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TEORETICKA CAST

1 Uvod

Dftive bylo nadorové Sifeni uvnitf peritonealni dutiny povazovano za fatalni. V roce 1955
doslo k prvnimu ptedstaveni konceptu intraperitonealni chemoterapie k 1é¢be peritonedlnich
tumortu Weisbergem (Weisberger et al., 1955). O 23 let pozdé¢;ji, studiem hloubky penetrace
riznych 1é¢iv do tkani, dosel Dedrick s kolegy k identifikaci skupiny cytotoxickych 1é¢iv, které
byly schopné proniknout az 3 mm do tkané (Dedrick et al., 1978). Na podklad¢ tohoto vyzkumu
byl vytvofen konsensus, ze nadorové lozisko by mélo mit maximalné¢ 2,5 mm, aby
intraperitonealni chemoterapie méla n&jaky efekt (Witkamp et al., 2001; Goodman, 2012). To
je diivodem, proc¢ je pted kazdym itraperitonedlnim podéanim cytostatika nutna dobte provedena
cytoredukce. Na konci 70. let zacal Spratt experimentovat s moznostmi cytostatické 1é¢by
peritonealni karcinomatdzy za vyuziti hypertermie a kontinudlni perfuze dutiny bfisni na psich
modelech (Spratt et al., 1980a). To nakonec vedlo k prvni hypertermické intraperitonedlni
chemoterapii (HIPEC) provedené u clovéka s psedomyxomem peritonea v unoru 1979
(Spratt et al., 1980b). Sugarbaker na zakladé¢ téchto poznatk metodu postupné zdokonaloval.
Popsal naptiklad tzv. techniku kolosea (obrazek 1). Jde o otevieny pfistup, jenz zahrnuje
silikonovou plastovou folii umisténou pies retraktor a otevienou bfiSni dutinu, ktera je
piipevnéna ke kuzi, ¢imz je vytvofena vyvysena dutina — ,,koloseum*. Ve folii je maly otvor
umoziujici vstup pro ruku chirurga, aby promichal bfi$ni obsah, ¢imzZ je zajiSt€na rovnomérna
distribuce zahtatého roztoku cytostatika (Sugarbaker, 1999). Tato technika ma nicméné také
jist¢é nevyhody jako je tepelna ztrata skrze otevienou laparotomii a mozny Unik
chemoterapeutické latky, coz predstavuje zdravotni riziko pro zdravotnicky personal na séle
(Glehen et al., 2008). Fujimoto a Koga v 80. letech vyvinuli perfuzni systém, pfi kterém byla
dutina bfi$ni béhem perfuze uzaviena (obrazek 2) (Fujimoto et al., 1988; Koga et al., 1988).
Vyhodou této metody je rychlé dosazeni a udrzeni hypertermie a zaroven zabranéni tepelnym
ztratdm, zvySeni nitrobfiSniho tlaku, ktery miize zlepSit penetraci cytostatika do tkdni a
minimalni expozice opera¢niho tymu chemoterapeutické latce (Goldenshluger et al., 2018).
Metoda ma ale i vyznamné nevyhody, predev§sim jde o nerovnomérnou distribuci 1é¢iva
s naslednou akumulaci toxickych koncentraci latek a tepla v izolovanych oblastech. Dle studie
Facy a jejich kolegli dochazi pti uzaviené technice HIPEC k tachykardii a poklesu krevniho

tlaku jako nasledek zvySeného nitrobfisniho tlaku (Facy et al., 2015).



V poslednich letech byly vyvinuty laparoskopické piistupy. Jejich hlavni vyhodou je
minimalni invazivita, na rozdil od konven¢nich technik HIPEC. K laparoskopickému pfistupu
1ze ptistoupit, je-li nddorova zatéz mala na zaklad¢ skore pro peritonealni karcinomatozu (PCI).
Existuje vSak zna¢né riziko, Ze dojde k podhodnoceni PCI, protoZe ne vSechny oblasti dutiny
btisni 1ze laparoskopickym pfistupem dostateéné prozkoumat (Esquivel & Averbach, 2012).

Ptes rizné vyhody a nevyhody aplika¢nich technik je klinicky vysledek z hlediska miry
preziti a morbidity podobny (Cavaliere et al., 2011; Halkia et al., 2015; Rodriguez Silva et al.,
2017). Rozdily v intraoperaénich parametrech, jako je krevni tlak, tepova frekvence, teplota
téla atd., také nejsou mezi technikami statisticky vyznamné (Halkia et al., 2015). Tato absence
vyznamnych rozdilti se odrazi v nedostatku konsensu o preferované technice. V analyzovanych
studiich 53 % instituci pouZzivalo zavienou techniku, otevienou techniku 42 % a pouze 5 % jiné
techniky, jako je polooteviena nebo laparoskopicka (Helderman et al., 2019).

Hypertermicky intraperitonealni perfuzni systém je kompaktni zafizeni, které obsahuje
valeckova Cerpadla, topné zafizeni, tepelny vymeénik a teplotni sondy. Pocita¢ integruje a
zobrazuje informace z teplotnich sond, rychlost pfitoku a odtoku (Gonzalez-Moreno, Gonzélez-
Bayon & Ortega-Pérez, 2010).

Pii HIPEC se postupuje nejprve umisténim kanyl, které ptivadeji a odvadéji tekutinu
z dutiny bfisni, ktera je poté recirkulovana perfuznim okruhem pohanénym valeckovym
cerpadlem. Pro zajisténi adekvatniho pritoku mezi pfitokovou a vytokovou kanylou se
peritonealni dutina naplni tekutinou a perfuzni pfistroj se nastavi tak, aby udrzoval staly pritok
mezi rezervoarem a pacientem. Rezervoar pomaha ptizplsobit objem tekutiny v peritonealni
dutin€, kompenzuje proménny odtokovy objem, zabraiiuje cirkulaci vzduchu a v ptipad€ nouze
rychle odstraniuje roztok z bficha. Tepelny vyménik udrzuje teplotu perfuzatu na 43 az 45 °C.
Cilem je udrZet intraperitonedlni teplotu mezi 3943 °C. Jakmile jsou vstupni/vystupni pritok
a teploty relativné stabilni, pfidd se chemoterapeutické cinidlo. Perfuzat, cirkuluje mezi
pacientem a pfistrojem po dobu az 120 minut. Béhem této doby poskytuji teplotni sondy v bfi$ni
dutin€ informace o stupni hypertermie. Pti popularnéj$i uzaviené technice je kiize kompletné
seSita a uzaviena podél laparotomické incize a bfi$ni sté€na je ru¢né promichavana béhem doby
perfuze, aby se podpoftila rovhomérnd distribuce tepla v peritonealni dutiné (Gonzalez-Moreno,

Gonzalez-Bayon & Ortega-Pérez, 2010).
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Obrazek 1. Sugarbakerova technika kolosea pro hypertermickou intraperitonealni chemoterapii. Technika

zajist'uje rovnomérné rozlozeni tepla a cytostatika (obrazek pievzat z ¢lanku Sugarbaker, Yu & Yonemura, 2003).

thermister

bath

Obriazek 2. Kogtv perfuzni systém, pfi kterém je bfisni dutina uzaviena a perfuzat do dutiny vstupuje pfes steh

v kizi (obrazek pievzat z ¢lanku Koga et al., 1988).
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1.1 Cytoreduk¢éni operace (CRS)

Optimalni chirurgické 1écba pacienta se solidnim nadorovym onemocnéni spociva v en
blok resekci primarniho karcinomu a ptilehlych tkani, u kterych je vysoka pravdépodobnost
mikroskopického postizeni, ale jsou bez zndmek nadorového Sifeni. Spolu s primarnim
nadorem dochazi k odstranéni také ptilehlych lymfatickych uzlin. I pfes maximalni snahu
chirurgt, dochazi bézné k lokalnim recidivam. Samotna operace mize zaptiCinit Sifeni nadoru,
dojde-1i béhem chirurgického zakroku k uvolnéni bunék z primarniho nadoru a takto uvolnéné
bunky se dale implantuji a rostou (Sugarbaker, 1996).

Cilem cytoredukce je dosdhnout RO resekce, tedy odstranit veskerou makroskopickou
nadorovou tkan a jeji funkce je zasadni 1 z toho hlediska, Ze cytostatika penetruji pouze do
hloubky 3-4 mm. Zatimco chirurgicka resekce cili na odstranéni makroskopické casti
onemocnéni, tak hypertermicka intraperitonealni chemoterapie, ktera nasleduje ihned po CRS,
ma za cil zni€it zbyla mikroskopické rezidua. CRS je soubor chirurgickych postupti, kdy je
nutné, aby chirurg provadéjici zakrok, byl perfektné znaly technik b¥isni chirurgie (Klos et al.,
2018).

Uplnost cytoredukce se vyznamné podili na vysledcich 16¢by a celkovém pieZiti pacientt.
Howell spolu s jeho kolegy prokazal u ovarialniho karcinomu, Ze odpovéd’ na hypertermickou
chemoterapii byla nejvyrazngjsi, kdyZ intraperitonealni nadorové 1éze nebyly vétsi nez 2 cm
(Howell et al., 1987). Postupné nardstal pocet studii s problematikou gastrointestinalnich
malignit, které doSli k obdobnému zavéru, tedy ze objem residudlniho nadoru koreluje
jednoznac¢né s vysledky a celkovym piezivanim takto léCenych pacientd. Velmi dilezitym
pokrokem v CRS, bylo ustanoveni metodiky pro hodnoceni kompletni resekability nadort
(pfedoperacné 1 intraoperacné€) a zdokonaleni technik k dosazeni kompletni makroskopické
resekce. Kli¢ovou soucasti CRS pii diseminaci v dutiné bfisni se stalo rozsahlé odstranéni
zasazené pobfiSnice (peritonea) béhem resekce, zejména pak u primarnich peritonealnich
nadort. V roce 1995 Sugarbaker nastinil pfistup k této casti CRS a bylo popsano Sest
samostatnych peritonektomii: pfedni parietalni peritonektomie, peritonektomie levého horniho
kvadrantu, peritonektomie pravého horniho kvadrantu, panevni peritonektomie, omentalni
burzektomie a mezentericka peritonektomie (Sugarbaker, 1995). Pomoci téchto cytoredukénich
technik Ize ve vétSiné piipadi vytvofit optimalni prostfedi pro intraperitonealni chemoterapii.
O rok pozdé&ji popsal Jacquet spolu se Sugarbakerem metodu, zaloZzenou na skoérovani

pritomnosti a velikosti makroskopického nadoru v 13 riznych oblastech bficha pted a po

12



cytoredukci — peritoneal cancer index (PCI) (Jacquet & Sugarbaker, 1996). Index umoziuje
predikovat pravdépodobnost tiplné cytoredukce a tim predchazet zbyte¢nym operacim u vysoce
rizikovych pacientii ¢imz snizuje poopera¢ni morbiditu. Vice o PCl je rozepsano nize v kapitole

1.3.2.

1.2 Hypertermicka intraperitonealni chemoterapie

Za béznych podminek je prinik cytostatika do dutiny bfis$ni ptes peritonealni membranu
obtizny. Lavaz vysoce koncentrovaného cytostatika pfimo v misté nadoru podstatné zvySuje
prinik do nadorové tkdné, navic hypertermie ma jiz sama o sobé cytotoxicky ucinek.
Cytostatikum zaht4té na 39-43 °C ma tedy vyznamné& vy$si ucinnost. Z fady studii je t¢innost
CRC/HIPEC evidentni zejména u primarnich nadort peritonea, avsak nastaveni teploty, doba
perfuze, nacasovani pouziti rezimu a dal$i parametry nejsou vzdy shodné a existuji velké inter-
institucionalni rozdily. Indikace pro pouziti HIPEC u agresivnéjSich sekundarnich
peritonealnich malignit, véetné kolorektalniho karcinomu, karcinomu Zzaludku, karcinomu
vajecnikll a vzacnych typa nadort s izolovanym peritonedlnim Sifenim muize byt omezena
(Sugarbaker, 2023). Neexistuje zatim jednoznac¢ny celosvétové uznavany konsensus a zavisi
vzdy na posouzeni multidisciplinarnim tymem u individualniho pacienta s pfihlédnutim k jeho
celkovému stavu a komorbiditim, biologickému chovani nemoci, dosavadni terapii,

moznostem nasledné 1é¢by a dalsim okolnostem.

1.2.1 Pozadavky pro uspéSné provedeni intraperitoneilni chemoterapie a hodnoceni

toxicity

Pozadavky na intraperitonealni podéani cytostatika jsou obdobné tém pro aplikaci
systémové chemoterapie. Zvolené 1é¢ivo musi mit dostatecny cytotoxicky ucinek pii dosaZzené
tkanové koncentraci, kterd musi zdroven trvat dostatecné dlouhou dobu pro zniceni nddorovych
bunék. Vhodné&jsi je také pouziti kombinace cytostatik nez pouze jedno. Pro intrakavitarni
aplikaci se voli hydrofilni chemoterapeuticka ¢inidla s vysokou molekulovou hmotnosti, ktera
maji prodlouZenou retenci v pleurdlni nebo peritoneédlni oblasti. ZlepSeni expozice cytostatika
1ze dosahnout pouzitim nosného roztoku taktéz s vysokou molekulovou hmotnosti (de Bree et
al., 2017). Aby byla intraperitonealni chemoterapie co nejucinnéjsi, je nezbytné, aby byla

podéna neprodlené po cytoredukei.
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Kromé hypertermické intraperitonedlni chemoterapie se k1é€bé pouziva casna
pooperacni intraperitonealni chemoterapie (EPIC, angl. early postoperative intraperitoneal
chemotherapy). EPIC se aplikuje v prvnim periopera¢nim tydnu, nez pokroc¢i hojeni ran. Oba
typy peroperacni intrakavitarni chemoterapie maji své vyhody i1 nevyhody. Velkou pfednosti
HIPEC je prave vyssi teploty pouzitého cytostatika nékolikanasobné zvysujici jeho cytotoxicitu
a schopnost penetrace. Nevyhodou pak mize byt kratka expozice cytostatika (60—120 minut).

U metody EPIC je vyhodou dlouhodobé vystaveni vétSiny serdznich povrcha
intrakavitarni chemoterapii (zvykle po dobu 5 dni). EPIC se vSak vyuziva pouze ziidka
predevsim kvili obavam ze zvysSeného vyskytu pooperacnich komplikaci a delsi hospitalizace

pacientl bez jasného piinosu pro pieziti (Tan et al., 2016; Soucisse et al., 2021).

1.2.2 Clavien-Dindo Klasifikace chirurgickych komplikaci

Klasifikace Clavien-Dindo vznikla v roce 1992, kdy byla poprvé piedstavena pod nazvem
,» 192 skore (Clavien, Sanabria & Strasberg, 1992). Klasifikace chirurgickych komplikaci pied
navrhem Clavien-Dindo klasifikace postradala standardizaci a spoléhala na subjektivni
terminologii, jako je mirna, stiedni a tézka (Clavien et al., 2009). Clavien s kolegy navrhli
jednotny systém hlaseni negativnich chirurgickych vysledki zalozeny na stupni dalsi 1ékatské
péCe potiebné k jejich vyteSeni (Clavien, Sanabria & Strasberg, 1992). Komplikace
odstupniovali od I do IV, pficemz komplikace I. stupné vyzadovaly drobné odchylky od
planovaného pooperaéniho pribéhu a IV. stupenn indikoval Umrti pacienta v disledku
chirurgickych komplikaci. Tento novy skorovaci systém piinesl moznost porovnavat vysledky
za rizna Casova obdobi v ramci stejné instituce, porovnavat rizné instituce, porovnavat
chirurgickou a konzervativni 1écbu a dokumentovat operace a souvisejici komplikace
standardizovanym zptisobem, ¢imZ usnadnuje metaanalyzy dat (Bolliger et al., 2018).

Klasifikace Clavien-Dindo, skorujici komplikace na zakladé tirovné zasahu potiebného k
jejich vyfteSeni, tézi z jednoduchosti a snadného pouziti, coz piispiva k vysoké spolehlivosti
mezi jednotlivymi hodnotiteli (Golder, Casanova & Papalois, 2023) a je v soucasnosti Siroce

pouzivana pii uvadéni chirurgickych komplikaci ve védecké literatufe.
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Tabulka 1. Klasifikace Clavien-Dindo. Pokud pacient v dobé propusténi trpi né&jakou komplikaci, je k ptislusnému
stupni komplikace ptidana koncovka ,,d“ (pro ,,postizeni®). To poukazuje na nutnost dal$iho sledovani pro tplné

vyhodnoceni komplikace (Dindo et al., 2004).

Stupein  Definice

I Jakékoli odchylka od normalniho pooperac¢niho prubéhu bez nutnosti
farmakologické 1écby nebo chirurgickych, endoskopickych nebo radiologickych
intervenci. Povolené terapeutické rezimy: antiemetika, antipyretika, analgetika,
diuretika, elektrolyty a fyzioterapie. Tento stupenl zahrnuje také infekce v rané,
které Ize fesit u lizka pacienta.

I Vyzadujici farmakologickou 1é¢bu jinymi 1€ky, nez jsou povoleny pro
komplikace I. stupné€. Zahrnuty jsou také krevni transfuze a celkova parenteralni
vyZiva.

i Vyzadujici chirurgickou, endoskopickou nebo radiologickou intervenci.

Ila Intervence bez celkové anestezie.

b Intervence v celkové anestezii.

v Zivot ohrozujici komplikace vyZadujici jednotku intenzivni pé&e. Zahrnuje
komplikace centralniho nervového systému.

IVa Selhani jednoho systémového organu. Zahrnuje dialyzu.

Vb Multiorganové selhani.

\ Smrt pacienta.

1.2.3 Common Terminology Criteria for Adverse Events (CTCAE)

Lécba nadorovych onemocnéni je spojena s vyznamnymi neZzadoucimi Uc€inky
souvisejicimi s 1é¢bou. Narodni onkologicky ustav Spojenych stati americkych (NCI, angl.
National Cancer Institute) publikoval standardizované definice nezadoucich uc¢inkt, znamé
jako Common Terminology Criteria for Adverse Events (CTCAE), k popisu zavaznosti
organové toxicity u pacienttl, ktefi se 1é¢i s nddorovym onemocnénim (Shah, 2022).

CTCAE stupné jsou pfifazovany na zaklad€ potencialniho dopadu nezadoucich ucinka
na klinickou 1é¢bu, kazdodenni aktivity, Gpravy davkovani nebo pieruseni 1é¢by (Trotti et al.,
2007).

CTCAE je pravidelné¢ aktualizovana NCI. Aktudlni CTCAE verze 5.0 (v5.0) byla
zvefejnéna v listopadu 2017 a vstoupila v platnost v dubnu 2018 (Shah, 2022) a je v soucasnosti
nejpouzivanéjSim skérovacim systémem k hodnoceni toxicity chemoterapie v ramci klinickych
studii. Stale vetsi uplatnéni nachazi i v bézné klinické praxi, protoze stejné jako vySe zminéna
chirurgicka klasifikace umozniuje srovnani pfipravkli a chemoterapeutickych rezimi a

davkovacich schémat nejen v ramci jedné instituce, ale i mezi jednotlivymi pracovisti.

15



Tabulka 2. Zavaznost nezadoucich G¢inka podle klasifikace CTCAE (NCI, 2017).

Stupenn NeZadouci u¢inky Definice

I Mirné Asymptomatické nebo mirné piiznaky; pouze klinické nebo
diagnostické monitorovani; intervence neni indikovana.

I Stredni Indikovana minimalni, lokalni nebo neinvazivni intervence.

I Tezké Hospitalizace nebo prodlouzeni indikované hospitalizace.

vV Zivot ohrozujici Urgentni intervence.

1.3 Selekce pacientii pro CRS a HIPEC

Vzhledem k tomu, Ze jde o naro¢nou operaci zatizenou zna¢nou morbiditou a mortalitou,
nemusi byt pro kazdého pacienta profitujici. Indikace pacienta k zakroku by vzdy méla byt
stanovovana na zakladé rozhodnuti multidisciplinarniho tymu slozeného idealné z chirurga,
onkologa, radiologa a idealn¢ i patologa a anesteziologa. Pti vyhodnocovani zptsobilosti
pacienta k vykonu je kromé zhodnoceni celkového zdravotniho stavu a komorbidit dulezité vzit
Vv tvahu také prognostické indikatory jako je histopatologie (vcetné genetickych prediktivnich
a prognostickych markerl), PCl a cytoredukéni skére (CCR) odhadnuté na podkladé
zobrazovacich metod jako je pifedoperaéni pocitatova tomografie (CT), magneticka rezonance
(MRI) nebo pozitronova emisni tomografie s poc¢itatovou tomografii (PET/CT) (Jacquet &
Sugarbaker, 1996).

Dobry vykonnostni stav je podminkou pro indikaci pacienta k CRS a HIPEC.
Kontraindikaci jsou pacienti s kardiovaskularnim nebo plicnim onemocnénim nebo s dysfunkci
jater ¢i ledvin. VEk neni absolutni kontraindikaci, je-li pacient v celkové dobré kondici a splituje
vSechny ostatni pfedpoklady pro vykon. Dle ziskanych vysledki a zkuSenosti Klose a jeho tymu
(Klos et al., 2018) je absolutni kontraindikaci také metotrexat pouzivany u pacientd
S autoimunitnimi onemocnénimi vzhledem k tomu, ze mnohonasobné zvySuje riziko tézké
myelotoxicity. Pfitomnost vzdalenych orgdnovych metastaz, nejcastéji v jatrech a plicich, je
taktéZ povazovano za kontraindikaci k zdkroku stejné tak, jako Sifeni na povrchu pleury. Dale
je vhodno zohlednit biologické chovani nemoci (jeho dosavadni pribéh a efekt predchozi
terapie), stejné¢ jako moznosti nasledné onkologické 1é¢by a miru predlécenosti a piedchozi

toxicity onkologické terapie.
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1.3.1 Zobrazovaci metody

Standardem pro vySetieni pacienti zvazovanych k CRS/HIPEC je vypocetni tomografie.
V indikovanych ptipadech je mozno doplnit magnetickou rezonanci, ¢i PET/CT. PET/CT je
s vyhodou zejména pti suspektnim postizenim lymfatickych uzlin, ¢i ser6z mimo bfi$ni dutinu.
Dulezité je, aby bylo vySetieni provedeno velmi blizko moznému datu operace, idealné ne vice
nez meésic pred zakrokem.

CT vysetfeni méa vysoké prostorové rozliSeni a dokaze velmi dobte zobrazit distribuci a
morfologii 1ézi. Radiolog na zakladé CT skenu muze vyhodnotit, zda se jedna o resekabilni
mucindzni peritonealni karcinomatdézu nebo neresekabilni maligni onemocnéni diky dvou
radiologickych kritérii. Jedno z nich je obstrukce tenkého stfeva, jeZ znaci invazivni charakter
malignity na povrchu tenkého stieva, kterd by pravdépodobné nemohla byt zcela odstranéna
cytoredukei. Dal§im kritériem je pfitomnost nadorovych uzli vétsi nez 5 cm na povrchu
tenkého stfeva, poptipade pfimo sousedici S mezenterialnim cévnim zasobenim tenkého stieva
(Sugarbaker, 1999).

MRI se stale vice pouziva k pfesnému posouzeni rozsahu peritonealnich metastaz a
k detekci abdominopelvickych extraperitonealnich nalezii, které mohou byt na CT skenech
nedetekované nebo neurcité. Tyto extraperitonealni ndlezy na MRI mohou mit pfimy vliv na
planovani 1é¢by a mohou ovlivnit zpusobilost pacienti pro CRS/HIPEC. Navic se MRI ukazalo
jako pfesné pii predikci Uplnosti CRS, coz z ni €ini cenny nastroj pii diagnostice potencialnich
kandidati na CRS/HIPEC. CT skeny se tedy bézné pouzivaji pro predoperacni staging a mohou
poskytnout pocatecni zobrazovaci hodnoceni peritonedlnich metastaz a extraperitonealnich
nalezi. Kombinace MRI a CT skenl proto mize byt vhodnou zobrazovaci metodou pro

pacienty, u kterych se uvazuje o CRS/HIPEC (van’t Sant et al., 2022).

1.3.2 Skorovaci systém pro peritonealni karcinomatézu

Skorovaci systém pro peritonealni karcinomatéozu — peritoneal cancer index je
nejpouzivanéj$im systémem, na kterém ma zasluhu, jak uz bylo feceno vyse, Jacquet spolu se
Sugarbakerem (Jacquet & Sugarbaker, 1996). Jde o rozdéleni dutiny bfisni na 13 ¢asti, jak je
patrno z obrazku 3. (na 9 segmentt je rozdélen abdomen a na 4 segmenty je rozdéleno tenké
stfevo). Podle rozsahu PC se kazdému segmentu pfiradi body: 0 = zadna 1éze; 1 = léze <5 mm;
2 =1éze od 5 mm do 5 cm; 3 = 1éze >5 cm. Souctem bodi vSech tfinacti casti ziskdme PCI pro

daného pacienta. Hodnota PCI se mtize pohybovat od 0 do 39 a odrazi rozsah peritonealni
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karcinomatozy. PCI skére muze slouzit jako threshold pro kontraindikaci k resekci, nicméné
hrani¢ni hodnota PCI, pfti které uz pacient neni vhodny pro vykon se riizni vzhledem k ptivodu
nadorového onemocnéni. Pro nadorové onemocnéni zaludku je udavano PCI pies 10, u
kolorektalniho karcinomu PCI vétsi nez 20. (Dohan et al., 2017) U psedomyxomu peritonea a
peritonealniho mezoteliomu ani vysoké PCI jesté nutné neznamena $patnou prognozu a nemélo

by byt absolutni kontraindikaci vykonu (Baratti et al., 2012).

Peritoneal Cancer Index

Regions Lesion Size Lesion Size Score

Central LS 0 No tumor seen
LS 1 Tumor up to 0.5 cm
LS 2 Tumor up to 5.0 cm
LS 3 Tumor > 5.0 cm

or confluence

0

1 Right Upper

2 Epigastrium

3 Left Upper

4 Left Flank

5 Left Lower

6 Pelvis

7 Right Lower

8 Right Flank

9 Upper Jejunum

I b 10 Lower Jejunum
11 Upper lleum
)\ 12 Lower lleum
PCI

Obrazek 3. Sugarbakeriv skorovaci systém pro peritonealni karcinomatoézu (obrazek prevzat z ¢lanku Gilly et al.,

2006).

1.3.3 Cytoredukéni skore

Dilezitym klinickym markerem pro posouzeni Uspé&Snosti cytoredukce peritonealni
karcinomatdzy je cytoredukéni skore (CCR). CCR, poprvé piedstavené Sugarbakerem v roce
1999, slouzi k vyhodnoceni moznosti uplného chirurgického odstranéni nadoru a klasifikaci
rozsahu nadorového postizeni v btisni dutiné (Sugarbaker, 1999).

Cytoredukéni skorovaci systém se stal dilezitym prostfedkem pro posouzeni vhodnosti
chirurgického zakroku a pfedpoveéd’ prognozy pacienta nejen s peritonealni karcinomat6zou

(Chua et al., 2012).
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cc-0 CC1 cc-2 cC-3

0 <25 mm 25mm-25cm =2.5cm

Obrazek 4. Cytoredukéni skore. CC-0 je v pifipad€, ze neni ziejmy Zadny peritonealni nadorovy rozsev v
operacnim poli. CC-1 oznacuje rezidudlni nadorové 1éze mensi nez 2,5 mm, které pretrvavaji po cytoredukci. CC-
2 je oznaceni pro rezidualni nadorové postizeni mezi 2,5 mm — 2,5 cm a CC-3 pokud po cytoredukci ziistane

inoperabilni nddorové postizeni v duting biisni vétsi nez 2,5 cm.

1.4 Cytostatika pouzivana v ramci HIPEC

Vybér vhodné chemoterapeutické latky pro HIPEC je velmi dilezity a pouzité
cytostatikum by idedlné nemélo mit Zadnou lokalni toxicitu po intraperitonealnim podani.
Nevhodné jsou také latky, jeZ jsou metabolizovany do aktivni formy systémové&. Dulezita je
synergie mezi l1é¢ivem a hypertermii, jelikoZ zahtati cytostatika ma vliv na jeho cytotoxicitu a
muze mimo jiné ménit farmakokinetiku, vylucovani pouzitého 1é¢iva a ma vliv na penetraci
1é¢iva do tkan¢ (de Bree & Tsiftsis, 2007; de Bree, 2015).

Volba cytostatika je ovlivnéna zasadné typem nadorového onemocnéni pacienta. Pii
vybéru by méla byt zohlednéna také farmakokinetika latky po intraperitonedlnim podani
s vysokou lokalni koncentraci cytostatika, synergie latky a tepla a v neposledni fadé limitace
systémové toxicity.

Intraperitonealni podani cytostatika je oproti intravendzni chemoterapii z pohledu
zatimco systémova koncentrace pouzité latky se udrZzuje na nizké hladiné. Rozdil
v koncentracich je dan relativné pomalou rychlosti pohybu skrze peritonealni dutinu do plazmy

(Jacquet & Sugarbaker, 1996; Flessner, 2005).
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K hypertermické intraperitonedlni chemoterapii neni vhodné pouzivat antimetabolity
jako je metotrexat, 5-fluorouracil nebo gemcitabin, jelikoz doba expozice je ptilis kratka na to,
aby byla ucinna.

Systémové mnozstvi Iéku a systémova toxicita zavisi predevsim na farmakokinetickych
vlastnostech a davce podaného 1é¢iva. Vétsinou je davkovani zaloZzeno na vypoctu plochy

povrchu téla pacienta (Van der Speeten, Stuart & Sugarbaker, 2009).

1.4.1 Hypertermie a jeji vliv na cytostatika

Prvni zminky o hypertermii v souvislosti s Gistupem nadoru byly zaznamenany jiz v druhé
poloving devatenactého stoleti, kdy pacientim s pokrocilymi malignitami byla inokulovadna
kultura streptokoka zpisobujici erysipel, tedy akutni lokalizovany zanét kuze S alteraci
celkového stavu doprovazeny vysokymi hore¢kami. Infekci vyvolané vysoké horecky
zpusobily u ¢asti pacientd regresi tumoru (Coley, 1893).

Mechanismt, kterymi hypertermie plisobi cytotoxicky na nadorové bunky je nckolik,
mimo jiné dochazi k naruSeni syntézy RNA, v mensi mite DNA a proteini. Hypertermie vede
k denaturaci proteini nebo inhibici oxidativniho metabolismu, coz ma pravdépodobné na
svédomi zvySend citlivost mitochondrialnich membran v nadorovych buitkach. Mitéza je
reverzibilné pozastavena. Roste pocet lyzozomi a jejich enzymaticka aktivita, zvySena teplota
je Cini labilngjsi. V mikroprostiedi dochazi k narGstu kyseliny mlééné a snizeni pH.
Hypertermie inhibuje angiogenezi a indukuje apoptozu.

Normalni zdrava tkan na hypertermii okolo 41-43 ° C pfitom nereaguje tak dramaticky,
ma sice také reakci v podobé reverzibilniho pozastaveni mitdzy a reverzibilni inhibice syntézy
RNA, které vSak odezni po jednom aZ dvou dnech od piisobeni zvySené teploty.

Hypertermie tedy sama o sobé vykazuje zna¢né benefity v terapii zhoubnych nadort, ve
spojeni s vhodnym cytostatikem muize byt jeji Gfinnost jesté zvysSena. ZlepSeni ucinnosti
chemoterapie prostiednictvim hypertermie nastava nékolika zplsoby. Zahtati cytostatika
zvySuje jeho cytotoxicitu, nartsta jeho schopnost penetrovat do tkan€, zvysuje se permeabilita
membrany. Synergie mezi 1éCivem a hypertermii pfispiva k Uc¢innosti cytostatika, a to i
Vv pfipad¢ tumori s jinak vyznamnou rezistenci k chemoterapii. Piikladem takovéto efektivni
synergie mezi vyssi teplotou a cytostatikem u jinak malo chemosensitivnich nadort je vyuziti
hypertermické chemoterapie mitomycinem C k1écbé pseudomyxomu  peritonea
(Witkamp et al., 2001).
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1.4.2 Protinadorova antibiotika

Mitomycin C je alkylacni antibiotikum s velice pfiznivym farmakologickym profilem.
Penetrace mitomycinu C je mozna az do hloubky 6 bunécénych vrstev. Z diivodu vysoké
systémové toxicity je jen ziidkakdy aplikovan intravendzné (Yan, Cao & Munkholm-Larsen;
2010). Intraperitonealné je vyuzivan piedevsim k 1é¢bé pseudomyxomu peritonea. Diivodem
jsou jeho vyhodné vlastnosti umoziujici smrt buné¢k bez ohledu na proliferacni aktivitu
nadorovych bunék, tudiz je G¢inny také proti nadoriim s nizkou mitotickou aktivitou, jako je
pravé vySe zminény pseudomyxom (de Bree & Tsiftsis, 2007). K 1écbé kolorektalnich a
apendikalnich peritonealnich karcinomatoz je také casto volen, stejné jako v ptipad¢ karcinomu
zaludku. Samostatné nebo v kombinaci s dalsim 1é¢ivem mize byt indikovan pfi malignich
peritonealnich mezoteliomech, vyuzivan je také pro lécbu karcinomu ovaria, kdy se pouziva
pro lécbu platina-rezistentnich pacientek.

Stejné jako mitomycin C, je i doxorubicin protinadorové antibiotikum. Metabolizace
doxorubicinu probihd pfes metabolismus prvniho prichodu, pravdépodobnost systémové
toxicity je tedy mala. Penetrace tkdni je mozna alesponl do péti bunéénych vrstev a vykazuje
také dobrou synergii s teplem. Doxorubicin je tedy idedlni latkou pro intraperitonealni pouziti
a muze byt kombinovan i s jinymi latkami vhodnymi k intraperitonedlnimu podani jako je

cisplatina nebo mitomycin C bez farmakologické inkompatibility (Goodman et al., 2016).

1.4.3 Taxany

Paklitaxel spolu s docetaxelem patii do skupiny taxant. Jde o latky pusobici skrze vazbu
na mikrotubuly déliciho vieténka. Vysledkem je jejich zvySena stabilizace, a tedy inhibice
depolymerace mikrotubull a bunééného déleni, separace chromatid, riistu, a nakonec dochazi
K bunééné smrti.

Taxany jsou velmi €asto vyuzivany pro HIPEC pfii 1é€bé karcinomu ovaria. Z diivodu
jejich velmi pfiznivé farmakokinetiky, pfedevsim diky jejich velké molekulové hmotnosti, jsou
vhodnymi latkami K intraperitonealnimu pouziti (de Bree et al., 2003; Fujiwara et al., 2007; de
Bree et al., 2008). V pribéhu intraperitonealniho zavedeni, zistava vysoka cytotoxicka

koncentrace taxanu v peritonealni dutin€ nékolik dni (de Bree et al., 2006).
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1.4.4 Platinové derivaty

Cytotoxicita cisplatiny pravdépodobné spoc¢iva ve schopnosti interagovat s DNA, kdy
dochazi k tvorbé adukth, které brani jak transkripci RNA, tak replikaci DNA, coz ma za
nasledek zastaveni cyklu a apoptdze buitky. Uginnost cisplatiny je prokdzana pii 1écbé
intraperitonealnich malignit, jako jsou mezoteliom peritonea a karcinomy peritonea, a
vaje¢niki, popi. zaludku. Pro kolorektalni a apendikalni adenokarcinomy jeho pouziti vhodné
neni (Fujimoto et al., 1990; Hamazoe, Maeta & Kaibara, 1994; Van de Vaart et al., 1998).

Oxaliplatina je derivat cisplatiny, ptsobici rovnéz prostfednictvim tvorby adukti DNA
v malignich buinikach bez ohledu na fazi bunééného cyklu. Vysledkem je poskozena DNA,
indukce apoptdézy a bunétna smrt (Alcindor & Beauger, 2011). Vyuzivana je predev§im
pacienty s metastatickym kolorektalnim karcinomem. Jednou z piednosti oxaliplatiny, je
moznost pouziti vysokych davek (do 460 mg/m? télesného povrchu) s relativné nizkou

systémovou expozici (Elias et al., 2002).

1.5 Vyuziti CRS/HIPEC v klinické praxi

1.5.1 Peritonealni karcinomatoza

Povrchové peritonealni nadory tvoii velmi heterogenni skupinu malignit s odlisnou
incidenci, citlivosti k systémové 1é¢bé a progndzou, nicméné vSechny maji sklon k peritonealni
diseminaci. Peritonealni nadory mohou byt primarni tumory pobfi$nice (peritonealni
metastdzy z tumort jinych organt, které zahrnuji tumory intraperitonealniho ptivodu (nadory
traviciho a zenského reproduk¢niho traktu a také sarkom) a extraperitonealniho ptivodu (nadory
plic, prsu a ledvin) (Cortes-Guiral et al., 2021). Randomizované kontrolované studie a
kohortové studie ukazuji, ze pieziti pacientli s peritonedlnimi metastdzami z riznych
primarnich lokalit [é¢enych kombinaci lokoregionalni a systémové 1écby se zlepsilo ve srovnani
s historickymi udaji od pacientd, ktefi dostavali samotnou paliativni 1é¢bu (Chua et al., 2012;
Quenet et al., 2021; Kitayama et al., 2021). Duvodu pro tento trend je n€kolik. Pocet pacientil
podstupujicich cytoredukcni chirurgii a hypertermickou intraperitonealni chemoterapii se v
poslednich tfech desetiletich zvysil (van Driel et al., 2018; Gopinath & Bhatt, 2019; Noiret et

al., 2020; Schuitevoerder et al., 2020). Narist casné diagndzy lze pricist zlepseni zobrazovacich
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metod a zvysSené informovanosti (Low, Barone & Rousset, 2021). Navic byly vyvinuty
ucinngjsi systémové terapie, které umoziuji resekcei peritonedlni karcinomatozy u vice pacientii

(Miiller et al., 2014; Franko, 2018; Becker et al., 2021).

Secondary extraperitoneal origin Secondary intraperitoneal origin

Lung cancer Cholangiocarcinoma

Breast cancer — ———— Gastric cancer

Kidney cancer — Pancreatic cancer

Malignant melanoma Colorectal cancer

Small bowel cancer

——— Ovarian cancer

Peritoneal
cavity

. . .. —— Endometrial cancer
Primary peritoneal origin

Peritoneal mesothelioma Appendiceal cancer

Primary peritoneal cancer ————— Sarcoma

Obrazek 5. Peritonealni povrchové malignity mohou vzniknout z primarnich nadorti pobfisnice nebo se

N

sekundarné §itit jako peritonealni metastazy z nadord intraperitonealniho pivodu a z nadorti extraperitonealniho

puvodu (obrazek pievzat z publikace Cortes-Guiral et al., 2021).

1.5.2 Mezoteliom

Maligni peritonealni mezoteliom (MPM) je vzacny, ale agresivni nador, ktery vznika z
mezotelidlnich bunék peritonea. Ma tii hlavni histopatologické podtypy: epiteloidni,
sakromatoidni a smiSeny. Jelikoz se jedna o vzacné onemocnéni, nejlep$i 1écba neni
jednoznacéné stanovena. Potencialné miize byt pouzita systémova chemoterapie, imunoterapie
nebo chirurgicka resekce.

V systémové terapii MPM se vyuziva chemoterapie (pemetrexed v kombinaci
s platinovym derivatem) a check point inhibitory. Medidn pteziti v ptipad¢ pouze systémové
chemoterapie je okolo 19 mésict (Zalcman et al., 2016). I pies znacny pokrok v systémové
1é¢bé je chirurgicka resekce stale povazovana za nejlepsi volbu z pohledu dlouhodobych
terapeutickych vysledkl, i kdyz zafazeni imunoterapie tento pohled muze v budoucnosti
zménit. Median pieziti pro CRS spolu s HIPEC byl dle n¢kolika studii 34-92 mésict a Sleté
preziti 29-59 % (Sugarbaker et al., 2003; Alexander, Hanna & Pingpank, 2007,
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Esquivel & Averbach, 2009; Levine et al., 2014; Verma et al., 2018). Vzhledem k vzacnosti
onemocnéni chybi srovndvaci studie a postup HIPEC neni pln¢ standardizovan. Pouziva se tedy
celd tada cytostatik, zejména cisplatina, mitomycin C, jejich kombinace nebo cisplatina

spole¢né s doxorubicinem (Deraco et al., 2006; Blackham et al., 2010).

1.5.3 Novotvary apendixu s peritonealnim $iienim

Karcinom apendixu je vzacné, ale ve vétSiné piipadi agresivni onemocnéni, které
zahrnuje rizné histologické podtypy nadort. Velmi ¢asto jsou diagnostikovany jako ndhodny
nalez pfi operacnim feSeni apendicitidy. Diagndza primarniho karcinomu apendixu miize
zahrnovat rtizné morfologické typy nadorti, bud’ adenokarcinomy, neuroendokrinni karcinomy
nebo smiSené nadory s poharkovymi bunikami. Adenokarcinom je nejcastéjSim typem
primarniho karcinomu apendixu (Mccusker et al., 2002). Pokrocila stadia se 1é¢i adjuvantni
syst¢tmovou chemoterapii  5-fluorouracilem a leukovorinem nebo kapecitabinem
s oxaliplatinou. Karcinom apendixu nejcastéji metastazuje do peritonea, méné ¢asté je rozsifeni
do jater a plic. V piipad¢ peritonealni diseminace je u pacienta zvazovana kompletni
cytoredukce spolu s HIPEC (Kelly, 2015).

Mucinozni adenokarcinom apendixu je dal$im typem nadoru apendixu, u kterého se
izolované peritonealni metastazy vyskytuji nejcastéji. Produkei mucin6znich hmot totiz Casto
dojde k prasknuti primarniho nadoru a mucin se rozsiti s nadorovymi bunkami do peritonealni
dutiny, coz vede k peritonedlni karcinomatoze. Lécba mucindzniho adenokarcinomu apendixu
zavisi na rozsahu onemocnéni a histologickém stupné diferenciace. Pfi absenci ruptury tumoru
je indikovana chirurgicka resekce. Na druhou stranu, pokud doslo k ruptufe, pacient by mé¢l
podstoupit kompletni cytoredukci spolu s hypertermickou intraperitonealni chemoterapii
mitomycinem C (Kelly, 2015). Dalsi moznosti je pouziti EPIC s mitomycinem C nebo 5-
fluorouracilem (Kelly & Nash, 2014).

1.5.4 Kolorektalni karcinom S peritonealnim Sifenim

Kolorektéalni karcinom je patym nej€astéji diagnostikovanym nadorovym onemocnénim
a Ctvrtou nejcastéjsi pricinou umrti na nadorové onemocnéni na svété (Yang et al., 2023). V
dobé¢ diagndzy ma jiz asi 25 % pacientl vzdalené metastazy (Massalou et al., 2017). V 10 %
ptipadt jde o metastaticky rozsev po peritoneu (Chu et al., 1989). Peritonealni Sifeni je spojeno

s hor$i progndzou (Sanchez-Hidalgo et al., 2019).
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V soucasnosti neni CRS/HIPEC standardni terapii kolorektalniho karcinomu v ramci
mezinarodnich doporuceni, nicméné muze byt indikovan individualné k 1é¢bé pacienti s
kolorektalnim karcinomem s peritoneadlnimi metastazami bez prokazané diseminace do
parenchymatosnich organd, ¢i vzdalenych lymfatickych uzlin po schvaleni multidisciplinarnim
tymem. Jelikoz jde o obtizny chirurgicky vykon, pacient musi byt dikladné¢ zkontrolovan z
hlediska vhodnosti pro zakrok (Sanchez-Hidalgo et al., 2019). Pro schvaleni pacienta se bere v
uvahu mimo jiné jeho vykonnostni stav, vék a komorbidity (Klaver et al., 2017).

CRS/HIPEC v terapii kolorektalniho karcinomu je vzdy kombinovana se systémovou
onkologickou terapii (systémovou chemoterapii v kombinaci s cilenou terapii, ¢i imunoterapii
Vv ptipad¢€ podskupiny pacientd s mikrosatelitovou nestabilitou).

Intraperitonedlni chemoterapeutikum pro kolorektalni karcinom je stale predmétem
diskuze. Studie casto porovnavaji mitomycin C s oxaliplatinou. Oxaliplatina vykazuje
vyznamné vys$$i medidn pfeziti ve srovnani s mitomycinem C a dle analyzy podskupin je také
vyhodnéjsi pro Zeny s patologii prstencitych bunék a PCI mezi 10 a 15 (Leung et al., 2017).
Dle jiné srovnavaci studie je celkova mira pooperacnich komplikaci vyznamné vyssi u pacientii
léCenych mitomycinem C, zejména extraabdominalnich komplikaci. Gastrointestinalni
komplikace byli Cast&jsi u oxaliplatiny. Pfinos v OS nebo RFS nebyl patrny ani u mitomycinu

C ani oxaliplatiny (Hompes et al., 2014).

1.5.5 Karcinom Zaludku

Karcinom Zaludku byl v roce 2020 patym nejcastéjSim zhoubnym nadorem na svéte s
pfiblizn€ 1,1 milionu novych pfipadi a je Ctvrtou nejCastéjsi pfi¢inou Gmrti na nadorova
onemocnéni s piiblizné 800 000 umrtimi (Sung et al., 2021; Ferlay et al., 2021). Peritonealni
karcinomatoza se vyskytuje az u 43 % pacientt s karcinomem Zaludku (Abbasi et al., 2011). U
30-50 % pacientti po kurativni operaci dochazi k recidivé (Roviello et al., 2003; Spolverato et
al., 2014; Thomassen et al., 2014). Peritonealni recidiva se pak vyskytuje u 10-46 % pacientt
s karcinomem zaludku (Wu et al., 2003; Sakuramoto et al., 2007; Thomassen et al., 2014).
Pokud se vyskytnou peritonealni metastdzy, je progndza horSi pii srovnani s progndzou
pacientli s jinou lokalizaci metastatického postizeni. Median pieziti Vv pfipad€ postiZeni
peritonea ¢ini pouze 7-12 mésicu (Sadeghi et al., 2000; Thomassen et al., 2014). Median pieziti
u pacientd, ktefi jsou schopni podstoupit CRS/HIPEC, mtize byt podle nékterych studii delsi

nez 15 mésicu (Yonemura et al., 2005; Glehen et al., 2010).
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Nékolik studii porovnéavalo cytostatika pro intraperitonedlni podani u pacient
s karcinomem zaludku, a to jak v monoterapii (mitomycin C/cisplatina/oxaliplatina),
Vv kombinaci dvou cytostatik (mitomycin C + cisplatina nebo oxaliplatina + docetaxel) nebo tii
cytostatik (mitomycin C + cisplatina + etiposid). Vysledky téchto studii prokazaly pfinos pro
pteziti u pacientd 1écenych HIPEC s mitomycinem C + cisplatinou (11 mésicii vs. 6,5 mésice)
(Yang et al., 2011). A dale pak prokazaly zvySené OS s pouzitim mitomycinu C v monoterapii

nebo v kombinaci s cisplatinou (Fujimoto et al., 1997; Li et al., 2010).
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2 Karcinom ovaria

2.1 Epidemiologie

V roce 2021 bylo v Ceské republice nové diagnostikovanych 925 Zen s karcinomem
vajeénikli a v témze roce na stejnou diagnozu zemielo 618 pacientek. Incidence karcinomu
ovaria je niz§i nez u jinych gynekologickych nadorovych onemocnéni, mortalita je vSak
nejvyssi ze vSech gynekologickych nadorovych onemocnéni a predstavuje vice nez dvé tietiny
vSech umrti na gynekologické nadory. Divodem je zejména pozdni stanoveni diagnézy, kdy uz
je nador v pokrocilém stadiu (Ali, 2020). Celosvétové se prevalence karcinomi vaje¢nika
vyrazné lisi, nejvyssi je v zdpadni Evropé a Severni Americe a nejniZ$i na Stfednim vychodé a
vysvétlit rasovymi, reprodukénimi, socioekonomickymi a kulturnimi rozdily (Ali, 2018;
Gaitskell et al., 2018; Schrijver et al., 2021).

Maligni nadory vajecnikil se vyskytuji napti¢ vSemi vékovymi kategoriemi s rozdilnymi
histologickymi podtypy podle véku. Napiiklad u zen mladsich 20 let pievazuji nadory ze
zarode¢nych bunék, u zen mezi 30. a 40. rokem se nejcastéji vyskytuji borderline nadory a
invazivni epitelidlni karcinomy vajecnikti se vétSinou objevuji u Zen po padesatém roku zivota
(Berek et al., 2021). Incidence high-grade ser6zniho karcinomu vajeénika vrcholi u Zen mezi
60. a 65. rokem a incidence low-grade endometroidniho karcinomu vajeénikti je nejvyssi u Zen
mezi 45. a 50. rokem. Svétlobuné&éné karcinomy vajecnikii se vyskytuji nejcastéji u Zen ve véku

55 az 60 let (Phung et al., 2023).
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Incidence a mortalita. Aplikované filtry: (incidence N = 1284153, mortalita N = 503 641) Typ zhoubnéhe naderu: ZHOUBNE NOVOTVARY (C00-C97) Pohlavi: Zeny Kraj: cela CR
Rozsah: 1980-2022 Vpotetni metoda: Absolutni potty fen Zdroj dat: incidence: NOR, mortalita: CSU, korekce dle NOR
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Graf 1. Casovy vyvoj hrubé incidence a hrubé mortality karcinomu vaje¢niku. Graf zobrazuje ¢asovy vyvoj hrubé

incidence (pocet novych ptipadii na 100 000 osob) a hrubé mortality (pocet umrti na 100 000 osob) (Pfevzato od
Krejéi et al., 2024).
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Rozsah: 1980-2022 Vpotetni metoda: Absolutni potty fen Zdroj dat: incidence: NOR, mortalita: CSU, korekce dle NOR
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Graf 2. Vékové specificka incidence u karcinomu ovaria. Graf zobrazujici vékovou strukturu pacientek

s diagnézou karcinomu vaje¢niku (Pfevzato od Krejéi et al., 2024).
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2.2 Etiologie

Etiologie karcinomu vaje¢nikli neni zcela jasna, je ovSem zndmo né¢kolik rizikovych
faktord, které zvySuji pravdépodobnost rozvoje ovaridlniho zhoubného bujeni. Faktory, které
zvySuji pocty ovulaci v prubéhu zivota (napf. nuliparita, ¢asnd menarche nebo pozdni
menopauza), jsou spojeny se zvySenym rizikem karcinomu vajeénikt (Jelovac & Armstrong,
2011). Faktory zivotniho stylu jako je koufeni, obezita nebo nezdrava strava, rovnéz vystaveni
nékterym enviromentalnim ¢inidlim jako je mastek, herbicidy a pesticidy mohou mit vliv na
rozvoj malignit ovarii, ovSem pouze minimalni (Zamwar & Anjankar, 2022). VyZnamnym
rizikovym faktorem pro karcinom ovaria je pozitivni osobni nebo rodinna anamnéza karcinomu
prsu nebo vajec¢nikt. Zarode¢né mutace v genech BRCA1 a BRCA2 jsou hlavni pfi¢inou pro
karcinogenezi téchto nadort. Dalsi hereditarni syndromy zvysujici riziko ovarialniho nadoru
jsou Lynchiv syndrom (mutace v genech mismatch repair systému), Li-Fraumeni syndrom
(mutace v genu TP53) nebo Peutz-Jeghersiv syndrom (mutace v genu STK11) a mutace
v genech CHEK2, RAD51, BRIP a PALB2 (Pietragalla et al., 2020).
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Graf 3. Porovnani rizika rozvoje karcinomu vaje¢nikd mezi riznymi vékovymi skupinami s mutaci v genech

BRCA1 a BRCA2. Nositelé mutace BRCAL vykazuji vyssi riziko rozvoje nadoru vajec¢nikli napfic vSemi vékovymi

skupinami (obrazek pievzat z publikace Ali, Al-Ani O. & Al-Ani F., 2023).
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2.3 Prevence a screening

Epitelidlni ovarialni karcinom je obvykle diagnostikovan v pokroc¢ilém stadiu, protoze
Casna stadia onemocnéni nemaji zadné zjevné pfiznaky a Gc€innost screeningu dosud nebyla
prokazana v prospektivnich randomizovanych kontrolovanych studiich. NejcastéjSim
piiznakem pokroc¢ilého onemocnéni je narust objemu biicha zpisobeny ascitem (Goff et al.,
2004). Studie vSak naznacuji, ze n€které Zeny pocit'uji pietrvavajici nespecifické piiznaky v
meésicich pred diagndzou, véetné bolesti zad, distenze bficha, bolesti panve nebo bficha, potize
s jidlem nebo rychly pocit plnosti, zvraceni, poruchy traveni, zménéné vyprazdiiovani nebo
nutkani K moceni nebo zména frekvence moceni (Bandera et al., 2016; Goff et al., 2004;
Bankhead et al., 2008; Hamilton et al., 2009). Neepitelialni nadory se Casto projevuji
2016).

Soucasné klinicky dostupné postupy pro screening ovarialniho karcinomu jsou omezeny
na fyzikalni hodnoceni klinickymi lékafi, zobrazeni adnex transvaginalnim ultrazvukem (TVU)
a méfeni sérové hladiny nadorového antigenu 125 (CA 125). TVU je nejb&znéjsi zobrazovaci
modalitou pouzivanou pro detekci karcinomu vaje¢nikti a umoziuje 1ékaiim identifikovat
nepravidelnosti ve velikosti a tvaru ovarialnich tkani, nicméné pro detekci ¢asnych malych 1ézi,

zejména v oblasti vejcovodu v klinické praxi selhava (Kurman & Shih, 2016).
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2.4 Stanoveni diagnézy

Témet 60 % epitelidlnich ovaridlnich karcinomi je diagnostikovano v pozdnim stadiu, v
této dob¢ je pétileté preziti pouze 29 % (Reid, Permuth & Sellers, 2017). Onemocnéni je totiz
Vv raném stadiu obvykle asymptomatické nebo jsou symptomy casto piehlizeny, jelikoz je lze
pfipsat jinym moznym chorobnym stavim. Mezi nespecifické piiznaky patii pocity plnosti
bficha a ¢asné sytosti, nadymani, nevolnosti, inava, zmény Ve frekvenci a konzistenci stolice,
dysurie, bolesti zad, dyspareunie a zmény hmotnosti (Bullock et al., 2022). M¢la by byt ziskana
dikladna klinickd anamnéza, vcetné pacientovy osobni a rodinné anamnézy, hodnoceni
dédiéného rizika nadorovych onemocnéni a pfezkoumani ptiznakt (Lheureux et al., 2019).

Pii stanoveni diagnézy je tfeba provést dikladné fyzikdlni vySetifeni, doplnéné
vySetienim zobrazovacimi (TUS, USG bficha, CT hrudniku, bficha a MP, popt. dalsi) a
laboratornimi metodami (hladiny onkomarkert).

Hladina nddorovych markerii se obvykle hodnoti spolecné se zobrazovacimi metodami u
pacientek s podezienim na malignitu. Pfedev§im u mladSich pacientek by mély byt ziskany
nadorové markery lidského gonadotropinu (hCG), alfa-fetoproteinu (AFP) a
karcinoembryonalniho antigenu (CEA), které pomohou vyloué¢it malignity ze zarode¢nych
bun€k a gastrointestinalniho traktu (Berek et al., 2018). Nadorovy antigen CA 125 je
glykoprotein produkovany Miillerovym epitelem, ktery je detekovatelny laboratornimi
metodami a nejvice doporuCovany biomarker pro hodnoceni podezieni na nadorové
onemocnéni vajeénikt. Hladiny CA 125 jsou zvySené u vétSiny pokrocCilych piipada
epitelidlniho karcinomu vajecniki, ale jsou zvySené pouze v 50 % ptipadli onemocnéni v raném
stadiu; proto je citlivost tohoto biomarkeru omezena. Specificita a pozitivni prediktivni hodnota
jsou vys$s$i u Zen po menopauze nez u zen premenopauzalnich. Hladina CA 125 vyS$i nez
35 U/ml u Zeny po menopauze ukazuje na vysoké riziko malignity. ZvySena hladina CA 125
v§ak nemusi svédc¢it pouze o epitelialnim karcinomu vajecnikt, jeho zvysené hodnoty se
objevuji 1 u pacientek s jinymi onemocnénimi, véetné t€hotenstvi, neovaridlnich malignit a
zanétlivych patologii (napt. akutni zanétlivé onemocnéni panve, adenomyoza a endometridza).
Dals§imi zkoumanymi biomarkery pro véasnou detekci karcinomu ovaria jsou folatovy receptor
alfa, CA 72-4, CA 15-3 nebo glykodelin. V klinické praxi se v diagnostice karcinomu ovaria
nejcastéji vyuziva marker CA 125, HE4 (angl. human epididymis protein 4) a ROMA index
(angl. risk of ovarian malignancy algorithm).
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Transvaginalni ultrazvuk je preferovanou pocatecni zobrazovaci modalitou k
charakterizaci adnexalni hmoty diky schopnosti vizualizovat rozliSujici znaky mezi benignim a
malignim onemocnénim. Nalezy odpovidajici nadoru ovaria zahrnuji papilarni nebo pevné
komponenty, nepravidelnosti a ascites. 20 % pacientek s adnexalnim utvarem ma vsak nejasné
nalezy, v takovém piipad¢ je doporuceno provést dalsi vySetfeni, typicky magnetickou
rezonanci (Sadowski et al., 2019; Burke et al., 2023). Na zaklad¢ ultrazvukového zobrazeni
spada az 31 % adnexalnich mas do kategorie neurcitého rizika. U pacientek s nejednoznacnym
transvaginalnim ultrazvukovym nalezem nebo CA 125 v normélnim rozmezi mize MRI
pomoci dale charakterizovat adnexalni masu vzhledem k jeho vysoké specifité pii identifikaci
malignit (Zhang et al., 2023).

Pocitacova tomografie se ¢asto provadi pted MRI k vyhodnoceni diferencidlnich diagnoz
u pacientl s nespecifickymi ptiznaky. MRI se vSak doporucuje jako modalita druhé volby po
ultrazvuku, protoze je ucinngjsi pti vizualizaci malignit vaje¢nikd. Piesto se bézn¢ provadi CT
zobrazeni bficha, panve a hrudniku pro zhodnoceni rozsahu onemocnéni a pro ptedoperacni
planovani kvili zvySené dostupnosti této modality (Vanderpuye et al., 2021). Napiiklad
rozsahlé postizeni lymfatickych uzlin muze byt u vybranych pacientek kontraindikaci operace.
K urceni postizeni lymfatickych uzlin 1ze zvazit PET/CT, jelikoz je tato modalita pii hodnoceni
lymfatickych uzlin, peritonealnich metastaz a recidivujictho onemocnéni vyhodné&jsi nez

samotna CT (Engbersen et al., 2021).

2.5 Staging

Ackoli CT vySetfeni mize do urcité miry vymezit intraabdomindlni nadorové Sifeni,
staging karcinomu vaje¢nikt by mél byt stanoven chirurgicky. Operativni nalezy uréuji pfesnou
histologickou diagnézu, stadium, a tedy i prognozu pacienta (Deffieux et al., 2005; Levanon,
Crum & Drapkin, 2008; Berek et al., 2010).

U vybranych pacientii s pokro¢ilym stadiem onemocnéni mize byt vhodné zahajit
chemoterapii pfed chirurgickym zakrokem, v téchto ptipadech by mélo byt provedeno
histologické nebo cytologické potvrzeni diagndzy pied zahajenim neoadjuvantni chemoterapie

(Berek et al., 2021).
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Celosvétove se pro karcinom vajecniku pouzivaji dva hlavni systémy stagingu, kterymi
jsou systém Mezinarodni federace gynekologie a porodnictvi (FIGO) a TNM (Tumor-Node-
Metastasis) klasifikace. Oba systémy jsou zalozené na charakteristice nadoru, mife postizeni
regionalnich lymfatickych uzlin a pfitomnosti vzdalenych metastaz. (Tokunaga et al., 2019;
Kehoe, 2020).

Tabulka 3. TNM a FIGO klasifikace pro karcinom vaje¢niku. Klasifikace z hlediska patologickych charakteristik

nadort: velikost nadoru (T), postiZzeni lymfatickych uzlin (N) a pfitomnost vzdalenych metastaz (M) (Berek et al.,

2021; Shannon et al., 2021).

TNM FIGO Definice

TX Primérni nador nelze hodnotit.

T0 Nador neni pfitomen.

T1 I Nédor omezeny na vajecnik (jeden nebo oba).

Tla 1A Nédor omezeny na jeden vajecnik (pouzdro intaktni); Zadny
nador na povrchu vajecniku; zddné maligni buiiky v ascitu
nebo peritonealnim vyplachu.

Tlb IB Nédor omezeny na oba vajecniky (pouzdro intaktni); zddny
nador na povrchu vajecniku; zddné maligni buiiky v ascitu
nebo peritonealnim vyplachu.

Tlc IC Néador omezeny na jeden nebo oba vaje¢niky s nékterym z
nasledujicich:

Tlcl IC1 Naruseni pouzdra nadoru — rozsev zptisobeny chirurgickym
vykonem.

T1lc2 IC2 Ruptura pouzdra nadoru pted chirurgickym zakrokem nebo
nador na povrchu vaje¢niku.

T1c3 IC3 Maligni buniky v ascitu nebo peritonealnim vyplachu.

T2 I Nador zahrnuje jeden nebo oba vajecniky s roz§ifenim panve
(pod péanevni okraj) nebo primérni peritonealni karcinom.

T2a A Sifeni a/nebo implantace na délohu a/nebo vejcovod (y),
a/nebo vajecnik (y).

T2b 1B Rozsiteni do jinych intraperitonedlnich tkéni panve.

T3 a/nebo N1 Il Nador zahrnuje jeden nebo oba vajeéniky nebo primarni
peritonealni karcinom s cytologicky nebo histologicky
potvrzenym rozsifenim do pobiiSnice mimo panev a/nebo
metastazou do retroperitonealnich lymfatickych uzlin.

NX Regiondlni lymfatické uzliny nelze hodnotit

NO Zadné metastazy do regionalnich lymfatickych uzlin

NO(i+) Izolované nadorové buriky v regionalni lymfatické uzliné
(uzlinach) <0,2

N1 A1 Pozitivni (histologicky potvrzené) retroperitonealni
lymfatické uzliny.

Nla IIAL(i) Lymfatické uzliny <10 mm v nejvét§im rozmeéru.

N1b [1IAL(ii))  Lymfatické uzliny >10 mm v nejvEétSim rozmeéru.
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T3a 1A2 Mikroskopické extrapelvické (nad panevnim okrajem)
peritonealni postizeni s pozitivnimi retroperitonealnimi
lymfatickymi uzlinami nebo bez nich.

T3b 1B Makroskopické peritonedlni metastazy za panvi <2 cm v
nejvetsim rozmeéru, s metastazami do retroperitonealnich
lymfatickych uzlin nebo bez nich.

T3c "nc Makroskopické peritonedlni metastazy za panvi >2 cm v
nejvetSim rozméru, s metastdzami do retroperitonealnich
lymfatickych uzlin nebo bez nich (zahrnuje rozsifeni tumoru
do pouzdra jater a sleziny bez parenchymalniho postizeni
kteréhokoli organu).

MO Z4dné vzdalené metastazy

M1 v Vzdalené metastazy mimo peritonedlni metastazy.

M1la IVA Pleuralni vypotek s pozitivni cytologii.

M1b VB Parenchymové metastazy a metastazy do extraabdominalnich

organu (vcetné triselnych lymfatickych uzlin a lymfatickych
uzlin mimo bfis$ni dutinu).

2.6 Prognoza

Karcinom vaje¢nik ma obecné $patnou prognozu s Sletou mirou preziti méné nez 50 %
a 10letou mirou pieziti pfiblizn¢€ 35 % (Khanlarkhani et al., 2022). Prognoza karcinomu ovaria
je pfimo zavisla na stadiu onemocnéni v dob¢ diagndzy. Mira pieziti se u |. stadia odhaduje na
70 % az 92 % ve srovnani s méné nez 6 % u nadort stadia IV (Jayson et al., 2014). Dalsi faktory
spojené s progndzou zahrnuji vychozi vykonnostni stav pacientky, histologicky typ a stupei
diferenciace nadoru a objem rezidualniho onemocnéni po primarni cytoredukéni operaci.

Vybrani pacienti s recidivujicim onemocnénim mohou byt lé¢eni sekundarni
cytoreduk¢ni operaci. Mezi faktory spojené s lepSimi chirurgickymi vysledky u pacientek s
recidivujicim karcinomem vaje¢nikti patii ohrani¢ené misto recidivy tumoru a ascites mensi
nez 500 ml. Prognoza je také lepsi u pacientek s recidivujicim karcinomem ovarii citlivym na
platinu ve srovnani s recidivujicimi tumory rezistentnimi K plating (Griffiths et al., 2011; Jayson

et al., 2014; Vanderpuye et al., 2021).
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2.7 Histologie

Ovarialni karcinomy zahrnuji epitelialni (EOC) a neepitelidlni ovaridlni malignity
(gonadostromalni nadory a germinalni nadory). Nadory epitelialniho ptivodu piedstavuji vice
nez 95 % vSech karcinomt vajecnikil, zatimco neepitelidlni karcinomy tvoii necelych 5 %. EOC
jsou déleny podle typu bunék na: ser6zni (high-grade a low-grade), mucindzni, endometrioidni
a svétlobunécné karcinomy. Jednotlivé podtypy EOC se kromé etiologie 1i$i také morfologii,
molekularni biologii a progndzou. Piesto jsou povazovany za jednu entitu. Vzacné histologické
podtypy karcinomu ovaria zahrnuji karcinosarkomy, maligni Brennerovy nadory a

nediferencované karcinomy (Koébel & Kang, 2022; Lin et al., 2021).

2.8 Lécebna strategie

Standardni 1é¢bou je cytoredukéni operace a kombinovana chemoterapie platinovymi
derivaty s taxany. Mira odpovédi na prvni linii 1é¢by se pohybuje kolem 80-90 %, ale u vétSiny
pacienti dochazi k relapsu a rozvoji rezistence. Vzhledem k anatomickému umisténi vajeénika
je karcinom vajecniki nejcastéjSim nadorovym onemocnénim zplsobujicim peritonealni
metastazy. Casné stadium ovarialniho karcinomu je feSeno chirurgicky, nicméné vétsina
pacientek je diagnostikovana pozd¢ pro nespecifické projevy onemocnéni, kdy je karcinom jiz
v pokroc¢ilém stadiu rozsifen po peritoneu (Bijelic, Jonson & Sugarbaker, 2007).

Pii standardni 1é¢bé pokrocilého ovaridlniho karcinomu se obvykle nejprve provadi
debulkingova operace a po ni nasleduje Sest cykll intraven6zni chemoterapie s derivaty platiny
spolu s taxany, piipadné se aplikuji 3 cykly chemoterapie pied operaci a 3 cykly chemoterapie
po operaci (American Cancer Society, 2022).

2.8.1 Chirurgicky staging a primarni debulkingova operace

Primarni chirurgicky staging a debulking jsou pro pacientky zasadni. Chirurgicky vykon
typicky zahrnuje stiedni laparotomii s abdominédlni a panevni exploraci, paracentézu nebo
odbér peritonealniho vyplachu, hysterektomii, bilateralni adnexektomii, lymfadenektomii,
peritonealni biopsii a omentektomii. Pfi optimélnim chirurgickém debulkingu se resekuje
vSechna viditelna nadorova tkan, aby se co nejvice snizila nadorova zatéz (Lheureux,

Braunstein & Oza, 2019). U pacientti s onemocnénim stadia III nebo vys$sim by méla byt
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provedena cytoredukce na méné nez 1 cm, pokud neni mozna kompletni resekce. Mohou byt
také zahrnuty rozsahlejsi postupy, vcetné resekce stieva, peritonea a branice.

U mladych pacientek s ovarialnimi karcinomy, které se zdaji byt nizkorizikové a v raném
stadiu a pieji si zachovat moznost fertility, lze zvazit fertilitu Setfici chirurgickou 1é¢bu.
National Comprehensive Cancer Network (NCCN) uvadi, ze fertilitu Setfici modifikace
standardni debulkingové operace mohou zahrnovat retenci délohy a kontralateralnich vajec¢niki
a vejcovodu nebo pouze zachovani d€lohy, v zavislosti na staddiu nddoru a histologii. K
vylouceni okultniho onemocnéni by vsak stale mél byt proveden chirurgicky staging. Kazda
pacientka zvazujici operaci zachovavajici plodnost, by méla byt dikladné poucena o rizicich
recidivujiciho karcinomu vajeénikd. Smérnice NCCN nedoporucuji operaci Setfici plodnost u
pacientek se svétlobunéénym karcinomem vaje¢niki v jakémkoli stadiu (Nitecki, Woodard &
Rauh-Hain, 2020; Vanderpuye et al., 2021).

2.8.2 Neoadjuvantni chemoterapie a intervalova debulkingova operace

Neoadjuvantni chemoterapie néasledovand intervalovym debulkingem muize byt
provedena u pacientek s pokro¢ilym nalezem (stadium IIIC, 1V) s nizkou pravdépodobnosti
optimalni cytoredukce. Cilem neoadjuvantni chemoterapie je snizeni nddorové zatéze, aby se
zvysila pravdépodobnost optimalni cytoredukce (Lheureux, Braunstein & Oza, 2019;
Vanderpuye et al., 2021).

U pacientek, které podstoupi neoadjuvantni chemoterapii, je nador znovu posouzen
pomoci zobrazovacich metod ke stanoveni resekability po 3 az 4 cyklech chemoterapie (Kurnit,
Fleming & Lengyel, 2021; Sambasivan, 2022). Pokud je béhem neoadjuvantni chemoterapie
pozorovana progrese nadoru, intervalova operace debulkingu se nedoporucuje, protoze studie
neprokézaly Zadny pfinos pro preziti. U téchto pacientil 1ze zvaZzit zatfazeni do klinickych studii

nebo ukonceni 1é¢by a zahajeni paliativni péce (Vanderpuye et al., 2021).

2.8.3 Adjuvantni chemoterapie

Po primarni debulkingové operaci by se rozhodnuti o adjuvantni chemoterapii mélo
posuzovat na zakladé chirurgického stagingu, vzhledem k mozné zmén€ charakterizace
onemocnéni po chirurgickém posouzeni, napiiklad upstaging u pacienta, u které¢ho se
predpokladalo ¢asné stadium onemocnéni. U Casnych stadii low-grade onemocnéni adjuvantni

chemoterapie nezlepsuje celkové pieziti. Naproti tomu Casné stadium u high-grade karcinomi
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ma prospéch z adjuvantni chemoterapie. Kombinace karboplatiny a paklitaxelu jsou nejcastéji
pouzivanymi cytostatiky.

U pacientek s pokro¢ilym onemocnénim nebo ¢asnym stadiem ovarialniho karcinomu s
vysoce rizikovymi rysy (stadium IC a II, high-grade nebo histologicky potvrzeny
svétlobunécny karcinom) je standardnim lécebnym piistupem chemoterapie po chirurgické
cytoredukci. Chemoterapie muze byt podavana intraven6zni nebo intraperitonealni cestou a
pouziva se ne€kolik rezimi, vCetn¢ intravendzni chemoterapie na bazi platiny, intravenozni a
intraperitonealni chemoterapie na bazi platiny a intraperitonedlni chemoterapie na bazi platiny
plus bevacizumab, v zavislosti na histologii nadoru, stadiu, a pokud bylo provedeno optimalni
odstranéni nadoru (Sambasivan, 2022).

Studie faze 3, GOG-111, prokézala lepsi celkové pteziti u pacientd s kombinaci cisplatiny
a paklitaxelu ve srovnani s kohortou uZzivajici kombinaci cisplatiny a cyklofosfamidu.
Chemoterapeutickou latkou prvni linie pro epitelidlni karcinom vajec¢nikl je cisplatina nebo
karboplatina spolu s cytostatikem ze skupiny taxant, paklitaxelem nebo docetaxelem. Vysledky
mnoha studii dosp€ly k zavéru, Ze karboplatina je stejné G¢innd jako cisplatina a je 1épe snaSena
(Kuroki & Guntupalli, 2020; Sambasivan, 2022).

V onkogenezi ovaridlnich karcinomt hraje dtlezitou roli také VEGFR signalni draha a
S ni spojena patologicka vaskularizace nadoru. Zvysena exprese VEGF je spojena s nepiiznivou
progndzou ovarialniho karcinomu a jeho vyssi diferenciaci (Shen et al., 2000). Kombinace
inhibice angiogeneze monoklonalni protilatkou bevacizumabem s chemoterapii a s naslednym
pokracovanim bevacizumabu v udrzovaci terapii vedla u pacientek s vysokym rizikem relapsu
choroby k vyssi ¢etnosti 1é¢ebnych odpoveédi a signifikantnimu prodlouzeni PFS (p <0,0001)
oproti chemoterapii samotné, nicméné bez vlivu na prodlouzeni medianu OS (Burger et al.,
2011; Ozaet al., 2015).

2.8.4 Hypertermicka intraperitonealni chemoterapie po cytoreduk¢ni operaci

HIPEC s cisplatinou lze zvazit po intervalové cytoredukéni operace u onemocnéni stadia
III. Multicentrickd studie faze III zvefejnila vysledky ukazujici, Ze podani HIPEC po
cytoredukci zlepsilo pieziti bez recidivy (RFS) o 3,5 mésice a celkové pieziti o 11,8 mésice ve
srovnani se samotnou operaci, navic bez zvySeni periopera¢ni morbidity (van Driel, et al.,
2018). Studie zahrnovala 245 pacientek ve stadiu II1 EOC, které absolvovaly po tfech cyklech
neoadjuvantni 1écby karboplatinou a paklitaxelem. Median RFS byl 10,7 mésice ve skupiné

pouze s chirurgickym vykonem a 14,2 mésice ve skupiné s cytoredukéni operaci plus HIPEC.
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Median celkového preziti byl 33,9 mésice ve skupiné se samostatnou cytoredukéni operaci a
45,7 mésice ve skupiné s operaci plus HIPEC. Mira poopera¢nich komplikaci byla u obou
skupin témét totoznd. K obdobnému vysledku dospéla i1 novéjsi multicentrickd studie
(Gonzalez et al., 2023). Vsechny pacientky byly diive 1éCeny neoadjuvantni chemoterapii.
Pacientky byly randomizovany, kdy jedna skupina absolvovala pouze CRS a druha skupina
byla 1é¢ena HIPEC (cisplatina 75 mg/m?) po cytoredukéni operaci. Lé¢ba CRS/HIPEC byla
provedena u 35 pacientek oproti skupiné 36 pacientek bez HIPEC. Byl zjistén klinicky
hodnotny rozdil se zlepSenim pieziti bez onemocnéni ve prospéch HIPEC + 6 mésict. Opét
nebyl nalezen zadny rozdil mezi témito dvéma skupinami s ohledem na pooperacni komplikace
nebo kvalitu zivota.

Piestoze u peritonedlnich metastdz karcinomu ovaria stadia FIGO III je cytoredukce
obvykle standardnim terapeutickym vykonem, HIPEC dosud jednotnou souc¢ésti doporuc¢enych

postupti neni.

2.8.5 Udrzovaci 1écba PARP inhibitory

U vyznamné ¢asti ovarialnich karcinomu se vyskytuje mutace genu BRCA1 a BRCAZ2.
Tyto geny se ucastni procesu opravy DNA pomoci homologni rekombinace. Nadorova buika
s poruchou homologni rekombinace je tak odkazana na jiné opravné mechanismy, napft. excizi
bazi, kterou je moZzné inhibovat pomoci PARP inhibitorti (inhibitory poly ADP rib6zo
polymerézy). Tim dochazi v nddorové bunce ke dvojitym zlomim DNA, které jsou letélni.
vede k tomu, Ze inhibitory PARP ptedstavuji prilom v 1é€bé€ karcinomi ovaria.

Olaparib jako jeden z prvnich PARP inhibitort v klinické praxi prokazal zcela
bezprecedentni benefit v udrzovaci terapii u nové diagnostikovanych pacientek stadia III a IV
s odpovédi na tivodni chemoterapii s platinovymi derivaty. V randomizované studii faze III
SOLO-1 udrzovaci 1éEba olaparibem snizila riziko progrese nebo smrti o 70 % (HR 0.30; 95 %
Cl1 0.23-0.41; p <0,001), pticemz po 5 letech 48 % pacientek v rameni s olaparibem jsou stale
bez progrese nemoci oproti 21 % pacientek uzivajicich placebo (Banerjee et al., 2021). Dalsi z
PARP inhibitort, niraparib, prokazal svou ti¢innost jako udrzovaci 1é€cba po platina senzitivnim
relapsu ovaridlniho karcinomu bez ohledu na pfitomnost zdrodecné mutace BRCA nebo
poruchy homologni rekombinace (HRD) v randomizované studii faze III NOVA, piicemz

pacientky s pfitomnosti zarode¢né mutace BRCA z 1é¢by profitovaly nejvice (Oza et al., 2018).
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Lécba PARP inhibitory méa velmi piiznivy toxicky profil, nezvySuje morbiditu ani mortalitu
pacientli. Mezi nejcastéj$i nezddouci uinky patii hematologicka toxicita, predevsim anémie a
trombocytopenie, dale pak gastrointestinalni toxicita typu nauzey. Nicméné nejveétsi limitaci

této terapie je rozvoj sekundarni rezistence s naslednou nepiiznivou progn6zou nemoci.
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3 Molekularni drahy

3.1 DNA repair

Kombinace obsahujici léCiva na bazi platiny, zejména cisplatinu a karboplatinu,
predstavuji 1écbu prvni volby EOC. Mechanismus ucinku jak cisplatiny, tak karboplatiny
zahrnuje jejich interakci s DNA a tvorbu monoaduktti, pfevazné kovalentné interagujicich na
pozici N7 molekuly guaninu. Tento monoadukt se posléze skrze druhou kovalentni vazbu
navaze na DNA piicnou vazbu, kterda mize byt na stejném tetézci DNA (tj. intrafetézcové
pii¢né vazby predstavujici nejhojnéjsi platinové adukty) nebo na opacném vlaknu (tj.
mezifetézcové pricné vazby, které jsou odpovédné za protinadorovou aktivitu Iéku) (Hongo et
al., 1994; Hah et al., 2006). Pokud tyto 1éze nejsou opraveny, dochazi k blokovani syntézy a
transkripce DNA. Navic dochazi ke zpozdéni replikacni vidlice, coz zcela destabilizuje syntézu
DNA s aktivaci replikativni stresové reakce. (Dobbelstein & Serensen, 2015).

Obecné plati, ze pritomnost 1ézi DNA aktivuje reakci na poSkozeni DNA s aktivaci
bunécnych drah vedoucich ke zpomaleni nebo pteruseni syntézy DNA, zablokovani bunééného
cyklu a aktivaci opravnych drah (Pili¢ et al., 2019). Tyto drahy jsou soucasti DDR (angl. DNA
damage response) a maji klicovou roli v udrZzovani integrity genomu (Jeggo, Pearl & Carr,
2016; Roos, Thomas & Kaina, 2016). Genomova nestabilita byla popsana jako charakteristicky
znak nadorového onemocnéni (Hanahan & Weinberg, 2000). Defekty v DDR jsou tedy spojeny
se zvySenym rizikem rozvoje nadorového onemocnéni béhem Zivota. Prvni krok DDR spociva
v rozpoznani poSkozeni ,,senzorovymi‘ proteiny, které identifikuji struktury DNA indukované
¢inidly poskozujicimi DNA a replika¢nim stresem. Hlavnimi senzorovymi proteiny jsou ATM
(angl. ataxia-telangiectasia mutated), ATR (angl. ataxia telangiectasia and Rad3-related
protein) a DNA-PK (DNA — dependentni proteinkinaza). Jedna se o velké serin/threonin kinazy
— ¢leny rodiny fosfatidylinositol-3-kinazy podobnych kinaz (PIKK), které organizuji rozsahlou
sit’ bunécnych procesti k udrzeni genomové integrity s odliSnymi specificitami a funkcemi
(Lovejoy & Cortez, 2009; Lempidinen & Halazonetis, 2009). ATM kinaza je primarné
aktivovana dvoufetézcovymi zlomy DNA (DSB, angl. double strand breaks) a vede k
fosforylaci fady substrati, jako jsou BRCA1, CHK?2 a p53, zprostiedkovavajici opravu DNA,
zastaveni bunécného cyklu a apoptéozu. ATR kinaza je nezbytna pro pieziti proliferujicich
bun¢k, protoze monitoruje progresi replikacni vidlice, reaguje na Siroké spektrum poskozeni

DNA, véetné zlomii jednovlaknové DNA (SSB, angl. single strand breaks) a riznych 1ézi DNA,
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které interferuji s replikaci (Curtin, 2012). Fosforyluje substraty jako BRCA1, CHKI, p53 a
RAD17, které zase zprostiedkovavaji inhibici replikace DNA a podporuji opravu DNA.
Koneén¢, DNA-PK hraje roli pfedev§im v nehomolognim spojovani koncti (NHEJ, angl. non-
homologous end joining) pro opravu dvouietézcovych zlomu. (Reinhardt et al., 2007
Matsuoka et al., 2007).

Existuje Sest hlavnich cest opravy DNA: 1/ oprava chybného parovani (MMR, angl.
mismatch repair), 2/ oprava excize bazi (BER, angl. base excision repair), 3/ oprava excize
nukleotidi (NER, angl. nucleotid excision repair), 4/ homologni rekombinace (HR, angl.
homologous recombination), 5/ nehomologni spojovani koncti a 6/ Fanconiho anémie (FA,
angl. Fanconi anemia) (Curtin, 2012). Koordinovana souhra mezi témito riznymi drahami vede
k opravé a pieziti bun€¢k bez fixniho poskozeni DNA. Nizka troven oprav a akumulace
poskozeni DNA, které mohou buriky tolerovat, ale mtize vést k rozvoji patologii, véetné rozvoje
nadoru. Zmény (upregulace a downregulace) v téchto drahach ptispivaji k citlivosti a rezistenci

vici platinovym derivatim (Damia & Broggini, 2019).
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Obrazek 8. Schématické znazornéni DNA opravnych drah. Na obrazku jsou schematicky znazornény opravné
drahy DNA, konkrétné: oprava chybného parovani (MMR), oprava excize nukleotidi (NER), syntéza translézi
(TLS), oprava mezifetézcovych kiizovych vazeb (ICL), oprava excize bazi (BER), homologni rekombinace (HR),
nehomologni spojovani volnych koncti (NHEJ) a alternativni cesta pro nehomologické spojovani volnych konct

(Alt-NHEJ).

3.1.1 Alterace v draze DNA repair u karcinomu ovaria

U priblizné poloviny high-grade serosnich ovarialnich karcinomid (HGSOC) nalézame
defektni DNA repair drahu, konkrétné inaktivaci homologni rekombinace (HR) v disledku
zarodecnych a somatickych mutaci v BRCALl (11 %), BRCA2 (9 %), ¢i hypermetylace
promotoru BRCA1 (10 %) a RAD51C (2 %) (Konstantinopoulos et al., 2015). Dalsimi zménami

na molekularni urovni, jenz jsou korelovany s deficienci homologni rekombinace u HGSOC
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jsou mutace nebo amplifikace CDK12, které jsou pfitomny piiblizné¢ ve 4 % piipada.
Preklinické studie naznacuji, ze knock-down této kinazy senzibilizuje burniky jak na PARP
inhibitory, tak na platinové derivaty v dusledku downregulace genti zapojenych do HR (Chila,
Guffanti & Damia, 2016; Lui, Grandori & Kemp, 2018). Deficience homologni rekombinace
by také mohla byt disledkem homozygotni ztraty PTEN, kter4 je pfitomna ~ 7 % HGSOC.

Zarodecné mutace BRCAL a BRCA2 jsou nejcastéjSimi zménami a jsou pfitomny U
minimalné — 15 % vSech ovarialnich karcinomu (Pal et al., 2005; Alsop et al., 2012), zatimco
somatické mutace BRCA1 a BRCA2 byly identifikovanych u 6-7 % HGSOC (Hennessy et al.,
2010). Vétsina zarodeénych a somatickych BRCAL/2 mutaci jsou inzerce nebo delece s
posunem ¢teciho ramce, zatimco missense mutace jsou vzacné (Rebbeck et al., 2015). U EOC
se epigenetické uml¢ovani prostiednictvim hypermetylace promotoru vyskytuje u BRCA1L, ale
nebylo popsano u BRCA2 genu. Hypermetylace promotoru BRCA1 u HGSOC se vzajemné
vylucuje s mutacemi BRCAL1/2, coz naznacuje, Ze existuje silny selektivni tlak na inaktivaci
BRCA bud’ mutaci, nebo epigenetickym uml¢enim u tohoto onemocnéni (Baldwin et al., 2000;
Esteller et al., 2000). Dals§i zmé&ny drahy HR zahrnuji mutace v n€kolika genech FA (hlavné
PALB2, FANCA, FANCI, FANCL a FANCC), v genech RAD, jako je RAD50, RAD51, RAD51C
a RAD54L, a v genech DDR zapojenych do HR, jako je ATM, ATR, CHEK1 a CHEK2
(Konstantinopoulos et al., 2015).

3.2 PIBK/AKT/mTOR

Signalni kaskada zahrnujici PI3K, AKT a mTOR je nejcastéji alterovana drdha u
nadorovych onemocnéni a fidi mnoho procest, které jsou dilezité pro rozvoj nadoru, jako je
bunéény cyklus, preziti bunck, metabolismus, motilita, angiogeneze, chemorezistence a
genomicka nestabilita. Jako hlavni downstream efektor receptorovych tyrosinkinaz (RTK) a
receptortl spifazenych s G proteinem prevadi PI3K intracelularné signaly rtznych ristovych
faktorti a cytokinli generovanim fosfolipidl, které nasledné aktivuji efektory vcetné AKT a
MTORCI. Existuji tfi tfidy PI3K (tiidy I-III). Ttida I PI3K se dale d¢€li na kinazy IA PI3K
(PI3Ka, B a 5), které jsou aktivovany receptory s aktivitou protein tyrosinkinazy, a kinazy 1B
PI3K (PI3KYy), které jsou aktivovany receptory sprazenymi s G proteinem. Ttida A PI3K jsou
heterodimerni kinazy skladajici se z regulacni podjednotky p85 a katalytické podjednotky p110

vvvvvv

Existuji tii izoformy p110 podjednotky tiidy IA (o, B a v), které jsou kodovany tiemi geny
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(PIK3CA, PIK3CB a PIK3CD, v tomto potadi). Z nich pouze PIK3CA byva v nadorech ¢asto
mutovan (Fruman & Rommel, 2014). V reakci na extracelularni signaly aktivovany PI3K
fosforyluje fosfatidylinositol 4,5-bisfosfat (PI(4,5)P2; PIP2) za vzniku fosfatidylinositolu
(3,4,5)-trifosfatu (P1(3,4,5)P3; PIP3 ), coz vede k inkorporaci AKT do plazmatické membrany,
negativnimi regulatory signalni drahy PI3K. PTEN defosforyluje fosfat PIP3 za vzniku PIP2 a
INPP4B defosforyluje fostat v poloze 4 fosfatidylinositol (3,4)-bisfosfatu (P1(3,4)P2) za vzniku
PI(3)P. Oba tyto produkty inhibuji aktivaci AKT zavislou na PI3K (Gewinner et al., 2009).
Ztrata PTEN nebo INPP4B tedy vede k akumulaci PIP3, respektive PI(3,4)P2, coz vede k
prodlouzené fosforylaci a aktivaci AKT.

Aktivovany AKT mulzZe pifimo aktivovat mTORCI1 fosforylaci mTOR a nepiimo
aktivovat mTORC1 fosforylaci komplexu tuberdzni sklerézy 2 (TSC2). Fosforylace TSC2
pomoci AKT vede k inhibici funkce komplexu TSC1/TSC2. Kdyz je komplex TSC1/TSC2
aktivovan, TSC2 stimuluje konverzi Rheb (homolog Ras) -GTP na Rheb-GDP, ktery inaktivuje
mTORCI1. Kdyz je TSC2 inaktivovan (fosforylovan) AKT, Rheb-GTP stimuluje aktivitu
mTORCI1. Proto genetické zmény, které ovliviiyji tuto signalni dradhu, vedou ke zvySené
aktivaci mTORC1 (Mabuchi, Hisamatsu & Kimura, 2011; Laplante & Sabatini, 2012). Po
aktivaci mTORCI1 fosforyluje translaci regulujici faktor ribozomalni S6 kinazu-1 (S6K-1) a
translaci mRNA kodujici ribozomalni proteiny, elongacni faktory a dalsi proteiny potiebné pro
prechod z G1 faze do S faze bunécného cyklu. Fosforylace 4EBP-1 také zvySuje translaci
mRNA koédujici cyklin D1, c-Myc a hypoxii indukovatelny faktor-la (HIF-1a), coz vede k
progresi bunééného cyklu nebo angiogenezi (Laplante & Sabatini, 2012).

Druhy mTOR komplex, mTORC2, se sklada ze Sesti proteini. Pfesny mechanismus,
kterym je mTORC2 aktivovan, ale zistava nejasny. Pravdépodobné je vsak k aktivaci
MTORC2 vyzadovan PI3K (Zinzalla et al., 2011) Aktivovany mTORC2 naopak fosforyluje
kinazy, jako je AKT, sérem a glukokortikoidy regulované kin4zy a proteinkinazu C-o, a fidi
bunécnou proliferaci, metabolismus glukézy, remodelaci cytoskeletu a apoptozu (Laplante &
Sabatini, 2012).
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Obrazek 9. Schématické znazornéni PI3K/AKT signalni drahy a souvisejicich signalnich drah.

3.2.1 Alterace PIBK/AKT/mTOR drahy u karcinomu vaje¢niki

Dysregulace PI3K drahy zahrnujici amplifikaci a somatické mutace PIK3CA, delece nebo
inaktivace PTEN a amplifikace nebo mutace AKT je ¢asto pozorovana u rtiznych typ nadort
(Janku, Yap & Meric-Bernstam, 2018). Rané genomické vyzkumy prokazaly Cetné genetické
alterace PIK3CA také u epitelialnich nadoru vaje¢niku (412 %) (Campbell et al., 2004; Levine
et al., 2005; Wang et al., 2005), zejména u svétlobunéénych karcinomi (20-46 %) (Campbell
et al., 2004; Kuo et al., 2009), a u endometroidnich karcinomut vaje¢nika (20 %), méné pak u
high-grade serosnich karcinomi ovaria (2,3 % — 3 %) (Campbell et al., 2004; Matulonis et al.,
2011). Mezi dalsi casté alterace této drahy u karcinomu vajecniktl patii amplifikace AKT2
(Nakayama et al., 2006; Carden et al.,, 2012) a ztraita PTEN prostfednictvim rdznych
mechanismu (delece, ztrata heterozygotnosti nebo epigenetické uml¢ovani) (Obata et al., 1998;
Sato et al., 2000; Kurose et al., 2001; McConechy et al., 2014).
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PRAKTICKA CAST

4.1 Pilotni prace k hodnoceni toxicity HIPEC

4.1.1 Soubor pacienti a pouzita metodika

Od 1. ledna 2016 do 1. ledna 2018 podstoupilo ve Fakultni nemocnici Olomouc 44
pacientt CRS/HIPEC. Byla ziskana klinickd a patologickd data téchto pacientli zahrnujici
pohlavi, v€ék, misto primarniho nadoru, rozsah onemocnéni, rozsah peritonealniho postizeni
(hodnoceno pomoci PCI), rozsah a tplnost chirurgického zakroku (hodnoceno pomoci CCR),
pfedchozi chirurgickd a systémova lécba, pooperacni systémova 1écba a doba do progrese
onemocnéni (PFS). PFS byl definovan jako ¢as od data CRS/HIPEC k datu progrese choroby.
Datum progrese bylo zalozeno na klinickych a zobrazovaci vysetieni. Nadorové markery (CA
125, CEA, CA 19-9 a CA 72-4) byly vySetiovany v 3mé&si¢nich intervalech. CT hrudniku,
dutiny bfi$ni a panve bylo provadéno v 6mési¢nich intervalech. Pro vypocet medianu PFS byla
pouzita Kaplan-Meier metoda s pomoci SAS EG 5 softwaru. Nezadouci ucinky, toxicita a
bezpec¢nost 1écby byly hodnoceny podle klasifikace Clavien-Dindo. VSichni pacienti byli
diskutovani multidisciplindrnim tymem.

Indika¢ni kritéria zahrnovala: 1/ karcinomatbza peritonea; 2/ absence efektivngjsi
moznosti 1é¢by; 3/ dobry vykonnostni stav pacienta (PS 0-1 dle WHO klasifikace).
Kontraindikacemi bylo: 1/ pfitomnost visceralnich metastaz (naptiklad jaterni nebo plicni
metastazy nebo pfitomnost kostnich metastaz); 2/ celkovy vykonnostni stav pacienta PS 2 a
méné dle WHO Kklasifikace; 3/ nadorova infiltrace velkych zil, tepen nebo ser6zy tenkého
stieva, pfipadné¢ zasaZeni visceralnich organti nebo stény bfisni.

U pacientt byl sledovan zejména nutriéni stav, riziko vzniku infekce, uzivani
kortikosteroidl a peroralnich antikoagulancii, které mohou ovlivnit pooperacni komplikace
(krvéceni, opozdéné hojeni operacnich ran, proleZeniny, systémové infekce, respiracni selhani
apod.) vedouci k delsi dobé hospitalizace a vyssi poopera¢ni mortalité.

Prvni vizita probéhla dva tydny pfed CRS/HIPEC béhem které byla odebrana anamnéza,
provedeno fyzikalni a laboratorni vySetfeni, a piipadné i provedeny korekce medikace. Druha
vizita prob¢hla den pted CRS/HIPEC opét s krevnimi testy a fyzikalnim vySetfenim pacienta.

Diagram vyobrazujici piipravu pacienta pfed CRS/HIPEC je zndzornén na obrazku 10. Ctyfi
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az Sest tydnti po zakroku probéehla vizita k posouzeni toxicity a zvladnuti nezadoucich ucinkd,

poté byli pacienti sledovani v 3mé&si¢nich intervalech.

Prvni vizita 2 tydny pred
CRS/HIPEC

Druha vizita den pied

Indikace k CRS/HIPEC CRS/HIPEC

mulktidisciplinarnim tymem Anamnéza, fyzikalni a
laboratorni vySetreni,
pfipadné korekce medikace

Krevni testy a fyzikalni
vysetfeni

Obrazek 10. Schéma pfipravy pacienta pred CRS/HIPEC.

Tabulka 4. Podskupiny pacientii podle primarniho nadoru. n — pocet pacientii; PCI — peritoneal cancer index;

CCR - cytoreduk¢ni skore.

Recidivujici
Primarni nador n onemocnéni / PCI CCRO CCR1 CCR2
Primarni lé¢ba
Karcinom ovaria 17 7/10 5 10 3 4
Kolorektalni karcinom 9 8/1 10 6 0 3
Pseudomyxom 8 17 15 6 1 1
peritonea
Mezoteliom 9 0/9 20 5 2 2
Karcinom endometria 1 1/0 6 0 0 1
4.1.2 Vysledky

Do nasi retrospektivni analyzy bylo zafazeno 32 Zen a 12 muZza ve véku 36 az 76 let
smedianem 61 let. 17 pacientek bylo s diagnézou karcinomu vajeéniku, 9 pacienti
S kolorektalnim karcinomem, 9 pacientd s peritonedlnim mezoteliomem, 8 pacientd
s pseudomyxomem peritonea a jedna pacientka s karcinomem endometria.

Median PFS nebyl v podskupiné pacientek s karcinomem vajeéniku v dobé hodnoceni
dosazen. Median sledovani byl 7 mésict. V podskupiné pacientl s kolorektalnim karcinomem
byl median PFS 6 mésici. Zadny pacient s pseudomyxomem peritonea neprogredoval bdhem
medianu sledovani 7 mésici. Ve skuping pacientii s mezoteliomem doslo k progresi u jednoho
pacienta, pficemz median sledovani v této podskupiné byl 10 meésici. Jedna pacientka s
karcinomem endometria byla bez onemocnéni 9 mésicti po CRS/HIPEC.

Perioperacni mortalita byla 2 % (1/44). K umrti doslo v disledku akutni jaterni nekrozy
u jednoho pacienta, ktery byl 1écen HIPEC s oxaliplatinou. Zavazna peropera¢ni morbidita 3. a
4. stupné podle Clavien-Dindo klasifikace byla 11 % (5/44). Zavazné komplikace se vyskytly
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u 4 pacienti s kolorektalnim karcinomem a jednoho pacienta s pseudomyxomem peritonea.
Vsichni tito pacienti podstoupili HIPEC s oxaliplatinou 460 mg/m?. Pacienti byli reoperovani
pro podezieni na krvaceni do bficha a zanétlivé komplikace. Pozorovali jsme pooperacni
nechirurgické krvaceni v peritonealni dutiné pouze u pacienti, kterym byla podéna piti HIPEC

oxaliplatina (Lemstrova et al., 2019, Piiloha 1).

4.2 Pilotni prace k zavedeni metodiky stanovovani exprese a hodnoceni
alterace genové exprese bunécéné signalizace na tkanich karcinomu

pankreatu

4.2.1 Material a pouZita metodika

Nejprve byl piipraven xenograft, kdy athymické mysSi byla subkutinné injikovana
bunééna suspenze Paca-44. Bunééna linie lidského karcinomu pankreatu Paca-44 byla pouzita,
jelikoz obsahuje KRAS mutaci G12V, kterd se casto vyskytuje u pacienti s PDAC
(Moore et al., 2001). Poté, co nadory dosahly velikosti ~100 mm?, byla zahajena 1écba
experimentalnim taxanem SB-T-1216 u jedné skupiny xenograft (n = 5), druhd skupina (n =
7) nedostala zadnou 1écbu. Po druhé déavce léCiva byla zvifata usmrcena, odebrana nadorova
tkan k dalSimu zpracovani a vySetifeni.

Néadorova tkan byla homogenizovana a RNA byla vyizolovéana dle jiz dfive popsanych
postuptt (Mohelnikova-Duchoniova et al., 2013). Nasledovala syntéza cDNA, dle jiz dfive
popsanych postupt (Soucek et al., 2005).

Geny pro studium signalni drahy KRAS byly vybrany pomoci vefejné dostupné databaze
KEGG. Celkem bylo pro analyzu genové exprese vybrano 42 gend. Kvantitativni real-time
PCR (qPCR) byla provadéna s pouzitim TagMan® Gene Expression Assays s
optimalizovanymi sadami primerd a sond a TagMan™ Universal Master Mix 11 s UNG (Uracil-
DNA glykosylaza). POP4, ELF1, MRPL19 a EIF2B1 byly pouzity jako referen¢ni geny
specifické pro studie PDAC zalozené na diive publikovanych datech (Mohelnikova-Duchoniova
et al., 2012). Negativni kontrola (NTC; angl. non-template control) obsahovala vodu misto
cDNA. Negativni kontroly syntézy cDNA (RNA transkribovana bez reverzni transkriptazy)
byly také pouzity k odhaleni moZnych kontaminaci. Kazdy vzorek byl testovan v duplikatech
a pro vypocet byla pouzita sttedni hodnota. PCR reakce byla zahéjena pti 50 °C po dobu 2

minut, poté nasledovala poc¢atecni denaturace 10 minut pii 95 °C, nasledné 40 cykli denaturace
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po dobu 15 s pti 95 °C a elongace po dobu 1 minuty pfi 60 °C. Mira genové exprese byla
analyzovana pomoci Roche LightCycler 480 System softwaru. Pomér Ct konkrétniho cilového
genu k aritmetickému pruméru Ct vSech referencnich genti byly vypocteny pro kazdy vzorek a
pouzity pro statistické vyhodnoceni pomoci analyzy dat RT? Profiler PCR Array v3.5.
Zpracovani dat a kontrola kvality byly provedeny s pouzitim softwaru Microsoft Excel.
Zména exprese vlivem 1é¢by byla vypocitana z hodnot Ct v souladu s komparativni Ct metodou

popsanou Livakem a Schmittgenem (Livak & Schmittgen, 2001).

4.2.2 Vysledky

Vysledky piekvapivé prokdzali snizenou expresi vétSiny genti KRAS signéalni drahy
pisobenim taxanu SB-T-1216 in vivo. Downregulované geny piedstavovaly upstream vétev
PI3K/AKT signalni drahy, véetné AKT1/2, RAC1 a PAK1 a downstream geny vétvi RALGDS a
RIN1 signalni drahy KRAS, véetné INK kinaz MAPK9 a MAPK10. Geny MAPK vétve signalni
drahy KRAS byly také vétsinou downregulované (KRAS, ARAF, MAP2K2, MAPK1, MKNK2
a RPS6AK2), coz indikovalo supresi drahy na tirovni transkriptu (Oliverius et al., 2019, Piiloha
2).

GDP [(RAsal | RasAz | PIK3CA_|_ PTK2
PIK3CG PTK2B

| AKT1 AKT2 |
[ csx3e | [eaka | RrHOA |
MTOR
MKNK1 MKNK2
RPS6AK2 | _mar3k1 | map3k2 |
Cell migration & invasion Gene expression Protein synthesis MAP2K7
i Proliferation & differentiation 4
Cvtoskecl:'tlo:';r"gi::-mion <& 3 | MAPKIO | MAPKI MAPKS |

Obrazek 11. Mapa signalni drahy KRAS zachycujici odlisné exprimované geny u kontrolnich xenografta ve
srovnani s xenografty lé¢enymi experimentalnim taxanem SB-T-1216. Downregulované geny jsou znazornény

zelen¢ a upregulované geny jsou cervene.
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4.3 Hlavni téma prace

4.3.1 Soubor pacientek

V obdobi od unora 2018 do prosince 2019 byly shromazdény vzorky primarnich nadora
a parovych peritonealnich metastaz od 28 pacientek podstupujici CRS/HIPEC pro EOC. Po
chirurgickém odstranéni nadoru (maximalni mozné cytoredukci) byla nasledné¢ u vSech
pacientek provedena hypertermicka intraperitonealni chemoterapie cisplatinou v davce 100
mg/m?. Doba aplikace cytostatika byla 60 minut. Tkafiové vzorky byly ihned po vyjmuti
ulozeny do stabiliza¢niho roztoku — RNA lateru a odeslany potrubni postou do laboratote, kde
byly skladovany v -80 °C. Klinicka data byla shromazdéna z 1ékafskych zaznamu pacientek.
Pted zatazenim do studie byly vSechny pacientky pozaddny o piecteni a podepsani
informovaného souhlasu v souladu s pozadavky Etické komise Lékatské fakulty Univerzity

Palackého v Olomouci a Fakultni nemocnice Olomouc (protokol ¢. 118/17).

4.3.2 Metody

4.3.2.1 I1zolace RNA a nasledna syntéza cDNA

Prvnim krokem izolace byla homogenizace odebranych tkani pomoci tekutého dusiku.
Celkova RNA byla izolovana pomoci Trizol reagentu podle vyrobniho protokolu (Invitrogen,
Carlsbad, CA, USA). Vyizolovana RNA byla alikvotovana a uloZena pfi teploté -80 °C.
Koncentrace izolované RNA byla méfena pomoci UV BioSpectrometeru (Eppendorf,
Hamburg, Germany). Hodnoceni integrity RNA bylo provedeno pomoci denaturacni
elektroforézy zalozené na vizualizaci dvou ribozomalnich podjednotek, 28S a 18S. Vizualizace
byla provedena pomoci syst¢ému ChemiDoc MP (Bio-Rad, Hercules, CA, USA). Vzorky RNA,
které prosly kontrolou kvality, byly piepsany do komplementarni DNA (cDNA). Pro reverzni
transkripci byl pouzit iScript gDNA Clear cDNA Kit pro syntézu (Bio-Rad 172-5034), sterilni
voda bez pfitomnosti Dnaz a Rndz a RNA. Osetieni vzorkii RNA s DNase I a nasledna syntéza
cDNA byly provedeny podle vyrobniho protokolu (Bio-Rad, Hercules, CA, USA).
Polymerazova tetézova reakce (PCR) byla pouzita k amplifikaci fragmentu ubiquitinu C ke
kontrole kvality nasyntetizované CDNA, pro mozné kontaminace genomovou DNA (gDNA).

Amplifikacni produkt ubiquitinu C, cDNA, mél délku 190 bp, zatimco V piipadé gDNA mél
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délku 1009 bp. Kazdy vzorek byl identifikovan ¢islem a ptiponou — AR (nadorova tkan) nebo
— MR (metastaticka tkan).

4.3.2.2 Kvatitativni real-time PCR

Exprese 84 genti DNA repair drahy (tabulka 5) byla méfena pomoci kvantitativniho PCR
v realném case (qQPCR) (Bio-Rad, Hercules, CA, USA). Pro normalizaci vysledki bylo pouZzito
pét referen¢nich genu (ACTB, B2M, GAPDH, HPRT1 a RPLPQ). Pro PCR byly pouzity
PrimePCR SYBR Green Assays (Bio-Rad, Hercules, CA, USA), SsoAdvanced Universal
SYBR Green Supermix (Bio-Rad, Hercules, CA, USA) a navrhnuty primer 5°->3" se sekvenci
ATT TGG GTC GCAGTT CTT GT areverse primer 3°->5’se sekvenci TCC AGC AAA GAT
CAG CCT CT.

Aby byly zajiStény konzistentni vysledky, celd kvantitativni analyza byla provedena v
trojitém opakovani. PCR reakce byly provadény v 384 - jamkovych destickach a celkovy objem
smési reakce na jamku byl 10 pL. Koncentrace cDNA v reakci byla 30 ng. No primer control
(NPC) obsahoval nuklease-free vodu namisto eseje.

PCR reakce byla zahajena pocatecni denaturaci pti 95 °C po dobu 30 s, nasledovanou 40
cykly denaturace po dobu 5 s pii 95 °C a elongace po dobu 30 s pii 60 °C. Reakce byla
zakonCena denaturaci pii 95 °C po dobu 5 s. Po poslednim kole amplifikace byla reakce

podrobena teplotnimu gradientu od 65 °C do 95 °C za vzniku kiivky tani.

Tabulka 5. Seznam testovanych gent pouzitych v nasi studii pro analyzu genové exprese. BER — oprava excize
bazi; SDDA — geny defektni pii onemocnénich spojenych s citlivosti k ¢inidlim poskozujicim DNA; HR —
homologni rekombinace; FA — Fanconiho anémie; NER — oprava nukleotidové excize; EPN — editace a zpracovani
nukleaz; NHEJ — nehomologni spojovani koncti; DRD — pfima vymeéna poskozeni; MMR — oprava chybného
parovani; DP — DNA polymerazy; UM — ubikvitinace a modifikace. Referenéni geny jsou oznadeny symbolem

().

Gen RefSeq ID eseje OMIM ¢islo DNA repair draha
APEX1 NM_080649 gHsaClD0012533 107748 BER

APEX2 NM_014481 gHsaCEDO0046611 300773 BER

ATM NM_000051 qHsaCED0045448 607585 SDDA

ATP23 NM_033276 qHsaClD0008603 619760 Nelze zaradit

ATR NM_001184 qHsaClD0022638 601215 Nelze zafadit
ATXN3 NM_004993 qHsaCEDO0037933 607047 Nelze zaradit
BRCAl NM_007294 qHsaCED0038604 113705 HR

BRCA2 NM_000059 qHsaCED0044922 600185 FA

BRIP1 NM_032043 qHsaCED0044695 605882 FA
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CCNH
CCNO
CDK7
DDB1
DDB2
DMC1
ERCC1
ERCC2
ERCC3
ERCC4
ERCC5
ERCC6
ERCCS8
EXO1
FEN1
LIG1
LIG3
LIG4
MGMT
MLH1
MLH3
MMS19
MPG
MRE11A
MSH2
MSH3
MSH4
MSHS5
MSH6
MUTYH
NEIL1
NEIL2
NEIL3
NTHL1
0OGG1
PARP1
PARP2
PARP3
PMS1
PMS2
PNKP
POLB
POLD3
POLL
PRKDC
RAD18

NM_001239
NM_021147
NM_001799
NM_001923
NM_000107
NM_007068
NM_001983
NM_000400
NM_000122
NM_005236
NM_000123
NM_000124
NM_000082
NM_130398
NM_004111
NM_000234
NM_002311
NM_002312
NM_002412
NM_000249
NM_014381
NM_022362
NM_002434
NM_005590
NM_000251
NM_002439
NM_002440
NM_002441
NM_000179
NM_012222
NM_024608
NM_145043
NM_018248
NM_002528
NM_002542
NM_001618
NM_005484
NM_005485
NM_000534
NM_000535
NM_007254
NM_002690
NM_006591
NM_013274
NM_006904
NM_020165

qHsaCID0007234
gqHsaCED0002266
gqHsaCEDO0044530
gHsaCID0021586
gHsaCID0016961
gqHsaCID0017628
gqHsaCID0008822
gHsaClD0037822
gqHsaCEDO0046050
gqHsaCIlD0018113
qHsaCEDO0044577
gqHsaCED0048692
qHsaCEDO0042118
gqHsaCED0035328
gHsaCEDO0036761
gqHsaClD0008449
gqHsaClD0018427
gHsaCEDOQ047042
gHsaCEDO0036780
gqHsaCED0042382
gHsaClD0021156
gqHsaCED0002239
gqHsaCEDO0057200
qHsaCEDO0042016
gHsaCEDO0042676
gHsaCEDO0043488
qHsaCEDO0042166
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qHsaCED0043663
qHsaCEDO0038608
qHsaCED0056614
qHsaCEDO0045633
qHsaCEDO0043285
gqHsaCEDO0042216
gHsaCEDO0043531
gHsaCEDO0045162
qHsaCED0044268
qHsaCED0042084
gqHsaClD0022093
qHsaCED0043945
gqHsaCID0014360
gHsaCEDO0056776
gqHsaCID0007030
gqHsaCED0046360
gHsaCID0007587
gHsaClD0007443
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601953
607752
601955
600045
600811
602721
126380
126340
133510
133520
133530
609413
609412
606063
600393
126391
600940
601837
156569
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173870
607725
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605610
174760
611415
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600899
605256

NER
Nelze zafadit
NER
NER
NER
HR
NER
NER
NER
NER
NER
NER
NER
EPN
EPN
NER
BER
NHEJ
DRD
MMR
MMR
NER
BER
HR
MMR
MMR
MMR
MMR
MMR
BER
BER
BER
BER
BER
BER
BER
BER
BER
MMR
MMR
BER
DP
DP
DP
NHEJ
UM



RAD21 NM_006265 qHsaCED0046249 606462 Nelze zatadit
RAD23A NM_005053 gHsaCED0037589 600061 NER
RAD23B NM_002874 gHsaCED0005365 600062 NER
RAD50 NM_005732 qHsaClD0013265 604040 HR

RAD51 NM_002875 qHsaCED0042133 179617 HR
RAD51B NM_133509 gHsaC1D0036877 602948 HR
RAD51C NM_058216 gHsaCED0036407 602774 FA
RAD51D NM_002878 qHsaCED0047745 602954 HR

RAD52 NM_134424 gHsaCED0041872 600392 HR
RAD54L NM_003579 gHsaCED0042535 603615 HR

RFC1 NM_002913 qHsaCED0042061 102579 Nelze zatadit
RPA1L NM_002945 qHsaClD0016650 179835 NER

RPA3 NM_002947 gHsaCED0023169 179837 NER

SLK NM_014720 qHsaCED0042224 616563 Nelze zatadit
SMUG1 NM_014311 qHsaCED0037592 607753 BER

TDG NM_003211 gHsaCED0004553 601423 BER
TOP3A NM_004618 qHsaCED0047236 601243 SDDA
TOP3B NM_003935 gHsaClD0008975 603582 Nelze zafadit
TREX1 NM_016381 qHsaCED0048594 606609 EPN

UNG NM_003362 gHsaCED0042383 191525 BER

XAB2 NM_020196 qHsaCID0017153 610850 NER

XPA NM_000380 gHsaC1D0022359 611153 NER

XPC NM_004628 qHsaCED0045651 613208 NER
XRCC1 NM_006297 gHsaC1D0023107 194360 BER
XRCC2 NM_005431 gHsaClD0015694 600375 HR

XRCC3 NM_005432 gHsaClD0014128 600675 HR

XRCC4 NM_003401 qHsaClD0016093 194363 NHEJ
XRCC5 NM_021141 qHsaCID0011752 194364 NHEJ
XRCC6 NM_001469 qHsaCED0048082 152690 NHEJ
ACTB* NM_001101 qHsaCED0036269 102630

B2M* NM_004048 qHsaC1D0015347 109700

GAPDH* NM_002046 gqHsaCED0038674 138400

HPRT1* NM_000194 qHsaClD0016375 308000

RPLPO* NM_001002 qHsaCED0038653 180510

4.3.2.3 Statisticka analyza

Vytvoreni analyzy hlavnich komponent (PCA, angl. Principal Component Analysis),
hierarchické shlukovani a vizualizace heat mapy byly provedeny za pomoci vefejné dostupného
bioinformatického webového nastroje ClustVis (Metsalu & Vilo, 2015). Asociace mezi
kategorizovanymi hodnotami, jako je naptiklad stav mutace BRCA1/2 a klinickymi daty, byly
analyzovéany pomoci Fisherova exaktniho testu. Pro hodnoceni kontinuélnich proménnych, jako

je genova exprese v porovnani se stavem mutace BRCAL1/2 nebo Klinickych parametrt, byl
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pouzit Kruskal-Wallisuv test. Pro hodnoceni rozdili v expresi genti mezi obéma typy
nadorovych tkani (priméarnich naddori a metastdz) jsme pouzili Wilcoxonlv test. Vzajemné
korelace genové exprese byly analyzovany testem Spearmanova rho. Korekce pro opakované
testovani byla aplikovana podle Benjaminiho a Hochberga (Benjamini & Hochberg, 1995).
Pouze korelace, které prosly opakovanym testovanim korekce, byly dale brany v potaz
(Pagj < 7,1 x 10°%). Funkce pieziti byly zobrazeny metodou Kaplan—Meier a byly vyhodnoceny
pomoci log-rank testu. P-hodnoty byly odchylkami od dvoustrannych testi. Vys$e uvedené
analyzy byly provedeny ve statistickém programu SPSS v16.0 (SPSS, Chicago, IL, USA). Pro
hodnoceni funkcénich vztahti mezi korelujicimi a klinicky dulezitymi geny byla vyuzita
databaze STRING znamych a ptedpovidanych interakci mezi proteiny s vychozimi nastavenimi

(Szklarczyk et al., 2021).

4.3.2.4 Klinicka data

Germinalni mutace BRCA byly analyzovany v ramci NGS testovani za vyuziti panelu
CZECANCA (CZEch CAncer paNel for Clinical Application; vlastni panel SeqCap EZ choice;
Roche), jak bylo jiz dtive podrobné popsano (Soukupova et al., 2018).

Klinicko-patologicka data byla ziskana z l1ékaiskych zaznami pacientek a korelovana
svysledky sekvenace i expresnimi profily (zahrnovala vé&k, stadium onemocnéni,
histopatologicky stupen diferenciace nadoru, ptedchozi 1écbu, indukéni 1é¢bu a radikalitu
cytoreduktivni chirurgické 1é¢by, stejné jako vysledky 1é¢by, konkrétni dobu do progrese
onemocnéni (PFS) a celkové preziti pacientek (shrnuto v tabulce 6). PFS byla stanovena jako
¢as mezi CRS a prokazanou recidivou nebo progresi nemoci a OS bylo stanoveno jako ¢as mezi

cytoredukei a smrti. Dale byly sledovany vztahy mezi mutacemi a klinickymi daty.
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5 Vysledky a diskuze

5.1 Charakteristika studované populace

Studovana populace Citala 28 pacientek (tabulka 6). Primérny vek pacientek byl v dobé
diagnozy 57 let s rozmezim od 29 do 72 let. V nasi studované populaci prevazovala diagnoza
high-grade ser6zniho karcinomu (78 %) a pramérné PCI bylo 12. Median pieziti bez progrese
byl 14 mésicti a OS pacientek po cytoreduk¢ni operaci a HIPEC byl 30 mésicti. CCR, tedy
index kvantifikujici rozsah rezidudlni choroby po resekci se pohyboval od 0 do 2. VétSina

pacientek méla CCRO (>50 %), zatimco pouze jedna pacientka mé¢la CCR2.

Tabulka 6. Pfehledova tabulka vSech pacientek nasi studie v¢etné jejich zdravotnich zaznami.

CBDCA - karboplatina; HGSC — high-grade ser6zni karcinom; LGSC — low-grade ser6zni karcinom; CCA —
svétlobuné¢ny adenokarcinom; EC — endometroidni karcinom; GCT — nador z granul6znich bunék; SPA — ser6zni
papilarni adenokarcinom, neg — negativni stran mutace, tedy wild type, NA — not able, vySetieni neni k dispozici,
CCR — cytoredukeni skore, PCl — skore pro peritonealni karcinomatdzu, PFS — doba do progrese onemocnéni,

OS — celkové preziti.

Histologicky BRCA PFS OS
ID Vék typ status HIPEC Indukéni 16¢ba CCR PCI (mésice) (mésice)

1. AF050 29 HGSC neg Cisplatina Paklitaxel/CBDCA 1 30 8 44
2. AF064 54 HGSC neg Cisplatina Paklitaxel/CBDCA 0 14 18 38
3. AF069 64 HGSC neg Cisplatina - 0 14 - 39
4. AF075 61 HGSC BRCA1 Cisplatina Paklitaxel/CBDCA 0 3 11 23
5. AF083 46 HGSC BRCA2 Mitomycin/Doxorubicin - 0 2 12 31
6. AF085 35 HGSC BRCA1 Cisplatina Paklitaxel/CBDCA 0 6 18 39
7. AF09 48 HGSC BRCA1 Cisplatina Paklitaxel/CBDCA 0 7 26 32
8. AF102 56 HGSC neg Cisplatina - 1 8 17 39
9. AF111 60 HGSC neg Cisplatina Paklitaxel/CBDCA 0 6 - 37
10. AF115 55 HGSC BRCA1 Cisplatina Paklitaxel/ CBDCA 1 17 5 8
11. AF124 51 HGSC neg Cisplatina Paklitaxel/CBDCA 0 8 - 32
12. AF129 72 CCA neg Doxorubicin - 0 3 11 18
13. AF146 64 EC neg Cisplatina Paklitaxel/CBDCA/Bevacizumab 1 1 - 36
14. AF159 52 GCT NA Cisplatina NO 2 10 18 23
15. AF165 63 HGSC BRCA1 Cisplatina Paklitaxel/CBDCA 1 18 10 13
16. AF174 61 SPA BRCA2 Cisplatina - 0 3 - 34
17. AF185 65 HGSC BRCAL1 Cisplatina Paklitaxel/CBDCA 1 12 - 34
18. AF196 64 HGSC BRCA2 Cisplatina - 0 3 - 34
19. AF219 53 HGSC neg Cisplatina Paklitaxel/CBDCA 1 21 - 21
20. AF223 67 HGSC neg Cisplatina Paklitaxel/CBDCA 1 25 7 23
21. AF230 62 HGSC BRCA1 Cisplatina Paklitaxel/CBDCA 1 17 7 32
22. AF231 67 HGSC BRCA2 Cisplatina Paklitaxel/CBDCA 0 6 - 0
23. AF295 54 HGSC BRCA1 Cisplatina Paklitaxel/CBDCA 0 15 16 28
24. AF317 68 HGSC neg Cisplatina Paklitaxel/CBDCA 1 21 22 25
25. AF329 50 HGSC NA Cisplatina Gemcitabin/CBDCA 1 18 15 24
26. AF338 59 HGSC neg Cisplatina Paklitaxel/CBDCA 0 0 - 23
27. AF344 63 LGSC neg Cisplatina Paklitaxel/CBDCA 0 6 - 22
28. AF365 66 LGSC neg Cisplatina Paklitaxel/CBDCA 1 21 - 21
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5.2 Asociace mezi BRCA1/2 mutacemi a expresi gent cilové signalni drahy

Mutace v BRCA1/2 byly ptitomny ve 12 ptipadech (46,2 %), z toho 8 pacientek mélo
mutaci BRCAL (66,7 %) a 4 pacientky méli mutaci BRCA2 (33,3 %). Z heat mapy (obrazek 12
pro nadorovou tkan a obrazek 13 pro peritonealni metastazy) nebyly zjistény zadné vyznamné
zmény expresniho profilu mezi vzorky divokého typu a vzorky s piitomnou patogenni BRCA

mutaci.
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Obriazek 12. Heatmapa asociace mezi trovnémi transkriptu a BRCA1/2 mutacemi v nadorové tkani. BRCA 0 —
divoky typ; BRCA 1 — mutovany; BER — oprava excize bazi; SDDA — geny defektni pfi onemocnénich spojenych
s citlivosti k ¢inidlim poskozujicim DNA; HR — homologni rekombinace; FA — Fanconiho anémie; NER — oprava
nukleotidové excize; EPN — editace a zpracovani nukleaz; NHEJ — nehomologni spojovani koncti; DRD — pfima

vymeéna poskozeni; MMR — oprava chybného parovani; DP — DNA polymerazy; UM — ubikvitinace a modifikace.
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Obrazek 13. Heatmapa asociace mezi urovnémi transkriptu a BRCA1/2 mutacemi v nadorové tkani. BRCA 0 —
divoky typ; BRCA 1 — mutovany; BER — oprava excize bazi; SDDA — geny defektni pfi onemocnénich spojenych
s citlivosti k ¢inidlim poskozujicim DNA; HR — homologni rekombinace; FA — Fanconiho anémie; NER — oprava
nukleotidové excize; EPN — editace a zpracovani nukleaz; NHEJ — nehomologni spojovani koncii; DRD — pfima

vymeéna poskozeni; MMR — oprava chybného parovani; DP — DNA polymerazy; UM — ubikvitinace a modifikace.
5.3 Celkové preziti a preZiti bez progrese

V nasi studii byl median PFS pacientek s mutacemi BRCAL1/2 16 mésict
(95% CI 10,98- NA), zatimco pacientky s PFS bez mutace BRCA1/2 m¢ly median PFS 11,8
mésict (95% CI1 9,84-NA), ale trend nedosahuje statistické vyznamnosti (log-rank test p=1,00).
Median OS pacientek bez mutace byl 38 mésicu (95% CI; 22,2-NA), zatimco median OS
pacientek s mutaci BRCAL/2 byl 43,7 mésicu (95% ClI; 21,8-NA), ale ani tyto vysledky nebyly
statisticky vyznamné (long-rank test p=0,6). Median sledovani 3,35 let. Pacientky byly
sledovany v obdobi od tinora 2018 do kvétna 2023.
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Obrazek 14. Kaplan Meierovy kiivky celkového pieziti a pfeziti bez progrese onemocnéni u EOC pacientek
s BRCA wild type vs. mutovany BRCA.
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5.4 Korelace mezi geny a asociace mezi expresnimi profily a celkovym

prezivanim pacientek po HIPEC

Pozorovali jsme vyznamnou souvislost mezi OS a expresi Sesti geni (CCNH, MLH3,
RAD51C, RPAS3, SLK a XPA) v primarnich nadorovych tkanich. Nizka exprese téchto gent (pod
medianem) predikovala vyznamné krat§i OS (obrazek 17). Navic exprese CCNH koreluje v
fetézci s XPA a SLK a s CDKY7, ktery koreluje s RAD51C a XPA. RAD51C a XPA spolu také
koreluji v jiném fetézci (jak je znazornéno na obrazku 15). VSechny genové korelace byly po

korekci vyznamné vzhledem k vicenasobnému testovani (pagj < 7,1 x 109).

// \\ .,/ /--\\\
(\ CCNH /\ dmmmmmn) SIK
A 4

1 \

CDK7
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Obriazek 15. Korelace mezi n¢kolika prognosticky dtlezitymi geny v primarnich tkanich. Geny asociujici s OS v
kruzich a gen nesouvisejici s OS ve ¢tverci. Interakce protein-protein potvrzena STRING databazi je zvyraznéna

bilym textem.
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V metastatickych tkanich jsme vzhledem k vétsi variabilité zjistili i vétsi mnozstvi
asociaci. Pozorovali jsme vyznamnou souvislost mezi OS a expresi 14 genu (APEX1, ATM,
ATR, BRCA2, CDK7, MSH2, MUTYH, POLB, PRKDC, RAD21, RAD23B, XRCC4, XRCCS5,
XRCC6). Genova exprese veétSiny gent | Vtomto piipadé byla inverznim prognostickym
faktorem (ATM, ATR, BRCA2, CDK7, MSH2, MUTYH, POLB a XRCC4), tedy ze nizka exprese
(pod medianem) je spojena s kratsi OS jako v pfipadé primarnich nadort (obrazek 17). Na
druhou stranu vysoka exprese Sesti genu (APEX1, PKRDC, RAD21, RAD23B, XRCC5 a
XRCCB6) byla spojena s kratsim OS (obrazek 18). Korela¢ni analyza ukazuje zajimavé spojeni
mezi geny pro opravu dvoufetézcovych zlomi (DSBR) a opravu jednoietézcovych zlomu
(SSBR), v¢etné genti pro opravu chybného parovani a opravu excize bazi. ATM—ATR-BRCA2
koreluje s CDK7, MSH2, MUTYH, POLB a XRCC4 a tvoii velmi silné fetézce. Interakce mezi
MUTYH-MSH2, ATM-ATR a ATM-BRCA2 jsou podporovany také databazi STRING, takze
jsou nejzajimavéjSimi prognostickymi faktory v nasem souboru (obrazek 16). Naproti tomu
geny APEX1, PKRDC, RAD21, RAD23B, XRCC5 a XRCC6 nekorelovaly mezi sebou ani s vyse
uvedenymi geny DSBR-SSBR.

STRING

'\, y \‘
| Double strand break repair \‘\ | Single strand break repair
s A 4

Obrazek 16. Korelace mezi prognosticky vyznamnymi geny DSBR-SSBR v metastatickych tkanich.

Interakce protein-protein potvrzena databazi STRING je zvyraznéna.
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Obrazek 17. Vyznamné asociace genové exprese v primarnich nadorovych lokusech s celkovym pfezitim. Kaplan
Meierovy kiivky preziti délené stfedni hladinou exprese A — CCNH, B — MLH3, C — RAD51C, D — RPA3, E —

SLK a F — XPA. Zelena ¢ara — vyssi genova exprese nez median, modra ¢ara — nizs§i genova exprese nez median.
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Obrazek 18. Vyznamné asociace genové exprese v metastatickych lokusech s celkovym pfezitim. Kaplan
Meierovy kiivky pieziti délené stiedni hladinou exprese A — APEX1, B— ATM, C— ATR, D—-BRCA2, E - CDK?7,
F - MSH2, G - MUTYH, H — POLB, | - PRKDC, J - RAD21, K — RAD23B, L — XRCC4, M — XRCC5 a N —

XRCCS6. Zelena ¢ara - vyssi genova exprese nez median, modra ¢ara - niz§i genova exprese nez median.

5.5 Asociace mezi mirou postiZeni peritonea a expresi genu signalnich drah

ucastnicich se oprav DNA

Skorovaci systém pro peritonealni karcinomatézu (PCI) je dulezitym kritériem pro
posouzeni rozsahu nadoru a jeho lokalizaci a zaroven i prognostickym faktorem souvisejicim
s rizikem Casné recidivy a rizikem visceralnich metastaz. Podle Lampe et al., 2015, aby bylo
dosazeno CCRO, cut-off PCI skore pro primarni karcinom ovaria by mél byt <25. Pacientky s
mutaci BRCAL/2 mély median PCI 7, zatimco pacientky bez mutace mély vyssi median PCI
13. Na heat mapach (obrazky 19 a 20) je srovnani exprese jednotlivych geni DNA repair drahy
stratifikované pomoci PCI pacientl. Pozorovali jsme vyznamnéj$i zmény exprese v primarnich
nadorech ovaria ve srovndni s peritonealnimi metastdzami, nicméné nebyla prokazana
statisticky vyznamna asociace mezi mirou exprese cilovych signalnich drah DNA reparace a

mirou postizeni peritonea v dobé CRS/HIPEC.
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Obrazek 19. Heat mapa asociace mezi hladinami transkriptd a peritonealni karcinomat6zou v nadorové tkani.
BER — oprava excize bazi; SDDA — geny defektni pfi onemocnénich spojenych s citlivosti k ¢inidlim
poskozujicim DNA; HR — homologni rekombinace; FA — Fanconiho anémie; NER — oprava nukleotidové excize;
EPN — editace a zpracovani nukleaz; NHEJ — nehomologni spojovani koncli; DRD — piima vymeéna poskozeni;

MMR — oprava chybného parovani; DP — DNA polymerazy; UM — ubikvitinace a modifikace.
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Obriazek 20. Heat mapa asociace mezi hladinami transkriptd a peritonealni karcinomat6zou v metastatické tkani.
BER — oprava excize bazi; SDDA — geny defektni pfi onemocnénich spojenych s citlivosti k ¢inidlim
poskozujicim DNA; HR — homologni rekombinace; FA — Fanconiho anémie; NER — oprava nukleotidové excize;
EPN — editace a zpracovani nukleaz; NHEJ — nehomologni spojovani koncli; DRD — piima vymeéna poskozeni;

MMR — oprava chybného parovani; DP — DNA polymerazy; UM — ubikvitinace a modifikace.

5.6 Asociace mezi expresi gent signalnich drah ucastnicich se oprav DNA a
terapeutickymi vysledky HIPEC

Z hlediska terapie byly v analyzach zohlediiovany tii zakladni parametry — piedchozi
terapie, indukéni terapie pied provedenim CRS/HIPEC a piitomnost rezidua po CRS. 17
pacientek (60,7 %) neabsolvovalo zadnou piedchozi 1é¢bu, 11 pacientek v minulosti jiz
absolvovalo minimaln¢ jednu linii chemoterapie zalozenou na platinovém derivatu v kombinaci
s taxanem. Pouze sedm pacientek (25 %) nepodstoupilo induk¢ni 1é¢bu pied CRS/HIPEC,
ostatni podstoupily indukéni terapii karboplatinou (CBDCA) v kombinaci s paklitaxelem (20

pacientek), ¢i gemcitabinem (1 pacientka). Nebyly nalezeny zadné statisticky vyznamné
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rozdily, které by naznacovaly, ze by predchozi terapie, indukéni terapie nebo radikalita vykonu
(CCR) ovliviiovali miru exprese signalnich DNA reparacnich drah v primarnich nadorech nebo

metastazach ovarialnich karcinomu (viz heat mapy, obrazek 21 a obrazek 22).
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Obrazek 21. Heat mapa asociace mezi hladinami transkripti v nadorové tkani a terapii EOC pacientek. BER —
oprava excize bazi; SDDA — geny defektni pfi onemocnénich spojenych s citlivosti k ¢inidltiim poSkozujicim DNA;
HR — homologni rekombinace; FA — Fanconiho anémie; NER — oprava nukleotidové excize; EPN — editace a
zpracovani nukleaz; NHEJ — nehomologni spojovani koncti; DRD — pfima vyména poskozeni; MMR — oprava

chybného parovani; DP — DNA polymerazy; UM — ubikvitinace a modifikace.
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Obriazek 22. Heat mapa asociace mezi hladinami transkriptd v metastatické tkani a terapii EOC pacientek. BER
— oprava excize bazi; SDDA — geny defektni pfi onemocnénich spojenych s citlivosti k ¢inidlim poskozujicim
DNA; HR — homologni rekombinace; FA — Fanconiho anémie; NER — oprava nukleotidové excize; EPN — editace
a zpracovani nukleaz; NHEJ — nehomologni spojovani konct; DRD — pifima vymeéna poskozeni; MMR — oprava

chybného parovani; DP — DNA polymerazy; UM — ubikvitinace a modifikace.

5.7 Toxicita po hypertermické intraperitonealni chemoterapii

U 26 pacientek (93 %) byla dutina biisni po CRS promyvana po dobu 90 minut
cisplatinou v davce 100 mg /m? v 3-6 1 lavazniho izotonického roztoku ohi4tého na teplotu 41-
42 °C. V piipad¢ platina rezistentnich pacientek (n = 2) byl pouzit doxorubicin v davce
35 mg/m? (u 1 pacientky v kombinaci s mitomycinem C v davce 15 mg/m?) v 3-6 1 lavazniho
izotonického roztoku ohiatého na teplotu 41-42 °C po dobu 60 minut. Jako prevence
nefrotoxicity (poSkozeni ledvin) v ptipad¢ pouziti cisplatiny byly pacientky pied HIPEC
hydratovany 2 1 krystaloidu i.v. 24 hodin pfed CRS/HIPEC s kontrolou diurézy pied zahajenim
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hypertermické perfuze > 1 ml/kg/hod. Diuréza béhem hypertermické perfuze a po dobu 3 hodin
po operaci byla > 1 ml/kg/hod.

Z 28 pacientek u 24 (86 %) byly reportovany nezadouci ucinky (toxicita) po
intraperitonealnim podani cytostatika. Nejcastéji se u pacientek projevila hypotenze (54 %),
Castd byla také anémie (25 %), ostatni hematologickd toxicita byla velmi nizka
(trombocytopenie pozorovana u 1 pacientky, neutropenie, ¢i leukopenie se nevyskytla).
Infek¢éni komplikace ¢i poopera¢ni krvaceni se vyskytlo u 11 pacientek. Vzhledem k velmi
variabilnimu a nizkému zastoupeni komplikaci a nezadoucich ucinki terapie v malém souboru
nebyla toxicita terapie korelovana s expresnimi profily, nebot’ vysledky by nebylo mozno
statisticky analyzovat. Navic hodnoceni toxicity zde komplikuje soubéh mnoha faktord.
Samotny dlouhy a rozsahly chirurgicky vykon je zatizen vét§i Cetnosti pooperacnich
komplikaci, stejn¢ tak samotna dlouhd narkéza je pro télo toxickd. Pooperacni analgoterapie
vcetné opiati ovliviiuje krevni tlak a miize zptisobovat hypotenzi. Samotna toxicita HIPEC je

Vv takto komplexni problematice tedy velmi obtizné rozklicovatelna.

Tabulka 7. Pfehled toxicit vyskytujicich se u pacientek nasi studie. DIC — diseminovana intravaskularni

koagulopatie.

Toxicita Pocet pacientek s toxicitou
Hypotenze 15

Absces v jizvE/rané

Absces v duting bfis$ni
Infekce v dutin€ btisni
Krvéceni do dutiny bfisni
Bolesti bticha

Prijmy

Nauzea, zvraceni

Renalni insuficience
Respiracni insuficience
Pneumonie

Unava

Vahovy ubytek

Anémie

Trombocytopenie

DIC

Dehydratace

Alergicka reakce — anafylaxe

R R, N R NRFP R R RPRNRPR WR WONNDW®W
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5.8 Diskuze

Cytoredukcni chirurgie s hypertermickou intraperitonedlni chemoterapii je unikatni
lécebnd metoda spojujici radikalni chirurgicky zékrok, regionalni aplikaci cytotoxické latky a
ucinky hypertermie. Metoda CRS/HIPEC je vyznamnym piinosem v Iécbé peritonealnich
malignit prokdzany fadou prospektivnich studii. Nicméné i navzdory velmi slibnym
vysledkiim, neni CRS/HIPEC v soucasné dob¢ standardem 1€cby. Chybi jednotny systém nejen
pro klasifikaci nezadoucich ucinkt, ale rozdily jsou i v indikacnich kritériich, rozsahu
opera¢niho vykonu nebo v rezimech HIPEC.

V nasi prvni pilotni studii zaméfené na evaluaci a management nezddoucich ucinkl a
toxicitu po CRS/HIPEC byly vysledky v prospéch této 1écebné metody. Nizka perioperacni
mortalita (2 %) a pfijatelna pooperacni morbidita (11 %) korespondovala s publikovanymi
vysledky (Kusamara et al., 2006; Gusani et al., 2008; Haslinger et al., 2013). Piekvapivé se
lisila toxicita a tize nezddoucich U¢inka dle primarniho origa nadord, pficemz vyssi pooperacni
morbidita a vaznéjsi nezadouci ucinky byly pozorovany piedevsim u pacienti s kolorektalnim
karcinomem, kteti méli recidivujici onemocnéni a byli jiz onkologicky piedléceni. U pacientt
s kolorektalnim karcinomem byl medidn PCI 10 a kompletni cytoredukce byla provedena pouze
v 50 %. Pouzity rezim HIPEC byla oxaliplatina v davce 460 mg/m? podavané 30 min. Nase
vysledky se timto lisi od diive publikovanych retrospektivnich studii, které nezaznamenaly
zvySenou miru toxicity oxaliplatiny ve srovnani s jinymi cytotoxickymi latkami (Glockzin et
al., 2013; Votanopoulos et al., 2013; Prada-Villaverde et al., 2014), ale jsou konzistentni S
vysledky velké randomizované studie Prodige 7 (Quenet et al., 2019). Tato studie neprokazala
vétsi ucinnost HIPEC s oxaliplatinou ve smyslu prodlouzeného OS nebo PFS, ale zvySené
riziko pooperaénich komplikaci. Potencialni pfinos oxaliplatiny byl pozorovan pouze u
pacientl s nizkym PCI (11-15). Vyhodnoceni PFS a OS v naSem souboru bylo limitované
kratkou dobou sledovani pacientu a velkou heterogenitou.

V druhé studii bylo naSim cilem ptedev§im zavedeni metodiky stanovovani exprese a
hodnoceni alterace genové exprese bunééné signalizace. Expresni profil byl stanovovan u 42
genl KRAS signalni dréhy, jejiz deregulace patii k nejCastéjSim alteracim v pribéhu
onkogeneze solidnich nadord. Vysoka frekvence KRAS mutace se objevuje také u
kolorektalniho karcinomu (40 %) (Yang et al., 2021), v ptipad¢ duktalniho adenokarcinomu
pankreatu (PDAC) nachazime mutovany KRAS dokonce u 80-90 % piipadt. Pravé mutace
onkogenu KRAS vede knasledné deregulaci ¢ty efektorovych drah (RAF/MAPK,
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PI3K/PDK1/AKT, RAL guanine nucleotide exchange factor a RIN1/ABL drahy) a posléze
k rozvoji karcinomu pankreatu. Lécba experimentalnim taxanem SB-T-1216 vyznamné
potlacila expresi nejen samotného genu KRAS, ale celé signalni drahy KRAS. Podobné snizeni
exprese na urovni celé signalni drahy bylo jiz diive popséano v ptipad¢ jiné hlavni signalni drahy
spojené s karcinogenezi PDAC (Mohelnikova-Duchonova et al., 2017) - drahy Hedgehog. A¢
se nam podafilo prokazat efekt taxanu na expresi KRAS signalni drahy u PDAC, potvrdili se
signalni drahy neni prediktivnim markerem odpovédi na podanou chemoterapii.

KRAS signalni draha je Gzce propojena s DNA repair drahami a navzdjem se ovliviluji.
Naptiklad mismatch repair (MMR), jeden z mechanismi opravy DNA v buiikach, muze
v piipad¢ defektu vést k mutacnim hotspotlim/nestabilité¢ mikrosateliti a mize byt pfi¢inou
mutaci aktivujicich KRAS. Aktivovany KRAS je také schopen fidit genomovou nestabilitu
V tumorgenezi pravé prostiednictvim DNA repair drah (obrazek 23) (Jinesh et al., 2018).

—* Nrf-2 B —— HR
Mismatch
repair
Aktivovany
KRAS

, Altﬁrﬂg‘m' —+| Defektni oprava —b

Mikrosatelitova

nestabilita

Obrazek 23. KRAS-fizena genomova nestabilita v tumorgenezi. HR — homologni rekombinace; NHEJ —

nehomologni spojovani koncil.
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Hlavni téma disertacni prace bylo stanovit alterace v expresi 84 geni DNA repair
signalnich drah u pacientek 1é¢enych HIPEC pro karcinom ovaria a zmény v této oblasti
korelovat s klinickymi faktory, jako je celkové preziti, rozsah postiZzeni peritonea a predchozi
terapie. Nasledné byly vysledky korelovany i s faktory genetickymi, zejména s patogennimi
mutacemi v genech, které zptisobuji vétsinu hereditarnich karcinomi ovaria— BRCA1 a BRCAZ2.
Tyto byly v nasem souboru nalezeny u 43 % pacientek.

Nejzajimavéjsim zjisténim studie se zda vzajemna korelace mezi ATM-ATR-BRCA2,
CDK?7, MSH2, MUTYH, POLB a XRCC4 geny, které¢ tvofi interaktivni komplex a jejich
prognosticka relevance v tomto konkrétnim souboru pacientek. Nékteré z téchto interakci jsou
navic potvrzeny databazi STRING, konkrétné MUTYH-MSH2 (MUTYH ptedstavuje drahu
BER a MSH2 ptedstavuje drahu MMR), ATM-ATR (ATM piedstavuje DSBR; ATR piedstavuje
SSBR a oba geny zajist'uji integritu genomu) a ATM-BRCAZ2 (tyto geny piedstavuji DSBR),
coz dale zatraktiviiuje jejich dalsi vyzkum jako potencialnich prognostickych biomarkert pro
ovaridlni nadory. O nékterych zminénych genech se uvazovalo jako o potencidlnich
prognostickych biomarkerech pro karcinom ovaria jiz v diivéjsich studiich (Feng et al., 2020;
Kim et al., 2020).

Celkové pieziti pacientl s vysokou expresi ATM, ATR, BRCA2, CDK7, MSH2, MUTYH,
POLB a XRCC4 v peritonealnich metastazach bylo vyznamné del$i nez u pacientd s nizkou
nebo zadnou expresi. GUO ve své publikaci uvedl (Guo et al., 2019), ze buiiky spinocelularniho
karcinomu jicnu s downregulovanou aktivitou MUTYH maji vyssi rezistenci k terapii
cisplatinou. Podobné jako u karcinomu vajecniki, také u karcinomu jicnu dochazi ke ztraté
pocatecni citlivosti k platinovym derivatim a rozvoji rezistence, coz limituje dalsi moznosti
onkologické terapie. Nase prace naznacuje, Zze podobny mechanismus downregulace MUTYH
by mohl byt spojen se vznikem chemorezistence i v piipadé karcinomu vaje¢nikii. Rezistence
na platinova cytostatika ma za nasledek horsi celkové preZziti, coz koreluje s naSim zjisténi, Ze
nizka exprese MUTYH koreluje s kratsim OS pacientek podstupujicich CRS/HIPEC s
cispatinou.

V primarni nadorové tkani byly nalezeny zajimavé fetézcové korelace mezi CCNH, XPA
a SLK; CCNH a CDK?7 a v neposledni fad¢ korelace CDK7 s RAD51C a XPA. CCNH, CDKY7 a
XPA predstavuji NER drahu a RAD51C piedstavuje drahu FA. Stejné jako u nékterych genti
Vv peritonealnich metastazach, tak i v pfipadé tkané primarniho nadoru se objevuje stejny
fenomén vzajemného vztahu mezi OS a expresi DNA repair genii — konkrétné CCNH, MLH3,
RAD51C, RPA3, SLK a XPA. Nizka exprese téchto gent koreluje s horsim OS a naopak. Stejny
vysledek pro gen XPA byl také pozorovan ve studii Ganzinelli et al., 2011.
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Pti srovnani expresnich profilti ve tkanich primarniho EOC a peritonealnich metastaz
(obrazek 24) je patrné zvysena exprese veétSiny gentl ucastnicich se oprav DNA zejména CDK?7,
RPA3, ERCC5 a XPA (NER); ATP23, ATR a LIG4 (NHEJ); NEIL1 (BER); a ATP23 a ATR.
ZvySené exprimovany jsou vSak také dalsi geny: RPALl, XPC, RAD23A a RAD23B (NER);
PRKDC, XRCC6 a XRCC5 (NHEJ); TDG, APEX1 a PARP1 (BER); RAD50 a MRE11A (HR);
ATM (SDDA); MSH6 (MMR); a RAD21, SLK a RFC1. Tyto geny tvofi spole¢ny klastr. Klastr
je patrny i pro nékteré nedostateéné exprimované geny. Zde mizeme zahrnout geny pro opravu
bazi — XRCC1, SMUG1, UNG, PARP2, PNKP a PARP3; geny homologni rekombinace —
DMC1, RAD54L, RAD51B, RADS2 a BRCA1,; geny nukleotidové excizni opravy — MMS19,
LIG1, ERCC3, XAB2 a ERCC6; BRIP1 a BRCA2; RAD18 — geny ubikvitinace a modifikace;
POLD3 — geny DNA polymeraz; a TOP3B — ostatni. Brodsky ve své publikaci uvadi, Ze
metastatické a primarni nadory maji riizné expresni profily, které odrazeji jejich stav proliferace
a apoptozy. Toto tvrzeni souhlasi I s nasi studii, tedy ze profil exprese se 1iSi mezi primarni
nadorovou tkani a metastatickou tkani. U metastdz tak mohou byt aktivovany jiné drahy nez u
primérnich nadort, coz v disledku mize vést k rozdilné citlivosti na cytostatika a je potencialné
vyuzitelné v personalizaci onkologické 1é¢by (Brodsky et al., 2014).

Z vysledku heat mapy velmi piekvapivé nevyplyva zadna vyznamna souvislost mezi
expresi genit DNA repair drahy a pfitomnosti patogenni BRCA mutace.

Tsibulak a kolektiv (Tsibulak et al., 2018) porovnavali expresi nRNA BRCA1 a BRCA2
v nadorové a nenadorové tkani ovarialniho karcinomu. V této studii byla exprese BRCAL nizsi
v piipadé BRCA1 mutovanych nadort, ale zadny takovy vztah nebyl popsan v ptipadé BRCA2
mutace. Takovy vztah bohuZel v nasi studii popsan nebyl, vzhledem k tomu, Ze pouze dvé
BRCA1 mutované pacientky z osmi mély downregulaci BRCA1 (AF185-AR, AF185-MR a
AF085-MR). Nicméné pro vyvozeni finalnich zavéri, by bylo potieba provést analyzu na
vétsim poctu pacientll. Divodem muize byt i vliv ptedchozi terapie (piedlécenost) pacientek
s BRCAL mutaci a jeji ovlivnéni exprese zkreslujici nase vysledky. Ovlivnéni exprese hlavnich
signalnich drah onkogeneze v nadorové tkani chemoterapii byla pravé popsana v piedchozich

nasSich analyzach in vivo, a to jak v ptipadé KRAS, tak i Hedgehog signalni drahy.
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V nasSem souboru nebyla pozorovana zadna vyznamna souvislost mezi expresi gentt DNA
repair drahy a pfitomnosti mutace BRCA. Bylo by vsak potieba vice pacientii pro stanoveni
koneénych zavéru. VIiv BRCA mutace na prognozu EOC pacientek je Vv soucasnosti
kontroverznim tématem. Zatimco nékteré studie uvadéji lepsi progndzu u pacientek s mutacemi
v BRCAL1/2 vzhledem k lepsi odpovédi na chemoterapii na bazi platiny (Gallagher et al., 2011,
Pennington et al., 2014; Norquist et al., 2018, Alsop et al., 2012), Liontos se svymi kolegy
zastava opacny nazor, tedy ze mutace v BRCA1/2 prognozu nikterak neovliviiuji (Liontos et al.,
2021). Nekteré studie piedpokladaji, Ze pieziti pacienta mize byt touto mutaci ovlivnéno jen
za specifickych podminek, naptiklad v ptipad¢, Ze je mutace lokalizovand na vazebné doméné
RAD51 (exon 11) genu BRCA2 (Labidi-Galy et al., 2018). Ani nase studie neprokazala
statisticky vyznamny benefit BRCA mutace na OS pacientek podstupujici CRS/HIPEC pro
karcinom ovaria. Median celkového pieziti u pacientek bez BRCA1/2 mutace byl 38mésici,
zatimco pacientky s mutaci BRCA1/2 mély OS o 5,7 mésice delsi, tedy 43,7 mésici, coz
nedosahlo statistické vyznamnosti, p=0,6). V hodnoceni BRCA mutace jako prognostického
faktoru vSak situaci komplikuje komplexita d¢ji ucastnicich se oprav DNA, stejné jako
pfedchozi a nasledna terapie pacientek zahrnujici krom chemoterapie i cilenou 1écbu (inhibice
VEGFR a PARP inhibitory) a imunoterapii (checkpoint inhibitory). V ptipad¢ hodnoceni
prognostickych a prediktivnich markert HIPEC je navic nutno zohlednit i rozsah a kvalitu
ptedchoziho cytoredukéniho vykonu (erudice a learning curve operatéra a celého tymu) jakozto
i kvalitu pfedoperacni a pooperacni péce, coz je V piipadé vétsiny nejen retrospektivnich analyz,
ale i prospektivnich studii velmi komplikované. Jako dusledek vSech vySe zminénych faktort,
jsou vysledky jednotlivych tymt tézko komparovatelné, coz ptispiva k zatim nejednozna¢nym

zavéram.
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Obriazek 24. Heat mapa porovnavajici zmény exprese u nadorové a metastatické tkané. BER — oprava excize bazi,
SDDA — geny defektni pti onemocnénich spojenych s citlivosti k ¢inidlim poskozujicim DNA; HR — homologni
rekombinace; FA — Fanconiho anémie; NER — oprava nukleotidové excize; EPN — editace a zpracovani nukleaz;
NHEJ — nehomologni spojovani koncli; DRD — ptima vymeéna poskozeni; MMR — oprava chybného parovani; DP

— DNA polymerazy; UM — ubikvitinace a modifikace.
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6 Zavér

Zavérem lze fict, ze nase studie byla pilotni a prvni studii zabyvajici se podrobné&jsim
molekularné genetickym vySetfenim pacientek podstupujici CRS/HIPEC. Ptestoze se jednalo
o malou nerandomizovanou studii jednoho centra, piinesla velké mnozstvi zajimavych
potencidlnich prognostickych a prediktivnich markera v fad¢ gent ucastnicich se opravy DNA,
které je vSak nutno verifikovat na rozsahlejsich souborech. CRS/HIPEC je pfinosem Vv 1é¢bé
peritonealnich malignit pouze v piipadé uvazlivé indikace a meéla by byt individudlné
zvazovana multidisciplinarnim tymem komplexnich onkologickych center. Nepodafilo se
prokazat prediktivni vyznam BRCA mutace, Ci alterace v expresi DNA-repair signalni drahy u
EOC pacientek podstupujici HIPEC s cispatinou. Vysledky vsak mohou byt ovlivnény nejen
malym souborem zatazenych pacientek, ale 1 jejich pfedchozi onkologickou 1é€bou. Ovlivnéni
exprese hlavnich signédlnich drah onkogeneze v nddorové tkdni chemoterapii byla popsana
Vv naSich analyzach in vivo na mySich xenograftech, a to jak v piipadé KRAS, tak i Hedgehog
signalni drahy. K validaci prediktivnich a prognostickych markert,, by mély byt provedeny
dalsi studie zohlednujici roli histologickych a molekularnich charakteristik u HIPEC. Nicméné
budouci klinické studie by mé&ly reflektovat a komparovat vSechny moznosti a management
dostupnych lécebnych modalit, protoZe do klinické praxe byly pfidany nové preparaty cilené
terapie a imunoterapie a jejich vyuziti posunuje vysledky doposud publikovanych praci mimo

soucasnou relevanci.
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6.4 Seznam zkratek

AFP alfa-fetoprotein

Alt-NHEJ alternativni cesta pro nehomologické spojovani volnych koncti
ATM angl. ataxia-telangiectasia mutated

ATR angl. ataxia telangiectasia and Rad3-related protein

BER oprava excize bazi

BRCA tumor supresorovy gen rakoviny prsu

CA 125 nadorovy antigen 125

CBDCA karboplatina

CCA svétlobunécny adenokarcinom

CEA karcinoembryonalni antigen

CCR cytoredukéni skore

CRS cytoredukéni operace

CT vypocetni tomografie

CTCAE angl. Common Terminology Criteria for Adverse Events
DDR angl. DNA damage response

DIC diseminovana intravaskularni koagulopatie

DNA-PK DNA dependentni proteinkinaza

DP DNA polymeraza

DRD pfimé vymeéna poskozeni

DSB angl. double strand breaks

DSBR angl. double strand break repair; oprava dvouietézcovych zlomi
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EC
EOC
EPIC

EPN
FA
FIGO
GCT
gDNA
hCG
HE4
HGSC
HIPEC
HR
HRD

ICL
LGSC
MMR
MPM
MRI
NCCN
NCI
NER
NHEJ
NPC
NTC
(0N
PARP
PCA
PCI
PCR
PDAC
PET

endometroidni karcinom

epitelialni ovaridlni karcinom

angl. early postoperative intraperitoneal chemotherapy; ¢asna
pooperacni intraperitonealni chemoterapie

editace a zpracovani nukledz

Fanconiho anémie

Mezinarodni federace gynekologie a porodnictvi

nador z granuldznich bun¢k

genomova DNA

gonadotropin

angl. human epididymis protein 4

high-grade ser6zni karcinom

hypertermické intraperitonealni chemoterapie

homologni rekombinace

angl. homologous recombination deficiency; poruchy homologni
rekombinace

angl. intrastrand crosslink; mezifetézcova kiizova vazba
low-grade ser6zni karcinom

angl. mismatch repair; oprava chybného parovani

maligni peritonedlni mezoteliom

magneticka rezonance

angl. National Comprehensive Cancer Network

angl. National Cancer Institute

oprava nukleotidové excize

nehomologni spojovani koncti

angl. no primer control

angl. non-template control

celkové preziti

poly-(ADP-rib6zo) polymeraza

angl. Principal Component Analysis; analyza hlavnich komponent
angl. peritoneal cancer index, skore pro peritonealni karcinomatozu
polymerazova fetézova reakce

duktalni adenokarcinom pankreatu

pozitronova emisni tomografie
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PIKK
PIPAC
PS
gPCR
RFS
ROMA
RTK
SDDA

SN-38
SPA
SSB
SSBR
TLS
TNM
TVU
UM
UNG
USG
VEGF
VEGFR

angl. phosphatidylinositol 3-kinase-related kinases

tlakové intraperitonedlni aerosolové chemoterapie

angl. performance status

kvantitativni polymerazova fetézova reakce

preziti bez recidivy

angl. risk of ovarian malignancy algorithm

efektor receptorovych tyrosinkinaz

geny defektni pii onemocnénich spojenych s citlivosti k ¢inidlim
poskozujicim DNA

7-ethyl-10-hydroxycamptothecin

serdzni papilarni adenokarcinom

angl. single strand breaks

angl. single strand break repair; oprava jednotetézcovych zlomu
angl. translesion synthesis; syntéza translézi

tumor — uzlina — metastaze

transvaginalni ultrazvuk

ubikvitinace a modifikace

uracil-DNA glykosylaza

ultrasonografie

vaskularni endotelidlni ristovy faktor

receptor pro vaskularni endotelidlni ristovy faktor

6.5 Seznam pouzité literatury

ABBASI, Salah Y., et al. Advanced gastric cancer in jordan from 2004 to 2008: a study

of epidemiology and outcomes. Gastrointestinal cancer research: GCR, 2011, 4.4: 122.
ALCINDOR, T.; BEAUGER, N. Oxaliplatin: a review in the era of molecularly targeted

therapy. Current oncology, 2011, 18.1: 18.

ALEXANDER, H. Richard; HANNA, Nader; PINGPANK, James F. Clinical results of
cytoreduction and HIPEC for malignant peritoneal mesothelioma. Peritoneal Carcinomatosis:
A Multidisciplinary Approach, 2007, 343-355.

ALLI, Aus T. Towards prevention of ovarian cancer. Current Cancer Drug Targets, 2018,

18.6: 522-537.

81



ALLI, Aus Tarig. Can we prevent ovarian cancer? Ceska Gynekologie, 2020, 85.1: 49-58.

ALLI, Aus Tariq; AL-ANI, Osamah; AL-ANI, Faisal. Epidemiology and risk factors for
ovarian cancer. Menopause Review/Przeglad Menopauzalny, 2023, 22.2: 93-104.

ALSOP, Kathryn, et al. BRCA mutation frequency and patterns of treatment response in
BRCA mutation—positive women with ovarian cancer: a report from the Australian Ovarian
Cancer Study Group. Journal of clinical oncology, 2012, 30.21: 2654-2663.

AMERICAN CANCER SOCIETY. Invasive epithelial ovarian cancer treatment, by
stage. American Cancer Society, 2022. Dostupné z:

https://www.cancer.org/cancer/types/ovarian-cancer/treating/by-stage.html. Naposledy

navstiveno: zati 2024.

BALDWIN, Rae Lynn, et al. BRCA1 promoter region hypermethylation in ovarian
carcinoma: a population-based study. Cancer research, 2000, 60.19: 5329-5333.

BANDERA, Elisa V., et al. Racial/ethnic disparities in ovarian cancer treatment and
survival. Clinical cancer research, 2016, 22.23: 5909-5914.

BANERJEE, Susana, et al. Maintenance olaparib for patients with newly diagnosed
advanced ovarian cancer and a BRCA mutation (SOLO1/GOG 3004): 5-year follow-up of a
randomised, double-blind, placebo-controlled, phase 3 trial. The Lancet Oncology, 2021, 22.12:
1721-1731.

BANKHEAD, C. R., et al. Identifying symptoms of ovarian cancer: a qualitative and
guantitative study. BJOG: An International Journal of Obstetrics & Gynaecology, 2008, 115.8:
1008-1014.

BARATTI, Dario, et al. Identification of a subgroup of patients at highest risk for
complications after surgical cytoreduction and hyperthermic intraperitoneal chemotherapy.
Annals of surgery, 2012, 256.2: 334-341.

BECKER, Ondine, et al. Nivolumab activity in advanced refractory malignant peritoneal
mesothelioma. European journal of cancer (Oxford, England: 1990), 2021, 144: 386-388.

BENJAMINI, Yoav; HOCHBERG, Yosef. Controlling the false discovery rate: a
practical and powerful approach to multiple testing. Journal of the Royal statistical society:
series B (Methodological), 1995, 57.1: 289-300.

BEREK, Jonathan S.; HACKER, Neville F. (ed.). Berek and Hacker's gynecologic
oncology. Lippincott Williams & Wilkins, 2010.

BEREK, Jonathan S., et al. Cancer of the ovary, fallopian tube, and peritoneum.

International journal of gynecology & obstetrics, 2018, 143: 59-78.

82


https://www.cancer.org/cancer/types/ovarian-cancer/treating/by-stage.html

BEREK, Jonathan S., et al. Cancer of the ovary, fallopian tube, and peritoneum: 2021
update. International Journal of Gynecology & Obstetrics, 2021, 155: 61-85.

BIJELIC, L.; JONSON, A.; SUGARBAKER, P. H. Systematic review of cytoreductive
surgery and heated intraoperative intraperitoneal chemotherapy for treatment of peritoneal
carcinomatosis in primary and recurrent ovarian cancer. Annals of Oncology, 2007, 18.12:
1943-1950.

BLACKHAM, Aaron U., et al. Cytoreductive surgery with intraperitoneal hyperthermic
chemotherapy for malignant peritoneal mesothelioma: mitomycin versus cisplatin. Annals of
surgical oncology, 2010, 17.10: 2720-2727.

BOLLIGER, M., et al. Experiences with the standardized classification of surgical
complications (Clavien-Dindo) in general surgery patients. European Surgery, 2018, 50: 256-
261.

BOUSSIOS, Stergios, et al. Non-epithelial ovarian cancer: elucidating uncommon
gynaecological malignancies. Anticancer research, 2016, 36.10: 5031-5042.

BULLOCK, Brian, et al. Management of the adnexal mass: considerations for the family
medicine physician. Frontiers in Medicine, 2022, 9: 913549,

BURGER, Robert A., et al. Incorporation of bevacizumab in the primary treatment of
ovarian cancer. New England Journal of Medicine, 2011, 365.26: 2473-2483.

BURKE, William, et al. Executive summary of the ovarian cancer evidence review
conference. Obstetrics & Gynecology, 2023, 142.1: 179-195.

CAMPBELL, lan G., et al. Mutation of the PIK3CA gene in ovarian and breast cancer.
Cancer research, 2004, 64.21: 7678-7681.

CANCER GENOME ATLAS RESEARCH NETWORK, et al. Integrated genomic
analyses of ovarian carcinoma. Nature, 2011, 474.7353: 609-615.

CARDEN, Craig P., et al. The association of PI3 kinase signaling and chemoresistance
in advanced ovarian cancer. Molecular cancer therapeutics, 2012, 11.7: 1609-1617.

CAVALIERE, F., et al. Prognostic factors and oncologic outcome in 146 patients with
colorectal peritoneal carcinomatosis treated with cytoreductive surgery combined with
hyperthermic intraperitoneal chemotherapy: Italian multicenter study SITILO. European
Journal of Surgical Oncology (EJSO), 2011, 37.2: 148-154.

CLAVIEN, Pierre-Alain; SANABRIA, Juan R.; STRASBERG, Steven M. Proposed
classification of complications of surgery with examples of utility in cholecystectomy. Surgery,
1992, 111.5: 518-526.

83



CLAVIEN, Pierre A, et al. The Clavien-Dindo classification of surgical complications:
five-year experience. Annals of surgery, 2009, 250.2: 187-196.

COLEY, William B. The treatment of malignant tumors by repeated inoculations of
erysipelas: With a report of ten original cases. 1. The American Journal of the Medical Sciences
(1827-1924), 1893, 105.6: 487.

CORTES-GUIRAL, Delia, et al. Primary and metastatic peritoneal surface malignancies.
Nature Reviews Disease Primers, 2021, 7.1: 91.

CURTIN, Nicola J. DNA repair dysregulation from cancer driver to therapeutic target.
Nature Reviews Cancer, 2012, 12.12: 801-817.

DAMIA, Giovanna; BROGGINI, Massimo. Platinum resistance in ovarian cancer: role
of DNA repair. Cancers, 2019, 11.1: 119.

DE BREE, Eelco, et al. Pharmacokinetic study of docetaxel in intraoperative
hyperthermic ip chemotherapy for ovarian cancer. Anti-cancer drugs, 2003, 14.2: 103-110.

DE BREE, Eelco, et al. Intraperitoneal chemotherapy with taxanes for ovarian cancer
with peritoneal dissemination. European Journal of Surgical Oncology (EJSO), 2006, 32.6:
666-670.

DE BREE, Eelco, et al. Cytoreductive surgery and intraoperative hyperthermic
intraperitoneal chemotherapy with paclitaxel: a clinical and pharmacokinetic study. Annals of
surgical oncology, 2008, 15.4: 1183-1192.

DE BREE, Eelco. Optimal drugs for HIPEC in different tumors. Journal of BU ON.:
Official Journal of the Balkan Union of Oncology, 2015, 20: S40-6.

DE BREE, Eelco, et al. Pharmacological principles of intraperitoneal and bidirectional
chemotherapy. Pleura and Peritoneum, 2017, 2.2: 47-62.

DE BREE, Eelco; TSIFTSIS, Dimitris D. Principles of perioperative intraperitoneal
chemotherapy for peritoneal carcinomatosis. In: Advances in peritoneal surface Oncology.
Berlin, Heidelberg: Springer Berlin Heidelberg, 2007. p. 39-51.

DEDRICK, Robert L., et al. Pharmacokinetic rationale for peritoneal drug administration.
Cancer Treat Rep, 1978, 62: 1-13.

DEFFIEUX, Xavier, et al. Anatomy of pelvic and para-aortic nodal spread in patients
with primary fallopian tube carcinoma. Journal of the American College of Surgeons, 2005,
200.1: 45-48.

DERACO, Marcello, et al. Prognostic analysis of clinicopathologic factors in 49 patients
with diffuse malignant peritoneal mesothelioma treated with cytoreductive surgery and

intraperitoneal hyperthermic perfusion. Annals of surgical oncology, 2006, 13.2: 229-237.
84



DINDO, Daniel; DEMARTINES, Nicolas; CLAVIEN, Pierre-Alain. Classification of
surgical complications: a new proposal with evaluation in a cohort of 6336 patients and results
of a survey. Annals of surgery, 2004, 240.2: 205-213.

DO, Khanh; CHEN, Alice P. Molecular pathways: targeting PARP in cancer treatment.
Clinical Cancer Research, 2013, 19.5: 977-984.

DOBBELSTEIN, Matthias; SORENSEN, Claus Storgaard. Exploiting replicative stress
to treat cancer. Nature reviews Drug discovery, 2015, 14.6: 405-423.

DOHAN, A, et al. Evaluation of the peritoneal carcinomatosis index with CT and MRI.
Journal of British Surgery, 2017, 104.9: 1244-1249.

ELIAS, D., et al. Heated intra-operative intraperitoneal oxaliplatin after complete
resection of peritoneal carcinomatosis: pharmacokinetics and tissue distribution. Annals of
oncology, 2002, 13.2: 267-272.

ENGBERSEN, Maurits Peter, et al. The role of CT, PET-CT, and MRI in ovarian cancer.
The British Journal of Radiology, 2021, 94.1125: 20210117.

ESQUIVEL, Jesus; AVERBACH, Andrew. Combined laparoscopic cytoreductive
surgery and hyperthermic intraperitoneal chemotherapy in a patient with peritoneal
mesothelioma. Journal of Laparoendoscopic & Advanced Surgical Techniques, 2009, 19.4:
505-507.

ESQUIVEL, Jesus; AVERBACH, Andrew. Laparoscopic cytoreductive surgery and
HIPEC in patients with limited pseudomyxoma peritonei of appendiceal origin.
Gastroenterology Research and Practice, 2012, 2012.1: 981245.

ESTELLER, Manel, et al. Promoter hypermethylation and BRCA1 inactivation in
sporadic breast and ovarian tumors. JNCI: Journal of the National Cancer Institute, 2000, 92.7:
564-569.

FACY, Olivier, et al. High pressure does not counterbalance the advantages of open
techniques over closed techniques during heated intraperitoneal chemotherapy with oxaliplatin.
Surgery, 2015, 157.1: 72-78.

FENG, Wenlong, et al. ATR and p-ATR are emerging prognostic biomarkers and DNA
damage response targets in ovarian cancer. Therapeutic advances in medical oncology, 2020,
12: 1758835920982853.

FERLAY, Jacques, et al. Cancer statistics for the year 2020: An overview. International
journal of cancer, 2021, 149.4: 778-789.

FLESSNER, Michael F. The transport barrier in intraperitoneal therapy. American
Journal of Physiology-Renal Physiology, 2005, 288.3: F433-F442.

85



FONG, Peter C., et al. Poly (ADP)-ribose polymerase inhibition: frequent durable
responses in BRCA carrier ovarian cancer correlating with platinum-free interval. Journal of
clinical oncology, 2010, 28.15: 2512-2519.

FRANKO, Jan. Therapeutic efficacy of systemic therapy for colorectal peritoneal
carcinomatosis: surgeon’s perspective. Pleura and peritoneum, 2018, 3.1: 20180102.

FRUMAN, David A.; ROMMEL, Christian. PI3K and cancer: lessons, challenges and
opportunities. Nature reviews Drug discovery, 2014, 13.2: 140-156.

FUJIMOTO, Shigeru, et al. Intraperitoneal hyperthermic perfusion combined with
surgery effective for gastric cancer patients with peritoneal seeding. Annals of surgery, 1988,
208.1: 36.

FUJIMOTO, Shigeru, et al. Positive results of combined therapy of surgery and
intraperitoneal hyperthermic perfusion for far-advanced gastric cancer. Annals of surgery,
1990, 212.5: 592-596.

FUJIMOTO, Shigeru, et al. Improved mortality rate of gastric carcinoma patients with
peritoneal carcinomatosis treated with intraperitoneal hyperthermic chemoperfusion combined
with surgery. Cancer, 1997, 79.5: 884-891.

FUJIWARA, K., etal. Principles and practice of intraperitoneal chemotherapy for ovarian
cancer. International Journal of Gynecological Cancer, 2007, 17.1: 1-20.

GAITSKELL, Kezia, et al. Histological subtypes of ovarian cancer associated with parity
and breastfeeding in the prospective Million Women Study. International journal of cancer,
2018, 142.2: 281-289.

GALLAGHER, D. J,, et al. Survival in epithelial ovarian cancer: a multivariate analysis
incorporating BRCA mutation status and platinum sensitivity. Annals of oncology, 2011, 22.5:
1127-1132.

GANZINELLI, M., et al. Expression of DNA repair genes in ovarian cancer samples:
biological and clinical considerations. European journal of cancer, 2011, 47.7: 1086-1094.

GEWINNER, Christina, et al. Evidence that inositol polyphosphate 4-phosphatase type
Il is a tumor suppressor that inhibits PI3K signaling. Cancer cell, 2009, 16.2: 115-125.

GILLY, F. N., et al. Quantitative prognostic indices in peritoneal carcinomatosis.
European Journal of Surgical Oncology (EJSO), 2006, 32.6: 597-601.

GLEHEN, Olivier, et al. Hyperthermic intraperitoneal chemotherapy: nomenclature and
modalities of perfusion. Journal of surgical oncology, 2008, 98.4: 242-246.

86



GLEHEN, Olivier, et al. Peritoneal carcinomatosis from gastric cancer: a multi-
institutional study of 159 patients treated by cytoreductive surgery combined with perioperative
intraperitoneal chemotherapy. Annals of surgical oncology, 2010, 17.9: 2370-2377.

GLOCKZIN, Gabriel, et al. Treatment-related morbidity and toxicity of CRS and
oxaliplatin-based HIPEC compared to a mitomycin and doxorubicin-based HIPEC protocol in
patients with peritoneal carcinomatosis: A matched-pair analysis. Journal of Surgical
Oncology, 2013, 107.6: 574-578.

GOFF, Barbara A., et al. Frequency of symptoms of ovarian cancer in women presenting
to primary care clinics. Jama, 2004, 291.22: 2705-2712.

GOLDENSHLUGER, M., et al. Core body temperature but not intraabdominal pressure
predicts postoperative complications following Closed-System hyperthermic intraperitoneal
chemotherapy (HIPEC) administration. Annals of Surgical Oncology, 2018, 25.3: 660-666.

GOLDER, Henry; CASANOVA, Daniel; PAPALOIS, Vassilios. Evaluation of the
usefulness of the Clavien-Dindo classification of surgical complications. Cirugia Espaifiola,
2023, 101.9: 637-642.

GONZALEZ GIL, Alida, et al. HIPEC in Ovarian Cancer Is the Future... and Always
Will Be? Results from a Spanish Multicentric Survey. Cancers, 2023, 15.13: 3481.

GONZALEZ-MORENO, Santiago; GONZALEZ-BAYON, Luis A.; ORTEGA-PEREZ,
Gloria. Hyperthermic intraperitoneal chemotherapy: Rationale and technique. World journal of
gastrointestinal oncology, 2010, 2.2: 68.

GOODMAN, Martin. Regional Therapeutics for Advanced Malignancies. JP Medical
Ltd, 2012,

GOODMAN, Martin D., et al. Chemotherapy for intraperitoneal use: a review of
hyperthermic intraperitoneal chemotherapy and early post-operative intraperitoneal
chemotherapy. Journal of gastrointestinal oncology, 2016, 7.1: 45.

GOPINATH, K. S.; BHATT, Aditi. Preface ‘Changing trend in peritoneal surface
oncology in Asian countries’. Indian journal of surgical oncology, 2019, 10.Suppl 1: 1-2.

GRIFFITHS, Richard Wyn, et al. Outcomes after multiple lines of chemotherapy for
platinum-resistant epithelial cancers of the ovary, peritoneum, and fallopian tube. International
Journal of Gynecologic Cancer, 2011, 21.1.

GUO, Yanxia, et al. Downregulation of MUTYH contributes to cisplatin-resistance of

esophageal squamous cell carcinoma cells by promoting Twist-mediated EMT. Oncology

Reports, 2019, 42.6: 2716-2727.

87



GUSANI, Niraj J., et al. Aggressive surgical management of peritoneal carcinomatosis
with low mortality in a high-volume tertiary cancer center. Annals of Surgical Oncology, 2008,
15: 754-763.

HAH, Sang Soo, et al. Kinetics of carboplatin— DNA binding in genomic DNA and
bladder cancer cells as determined by accelerator mass spectrometry. Chemical research in
toxicology, 2006, 19.5: 622-626.

HALKIA, E., et al. Peritoneal carcinomatosis: intraoperative parameters in open
(coliseum) versus closed abdomen HIPEC. International journal of surgical oncology, 2015,
2015.1: 610597.

HAMAZOE, Ryuichi; MAETA, Michio; KAIBARA, Nobuaki. Intraperitoneal
thermochemotherapy for prevention of peritoneal recurrence of gastric cancer. Final results of
a randomized controlled study. Cancer, 1994, 73.8: 2048-2052.

HAMILTON, William, et al. Risk of ovarian cancer in women with symptoms in primary
care: population based case-control study. Bmj, 2009, 339.

HANAHAN, Douglas; WEINBERG, Robert A. The hallmarks of cancer. cell, 2000,
100.1: 57-70.

HASLINGER, Michelle, et al. A contemporary analysis of morbidity and outcomes in
cytoreduction/hyperthermic intraperitoneal chemoperfusion. Cancer medicine, 2013, 2.3: 334-
342.

HELDERMAN, Roxan FCPA, et al. Variation in clinical application of hyperthermic
intraperitoneal chemotherapy: a review. Cancers, 2019, 11.1: 78.

HENNESSY, Bryan TJ, et al. Somatic mutations in BRCA1 and BRCA2 could expand
the number of patients that benefit from poly (ADP ribose) polymerase inhibitors in ovarian
cancer. Journal of Clinical Oncology, 2010, 28.22: 3570-3576.

HOMPES, D., et al. The use of Oxaliplatin or Mitomycin C in HIPEC treatment for
peritoneal carcinomatosis from colorectal cancer: a comparative study. Journal of surgical
oncology, 2014, 109.6: 527-532.

HONGO, Atsushi, et al. A comparison of in vitro platinum-DNA adduct formation
between carboplatin and cisplatin. The International journal of biochemistry, 1994, 26.8: 1009-
1016.

HOWELL, Stephen B., et al. Long-term survival of advanced refractory ovarian
carcinoma patients with small-volume disease treated with intraperitoneal chemotherapy.
Journal of Clinical Oncology, 1987, 5.10: 1607-1612.

88



CHILA, Rosaria; GUFFANTI, Federica; DAMIA, Giovanna. Role and therapeutic
potential of CDK12 in human cancers. Cancer treatment reviews, 2016, 50: 83-88.

CHU, David ZJ, et al. Peritioneal carcinomatosis in nongynecologic malignancy. A
prospective study of prognostic factors. Cancer, 1989, 63.2: 364-367.

CHUA, Terence C., et al. Early-and long-term outcome data of patients with
pseudomyxoma peritonei from appendiceal origin treated by a strategy of cytoreductive surgery
and hyperthermic intraperitoneal chemotherapy. Journal of Clinical Oncology, 2012, 30.20:
2449-2456.

JACQUET, Pierre; SUGARBAKER, Paul H. Clinical research methodologies in
diagnosis and staging of patients with peritoneal carcinomatosis. Peritoneal carcinomatosis:
principles of management, 1996, 359-374.

JANKU, Filip; YAP, Timothy A.; MERIC-BERNSTAM, Funda. Targeting the PI3K
pathway in cancer: are we making headway?. Nature reviews Clinical oncology, 2018, 15.5:
273-291.

JEGGO, Penny A.; PEARL, Laurence H.; CARR, Antony M. DNA repair, genome
stability and cancer: a historical perspective. Nature Reviews Cancer, 2016, 16.1: 35-42.

JELOVAC, Danijela; ARMSTRONG, Deborah K. Recent progress in the diagnosis and
treatment of ovarian cancer. CA: a cancer journal for clinicians, 2011, 61.3: 183-203.

JINESH, G. G., et al. Molecular genetics and cellular events of K-Ras-driven
tumorigenesis. Oncogene, 2018, 37.7: 839-846.

KEGG PATHWAY Database. Dostupné z: https://www.kegg.jp/kegg/pathway.html.
Naposledy navstiveno: listopad 2024.

KEHOE, Sean. FIGO staging in ovarian carcinoma and histological subtypes. Journal of
Gynecologic Oncology, 2020, 31.4.

KELLY, Kaitlyn J.; NASH, Garrett M. Peritoneal debulking/intraperitoneal
chemotherapy—non-sarcoma. Journal of surgical oncology, 2014, 109.1: 14-22.

KELLY, Kaitlyn J. Management of appendix cancer. Clinics in colon and rectal surgery,
2015, 28.04: 247-255.

KHANLARKHANI, Neda, et al. Metabolic risk factors of ovarian cancer: a review.
JBRA Assisted Reproduction, 2022, 26.2: 335.

KIM, Jihye, et al. CDKZ7 is a reliable prognostic factor and novel therapeutic target in

epithelial ovarian cancer. Gynecologic oncology, 2020, 156.1: 211-221.

89



KITAYAMA, Joji, et al. ASO author reflections: repeated intraperitoneal paclitaxel with
systemic chemotherapy as the first-line treatment for peritoneal malignancy. Annals of Surgical
Oncology, 2021, 28: 3871-3872.

KLAVER, C. E. L., et al. Recommendations and consensus on the treatment of peritoneal
metastases of colorectal origin: a systematic review of national and international guidelines.
Colorectal Disease, 2017, 19.3: 224-236.

KLOS, D., et al. Soucasné postaveni cytoreduk¢ ni chirurgie (CRS) a intraperitonealni
hypertermické chemo terapie (HIPEC) v multimodalni 1é¢bé nadorti peritonealniho povrchu.
Cas. Lék. Ces, 2018, 157.8: 419-428.

KOGA, Shigemasa, et al. Prophylactic therapy for peritoneal recurrence of gastric cancer
by continuous hyperthermic peritoneal perfusion with mitomycin C. Cancer, 1988, 61.2: 232-
237.

KONSTANTINOPQOULOS, Panagiotis A., et al. Homologous recombination deficiency:
exploiting the fundamental vulnerability of ovarian cancer. Cancer discovery, 2015, 5.11: 1137-
1154,

KOBEL, Martin; KANG, Eun Young. The evolution of ovarian carcinoma
subclassification. Cancers, 2022, 14.2: 416.

KUO, Kuan-Ting, et al. Frequent activating mutations of PIK3CA in ovarian clear cell
carcinoma. The American journal of pathology, 2009, 174.5: 1597-1601.

KURMAN, Robert J.; SHIH, le-Ming. The dualistic model of ovarian carcinogenesis:
revisited, revised, and expanded. The American journal of pathology, 2016, 186.4: 733-747.

KURNIT, Katherine C.; FLEMING, Gini F.; LENGYEL, Ernst. Updates and new options
in advanced epithelial ovarian cancer treatment. Obstetrics & Gynecology, 2021, 137.1: 108-
121.

KUROKI, Lindsay; GUNTUPALLLI, Saketh R. Treatment of epithelial ovarian cancer.
Bmj, 2020, 371.

KUROSE, Keisuke, et al. Frequent loss of PTEN expression is linked to elevated
phosphorylated Akt levels, but not associated with p27 and cyclin D1 expression, in primary
epithelial ovarian carcinomas. The American journal of pathology, 2001, 158.6: 2097-2106.

KUSAMURA, Shigeki, et al. Cytoreductive surgery followed by intraperitoneal
hyperthermic perfusion: analysis of morbidity and mortality in 209 peritoneal surface
malignancies treated with closed abdomen technique. Cancer: Interdisciplinary International
Journal of the American Cancer Society, 2006, 106.5: 1144-1153.

90



LABIDI-GALY, S. Intidhar, et al. Location of mutation in BRCAZ2 gene and survival in
patients with ovarian cancer. Clinical Cancer Research, 2018, 24.2: 326-333.

LAMPE, Bjoern, et al. Prognostic significance of Sugarbaker’s peritoneal cancer index
for the operability of ovarian carcinoma. International Journal of Gynecologic Cancer, 2015,
25.1.

LAPLANTE, Mathieu; SABATINI, David M. mTOR signaling in growth control and
disease. cell, 2012, 149.2: 274-293.

LEMPIAINEN, Harri; HALAZONETIS, Thanos D. Emerging common themes in
regulation of PIKKs and PI3Ks. The EMBO journal, 2009, 28.20: 3067-3073.

LEMSTROVA, Radmila, et al. Dysregulation of KRAS signaling in pancreatic cancer is
not associated with KRAS mutations and outcome. Oncology letters, 2017, 14.5: 5980-5988.

LEUNG, V., et al. Oxaliplatin versus Mitomycin C for HIPEC in colorectal cancer
peritoneal carcinomatosis. European Journal of Surgical Oncology (EJSO), 2017, 43.1: 144-
149.

LEVANON, Keren; CRUM, Christopher; DRAPKIN, Ronny. New insights into the
pathogenesis of serous ovarian cancer and its clinical impact. Journal of Clinical Oncology,
2008, 26.32: 5284-5293.

LEVINE, Douglas A., et al. Frequent mutation of the PIK3CA gene in ovarian and breast
cancers. Clinical cancer research, 2005, 11.8: 2875-2878.

LEVINE, Edward A., et al. Intraperitoneal chemotherapy for peritoneal surface
malignancy: experience with 1,000 patients. Journal of the American College of Surgeons,
2014, 218.4: 573-585.

LHEUREUX, Stephanie, et al. Epithelial ovarian cancer. The Lancet, 2019, 393.10177:
1240-1253.

LHEUREUX, Stephanie; BRAUNSTEIN, Marsela; OZA, Amit M. Epithelial ovarian
cancer: evolution of management in the era of precision medicine. CA: a cancer journal for
clinicians, 2019, 69.4: 280-304.

LI, Chen, et al. Surgical resection with hyperthermic intraperitoneal chemotherapy for
gastric cancer patients with peritoneal dissemination. Journal of Surgical Oncology, 2010,
102.5: 361-365.

LIBERTO, Juliane M., et al. Current and emerging methods for ovarian cancer screening
and diagnostics: a comprehensive review. Cancers, 2022, 14.12: 2885.

LIN, Douglas I., et al. Recurrent urothelial carcinoma-like FGFR3 genomic alterations in

malignant Brenner tumors of the ovary. Modern Pathology, 2021, 34.5: 983-993.
91



LIONTOS, Michalis, et al. BRCAL/2 mutation types do not affect prognosis in ovarian
cancer patients. Current Oncology, 2021, 28.6: 4446-4456.

LIVAK, Kenneth J.; SCHMITTGEN, Thomas D. Analysis of relative gene expression
data using real-time quantitative PCR and the 2— AACT method. methods, 2001, 25.4: 402-408.

LOVEJOY, Courtney A.; CORTEZ, David. Common mechanisms of PIKK regulation.
DNA repair, 2009, 8.9: 1004-1008.

LOW, Russell N.; BARONE, Robert M.; ROUSSET, Pascal. Peritoneal MRI in patients
undergoing cytoreductive surgery and HIPEC: history, clinical applications, and
implementation. European Journal of Surgical Oncology, 2021, 47.1: 65-74.

LUI, Goldie YL; GRANDORI, Carla; KEMP, Christopher J. CDK12: an emerging
therapeutic target for cancer. Journal of clinical pathology, 2018, 71.11: 957-962.

MABUCHI, S.; HISAMATSU, T.; KIMURA, T. Targeting mTOR signaling pathway in
ovarian cancer. Current medicinal chemistry, 2011, 18.19: 2960-2968.

MATSUOKA, Shuhei, et al. ATM and ATR substrate analysis reveals extensive protein
networks responsive to DNA damage. science, 2007, 316.5828: 1160-1166.

MCCONECHY, Melissa K., et al. Ovarian and endometrial endometrioid carcinomas
have distinct CTNNB1 and PTEN mutation profiles. Modern pathology, 2014, 27.1: 128-134.

METSALU, Tauno; VILO, Jaak. ClustVis: a web tool for visualizing clustering of
multivariate data using Principal Component Analysis and heatmap. Nucleic acids research,
2015, 43.W1: W566-W570.

MASSALOU, Damien, et al. Peritoneal carcinomatosis of colorectal cancer: novel
clinical and molecular outcomes. The American Journal of Surgery, 2017, 213.2: 377-387.

MATULONIS, Ursula A., et al. High throughput interrogation of somatic mutations in
high grade serous cancer of the ovary. PloS one, 2011, 6.9: e24433.

MCCUSKER, Margaret E., et al. Primary malignant neoplasms of the appendix: A
population-based study from the surveillance, epidemiology and end-results program, 1973—
1998. Cancer, 2002, 94.12: 3307-3312.

MOHELNIKOVA-DUCHONOVA, Beatrice, et al. Evaluation of Reference Genes and
Normalization Strategy for Quantitative Real-Time PCR in Human Pancreatic Carcinoma.
Disease markers, 2012, 32.3: 203-210.

MOHELNIKOVA-DUCHONOVA, Beatrice, et al. Differences in transcript levels of
ABC transporters between pancreatic adenocarcinoma and nonneoplastic tissues. Pancreas,
2013, 42.4: 707-716.

92



MOHELNIKOVA-DUCHONOVA, B., et al. Hedgehog pathway overexpression in
pancreatic cancer is abrogated by new-generation taxoid SB-T-1216. The pharmacogenomics
journal, 2017, 17.5: 452-460.

MOORE, Patrick S., et al. Genetic profile of 22 pancreatic carcinoma cell lines: analysis
of K-ras, p53, p16 and DPC4/Smad4. Virchows Archiv, 2001, 439: 798-802.

MULLER, H., et al. Systemic chemotherapy using FLOT-regimen combined with
cytoreductive surgery plus HIPEC for treatment of peritoneal metastasized gastric cancer. Age
(years), 2014, 53: 39-71.

NAKAYAMA, Kentaro, et al. Sequence mutations and amplification of PIK3CA and
AKT2 genes in purified ovarian serous neoplasms. Cancer biology & therapy, 2006, 5.7: 779-
785.

NATIONAL CANCER INSTITUTE. Common Terminology Criteria for Adverse Events
(CTCAE) V5.0 ed. Bethesda Md: U.S. Department of Health and Human Services; 2017.
Dostupné Z:
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/ctcae_v5_quick_ref
erence 5x7.pdf. Naposledy navstiveno: fijen 2024.

NITECKI, Roni; WOODARD, Terri; RAUH-HAIN, J. Alejandro. Fertility-sparing
treatment for early-stage cervical, ovarian, and endometrial malignancies. Obstetrics &
Gynecology, 2020, 136.6: 1157-11609.

NOIRET, Barbara, et al. Centralization and oncologic training reduce postoperative
morbidity and failure-to-rescue rates after cytoreductive surgery and hyperthermic
intraperitoneal chemotherapy for peritoneal surface malignancies: study on a 10-year national
French practice. Annals of Surgery, 2020, 272.5: 847-854.

NORQUIST, Barbara M., et al. Mutations in homologous recombination genes and
outcomes in ovarian carcinoma patients in GOG 218: an NRG oncology/gynecologic oncology
group study. Clinical Cancer Research, 2018, 24.4: 777-783.

OBATA, Kaoshiro, et al. Frequent PTEN/MMAC mutations in endometrioid but not
serous or mucinous epithelial ovarian tumors. Cancer research, 1998, 58.10: 2095-2097.

OLBROMSKI, Piotr Jozef, et al. Identification of new molecular biomarkers in ovarian
cancer using the gene expression profile. Journal of Clinical Medicine, 2022, 11.13: 3888.

OSORIO, Ana, et al. DNA glycosylases involved in base excision repair may be
associated with cancer risk in BRCAL1 and BRCA2 mutation carriers. PLoS genetics, 2014,
10.4: €1004256.

93



OZA, Amit M., et al. Standard chemotherapy with or without bevacizumab for women
with newly diagnosed ovarian cancer (ICON7): overall survival results of a phase 3 randomised
trial. The Lancet Oncology, 2015, 16.8: 928-936.

OZA, Amit M., et al. Quality of life in patients with recurrent ovarian cancer treated with
niraparib versus placebo (ENGOT-OV16/NOVA): results from a double-blind, phase 3,
randomised controlled trial. The Lancet Oncology, 2018, 19.8: 1117-1125.

PADMANABHAN, Naveen, et al. Preliminary experience and morbidity analysis of
cytoreductive surgery with hyperthermic intraperitoneal chemotherapy (CRS/HIPEC) from a
tertiary cancer center in India. Journal of Clinical and Diagnostic Research: JCDR, 2015, 9.6:
XCO09.

PAL, Tuya, etal. BRCA1 and BRCA2 mutations account for a large proportion of ovarian
carcinoma cases. Cancer: Interdisciplinary International Journal of the American Cancer
Society, 2005, 104.12: 2807-2816.

PENNINGTON, Kathryn P., et al. Germline and somatic mutations in homologous
recombination genes predict platinum response and survival in ovarian, fallopian tube, and
peritoneal carcinomas. Clinical Cancer Research, 2014, 20.3: 764-775.

PHUNG, Minh Tung, et al. Trends of ovarian cancer incidence by histotype and
race/ethnicity in the United States 1992—2019. Cancer research communications, 2023, 3.1: 1-
8.

PIETRAGALLA, Antonella, et al. Ovarian cancer predisposition beyond BRCAL and
BRCAZ2 genes. International Journal of Gynecologic Cancer, 2020, 30.11.

PILIE, Patrick G., et al. State-of-the-art strategies for targeting the DNA damage response
in cancer. Nature reviews Clinical oncology, 2019, 16.2: 81-104.

PRADA-VILLAVERDE, Arancha, et al. The American Society of Peritoneal Surface
Malignancies evaluation of HIPEC with Mitomycin C versus Oxaliplatin in 539 patients with
colon cancer undergoing a complete cytoreductive surgery. Journal of surgical oncology, 2014,
110.7: 779-785.

QUENET, F., et al. A UNICANCER phase Il trial of Hyperthermic Intra-peritoneal
Chemotherapy (HIPEC) for Colorectal Peritoneal Carcinomatosis. PRODIGE 7. European
Journal of Surgical Oncology, 2019, 45.2: e17.

QUENET, Frangois, et al. Cytoreductive surgery plus hyperthermic intraperitoneal
chemotherapy versus cytoreductive surgery alone for colorectal peritoneal metastases
(PRODIGE 7): a multicentre, randomised, open-label, phase 3 trial. The Lancet Oncology,
2021, 22.2: 256-266.

94



REBBECK, Timothy R., et al. Association of type and location of BRCA1 and BRCA2
mutations with risk of breast and ovarian cancer. Jama, 2015, 313.13: 1347-1361.

REID, Brett M.; PERMUTH, Jennifer B.; SELLERS, Thomas A. Epidemiology of
ovarian cancer: a review. Cancer biology & medicine, 2017, 14.1: 9.

REINHARDT, H. Christian, et al. p53-deficient cells rely on ATM-and ATR-mediated
checkpoint signaling through the p38MAPK/MK2 pathway for survival after DNA damage.
Cancer cell, 2007, 11.2: 175-1809.

RODRIGUEZ SILVA, Cristina, et al. Are there intra-operative hemodynamic differences
between the Coliseum and closed HIPEC techniques in the treatment of peritoneal metastasis?
A retrospective cohort study. World Journal of Surgical Oncology, 2017, 15: 1-8.

ROOS, Wynand P.; THOMAS, Adam D.; KAINA, Bernd. DNA damage and the balance
between survival and death in cancer biology. Nature Reviews Cancer, 2016, 16.1: 20-33.

ROVIELLO, F., et al. Prospective study of peritoneal recurrence after curative surgery
for gastric cancer. British journal of surgery, 2003, 90.9: 1113-1119.

SADEGHLI, Babak, et al. Peritoneal carcinomatosis from non-gynecologic malignancies:
results of the EVOCAPE 1 multicentric prospective study. Cancer: Interdisciplinary
International Journal of the American Cancer Society, 2000, 88.2: 358-363.

SADOWSKI, E. A, et al. Adnexal lesions: imaging strategies for ultrasound and MR
imaging. Diagnostic and interventional imaging, 2019, 100.10: 635-646.

SAKURAMOTO, Shinichi, et al. Adjuvant chemotherapy for gastric cancer with S-1, an
oral fluoropyrimidine. New England Journal of Medicine, 2007, 357.18: 1810-1820.

SAMBASIVAN, Suchetha. Epithelial ovarian cancer. Cancer Treatment and Research
Communications, 2022, 33: 100629.

SANCHEZ-HIDALGO, Juan Manuel, et al. Colorectal peritoneal metastases: Optimal
management review. World journal of gastroenterology, 2019, 25.27: 3484,

SATO, Nakako, et al. Loss of heterozygosity on 10g23. 3 and mutation of the tumor
suppressor gene PTEN in benign endometrial cyst of the ovary: possible sequence progression
from benign endometrial cyst to endometrioid carcinoma and clear cell carcinoma of the ovary.
Cancer research, 2000, 60.24: 7052-7056.

SHAH, S. Common terminology criteria for adverse events. National Cancer Institute:
USA, 2022, 784: 785.

SHANNON, M.; et al. Ovarian Cancer Staging, 2021. Medscape. Dostupné z:
https://emedicine.medscape.com/article/2007140-overview?form=fpf. Naposledy navstiveno:
zari 2024.

95



SHEN, G. H., et al. Prognostic significance of vascular endothelial growth factor
expression in human ovarian carcinoma. British journal of cancer, 2000, 83.2: 196-203.

SCHRIJVER, Lieske H., et al. Oral contraceptive use and ovarian cancer risk for
BRCA1/2 mutation carriers: an international cohort study. American Journal of Obstetrics and
Gynecology, 2021, 225.1: 51. e1-51. el7.

SCHUITEVOERDER, Darryl, et al. Assessment of the surgical workforce pertaining to
cytoreductive surgery and hyperthermic intraperitoneal chemotherapy in the United States.
Annals of surgical oncology, 2020, 27: 3097-3102.

SOUCISSE, Mikael L., et al. Cytoreductive surgery and hyperthermic intraperitoneal
chemotherapy with or without early post-operative intraperitoneal chemotherapy for appendix
neoplasms with peritoneal metastases: a propensity score analysis. European Journal of
Surgical Oncology, 2021, 47.1: 157-163.

SOUCEK, Pavel, et al. Expression of cytochrome P450 genes in CD34+ hematopoietic
stem and progenitor cells. Stem Cells, 2005, 23.9: 1417-1422.

SOUKUPOVA, Jana, et al. Validation of CZECANCA (CZEch CAncer paNel for
Clinical Application) for targeted NGS-based analysis of hereditary cancer syndromes. PloS
one, 2018, 13.4: e0195761.

SPOLVERATO, Gaya, et al. Rates and patterns of recurrence after curative intent
resection for gastric cancer: a United States multi-institutional analysis. Journal of the American
College of Surgeons, 2014, 219.4: 664-675.

SPRATT, John S., et al. Hyperthermic peritoneal perfusion system in canines. Cancer
Research, 1980a, 40.2: 253-255.

SPRATT, John S., et al. Clinical delivery system for intraperitoneal hyperthermic
chemotherapy. Cancer research, 1980b, 40.2: 256-260.

SUGARBAKER, Paul H. Peritonectomy procedures. Annals of surgery, 1995, 221.1: 29.

SUGARBAKER, P. H., et al. Pseudomyxoma peritonei syndrome. Advances in surgery,
1996, 30: 233-280.

SUGARBAKER, P. H. Management of peritoneal-surface malignancy: the surgeon’s
role. Langenbeck's archives of surgery, 1999, 384.6: 576-587.

SUGARBAKER, Paul H., et al. A review of peritoneal mesothelioma at the Washington
Cancer Institute. Surgical oncology clinics of North America, 2003, 12.3: 605-21, xi.

SUGARBAKER, Paul H.; YU, Wansik; YONEMURA, Yutaka. Gastrectomy,

peritonectomy, and perioperative intraperitoneal chemotherapy: the evolution of treatment

96



strategies for advanced gastric cancer. In: Seminars in surgical oncology. Hoboken: Wiley
Subscription Services, Inc., A Wiley Company, 2003. p. 233-248.

SUGARBAKER, Paul H. A narrative review of what can HIPEC do. European Journal
of Surgical Oncology, 2023.

SUNG, Hyuna, et al. Global cancer statistics 2020: GLOBOCAN estimates of incidence
and mortality worldwide for 36 cancers in 185 countries. CA: a cancer journal for clinicians,
2021, 71.3: 209-249.

SZKLARCZYK, Damian, et al. The STRING database in 2021: customizable protein—
protein networks, and functional characterization of user-uploaded gene/measurement
sets. Nucleic acids research, 2021, 49.D1: D605-D612.

TAN, Grace Hwei Ching, et al. Does early post-operative intraperitoneal chemotherapy
(EPIC) for patients treated with cytoreductive surgery and hyperthermic intraperitoneal
chemotherapy (HIPEC) make a difference?. International Journal of Hyperthermia, 2016, 32.3:
281-288.

THOMASSEN, Irene, et al. Peritoneal carcinomatosis of gastric origin: a population-
based study on incidence, survival and risk factors. International journal of cancer, 2014, 134.3:
622-628.

TOKUNAGA, Hideki, et al. TNM classification of gynaecological malignant tumours:
changes between the seventh and eighth editions. Japanese Journal of Clinical Oncology, 2019,
49.4: 311-320.

TROTTI, Andy, et al. Patient-reported outcomes and the evolution of adverse event
reporting in oncology. Journal of Clinical Oncology, 2007, 25.32: 5121-5127.

TSIBULAK, Irina, et al. BRCAL and BRCA2 mRNA-expression prove to be of clinical
impact in ovarian cancer. British journal of cancer, 2018, 119.6: 683-692.

TUTT, A. N. J, et al. Exploiting the DNA repair defect in BRCA mutant cells in the
design of new therapeutic strategies for cancer. In: Cold Spring Harbor symposia on
quantitative biology. Cold Spring Harbor Laboratory Press, 2005. p. 139-148.

VANDERPUYE, Verna D., et al. Assessment of adult women with ovarian masses and
treatment of epithelial ovarian cancer: ASCO resource-stratified guideline. JCO Global
Oncology, 2021, 7: 1032-1066.

VAN DER SPEETEN, Kurt; STUART, Oswald A.; SUGARBAKER, Paul H.
Pharmacokinetics and pharmacodynamics of perioperative cancer chemotherapy in peritoneal

surface malignancy. The Cancer Journal, 2009, 15.3: 216-224.

97



VAN DE VAART, P. J. M., et al. Intraperitoneal cisplatin with regional hyperthermia in
advanced ovarian cancer: pharmacokinetics and cisplatin—~DNA adduct formation in patients
and ovarian cancer cell lines. European journal of cancer, 1998, 34.1: 148-154.

VAN DRIEL, Willemien J., et al. Hyperthermic intraperitoneal chemotherapy in ovarian
cancer. New England Journal of Medicine, 2018, 378.3: 230-240.

VAN’T SANT, L, et al. Seeing the whole picture: Added value of MRI for extraperitoneal
findings in CRS-HIPEC candidates. European Journal of Surgical Oncology, 2022, 48.2: 462-
469.

VERMA, Vivek, et al. Malignant peritoneal mesothelioma: national practice patterns,
outcomes, and predictors of survival. Annals of surgical oncology, 2018, 25.7.

VOTANOPOULOS, Konstantinos, et al. A comparison of hematologic toxicity profiles
after heated intraperitoneal chemotherapy with oxaliplatin and mitomycin C. Journal of surgical
research, 2013, 179.1: e133-e130.

WANG, Yun, et al. PIK3CA mutations in advanced ovarian carcinomas. Human
mutation, 2005, 25.3: 322-322.

WEISBERGER, Austin S.; LEVINE, Bennett; STORAASLI, John P. Use of nitrogen
mustard in treatment of serous effusions of neoplastic origin. Journal of the American Medical
Association, 1955, 159.18: 1704-1707.

WITKAMP, Arjen J., et al. Rationale and techniques of intra-operative hyperthermic
intraperitoneal chemotherapy. Cancer treatment reviews, 2001, 27.6: 365-374.

WU, Chew-Wun, et al. Incidence and factors associated with recurrence patterns after
intended curative surgery for gastric cancer. World journal of surgery, 2003, 27.2: 153-158.

YAN, Tristan D.; CAO, Christopher Qian; MUNKHOLM-LARSEN, Stine. A
pharmacological review on intraperitoneal chemotherapy for peritoneal malignancy. World
journal of gastrointestinal oncology, 2010, 2.2: 1009.

YANG, Linlin, et al. Oncogenic KRAS drives radioresistance through upregulation of
NRF2-53BP1-mediated non-homologous end-joining repair. Nucleic Acids Research, 2021,
49.19: 11067-11082.

YANG, Wen-Juan, et al. Updates on global epidemiology, risk and prognostic factors of
gastric cancer. World Journal of Gastroenterology, 2023, 29.16: 2452.

YANG, Xiao-Jun, et al. Cytoreductive surgery and hyperthermic intraperitoneal
chemotherapy improves survival of patients with peritoneal carcinomatosis from gastric cancer:
final results of a phase 11l randomized clinical trial. Annals of surgical oncology, 2011, 18:
1575-1581.

98



YONEMURA, Y., et al. Treatment of peritoneal dissemination from gastric cancer by
peritonectomy and chemohyperthermic peritoneal perfusion. British Journal of Surgery:
Incorporating European Journal of Surgery and Swiss Surgery, 2005, 92.3: 370-375.

ZALCMAN, Gérard, et al. Bevacizumab for newly diagnosed pleural mesothelioma in
the Mesothelioma Avastin Cisplatin Pemetrexed Study (MAPS): a randomised, controlled,
open-label, phase 3 trial. The Lancet, 2016, 387.10026: 1405-1414.

ZAMWAR, Udit M.; ANJANKAR, Ashish P. Aetiology, epidemiology, histopathology,
classification, detailed evaluation, and treatment of ovarian cancer. Cureus, 2022, 14.10.

ZHANG, Qing; DAL, Xiaoli; LI, Wei. Systematic review and meta-analysis of O-RADS
ultrasound and O-RADS MRI for risk assessment of ovarian and adnexal lesions. American

Journal of Roentgenology, 2023, 1-13.

6.6 Seznam priloh praci autorky disertace

1) Pavodni védecké publikace in extenso souvisejici s diSertani praci uvefejnéné v

Casopisech s IF

1. Oliverius M", Flasarova D”, Mohelnikova-Duchonova B, Ehrlichova M, Hlavac V,
Kocik M, Strouhal O, Dvorak P, Ojima I, Soucek P. KRAS pathway expression changes
in pancreatic cancer models by conventional and experimental taxanes. Mutagenesis.
2019 Dec 19;34(5-6):403-411. doi: 10.1093/mutage/gez021. PMID: 31375828;
PMCID: PMC6923165. (Piiloha 1; IF 3.379 Q2)

2. Flasarova D, Urban K, Strouhal O, Klos D, Lemstrova R, Dvorak P, Soucek P,
Mohelnikova-Duchonova B. DNA Repair Pathway in Ovarian Cancer Patients Treated
with HIPEC. Int J Mol Sci. 2023 May 17;24(10):8868. doi: 10.3390/ijms24108868.
PMID: 37240218; PMCID: PMC10219140. (Piiloha 2; IF 4.9 Q1)

3. Lemstrova R, Flasarova D, Spisarova M, Melichar B, Lovecek M, Havlik R, Neoral C,
Mohelnikova-Duchonova B, Klos D. Evaluation and management of toxicity of
cytoreductive surgery/hyperthermic intraperitoneal chemotherapy: the initial
experience of a single centre study. Biomed Pap Med Fac Univ Palacky Olomouc Czech
Repub. 2020 Sep;164(3):300-306. doi: 10.5507/bp.2019.035. Epub 2019 Aug 21.
PMID: 31435073. (Ptiloha 3; IF 1.000 Q4)

* Oba autofi pfispéli stejnou mérou.

99



2)

3)

Ostatni pavodni védecké publikace in extenso v daném oboru uvefejnéné v Casopise

s IF

Novy Z, Stepankova J, Hola M, Flasarova D, Popper M, Petrik M. Preclinical
Evaluation of Radiolabeled Peptides for PET Imaging of Glioblastoma Multiforme.
Molecules. 2019 Jul 8;24(13):2496. doi: 10.3390/molecules24132496. PMID:
31288488; PMCID: PMC6651196. (IF 3.267 Q3)

Prednasky a postery s abstraktem
4th International Cancer Symposium of the Cancer Research Center of Lyon, 2. — 4. 10.

2019, Taxane treatment and KRAS pathway expression changes in pancreatic cancer

models.

. PragueONCO 2020, 30. 1. 2020, Lécba taxany a zmény exprese v KRAS signalni draze

u PDAC mys$ich modela.

100



Priloha 1.

Oliverius M”, Flasarova D*, Mohelnikova-Duchonova B, Ehrlichova M, Hlavac V, Kocik M,
Strouhal O, Dvorak P, Ojima I, Soucek P. KRAS pathway expression changes in pancreatic
cancer models by conventional and experimental taxanes. Mutagenesis. 2019 Dec 19;34(5-
6):403-411. doi: 10.1093/mutage/gez021. PMID: 31375828; PMCID: PMC6923165.

IF 3.379; Q2

* Oba autofi pfispéli stejnou mérou.

101



Mutagenesis, 2013, 34, 408-411
doi:10.1093/mutage/ge2021

Original Manuscript XFORD
Advance Access publication 3 August2019 s

Original Manuscript

KRAS pathway expression changes in
pancreatic cancer models by conventional and
experimental taxanes

M. Oliverius'#*, D. Flasarova®!, B. Mohelnikova-Duchonova®#,
M. Ehrlichova®, V. Hlavac®, M. Kocik?, O. Strouhal?, P. Dvorak®, I. Ojima® and
P. Soucek*5*

'Department of Surgery, Faculty Hospital Kralovske Vinohrady and Third Faculty of Madicine, Charles University,
Prague, 100 00, Czech Rapublic, “Transplantation Center, Institute of Clinical and Experimental Medicine, Prague, 140
00, Czech Republic, *Department of Oncology and Institute of Molecular and Translational Medicine, Faculty of Medicine
and Dentistry, Palacky University, Olomouc, 779 00, Czech Republic, *‘Department of Toxicog ics, National Institute
of Public Health, Prague, 100 42, Czech Republic, *Biomedical Center, Faculty of Medicine in Pilsen, Charles University,
Pilsen, 301 00, Czach Republic, éInstitute of Chemical Biology and Drug Discovery, State University of New York at Stony
Brook, Stony Brook, NY, 117 94-3400, USA

*To whom correspondence should be addressed. Toxicogenomics Unit, National Institute of Public Health, Srobarova 48,
Prague 10, 100 42 Czach Republic. Tel: +420-267 082 711; Fax: +420-267 082 711; Email: pavel.soucek@szu.cz
Both authors contributed equally to this work.

Received 7 March 2019; Editorial decision 6 July 2019; Accapted 6 July 2019,

Abstract

The KRAS signalling pathway is pivotal for pancreatic ductal adenocarcinoma (PDAC) development. After
the failure of most conventional cytotoxic and targeted therapeutics tested so far, the combination of taxane
nab-paclitaxel (Abraxane) with gemcitabine recently demonstrated promising improvements in the survival
of PDAC patients. This study aimed to explore interactions of conventional paclitaxel and experimental
taxane SB-T1216 with the KRAS signalling pathway expression in in vivo and in vitro PDAC models in
order to decipher potential predictive biomarkers or targets for future individualised therapy. Mouse PDAC
PaCa-44 xenograft model was used for evaluation of changes in transcript and protein levels of the KRAS
signalling pathway caused by administration of experimental taxane SB-T-1216 in vivo. Subsequently, KRAS
wild-type (BxPc-3) and mutated (MiaPaCa-2 and PaCa-44) cell line models were treated with paclitaxel to
verify dysregulation of the KRAS signalling pathway gene expression profile in vitro and investigate the
role of KRAS mutation status. By comparing the gene expression profiles, this study observed for the first
time that in vitro cell models differ in the basal transcriptional profile of the KRAS signalling pathway, but
there were no differences between KRAS mutated and wild-type cells in sensitivity to taxanes. Generally,
the taxane administration caused a downregulation of the KRAS signalling pathway both in vitro and in
vivo, but this effect was not dependent on the KRAS mutation status. In conclusion, putative biomarkers for
prediction of taxane activity or targets for stimulation of taxane anticancer effects were not discovered by
the KRAS signalling pathway profiling in various PDAC models.

Introduction cancer death today and predicted to become the second leading

. . > cause of cancer death in the USA by 2030 (1,2). Systemic chemo-
Pancreatic dactal, dentcancinom [PDAC, OMIM 260000 mnks - vy b et »80% oE PO faiicine bk th miarialics
among the less frequent cancer diagnoses (ranking 12th in incidence

worldwide). However, its mortality is the fourth leading cause of

© The Author(s) 2019. Publishad by Oxford University Press on behalf of the UK Environmental Mutagen Society. 403
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paralleling the incidence, indicates the failure of either conventional
chemotherapy or any so far tested targeted therapeutics.

As stated above, the need for better therapies resulted in nu-
merous clinical trials and experiments aiming to individualise the
therapy (3). The bi of taxanc nab-paclitaxel (Abraxane)
with gemcitabine, along with some other drug combination regi-
mens, e.g. leucovorin, S-fluorouracil, irinotecan and oxaliplatin
(FOLFIRINOX), brought promising impr in survival of
PDAC patients (4,5). Taxanes are mitotic poisons inhibiting micro-
tubule depolymerisation during cell division (6) and blocking the
G2/M phase of the cell cycle. Our previous work has shown that

the new generation taxoid SB-T-1216 (7) suppresses the Hedgehog
pathway expression in PDAC PaCa-44 xenograft in vivo model
indicating a new mechanism of taxane action with potential use for
PDAC treatment (8). In line with the previous observation that an-
other new generation taxane SB-T-1214 exerts high cytotoxic po-
tency against human PDAC cell line (BxPc-3 and PANC-1) in witro
and CFPAC-1 xenograft in vivo models these compounds seem very
promising for future PDAC therapy development (7).

The RAS pathway, together with Hedgehog, TGFB, NOTCH,
WNT/CTNNBI1, RB, SWI/SNF and DNA repair, is among the most
frequently implicated pathways in PDAC (9). Somatic KRAS gene

Table 1. Time-dependent changes of expression of the KRAS signalling pathway genes after treatment of PDAC model cell lines differing

by the KRAS mutation status with paclitaxel in vitro

24h BxPc-3 MiaPaCa-2 PaCa-44

Consensus 72 h

BxPc-3 MiaPaCa-2

AKT1 1
AKT2
ARAF
BRAF
GSK3B

T
No change

Agreement in all three cell lines 17 genes
Disagreement between wild-type and mutated cells 6 genes
Discrepant results between KRAS mutated cells 12 genes

AKT1

No change

Resume—72 h:

Agreement in all three cell lines 13 genes
Disagreement between wild-type and mutated cells 3 genes
Discrepant results between KRAS mutated cells 19 genes

Cells were treated with i of padli

1(30, 100 and 300 nM) and genc cxpression changes monitored aftcr 24 h (Icft pancl) and 72 h

(right pancl) incubation. The results of the KRAS signalling pathway dysrcgulation analysis were comparcd among all three ccll modcks by hicrarchical clustering
(Figurc 3) and dear trends of up lation (1) or d lation (|) in the paclitaxcl ion coumsc arc displaycd for cach ccll linc. In the conscnsus col-
umn, in the paclitaxcl ion-depen dent trends among all three lincs arc marked as yos and discrepancics as no. The difforences in these trends
between KRAS wild-type BxPc-3 modcl and both KRAS mutatcd modcls (PaCa-44 and MiaPaCa-2) were quentl; parcd. Genes that d d dis-
crcpant trends in KRAS wild-type modcl cclls d to both d ccll lincs arc highlightcd (dark grey for up and light grey for down rcgulation).
The resume i prescoted at the bottom of the tablc and the dynamics in gene cxpression changes for both incubation times arc parcd. It is app that only
a fow gencos (# = 6) diffcred in responsc to paclitaxcl treatment in KRAS wild-type cclls compared to the d modck. M these differences, cxcept for
MAPK9 d lati liscd in time. Nonc of the obscrved diffcrences concerned the KRAS signalling pathway stem of MAPK scaffold.

mostly
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(OMIM: 190070) mutations were observed in 71% PDAC patients
(m = 7431) and 99% of thesc arc misscnsc substitutions, mainly in
codon 12 (10). The most prevalent mutations are p.G120 (47% from
all KR AS mutations), p.G12V (31%) and p.G12R (12%), while the
rest accounts for =10% of the total { 10). These mutations cause per
sistent KRAS activation and subsequent dysregulation of a number
of cellular functions leading to metabolic reprogramming, loss of
differentiation, accelerated proliferation and prolonged survival.
Deespite mumerous studies about the prognostic and predictive role
of KRAS mutations in PDAC having been conducted, the published
results remain controversial and so far preclude the clinical use of
ERAS in PDAC diagnosis, prognosis and therapy individualisation
(11}, Association of the KRAS signalling pathway dysregulation and
the KRAS mutation stams with survival of PDAC patients has not
recently been confirmed {12). Moreover, there are no clinically suc-
cessful inhibitors of this pathway either (13) and therefare it is im-
perative to search for biomarkers of personalisation of conventional
therapeutics most successful in PDAC trearment to date.

Taken together, the detailed mechanisms and consequences of the
ERAS signalling pathway dysregulation in PDAC chemoresistance
and progression remain incompletely understood and the same ap-
plies to the potential contribution of the KRAS signalling pathway
status to taxane mechanism of action. Recently, functional genetic
screens demonstrated that KRAS expression in cancer cell lines leads
to sensitivity and interference with mitosis and the co-existence of
ERAS mutations and high MYC expression predicts anti-mitotic
drug scnsitivity (14).

The aim of the present study was to evaluate whether the admin-
istration of experimental taxane SB-T-1216 to PDAC mouse xeno-
graft model in vivo and conventional paclitaxel to PDAC cell lines
in vitro interacts with the KRAS signalling pathway cxpression on
both a transcript and protein level. This is the first study o date
addressing interactions between the major PDAC driver signalling
pathway (RAS) and the clinically successful anticancer compounds
used for treatment of this cancer.

Materials and methods

Xenografts
The human-mouse xenograft smdy was conducted in the Institute of
Clinical and Experimental Medicine (Prague, Czech Fepublic) and
approved by the Instimtional Review Board of the Instirute.
SB-T-1216 was synthesised and characterised as previously de-
scribed (7). Fernale athymic nude mice (nw'm) between 4 and & weeks
of age were obtained from Charles River Laboratories | Duesseldorf,
Germany). Human pancreatic carcinama cell line Paca-44 with the
already described characteristics (8) was obtained from the Leibniz
Institute DSMZ-German Collection of Microorganisms and Cell
Cultures (Brannschweig, Germany) and cultivated according to the
manufacturer's protocol. The Paca-44 cell line was used because it
harbours the G12V mutation in KRAS (15) frequenty occurring
in PDAC patients and also for its fast and homogeneous growth in
subcutancous tumours compared to other PDAC cell lines (16). On
Diay 0, the animals were injected sabcutansously with 200 pl of a
cell suspension containing 5 x 10¢ cells in phosphate-buffered sa-
line. The treatment was inifiated afer the mmours reached a size of
~100 mm?, In total, 12 Paca-44 xenografts were prepared and div-
ided into tao groups: (4) SB-T-121&-treated group (m = 5) and (B)
control group (n = 7). Group A received intravenously two doses of
10 mg of SB-T-1215 per kg weight weekly, i.e. the first dose on Day
1 and the sccond dosc on Day 7. Group B reccived no treatment.

The animals were sacrificed on the day after the second dose, i.e. on
the cighth day after the first dose. Tumour volume was cstimated by
calliper in weekly intervals and expressed in mm® using the standard
formula, { W2 = L2, where L and W are the major and minor diam-
eters of the mmour in millimetres.

Isolation of nucleic acids and cDNA synthesis

Tissue samples and cell pellets were homogenised and total RINA and
DMA was isolated and characterised as previously described (17).
cDNA was synthesised using 0.5 pg of total BNA, characterised as
described previously (18) and then preamplified by TagMan Pre Amp
Master Mix to enrich the specific targets for gene expression analysis
using Taghan Gene Expression Assays (Supplementary Table 1,
available at Mutagenesis Online, Life Technologies Corp., Carlsbad,
CA, TUSA). The cDINA preamplification was performed with 5 pl of
cDNA using 14 preamplification cycles, and the preamplification
uniformity of cDMNA was checked by the procedure recommended
by the manufacturer (Life Technologies Corp.).

Selection of genes representing the KRAS signalling
pathway

Genes for the study of the KRAS signalling pathway were selected
using publicly available databases KEGG (19) and BioCarta
(20). In total, 42 genes were sclected for gene expression analysis
{Supplementary Table 1, available at Mutagenesis Online).

Quantitative real-time PCR

Cuantitative real-time PCR. (gPCR) was performed by the Roche
LightCycler 480 Real-Time PCR System using TagMan® Gene
Expression Assays with optimised primer and probe sets and
TagMan™ Universal Master Mix II with UNG (Life Technologics
Corp.). The PCR reacton was run in a 96-well plare and the total
volume of the reaction mixture per well was 10 pl. POP4, ELF1,
MRPL19 and EIFZE1 were used as reference genes specific for
studies of human PDAC based on our previously published data
(21). The non-template control (NTC) contained water instead
of cDNA. MNegative ¢DINA synthesis controls (RNA transcribed
without reverse transcriptase) were also employed to reveal possible
carry-over contamination. Each sample was assayed in duplicate
and the mean value was used for caloulations. The PCR reaction
was started at 50°C for 2 min, followed by initial denamration for
10 min at 95°C, followed by 40 cycles of denaturing for 15 s at 95°C
and elongation for 1 min at 60"C. Samples with a variation larger
than 0.5 Ct {cycle threshold) were reanalysed. Transcript levels were
analysed by Roche LightCycler 480 System Software. The ratio of
Ct of a particular target gene to an arthmetic mean of Ct of all
the reference genes was calculared for each sample and used for
statistical evaluation using RT2 Profiler PCR. Array Data &nalysis
v3.5 ((hagen). The gPCR smdy adhered to the MIQE Guidelines
{Minimum Information for Publication of Quantitative Real-Time
PCR. Experiments) (22).

Cells and culture conditions

Human PDAC MiaPaCa-2 cell line [harbouring the KRAS G12C
mutation and resistant to gemcitabine (23)] and BxPe-3 [KRAS
wild-type and sensitive to gemecitabine (23)] were purchased from
American Type Calure Colleciion (Manassas, VA, USA). The origin
of the cell line Paca-44 [KRAS G12V mutant | 15)] is described above
in the chapter about xenografts. Cells between 4th and 40th passages
were used for all the experiments. The cell line was authenticated
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and genomic stability monitored in the 4th and 40th passages by
Short Tandem Repeat profiling using PowerPlex ESI 17 Pro System
(Promega Corp., Madison, W1, USA). Cells were cultured in a basic
medium with added heat-inactivated (Paca-44, MIAPaCa-2) or na-

samples) and GAPDH (no. 14C10, 1:2000) were purchased from
Cell Signaling Technology (Danvers, MA, USA) and antibodies
against KRAS (no. GTX100636, dilution 1:1000) and RAF1 (no.
GTX61196, dilution 1:1000) from GeneTex (Irvine, CA, USA ). After

tive (BxPC-3) 10% foctal bovine serum in a humidified ph
of 5% CO, at 37°C. RPMI 1640 ¢ extra L-gl

the hing steps, the b were incubated for 2 h at room

(300 pg/ml), sodium pyruvate (110 pg/ml), 15 mM HEPES buffer,
penicillin (100 U/ml) and streptomycin (100 pg/ml) was used as a
basic medium. The cells were trypsinised by 0.25% Trypsin and
0.02% EDTA in phosphate-buffered saline (all chemicals from
PANBiotech GmbH, Aidenbach, Germany).

Cell line treatment with paclitaxel

Cells grown in the culture medium were harvested by low-speed
centrifugation, washed with medium, seeded at 1 x 10° cell&/5 ml
(biological duplicates) of medium into plastic culture dishes and
preincubated for 18 h allowing the cells to attach. The medium was
changed to a culture medium without paclitaxel (control) or with
selected concentrations of paclitaxel (30, 100 and 300 nM). After the
required incubation period (24 and 72 h), the cells were harvested
by low-speed centrifugation, washed with phosphate-buffered saline
and the pellets of the cells were suspended in 1 ml of Trizol Reagent.
The total RNA was isolated and cDNA was synthesised as described
before (17,18).

Cytotoxicity assessment

Cells maintained in the culture medium were harvested by low-
speed centrifugation, washed with the medium and then seeded
at 5 x 10% cells/200 pl of the medium into the wells of a E-Plate
View 16PET (ACEA Biosciences Inc., San Diego, CA, USA). After
18 h of preincubation period allowing the cells to attach, the me-
dium without a taxane (control) or with a taxane at desired con-
centrations (0, 3, 10, 30, 100, 300 and 1000 nM) was added in a
2 pl volume. Cell growth and survival were evaluated after 72 h of
incubation by xCELLigence Real-Time cell Analyzer (RTCA). The
mmber of living cells (IC;,) was determined by RTCA Software
(ACEA Biosciences Inc.).

Immunoblotting analysis of protein expression

All tissue samples were stored at-80°C prior to protein isolation. The
samples were ground using a mortar and pestle and then the protein
was isolated using Allprep DNA/RNA/Protein Mini kit (Qiagen,
Hildesheim, Germany) in accordance with the mamufacturer’s
protocol. Protein concentration was determined by a bicinchoninic
acid assay (Pierce BCA Protein Assay Kit, Thermo Scientific Pierce
Protein Rescarch Products, Rockford, IL, USA ). Inmunoblotting was
performed as previously described (24). Briefly, 20 pg of protein was
used for separation by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (10% gel, Precision Plus Protein™ Kaleidoscope™
Standards Bio-Rad #161-0375 as a ladder) and transferred onto
0.2 pm Protran® nitrocellul b (Wh Kent, UK).
The membranes were first blocked in 5% wiv bovine serum al-
bumin for 30 min at room temperature. Membranes were then
incubated overnight at 4°C with primary antibodies. Rabbit mono-
clonal antibodies against total MEK1/2 (no. D1AS, dilution in incu-
bation 1:1000 in 1% blocking reagent), phospho-MEK1/2-Ser221
(no. 166F8, 1:2000), total ERK1/2 (no. 137F5, 1:1000), phospho-
ERK1/2-Tyr202/Tyr204 (no. D13.14.4E, 1:2000), total AKT (no.
C67E7, 1:1000), phospho-AKT-Ser473 (no. D9E, 1:2000), B-actin
(no. 13E5, 1:1000 for tumour samples and 1:2000 for cell line

mp ¢ with carresponding horseradish peroxidase-conjugated
secondary antibodies (no. A0545, dilution 1:10000; Sigma-Aldrich,
Prague, Czech Republic). Protein bands were visualised with an
enhanced chemiluminescence d ion system (Thermo Scientific
Pierce Protein Research Products) by Odyssey Fc Imaging System
(LI-COR Biosciences, Lincoln, NE, USA). Densitometry was per-
formed using Image] program (https://imagej.nih.gov/ij/).

Statistical analyses

Data preprocessing and a quality check was performed with the use
of Microsoft Excel software. The fold change due to treatment was
calculated from raw Ct values in accordance with the comparative
Ct method described by Livak and Schmittgen (25). Hierarchical
clustering and heat map visualisation were perfi d with the help
of publicly available bioinformatic tools, H (26) and
Shinyheatmap (27). Hierarchical clustering with Euclidean distances
and the Ward method was chosen as the best for visualisation of our
data from in vivo experiment in accordance with previous experi-
ences (8,28) and the Spearman correlation with complete linkage
was used for evaluation of i vitro experiments.

Differences in single gene and protein expression levels between
the treated and control xenografts were assessed by the ANOVA
test using SPSS v16.0 Software (SPSS Inc., Chicago, IL, USA). The
transcript levels of target genes normalised to reference genes and
protein levels normalised to the level of GAPDH or B-actin control
proteins were used.

A P-value of <0.05 was considered statistically significant. All
P-values are departures from two-sided tests. Type I error in single
gene expression analyses was controlled by the false discovery rate
(FDR) test according to Benjamini and Hochberg (29) and adjusted
P-values are provided for each comparison except for xenograft
protein level analyses.

Results

Transcript levels of the KRAS signalling pathway

genes in mouse xenografts—effect of SB-T-1216
treatment in vivo

Expression of 42 KRAS pathway genes was determined in tumour
tissues by gPCR. First, the KRAS signalling pathway gene expression
profile was evahated by hicrarchical clustering and then by single
gene analysis. Cluster analysis indicated that SB-T-1216 treatment of
Paca-44 xenografts resulted in division of the expressed genes into
two major clisters, one composed of 25 and the other composed
of 17 genes (heat map in Figure 1A, genes divided into both clus-
ters in Suppl y Figure 1, available at M: is Online).
Single gene analysis basically confirmed the general view of the
cluster lysis, i.c. downregulation of the majority of the KRAS
signalling pathway genes by SB-T-1216 treatment in vivo (Figure 1B).
Significant downregulation of 18 genes and upregulation of SHC1

were observed after correction to multiple testing (Suppl Yy
Table 2, available at Mutagenesis Online).
The d gnlated genes rep d the up branch of the

PBK/AKT pathway including AKT /2, RAC1 and PAK1 and the down-
stream genes of RALGDS and RIN1 branches of the KRAS signalling
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Figure 1. Dysregulation ofthe KRAS signalling pathway by treatment of PDAC mouse PaCa-44 xenograft model with SB-T-1216 in vivo. (A) Heat map ofthe KRAS
pathway gene expression profile in control animals (n - 7, marked with rectangle) compared with SB-T-1216-treated ones (n - 5). Upregulated genes are in rad
(in black and white resolution represanted in dark colour) and downregulatad genes are in green (in black and white resolution represanted in light colour). The

two most appal clusters of dysregulated genas b

both groups are highlightad with a light and dark grey box (for a list of genes and their positions

inthe KRAS signalling pathway, sse Supp y Figura 1, available at

is Onlina). (B) The KRAS signalling pathway map noting the differentially

expressed genes in control animals com pared with SB-T-1218-treatad ones. D

dgenesareing (in blackand white resolution representad in light

colour) and upregulated genes are in red (in black and white resolution represented in dark colour). Genes without diffarential expression are without colour.

A list of genes with significances and dil isin S

of dysr
gle. Figure available in colour online.

pathway, including JNK kinases MAPKY and MAPK10. The stem,
including MAPK scaffold, of the KRAS signalling pathway was also
mostly downregulated (KRAS, ARAF, MAP2K2, MAPK1, MKNK2
and RPS6AK2) indicating pathway suppression on a ti ipt level.

Protein expression of major parts of the KRAS
signalling pathway in SB-T1216-treated mouse
xenografts in vivo

In order to elaborate results from gene expression study, the levels of
proteins representing the stem of the KRAS and the scaffold of the
MAPK pathways (KRAS, RAF1, MAP2K1/2—MEK, MAPK1/3—
ERK) and (pan)AKT were determined in tumour samples from
control and SB-T-1216-treated animals by i blotting. MAPK
scaffold (MEK and ERK) and AKT were followed in both total and
phosphorylated protein forms (Figure 2A). Densitometry demon-
strated that the KRAS protein level was downregulated (P = 0.039)
while RAF1, pERK and tAKT were significantly upregulated

y Table 2, available at Mutagenasis Online. MAPK pathway scaffold is in

(P =0.027,P =0.009 and P =0.007, respectively) by the SB-T-1216
treatment in vivo (Figure 2B).

1 K,

g ysis therefore confirmed downregulation
of KRAS effector previously observed on the transcript level,
but revealed upregulation of RAF1 and AKT in contrast with
dow lation of the cor ding transcripts levels (of the bor-
derline significance for RAF1 transcript, P = 0.055). In terms of
ERK, the significant increase in the phosphorylated protein level as
the post-transcriptional event cannot be paralleled with the tran-
script data and represents a unique observation of this study.

Transcript level analysis of the KRAS signalling
pathway genes in cell line models with different

KRAS mutation status —effect of treatment with
paclitaxel in vitro

The time and concentration course of taxane cffects on the gene
expression of the KRAS signalling pathway and the potential
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Figure 2. Changes in the major KRAS signalling pathway protein levels
by trestment of PDAC mouse PaCa-44 xenograft model with SB-T-1218 in
vivo. (A) Immunoblots of the KRAS signalling pathway proteins in control
animals (n = 4) compared with SB-T-1216-treated ones (n - 4). KRAS, RAF1,
t- and p-MEK, t- and p-ERK and t- and p-AKT levels were determined by
immunoblotting and quantified by densitometry as described in the Materials
and methods. Actin and GAPGH protain levels were used for normalisation
of the results (the average of the thres independent blots). (B) N lised
levels of the KRAS signalling pathway proteins in the control and SB-T-1216-
treated animals d by i y. Statistical significanca is depicted
by stars (* means 0.06 > P> 0.01 and ** P< 0.01). Figure available in colour
online.

modulatory effect of the KRAS mutation status were studied using
several in vitro models differing in terms of the KRAS mutation
status. Genes upstream KRAS cffector (GRB2, RASA1/2, SOS1/2
and SHC1) and RAP1A were not addressed in these experiments due
to the lack of major effects in vivo. Paclitaxel was used in these ex-
periments because it had comparable cytotoxicity (measured as IC,,
by RTCA—sece Supplementary Figure 2, available at Mutagenesis
Online) in all the examined PDAC models. Morcover, paclitaxel is
relevant to anticancer therapy of patients.

The gene expression profile of all the cell lines without treat-
ment was initially compared together to estimate major differences
connected with KRAS mutation status. Cells cultivated for 24 h
without any treatment were compared by hicrarchical clustering
(Supplementary Figure 3A, available at Mutagenesis Online). The
KRAS signalling pathway gene expression profile of BxPc-3 KRAS

wild-type cell line notably differed from both KRAS mutated cell
lines MiaPaCa-2 and PaCa-44. The KRAS pathway stem, including
the KRAS effector molecule and MAPK scaffold, was mostly
downregulated while several upstream genes belonging to branches
(RALGDS, RIN1, RAC1 and PIK3CG) were upregulated in KRAS
wild-type BxPc-3 line compared to both KRAS mutated lines in vitro
(Supplementary Figure 3B and Supplementary Table 3, available at
Mutagenesis Online).

The time and concentration course of paclitaxel effects was
consequently studied in all three cell line models differing by the
KR AS mutation status in vitro. The time course analysis monitored
changes in the KRAS signalling pathway gene expression as carly
changes—24 h after paclitaxel treatment and late changes—72 h
after t The ion course involved control cells
without treatment and cells treated with increasing concentration of
paclitaxel (30, 100 and 300 nM).

The KRAS signalling pathway dysregulation in PaCa-44 cells,
caused by paclitaxel after treatment for 24 h in vitro, was com-
pared to changes in PaCa-44 mouse xenografts treated with SB-T-
1216 in wvo. Several common trends were observed, namely
downregulation of the main stem genes KRAS, ARAF, MAP2K2,
MKNK2 and RPS6AK2 and downregulation of other genes repre-
senting pathway branches (PIK3CA, PDPK1,AKT2, PAK1, RALBP1
and RAC1) (Suppl y Figure 4, i
Online). This overall concordance suggested that both taxane de-
rivatives produce similar main effects in both in vitro and in vivo
models. In contrast, MAPK9 was downregulated by SB-T-1216 in
vivo, but upregulated by paclitaxel in vitro suggesting subtle differ-
ences worth further study.

The effect of paclitaxel on dysregulation of the KRAS signalling
pathway genes in various cell line models, differing in the KRAS
mutation status, was finally evaluated by hierarchical clustering.
Concentration-dependent changes were monitored in both times
(24 and 72 h) and within all three cell lines (cluster analysis in
Suppl y Figure 5, is Online). C
changes in all three cell lines (trends of up or downregulation with
increasing paclitaxel concentration) for both times were observed in
general. A comparison makes it apparent that the response of cell
line models to paclitaxel on a transcript level does not significantly
differ according to the KRAS mutation status (BxPc-3 compared to
the rest).

Early cffects of paclitaxel (24-h treatment, Figure 3A) may be

lised as downregulation of the major KRAS pathway stem
including MAPK scaffold (KRAS, ARAF, BRAF, MAP2K1/2 and
MKNK2 genes) and branches, namely upstream RAC1 (RALA and
RALBP1) and downstream PIK3CA (PDPK1 and RAC1) and AKT
(MTOR and GSK3B). The majority of carly changes rather faded
away at 72 h with several exceptions. PTK2, MAPK3 and MAP3K1
became downregulated and RALGDS upregulated after 72 h and
may be considered major late effects of padlitaxel treatment (Figure
3B; Table 1).

ilable at Mutag

Tahl A
at

Discussion

PDAC is a disease with infaust prognosis, especially for late diag-
nosis in the advanced stage of the discase, high resistance to chemo-
therapy and the absence of cffective targeted therapy. Mutations in
KRAS occur in PDAC with frequencies higher than 90%. Mutations
in codons 12 and 13 of the KRAS gene result in protein blockage
in an active state in with it is unable to hydrolyse GTP, triggering
continuous KRAS signalling activity. Dy lation of this pathway
ultimately results in the development of pancreatic cancer. Genes
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status with paclitaxel in vitro. Map of in the KRAS signali h ion profiles of paclitaxel (20, 100 and 200 nM) treatad BxPc-3, PaCa-
44 and MiaPaCa-2 cell Ilnel treated with the same paclitaxal eoncemrmmnl for 24 h (A)and 72 h (B) pared to di Is. Genes

dina manner are in red (in black and white resolution represented in dark colour) and downregulated genes in green (in
bhdt and white resolution repvesented inlight colour). Genes without differential exprassion are without color. Time-dapendent differences are highlighted by
ractangles Changes present only after 24 h treatment are in light grey rectangles in the B part and changes present only after 72 h treatment are in dark grey
rectangles in the A part. MAPK pathway scaffold is in rounded rectangle. Figure available in colour online.
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of four branches of KRAS signalling pathway are differentially ex-
pressed in PDAC tumour tissuc compared to non-tamour paired
tissue. Three out of four branch pathways (PI3K/PDE1/AKT, RAL
guanine nucleotide exchange factar and RIN1/ABL) are significantly
overexpressed, which are in direct context with tumour cell migra-
tion and disease spread. In contrast, the expression of RAF/MAPK
branch pathway in PDAC is reduced (12). Studying the KRAS
signalling pathway is therefore extremely important and a detailed
understanding of its functioning can contribute to the effectiveness
of PDAC treatment.

The present sady addressed the effect of taxanes on the expres-
sion of KRAS signalling pathway in various experimental PDAC
moxdels in search of biomarkers andfor targets cnabling personalised
therapy of this cancer.

I wivo, the treatment with experimental taxane SB-T-1215
significantly suppressed the KRAS signalling pathway stem and
major branches on the transcript level paralleled by the observed
downregulation of KRAS effector protein expression. A highly
similar observation has previously been described in a case of other
major PDAC carcinogenesis-associated signalling pathway (8). All
the Hedgchogp signalling pathway genes downstream of the Sonic
Hedgehog ligand were transcriptionally downregulated by SB-T-
1216 treatment of PaCa-44 mouse xenografts in wivo (8L We further
explored this phenomenon using in vitro PDAC models wath a dif-
ferent KRAS mutation status.

& recently published patient study concluded thar KRAS mu-
tation status is not associated with cither the intratumoural gene
expression profile of KRAS signalling pathway or with the clinical
cutcome of PDAC patients (12). Although a recent meta-analysis
reported the potential prognostic role of KRAS mutation status
in PDAC (30}, another study has found no significant difference
in overall survival for KRAS wild-type patients compared to m-
tation carriers (31). Congruently, no putative biomarker or thera-
peutic target in the KRAS signalling pathway has been found by the
present study.

Some particular results may need more artention. Diespite tran-
scriptional downregulation of the upstream branch of the PI3EK/AKT
signalling pathway (AKT1/2, RAC1 and PAK1) having been ob-
served, AKT and RAF] proteins were increased by taxane treatment
i wivo, The PISK/AKT/IMTOR pathway represents a significant
target for various clinically tested inhibitors (32). However, despite
the fact that tAKT was increascd, its active form pAKT remained
unchanged by taxane treatment in the present study and thus the
observed discrepancy may not be biclogically relevant. In contrast,
the BAF] induction by taxane treatment in vivo may have futre
implications for drug design. First, very recently a detailed mapping
of membrane components necessary for the KRAS signal transduc-
tion discovered the key role of RAF] domains synergising the KRAS
partitioning to the membrane (33). Second, RAF proteins activate
MEK1/2 and subscquently drive the MAPK pathway stem modu-
lating terminal regulators of cell proliferation, survival, different-
ation and apoptosis (34). Additionally, the present study ascertained
the discrepancy in MAPKY dysregulation; it was downregulated by
SB-T-1216 i vivo, but upregulated by paclitaxel in vitro. MAPK9
has been found as the top immunogenic candidate antigen in PDAC
compared to healthy donor sera (35) and together with several other
tested factors related to host immune response to cancer has poten-
tial as a putative diagnostic screening tool or prognostic biomarker
(36). Moreover, docetaxel induces activation of MAPK® (formerly
termed JIMK2) and accelerates cancer cell death under hypoxic con-
ditions (37). Taken together, both observations suggest that subte

differences may exist which are worth further study, especially in
individual paticnts who greatly differ from the quite homogencous
cancer models used here.

In comtrast to the lack of considerable differences in dysregulation
of most KRAS signalling pathway parts between taxane-treated cell
models with different KRAS mutation status, the baseline gene ex-
pression profile of KRAS wild-type cell line notably differed from
both KRAS mutated cell lines. The KRAS signalling pathway stem,
including the KRAS effector molecule and MAPK scaffold, was
mostly downregulated while several upstream genes belonging to
branches (RALGDS, RIN1, RACI and PIK3CG) were upregulated in
the KRAS wild-type compared to both KRAS mutared lines in vitro.
The ratio, however, between the total and phosphorylated protein
forms of KRAS stem part in the KRAS wild-type model was not es
timated, and this observation does not seem to represent a clinically
meaningful result as previously no statistically significant differences
in transcript levels of the KRAS signalling pathway have been found
in PDAC tumours of patients after surgical treatment for an early
stage of PDAC (12). Thus, the present study detected dysregulation
of the gene expression among uniform cell culture in vitro models,
which widely differ from the dinical reality of PDAC tumours con-
sisting of a heterogeneous population of malignant cells.

The study has some limitations. First, im effro experiments
were performed with conventional taxane paclitaxel and data for
SB-T-1216 arc not available. Since minor differences in the exact
effect of the taxanes on cell death have been described (Ehrlichova
ct al. 2009}, we decided to test in particular the clinically relevant
paclitaxel (on biologically distinct types of PDAC cell lines) and to
validate in vivo the results of only a selected line using an experi-
mental taxane with a higher cytotoxic effect. The cytotoxdcity testing
revealed, however, a similar efficacy of both compounds in all cell
line models in witro and a comparison of gene expression data from
in vivo model treated with SB-T-1216 and in vitro model treated
with paclitaxel also demonstrated a good agreement. Second, the re-
sults of in vitro experiments were not confirmed on the protein level
due to the fact that the gene expression analysis has not indicated
major changes between KRAS mutated and wild-type models and
also the fime and concentration effects of paclitaxel failed to indi-
cate dramatic trends. Despite these facts, protein changes may not
necessarily correlate with gene expression levels and thus, further
studies should confirm or disprove data presented on the transcript
level here.

In conclusion, this study demonstrated for the first time that the
cell models often used for stady of PDAC differ in basal transcrip-
tional levels in accordance with the KRAS mutation status in vitro,
but these changes do not scem to contribute to the mechanism of
action of taxanes, namely paclitaxel. Thus, there are no differences
in KRAS mutated and wild-type cells in the sensitivity to taxanes
in witro. Using in vitro and in vivo models, treatment with taxanes
caused the downregulation of the KRAS signalling pathway, but no
apparent targets for further pre-clinical testing were identified in the
KRAS signalling pathway on the transcriptional level.

Supplementary data
Supplementary data are available at Mutagenesis Online.
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Abstrack DNA repair pathway's ate essential for maintaining genome stability, and understanding the
regulation of these mechanisms may help inthe design of new strategies for treatments, the prevention
of platinum-based chemoresistance, and the prolongation of overall patient survival not only with
respect to ovarian cancer. The role of hyperthermic intraperitoneal chemotherapy (HIPEC) together
with cytoreductive surgery (CRS) and adjuvant systemic chemotherapy is receiving more interest in
ovarian cancer (OC) treatment because of the typical peritoneal spread of the disease. The aim of our
study was to compare the expression level of 84 genes involved in the DNA repair pathway in tumors
and the paired peritoneal metastasis tissue of patients treated with CRS/ platinum-based HIPEC with
respect to overall patient survival, presence of peritoneal carcinomatosis, treatment response, and
alterations in the BRCA1 and BRCA 2 genes. Tumors and metastatic tissue from 28 ovarian cancer
patients collected during cytoreductive surgery before HIPEC with cisplatin were used for RNA
isolation and subsequent cDNA synthesis. Quantitative real-time PCR followed. The most interesting
findings of our study are undoubtedly the gene interactions among the genes CCNH, XPA, SLK,
RADSIC, XPA, NEIL1, and ATR for primary tumor tissue and ATM, ATR, BRCA2, CDK7, MSH2,
MUTYH, POLB, and XRCC4 for metastases. Another interesting finding is the correlation between
gene expression and overall survival (OS), where a low expression correlates with a worse OS.

Keywords: DNA repair; ovarian cancer; HIPEC; biomarkers

1. Introduction

In 2020, according to the Global Cancer Observatory’s statistics, 313,959 women were
newly diagnosed with ovarian cancer (OC) and nearly 185,000 died. The forecast for
2040 indicates that the incidence will increase to 434,184 and the mortality rate will increase
to over 290,000 [1]. The danger of this disease is mainly in late diagnoses, with more than
70% of OC diagnosed at an advanced stage; therefore, this malignancy has the highest
mortality rate of all gynecological cancers [2,3]. Additionally, due to the anatomical location
of the ovaries, ovarian cancer is the most common neoplastic disease causing peritoneal
metastases [4]. Currently, the gold standard for first-line chemotherapy is a treatment
based on platinum derivatives (cisplatin/ carboplatin) in combination with paclitaxel [5].
Neoadjuvant systemic chemotherapy is indicated for patients in whom primary surgical
resection cannot be performed, optimally in three—four cycles, and systemic treatment is
continued even after surgery [6]. Although OC is one of the most chemoresponsive tumors,
the main obstacle to successful treatment and long overall survival is the development of
drug resistance.
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The presence of individually diverse multidrug resistance (MDR) to chemotherapy is
the major challenge limiting the efficacy of systemic treatment and influencing its toxicity.
The resistance of cells to anticancer drugs may be attributed to different mechanisms
including abnormal membrane transport, ineffective metabolic drug conversion, enhanced
metabolic inactivation, increased DNA repair, alteration of apoptotic pathways, enhanced
desmoplastic reaction with paracrine activity, and activation of stem cells [7]. Intensive
efforts have been made to clarify the mechanisms of platinum resistance in vitro [8], which
can be divided into four groups: (i) mechanisms that reduce platinum accumulation;
(ii) mechanisms that involve the intracellular inactivation of platinum compounds (e.g.,
coordination to thiol-containing biomolecules, such as glutathione and metallothioneins);
(iii) mechanisms that enhance the repair of DNA damage; and (iv) mechanisms that block
apoptosis. Thus, research addressing the pharmacogenomics of platinum compounds
so far has focused mainly on interindividual differences in platinum pharmacokinetics
and variations in genes coding transmembrane proteins, such as drug efflux ATP-binding
cassette (ABC) and drug uptake solute carrier (SLC) transporters, and pathways involved
in apoptosis (MAP kinase pathway and PI3K-AKT pathway) and DNA repair.

In 2018, the results of the first randomized controlled phase III trial were published to
evaluate the effectiveness of cytoreductive surgery / hyperthermic intraperitoneal chemother-
apy (CRS/HIPEC) in advanced OC. The OS of the patients was extended by almost
12 months due to the intraperitoneal administration of cisplatin warmed up to 42 °C
during surgery [9].

HIPEC is used in conjunction with CRS for the removal of abdominal malignancies
with peritoneal dissemination. Under normal conditions, the penetration of cytostatics into
the abdominal cavity through the peritoneal membrane is difficult. The lavage of highly
concentrated cytostatics directly to the tumor location significantly increases the penetration
into the tumor tissue; in addition, hy perthermia already has a cytotoxic effect by itself.
In such a way, the heating of cytostatics to 39-43 °C enhances their efficiency, activates
heat shock proteins, and induces apoptosis and protein denaturation. Hyperthermia also
affects the repair process of damaged DNA by accelerating the degradation of the BRCA2
protein. BRCA2 is essential for the repair of double-stranded DNA breaks by homologous
recombination (HR), where it transfers RAD5I to the location of the damage. The RAD51
protein generates a break recovery process by copying information from an intact copy of
damaged DNA [10-12]. By suppressing the DNA repair pathway, hy perthermia increases
the effectiveness of treatment [13].

The purpose of this study was to provide better insight into the mechanism of resis-
tance to platinum-containing HIPEC, and we evaluated changes in the expression of an
84-gene panel of DNA repair genes in primary tumor-peritoneal metastasis tissue pairs
from ovarian cancer patients. We associated gene expression with BRCA1/2 mutation status,
overall survival, presence of peritoneal carcinomatosis, and treatment response.

2. Results
2.1. Study Population Characteristics

The study population consisted of 28 patients (the list of patients together with their
characteristics is given in Table 1). The mean age of the patients was 57 years at the time of
diagnosis with a range from 29 to 72 years. The majority of patients were high- grade serous
carcinomas (HGSC) (78%) and had a mean peritoneal cancer index (PCI) of 12 (Table 1).
The median progression-free survival (PFS) was 14 months, and the OS of patients after
CRS/HIPEC was 30 months. The completeness of cytoreduction (CCR), which is an index
quantifying the extent of residual disease after resection, ranged from O to 2. The majority
of patients had CCRO (>50%), while only one had CCR2.

113



Int. J.Mal. Sdi. 2023, 24, 8868

Jof9

Table 1. List of patients and their characteristics. CBDCA—carboplating HGSC—high-grade serous
carcinoma; LGSC—low-grade serous carcinoma; CCA—clear cell adenocarcinoma; EC—endometroid
carcinoma; GCT—granulosa cell tumor; SPA—serous papillary adenocarcinoma. +—dead.
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Histological BRCA PFS 05
Age Type Status Iaduction Thecapy Bt et Teaths (Moaths) (Months)
29 HGSC neg Paclitaxel /CBDCA 1 an alive 8 +H
54 HGSC neg Paclitaxal /CBDCA ] 14 alive 18 £
&4 HGSC neg NO 0 14 alive - ]
&l HGSC BRCA1 Paclitaxel /CBDCA 0 3 t 11 3
46 HGSC BRCAZ NO ] 2 t 12 al
35 HGSC BRCA1 Paclitaxel /CBDCA 0 ] alive 18 ]
48 HGSC BRCA1 Paclitaxel /CBDCA 0 7 alive 26 2
56 HGSC neg NO 1 8 alive 17 ]
&0 HGSC neg Paclitaxel /CBDCA ] ] alive - a7
] HGSC BRCA1 Paclitaxel /CBDCA 1 17 t B 8
51 HGSC neg Paclitaxel /CBDCA ] 8 alive - 2
72 CCA neg NO 0 3 t 11 18
Paclitaxel,/ CBDC A/ :

&4 EC neg B adrmabe 1 11 alive - -]
52 GCT BA NO 2 10 t 18 23
63 HGSC BRCA1 Paclitaxel /CBDCA 1 18 t 10 13
&l SPA BRCAZ NO ] 3 alive - 4
&5 HGSC BRCA1 Paclitaxel /CBDCA 1 12 alive 2
&4 HGSC BRCAZ NO 0 3 alive - 4
83 HGSC neg Paclitaxel /CBDCA 1 i | t - 21
&7 HGSC neg Paclitaxel /CBDCA 1 25 alive 7 23
&2 HGSC BRCA1 Paclitaxel /CBDCA 1 17 alive 7 2
&7 HGSC BRCAZ Paclitaxal /CBDCA 0 ] t - a
54 HGSC BRCA1 Paclitaxel /CBDCA 1] 15 alive 16 28
&8 HGSC neg Paclitaxal /CBDCA 1 i | alive 2 25
80 HGSC IA Gemeitabine/ CBDCA 1 18 alive 15 24
59 HGSC neg Paclitaxel /CBDCA 0 0 alive - 3
63 LG5C neg Paclitaxel /CBDCA 1] ] alive - 2
11 LG5C neg Paclitaxel /CBDCA 1 i | alive - 21

2.2 Associations between Transcript Levels and BRCAL/2 Mutations

Mutations in BRCAT /2 were present in 12 cases (46.2%), of which 8 patients had a
mutation in BRCAI (66.7%) and 4 patients had a mutation in BRCA2 (33.3%). From the
heatmap (Figures 51 and 52}, there were no significant expression profile changes between
the wild-type and mutated samples.

2.3. Overall Survival and Progression-Free Surpival

In our study, the median PFS of BRCAL/2-mutated patients was 12 months, while PFS
patients without a BRCAI/2 mutation had a median PFS of 14 months, but the trend does
not reach statistical significance (p > 0.05). The median OS5 of patients without a mutation
was 29 months, while the median OS5 of patients with a BRCAL/2 mutation was 32 months,
but those results were not statistically significant either.

24, Corrdation between Genes and Associations between Transcript Levels and Overall Surmival

We observed a significant association between 05 and the expression of six genes
{CCWH, MLH3, RADSIC, RPA3, SLE, and XPA) in primary tumor tissues. The expression of
these genes below the median predicted a significantly shorter OS (Figure 58). Additionally,
CCNH expression correlates in a string with XPA and SLK and with CDK7, which correlates
with RAD51C and XPA, correlating together in another string. All gene correlations were
significant after a correction relative to multiple testing (padj < 7.1 = 10-5).

Due to greater variability in metastatic tissues, we also found a higher number of
associations here. We observed a significant association between OS5 and the expression
of 14 genes in the metastatic loci. The gene expression of most genes (ATM, ATR, BRCA2,
CDK7, MSH2, MUTYH, POLB, and XRCC4) also showed the opposite elationship; i.e., the
expression below the median is associated with shorter OS as in primary tumors {Figure 59).
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On the other hand, a high expression of six genes was associated with poor OS (APEX1,
PKRDC, RAD21, RAD23B, XRCC5, and XRCC6) (Figure S9). The correlation analysis shows
an interesting link between double-strand break repair (DSBR) and single-strand break
repair (SSBR), including the mismatch repair (MMR) and base excision repair (BER) genes.
ATM-ATR-BRCA2 correlates with CDK7, MSH2, MUTYH, POLB, and XRCC4 and forms
very strong strings. Interactions among MUTYH-MSH2, ATM-ATR, and ATM-BRCA2 are
also supported by the STRING database, so they are the most interesting prognostic factors
in our set. In contrast, the APEX1, PKRDC, RAD21, RAD23B, XRCC5, and XRCC6 genes
did not correlate with each other or with the above-mentioned DSB-SSB repair genes.

2.5. Associations between Transcript Levels and Peritoneal Carcinomatosis

The peritoneal cancer index is an important criterion for determining the extent of a
tumor, its location, and the detection of distant metastases. Recurrence can be predicted
based on the PCI value. According to Lampe et al. [14], in order to achieve CCRO, the cut-off
PCI score for primary ovarian cancer should be <25. Patients with a BRCAI/2 mutation
had a median PCI of 7, while patients without the mutation had a higher median PCI of
13. On the heatmaps (Figures S3 and 54), there is a comparison of the expression of the
individual genes of the DNA repair pathway stratified by the PCI of patients. In primary
tumor tissue, more significant changes in expression are apparent compared to metastatic
tissue. Nevertheless, no fundamental pattern indicating significant changes in expression
levels, for example, in patients with high PCI, was observed.

2.6. Associations between Transcript Levels and Therapy

In terms of therapy, three parameters were considered—previous therapy, induc-
tion therapy, and the presence of residue after CRS. A total of 17 patients (60.7%) had
not received previous treatment. Patients who had received previous treatment before
CRS + HIPEC were in most cases treated with paclitaxel + carboplatin. Only seven patients
(25%) did not receive induction treatments, and all other patients were treated with pa-
clitaxel + CBDCA; only patients AF146 (Paclitaxel + CBDCA + Bevacizumab) and AF329
(Gemcitabine + CBDCA) had different induction treatments. According to the heatmap,
there were no patterns to suggest that previous therapies, induction therapies, or CCR
had a significant effect on expression changes in primary tumors (Figure S5) or metastatic
tissues (Figure S6).

3. Discussion

This study aimed to provide biomarkers predicting platinum resistance. Our study
offers an interesting insight into a broad area encompassing 84 genes of the DNA repair
pathway and changes in this area in correlation with factors, such as overall survival, peri-
toneal carcinomatosis, therapy, or germline mutations in genes, that cause most hereditary
ovarian cancers—BRCA1 and BRCA2.

The most interesting finding in our study is the mutual correlation among the ATM-
ATR-BRCA2, CDK7, MSH2, MUTYH, POLB, and XRCC4 genes creating an interactive
network and, additionally, its prognostic relevance for the specific set of patients under
study. Moreover, some of these interactions are confirmed by the STRING database,
specifically, MUTYH-MSH2 (MUT YH represents the BER pathway, and MSH?2 represents
the MMR pathway), ATM-ATR (ATM represents DSBR; ATR represents SSBR, and both
genes ensure genome integrity), and ATM-BRCA 2 (these genes represent DSBR). Thus, this
further substantiates their potential as prognostic biomarkers that would be worth further
investigation in ovarian cancer. Some of the mentioned genes were already considered
potential prognostic biomarkers for ovarian cancer in some earlier studies [15,16]. The OS
of patients with a high expression of ATM, ATR, BRCA2, CDK7, MSH2, MUTYH, POLB, and
XRCC4 in metastases was significantly longer than in patients with low or no expression.

Guo et al. [17] reported that esophageal squamous cell carcinoma cells with down-
regulated MUTYH activity contribute to cisplatin resistance. Similarly to ovarian cancer,
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esophageal cancer also loses its initial sensitivity to platinum and develops resistance,
suggesting that a similar mechanism to MUTYH could be at work in ovarian cancer. Resis-
tance to platinum cy tostatics results in poorer overall survival, and this correlates with our
finding that low MUTYH expression corresponds to poorer OS.

In primary tumor tissue, the string correlations among CCNH, XPA, and SLK are
interesting: CCNH and its correlation with CDK7 and, last but not least, the correlation
of CDK7 in strings with RAD5IC and XPA. CCNH, CDK7, and XPA represent the NER
pathway and RADS5IC represents the FA pathway. As with certain genes in metastatic
tissue, the same phenomenon of interrelation between OS and expressions appears in
tumor tissues. Specifically for the genes CCNH, MLH3, RAD51C, RPA3, SLK, and XPA, the
low expression of these genes correlates with worse OS and vice versa. The same result for
the XPA gene was also observed by Ganzinelli et al. [18].

When comparing tumor tissue vs. metastases (Figure 57), a preponderance of over-
expression is evident. It seems that the first nine samples of metastatic tissue have the
most pronounced expression changes; i.e., both the overexpression and underexpression
of certain genes can be observed. The most pronounced overexpression is in the genes
CDK?7, RPA3, ERCCS5, and XPA (nucleotide excision repair); ATP23, ATR, and LIG4 (nonho-
mologous end joining); NEILI (base excision repair); and ATP23 and ATR (Supplementary
data). However, overexpression is also evident in several other genes: RPA1, XPC, RAD23A,
and RAD23B (nucleotide excision repair); PRKDC, XRCCé, and XRCCS5 (nonhomologous
end joining); TDG, APEX1, and PARPI (base excision repair); RAD50 and MREI1A (ho-
mologous recombination); ATM (genes defective in diseases associated with sensitivity
to DNA-damaging agents); MSH6 (mismatch repair); and RAD21, SLK, and RFCI (oth-
ers). These genes form a cluster. A cluster is also shown for some underexpressed genes.
Here, we can include base excision repair genes—XRCCI, SMUGI, UNG, PARP2, PNKP,
and PARP3; homologous recombination genes—DMCI, RAD54L, RAD51B, RAD52, and
BRCAI; nucleotide excision repair genes—MMS19, LIG1, ERCC3, XAB2, and ERCC6; BRIP1
and BRCA2; RAD18—ubiquitination and modification; POLD3—DNA polymerases; and
TOP3B—others. Brodsky in his publication states that metastatic and primary tumors have
different expression profiles that reflect their state of proliferation and apoptosis, which
also agrees with our study that the expression profile differs between tumor tissue and
metastases. Thus, different pathways may be activated in metastases than in the primary
tumors [19].

From the heatmap's results, no significant association between the expression of DNA
repair genes and BRCA mutation status was observed. However, more patients would be
needed to draw final conclusions.

Tsibulak et al. [20] compared BRCAI and BRCA2 mRNA expression in ovarian cancer
tissues and noncancerous tissue in their study. An interesting feature of his study is that
BRCALI1 expression was lower in the BRCAI mutants. This does not agree with our study
in this respect, given that only two patients have a downregulation of the BRCAI genes
in mutated BRCA1 (AF185—AR, AF185—MR, and AF085—MR). However, the reason
may be the small number of patients with a BRCAI mutation; thus, the result may be
distorted. Similarly to our study, no significant expression changes in BRCAI and BRCA2
were observed in the study by Olbromski et al. [21]. Osorio et al. [22] showed OGGI single
nucleotide polymorphism association with the risk of ovarian cancer in BRCA1 carriers, but
there was no correlation between BRCAI mutation and OGGI expression in our sample set.

In primary tumor tissue samples, the greatest changes in expression are mainly in
AF050 and AF069 patients who have wild-type BRCA1/2. In these two samples, approxi-
mately half of the genes are overexpressed compared to other patients, with the smaller
half showing significant underexpression. Apparent deregulation can also be observed
in AF185, but there is already a mutation in BRCA1. The heatmap for metastatic tissue
looks to be split in half with respect to overexpression and underexpression, perhaps with
a slight preponderance of underexpression regardless of the BRCA mutation. From the
heatmap’s results, no significant association between the expression of DNA repair genes
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and BRCA mutation status was observed. However, more patients would be needed to
draw final conclusions. There are studies that report a better prognosis in patients with a
BRCA1/2 mutation due to a better response to platinum-derived chemotherapy; [23-25] in
contrast, there are studies with the opposite opinion [26]. Some studies suggest that patient
survival may be prolonged under specific conditions: For example, when the mutation is
located in the RA D5I-binding domain {exon 11) of the BRCA2 gene [27]. The results of our
study correspond to the first opinion that mutants have a better chance of survival. The
median overall survival of patients without a BRCAIL/2 mutation was 29 months, while
patients with a BRCAI/2 mutation had an OS that was 3 months longer, thus resulting in
32 months (but it did not reach statistical significance). Alsop et al. reported that a mutation
in BRCA1/2, in addition to improved overall survival compared to patients without the
mutation, also had an effect on prolonging progression-free survival [25]. In our study, the
median PFS of patients with a mutation in the BRCAI/2 gene was 12 months, while patients
without a mutation progressed after a median of 14 months.

According to the results of our study, we concluded that PCI and therapy seem to
have no effect on the expression of DNA repair pathway genes.

Certain limitations of this study, such as the modest number of samples, need to be
acknowledged, so our results require further confirmation in a larger cohort of patients.
However, due to the fact that CRS together with HIPEC is a demanding surgical procedure
and patient seloction is strict, obtaining a sufficient number of patients is difficult. Despite
the smaller number of patients, we reached interesting results justifying a more detailed
study in the next phase. The benefit of our study is also the fact that it is the first of its kind
to link the expression of DNA repair pathway genes with the results of HIPEC therapy in
advanced ovarian cancer, so this constitutes hypothesis-generating research. In addition,
this is a single-center study with homogeneously treated patients.

In the future, it would be beneficial to perform further verification analyses, especially
at the level of protein expression and activity, and it would certainly be worthwhile to
further study genes with significant mutual correlations.

4. Materials and Methods
4.1. Participants

Primary tumor and paired peritoneal metastatic tissue were removed from 28 patients
with ovarian cancer who were treated with cytoreductive surgery and cisplatin-containing
hy perthermic intraperitoneal chemotherapy between February 2018 and December 2019.
Cisplatin was administered at 100 l'l'l.g,“’nl2 according to the platinum-sensitive patient
protocol. The application time was 680 min. Immediately after cytoreduction, tissue samples
were placed in RNA and later in a stabilization solution; they were then sent to a laboratory
by a pneumatic fube where they were stored at —80 “C prior to prooessing. We also
collected clinical data from medical patient records. All patients were asked to read and
sign an informed consent form in accordance with the requirements of the institutional
review boards of the Department of Oncology, Faculty of Medicine and Dentistry, Palacky
University Olomouc and University Hospital Olomouc (protocol no. 118/17).

4.2 Isolation of ENA and cDNA Symthesis

Tissue samples were homogenized in liquid nitrogen. The total RMA was isolated
using a Trizol reagent according to the manufacturer’s protocol {Invitrogen, Carlsbad, CA,
USA). Aliquots were stored at —80 °C. The concentration of isolated RNA was measured
using a UV BioSpectrometer (Eppendorf, Hamburg, Germany ). The evaluation of ENA
integrity was performed by denaturing electrophoresis. For the RNA sample to be continu-
ally used, two ribosomal subunits, 285 and 185, had to be visible on the gel. Visualization
was performed using the ChemiDoc MF Imaging system (Bio-Rad, Hercules, CA, USA).
RMNA samples passing quality checks were transcribed into complementary DNA (cDINA),
The iScript gDNA Clear cDNA Synthesis Kit (Bio-Rad 172-5034), with nuclease-free water
and 1 pg of RNA, was used for reverse transcription. The treatment of RNA samples with
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DNase [ and subsequent cDNA synthesis were performed according to the manufacturer’s
protocol (Bio-Rad, Hercules, CA, USA). The polymerase chain reaction (PCR) amplification
of the ubiquitin C fragment was used to control the quality of the synthesized ¢DINA for
possible genomic DNA (gDNA) contamination. The amplification product of ubiquitin C,
cDNA, was 190 bp, while genomic DINA contained 1009 bp. Each sample was identified by
the number and suffix -AR (tumor tissue) or -MR (metastatic tissue).

4.3, Quantitative Real-Time PCR

The level of expression of 84 DNA repair genes (Table 51) was measured by quan-
titative real-time PCR (qPCR). Five reference genes (ACTB, B2M, GAFPDH, HPRT1, and
RPLP0) were used for the normalization of results. To ensume consistent results, the entire
quantitative analysis was performed in triplicate. PrimePCR SYBR Green Assays (Bio-Rad,
Hercules, CA, USA) (Table 51) and SsoAdvanced Universal SYBR Green Supermix (Bio-Rad,
Hercules, CA, USA) were used for PCR. The PCR reaction was run in 384-well plates, and
the total volume of the reaction mixture per well was 10 pl. The concentration of cDNA in
the reaction was 30 ng. The no primer control (NPC) contained nuclease-free water instead
of the assay. The PCR reaction was started by initial denaturation at 95 °C for 30 s, followed
by 40 cycles of denaturing for 5 s at 95 °C and elongation for 30 s at 60 °C. Following
denaturation at 95 °C for 5 s, a melt curve was generated by heating from 65 °C to 95 °C
with 0.5 *C increments, 5 s dwell time, and plate read.

4.4, Statistical Analyses

Creating principal component analysis (PCA) plots, hierarchical clustering and heatmap
visualization were performed with the help of the publicly available bicinformatic web tool
ClustVis [29]. Associations between categorized values, such as BRCAI/2 mutation status
and clinical data, were analyzed using the two-sided Fisher's exact test. For the evaluation of
continuous variables, such as gene expression against BRCA1/2 mutation status or clinical
variables, the Kruskal-Wallis test was used. For the assessment of differences in gene expres-
sions between both tumer loci types, we employed the paired Wilcoxon signed-rank test.
Mutual gene expression correlations were analyzed by Spearman's rho test. The correction
for multiple testing was applied according to Benjamini and Hochberg [30]. Only correla-
tions passing the multiple testing correction were further considered (padj < 7.1 x 1{]—6}.
Survival functions were plotted by the Kaplan-Meier method and evaluated using the
logrank test. The p-values were departures from two-sided tests. The above analyses weme
conducted in the statistical program SPS5v16.0 (SPS5, Chicago, IL, USA).

For the assessment of functional relations between correlating and clinically important
genes, the STRING database of known and predicted protein—protein interactions with
default settings was used [31].

4.5 Clinical Data

BRCA germline mutations were analyzed by the CZECANCA (CZEch CAncer palNel
for Clinical Application; custom-made SeqCap EZ choice panel; Roche) panel, as previously
described in detail [32].

Patient data concerning the peritoneal cancer index (PCI), which is an important
criterion for determining the extent of a tumor, its location, and the detection of distant
metastases, were correlated with the results. Clinicopathological data were obtained from
patient records, namely, age, stage, grade, previous therapy, induction therapy, and presence
of residue after CRS, as well as treatment outcomes, progression-free survival (PFS), and
overall survival (summarized in Table 1). PFS was established as the time between the CRS
and the proven recurrence or progression of the disease, and 05 was established as the
time between CRS and death. Furthermore, relationships between mutations and clinical
data were monitored.
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Evaluation and management of toxicity of cytoreductive surgery/hyperthermic
intraperitoneal chemotherapy: the initial experience of a single centre study

Radmila Lemstrova®, Dominika Flasarova®, Martina Spisarova’, Bohuslav Melichar®®, Martin Lovecek’, Roman Hawlik",
Cestmir Neoral®, Beatrice Mohelnikova-Duchonova®, Dusan Klos®

Background. Cytoreductive surgery (CRS) and hyperthermic intraperitoneal chemotherapy (HIPEC) is a treatment
modality for peritoneal surface malignancies with efficacy reported in many trials. Discrepancies, however, in the
indication criteria, the extent of the surgical procedure, HIPEC regimens and toxicity evaluation represent a problem
when comparing this method with other therapeutic modalities.

Methods. We describe the initial experience with CRS/HIPEC using different chemotherapy regimens (oxaliplatin,
cisplatin, mitomycin C and doxorubicin) at the Comprehensive Oncology Centre Olomouc.

Results. A perioperative mortality of 2% and perioperative morbidity of 119, according to Clavien-Dindo were ob-
served. Interestingly, all these patients underwent HIPEC with oxaliplatin 460 mg/m?. The median duration of admis-
sion to hospital was 6 days in the intensive care unit (range 2-28 days) and 7 days in the surgical ward (range 1-21
days). Hospital admission did not exceed 2 weeks in 75% of patients. These results are consistent with the published
results of large centres performing this treatment modality mainly due to pre-operative preparation of patients and
pre-treatment and post-treatment management of HIPEC/CRS toxicity. Evaluation of the efficacy in terms of time to

progression and overall survival (OS) is limited by the short follow up period.
Condusion. CRS/HIPEC performed is a safe method with low perioperative mortality.

Key words: cytoreductive surgery, hyperthermic intraperitoneal chemotherapy, oxaliplatin, mitomycin C, cisplatin,

toxicity, adverse events, morbidity
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INTRODUCTION

Surgery, radiation and pharmacological therapy rep-
resent the three principal components of the multimodal-
ity curative treatment of cancer. Cytoreductive surgery
(CRS)/ hyperthermic intraperitoneal chemotherapy
(HIPEC), a therapeutic method consisting of radical
surgery, regional application of cytotoxic agents and
hyperthermia, is unique in combining all of these three
fundamental approaches in the treatment of peritoneal
malignancies. In an era of targeted therapy, CRS/HIPEC
represents an alternative concept to molecular targeting,
i.e. anatomical targeting of anticancer drugs, increasing
the efficacy by potential synergisms with surgical cytore-
duction and with the effect of hyperthermia. The options
for the treatment of peritoneal carcinomatosis were lim-
ited until the advent of CRS/HIPEC. Peritoneal carcino-
matosis is considered the terminal stage of a disease. The
efficacy of systemic chemotherapy is limited by poor vas-
cularisation of the peritoneum’, the presence of tumour
hypertension, which prevents the influx of cytotoxic drugs
into the tumour tissue? and also by the fact that most tu-
mors presenting with peritoneal carcinomatosis are only

moderately sensitive to cytotaxic drugs. The incidence of
peritoneal malignancies is not negligible. The incidence
ranges from 0.2-3 cases per million people per year, for
rare tumours such as mesothelioma, to 4 to 7.2 cases per
100 000 people per year for secondary peritoneal malig-
nancies such as colorectal cancer or ovarian cancer’.
CRS/HIPEC combines extensive surgical procedure
with administration of heated (41-43 °C) high dose che-
motherapy. The surgical procedure includes peritoneal
surface stripping, omental resection, multiple visceral re-
sections (such as splenectomy, appendectomy, and bow-
el resection) and lymphadenectomy of regional basins.
Mitomycin C, cisplatin, oxaliplatin, doxorubicin and pa
clitaxel are the cytotaxic agents most commonly used in
HIPEC protocols. The duration of the surgery is around
10 h. Nevertheless, low mortality from 0.9 to 3.2% and
acceptable morbidity of 12-33% is reported when appro-
priate procedure and selection of patients is performed in
tertiary centres*. There is no unified classification system
of treatment toxicity. Different authors use several clas
sification systems including Clavien-Dindo or Common
Terminology Criteria of Adverse Events (CTCAE) v3.0.
The reported serious toxicity differs according to the in-
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dividual classification system from 11% to 60% (ref.**)
and declines within 4 months after CRS/HIPEC (ref).

The efficacy of CRS/HIPEC in the treatment of peri-
toneal malignancies has been demonstrated in a number
of prospective trials. CRS/HIPEC have been reported to
prolong the median OS to 5 years, - ie. by 50% compared
with conventional surgery in the treatment of pseudomyx-
oma peritonei. The median OS of patients with mesothe-
lioma peritonei has been reported to increase from 12
months to 34-92 months®’, The results of the randomized
phase 3 trial, comparing CRS with CRS/HIPEC in the
treatment of inoperable ovarian cancer stage FIGO III,
revealed the prolongation of median OS by 11.8 months
in favour of CRS + HIPEC (ref."”). The efficacy of CRS/
HIPEC has also been demonstrated in the treatment of
peritoneal carcinomatosis of colorectal origin, a disease
entity with a dismal prognosis. CRS/HIPEC has increased
the median OS by 12 months compared with standard sys-
temic chemotherapy". There are several ongoing random-
ized trials evaluating the efficacy of CRS/HIPEC in the
treatment of peritoneal carcinomatosis of gastric primary.

In spite of these encouraging results, CRS/ HIPEC has
yet not become the standard of care. There is a lack of a
unified system for adverse events classification and evalu-
ation of peritoneal surface involvement. Moreover, there
is a difference in the extent of the surgical procedure, the
method of the lavage as well as in the HIPEC regimens.
The choice of the appropriate cytotoxic agents or drug
combination is crucial. The cytotoxic agents should not
lead to local intraperitoneal toxicity. Agents which are
systemically metabolized into an active form are also not
suitable. There is an important synergism between the
drug and hyperthermia. Heat influences che motherapy
cytotoxicity and the pharmacokinetics in terms of influx
and efflux of the agent into the tissue.

We present the initial experience and preliminary re-
sults of CRS/HIPEC performed in the Comprehensive
Oncology Centre Olomouc with evaluation and manage-
ment of CRS/HIPEC toxicity.

PATIENTS AND METHODS

We retrospectively evaluated a cohort of 44 patients
who underwent CRS/ HIPEC between | January 2016
and | January 2018 in the Comprehensive Oncology
Centre Olomouc. The clinical and pathologic parameters
of all the patients, such as gender, age, site of the primary,
extent of the disease, extent of the peritoneal involvement
(evaluated with peritoneal cancer index; PCI), extent and
completeness of the surgical procedure (evaluated with
the CCS score), previous surgical and systemic treatment,
postoperative systemic treatment and time to progression
of the disease (progression-free survival; PFS) were re-
trieved. PFS was defined as the time from the date of the
CRS/HIPEC procedure to the date of progression of the
disease. The date of progression was based on clinical and
imaging examination. Tumour markers (CA 125, CEA,
CA 199, and CA 72-4) were examined in 3-month inter-
vals. Computed Tomography scan of the thorax, abdomi-

01

nal cavity and pelvis were performed in &month intervals.
The Kaplan-Meier method was used to calculate median
PFS with the help of software SAS EG 5.

The adverse events, toxicity and safety of the treatment
have been evaluated according to the surgical classifica
tion Clavien-Dindo (postoperative morbidity), length of
hospital admission, stay in the intensive care unit and in
the surgical ward. Perioperative mortality was defined as
the ratio of the deceased patients, within 30 days of the
procedure to the total number of the patients who under
went CRS/HIPEC.

All patients were discussed by a multidisciplinary
team.

The indication criteria were as follows:

1/ disease disseminating to the peritoneum

2/ no more effective treatment option available

3/ performance status of patients PS 0-1 according to the
WHO classification

The contraindications were:

1/ the presence of visceral metastases, e.g. liver metas-
tases, pulmonary metastases; or the presence of bone
metastases

2/ the performance status of patients PS 2 and less ac-
cording to the WHO classification

3/ surgical contraindications including involvement of
large veins of arteries, metastases of small intestine
serosa and invasion of the visceral organs or the ab-
dominal wall

4/ comorbidities contraindicating large surgical proce-
dures

Eligible patients for CRS/HIPEC signed an informed
consent with the procedure. Regarding the safety of the

Multidisciplinary team
{indication)

First pre-HIPEC visit,

2 waeks before HIPEC (histary,
physical examination, blood tests)

Second pre-HIPECvisit

1 day before HIPEC (approval of
the chemotherapy protocol)

Fig. 1. Scheme of pre-HIPEC preparation of patients.

123



Biomed Pap Med Fac Univ Paladty Olomouc Czech Repub, 2020 S=p; 164{3):300-306.

Table 1. Subgroups of patients acconding to the primary tumor,

Primary n Recurrent disease [ Primary treatment PCI (range) CC30 CCs1 CC82
Owarian cancer 7 710 5(2-39) 10 3 4
Colorectal cancer 9 a1 10 (1-25) 6 0 3
Psendomyxoma peritonei ] 17 15 (6-34) 6 1 1
Mesothelioma 9 s 20 (331) 5 1 2
Endometrial cancer 1 10 6 0 0 1

n - number of patients, PCI - Peritoneal cancer index, CCS - gytoreduction score defined as macroscopically complete surgery (CCS0); optimal
msidual diseass £2.5 mm in any region (CCS-1); or largely incomplete surgery with residual disease 2.5 mm (CCS2 )

procedure, patients are followed in several pre HIPEC and
post HIPEC visits (Fig. 1).

Special attention was paid to nutriticnal status, risk of
infection, me dication especially regarding corticosteroids
and oral anticoagulant use which may affect postoperative
complications such as bleeding, delayed surgical wounds
healing, pressure lesions, systemic infections, respira-
tory failure and increased hospitalization duration and
increased mortality rate'",

The first visit took place 2 weeks before CRS/HIPEC
with a review of the patient’s history, changes in medi-
cation, physical examination and complete blood test.
The second visit followed cne day before CRS/HIPEC
with actual blood tests and a physical examination. The
HIPEC regimen protocol is only approved in case of no
contraindications. The post-CRSf HIPEC visit to assess
additional toxicity and manage adverse events followed 4
1o 6 weeks after the procedure. The patients are followed
further in 3 month intervals.

RESULTS

Forty-four patients, 32 females and 12 males, were
included in the retrospective analysis. All patients under-
went the close method of CRS/HIPEC procedure. The
cohort consisted of 1T patients with ovarian cancer, 9
patients with colorectal cancer, 9 patients with peritoneal
mesothelioma, 8 patients with pseudomyxoma peritonei
and 1 patient with endometrial cancer. The median age of
the patients was 61 years (range 36 to 76 years).

The subgroup of 17 patients with ovarian cancer in-
cluded 7 patients with the second or third recurrence of
the disease. Ten patients had prior surgery for ovarian
cancer. The median PCI was 5 (range 2-39). Cisplatin
(75 mgfm?) was administered in 16 patients and mitomy-
cin C (30 mg/m?) was administered in one patient with
platinum-resistant disease. Ten patients had complete cy-
toreduction CCS0, 3 patients CCS1 and 4 patients CC82
(Tables | and 2).

Only one patient out of 9 in the subgroup with
colorectal cancer had no prior treatment, All the other
patients had recurrent disease and had prior surgical or
systemic treatment. The median PCI was 10 (range 1-25).
Oxaliplatin (460mg/m?) was administered to 7 patients
and mitomycin C (30 mg'm?®) was used with 2 patients.
Six patients underwent complete oytoreduction CCS0. It

Table 2. HIPEC mgimens used in COC Olomoue.

Primary HIPEC mgimen il
Colomectal cancer oxaliplatin 460 mg/m? T
mitonycin C 30 mg//m* 2
Mesothelioma peritonel cisplatin 50 mg/m? 9
doxorubicia 15 mg/m?*
Ovarian cancer cisplatin 75 mg/m? ”
mitonycin C 30 mg m? 1
Pseudomyxoma peritonei  Oxaliplatin 460 mg/m* T
mitomycin C 30 mg m* 1
Endometrial cancer cisplatin 75 mg/m? 1

n - number of patients.

was impossible to accomplish a complete cytoreduction
with 3 patients; the score of the cytoreduction was CCS 2,

With one exception, all the patients in the subgroup
with pseudonyxoma peritonei underwent CRS/HIPEC as
the primary treatment. Only one patient had a recurrent
disease. The median PCI was 15 (range &34). Oxaliplatin
{460 mg/m?) was administered in 8 patients, and mito-
mycin C {30 mg/m?*) was administered in one patient.
Complete cytoreduction of CCS 0 was achieved in &
cases, one patient had minimal residual disease CCS1,
and one patient had incomplete cytoreduction of CCS 2.

All the patients with mesothelioma peritonei were
treatment-naive. A definitive histology confirmed sarco-
matoid mesothelioma in one patient while other patients
had epithelial peritoneal mesothelioma. The median PCI
was 20 (range 331). All the patients were treated with cis-
platin { 50 mg/m?) and doxorubicin (15 mg/m?). Optimal
cytoreduction of CCS0 was achieved with 5 patients,
cytoreduction of CCS-1 with 2 patients, and CCS-2 was
accomplished in with 2 patients.

Preliminary results of PFS in the subgroups of patients
The median PFS has not been reached in the subgroup
of 17 patients with ovarian cancer. The median of the fol
low up was 7 months (range 1-19 months; Fig. 2). In the
subgroup of patients with colorectal cancer, the median
PF5was 6 months {95% CIL: 3-6.3 months; Fig. 3). No pa
tient with pseudomyxoma peritonei has progressed during
the median follow up of 7 months (range 1-16 months).
One patient with mesothelioma peritonei had a disease
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progression, and the median follow up in this subgroup
was 10 months (range 1-22 months). One patient with
endometrial cancer was free of the disease & months after
CRS/ HIPEC.

Adverse events, toxicity and safety of the treatment
Perioperative mortality was 2% ( 1/44) due to acute liv-
er necrosis in one patient who received HIPEC axaliplatin

during the first week after surgery. Serious perioperative
morbidity grade 3 and 4, according to the Clavien-Dindo
classification, was 11% (5/44). Serious complications oc
curred in 4 patients with colorectal cancer and | patient
with pseudomyxoma peritonei. All these patients under-
went HIPEC with oxaliplatin 460 mg/m2. The patients
were re-operated for suspected abdominal bleeding and
inflammatory complications.
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We observed postoperative non-surgical bleeding in
the peritoneal cavity in our set with oxaliplatin HIPEC
administration. We have not found any surgical source,
eg. bleeding from vessels or from visceral organs as liver
or spleen. This was a kind of diffuse bleeding from the
soft tissues, from the retroperitoneum and abdominal wall
after peritonectomy even if we have used a very precise
surgical technique with the use of advanced thermoco-
agulation.

The median duration of admission to hospital was 6
days in the intensive care unit (range 2-28 days) and 7
days in the surgical ward (range 1-21 days). The hospital
admission did not exceed 2 weeks in 75% of the patients.

DISCUSSION

The results of the present cohort of patients show a
low perioperative mortality and acceptable morbidity as-
sociated with CRS/HIPEC with the proposed manage-
ment of pre-HIPEC and post-HIPEC visits. No prolonged
admission to either the intensive care unit or general sur-
gical ward was reported. Most patients were discharged
within 14 days of the procedure with the possibility of
sequential adjuvant systemic treatment. The results of
perioperative mortality of 2% and postoperative morbid-
ity of 11% are consistent with the published results of
high volume centres*, The results reflect the experience
of the centre in terms of the “learning curve™ and cor-
rect patient selection by the multidisciplinary team'. The
perioperative mortality and morbidity are influenced by
the extent of the surgical procedure, HIPEC regimens
used as well as by the performance status of the patient,
age, nutritional status, previous antitumor treatment, co-
morbidities and current medication. Increased morbid-
ity is associated with performance status > 1, age > 60
years and hypoalbuminemia. Additional complications
occur in obese patients'. We believe that the scheme of
pre-HIPEC and post-HIPEC visits with intervention to
minimize the complications also contributed to the low
morbidity and mortality numbers in our cohort. Serious
morbidity was mainly reported in patients with colorec-
tal cancer who had a recurrent disease and were mostly
heavily pre-treated. In patients with colorectal cancer, the
median PCI was 10 and complete cytoreduction was ac-
complished only in 50%. The HIPEC regimen utilized
was oxaliplatin at a dose of 460 mg/m? administered in
30 min. Oxaliplatin is one of the most commonly used cy-
totoxic agents in HIPEC regimens. Oxapliplatin efficacy
and toxicity have been evaluated in several retrospective
trials. Some authors report the superiority of oxaliplatin
above mitomycin C in terms of prolonged OS (ref.'),
mostly in tumours with an unfavorable histology and more
extensive involvement of peritoneum”. The present results
differ from previously published retrospective data that
did not report an increased rate of oxaliplatin toxicity
compared to other cytotoxic agents'**" but are consistent
with the results of the large randomized trial Prodige 7
(ref.®). This trial did not show greater efficacy of HIPEC

with oxaliplatin in terms of prolonged OS or PFS comr
pared to cytoreductive surgery alone, but increased risk
of postoperative complications. The potential benefit of
oxaliplatin was only observed in patients with low PCI
from 11 to 15, and in this subgroup of patients the median
OS was prolonged compared to surgery alone®.

The evaluation of time to progression is limited by
the short duration of the follow up in the present cohort.
The cohort is also very heterogeneous even when split
into subgroups of patients according the primary site.
The heterogeneity with regard to the prior treatment of
the patients and recurrence of the disease is mainly pro-
nounced in the subgroup of patients with ovarian cancer
and colorectal cancer. There is also heterogeneity in the
HIPEC regimens and completeness of surgery. Only one
patient had progression of the disease in the subgroups
with mesothelioma and pseudomyxoma peritonei in the
follow up of 7 to 10 months. These results are consis-
tent with the published data that consider CRS/HIPEC
as a standard therapeutic modality in this setting. In the
case of pseudomyxoma peritonei, CRS/HIPEC has a pro-
longed median PFS to 8.2 years and median OS to 16.3
years??. In case of mesothelioma peritonei, conventional
surgery and systemic chemotherapy resulted in a median
OS of | year whereas CRS/HIPEC led to a median OS
of 2.8 to 7.8 years®.

The results of a prospective randomized trial of ovar
ian cancer, comparing CRS versus CRS/HIPEC, confirm
CRS/HIPEC as a standard treatment modality in ovarian
cancer stage FIGO IIL This trial reported a median PFS
of 14.2 months in a patient treated with CRS/ HIPEC
versus 10 months in patients treated with CRS alone. The
median OS was prolonged by 11 months'™ The present
cohort included 7 patients with recurrent ovarian cancer.
In case of recurrent ovarian cancer, a much shorter PFS
is expected. The PFS in a randomized phase 3 trial of
recurrent ovarian cancer and maintenance therapy with
PARP inhibitors reached only 5.5 months in the placebo
group™. In the subgroup of patients with ovarian cancer
the median PFS was not reached after a follow up of 7
months.

The prognosis of carcinomatosis of colorectal origin
is dismal, with the reported median OS ranging between
5-12 months®, CRS/HIPEC initially brought some en-
couraging results which were presented by Verwaal et al.*,
In the randomized trial, CRS{HIPEC prolonged OS by 5
months compared to systemic treatment of the peritoneal
carcinomatosis. Similar results were reported by Elias et
al? in the patients treated with CRS/HIPEC the median
OS was 63 months. These results were not confirmed,
however, by prospective randomized trial PRODIGE 7
presented by Quenet et al.?. The trial compared CRS ver
sus CRS/HIPEC. Patients who underwent CRS/HIPEC
with oxapliplatin had more postoperative complications.
The key role of cytoreductive surgery was emphasized,
however, in this study. The median PFS in the subgroup
of patients with colorectal cancer in the present cohort
reached only 6.2 months. As mentioned previously,
however, this subgroup consisted of heavily pre-treated
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patients, and only 50% of the patients had complete cy-
toreduction of CCS0.

This initial experience and preliminary results confirm
the safety of the combined treatment modality of CRS/
HIPEC although the results are limited by the size and
heterogeneity of the cohort. More complications were
seen in HIPEC with oxaliplatin in the present cohort.
These results are consistent with the recently published
data from a prospective randomized trial of colorectal
cancer and differ from previous retrospective trials. A
larger cohort of patients is needed to compare the toxic-
ity of the individual HIPEC regimens.

CONCLUSION

Correct indication of the patients by multidisciplinary
teams is essential. Close follow up with preHIPEC and
post-HIPEC visits with early interventions may contrib-
ute to low morbidity and mortality numbers. The per-
formance status of the patients, previous treatments and
the possibility of performing complete cytoreduction of
CCS01 needs to be taken into consideration. The present
preliminary results need to be assessed with caution with
regard to the short duration of the follow up and hetero-
geneity of the cohort. However, these results support the
benefit of CRS/HIPEC in the treatment of patients with
pseudonyxoma peritonei, peritoneal mesothelioma and

ovarian cancer.
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