilimumabem terapie dMMR/MSI-H CRC po kombinované chemoterapii na bzi
fluorpyrimidinu u dospélych. UrateliaIni karcinom (UC): monoterapie lokalné pokrotiléha neresekovatelnéha nebo metastazujiciho UC u dospélych po selhani Iécby platinovymi derivaty. Adjuvantnilécba urotelidiniho karcinomu: monoterapie
k adjuvantni écbé dospélych s urotelidinim karcinomem postihujicim svalovinu (MIUC) s expresi PD-L1 na nadorovych burikach > 1%. Skvamézni karcinom jicnu (ESCC): monoterapie neresekovatelného pokrotilého, rekurentniho nebo
metastazujiciho ESCC u dospélych po predchozi kombinované chemoterapii na bazi fluorpyrimidinu a platiny, v kembinaci s ipilimumabem nebo chemoterapii na bazi fluorpyrimidinu a platiny k 16cbé v prvni linii u dospélych s neresekovatelnym
pokracilym, rekurentnim nebo metastazujicim ESCC s expresi PD-L1 na nadorowych bufikach > 1%. Adjuvantni lé¢ha karcinomu jicnu nebo gastroezofagedini junkce (EC nebo GEJC): monoterapie k adjuvantni lécbé dospélych s EC nebo GEJC po
pedchozi neoadjuvantni chemoradioterapil. Adenokarcinom Zaludku, gastroezofageaini junkce (GE|) nebo jicnu: v kombinaci s chematerapit na bazi fluorpyrimidinu a platiny k [cbé v prvni linii u dospélych s HER2-negativnim pokrocilym nebo
metastazujicim adenokarcinomem Zaludku, GEJ neba jicnu, jejichz nadory exprimuji PD L1s kombinovanym pozitivim skore (CPS) > 5. Davkovani: Manoterapie: bud 240 mg iv. infuz (30 min) kazdé 2 tydny (vsechny indikace), nebo 480 mg v,
infuzi (60 min) kazdé 4 tydny (pouze indikace melanom, rendlni karcinom a MIUC), u adjuvantni lécby melanomu 480 mg i. infuzi (30 min) kazdé 4 tydny, u adjuvantni lécby EC nebo GEJC 240 mg i. infuzi (30 min) kazdé 2 tydny, nebo 480 mg
i. infuzi (30 min) kazdé 4 tydny po dobu prvnich 16 tydn a nasledné 480 mg i. infuzi (30 min) kazdé 4 tydny. Zvia3tnosti davkovani u dospivajicich viz SmPC. Kombinace s ipilimumabem: Melanom: 1 mg/kg nivolumabu iy. infuzi (30 min)
s ipilimumabem 3 mg/ke i\v. infuzi (30 min) kazdé 3 tydny u prunich 4 davek, dale nivolumab i.v. infuzi 240 mg (30 min) kazdé 2 tydny, nebo 480 me (60 min) kazdé 4 tydny, prvni davka za 3 tydny (240 mg), resp. 6 tydnu (480 mg), a pak dale
kazde 2 tydny, resp. 4 tydny. ZviStnosti davkovani u dospivajicich viz SmPC. MPM: 360 mg nivolumabu iv. infuzi (30 min) kazdé 3 tydny s ipilimumabem 1 mg/kg iv. infuzi (30 min) kazdych 6 tydnii. RCC: 3 mg/kg nivolumabu i. infuzi (30 min)
s ipilimumabem 1 mg/kg iv. infuzi (30 min) kazdé 3 tydny u prvnich 4 davek, dale nivolumab iv. infuzi 240 mg (30 min) kazdé 2 tydny, nebo 480 mg (60 min) kazdé 4 tydny, prvni davka za 3 tydny (240 mg), resp. 6 tydn (480 mg), a pak dale
kazde 2 tydny, resp. 4 tydny. dMMR/MSI-H CRC: 3 mg/kg nivolumabu i, infuzi (30 min) s ipilimumabem 1 mg/kg i.v. infuzi (30 min) kazdé 3 tydny u prunich 4 davek, dale nivolumab iv. infuzi 240 mg (30 min) kazdé 2 tydny. ESCC: 3 mg/kg
nivolumabu kazdé 2 tydny, resp. 360 mg nivolumabu kazdé 3 tydny iv. infuzi (30 min) s ipilimumabem 1mg/kg i.v. infuzi (30 min) kazdych 6 tydnii. Kombinace s kabozantinibem: RCC: 240 mg nivolumabu iv. infuzi (30 min) kazdé 2 tydny, nebo
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nebo jinych imunosupresiv s farmakodynamikou nivolumabu je tfeba se jejich podavani na potatku, pfed zahdjenim I&¢by, vyhnout. Lze je nicméné pouzit k [&tbé imunitné podminénych nezadoucich iginkd. Téhotenstvi a kojeni: Nivalumab se
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Souhrn

Vychodiska: Epigenetika je védni obor zabyvajici se zménami v genové expresi, které nejsou zpu-
sobeny alteraci poradi nukleotid(i v fetézci DNA. Spolecné se sekvencnimi zménami je tzv. epi-
genetické reprogramovani jednim ze ziskanych znakd nadorové buriky, které fidi kancerogenezi.
V ramci epigenetické regulace genové exprese se uplatriuje nékolik riznorodych mechanizm,
z nichz nejvice zkoumany je proces metylace DNA. Za fyziologickych podminek zajistuje metylace
DNA fizeni tkanové specifického umliceni exprese vybranych genli a napomaha udrzovat stabi-
litu genomu. V procesu maligni transformace dochazi ke globalni hypometylaci napii¢ genomem
a lokus specifické hypermetylaci, zejména promotort tumor supresorovych gent. Béhem néko-
lika poslednich desitek let se ukazalo, ze aberantni metylace DNA muze slouzit jako biomarker na-
dorovych onemocnéni a také jako terapeuticky cil, coz podnitilo probihajici snahy o vylepseni sta-
vajicich diagnostickych a terapeutickych moznosti v onkologii. Cil: Hlavnim cilem této prehledové
prace je predstavit biomarkery asociované s nddorem a specifické testy vyvinuté pro diagnostiku
nadorovych onemocnéni, které jsou zaloZzeny na stanoveni Urovné metylace DNA. Zahrnuty jsou
jak rutinné pouzivané testy, tak nové vyvinuté komer¢né dostupné testy s certifikaci pro in vitro
diagnostiku. Dale jsou popsany terapeutické implikace, které aberantni metylace DNA pfinasi,
pfi¢emz jsou zminéna léciva schvalena i 1é¢iva prochazejici klinickym hodnocenim.

Kli¢ova slova
metylace DNA - epigenetika — precizni medicina

Summary

Background: Epigenetics is a scientific field that covers changes in gene expression that are not
caused by the alteration of the nucleotide sequence in the DNA strand. Together with sequen-
tial changes, epigenetic reprogramming is a recognized cancer hallmark driving carcinogene-
sis. The underlying mechanisms of epigenetically-driven gene expression changes are diverse.
However, one of the most extensively studied mechanisms is a change in DNA methylation.
Under physiological conditions, DNA methylation ensures tissue-specific gene silencing and
helps to maintain genome stability. With malignant transformation, genomic DNA undergoes
global hypomethylation as well as locus-specific hypermethylation in promoters of tumor supp-
ressor genes. In the last few decades, specific aberrant DNA methylation changes have emerged
as both cancer-associated biomarkers and therapeutic targets and prompted ongoing efforts
to enhance both diagnostic and therapeutic means in oncology. Purpose: The main purpose of
this review is to introduce both established and emerging DNA methylation-based biomarkers
for cancer diagnostics with a focus on biomarkers that are either routinely used or have been
developed as commercial tests with certification for their use within in vitro diagnostics. Further-
more, therapeutic options for targeting aberrant DNA methylation are described, including both
approved compounds and newly developed agents undergoing clinical investigation.

Key words
DNA methylation — epigenetics - precision medicine
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VYZNAM ABERANTNI METYLACE DNA PRO DIAGNOSTIKU A TERAPII NADOROVYCH ONEMOCNENI

Uvod

Nadorova onemocnéni jsou velmi he-
terogenni a komplexni skupinou cho-
rob, které se vyznacuji souborem néko-
lika spole¢nych ziskanych charakteristik
narusujicich fyziologické fungovani pro-
cesy, jako je bunécna proliferace ¢i apo-
ptdéza, a poskytujicich vlastnosti zcela
nové, napt. schopnost metastazovat [1].
V soucasné dobé je jiz zndmo, Ze ziskani
téchto charakteristik je ddno nejen zmé-
nami nadorového genomu, které zahr-
nuji Siroké spektrum alteraci zasahujici
samotnou sekvenci, pocet kopii ¢i struk-
turni rearanze genetické informace, ale
také rozsdhlou paletou tzv. epigenetic-
kych zmén. Epigenetické zmény lze sou-
hrnné oznacit jako zpUsob regulace ge-
nové exprese, béhem kterého nedochazi
ke zméndm v sekvenci DNA. Zahrnuji
modifikace DNA/RNA a histon ¢i plso-
beni nekddujicich RNA [2].

Mezi nejextenzivnéji studované epi-
genetické zmény bezesporu patii stu-
dium metylace DNA, jejiz podstatou je
kovalentni vazba metylové skupiny na
dusikatou bazi cytosin. Tato modifikace
se hojné uplatiuje v oblastech bohatych
na CpG dinukleotidy, které se nachazi
zejména v promotorovych oblastech
protein kédujicich gen(l, a ma zasadni
Ulohu v fadé procesu souvisejicich s vy-
vojem organizmu a v udrzovani stability
genomu. Ve vztahu ke genové expresi
ma potom pfipojeni metylové skupiny

represivni Ucinek (obr. 1) [3]. Pfi rozvoji
nddorového onemocnéni dochdzi v ge-
nomu nadorové bunky ke globalni hy-
pometylaci spojené s aktivaci onkogent
a retrotranspozont a s chromozomovou
nestabilitou a k hypermetylaci CpG ob-
lasti v promotorech tumor supresoro-
vych genu [4].

Metodické pristupy ke studiu
metylace DNA

V rdmci studia metylace DNA lze k odli-
$eni metylovanych a nemetylovanych
bazi vyuzit tfi zakladni pfistupy, a to Sté-
peni metylacné senzitivnimi restrik¢nimi
endonukledzami, vyuziti protilatek vazi-
cich se na metylovany cytosin ¢i bisul-
fitovou konverzi [5]. Velmi recentné se
pak objevuje metoda enzymatické kon-
verze [6]. Tyto pfistupy jsou nasledné
kombinovany s rliznymi molekuldrné-
biologickymi metodami, jako je poly-
merazova fetézova reakce (polymerase
chain reaction - PCR), vysokorozliso-
vaci analyza kfivek tani (high resolution
melting - HRM), sekvenovani ¢i DNA
Cipy (tzv. microarrays). Vétsina dia-
gnostickych aplikaci popsanych v na-
sledujici podkapitole vyuziva pravé me-
todu bisulfitové konverze, coz je proces,
pfi kterém je pdsobenim hydrogensifi-
¢itanu sodného deaminovan cytosin na
uracil. U metylovanych cytosinl k této
konverzi nedochazi. Ke studiu konkrét-
nich jednotlivych Usek( DNA lze vyu-

zit PCR s metyla¢né specifickymi pri-
mery a naslednou vizualizaci produktu
pomoci gelové elektroforézy [7] ¢i me-
tyla¢né specifickou HRM analyzu, pfi
které se stanovuje odliSnost teploty tani
PCR produktd mezi metylovanou a ne-
metylovanou DNA [8]. Vyhodou téchto
metod je zejména rychlost a pomérné
nizké finan¢ni naklady. Rozsédhlou sku-
pinu metod pfedstavuji metody sek-
venacni. Platformy sekvenovani nové
generace jsou schopny paralelné ana-
lyzovat velké mnozstvi DNA fragmentd.
Rozsah studované genetické informace
muze byt od nékolika vybranych Gsekl
vytycenych rliznymi metodami cileného
obohaceni az po cely genom analyzo-
vany prostfednictvim celogenomového
bisulfitového sekvenovani. V posled-
nich letech se do popredi studia me-
tylace DNA dostava také metoda sek-
venovani tfeti generace. Jeji vyhodou je
skutecnost, ze dokaze detekovat modi-
fikace DNA bez nutnosti provedeni bis-
ulfitové (¢i jiné) konverze a amplifikace
cilové oblasti, molekula DNA je tak ana-
lyzovdna ve svém nativnim stavu. Do-
stupné technologie vyuzivaji k detekci
pfitomnosti modifikace napf. zménu
elektrické vodivosti pfi prichodu nano-
pérem (platforma Oxford Nanopore) [9]
¢i zménu kinetiky DNA polymerazy pfi
zaclenovani fluorescenéné znacenych
nukleotidl (tzv. metoda single-mole-
cule real-time (SMRT) vyuZivana plat-

~
A B
Nemetylovana sekvence DNA Genova exprese
AZA\"7,\"7,\7, — Qﬂ%
CHs
) DNMT
Metylovana sekvence DNA Represe genové exprese
A7 \'7,\V7,\7 — @M
J

Obr. 1. Schematické znazornéni procesu metylace DNA prostiednictvim DNA metyltransferaz (A) a dopadu metylace DNA na geno-

vou expresi (B).

DNMT - DNA metyltransferaza, SAM - S-adenosylmethionin
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Tab. 1. Piehled komercnich testl vyuzivajicich stanoveni irovné metylace DNA.

Nazev testu Onemocnéni Pouziti Cilové geny Reference

Epi proLung® karcinom plic neinvazivni SHOX2, PTGER4 [15]
diagnostika

Epi proColon® kolorektaIni karcinom neinvazivni SEPT9 [16]
diagnostika

Cologuard® kolorektalni karcinom neinvazivni NDRG4, BMP3 [17]
diagnostika

Galleri® 50 typl nddorovych neinvazivni > 100 000 specifickych lokustd [21]

onemocnéni diagnostika napfi¢ genomem
Bladder EpiCheck® svalovinu neinvadujici karcinom  neinvazivni 15 specifickych lokust napfic [22]
mocového méchyre diagnostika genomem

ZNF582 DNA Detec- karcinom délozniho ¢ipku neinvazivni ZNF582 [23]

tion Kit diagnostika

PAX1 DNA detection kit karcinom délozniho ¢ipku neinvazivni PAX1 [24]
diagnostika

GynTect® karcinom délozniho ¢ipku neinvazivni ASTN1, DLX1, ITGA4, RXFP3, SOX17, [25]
diagnostika ZNF671

EPICUP® nadory neznamého origa tkanova 450 000 specifickych lokust [26]
diagnostika napfi¢ genomem

therascreen® MGMT glioblastom prediktivni MGMT [33]

Pyro® Kit testovani

therascreen® PITX2 RGQ karcinom prsu prediktivni PITX2 [38]

PCR Kit testovéni

formou PacBio) [10]. Vysokokapacitni
metylacni profilovani Ize provést také
s pomoci platforem zaloZenych na prin-
cipu microarrays, které vyuzivaji hybridi-
zace cilové sekvence k imobilizovanému
komplementarnimu oligonukleotidu
a naslednou detekci fluorescencniho
signalu [11].

Aberantni metylace DNA

jako biomarker nadorovych
onemocnéni

Potencidlni vyuziti metylace DNA jako
diagnostického, prognostického ¢i pre-
diktivniho biomarkeru jiz bylo zkou-
mano a publikovano u rdznych na-
dorovych onemocnéni. Rada z téchto
objev( vsak zlistdva predmétem vy-
zkumu a prozatim si nenasla cestu do ru-
tinni diagnostické praxe.

V kontextu diagnostiky onemocnéni
je potencial aberantni metylace DNA
studovan predevsim ve smyslu ¢asné
neinvazivni diagnostiky nebo k odli-
Seni jednotlivych skupin nadorovych
onemocnéni. Pro Ucely ¢asné neinva-

zivni diagnostiky se jako vychozi mate-
ridl pouzivaji télni tekutiny, nejcastéji
plazma ¢i sérum, ve kterych je kli¢covou
cilovou molekulou tzv. cirkulujici DNA.
DNA se v télnich tekutindch nachazi
v disledku toho, Zze bunka prochdzejici
buné¢nou smrti uvoliiuje fragmenty ge-
nomové DNA do cirkulace. Jedna-li se
o DNA fragmenty pochdzejici z nddorové
buriky, hovofime o tzv. cirkulujici nddo-
rové DNA [12]. Vzhledem k tomu, Ze je
aberantni metylace specifickych oblasti
¢asnou udalosti pfi rozvoji nddorového
onemocnéni, ma pro ¢asnou diagnostiku
obrovsky potencial [4]. Tuto skute¢nost
potvrzuje celd fada publikovanych stu-
dii u rznych typt malignit, pficemz nej-
vétsi daraz je kladen zejména na dia-
gnozy s vysokou incidenci v populaci
zahrnujici karcinom plic, kolorekta, prsu,
prostaty, ale i mnoho dalSich. U nékte-
rych z téchto diagndz jsou jiz k dispozici
komer¢ni testy s rliznou Urovni schvéleni
regulacnimi orgény (tab. 1).

Jedna z prvnich diagnéz, kde byla na-
vrzena detekce metyla¢niho statusu

tumor supresorovych gent (v tomto pfi-
padé genl APC a CDKN2A) jako neinva-
zivni diagnosticky biomarker, byl karci-
nom plic [13,14]. Ze vsech gend, které
byly pro ucely diagnostiky karcinomu
plic studovany, dosahlo nejlepsich ana-
lytickych parametr( stanoveni metylace
genU SHOX2 a PTGER4, které je soucasti
komercniho testu s certifikaci pro zdra-
votnické prostfedky in vitro (CE-IVD) zva-
ného Epi proLung® [15].

U pacientl s kolorektalnim karcino-
mem byl v pribéhu uplynulych let zkou-
man metyla¢ni status desitek cilovych
genl. Nékteré z testll jsou k dispozici
v podobé komercnich testl schvalenych
Americkou lékovou agenturou (Food and
Drug Administration — FDA), konkrétné
test zaméreny na detekci metylace genu
SEPT9 ze vzorku krve (dostupny pod ko-
mercnim nazvem Epi proColon®) [16] ¢i
kombinovany test sestavajici ze stano-
veni metylace NDRG4 a BMP3 spolu se
stanovenim hemoglobinu a pfitomnosti
mutace genu KRAS ve stolici pacientl
(dostupny pod komerénim nazvem Co-
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loguard®) [17]. Kromé téchto dvou ne-
jsou zadné jiné testy vyuzivajici stano-
veni metylace DNA FDA schvaleny [18].
Ve snaze zvysit senzitivitu stévajicich
biomarker( ¢asné diagnostiky kolorek-
talniho karcinomu se objevuji také kom-
binované testy zamérené az na Ctyfi
cilové geny [19], dosud v3ak nebyly pro-
spektivné validované na rozsahlejsich
kohortach pacient(.

Kromé vyvoje testd zamérenych spe-
cificky na detekci jednotlivych nadoro-
vych onemocnéni byl v poslednich le-
tech rapidné akcelerovan vyvoj tzv.
Multi-Cancer Early Detection (MCED)
testd slouzicich k neinvazivni detekci
¢asného asymptomatického stadia na-
dorového onemocnéni. Diky své schop-
nosti zachytit pfitomnost vice typl na-
dorovych onemocnéni v jediném testu
tak utvari zcela nové paradigma, které
s sebou nese pfislib snizeni celkové mor-
tality spojené s nddorovymi onemoc-
nénimi [20]. Jednou z alteraci, které
jsou v rdmci MCED testl detekovany,
je prdvé metylace DNA. Stanoveni me-
tylace DNA je podstatou jednoho z nej-
zndméjsich a nejrobustnéjsich MCED
testl nazvaného Galleri®. Kromé zachytu
pozitivniho signalu svédciciho o pfitom-
nosti nddorového onemocnéni dle do-
savadnich vysledk(l tento test také do-
kdzal s 88,7% presnosti predpovédét,
o jaky z 50 typU nadorovych onemoc-
néni, které je schopen rozlisit, se jedna.
V klinické studii zahrnujici 4 077 ucast-
nikd byla u tohoto testu demonstrovana
99,5% specificita a 51,5% senzitivita [21].

Neinvazivni detekce pfitomnosti one-
mocnéni Ize vyuzit nejen pro zachyt pri-
marniho onemocnéni, ale také pro mo-
nitorovani rekurence po ukonceni |é¢by.
Prikladem onemocnéni, u kterého je
dlouhodobé kladen dlraz na identifi-
kaci k tomuto Ucelu slouzicich neinva-
zivnich biomarkerq, je karcinom moco-
vého méchyre. Vzhledem k vysokému
riziku rekurence po ukonceni |é¢by pa-
cienti se svalovinu neinvadujicim karci-
nomem mocového méchyre opakované
podstupuji cystoskopii, ktera predsta-
vuje zatéz jak pro pacienta, tak pro zdra-
votnicky systém. Jako alternativa k ru-
tinni kombinaci cystoskopie a cytologie
bylo navrzeno stanoveni Urovné me-
tylace 15 gen0 (dostupnych v podobé

komercni certifikované diagnostické
soupravy Bladder EpiCheck®) ze vzorku
moci. Vystupem tohoto kombinovaného
testu je skére s hodnotou 0-100, pfi-
¢emz hodnoty > 60 znaci pfitomnost na-
dorového onemocnéni [22].

Z dalsich test vyvinutych pro ucely
diagnostiky Ize zminit hned nékolik
CE-IVD certifikovanych diagnostickych
souprav zamérenych na pacientky s kar-
cinomem délozniho ¢ipku, kde viak vy-
chozim materidlem nejsou télni tekutiny,
ale bunky odebrané stérem z délozniho
Cipku pfi pravidelném screeningovém
vysetreni. Jednotlivé testy se zaméfujina
stanoveni metylace genu ZNF582 [23],
PAX1 [24] ¢i kombinaci gent ASTNIT,
DLX1, ITGA4, RXFP3, SOX17 a ZNF671 [25].

Pro ucely odliseni jednotlivych skupin
nadorovych onemocnéni metodou me-
tyla¢niho profilovani jsou vychozim bio-
logickym materidlem vzorky nadorové
tkdné. Tento pfistup se opird o skutec-
nost, Ze nddorovy metylom je kombinaci
znakl odrazejicich jak bunécny pudvod,
tak charakteristické zmény asociované
s nddorem. Prvnim pfikladem takovéto
aplikace byl klasifikator umoznujici iden-
tifikaci primarni lokalizace u néddord ne-
zndmého origa, ktery autofi nazvali EPI-
CUP [26]. K natrénovani klasifikatoru
bylo pouzito 2 790 vzork( nadorové
tkdné zndmého origa, které reprezento-
valy 38 onkologickych diagndz, u nichz
bylo provedeno metylac¢ni profilovani na
microarray platformé Infinium Human
Methylation 450K BeadChip Array. N&-
slednd validace na kohorté 7 691 vzork(
(v€. 534 metastdz) umoznila klasifikaci
5 99,6% specificitou a 97,7% senzitivitou.
U 188 (87 %) z 216 pacient(l spadajicich
do kategorie tumoru nezndmého origa
byla Uuspésné predikovana primarni lo-
kalizace tumoru.

Vyuziti vysokokapacitniho metylac-
niho profilovani na platformé mic-
roarrays ke klasifikaci jednotlivych sku-
pin nadorovych onemocnéni bylo dale
demonstrovédno u naddor( CNS [27] a sar-
kom{ [28]. Obé tyto skupiny jsou bio-
logicky a klinicky velmi heterogenni, coz
cini stanoveni vybranych skupin diagnéz
pouze na zdkladé histopatologického
zhodnoceni obtizné a zaroven to pou-
kazuje na existenci vice podtypu v ramci
jednotlivych diagnostickych kategorii.

Pro tvorbu prvotni verze klasifikatoru
CNS byla pouzita rozsahla kohorta né-
kolika tisic vzorkd odpovidajicich 76 his-
topatologicky definovanym jednotkam.
Vsechny vzorky byly nasledné analyzo-
vany metodou nefizeného shlukovani,
kterd vedla ke stanoveni 82 charakte-
ristickych metyla¢nich skupin nador(
CNS a 9 skupin kontrolni nenddorové
tkdné. Pro samotnou tvorbu klasifika-
toru byl pouzit tzv. random forrest algo-
ritmus a jeho prospektivni validace byla
u¢inéna na kohorté 1 155 nadord CNS.
S vysokou spolehlivosti bylo 88 % vzork{
pfifazeno do klasifikatorem vytycené
metylacni skupiny a u 76 % stanovena
metylacni skupina korelovala s histo-
patologickou diagnézou. U zbyvajicich
12 % byla provedena dodate¢nd mole-
kularni vysetreni, jejichz vysledek vedlI
k reklasifikaci plvodni histopatologické
diagnézy smérem k navrzené metylacni
skupiné [27]. Obdobnym zplsobem byl
ustanoven také sarkomovy klasifikétor,
ktery byl oproti klasifikdtoru nador CNS
publikovan o 3 roky pozdéji. Ten pfi pro-
spektivni validaci s vysokou spolehlivosti
prifadil 75 % vzorkd, pficemz 61 % z cel-
kového poctu vzorkll opét korelovalo
s histopatologickou diagnézou. Témér
polovina vzork(, u kterych vyvstala dis-
krepance mezi vysledkem klasifikatoru
a histopatologickym zhodnocenim, byla
na zakladé doplikovych molekuldrnich
analyz preklasifikovana na diagnézu od-
povidajici metyla¢ni skupiné [28].

Poznatky ziskané s vyuzitim metylac-
niho profilovani se jiz odrazily v nej-
novéjsi paté edici WHO klasifikace na-
dorl CNS z roku 2021. V tomto vydani
je oproti verzi z roku 2016 kladen vétsi
dlraz na vyuziti molekuldrné-bio-
logickych metod jako doplriku k rutin-
nim histologickym a imunohistochemic-
kym pfistuplim a jsou predstaveny nové
skupiny diagnéz a podskupiny diagnéz
stavajicich, pficemz presné urceni fady
z nich vychazi pravé ze stanoveni me-
tyla¢niho profilu [29].

Metyla¢ni klasifikator nadord CNS
a sarkom@ zdstava otevienym sys-
témem, ktery podIéhd dalSimu vyvojia je
neustdle vylepsovan diky pribyvajicimu
mnozstvi analyzovanych vzorkl. Kromé
tohoto vylepseni vSak soubézné dochazi
k vyvoji usilujicimu o pfeneseni tohoto
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pfistupu na odlisné platformy, a to ze-
jména platformu sekvenovani treti ge-
nerace Oxford Nanopore. Cas do dodani
vysledkd se u standardné vyuZzivané
platformy Infinium pohybuje v fadu né-
kolika dni az tydnd, coz je ovlivnéno nut-
nosti nashromazdit potfebné mnozstvi
pacientl (zpravidla osm) pro zaplnéni
arraye a také ¢asovou narocnosti analy-
tické ¢asti procesu [30]. V reakci na tyto
limitace byl ustanoven metyla¢ni klasi-
fikdtor pro platformu Oxford Nanopore
nazvany nanoDx, u kterého cinil me-
dian ¢asu od obdrzeni biologického ma-
teridlu do dodani vysledku pfi prospek-
tivni validaci 21 hodin [31]. VylepSenym
recentné publikovanym pfistupem je vy-
uziti klasifikdtoru zalozeného na neuro-
novych sitich s nazvem Sturgeon, ktery
byl autory navrzen jako ndstroj pro intra-
operativni diagnostiku informujici neu-
rochirurga o tom, zda charakter tumoru
vyzaduje provedeni radikalni resekce, ¢i
zda se jedna o diagnézu, u které nema
rozdil mezi radikalni a subtotalni resekci
na progndézu vliv. V rdmci této prace byl
nastroj pouzit u 25 prospektivnich pa-
cientd, u kterych byl vysledek stanoven
za < 90 minut. U 18 z 25 pacientl byla
stanovena spravna diagndza s dostatec-
nou mirou spolehlivosti [32].

V kategorii biomarker( prediktivnich
a prognostickych je velmi vyznamnym
biomarkerem a zaroven jednim z nej-
zndméjsich priklad vyuziti metyla¢-
niho profilovéani v klinické praxi stano-
veni metyla¢niho statusu promotoru
genu MGMT ve vzorku nadorové tkdné
u pacientl s glioblastomem [33]. Me-
tylace promotoru je pfitomna u 40-50 %
pacientl a je spojovéna s del$im prezi-
tim [34]. Zaroven je spojovan s predikci
[écebné odpovédi u pacientd lé¢enych
temozolomidem (TMZ) [35,36]. TMZ
patfi do skupiny alkyla¢nich chemotera-
peutik a jeho plsobeni navozuje posko-
zeni DNA, které vede k aktivaci apoptézy,
neni-li opraveno bunéénymi reparac-
nimi mechanizmy. Jednim z téchto re-
parac¢nich mechanizm je také ptsobeni
enzymu MGMT. Je viak nutné zminit, Zze
jistou limitaci stanoveni metylace pro-
motoru MGMT je velkd variabilita ve
volbé metodického pfistupu a vymezeni
presné cut-off hodnoty pro metylovany
promotor [37]. Obdobnym zplsobem

byla hypermetylace tumor supresoro-
vych genl spojena s chemosenzitivitou
také v pfipadé dalSich onkologickych
diagnéz. U pacientek s karcinomem prsu
s postizenim uzlin je napf. nizk4 Uroven
metylace genu PITX2 (dostupna v po-
dobé certifikovaného komeréniho testu
therascreen® PITX2 RGQ PCRKit) spojena
s benefitem adjuvantni [é¢by antracykli-
novymi chemoterapeutiky [38].

Vyuziti v terapii nadorovych
onemocnéni

Na rozdil od jinych typl alteraci, jako
jsou bodové mutace, zmény poctu kopii
¢i fuzni geny, pfedstavuje aberantni me-
tylace DNA modifikaci reverzibilni, coz
z ni ¢ini potencidlni cil protinadorové
terapie. V soucasné dobé jsou k dispo-
zici |é¢iva schvélend evropskou léko-
vou agenturou EMA i americkou FDA
a také nékolik desitek Ié¢iv nachdazeji-
cich se v preklinické ¢i ¢asné klinické fazi
testovani.

Adice metylové skupiny je katalyzo-
vana enzymy oznacovanymi jako DNA
metyltransferdzy (DNMT1, DNMT3A,
DNMT3B), pficemz vétsina dostupnych
Iéciv cili na modulaci jejich aktivity. Na
zdkladé mechanizmu pusobeni je lze
rozdélit na dvé skupiny, a to na analogy
nukleosidl a non-nukleosidova agens,
kterd zahrnuji zejména inhibitory pfimo
interagujici s DNA metyltransferazami.

Analogy nukleosidll jsou derivaty od-
vozené nejcastéji od deoxycytidinu,
které se inkorporuji do struktury DNA
¢i RNA. Inkorporace do struktury DNA
vede k vytvoreni kovalentni ireverzibilni
vazby a postupné depleci DNA metyl-
transferaz. Dochazi-li k inkorporaci do
struktury RNA, nastava inhibice proteo-
syntézy. Mezi nejznaméjsi analogy nuk-
leosidll patfi azacytidin a decitabin, které
jsou schvéleny pro lécbu pacientl s dia-
gno6zou myelodysplastického syndromu
¢i akutni myeloidni leukemie s kontrain-
dikaci k provedeni transplantace kostnfi
diené [39]. Oba Iéky maji velmi podob-
nou chemickou strukturu, odliSnost spo-
¢iva v tom, Ze azacitidin je ribonukleosid
a decitabin je deoxyribonukleosid. Deci-
tabin se tak na rozdil od azacytidinu ne-
vaze na RNA. Prvotné byly pouzivany ve
vysokych davkach jako cytostatika, po-
déni nizsi davky vsak navozuje pokles

Urovné metylace u pdvodné hyperme-
tylovanych oblasti v genomu, zpravidla
kodujicich tumor supresorové geny [40].
Casty problém u obou lékii predstavuje
rozvoj rezistence, ktery je pozorovan az
u poloviny pacientt [41]. Recentni stu-
die poukazala na to, ze podstata rezi-
stence tkvi v adaptivni odpovédi sité
enzym( zapojenych do metabolizmu
pyrimidinu [42].

Kromé podavani vyse zminénych Iékd
v monoterapii jsou v klinickych hodno-
cenich testovany jejich kombinace s dal-
simi léCivy, a to jak s tradi¢nimi cytosta-
tiky, tak s cilenymi inhibitory [43]. Jednim
z hlavnich ddvod( pro testovani léko-
vych kombinaci s cytostatiky je skutec-
nost, Ze navozeni sekundarni rezistence
vici vybranym cytostatikiim je spjato se
zménami Urovné metylace specifickych
oblasti nddorového genomu, zejména
pak hypermetylaci promotoru tumor
supresorovych genu [44]. Nasazeni nuk-
leosidovych analogl s cilem inhibovat
aktivitu metyltransferdz tak umoznuje
hypermetylaci pfedchdzet. Z dalSich pfi-
klad(i o snahu modulace lé¢ebné odpo-
védi prostfednictvim nukleosidovych
analogll Ize zminit soubézné podavani
s PD-1 inhibitory [45].

Vétsina dalSich 1é¢iv spadajicich do
skupiny nukleosidovych analogt se na-
chazi v ranych fazich klinickych hodno-
ceni. Jednim z priklad(i téchto analogt
je guadecitabin. Jedna se o dinukleotid
tvoreny decitabinem spojenym fosfo-
diesterovou vazbou s deoxyguanosino-
vym analogem, coz zarucuje delsi polo-
¢as rozpadu v organizmu [46]. Ve studii
faze Ill zamérené na pacienty s akutni
myeloidni leukemii nevedlo jeho po-
déavéni v porovnani se standardnimi lé-
¢ebnymi postupy ke zlepseni celkového
preziti [47], 1ék je v3ak dale testovéan
v odlisnych indikacich. Z dalSich ana-
logli Ize zminit 5-fluoro-2'-deoxycytidin
(FdCyd) testovany v kombinaci s tetra-
hydrouridinem [48] ve studii faze Il, kde
vsak nebylo dosazeno vytycenych cill
stran preziti bez progrese a lé¢ebné od-
povédi, ¢i 5-aza-4'-thio-2"-deoxycytidin
(Aza-TdC), ktery je testovan ve fazi | za-
méfené na pacienty s pokrocilymi solid-
nimi nadory [49].

Pro inhibitory pfimo interagujici s me-
tyltransferdzami byla demonstrovana
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celd fada mechanizm0 ucinku, které za-
hrnuji vazbu do aktivniho mista enzymu,
alosterické pusobeni ¢i plisobeni tzv. an-
tisense oligonukleotid. Inhibitory va-
Zici se do aktivniho mista enzymu pfimo
zabranuji jeho interakci se substratem.
Tato skupina zahrnuje jak syntetické
slouceniny, jako je molekula RG108 ¢i
antihypertenzivum hydralazin [50], tak
pfirodni slouceniny jako epigallocate-
chin-3-gallat obsazeny v listech zele-
ného caje [51]. Alosterické inhibitory po
navazani méni prostorovou konformaci
proteinu, a tim znemoznuji jeho dalsi ak-
tivitu. Jako pfriklady lze zminit pyrazo-
lon a pyrizadin. Tyto dvé slou¢eniny byly
identifikovany na zakladé screeningu
knihoven chemickych sloucenin a de-
monstrovaly selektivitu pro metyltrans-
ferdzu DNMT3A. Diky této skutecnosti
predstavuji kandidatni [éciva pro dalsi
vyvoj v této oblasti [52]. Agens fungujici
na principu antisense oligonukleotid(,
mezi které patfi slou¢enina MG98, inter-
feruji s translaci mMRNA gen( kodujicich
DNA metyltransferazy, a zabranuji tak je-
jich proteosyntéze [53].

Zaveér

Studium aberantni metylace DNA, stejné
tak jako ostatnich typl epigenetickych
zmén, vedlo ke zvyseni komplexnosti,
s jakou na problematiku vzniku a rozvoje
nadorovych onemocnéni nahlizime,
a pfineslo zcela nové moznosti pro je-
jich diagnostiku a terapii. Co se tyce role
aberantni metylace DNA jakoZto bio-
markeru, tak velké mnozstvi publikova-
nych praci demonstruje, Ze jeji stanoveni
mUze nést znacné implikace pro dia-
gnostiku primarniho onemocnéni, de-
tekci jeho rekurence, odhad prognézy i
predikci lé¢ebného efektu. V ramci této
prehledové prace bylo predstaveno né-
kolik priklad( testd vyuzivajicich stano-
veni Urovné metylace vybranych gen,
ato zejména téch, které disponuiji certifi-
kaci pro vyuziti v laboratorni diagnostice.
Pocet publikovanych kandidéatnich bio-
marker( toto mnozstvi mnohondsobné
prevysuje, avsak pro malokteré z nich je
vyvinut laboratorni test, jenz by byl na-
sledné validovén na rozsahlejsi prospek-
tivni kohorté. Dalsim dllezitym aspek-
tem je poté implementace vyvinutych
testl do rutinni klinické praxe. V tomto

ohledu se testy zaloZzené na stanoveni
metylace nejvice uplatiuji v oblasti dia-
gnostiky nador( CNS, zejména se to tyka
stanoveni metylace promotoru MGMT,
které je soucésti metodického portfolia
mnoha laboratofi molekuldrni patolo-
gie, a recentné pak také profilovani s po-
moci microarray platformy Infinium od
spole¢nosti lllumina pouzivané ke klasi-
fikaci nddorl CNS, jehoz dostupnost se
diky diagnostickym kritériim predsta-
venym v posledni edici pfislusné WHO
klasifikace napfi¢ laboratoremi zvysuje.
Nejnovéjsi metodické pristupy, jako je
sekvenovani tieti generace, pak diky
svoji rychlosti poukazuji na pfenositel-
nost tohoto inovativniho konceptu do
peroperativni diagnostiky, kde mize za-
sadné pomoci pfi rozhodovani o nut-
nosti radikality resekce, jejiz vétsi rozsah
s sebou casto nese rizika neurologic-
kého poskozeni.

Role aberantni metylace DNA jako
biomarkeru je bezesporu na vzestupu,
pro jeji vyuziti jakozto lé¢ebného cile
vsak nedochdzi v poslednich letech k vy-
raznému pokroku a slibné vysledky pre-
klinickych studii jsou pouze minimalné
reflektovany ve vysledcich navazujicich
klinickych hodnoceni. Od schvaleni nuk-
leosidovych analogli azacytidinu a de-
citabinu hojné vyuzivanych zejména
v hematoonkologii nebyly zadné dalsi
slouc¢eniny do klinické praxe zavedeny.
Obé léciva se navic potykaji s vysokym
podilem pacientd, u kterych se vyvine
sekundarni rezistence, a mimo hema-
tologické malignity je jejich efektivita
u solidnich tumord minimalni. Je viak
k dispozici narlstajici evidence o jejich
mozném synergistickém efektu s dalsimi
protinddorovymi léCivy, pficemz nékteré
kombinace jsou jiz predmétem probiha-
jicich klinickych hodnoceni.
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REVIEW

Prostate cancer invasion is promoted
by the miR-96-5p-induced NDRG1 deficiency

through NF-kB regulation

Invaze karcinomu prostaty je podporovana nedostatkem
NDRGT1 vyvolanym miR-96-5p prostfednictvim regulace NF-kB
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Summary

Background: The N-myc downstream-regulated gene 1 (NDRGT) has been discovered as a sig-
nificant gene in the progression of cancers. However, the regulatory mechanism of NDRGT re-
mained obscure in prostate cancer (PCa). Methods: The miR-96-5p and NDRG1 expression levels
were evaluated in PCa cell lines, and prostate tissues, and validated in public databases by
real-time polymerase chain reaction, western blot analysis, and immunohistochemistry. The
function of miR-96-5p and NDRG1 were investigated by scratch assay and transwell assays in
vitro, and mouse xenograft assay in vivo. The candidate pathway regulated by NDRG1 was con-
ducted by the next-generation gene sequencing technique. Immunofluorescence and lucife-
rase assays were used to detect the relation between miR-96-5p, NDRG1, and NF-kB pathway.
Results: Overexpressing NDRG1 suppresses the migration, invasion, and epithelial-mesenchy-
mal transition (EMT) in vitro, and inhibits metastasis in vivo. Moreover, miR-96-5p contributes
to NDRGT deficiency and promotes PCa cell migration and invasion. Furthermore, NDRGT loss
activates the NF-xB pathway, which stimulates p65 and IKBa phosphorylation and induces
EMT in PCa. Conclusions: MiR-96-5p promotes the migration and invasion of PCa by targeting
NDRG1 and regulating the NF-kB pathway.

Key words
prostate cancer — NDRG1 — miR-96-5p — NF- kB - EMT

Souhrn

Vychodiska: N-myc downstream-regulovany gen 1 (NDRG1) méa vyznamnou funkci pfi pro-
gresi nadord. U karcinomu prostaty (prostate cancer — PCa) vSak regula¢ni mechanizmus
NDRGT1 zGstava nejasny. Materidl a metody: Hladiny exprese miR-96-5p a NDRG1 byly hod-
noceny v bunécnych liniich PCa a v tkanich prostaty a validovany ve verejnych databazich
pomoci polymerazové fetézové reakce v redlném case, analyzy western blot a imunohisto-
chemie. Funkce miR-96-5p a NDRG1 byla zkoumdana pomoci testli hojeni ran a transwell testd
in vitro a testu mysiho xenoimplantétu in vivo. Draha regulovand pomoci NDRGT byla testo-
vana technikou sekvenovéni nové generace. K detekci vztahu mezi miR-96-5p, NDRG1 a NF-«kB
drahou byl pouzit imunofluorescencni test a test s luciferazou. Vysledky: Nadmérna exprese
NDRGT1 potlacuje migraci, invazi a epitelidlné-mezenchymalni prechod (EMT) in vitro a in-
hibuje metastazy in vivo. Navic miR-96-5p ptispiva k deficitu NDRGT a podporuje migraci a in-
vazi bunék PCa. Kromé toho ztrata NDRG1 aktivuje drahu NF-xB, kterd stimuluje fosforylaci
p65 a IKBa a indukuje EMT v PCa. Zdvér: MiR-96-5p podporuje migraci a invazi PCa tim, ze cili na
NDRGT1 a reguluje dréhu NF-«B.

Klicova slova
karcinom prostaty — NDRG1 - miR-96-5p — NF-kB - EMT
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Introduction
Prostate cancer (PCa) was the second
most common malignant tumor in males.
Based on the Globocan 2020 estimates of
cancer, there were 1,414,259 new cases
of PCa worldwide. Moreover, there were
also 375,304 patients who died of PCa [1].
Most of the patients were in an advanced
stage at the time of the first diagnosis,
with lymph nodes or distant metastasis,
especially in eastern Asian countries [2].
Although several treatments have been
applied recently, the prognosis of PCa re-
mains not well. Therefore, it is necessary
to look for reliable biomarkers that play
acrucial role in tumor growth and metas-
tasis to distinguish early-stage tumors.
N-myc downstream-regulated gene-1
(NDRGT) is located on chromosome
8g24.3, which contains 16 exons and
15 introns. It is an important member
of the NDRG family [3,4]. Epithelial-mes-
enchymal transition (EMT) is known as
a crucial phenotypic conversion. In the
process of EMT, cells can change from an
epithelial state to a mesenchymal statein
a highly plastic and dynamic way, mod-
ify the adhesion molecules expressed
by cells and make them have migration
and invasive behavior [5,6]. Some pre-
vious studies have demonstrated that
NDRG1 potentially inhibited cancer cell
migration, invasion, and EMT by affect-
ing the indispensable molecules in-
volved in metastasis [7,8]. Similar studies
suggested that NDRGT could bind to
B-catenin and E-cadherin directly, indi-
cating that these proteins formed a com-
plex. Under the stimulation of WNT3a,
ectopic overexpression of NDRG1 main-
tained B-catenin on the plasma mem-
brane of colon and PCa cells, which
blocked the activation of the Wnt path-
way [9,10]. In addition, Xi et al. have re-
cently found an effective way to inhibit
TNF-a and LYRIC-induced EMT through
NDRG1 [11]. NDRGT also modulated EMT
by regulating the level of related pro-
tein expression. Elevating E-cadherin
and inhibiting vimentin, N-cadherin,
slug, and snail-1 have been established
by Lee et al. in oral squamous cancer
cells[12]. It has also been suggested that
NDRGT potentially attenuates EMT by in-
hibiting the expression of Smad2 and
suppressing the latter-related protein

in nasopharyngeal cancer [13]. Though
several molecular pathways illustrating
the function of NDRGT have been par-
tially elucidated, the underlying mecha-
nism responsible for NDRGT and EMT in
PCais still needed further exploration.
MicroRNAs (miRNA) are small endog-
enous non-coding RNA that binds to
a specific sequence of target gene 3 ‘un-
translated region (3’UTR) and affects
the post-transcriptional regulation of
the target gene, which might result in
mRNA degradation or translation inhi-
bition [14]. The dysregulation of miRNA
in cancer is widely confirmed, and sev-
eral types of research have shown that
the level of miRNA expression was re-
lated to tumor metastasis [15,16]. MiR-
-96 is a member of the miR-183 cluster
and has been demonstrated to act as
an oncogene or tumor suppressor in tu-
mors [17-21]. Furthermore, recent litera-
ture has identified that miR-96 also mod-
ulated EMT by regulating the level of
related protein expression. Notably, He
et al. showed that miR-96 regulated the
protein of the EMT-related gene FOXQT,
which could be modulated by TGF-B1 in
bladder cancer [22]. A study by Wang et
al. implicated that miR-96-5p promoted
proliferation and EMT by directly reg-
ulating FOXF2 expression in oral squa-
mous cell carcinoma [23]. Moreover, the
circPTPRA and RASSF8 suppressed EMT
and metastasis of non-small cell lung
carcinomas also by competitive spong-
ing miR-96-5p [24]. MiR-96-5p was mark-
edly upregulated in PCa compared to
normal tissue and it acted as an onco-
gene in some previous studies [25-28].
However, the mechanisms of miR-96-5p
as a tumor promoter in PCa have not
been fully elucidated. The NF-xB path-
way has been studied for many years
and its significant role in immunity, in-
flammation and other physiological pro-
cesses has been fully confirmed. Pre-
vious studies showed that EMT was
potently administrated by several sign-
aling pathways, such as TGF-$, Wnt, and
ErbB [29,30]. While accumulating studies
have indicated that the NF-xB signaling
pathway also played a crucial role in in-
ducing and maintaining EMT in a variety
of tumors [31-34]. Furthermore, some
evidence has illustrated that activation

of the NF-kB pathway was also related to
the metastasis of PCa [16,35].

Materials and Methods

Study design

This research aimed at evaluating the
prostate cancer migration and invasion
by miR-96-5p-induced NDRG1 deficiency
through regulation of the NF-«xB sign-
aling pathway, with a randomized clini-
cal trial (registered at Iranian Registry of
Clinical Trials, N22021073034422), which
was conducted in the Molecular Genetic
and Reproductive Biology Department,
Kowsar poly-clinic, Tehran, Iran. The study
was approved by the Ethics Committee of
Kowsar polyclinic Research Institute and
all participants signed informed written
consent prior to the experiment whose
prostate tissues were taken.

Clinical samples and cell lines

Twenty paired PCa and adjacent nor-
mal prostate tissue were collected dur-
ing surgery at the Molecular Genetic
and Reproductive Biology Department,
Kowsar polyclinic, Tehran, Iran. RWPE-1,
LNCaP, C4-2, PC3, and DU145 cell lines
were obtained from American Type Cul-
ture Collection (ATCC, Manassas, VA,
USA). RWPE-1 cells were grown in ke-
ratinocyte-SFM (Invitrogen, USA). LNCaP,
C4-2, PC3, and DU145 were cultured
in RPMI1640 medium containing 10%
fetal bovine serum (FBS) and penicil-
lin-streptomycin (100 U/mL) (Solarbio,
Beijing, China). All cell lines were incu-
bated under a humidified atmosphere
at 37 °C with 5% CO,. This study has
complied with the ARRIVE guidelines
and was carried out in accordance with
the UK. Animals Act, 1986, EU Directive
2010/63/EU for animal experiments, as
well as respecting the National Institutes
of Health guide for the care and use of
Laboratory animals (NIH Publications
No. 8023, revised 1978). Twelve repli-
cates per each condition of the experi-
ment were evaluated.

Western blot

After cleaning with cold PBS twice, the
tissues or cells were collected, and then
extracted the whole cell lysate with
RIPA buffer (Solarbio, Beijing, China)
concentration was measured by a de-
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tection kit (Solarbio, Beijing, China) ac-
cording to the manufacturer’s guid-
ance. The same amount of protein in
each sample was placed in 10% gel by
SDS-PAGE and then transferred to the
nitrocellulose membrane. To block the
membrane, 5% non-fat milk or 5% BSA
(Solarbio, Beijing, China) was utilized,
then incubated with primary antibodies
anti-NDRG1, diluted 1: 10 000, Ki-67, di-
luted 1:1 000, Abcam; p65, p-p65, kBa,
p-1kBa, diluted 1 : 1 000, Cell Signaling
Technology; E-cadherin, N-cadherin di-
luted 1:1 000, GAPDH, diluted 1 : 2 000,
vimentin, diluted 1: 10 000 Proteintech).
After incubation with the correspond-
ing secondary peroxidase-conjugated
antibody, the protein bands were dis-
played with chemiluminescence dissol-
vent (Solarbio, Beijing, China).

Quantitative real-time polymerase

chain reaction (qRT-PCR) analysis

Total RNA was extracted by utilizing TRI-

zol reagent (Invitrogen, USA) follow-

ing the manufacturer’s guidance. Then

5 ug total RNA was transcribed to cDNA

according to the protocol supplied

with the HiFiScript cDNA Synthesis Kit

(Cwbio, Taizhou, China). The mRNA ex-

pression was measured by SYBR Green

gPCR master mix. The expression levels

of all MRNA were normalized to GAPDH

or U6. GAPDH is constitutively expressed

in almost all tissues in high amounts. For

this reason, GAPDH has been chosen as

a control for protein normalization. All

assays were conducted three times in-

dependently. The primers for gqRT-PCR

were listed as followed:

« NDRGT forward:
5'-GTCCTTATCAACGTGAACCCTT-3’

« NDRGT reverse:
5'-GCATTGGTCGCTCAATCTCCA-3’

+ GAPDH forward:
5'-GCTCTCTGCTCCTCCTGTTC-3’

+ GAPDH reverse:
5'-ACGACCAAATCCGTTGACTC-3'

+ miR-96-5p forward:
5'-CCTCGATTTGGCACTAGCAC-3’

+ miR-96-5p reverse:
5-TATGGTTGTTCTGCTCTCTGTCTC-3’

- U6 forward:
5'-CGCTTCGGCAGCATATAC-3’

+ Ub reverse:
5-TTCACGAATTTGCGTGTCATC-3'

Immunofluorescence

Each group of cells was seeded on 24-
-well plates using glass coverslips (Bei-
jing Solarbio, China), fixed with 4% par-
aformaldehyde, and infiltrated with 0.5%
Triton X-100. Then, 5% BSA was used to
block cells for 1T hour and incubated with
the primary antibody. NDRG1, (diluted
1:200, Abcam), p-P65 (diluted 1:1 600,
CST) at 4°C overnight, followed by incu-
bation with FITC-labeled or TRITC-labeled
secondary antibody (diluted 1 : 200, Pro-
teintech, China) for 2 hours. Finally, the
cells were stained with DAPI, and the im-
ages were detected under a confocal mi-
croscope (FV500; Olympus).

Immunohistochemical analysis

Tissue microarray was purchased from
Alenabio, Xi'an (PR803d). The six tis-
sues with lymph node metastasis were
also collected from the Molecular Ge-
netic and Reproductive Biology De-
partment, Kowsar poly-clinic, Tehran,
Iran. Standard immunohistochemistry
(IHC) protocols were applied with spe-
cific antibodies following previously
reported [36].

Luciferase reporter assay

The luciferase reporter assay was con-
ducted with the Dual-Luciferase Re-
porter Assay kit (Promega, USA) pmir-
GLO; pmirGLO-WT and pmirGLO-MUT
for NDRG1-3'UTR were cotransfected
into 293T cell lines, together with
miR-96-5p or miR-183-5p mimics, by
using Lipoferctamine™ 2000 (Invitrogen,
USA). After transfection in 48 hours, Re-
nilla luciferase activity acts as a standard
of the relative luciferase activity. Three
independent assays were performed.

Cell transfection

The cells were transfected with the
control, siRNA, miRNA mimics/inhibi-
tors were purchased from GenePharma
(Shanghai, China) using Lipofectami-
neTM 2000 (Thermo Fisher, USA) fol-
lowing the manufacturer’s guidance.
siRNAs for NDRG1 were defined as siN-
DRG1#1 and siNDRG1#2, siNDRG1#3, re-
spectively. All siRNA are listed as follow-
ed: si1: NDRG1-homo-688, si2:NDRG1-
homo-835, and si3: NDRG1-homo-956.
TooverexpressNDRGT, full-length NDRG1

was cloned into a modified LV18 len-
tiviral vector (GenePharma, Shanghai,
China), while an empty vector served as
a control and was screened with puro-
mycin. Luciferase express LV11 lentiviral
vector (GenePharma, Shanghai, China)
was transfected and screened with neo-
mycin scratch assay. LNCaP, C4-2, PC3,
and DU145 cells were added into 6-well
plates with a density of 6x10° cells per
well. When the cells are fully attached,
the 2-mm scratch will divide the well
into three equal parts. Next, the cells
were cultured in a serum-free me-
dium for 48 hours. The cells were de-
tected and photographed at 0, 24 and
48 hours, respectively. The scratch
healing rate was calculated by ImageJ
software.

Migration and invasion assays

Cell migration and invasion abilities
were identified by transwell chambers
which consist of an 8-mm membrane
filter covered with or without Matrigel
(BD Biosciences). The cells were cultured
with serum-free medium for 24 hours
before use. The cells (1-2x10%) in serum-
free medium were seeded to the upper
chambers. Lower chambers were sup-
plied with a medium containing 10%
FBS. After incubation for 24-48 hours,
the cells at the bottom of the cham-
ber were fixed with 4% paraformalde-
hyde, infiltrated with 0.5% Triton X-100,
stained with DAPI, and counted by a flu-
orescence microscope.

Animal experiment

Animal experiments have been ap-
proved by the Ethics Committee of the
medical supervisory team, Molecular
Genetic and Reproductive Biology De-
partment, Kowsar poly-clinic, Tehran,
Iran. This study has complied with the
ARRIVE guidelines and was carried out
in accordance with the U.K. Animals Act,
1986, EU Directive 2010/63/EU for ani-
mal experiments, as well as respecting
the National Institutes of Health guide
for the care and use of Laboratory an-
imals (NIH Publications No. 8023, re-
vised 1978). BALB/c nude male mice
(5-6 weeks old) were raised in a room
under sterile conditions. The DU145 cells
with high expression of NDRG1 were di-
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rectly subcutaneously injected to estab-
lish the model of subcutaneous xeno-
graft (N = 5 mice/group, 3.0x10° cells /
100 pL). The cells were added to Matrigel
(BD Biosciences) with a culture me-
dium (1:1 diluted). D-luciferin/D-PBS at
a concentration of 15mg/mL was given
through intraperitoneal injections with
10 uL/g for imaging after 6 weeks of
feeding and then all primary tumors
were carried out. The two mice with sus-
pected metastatic foci were kept feed-
ing for 8 weeks. Primary tumors and
suspected metastatic foci were excised,
embedded, and fixed. Hematoxylin &
eosin staining and immunohistochemis-
try analyses were conducted.

Statistical analysis

SPSS v.21.0 software (USA) and Graph-
Pad Prism Software 7.0 (USA) were used
for data assessment. Mean + SD was
used to show experimental results. Stu-
dent’s t-test or one-way ANOVA was
used to reveal the differences between
the groups. P-values < 0.05 were consid-
ered statistically significant.

Results

NDRG1 expression is decreased in PCa
and affected the prognosis of patients.
To investigate the clinical significance
of NDRGT in PCa, the mRNA sequencing
dataset of PCa from the Oncomine da-
tabase [37] was evaluated. The dataset
showed that NDRGT expression was de-
creased in PCa compared with the nor-
mal tissues and showed a declined trend
with Gleason score increase (Fig. 1A, B).
The expression of NDRGT was also down-
regulated in mRNA and protein levels in
PCa cells (DU145, LNCaP, C4-2, PC3) com-
pared with normal prostate epithelial
cells (RWPE-1) (Fig. 1C, D). Most of the
proteins are located in the cytoplasm
(Fig. 1E). Our study further measured the
expression levels of NDRGT in 20 paired
PCa patients and an 80-point tissue chip
combined with six metastatic specimens.
The NDRGT expression level in PCa was
also decreased. There was a tendency for
agradual decrease of NDRG1 level in nor-
mal tissue, benign prostatic hyperplasia
tissue, localized PCa, and metastatic PCa
tissue judged by immunohistochemis-
try (Fig. TF=H). Furthermore, the patients

with a high level of NDRGT had higher
overall survival than the low according to
the dates from GSE16560 (N = 281) [38].

NDRGT1 suppresses EMT, migration,
and invasion in PCa cells

To determine the function of NDRGT in
human PCa cells, we transfected lenti-
virus to overexpress NDRGT in two cell
lines (LNCaP, DU145) with relatively low
expression of NDRGT (Fig. 2A) and siRNA
to silenced NDRGT in relatively high
expression of NDRG1 cell lines (C4-2,
PC3). To achieve a better-silenced ef-
fect, we selected three siRNA to identify
in two cell lines (Fig. 3A). The C42 and
PC3 were knocked out with siRNAT and
siRNA2, respectively. Relative to con-
trol cells, NDRG1-overexpressing cells
significantly inhibited migration and
NDRG1 knockdown cells significantly
promoted migration in the scratch assay
(Fig 2. C, D, 3C, D). Transwell assays were
also performed and the result indicated
a consistent trend in migration. The
overexpression group showed a strong
ability to inhibit invasion and the knock-
ing-down group showed a high ability
to promote invasion, especially in the
PC3 cell line (Fig. 2E, F, 3E, F). Further-
more, western blot analysis implicated
that upregulating NDRGT increased the
expression of E-cadherin and decreased
vimentin and N-cadherin in LNCaP and
DU145 cells (Fig. 2B). Conversely, silenc-
ing NDRGT had an opposite effect on
these EMT markers (Fig. 3B). These re-
sults demonstrate that NDRGT sup-
presses migration, invasion, and EMT
in PCa cells in vitro. MiR-96-5p expres-
sion is increased in PCa and promotes
EMT in PCa cells. The miR-96-5p expres-
sion was analyzed by miRNA sequenc-
ing dataset of PCa from The Cancer
Genome Atlas (TCGA) [39]. The data sug-
gested that miR-96-5p was significantly
upregulated in PCa compared with ad-
jacent normal tissues (Fig. 4A). We fur-
ther investigated the expression levels
of miR-96-5p in different cell lines. Com-
pared with the RWPE1 cell line, the ex-
pression of miR-96-5p was significantly
increased (Fig. 4B). In the tumor tissues,
we found the same trend (Fig. 4C). Then,
transfection of PC3 cells was performed
with mimic and inhibitor of miR-96-5p.

The wound-healing assays revealed that
overexpression or knocking down of
miR-96-5p can promote or inhibit migra-
tion, respectively (Fig. 4D). Transwell as-
says further confirmed that miR-96-5p
could promote migration and invasion
of PCa (Fig. 4E). NDRGT is directly tar-
geted by miR-96-5p, and NDRGT is im-
portant for miR-96-5p-mediated EMT.
Our previous study found that miR-
-182-5p could target the expression of
NDRGT [40]. Further exploration of the
possible mechanism that contributed to
NDRG1 downregulation in PCa, we used
bioinformatics databases TargetScanHu-
man 7.2 to predict potential miRNA tar-
gets in NDRGT mRNA [41]. Interestingly,
we found miR-96-5p and miR-183-5p
may both have the opportunity to com-
bine with NDRGT mRNA 3’-UTR bind-
ing sites. Moreover, miR-183~96~182 as
a cluster had been considered to play
a significant role in tumor cell survival,
proliferation, and migration. Further se-
quence analysis indicated the presence
of only one putative binding site for miR-
96-5p and miR-183-5p in the NDRG1 3'-
UTR. Luciferase assay was carried out to
detect the changes of miR-96-5p (Fig. 5B)
and miR-183-5p transiently transfected
with WT NDRGT 3'-UTR and mutated
NDRG1 3'-UTR in 293T cells. As shown
in Fig. 2, luciferase activity was remark-
ably repressed only in WTNDRGT 3'-UTR.
While there was no significant change
in fluorescence value when mutated
NDRG1 3'-UTR co-transfected with miR-
96-5p in 293T cells. Further verification
of the regulatory relationship, western
blot was conducted in different treat-
ment groups in PC3 cells. Fig. 5C showed
that miR-96-5p inhibitor could upregu-
late NDRGT expression while miR-96-5p
mimics downregulate NDRGT expres-
sion. Moreover, Spearman’s correlation
analysis of the TCGA database demon-
strated that miR-96-5p mRNA level was
negatively correlated with NDRGT mRNA
level in PCa tissues (r=—-0.192, P < 0.001;
Fig. 5D) by using the star base data-
base. Clinical samples also demon-
strated that the expression of mRNA lev-
els was negatively correlated with each
other (r = 0.397, P < 0.01; Fig. 5E). There
were significant differences in the ability
of migration and invasion between the
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control group and the group transfected
with miR-96-5p inhibitor or siNDRGT in
PC3 cells (Fig. 5F, G). Western blot indi-
cating protein changes also illustrated
that NDRG1 was crucial to miR-96-5p me-
diated EMT (Fig. 5F, G).

Downregulating NDRG1 activates

the NF-kB signaling pathway
promoting EMT in PCa cells

To further assess the mechanism of
NDRGT promoting the metastasis of PCa,
the next generation sequence was used
to compare overexpressed NDRGT cells
in DU145 with normal cells (Fig. 6A). By
comparing the go enrichment analysis of
downstream pathway changes, we found
that the PI3K-AKT pathway has been sig-
nificantly modified (Fig. 6B). It has been
confirmed that NF- kB could be acti-
vated as a downstream pathway of pAKT
in many pieces of research. So, we fur-
ther explored the relationship between
NDRGT and NF-kB pathway. We analyzed
the subcellular localization of phospho-
rylated p65 (p-p65) in PC3 and C4-2 cells
using immunofluorescence. Knocking
down the expression of NDRGT could in-
crease the number of p-p65 and promote
its nuclear translocation (Fig. 6C). Western
blot also demonstrated that downregu-
lating NDRGT1 increased the expression of
p-p65 and phosphorylated IkBa (p-1kBa)
in C4-2 and PC3 cells (Fig.6D). To further
verify whether NDRGT can mediate EMT
through the NF-kB pathway, we added
pyrrolidinedithiocarbamate ammonium
(PDTC) with 1.0 ng/mL, an inhibitor of
NF-«B pathway. When PDTC was added in
PC3 cells, the content of p-p65 and p-lkBa
was induced as well as the expression
of vimentin and N-cadherin. However,
there was an increased level of p-p65 and
p-lkBa when downregulating NDRGT.
Moreover, inhibition of NF-xB signaling
by PTDC impaired the stimulatory ef-
fect of NDRG1 down-expression on EMT
in PCa cells (Fig. 6E, F). The above data in-
dicate that downregulating NDRGT acti-
vates the NF-«B signaling pathway pro-
moting EMT in PCa cells.

Elevating NDRG1 inhibits PCa
metastasis in vivo

To determine the function of NDRG1 on
the metastasis of PCa in vivo, we used

lentivirus to overexpress NDRGT in lu-
ciferase-labeled vector DU145 cells and
established the xenograft model by di-
rectly subcutaneous injection of tumor
cells into nude mice. As shown in Fig.
7A, compared with the control group,
the metastatic ability of the overexpres-
sion group was lower. After feeding for
6 weeks, there were two mice in the con-
trol group had distant metastases, while
no suspicious lesions were found in the
treatment group under the imaging sys-
tem. We also discovered that the tumor
volume and weight were significant dif-
ferences between the two groups. Up-
regulating NDRG1 inhibited tumor pro-
liferation at the same time (Fig. 7B-D).
Hematoxylin & eosin staining showed
the tumor in situ and one typical dis-
tant metastasis lesion near the spine.
The red arrow indicated the metastatic
tumor area (Fig. 7E). Furthermore, the
immunohistochemistry of tumor tissue
and western blot demonstrated that up-
regulating NDRGT dramatically reduced
the level of Ki-67 and vimentin, while
increasing E-cadherin (Fig. 7F, G). Con-
sequently, these findings demonstrate
that elevating NDRG1 inhibits PCa prolif-
eration and metastasis in vivo.

Discussion

The main findings of our study display
novel insights that miR-96-5p induced
NDRG1 deficiency and activated NF-«xB
signal pathway, which further promoted
the EMT of PCa. Here, we observed that
NDRG1 expression was decreased in
PCa tissues, and high expression of miR-
-96-5p correlated with PCa cell migration
and invasion. Our results further indi-
cated that miR-96-5p via directly target-
ing NDRG1 promoted EMT in PCa cells,
leading to the development of PCa me-
tastasis. Therefore, our study uncovered
novel insights that miR-96-5p promotes
EMT through NDRGT and NF-«B signal
pathways, elucidating the tumor sup-
pressor gene of NDRG1 and the onco-
genic function of miR-96-5p in PCa. The
role of NDRGT in inhibiting the progres-
sion of metastasis has been described in
different cancer research [42-44]. Other
studies also partly elucidated the mech-
anism of decreased levels of NDRG1 in
PCa and its possible ways of regulating

expression [36,40]. In fact, available ev-
idence has indicated that NDRGT might
act as a tumor suppressor in several
PCa cell lines through different molec-
ular mechanisms [9,11]. However, the
mechanism of NDRGT regulating migra-
tion and invasion is still partly unknown.
In our study, we illustrated that inhibit-
ing the activation of the NF-xB pathway
could change the EMT markers induced
by NDRG1 depletion, and miR-96-5p in-
hibitors overexpression also reversed
the effect of NDRGT downregulation to
the EMT markers. We also demonstrated
that overexpression of NDRG1 inhibited
the proliferation and metastasis of PCa
in vivo. Higher miR-96-5p expression was
also accompanied by lower NDRGT ex-
pression in PCa tissues, which further il-
lustrates the negative relation between
the two molecules in PCa progression.
More importantly, these demonstrate
that miR-96-5p regulates NDRGT expres-
sion and NDRG1 regulates EMT by mod-
ulating NF-kB activation, in part, state
that NDRG1 suppressive function in cell
migration, invasion, and EMT mediate
by miR-96-5p and NF-«xB. MiR-183 clus-
ter is a significant gene located on the
short arm of chromosome 7 (7932.2).
Three mature miRNAs (miR-96, -182,
and -183) were generated from a single
polycistronic transcript. The expression
of the miR-183 cluster has been docu-
mented in several cancers. Most studies
assumed that the miR-183 cluster has
shown an oncogenic function in can-
cers, while some have suggested inhibi-
tion of these effects [43]. Other studies
have illustrated that miR-182-5p induced
NDRGT1 deficiency and promoted prolif-
eration and metastasis in PCa cells [40].
In this study, we further explored the
effect of miR-96-5p and miR-183-5p on
NDRG]. Luciferase activity was remarka-
bly repressed only in miR-96-5p. Several
previous studies have suggested that
miR-96-5p was upregulated in different
kinds of tumors and a high level of miR-
-96-5p promoted cancer cell migration
and invasion via different mechanisms
and also predicted poor survival. Siu
et al.illustrated that miR-96-5p could tar-
get the tumor suppressor ETV6, down-
regulated EMT markers’ expression in
PCa [27]. Moreover, TGF-B could regulate

Klin Onkol 2024; 37(2): 95-101

99




PROSTATE CANCER INVASION IS PROMOTED BY THE MIR-96-5P-INDUCED NDRG1 DEFICIENCY

the expression of miR-96 through Smad-
dependent transcription. MiR-96 also
promoted bone metastasis in PCa [26].
Notably, a study by Long et al. showed
that miR-96 controlled the AR signaling
pathway and promoted PCa progression
by adjusting the RARy network [42,43].
In our study, these findings reveal that
miR-96-5p is elevated in PCa and pro-
moted EMT by regulating NDRG1 ex-
pression to control NF-kB pathway
activity. A large number of studies have
illustrated that the NF-xB signal was
significantly activated in several kinds
of human tumors, which are closely
associated with tumor progression and
metastasis [31,42]. In glioma cancer, the
activation of the NF-kB signal played
a significant role in promoting cell mi-
gration and invasion [42,44]. In colo-
rectal cancer, DCLKT promoted EMT via
the PI3K/Akt/NF-xB pathway [32]. In ad-
dition, a study by Mei et al. has demon-
strated that the level of miR-145-5p was
induced by inhibiting the Sp1/NF-kB
pathway, which limited the migration
and invasion of esophageal squamous
cancer cells [33]. Accumulating evidence
has illustrated that NF-xB signaling
played a crucial role in promoting the in-
vasion and metastasis of PCa [16]. Shang
et al. showed that IncRNA-PCAT1 in-
duced CRPC progression by positively
regulating AKT/NF-«B signaling [32]. No-
tably, Zhang et al. discovered that mi-
gration and invasion enhancer 1 was an
NF-kB induced gene, which enhanced
the proliferation and invasion of human
PCa cells [23]. In the present study, we
revealed that miR-96-5p activates the
NF-kB pathway by directly targeting
NDRG1, which promotes EMT in PCa
cells. Moreover, we also demonstrated
that NF-xB signaling activity plays a sig-
nificant role in the invasion and migra-
tion of PCa cells.

Conclusions

In summary, we demonstrate that
NDRGT loss is correlated with cell metas-
tasis and poor prognosis of PCa patients.
During the development of PCa, the ab-
normally high expression of miR-96-5p
can promote this biological process, in-
hibit the expression of NDRG1, activate
the NF-xB pathway, and promote cell

EMT. Based on our findings, we propose
a new molecular mechanism in which
miR-96-5p promotes EMT by regulat-
ing NDRG1 expression to control NF-kB
pathway activation in PCa. These find-
ings provide a new understanding of the
progression of PCa and further guide
clinical practices.
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autofluorescence in the non-invasive diagnosis

of endometrial cancer
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pri neinvazivnej diagnostike endometrialneho karcinomu
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Summary

Background: Endometrial carcinoma (EC) is the most common cancer of the female repro-
ductive tract in developed countries. The prognosis and 5-year survival rates are closely tied to
the stage diagnosis. Current routine diagnostic methods of EC are either lacking specificity or
are uncomfortable, invasive and painful for the patient. As of now, the gold diagnostic standard
is endometrial biopsy. Early and non-invasive diagnosis of EC requires the identification of new
biomarkers of disease and a screening test applicable to routine laboratory diagnostics. The
application of untargeted metabolomics combined with artificial intelligence and biostatistics
tools has the potential to qualitatively and quantitatively represent the metabolome, but its
introduction into routine diagnostics is currently unrealistic due to the financial, time and in-
terpretation challenges. Fluorescence spectral analysis of body fluids utilizes autofluorescence
of certain metabolites to define the composition of the metabolome under physiological con-
ditions. Purpose: This review highlights the potential of fluorescence spectroscopy in the early
detection of EC. Data obtained by three-dimensional fluorescence spectroscopy define the
quantitative and qualitative composition of the complex fluorescent metabolome and are use-
ful for identifying biochemical metabolic changes associated with endometrial carcinogenesis.
Autofluorescence of biological fluids has the prospect of providing new molecular markers of
EC. By integrating machine learning and artificial intelligence algorithms in the data analysis of
the fluorescent metabolome, this technique has great potential to be implemented in routine
laboratory diagnostics.
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endometrial cancer - diagnosis — metabolomics - fluorescence
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POTENTIAL APPLICATION OF BODY FLUIDS AUTOFLUORESCENCE IN THE NON-INVASIVE DIAGNOSIS OF ENDOMETRIAL CANCER

Suhrn

Vychodiskd: Endometridlny karciném (EC) je najcastejSou rakovinou Zenského reprodukéného traktu vo vyspelych krajinadch. Prognéza a pé-
trocnda miera prezitia Uzko suvisia so stadiom pri diagnostikovani. Sucasné rutinné diagnostické metddy EC st bud malo $pecifické alebo pre
pacientku neprijemné, invazivne a bolestivé. Aktudlne je zlatym diagnostickym Standardom endometridlna biopsia. V¢asna a neinvazivnu dia-
gnostika EC vyzaduje identifikaciu novych markerov ochorenia a skriningovy test aplikovatelny do rutinnej laboratérnej diagnostiky. Aplikacia
necielenej metabolomiky v kombindcii s nastrojmi umelej inteligencie a biostatistiky ma potencial kvalitativne a kvantitativne prezentovat meta-
bolém, ale jej zavedenie do rutinnej diagnostiky je zdévodu financnej, casovej aj interpretacnej narocnosti v sucasnosti neredlne. Fluorescencna
spektralna analyza telovych tekutin vyuZziva autofluorescenciu urcitych metabolitov na definovanie zloZzenia metabolému za fyziologickych pod-
mienok. Ciel* Tento prehladovy ¢lanok poukazuje na potencial fluorescenc¢nej spektroskopie pri véasnej detekcii EC. Data ziskané trojrozmernou
fluorescencnou spektroskopiou definuju kvantitativne aj kvalitativne zlozenie komplexného fluorescen¢ného metabolému a st vhodné na iden-
tifikaciu biochemickych metabolickych zmien spojenych s karcinogenézou endometria. Autofluorescencia biologickych tekutin ma perspektivu
poskytnut nové molekulové markery EC. Integraciou algoritmov strojového ucenia a umelej inteligencie pri datovej analyze fluorescen¢ného

metaboldmu ma tato technika velky potencial byt implementovana do rutinnej laboratérnej diagnostiky.

Kltcové slova

endometrialny karcindm - diagnostika— metabolomika - fluorescencia

Introduction

The most common malignancy of the fe-
male genital organs, endometrial cancer
(EC), is a heterogeneous group of tumors
whose biological behavior depends on
a variety of factors (age, type, grade and
stage of the disease), as well as several
genetic and epigenetic alterations. An-
nually, more than 300,000 new cases are
identified, accounting for around 8.2%
of all female cancer cases worldwide [1].
The incidence of EC is increasing rap-
idly, the highest in North America and
Western Europe, which is due to popu-
lation aging, higher prevalence of obe-
sity and metabolic syndromes [2]. More
than 90% of EC cases occur in women
older than 50 years, with a median age
of 63 years. Only about 4% of patients
are younger than 40 years.

When diagnosed at an early stage, EC
is generally well treatable and has an
excellent 5-year survival rate. However,
a delayed diagnosis leads to progres-
sion of the tumor worsening the overall
survival of the patient. Although relapse
occurs in roughly 15% of cases, there is
a lack of effective risk classification and
limited progress in treating recurrent or
metastatic disease [3]. This underscores
the need to enhance the early-stage
identification and stratification of pa-
tients with this form of cancer.

The dominant part of the cases is
caught in the early stage of the disease
according to The International Feder-
ation of Gynecology and Obstetrics
(FIGO) classification. The prognosis for
these patients is promising, e.g. with

FIGO stages | or I, 75-90% of women
survive 5 years. In advanced stages or re-
current tumors, the clinical course is very
poor, and the overall survival is short —
approximately 68% and 17 % in stages IlI
and IV, respectively [4].

Obesity is a major risk factor for EC and
is estimated to be responsible for 40% of
all endometrial cancer cases [5]. Other
risk factors include age, diabetes, hyper-
tension, polycystic ovary syndrome, use
of estrogen-only hormone replacement
therapy, and tamoxifen [6]. Females may
also have a familial predisposition to EC,
especially those who carry a pathogenic
variant in one of the genes required for
DNA repair (Lynch syndrome) or in PTEN
(Cowden syndrome) [7].

Early cancer diagnosis is crucial for
successful and effective medical inter-
vention. Nonetheless, many diagnostic
procedures are often invasive, uncom-
fortable and unpleasant for the pa-
tient, which significantly limits the will-
ingness of patients to undergo them as
a preventive measure. Women with sus-
pected EC undergo a variety of diag-
nostic tests, including transvaginal ul-
trasound scan (TVS), outpatient hyster-
oscopy (OPH), and endometrial biopsy
(EB). The diagnostic value of these tests
for EC is limited by their low specificity
(TVS), invasiveness and high level of dis-
comfort for patients (OPH, EB) [8].

The gold diagnostic standard is en-
dometrial biopsy (EB) (Fig. 1). However,
its disadvantages include severe pain
in women who have not given birth yet
and a high risk of failure during sample

collection. Guided biopsy hysteroscopy,
on the other hand, has better diagnostic
sensitivity but is expensive and has
a high outpatient failure rate. More than
30% of women experience severe pain
or a vasovagal episode during the pro-
cedure. Additionally, there exists a theo-
retical risk of cancer cell dissemination
into the peritoneum, with rare but life-
-threatening complications like uterine
perforation [9].

An ideal diagnostic approach for EC
detection should be simple, noninva-
sive, and could reliably detect all ECs at
an early stage of disease with few false-
positive or false-negative results. This
approach should also be used in the
screening of high-risk asymptomatic
women with Lynch syndrome who have
a high lifetime risk of developing EC[10].
Currently there are not any dependable
and accurate methods that can be intro-
duced as screening tests for this cancer
among the general population.

Metabolomics in tumor detection
Metabolomics is a holistic approach in
understanding biochemical processes in
the biological system. It is a rapidly de-
veloping discipline that uses analytical
techniques in conjunction with sophisti-
cated statistical methods to comprehen-
sively characterize the metabolome. The
metabolome represents the total com-
position of metabolites present in an or-
ganism under physiological and patho-
physiological conditions. Metabolites
are not only substrates of metabolic
reactions but also represent signaling
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Fig. 1. Comparison of current diagnostic methods. (Created with Biorender).
MS — mass spectrometry, NMR - nuclear magnetic resonance

molecules controlling a wide range of
cellular processes. All biological systems
are defined by the genome, transcrip-
tome, proteome and metabolome. How-
ever, only the metabolome characterizes
the overall phenotype of an organism.
The metabolism of tumor cells differs
from that of healthy cells. Metabolic re-
programming is a key feature of can-
cer. Oncometabolites provide cancer
cells with energy and necessary sub-
stances used in biosynthesis, prolifer-
ation, invasion and metastasis, which
can cause resistance to drug therapies.
Cancer-related metabolites are by-prod-
ucts of cellular processes that result from
neoplastic transformation and cell pro-
liferation as well as the body’s immu-
nological (inflammatory) response to
malignancy [11]. Such metabolites are
quantitatively different from those re-
sulting from non-malignant cellular pro-
cesses and therefore have the potential
to serve as biomarkers for cancer detec-
tion. The human metabolome is inher-

ently dynamic and evolves in tandem
with the progressive nature of malig-
nancy. Therefore, studying the metab-
olome has the potential to identify bio-
markers of a given carcinogenic process.

Most metabolomic studies conducted
today are focused on tissues, organs, or-
ganoids or their extracts. This approach
is valuable because it allows for a de-
tailed exploration of the under nor-
mal conditions and detect any altera-
tions or disruptions that may be linked
to diseases or disorders. Unfortunately,
organ and tissue extractions are highly
invasive, so unless it involves a mus-
cle or selective tissue biopsy, it is gen-
erally limited to studying animal mod-
els. On the other hand, biofluids can be
obtained relatively noninvasively, which
makes them ideal for studying living
specimens, including humans. Biofluids
serve as near-ideal proxies for organs or
tissues as their constituents closely re-
flect the metabolic activity of the organ
from which they are derived or the or-

gans which they bathe. Because blood
bathes all organs and tissues, it serves as
a reasonably good metabolic proxy for
the entire organism [12].

The human metabolome is a di-
verse group of relatively low molecu-
lar weight compounds that result from
both endogenous and exogenous pro-
cesses. The main goal in metabolomics
is to generate a reliable clinical metab-
olomic profile for the maximum num-
ber of metabolites in a biological sam-
ple. However, target metabolites differ in
several chemical and physical properties
such as hydrophobicity, acidity, charge,
pKa and particle size, moreover metabo-
lites can be present in very different con-
centrations. Simultaneous identification
of all metabolites in a single assay is ex-
tremely challenging.

Currently the dominant method in me-
tabolomics analysis involves the combi-
nation of mass spectrometry (MS) with
chromatographic separation to effec-
tively isolate and identify metabolites

104

Klin Onkol 2024; 37(2): 102-109




POTENTIAL APPLICATION OF BODY FLUIDS AUTOFLUORESCENCE IN THE NON-INVASIVE DIAGNOSIS OF ENDOMETRIAL CANCER

Tab. 1. Representative fluorophores identified in various cancers.
:]due(:’tci’f;f‘ire Type of cancer Biological material Source

ovarian cancer blood, urine [18]
NAD(P)H prostate cancer tissue [19]

breast cancer tissue, blood [20]
FAD different etiology urine [21]
porphyrins different etiology urine [21]
pteridines ovarian cancer urine [22]
collagen cervical cancer tissue [23]

malignant melanoma urine [24]

tryptophan

kidney cancer blood, urine [25]
tyrosine colorectal carcinoma blood [15]
FAD - flavin adenine dinucleotide, NAD(P)H - nicotinamide adenine phosphate

within biological samples [13].This ap-
proach provides high-resolution data for
metabolite detection, allowing research-
ers to discern a wide array of molecules.
MS is undoubtedly a powerful tool in me-
tabolomics, offering exceptional sensi-
tivity and the ability to detect a diverse
range of metabolites. Yet, it is important
to note that nuclear magnetic resonance
(NMR) spectroscopy also plays a signifi-
cant role in this field. NMR provides com-
plementary information, offering advan-
tagesin terms of non-destructive analysis,
reproducibility, and the capacity to iden-
tify and quantify metabolites without
the need for extensive sample prepara-
tion. Hence, the choice between MS and
NMR often depends on the specific goals
of a metabolomics study and the nature
of the samples being analyzed. However,
the complexity of the data generated by
both necessitates the use of specialized
statistical and bioinformatics tools for ef-
fective data analysis, interpretation, and
integration [14].

Fluorescence spectroscopy as

a promising metabolomics tool
Significant diagnostic potential is pro-
vided by sophisticated fluorescence
spectroscopy techniques, which are
applicable to the analysis of both bio-
logical fluids and tissues. These tech-
niques are particularly advantageous in
the field of metabolomics, and their ef-

ficacy is enhanced by the innate fluores-
cence of certain biologically significant
molecules, which are considered endog-
enous fluorophores.

To identify or characterize minimally al-
tered biological material, three-dimen-
sional recordings of various scanned fluo-
rescence spectra (excitation-emission
matrices — EEM, and synchronous fluo-
rescence matrices — SFM), which describe
the mixture as a whole, can be utilized
(mixtures of fluorophores) [15]. The coor-
dinates of the fluorescence centers, their
intensity of fluorescence as well as the
minor characteristics given by the con-
tours create a unique image ‘fingerprint’.
This graphic depiction is exceedingly pre-
cise because it is the result of the distinct
internal composition of metabolites and
their mutual interactions. It represents
fluorescent metabolome. Every change in
the composition of the biological material
disturbs the very fine balance of internal
relationships, which results in a change in
the fingerprint. The measured variation in
the fingerprint automatically reflects the
variation in the biological material’s com-
position. If such fingerprints are related
to specific physiological (pathological)
changes, they provide enough informa-
tion for diagnostic assessment [16].

Native fluorescent metabolites
Autofluorescence refers to the inher-
ent property of certain molecules within

biological materials to emit fluorescent
light when excited by a light source.
These molecules, known as endoge-
nous fluorophores, include various com-
pounds such as vitamins, coenzymes,
structural proteins, and other metabo-
lites that are naturally present in tissues,
body fluids, or cells (Tab. 1). This intrin-
sic fluorescence property is character-
istic of conjugated polycyclic and aro-
matic compounds, including vitamins
like folic acid, essential coenzymes such
as NAD(P)H and FAD, structural pro-
teins like collagen and elastin, lipids,
advanced glycation end products, por-
phyrins, aromatic amino acids, and their
derivatives [17].

When exposed to an appropriate ex-
citation wavelength, these endogenous
fluorophores emit fluorescent signals
that can be captured and analyzed. This
intrinsic property of molecules allows
for the development of diagnostic tech-
niques that rely on analyzing the altered
fluorescence signals in blood, urine, or
tissues, which can provide valuable in-
sights into cancer development and fa-
cilitate early detection and risk assess-
ment (Tab. 1).

The key advantage of utilizing fluo-
rescence lies in its sensitivity and ease
of application, making it another choice
for metabolic profiling. With remarka-
ble sensitivity, fluorescence techniques
can detect and quantify low concen-
trations of specific metabolites, a fea-
ture that is invaluable in discerning sub-
tle changes within biological systems.
Furthermore, the straightforward test-
ing procedures associated with fluores-
cence assays and equipment enhance
their accessibility to researchers and cli-
nicians, facilitating a range of applica-
tions from basic scientific research to
clinical diagnostics. Moreover, the natu-
ral fluorescence of biochemically signif-
icant molecules positions fluorescence
techniques as a cost-effective option for
rapid screening or diagnosis of various
diseases. Changes in the concentration,
ratios, or the presence of atypical fluoro-
phores can be linked to disease-related
processes within the body. For instance,
carcinogenesis can profoundly influence
metabolite concentrations, thereby af-
fecting how tissues and body fluids scat-
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Fig. 2. Fluorescent metabolites of tryptophan. Tryptophan metabolic pathways produce fluorescent metabolites detectable in body
fluids. Fluorescent intermediates are highlighted in blue. (Created with Biorender).
EC - endometrial cancer, IDO - indolamine 2,3-dioxygenase, MAO — monoamine oxidase

ter and absorb light. Therefore, fluores-
cence techniques are well-suited for
metabolic profiling due to their excep-
tional sensitivity and the intrinsic fluo-
rescence of biologically important mol-
ecules and non-destructive analysis.
Fluorescence is a desirable option be-
cause of these characteristics for deci-
phering metabolic complexities and for
diagnostic uses of selected diseases [26].

Tryptophan metabolism is

a source of native fluorophores
Tryptophan, an essential amino acid,
plays a significant role in the autofluo-
rescence diagnostics of various cancers,
including EC. In the realm of metabo-
lomics, tryptophan and its metabolites
have garnered attention for their po-
tential as biomarkers due to their abil-
ity to influence the intrinsic fluores-
cence of biological materials. Alterations

in tryptophan metabolism have been
linked to numerous pathological condi-
tions, and their detection through au-
tofluorescence can offer valuable in-
sights. Specifically, the concentration of
degradation products of tryptophan in
blood has been investigated in relation
to conditions like breast cancer. The re-
lationship between tryptophan metab-
olites and steroid hormones in breast
cancer has shown promise [27]. While
the diagnostic potential of tryptophan
and its metabolites is still under explo-
ration in EC, these compounds could
provide valuable fluorescence signals
for early detection, risk assessment, and
diagnostic stratification, enhancing the
non-invasive nature of EC diagnosis.
Tryptophan (Trp) is metabolized by
three different metabolic pathways:
kynurenine, serotonin and indole (Fig. 2).
The intermediate products of these met-

abolic pathways are several fluorescent
compounds that are excreted in the
urine and blood. The primary pathway
of tryptophan catabolism in the liver is
its degradation via the kynurenine path-
way (KP). It is estimated that up to 95%
of dietary Trp is metabolized via KP, 90%
of which is catabolized in the liver, with
minor extrahepatic KP having a signif-
icant role in immune activation. Dys-
regulation of the kynurenine pathway
is thought to be a mechanism of tumor
immune escape via enzymatic activity of
indolamine 2,3-dioxygenase (IDO) pro-
duction. Immunometabolic dysregula-
tion mediated by the IDO1 enzyme is
thought to protect EC cells from T cell-
-induced cytotoxicity, thereby actively
creating an immunosuppressive envi-
ronment. It depletes the tissue micro-
environment of the essential amino acid
Trp by converting it into the immuno-
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suppressive metabolite Kyn. Altered IDO
enzyme activity is found in a wide range
of human malignancies, e.g., including
endometrial carcinoma [28].
Tryptophan is a precursor of serotonin
(5-hydroxytryptamine - 5-HT), which is
involved in the physiological regulation
of several behavioral and neuroendo-
crine functions. The serotonin pathway
is also localized in the lining of the gas-
trointestinal tract and is involved in 90%
of serotonin production in the body.
Serotonin is also accepted as a sub-
strate of IDO1, mostly during prolonged
IDO1 enzyme activity [28]. By mitochon-
drial monoamine oxidase, serotonin is
metabolized to 5-hydroxyindole-3-ace-
tic acid, which is excreted in the urine.
According to recent findings, the ser-
otonergic pathway is also involved in
tumor angiogenesis. Several studies
have demonstrated the role of serotonin
and 5-HT receptor subtypes in cell pro-
liferation, angiogenesis, invasion, migra-
tion and metastasis. Genetic models of
several cancers, such as ovarian, breast,
kidney, and pancreatic cancer cells, have
shown that serotonin levels in tumors
play a key role in tumor growth [29].
Microbial degradation of tryptophan
produces a myriad of active indole de-
rivatives via a pathway known as the in-
dole pyruvate metabolic pathway. The
microbiome is a key component of the
tumor microenvironment and influ-
ences cancer initiation, promotion, and
response to therapy; therefore, it is clear
that tryptophan metabolism via mi-
crobial transformation to indole com-
pounds is altered in carcinogenesis.

Autofluorescence

of body fluids

One of the most common biological ma-
terials used for clinical examinations in
human medicine is blood. However, it
requires minimal invasive sampling. It
contains many substances, such as pro-
teins, whose composition is changed
in various diseases. Masilamani et al.
first demonstrated the relationship be-
tween porphyrins and cell proliferation
in an animal model, and a year later,
they extended the same study to human
blood [18]. The work focused on the pos-
sibility of diagnostics of different cancer

types by measuring porphyrins autoflu-
orescence in serum, and it confirmed
alterations in cancer patients, but dif-
ferent malignancies could not be distin-
guished from each other. The EEM ap-
plication was used for screening and
real-time diagnosis of cervical precan-
cers with 75-90% specificity and high
sensitivity [30]. In the field of gastroen-
terology, EEM can be used to diagnose
colon cancer [31].

In the realm of oncological diagnos-
tics, urine analysis has gained substan-
tial attention due to its potential to un-
cover early-stage malignancies. Urine
contains a plethora of biomolecules, in-
cluding metabolites, proteins, and cel-
lular components, whose fluorescence
properties can be perturbed by neoplas-
tic processes. Due to the close proximity
of the urethra to the vagina, naturally re-
leased tumor metabolites have the po-
tential to contaminate the urine. Urine is
an ideal non-invasive specimen for bio-
marker detection due to the possibility
of repeated collection and patient com-
fort during collection. A wide variety of
substances can be found in urine that
may serve as potential biomarkers of EC.
These substances include many endoge-
nous metabolites as well as tumor DNA,
peptides/proteins, malignant cells, and
secreted organelles such as extracellular
vesicles. Investigating each of these tar-
gets to identify biomarkers requires the
use of specialized techniques such as cy-
tology, spectroscopy, genomics, tran-
scriptomics, proteomics, and metabo-
lomics [32]. To date, several studies have
been published showing the potential
of urinary biomarkers in the diagnosis of
EC[33,34].

Proteins and peptides excreted in
urine are less complex and more stable
compared to plasma proteins, provid-
ing an advantage in identifying novel
biomarkers. EC cells can be identified in
urine, especially in women with symp-
toms of bleeding, for example by micro-
scopic evaluation of urine (cytology) or
using single-cell sequencing technol-
ogy [35]. On the other hand, tumor DNA
may be excreted by the kidneys or may
result from the breakdown of malignant
cells contaminating the urine. Character-
ization of tumor DNA, including assess-

ment of DNA concentrations, presence
of mutations, and methylation status in
urine, has great potential to provide rel-
evant biomarkers and requires further
research [32].

Autofluorescence of corpus uteri
Researchers were able to identify altered
levels of aromatic amino acids in tissue
(eutopic endometrium) [36], serum [37],
follicular fluid [38], urine [39] and en-
dometrial fluid [40] of human subjects
with endometriosis. Autofluorescence
has been investigated for intraoperative
guidance during gynecological cancer
surgeries. Studies, such as the one by Ra-
manujam et al., have demonstrated the
use of autofluorescence to differentiate
tumor margins from healthy tissue in
real-time, aiding in achieving complete
tumor resection [41].

The metabolome is a dynamic system
and is susceptible to environmental and
genetic changes thus, hormonal varia-
tions throughout the menstrual cycle
phases could have implications on the
levels of amino acids. Dutta et al. state
that the catabolic state induced in re-
sponse to injury in endometriosis leads
to increased breakdown of endogenous
protein and release of free amino acids
in circulation [36]. This statement agrees
with their study, where they found an
inverse relationship of amino acid lev-
els between tissue and serum. The many
similarities of endometrial cells to neo-
plastic cells, such as high proliferation,
angiogenesis, anti-apoptosis, and cell
invasion have been extensively recog-
nized in the literature [42,43]. All these
characteristics require a high catabolic
state from which amino acids could be
serving as an important supply since
they can be interconverted to the TCA
cycle intermediates and support energy
requirements for fast-growing endome-
trial cells.

The potential application of autoflu-
orescence analysis in diagnosing EC
through blood or urine samples holds
promise but requires further research
and validation (Fig. 3). Although autoflu-
orescence has provenits efficacy in diag-
nosing various cancer types using differ-
ent body fluids, applying this method to
EC diagnosis poses unique challenges.
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Al - artificial intelligence, EC — endometrial cancer

This malignancy, originating in the uter-
ine lining, typically involves diagnostic
techniques such as biopsies, imaging,
and histopathology. Endometrial tissue
consists of multiple cell types and un-
dergoes dynamic changes throughout
the menstrual cycle. This complexity
could affect the reliability and specificity
of autofluorescence signals.

Comparing traditional and

fluorescent metabolomics

Traditional metabolomics methods, such
as MS and NMR, have long dominated
metabolic research due to their ability to
provide data on thousands of metabo-
lites. However, despite their prevalence
in research settings, these methods
come with significant drawbacks that
limit their utility in routine diagnostics.
Both MS and NMR are often expensive,
analytically complex, and pose chal-
lenges in data evaluation, making their

integration into routine diagnostic prac-
tices impractical. While these techniques
excel in research and biomarker discov-
ery, they remain less suited for wide-
spread clinical applications.

When it comes to applying autofluo-
rescence to EC diagnosis, the complex-
ity of the disease and the use of blood or
urine samples present significant chal-
lenges. The composition of body fluids,
invaluable for non-invasive analysis, is
influenced by various factors, including
diet, hydration, and individual variations
in metabolites. These variations can in-
troduce hurdles in establishing stand-
ardized protocols for autofluorescence
analysis, as the baseline levels of endog-
enous fluorophores may differ among
individuals. Nevertheless, despite these
challenges, the non-invasive nature of
body fluid analysis through autofluores-
cence offers a promising avenue for im-
proving EC diagnosis.

In contrast, 3D fluorescence spectros-
copy, though historically underutilized
in diagnostics, offers a promising alter-
native. It boasts advantages such as ease
of use, simultaneous detection of mul-
tiple metabolites, non-destructive sam-
ple analysis, and monitoring of differ-
ent metabolic changes. Overcoming the
historical dominance of MS and NMR in
metabolomics, recent advancements in
artificial intelligence (Al) and machine
learning present a solution to the chal-
lenges faced by 3D fluorescence spec-
troscopy. Al can assist in data analysis,
metabolite identification, and standard-
ization, making this technique a more
attractive option for diagnostic applica-
tions. Its non-destructive nature and the
ability to monitor metabolic changes
have the potential to complement tra-
ditional metabolomic approaches, ul-
timately contributing to more compre-
hensive and effective diagnostic tools.
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Conclusion

In conclusion, autofluorescence emer-
ges as a promising diagnostic approach
for endometrial cancer, offering insights
through the examination of body fluids
such as blood and urine, as well as direct
analysis of tumor tissues. This non-inva-
sive technique capitalizes on the intrin-
sic fluorescence properties of endoge-
nous molecules, enabling the detection
of subtle molecular changes associated
with cancer development. By examining
these altered autofluorescence patterns,
we gain valuable insights into the meta-
bolic alterations and biomarker profiles
linked to this malignancy. In essence,
autofluorescence diagnostics provide
a promising avenue for improving the
identification and understanding of en-
dometrial cancer, underscoring its po-
tential to transform the landscape of
cancer diagnosis and patient care.
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ORIGINAL ARTICLE

Feasibility of implementation of the early tumor
shrinkage as a potential predictive marker to daily
clinical practice in patients with RAS wild type
metastatic colorectal cancer, treated with cetuximab
— a non-interventional observational study

Moznosti zavedeni casné nadorové regrese jako potencialniho
prediktivniho markeru do kazdodenni klinické praxe u pacientu
s metastatickym kolorektalnim karcinomem RAS divokeého typu
lecenych cetuximabem — neintervencni observacni studie
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Summary

Background: With the aim to show the feasibility of early tumor shrinkage (ETS) concept im-
plementation into daily clinical practice in the Czech Republic, a non-interventional, multi-
centric, single arm, prospective study in real world set-up was performed. Material and meth-
ods: The study objectives were to explore the time interval from the treatment starting date to
the date of the first radiographic control (TFRC) and evaluate the proportion of patients who
achieved > 20% tumor regression within the first 8 weeks of first-line therapy, in the real-world
settings. Results: The medians of TFRC in all individual participating centers were > 12 weeks
(range 14.0-36.4 weeks). TFRC < 8 weeks was reported for only 3% of patients in the cohort with
first-line therapy, and there were only 3 patients (1%) who achieved tumor regression of > 20%
by day 60 (8.6 weeks). Conclusion: These findings indicate that the basic time parameter of
ETS could not realistically be employed in routine oncology care of patients with metastatic
colorectal cancer (mCRC) in the Czech Republic, unless there would be a strict request to per-
form TRFC by week 8 since the initiation of the therapy. In addition, the frequency of objective
tumor response to first-line therapy with cetuximab + chemotherapy was evaluated. Based on
the relative regression in the sum of diameters of measurable metastatic lesions, unconfirmed
partial responses were achieved in 42.4 % and unconfirmed complete response in 8.6% of pa-
tients, altogether corresponding to the overall response rate of 51% with first-line therapy. The
frequency of responses was higher among patients with left than right sided primary tumors.
It seems that the regimen of cetuximab/FOLFOX might be more active in frontline therapy of
right sided RAS wild type mCRC than cetuximab/FOLFIRI.
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Souhrn

Vychodiska: S cilem prokazat proveditelnost implementace konceptu ¢asné nadorové regrese (early tumor shrinkage - ETS) do kazdodenni
klinické praxe v CR byla provedena neintervenéni, multicentricka, jednoramenna, prospektivni studie v realné klinické praxi. Materidl a metody:
Cilem studie bylo sledovat c¢asovy interval od data zahdjeni Ié¢by do data prvniho radiologického hodnoceni (the first radiographic control -
TFRC) a vyhodnotit podil pacientd, ktefi dosahli > 20 % regrese nadoru béhem prvnich 8 tydnd 1écby prvni linie, a to v realné klinické praxi.
Vysledky: Median TFRC ve vsech jednotlivych zicastnénych centrech byl > 12 tydn(i (rozmezi 14,0-36,4 tydn(). TFRC < 8 tydnd byla hlaSena
pouze u 3 % pacientd v kohorté s prvni linii Ié¢by a pouze 3 pacienti (1 %) dosahli regrese nadoru > 20 % do 60. dne (8,6 tydne). Zdvér: Tato zjis-
téni naznacuji, ze zékladni ¢asovy parametr ETS by v rutinni onkologické praxi u pacientd s mCRC v CR nemohl byt realné vyuzit, pokud by nebyl
striktni pozadavek na provedeni TFRC do 8. tydne od zahdjeni terapie. Dale byla hodnocena ¢etnost objektivni odpovédi nadoru na prvni linii
|é¢by cetuximabem + chemoterapii. Na zakladé relativni regrese souctu primeérd méfitelnych metastatickych 1ézi bylo nepotvrzené ¢aste¢né od-
povédi dosazeno u 42,4 % a nepotvrzené Uplné odpovédi u 8,6 % pacient(, coz dohromady odpovida celkové cetnosti odpovédi 51 % pfi lé¢bé
prvni linie. Cetnost odpovédi byla vy3si u pacientd s levostrannymi nez pravostrannymi primarnimi nadory. Zd se, Ze rezim cetuximab/FOLFOX

by mohl byt v prvni linii Ié¢by pravostranného ,RAS wild type” mCRC ucinnéjsi nez rezim cetuximab/FOLFIRI.

Klicova slova
kolorektélni karcinom — chemoterapie

Introduction
The evaluation of efficacy of antitumor
therapy in solid tumors has been based
on an objective change in tumor size. In
daily clinical practice, the observation of
a tumor response reassures the patient
and the oncologist that the selected ther-
apy is active in the malignant disease.

Different criteria have been devel-
oped for the evaluation of the change in
the tumor size related to the prescribed
therapy, which in general defined four
basic categories of response: complete
(CR) and partial (PR) responses, and sta-
bilization (SD) and progression (PD) of
the disease. For a long time, only CR and
PR were recognized as a ‘positive’ treat-
ment response. Since the eighties of
20t century, the objective response rate
(ORR) as a sum of proportions of CR and
PR was used as a surrogate endpoint to
overall survival in clinical trials.

Nevertheless, with the introduction of
biological anticancer therapy, it has be-
come obvious, that ORR does not strictly
correlate with either overall or progres-
sion-free survival, and even patients
achieving only stable disease, as the best
therapeutic response, can ultimately
benefit from the therapy, with respect to
prolonged survival. However, biological
therapies are expensive. Therefore, clini-
cians have struggled to find other pre-
dictive markers that could identify sub-
groups of patients who would profit
most from the biological therapies.

The radiographically confirmed early
tumor shrinkage (ETS) has been iden-

tified in a series of clinical trials in met-
astatic colorectal cancer as a valua-
ble marker for prediction of the best
objective response and overall sur-
vival [1-20]. ETS has been defined as
a minimum of > 10% size reduction in
the sum of diameters of target lesions
achieved by week 6 from the initiation
of second-line systemic therapy [5,19],
and = 20% size reduction achieved by
week 8 from the initiation of first-line
therapy [4,8,14,18,201.

Whilst significance of this marker has
been confirmed in post-hoc analyses of
randomized controlled clinical trials, there
is almost no experience with the imple-
mentation of this strictly defined marker
in daily clinical practice [21-24]. With the
aim to show the feasibility of the ETS con-
cept implementation in daily clinical prac-
tice, we decided to organize a local, real-
world study with the acronym RESECT.

Material and methods
Study design and patients
RESECT was a non-interventional, mul-
ticentric, single arm, prospective study
covering 17 centers with comprehensive
oncology care in the Czech Republic. Pa-
tients were recruited by investigators
during routine visits in the participating
oncology centers. Cetuximab naive pa-
tients aged >18 years, with histologically
confirmed adenocarcinoma of the colon
or rectum, with a wild type of RAS gene,
were eligible for this trial.

Patients with planned cetuximab ther-
apy were registered in the study under

a specific individual numerical code,
which was constructed from serial num-
bers of the center, the responsible phy-
sician in the respective center and the
patient treated in the respective center.
Thus, a unique subject number was as-
signed to each subject at inclusion and
served as the subject’s identifier in the
study as well in the study database. On
the Case Report Forms or other docu-
ments submitted to the Sponsor, sub-
jects could be identified by their as-
signed identification numbers only. Only
authorized persons had access to iden-
tifiable personal details, if required for
data verification.

Patients’ therapy as well as clinical and
laboratory examinations and their tim-
ing were at the discretion of the respec-
tive physicians/investigators in the par-
ticipating centers.

The study protocol together with In-
formed Consent Form, was submitted to,
and finally approved by an Independent
Ethics Committee. All patients signed in-
formed consent before initiation of the
study therapy.

There were no pre-specified terms for
the observation period, except the dates
for the first and last patient included in
the study and the date of the end of data
collection. There was no formal monitor-
ing of the study.

Study objectives

The primary study objective was to ex-
plore the between-center and between-
patient variability in a time interval from
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the treatment start date to the date of
the first radiographic control (TFRC),
with regard to the predefined time inter-
val of 6-12 weeks for the evaluation of
early tumor shrinkage. Evaluations were
performed both in the full study popu-
lation and in the subset of patients with
first-line therapy only. Secondary objec-
tives included proportion of patients
with tumor regression of = 20% by week
8 since the initiation of the therapy. The
depth of response (DpR), as an addi-
tional study endpoint, was evaluated,
too. It was defined as the maximum rel-
ative tumor regression achieved dur-
ing the treatment, in comparison to the
baseline measurable tumor size. For the
purpose of this study, it was evaluated as
a categorial variable based on the split
into relative regression categories of
< 10%, = 10%, = 20%, = 30%, > 50% and
100%. In addition to that, objective re-
sponse rates were evaluated. All these
evaluations were planned for the subset
of patients with first-line therapy only.

Data sources, measurements and
management

The regular clinical/hospital records of
eligible patients were the basic source
of information with regard to demogra-
phy, history, baseline status, therapy and
its outcomes, follow-ups and related
changes in tumor load and health sta-
tus. For detailed radiography evaluation
of the tumor load and its changes, either
CT or MRI scans were used.

Diagnostic, treatment and follow-
-up data of individual patients included
in the study were registered through
the study electronic Case Report Forms
(eCRF). These were filled-in by the re-
spective physician/investigator from
each participating center. There was no
independent evaluation of the tumor
load and its changes. No strict require-
ments for frequency and/or time inter-
vals of assessments were set-up for this
non-interventional study.

The data were entered into a validated
electronic database and processed by
an independent data managing body.
Quiality control was performed before
the electronic database was locked and
released for statistical analysis as docu-
mented in the Data Management Re-

port. Database lock occurred once data
completeness procedures had been
finished.

There was no adverse event reporting
in the period from the start of the study
in May 2013 up to the implementation
of the protocol amendment in May 2015.
Since its implementation, each sus-
pected adverse event/reaction occur-
ring during the study, whether serious
or not, had to be recorded in the eCRF,
including its description, severity, dura-
tion (onset and resolution dates), causal
relationship (i.e., confirmation that the
adverse reaction is suspected to be rea-
sonably related to the study treatment).

Statistics

The analysis of time to TFRC was re-
stricted to patients with a known
KRAS/RAS status and a follow-up period
of at least 6 weeks, who had used the
same methods for tumor size measure-
ment at baseline and during the therapy,
had no missing baseline tumor measure-
ments and the baseline tumor measure-
ments of lymph nodes were evaluated
with other than ultrasound imaging
methods.

Regarding TFRC, descriptive statis-
tics including means (standard devia-
tion and 95% confidence interval (Cl),
medians and interquartile range (IQR)
were used for each of the participating
centers. The between-center variance of
time to TFRC was evaluated for 6 cent-
ers with > 20 enrolled patients, using the
Kruskal-Wallis tests.

Proportions of patients achieving tu-
mor regression of > 10%, > 20%, > 30%,
> 50% and 100% were calculated,
without any formal statistical analy-
sis. For patients achieving each respec-
tive tumor regression percentage, the
time to achieve that percentage re-
gression was also calculated (mean, SD,
95% Cl; median, IQR). Correlations be-
tween the time to achieve and the size
of the respective tumor shrinkage were
evaluated using Spearman’s correlation.

No survival analyses were planned in
this non-interventional, real world study.

Results
The RESECT trial was initiated in April
2013. The last patient entered the study

at the end of November 2017. The study
was closed on February 28, 2019. Al-
together, 636 patients with metastatic
colorectal cancer were enrolled into
the study, 435 (68%) indicated for first-
line therapy, 174 (28%) for second-line
therapy and 27 (4%) for third-line ther-
apy. There were 427 (67.1%) males and
209 (32,9%) females in the full study
population.

Left sided tumors represented the
majority of cases (81%), while right
sided tumors were much less frequent
(19%) and were slightly more frequent
among women than in men (26% and
16% respectively). The median age of
all enrolled patients was 63 years (range
21-83) and was not different between
men and women (65 and 64 years, re-
spectively), nor between left-sided and
right-sided primary tumors (65 years for
both sides).

Given that no survival analyses were
planned, we evaluated only time of pa-
tients’ follow-up during the study. The
median of the study follow-up dura-
tion in the cohort of 304 patients with
first-line therapy was 233 days (range
23-1 527), with only 80 patients (26.3%)
being followed for > 1 year, 14 patients
(4.6%) for > 2 years and 5 patients (1.6%)
for > 3 years.

TFRC evaluation (primary endpoint)
The full study population
Out of 636 patients in the intention to
treat population, TFRC was thought to
be non-evaluable for 152 (23.9%) of
them. Different methods were used for
tumor size measurement at baseline and
during therapy (N =97; 15.3%), the base-
line tumor size was evaluated only with
ultrasound (N = 25; 3.9%), missing base-
line tumor size measurements (N = 19;
3.0%), follow-up period < 6 weeks
(N =9; 1.4%), and an unknown RAS sta-
tus (N = 2; 0.3%) were further reasons
for excluding patients from the analy-
ses. Therefore, 484 patients (304 receiv-
ing first-line, 155 receiving second-line
and 25 receiving third-line therapy) were
eligible for the evaluation of the time to
TFRC.

The mean TFRC was 121 days
(17.3 weeks), with the median of 107 days
(15.3 weeks) and a range of 6-457 days
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4 R
Tab. 1. Time to the first radiographic control.
Patient Mean Median Range 95% Cl IQR
full study population, N = 484 17.3 15.3 0,9-65.3 NC NC
first-line therapy subset, N = 304 17.8 16.9 9.3-316 17.1-18.6 14.0-20.5
Cl - confidence interval, NC - not calculated, IQR - interquartile range
. J
4 7\ these measurements are presented in
D Tab. 2. There were no statistically signif-
4 icant differences in the baseline tumor
N size with regard to location of the pri-
AU | mary tumor (P = 0.4505; ANOVA Kruskal-
R Wallis test) and between left-sided and
35 [ BB right-sided tumors (median 65 mm for
¢ . . both sides; P = 0.5821; two-sided ANOVA
30 | ) . [ .
° l Wilcoxon two-sample test), as well as
25 | . [ T between males and females (medians

weeks to first radiographic control

o

‘IO 44444444 FO N ! NP PS! P RRP RSN PRI
|
e e
0
Zlin VFN Praha  Bulovka MOUBrno  Hradec Novy
Kralové Jic¢in
participating center
] median B non-outlier range 1 25-75% ® outliers W extremes

J

Fig. 1. Time to the first radiographic control according to centers providing = 20 patients.

(Tab 1). ATFRC < 60 days (8.6 weeks) was
reported in only 9.8% of patients and
a TFRC < 90 days (12.9 weeks) in 19.2%
of patients.

First-line therapy subset of patients
There were 304 out of 435 (69.9%) pa-
tientsin thefirst-line therapy subset, who
were eligible for TFRC evaluation. The
mean TFRC was 124.9 days (17.8 weeks)
with 95% Cl 119.6-130.2 days; median
TFRC was 118.5 days (16.9 weeks), inter-
quartile range (IQR) 98-143.5 days (14—
20.5 weeks) and the range 65-221 days
(9.3-31.6 weeks) (tab. 1). TFRC < 8 weeks
was reported for only 9 patients (3%).
The medians of TFRC in all individual
participating centers were > 12 weeks

(range 14.0-36.4 weeks). Analyses of in-
ter-center differences in TFRC were per-
formed, comparing TFRCs of six centers,
which provided > 20 patients receiv-
ing first-line therapy. The median TFRC
in any of the six tested centers was sub-
stantially > 8 weeks (medians in the
range of 15.0-18.9 weeks) and there was
a statistically significant difference be-
tween the individual centers (P = 0.0079;
ANOVA Kruskal-Wallis test) (Fig. 1).

Early tumor shrinkage and DpR

in the first-line therapy subset
Baseline tumor size

A baseline tumor size was defined as
the sum of the longest diameters of all
measurable tumor lesions. The results of

67 and 65 mm, respectively; P = 0.7960;
two-sided ANOVA Wilcoxon two-sample
test).

Early tumor shrinkage

In the first-line therapy cohort, 181 out
of 304 (59.5%) evaluable patients had
regression of > 20% confirmed by radio-
logic imaging at any time (Tab. 3). How-
ever, based on the time of TFRC, such
regression was confirmed only in 3 pa-
tients (1%) by day 60 (8.6 weeks), and
in 28 patients (9.2%) for whom this was
confirmed by day 90 (12.6 weeks). In
view of the extremely low number of pa-
tients with data fulfilling the criteria for
ETS, the analysis of correlation between
ETS and DpR was not performed.

Relative tumor regression (DpR)

DpR achieved during the treatment was
evaluated in the cohort of 304 patients
with first-line therapy. The results are
summarized in Tab. 3. Regression of at
least 10% was achieved by 69% of pa-
tients. Regression of > 20% (critical value
for the ETS) was achieved in 59,5% of pa-
tients, regression of > 30% (equivalent to
ORR based on RECIST1.1) was achieved
in 51% of patients and regression of
100% (equivalent to CR by RECIST1.1)
was achieved in 8,6% of patients.

The median time to the first oc-
currence of regression of > 10% was
124 days (IQR 101-153). As it could be
expected, the median time to the first
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Tab. 2. Baseline metastatic tumor size.
Total colorectal Ascending Transverse Descending Sigmoid colon Rectum
N =304 colon colon colon N=117 N=100
N=43 N=14 N=30
mean (mm) 139 130 119 83 171 125
95% Cl (mm) 101-177 68-192 33-205 43-123 80-253 70-180
median (mm) 65 65 69 63 70 61
IQR (mm) 39-119 40-136 42-118 28-111 42-140 38-105
Cl - confidence interval, IQR - interquartile range
J
7
Tab. 3. Relative tumor regression in the first-line therapy cohort (N = 304).
Tumor regression <10% > 10% 220% = 30% = 50% 100%
Patients, N 94 210 181 155 106 26
Frequency, % 30.9 69.1 59.5 51.0 34.9 8.6
TTSR, days Median (IQR) NE 124 125 126 144 200
(101-153) (101-159) (102-168) (107-214) (143-246)
IQR - interquartile range, NE - not evaluated, TTSR - time to the first occurrence of specific regression of tumor load
o
-
occurrence of a specific level of tumor
regression increased, while the per- 600,
centage of patients decreased when
a stronger level of regression (= 50% and T N
100%) was to be achieved (Tab. 3, Fig. 2). H
480 |- u u = e
Unconfirmed objective tumor 420 ° °
responses s - - - e
Out of 304 patients in the first-line ther- 8 360]- . . S
apy cohort 214 (70%) were males and ’;-;. R
90 (30%) were females. Left sided pri- o 300 ° g ; <<<<<<<<<<<<<<<<<<<
mary tumors represented the majority § 240 |- ° o Y T
of all cases in the cohort (81.2%) com- 3 ]
pared to right sided tumors (18.8%). The 180 |- . SN SR N -
treatment regimen of cetuximab + FOL-
FOX was prescribed to 43% and the reg_ 120 ................................................................. 1 ,,,,,,
imen of cetuximab + FOLFIRI to 40% of 60
patients in this cohort. The remaining | | * i - S
17% of patients were prescribed either 0
with regimens of cetuximab + irinote- at least at least at least at least equal to
can (2%) or cetuximab + fluoropyrimi- 10% 20% 30% 50% 100%
dines only (15%). Treatment responses . )
o . relative tumor expression
were assessed by the prescribing physi-
C|ans/|nvest|gat9rs, and there w.as r?el- [J median M non-outlier range 1 25-75% ® outliers M extremes
ther any formal independent validation
nor a formal statistical analysis.
The ORR in the whole evaluable co- \_ J

hort was 52%, with 11.5% of complete
responses. These figures are quite similar

Fig. 2. Time to achieve pre-specified relative regression of the measurable metastatic
tumor size.
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Tab. 4. Summary of objective tumor responses in the cohort of patients with first-line therapy (investigators’ evaluations).
Total Left-sided* Right sided* Male Female
N =304 N =247 N=57 N=214 N=90
complete response, % 11.5 13 53 10.7 133
objective response rate, % 52.0 56.7 31.6 53.7 46.7
* Left sided tumors comprise cancer of descendent and sigmoid colon and rectum; right sided tumors comprise ascendant and
transverse colon.
J
Tab. 5. Objective tumor responses by treatment regimens (investigators’ evaluations).
Total E + FOLFOX E + FOLFIRI E + irinotecan E + other*
N =304 N=130 N=122 N=7 N=45
complete response, % 11.5 16.2 10.7 0 2.2
objective response rate, % 52.0 62.3 51.6 28.6 244
*regimes of cetuximab with 5-FU or capecitabin only, E = cetuximab (Erbitux)
J
Tab. 6. Objective tumor responses of cetuximab in combination with FOLFOX or FOLFIRI according to the sidedness of the pri-
mary tumors (investigators’ evaluations).
E + FOLFOX E + FOLFIRI
Total Left sided Right sided Total Left sided Right sided
N=130 N=106 N=24 N=122 N=102 N=20
CR, % 16.2 17.9 83 10.7 11.8 5.0
ORR, % 62.3 66.0 45.8 51.6 55.9 30.0
* Left sided tumors comprise cancer of descendent and sigmoid colon, and rectum; right sided tumors comprise ascendant and
transverse colon.
CR - complete response, ORR - objective response rate
. J

to the figures estimated on the basis of
evaluations of relative tumor regression.

The frequency of responses was higher
among patients with left than right
sided primary tumors and slightly higher
among males than females (Tab. 4). Based
on ORR estimates, it seems that regimens
of cetuximab/FOLFOX could be more ac-
tive than regimens of cetuximab/FOLFIRI
in the frontline therapy of RAS-wt mCRC.
Combinations of cetuximab with irinote-
can or fluoropyrimidines alone seem to
be clearly less effective as first-line ther-
apies (Tab. 5). Both overall ORR and com-
plete response rate (CR) were more fa-
vorable with cetuximab + FOLFOX than
with cetuximab + FOLFIRI, both in left
and right sided tumors (Tab. 6).

During the study follow-up period,
229 (75.3%) out of 304 patients pro-
gressed or died, with 73% of them hav-
ing left sided tumors and 86.0% of them
having right sided tumors. Out of 56 pa-
tients who died during the study fol-
low-up period, 44 (17.8%) of them had
left sided tumors and 12 (21.1%) of them
had right sided tumors. These findings
suggest a less favorable prognosis with
higher mortality for patients with right
sided tumors. Out of 229 patients with
progression or death during the study
follow-up period, only 60 (26.2%) were
followed for > 1 year, and out of 56 pa-
tients who died during the study follow-
-up period, only 7 (12.5%) were followed
for > 1 year. Based on these findings,

we can mechanistically assume that in
our cohort of 304 patients with first-
line therapy, the majority of patients
(169/229; 73.8%) had progressed during
the first year of the follow-up.

Safety

The safety population in the RESECT
study comprised 478 patients, who re-
ceived at least one dose of cetuximab,
374 being patients with first-line, 93 pa-
tients with second-line and 11 with
third-line therapy. Altogether there
were 276 adverse events (AEs) reported,
221 from first-line, 41 from the second-
line and 8 from the third-line patient
cohorts. The majority of all AEs was re-
ported as G1/2 (91.6%), while AEs with
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G > 3 represented 8.4% of all reported
AEs, including single cases of G5 AEs
(0.2%).The adverse events were reported
more frequently in male than female pa-
tients (48.5 vs. 33.0%, respectively). The
same was observed with respect to ce-
tuximab-related AEs (32.3 vs. 17.8%).

The most frequently reported AE was
skin toxicity comprising erythema, ex-
anthema, acneiform rash, dry skin,
skin rhagade and paronychia (38.7%;
G3/4 3.1%), followed by neurotoxic-
ity, comprising paresthesia and periph-
eral neuropathy (7.3%; G3 0,4%), diar-
rhea (6.3%; G3/4 1.2%) and neutropenia
(5.4%; G3/4 3.4%, G5 0.2%). Cetuximab-
related infusion reactions were reported
in seven cases (1.5%), with only one such
reaction reported as G3 (0.2%).

Temporary or permanent discon-
tinuations of therapy due to AEs were
reported in 20 cases (4.2%), tempo-
rary discontinuations in 13 cases (2.7%),
permanent discontinuations in 7 cases
(1.5%). Cetuximab was discontinued
in all reported cases during the study.
Dose reductions of chemotherapy due
to AEs were reported in 14 cases (2.9%);
in 9 cases, the reported AEs were con-
sidered cetuximab-related (1.9%). There
was no reduction of cetuximab dose.
Safety analyses in the RESECT study pro-
vided no new safety signals.

Discussion

Given that ETS had appeared as a pre-
dictor of higher sensitivity of mCRC to
systemic anticancer therapy as well as of
better treatment outcomes and progno-
sis, particularly for first-line therapy, we
were interested whether this parameter
could be used in routine clinical practice
in the Czech Republic. The definition of
ETS in the RESECT study was the same as
in controlled randomized trials with ce-
tuximab in mCRC: relative regression of
measurable tumor size by > 20% within
the first 8 weeks of therapy.

We aimed to evaluate the time to TFRC
as a primary endpoint to see what pro-
portion of RAS-wt mCRC patients will
fulfill the time criterion of the ETS con-
ceptin a real world setting.

Within the population of all evalua-
ble patients (N = 484), the median time
to TFRC in all participating centers ex-

ceeded the threshold value of 8 weeks,
predefined for ETS evaluations, and was
even higher than the time for regular fol-
low-up visits as recommended by Euro-
pean Society for Medical Oncology [25]
and local guidelines (2-3 months) [26].
The proportion of patients with TFRC
carried out < 60 days after therapy in-
itiation was substantially lower (9.8%)
than expected. On top of that, there
were significant differences in TFRC be-
tween individual participating centers. In
the cohort of 304 patients with first-line
therapy, a median TFRC of 17 weeks (IQR
14-20 weeks) was observed, and the pro-
portion of patients with TFRC < 8 weeks
was 3% only. These findings indicate that
the basic time parameter of ETS could
not realistically be employed in routine
oncology care of patients with mCRC in
the Czech Republic, unless there would
be a strict request to perform TFRC by
week 8 after therapy initiation.

As the second important parameter,
relative regression from the baseline of
measurable tumor size was evaluated
in the cohort of patients with first-
line therapy. Regression by > 20% was
achieved in 60% of patients; however, it
was reported as achieved within the first
8 week of therapy for 2 patients (1.1%)
only, probably due the low rate of pa-
tients receiving their TFRC 8 weeks after
the start of the therapy. As the median
of TFRC in this cohort of patients was al-
most 17 weeks and the proportion of pa-
tients with TFRC < 8 weeks was 3% only,
we were not able to estimate the real
proportion of patients who achieved re-
gression by > 20% by week 8.

With extremely low number of pa-
tients with data fulfilling the criteria of
ETS, analysis of the correlation between
ETS and DpR would be invalid and was
not performed.

The RESECT study was a non-interven-
tional prospective clinical trial, in which
timing of any clinical, radiographic and
laboratory examinations was at the dis-
cretion of the respective physician/in-
vestigator from the participating center.
This was a major limitation, which made
more precise evaluation of the ETS con-
cept impossible.

On the other hand, we were able to
evaluate treatment response, based on

the data of relative tumor regression
on one side and investigators reported
objective responses on the other side.
Given that ORR was not the primary
endpoint in this non-interventional
study, confirmation of responses was
not required.

Based on the relative regression in the
sum of diameters of measurable meta-
static lesions, unconfirmed partial re-
sponses were achieved in 42.4% and un-
confirmed complete responses in 8.6%
of patients, altogether corresponding
to ORR of 51% with first-line therapy.
Based on investigator-reported objec-
tive response, the overall ORR as well as
frequency of complete responses were
similar (52 and 11.5%, respectively).
The frequency of responses was higher
among patients with left- than those
with right-sided primary tumors.

Conclusion

It seems that the regimen of cetuxi-
mab/FOLFOX might be more active
than the regimen of cetuximab/FOLFIRI
in frontline therapy of RAS-wt mCRC,
particularly in right-sided tumors. All
these findings are consistent with the
data from randomized clinical trials and
their meta-analyses in patients with
mCRC [1,10,16,25,27].

The safety analysis of the RESECT study
provided no new safety signals. The
safety profile of cetuximab was similar to
that reported in other clinical trials, and
there was just a single case of therapy-
related death reported during the study.
However, the reported frequencies of
individual adverse reactions seemed
to be lower than in controlled clinical
trials. Potential explanation could be un-
derreporting, as generally recognized
in non-interventional studies and/or
postmarketing pharmacovigilance and
spontaneous AE reporting.
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POVODNA PRACA

Faktory ovplyvnujuce prezivanie pacientov
a vyvoj GvHD po alogénnej transplantacii
krvotvornych buniek od HLA-identickych
surodencov — skusenost jedného centra

Factors influencing overall survival and GvHD development
after allogeneic hematopoietic stem cell transplantation —

single centre experience
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Suhrn

Vychodiskd: Alogénna transplantécia krvotvornych buniek (allogeneic hematopoietic stem cell
transplantation - alloHSCT) predstavuje vyznamny terapeuticky vykon pre lie¢bu celého spek-
tra zavaznych chorob. Pokroky v liecbe a podpornej starostlivosti zlepsili celkové prezivanie,
avsak napriek tomu sa alloHSCT nadalej vyznacuje zna¢nou Umrtnostou, najcastejsie zaprici-
nenou chorobou z reakcie Stepu proti hostitelovi (graft-versus-host disease — GvHD). Cielom
nasej retrospektivnej analyzy bolo zistit, ktoré z vybranych faktorov mali vplyv na celkové prezi-
vanie a vyvoj GvHD po alloHSCT od HLA-identickych surodencov. Analyzovali sme vek pacienta
a darcu, kompatibilitu v ABO systéme, zhodu pohlavia prijemcu a darcu, zdroj krvotvornych
buniek, ¢as od diagndzy po alloHSCT, typ pripravného rezimu, typ profylaxie GvHD a relaps.
Pacienti a metddy: Sledovali sme 96 pacientov (54 muzov, 42 zien), ktori podstupili alloHSCT
od HLA-identického suirodenca. Median sledovania bol 64,5 mesiaca (rozsah 1-218 mesiacov),
median veku prijemcov aj darcov bol 34 rokov. Naj¢astejsou indikaciou alloHSCT bolo maligne
hematologické ochorenie. Vysledky: Najvy3si pocet umrti zapricinila GvHD a jej komplika-
cie (n = 24; 46,2 %) a na druhom mieste bol relaps (n = 18; 34,6 %). Akutnu GvHD vyvinulo
30 (31,3%) a chronickd GvHD 25 (26,0%) z celkového poctu 96 pacientov. Celkovo GvHD vy-
vinulo 45 pacientov (46,9%). Pozorovali sme horsie celkové prezivanie pacientov muzského
pohlavia, ktori mali darkyne Zeny v porovnani s ostatnymi pacientami (p = 0,01; HR = 2,33). Cel-
kové prezivanie bolo lepsie u pacientov transplantovanych do 1 roka od stanovenia diagnézy,
v porovnani s pacientami transplantovanymi po 1 roku (p = 0,03; HR = 1,93). Ziadny z faktorov
nemal $tatisticky vyznamny vplyv na akutnd GvHD, chronickd GvHD a celkovo na GvHD. Zdver:
Potvrdili sme, ze nezhoda pohlavi, ak darcom je Zena a prijemcom muz, signifikantne negativne
ovplyvnuje celkové prezivanie po alloHSCT. Rovnako, celkové prezivanie mali signifikantne
kratsie pacienti, ktori podstupili alloHSCT neskor ako 1 rok od potvrdenia diagnézy.

Klacové slova
transplantacia kmenovych krvotvornych buniek - celkové prezivanie — GvHD
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Summary

Backgrounds: Allogeneic hematopoietic stem cell transplantation (alloHSCT) is a substantial therapeutic procedure for the treatment of a wide
spectrum of severe diseases. Despite advancements in treatment and supportive care, alloHSCT still carries a considerable mortality risk, prima-
rily caused by graft-versus-host disease (GvHD). Our retrospective analysis aimed to identify the factors influencing overall survival and GvHD
development in HLA-identical sibling alloHSCT. We have analyzed patients’ and donors’ age, ABO compatibility, recipient-donor gender match,
stem cell source, time from the diagnosis to alloHSCT, conditioning regimen type, GvHD prophylaxis, and relapse. Patients and methods: Our
study included 96 patients (54 male, 42 female) who underwent HLA-identical sibling alloHSCT. The median follow-up was 64.5 months (range
1-218 months), and the median age of both recipients and donors was 34 years. Malignant hematological diseases were the most common
indications for alloHSCT. Results: GvHD and its complications accounted for the highest number of deaths (N = 24; 46.2%), followed by re-
lapse (N = 18; 34.6%). Acute GvHD developed in 30 patients (31.3%), while chronic GvHD occurred in 25 patients (26.0%), resulting in a total of
45 patients (46.9%) experiencing GvHD. Male recipients with female donors had significantly worse overall survival compared to other patients
(P =0.01; HR = 2.33). Overall survival was better in patients transplanted within 1 year from the diagnosis compared to those transplanted after
1 year (P=0.03; HR = 1.93). No factor reached statistical significance regarding the impact on acute GvHD, chronic GvHD, or overall GvHD. Conclu-
sion: We confirmed that sex mismatch, specifically in the case of a female donor and a male recipient, significantly negatively affects overall survi-
val after alloHSCT. Additionally, overall survival is significantly shorter when the interval between the diagnosis and alloHSCT exceeds one year.

Key words

hematopoietic stem cell transplantation — overall survival - GvHD

Uvod

Alogénna transplantacia krvotvornych
buniek (allogeneic hematopoietic stem
cell transplantation - alloHSCT) pred-
stavuje v sucasnosti vyznamny terapeu-
ticky vykon pre celé spektrum hemato-
logickych aj nehematologickych zivot
ohrozujucich choréb [1]. Vyznamné po-
kroky v liecbe a podpornej starostlivosti
viedli k zlepseniu celkového prezivania,
ale napriek tomu sa alloHSCT vyzna-
Cuje pomerne vysokou mierou umrt-
nosti [1,2]. K pricindm patri najma cho-
roba z reakcie Stepu proti hostitelovi
(graft versus host disease — GvHD), dalej
infek¢né komplikacie a toxicita priprav-
ného rezimu [3]. Uspeénost alloHSCT z&-
visi od viacerych faktorov, ktoré moézeme
rozdelit do dvoch zékladnych skupin,
predtransplantac¢né a potransplantacné.
K zédkladnym predtransplantacnym fak-
torom patria klinické parametre samot-
ného pacienta (vek, pohlavie, typ dia-
gndzy, stadium choroby), dalej vyber
darcu (pribuzny, nepribuzny, vek, po-
hlavie), charakter pripravného rezimu,
zdroj krvotvornych buniek a typ profyla-
xie GvHD [4-6]. Progn6zu pacientov po
alloHSCT ovplyviiuje najma prijatie Stepu,
vyvoj GvHD, vcasny relaps maligneho
ochorenia a infekcie [2,3,7]. Podla niekto-
rych zdrojov je GvHD najcastejsie sa vy-
skytujucou a potencialne zZivot ohrozu-
jucou komplikéciou po alloHSCT [8].
Vyskyt GvHD je vyssi u pacientov, ktori
mali darcov s nezhodami v HLA-antigé-
noch. Plati ale, Ze pacienti, ktorych dar-

covia boli HLA-identicki surodenci, su
tiez ohrozeni vyvojom GvHD [9,10].
Cielom nasej retrospektivnej ana-
lyzy bolo zistit, ktoré faktory Statisticky
vyznamne ovplyvnili celkové preziva-
nie (overall survival — OS) a vyvoj GvHD
u pacientov po alloHSCT od HLA-iden-
tickych surodencov. Zo vstupnych pa-
rametrov pred transplantdciou sme
analyzovali vek pacienta a darcu, kom-
patibilitu v ABO systéme, zhodu pohla-
via prijemcu a darcu, zdroj krvotvornych
buniek, ¢as od diagnézy po alloHSCT,
typ pripravného rezimu a typ profylaxie
GvHD. Z faktorov limitujucich prognézu
po alloHSCT sme hodnoatili relaps. Podla
nam dostupnych informécii nebola do-
teraz v rdmci slovenskej populécie pub-
likovana studia podobného charakteru.

Pacienti a metody

Subor pacientov a darcov

Sledovany subor tvorilo 96 pacientov
(54 muzov, 42 Zien), ktori podstupili
alloHSCT na Klinike hematoldgie a trans-
fuzioldgie LF UK, SZU a UN Bratislava
v priebehu 14 rokov (1994-2008). Vo
vsetkych analyzovanych pripadoch bol
darcom HLA-identicky surodenec. Me-
dian sledovania bol 64,5 mesiaca po
alloHSCT, v rozmedzi 1-218 mesiacov.
Median pre interval od stanovenia dia-
gndzy po vykonanie alloHSCT bol 5 me-
siacov (rozpdtie 0-159 mesiacov). Pri re-
trospektivnej analyze sme vychdadzali
z klinickych Udajov v chorobopisoch
a nemocni¢nom informa¢nom systéme.

Do studie sme zahrnuli len tie alloHSCT,
ktoré boli realizované ako jediné alebo
ako prvé u daného pacienta a ku ktorym
boli dostupné uplIné klinické data.

Median veku prijemcov v case trans-
plantacie bol 34 rokov (rozmedzie
19-59 rokov). Vek darcov s medidnom
34 rokov a rozpatim 13-60 rokov pri-
blizne kopiroval vek pacientov. Pre vy-
znamnu vacsinu pacientov (91,7 %)
bolo indikaciou na transplantaciu ma-
ligne hematologické ochorenie. Co sa
tyka zhody pohlavia darcu a prijemcu,
v 22 (22,9 %) pripadoch bola darcom
Stepu Zena a prijemcom muz, u zostava-
jucich 74 (77,1 %) surodeneckych parov
sa jednalo o iné kombindcie. Podrobny
prehlad klinickych tdajov k suboru pri-
jemcov a darcov a spektra diagnéz je
uvedeny v tab. 1.

Pred transplantaciou absolvovalo
81 (84,4 %) z celkového poctu 96 pacien-
tov myeloablativnu pripravu, ktora po-
zostavala z podavania cyklofosfamidu
pocas 2 dni, bud' v kombinacii s busul-
fanom alebo celotelovym oziarenim.
Patnastim prijemcom (15,6 % ) bol in-
dikovany pripravny rezim s redukova-
nou intenzitou (reduced intensity con-
ditioning - RIC). Ako zdroj kmenovych
krvotvornych buniek boli u 55 (57,3 %)
pacientov pouzité kmenové bunky pe-
riférnej krvi (peripheral blood stem cell
- PBSC) a v pripade 41 (42,7 %) prijem-
cov to bola kostna dren (bone marrow —
BM). V ramci profylaxie GvHD dostavalo
82 (85,8 %) prijemcov kratkodobo kom-
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bindciu metotrexatu (MTX) a cyklospo-
rinu A (CsA) a zostavajucim 14 (14,6 %)
pacientom boli podavané iné kombina-
cie imunosupresiv, ako je podrobne pre-
zentované v tab.1.

Studia bola schvalena Etickou komi-
siou Univerzitnej nemocnice v Bratislave
a bola vykonana v sulade so zdsadami
Helsinskej deklaracie. Kazdy pacient bol
pouceny a podpisal informovany suhlas.

HLA-typizacia

Vyber vhodného darcu spomedzi suro-
dencov bol uskuto¢riovany na zaklade
zhody v oboch triedach HLA-systému.
HLA-typizacia I. triedy (HLA-A, -B a -C)
bola realizovana sérologickymi aj geno-
mickymi metédami. Na typizaciu HLA-
-lokusov II. triedy (HLA-DRB1 a -DQB1)
u vsetkych 96 pacientov a ich darcov
sme pouzili iba techniky molekularnej
genetiky, konkrétne polymerazova reta-
zova reakcia so sekvenc¢ne $pecifickymi
primermi (polymerase chain reaction —
sequence-specific primer — PCR-SSP).
Cely postup pozostéval z izolacie gené-
movej DNA, amplifikacie polymorfnych
exénov prisludnej alely a napokon vizua-
lizacie reakcie. PCR-SSP sme uskutoc-
novali pomocou komeréne dostupnej
stpravy primerov Olerup SSPTM (Svéd-
sko) pre nizsie rozlisenie (low resolu-
tion), ktord umoznuje urcit skupiny pri-
buznych aliel [11].

Stanovenie akutnej

a chronickej GvHD

GVHD bola diagnostikovana podla stan-
dardnych klinickych kritérii. Akutna
GvHD (aGvHD) bola na zaklade rozsahu
organového postihnutia klasifikovana
ako stupen -1V [12]. Pri chronickej GvHD
(cGvHD) sme rozlisovali limitovanu a ex-
tenzivnu formu [13].

Statistické analyzy

Ako premenné sme hodnotili vek pa-
cienta, vek darcu, zhodu/nezhodu
v ABO-systéme, pohlavie (zena darca/
muz prijemca vs. iné kombindcie), zdroj
krvotvornych buniek (PBSC vs. BM), typ
pripravného rezimu (myeloablativny vs.
RIC), typ profylaxie GvHD (MTX + CsA vs.
ina profylaxia), interval od stanovenia
diagnozy po alloHSCT (interval < 1 rok
vs. interval > 1 rok) a relaps. Pomocou

-~

Tab. 1. Klinické parametre 96 prijemcov a darcov. )
Vek, median + SD (rozptyl)
prijemcovia 34,0+ 10,7 (19-59)
darcovia 34,0+ 11,5 (13-60)
Pohlavie, muzi : Zeny, n
prijemcovia 54:42
darcovia 57:39
Pohlavie darcu — prijemcu, n (%)
muz — muz 32 (33,4 %)
Zena — muz 22 (22,9 %)
muz — zena 25 (26,0 %)
Zena — Zena 17 (17,7 %)
Zdroj krvotvornych buniek, n (%)
kostna dren 41 (42,7 %)
periférna krv 55 (57,3 %)
Diagnéza, n (%)
chronicka myeloidna leukémia 38 (39,6 %)
akutna myeloblastova leukémia 30 (31,3 %)
akutna lymfoblastova leukémia 15 (15,6 %)
myelodysplasticky syndrém 4 (4,2 %)
non-Hodgkinov lymfém 1 (1,0 %)
tazka aplasticka anémia 6 (6,3 %)
paroxyzmalna no¢na hemoglobinuria 1(1,0 %)
osteomyelofibroza 1 (1,0 %)
Pripravny rezim, n (%)
myeloablativny 81 (84,4%)
rezim s redukovanou intenzitou 15 (15,6%)
Profylaxia GvHD, n (%)
MTX + CsA 82 (85,4%)
CsA + MM 3(3,1%)
MTX + anti-T-lymfocytarny globulin 1(1,1%)
CsA + metylprednizolén 2(2,1%)
CsA 3(3,1%)
extrakorporalna fotoforéza + MTX + CsA 5(5,2%)
ABO kompatibilita, n (%)
kompatibilita 67 (69,8%)
,major” inkompatibilita 12 (12,5%)
Lminor” inkompatibilita 12(12,5%)
,bidirectional” inkompatibilita 5 (5,2%)
Interval od diagnézy po alloHSCT (mesiace), 5(0-159)
median + SD (rozptyl)
alloHSCT < 1 rok od diagndzy, n 71
alloHSCT > 1 rok od diagndzy, n 25
alloHSCT - alogénna transplantacia krvotvornych buniek, CsA — cyklosporin A,
GvHD - reakcia Stepu proti hostitelovi, MM -mykofenolat mofetil, MTX — meto-
trexdt, SD - standardnd odchylka
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Tab. 2. Incidencia akutnej a chronic-
kej GvHD.

Akutna GvHD, n (%)
nenastala (0) 66 (68,8 %)
stupen | 2(2,1 %)
stupen Il 11 (11,5 %)
stupen llI 7 (7,3 %)
stupen IV 10 (10,4 %)

Chronicka GvHD, n (%)
nenastala 71 (74,0 %)
11 (11,5 %)

14 (14,6 %)

limitovana forma

extenzivna forma

GVHD - reakcia Stepu proti
hostitelovi

N

multivaria¢nej analyzy sme sledovali
vplyv tychto premennych na dizku cel-
kového prezivania (OS), teda ¢as v me-
siacoch od datumu transplantacie po
¢as umrtia, resp. u zijucich po koniec
sledovania suboru. Pouzili sme Coxov
regresny model. V pripade Statisticky
vyznamnych premennych sme pre jed-
notlivé faktory zhotovili aj Kaplan-Meie-
rove krivky prezivania. Multivariacnu
analyzu s vyuzitim logistickej regresie
sme pouzili na zistenie, ktoré z horeu-
vedenych premennych 3tatisticky vy-
znamne ovplyvnili vyvoj aGvHD, cGvHD
a vyvoj GvHD celkovo. Vysledky sme vy-
jadrili hodnotou p, pricom hodnoty niz-
Sie ako 0,05 sme povazovali za Statis-
ticky vyznamné. Statistické vypocty
sme realizovali pomocou pocitacového
programu SAS Enterprise Guide 6.1.

Vysledky

Pocas potransplanta¢ného sledovania
zomrelo 52 (54,2 %) z celkového poctu
96 pacientov, z toho Siesti pacienti mali
zlyhanie Stepu do 1 mesiaca od vyko-
nanej alloHSCT. Pri¢iny Umrtia sme roz-
delili do Styroch kategoérii: relaps, GvHD
a jej komplikacie, sekundarna malignita,
infekcie a iné. Najvyssi pocet umrti za-
pricinila GvHD a jej komplikécie (n = 24;
46,2 %) a druhd najcastejsia pric¢ina umr-
tia bol relaps (n = 18; 34,6 %). Zvy3né
umrtia spo6sobili infekcie, sekundarne
malignity a iné priciny. Relaps sa celkovo

na dizku celkového prezivania.

Tab. 3. Multivaria¢na Coxova regresia analyzujuca vplyv vybranych premennych

Premenna

vek pacienta

vek darcu

darca-Zena, prijemca-muz vs. ostatné
zhoda v ABO systéme vs. nezhoda v ABO
alloHSCT < 1 rok od dg

vs. alloHSCT > 1 rok od dg

zdroj krvotvornych buniek: BM vs. PBSC
pripravny rezim: myeloablativny vs. RIC
profylaxia GvHD: MTX + CsA vs. iné

relaps

tou, * Statisticky vyznamny faktor

N

BM - kostna dren, CsA - cyklosporin A, dg — diagndza, MTX — metotrexat,
PBSC - periférne krvotvorné bunky, RIC — pripravny rezim s redukovanou intenzi-

~
Standardna p-hodnota HR
chyba

0,03 0,209 1,03
0,02 0,611 0,99
0,35 0,015* 2,33
0,33 0,967 0,99
0,30 0,030* 1,93
0,34 0,557 1,22
0,42 0,056 2,23
042 0,232 1,65
0,34 0,400 1,33

vyvinul u 21 (21,9 %) pacientov. Akdtnu
GVvHD po alloHSCT vyvinulo 30 (31,3 %)
a chronickd GvHD bola diagnostikovana
u 25 (26,0 %) z celkového poctu 96 pa-
cientov. Suhrnne, urcitt formu GvHD po
alloHSCT vyvinulo 45 pacientov (46,9 %).
Detailnejsie st incidencie aGvHD, cGvHD
a stupne klinickej zdvaznosti uvedené
v tab. 2.

Na zaciatku analyzy, do roku 2000,
prevazovali alloHSCT (n = 43), v ktorych
sa ako zdroj kmenovych krvotvornych
buniek pouzivala kostnda dren (n = 28;
65,1 %), zatial ¢co kmenové bunky peri-
férnej krvi sa pouzivali menej (n = 15;
34,9 %).V dalsom obdobi sledovania, po
roku 2000 prevazovali alloHSCT (n = 53)
s vyuzitim kmenovych buniek periférnej
krvi (n = 40; 75,5 %) a len v 13 (24,5 %)
pripadoch bola pouzitd kostna dren.

Prvy rok po alloHSCT bolo celkové
prezivanie 66 %, kym dva roky po allo-
-HSCT to bolo 57 %. Tri roky po trans-
plantacii Zilo 52 % a po piatich rokoch
51 % prijemcov.

Faktory statisticky vyznamne
ovplyviujuce OS

Ako faktor Statisticky signifikantne
ovplyvnujuci celkové prezivanie bola
v nasom subore pomocou Coxovej ana-
lyzy zistend nezhoda pohlavi, konkrétne

pripad, kedy je darkynou Zena pre pri-
jemcu muza vs. iné kombinacie (p=0,01;
HR = 2,33). Druhym Statisticky vyznam-
nym faktorom bol interval od stanovenia
diagnézy po vykonanie alloHSCT (obdo-
bie < 1 rok vs. obdobie > 1 rok; p = 0,03;
HR = 1,93). Vysledky multivaria¢nej Co-
xovej regresie analyzujucej vplyv vy-
branych premennych na dizku celko-
vého prezivania (overall survival - OS) su
uvedené v tab. 3.V prilohach je Kaplan-
-Meierova krivka preZivania pacientov
v nasom subore (graf 1). Bol zazname-
nany signifikantny rozdiel v celkovom
prezivani pacientov muzského pohla-
via, ktori mali darkyne Zeny v porovnani
s ostatnymi pacientami (graf 2). Kaplan-
-Meierova krivka zachytdva Statisticky
vyznamne lepsie celkové prezivanie pa-
cientov v skupine, v ktorej bola alloHSCT
vykonana do 1 roka od stanovenia dia-
gndzy, v porovnani so skupinou, kde
bola alloHSCT realizovana > 1 rok po sta-
noveni diagnézy (graf 3).

Faktory statisticky vyznamne
ovplyviujlce vyvoj GvHD

Ziadny zo sledovanych faktorov nemal
na zéklade multivariacnej logistickej re-
gresnej analyzy Statisticky vyznamny
vplyv na vyvoj akutnej GvHD alebo chro-
nickej GvHD, ani na GvHD celkovo.
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Diskusia

Cielom nasej retrospektivnej Studie bolo
analyzovat prezZivanie pacientov po
alloHSCT od HLA-identického strodenca.
Percento jedno- a dvojro¢ného preziva-
nia po alloHSCT v nasom subore bolo
nizsie v porovnani s vysledkami o nie¢o
novsej Studie, ktord sledovala subor s po-
rovnatelnou velkostou a typom dar-
cov [14]. Jednym z dévodov méze byt
skutocnost, Ze v uvedenej studii boli ako
zdroj krvotvornych buniek pouzité len
bunky z periférnej krvi, kostna drefi ne-
bola vyuzitd. Viaceré prace uvadzaju lep-
Sie vysledky alloHSCT pri pouziti perifér-
nej krvi ako zdroja krvotvornych buniek
v porovnani s BM [5,15]. Dalsie mozné
vysvetlenie, ktoré priamo suvisi s pred-
chddzajucim, moéze spocivat v ¢aso-
vom obdobi, kedy boli alloHSCT v $tu-
didch realizované. V nasej praci sme
zacali sledovanie pacientov este pred
rokom 2000, kym v Studii, kde zazname-
nali lepsie prezivanie, prebehli alloHSCT
az po roku 2000 [14]. Neddvna velka stu-
dia spolo¢nosti The European Society
for Blood and Marrow Transplantation
(EBMT) z roku 2020 ukazala, ze umrt-
nost spojena s transplantaciou v posled-
nych 40 rokoch vyznamne klesd, pricom
najvyraznejsie zlepSenie bolo zazna-
menané prave okolo roku 2000 [3]. Vy-
sledky naznacili, Zze hlavnymi cinitelmi,
ktoré viedli k znizeniu mortality, boli
skoér pokroky v manazmente pacienta
nez jeho klinickd charakteristika. K vy-
zZnamnym zmenam v manazmente pa-
cienta patri aj nahradzanie kostnej drene
ako zdroja krvotvornych buniek perifér-
nou krvou [5]. Tento trend sme rovnako
zaznamenali aj v naSom subore pacien-
tov. Trojrocné a patro¢né prezivanie pri-
blizne kopirovalo vysledky prac, kde
sledovanie pacientov zacalo este pred
rokom 2000 [16,17], avsak analyzy pub-
likované po roku 2000 vykazovali lepsie
vysledky v porovnani s nasimi [18].

Ako uvadza Penack et al., pocetné po-
kroky v roznych oblastiach spojenych
s alloHSCT pravdepodobne suhrnne
prispeli k zlepseniu jej vysledkov [3]. D6-
lezité si zmeny v oblasti podpornej sta-
rostlivosti o pacienta. Praca na jednot-
kdch intenzivnej mediciny sa vyrazne
zefektivnila a madme dostupné ucinnej-
Sie lieky na boj s infekciami [19-21]. Pri-
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Graf 1. Celkové prezZivanie pacientov po alogénnej transplantacii krvotvornych buniek.
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Graf 2. Celkové prezivanie pacientov po alogénnej transplantacii krvotvornych buniek,
porovnanie pripadov ked pacient bol muz a darca zena (1) vs. ostatné kombinacie (0).

pravny rezim pred alloHSCT ma nizsi
toxicky ucinok na jednotlivé organy, pre-
toze sa ustupuje od myeloablativnej pri-
pravy a celotelového oZiarenie je zvacsa
nahradené ré6znymi typmi nemyeloabla-
tivnej pripravy [22,23]. Daldou délezi-
tou oblastou, kde nastali pokroky, je pre-
vencia GvHD. Vo velkej miere sa vyuziva
in vivo odstranovanie T-lymfocytov zo
Stepu pomocou anti-T-lymfocytarneho

globulinu (ATG). Viaceré analyzy ukézali
jeho vyrazny vplyv na znizenie vyskytu
chronickej GvHD [24].

V nasom subore sme najvyssiu umrt-
nost zaznamenali z dovodu GvHD a jej
komplikacii, nasledoval relaps a napo-
kon infekcie. V $tudii EBMT, kde dar-
cami boli tiez HLA-identicki sirodenci,
bola Uumrtnost spdsobend najcastej-
Sie relapsom, dalej infekciami a potom
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Graf 3. Celkové prezivanie pacientov po alogénnej transplantécii krvotvornych buniek
(alloHSCT), porovnanie alloHSCT do 1 roka od dg (0) vs. alloHSCT viac ako 1 rok

od dg (1).

GvHD [3]. Vysoky podiel GvHD na umrt-
nosti v nasom subore pacientov mohol
byt spdsobeny aj tym, Ze smrtelné infek-
cie vzniknuté na podklade GvHD sme za-
radili do kategdrie umrtia na GvHD.
Vy$3i vyskyt zdvaznej chronickej GvHD
u surodeneckych alloHSCT v porov-
nani s nepribuzenskymi alloHSCT pozo-
rovali Remberger et al. [25]. Autori $tu-
die porovnavali dve skupiny pacientov
s rdznymi stratégiami prevencie GvHD.
Konkrétne, v prvej skupine, kde boli
darcami HLA-identicki pribuzni, pouzili
ako prevenciu GvHD len nizku koncen-
trdciu cyklosporinu A. Druhd skupina
pacientov mala HLA-zhodnych nepri-
buznych darcov a prevencia GvHD pozo-
stavala z aplikacie ATG a vys3ej koncen-
tracie CsA v priebehu dlhSieho ¢asu po
alloHSCT v porovnani s prvou skupinou.
Dévodom nizdieho vyskytu chronickej
GVvHD v skupine s nepribuznymi darcami
v porovnani so surodeneckymi alloHSCT
mohla byt aplikdcia ATG. ATG pouzili
preto, lebo ocakavali zvysené riziko vy-
voja GvHD. Druhym dévodom mohla
byt aj rozdielna dizka aplikacie imuno-
supresivnej lie¢by, kde pacienti s ne-
pribuznymi darcami boli dlhsie v imu-
nosuprimovanom stave (6 mesiacov)
v porovnani s pacientami, ktorych dar-
covia boli strodenci (3 mesiace). Dalej

v tejto praci zistili, ze zdvaznost chro-
nickej GvHD negativne ovplyvnila OS
v skupine pacientov, ktori mali darcov
surodencov. Kréger et al. v roku 2016
publikovali vysledky dalsej studie, kde
sa zaoberali vplyvom ATG na vyskyt
chronickej GvHD u surodeneckych allo-
HSCT. Autori predpokladali, ze zahrnutie
ATG do myeloablativnej pripravy pacien-
tov s akutnou leukémiou by mohlo viest
k vyznamnej redukcii vyvoja chronickej
GvHD do 2 rokov po alloHSCT od HLA-
-identickych surodencov. Pacienti boli
nahodne rozdeleni do dvoch skupin, pri-
¢om v jednej im ATG podali, v druhej nie.
Po ukonceni analyzy zistili, ze pridanie
ATG do pripravy pred alloHSCT viedlo
k signifikantne nizSiemu vyskytu chro-
nickej GvHD po alloHSCT v porovnani
s vyskytom chronickej GvHD v skupine
bez ATG [24]. V nasom subore bol ATG
pouzity len vo velmi malom pocte allo-
HSCT (konkrétne 10). Na zéklade uvede-
nych poznatkov o vplyve ATG na vyvoj
chronickej GvHD mézeme predpokla-
dat, Ze na vyssi podiel chronickej GvHD
na umrtiach pozorovanych v naSom su-
bore mohla mat vplyv mensia miera
aplikécie ATG v prevencii GvHD.
Sekundarna malignita ako pricina
smrti bola pritomna v nasom subore vo
velmi malom pocte, ¢o je v sulade s vy-

sledkami velkej retrospektivnej studie
EBMT [3]. Casovy interval, ktory uplynie
od stanovenia diagnézy po vykonanie
alloHSCT je tiez zaradeny v zozname fak-
torov, ktoré dokazu vyznamne ovplyvnit
vysledok alloHSCT a OS [26]. V jednot-
livych préacach sa lisi dizka tohto inter-
valu aj v zavislosti od diagnézy. Napri-
klad v subore pacientov s malignou
chorobou T-bunkova leukémia/lymfém
dospelych (adult T-cell leukemia/lym-
phoma - ATLL) porovnavali OS po roz-
deleni pacientov na dve skupiny, prvu
skupinu tvorili pacienti transplanto-
vani do 100 dni od stanovenia diagnézy
a druht skupinu po > 100 dnoch. Pomo-
cou multivaria¢nej analyzy zistili, ze allo-
HSCT vykonana po > 100 dnhoch od urce-
nia diagnézy je Statisticky signifikantne
nepriaznivy faktor pre celkové preziva-
nie pacientov [27]. Pre ini malignu dia-
gndézu, konkrétne akutnu myeloidnu
leukémiu (cytogeneticky dokazanu vy-
soko rizikovu formu) tiez zistili, Ze véasna
alloHSCT este pred dosiahnutim kom-
pletnej remisie méze vyrazne zlepsit
progndzu pacientov, i ked uvedeny po-
stup nemozno povazovat za Standardny
terapeuticky algoritmus [28]. V nasej
praci, kde mali pacienti r6zne hema-
tologické diagndzy, maligne aj nema-
ligne, sme vyhodnocovali ¢asovy in-
terval 1 rok od stanovenia diagnézy po
alloHSCT. Rovnaky casovy interval 1 rok
si stanovili aj v inej retrospektivnej stu-
dii s podobnym spektrom diagnéz, kde
vsak nezistili signifikantny vplyv tohto
faktora na OS [29]. Multivaria¢n& Coxova
regresnd analyza nasho suboru naopak
ukazala statisticky signifikantny nepriaz-
nivy vplyv na OS, ak sa alloHSCT realizo-
vala > 1 rok od stanovenia diagnézy.
Vplyv veku pacienta aj darcu je dlho-
dobo skimanou premennou pri hodno-
teni vysledku alloHSCT. Vacsina zéverov
takychto analyz sa zhoduje v tom, Ze vek
pacienta aj darcu vyznamne ovplyviuje
Uspesnost alloHSCT. Subory, kde boli
mladsi pacienti aj mladsi darcovia, sa vy-
znacovali rychlejSou obnovou trombo-
cytov, znizenou Umrtnostou v suvislosti
s alloHSCT, nizsim vyskytom chronic-
kej GvHD a lepsim celkovym preZiva-
nim [30-34]. Nie je celkom objasnené,
preCo pary darca/prijemca s vy3sim
vekom maju horsi vysledok alloHSCT.
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Méze to byt spojené s vekom podmiene-
nym Gtlmom krvotvorby a ttlmom funk-
cie imunitného systému [35,36]. Da sa
tiez predpokladat, Ze krvotvorné kme-
nové bunky starsich pacientov maju ur-
¢ité vekom podmienené zmeny, ktoré
vedu k redukciu efektu GvL (graft versus
leukemia), jednému z faktorov liecby po-
mocou alloHSCT [37]. Na rozdiel od ho-
reuvedenych prdc, Bastida et al. a rov-
nako aj nasa multivariacnd analyza
nepotvrdili vek pacienta ako faktor Sta-
tisticky signifikantne asociovany s vy-
sledkom alloHSCT. Bastida et al. vSak
v stlade s mnozstvom podobnych stu-
dii pozorovali, Ze pacienti s mladsim ne-
pribuznym darcom maju lepsie celkové
prezivanie ako pacienti, ktorych darca je
starsi pribuzny [7,38,39]. Naopak, iné po-
zorovanie popisali Alousi et al, kde allo-
HSCT so starsim pribuznym darcom mali
lepsi vysledok v porovnani s alloHSCT,
kde bol mladsi nepribuzny darca [40].
Velkym praktickym prinosom v ramci
adresnejsieho vyberu darcov bola stra-
tifikacia do roznych vekovych skupin.
V nasej praci sme pre maly celkovy pocet
pacientov takéto delenie podla veku pa-
cienta alebo darcu nerealizovali. Plati, ze
dévka CD34* buniek klesa s vekom péru
darca/pacient (tatisticky vyznamne je to
pri darcovi vo veku < 40 rokov a pacien-
tovi vo veku < 30 rokov v porovnani s os-
tatnymi parmi darca/pacient), ¢o je spo-
jené s pomalSou obnovou trombocytov
po alloHSCT [41,42]. V sulade s tymito
poznatkami su aj zavery Zhanga, ktory
zistil, ze pacienti vo veku > 40 rokov, kto-
rych darcovia (HLA-identicki surodenci)
mali > 30 rokov, mali zvysené riziko vy-
voja chronickej GvHD [14]. V inom sku-
manom subore, kde boli pacienti vo
veku < 40 rokov zistili, ze vek darcu ne-
patri k faktorom so $tatisticky signifikant-
nym vplyvom na vysledok alloHSCT [43].
Zhoda ¢inezhoda pohlavia darcu a pri-
jemcu predstavuje dalsi faktor o ktorom
je znadme, Ze mbze vyznamne ovplyv-
nit vysledok transplantacie. Muzski pri-
jemcovia od Zeny-darkyne, mali pomal-
Siu regeneraciu krvnych dosticiek, vyssiu
umrtnost v spojitosti s alloHSCT a vyssi
vyskyt GvHD. Podobné zavery publikuju
z viacerych transplanta¢nych centier,
vratane nasej analyzy, ale v literature
mobzeme nijst aj iné vysledky [14,30-34,

44,45].V nasej praci sme zistili Statisticky
vyznamne skrateny OS pri nezhode po-
hlavi, ak darcom bola Zena a prijemcom
muz. Tato asociacia sa zda byt najsilnej-
Sia vtedy, ak je darcom Zena, ktord ro-
dila viackrat [34]. Tento efekt sa pripisuje
imunitnej reakcii T-lymfocytov darkyne
proti muzskému histokompatibilnému
antigénu H-Y [46-50].V praci Friedrich et
al. uvadzaju, ze ku vzniku imunitnej od-
povede vratane tvorby protilatok proti
proteinom kédovanym na muzskom Y-
-chromozéme moéze u niektorych Zien
dojst po sexuadlnom kontakte. Takato
zvysend imunitnd odpoved alebo tvorba
protilatok sa zvysuje s vekom zien [51].
ZvySenu imunitnu reakciu pozorovali aj
po aloimunizacii Zeny darkyne predcha-
dzajucou transfuziou krvi [52].

Limitacie Studie
Sme si vedomi viacerych limitov nasej
studie. Jednym z nich je relativne maly
pocet analyzovanych parov darca-pri-
jemca po alloHSCT. Dalej sme do analyzy
prezivania pacientov po alloHSCT neza-
radili viaceré zname premenné, ktoré
maju potencial vyznamne ovplyvnit vy-
sledok alloHSCT, ako napr. status cytome-
galovirusu, faza choroby pred alloHSCT
a u zien-darkyn informacia o pérodoch
a aloimunizacii. Dévodom bol predovset-
kym obmedzeny pristup ku vietkym in-
formaciam o pacientoch a darcoch.
Spristupnenim alloHSCT ako liecebnej
modality aj pre diagnézy alebo rizikové
skupiny pacientov, ktoré este done-
davna nemohli podstupit takuto terapiu,
vznikd potreba adresnejsie predpove-
dat rizika a nasledne vysledok alloHSCT.
V tejto suvislosti boli definované aj nie-
ktoré dalSie predikéné faktory, napr.
gény KIR (pre ,killer cell immunoglo-
bulin-like receptor”) ¢i ,hematopoie-
tic cell transplantation specific comor-
bidity index” (HCT-CI), alebo ,EBMT risk
score” [53-55]. Vyzvou do buducnosti
je snaha dosiahnut dalsie zlepsenie pre-
Zivania pacientov po alloHSCT. Zd3 sa,
Ze bude nutné spresnit transplantacné
stratégie modifikované na zaklade rizi-
kovych faktorov, a to bud kombinaciou
uz overenych predikénych nastrojov
alebo ich zlu¢enim s novymi, zaloZzenymi
na molekuldrnom testovani alebo na al-
goritmoch umelej inteligencie [3].

Zaver

V uvedenej praci sme analyzovali, ktoré
faktory vyznamne ovplyvnili celkové
prezivanie a vyvoj GvHD po alloHSCT
v subore pacientov, kde darcami boli
HLA-identicki surodenci. Potvrdili sme,
Ze nezhoda pohlavi, ak darcom je Zena
a prijemcom muz, Statisticky vyznamne
negativne ovplyvnuje celkové preziva-
nie po alloHSCT. Celkové prezivanie bolo
v nasom subore rovnako signifikantne
skratené, ak bol interval od diagndzy
po vykonanie alloHSCT > 1 rok. Indivi-
dudlny pristup v procese vyberu vhod-
ného darcu, so zvazenim vsetkych zna-
mych rizik na strane pacienta aj darcu,
ma potencial zlepsit vysledok alloHSCT.
Dalsie znizovanie vyskytu komplikacii
a umrtnosti si vyzaduje adresnu terapiu
a vytvorenie algoritmov dlhodobej sta-
rostlivosti prispésobenych individual-
nym rizikovym faktorom pacienta.
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Tailoring postoperative management through
sentinel lymph node biopsy in low- and
intermediate-risk endometrial cancer —

the SENTRY clinical trial

PfizpUsobeni pooperacni lecby pomoci biopsie sentinelové
lymfaticke uzliny u karcinomu endometria s nizkym a stfednim

rizikem — klinicka studie SENTRY
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Summary

Background: While total hysterectomy and bilateral salpingo-oophorectomy without lymph
node staging are standard for low- and intermediate-risk endometrial cancer, certain histo-
pathologic factors revealed after surgery can necessitate additional interventions. Our study
assessed the influence of sentinel lymph node biopsy on postoperative decision-making.
Materials and methods: In the SENTRY trial (July 2021 - February 2023), we enrolled patients
with International Federation of Gynaecology and Obstetrics (FIGO) stage IA-IB low-grade en-
dometrioid endometrial cancer. Laparoscopic sentinel lymph node mapping using indocy-
anine green was performed alongside total hysterectomy with bilateral salpingo-oophorec-
tomy. Subsequent management changes based on sentinel lymph node biopsy results were
evaluated. The trial was registered at ClinicalTrials.gov (NCT04972682). Results: Of the 100 en-
rolled participants, a bilateral detection rate of 91% was observed with a median detection
time of 10 min (interquartile range 8-13 min). Sentinel lymph node metastases were found in
8% (N = 8) of participants. Postoperative FIGO staging increased in 15% (N = 15) and decreased
in 5% (N = 5) of patients. Sentinel lymph node biopsy results altered the adjuvant treatment
plan for 20% (N = 20): external beam radiotherapy was omitted in 12% (N = 12) while 6% (N = 6)
had external beam radiotherapy +/— systemic chemotherapy added due to sentinel lymph
node metastases. In 2% (N = 2), the external beam radiotherapy field was expanded with the
paraaortic region. No intraoperative complications were reported and no 30-day major mor-
bidity and mortality occurred. Throughout a median follow-up of 14 (95% Cl 12-15 months,
neither patient-reported lymphedema nor pelvic recurrence surfaced in the cohort. Conclu-
sions: Sentinel lymph node biopsy using indocyanine green is a safe procedure and allows tai-
loring adjuvant therapy in presumed low- and intermediate-risk endometrial cancer. It assists
in avoiding external beam radiotherapy overtreatment and introducing additional modalities
when necessary.

Key words
uterine cancer - sentinel lymph node - indocyanine green - radiotherapy - drug therapy —
hysterectomy — adjuvant treatment — gynecological cancer
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TAILORING POSTOPERATIVE MANAGEMENT THROUGH SENTINEL LYMPH NODE BIOPSY

Souhrn

Vychodiska: Zatimco totélni hysterektomie a bilaterdlni salpingo-ooforektomie bez stagingu lymfatickych uzlin jsou standardni pro karcinom
endometria s nizkym a stfednim rizikem, urcité histopatologické faktory odhalené po operaci mohou vyzadovat dalsi intervence. Nase studie
hodnotila vliv biopsie sentinelové lymfatické uzliny na pooperacni rozhodovéni. Materidl a metody: Do studie SENTRY (¢ervenec 2021 - Gnor
2023) jsme zaradili pacientky s nizkym stupném endometrioidniho karcinomu endometria ve stadiu FIGO IA-IB. Laparoskopické mapovani senti-
nelovych lymfatickych uzlin pomociindocyaninové zelené bylo provedeno spolu s totaini hysterektomii s bilateralni salpingo-ooforektomii. Byly
hodnoceny nasledné zmény managementu na zékladé vysledki biopsie sentinelové lymfatické uzliny. Studie byla registrovana na ClinicalTrials.
gov (NCT04972682). Vysledky: Z celkového poctu 100 Gcastnic studie byla bilateralni detekce pozorovana u 91 % pacientek pfi stfedni dobé
detekce 10 min (mezikvartilové rozmezi 8-13 min). Metastazy sentinelové lymfatické uzliny byly nalezeny u 8 % (n = 8) Ucastnik{. Pooperacni
FIGO staging se zvysil u 15 % (n = 15) a snizil u 5 % (n = 5) pacientek. Vysledky biopsie sentinelové lymfatické uzliny zménily plan adjuvantnilécby
u 20 % (n = 20): zevni radioterapie byla vynechana ve 12 % (n = 12), zatimco u 6 % (n = 6) byla pfidédna zevni radioterapie +/- systémova chemo-
terapie v dUsledku metastaz sentinelovych lymfatickych uzlin. U 2 % (n = 2) bylo pole zevni radioterapie rozsiteno o paraaortalni oblast. Nebyly
hlaseny zadné peropera¢ni komplikace a nebyla zaznamenana vyssi 30denni morbidita ani mortalita. Béhem stiedni doby sledovani 14 mésicd
(95% interval spolehlivosti 12-15 mésic(l) se v souboru nevyskytly lymfedémy ani panevni recidivy hldsené pacientkami. Zdvér: Biopsie senti-
nelové lymfatické uzliny pomoci indocyaninové zelené je bezpecny postup a umoznuje pfizplsobeni adjuvantni terapie u predpokladaného
karcinomu endometria s nizkym a stfednim rizikem. Pomaha vyhnout se preléceni externi radioterapii a v pfipadé potieby zavést dalsi modality.

Klicova slova
karcinom délohy - sentinelova lymfaticka uzlina — indocyaninova zelen - radioterapie — l1ékova terapie - hysterektomie - adjuvantni lé¢ba -

gynekologickd rakovina

Introduction

Endometrial cancer stands as the pre-
dominant gynecologic malignancy [1].
A significant proportion of patients are
diagnosed with presumed stage | low-
-grade endometrioid carcinoma war-
ranting the primary treatment of total
hysterectomy accompanied by bilat-
eral salpingo-oophorectomy (BSO) [2,3].
Decisions regarding the necessity for
lymph node staging derive from various
factors: tumor type, depth of myometrial
invasion, and cervical stroma involve-
ment. However, a prevalent challenge
remains the inconsistency between
preoperative risk estimations and the
final pathology report. Notably, the sta-
tus of lymphovascular space invasion
(LVSI), a critical determinant of postop-
erative risk, remains predominantly elu-
sive pre-surgery. Daix et al. documented
a 37% underestimation rate in preoper-
ative risk assessments accompanied by
an overestimation in 10% of cases [4].
Historically, to bridge this knowledge
gap and inform adjuvant therapy deci-
sions, systematic lymph node dissection
(LND) was employed. Yet, given the low
likelihood of lymph node metastases
and the potential for significant postop-
erative morbidity, there is a consensus
against systematic LND for patients in
the low- and intermediate-risk catego-
ries [2]. This has been further bolstered
by two randomized controlled trials that

demonstrated no therapeutic advan-
tage of incorporating systematic pelvic
LND alongside total hysterectomy [5,6].

Building on this, contemporary inter-
national guidelines advocate for the sen-
tinel lymph node (SLN) biopsy, especially
for cases with presumed uterine-con-
fined disease that fall within the low- to
intermediate-risk spectrum [3,7]. Several
prospective studies have validated the
superior accuracy of the SLN biopsy rel-
ative to systematic LND [8,9]. In addition,
the SLN biopsy method has been shown
to detect a greater number of metasta-
ses compared to traditional lymphad-
enectomy whilst simultaneously reduc-
ing postoperative complications [10,11].
Given these advantages, a pertinent
question arises: how can insights from
the SLN biopsy guide adjuvant treat-
ment decisions? Determined to answer
this question, we launched a prospec-
tive study to evaluate the influence of
SLN biopsy on the postoperative man-
agement of patients with presumed
low- and intermediate-risk endometrial
cancer, who, based on prevailing local
guidelines, would typically undergo only
a total hysterectomy and BSO without
any lymph node evaluation [12].

Materials and methods
Study design and settings
The SENTRY study was a prospec-
tive open-label single-arm clinical trial

aimed at evaluating the influence of SLN
biopsy on postoperative management
in patients with presumed low- and in-
termediate-risk endometrial cancer. The
study was conducted within the Depart-
ments of Gynecologic Oncology, Pathol-
ogy, and Medical Oncology at the high-
volume oncology center — Moscow City
Oncology Hospital No. 62 (Istra, Mosko-
vskaya Oblast, Russian Federation) be-
tween July 2021 and November 2023.

Ethics

The study secured ethical approval from
the Institutional Review Board and was
executed in adherence to the Helsinki
Declaration of 1964 and its subsequent
amendments [13]. All relevant details
were disclosed to patients with each
providing written informed consent be-
fore undergoing any procedure. Regis-
tration for the SENTRY trial occurred on
ClinicalTrials.gov in July 2021, prior to re-
cruitment, under the registration num-
ber NCT04972682.

Participants

Patients qualified as low-risk if they pre-
sented with histologically confirmed low-
-grade (G1-G2) endometrioid adenocar-
cinoma of the endometrium, accompa-
nied by less than half myometrial invasion
as visualized on pelvic MRI (International
Federation of Gynaecology and Obstet-
rics (FIGO) stage IA). The intermediate-
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TAILORING POSTOPERATIVE MANAGEMENT THROUGH SENTINEL LYMPH NODE BIOPSY

Tab. 1. Patient criteria.

Inclusion criteria

e age 218 years

« histologically verified low-grade endometrioid adenocarci-
noma of the endometrium (G1-G2)

« FIGO stage IA

« FIGO stage IB and Il when LND is contraindicated

» no contraindications for surgery

« signed informed consent

Exclusion Criteria

e age < 18 years

« presence of tumor spread outside the corpus uteri

» absence of tumor invasion into the myometrium

» high-grade tumor (G3)

» Bokhman type 2 tumor (e.g., clear cell adenocarcinoma, se-
rous adenocarcinoma, carcinosarcoma, endometrial stromal
sarcoma)

» preoperative treatment of endometrial cancer including ra-
diotherapy, systemic chemotherapy, or hormone therapy

» prior pelvic or retroperitoneal LND

« history of surgeries on the uterus and uterine appendages,
with exceptions such as cesarean section, tubectomy, oopho-

rectomy, ovarian resection, ovarian biopsy, and ovarian

cauterization

« allergy to iodine-containing drugs
» contraindications to surgical treatment
« lack of signed informed consent

FIGO - International Federation of Gynaecology and Obstetrics, G — grade, LND — lymph node dissection

-risk category encompassed those with
a verified low-grade endometrioid ade-
nocarcinoma of the endometrium that
exhibited more than a half of myometrial
invasion without any extension beyond
the uterus (FIGO stage IB). While the Eu-
ropean Society of Gynecologic Oncology
(ESGO) guidelines classified patients with
stage |A high-grade endometrioid ade-
nocarcinoma of the endometrium as in-
termediate-risk, these individuals were
excluded due to the considerable molec-
ular heterogeneity within this group [3].
Table 1 offers a comprehensive break-
down of the inclusion and exclusion crite-
ria. Preoperative staging predominantly
utilized pelvic MRI and contrast-en-
hanced CT of the thoracic and abdominal
regions. When MRI was contraindicated,
transvaginal ultrasounds were employed.
To ensure proficiency with a technique
new to us, patient enrollment for the
study commenced only after our insti-
tution had gained experience from con-
ducting the first 30 cases of SLN mapping
and biopsy, in line with recommenda-
tions for this procedure [11].

SLN mapping, biopsy, and pathology
assessment

Eligible patients were subjected to a lap-
aroscopic SLN biopsy, succeeded by

a laparoscopic total hysterectomy and
BSO. Both procedures were executed by
one of five experienced gynecologic on-
cologists. SLN mapping utilized indocy-
anine green (ICG) at a standard concen-
tration of 2.5mg/mL. We administered
1 mL of this diluted ICG into the cervix at
the 3 and 9 o'clock positions (total dose
- 5mg) to a depth of 5-10 mm, initiated
right after general anesthesia induc-
tion [14]. Diagnostic laparoscopy and
a thorough examination of the abdo-
men and pelvis employed the Image 1S
equipment (KARL STORZ®, Tuttlingen,
Germany; the brand names are used for
clarity, not endorsement). Upon exami-
nation, fluorescence in the near-infrared
spectrum was observed (Fig. 1). Success-
ful mapping was indicated by identify-
ing a lymphatic vessel with at least one
lymph node. Detected SLNs were then
extracted and the total hysterectomy
with BSO was completed. While we did
not routinely resort to a frozen section of
SLN, its application remained at the sur-
geon’s discretion. If metastasis surfaced
in SLN either during the frozen section
or routine assessment, the option for
systematic LND in a subsequent proce-
dure existed although not mandatory.
All surgical specimens underwent rig-
orous analysis by our dedicated team

of gynecologic oncology pathologists.
Every SLN was dissected perpendicular
to its longest axis, producing 2 mm slices
after formalin fixation. Standard stain-
ing employed hematoxylin and eosin
(Fig. 2). Immunohistochemical stain-
ing was exclusively used for ambiguous
findings.

Adjuvant treatment and follow-up
Adjuvant care was aligned with ESGO
and our national guidelines offering
chemoradiotherapy, vaginal brachyther-
apy, and systemic chemotherapy as po-
tential treatment options [3,12]. Each
patient’s postoperative case underwent
two rounds of discussion on the tumor
board - the initial review occurred prior
to receiving the SLN biopsy results with
the subsequent review post-receipt of
these results.

Follow-up

In congruence with local endometrial
cancer management guidelines, fol-
low-up appointments with gynecologic
oncologist encompassed physical ex-
aminations, chest X-rays, and abdom-
inal and pelvic ultrasound [12]. Regu-
lar intervals were every 3 months for
the first two years transitioning to bian-
nual check-ups until the fifth year. How-
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Fig. 1. SLNs with macro-metastases (A, C, D) and isolated tumor cells (B, encircled). Stained with conventional H&E (A-C) and pan-cy-
tokeratin (D). Magnification: (A) x10, (B) x40, (C) x10, (D) x10. Slides (C) and (D) made from one specimen.
H&E - hematoxylin and eosin, SLNs - sentinel lymph nodes

ever, should symptoms emerge, patients
were seen sooner.

Endpoints
The primary endpoint of our study cen-
tered on the influence of SLN biopsy on
postoperative treatment decisions. We
defined a change in treatment strategy as
any difference between treatment plans
set by the tumor board before and after
receiving the SLN biopsy information.
Secondary endpoints encompassed:
1) adjustments in FIGO staging; 2) bi-
lateral SLN detection; 3) intraoperative
complications associated with SLN map-
ping and biopsy; 4) major postoperative

morbidity and mortality within 30 days
following the procedure; 5) incidence of
lymphedema, and 6) pelvic recurrence
rate and associated time frame. To clas-
sify postoperative morbidity and mortal-
ity, we employed the Clavien-Dindo clas-
sification, with grades Ill-IV designated
as major complications [15].

Data quality

Throughout the study, participating
physicians meticulously documented all
perioperative, pathology, and follow-up
data in paper-based case report forms
(CRFs). Subsequently, these details were
digitized into our database. Before the

trial commencement and prior to pa-
tient enrollment, all involved physicians
underwent comprehensive training on
completing the CRFs. To ensure patient
confidentiality, no personally identi-
fiable information was recorded. Data
quality control was the responsibility of
a principal investigator.

Statistical analysis

Sample size determination was facili-
tated using IBM SPSS SamplePower soft-
ware (Version 3.0; Armonk, NY: IBM Cor-
poration; for identification purposes
only). Based on our null hypothesis, we
postulated that the integration of SLN
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biopsy into the conventional care proto-
col (total hysterectomy with BSO) would
result in treatment modifications for 10%
of patients with presumed low- and in-
termediate-risk endometrial cancer. This
estimation was influenced by existing
data indicating a 9-11% prevalence of
SLN metastases [16,17]. Further param-
eters incorporated into our calculations
included an error margin of 6%, a type
| error rate of 0.05, and a power of 0.8.
Anticipating a potential 5% cohort attri-
tion due to loss to follow-up, the derived
sample size totaled 102 patients. Subse-
quent statistical evaluations were exe-
cuted using IBM SPSS Statistics software
for Windows (Version 23.0; Armonk, NY:
IBM Corporation; brand names are used
for clarity, not endorsement). The data
were depicted with continuous variables
being displayed as medians accompa-
nied by the interquartile range (IQR) and
categorical variables as proportions.

Results

Participants

From the SENTRY trial, 102 consecutive
patients were enrolled. Due to equip-
ment malfunctions during surgery,
2 patients were excluded, leading to
100 participants in the final analysis. En-
rollment spanned from July 2021 to Feb-
ruary 2023. The participants’ median
age stood at 63 (IQR 57-69) years, with
44% (N = 44) aged 65 years or above
(Tab. 2). A significant majority, 93%
(N = 93), were postmenopausal. All pa-
tients had a preoperative confirmation
of low-grade endometrioid adenocar-
cinoma categorized into presumed low
risk (stage IA) at 74% (N = 74) and inter-
mediate risk (stage IB) at 26% (N = 26).

SLN biopsy and surgery

The median time post-ICG injection to
SLN detection was 10 (IQR 8-13) min
(Tab. 2). SLNs were detected bilater-
ally in 91% (N = 91) of participants; 24%
(N = 24) had their SLNs identified above
the common iliac artery. For two pa-
tients under presumed intermediate
risk, a pelvic LND was executed due to
failed SLN detection even after re-ad-
ministering ICG. Other patients were
spared from systematic LND given the
significant risk of postoperative compli-

Fig. 2. Left external iliac SLN identified by near-infrared fluorescence after ICG injec-
tion into the cervix.

ICG - indocyanine green, LEIA - left external iliac artery, LGFN - left genitofemoral nerve,
LIIA - left internal iliac artery, SLN - sentinel lymph node

/Tab. 2. Patient and procedure characteristics. A
Variables Patients (N = 100)
age, years, median (IQR) 63 (57-69)
age = 65 years, N (%) 44 (44)
postmenopause, N (%) 93 (93)
preoperative FIGO stage, N (%)

IA 74 (74)

IB 26 (26)
time from ICG injection to SLN detection, min, median (IQR) 10 (8-13)
bilateral SLN detection, N (%) 91 (91)
SLN detection above CIA bifurcation, N (%) 24 (24)
systematic pelvic LND, N (%) 2(2)
number of removed SLNs, median (IQR) 3(2-4)
length of surgery, min, median (IQR) 100 (85-118)
CIA - common iliac artery, FIGO - International Federation of Gynaecology and
Obstetrics, ICG — indocyanine green, IQR- interquartile range, LND - lymph node
dissection, min — minutes, SLN - sentinel lymph node

- /

cations of this procedure. Median num-  Patient outcomes

ber of removed SLNs was 3 (IQR 2-4)
and the median surgery duration was
100 (IQR 85-118) min.

The process faced no intraoperative
complications linked to the SLN map-
ping and biopsy (Tab. 3). Both 30-day
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Tab. 3. Patient outcomes.

Variables Patients (N = 100)
length of hospital stay, days, median (IQR) 7 (5-7)
intraoperative complications, N (%) 0(0)
30-day major morbidity, N (%) 0(0)
30-day mortality, N (%) 0(0)
SLN metastases, N (%)

macro-metastases 7(7)
isolated tumor cells 1(1)
LVSI (+), N (%) 15 (15)
postoperative FIGO stage, N (%)

IA 71(71)

IB 14 (14)

I 6 (6)

A 1(1)

Inc 8(8)
change of FIGO stage, N (%) 20 (20)
upstaging 15(15)
downstaging 5(5)
change of adjuvant treatment based on SLN status, N (%) 20 (20)
de-escalation 12(12)
escalation 6(6)
change of the radiation field 2(2)
lymphedema, N (%) 0(0)
pelvic recurrence, N (%) 0 (0)

FIGO - International Federation of Gynaecology and Obstetrics, IQR - interquartile
range, LVSI — lymphovascular space invasion, min — minutes, SLN - sentinel lymph
node

major morbidity and mortality rates
were zero. The SLN metastasis rate
was 8% (N = 8), with macro-metasta-
ses in 7% (N = 7) and isolated tumor
cells (ITC) in 1% (N = 1). Notably, every
case with a positive SLN had the meta-
static lymph node in either the obtura-
tor or external iliac region. Metastatic
SLNs in atypical locations (mostly pre-
sacral and rarely parametrial) never pre-
sented as a sole metastasis. Our cohort
lacked any skip metastases in the para-
aortic zone. LVSI(+) was observed in
15% (N = 15) of cases. Throughout a me-
dian follow-up of 14 months (95% ClI
12-15), neither lymphedema nor pelvic
recurrence surfaced in the cohort. The

last enrolled patient had a 9-month fol-
low-up and no participants were lost to
follow-up to date.

Change of adjuvant treatment

Post-pathology report, FIGO staging was
adjusted for 20% (N = 20) of the patients:
15% (N = 15) underwent upstaging
and 5% (N = 5) — downstaging (Tab. 3).
SLN status altered the adjuvant treat-
ment course for 20% (N = 20) of partic-
ipants. SLN biopsy results enabled 12%
(N = 12) of patients with LVSI(+) and cer-
vical stroma involvement, but a nega-
tive SLN biopsy, to abstain from external
beam radiotherapy (EBRT). On the other
hand, 6% (N = 6) required adding adju-

vant treatment due to SLN metastases
resulting in an administration of chemo-
radiotherapy combined with systemic
chemotherapy. Without the SLN bio-
psy results, these patients would have
been limited to observation or vaginal
brachytherapy. For two specific cases
with pT2 and pT3a and positive pelvic
SLN, the radiation field was expanded to
encompass the paraaortic region.

Discussion

The SENTRY trial evaluated the role
of SLN biopsy in tailoring postopera-
tive management for patients with pre-
sumed low- and intermediate-risk endo-
metrial cancer. Our data demonstrated
that this approachable and safe proce-
dure influenced the adjuvant treatment
decisions in every fifth patient. The ma-
jority of these changes led to the pre-
vention of unnecessary EBRT. How-
ever, it is notable that 8% of our cohort
had SLN metastases without other evi-
dent high-intermediate- or high-risk fea-
tures. This led to an escalation in post-
operative treatment to encompass
EBRT with or without systemic chemo-
therapy. Of these, six patients lacked
tumor features that would convention-
ally indicate the need for EBRT. With
a bilateral SLN detection rate of 91%,
our outcomes are consistent with other
studies and align with the ESGO quality
benchmarks [11,14,18,19].

While the ESGO guidelines promote
ultrastaging for SLN pathology assess-
ment, we chose not to adopt this proto-
col [3]. Firstly, the financial and time con-
straints posed significant challenges for
a high-volume oncology center in a mid-
dle-income country that relies on gov-
ernment-funded healthcare with an an-
nual expenditure equivalent to 6.3% of
gross domestic product in 2021 [20,21].
Secondly, existing prospective data on
the implications of low-volume metas-
tases, when considering adjuvant treat-
ment decisions, are inconclusive. In their
retrospective analysis Plante et al. found
comparable recurrence-free and overall
survival rates between SLN-negative pa-
tients, those with micro-metastases, and
patients with ITC [22]. Another study by
Backes et al. indicated no association of
adjuvant therapy with long-term prog-
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nosis among 175 patients with ITC in
stage |-1l endometrioid endometrial
cancer [23]. Ghoniem et al. highlighted
micro-metastases as a standalone recur-
rence prognostic indicator in their multi-
institutional retrospective analysis [24].
It is also worth noting that the prevail-
ing evidence on adjuvant therapy effi-
cacy, as demonstrated by the PORTEC
Il and GOG 258 trials, predominantly re-
volves around uterine and lymph node
attributes [25,26]. In instances where
lymph node evaluation was executed, it
was predominantly via pelvic +/- para-
aortic LND, thus inadvertently uncover-
ing low-volume metastases on occasion.
Our decision to sidestep ultrastaging
could have potentially accounted for
the lower SLN metastases incidence ob-
served in our study relative to previous
reports [27].

It is well-documented that there can
be a discrepancy between pre- and
postoperative tumor type and grade
with reports suggesting it in up to 40%
of cases [28]. Yet in the SENTRY trial,
such discrepancies were notably ab-
sent. The unwavering uniformity of his-
tologic type and grade can possibly be
attributed to the reviews conducted by
pathologists specializing in gynecologic
oncology. However, we must also con-
sider the potential for confirmation bias
to play a role. Our study predominantly
encompassed patients diagnosed with
low-grade endometrial cancer. While
the intermediate-risk category does
cover high-grade endometrioid tumors
with limited myometrial invasion and
non-endometrioid tumors without en-
dometrial infiltration, we consciously ex-
cluded these patient groups. Given that
neither ultrasound nor MRI offers abso-
lute accuracy in ruling out deep myome-
trial invasion [29], the incorporation of
these tumor types might have increased
the upstaging rate as well as the cohort
heterogeneity.

The ESGO and National Comprehen-
sive Cancer Network (NCCN) guidelines
emphasize that significant LVSI in cases
of uterine-confined endometrioid can-
cer necessitates EBRT irrespective of
lymph node metastases [3,7]. This advi-
sory primarily derives from the PORTEC
Il findings, which presented superior pa-

tient outcomes with EBRT over vaginal
brachytherapy [30]. However, it is essen-
tial to note that staging lymphadenec-
tomy was an exclusion criterion and the
observed diminished local recurrence in
the EBRT cohort could be attributable to
its efficacy against possible lymph node
metastases. Given the high precision of
SLN biopsy in discerning lymph node
metastases, we sidestepped EBRT for
patients exhibiting LVSI(+) but without
lymph node involvement and other
high-risk attributes mandating EBRT.
The consensus is that low- and inter-
mediate-risk patient groups demon-
strate a scant likelihood of lymph node
metastases making the omission of EBRT
feasible for unstaged individuals [3]. Pe-
riodically though, additional risk factors
emerge post-uterus evaluation. We an-
ticipated our trial would validate the re-
dundancy of overtreatment. This was
evident in 12% of patients, who post-
operationally displayed heightened risk
markers, predominantly cervical stroma
invasion and LVSI(+). Nonetheless, SLN
metastases were identified in 8% of our
participants, and for 6% of them, it was
the solitary determinant for adjuvant
therapy. These findings do not corre-
spond with the data of Burg et al., who
observed a de-escalation in only 2% of
their cases [17]. Their study accentuated
that the primary impact of SLN biopsy,
particularly in the assumed low- and in-
termediate-risk clusters, was the initia-
tion of supplementary adjuvant treat-
ment due to lymph node metastases.
While recent guidelines from ESGO
and NCCN advocate for SLN biopsy even
in patients perceived to be of low and
intermediate risk, there are variations
in local guidelines and clinical practices
across different regions [12]. In coun-
tries and institutions where pelvic lymph
node dissection remains a preference for
these cohorts, SLN biopsy can serve as
a valuable alternative to reduce the inci-
dence of lower extremity lymphedema
and other post-LND complications [31].
When total hysterectomy and BSO stand
as the normative treatment, SLN bio-
psy offers the capability to calibrate
postoperative treatments without es-
calating the risks of intra- and postop-
erative complications. Yet it is critical to

acknowledge that the current under-
standing of the SLN biopsy’s long-term
implications is largely anchored in ret-
rospective analyses underscoring the
pressing need for more prospective and
randomized controlled trials.

The SENTRY trial has its share of limi-
tations. To start with, our study is single-
centered and does not encompass a par-
allel control arm. Introducing a control
group with LND as a comparator inter-
vention for the SLN biopsy arm was dis-
counted given that lymphadenectomy
is widely deemed excessive for patients
with promising low-risk profiles. A co-
hort undergoing total hysterectomy and
BSO without any lymph node evalua-
tion would have illuminated the extent
of overtreatment but remained opaque
regarding undertreatment. Further-
more, certain factors like pT2 and LVSI(+)
were not deemed decisive for EBRT, es-
pecially if NO status was confirmed via
SLN biopsy or pelvic LND. While this de-
viates from common practice, our ap-
proach was informed by the outcomes
of PORTEC | and PORTEC Il trials, which
highlighted enhanced local control
post-EBRT without any advancements in
overall survival [30,32]. Another consid-
eration is the relatively brief median fol-
low-up period of 14 months in our trial
constraining our ability to draw more
conclusive remarks on lymphedema and
pelvic recurrence rates - our assertions
in this domain, hence, may lack final-
ity. However, given that this is the inau-
gural prospective study on SLN biopsy
within this patient subset in our coun-
try, we felt compelled to share our find-
ings with our peers both domestically
and internationally, particularly in insti-
tutions, where such an approach is not
widely adopted. We remain commit-
ted to continued follow-up of our study
participants and intend to release their
long-term outcomes in subsequent
publications.

Conclusions

The SENTRY trial demonstrates the po-
tential of SLN biopsy as a valuable tool
in the postoperative management of pa-
tients with presumed low- and interme-
diate-risk endometrial cancer. Our find-
ings indicate that this safe procedure
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results in significant alteration of the ad-
juvant treatment plans for a substantial
proportion of patients, primarily avoid-
ing overtreatment with EBRT. The SEN-
TRY trial also underscores an unmet
need for additional randomized con-
trolled trials to confirm the long-term
impacts of SLN biopsy and serves as
a foundation for further exploration in
this context, especially in regions, where
it is not yet standard practice.
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KAZUISTIKA

Tebentafusp v lécbé metastatického uvealniho
melanomu — prvni pacientka lé¢ena v Ceské

republice

Tebentafusp in the treatment of metastatic uveal melanoma —

the first patient treated in the Czech Republic

Klabusay M.", Babkova B.2

' Onkologicka klinika LF UP a FN Olomouc
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Souhrn

Vychodiska: Uvealni melanom je velmi vzacnym nadorem, ktery asi v poloviné piipadi me-
tastazuje. V pfipadé rozvoje metastatického onemocnéni je jeho progndza krajné nepfizniva
a median preziti nepfesahuje 6 mésicd. Moznosti ucinné lécby byly doposud velmi limitované.
Tebentafusp je bispecifickym faznim proteinem, ktery jako prvni prokazal uc¢innost u uvealniho
melanomu. PFipad: Pacientka odesland pro suspektni melanom levého oka byla dfive l1écena
pro Hodgkinovu nemoc. Primarné byl naddor osetren radiochirurgicky s radioterapii drobného
loziska obratlového téla. Nasledné vsak pacientka musela podstoupit enukleaci bulbu s nale-
zem rozsahlého tumoru pT4b. PET/CT prokézala metastazy skeletu a jater, zaroven byl prokazan
haplotyp A*02:01. Pacientka absolvovala radioterapii sterna a nasledné - po schvaleni léku
na zékladé zadosti na §16 — zahdjila 1écbu preparatem tebentafusp. Lék byl v prvnich tiech
davkach podavan za hospitalizace s nutnosti Ié¢by cytokine release syndromu kortikosteroidy.
Nasledné probihala aplikace tydné ambulantni formou bez komplikaci krom tranzitorni ele-
vace transaminaz. Prvni restaging CT po 3 mésicich prokazala stabilni nemoc, zatimco druhé
restaging CT prokazala novou osteolytickou 1ézi ve vybézku Th11. Z dlvodu progrese byla
|é¢ba tebentafuspem po 6 mésicich ukoncena. Lozisko bohuzel nebylo mozno osetfit radio-
terapii. Po 2 mésicich byla pacientka urgentné hospitalizovana pro pravostrannou hemiplegii
a MR prokézala prokrvacené metastatické lozisko v mozkovém kmeni. Zdvér: V této kazuistice
popisujeme pfipad prvni pacientky lé¢ené timto lékem v CR.
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TEBENTAFUSP V LECBE METASTATICKEHO UVEALNIHO MELANOMU — PRVNI PACIENTKA LECENA V CESKE REPUBLICE

Summary

Background: Uveal melanoma is a rare cancer, in which metastases occur in approximately one half of cases. In metastatic disease, the prognosis
is unfavorable and the median of survival does not exceed 6 months. Effective treatment options were very limited up to date. Tebentafusp is
a bispecific fusion protein, which as the first drug proved efficacy in uveal melanoma. Case: The patient was referred for suspected uveal mela-
noma of the left eye. She was treated for Hodgkin’s disease in the past. Primarily, the tumor was treated by radiosurgery with radiotherapy of
a small lesion of the vertebral body. However, later the patient had to undergo bulbus enucleation with confirmation of a large tumor category
pT4b. PET/CT revealed metastases of the bones and the liver; simultaneously, haplotype A*02:01 was confirmed. The patient underwent radio-
therapy of the sternum and later, after confirmation of payment from the health insurance company, she started treatment with tebentafusp. The
first three doses were administered during admission to the hospital, with a need to treat cytokine release syndrome by corticosteroids. Later,
the administration was performed in an out-patient regimen, without complications, except for a transient elevation of transaminases. The first
CT restaging confirmed stable disease; however, the second restaging confirmed a new osteolytic lesion in the processus of Th11. Because of
progression, the treatment with tebentafusp was withdrawn after 6 months. Unfortunately, the lesion could not be treated by radiotherapy. Two
months later, the patient was urgently admitted to the hospital because of right-sided hemiplegia; MRI revealed bleeding metastatic lesion in the

brain stem. Conclusion: In this case report, we present the case of the first patient treated with this drug in the Czech Republic.

Key words
uveal melanoma - treatment — tebentafusp

Uvod

Uvedlni melanom je nejcastéjsim pri-
marnim intraokularnim nadorem [1]
a reprezentuje 85 % primarnich ocnich
malignit [2]. Incidence se pohybuje mezi
0,1-8,6 na 1 milion v zavislosti na etni-
cité, v USA 5,1 na 1 milion [2] (celosvé-
tové kolem 6 500 pfipadl za rok). Jeho
incidence v Evropé a Severni Americe
stoupd s rostouci zemépisnou Sitkou,
a je tedy paradoxné nepfimo umérna
intenzité UV zéafeni [1]. Pfiblizné polo-
vina uvedlnich melanomu (52 %) vede
ke vzdalenym metastazam [1]. Jatra
jsou nejcastéjSim mistem jejich vzniku -
ve > 90 % pfipadd. ProtoZe uvedlni me-
lanom je vzacny, pocet pacientd s meta-
statickym onemocnénim je maly; proto
bylo dosud provedeno jen velmi mélo
randomizovanych klinickych studii [1].
Uvealni melanom ma velmi nizkou mu-
tacni naloz. Median celkového pfreziti
u nelé¢eného metastatického uveal-
niho melanomu nepfesahuje 6 mésic(.
Uvedlni melanom az na vyjimky me-
tastazuje vyhradné hematogenné [1].
U 62 % pacientl dojde k diagnostice
metastdz v prvnich 5 letech po osetfeni
primarniho tumoru. Bylo prokazano, ze
uvedlni melanom do 3ite 3,0mm prak-
ticky nemetastazuje. VétSina melanom(
je viak lécena, kdyz jsou > 9mm [1].

Pro nemocné s oligometastatickym
onemocnénim muze byt pfinosna lo-
koregionalni lé¢ba v¢. chirurgické re-
sekce, intraarterialni chemoterapie, che-
moembolizace nebo izolované perfuze

jater; tato lé¢ba mze zlepsit kontrolu
nemoci [2].

Tebentafusp je bispecifickym fuznim
proteinem, ktery kombinuje doménu T-
-cell receptoru (TCR) s aktivujici domé-
nou efektorovych bunék, anti-CD3 jed-
nofetézcovy variabilni fragment. TCR
doména rozpozna peptid predkla-
dany HLA komplexem (v tomto pfipadé
gp100) a anti-CD3 doména pritdhne
a aktivuje CD3* T lymfocyty [3]. Teben-
tafusp je prvni protilatkou, ktera proka-
zala vyhodu v preziti u kteréhokoliv so-
lidniho nadoru [3]. Aby byl tebentafusp
ucinny, pacient musi vykazovat HLA ha-
plotyp A*02:01. Mezi hlavni nezadouci
ucinky patfi tzv. cytokine release syn-
drom (CRS) a kozni toxicita. CRS je de-
finovan rozvojem hypotenze, hypoxie
a pyrexie. K rozvoji CRS dochazi béhem
prvnich infuzi léku v 89 % pripad(, ve
vétsiné viak jde pouze o stupen 1-2 [3].
Kozni toxicita zahrnuje vyrazku, svédéni
a erytém, nejcastéji se objevujici do né-
kolika dnt po podéni Iéku. Elevace v tes-
tech jaternich funkci se mohou objevit
v souvislosti s U¢inkem |éku.

Alela HLA A*02:01 se vyskytuje pfi-
blizné u 45 % pacientl s uvealnim me-
lanomem v Evropé a ve Spojenych sta-
tech. Klicové vysledky klinické studie
faze Ill byly publikovany v New England
Journal of Medicine v roce 2021. Tyto vy-
sledky potvrdily vyznamny benefit pro
celkové preziti pacientl ve vétvi teben-
tafusp u metastatického uvealniho me-
lanomu [4]. Americky Ufad pro potraviny

a léciva (FDA) tuto lé¢bu schvalil 25. 1.
2022 a Evropska Iékové agentura (EMA)
pak 1.4.2022.

Popis pripadu
Zena, ro¢nik narozeni 1975, byla ode-
sldna na Onkologickou kliniku FN Olo-
mouc referujicim oftalmologem v dubnu
2021 pro suspektni melanom levého
oka. Na ultrazvuku o¢niho bulbu bylo
dfive prokdzano prominujici loZisko ve-
likosti 10 x 2,5mm (obr. 1a), na recent-
nim ultrazvuku pak léze s bazi 13,7 mm
a prominenci 5,4mm, tedy v progresi
(obr. 1b). Pacientka udavala paleni a bo-
lestivost levého oka, avsak bez zhor-
$eni zraku. Zena v minulosti absolvovala
[é¢bu Hodgkinova lymfomu typu nodu-
larni sklerézy, klinického stadia I1A bulky,
jez bylo diagnostikovéno v kvétnu 2009.
Podstoupila systémovou chemoterapii
rezimem BEACOPP, osm cykld do listo-
padu 2009. Po ukon¢eni l1é¢by dosahla
kompletni remise CR1 dle PET. Dale se |é-
¢ila s nezdvaznym bronchialnim astma-
tem, ekzémem dolnich koncetin a anxio-
depresivnim reaktivnim syndromem.
Klinicky vykazovala performance status
ECOG 0, fyzikalni vysetieni bylo v normé.
Pacientce byly provedeny odbéry, vy-
Setfen krevni obraz, biochemie a mar-
ker S100b. Stagingové PET/CT vyset-
feni prokazalo lozisko levého ocniho
bulbu 15 X 7mm a drobné osteolytické
loZisko v téle Th11 velikosti 5mm, jehoz
histologicka verifikace nebyla mozna.
Jako lokalni fedeni byla oftalmologem
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Obr. 1. Ultrazvukové vysetieni o¢niho bulbu, vyvoj onemocnéniv ¢ase. A) nalez 29. 1.2021; B) ndlez 23.4.2021; C) nadlez 10. 12. 2021.

doporucena stereotakticka radiochi-
rurgie (CyberKnife), kterad byla realizo-
véna v Cervenci 2021. Nasledné byla pro-
vedena radioterapie obratlového téla
Th11 davkou 20 Gy v péti frakcich v zafi
2021. Déle byla dispenzarizovédna na
Oc¢ni i Onkologické klinice FN Olomouc.

Pro progresi o¢niho nélezu (obr. 1¢)
muselo byt v lednu 2022 pfistoupeno
k enukleaci bulbu. Histologicky nalez
prokdzal struktury maligniho melanomu
zaujimajici prakticky cely prostor sklivce,
postihujici cévnatku i fasnaté téleso, ba-
zalntho prdméru > 18 mm a tloustky
15mm. Prordstani do o¢niho nervu ani
pres skléru prokdzano nebylo. Zastizena
byla invaze tumoru v krevni cévé, tumor
byl klasifikovan jako pT4b. Kontrolni
ultrazvuk jater neprokazal loziskové
zmény, aviak vzhledem k vysokému ri-
ziku bylo indikovéno kontrolni PET/CT

vysetfeniv kvétnu 2022 (obr. 2), které po-
tvrdilo mnohocetné metastazy do ske-
letu a pravdépodobnou metastazu jater.
V ¢ervnu 2022 jsme nasledné provedli
HLA typizaci s ndlezem HLA A*02:01,
*03. Tento nalez oteviel moznost pro in-
dikaci lécby Iékem tebentafusp.

Tento Iék v uvedené dobé nepro-
el 1ékovou komisi FN Olomouc a navic
nebyl nijak regulovén Statnim dstavem
pro kontrolu léciv. Podali jsme proto za-
dost o mimofadnou Uhradu platci zdra-
votni péce na zdkladé §16 a pozéadali
o schvaéleni [ékovou komisi. V této dobé
byla jedna davka léku (podéva se 68 pg
1x tydné) nacenéna na ¢astku 440 000 K¢.
Ro¢ni |é¢ba by tedy vychazela na ¢astku
22880 000K¢, tj. asi 1 milion USD. Slo tedy
o finan¢né extrémné narocnou lécbu.

Protoze bylo nutno ¢ekat na schvéleni
|é¢by pojistovnou, zahdjili jsme lécbu

paliativni radioterapii na metastazy ske-
letu, a to sterna, v davce 30 Gy v 10 frak-
cich v ¢ervnu a Cervenci 2022. V srpnu
2022 jsme obdrzeli schvaleni Ghrady
Iéku a zaroven objednali jeho dodani.
S prvni aplikaci 1éku jsme zacali 1. 9.
2022.

Za hospitalizace po prehydrataci
a premedikaci byla zahajena aplikace
prvni davky 20 pg tebentafuspu. K dis-
pozici byl tocilizumab ke zvladnuti pri-
padného CRS. Pacientka byla konti-
nudlné monitorovana, byl sledovéan
krevni tlak, tepova frekvence, saturace
0,, teplota a bilance tekutin. Vecer doslo
k rozvoji otoku obli¢eje a exantému na
hlavé, krku a hornich koncetinach, po
podani 100 mg hydrokortisonu tyto po-
tize ustoupily. V pribéhu noci vsak doslo
k rozvoji hypotenze (TK 80/42 mmHg),
opét s otokem obliceje a exantémem. Za
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Obr. 2. PET/CT, nélez kvéten 2022. Sipky
ukazuji na mnohocetné metastazy
sterna, C a Th patefe, zebra, panve a jater.

volumové podpory byl podén bisulepin
a methylprednisolon v ddvce 2 mg/kg
s postupnou normalizaci krevniho tlaku
a Ustupem otoku a exantému. Stav byl
hodnocen jako CRS stupné 2 s nutnosti
podani kortikosteroidu, avsak bez nut-
nosti podani tocilizumabu. Dalsi dvé
navysujici se davky byly podéany rov-
néz za hospitalizace a nezadouci ucinky
byly zvladnuty za kontinudIni hydratace
a aplikace kortikosteroidd. Od ctvrté ap-
likace pacientka pokracovala v lé¢bé
ambulantné, jiz bez nutnosti aplikace
kortikosteroid(i. Pfed aplikaci a 4 hodiny
po ni dostavala kontinualné krystaloidy
rychlosti 252 ml/h s monitoraci krevniho
tlaku, tepové frekvence, teploty a satu-
race O,. NeZadouci Gcinky se omezily na
exantém v obliceji. Pfed aplikaci se hod-
notil krevni obraz a biochemie, pfi prv-
nich ¢tyfech aplikacich doslo k elevaci
transaminaz, ale zvyseni bylo pouze
tranzitorni a samo ustoupilo.

CT restaging v listopadu 2022 byl bez
progrese a pacientka pokracovala v apli-
kacich az do konce tnora 2023, kdy dalsi
CT prokazalo jedno nové osteolytické lo-
zZisko processus spinosi Th12. Dne 1. 3.
2023 byla Ié¢ba tebentafuspem ukon-

¢ena pro progresi onemocnéni. Byla
naplanovéna stereotaktickd radiotera-
pie loziska, kterd vsak pro intimni vztah
k mise a predchozi radioterapii Th11 ne-
mohla byt realizovana. Vzhledem k pro-
gresi jsme navrhli [é¢bu imunoterapii do
druhé linie (ipilimumab + nivolumab)
a podali zadost platci zdravotni péce na
§16.V kvétnu 2023 vsak byla pacientka
urgentné hospitalizovdna na neurolo-
gické klinice s pravostrannou hemiple-
gii. CT mozku prokézala intracerebralni
krvaceni do mozkového kmene a MR
mozku potvrdila prokrvdcené meta-
statické lozisko v kmeni vlevo velikosti
22 x 18 mm, se dvéma malymi metasta-
tickymi lozisky v mozeckovych hemisfé-
rach. Pacientka byla pfelozena na On-
kologickou kliniku FN Olomouc, kde
postupné dochazi ke zhorseni stavu vé-
domi pres antiedematdzni [écbu a na-
sledné koncem kvétna 2023 pacientka
umira.

Diskuze

Nase pacientka se Iécila Iékem tebenta-
fusp témér presné 6 mésicu, coz se jevi
jako kratkd doba, nicméné je nutno pfi-
hlédnout k biologickym charakteris-
tikdm tohoto nadoru. Dle nasich zku-
Senosti vétsina pacientd s uvedlnim
melanomem po detekci metastaz zemie
do 3 mésict od jejich zjisténi na rychlou
progresi nemoci. Po konfirmaci mnoho-
Cetnych vzdélenych metastdz pacientka
prezila 1 rok. Z pohledu biologie na-
doru se muUze zdat prodlouzeni preziti
téchto nemocnych na 1 rok jako velmi
vyznamny cil.

Pacientka byla v minulosti |écena
pro HodgkinGv lymfom, $lo u ni tedy
u sekundarni malignitu. Progndéza se-
kundarnich nador( je obecné vyznamné
horsi nez nadorl primarnich a jejich
lé¢ba je podstatné obtiznéjsi. U pa-
cientky byla rovnéz atypicka predilekce
metastdz do skeletu oproti typickému
metastazovani do jater. V soucasnosti
nejsou k dispozici data, kterd by srov-
navala ucinnost tebentafuspu na me-
tastazy skeletu a jater.

Dal$im faktorem, ktery vstupuje do
naseho hodnoceni, je praktickd limitace
dosud pouzivanych metod lé¢by meta-
statického onemocnéni, které by mély
prokdzanou u¢innost. Na nasem pra-

covisti jsme u pacientl s jaternimi me-
tastdzami historicky ¢asto pouzivali in-
traarterialni chemoterapii fotemustin.
Chemoterapeutikum bylo selektivné
aplikovéno kanylou zavedenou do arte-
ria hepatica, k ¢emuz bylo nutno pacien-
tovi implantovat intraarteridlni port. Bo-
huzel nedostupnosti tohoto typu portd
na trhu jsme nyni o tuto moznost lécby
pfisli. Jednou z mala dalSich moZnosti
je pouziti imunoterapie, zejména kom-
binace protilatek anti-CTLA4 a anti-
-PD1 ipilimumabu a nivolumabu. Bohu-
zel na rozdil od kozniho melanomu je
ucinnost imunoterapie u uvealniho me-
lanomu limitovdna a je ucinnd pouze
u mensi ¢asti nemocnych. Nékteré zdra-
votni pojistovny tuto Ié¢bu odmitaji hra-
dit i na zakladé zadosti na §16. Tebenta-
fusp je tak jedinym novym lékem, ktery
mé u metastatického uvedlniho mela-
nomu prokdzanou vyznamnou ucin-
nost. Jako nadéjné do budoucna se
muze jevit i podani sekvencni 1écby te-
bentafuspem a imunoterapii. Byl popsan
pfipad nemocného, u néhoz po podani
11 davek tebentafuspu doslo k progresi
metastdz. Nicméné dalsi linie 1é¢by, tj.
kombinovana imunoterapie ipilimu-
mabem a nivoliumabem, vedla k velmi
dobré parcialni odpovédi se zmensenim
metastaz [5].

Cena |écby preparatem tebentafusp je
velmi vysok3, a patfi tedy mezi vysoce na-
kladnou Ié¢bu. Nardst ndkladd na [é¢bu
zejména v onkologii neni ni¢im novym.
Pouzivame rlzné typy zejména cilené
[é¢by monoklonalnimi protilatkami
a molekulami, jejichz vyvoj a testovani
jsou velmi nakladné. Pfesto jsme zvykli
na castky spise v fadu milion0 nez desi-
tek milion korun. Nicméné nové prepa-
raty zejména z oblasti genové a celularni
terapie tuto bariéru prolomily. Jmenujme
napf. preparat Zolgensma k 1é¢bé spi-
nalni svalové atrofie nebo CART lymfo-
cyty v [é¢bé hematologickych malignit.
Je predmétem budouci vefejné diskuse,
kolik penéz bude spolecnost ochotna za
takto naro¢nou léc¢bu zaplatit. Nicméné
v pfipadé uvedlniho melanomu se jednd
o velmi vzacné onemocnéni a pocet pri-
padl indikovanych k 1é¢bé prepardtem
tebentafusp se bude v celé CR pohybo-
vat v jednotkdch pfipadd ro¢né. Neda
se tedy pfedpokladat, Ze by néjak vy-
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znamné ohrozil rozpocty zdravotnich
pojistoven. Navic cena preparétu s jeho
zavedenim do c¢etnéjsiho pouzivani po-
klesne, k ¢emuz ostatné jiz doslo.

Zejména v prubéhu prvni aplikace
Iéku je pacient ohrozen vznikem CRS.
Z dGvodu rozvoje zivot ohrozujiciho CRS
je dllezité mit k dispozici podpUrny, ade-
kvatné vyskoleny klinicky tym. Musi byt
zajisténa moznost intenzivni péce pro
pacienta. Pfed a po podani 1ékd musi byt
zajisténo kontinudlni podavani i.v. krys-
taloid v ramci volumové terapie. Dile-
Zitou ulohu pfi zvladani rozvoje kompli-
kaci CRS hraji kortikosteroidy. Z divodu
zmirnéni ucinkd interleukinu 6 musi
byt k dispozici monoklonalni protilatka
tocilizumab.

Podle kritérii Americké spole¢nosti
pro transplantace a celuldrni tera-
pii z roku 2019 je CRS stupné 1 defino-
van jako horec¢ka > 38 °C, stupeni 2 ho-
recka > 38 °C s hypotenzi bez nutnosti
podani vazopresoru a hypoxii vyzadu-
jici nizkopriatokovy O,, stupen 3 ho-
recka > 38 °C s hypotenzi vyZzadujici
vazopresor a hypoxii vyzadujici vysoko-
pritokovy O2 (tzv. high flow nasal oxy-
gen) nebo kyslikovou masku a stupen
4 horecka > 38 °C s hypotenzi vyzadu-
jici vice vazopresor( a hypoxii vyzadujici
tzv. continuous positive airway pressure
(CPAP), intubaci a mechanickou venti-
laci [6]. LéCba pacientll je mozna ve spe-

cializovanych centrech se zdzemim jed-
notky intenzivni péce. Pacient musi byt
monitorovan. K dispozici musi byt mono-
klonalni protilatka tocilizumab. Po trech
aplikacich 1éku m(ze byt pacient lé¢en
déle v ambulantnim rezimu. V tomto pfi-
padé ma byt pacient monitorovan 4 ho-
diny po podani [éku. Tato doba muze byt
nasledné zkracena, pokud je dalsi 1é¢ba
dobte tolerovana [6]. Pacienti by méli do-
stat prehydrataci v rdmci profylaxe CRS.
Antihypertenziva by méla byt vynechana.
Paracetamol muize byt podan profylak-
ticky nebo pfi vzestupu teploty. V pfi-
padé predchoziho vyskytu CRS stupné
2 je doporucena premedikace kortikoste-
roidy (dexamethason 4mg nebo ekviva-
lent). Stupen 1 je feSen symptomaticky.
U stupné 2 mohou byt podany kortiko-
steroidy (methylprednisolon 2 mg/kg).
U stupné 3 ma byt preferencné podan to-
cilizumab v davce 8 mg/kg [6].

Zavér

V této kazuistice popisujeme pfipad
prvni pacientky, kterd byla lé¢ena pro
metastaticky uvedlni melanom |ékem
tebentafusp v CR. Domnivame se, ze
i vzhledem ke vzacnosti této diagndézy
bude do budoucna vhodné omezit po-
davani tohoto léku na komplexni onko-
logickd centra, kterd maji odpovidajici
zdzemi intenzivni péce a dostatek zku-
Senosti s 1é¢bou uvedlniho melanomu

i s aplikaci této 1écby. Jesté pred pfije-
tim tohoto rukopisu do tisku se obje-
vila zprava, ze tebentafusp bude mit od
1. 4. 2024 standardni Uhradu, a nebude
tedy tfeba zadat o povoleni na §16, coz
vyznamné usnadni jeho vyuZiti. Zaroven
s timto rozhodnutim doslo i k vyznam-
nému snizeni ceny léku.

Podékovani

Podékovéani autorl patii vsech spolupracovniklim Onko-
logické kliniky, O¢ni kliniky a lékédrny FN Olomouc, diky
jejichZ praci mohla byt nase pacientka lécena.
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Carcinoid syndrome with right-sided valve
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Summary

Background: The survival of patients with neuroendocrine tumors has substantially improved
with modern treatment options. Although the associated carcinoid syndrome can be diag-
nosed early and controlled effectively, cardiologists still encounter patients with cardiac mani-
festations, particularly among individuals with persistently high levels of vasoactive mediators.
Treatment options have been limited to surgical valve replacement in fully manifested disease.
Since surgery is not always feasible, transcatheter valve implantation is becoming an interes-
ting alternative. Case: A case of a 50-year-old woman with carcinoid syndrome and right-sided
valvular heart disease is presented. Moderate pulmonary valve stenosis and severe tricuspid
valve regurgitation were diagnosed during the evaluation and treatment of neuroendocrine
tumor. The possibility of rare valve involvement and the need for interdisciplinary cooperation
in the diagnosis, monitoring and treatment of patients with neuroendocrine tumors producing
vasoactive substances must be emphasized. Conclusion: The patient had a typically presenting
carcinoid syndrome with a rare cardiac manifestation. Although monitoring and treatment
were carried out in accordance with recommendations and appropriate to the clinical condi-
tion, rapid progression of the metastatic disease ultimately precluded invasive cardiac inter-
vention.

Key words
neuroendocrine tumor — malignant carcinoid syndrome - carcinoid heart disease - tricuspid
valve insufficiency — pulmonary valve stenosis
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Souhrn

Vychodiska: Preziti pacientl s neuroendokrinnimi nadory se vyrazné zlepsilo s pouzitim moderni onkologické l1écby. Asociovany karcinoidovy
syndrom muze byt casné diagnostikovan, presto se stale mizeme setkat s jeho kardialni manifestaci, zvlasté pak u jedinc( s pretrvavajicimi
vysokymi hladinami vazoaktivnich medidtord. Lé¢ebné moznosti u plné vyjadieného kardidlniho postizeni byvaly limitovany na chirurgickou
nahradu chlopni, ktera neni vzdy proveditelna. Transkatetrové chlopenni intervence se proto stavaji zajimavou alternativou k opera¢nim meto-
dam. Pripad: Prezentujeme pfipad 50leté pacientky s karcinoidovym syndromem a postizenim pravostrannych srde¢nich chlopni. BéEhem eva-
luace neuroendokrinniho nadoru byla diagnostikovana stfedné tézka pulmondlni stendza a tézka trikuspidalni regurgitace. Detailné je popsano
vzacné se vyskytujici chlopenni postiZzeni a zdliraznéna nutnost mezioborové spoluprace pfi diagnostice a 1é¢bé neuroendokrinnich tumord
s produkci vazoaktivnich substanci. Zdvér: U pacientky byla vyjadiena velmi vzacna kardidlni manifestace karcinoidového syndromu. Ackoliv
|é¢ba byla vedena v souladu s platnymi doporu¢enimi a s ohledem na aktudlni klinicky stav, rychla progrese metastatického onemocnéni nako-
nec znemoznila zvazovanou invazivni chlopenni intervenci.

Klicova slova
neuroendokrinni nador — maligni karcinoidovy syndrom - karcinoidové srde¢ni onemocnéni - trikuspidalni insuficience — stenéza pulmonalni
chlopné

Introduction

Neuroendocrine tumors (NETs) occur
sporadically or rarely in a familial form
with the necessity of regular family

sults were normal, including mineral and
glucose concentrations, kidney and liver
tests, blood count and coagulation test.
Multiple liver metastases were shown by

ultrasound imaging; therefore, an ab-
dominal computed tomography scan
was performed. Disseminated malig-
nant process was highly probable, so the

screening [1]. Carcinoid heart disease
(CHD) is a rare condition that may ac-
company NETs with carcinoid syndrome
(CS). The symptoms characteristic of CS
include chronic secretory diarrhea and
skin flushing as well as bronchospasms
or abdominal pain. These symptoms are
caused by systemically increased levels
of serotonin and/or other biologically
active amines and peptides. In the case
of cardiac involvement, fibrous depos-
its are formed on the valves and the en-
docardium. Right-sided heart valves are
predominantly affected. The prevalence
of CS in patients with NETs range of
19-35%, and CHD is present in approxi-
mately 20-50% of patients with CS. CHD
remains the principal prognostic fac-
tor that reduces overall 3-year survival
(31 vs.69% in CHD vs. non-CHD patients,
respectively) [2].

Case report

A 50-year-old woman was examined for
dyspeptic syndrome consisting of diar-
rhea lasting 3 years. The patient had
no major comorbidities and had never
been seriously ill. She suffered from ep-
isodic flushing involving the face and
upper chest. Physical examination re-
vealed a loud systolic murmur.

The patient was examined by a gastro-
enterologist with negative findings. En-
doscopy did not confirm any structural
abnormalities. Initial laboratory test re-

Fig. 1. SPECT/CT and PET/CT imaging. Multiple liver metastases of neuroendocrine tu-
mor. A) Tektrotyd scan, transversal plane, SPECT/CT showing an intense Tektrotyd uptake
in the liver metastases; B) Tektrotyd scan, coronal plane, SPECT/CT showing an intense
Tektrotyd uptake in the liver metastases; C) PET/CT showing "®F-fluorodeoxyglucose accu-
mulation in the liver metastases, transversal plane; D) PET/CT showing '®F- fluorodeoxy-
glucose accumulation in the liver metastases, coronal plane.
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Fig. 2. The neuroendocrine tumor grade 2 in the liver biopsy. A) Hematoxylin-eosin staining; B) positive CD56 immunohistochemistry;
C) positive synaptophysin immunohistochemistry; D) increased proliferation index Ki67.

next diagnostic step was PET/CT. Mul-
tiple lesions of 8F-fluorodeoxyglucose
uptake were detected by PET/CT imag-
ing (Fig. 1).

Histologic and immunohistochem-
istry examinations were performed
after successful CT-guided liver biopsy.
The diagnosis of NET grade 2 was con-
firmed (Fig. 2). The serum chromogranin
A level was significantly elevated. There
was also a slight increase in serum neu-
ron-specific enolase. Multiple lesions ex-
pressing somatostatin receptors were
confirmed by Tektrotyd scintigraphy
(Fig. 1). The primary site remained un-
clear, although the gastrointestinal tract
was considered likely.

The patient was started on somato-
statin analogs (SSAs); 120 mg of lanreo-
tide was administered subcutaneously
every 28 days. Even though natriuretic
peptide levels were not increased, echo-
cardiography was performed. Moderate
pulmonary valve (PV) stenosis and mod-
erate tricuspid valve (TV) regurgitation
were revealed. There was no right ven-
tricular (RV) dilatation or dysfunction
(Fig. 3). The patient had no symptoms of

heart failure. A conservative approach
with echocardiography follow-up was
primarily decided by a multidisciplinary
team consisting of a cardiologist, a car-
diac surgeon, an anesthesiologist and
a medical oncologist.

Six months later, the condition of the
patient deteriorated rapidly. The pa-
tient had signs of fluid retention with
lower limb edema, ascites, with progres-
sion to anasarca. Laboratory tests re-
vealed kidney and liver dysfunction. The
serum chromogranin A level increased
significantly. PET/CT showed metastatic
disease progression. Natriuretic pep-
tide elevation was confirmed. Echocar-
diography demonstrated RV dilatation
and diastolic D-shaped left ventricle.
Severe TV regurgitation was noted. The
TV leaflets were thickened with a signif-
icant coaptation defect (Fig. 4). Pulmo-
nary stenosis remained moderate, and
mild pulmonary, mitral and aortic regur-
gitation was also detected. Transesopha-
geal echocardiography was planned for
further valve evaluation and exclusion
of right-to-left shunt, but the patient
condition deteriorated rapidly, even-

tually leading to death. The patient died
8 months after the first evaluation of car-
cinoid heart disease, apparently due to
the progression of metastatic disease
with liver and renal dysfunction. The
contribution of right-sided heart failure
could not be excluded.

Discussion

The term carcinoid heart disease de-
notes cardiac manifestations in patients
with CS who develop TV and PV regurgi-
tation or stenosis, and commonly right-
sided heart failure. In the presence of
a right-to-left shunt, left-sided valves
may be involved. Carcinoid syndrome
occurs when the liver cannot inactivate
vasoactive substances, as in the case of
liver metastases. In 5% of cases, CS may
develop without liver involvement if the
vasoactive substances are released di-
rectly into the systemic circulation, as in
ovarian NETs, retroperitoneal metasta-
ses, or lung NETSs [3].

In the present patient, the PV and TV
were simultaneously involved. Multiple
liver metastases could deliver vasoactive
substances directly into the systemic
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Fig. 3. Transthoracic echocardiography at baseline. A) Non-dilated right ventricle and atrium in the apical four-chamber view, the tricu-
spid valve with thickened and restricted leaflets; B) normal tricuspid annular plane systolic excursion; C) continuous wave Doppler pro-
file of moderate tricuspid regurgitation; D) continuous wave Doppler profile of moderate pulmonary stenosis.

circulation. The patient suffered from
CS for 3 years. High levels of vasoactive
substances have damaged the endocar-
dium long enough to develop valvular
lesions.

It is important not to underestimate
a careful physical examination and his-
tory. CS with cardiac involvement should
be considered in the presence of diar-
rhea, flushing and heart murmur. Ele-
vated natriuretic peptide levels may in-
dicate possible cardiac involvement.
N-terminal pro-B-type natriuretic pep-
tide levels should be optimally assessed
every 6 months with a cut-off value
of 260 pg/mL [3]. In the present case,
natriuretic peptide levels were mea-
sured twice in 6 months, and only the
second measurement showed an ele-
vation. However, moderate TV regur-
gitation and PV stenosis were already
present when the first sample was ob-

tained. Natriuretic peptides are elevated
in heart failure syndrome when it may
be too late for valve replacement. In all
patients with CS, cardiac imaging should
be considered on a regular basis.

Because of the availability and non-
invasive nature, transthoracic echocar-
diography is the mainstay of diagnostic
evaluation. Tricuspid valve involvement
is the most common CHD manifesta-
tion [4]. The leaflets are diffusely thick-
ened, retracted and fail to close in sys-
tole, leaving an often sizeable central
gap. There is incomplete opening in
diastole, limited leaflet mobility, and loss
of leaflet pliability. These abnormalities
lead to the development of severe TV re-
gurgitation in full-fledged disease.

Although extremely rare, TV stenosis
should also be looked for [5].

The morphological characteristics of
the TV were consistent with primary car-

cinoid involvement in the patient, as was
the coexistence of moderate PV steno-
sis. In the present case, the severity of TV
insufficiency progressed over 6 months
and right-sided heart failure manifesta-
tions developed. Right-sided heart dil-
atation occurred, but without RV dys-
function (Tab. 1). Rapid CHD worsening
was associated with tumor progres-
sion. Kidney and liver dysfunction may
have contributed to fluid retention and
RV volume overload. Hydronephrosis
was present in the terminal stage of the
disease. The desmoplastic potential of
serotonin induces retroperitoneal fibro-
sis and may be involved in the patho-
physiology of hydronephrosis [6]; com-
pression by metastases adjacent to the
left kidney could also play a role. The
progression of liver metastases appar-
ently contributed to liver dysfunction. In
contrast, heart failure could lead to im-
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Fig. 4. Transthoracic echocardiography after six months. A) Dilated right ventricle in the parasternal long axis view; B) right ventricle
and right atrium dilatation in the apical four-chamber view; C) thickened tricuspid valve leaflets, a large coaptation defect; D) continu-
ous wave Doppler profile of severe tricuspid regurgitation. Characteristic dagger-shaped spectrum with early peak pressure and rapid
decline.

paired renal perfusion and hepatic con-
gestion. In this complex pathophysio-
logical situation, the indication and
timing of valve replacement should be
determined by a multidisciplinary team.

The reported incidence of CHD has
decreased as the use of SSAs has in-
creased [6]. The present patient was
treated with SSAs, which can reduce
hormone secretion and inhibit tumor
growth. Moreover, the patient had no
symptoms or signs of heart failure,
RV dilatation or dysfunction at base-
line. A conservative approach was pri-
marily decided by a multidisciplinary
team consisting of a cardiologist, a car-
diac surgeon, an anesthesiologist and
medical oncologist. Despite SSA ther-
apy, the CHD progressed rapidly. Chan
et al. reported a series of patients with
new-onset CHD in spite of SSA therapy.
Clinicians should perform regular echo-

Tab. 1. Selected echocardiographic parameters.

Parameter Baseline
Basal RV4 diameter (mm) 40
RV1diameter (mm) 31
ARA (cm?) 14,2
RVFAC (%) 50
TAPSE 31

TA Sa 12
LVD D-shape no
Basal RV : LV ratio <1

51
36
22
50
31
12
yes

>1

Six-month follow-up

ARA - right atrium area, LVD left ventricle diastolic, RV1 - right ventricle in the para-
sternal long axis view, RV4 - right ventricle in the four-chamber view, RVFAC - right

ventricle fractional area change, RV : LV ratio - right ventricular to left ventricular
basal diameter ratio at end-systole in the four-chamber view, TAPSE -tricuspid an-
nular plane systolic excursion, TA Sa - peak tricuspid annulus systolic velocities de-

rived from Doppler tissue imaging,
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cardiographic screening, especially in
patients with persistently increased bio-
marker levels (chromogranin A, or uri-
nary 5-hydroxyindoleacetic acid), even
if no cardiac involvement is present at
baseline [7].

Cardiac valve replacement remains
the most effective therapy for advanced
CHD in patients with well-controlled sys-
temic disease. It may relieve CHD symp-
toms and improve overall outcomes.
Bioprosthetic valves are preferred be-
cause anticoagulation therapy is not re-
quired. The risk of bleeding is high, es-
pecially in the case of liver involvement
and hepatic dysfunction. There is also
a high probability of subsequent inva-
sive procedures, which would require re-
peated interruption of anticoagulation
therapy [8].

Progressive decline of RV function and
symptoms of heart failure caused by
CHD favor surgical therapy if expected
survival is longer than 1 year. Emer-
gence of severe TV regurgitation with
RV dilatation and persistent symptoms
or incipient deterioration of RV function
is the main finding indicating the need
for TV replacement. Currently, PV re-
placement is being performed more fre-
quently in CHD patients, but it is unclear
what degree of PV disease should war-
rant the intervention [5].

Recently, transcatheter valve implan-
tation has emerged as an interesting
alternative to surgical replacement in
CHD. As pulmonary involvement often
results in a regurgitant and stenotic PV
annulus, the percutaneous approach
may be considered in this situation. Loy-
alka et al. present a case of severe PV ste-
nosis secondary to CHD that was suc-
cessfully treated with percutaneous
valve replacement [9]. Flagiello et al. re-

port a case of severe PV regurgitation
secondary to CHD occurring 4 years
after surgical TV replacement, success-
fully treated with direct transcatheter PV
implantation without pre-stenting [10].

The percutaneous approach is less
reproducible in tricuspid carcinoid
disease, where severe stenosis is rare.
Neither edge-to-edge TV repair nor or-
thotopic TV replacement is appropriate
in the case of a large coaptation gap, se-
verely restricted TV leaflets, and signif-
icant TV annular dilatation. Stolz et al.
present a case of successful heterotopic
TV replacement [11] and suggest the
possibility of treating TV regurgitation
by implanting two biological valves in-
side self-expanding stents in the supe-
rior and inferior venae cavae.

Conclusion

CHD compromise overall survival in pa-
tients with CS. The diagnosis of CS must
be made as early as possible, since SSA
therapy fails to induce regression of val-
vular lesions. Valve replacement should
be considered in fully developed val-
vular disease; therefore, it is necessary
to monitor patients regularly, includ-
ing natriuretic peptide measurements
and cardiac imaging. Patients remain at
risk if they have high levels of vasoac-
tive mediators despite the application of
SSAs. Cardiologists and medical oncolo-
gists should be familiar with the possible
manifestations of CHD.
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Aktuality z odborného tisku

Low-dose versus standard-dose olanzapine with triple antiemetic therapy for prevention
of highly emetogenic chemotherapy-induced nausea and vomiting in patients with solid
tumours: a single-centre, open-label, non-inferiority, randomised, controlled, phase 3 trial

Bajpai J, Kapu V, Rath S et al.
Lancet Oncol 2024; 25(2): 246-254. doi: 10.1016/51470-2045(23)00628-9.

Moderni antiemetickd terapie vyrazné snizuje riziko zvraceni i nevolnosti u pacientl l1é¢enych emetickou chemoterapii.
BéZnou soucasti antiemetické terapie je dnes i olanzapin. Olanzapin je Uc¢inné antiemetikum, ale pfi podavani ve standardni
dévce (10mg) vede ke znacné ospalosti béhem dne. Cilem této studie bylo porovnat ucinnost nizké davky olanzapinu oproti
standardni davce u pacientl lé¢enych vysoce emetogenni chemoterapii. Jednalo se o monocentrickou, otevienou, non-
inferiorni, randomizovanou, kontrolovanou studii faze Il provedenou v centru terciarni péce v Indii (Tata Memorial Centre, Homi
Bhabha National Institute, Mumbai). Do studie byli zafazeni pacienti ve véku 13-75 let s vykonnostnim stavem ECOG PS 0-2,
ktefi dostavali kombinaci chemoterapie doxorubicin-cyklofosfamid nebo chemoterapii s vysokou davkou cisplatiny. Pacienti
byli randomizovéni (1 : 1) do ramene s nizkou davku (2,5mg) perordlniho olanzapinu nebo standardni davkou (10 mg) po dobu
4 dn( spolu s kombinaci tfi antiemetik (NK-1 inhibitor, setrony, dexamethason). Primarnim cilem studie byla Gplna kontrola,
definovana jako zadné emetické epizody, zadna zachranna medikace a zddna nebo mirna nevolnost v celé fazi sledovani
(0-120 hodin). Denni somnolence byla sledovanym bezpecnostnim cilem. Non-inferiorita byla stanovena v pfipadé
rozdilu < 10 %. Do studie bylo zafazeno a randomizovano 275 pacientl (94 % byly Zeny a 91 % mélo nador prsu). Ve skupiné
s 2,5mg olanzapinu mélo Uplnou kontrolu v celé fazi 59/132 (45 %) pacient(l vs. 59/135 (44 %) pacientlim ve skupiné s 10mg
olanzapinu (rozdil -1,0 % (jednostranny 95% Cl -100,0 az 9,0); p = 0,87). V celé fazi bylo signifikantné méné pacientl ve skupiné
s 2,5mg olanzapinu nez ve skupiné s 10mg s denni somnolenci jakéhokoli stupné (86/132 (65 %) vs. 121/135 (90 %); p < 0,0001)
a zdvazného stupné v den 1 (6 (5 %) vs. 54 (40 %); p < 0,0001). Tato studie potvrzuje, Ze antiemetickd ucinnost olanzapinu 2,5 mg
neni horsi nez 10 mg a vede ke snizeni vyskytu denni ospalosti/somnolence u pacient(i [é¢enych vysoce emetickou chemoterapii.
Olanzapin by mél byt standardni soucésti antiemetické terapie a v této nizké davce se jednd o bezpecny lék s vybornou
ucinnosti.

Effect of immunotherapy-infusion time of day on survival of patients
with advanced cancers: a study-level meta-analysis

Landré T, Karaboué A, Buchwald ZS et al.
ESMO Open 2024; 9(2): 102220. doi: 10.1016/j.esmo0op.2023.102220.

Inhibitory imunitnich kontrolnich bodd (immune checkpoint inhibitors - ICl) se staly standardem lécby Sirokého spektra malignit.
Nové dikazy naznacuji, ze denni doba podavani ICI by mohla ovlivnit vysledky |é¢by. Bylo prokazano, ze cirkadianni rytmy reguluji
bunécné funkce na 24hodinové skale. Autonomni molekularni cirkadidnni hodiny byly také identifikovany ve vétsiné imunitnich
bunék, o jejichz funkci je jiz dlouho zndmo, Ze vykazuji vyrazné cirkadidnni rytmy. Prozanétlivé cytokiny (napf. interleukin (IL)
(napf. IL-4 a IL-10) cirkuluji béhem aktivnich obdobi ve dne. Kromé toho uvolnovani glukokortikoid vrcholi na zacatku dne
a nejnizdi urovné dosahuje béhem prvni poloviny noci. Pokud jde o buné¢nou imunitu, T lymfocyty (CD8*) - hlavni buné¢ny cil
ICI - jsou vystaveny cirkadidannim zménam s vyrazné intenzivnéjsi proliferaci béhem ¢asného odpoledne; cirkulace B lymfocytt
v krvi je posilena na konci vecera, zatimco cirkulujici T a T(CD4) lymfocyty vrcholi uprostifed noci a procesy rozpoznavani
a destrukce antigenl prevazuji velmi brzy rano. Vyznam takové cirkadianni orchestrace imunitniho systému pro ucinnost ICl
se zacina objevovat v ¢etnych recentnich retrospektivnich klinickych studiich a autofi této studie se snazili zhodnotit tyto data
v komplexni metaanalyze. Tato metaanalyza integruje Udaje o preziti bez progrese (progression free survival — PFS) a celkovém
preziti (overall survival — OS) ze studii s definovanou denni dobou podavani ICl. Zahrnovala 13 klinickych studii s celkovym poctem
1663 pacientll (vykonnostni stav ECOG PS 0-1 u 83 % pacientd; pomér muzi/zeny 67/33 %, s nemalobunécnym karcinomem plic
(47 %), renalnim karcinomem (24 %), malignim melanomem (20 %), urotelidlnim karcinomem (5 %) nebo karcinomem jicnu (4 %).
Vétsina pacientd dostavala anti-PD-1 nebo anti-PD-L1 terapii (98 %) a mala ¢ast také dostavala anti-CTLA-4 terapii (18 %). Hranice
denni doby byly 13:00 nebo 14:00 (tj. median doby infuze ICl) pro Sest studii a 16:00 nebo 16:30 pro sedm studii. Sdruzena analyza
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prokazala, Ze pacienti ve skupindch s ¢asnym podanim ICl doséhli delSiho OS (HR 0,50; 95% Cl 0,42-0,58; p < 0,00001) a PFS (HR
0,51; 95% Cl 0,42-0,61; p < 0,00001) ve srovnani se skupinami s pozdni podavénim ICl. Tato metaanalyza prokazuje pomérné
vyrazné prodlouzeni PFS a OS v pfipadé, ze terapie ICl je poddvana v rannich hodinach ve srovnani s aplikaci v pozdnich ¢astech
dne. Tyto vysledky bude potieba potvrdit v prospektivnich randomizovanych studiich, nicméné se muze jednat o zpUsob, jak
jednoduse a bez zvyseni nakladli potencialné zlepsit vysledky terapie ICI.

Neoadjuvant and adjuvant pembrolizumab plus chemotherapy in locally advanced
gastric or gastro-oesophageal cancer (KEYNOTE-585): an interim analysis
of the multicentre, double-blind, randomised phase 3 study

Shitara K, Rha SY, Wyrwicz LS et al.
Lancet Oncol 2024; 25(2): 212-224. doi: 10.1016/S1470-2045(23)00541-7.

Perioperac¢ni chemoterapie reZimem FLOT je standardem lécby u pacient( s lokdlné pokrocilym adenokarcinomem Zaludku
a gastroesofagedlnijunkce. | presto velka ¢ast pacientll (cca 60 %) dosahne relaps onemocnéni. Proto se hledaji nové terapeutické
pfistupy, které by dokazali zlepsit prognézu pacientd s timto agresivnim onemocnénim. Jedna z potencidlné efektivnich
moznosti je kombinace imunoterapie checkpoint inhibitory se standardni chemoterapii v rdmci perioperacni 1é¢by. Ve studii
KEYNOTE-585 u pacientt s lokalné pokrocilym, resekabilnim adenokarcinomem Zaludku nebo gastroesofagedlni junkce hodnotili
pfinos pfidani pembrolizumabu ke periopera¢ni chemoterapii. Jednalo se o multicentrickou, randomizovanou, placebem
kontrolovanou, dvojité zaslepenou studie faze Il provadénou v 143 centrech 24 zemi. Pacienti byli randomizovani (1 : 1)
k neoadjuvantnimu pembrolizumabu 200 mg intravenézné nebo placebu plus chemoterapii (doublet na bazi cisplatiny — hlavni
kohorta) kazdé 3 tydny po 3 cykly, po nichz nasledovala operace, adjuvantni pembrolizumab nebo placebo plus chemoterapie po
dobu 3 cykld a poté adjuvantni pembrolizumab nebo placebo 11 cykl. Mensi kohorta pacientli méla chemoterapii rezimem FLOT
(kohorta FLOT) kazdé 2 tydny 4 cykly pred a po operaci. Primarnimi cili studie byly patologicka kompletni odpovéd (hodnocena
centralné), preziti bez udalosti (event-free survival - EFS), celkové preziti (overall survival — OS) a bezpecnost hodnocend u vsech
pacient(, ktefi dostali alespon jednu davku studijni 1é¢by. Celkem bylo zafazeno 1 254 pacient(, z toho 804 v hlavni kohorté,
z nichZ 402 bylo v rameni s pembrolizumabem a chemoterapii na bazi cisplatiny a 402 v rameni s placebem. V kohorté FLOT bylo
203 pacientd (100 pacientl ve skupiné s pembrolizumabem a 103 s placebem plus FLOT). V hlavni kohorté byl medién sledovani
47,7 mésicl. Pembrolizumab dosahl vyssi pocet patologickych kompletnich odpovédi (12,9 vs. 2,0 %; rozdil 10,9 %; 95% ClI
7,5-14,8; p < 0,00001). Median EFS byl delsi v rameni s pembrolizumabem oproti placebu (44,4 vs. 25,3 mésice; HR 0,81; 95 % Cl
0,67-0,99; p =0,0198), ale nedoséhl hranici statistické vyznamnosti (p = 0,0178). Median celkového pfeziti byl 60,7 vs. 58,0 mésice
(HR0,90;95% Cl10,73-1,12; p = 0,174). Vysledky v kohorté FLOT byly podobné a nebylo dosazeno zlepSeni EFS nebo OS. Nezddouci
Ucinky stupné > 3 se vyskytly u 78 % pacientd ve skupiné s pembrolizumabem a u 74 % pacientl s placebem (nejcastéjsi byly
nevolnost 60 vs. 62 %, anemie 42 vs. 40 % a snizend chut k jidlu 41 vs. 43 %). Zavazné nezadouci Gcinky souvisejici s Iécbou byly
hlaseny u 26 vs. 24 % pacientl. Nezadouci Gcinky souvisejici s [é¢bou, které vedly k umrti, se vyskytly u ctyi (1 %) pacientd ve
skupiné s pembrolizumabem a u dvou (< 1 %) pacientd ve skupiné s placebem. Neoadjuvantni a adjuvantni pembrolizumab sice
oproti placebu zlepsil patologickou kompletni odpovéd, to se ale nepromitlo do statisticky vyznamného zlepseni EFS nebo OS.
Tato studie je proto negativni a neprokazala piinos pembrolizumabu v perioperacni 1é¢bé lokalné pokrocilého adenokarcinomu
Zaludku a gastroesofagealni junkce. Pro definitivni zhodnoceni pfinosu imunoterapie v perioperacni 1é¢bé je potreba vyckat na
vysledky preziti z dalich studiich faze Ill jako MATTERHORN (FLOT +/— durvalumab) a DANTE (FLOT +/- atezolizumab).

Neoadjuvant FOLFIRINOX versus upfront surgery for resectable pancreatic E.’i’i" E
head cancer (NORPACT-1): a multicentre, randomised, phase 2 trial -

Labori KJ, Bratlie SO, Andersson B et al.
Lancet Gastroenterol Hepatol 2024; 9(3): 205-217. doi: 10.1016/52468-1253(23)00405-3. EIE'

Adenokarcinom pankreatu patfi k nejagresivnéjsim nddordm a ocekava se, Ze do roku 2030 se v USA stane druhou nejcastéjsi
pficinou umrti souvisejicich s nddorovym onemocnénim. Resekéni vykon je jedinou kurativni modalitou, ale pouze 15-20 %
pacientl s duktdInim adenokarcinomem pankreatu ma v dobé diagndézy resekabilni onemocnéni, a i po adekvatni resekci vice
nez 70 % pacient dosahne relaps. Proto se hledaji pfistupy, které by mohly zlepsit tyto vysledky lécby. Jednim z nich je aplikace
neoadjuvantni chemoterapie. Rezim FOLFIRINOX prokazal efektivitu u metastatického onemocnéni, a i v adjuvantni 1écbé.
Studie NORPACT-1 hodnotila pfinos pravé neoadjuvantni chemoterapie (NACT) reZimem FOLFIRINOX u pacientt s resekabilnim
karcinomem pankreatu. Jednalo se o multicentrickou, randomizovanou studii faze Il provadénou ve 12 nemocnicich v Dansku,
Finsku, Norsku a Svédsku. Pacienti s resekabilnim nadorem hlavy pankreatu byli randomizovani (v poméru 3 : 2 pfed fijnem
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2018 a poté 1 : 1) do ramene s NACT rezimem FOLFIRINOX nebo do ramene s upfront operaci. Pacienti ve skupiné s NACT
absolvovali ¢tyfi cykly FOLFIRINOXu (oxaliplatina 85 mg/m?, irinotekan 180 mg/m?, leukovorin 400 mg/m? a fluorouracil
400 mg/m? bolus, poté 2 400 mg/m? béhem 46 hodin, aplikace kazdych 14 dni), po kterych nasledovala operace a adjuvantni
chemoterapie. Pacienti ve skupiné s chirurgickym zakrokem podstoupili operaci a poté absolvovali adjuvantni chemoterapii.
Zpocatku byla adjuvantni chemoterapie gemcitabin plus kapecitabin (¢tyfi cykly ve skupiné s NACT a Sest cykl ve skupiné
s operaci). Nasledné byla provedena zména protokolu umoznujici pouziti adjuvantné modifikovaného FOLFIRINOXu (oxaliplatina
85mg/m?, irinotekan 150 mg/m?, leukovorin 400 mg/m? a fluorouracil 2 400 mg/m? po dobu 46 hodin kazdych 14 dni, 8 cykld ve
skupiné s NACT a 12 cykl( ve skupiné s operaci). Primarnim cilem studie bylo celkové preziti (overall survival — OS) po 18 mésicich.
Do studie bylo zafazeno 140 pacientU, 77 do ramene s NACT a 63 do ramene s operaci. Vsichni pacienti byli zahrnuti do ITT
analyzy. Pro analyzu podle protokolu bylo 17 (22 %) pacientd vylou¢eno z ramene s NACT (deset nedostalo NACT, ¢tyfi neméli
duktdlni adenokarcinom a tfi dostali jinou NACT) a osm (13 %) bylo vylou¢eno ze skupiny s operaci (sedm nemélo adenokarcinom
a jeden nepodstoupil chirurgicky vykon). Ze 77 pacient( ve skupiné s NACT dostalo neoadjuvantni terapii 61 pacientd (79 %).
Podil pacient zijicich v 18. mésici podle ITT byl 60 % (95% Cl 49-71) ve skupiné s NACT vs. 73 % (62-84) ve skupiné s opera¢nim
vykonem (p = 0,032) a median OS podle ITT byl 25,1 vs. 38,5 mésice (HR 1,52; 95% Cl 1,00-2,33; p = 0,050). Podil pacient zijicich
po 18 mésicich v analyze podle protokolu byl 57 % ve skupiné s NACT vs. 70 % ve skupiné s operaci (p = 0,14), a median OS byl
23,0 vs. 34,4 mésice (HR 1,46; 95% Cl 0,99 -2,17; p = 0,058). Nezddouci Ucinky 3. a vyssiho stupné byly zaznamenany u 58 % ve
skupiné s NACT a u 40 % ve skupiné s operaci. Resekci podstoupilo 82 % pacientli s NACT a 89 % v rameni s upfront operaci
(p = 0,24). Adjuvantni chemoterapie byla zahajena u 86 % pacientt po resekci v rameni s NACT a u 90 % v rameni s operaci (z toho
modifikovany FOLFIRINOX byl podéan u 25 vs. 43 % pacient(). Tato studie faze Il neprokdzala pfinos neoadjuvantniho FOLFIRINOXu
u pacientl s resekovatelnym duktdlnim adenokarcinomem hlavy pankreatu. Je nutno zddraznit, Ze pouze 61 % pacientl v této
studii absolvovalo celou NACT a plny rezim FOLFIRINOX je pomérné narocnd chemoterapie. Modifikovany rezim je spojen s lepsi
toleranci. | presto jsou vysledky trochu zklaménim a tento postup nelze doporucit jako standard terapie u resekovatelnych nadort
pankreatu. Je potfeba patrat po novych inovativnich pFistupech s pouzitim biomarkerd.

ZCNTIVA

VAS PARTNER V ONKOLOGII
A HEMATOONKOLOGII

Zentiva, k.s., marketingove oddéleni
U Kabelovny 130, 102 37 Praha 10
Ceska republika, www.zentiva.cz 547793/10/2022
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Drahd a neudcinnad je jen ta intervence,
kterd se v€as nedostane ke spradvnému pacientovi

Systém zdravotni pése Ceské republiky je nejvykonnéjsi v celé
EV. Je verejnou sluzbou s nejvetsi alokaci finanénich zdrojd
v CR, pfesto je ve srovndni se zemé&mi s obdobnym HDP levny.

| v ekonomicky horsich Casech musi byt pfipraven na financo-
vani rozvoje medicinskych technologii a jejich dostupnosti -

této vyzvé aktudine Celi viechny vyspélé zemé svéta. R i Jif Sk
odborny garant -
ombudsman
P a4 &
Nas cil

Cilem spolku Ombudsman zdravotni péce, z.s., je vytvoreni
systému spojujiciho predikci potfeb zdravotni péce na ndrodni
drovni s moznostmi medicinskych technologii a jejich udrzitelného
financovani a rozvoje.*

Nase prace

shromazd'ovdani podkladi pro odhad dopadu
modernich medicinskych technologii na zdravotni systém
a jejich pfinosu, <,
Cinnost spolku Ombudsman
zdravotni péce, z.s., podporuji

zdravotni pojisfovny CR.

osveétovad ¢innost v oblasti medicinskych technologii
a zdravotni, resp. zdravotné socidini politiky,

organizace kulatych stoll, diskusnich paneld,
vzdéldvacich a osvétovych akci v oblasti medicinskych
technologii a zdravotni, resp. zdravotné socidini politiky.

Pripojte se svymi nadméty a potrebami i vy:

na webovych strankdch www.ombudsmanzdravotnipece.cz
na e-mailové adrese ombudsman@ombudsmanzdravotnipece.cz

* Ombudsman dostupnosti zdravotni péce, z.s., neni primdarné zaloZen k reseni konkrétnich pripadd neposkytnuti

adekvdini zdravoini péce a dalSich ofdzek, které jsou v kompetenci pacientského ombudsmana, nemocnicnich
ombudsmant ¢i obdobnych instituci,




AKTUALITA ZE STUDIE

Vyznam zotaveni lymfocyt0 pro prognozu
pacientU s chemoradioterapii karcinomu jicnu

Studie publikovana v ¢asopisu Radiation Oncology v Fijnu 2023 upozoriuje na potiebu volby bezpe¢néjsich radiotera-
peutickych metod, zejména p¥i ozafovani oblasti s organy dulezitymi pro lymfocytopoézu. Problematika zotaveni z lym-
focytopenie indukované radioterapii je obzvlasté vyznamna v éfe dostupnosti nasledné imunoonkologické lécby.

Autoti studie [1] Gvodem ptipominaji, ze
lymfocyty jsou vyrazné radiosenzitivni
bunky a k jejich eliminaci dochazi jiz pfi
absorbované davce zafeni pouhé 2 Gray
(Gy). Klinicky vyznam tézké lymfope-
nie indukované radioterapii jiz byl pro-
kdzan v podobé horsich vysledkl pre-
Ziti pfi 1é¢bé fady solidnich nadort [2].
Napf. studie provedena u karcinomu sli-
nivky bfisni [3] prokazala jasnou korelaci
mezi dosazenou mirou obnovy lymfo-
cytl do 6 mésicli od zahajeni chemora-
dioterapie a lep3imi klinickymi vysledky.
Podobna data v3ak dosud nebyla k dis-
pozici u pacientd lIécenych chemoradio-
terapii pro lokélné pokrocily dlazdicobu-
nécny karcinom jicnu.

Vybér pacientd, jejich lécba

a sledovani

Do studie bylo zafazeno 232 pacientU se
spinocelularnim ezofagedlnim karcino-
mem z prospektivnich studii ESO Shan-
ghai 1 a ESO Shanghai 2 [4,5], u nichZ bylo
mozné ziskat data o absolutnim poctu
lymfocytl (absolute lymphocyte count
- ALC) 6 mésicll po definitivni soubézné
chemoradioterapii (definitive concurrent
chemoradiotherapy - dCCRT), bez jaké-
koliv nésledné protinadorové Ié¢by z di-
vodu progrese onemocnéni.

Vsichni byli indikovani k ozéreni celko-
vou davkou 61,2 Gy ve 34 frakcich tech-
nikou IMRT.

Soubézné jim byl podavan néktery
z nasledujicich ¢tyf rezim chemotera-
pie — fluorouracil s cisplatinou, fluorou-
racil s paklitaxelem, paklitaxel s cisplati-
nou nebo paklitaxel s karboplatinou.

Pacienti byli sledovani kazdé 3 mésice
v prvnich dvou letech od ukonceni lécby
a poté kazdych 6 mésicl. Cilovymi para-
metry bylo celkové preziti (overal survi-
val — OS), preziti bez progrese onemoc-
néni (progression-free survival — PFS),

preziti bez lokalni recidivy (local recur-
rence-free survival — LRFS) a preziti
bez vzdalenych metastdz (distant me-
tastasis-free survival - DMFS).

Data o absolutnim poctu
lymfocytti a index jejich obnovy
ALC byl méfen vstupné pred dCCRT,
kazdy tyden béhem dCCRT a 6 mésicl
po ukonceni dCCRT. Lymfopenie byla de-
finovana podle CTCAE v. 5.0 (Common
Terminology Criteria for Adverse Events).
Lymfopenie - grade 1 (G1) < 1,1-
-0,8 x 10%1), G2 < 0,8-0,5 x 10%I,
G3<0,5-0,2x 10%1aG4 < 0,2 x 10%1.

Median ALC ucastnikd studie na za-
v 5. tydnu dCCRT - 0,41 x 10%/1. Kumu-
lativni incidence lymfopenie G4 béhem
sledovani dosahla 29,7 % a G1-3 70,3 %.

Po 6 mésicich od ukon¢eni dCCRT se
ALC normalizoval u 44,8 % pacient(l na
hodnoty = 1,1 x 10%/1, u zbyvajicich lym-
fopenie rGzného stupné pretrvavala
(332%G1,20,3% G2a 1,7 % G3).

Mira zotaveni lymfocytd byla odhad-
nuta pomoci nového nastroje, tzv. indexu
obnovy lymfocytd (lymphocyte recovery
index - LRI) vypocitaného jako pomér
ALC 6 mésicli po ukonc¢eni chemoradio-
terapie a ALC pred zahdjenim |é¢by. Pa-
cienti s LRI < 60 % byli povaZzovani za ne-
zotavené, s LRI = 60 % za zotavené.

Pacienti byli také stratifikovani podle
pie (nadiru) a miry zotaveni soucasné, do
4 skupin:

- skupina A: nadir G4 — nezotaveni;

- skupina B: nadir G4 — zotaveni;

- skupina C: nadir G1-3 — nezotaveni;
- skupina D: nadir G1-3 — zotaveni.

Vysledky
Nedostate¢nd obnova lymfocyt byla
u pacient( signifikantné spojena:

+ s horsimi vysledky prezivani - OS:

-+ pro pacienty s nadirem G4 a s ne-
zotavenymi vs. zotavenymi lymfo-
cyty po 6 mésicich (tj. skupina A vs.
B) pomér rizik (hazard ratio — HR)
2,80 (95% interval spolehlivosti
(Cl) 1,47-5,34; p = 0,002), 5leté OS
18,5vs.53,8% (p < 0,001);

- pro pacienty s nadirem G1-3 a s ne-
zotavenymivs.zotavenymilymfocyty
po 6 mésicich (tj. skupina C vs. D) HR
1,70 (95% Cl 1,07-2,72; p = 0,025),
Sleté OS 46,8 vs. 62,1 % (p = 0,005);
horsimi vysledky LRFS:

- pro pacienty s nadirem G4 a s nezo-
tavenymi vs. zotavenymi lymfocyty
po 6 mésicich (tj. skupina A vs. B) HR
2,82 (95% Cl 1,51-5,26; p = 0.001),
Sleté LRFS 14,8 vs. 45,9 % (p < 0,001);

- pro pacienty s nadirem G1-3 a s ne-
zotavenymi vs. zotavenymi lym-
focyty (tj. skupina C vs. D) HR
1,60 (95% Cl 1,01-2,52; p = 0,040),
5leté LRFS 58,4 vs. 39,9 %
(p =0,009).

.
wv

U pacientu, ktefi v pribéhu sledovani
prodélali pouze zavazny stupen lymfo-
penie, byla nedostatecna obnova lymfo-
cyt signifikantné také spojena:

+ s horsimi vysledky PFS
- pro pacienty s nadirem G4 a s nezo-
tavenymi vs. zotavenymi lymfocyty
po 6 mésicich (tj. skupina A vs. B) HR
3,67 (95% Cl 2,09-6,46; p < 0,001),
+ s horsimi vysledky DMFS
- pro pacienty s nadirem G4 a s nezo-
tavenymi vs. zotavenymi lymfocyty
po 6 mésicich (tj. skupina A vs. B) HR
3,65 (95% Cl 1,96-6,78; p < 0,001).

U pacientl s nadirem G1-3 a s nezota-
venymi vs. zotavenymi lymfocyty (tj. sku-
pina C vs. D) nejsou rozdily PFS ani DMFS
statisticky vyznamné.
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Na zakladé analyzy dozimetrickych
parametrd byl jako nezavisly prediktivni
faktor nedostate¢ného zotaveni lymfo-
cytl identifikovan podil objemu kostni
dfené, ktery béhem ozafovani obdrzel
davku > 5 Gy (V5), a to:

« > 40,7 vs. < 40,7 % u pacientl s na-
direm lymfopenie G4 - pomér sanci
(odds ratio — OR) 4,24 (95% Cl 1,18-
15,20; p=0,027) a

+ > 46,0 vs. < 46,0 % u pacientl s nadi-
rem lymfopenie G1-3, OR 2,29 (95% ClI
1,11-4,73; p = 0,025).

Zavéry

Nedostate¢na obnova poctu lymfocytd
po Sesti mésicich od definitivni chemora-
dioterapie lokalné pokrocilého dlazdico-
bunééného karcinomu jicnu je nezavisly
prognosticky faktor pro celkové preziti

i preziti bez lokalni recidivy nadoru - bez
ohledu na to, jak zavazny stupen lymfo-
penie pacient béhem [é¢by prodélal.

Negativni vliv na obnovu lymfocytt ve
studii mél objem ozarené kostni dienég,
coz podle autord akcentuje potiebu da-
sledné béhem radioterapie minimali-
zovat kazdé ozafeni kostni diené, které
neni nezbytné.

Autofi publikaci vysledkd své studie
uzavreli s tim, Ze se jednd o prvni praci
vénovanou zotaveni lymfocytl po che-
moradioterapii karcinomu jicnu a jeho
klinickym konsekvencim. Podafilo se
prokazat, ze nové zavedeny parametr
LRI prispéje k uréeni progndzy také u pa-
cientd s lymfopenii G1-3 béhem dCCRT.

Ing. Katefina Michnovd,
séfredaktorka Care Comm s.r.o.
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RECENZE

Monoklonalni gamapatie klinického

vyznamu a dalsi nemoci
(editofi: Z. Adam, L. Pour, L. Harvanova, D. Zeman)

Pravé vydana monografie si zaslouzi po-
zornost odborné vefejnosti hned z né-
kolika dlvod(. Pfehlednym zplsobem
mapuje a popisuje vzacné klinické jed-
notky, které jsou fazeny mezi tzv. mo-
noklonalni gamapatie. Zatimco klasické
zastupce této skupiny (mnohocetny my-
elom, Waldenstromova makroglobuline-
mie ¢i AL amyloidéza) dostupné ucebni
texty pravidelné a dostatecné pokry-
vaji, stranou zajmu a béznych znalosti
z0stava celd fada nozologickych jedno-
tek, jejichz podrobnéjsimu popisu se
kniha vénuje. V prehledném rozdéleni
podle oboru dominujici manifestace
(dermatologie, nefrologie, neurologie,
imunologie) je jednotlivym vzacnym,
¢i dokonce raritnim poruchdm véno-
van dostatecny prostor, véetné navrhu
mozné terapie. Autofi zde opakované
upozoriuji na skute¢nost, Zze podminky
uhrady modernich 1ékli zamérenych na
klondlni populaci plazmatickych bunék
(etiologicky podklad popisovanych ab-
normalit) neumoziuji v popisovanych
pfipadech jejich bézné uziti a osetiu-
jici 1ékaf je nucen zadat o mimofadnou
Uhradu léc¢ivého pripravku. Praxe uka-
zuje, Ze se jedna o zdlouhavou a zna¢né
nejistou cestu k poskytnuti uc¢inné 1écby.
Pouzivanim pojmu ,monoklonalni ga-
mapatie klinického vyznamu” monogra-
fie upozornuje na tuto situaci i na sku-
tecnost, ze existuje celd fada pacientq,
ktefi by jednoznacné profitovali z moz-

nosti podstoupit G¢innou lé¢bu vcas
a bez zbyte¢nych administrativnich
okolkd.

Publikace je navic doplnéna souhrn-
nymi pfehledy, které se dané proble-
matiky bezprostfedné tykaji, jako napf.
|é¢ba renélniho selhdni u monoklonal-
nich gamapatii ¢i shrnuti moznosti la-
boratorni diagnostiky. Dalsi kapitoly se
vénuji kazuistickym popisim nékterych
vzacnych jednotek, napf. SAPHO syn-
dromu nebo aktualizaci seznamu histio-
cytarnich nemoci podle nejnovéjsi WHO
klasifikace z roku 2022.

Problematika, kterou si tato publi-
kace dala za ukol zmapovat, lezi na hra-
ni¢nim pomezi mnoha odbornosti. Z to-
hoto Uhlu pohledu tedy neni prekvapivé,
ze posledni kapitola se vénuje empatii
a jejimu vyznamu v praci lékare. Skutec¢-
nost, Zze ¢innost imunitniho systému je
Uzce provazana mimo jiné s psychikou
pacient(, je zejména v posledni dobé
prokazovana nejen vysledky odbornych
studii, ale i zkusenosti téch, ktefi se dané
problematice dlouhodobé vénuji. Ko-
munikace mezi lékafem a pacientem ma
klicovou roli v celém Ié¢ebném procesu.
Presto tato strdnka prace lékare, ktera je
nedilnou soucasti jeho denni praxe, z{-
stava leckdy stranou odborného zajmu.
Je proto velmi dobte, Ze autofi upozor-
nuji na vyznam této problematiky.

Zavérem této recenze mi dovolte ci-
tovat jedno doporuceni, které si mlze

MONOKLONALNI

Ctendf predist na str. 88 této publikace
v ramci souhrnu diagnostického po-
stupu: ,Alternativa je poslat pacienta za
hematologem, o némz vite, Ze hledani
souvislosti a diagnoéz je pro néj zabav-
né&jsi a pritazlivéjsi nez cteni detektivky.”
Jako ¢tendfi mizeme byt vdécni za to, Zze
se na pulty knihkupectvi dostava kniha,
ktera za svQj vznik vdéci pravé tako-
vym autorlim, kterym se podafilo stat se
Uspésnymi detektivy v odlehlych a opo-
mijenych zakoutich hematologie.

MUDr. Petr Pavlicek
Hematologickd klinika
3.LF UK a FN Krdlovské Vinohrady
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PHESGQO® je prvni subkutanni lééba
dvéma protilatkami v jedné davce
u HER2 pozitivniho karcinomu prsu’*

P Snadna aplikace béhem ~ 5 minut*'*

P> Vyrazné zkracena doba podani a nasledného
sledovani pacienta ™

P Rychlé a pohodIné podani pro pacienty

PHESGO® ™' ¥y

* ~ 5 minut odpovida ¢asu podani
pro udrzovaci davku. PERTUZUMAB-TRASTUZUMAB

Nasycovaci davka je ~ 8 minut.

Tkrécend informace o pripravku © Phesgo 1200 mg/ 600 mg injekeni roztok. Registracni cislo; EU/1/20/1497/001. Phesgo 600 mg/600 mg injekcni roztok. Registratni ¢islo: EU/1/20/1497/002. Uginnd létka: pertuzumabum a trastuzumabum.

Driitel registracniho rozhodnuti: Roche Registration GmbH, Grenzach-Wyhlen, Némecko. Indikace: Casny karcinom prsu: Pripravek Phesgo je indikovén k pouziti v kombinaci s chemoterapit: k neoadjuvantni 16thé dospélyich pacientd s HER2-pozitivnim, lokélng
pokrogilym, inflamatornim nebo casnym karcinomem prsu s vysokym rizikem rekurence; k adjuvantni Iégbé dospélych pacientd s HER?-pozitivnim Gasnym karcinomem prsu s vysokym rizikem rekurence. Metastazujicf karcinom prsu: Pripravek Phesgo je indikovén k pouZiti
v kombinaci s docetaxelem u dospélych pacientti s HER2-pozitivnim metastazujicim nebo lokdlng rekurentnim neresekovatelnym karcinomem prsu, ktefi dosud nebyli I6teni anti-HER? Iéky nebo chemoterapif pro metastazujicf onemocnéni. Kontraindikace: Hypersenzitivita
na léivé litky nebo na kteroukoli pomocnou litku. Upozornéni; Aby se zlepsila sledovatelnost biologickych Iégivich pripravki, md se prehledng zaznamenat nazev podavaného pripravku a Gislo SarZe. Pacienti [6geni v soutasnosti intravendznim pertuzumabem
atrastuzumahem mohou byt prevedenina pripravek PHESGO (a naopak). Pri pouziti Igivyich pripravkd blokujicich aktivitu HER?, véetng pertuzumabu a trastuzumabu, byl hlsen pokles ejekcni frakce levé srdecini komory (LVEF). Pacienti po predchozi I6cbé antracykliny nebo
po predchozi radioterapii hrudniku mohou mit zvyiSené riziko poklesu LVEF. Pripravek Phesgo nebyl studovn u pacientir s hodnotou LVEF < 55 % (Gasny karcinom prsu) nebo < 50 % (metastazujici karcinom prsu) pred [68bou, s anamnézou méstnavého srdecniho selhanf;
§ poruchami, kieré mohou negativné ovlivnit Ginnost levé srdegni komory, jako jsou nekompenzovand hypertenze, neddvny infarkt myokardu, téZka srdecni arytmie vyZadujici lébu nebo predchozi kumulativni expozice antracyklindim odpovidajici> 360 mg/m* doxorubicinu
nebo jeho ekvivalentu; ddle nebyl studovén u pacientil s poklesem ejekeni frakce levé srdecni komory na < 50 % bahem predchozi adjuvantnil6Sby trastuzumabem. LVEF m4 byt kontrolovana pred zahjenim [6cby pipravkem Phesgo av pravidelnych intervalech bhem Igcby.
Pri poklesu LVEF mé byt postupovano dle doporugeniv Souhrmu tdajii o pripravku. Podéni pripravku Phesgo bylo spojeno § reakcemi souviseiicimi s injekci definovanymi jako jakékoliv systémové reakce s priznaky, mezi které patit horecka, tfesavka, zimnice a bolest hlavy.
Pri 168b& pertuzumabem v kombinaci s trastuzumabem a chemoterapif byly zjiStény i tézke hypersenzitivni reakce vietné anafylaxe a fatalnich prihod. Je tfeba mit k okamyité dispozici pripravky k I6EbE takovych reakci a vybaveni pro akutni pégi. Pacienti IéSenf pfipravkem
Phesgo v kombinaci s taxanem maji zvySené riziko febrilni neutropenie. Pripravek Phesgo miize vyvolat tézky priiem. PFi uzivani trastuzumabu po uvedeni na trh byly hiaseny t&zké plicni prihody, dale byly hléSeny pripady intersticidlniho plicniho onemocnéni. Klinicky vyznamné
mlerakce Nebyly provedeny Zddné forméni studie \ekuvych \merakm \/prednhuzmh studiich s intravendznim poddnim obou Gcinnych latek nebyly zjistény Zadné zndmky jakekoli farmakokinetické interakce mezi pertuzumabem a trastuzumabem, docetaxelem nebo dalSimi

astenie a bolest loub; e ne jtastejSimi zavaznymi nezaduumm pnhudam\ (> 1 %) byly febrilni neutropenie, srdecni selhani, pyrexie, neutropenie, neutropenickd sepse, pokles potu neutrofili a pneumonie. Dévkovani a zpisob podani: Pripravek Phesgo se podava pouze
subkuténninjekci. Misto vpichu je tfeba volit tiidavé pouze na levém a na pravém stehinu. Doporugend nasycovaci ddvka e 1 200 mg pertuzumabu/600 mg rastuzumabu aplikovand po dobu 8 min s ndslednym ledovanim po dobu 30 min ndsledovand udrzovaci davkou
(kazdé 3 tydny) 600 mg pertuzumabu/ 600 mg trastuzumabu aplikovanou po dobu & minut 2 s néslednjim sledovnim po dobu 15 minut. Pfi podavani pacientim IéZenym taxanem mé byt pipravek Phesgo podén pred taxanem. P¥i poddvani pacientim Iégenym rezimy
santracykliny ma byt pfipravek Phesgo poddn az po dokonceni celého rezwmusantrauyklmem Metastazuyicikarcinom prsu: Pripravek Phesgo ma byt podavanvkombmamsdocetaxelem L66ba pr\pravkem Phesgo muize pokratovat do progrese nemoci nebo do nepfijatelng
toxicity po ukoneni ésby docstavelem. Casny karcinom prsu: PFineoadjuvantni |&5hE mé byt pripravek Phesgo podvn ve tiech aZ Sesti cyklech v kombinaci s chemoterapi; pfi adjuvantnfl6cbe mé bt pfipravek Phesgo poddvan po dobu celkem jednoho roku (aZ 18 cykld
nebo do rekurence onemocnéni nebo nepfijatelnd toxicity podle toho, co nastane dFive) jako sougdst kompletniho rezimu léghy Gasného karcinomu prsu bez ohledu na termin operace. Soucasti [écby mé byt standardni chemoterapie obsahujict amrauyklmy a/nebo taxany.
Légha ptipravkem Phesgo méhyt zahdjenav den 1 pruniho cyklu s taxanem av podavani se ma pokracovativ pripadé ukonceni chemoterapie. PFi prevedeniz intravendzni aplikace pertuzumabu a trastuzumabu na pripravek Phesgo e tfeba postupovat dle doporuceniv Souhmu
(idajt 0 pripravku.Dostupna baleni pipravku: Phesgo 1 200 mg/600 mg - jedna injekcni lahvicka obsahuje pertuzumabum 1 200 mq a trastuzumabum 800 mg v 15 ml roztoku. Phesgo 600 mg/600 ma injekéni roztok - jedna injekéni lahvicka obsahuje pertuzumabum
600 mg a trastuzumabum 800 mg v 10 ml roztoku. Podminky uchovavani; Pfipravek je nutné uchovévat v chladnicce (2 °C-8 °C), chranit pred mrazem a svétlem, Lééivy pripravek natazeny z injekenf lahvicky do injekenf stfikacky je fyzikéing a chemicky stabilni po dobu
28 dn pi teploté od 2 °C do 8 °C v temnu a po dobu 24 hodin pfi okolni teploté (maximéing 30 °C) v rozptyleném dennim svetle. Z mikrobiologického hlediska md byt pripravek Phesgo pouZit okamite, protaze neabsahuje zadnou antimikrobidini konzervatni dtku.
Nenii pouzit okamiité, doba a podminky uchovavani pripravku po otevieni pred pouzitim jsou v odpovédnosti uzivatele a normain by doba neméla byt delsi nez 24 hodin pri teploté od 2 °C do 8 °C, pokud priprava injekcni strmackya natazenf pripravku do injekeni stikatky
neprobehlo za kontrolovanych a validovanych aseptickich podminek. Jacum registrace: 21 12. 2020 Datum posledni dpravy textu Zkidcené informace o pijpravku: 21 02. 2023 Aktdlni verze Souhmu ddejil o p//p/ﬁykx/ Je dostupné
na htwps://www.sukl.cz. \\jdej I6Eivého pripravku e vazdn na lékarsky predpis. LEGivy pripravek md k 1. 4. 2023 stanovenou dhradu z progtiedkd verejného zdravotniho pojisténi v indikacich HER2-pozitivniho metastazujiciho karcinomu prsu a neoadjuvantni a adjuvantni
16Ehy HER2-pozitivniho Gasného karcinomu prsu. Dalsiinformace naleznete na www.sukl.cz Varovéni pro téhotné a potencidlné téhotné Zeny: Zeny ve fertilnim véku majibghem Igchy pripravkem Phesgo a 7 mésicli po posledni dévee pouZivat téinnou antikoncepei. Pouzivéni
pripravku Phesgo se nedoporutuje béhem téhotenstvi, pokud mozny prinos pro matku nepfevysi mozné riziko pro plod. Pacientky, které otéhotni, je tfeba poutit o moznosti poSkozeni plodu. V pfipade I6Sby téhotné pacientky pripravkem Phesgo nebo otéhotnéni pacientky
behem I6Eby pripravkem Phesgo nebo do 7 mésict od posledni davky pFipravku Phesgo je Zadouci, aby pacientku peclivé sledoval multidisciplinarni tym. Jestlize byl pFipravek Phesgo uZivan béhem téhotenstvi nebo pacientka béhem I66by nebo 7 mésicd od posledni davky
otéhotnéla, je nutné bezprostfedné ohldsit expozici na Roche linku +420 602 298 181. Budou poZadovany dalsf informace v souvislosti s expozici pripravku Phesgo behem thotenstvi a déle v prvnim roce Zivota kojence. To umozni spolecnosti Roche Iépe porozumét
bezpecnostnimu profilu pripravku Phesgo a poskytovat nale7ité informace zdravotnickym organdm, poskytovatelim zdravotnické péce a pacientiim. Dalsi informace o pFipravku ziskdte z platného Souhrnu tidaji o pfipravku Phesgo nebo na adrese: Roche s.r.0., Futurama
Business Park Bld F, Sokolovska 685/ 1361, 186 00 Praha 8, telefon 220 382 111. Podrobné informace o tomto pfipravku jsou uveFejnény nawebovych strankdch Evropske 16kové agentury (EMA) http:/ / www.ema.europa.eu/.

v Tento Ig&ivj pripravek podiéhd dakimu sledovani, To umozni rychld ziskani novich informaci o bezpeSnosti. Zidame zdravotnické pracovniky, aby hidsili jakakali podezieni na neZdouci dtinky na
www.sukl.cz/ nahlasitnezadouck-ucinek. Dalsi informace o pripravku ziskate z platného Souhrnu dajil o pripravku Phesgo, 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 pripravku jsou uverejnény na webovych strankéch Evropské Igkové agentury (EMA) hitp:/ / www.ema.europa.eu/.

. !
Reference: 1. SPC Phesgo v aktudinim znéni na wwwsukl.cz. 2. SPC Perjeta | Roche s.ro, Futurama Business Park Bld F !
vaktualnim znéni nawww.sukl.cz. 3. SPC Herceptin v aktualnim znéni nawww.sukl.cz. | Sokolovskd 685/ 136f, 186 00 Praha 8,
4. Tan AR etal. The Lancet Oncology, 2021.22(1):p. 85-817. tel; +420 220 383 111, wwwroche.cz M-CZ-00001813
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