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Komentar

Incidence zhoubnych nadorovych onemocnéni celosvétové roste. Témér polovina
vSech nadoru je diagnostikovdna ve stadiu regiondlniho, pfipadné vzdaleného postizenia s tim
je spojena nejen horsi prognéza nemocného, ale i naro¢né;jsi Ié¢ba. Narocnost ale nespociva
jen ve vyznamném diskomfortu pacienta zplsobeném terapeutickym procesem, ale také
v podobé vétsi financni zatéze zdravotnického a socidlniho systému pro spolecnost. Zména
ocCekavaného trendu je vSak moznda pouze nastavenim preventivnich opatfeni, kterd budou
schopna zasahnout vétsinovou ¢ast populace, optimalné populaci celou. Tato opatfeni musi
byt dostatecné efektivni, levna, udrzitelnd s maximalni mirou individualizace.

V ramci onkologické prevence je efektivné vyuzivano jen malo zavedenych a ovérenych
biomarkerl. Jejich identifikace, vyzkum, vyhodnoceni aimplementace do klinické
praxe trvaji mnoho let i desetileti. K rozpoznani téchto biomarkerd i vyznamnych rizikovych
faktor(, které umozni lepsi odhaleni rizikovych jedinc, je tfeba multidisciplindrni spoluprace.
Nejen primdrni prevence a screeningové programy, hledani biomarkeru rizika, ale i véasna
a kontinudlni edukace, podpora dusevniho zdravi, stejné jako zahrnuti socialni faktord do
preventivnich opatteni, to vSe musi byt soucdsti celospolecenskych debat na téma prevence.

Moje habilitacni prace je zamérena prevazné na onkologickou prevenci a rizika vzniku
sekundarnich nadorl unemocnych prezivSich primarni malignity. Diky vcasné detekci
a pokroku v [é¢bé zhoubnych nadorl preziva stale vice onkologicky nemocnych pacient(.
Kolem 20% z nich se doZiva dalSich malignit, které se, ve vice nez poloviné pfipadd, stanou
dlvodem umrti nemocného. Vzhledem k Uspésnosti onkologické 1éCby se tak sekundarni
malignity stavaji vyznamnym problémem péce o skupinu prezivsich nemocnych tzv. survivors.
Ve své plvodni prdci jsem se snazila zjistit, jaké faktory mohou hrat roli v rozvoji sekunddarnich
malignit u pacientu s kolorektalnim karcinomem. Zhodnotit jejich incidenci, ¢asové souvislosti
ve vazbé na vznik primarniho nadoru, vyznam komorbidit ¢i komedikace. Pro analyzy téchto
faktor(i byla vyuZita retrospektivni data. V prvni fazi bylo hodnoceno 1174 pacient(
s kolorektalnim karcinomem, ktefi byli diagnostikovani v obdobi let 2003—2013, follow-up do
roku 2018, s medidnem sledovani 10 let. Nasledné jsme soubor rozsifili o dalSich 227
nemocnych na celkem 1401 pacientd. Obdobi diagndzy bylo prodlouZeno na interval let 2003—
2016, follow-up do roku 2020, s medianem sledovani 9 let. Vysledky jsou shrnuty
v komentarich k jednotlivym publikacim. V publikacich, u nichZ jsem hlavnim autorem, jsem
navrhla cil prace, metodologii, koncept prace, publikace jsem z velké ¢asti napsala a vyznamné
jsem se podilela na sbéru dat.

Na modelu kolorektalniho karcinomu jsem se snazila nastinit, jakym zpUsobem je
mozné onkologickou prevenci individualizovat. Nékteré prace, jako napf. kapitoly v knihach i
¢eskych recenzovanych periodikach, které nejsou komentovany, ale i dalsi komentované
prace, které se netykaji kolorektdlniho karcinomu, jsou zminény pro dokresleni rozsahu
vlastniho prispévku k dané problematice.
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Riziko malignity neni mozné predpovédét prostiednictvim jednoho faktoru. U&inné
strategie preventivni terapie se budou muset spoléhat na komplexni nastroje hodnoceni rizik
pro cilenou intervenci, které budou co nejvice individualizovany. Prevenci nelze vnimat jako
oddélenou ¢ast mediciny, ale jako komplexni pfistup provazejici ¢lovéka od predchorobi po
konec Zivota.
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Commentary

The incidence of cancer is increasing worldwide. Almost half of all cancers are
diagnosed at the stage of regional or metastatic disease, which is associated with a worse
prognosis as well as more demanding treatment. However, the hardship of treatment does
not only involve significant patient discomfort caused by the diagnostic and therapeutic
processes but also a greater financial burden on the health and social systems. The optimal
method to divert the expected trend is to establish effective preventive measures that can
influence the majority or, ideally, the entire population. These measures must be sufficiently
cost-effective and sustainable, whilst retaining the highest degree of individualization.

To date, only a few validated biomarkers have been established and effectively used
in cancer prevention. Their identification, testing, evaluation and implementation can take
many years or even decades. A multidisciplinary collaboration is essential for the identification
of relevant biomarkers and risk factors that will allow early recognition of individuals
susceptible to cancer. In addition to researching biomarkers, primary prevention, and
screening programs, society-wide debates should also focus on early and continuous public
education, mental health promotion, as well as the inclusion of social factors in preventive
measures.

This habilitation thesis primarily focuses on cancer prevention and the risk of second
primary malignancies in cancer survivors. Due to early detection and advances in cancer
treatment the number of these patients is steadily increasing. Approximately 20% of cancer
survivors will experience another malignancy which, in more than half of the cases, becomes
the cause of the patient's death. With respect to these advances in cancer care, secondary
malignancies are becoming an important concern in survivorship care. In my original work, |
aimed to identify the factors that may play a role in the development of second primary
malignancies in colorectal cancer survivors. | evaluated the incidence of second neoplasia and
the impact of comorbidities, medications, and the time from primary tumor diagnosis.
Retrospective data were used to analyze these factors. In the first phase, 1174 patients with
colorectal cancer who were diagnosed between 2003 and 2013 were evaluated, with follow-
up to 2018 and a median follow-up of 10 years. We subsequently expanded the cohort by
additional 227 patients, resulting in a total of 1401 patients. The period of diagnosis was
extended to the interval 2003-2016, follow-up until 2020, with a median follow-up of 9 years.
The results are summarized in the commentaries of the individual research papers. | am the
lead author of the studies, | proposed the aim of the research, the methodology, and the
design. | contributed significantly to the data collection and paper publication.

Using the model of colorectal cancer, | tried to outline the way in which cancer
prevention can be personalized. Some works, such as chapters in books or Czech peer-
reviewed journals, which are not commented on, but also other commented works, that are
not related to colorectal cancer, are cited to illustrate the extent of my own contribution to
the topic.
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The risk of malignancy cannot be predicted by a single factor. Effective preventive
therapy strategies will have to rely on comprehensive risk assessment tools for targeted
intervention that are well balanced in terms of individualization and cost-effectiveness.
Prevention cannot be regarded as a stand-alone medical discipline, but as a comprehensive
strategy that accompanies a person from the premorbid period until the end of life.
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1. Uvod
1.1. Epidemiologie zhoubnych nadorovych onemocnéni

Incidence a umrti na zhoubna nadorova onemocnéni celosvétové narlstaji. V roce
2020 bylo diagnostikovano kolem 19 milioni nemocnych, v odhadech pro rok 2030 ma pocet
nemocnych dosahnout témér 24 milionl a v roce 2040 by to mélo byt jiz 28,9 milion(
nemocnych zhoubnymi nadory na celém svété [1,2]. Ocekdva se, Ze v nasledujicich 20 letech
tak dojde k narlstu onkologicky nemocnych v Evropé o 21%, v Asii vSak aZz o 59% (obr. 1).
Kolem 45% vSech nador(l je diagnostikovano ve stadiu regiondlniho, pfipadné vzdaleného
samotného pacienta, tak i pro spolecnost, v podobé vétsi finanéni zatéze i zatizeni
zdravotnického a nasledné socialniho systému.

Kazdoro¢né je nddorové onemocnéni zjisténo u témér 90 000 ob&an( Ceské republiky
(CR) a aZ 27 000 z nich na n&j umira, CR je ve vyskytu zhoubnych nador(i na 22. misté na svété
podle vékové standardizované incidence (ASR - age-standardised rate)[4].

Obr. 1. Odhadovany pocet pfipadl vsech zhoubnych nador( v obdobi 2020-2040 pro
obé pohlavi, vék 0-85+ (podle GLOBOCAN)[2]

Odhadovany poéet novych pfipadli v obdobi 2020-2040, obé pohlavi, vék (0-85+)
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Pro rostouci incidenci zhoubnych nador( je zdsadni starnuti populace. Absolutni pocet
viech osob ve véku 60 let a starSich bude v nasledujicich dvaceti letech témér dvojnasobny ve
vSech svétovych regionech. Mezi lety 2015-2050 se ocekdva narust z 12% na 22% [5]. V roce
2050 bude 80% z téchto lidi Zit v zemich s nizkymi nebo stfednimi pfijmy [5]. Do roku 2030
bude az 60% celosvétového celkového pocCtu nemocnych se zhoubnymi nadory Zit pravé
v téchto zemich [1]. Stale vétsi naklady na diagnostiku a nasledné i Ié¢bu malignich nadora se
zdaji byt, s ohledem na vzrustajici ceny vSech vstup(l diagnosticko-terapeutického procesu,
neudrzitelné. Lze ocekdvat, Ze vysoké ceny léCiv budou dalSim faktorem, ktery bude mit
zasadni dopad na zdravotni systémy vSech zemi, a to vyznamné i téch, s vysokymi prijmy. Stale
sice pretrvavaji lokalni rozdily v incidenci specifickych typl nddorovych onemocnéni, jako je
endemicky vyskyt nasofaryngealniho karcinomu, ¢i vyrazné vyssi vyskyt zhoubnych nadori
jater ¢i Zaludku v asijskych zemich. Rychle vSak roste celosvétové i incidence zhoubnych
nadoru spojenych se zapadnim Zivotnim stylem, jako je karcinom tlustého stfeva a konecniku,
plic, prsu, prostaty a ledviny.

Z mezindrodniho hlediska byla vékové standardizovand incidence kolorektalniho
karcinomu (ASR) v CR v roce 2020 vyrazné nad celosvétovym primérem (33,7 v CR vs. 19,5
celosvétové), coz Ceskou republiku fadi na 14. misto v Evropé a 17. misto celosvétové [4].
Jednd se také o tieti nejéastéjsi malignitu v CR a o druhou nejéastéjsi u muzd po karcinomu
prostaty a u Zen po karcinomu prsu.

Zhoubné nadory patfi mezi preventabilni onemocnéni. Pfiblizné polovina z nich je
zpusobena modifikovatelnymi rizikovymi faktory, nebo miZe byt detekovana jako
prekurzorova léze jesté pred vyvojem onemocnéni s metastatickym potencidlem.

Mezi pét celosvétové nejcastéjSich zhoubnych nadorl patfi Ctyfi, pro které existuje
screening a jeden typ malignity, u kterého Ize rizikovou populaci dobre identifikovat a debaty
o zavedeni screeningu u této diagndzy se stale vedou (Obr. 2, 3). V pfipadé kolorektalniho
karcinomu (CRC), se v podminkéch CR, jedna o screening bud' testem na okultni krvéceni do
stolice nebo kolonoskopii.

Obr. 2. Odhadovana vékoveé standardizovand incidence (Svét) v roce 2020, obé pohlavi,
vSechny vékové kategorie (mimo nemelanomové zhoubné ndadory kize)(podle
GLOBOCAN) [4]
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Qdhadovana vékova standardizovana incidence (Svét) v roce 2020, obé pohlavi, vSechny vékové kategorie
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1.2. Typy prevence

Zda se, ze jedinou moznosti, jak sniZit incidenci zhoubnych nadorovych onemocnéni a

soucasné, kromé Zivota jednotlivcl, vyznamné ovlivnit zdravotni systémy a tim i ekonomiku

jednotlivych zemi, je nastaveni takovych preventivnich opatfeni, ktera budou dostatecné

efektivni ve snizeni incidence malignit, v jejich casném zachytu ¢i ¢asném zachytu relapsu

nadorovych onemocnéni.

Prevence je kontinualni proces, a kromé jiz nemocnych ¢i jednotlivcl ve zvySeném

riziku, zahrnuje i zdravou populaci. Probiha na nékolika rlznych Urovnich, z nichZ primarni a

sekundarni prevence se tyka vSech obcan, terciarni/kvartérni prevence je uréena pro ty, ktefi

jiz zhoubnym nadorem onemocnéli.

prevence primarni - cilem je obecna populace, ukolem je identifikace a odstranéni
rizikovych faktor(, zvysujicich incidenci nadorovych onemocnéni a podpora faktor(
protektivnich.

prevence sekundarni - cilem je konkrétni identifikovand populace, ukolem je
zachyt zhoubnych nador(i v ¢asném, asymptomatickém stadiu.

prevence terciarni - cilem je populace onkologicky nemocnych, ukolem je snizit
zavaznost onemocnéni i vSech souvisejicich nasledk(, véasny zachyt navratu
nadorového onemocnéni po primarni |écbé v jesté lécitelné podobé i véasny
zachyt sekundarni malignity. V SirSim smyslu pak jde o zlepSeni, stabilizaci ¢i
odvraceni nasledkll nemoci. V soucasné dobé se u prezivsich pacientli oznacuje i
terminem ,survivorship” - péée o onkologicky nemocné, ktefi prezili zhoubné
nadorové onemocnéni. Podstatou je systém kontrol onkologického pacienta po
ukoncéeni kurativni onkologické 1é¢by a véasny zachyt nejen recidivy malignity, ale i
screening nezadoucich Gcinkd lécby. V anglosaské literature je soucasti terciarni
prevence i paliativni péée a obsahové se kryje s kvarterni prevenci [6].

prevence kvarterni - tento pojem ma v anglosaském pisemnictvi jiny obsah nez
v Ceském. V Ceské literature je cilem kvarterni prevence predchazeni dlsledkim
progredujiciho a nevylécitelného nddorového onemocnéni. V zahrani¢ni literature
je vSak kvarterni prevence v tomto smyslu zahrnuta pod prevenci terciarni [7-10].
Dle Wonca International Dictionary for General/Family Practice [11] je kvarterni
prevenci obecné myslena prevence nadmérné lécby (overtreatment) ¢i indikace

vySetfovacich metod a medicinskych zakrok(l se zatézi pro pacienta, bez
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adekvatniho realizaéniho vystupu pro diagnosticko-terapeutickou strategii

nemocného, v rozporu s etickym pfistupem [12,13].
1.3. Strategie prevence

Preventivni strategie v onkologii nelze zUzit pouze na screeningové programy. Je nutné
je naopak rozsifit o informace o nutnosti sledovani genetickych nadorovych syndromd,
vyhleddvani rizikovych populaci mimo geneticky vdzana rizika a individualizaci preventivnich
pristupl. Individualizace prevence ma reflektovat hodnoceni individudlnich rizik na rlznych
urovnich, jako je napf. poradenstvi zdravého Zivotniho stylu véetné vyzZivy, adiktologie,
poradenstvi hygieny prdace i duSevni hygieny, v zavislosti na konkrétnich individualnich
rizikovych faktorech. Ma byt vyvinuta snaha o narovndni socidlnich rozdild v pfistupu k
preventivnim opatfenim, na urovni celospolecenské ¢i regionalni. Edukace ma byt zamérena
nejen na zdravotnické pracovniky, at jiZz v primdrni péci, tak i specialisty, ale i na Sirokou
populaci. Jednou z moZnosti je vytvoreni ambulanci onkologické prevence pfi Komplexnich
onkologickych centrech. Edukace zdravotnickych pracovnik(i by se méla odrazit i v nabidce
onkologické prevence vramci komercnich preventivnich prohlidek, at jiz statnich, ci
soukromych medicinskych pracovist.

1.4. Princip individualizace onkologické prevence

Je pouze malo zavedenych a ovérenych biomarker(, které jsou v rdmci onkologické
prevence efektivné vyuzivany. Jejich rozpoznani, vyvoj, vyhodnoceni a implementace mohou
trvat mnoho let i desetileti. K identifikaci a ovéfeni téchto biomarker(, které umozni lepsi
rozpoznani rizikovych jedinci a nasledné sledovani ucinnosti intervenci v rdmci klinickych
studii je tfeba multidisciplinadrni spoluprace.

Snaha o zménu ocekavaného trendu zvysSovani incidence zhoubnych nadorovych
onemocnéni je vSak mozZna pouze aktivizaci preventivnich opatfeni, ktera budou schopna
zasahnout vétsinovou ¢ast populace, optimalné populaci celou. Zasadni je vsak identifikace
jedincl, kteri budou mit z konkrétnich preventivnich intervenci prospéch, a téch, u kterych
existuje riziko vyskytu neZzadoucich dopadud. DuleZitou soucasti by mélo byt vytvoreni
individualniho planu preventivni péce pro konkrétniho jedince, s ohledem na vSechny faktory,
které mohou hrat v onkologické prevenci zasadni roli, i jeho preference a soustavna
aktualizace tohoto planu v Case. | pro preventivni pdsobeni vsak plati adekvatni pomér rizika
a benefitu ve prospéch jednotlivce.
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1.5. DUvody selhani personalizace v onkologické prevenci

Neni jednoduché ucinné strategie preventivni mediciny vyvinout a nastavit, a i kdyz
nékteré jiz existuji, jejich plnd implementace do medicinské praxe i béZného Zivota obyvatel je
obtiZznd. Davod( selhani personalizovanych opatfeni v preventivni onkologické péci mize byt
cela rada:

- nedostatek informaci lékafl prvni linie ¢i ostatnich specializaci mimo onkologii o
moznostech onkologické prevence na riznych drovnich

- nizkd motivace obecné populace informace o preventivnich postupech ziskat a
nasledné je pfijmout a implementovat do kazdodenniho Zivota

- nizka mira informovanosti pacientl o svém riziku, coz vede k podcenéni role prevence
pfipadné nadhodnoceni potencidlnich Skod, které mohou preventivni pfistupy

provazet [14,15]

- nedostatek financnich prostredk(l na edukaci obecné populace, zvlasté na podporu
dlouhodobych edukaénich akci

- neatraktivita preventivnich opatfeni pro farmaceuticky priimysl a z toho vyplyvajici
mala podpora preventivnich opatfeni prostfednictvim soukromého financovani

- maly zajem neziskovych organizaci o onkologickou prevenci

- ne vzdy efektivni podpora platci péce vimplementaci preventivnich postupl do
bézného Zivota klientl pojistoven

- prilis obecna doporuceni bez adekvatni individualizace pro konkrétniho jednotlivce

- malé mnoistvi biomarker( prevence, které Ize vyuZit v klinické praxi pro individualizaci
preventivni péce

- nejasnosti v organizaci onkologické preventivni péce
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2. Prevence primarni

Kolem 50% vSech zhoubn\'/ch nadorl vznika na vrub modifikovateln\’/ch preventabilm’ch
k vyvoji nemoci vlbec nedoslo. Uzivani tabdku (koufeni, bezdymy tabdk), patrl mezi
nejvyznamnéjsi zevni faktory zvysujici incidenci zhoubnych nadorovych onemocnéni. Tabak je
zodpovédny za zhruba 19% vsech malignit. Nizka pohybova aktivita, obezita, nezdrava vyziva
a uzivani alkoholu jsou faktory zodpovédné za 18% vsech zhoubnych nador(. Ultrafialové
zareni je dalSim rizikovym faktorem, jehoz eliminaci by se snizilo mnozstvi koznich malignit az
0 95% [16]. Z dalSich faktord primdrni prevence jsou to sexualni aktivita, eliminace expozice
infekénim agens (vakcinace proti hepatitiddm a papilomaviriGm, eradikace Helicobacter
pylori), pracovni expozice, a to jak expozice toxickym latkam, tak dopad pracovni zatéze na
dusevni zdravi. V SirSim kontextu pak analyzy prlimyslové vyrabénych produktl a Zivotniho
prostfedi z hlediska moZné kontaminace kancerogennimi I|atkami. Eliminaci vsech
preventabilnich rizik by bylo mozno sniZit riziko vzniku karcinomu kolorekta o 54,6%, cervixu
0 100%, zhoubnych nadort kize 0 95,1%, plic 0 85,8% a prsu 28,7% (obr.4)[16].

Obr. 4. Kolem 50% procent vSech ndadorl by nevzniklo, pfi eliminaci vSech
preventabilnich rizik (Podle Islami et al., 2018)[16].
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Obr. 5. Procento nejcastéjsich typd zhoubnych nadorl, kterym by se dalo zabranit
eliminaci preventabilnich rizik (Podle Islami et al., 2018)[16].
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2.1. Koureni

V soucasnosti je identifikovano jiz mnoho typl zhoubnych nadord, jejichZ incidence ma
pfimy vztah ke kouteni. Jedna se kromé zhoubnych nadorl kolorekta o malignity plic, hlavy a
krku (farynx, dutina Ustni, nosni a paranasalni dutiny, nasofarynx), jicnu, mocového méchyre,
ledviny, ureteru, jater, Zaludku, pankreatu, Cipku délohy, vaje¢nikl a akutni myeloidni
leukémii [17]. Relativni rizika vzniku téchto jednotlivych malignit jsou nasledujici: kolorektum
1,5, plice 23,9, larynx 17,4, dutina Ustni a farynx 5,7, jicen 4,3, mocCovy méchyf 3,9, jatra 2,1,
cervix 1,9, Zaludek 1,8, pankreas 1,7, ledviny a ureter 1,6, a myeloidni leukemie 1,6 [18].

Tabakovy kouf obsahuje kolem 7000 toxickych latek a z nich je nejméné 69 znamych
karcinogent [17,19]. Ani bezdymy tabak neni bez zvySeného rizika zhoubnych nadora. Jako
bezdymy tabak oznacujeme takovy, ktery se pfi uzivani nespaluje. Zahrnuje Zvykaci tabak,
plivany tabak, ordlni tabak, rozpustny tabak a Snupaci tabdk [20]. Tabdk Zvykaci a Shupaci
obsahuje nejméné 28 znamych karcinogen( [21] a zda se, Ze bezdymy tabdk se podili na
zvySenim riziku zhoubnych nadort plic, laryngu, pankreatu, jicnu a dutiny ustni [21].

Doutnikovy kouf obsahuje vyssi hladiny toxickych chemikalii nez cigaretovy koufr, ackoli
na rozdil od cigaretového koure neni vdechovan [20]. Koufeni doutnik(l zvySuje riziko malignit
ustni dutiny, hrtanu, jicnu, slinivky bfisni a plic [22]. Pfi kouteni dymky se kouf sice obvykle
nevdechuje, ale i pres to koureni dymek zplsobuje zhoubné nadory plic a zvySuje riziko
uzivani tabakovych vyrobk(l, kouf z vodni dymky je pfinejmensim stejné toxicky jako kour
z cigaret [24]. Specifickym typem tabakového vyrobku jsou cigarety Bidi, vyrabéné balenim
tabaku do suSeného listu ze stromu Tendu, ktery pochazi z Indie. Jejich uzivani zvysuje riziko
vzniku karcinomu dutiny Ustni, hrdla, hrtanu, jicnu a plic [25].

Vzhledem ke zndmému riziku, kterym expozice tabakovému kouti je, se fada vyrobcu
snazi snizit tuto expozici vyuzitim novych metod, jako je zahfivani tabaku v podobé napf.
IQOS, GLO, PULZE. Vyrobci uvadi, Ze snizuji expozici toxickych latek vychazejicich z tabakového
koure. Je pravdou, Ze fada toxickych latek je zde, v porovnani s kourenim klasickych cigaret,
ve snizeném mnozstvi. U IQOS vsak mélo 56 dalSich sloZek tabaku vyssi obsah ve vdechované
substanci, a to 22 z nich azZ o vice nez 200% a sedm z nich mélo o vice nez 1000% vyssi obsah
nez u referen¢niho cigaretového koure [26]. Dopad téchto latek na celkovou toxicitu nebo
poskozeni lidského organismu vSak neni znam [26]. | pres to obliba elektronickych cigaret
roste. Obecnd populace se domniva, Ze se jedna o bezpecénéjsi alternativu klasickych hoflavych
cigaret. Kromé zvysSeni hladiny nékterych toxickych l|atek vSak dochazi i k aktivaci
sympatického nervového systému vyvolané inhalaci nikotinu, coZ miZe stimulovat vyvoj a rlst
malignich nadorl. Nikotinové receptory jsou totiz exprimovany na povrchu nadorovych i
imunitnich bunék [27], umoZiujici nikotinu pfimo ovlivhiovat mikroprostfedi nadoru.
Vysledkem je vyrazny aktivaéni nadorovy efekt [28]. Vzhledem k vazbé na nikotinové

receptory, tak miZe nikotin potencovat preziti, proliferaci, metastazovani, angiogenezi a
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invazi nadorovych bunék [29]. Ma vliv také na jejich chemoterapii, radioterapii Ci
tyrozinkindzovymi inhibitory indukovanou apoptdzu [29]. Dokonce se zdd, Ze nékteré typy
nadord mohou byt na stimulac¢ni Gcinek sympatoadrenalniho systému citlivéjsi (napf.
karcinom prostaty)[30]. Pak neni pfekvapuijici, Ze napf. beta blokatory mohou vliv adrenalinu
a norepinefrinu, uvolfiovanych sympatoadrenalnim systémem, na iniciaci a progresi malignity,
snizovat [31]. Zasadni uUlohu muze hrat i typologie jedince, jeho vék a rozsah socidlnich
interakci, protoze i tyto faktory ovliviuji aktivitu sympatoadrendlniho systému [32]. Stdle
chybi klinické studie zkoumajici dlouhodobé ucinky e-cigaret na incidenci zhoubnych nadoru
[29]. Kromé toho zatim neni schvalena farmakoterapie, kterd by mohla pomoci v odvykani od
uzivani e-cigaret. Z rady dadvod( tedy nejsou e-cigarety jako nahrada, pfipadné pomoc pfi
odvykdani kouteni, doporuceny [33].

2.1.1. Pomoc s ukoncenim uzivani tabakovych vyrobku

Primdrni by tedy méla byt snaha o ukonceni uzivani tabdku v jakékoliv formé. Riziko
zhoubnych nadorl plic se po ukonéeni kouteni cigaret po 10 letech sniZzuje o polovinu [34].
Riziko vzniku malignit hlavy, krku a jicnu se sniZzuje uz po 5ti letech [34]. Kromé dopadu koureni
na riziko onkologickych nemoci jsou tu i dalsi rizika napf. kardiovaskularni. Pro odvykani
koureni je zasadni dostatec¢na motivace jednotlivce, pro kterou je dllezitd podpora rodiny,
pratel i vzaméstnani. MozZnosti, jak zanechat koureni je cela fada. At jiz nefarmakologickych,
v podobé psychologického poradenstvi a behavioralni terapie v individualnich ¢i skupinovych
sezenich, i prostfednictvim telemediciny (online konzultace, telefonicky, pomoci textovych
zprav ¢i webovych aplikaci), tak i s vyuzitim nahrad koureni, jako jsou nikotinové naplasti,
Zvykacky Cci pastilky. Nikotinové naplasti lze aplikovat samostatné nebo v kombinaci
s farmakoterapii. Jednou z moznosti je antidepresivum bupropion (napf. Bupropion, Elontril,
Welard)[35-37]. Bupropion je antidepresivum inhibujici reuptake noradrenalinu a dopaminu
a soucasné parcialni agonista alfa7 acetylcholin-nikotinovych receptord. DalSim mozZnym
preparatem je vareniklin (Champix), i kdyz vysledky studii jeho efektivity nejsou jednoznacné
[38,39]. U vysoce zavislych kurak( vykazuje kombinacni terapie vareniklin/bupropion lepsi
vysledky neZ monoterapie samotna. U kurakd s vysokou mirou zavislosti, posuzovano podle
vychoziho skére Fagerstromova testu zavislosti na nikotinu (FTND) > 6 a spotreby cigaret >
20/den, zvysila kombinace |éc¢by vareniklin/bupropion miru abstinence ve srovnani se
samotnym vareniklinem (mira abstinence 71,0% oproti 43,8% p=0,016)[40]. Naopak u méné
zavislych kuraka nebyl pfinos kombinované |écby ve srovnani s vareniklinem prokazan (mira
abstinence 32,1% vs. 45,6%)[40]. Pacienti, ktefi nereagovali na naplasti, méli nejvétsi prospéch
z kombinované |écby, kterd byla celkové dobfe tolerovana. Kombinovana [écba
vareniklin/bupropion se u vysoce zavislych muzskych kurak( ukazala jako vyznamné ucinnéjsi
nez samotny vareniklin. DalSim preparatem, ktery lze v odvykani koureni uzit je cytisin
(Defumoxan)[41]. Oba preparaty jsou parcialnimi agonisty alfadbeta2 acetylcholin-
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nikotinovych receptoru. Tyto vysledky, spolu s pfedchozimi studiemi podporuji teorii, Ze |écbu
odvykdani koureni je nutné individualizovat dle vychozich charakteristik kufdka a pocatecni
odpovédi na Iécbu nikotinovou naplasti [40]. Kromé farmakoterapie lze v boji proti koureni
vyuZit i novych technologii a aplikaci v mobilnich telefonech [42], které by po ovéfeni jejich
efektu mohly byt levné a dostupné $irsi verejnosti. V Ceské republice jsou k dispozici Centra
pro lé¢bu zavislosti na tabaku.

Podpora odvykani koutreni by neméla byt sméfovana pouze na neonkologickou
populaci, ale i na jiz onkologicky nemocné, v pfipadé personalizace preventivni péce pak tedy
i na pacienty s kolorektalnim karcinomem. Ukonceni koureni vede u onkologicky nemocnych
ke zlepSeni efektu nékterych typl protinddorové IéCby, snizeni jejich komplikaci, sniZeni rizika
umrti, soucasné zvysuje kvalitu Zivota a umozni onkologickym pacientlim citit se Iépe a Zit déle
[43,44].

2.2. Pohybova aktivita

Nadvdha a sedavy zplisob zaméstnani jednoznacné pfispivaji k zvySeni rizika vzniku
malignit [45]. | kdyzZ se tyto faktory zdaji byt oddéleny, oba jsou soucdsti jednoho celku a tim
je energetickd nerovnovaha [46]. Dysbalance energetického pfijmu a vydeje je zvySenym
rizikem nejen pro vznik samotné malignity a tim hraje roli v primdarni prevenci, ale pro riziko
recidivy a progrese nadorového onemocnéni [47,48].

Pohybova aktivita ma vyznam na vSech urovnich onkologické prevence a je zdsadni
preventivni strategii s pozitivnim dopadem na vétsSinu zhoubnych nadorovych onemocnéni.
Sedavy zpUsob Zivota je zodpovédny za pfiblizné 5% umrti na zhoubné nadory [49].
Adekvatnimi opatfenimi, s dostatecnou motivaci jedincli k pohybové aktivité, by bylo mozno
kazdy rok zabranit pfiblizné 135 000 Umrtim na zhoubny nador na celém svété [50].

Vyssi uroven fyzické aktivity je spojena se snizenim rizika vzniku zhoubnych nador jak
tlustého stfeva, tak i prsu, endometria, jater, pankreatu, Zaludku, prostaty, plic [51],
mocového méchyre, adenokarcinomu jicnu a ledvin [48]. Toto sniZeni rizika je uvddéno v
rozmezi mezi 10-20% [48]. U zhoubného nadoru prsu je tato redukce dokonce odlisna u
raznych podskupin pacientek, napfiklad u premenopauzdlnich Zen dosahuje redukce rizika
27% na rozdil od postmenopauzalnich, kde je riziko redukovano o 31% [52]. U Asiatek a
¢ernosskych Zen je to 41%, u indianskych Zen 38% a u hispanek 28%, u Zen kavkazské rasy pak
20% [52]. U karcinomu kolon je fyzicka aktivita spojena s vyznamnym snizenim rizika vzniku o
24%, s rozdilem o 17-31% mezi vysokou a nizkou hladinou fyzické aktivity [53]. U karcinomu
pankreatu redukuje fyzickd aktivita riziko o 28% [54], u karcinomu prostaty o 19% [55],
karcinomu jicnu 0 21% [56], karcinomu ledviny 0 23% a 0 13% u karcinom mocového méchyre
(tab. 1)[57]. Hladina procentualniho snizeni se vSsak mGze v zavislosti na typu analyzy lisit.
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Tab. 1. Redukce rizika vzniku zhoubnych nador( v zavislosti na fyzické aktivité (Podle
Physical Activity Guidelines Advisory Committee Evidence on Relationship between
Physical Activity and Risk of Developing Invasive Cancer 2018)[48]

Typ ndoru S e Odhadované % re.dukce relativniho
rizika
Mocovy méchyr Silny 15%
Prs Silny 12-21%
Tlusté stfevo Silny 19%
Endometrium Silny 20%
Jicen (adenokarcinom) Silny 21%
Zaludek Silny 19%
Ledvina Silny 12%
Plice Stredni 21-25%
Hematologické malignity Limitovany variabilni
Hlava a krk Limitovany variabilni
Ovarium Limitovany 8%
Pankreas Limitovany 11%
Prostata Limitovany variabilni

U pacientl s karcinomem tlustého stfeva, prsu a prostaty vede fyzicka aktivita ke snizeni
relativniho rizika Umrti 0 37-48% (tab.2)[48].

Tab. 2. Redukce rizika Umrti na nadorové onemocnéni ve vztahu k fyzické aktivité
(Podle Physical Activity Guidelines Advisory Committee Evidence on Relationship
Between Physical Activity and Mortality in Cancer Survivors 2018)[48]

Celkova umrtnost

Typ nadoru Stupen evidence Odhadované % redukce relativniho rizika
Prs Stredni 48%

Kolorektum Stredni 42%

Prostata Limitovany 37-49%

Umrtnost ve vazbé na nador

Kolorektum Stredni 38%

Prs Stredni 38%

Prostata Stredni 38%
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V terciarni prevenci ma fyzickd aktivita vyznamny dopad na sniZeni rizika ndvratu

recidivy i sekunddrnich malignit, pfipadné snizeni nezadoucich ucink( onkologické 1écby [58]

a zlepseni kvality Zivota [48,59].

Byla identifikovana cela fada cest, kterymi se pohybova aktivita podili na snizeni rizika

vzniku zhoubnych nador( (tab. 3).

Tab. 3. Biologické markery spojené s prevenci zhoubnych nadoru a fyzickou aktivitou
(Podle Brown et al., 2012)[60]

Fyziologicka cesta

Sexualni hormony

Biologicky marker

Estrogen

Riziko
nadoru

9

Testosteron

Sex Hormon Binding Globulin

Metabolické hormony

Inzulinova rezistence

Inzulinova hladina

Inzulinu podobné rlistové faktory I-Il

Protein vazici ristovy faktor podobny inzulinu
(IGFBP)

Zanét a adiposita

Nadmérna adipozita

Tumor Nekrosis Faktor-alfa

Interleukin-6

C-Reaktivni Protein

Imunitni funkce

Aktivita NK (Natural Killer) bunék

Produkce lymfocytl

Fyzicka aktivita inhibuje proliferaci a indukuje apoptdzu, reguluje

G I e e N A R

metabolismus

nadorové bunky a ovliviiuje imunitni mikroprostfedi nadoru [61]. Jednim z vyznamnych

homeostatickych regulacnich systémua téla, ktery je fyzickou aktivitou ovlivnén je autonomni

nervovy systém (ANS). ANS umoznuje dobrou adaptaci a koordinaci viscerdlnich reakci na

zmény vnitfnich podminek i na vnéjsi stresory, koordinuje a integruje tyto reakce s

endokrinnim systémem prostfednictvim osy hypotalamus-hypofyza, usnadfiuje vhodnou

metabolickou reakci na bunééné Urovni a pfispivd k vytvareni kognitivnich a emocnich

behavioralnich reakci prostfednictvim spojeni mezi hypotalamem a limbickym systémem [62].

Jeho spravna funkce mlzZe byt ovlivnéna malignitou nebo jeji terapii [62]. Biomarkerem

spravné funkce ANS je variabilita srdecni frekvence (HRV). V fadé studii na zvitecich modelech

bylo prokazano, Ze zanétlivé reakce jsou regulovany skrz vagovou aktivitu snizenim uvolfiovani
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cytokinl [63]. Variabilita srdecni frekvence je spolehlivym indexem srdecni vagové regulace a
méla by byt nepfimo Umérnd hladindm zanétlivych marker( [63]. Zda se, Ze HRV ma i
prediktivni hodnotu pro preziti u pacientl se zhoubnym nadorovym onemocnénim [64], delsi
preziti bylo zaznamenano u nemocnych s vyssi aktivitou vagového nervu [65].

Stres, stejné jako zvySena hladina prozanétlivych cytokind, stimuluji sekreci
adrenokortikotropniho hormonu (ACTH) z hypofyzy vedouci k uvolfiovani kortizolu z nadledvin
a aktivuji ANS sekreci kortikotropin-releasing hormonu z hypotalamu. Dysfunkce
autonomniho nervového systému souvisejici s chemoterapii mlZe pfrispivat ke zvysSené
kardiovaskuldrni morbidité a riziku mortality u prezivsich pacient(. Parasympaticka dysfunkce
souvisejici s chemoterapii pfispiva k patogenezi Unavy a kardiovaskuldrnich nemoci u
nemocnych, ktefi pfezivaji zhoubné nadorové onemocnéni [66].

Rizena fyzicka aktivita (PA) predstavuje v soudasnosti vysoce aktudlni soucast
preventivnich strategii i podplirné nefarmakologické péce u onkologickych pacientd, a to jak
v ramci prevence, tak v prlibéhu IéCby i po jejim ukonceni. ZvySuje odolnost vici Unavé, ktera
je obecnym a stresujicim symptomem u pacientl s malignitou podstupujicich protinadorovou
[éC¢bu [67]. Vhodnd pohybovda aktivita zvySuje kardiorespiracni vykon a svalovou silu,
podporuje protizanétlivé procesy, vede ke kompenzaci nerovnovahy autonomniho nervového
systému, zlepSeni celkové fyzické pohody, snizeni Uzkosti a deprese a tim dlouhodobé zlepsuje
kvalitu Zivota [68-70]. V soucasnosti se zdd, Ze uvedené pozitivni UCinky jsou zprostfedkovany
zménami hladin cirkulujiciho estrogenu, inzulinu, IGF-1 a sniZzenim rezistence na inzulin,
zménami v sekreci adipokini a zmirnénim chronického zanétu [71-73].

Zatim neni jasné, jakd ma byt presné intenzita pohybové aktivity potifebnd pro dosazeni
podstatného prinosu. Musi vSak splfiovat zakladni kritéria:

- prekroceni spodni hranice intenzity pro biologicky efekt pohybové aktivity (alespon
nad hranici 60% maximalni tepové rezervy)

- dostatecny objem a frekvence opakovani tréninkovych jednotek.

Tréninkova zatéZz by méla byt individualné predepisovana pro kazdého jednotlivce
zvlast, v zavislosti na schopnosti fyzické zatéze [67] a stanovena presna individuaini preskripce
programu fyzické aktivity pro kazdého, adekvatné klinickému stavu.

Kromé primarni prevence ma vsak fyzicka aktivita dopad i v prevenci terciarni. Po l1é¢bé
chemoterapii dochazi ke zménam v systémovych hladinach celé rady zanétlivych markerd,
které jsou spojeny se snizenou neurokognitivni vykonnosti [74]. SniZeni systémovych hladin
oxidaéniho stresu prostrednictvim fyzické aktivity mlze vést k jejimu zlepSeni [74]. Pacienti,
ktefi byli |é¢eni chemoterapii a zvysili svoji fyzickou aktivitu, vykazuji snizené hladiny
zanétlivych biomarker( a zachovavaji si neurokognitivni funkce [74]. Onkologicky nemocni,
ktefi se Ucastnili cvicebniho programu tfikrat tydné, prokazali snizené hladiny 8-OhDG v krvi
(8-hydroxy-2'-deoxyguanosin — marker oxidacniho stresu), vyznamné (41%) zvySeni
systémové antioxidacni kapacity a vyznamné (36%) sniZzeni oxidace proteinl; tyto zmény

Stranka 24z 132



korelovaly se sniZzenou Gnavou souvisejici s nddorovym onemocnénim [74]. Pohybova aktivita
se rychle stava duleZitou nefarmakologickou a ndkladové efektivni terapii, jak pro prevenci,
tak i zotaveni a rehabilitaci pacientl po onkologické lécbé.

Dopad fyzické aktivity na organismus je komplexni sovlivnénim nejen
kardiovaskuldrniho, muskuloskeletalniho a pulmonalniho systému, ale i systému
endokrinniho, metabolického a imunitniho [60] se zdsadnim dopadem nejen v prevenci
primarni, ale i terciarni, kde snizuje kromé rizika recidivy i nezddouci dopad onkologické 1é¢by
v podobé sniZeni Uzkosti, depresi, Unavy, zlepSeni kostniho zdravi ¢i svalové sily [60]. ZlepSuje
kognitivni funkce plsobené estrogenovou deficienci [75] a ma vliv na zmény pulsobené
androgenni deprivaci u muzu l[éCenych pro karcinom prostaty [76]. Pohybova aktivita ovliviiuje
unavu puUsobenim na oxidacni stres a snizeni hormonalni stimulace, coz kromé kognitivni
funkce ovliviiuje i svalovou a kostni hmotu a snizuje kardiotoxicitu zplsobenou endokrinni
terapii karcinomu prostaty a prsu [61]. Fyzicka aktivita v délce 27 hodin/tyden, ve srovnani
s pacienty bez fyzické aktivity, vedla u pacientl s kolorektalnim karcinomem stadia I-Ill ke
snizeni rizika umrti 0 31% [77]. U pacientl s CRC téhoz stadia I-1ll byla vysoka hladina PA (218
MET-hodin/tyden) (MET - metabolicky ekvivalent - metabolic equivalent of task) ve srovnani's
nizkou hladinou PA (<3 MET-hodin/tyden) spojena se zlepSenim mortality specifické pro
kolorektdlni karcinom i celkové mortality [78]. Mira 3letého preziti bez zndmek onemocnéni
byla u nemocnych s CRC stadia Il s fyzickou aktivitou vice nez 18 MET hodin/tyden 84,5% proti
skupiné s méné nez 18 MET, kde dosahovala 75% [79].

Zatim nejsou definovany doporuceni v podobé frekvence, trvani nebo intenzity fyzické
aktivity potfebné k prevenci zhoubnych nadorG. American Cancer Society na zakladé zavér(
Physical Activity Guidelines Advisory Committee (PAGAC) doporucuje pro dospélé minimalné
150-300 minut mirné intenzity pohybové aktivity tydné nebo 75-150 minut intenzivniho
cviceni. Pro déti je doporuéeno cvicit alespon 60 minut denné [51]. Nicméné tzv. ,vikendové
sportovani“ pripadné jiné vzorce fyzické aktivity ve volném case, s frekvenci 1-2x tydné, se
zdaji byt dostatecné efektivni pro snizeni rizika dmrti, jak z dGvodu malignity tak
kardiovaskuldrnich onemocnéni [80]. Efektivni zapojeni novych technologii s vyuZitim
kratkych datovych zprav pro individualizaci sportovniho planu, motivaci a kontrole jeho
dodrzZeni je dalSim krokem ve vyuziti pohybové aktivity v onkologické prevenci, a to nejen
prevenci kolorektdlniho karcinomu [81].

Zasadni je stanoveni individudini zatéze. Podminkou spravného vybéru pohybové
aktivity je zdatnost, kterou méfime pomoci spiroergometrie a dalSich zatézovych testd. Mira
zatéze je pak individualizovana na zakladé namérenych hodnot.

Zlstava otevienou védeckou otazkou, které druhy fyzické aktivity jsou nejucinnéjsi,
v jaké frekvenci, jak dlouho, v jaké denni dobé a u jakych nemocnych, jako prostfedky pro
zlepseni zdravi, a to jak v prevenci primdrni, tak i u prezivsich pacient(. A které z nich by mohly
byt, pfi dodrzeni zdkladnich prfedepsanych parametrli, efektivné provozovany v domacim
prostiedi v dlouhodobém ¢asovém horizontu.
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Vlastni ptrispévek k problematice

Vliv fizené pohybové aktivity na dysbalanci autonomniho nervového systému,
imunitniho systému a sniZzenou zdravotni zdatnost u onkologickych pacientl po adjuvantni
chemoterapii.
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Rizena pohybova aktivita ma zasadni vyznam nejen v prevenci zhoubnych naddorovych
onemocnéni, ale i u jiz onkologicky nemocnych. Jak v adjuvantni, tak i v paliativni indikaci
prodluZuje preziti, zlepSuje vnimani nezadoucich ucink( terapie a tim zvysuje kvalitu Zivota.
Tato kniha je souhrnem moZného vyuziti ucinné pohybové aktivity jako nefarmakologické
péce o onkologicky nemocné.

2.3. Dietni opatreni, obezita

Jak jiz bylo vySe zminéno, energeticka nerovnovaha je jednim z vyznamnych rizikovych
faktor(i vzniku zhoubnych nador(. Nadvdha nebo obezita maji za nasledek 14% umrti na
zhoubné nadory u muzl a 20% umrti u Zen [82]. Nadvaha je také zodpovédna za 10-40%
pripadl kolorektalniho karcinomu, ale i dalSich nadorl jako jsou karcinomu endometria,
ledvin, jicnu a postmenopauzalniho karcinomu prsu (relativni riziko vzniku karcinomu
kolorekta je 1,1, adenokarcinomu jicnu a délohy 1,5, jater, Zluéniku a ledviny 1,3, meningeomu
a zaludku 1,2, stitnice, prsu, pankreatu, vajec¢niku a myelomu 1,1)[18]. Obezita také zvysuje
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riziko vzniku zhoubnych nadord tlustého stfeva a konecniku, prsu (zvlasté u
postmenopauzdlnich Zen), ledviny, endometria ¢i adenokarcinomu jicnu. Nasledné byl tento
seznam rozsiten o malignity kardie Zaludku, jater, Zlu¢niku, slinivky bfisni, vaje¢nikd, Stitné
Zlazy, mnohocetny myelom, meningeom, karcinom prostaty, Ustni dutiny, hltanu a hrtanu.
Mozné souvislosti byly také popsany u nékterych hematologickych malignit a karcinomu
délozniho ¢ipku [51]. Zakroky, jako je bariatrickd chirurgie, mohou snizit riziko Gmrti na maligni
nador az o 60% [83], konkrétné u karcinomu prsu [84]. A to bud pfimo ¢i prostfednictvim
redukce rizika dalSich onemocnéni, jako je napf. obezita ¢i diabetes mellitus, ktery je se
zvySenym rizikem zhoubnych nadoru také spojovan [85,86]. Karcinogenni cesty, zapojené do
vyvoje nadoru prostiednictvim tukové tkané, zasahuji do aktivace bunécné proliferace a
angiogeneze, zanétlivych kaskad, procesu oxida¢niho stresu, i aktivace apoptdzy [87].

Snizeni obsahu cerveného a primyslové zpracovaného masa a pridanych cukr( ve
stravé snizuje riziko karcinomu tlustého stfeva a konec¢niku [88]. Dostatek rostlinné slozky ve
stravé, redukce rafinovanych sacharidd a Zivocisnych tukl vede k nizSimu riziku vzniku
karcinomu prsu u postmenopauzalnich Zen [88]. Nadvaha je castéji spojena se stravou
»zapadniho” typu, zatim co stfedomofiska strava vede naopak k nizsimu riziku obezity [89].

Pro udrZeni optimdlni télesné hmotnosti jsou doporucovany ridzné druhy zeleniny
viech barev, lusténiny bohaté na vlakninu (napf. fazole a hrach) a celozrnné vyrobky. Naopak
zdrava strava by neméla obsahovat ¢ervené a pramyslové zpracované maso, napoje slazené
cukrem, primyslové zpracované potraviny a rafinované obilné produkty [51].

Co se tyka dietnich opatteni, ukazuje se, Ze vice nez konkrétni dietni pfistupy jsou
dilezitéjsi jednotlivé slozky stravy. Vysoky obsah zeleniny, vldkniny, ofiskl, celozrnnych
potravin, ovoce, spolecné s nizkym obsahem cerveného masa spliuje napf. jiz zminénd
stfredomorska dieta [90,91].

Zarazeni celozrnnych vyrobkd, ovoce, zeleniny a vlakniny do jidelni¢ku je spojeno se
snizenym rizikem malignity, zdd se, Ze nejvétsi vyznam ma zahdjeni dietnich opatfeni jiz v
raném véku (ve véku < 8let)[92]. Vysoky obsah cukrd, masa a tuku, spolecné se systémem
rychlého stravovani a ndpoji s vysokym obsahem cukr(, které jsou soucasti zapadniho stylu
vyzivy, vedouciho k obezité, riziko vzniku malignit zvysuji [89].

Konzumace ovoce a zeleniny ma ochranny vlivhlavné na zhoubné nadory
aerodigestivniho traktu jako jsou pravé malignity kolorekta, jicnu, Zaludku, dutiny Ustni,
hltanu, nosohltanu, hrtanu a plic [89]. Zelenina a ovoce bohaté na karotenoidy jsou spojeny i
s nizSim rizikem agresivnéjSich nador0 prsu, v€etné hormondlné negativniho karcinom prsu
[93].

Rostlinnd strava je, na rozdil od Zivocisné, provdzena vyssi koncentraci prospésné
bakteridlni mikroflory [94], sniZuje inzulinovou rezistenci a vede k mensimu oxidativnimu
poskozeni DNA [95]. Specifickd mikrofléra vazana na rostlinnou stravu ma pak dopad na
stfevni mikrobiom, ktery hraje dulezitou roli v signdlnich drahdch kancerogeneze souvisejici
s obezitou [96]. Zda se, Ze pozitivni U€inky stravy na organismus jsou zprostredkovany, alespon
Castecné, podporou eubiotického mikrobiomu. Dietni modulace mikrofléry by tak mohla mit
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synergické ucinky béhem lécby zhoubnych nador(, coz by mohlo mit dopad do terciarni
prevence. Strava, kterd ma nizky obsah vldkniny, vysoky obsah cukru a primyslové
zpracovanych potravin, je Uzce spojena se ztratou mikrobidlni rozmanitosti, dysbidézou a
vysokym rizikem nejen obezity a ndsledné zhoubnych nadord, ale i kardiovaskularnich
onemocnéni ¢i metabolického syndromu [97].

Co se tyka zpracovaného masa, dochazi pfi ném ke konzumaci dusi¢nand a dusitan(
s naslednym oxidativnim poskozenim DNA tvorbou nitrosamini ve stfevech, s tvorbou
heterocyklickych aromatickych amin a polycyklickych aromatickych uhlovodik(, které
vznikaji béhem tepelné Upravy masa [98]. Obecné jsou potraviny zpracované potravinarskym
pramyslem ochuzeny o dilezité latky, které se vyznamné podili na obrané proti celé radé
civilizacnich onemocnéni. Vysoce primyslové zpracované potraviny maji vyssi obsah tuku,
pridanych cukrd, rafinovanych obilovin a/nebo sodiku [99].

V USA je kolem 10,9% pfipad(i zhoubnych nador( u Zen a 4,8% pfipad malignit u muzd
vazano pravé na nadvahu Ci obezitu, vy$si procento malignit vznikd uz jen v souvislosti
s koufenim [15,50].

Neni jisté nepodstatné, Ze stravovaci navyky, které snizuji riziko vzniku zhoubnych
nadorld vedou soucasné i k SetrnéjSimu vztahu k pfirodnimu prostfedni, mensi spotfebé
energie, pldy a vody a nizsi produkci sklenikovych plynd. Timto vedou sekundarné k dalSimu
snizeni kancerogenni zatéze obyvatelstva [100].

Nebylo prokazano, Ze by nékterd potravina ¢i skupina potravin byla schopna zabranit
vzniku zhoubnych nadord. Ale snizit riziko vzniku malignity miZe pomoci strava zaloZend na
rostlinnych potravinach, jako je zelenina, celozrnné vyrobky, lusténiny a ovoce; vylouceni
alkoholu, primyslové zpracovanych potravin, ndpojd slazenych cukrem, rafinovanych
obilnych produktl a ¢erveného masa [51].

2.4. Potravinové doplnky v primarni prevenci

Vzhledem k vzrastajici incidenci nddorovych onemocnéni a se snahou statnich instituci,
platch a poskytovatelll zdravotni péce o dostatecnou informovanost na Urovni primarni a
sekundarni prevence, ma obecna populace jiz ¢aste¢né povédomi o preventivnich pfistupech
v pfedchorobi. Rada jedincl se tak uchyluje k domnélé farmakoprevenci, v jejiz efektivité je
vyrobci potravinovych doplikd a vitaminQ jesté utvrzuji. Podle Gdaji National Health and
Nutrition Examination Survey uvedlo 52% dotdzanych dospélych Zijicich v USA, Ze v
predchozich 30 dnech uzivali alespon jeden doplnék stravy a 31% z nich uzivalo multivitamin
¢i mineralni doplnék [101]. Nizka motivace k pohybové aktivité, odvykani koureni, alkoholové
abstinenci ¢i sexualni zdrzenlivosti, spole¢né s nizkou moznosti ovlivnit individualni expozici
rizikovym faktorim zevniho prostredi, vede k uZivani nepreberného mnozstvi potravinovych
doplrikd. Velkd pozornost je jim vénovana nejen na Urovni prevence primarni, ale i terciarni,

ve snaze jiz onkologicky nemocnych snizit riziko ndvratu ¢i progrese nemoci. Kromé riznych
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dietnich opatfeni se do popredi dostavaji vitaminy, multivitaminové preparaty, kurkumin
[102], extrakty ze zeleného Caje [103] a dalsi latky, pro své potencialni protirakovinné ucinky.
BohuZel zatim zadny z téchto preparatl nepfinesl jednoznacny dikaz o své efektivité snizeni
incidence zhoubnych nadorovych onemocnéni. Suplementace vitaminy C [104], B3 a B6,
selenem ¢i vdpnikem [105] nevedla ke sniZzeni incidence zhoubnych nadord. Podavanim
vitaminu D nemélo dopad na snizeni incidence zhoubnych nadorl ve srovnani s placebem. Ani
dvé nejvétsi studie suplementace vitaminem D (VITAL, n = 25871 a D-Health, n=21315) tuto
situaci moc neosveétlily. Studie VITAL prokdzala, Ze ani suplementace n-3 mastnou kyselinou v
davce 1 g/den ani vitaminem D3 v davce 2000 IU/den, neméla dopad na incidenci zhoubnych
nadord u zdravych jedincl stfedniho véku nad 5 let sledovani. Naslednd metaanalyza vsak
ukazala snizeni celkové mortality na jakoukoliv malignitu (HR hazard ratio=0,83 [0,67-1,02]),
nikoli vSak incidenci zhoubnych nador( [106]. Ve studii D-Health byla dokonce Umrtnost na
malignity zvySend o 15% proti skupiné s placebem [107]. | kdyZ vétSina zdpadni populace ma
nedostatecnou hladinu vitaminu D [108] (mezi osoby s vyssim rizikem nedostatku vitaminu D
patfi jedinci s tmavou kGzi, lidé, kteti pracuji v uzavienych prostorech, jsou ¢asto doma nebo
Ziji v severnich zemépisnych Sitkach), zatim neni jisté, zda ma jeho suplementace a vyrovnani
hladiny dopad na sniZeni incidence malignit, proto jej v primarni prevenci zhoubnych nador(
u nescreenované populace (tedy tam, kde nevime, zda je ¢i neni hladina vitaminu D v normé)
nelze doporucit [51,107].

Nadéjnou skupinou potravinovych doplikl v prevenci onkologickych onemocnéni se
jevi probiotika, ktera maji za ukol ovlivnit mikrobiom, ten je vsak citlivy na celou fady zmén
zevnich faktor(l jako nevhodna strava, stres, gastrointestinalni onemocnéni, obezita nebo
sloZeni stfevni mikrobioty, pfipadné na produkci slouéenin s antikarcinogenni aktivitou, jako
jsou mastné kyseliny s kratkym retézcem a konjugovana kyselina linolova [109]. Probiotika by
méla vést k inhibici bunécné proliferace a indukci apoptdzy v rakovinnych burikach, ovlivnéni
dalSich mutagennich a karcinogennich faktor(, vazbé a degradaci karcinogennich sloucenin
pritomnych ve stfevnim lumen, imunomodulaci a zlepseni stfevni bariéry [109].

| kdyZ u mnoha potravinovych doplikd nebyly zjistény Zadné dikazy o jejich Skodlivosti,
prece jen je tfeba dat pozor a fidit se vysledky klinickych studii.

Vroce 1996 byla publikovdna analyza zabyvajici se dopadem suplementace
betakarotenu a vitaminu A na riziko vzniku karcinomu plic, které bylo zvySeno pfi podani beta
karotenu v ddvce 30mg/d [110], spolecné s vitaminem A v davce 25 000 IU/d [110]. Kromé
karcinomu plic bylo se zvySenou hladinou vitaminu A spojeno vyssi riziko i karcinomu prostaty
[111]. Bylo také popsano zvySené riziko fraktury kycle u postmenopauzalnich Zen uzivajicich
vitamin A [112]. To, zda by nemocni karcinomem kolorekta nemohli ze suplementace
vitaminem D benefitovat, je aktudlné predmétem rady analyz [113,114].

Podavani vitaminu B6 (v ddvce 35 mg/den a vyssi), bylo také provazeno zvysenym
rizikem zlomeniny kycle ve srovnani s nizkym pfijmem [115]. Bylo popsano i zvySené riziko
hemoragické mozkové prihody spojené se suplementaci vitaminu E v davce 400 IU denné
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[116]. A i kdyZ u kolorektalniho karcinomu strava bohatd na kyselinu listovou snizuje riziko
jeho vzniku [117], suplementace kyseliny listové [118] samotné nebo s vitaminem B12 [119]
v potravinovych doplricich, byla spojena s vy$sim rizikem vzniku zhoubnych nador( obecné ve
2-6 letech sledovani [105]. Dlkazy o vyznamu suplementace selenem a zinkem na rozvoj
kolorektdlniho karcinomu zatim také nejsou presvédcivé [117].

USPSTF (United States Preventive Services Task Force) tedy nedoporucuje uZivat
doplriky stravy a vitaminy, protoze v soucasné dobé chybi dikazy pro posouzeni rovnovahy
benefitu a rizik uzivani multivitaminovych doplikd pro prevenci malignit. Zatim tedy neni
podpora Zadného pfipravku, ktery by jednoznacné prokazal v primarni prevenci
protinadorovou efektivitu [120]. USPTF v zavéru svych doporuceni uvadi, Zze by zdravé osoby
mély dostdvat dostate¢né mnoizstvi vitamin( a nutrientl primarné v rozmanité stravé nez
uzivanim potravinovych doplrikd. V potravinach se pravdépodobné vyskytuje mnoho zdravi
prospésnych sloucenin, které potencuji efekt vitaminl a dosud nebyly identifikovany,
izolovany vytazek obsahuje pouze maly zlomek téchto latek obsazenych v celé zeleniné ¢i
OVOCi.

Cerstvé, primyslové nezpracované potraviny jsou tedy nejlepsim zdrojem vitamind
minerdlu a dalSich bioaktivnich latek, jejich komplex pak md jednoznacny protinadorovy efekt.

2.5. Alkohol

Konzumace alkoholu je tfetim nejvyznamnéjsim ovlivnitelnym rizikovym faktorem
vzniku malignity, po uzZivani tabaku a obezité [16]. Dlouhodobé uzivani alkoholu je celosvétové
spojeno s pfiblizné 4% pripadl zhoubnych nadorl [121]. Konzumace alkoholickych napojl byla
v roce 2014 ve Spojenych statech pricinou 5,6% vsech pripad zhoubnych nador( a 4% vsech
umrti na malignity [16].

V urcité fazi svého Zivota trpélo abusem alkoholu 29% a pfiblizné u 12-14% dospélych
je povaZzovano uzivani alkoholu za problematické [122]. ZvySena konzumace alkoholu je
spojena se zvySenym rizikem vzniku nejen kolorektdlniho karcinomu, ale i dalSich zhoubnych
nadorl aerodigestivniho traktu: dutiny Ustni, hltanu, hrtanu, spinocelularniho karcinomu
jicnu, Zaludku, jater a karcinomu prsu u Zen [51]. Odhaduje se, Ze 12,8% karcinom( tlustého
streva a konecniku, stejné jako 40,9% pripadl karcinomu ustni dutiny/hltanu, 23,2%
karcinomy hrtanu, 21% karcinom jicnu, 21,6% zhoubnych nador( jater a 16,4% karcinomu
prsu u Zen je pfipsano konzumaci alkoholu [16].

Alkohol je vyznamnym dietarnim rizikovym faktorem invazivniho karcinomu prsu, at uz
je konzumovan v rané nebo pozdni dospélosti, a to i v nizkych hladinach [92].

Je jisté zajimavosti, Ze publikované metaanalyzy nezjistily zvySené riziko vzniku
karcinomu pankreatu u osob uzivajicich maximalné 10 g alkoholu denné, zde se riziko zvysuje
az pfi uzivani 60 a vice g alkoholu za den [89,123], jedna se tedy o tézké pijaky alkoholu, u
kterych bylo zjiSténo zvysSené riziko i karcinomu Zluéniku (RR relativni riziko 2,64 (95% ClI
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interval spolehlivosti 1,62—4,30)). UzZivani alkoholu vSak nemélo Zadny dopad na riziko vzniku
bazaliomu (RR 1,04 (95% ClI 0,99-1,10)) nebo spinocelularniho karcinomu klze (RR 1,03 (95%
Cl 0,97-1,09))[89]. U karcinomu prostaty bylo pozorovdno zvysené riziko u lehkého a
umirnéného piti [123].

Naopak byla zjisténa inverzni souvislost mezi konzumaci alkoholu a rizikem vzniku
karcinomu ledvin (RR 0,92 (95% CI 0,86—0,97) na 10g alkoholu denné). Tato asociace vsak byla
omezena na lehké a umirnéné piti (RR 0,92 (95% CI 0,86—0,99) a 0,79 (95% CI 0,72-0,86))[123],
stejné jako inverzni vztah pro karcinom stitné Zlazy, Hodgkinlv lymfom a non-HodgkinGv
lymfom [123].

Alkohol ma synergicky efekt s wuzivanim tabaku a zvySuje riziko malignit
aerodigestivniho traktu podstatné vice, nez je riziko spojené bud se samotnym pitim alkoholu
nebo samotnym uZivanim tabdku [124].

Ethanol je z téla eliminovan svou oxidaci nejprve na acetaldehyd a poté na acetat. Sdm
o sobé ethanol mutagenni neni, ale u acetaldehydu byl prokazan jak jeho karcinogenni, tak
mutagenni efekt, kterého dosahuje svoji vazbou na DNA [125]. Tim vede k poskozeni o poruse
opravy DNA. Ethanol i acetaldehyd mohou narusit methylaci DNA, ethanol muze také vyvolat
zanét a oxidacni stres vedouci k peroxidaci lipidd a dalSimu poskozeni DNA. Piti alkoholu
zabranuje vstrebani vitaminu C, D, B, A a zvySuje hladinu estrogenu, coZz mé vyznamny dopad
na rozvoj karcinomu prsu [126]. Chronicky pfisun alkoholu vede k aktivaci nékterych krevnich
elementll, jako jsou napf. makrofagy ¢i monocyty, to aktivuje produkci celé Fady
prozanétlivych cytokinl jako jsou tumor nekrosis faktor alfa, interleukiny -1, -6, -8 [127],
dochazi ke zméndm v metabolismus retinoidl, folatl, estrogenni regulaci a mikrobialni
dysbioze [120].

American Cancer Society doporucuje omezit konzumaci alkoholu na 2 napoje denné
pro muze a 1 napoj denné pro Zeny (kvlli pomalejsimu metabolismu alkoholu u Zen).
Standardni ndpoj alkoholu je definovan jako 360ml (12 unci) piva, 150ml (5unci) vina nebo
45ml (1,5unce) 80-proof (40%) destilatu, které obsahuiji priblizné 14 gramU etanolu [51].

2.6. Expozice infek¢nim faktoriim

Pfiblizné 13% vSech nadoru, které se vykytuji ve svétové populaci, Ize pficist infekeni
etiologii [128]. Zatim nebylo identifikovano zadné jednoznacné infekéni agens, které by mélo
vliv na vznik kolorektalniho karcinomu (i kdyZ debaty o souvislosti s infekci nékterymi subtypy
Streptococcus bovis, Clostridoides difficile a jinych infekénich agens se stale vedou), pro
Uplnost je vsak uvadim.

Mezi primarni nadory se zndmymi souvislostmi s infekcemi patfi (Tab. 4):

Tab. 4. Infekéni agens s malignim potencidlem
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Typ zhoubného nadoru Infekéni agens

Karcinom Zlucovych cest Opisthorchis viverrini, Clonorchis sinensis
Karcinom mocového méchyre Schistosoma haematobium
Karcinom zaludku Helicobacter pylori, MALT lymfom

Zhoubné ndadory hlavy a krku, karcinom

“r v we o ) lidsky papilomavirus (HPV)
délozniho Cipku, anogenitdlni karcinomy

Hepatoceluldrni karcinom virus hepatitidy B a C (HBV, HCV)
Nasofaryngealni karcinom, lymfomy virus Epstein-Barrové (EBV)
Kaposiho sarkom lidsky herpes virus-8 (HHV-8)

Kaposiho sarkom, lymfomy, karcinom

. . virus lidského imunodeficitu (HIV)
cervixu, anu aj.

T-bunécna leukémie dospélych lidsky T lymfotropni virus -1 (HTLV-I)

Karcinom z Merkelovych bunék (MCC) Merkel cell polyomavirus (MCPyV)

virus Epstein-Barrové (EBV) a herpes virus-8

Nékteré t non-Hodgkinova lymfomu
ypy g y (HHV-8)

Zakladnim opatfenim primdrni prevence je ockovani proti karcinogennim virim (HPV,
hepatitida B), minimalizace kontaktu s rizikovym prostfedim infekce, sexudlni zdrzenlivost,
pouzivani sterilnich jehel ve zdravotnictvi a komunité (napf. tetovani a uzivani drog) a
screening potencialnich darcl krve.

Bakteridlni infekce Helicobacter pylori je spojena s rizikem vzniku karcinomu Zaludku.
Zda se, ze eradikace infekce Helicobacter pylori mlze byt G¢innd jako primdarni prevence
karcinomu Zaludku [129].

Screening v podobé vysetieni plazmatické EBV DNA ve spojeni s endoskopickym
vySetfenim a magnetickou rezonanci prokdzal v endemickych oblastech s vysokym vyskytem
nasofaryngedlniho karcinomu (NPC) senzitivitu a specificitu 97,1% a 98,6% [130]. Pro detekci
jednoho ptipadu NPC vsak bylo tfeba vysetfit 593 jedincl. Z tohoto dlvodu je pouziti
screeningu NPC indikovano pouze pro rizikovou populaci (tj. muzi ve véku 40-62 let) v
endemickych oblastech [130].

Vlastni prispévek k problematice
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Nasofaryngedlni karcinom patfi k vzacnym nadordm s endemickym typem vyskytu,
jeho incidence je davana do souvislosti s vyskytem EB viru. V této praci jsme spole¢né se
zahranicnimi spoluautory vytvofili doporuc¢eni managementu tohoto typu malignity véetné
screeningu, které bylo publikovano v ramci doporuceni Evropské onkologické spolecnosti
(ESMO).

ré

2.7. Expozice sluneCnimu zareni

Ultrafialové zareni je zndmym kancerogennim faktorem, a i kdyZz nema pfimy vliv na
vznik kolorektdlniho karcinomu, ochrana pred nim do komplexnich preventivnich opatfeni
jisté patfi. Zvlasté v ramci terciarni prevence vzniku sekunddarnich malignit. Kancerogenni
potencial slunecniho zareni byl prokazan pro vsechny zhoubné nadory klze, jak melanomové,
tak nemelanomové leze. Sklada se ze slozky UVA s delSi vinovou délkou, prostupujici hlubsi
vrstvy klZe, zplsobuje spiSe starnuti pokozky, kterd prochazi sklem i mraky (tvofi 95%
slune¢niho zareni). Dalsi slozkou je UVB zareni, které ma kratsi vinovou délku, prostupuje
pouze povrchové vrstvy kiize a vede spiSe ktermickému poskozeni pokozky (tvofi 5%
slunecniho zareni). Slozka UVC je pro k(zi Skodlivéjsi nez UVA a UVB, je vSak kompletné
pohlcovdna ozénovou vrstvou [131].

Hlavnim doporucenim prevence zhoubnych nadord klZze je snaha o eliminaci
slunec¢niho zareni. Vyhybani se slunci vSak mlzZe vést ke sniZeni hladiny vitaminu D, ktery je
pravé pusobenim slunecniho zareni v kizi syntetizovan. Je tedy doporuceno vyuzit prevazné
mechanické prostfedky ochrany klze jako je ochranny odév, ochranu oci slune¢nimi brylemi s
adekvatnimi filtry a omezit vystavovani se slunci béhem slunec¢nych Spi¢ek (mezi 10:00 a 16:00
hodinou). Lze sledovat i UV index, jedna se o méreni sily UV paprskd v konkrétnim ¢ase a misté,
tato informace je k dispozici napf. na webovych strankdch meteorologickych instituci Ci v
médiich. American Cancer Society doporucuje instruovat pacienta, aby zméfil svij stin na
slunci. Pokud je jeho stin kratsi nez jeho skutec¢na vyska, sluneéni UV paprsky jsou nejsilnéjsi.
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Dalsim zevnim faktorem, ktery je jednoznacné spojen se zvySenym vyskytem zhoubnych
nadoru kUze je pouzivani solarii [132].

Co se tykd opalovacich krému s ochrannym slunecnim faktorem (SPF — sun protection
factor), v soucasné dobé jsou doporucovany ochranné krémy s SPF minimalné 15 a vice. Jejich
uzivani je vsak v posledni dobé zatizeno celou rfadou kontroverzi (at jiz na zékladé nizsiho
ocCekavaného efektu ochrany, tak skodlivosti zplsobené pridatnymi chemickymi latkami). Zda
se, ze nékteré chemické slozky na ochranu proti slune¢nimu zareni jsou systémoveé
absorbovany, ale klinicky vyznam toho procesu zatim z(stdva nejasny. Jedna ze slozek
opalovacich krém{, oxybenzon, je po mistni aplikaci absorbovan systémové. Vylucuje se stolici
i moci [133] a u laboratornich zvifat prokazuje estrogenni a antiandrogenni aktivitu, pfi
dlouhodobém uzivani je tak rizikem vzniku potencialnich endokrinnich poruch [132]. Expozice
populace je vSak vyrazné nizsi, nez davky pouZité pro tyto vyzkumy [133]. Nékteré slozky
obsaZené v opalovacich krémech jsou spojovany s kontaminaci Zivotniho prostfedi. Kromé
zminéného oxybenzonu se jedna napf. o latky oktokrylen & oktinoxat
(oktylmethoxycinnamat), které byly identifikovany ve sladké vodé. Napf. oxybenzon se podili
na béleni koralovych utesd [134]. Anorganické opalovaci krémy, mohou obsahovat
nanocdstice, a tim mohou predstavovat potencidlni zdravotni rizika, nano¢dstice mohou byt
totiz absorbovany i systémové [135,136].

A i kdyz jsou ochranné opalovaci krémy k prevenci zhoubnych nadord klze stéle
doporucovany, zacinaji se objevovat kontroverze. Jedna z metaanalyz neprokdzala ocekavany
ochranny ptinos opalovacich krému ve vztahu k riziku vzniku zhoubnych nadort kéze [137].
Do metaanalyzy hodnoceni protekce opalovacich krém( bylo zahrnuto 29 studii, celkem 313
717 ucastnikd. Vyznamna souvislost mezi zhoubnymi nadory kiliZze a pouzivanim opalovacich
krémuU (pomér pravdépodobnosti (OR)=1,08; 95% CI:0,91-1,28) v této metaanalyze prokazana
nebyla. Riziko vzniku melanomu (25 studii; 9 813 ptipad() ani nemelanomovych zhoubnych
nadord klze (pét studii; 857 pripadl) nebylo spojeno s pouzivanim opalovaciho krému (OR
(95% CI) 1,10 (0,92-1,33) a 0,99 (0,62-1,57), resp. [137]). A i kdyZ studie z 80. let ukazaly
relativni silnou souvislost mezi vznikem malignit kliZze a uzivanim opalovacich krém{, tato sila
vztahu se od pocatku 80. let neustdle sniZovala a od pocatku 90. let jiZ tato souvislost nebyla
statisticky vyznamna. Zda se, Ze ochranné ucinky protektivnich opalovacich krém( nejsou tak
vyznamné, jak se predpokladalo [136]. To vSak neznamena, Ze zcela selhavaji, ale extrapolace
faktu, Ze uzitim opalovacich krém0 nedojde ke spaleni kliZe a tim se snizi riziko vzniku malignit
kGize vSak nemusi byt zcela spravna. US Preventive Task Force stdle doporucuje v prevenci
zhoubnych nadoru kize uziti ochrannych opalovacich kréma [138-141].

DalsSim preventivnim pfistupem muzZe byt samovysetreni kGze. | kdyZz se vyznam
samovysetifovani kliZze prokazal vradé analyz [142] a v naSich podminkach je obecné
doporucovan, USPTF vydal vroce 2018 doporuceni (a ani v novém vydani roce 2023 toto
doporuceni nezménil), v némz samovysetiovani jako prevenci zhoubnych nador( klze pro
vseobecnou populaci nedoporucuje, a to zdlvodu poskozeni pacienta nadmérnou
diagnostikou [141]. Podle jedné z analyz totiZ pozitivni dopad samovysetiovani klize na umrti
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v dUsledku maligniho melanomu nebyl prokazan [143] a to ztoho dlvodu, Ze vétsSina
podezielych kozZnich |ézi, odstranénych béhem screeningu, nemda maligni charakter [141].
Podle studie SCREEN bylo na zachyt jednoho maligniho melanomu tfeba provést 20 az 55
excizi koznich |ézi, v zavislosti na véku pacienta [144]. Lze odhadnout, Ze pocet excizi nutnych
k zabranéni jednoho Uumrti na maligni melanom by mohl byt i vice nez 4000. Presto je kozni
vySetifeni lékafrem doporucovdno v pripadech vysokého rizika [145]. Existuje vSak tenkd
hranice mezi lézemi zjisténymi samovysetfovanim a lézemi s minimalni symptomatologii.
Castou symptomatologii malignit kiiZe je toti? zpo&atku jen kosmetickd zména, zaznamenéna
pouze pfi samovysetieni, kterd neni doprovdzena zadnymi dalSimi subjektivnimi symptomy.
Z medicinského pohledu to vsak jiz mlze byt jasna znamka malignity a toto by nemélo byt
zaménovano. Dalsim argumentem USPTF proti screeningu jsou i epidemiologicka data. Valna
vétsSina zhoubnych nadoru kiZze nevede k umrti ¢i vazné morbidité a maligni melanom tvofri
pouze 1% ze vSech koZnich malignit [146].

Dal$im moznym preventivnim postupem u pacientl se zvySenym rizikem malignit k(ize
je chemoprevence. Podle dvojité zaslepené, randomizované studie faze Il byl prokazan
chemopreventivni efekt nikotinamidu (vitamin B3) proti placebu u zhoubnych
nemelanomovych nadord kize u vysoce rizikovych pacientll, tedy u téch, sjiz existujici
anamnézou nemelanomové malignity kdze. U téchto nemocnych vedlo uzivani nikotinamidu
(500mg 2xdenné) ke 30% snizeni incidence spinoceluldrniho karcinomu a 20% snizeni vyskytu
bazaliomu ve srovnani s placebem [147,148]. Podle analyz by vhodnymi kandidaty mohli byt
nejen nemocni s nemelanomovymi nadory kize, ale i pacienti po organovych transplantacich

¢i nemocni v jiném riziku vzniku koZnich malignit.

2.8. Environmentalni a pracovni expozice

Jednim z faktor(, ktery se na incidenci zhoubnych nadord mlze vyznamné podilet je i
pritomnost toxickych latek v Zivotnim a v pracovnim prostfedi. Expozice radonu a azbestu je
spojovana se zhoubnymi nadory plic a mezoteliomem, expozice arsenu pfindsi vyssi riziko
nemelanomovych zhoubnych |ézi kiiZze [149].

Zhoubné nadory plic jsou spojeny s expozici azbestu, arzeniku, hliniku, chromu,
uhelnému prachu, dehtu, niklu, a fadé dalSich chemickych latek. Polychlorované bifenyly,
arsenik, methoxsalen, mineralni ¢i bridlicové oleje vedou ke zvySenému riziku koZnich nador(
[149]. Zvyseny vyskyt karcinomu mocového méchyre byl zaznamenan pfi zpracovani ropy, pfi
vyrobé hliniku, benzidinu, pfi expozici malifskym barvam ¢i v gumarenském primyslu [149].
Zhoubné nadory nosni dutiny a paranasdlnich dutin jsou spojeny se zvySenym vyskytem
drevéného nebo koZeného prachu, formaldehydu, vyparl ze svarovani, sloucenin arsenu,
niklu nebo chromu [149].

Mezindrodni agentura pro vyzkum rakoviny (IARC) na svych webovych strankach
(https://monographs.iarc.who.int/agents-classified-by-the-iarc) uvadi jednotlivé typy
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rizikovych agens klasifikované do skupin dle vyznamnosti dikazl jejich kancerogenity. V
soucasné dobé je 122 agens zarazeno do skupiny 1, latky, o kterych je znamo, Ze jsou pro
¢lovéka karcinogenni. DalSich 93 agens je klasifikovdno jako skupina 2A, pravdépodobné
karcinogeny. Jako moZné kancerogeny jsou latky ve skupiné 2B, je tak oznaceno 319 agens
[149]. V CR Ize napt. bezpe&nost potravin ovéfit na strankdch Ministerstva zemédélstvi CR
www.bezpecnostpotravin.cz, pfipadné www.viscojis.cz.

2.8.1.Vybrané latky bézné spotreby a jejich vztah ke kancerogenezi

2.8.1.1. Akrylamid

Akrylamid (CH2=CHCONH2) byl na seznam I|ARC zafazen vroce 1994 jako
pravdépodobné kancerogennilatka skupiny 2A [150]. Pouziva se v papirenském a celul6zovém
pramyslu, stavebnictvi, slévdrenstvi, textilnim pramyslu, kosmetice, plastech i zemédélstvi.
Akrylamid Ize nalézt v malych mnoZstvich ve spotfebitelskych produktech véetné tmeld, oball
na potraviny a nékterych lepidel. Je pfitomen i v cigaretovém koufti [151]. Akrylamid se mUze
pfirozené tvofit chemickymi reakcemi v urcitych typech skrobovych potravin po vareni ¢i
peceni pfi vysokych teplotdch [152,153]. Tvofi se prostfednictvim Maillardovy reakce, reakci
mezi aminokyselinou asparaginem a redukujicimi cukry, jako je glukéza [154]. Vyssi obsah
akrylamidu maji napf. smazené potraviny (bramborové lupinky, hranolky), potraviny vyrobené
z obilovin (snidarfiové cerealie, susenky, toasty) i kava. A i kdyz nékteré studie nenaznacuji
zvysené riziko vzniku malignit pti expozici akrylamidu [155-157], dle dalSich analyz je zvySeny
prijem akrylamidu spojen se zvySenym rizikem KRAS mutovaného karcinomu kolorekta [158].
Zakladnim metodologickym problémem pfi zkoumani dopadu akrylamidu na rozvoj nadoru je
kontrola a méreni skutecného pfijmu, vzhledem k mnoZstvi potravin a dalSich produktd, ve
kterych se mlze nachdzet. | presto byl organizaci EFSA (European Food Safety Authority)
zafazen na seznam kancerogennich latek [159].

2.8.1.2. Barvy na vlasy

Barvy na vlasy obsahuji celou fadu chemickych latek, z nichZ nékteré jsou endogennimi
disruptory. Karcinogenni slouéeniny nalezené v barvach na vlasy a ve vlasovych fixatorech
mohou zvysit riziko karcinomu prsu ¢i délohy, zejména u Zen Cerné rasy [160,161]. Nékteré
studie prinasi informace i o vy$sim riziku nemelanomovych nador( kiize a hematologickych
malignit [162], v dalSich analyzach vsak toto riziko prokazano nebylo, a to ani pro kolorektalni
karcinom [163]. Je v3ak tfeba opatrnosti z dlivodu sekunddrnich malignit u pacientt
s kolorektalnim karcinomem, a to i vzhledem k riziku vzniku malignit délohy u pacient(
s hereditarnimi nadorovymi syndromy, zvlasté nemocnych s Lynchovym syndromem.
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2.8.1.3. Uméla sladidla

Potravinarsky pramysl pouzivd uméla sladidla v Sirokém spektru potravin a ndpoju jako
alternativy k pridanym cukriim. Nejcastéji uzivané jsou acesulfam-K (Evropské identifikacni
Cislo potravinarské pridatné latky E950), aspartam (E951), stl aspartamu-acesulfamu (E962),
cyklamat (E952), sacharin (E954), sukraldéza (E955), neohesperidin dihydrochalkon (E959),
thaumatin (E957), steviol-glykosid (E960). O bezpecnosti téchto pridatnych latek se jiz
desetileti diskutuje s protichGdnymi zjisténimi ohledné jejich role v etiologii rlznych
onemocnéni. Jsou publikovdny analyzy, kde byl pfijem umélych sladidel pozitivné spojen s
rizikem vzniku jakékoliv malignity (HR-pomér rizik pro konzumenty versus
nekonzumenty=1,13 [95% Cl 1,03-1,25], p-trend=0,002), vyssi riziko bylo pozorovdno zejména
u aspartamu (HR=1,15 [95% Cl 1,03-1,28], p=0,002) a acesulfamu-K (HR=1,13 [95% CI 1,01-
1,26], p=0,007). Zvysena incidence karcinomu prsu byla popsadna u aspartamu (HR=1,22 [95%
Cl 1,01-1,48], p=0,036) a malignit souvisejici s obezitou a tedy i CRC, jak pro uméla sladila
obecné, tak pro aspartam (HR=1,13 [95% CI 1,00- 1,28], p=0,036 pro celkovd uméla sladidla a
HR=1,15 [95% CI 1,01-1,32], p=0,026 pro aspartam)[164,165]. Vysledky starSich vyzkumu
ukazaly, Ze nadmérné pouzivani umélych sladidel zvysi relativni riziko karcinomu mocového
méchyre [166,167]. Data vyplyvajici z metaanalyz na toto téma jsou vSak kontroverzni [168] a
ani pro kolorektalni karcinom nejsou jednoznacnd. | pfes to EFSA (Evropsky ufad pro
bezpecnost potravin) zatim svij postoj k bezpecnosti umélych sladidel nezménil [169]. Na
mysich modelech ale bylo zjisténo, Ze prenatdlni expozice aspartamu zvysuje riziko zhoubnych
nadord i u potomkd [170]. Ztoho ddvodu je treba dalSich vyzkumd, aby se objasnila role
umélych sladidel v etiologii nddorovych onemocnéni. Casto jsou uZivany ke kontrole vahy a
boji s obezitou, tim vSak mohou mit pozitivni sekundarni preventivni dopad na vyskyt
zhoubnych nadorl z divodu vahové redukce. Je jisté, Ze je nutnosti verifikovat benefit a riziko

uzivani umélych sladidel ve vztahu k zhoubnym nadorovym onemocnénim.
2.8.1.4. Parabeny

Parabeny jsou skupinou endogenni disruptord, které se bézné vyskytuji v produktech
jako jsou napfriklad plasty, detergenty, potraviny, hracky, kosmetika nebo léciva. Parabeny,
které plsobi jako konzervaéni latky zabranujici rldstu mikroorganism(, jsou béiné
absorbovany nebo poZivany denné v produktech osobni péce, jako jsou pletové vody,
deodoranty, péce o vlasy, pripravky na holeni, 1éCiva, textilie, obleceni a potraviny [171].
Parabeny jsou distribuovany systémové, do téla se dostdvaji kozni nebo gastrointestinalni
absorpci, byly zjistény v lidskych tkanich, krvi, matefském mléce, placenté a mo¢i [172]. Ctyfi
nejbéznéjsi parabeny jsou methylparaben, ethylparaben, propylparaben a butylparaben,
méné uzivanymi jsou pak isobutyl, isopropyl a benzyl paraben. Jejich estrogenni aktivita je
znama jiz pomérné dlouho [173]. Dokazi vSak interagovat s jinymi signalnimi drahami, jako je
napr. signalni draha HER2, které jsou klicové pro rozvoj karcinomu prsu, a vést k modulaci
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klicovych enzymu zapojenych do lokalniho metabolismu estrogen(i [171]. U propylparabenu
mohou jiz nizké davky ovlivnit produkci spermii u mladych samct krys a jeho vyuziti bylo proto
zakadzano. Pro zbyvajici schvédlené parabeny by denni pfijem nemél presdhnout 10mg/kg
télesné hmotnosti, jejich poutZiti je tedy povoleno jen vomezeném mnozstvi a jen do nékolika
druhl potravin [174]. Methyl-, ethyl- a propylparabeny jsou v Evropské unii povoleny jako
potravinarské pridatné latky ve ctyrech kategoriich zpracovanych potravin smérnici 95/2/ES.
Jsou povoleny k pouZiti quantum satis (tj. podle spravné vyrobni praxe zaloZzené na dosazeni
pozadovaného technologického ucinku) pro povrchovou Upravu susenych masnych vyrobkd,
v Zelé polevé masnych vyrobkl, jako je pastika, v cukrovinkach, s vyjimkou ¢okolady a v
tekutych doplricich stravy [175].

Ackoli nékterd zjisténi naznacuji, Ze parabeny mohou negativné interferovat s
nékterymi endokrinnimi cili relevantnimi pro karcinogenezi prsu, dikazy z in vivo a
epidemiologickych studii spojujicich expozici parabenu s karcinomem prsu jsou omezené
[162]. Rozsahly material tykajici se bezpecnosti parabent byl publikovan v roce 2011 Scientific
Committee on Consumer Safety, ktera je jednim z organ( Evropské komise [176].

2.8.1.5. Perfluorooktanova kyselina (PFOA)

Je syntetickou kyselinou a patfi mezi per- a polyfluoralkylové latky (PFAS), jedna se o
rdznorodou skupinou syntetickych chemikdlii, z nichz mnohé pretrvavaji v Zivotnim prostredi.
PFOA je pouzivana hlavné v elektronice a textilnim priimyslu. Pro svoji hydrofobii a lipofobii
se pouzivd pro vyrobu nepfilnavych povrchl jako je teflon ¢i vodéodolnych textilnich
material(, oballl na potraviny, voskového papiru (napfr. kosicky na muffiny) ¢i dentalnich niti.
Nejcastéji se ¢lovék kontaminuje pozitim. PFOA je obsazena napf. v mase domacich zvirat,
kterd jsou exponovana vodé, pidé a krmiviim, do nichz se chemikdlie dostavaji z oball krmiv.
Dalsi moZnou cestou jsou rostlinné produkty, do nichZ se dostavaji prostfednictvim vody,
kterou jsou zalévany. Ze zhoubnych nadord jsou nejcastéji v souvislosti s PFOA zminovany
kromé karcinomu kolorekta i zhoubné nddory stitné Zlazy, prostaty, ledvin, jicnu, mocového
méchyre, varlat a mezoteliom [177,178]. IARC pfidala PFOA do skupiny 2B, jako mozny
kancerogen. Evropsky uUrad pro bezpecnost potravin (EFSA) stanovuje bezpecnostni limit pro
obsah vSech C¢tyf hlavnich PFAS, které se hromadi v lidském téle. Akceptovatelny tydenni
prijem (TWI) PFAS (PFOA, PFOS-Perfluoroktansulfonan, PFNA-Kyselina perfluorononanova,
PFHxS-Kyselina perfluorhexansulfonovad) je stanoven na 8ng/kg lidské hmotnosti [179]. | kdyz
zapadni svét v soucasné dobé sméfuje k zdsadnimu omezeni téchto latek, prece jen jsou
vyuzivany vice nez 50 let, Zivotni prostfedi je tak vyznamné kontaminovano [180]. Evropska
unie omezuje pouZiti PFOA a jejich soli prostfednictvim Stockholmské amluvy o perzistentnich
organickych polutantech (POPs) zroku 2001. Ponechdva specifické vyjimky pro vyrobu
farmaceutickych produktd, v roku 2023 konci vyjimka pro vyrobu ochrannych pracovnich
odévl a v roce 2025 pro zdravotnické pristroje a hasici pény [181].
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2.8.1.6. Ftalaty

Ftalaty jsou chemické prisady pouZivané ke zvySeni trvanlivosti nebo konzistence
plasth a Siroké Skaly spotfebnich vyrobk(, jednd se o estery kyseliny ftalové (PAE): di-(2-
ethylhexyl) ftalat (DEHP), benzylbutyl ftalat (BBP), di-isodecylftalat (DIDP), di-butyl ftalat
(DBP), di-isononyl ftalat (DINP), a di(n-oktyl)-ftalat (DNOP). PouZivaji se jako pfisady do
kosmetiky ¢i v insekticidech. Ve farmaceutickém primyslu je mozZno je nalézt jako neaktivni
slozky nékterych Iéku, zejména téch, které vyzaduji prodlouzené nebo zpozdéné uvolnovani
zmékéovadlo v mnoha zdravotnickych prostfedcich, jako jsou inhalaéni masky, vaky na
enterdlni vyZivu, intravendzni vaky, katétry a infuzni hadicky, nasogastrické sondy a vaky pro
peritonealni dialyzu. Dale je Ize nalézt ve stavebnich materidlech, ndbytku, v€etné ¢alounéni,
matraci, obklad(i stén, podlahovych dlazdic, PVC podlah. Ftaldty obsahuje i parfémovana
kosmetika [182]. Vzhledem k jejich ¢astému pouZivani jsou nalézany ve vzduchu, vodé (i
podzemni) a pudé [183]. V potravinach byly zjistény napf. vlihovindch ¢iv balenych
tekutinach. Ftaldty jsou lipofilni [atky, mohou se tedy objevit i v potravinach s obsahem tuku,
kam se dostavaji z vlozek hlinikovych uzavér(, zatek ¢i z plastovych tésnéni vicek, pripadné
z plastovych oball. Malé déti jsou zvySené exponovany prostiednictvim plastovych hracek,
které vkladaji do ust. Kromé kancerogennich [184] byly prokdzany i jejich acinky
embryotoxické, nefrotoxické, hepatotoxické a spermiotoxické [185-187]. Zvlasté citlivé jsou
muzské pohlavni orgdny ve stadiu vyvoje, coZz mize vést k feminizaci chlapct [188]. Odhad
denniho ptijmu je na 0,15 - 0,3mg/osobu/den, hodnota tolerovatelného denniho pfijmu (TDI)
pro DEHP je 50ug/kg télesné hmotnosti. U déti vSak muzZe byt lehce prekrocena vzhledem k

Nékteré ftalaty jsou dokonce obsazeny v lécich, a i kdyZ jedna z analyz zvySené riziko
vzniku CRC u uzivatel(l téchto preparatli neprokazala, po analyze podskupiny, ze které byly
vylouceni uzivatelé nesteroidni antiflogistik, se riziko vzniku CRC zvysilo [190]. Na burikach
kolorektdlniho karcinomu bylo také prokdzdno, Ze expozice ftalatim zvySuje
pravdépodobnost metastazovani bunék karcinomu tlustého stfeva a rezistenci vUci
chemoterapeutickym Iékim [191].

Expozice ftaldtim v détstvi byla dale signifikantné spojena se zvySenym vyskytem
osteosarkomu (HR=2,78, 95% Cl=1,63-4,75) a lymfomu (HR=2,07, 95% Cl=1,36-3,14) a to
Hodgkinova i non-Hodgkinova [192].

V ramci béiné spotreby je tfeba Zadat vyrobky bez ftalatl, ve zdravotnictvi trvat na
zdravotnich ¢i ochrannych pomUckach DEHP-free. V pracovnim prostiedi by expozice méla byt
minimalizovdna pod 5mg/m?3 [193]. Je tfeba vylouéit produkty z PVC z béiného Zivota a
nahradit je alternativnimi polymery neobsahujici ftalaty ani zadna jina zmékcovadla napf.
polyethylen, polypropylen, polyuretan a dalSi polyolefiny, silikon, etylenvinylacetat a
vicevrstvé laminatové plasty [194].
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2.8.1.7. Mikroplasty

Jako mikroplasty jsou oznacovany ,syntetické pevné ¢astice nebo polymerni matrice s
pravidelnym nebo nepravidelnym tvarem, o velikosti v rozmezi od 1um do 5mm, bud
primarniho nebo sekundarniho vyrobniho plvodu, které jsou nerozpustné ve vodé“ [195].
Mnozstvi a distribuce mikroplast( jsou tak rozsahlé, Ze v praktickém Zivoté se jim neni mozno
vyhnout. Néktefi védci oznacuji soucasnost, z historického pohledu, jako obdobi Plastocénu.
Jejich vyznam na lidské zdravi vSak zatim neni dostate¢né definovan. Pochopeni jejich dopadu
je znacné slozité kvali rdznym fyzikdlné-chemickym vlastnostem, které délaji z mikroplastu
mnohostranné stresory. Mohou totiz plsobit jako transportéry toxickych chemikalii v
ekosystémech, stejné jako sami predstavuji koktejl nebezpecnych latek. Byly nalezeny v
prostfedi morské vody, sladké vody, agroekosystém(, atmosféry, potravin a pitné vody,
v Zivych organismech, ale i odlehlych mistech jako jsou napf. poldrni oblasti [196].

Mikroplasty mohou obsahovat dva typy chemikalii: 1) aditiva a polymerni materialy
(napf. monomery nebo oligomery) pochazejici z plastl a 2) chemikalie absorbované z okolniho
prostfedi. Aditiva jsou béhem vyroby plastl zamérné pridavana ke zlepsSeni jejich vlastnosti a
zvySeni odolnosti. Zahrnuji zmékcovadla, antioxidanty, UV stabilizatory, barviva a
zpomalovace horeni [197].

Jednim z hlavnich vstupnich bod{ nano a mikroplastl do lidského systému je poziti
kontaminovanych potravin. V nékterych potravinach byly mikroplasty detekovany napf. v
davce 0,44MP/g (mikroplast na gram) nano a mikroplast( v cukru, 0,11MP/g v soli, 0,03MP/g
v alkoholu a 0,09MP/g v balené vodé [196]. Odhaduje se, Ze ¢lovék pfijme do svého téla 5g
mikroplastl tydné, Casto i prostfednictvim ovoce a zeleniny, které akumuluji mikroplasty
cestou znecisténé pudy [198]. Nékteri autofi vSak toto mnoZstvi popiraji [199].

Po expozici stravou je tedy absorpce do organismu pravdépodobnd, jak dokazuje
schopnost syntetickych ¢astic mensich nez 150um prochazet gastrointestindlnim epitelem v
téle savcl, coz zplsobuje systémovou expozici [196]. Mikroplasty mensi nez 20pum mohou
vstupovat pfimo do orgdn(li, mikroplasty velikosti 10um pak mohou prochdzet bunéénymi
membranami, hematoencefalickou bariérou nebo placentou [196].

Dalsi vstupni branou mikroplastll do lidského téla je inhalace. Mnozstvi
mikroplastovych viaken nachazejicich se v morskych muslich, bylo ve vyznamnéjsi mire pfi
tomtéz jidle inhalovano, nez se dostalo do zazivaciho traktu [200].

Dalsi moznosti, jak se mikroplast do organismu dostane, je kontakt s pokozkou. Jedna
se o procesy kazdodenni hygieny, pfi myti ¢i pouzivani kosmetiky, ve které se mikroplasty také
béiné nachazeji [196].

Pomérné Siroky povrch mikroplastl v kombinaci s jejich hydrofobnosti vede k vysoké
afinité k Siroké Skale hydrofobnich a perzistentnich organickych polutantd, antibiotik a tézkych
kovl, které by se mohly dostat do lidského téla absorpci mikroplastl. Mikroplasty obecné
odpuzuji vodu a navadZou se na toxiny, které se nerozpoustéji napr. slouceniny obsahujici
toxické kovy, jako je rtut, a organické znecistujici latky, jako jsou nékteré pesticidy a dioxiny,
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o nichZ je jejich kancerogenita zndma. Pokud se tyto mikroplasty dostanou do téla, toxiny se
mohou hromadit v tukovych tkanich. To mlze byt dalsi z dGvodd, proc vede obezita k vyssSimu
riziku vzniku malignit.

BéZné slouceniny Bisfenol-A (BPA) a Styren-7,8-oxid (SO), které se v mikroplastech
nachazeji, zplsobuji poskozeni deoxyribonukleové kyseliny a mutagenezi v lidskych burkach
a vytvareji v nadorech mutacni vzorce. Dokonce i v ramci stejného typu nddoru se podily
odpovidajicich mutacnich vzorcd mezi kohortami z rdznych zemi lisi, stejné jako mnozstvi
mikroplastického odpadu v rliznych lokalitach [201].

Mechanismus poskozeni organismu mikroplasty:

- Mechanicky - abraze bunék sliznic napt. zazivaciho, dychaciho traktu

- Chemicky - obsah toxickych latek, navazani polutantd, tézkych kovd, antibiotik atd.
(polycyklické aromatické uhlovodiky, pesticidy, chlorované bifenyly, kadmium, zinek,
nikl, olovo aj.)

- Biologicky - navadzani patogen( [202].

Plastové ¢astice mohou vyvolat dilezité epigenetické zmény, véetné transgeneracnich
ucinkd [203], vyvoldvaji poskozeni bunék, apoptdzu, vedou ke vzniku zdnétu, oxidacniho
stresu a zmén v imunitnich reakcich. To vSe muzZe pfispét k rozvoji nejen nadorovych
onemocnéni, ale i metabolickych poruch ¢i potravinovych alergii [202].

Ai kdyZ studie dosud neprokazaly souvislost mezi mikroplasty a rizikem vzniku malignit
u ¢lovéka, je tfeba se mit na pozoru. Rada agens obsazenych v plastech jako jsou bisfenoly,
ftalaty, tézké kovy, polyfluoroalkylové latky jsou endogennimi disruptory, které mohou
pUsobit na estrogenni receptory, a tak mohou zvysit riziko karcinomu prsu [204].

Mikroplasty se stavaji globdlnim kontaminantem Zivotniho prostifedi o némzi zatim
zcela nevime, jak zasadné na lidsky organismus pUsobi. | kdyZ jednotlivé toxické latky ve vztahu
ke kancerogenezi nemaji zatim dostatecnou klinickou evidenci, pak jejich vzajemny aditivni
nebo synergisticky efekt mGze byt problémem. Pfikladem muze byt kombinace parabent a
mikroplastd. Parabeny byly v experimentu schopny zvysit proliferaci bunék karcinomu prsu
citlivych na estrogeny a tento Ucinek se v pfitomnosti plastovych nanocastic stal synergickym
[205]. Mechanismus synergie mUZe souviset s translokac¢nimi a adsorpénimi vlastnostmi
nanoplastli, které slouzily jako prenase¢ k ucinnéjsimu vystaveni bunék parabentim.
Kombinace plastového odpadu a rGznych chemikdlii je prikladem vzdjemné interakce
chemikalii, které izolované in vivo zatim nepfinesly presvédcivé dlikazy o svém kancerogennim
pUsobeni, ale jejich kombinace uz kancerogenni potencial naznacuje [205].

Vramci studia enviromentdlni expozice je Zadouci zaméfit pozornost nejen na
jednotlivé chemikalie, ale i na koktejly toxickych latek, kterym je verejnost permanentné

vystavovana.
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| kdyZz se vztah nékterych toxickych latek prostfedi neprokdzal byt rizikem pro vznik
kolorektdlniho karcinomu samotného, v personalizované prevenci je na né tfeba myslet
zdUvodu vzniku moZnych sekundarnich malignit u pacientll po |écbé kolorektalniho
karcinomu. VySe uvedeny pfehled neni a nemuize byt kompletni, jsou zde zminény pouze
vybrané toxické latky, u nichz je riziko jejich kancerogenniho plsobeni a soucasné je jejich
nadorovy potencidl ¢astym dotazem zdravych klient(, jedincl se zvySenym rizikem vzniku
nadoru i jiz onkologicky nemocnych.

Primarni prevence u nemocnych s kolorektalnim karcinomem se zasadné nelisi od
primarni onkologické prevence pro ostatni nadorova onemocnéni. Nékteré faktory jako napfr.
vyZiva, nadvaha ¢i nizka fyzickd aktivita jsou v incidenci nadoru kolorekta vyznamnéjsi a ty by
v ramci individualizované prevence mély byt s pacientem radné probrany, jiné faktory se na
vzniku CRC podili méné. Nicméné na vSechny je tfeba myslet, individudlné analyzovat a
doporuceni prizpasobit konkrétnimu jedinci, nejen z dlvodu moZného rizika vzniku
sekundarnich malignit. Individualizace doporuceni ma vyznamné vyssi dopad na motivaci a
chovéni jednotlivce nez doporuceni obecna.

Vlastni pfispévek k problematice

FIALA, J., Z. ADAM, P. CHALUPA, J. HALAMKOVA, E. TABORSKA a G. CHLUPOVA.
Primdrni prevence nadorl — zevni vlivy podminujici vznik nddori nebo ochranujici pred jejich
vznikem, aneb jak sniZit riziko vzniku malignich nemoci. In: ADAM, Zdené&k, Jifi VORLICEK,
Zdené&k BOLELOUCKY, Zdenka CERMAKOVA, Roman HAJEK, Pavel CHALUPA, Renata
KALABOVA, Martin KLABUSSAY, Marta KREJCI, Olga MAGNOVA, Hana NOVOTNA, Sarka
SEDLACKOVA, Adam SVOBODNIK, Jana SMARDOVA, Miroslav TOMISKA, Jiti VOKURKA a
MIROSLAV ZAORAL. Kostni nadorovd choroba. Praha: Grada, 2005. s. 215-243. ISBN 80-247-
1357-8.
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3. Prevence sekundarni

Vétsina véasné zachycenych zhoubnych nadord ma lepsi progndzu, predstavuje méné
narocnou lécbu pro nemocného a v neposledni fadé i mensi finanéni naklady pro spole¢nost.
Pokud tedy nejsme schopni zabranit vzniku nddoru, je nutné jej zachytit v€as a jeho véasnou
terapii nemocného vylécit ¢i vyznamné prodlouzit jeho preZiti v dostatecné dobré kvalité.
Hlavnim cilem screeningu je odhalit zhoubny nddor v ¢asném stadiu, pro ktery existuje Gc¢inn3,
potencialné kurativni |é¢ba [206]. Kazda screeningovda metoda vSak musi byt dostateéné
senzitivni a specificka, pokud moZno neintervencéni, s minimalnim rizikem poskozeni
jednotlivce a ekonomicky pfijatelnd. PoZadavkem na idealni screeningovou metodu je i mozna
modifikovatelnost v ramci individualizace.

V soucasnosti (rok 2023) jsou v CR hrazeny ze zdravotniho pojisténi ¢tyfi doporucené
onkologické screeningové programy: screening v€asného zachytu zhoubnych nadoru tlustého
stfeva a konecniku, prsu, plic a délozniho Cipku.

3.1. Screeningové programy

3.1.1. Screening karcinomu tlustého streva a konecniku

V Ceské republice byl screening karcinomu tlustého stieva a koneéniku zahdjen jiz v
roce 2000, tehdy se jednalo o provedeni testu okultniho krvaceni do stolice jednou za dva roky
pro populaci starsi 50 let. Od roku 2009 jiz byla do screeningového programu zarazena
kolonoskopie pro populaci starsi 55 let. Od roku 2020 pak screeningovou kolonoskopii mohou
vyuZzit lidé od 50 let véku.

Screening karcinomu kolorekta v CR predstavuje vysetfeni testem stolice na okultni
krvaceni jednou za rok v rozmezi 50-54 let véku a dale 1x za 2 roky, pfipadné kolonoskopie 1x
za 10 let od 50ti let véku. Nékteré odborné organizace doporucuji zahajeni screeningu uz od
véku 45 let (US Preventive Task Force, The American College of Gastroenterology -
ACG)[207,208]. Kromé vysetreni skrytého krvaceni do stolice lze vyuzit i multitargetové
testovani DNA stolice — MT-sDNA, kombinuje fekalni markery pro hemoglobin a DNA mutaci
a metylaci. Test identifikuje 10 biomarkerd, o kterych je znamo, Ze jsou spojeny s CRC a
prekancerdzni lézi, véetné zménéné lidské DNA a hemoglobinu [209]. V soucasnosti se do
popredi dostavaji krevni screeningové testy na kolorektdlni karcinom napf. test Guardant
Shield, ktery vyuZiva multimodalni pfistup, integrujici genomiku, epigenomiku a proteomiku,
k dosazeni vysoké citlivosti a specificnost pri odhalovani ¢asnych priznakd kolorektalniho
karcinomu. CT kolonoskopie s opakovanim kazdych pét let, mize byt preferovanou metodou
pro starSi a polymorbidni pacienty [210]. Jako moZnou screeningovou metodu pro tuto
populaci ji doporuéuje Americka onkologicka spoleé¢nost [211].
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Rozhodnuti, kdy ukoncit screening kolorektalniho karcinomu by mélo byt individualni
s pfihlédnutim k pacientovu riziku, predchozi screeningové anamnéze, osobnim hodnotam a
tomu, zda dalSi onemocnéni a ocekdvana délka Zivota pacienta odlvodnuiji rizika vyplyvajici z
ukonéeni screeningu [212,213]. U pacient( s béZznym rizikem CRC je doporucovano provadét
screening do véku 75 let, pokud je jejich oekavand délka Zivota 10 let nebo vice. Vétsina
odbornych spole¢nosti doporucuje screening nejméné do véku 75 let u pacientd s primérnym
rizikem CRC. Nékterd doporuceni uvadi ukondit screening, pokud je predpokladana délka
Zivota mensi nez 10 let [214].

Diky zavedeni kolorektalniho screeningu do praxe doslo v CR k poklesu tmrtnosti na
CRCv letech 2008-2018 o 28,5%, incidence karcinomu kolorekta klesla ve stejné dobé 0 21,1%
[215]. Uplné pokryti cilové populace pfi hodnoceni roziifeného t¥iletého intervalu v roce 2020
a zahrnuti diagnostickych vykonl Cinilo 49,7% [215]. Je zde vsak nutno zminit i rizika
vyplyvajici z kolonoskopického vysetreni, ktera zahrnuji perforaci streva (3,1/10 000 vykon()
a velké krvaceni (14,6/10 000 vykon()[216].

Vzhledem k velkému objemu poctu vySetieni narazi screening na kapacitni moznosti,
a to jak pristrojového vybaveni, tak i nedostatku zkusenych gastroenterolog(. V dlsledku toho
jsou hledana dalsi feseni, jakym zplUsobem kvalitu screeningu zajistit. Jednim z vychodisek je
zapojeni umélé inteligence (artificial intelligence - Al) do procesu hodnoceni kolonoskopického
obrazu.

3.1.2. Screening karcinomu prsu

Screening karcinomu prsu probihd v CR od roku 2002. V souéasnosti ma podobu
mamografického vysetreni jedenkrat za 2 roky u Zen starsich 45 let. Je doporudovano jiz ve
véku 40-44 let provést vstupni vySetfeni mamografem, pro nasledné porovnani
mamografickych snimki v pozdéjsim obdobi a zhodnoceni vyvoje.

| pfes masivni edukacni kampan bylo v roce 2020 screeningovou mamografii vySetfeno
59,9% Zen ve véku 45-69 let, Zeny nad 45 let (Dle vyhlasky ¢. 70/2012, drive 3/2010 Sb. platna
od roku 2010) tvofily 51%. Za celou dobu trvani screeningu bylo provedeno 9 716 672
screeningovych mamografii a zachyceno 52 569 Zzen se zhoubnym nddorem, vétsSina z nich v
¢asnych stadiich [217]. V roce 2021 to bylo 742 989 screeningovych vysSetieni se
zachytem 4442 malignit [217]. Pomér poctu zachytl vici poctu vysetieni se tedy pohybuje
kolem 0,6%. V 11,1% se jednalo o zachyt CIS (karcinomu in situ), v 65,7% o tumor velikosti T1
[217]. V letech 2002-2020 sice doslo ke zvyseni incidence karcinomu prsu o 33,8%, ale pravé
diky screeningu doslo ke snizeni mortality na maligni nddory prsu o 15,1% [217]. V incidenci
malignich nador( prsu je CR na 33. mist& na svété a na 21. misté& v Evropé (GLOBOCAN) [4]. V
mortalité zhoubnych nadord prsu u Zen se CR Fadi na 145. misto ve svété a na 36. misto
v Evropé (GLOBOCAN) [4]. SniZzeni umrtnosti na zhoubné nadory prsu diky screeningu bylo
prokadzano v celé radé epidemiologickych studii. Z recentné publikovanych, byly napfriklad v
Novozélandské studii zkoumdny rtzné vékové skupiny Zen. Mamograficky screening ved!| k
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poklesu mortality na karcinom prsu o 15% u Zen ve véku 45—69 let a 0 17% u Zen ve véku 50—
64 let. Souhrnné pak mortalita klesla o 34% (50-64 let), o0 28% (45-49 let) a 0 25% u Zen ve
véku 65-74 let [218].

Ai kdyz je benefit mamografického screeningu jasné prokdazan, je nutné diskutovat i o
rizicich. AZ 20% Zen ve véku 50-69let, které dochazi na pravidelny dvoulety screening ma po
deseti vySetrenich falesné pozitivni vysledek mamografu (ve tfech zkoumanych studiich se
pohyboval mezi 8%-21% (souhrnny odhad 19,7 %) a kumulativni riziko invazivniho vykonu s
benignim vysledkem se pohybovalo od 1,8 % do 6,3 % (souhrnny odhad 2,9%)[219].
Lumpektomii pfipadné biopsii v celkové anestezii pak podstupuje 2,3% Zen s faleSné
pozitivnim vysledkem mamografie a 0,9% podstupuje chirurgicky vykon s negativnim
vysledkem [220,221]. Tyto Zeny pak popisuji nizsi kvalitu Zivota a nizsi divéru ve zdravotni
systém [222]. Rizikem jsou i faleSné negativni vysledky, az 20-35% karcinom( z téch, které byly
pfehodnoceny pro podezieni na intervalovy karcinom, jsou prehlédnuté nalezy z prfedchoziho
mamografu [223,224].

Z 1000 zen, které zahaji screening ve véku 50 let a jsou vySetfovany po dobu 20 let, Ize
pfed umrtim na karcinom zachranit 2-3, 200 Zen bude mit alespon jeden fale$né pozitivni
vysledek, 30 znich podstoupi biopsii, u 3 bude diagnostikovan intervalovy karcinom a
nadbytec¢nd diagnostika (overdiagnosis) bude provedena u 15 z nich [225]. VétSina Zen neni o
téchto rizicich adekvatné informovana. Vice nez 50% Zen se domniva, Ze mamograficky
screening snizuje riziko umrti na karcinom prsu nejméné o 50% [226,227]. Do hodnoceni
mamografického obrazu se jiz na nékterych pracovistich také zapojuje uméla inteligence.

3.1.3. Screening karcinomu délozniho hrdla

V CR byl screening karcinomu délozniho &ipku zahajen od roku 2008. Kazda Zena od 15
let véku ma, podle §7 aktudlniho znéni vyhlasky ¢. 70/2012 Sb. o preventivnich
prohlidkach, narok na kazdoroc¢ni gynekologické preventivni vysetfeni spojené i se
screeningem karcinomu délozniho hrdla ve formé odbéru materidlu z délozniho Cipku k
cytologickému vysetifeni. Prohlidka je prizplisobena véku Zeny a tomu, zda je sexudlné
aktivni. Dle epidemiologickych dat je CR v incidenci zhoubnych nadorG délozniho hrdla 132.
na svété a v Evropé obsazuje 23. misto, v Umrtnosti je pak 135.-137. ve svété a 16.-17. v
Evropé (GLOBOCAN) [4]. V letech 2007—2017 klesla mortalita v CR o 14 procent a incidence o
25 procent [228].

Screening karcinomu délozniho hrdla je provddén stérem z délozniho hrdla a
naslednym natérem na sklo pripadné odbérem do tekutého media. Od 1. 1. 2021
je screeningové vy$etfeni doplnéno o HPV test, ktery je v CR hrazen Zendm v 35. a ve 45. roce
Zivota v rdmci preventivni gynekologické prohlidky. Zavedenim tohoto screeningu lze snizit
mortalitu na tento typ malignity nejméné o 80% [229,230]. Gynekologické vysetreni mlze byt
doplnéno o kolposkopické vysetfeni. Pfi kolposkopii jsou pozorovani zmény epitelu za pouziti
binokularniho kolposkopu. Ke zvyraznéni zmén na Cipku se v rdmci kolposkopického vysetreni
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pouzivaji specificka Cinidla napf. naneseni kyseliny octové i Lugolova roztoku. Promorenost
populace HPV infekci je cca 80% do véku 45 let [231]. Lidsky papilomavirus muaze v téle
setrvavat nékolik let, nez dojde k rozvoji pfednadorovych az nadorovych zmén. Organismus
ho muZe svym pfirozenym imunitnim systémem také zni¢it a nemusi dojit k Zadnym
patologickym zméndm. V pfipadé abnormadlniho cytologického nalezu mulzZe pritomnost
pretrvavajici HPV infekce urychlit rozvoj prednddorovych zmén. Svij vliv na rozvoj téchto
zmén mUiZze mit i koincidence zanétlivych zmén a dalsich rizikovych faktor(i. U mladsich Zen s
vyssi prevalenci LSIL (skvamézni intraepitelidlni leze nizkého stupné) ¢asto dojde ke spontanni
regresi diky imunitnimu systému. Pfitomnost HPV infekce jeSté nemusi nutné znamenat vznik
karcinomu délozniho hrdla. To plati zejména u Zen mladsich 30 let, u kterych mUze byt vyskyt
HPV infekce vyssi [232]. Klinické studie ukazuji, ze testovani HPV ma lepsi vysledky nez
cytologie [233], ¢asto vsak identifikuje cetné infekce, které nemusi vést k cervikalni dysplazii
nebo karcinomu déloZniho Cipku. V jedné ze studii nedoslo u 86,7% Zen s pozitivnim HPV
testem k rozvoji karcinomu délozniho cipku nebo souvisejiciho premaligniho onemocnéni po
vice nez deseti letech sledovani [232]. Ma vSak také svoje rizika - procento zZen, které maji
normalni vysledek cytologického testu a pozitivni vysledek HPV testu (a které proto budou
vyzadovat dalsi vySetfovani), se pohybuje od 11% u Zen ve véku 30-34 let aZ po 2,6% u Zen ve
véku 60 - 65 let [234]. Pti progresi ndlezu LSIL v HSIL je nutno tyto zmény fresit jejich
odstranénim za pomoci rlznych exciznich metod. Screening karcinomu délozniho hrdla patfi
do specializace gynekologa.

3.1.4. Screening zhoubnych nadoru plic

Od 1. 1. 2022 byl spuétén v CR novy screeningovy program zhoubnych nador( plic.
Jedna se o vysetteni nizkodavkovym CT plic (LDCT - low dose CT), indikovani jsou lidé ve
véku 55 -74 let, aktivni kufaci pripadné stopkuraci, ktefi vykoufili vice nez 20 balickorokg. V CR
jsou zhoubné nadory plic nej¢astéjsi pric¢inou umrti na zhoubné nadory, mortalita prakticky
kopiruje incidenci. Zavedeni plicniho screeningu sniZzuje imrtnost na zhoubny nador plic o
20%, zvySuje vsak také riziko overdiagnostiky o 38% [235]. Ve studii NELSON bylo
identifikovano 1,2% falesné pozitivnich vysledkl, nadmérné diagnostikovanych pripadi
karcinomu plic bylo 69 na 100 000 obyvatel a umrti na karcinom plic souvisejici s ozarenim 20
na 100 000 obyvatel [236]. Z 1000 screenovanych jedincU, kteti byli alespon 3x vysetieni, 180
potrebuje dalsi vySetfeni, 13 z nich musi podstoupit invazivni zakrok, aniz by méli zhoubny
nador. U 41 pacientd z 1000 bude diagnostikovan karcinom, 3 z nich na néj nezemrou diky
screeningu a u 4 z nich nebude karcinom plic dlivodem jejich umrti (overdiagnostika)[237].
Presto benefit plicniho screeningu, u vybranych osob, prevazZuje rizika.
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3.1.5. Screening endometrialniho karcinomu

Organizovany screening pro karcinom endometria v CR neni zaveden. U Zen se
zvySenym rizikem vzniku karcinomu endometria (napf. Zen s Lynchovym syndromem) se
doporucuje  kaZdorocni vySetfeni  endometria  délohy  vaginalnim  ultrazvukem,
pfipadné provedeni aspiraéni cytologie. Ultrazvukové vysetfeni v CR pfi béiné gynekologické
kontrole neni povinné. Nejedna se o populaéniho screening.

3.1.6. Screening zhoubnych nadort jater

Je indikovdn pouze u osob se zvySenym rizikem primdrnich zhoubnych nador( jater.
Spociva v ultrazvukovém vysSetieni jater (pfipadné CT ¢i MR jater dle habitu pacienta)
jedenkrat za 6 mésici s nebo bez vysSetfeni AFP (alfafetoprotein - fetdlni specificky
glykoproteinovy antigen)[238], ktery je nejrozsifenéjSim nadorovym markerem pro detekci
pacientd s HCC (hepatocelularni karcinom). Pro screening rizikovych populaci je jeho
senzitivita 39-97%, specificita 76-95% a pozitivni prediktivni hodnota (PPV) 9-32% [239,240].
AFP neni specificky pro HCC, jeho hladina stoupa u akutni nebo chronické hepatitidy,
v téhotenstvi, ¢i v pfitomnosti nddorl ze zarodeénych bunék. Mezi rizikové osoby pro vznik
hepatocelularniho karcinomu se fadi nemocni s cirhdzou jater, chronickou hepatitidou,
primarni bilidrni cirhézou, vrozenymi metabolickymi vadami (napf. hemochromatéza, porfyria
cutanea tarda, tyrosinémie, deficit alfalantitrypsinu, glykogendzy, autoimunitni hepatitis aj.).
Screening HCC se neprovadi u pacientt s cirhdzou Child-Pugh skore C, pokud nejsou na ¢ekaci
listiné na transplantaci, a to vzhledem k nizkému ocekavanému preziti téchto pacientl [238].
Tento typ screeningu je vyhrazen pro ambulance hepatologt ¢i infektologa.

3.1.7. Screening ovarialniho karcinomu

Je vyhrazen pouze pro pacientky se zvySenym rizikem karcinomu ovaria, napf. s mutaci
BRCA1 a 2 &i PALB 2 aj. Dle doporuceni Ceské onkologické spole¢nosti a Spole¢nosti lékarské
genetiky a genomiky by pro zdravé nosicky mutaci v predispozi¢nich genech mélo byt
provadéno gynekologické vysetreni, gynekologické ultrazvukové vysetfeni panve a odbér
nadorového markeru CA 125 (karcinoembryondlni antigen 125) od 25 letjednou za 6
mésicl. V nerizikové populaci screening neprokdazal snizeni rizika amrti na zhoubny nador
ovaria [241]. Vzhledem ke zvysenému riziku vzniku kolorektdlniho karcinomu u vyse
uvedenych mutaci, patfi i screening karcinomu ovaria (pro vybranou populaci) do
personalizované preventivni pé¢e nemocnych s kolorektalnim karcinomem.

Stranka 47 z 132



3.1.8. Screening karcinomu prostaty

| kdyZ zatim (v roce 2023) neni oficidlnim screeningovym programem, je vyhrazen pro
rizikovou populaci (napf. muze s Lynchovym syndromem, s mutaci BRCA1 a 2, muZe ¢erné rasy
¢i s karcinomem prostaty v rodinné anamnéze, zvlasté pokud se jednd o prvoliniového
pfibuzného s diagndzou pod 65 let véku), ale prakticky existuje i pro populaci nerizikovou.
Aktualné v CR probiha tzv. oportunni screening, kdy je na rozhodnuti praktického Iékafe a
urologa, zda muzi nabidne digitalni rektalni vySetreni prostaty a vySetfeni PSA (prostatického
specifického antigenu) spolecné s fPSA (volna frakce PSA). Pro urcitou skupinu nemocnych lze
vyuZit i prostate cancer gene 3 (PCA3) RNA test. Zasadni je ale diskuse s pacientem o rizicich a
benefitu screeningu karcinomu prostaty.

Vysledky studii screeningu karcinomu prostaty nejsou jednoznacné. V jedné z
metaanalyz péti randomizovanych studii s dobou sledovani v rozmezi 10 az 20 let nebylo
zjisténo snizeni mortality na karcinom prostaty (RR 0,96, 95% Cl 0,85-1,08)[242]. Dalsi ze studii
s ndzvem ERSPC (The European Randomized Study of Screening for Prostate Cancer) vSak
prokdzala snizeni mortality na karcinom prostaty RR 0,80 (95% Cl 0,72-0,89, p<0,001) po 16
letech sledovani. Rozdil v absolutni mortalité na karcinom prostaty se zvysil z 0,14 % ve 13
letech na 0,18 % v 16 letech sledovani. K zdchrané jednoho nemocného pred Uumrtim na
karcinom prostaty bylo tfeba provést screening u 570 muzll v 16 letech sledovani, kdy
karcinom byl diagnostikovan u 18 z nich [243]. Dle této studie screening PSA snizuje mortalitu
karcinomu prostaty a vykazuje vétsi absolutni ptinos s delSim sledovanim.

Dalsi studie screeningu karcinomu prostaty, plic, kolorektalniho a ovariadlniho
karcinomu (PLCO), do které bylo zafazeno 76 683 muzi ve véku 55 aZ 74 let, neprokazala zadny
dopad na umrtnost z dlivodu karcinomu prostaty [244].

Podle pocitatovych simulacnich modell dat z databaze Surveillance, Epidemiology,
and End Results (SEER) nebo ERSPC je odhad overdiagnostiky 23-50% [245,246]. Z dalSich
analyz pak vyplyva, Ze procento nadhodnocenych zhoubnych nadorl prostaty bylo 20,7% v
analyze PLCO a 50,4% v ERSCP [247]. Kritici téchto studii vSak poukazuji na velké mnoZstvi
metodologickych nedostatkll [248].

Podle US Preventive Task Force neni doporucen screening zhoubnych nador( prostaty
pro muze bez rizikovych faktor(i nad 70let, pro muze ve véku 55-69 let by vSak rozhodnuti
Ucasti ve screeningu mélo byt individudlni. S pacientem by mél byt diskutovan pfinos a rizika.
Screening karcinomu prostaty prostfednictvim pouze PSA muizZe pfinést riziko poskozeni
pacienta v dlsledku falesné pozitivity, ktera vyzaduje dalsi testovani a pripadnou biopsii
prostaty a z toho pramenici nadmérnou diagnostiku a 1écbu [247].

Nezadouci ucinky biopsie prostaty jsou hemospermie (27%), hematurie (6%), teplota
(6%) a riziko hospitalizace 0,5-1,3% [248]. Mortalita radikdlni prostatektomie se pohybuje
kolem 0,5%, pfi roboticky asistované radikalni prostatektomii 0,1-0,2%, zadvazna inkontinence
kolem 11% a erektilni dysfunkce kolem 43% [248].
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Neni jasné, jak ¢asto by mélo byt vySetifeni PSA provadéno, interval je doporucovan v
rozmezi 1-5 let. S kazdym kolem testovani PSA se mira detekce malignity a pozitivni prediktivni
hodnoty testu PSA podstatné snizuji [249,250]. Ve Ctyfletém intervalu screeningu se snizila z
5,1% v prvnim kole screeningu na 4,4% ve druhém kole a pozitivni prediktivni hodnota pro PSA
> 3,0ng/ml se snizila z 29,2% na 19,9% [250]. Néktera doporuceni navrhuji, aby byly intervaly
screeningu individualizovdny na zakladé vychozi hladiny PSA [251]. Pilotni projekt screeningu
je v CR planovén na rok 2024.

Jinou mozZnosti, ktera se v tuto chvili otevird je screening karcinomu prostaty
prostfednictvi kombinace PSA a magnetické rezonance [252]. Testovani PSA nasledované MR
se zda byt efektivnéjsi ve srovnani s tradi¢nim zplUsobem screeningu pomoci PSA, jedna se
vSak o prvni data [253]. Otazkou jsou kapacitni a v neposledni fadé i finanéni moznosti tohoto
vySetieni, vzhledem k ¢asové naroc¢nosti MR prostaty.

Karcinom prostaty patfi mezi nej¢astéjsi sekundarni malignity u muzi s CRC [254].

3.1.9. Screening zhoubnych nadoru klize

Je provadén inspekci klize a s vyuzitim dermatoskopu. Je vyhrazen pro osoby se
zvySenym rizikem vzniku malignit kiZe jako jsou jiz v minulosti nemocni melanomem ¢i jinym
zhoubnym nadorem klze, nemocni léCeni imunosupresivy, nemocni s prekanceroznimi lezemi
v anamnéze, s prikazem syndromu familidrniho melanomu, Gorlinova syndromu, xeroderma
pigmentosum ¢i jinych hereditarnich nadorovych syndrom(. Zvysené riziko zhoubnych nadora
kGize mohou mit dale osoby s 50 pigmentovymi névy a vice, vyuzivajici solaria, osoby pracujici
ve vyssi expozici sluneénimu zareni, i lidé s fototypem kize I-1l. Nejedna se o celopopulacni
screening. USPSTF doporucuje, aby lékafi selektivné nabizeli poradenstvi dospélym starsim 24
let se svétlymi typy pleti. Pfi rozhodovani, zda je pravidelné sledovani vhodné, by pacienti a
lékari méli zvazit pritomnost rizikovych faktorl malignit kGize [141]. Hlavnim preventivnim
pristupem je tedy prevence primarni spocivajici v ochranné klze pred slunecnim zarenim a
prevence sekunddrni v podobé samovysetfovani. Screening zhoubnych nadord kize v té
formé, jak jej zndme u zhoubnych nddor( kolorekta ¢i prsu, nebyl prokdzan jako efektivni
[255].

3.1.10. Screening zhoubnych nadord pankreatu

Screening zhoubnych nador( pankreatu zatim neprokdzal vyznam vramci vseobecné
populace, toto doporuceni publikované US Preventive Services Task Force je Castecné
zaloZzeno i na nizké incidenci karcinomu pankreatu v bézné populaci [256]. U nemocnych
s hereditarnimi nadorovymi syndromy je doporucovdno stfidavé provedeni magnetické
rezonance a endosonografie pankreatu jedenkrat ro¢né, vék zahajeni screeningu zavisi na
typu genetické predispozice, pripadné o 10 let dfive, nez se karcinom pankreatu vyskytl u
nejmladsiho pfibuzného [257].
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Vyse uvedené screeningové programy ve své praci zminuji nejen z dvodu véasného zachytu
kolorektdlniho karcinomu screeningem pro CRC, ale i z ddvodu indikace dalSich
screeningovych vysetieni v ramci analyzy rizik vzniku sekundarnich nddor( a individualizované
preventivni péce o pacienty s kolorektalnim karcinomem.

3.2. Vybrané hereditarni nadorové syndromy

Ve vétSinové populaci zatim neexistuje Zzadny biomarker, ktery by byl schopen
identifikovat zvySené riziko vzniku malignit u konkrétniho jednotlivce, jesté v rdmci primarna
prevence. Toto vSak neni pfipad osob se zvysenym genetickym rizikem vzniku malignit. Diky
vyznamnému pokroku v identifikaci rizikovych marker( vzniku zhoubnych nador(i na genové
urovni, dochazi i vramci sekundarni prevence krozvoji sledovacich mechanisml péce o
nositele genetickych mutaci, které vedou ke zvySenému riziku vzniku zhoubnych nadorovych
onemocnéni. Udava se, Zze nemocnych s genetickou mutaci je kolem 5-10%, ale u karcinomu
vajecnikd to mize byt témér 20% pripadud [258]. Vrozené nadorové syndromy jsou nejcastéji
zplUsobeny mutaci v genech reparacnich, ¢i tumor supresorovych genech, zfidka pak
v onkogenech. Identifikace téchto jedinch v obecné populaci je slozita, proto by mél byt
kladen dliraz na spravny odbér rodinné anamnézy, a to jak Iékafi primarni péce, tak i onkology.
Podezieni na dédi¢ny nadorovy syndrom by mél vzbudit i mlady vék nemocného ¢i vékové
netypicky nador.

3.2.1. Lynchdv syndrom

Lynchdv syndrom (dédi¢ny nepolypdzni syndrom kolorektdlniho karcinomu,
hereditdrni nepolypdzni kolorektalni karcinom, hereditary non-polyposis colorectal
carcinoma — HNPCC) je zplisoben mutacemi v genech pro opravu chybného parovani DNA, tzv.
mutatorovych (MMR) genech, opravujicich chyby v DNA — MLH1 (3p21), MSH2 (2p16), MSH6
(2p16), PMS2 (7922) a delecemi genu EPCAM. Jedna se o autosomdlné dominantné dédi¢nou
formu. Odhaduje se ¢etnost 1/300 osob [259]. Lynchiv syndrom (HNPCC) je charakterizovan
kolorektalnim karcinomem v raném véku, prevainé v pravé casti kolon a pomérné malym
mnoZstvim polyp0. CeloZivotni riziko vzniku kolorektalniho karcinomu je 28-75% u muzu a 24-
52% uzen [260]. Zeny s HNPCC maji 27-71% riziko karcinomu endometria, 3-13%
pravdépodobnost karcinomu ovaria, zvySuje se i riziko karcinomu Zaludku (2-13%), urotraktu
(1-12%), hepatobiliarniho systému (2%), tenkého stieva (4-7%), zvysené je i riziko zhoubnych
nadord mozku [260]. Nemocni Lynchovym syndromem predstavuji 2-4% ze vsech
kolorektdlnich karcinomi a 2,5% ze vSech endometridlnich malignich nador( [261].

Fenotypicka varianta Lynchova syndromu, zvana Muir Torre syndrom, je spojena se
zvySenym rizikem nékterych koZnich nadorl se sebaceozni diferenciaci a minimalné jednim
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visceralnim nadorem. V ramci prevence se u nemocnych s Lynchovym syndromem provadi
vySetreni zazivaciho traktu gastroskopii a kolonoskopii ve 3-5letych intervalech (kolonoskopie
kazdé 2 roky od 25-75 let u nosi¢l mutace MLH1 a MSH2, od 35 let u nosi¢ci MSH6 a PMS2),
dle nékterych doporuceni [262] v mezidobi provedeni testu na okultni krvaceni do stolice
jedenkrat rocné a jednoroc¢ni gynekologicka vySetieni (se zvazenim biopsie endometria 1x za
1-2 roky). U osob s vyskytem urotelidlnich nador( v rodiné, pak kazdoro¢ni vySetieni moci od
30-35 let, u osob srodinnou anamnézou karcinomu pankreatu pak screening pomoci
endosonografie ¢i MR pankreatu rocné [262,263]. Z profylaktickych vykonU je doporucovana
hysterektomie s ovarektomii nejlépe ve véku 35-40 let, po splnéni reprodukénich povinnosti
[262]. Totalni kolektomie se vzhledem k ¢asto nizkému poctu polypl, které Ize sledovat
kolonoskopicky, a soucasné vyraznému zhorseni kvality Zivota, neprovadi.

V chemoprevenci Ize vyuzit |é¢bu kyselinou acetylsalicylovou, kterd snizuje riziko CRC
u jedinch s Lynchovym syndromem [263]. Davka ani délka podani zatim neni jasna. Studie
CAPP2 zkoumala ddvku 600mg denné po dobu 25 mésicu, ktera snizila riziko CRC (HR=0,42,
95% Cl 0,19-0,86; p=0,02) po 55,7 mésicich [264]. V roce 2020 byly publikovany vysledky
desetiletého sledovani, kde bylo opét prokazano vyznamné snizené riziko CRC (HR=0,65, 95%
Cl 0,43-0,97; p=0,035) ve srovnani se skupinou s placebem [265]. V soucasné dobé probiha
studie CAPP3, kterd ma zjistit minimalni davku kyseliny acetylsalicylové pro sniZeni rizika CRC.
Dle studie CAPP2, ma podavani 30g rezistentniho Skrobu denné, u pacientl s Lynchovym
syndromem, protektivni efekt na vznik nekolorektdlnich karcinomid a to zvlasté u nador(
horniho zazivaciho traktu [266].

Na Lynchiv syndrom bychom méli mit podezieni, pokud ma pacient zhoubny nador
spektra Lynchova syndromu napf. kolorektalni, endometridlni, ovarialni, Zalude¢ni, tenkého
stfeva, uroteliadlni, Zlucovych cest, prostaty, mozku (obvykle glioblastom), klGize (sebacedzni
adenomy, mazové karcinomy a keratoakantomy) a slinivky bfisni, spolecné s jednim z
nasledujicich vySetfeni nadorové tkané: testovani mikrosatelitni nestability (MSI) ukazuje, Ze
nadorova tkan je vysoka pro MSI, imunohistochemie (IHC) prokazujici ztratu exprese jednoho
nebo vice produktl genu pro opravu chybného parovani (MMR): MLH1, MSH2, MSH6, a/nebo
PMS2, sekvenovani nové generace v nadorové tkani odhalujici MSI, je prokazana patogenni
varianta v nadorové tkani v genu MMR.

Revidovand Bethesda kritéria [263]: diagndza kolorektdlniho karcinomu nebo
karcinomu endometria a jedno nebo vice z nasledujicich

- Kolorektdlni nebo endometridlni karcinom diagnostikovany pred dosazenim véku 50
let

- Synchronni nebo metachronni nador souvisejici s Lynchovym syndromem (napf.
kolorektalni, endometrialni, ovarialni, Zaludecni karcinom, karcinom tenkého stfeva,
mocovych cest, ZluCovych cest, prostaty, mozku, mazové adenomy, mazové

karcinomy, keratoakantomy, karcinom pankreatu)
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- Tkan kolorektalniho tumoru s MSI-high histologii (napf. Spatna diferenciace, lymfocyty
infiltrujici tumor, lymfocytarni reakce podobna Crohnové nemoci, mucindzni
diferenciace, medularni rast)

- Alespon jeden pfibuzny prvniho stupné s jakoukoli malignitou souvisejici s Lynchovym
syndromem diagnostikovanou pred dosazenim véku 50 let

- Alespon dva pfibuzni prvniho stupné s jakoukoli malignitou souvisejici s Lynchovym

syndromem bez ohledu na vék diagndzy malignit

Dale je podezieni na Lynchlv syndrom u ¢lena rodiny s kolorektdlnim nebo
endometridlnim karcinomem, ktery splfiuje jedno z vySe uvedenych kritérii, pfipadné ¢lena

rodiny s potvrzenou diagndzou Lynch(v syndrom [263].

3.2.2. Familiarni adenomatézni polypé6za (FAP)

Familidarni adenomatdzni polypéza (FAP) nebo familiarni polypdza coli (FPC) je
autozomalné dominantni polypdzni syndrom, charakteristicky vyvojem stovek az tisicti polypu
v celém tlustém stievé a konecniku. Jejich vyvoj zacind od détstvi a pravdépodobnost rozvoje
kolorektalniho karcinomu dosahuje 100%. U nemocnych se objevuji i dalsi malignity jako jsou
zhoubné nadory Zaludku, duodena ¢i hepatoblastomy [267]. Zakladnim genetickym defektem
této poruchy je zarodecna mutace v genu APC (tumorsupresorovy gen). FAP ma také rtzné
fenotypové projevy, véetné Gardnerova a Turcotova syndromu. Incidence FAP je 1/10 000
jedincl a je druhym nejcastéjsSim dédiénym syndromem kolorektalniho karcinomu [268]. Tvori
1% ze vsech kolorektalnich karcinomu. Asi 30% jedincli s FAP nema zadnou znamou rodinnou
anamnézu a predstavuji de novo APC mutaci [269].

Atenuovany FAP je mirnéjsi formou FAP a je spojen s mensim poctem polypu tlustého
stfeva. Gardner(v syndrom je spojen s typickym poctem polyp( jako u FAP, ale také osteomy
a nadory mékkych tkani (napf. desmoidy). Riziko rozvoje kolorektalniho karcinomu se
pohybuje kolem 70% [270]. U Turcotova syndromu je kolorektdlni karcinom spojen s nadory
mozku. Oznaceni téchto syndrom( jsou jiz povazovana za zastarala. Vzacnou formou FAP je
onemocnéni GAPPS (gastric adenocarcinoma and proxymal polyposis of the stomach).

Profylaxe zahrnuje chirurgické reseni v podobé kolektomie s proktektomii nebo bez ni,
subtotalni kolektomii s ileorektalni anastomodzou, totdlni kolektomii s ileostomii nebo
restorativni proktokolektomii s ileoanalnim vakem [267]. Po subtotdlni kolektomii je nutné
neustdlé sledovani rekta. Pokud je konecénik ponechan intaktni, endoskopické sledovani se
provadi kazdych Sest mésicl [271].

V ramci farmakoterapie jsou zkoumany COX 2 inhibitory, napf. sulindac, ktery snizuje
pocet adenoml o témér 50% a velikost adenoml o0 65% [268], celecoxib pfi vysokych davkach
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prokazal 30% snizeni adenomové zatéze [271], podobného efektu dosahuje kyselina
eikosapentaenova [272]. Potlaceni rGstu desmoidll lze docilit tamoxifenem v davce 20
mg/den, dalsi moZnosti je raloxifen [267].

3.2.3. Dalsi adenomatdzni polypozni syndromy

3.2.3.1. MUTYH-asociovana polypdza

Jedna se o autozomalné recesivné dédi¢ny polypdzni syndrom, s frekvenci 1:100-200.
Fenotypové se podobd atenuované FAP. Kromé kolorektalniho karcinomu se zvySuje i riziko
karcinomu ovaria, endometria, prsu a moc¢ového méchyre [273].

3.2.3.2. Polymerase proofreading-associated polyposis - PPAP

Jednd se o autozomdlné dominantni dédi¢ny syndrom, vznikd mutaci geni pro DNA
polymerazu € (POLE) a 6 (POLD1). Podoba se atenuované FAP s projevy polypu az po 50. roce
veéku [274].

3.2.3.3. NTHL1-asociovana polypdza

Je autozomalné recesivni onemocnéni spojeno, kromé kolorektalniho karcinomu a
s rizikem dalSich malignit zaZivaciho traktu, i s vyssim vyskytem karcinomu prsu, endometria
¢i mocového méchyre, nddory mozku, bazoceluldrni karcinom nebo hematologické malignity
[275].

Vsechny tfi vySe uvedené polypdzy jsou soucasti tzv. Lynch-like syndromu.
Vzacné se pak mlzeme setkat i s jinymi typy polypdz jako jsou MSH3-asociovana
polypdza, AXIN2-asociovana polypdza nebo hereditarni syndrom smisené polypdzy.

3.2.4. Juvenilni polypdézni syndrom

Jedna se o autozomalné dominantni onemocnéni s mutaci genll SMAD4 a BMPRI1A,
projevuje se vznikem mnohocetnych hamartomovych polypl zazivaciho traktu s predispozici
k progresi do zhoubnych nador( zazivaciho traktu a slinivky bfisni. Polypy se objevuji pred
dvacatym rokem véku. Incidence je 1/100 000. Celozivotni riziko vzniku malignit se odhaduje
kolem 11-86% [276]. V ramci sledovani se provadi vySetreni kolonoskopii, gastroskopii,
vySetfeni tenkého stfeva ultrazvukem, kapslovou enteroskopii ¢i MR enterografii. Pfi
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mnohocetném vyskytu polypl se doporucuje profylaktické chirurgické reseni v podobé
subtotalni kolektomie sileorektalni anastomdézou nebo totdlni proktokolektomie
s ileoanalnim pouchem [277].

3.2.5. Peutz-Jeghersiv syndrom

Toto autozomdlné dominantni onemocnéni s mutaci genu STK11, je charakterizovano
vyskytem gastrointestindlnich polypl spole¢né s mukokutannimi pigmentacemi v tmavé
modré az hnédé barvé v okoli Ust, oci, nosu, v oblasti bukalni sliznice a perianalné. Kumulativni
riziko vzniku malignity je 81%, jednd se nejcastéji o zhoubné ndadory zaZivaciho traktu,
gonadalni tumory a malignity prsu. V ramci preventivniho sledovani se kromé fyzikdlniho
vySetfeni provadi kolonoskopie, gastroskopie, kapslovd enteroskopie i enterografie
magnetickou rezonanci, ultrazvuk bticha, endosonografie pankreatu ¢i MR, dle nékterych
doporuceni i odbér CA19-9. U Zen prevence zhoubnych ndadorl prsu v podobé
samovysetiovani, stfidavé mammografie a magnetickd rezonance, gynekologickd vysetreni
véetné vaginalniho UZ a odbéru CA 125. Z profylaktickych vykon( lze zvazit preventivni
hysterektomii s adnexektomii a profylaktickou bilateralni mastektomii [278,279].

3.2.6. Syndrom pilovité polypdzy

Tento typ polypdzy je charakteristicky pilovitymi lézemi kolon (tradi¢ni pilovity
adenom, hyperplasticky polyp, sesilni pilovita léze), které se objevuji po 50. roce véku. Riziko
vzniku CRC je celoZivotné az 35% [280]. Diagndza je zaloZzena na kumulativnim celoZivotnim
poctu lézi u pacienta, ktery spliiuje jedno ze dvou nasledujicich kritérii Svétové zdravotnické
organizace (WHO): (1) 25 pilovitych |ézi proximalné od rekta, pricemz vSechny jsou 25mm,
nejméné 2 jsou 210 mm; nebo (2) >20 pilovitych lézi jakékoli velikosti v celém tlustém strevé,
pricemz =5 je proximalné od konecéniku. Gen zodpovédny za vznik tohoto onemocnéni zatim

nebyl nalezen [280].

3.2.7. Dédicny syndrom karcinomu prsu a vajecnikt

Dédicny syndrom karcinomu prsu a vajecnik (Hereditary Breast and Ovarian Cancer
syndrome - HBOC) je zplUsoben nejéastéji mutacemi v genech BRCA1 a BRCA2, tyto geny patfi
mezi reparacni geny, UcCastni se opravy zlom( dvojité Sroubovice DNA prostfednictvim
homologni rekombinace. Pfi jejich mutaci dochazi k poruse reparace DNA. Dédi¢nost je
autozomdlné dominantni. Prevalence v populaci se odhaduje na 1:400-500 [281].

Do 70 let je riziko vzniku karcinomu prsu u nosicek BRCAI mutace 55-72%,
u BRCA2 mutace 45-69%, pravdépodobnost karcinomu ovaria s mutaci genu BRCA1 je 39-44%,
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zatim co u BRCA2 je to 11-17%; pravdépodobnost vzniku karcinomu prostaty u muz(i do 75 let
v dUsledku mutace BRCA1 je 21%, zatimco u BRCA2 je to 27%; riziko vzniku karcinomu prsu u
muzul v disledku mutace BRCAI 1-2%, u BRCA2 6-8%,; riziko vzniku karcinomu pankreatu v
dlsledku mutace BRCAI je 1-3%, zatimco u mutace BRCAZ2 je to 3-5% [281]. Rizikem je i vznik
kontralaterdiniho karcinomu prsu, ktery je odhadovan na 20-30% v 10 letech a 40-50% ve 20
letech [281]. Kromé toho jsou uvadéna i rizika zvySeni dalSich typl zhoubnych nadord, riziko
karcinomu cervixu délohy se zvysuje 3,7krat a 2,6krat je vyssi riziko zhoubnych nadoru téla
délohy [282]. Kromé vyse uvedenych typl malignit maji nosi¢i BRCA1 mutace vysSi riziko
vzniku i kolorektalniho karcinomu ¢i nador( Zaludku. Nosi¢i mutace BRCA2 pak maji zvySené
riziko zhoubnych nadori kolorekta, Zluéniku a Zlu¢ovych cest, zaludku a melanomu.

Pfedpoklada se, Ze zarode¢né mutace v genech BRCA1 a 2 vedou ke 20% vSech
familidrnich forem nadoru prsu, za ostatni nddory prsu jsou zodpovédné jiné mutace napf.
TP53, PTEN, STK11, CDH1 asi v 1%, pfipadné geny stfedné zvySeného rizika onemocnéni napfr.
CHEK2, ATM, BRIP1, PALB2 a RAD51C [283]. Mutace CHEK2 zvysuje riziko vzniku karcinomu
prsu a to az 2-4x, spolu s touto mutaci se zvySuje i riziko vzniku dalSich malignit jako jsou
zhoubné nddory ovaria, Stitnice, plic, mozku, prostaty ¢i osteosarkomy [282].

Zendm s mutacemi BRCA1 a 2 je kromé samovysetfovani nabizeno i specifického
sledovani v Sesti mési¢nich (BRCA1 i 2), dle ESMO Clinical Practice Guideline ve dvandacti
mésicnich intervalech pro BRCA2 [284,285]. Jejich soucdsti je dle véku stfidavé MG
(mammografie)/UZ (ultrazvuk) prsou a magneticka rezonance (MR) (ve véku 25-29 let MR a
UZ prsou stfidavé, ve véku 30-65 let MR a MG stfidavé, ve véku 25 a 30 let 1x provedeni MG
k vylouceni mikrokalcifikaci, jen jedna Sikma projekce na kazdy prs, ve véku 65-70let
individualizovat sledovani) [285]. Podle ESMO doporuceni neni vékova hranice pro
individualizaci sledovani uvedena [284]. U muzl zahrnuje screening edukaci v oblasti
samovysetreni prsu a kazdorocni klinické vysetreni prsu zacinajici ve véku 30let, od 40 let
pravidelny screening na karcinom prostaty [285]. Screening melanomu by mél byt
individualizovan na zakladé rodinné anamnézy a dalsich rizikovych faktorl (pocet koznich
névu, fototyp). Riziko rozvoje maligniho melanomu je zvyseno zvlasté u nosici BRCA2 mutace
a to prevdiné v podobé uvealniho melanomu [286]. Screening karcinom pankreatu je
doporucovan rocné od 50 let, pfipadné o 10 let dfive, neZ je nejmladsi nemocny rodinny
prislusnik s karcinomem pankreatu, endosonografie pankreatu nebo magnetickd rezonance
v rocnich intervalech [257].

Nosickam jsou nabizeny i chirurgické profylaktické zakroky jako profylakticka
mastektomie, ktera snizuje riziko karcinomu prsu z85% na 1-5% [287] a profylakticka
ooforektomie, kterd snizi riziko vzniku karcinomu ovaria na 1-5% [288]. Nejvhodnéjsi
nacasovani gynekologické operace je ve véku 35-40 let pro Zenu s mutaci BRCA1 a 40-45let
pro mutaci BRCA2 [284]. Ptinos profylaktické mastektomie je nejvyssi od 30 let (do 30 let je
kumulativni riziko karcinomu prsu u nositelek BRCA1 a BRCA2 pouze 4 %)[289]; provedeni
operace po dosazeni véku 55 let jiz nepfinasi zasadnéjsi benefit [290]. Rozhodnuti o tom, zda
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a kdy provést profylakticky zakrok, je nakonec dano preferenci pacientky a mlze byt ovlivnéno
rodinnou anamnézou.

Jednou z moinosti chemoprevence u rizikovych Zen je poddvani hormondlni |écby
napf. tamoxifenu, ktery ma vyznam spiSe pro nosicky mutace BRCA2, které maji vyssi
pravdépodobnost hormondlné pozitivniho karcinomu prsu, na rozdil o zhoubnych nadoru
vznikajicich u nosicek mutace BRCA1, které vykazuji nizsi steroidni pozitivitu [291]. Lécba
tamoxifenem je vSak spojena se zvySenym rizikem karcinomu endometria a trombembolické
nemoci. Hormonalni terapie vSak dokdaZe snizit riziko pouze hormonalné senzitivnich nadoru,
nikoliv hormondlné negativnich.

3.2.8. Cowdenové syndrom

Cowdenové syndrom (CS) také oznacovan jako syndrom mnohocetného hamartomu,
je genodermatdza popsana v roce 1963 [292]. Dédi¢nost je autozomdlné dominantni a je
spojen s mutacemi v genu PTEN (tumorsupresorovy gen), incidence 1/200 000. Patfi do
skupiny ,,PTEN Hamartoma Tumor Syndrom (PHTS)“ jehoZ soucasti je i Bannayan-Riley-
Ruvalcaba syndrom, Proteus syndrom a Proteus-like syndrom. U vétSiny pacientd s CS se
vyvinou mnohocetné hamartomy na kliZi a sliznicich, ale i v jakémkoliv jiném organu, napf. ve
stftevnim traktu nebo mozku. Syndrom se projevuje i rozvojem mukokutannich lézi a
makrocefalii. U vétSiny pacientl postiZzenych timto onemocnénim se vyvine zhoubny novotvar
Stitné zlazy, endometria nebo prsu [293]. Soucdsti onemocnéni mutaci PTEN jsou i
mnohocetné lipomy.

Mezi hlavni diagnosticka kritéria patfi Lhermitte-Duclosova choroba (dysplasticky
gangliocytom mozecku) nebo makrocefalie, karcinom Stitné zlazy, prsu ¢i endometria [293].
Mezi vedlejsi kritéria potom vyskyt genitourinarnich nadorl nebo malformaci, lipomy,
fibromy, mentalni retardace, fibrocystické onemocnéni prsu, gastrointestinalni hamartomy,
léze Stitné Zlazy, jako je struma ¢i adenomy, nebo fibroidy délohy [293,294].

Mukokutanni Iéze nebo palmoplantarni keratéza mohou splnit kritéria samostatnég,
pokud je jich pfitomno Sest a vice [294]. Nemocni sCS maji zvySené riziko rozvoje
gastrointestinalnich polyp( a kolorektalni karcinom se vyvine az u 15% pacientl s CS [295]. A
i kdyZ diagndza CRC neni typickou malignitou doprovazejici mutaci PTEN, je nezbytné naniiu
téchto nemocnych myslet.

3.2.9. Li-Fraumeni syndrom
Li-Fraumeni syndrom (LFS) je vzacny geneticky syndrom charakterizovany zvySenym

rizikem rozvoje vice typd zhoubnych nadorl, je spojen smutaci v genu TP53
(tumorsupresorovy gen), jehoz produktem je protein p53, ktery je transkripénim faktorem.
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Celozivotni riziko malignity u jedincl s LFS je > 70% u muzd a = 90% u Zen [296]. VétsSinu nadoru
LFS tvori pét typl malignit: adrenokortikdlni karcinomy, karcinom prsu, nadory centrdlniho
nervového systému, plic, osteosarkomy a sarkomy meékkych tkani. LFS je spojen se zvySenym
rizikem i leukémii a lymfom.

Klasicka klinicka kritéria:

- Proband se sarkomem diagnostikovanym pred dosazenim véku 45 let
- Pfibuzny prvniho stupné s malignitou diagnostikovanou pred dosazenim véku 45 let
- Pfibuzny prvniho nebo druhého stupné s malignitou diagnostikovanou pred dosazenim

véku 45 let nebo sarkomem diagnostikovanym v jakémbkoli véku [296]

Preventivni sledovani je slozité, vzhledem k rGiznym typlm ndadord, jejichZ incidence se
v pribéhu starnuti jedince méni, soucasti by mélo byt celotélové zobrazovani magnetickou
rezonanci (WBMR - Whole-Body Magnetic Resonance) rocné. | kdyz je u pacientl s Li Fraumeni
syndromem pravdépodobnost vzniku CRC mald, i tak je riziko 2,8krat vyssi nez u béiné
populace, s projevem az o nékolik desetileti dfive nez u bézné populace [297,298].

3.2.10. Von Hippel-Lindautiv syndrom

Von Hippel-Lindaulv (VHL) syndrom je dédi¢né autosomalné dominantni onemocnéni
postihujici nékolik organovych systéma s incidenci 1/35-40 000 [299]. Mutaci v genu VHL
(tumor supresorovy gen) dochdzi ke zméné produkce proteinu VHL (pVHL), pVHL je primarné
zodpovédny za degradaci hypoxii indukovatelného faktoru (HIF), proteinu zodpovédného za
regulaci kysliku v bunkach. U nemocnych dochazi k rlistu cyst nebo nadord. Nejcastéjsim
typem malignity u VHL je hemangioblastom, ktery se tvofi v centralnim nervovém systému
(CNS) a sitnici. Castym projevem jsou cysty v ledvinach, slinivce bFidni a v genitalnim traktu. Az
40% nemocnych postihuje rendlni bunéény karcinom, feochromocytom se tvofi u 10-15%
nemocnych, vyskytuji se i pankreatické neuroendokrinni nadory [300]. Dle pravdépodobnosti
vyskytu jednotlivych malignit rozliSujeme typy 1, 1B, 2A, 2B a 2C. Abnormalni nebo chybéjici
pVHL ma za nasledek neinhibovanou upregulaci HIF a mnohocetné downstream r(istové
faktory vedouci k tvorbé cyst a hypervaskularnich nadorl charakteristickych pro VHL [300].

Indikace k vysetrfeni genu VHL jsou: 1. hemangioblastom CNS a sitnice nebo 2.
hemangioblastom CNS nebo sitnice a soucasné jedno z nasledujicich kritérii: a) mnohocetné
rendlni, pankreatické nebo jaterni cysty b) feochromocytom c) renalni karcinom d)
neuroendokrinni tumor pankreatu nebo 3. jednoznacnd rodinnd anamnéza a soucasné jedno
z nasledujicich kritérii: a) hemangioblastom CNS nebo sitnice b) mnohocetné rendlni,
pankreatické nebo jaterni cysty c) feochromocytom d) rendlni karcinom d) neuroendokrinni
tumor pankreatu [299]. DalSimi nadory, které se mohou vyskytnout jsou nadory vnitiniho
ucha, Sirokého ligamenta délohy a nadvarlat.
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Pfed jakymkoliv typem operace ¢i porodem je nutno vyloucit feochromocytom.
Sledovani je zaméfeno na zakladni fyzikalni vySetfeni, o¢ni, neurologické, audiologické
vySetieni, endokrinologické k vylouceni feochromocytomu, vysSetfeni moci a sedimentu, MR
mozku a michy, UZ ¢ MR vySetfeni bricha, krevni obraz k vylouceni polycytémie, vse
individualizovano dle véku a specifické situace vrodiné [299]. U pacientl sVHL
a hemangioblastomy CNS lze vyuzit terapii belzutifanem, jednd se o inhibitor HIF. Timto
preparatem lze |éCit pfipadné i renalni karcinom, nebo neuroendokrinni nddory pankreatu
v souvislosti s VHL, nevyZadujici okamzZitou operaci.

Kolorektalni karcinom neni typickou malignitou u pacient(i s mutaci genu VHL, nicméné
byly publikovany kazuistiky nosic této mutace, u nichz byl CRC diagnostikovan [301,302]. Az
u 64% pacientq, kteri podstoupili kolektomii pro karcinom tlustého stieva byla zjisténa alelicka
ztrata genu VHL [303]. U adenom( tlustého stfeva vsak tato ztrata prokdzdna nebyla.
Vzhledem ktomu, Ze tato delece nebyla pfitomna u adenomi, gen VHL muze hrat roli v
karcinogenezi i zhoubnych tumor( tlustého streva [303].

3.2.11. Neurofibromatosis von Recklinghausen

Poprvé byl tento syndrom popsan von Recklinghausenem na konci 19. stoleti, v 90tych
letech 20. stoleti pak byl nalezen gen pro typ 1 (NF1) na 17. chromozomu (17q11.2) a pro typ
2 (NF2) na chromozomu 22 (22g12.2)[304].

Neurofibromatdza 1 (NF1) je autosomalné dominantni onemocnéni zplsobené mutaci
NF1, sincidenci 1/3-4000, projevuje se mnohocetnymi koznimi neurofibromy, na klzi se
objevuji kozni skvrny typu ,café au lait”, méné ¢asté jsou gliomy zrakového nervu a dalSich
zhoubné nadory perifernich nervd, centrdlniho nervového systému, vaskulopatie, skolidza,
tibidlni dysplazie, maly vzrlst, gastrointestindlni, plicni nebo endokrinni onemocnéni.
Mentalni retardace nebyva c¢astd, spiSe lehkého stupné, castéji se setkdvame s poruchami
uceni a chovani. U 2-15% pacientu se objevi maligni nadory [305].

V ramci sledovani se kromé fyzikdlniho vysetfeni hodnoti krevni tlak, provadi se o¢ni
vysSetieni se zamérenim na diagnostiku gliom0 optiku, pfipadné MR eventuelné ultrazvuk této
lokality, dale neurologické, audiometrické vysetteni a ultrazvukové vysetieni bricha. Typickym
projevem jsou Lischovy uzly duhovky, které jsou pfitomny u vice nez 90% postizenych
dospélych a jsou také znamé jako pigmentované hamartomy duhovky, obvykle jsou
asymptomatické. Lécba NF1 je symptomaticka, dle jednotlivych projevli [305], nicméné u
inoperabilnich symptomatickych neurofibromd lze zvazit podani solumetinibu, MEK1/2
inhibitoru.

Neurofibromatdéza 2 (NF2) je autosomdlné dominantni onemocnéni, je dano mutaci
v genu NF2, ktery je tumorsupresorovym genem, s incidenci 1/33-40 000 [304]. Projevuje se
bilateralnimi vestibularnimi schwannomy s pfidruzenymi ptiznaky v podobé tinnitu, poruch
sluchu a rovnovahy. U postizenych jedincli se také mohou vyvinout schwannomy jinych
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hlavovych a perifernich nerv(, ependymomy, meningeomy a velmi vzacné astrocytomy [306].
Riziko vzniku malignich nddora je 0,5-1%. V ramci sledovani se provadi fyzikalni vysetieni,
méreni krevniho tlaku, o¢ni vySetfeni, MR mozku, neurologické vysetfeni, vySetfeni ORL [304].
Lécba je symptomaticka, vétSinou chirurgickd v ptipadé schwannoma akustiku.

Schwannomatoza je charakterizovdna pfitomnosti cetnych schwannom( a
meningeomd, pacient je sledovan prostiednictvim MR mozku a michy.

Kolorektalni karcinom nepatfi do skupiny malignit pojicich se s nékterym z téchto typa
onemocnéni, jeho vyskyt je vzacny, kazuisticky vsak koincidence popsdna byla [307]. Podle
nékterych autord miZe mutace NF1 podporovat rust, jak nddoru spojeného s NF1, tak i jinych
typu nadord, ale ponékud odliSnym mechanismem [308]. Je tfeba mit na paméti, Ze i jedinci
s prokdzanou mutaci zvysujici riziko jinych nadorl nez CRC, musi byt motivovani ke
standardnimu screeningu pro obecnou populaci.

3.2.12. Tuberodzni skleroza

Tuberdzni skleréza je komplex autozomadlné dominantné dédi¢nych onemocnéni
s mutacemi gen( TSC1 a 2 (tumorsupresorové geny), s incidenci 1/5800 [309]. Manifestace
probiha formou benignich nadorl postihujici rizné organové soustavy nejvice klzi, srdce,
plice, mozek ¢i ledviny. Sledovani by mélo byt komplexni, mélo by obsahovat neurologické
vysetfeni s CT/MR mozku, ultrazvuk bficha se zamérenim na ledviny, EKG a echokardiografii
u kardialnich obtizi, o¢ni vySetfeni. U symptomatickych jedincl pak vysetfeni adekvatni dané
organové lokalité. Koznivysetieni mize pomociv ¢asném rozpoznani angiofioromu. Arteridlni
embolizace je indikovana u rendlnich angiomyolipomi vétSich nez 3,5 cm, jako prevence
mozného krvaceni, které by mohlo vést k totdlni nefrektomii. U Iézi o rozmérech >3 cm je
indikovdna lécba inhibitory mTOR stejné jako u asymptomatickych subependymadlnich
obrovskobunécnych astrocytomd, pokud neni mozné provést neurochirurgicky vykon
[310,311]. | u nemocnych s tuberdézni sklerdzou se lze, ve vyjimecnych pfipadech, setkat se
vznikem kolorektalniho karcinomu [312].

3.2.13. Familiarni hereditarni kozni melanom

Je autozomdlné dominantni onemocnéni nejcastéji s mutaci vgenu CDKN2A,
vyjimecné CDK4, ktery je zodpovédny za 20-40% hereditarnich melanomd. Riziko onemocnéni
melanomem je az 90%. Byva zvyseno i riziko vzniku malignit kolorekta, prsu, prostaty,
pankreatu a plic. V rdmci sledovani se provadi kozni vySetfeni véetné dermatoskopického,
fotodokumentace rizikovych znamének, ocni kontroly, ultrazvuk bfiSnich organl se
zamérenim na pankreas ¢i endosonografie pankreatu/MR pankreatu, koloskopie, urologické
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vysSetreni v€etné PSA, u Zen gynekologické kontroly a sledovani prst [313]. Profylakticky se
odstranuiji rizikové kozni leze.

3.2.14. Hereditarni difuzni karcinom zaludku

Jedna se autozomdlné dominantni onemocnéni s mutaci genu CDH1 pro E-cadherin,
s rizikem vzniku difuzniho karcinomu Zaludku, ktery ma Spatnou diferenciaci a infiltruje stény
zaludku v podobé linitis plastica. Zvysené je i riziko zhoubnych nadord prsu, predevsim
lobuldrniho typu a kolorektalniho karcinom. VétSina nddord se manifestuje do 40 let.
Odhadované kumulativni riziko karcinomu Zaludku ve véku 80 let je 67% u muz(i a 83% u Zen.
Zeny jsou také vystaveny riziku lobuldrniho karcinomu prsu [314]. V rdmci preventivnich
opatfeni se provadi gastroskopie s namatkovymi biopsiemi Zaludku, pfipadné endosonografie
Zaludku. Vzhledem kobtizné diagnostice agresivniho onemocnéni je metodou volby
profylakticka gastrektomie. Z dalSich vySetfeni jsou v ramci sledovani indikovany koloskopie
a u Zen pak véasna diagnostika karcinomu prsu. Lze nabidnout i profylaktickou totalni
bilateralni mastektomii [315].

V ramci této kapitoly jsou zminény pouze nej¢astéjsi hereditdrni nddorové syndromy,
pro dokresleni slozitosti problematiky individualizace onkologické prevence. Kolorektalni
karcinom se muUzZe vyskytnout jako typicky projev konkrétniho nadorového syndromu, tak i
v podobé méné Casté Ci netypické malignity, pfipadné v koincidenci sporadického karcinomu

s hereditdarnim nadorovym syndromem.

Vlastni pfispévek k problematice

HALAMKOVA, Jana. Vlyznam spravného odbéru rodinné anamnézy u onkologicky
nemocnych. Praktickd gynekologie: moderni casopis pro gynekology a porodniky. 2013, 17(1),
20-22.ISSN 1211-6645.

Pro v€asnou diagnostiku hereditarnich nadorovych syndromu je zasadni odbér rodinné
anamnézy, a to jak u jiz onkologicky nemocnych, tak u zatim zdravé populace pfichazejici

v ramci preventivnich vySetreni.

HALAMKOVA, Jana, Karel STARY, Zden&k PAVLOVSKY, Sarka BOHATA a Jifi TOMASEK.
Benigni lipomatdzni onemocnéni. Postgradudini medicina: odborny ¢asopis pro lékare. 2007,
9(4), 368—-373.ISSN 1212-4184.

V této publikaci jsme se zabyvali vzacnymi lipomatdznimi onemocnénimi, jedna se sice
o nezhoubné nadory, které svym infiltrativnim rlstem postihujicim r(izné orgdnové skupiny a
tkanové struktury postupné. Sice v delSim ¢asovém horizontu nez zhoubné nadory, ale presto,
ohrozuji funkci téchto organ( a snizuji kvalitu Zivota nemocného. Mezi benigni lipomatozy lze
zaradit i Bannayan-Riley-Ruvalcaba syndrom, ktery patfi do skupiny PTEN Hamartoma Tumor
Syndrom(.
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3.3. Preventivni onkologické programy

Jednou z moZnosti personalizace onkologické prevence jsou preventivni onkologické
prohlidky v ambulancich prevence komplexnich onkologickych center, ve kterych by sestaveni
individudlniho planu onkologické prevence mohlo probihat. V téchto centrech by kromé
medicinskych programd mély byt sdruZzovany poradny pro primarni prevenci zhoubnych
nadorovych onemocnéni jako napf. poradna zdravé vyzZivy, zdravého Zivotniho stylu,
pohybova poradna ¢i poradna pro odvykani koufeni. Je vhodné |ékarskou péci rozdélit na:

1) Program casného zachytu nddorl u osob s geneticky podminénym zvySenym
rizikem vzniku nddor(. Klienty tohoto programu by mély byt osoby s prokdzanou
genetickou mutaci vedouci ke zvySenému riziku vzniku zhoubného nadorového
onemocnéni nebo ti, u nichzZ bylo klinickym genetikem stanoveno vyssi riziko vzniku
zhoubného nddorového onemocnéni nez u bézné populace.

2) Preventivni onkologicky program pro Sirokou populaci, ktery by mél poskytnout
moznost komplexniho preventivniho vysetfeni pro ty, ktefi maji zajem se aktivné
podilet na péci o své zdravi. Vyznam této komplexni preventivni prohlidky spociva
v moznosti provedeni vSech, v soucasnosti aktivnich screeningovych programl v
jedné dobé na jednom misté, spole¢né s doporucenim dalSich vySetfeni, ktera
davaji moznost odhalit nadorové onemocnéni ve stadiu potencidlni léCitelnosti.
Dulezitym faktorem je také jistd mira personalizace, tedy individualni posouzeni
rizikovych faktord u vySetfované osoby a nastaveni preventivnich doporuceni pro
konkrétniho jednotlivce.

Preventivni onkologicky program musi byt pribézné modifikovan tak, aby co nejlépe
korespondoval s poznatky moderni preventivni péce. Obsahem zakladniho vySetfeni musi byt
podrobné odebrani anamnestickych Udaji se zamérenim na vyskyt rizikovych faktord z
hlediska onkologickych onemocnéni, jak u vySetfované osoby, tak u nejblizSich pokrevnich
pfibuznych, zhodnoceni predispozi¢nich faktor(, pripadné rizikového chovani a subjektivnich
potizi.

DuleZitou soucasti preventivni prohlidky je individualizovand edukace. Zacina
konzultaci o zdravém Zivotnim stylu se zamérenim na primarni prevenci zhoubnych
nadorovych onemocnéni. Probiha cileny rozbor vyzivovych navykd a pohybovych aktivit, klient
je poucen o Skodlivosti alkoholu a koufeni. Osobdam s nadvdhou je k dispozici vySetfeni v
Poradné pro zdravou vyZivu, kurakiim je nabidnuta moZnost vyuZiti Poradny pro odvykani
koureni. Dale je klient poucen o moznych pfiznacich nejéastéjsich zhoubnych nadorovych
onemocnéni a je proveden nacvik samovysSetfovani.
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Klientdm, ktefi maji zvyseny vyskyt zhoubnych onemocnéni v rodinné anamnéze, je
nabidnuta onkogenetickd konzultace. Preventivni onkologicky program pak pfresahuje
diagnostiku zhoubného nadorového onemocnéni u samotného klienta a umozni Sirsi dopad
preventivniho plsobeniina pfimé pribuzné. V rodinach s prokazanym geneticky podminénym
vysokym rizikem vzniku zhoubnych nadoru je mozné nosi¢e mutaci, zpUsobujicich toto riziko,
zaradit do specifickych screeningovych program pro rizikovou populaci.

| kdy? se informovanost o zhoubnych nadorovych onemocnénich vCR neustéle
zlepsuje, jednd se o pasivni proces, ktery fada klientd v péci o své zdravi chdpe jako
nedostatecny. Stale vice z nich si uvédomuje vyznam zdravi jako zakladniho statku, ktery je
hodnotou nejen individudlni, ale i celospoleéenskou. V dne$ni dobé narocné na cas, by méla
byt, kromé individualizace, jednou z vyhod téchto programi, moznost podstoupit vSechna
aktualné doporucenad screeningova vysetieni na jednom pracovisti v jedné dobé.

3.4. Dalsi studované metody casné detekce i identifikace rizikové
populace

3.4.1. Testy casné detekce vice typu malignit - MCED

Vyuziti novych technologii je dalsi moZnosti spravné identifikovat vSechna rizika pro
konkrétniho jednotlivce. Rychle se vyvijejicim odvétvim jsou pak tekuté biopsie, které by mély
byt schopny odhalit jiz premaligni leze, pfipadné vice typl malignit soucasné. Vyuziti tekutych
biopsii se vsoucasnosti zda nadéjnym pfistupem ke screeningu celé fady onemocnéni.
Vyhodou je minimalni invazivita odbéru periferni krve, i jinych télnich tekutin (napf. moci,
sputa), ktera k vySetieni zcela dostacuje. Tento typ vySetireni je zaloZzen na existenci cirkulujici
nadorové DNA (cell-free DNA - cfDNA), detekuje cirkulujici nadorové buriky (CTCs) ¢i cirkulujici
microRNA. DalSimi moZnostmi je zachyt: - fragmentovanych DNA, - zmény v sekvencich DNA
a/nebo RNA, - protilatek proti jednotlivym ¢astem malignich bunék, - proteinovych
biomarkert, - methylace DNA, které méni zplsob exprese genu.

Ve studii PATHFINDER, jejiz vysledky byly zvefejnény na kongresu ESMO 2022 byla
detekovdna pozitivita MCED testu (Multi-Cancer Early Detection test) u 1,4% z celkového
poctu 6621 osob ve véku 50 let a vice, zhoubny nddor byl potvrzen u 38% pacientl s pozitivnim
testem [316].

Vyvoj testl véasné detekce zhoubnych nador( vyvolal v posledni dobé velkou
pozornost. Zda se, Ze 26% umrti souvisejicich s malignitou, u lidi ve véku 50-79 let, by se dalo
predejit pomoci screeningu prostfednictvim MCED [317].

| kdyZ jsou predbézné vysledky téchto testd povzbudivé, nez budou moci byt Siroce
pouZzivany, musi byt vyreSena rada otazek. Jednou z nich je i citlivost testu, kdy pozitivni test
skute¢né indikuje malignitu a kdy negativni test skute¢né znamena neexistenci nadorového
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onemocnéni. Navic dosud Zadny z téchto diagnostickych testl neprokazal sniZzeni dmrtnosti
[318], ani nebyl schvalen ke klinickém poufZiti pro screeningové ucely [319-321]. Jednim z testu
je test Galleri©, ktery vyuZiva cell-free DNA (cfDNA) sekvenovani v kombinaci se strojovym
ucenim, jako jednim z podobor( umélé inteligence, a zahrnuje vice nez 50 typu malignit.

Dle poslednich analyz je celkova citlivost testu napfi¢ typy a stadii malignit 51,5% a
zvysuje se s pokrocilejSimi fazemi onemocnéni [I. stadium: 16,8% (14,5%-19,5%), stadium II:
40,4% (36,8%-44,1%), stadium Ill: 77,0% (73,4%-80,3%), stadium IV: 90,1% (87,5%-
92,2%)][322]. Primérna mira senzitivity u nadord stadia | — Il byla 67,6% u predem
specifikovanych nador( (karcinom kolorekta, anu, mocového méchyre, jicnu, Zaludku, hlavy a
krku, jater a Zlu¢ovodq, plic, lymfomu, vajecnikd, slinivky bfisni). Specificita testu byla 99,5%,
faleSnd pozitivita byla pouze u 0,5% testovanych. V 88,7% pripadu test spravné identifikoval
tkan, ve které se zhoubny nador nachazel, coZz by mohlo pomoci zkratit dobu do diagndézy
[322].

Dalsimi MCED testy, které jsou vyvijeny jsou napf. Archer Reveal, CancerSEEK ¢i
IvyGene, pro jednotlivé organové lokality pak Epi proColon, Epi proLung nebo Freenome [323].
V programech screeningu zhoubnych ndador(l je nejdllezitéjSim parametrem pozitivni
prediktivni hodnota testu. Je to pomér pacientl skute¢né diagnostikovanych jako pozitivni, ke
vsem, ktefi méli pozitivni vysledky testl (vCetné zdravych jedincl, kteti byli jako pacienti
diagnostikovani nespravné). PPV zdvisi na tfech parametrech: citlivosti testu; specificité testu;
a prevalenci onemocnéni ve vySetfované populaci. Pons-Beselda et al. [324] zjistili, Ze témér
u vSech typl malignit bude PPV tohoto testu nizsi nez 10 %, coz je Cislo velmi nizké pro
zavedeni tohoto testu jako screeningového do klinické praxe. Stejné tak byla zjiSténa pomérné
nizka citlivost pro ¢asna stadia onemocnéni (17 % pro stadium |, 40% pro stadium [1)[322]. Zda
se tedy, Ze v tuto chvili jsou hlavnimi faktory, které neumoznuji klinické vyuZiti ctDNA, nizka
citlivost a nizkd PPV [324].

Pro zavedeni do klinické praxe musi jakykoli krevni MCED test:

- detekovat vSechny hlavni typy zhoubnych nadord v raném stadiu
- identifikovat ty nadory, u kterych véasna lécba prodlouzi preziti
- byt dostatecné specificky a citlivy
- vyhnout se detekci premalignich a benignich nddor(i, které nemohou zpusobit
poskozeni
Zatim Zadny z téchto testl nebyl schvalen FDA ¢i EMA jako screeningovy, nicméné
Galleri© je jako laboratorni test jiz k dispozici v USA. Zatim neni jasné, zda tento test
prodluZzuje preziti, snizuje Umrtnost, zda neposkozuje pacienta mnozstvim naslednych

vySetieni, které musi byt provedeny k potvrzeni ¢i vyvraceni malignity. Nejsou ani
identifikovany dalsi kroky, které by mély nasledovat v pripadé pozitivity testu.
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Zatimco v lé¢bé zhoubnych nadord dochazi k revoluénimu pokroku, vyzkum véasné
detekce neni tak pfekotny. S rozvojem novych technologii je pak vyzvou vytvoreni takového
testu, ktery bude s minimalni invazivitou, pfinaset rozsdhlou informaci véasného zachytu
rdznych typla malignit v jedné dobé. Vyzkum na poli tekutych biopsii je zdsadni soucasti této
strategie [318].

3.4.2. Polygenni risk skore

Taktéz oznacované jako skdre genetického rizika ¢&i skére polygenniho rizika, je
kalkulace rizika konkrétniho onemocnéni ¢i skupiny onemocnéni na zdkladé vlivu mnoha
genetickych variant, véetné jejich polymorfismu, a jejich dopadu na vznik tohoto onemocnéni.
Dédicnost konkrétniho znaku ve vice genech se oznacuje jako polygenni, kazdy z téchto gen(
ma vsak maly vliv na fenotyp jedince, jejich vzajemné puUsobeni vsak mUze riziko pro vznik
urc¢itého onemocnéni zvySovat. Polygenni skore rizika by mohlo byt do budoucna zakladem
personalizované prevence. Prostfednictvim celogenomovych asociacnich studii (GWAS) doslo
k identifikaci genovych zmén, které mohou signifikantné ovlivnit vznik konkrétniho zhoubného
nadorového onemocnéni. VyuZiti skére polygenniho rizika v klinické praxi je aktualné
pfedmétem intenzivniho vyzkumu.

Vlastni prispévek k problematice

ADAM, Z., J. VORLICEK, M. MISTRIK, A. CERMAK, M. ZAVORAL, R. KALABOVA, J.
CHOVANEC, J. CRHA, J. SKRICKOVA, K. DVORAK, Z. ADAMOVA, Z. KRAL, L. CERVINEK. J.
CHLUPOVA, J. HALAMKOVA a J. VOKURKA. Sekundarni prevence zhoubnych nadort aneb jak
snizit riziko dmrti na maligni onemocnéni. In: ADAM, Zdené&k, Jifi VORLICEK, Zdenék
BOLELOUCKY, Zdenka CERMAKOVA, Roman HAJEK, Pavel CHALUPA, Renata KALABOVA,
Martin KLABUSSAY, Marta KREJCI, Olga MAGNOVA, Hana NOVOTNA, Sirka SEDLACKOVA,
Adam SVOBODNIK, Jana SMARDOVA, Miroslav TOMISKA, Jifi VOKURKA a MIROSLAV ZAORAL.
Kostni nddorova choroba. Praha: Grada, 2005. S. 245-282. ISBN 80-247-1357-8.
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4. Prevence terciarni/kvarterni

4.1. Prevence terciarni
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Vlastni pfispévek k problematice:

2. HALAMKOVA, J, T KAZDA, L PEHALOVA, R GONEC, S KOZAKOVA, L BOHOVICOVA,
DA KRAKOROVA, O SLABY, R DEMLOVA, M SVOBODA a | KISS. Second primary malignancies in
colorectal cancer patients. SCIENTIFIC REPORTS [online]. 2021, 11(1). ISSN 2045-2322.
Dostupné z: doi:10.1038/s41598-021-82248-7

Document Type: Article; IF = 4, 997; Quartile by IF: MULTIDISCIPLINARY SCIENCES Q2;
Quartile by AIS: MULTIDISCIPLINARY SCIENCES Q2
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V této praci jsme se zabyvali retrospektivni analyzou pacientll s kolorektalnim
karcinomem (CRC) a identifikaci sekunddrnich malignit u téchto nemocnych. Prevalence
druhych primarnich malignit (SPM) v zdpadnim svété neustdle roste a riziko nového
primarniho nadoru, u pacientu s dfive diagnostikovanym karcinomem, je pfiblizné 20%.

Provedli jsme retrospektivni popula¢ni kohortovou analyzu 1174 pacient( s diagndzou
kolorektalniho karcinomu, ktefi byli diagnostikovani v obdobi 2003-2013 se sledovanim do
31.12.2018 a medidnem sledovani 10,1 roku. Sekunddarni malignita byla diagnostikovana u 234
pacientl (19,9%). Jeden sekundarni primarni nador byl zjistén celkem u 190 (16,2%), 36 (3,1%)
pacientU trpélo dvéma SPM a 8 (0,7%) tfemi dalSimi primarnimi nddory. Pacienti vy$siho véku,
v ¢asném stadiu a bez recidivy primarniho nadoru maji vyssi riziko vzniku sekundarniho
nadoru. Neprokazali jsme statistickou vyznamnost zavislosti pohlavi, grade nddoru ani stavu
KRAS ve vztahu k sekundarni malignité. NejcastéjSimi malignitami doprovazejicimi CRC byl,
karcinom prsu, prostaty, ledviny, maligni melanom, karcinom mocového méchyre a dalsi
karcinom kolorekta. Median doby od diagndzy karcinomu prsu do vzniku CRC ¢inil 8,9 roku a
od vzniku karcinomu prostaty 3,4 roku. U nejéastéjSich diagnéz SPM, po primarni diagndze
CRC, byl median doby do vzniku 0-5,2 roku v zavislosti na typu zhoubného nadoru.

Pacienti s urcitymi typy diagndz jako je napf. karcinomu prsu, prostaty nebo melanom
by méli podstupovat pravidelny screening na CRC. Naopak nemocni s CRC by také méli byt
vySetieni na dalsi CRC a také na karcinom prsu, prostaty, ledvin a mo¢ového méchyre. Starsi
pacienti v ¢asnych stadiich CRC by méli byt vySetfovani na druhé primdrni zhoubné nadory
Castéji nez obecna populace, doba trvani screeningu by méla byt alesponi 5-10 let, intervaly
vsak zlstdvaji nejasné. Nemocni s CRC by méli prochazet screeningem na nejcastéjsi zhoubné
nadory, méla by u nich byt provedena analyza dalSich rizikovych faktord a méli by byt
systematicky edukovani o mozném vzniku dalSich primarnich malignit.

3. HALAMKOVA, J *(corresponding author)*, T KAZDA, L PEHALOVA, R GONEC, S
KOZAKOVA, L BOHOVICOVA, O SLABY, R DEMLOVA, M SVOBODA a | KISS. The Impact of
Diabetes Mellitus on the Second Primary Malignancies in Colorectal Cancer Patients.
FRONTIERS IN  ONCOLOGY [online]. 2021, 10. ISSN 2234-943X.  Dostupné
z: doi:10.3389/fonc.2020.573394

Document Type: Article; IF = 5,738; Quartile by IF: ONCOLOGY Q2; Quartile by AlS:
ONCOLOGY Q2

E . .
xperimental work Supervision (%) Manuscript (%) Research direction
(%) (%)

70 100 90 100
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Souvislost mezi diabetes mellitus (DM) a rizikem vzniku malignity je dobfe znama.
Inzulinovy receptor, ktery je exprimovan na malignich burikach v izoformé A, usnadiuje
stimulaci rGstu nddorovych bunék. Dale k rozvoji zhoubnych nador( pfispivaji hyperglykémie,
ktera doprovazi inzulinovou rezistenci vedouci k hyperinzulinémii, inzulinu podobny ristovy
faktor 1, oxidacni stres Ci zanét.

V této retrospektivni analyze jsme opét vychazeli z analyzy predchozi kohorty pacientd,
do niZ bylo zahrnuto 1174 pacient s kolorektalnim karcinomem. Diabetem mellitem trpélo
183 (15%) pacientl, nemocni s DM méli vétsi pravdépodobnost vzniku sekundarniho nadoru,
nez nemocni bez DM (22,6% pacient(l vs. u 13,8% (p=0,001)). Nejc¢astéjSimi typy SPM u
pacientd s DM byli dalsi CRC, zhoubné ndadory ledviny, plic, moCového méchyre a
nemelanomové koZni malignity, ale pouze karcinom jater a Zlu¢ovych cest byl signifikantné
Castéjsi nez ve skupiné bez DM. Karcinom prsu byl sice druhou nejcastéjsi malignitou ve
skupiné nemocnych s DM, ale jeho vyskyt byl nizsi nez ve skupiné bez DM, stejné jako
karcinomu prostaty. Vyznamné vyssi vyskyt SPM byl v kombinace s DM zjistén u starSich
pacientl s CRC (= 65 let) a u pacientt s karcinomem tlustého stfeva v nizsim stadiu CRC. Nebyl
zjistén zadny vyznamny dopad na incidenci SPM pfi zohlednéni Ié¢by DM mezi osobami s SPM
a bez SPM, vcetné analyzy poddvani inzulinu. Pacienti s CRC a soucasné s diabetes mellitus,
zejména starsiho véku a ¢asného stadia karcinomu tlustého stfeva, by méli byt vysetifovani na
druhé primarni malignity ¢astéji nez ostatni populace. Potfebna frekvence a délka screeningu
vSak zatim neni stanovena.

4. HALAMKOVA, J, L BOHOVICOVA, L PEHALOVA, R GONEC, T STANEK, T KAZDA, L
MOUKOVA, DA KRAKOROVA, S KOZAKOVA, M SVOBODA, R DEMLOVA a | KISS. Use of
Hypolipidemic Drugs and the Risk of Second Primary Malignancy in Colorectal Cancer Patients.
CANCERS [online]. 2022, 14(7). ISSN 2072-6694. Dostupné z: doi:10.3390/cancers14071699

Document Type: Article; IF = 6,575; Quartile by IF: ONCOLOGY Q1; Quartile by AlS:
ONCOLOGY Q2 (data from 2021)

Experimental work Supervision (%) Manuscript (%) Research direction
(%) (%)
70 100 80 100

Nas soubor pacientl s kolorektalnim karcinomem jsme nasledné rozsifili o dalsi
diagnostikované nemocné, prodlouZili i délku sledovani a publikovali jsme analyzu, ve které
jsme se zabyvali roli uzivani statin( u pacient( s kolorektalnim karcinomem. Cilem této studie
bylo zjistit dopad hypolipidemické lécby v prevenci druhého primarniho nadoru u pacient(
s CRC. Do této retrospektivni analyzy bylo zarfazeno 1401 pacientd s diagnostikovanym
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kolorektalnim karcinomem, v obdobi 2003-2016, se sledovanim do prosince 2020. SPM byla
detekovana u 301 pacientt (21%), incidence byla vyznamné nizsi u pacientl IéCenych statiny.
Stratifikace podle typu malignity vSak odhalila zvySeny vyskyt karcinomu mocéového méchyre
a zaludku u uZivatell hypolipidemik a to i pfes to, Ze uzivani hypolipidemik bylo spojeno s
nevyznamné nizsim vyskytem SPM obecné a antikarcinogenni ucinek byl vyjadien predevsim
u uZivatelG statin(. Navzdory dopadu ochranného efektu statini na celkovou incidenci
sekundarni malignity, tato data naznacuji, Ze pacienti, ktefi prezili CRC Iéeni hypolipidemiky,
by méli byt screenovani ¢astéji na SPM, zejména na karcinom Zaludku a mocového méchyre.

V predchozi analyze jsme ukazali, Ze diabetes mellitus je negativnim prognostickym
faktorem u pacientd s kolorektalnim karcinomem s SPM. Pacienti s chronickymi
onemocnénimi, jako je hyperlipidémie nebo diabetes mellitus, by tak méli byt kandidaty na
dUslednou terciarni prevenci zaloZzenou na personalizované analyze pfidruzenych rizikovych
faktor(.

5. PEHALOVA, L, D KREJCI, ] HALAMKOVA, L SMARDOVA, L SNAJDROVA a L DUSEK.
Significant current epidemiological trend: Haematological malignancies as subsequent
primary tumours in cancer patients. CANCER EPIDEMIOLOGY [online]. 2021, 72. ISSN 1877-
7821. Dostupné z: doi:10.1016/j.canep.2021.101929

Document Type: Article; IF = 2,89; Quartile by IF: ONCOLOGY Q4; Quartile by AIS:
ONCOLOGY Q3

Experimental work Supervision (%) Manuscript (%) Research direction
(%) (%)
- - 20 20

Cilem této studie bylo provést komplexni analyzu dokumentujici riziko vyskytu
naslednych hematologickych malignit. VyuzZili jsme data z Narodniho onkologického registru
CR. Zpracovali jsme zdznamy o 126 822 hematologickych malignitach diagnostikovanych v
obdobi 1977-2016. Vékové standardizovany vyskyt naslednych hematologickych malignit
vzrostl z 0,5 v roce 1977 na 9,1 v roce 2016. Riziko rozvoje hematologické malignity je u osob
s anamnézou jakéhokoli nddorového onemocnéni pfiblizné 1,5krat vyssi nez v bézné cCeské
populaci. U pacientl sjiz preexistujici hematologickou malignitou - predevsim
myelodysplastickym syndromem, polycythemia vera a non-Hodgkinskym lymfomem — bylo
prokazano nejvyssi riziko rozvoje nasledné hematologické malignity. Zatimco median preziti
po prvni hematologické malignité byl 2,3 roku, u naslednych hematologickych malignit to bylo
pouze 1,1 roku (p< 0,001). Tyto informace by mély byt brany v Gvahu pro spravné nastaveni
adekvatniho sledovani u jednotlivych hematoonkologickych diagndz. Vysledek zpracovani
tohoto souboru koresponduje s nasimi prechozimi analyzami, z nichz vyplyva, Ze nemocni se
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sekundarni malignitou se dozivaji kratSi doby a Casto je pravé druhy primarni nador divodem
jejich umrti.

4.2. Prevence kvarterni

Prevence samotné nemoci je vyznamnou soucasti preventivni onkologie, neméné
vyznamnou je pak prevence komplikaci malignit ¢i prevence nezadoucich ucinkd terapie. To
vée je soucast SirSiho vyznamu onkologické prevence jako takové, kterd by neméla byt
zuzovana pouze na predchorobi onkologicky nemocného, pfipadné na pocatek nemoci, ale
méla by byt soucasti komplexni péce o néj. V rdmci prevence kvarterni dochazi k priniku s péci
paliativni. Snahou je vcasnd prevence prlvodnich projevill jiz nevylécitelného nadorového
onemocnéni, které snizuji kvalitu Zivota ¢i dokonce vedou k jeho zkraceni. Adekvatni
analgetickd terapie, vyZivovd opatifeni, prevence stendz urogenitdlniho, dychaciho (i
zazivaciho traktu, snaha o stabilizaci skeletu chirurgickymi vykony ¢i radioterapii, to vse je
soucasti kvarterni prevence, kterd vsobé zahrnuje v neposledni fadé i dlraz na péci
psychologickou a socidlni.

Vlastni prispévek k problematice

6. HALAMKOVA, J. *(corresponding author)* a M. PENKA. Current
recommendations for the prevention and treatment of venous thromboembolism in cancer
patients. Klinicka  Onkologie [online]. 2017, 30(2), 100-105. Dostupné
z: doi:10.14735/amko2017100

Document Type: Review; Category: ONCOLOGY; SIR Q4

Experimental work Supervision (%) Manuscript (%) Research direction
(%) (%)
- 80 90 80

Soucasna doporuceni pro prevenci a terapii vendzni trombembolické nemoci u
onkologicky nemocnych, jsme zpracovali do podoby jednoduchych guidelines, s odkazem na
mozné vyuziti obecné dostupnych webovych kalkulatord hodnoceni rizika i s individualnim
doporucenim preventivniho ¢i [é¢ebného postupu.

7. HALAMKOVA, J. *(corresponding author), D. ADAMKOVA KRAKOROVA a R.
DEMLOVA. Anisocoria as a side effect of paclitaxel treatment. Klinicka Onkologie [online].
2021, 34(4), 306—308. Dostupné z: doi:10.48095/ccko2021306
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V ramci |é¢by nddorového onemocnéni, a to jak v paliativni, tak adjuvantni indikaci, je
u fady nemocnych indikovana terapie taxany. Jednim z téchto preparat( je paklitaxel, ktery je
soucasné jednim z nejbéinéjSich cytostatik pouZivanych v onkologii, jako soucast
terapeutickych protokoll mnoha malignit. V ramci tercidrni/kvarterni prevence by mél byt
kladen dlraz na prevenci nezadoucich ucink( terapie a soucasné prevenci navratu nemoci
v dUsledku predc¢asného ukonceni [éCby Ci redukce davek. Jednim z nejcastéjsich nezaddoucich
ucinkd paklitaxelu je periferni neuropatie. Tato symptomatologie ¢asto vede pravé ke snizeni
intenzity ddvek chemoterapeutik nebo k pred¢asnému ukoncéeni IéCby a tim snizeni efektivity
onkologické lé¢by. V nasi kazuistice popisujeme vzacny pfripad paklitaxelem indukované
anizokorie u mladé Zeny s karcinomem prsu. O¢ni nezadouci ucinky souvisejici s taxany jsou
vzacné, s odhadovanou frekvenci asi 1%. Kromé pomérné ¢asté obstrukce nasolakrimdlniho
vyvodu, byl popsdan cystoidni makularni edém nebo ischemicka retinopatie. Ve vétsiné pripadu
ocnich nezadoucich ucinkl vyvolanych paklitaxelem vsak neni potreba snizovat davku nebo
ukoncit 1é¢bu, a to ani v pfipadé anizokorie. Nezbytnd je vSak spoluprace onkologa se
zkusenym oftalmologem.

8. HALAMKOVA, J *(corresponding author)*, T KAZDA, D ADAMKOVA-KRAKOROVA,
S RYBNICKOVA, | KISS a R DEMLOVA. Everolimus-related unilateral abdominal lymphedema in
a renal cancer patient A case report. MEDICINE [online]. 2020, 99(42). ISSN 0025-7974.
Dostupné z: doi:10.1097/MD.0000000000022634

Document Type: Article; IF = 1,889; Quartile by IF: MEDICINE, GENERAL & INTERNAL
Q3; Quartile by AIS: MEDICINE, GENERAL & INTERNAL Q3

Experimental work
(%)

Supervision (%)

Manuscript (%)

Research direction
(%)

100

90

100

Velmi vzacny nezadouci Ucinek terapie everolimem, u pacienta s karcinomem ledviny,
jsme zpracovali do kazuistického sdéleni. Jednalo se o unilaterdlni lymfedém bfisni stény.
Oboustranné otoky koncetin jsou znamou komplikaci této terapie, ale jejich jednostrannd
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manifestace byla popsdna jen vzacné. Méné castym typem nezadouciho Ucinku [éCby
inhibitory mTOR je lymfedém. Unilaterdlni lymfedém je extrémné vzacnou komplikaci lé¢by
everolimem. Do doby publikace nasi kazuistiky byl dokumentovan pouze u 4 pfipadli pacientt
|éCenych everolimem po transplantaci, a to na koncetinach. V této kazuistice jsme popsali
prvni ptipad pacienta, u kterého se béhem kratkého obdobi lé¢by everolimem vyvinul
jednostranny lymfedém bfisni stény. Everolimus milze svym plsobenim inhibovat
lymfangiogenezi, inhibitory drdhy mTOR by tak mély byt indikovany opatrné u pacientl s
vysokym rizikem rozvoje lymfedému, jako jsou napf. pacientky s karcinomem prsu.

Vlastni pfispévek k problematice:

9. HALAMKOVA, J. *(corresponding author)* 0. SLAMA, D.A. KRAKOROVA, R.
DEMLOVA a J. KURE. Communication with cancer patient. Vnitrni Lekarstvi. 2019, 65(5), 359—
362.

Document Type: Article; Category: CARDIOLOGY + INTERNAL MEDICINE; SR Q4

Supervision (%) Manuscript (%)

(%) (%)

Experimental work Research direction

- 90 90 -

Pro komplexni management onkologicky nemocnych je nenahraditelnd spravna
komunikace s nemocnym. Pro prevenci ma vsak zasadni vyznam, a to nejen v edukacnim
pUsobeni, ale predevsim ziskani dlivéry pacienta, ktery je tak schopen |épe pochopit vyznam,
dopad a nutnost preventivnich intervenci.

Téma komunikace v onkologii bylo zpracovano i do kapitol publikovanych v ramci
vyukovych materiall pro studenty LF MU.

HALAMKOVA, Jana a Ondiej SLAMA. Komunikace s onkologickym pacientem. In: KISS,
Igor, Radim NEMECEK, Michael DOUBEK a Rostislav VYZULA. Klinickd onkologie pro mediky:
Solidni nddory, nddory détského véku a hematologické malignity. Treti, pfepracované a
doplnéné vydani. Multimedialni podpora vyuky klinickych a zdravotnickych obor(: Portal
Lékarské fakulty Masarykovy univerzity [online], [cit. 21. 09. 2022]. s. 144-149. Dostupny z
WWW: https://portal.med.muni.cz/clanek-661-klinicka-onkologie-pro-mediky-solidni-

nadory-nadory-detskeho-veku-a-hematologicke-malignity-treti-prepracovane-a-doplnene-
vydani.html. ISSN 1801-6103.
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HALAMKOVA, Jana a Ondiej SLAMA. Onkologie a paliativni medicina. In: KURE, Josef.
Kapitoly z Iékarské etiky. 2., upr. vyd. Brno: Masarykova univerzita, 2012. s. 51-57. ISBN 978-
80-210-5951-1.

KURE, Josef, Renata VESELSKA, Petra VYSOCANOVA, Katefina KINTROVA, Véclav
ZVONICEK, Martin PAVLIK, Jana HALAMKOVA a Ondfej SLAMA: Kapitoly z lékarské etiky.
Multimedidlni podpora vyuky klinickych a zdravotnickych obor(: Portal Lékarské fakulty
Masarykovy univerzity [online], [cit. 27. 02. 2023]. Dostupny z WWW:
https://portal.med.muni.cz/clanek-561-kapitoly-z-lekarske-etiky.html. ISSN 1801-6103.
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5. Péce o dusevni zdravi

Péce o dusevni zdravi je jednoticim faktorem vsech typl prevence. Stav psychického
zdravi ma vyznamny dopad na zdravi fyzické. Pomérné logicka souvislost, se zacina védecky
objasfiovat az v nékolika poslednich letech. Historie vztahu psychického nastaveni a
zhoubnych nadord vsak saha do starovéku. Jiz v této dobé Iékar Galén daval do souvislosti
zhoubné nadory s nadbytkem cerné Zluci, ktera byla zodpovédna za melancholii [345]. | arabsti
|ékafi jako Avicena a Avenzoar se domnivali, Ze melancholickd ndlada mulze vést ke vzniku
zhoubnych nadort [346]. Na zacatku 17. stoleti francouzsky chirurg Claude Chapuys De Saint-
Amour ve svém pojednani o rakoviné poznamenal, Ze nadory jsou zplsobeny smutkem,
hnévem a neklidem [347]. V roce 1802 francouzsky lékar J. B. A. Burdel, v eseji Le cancer des
mamelles uvedl, Ze Zeny s karcinomem prsu maji specificky psychologicky profil [347]. V roce
1870 anglicky chirurg James Paget ve své klasické chirurgické patologii zminil, Ze emocionalni
poruchy, jako je hlubokd uzkost a zklamdni, jsou rychle nasledovany rlstem zhoubného
nadoru [347]. Vztah mentalniho nastaveni a nemoci je tedy zfejmy jiz staleti. Jeho védeckou
rovinu vSak v soucasnosti odkryvd aZz novy samostatny obor neurobiologie, zabyvajici se
dopadem dusevnich zmén na jednotlivd onemocnéni, v rdmci onkologie se pak tomuto tématu
vénuje neuroimunoonkologie.

Koncepce neurobiologie zhoubnych nadori je zaloZzena na nékolika skute¢nostech:

psychologické a potazmo socidlni faktory ovliviuji incidenci a progresi zhoubnych

nadorl

incidenci a progresi nador( ovliviiuji i zmény aktivity nervového systému

signalizace na urovni onkogent je modulovdna nervovym systémem

nervovym systémem jsou ovlivnény i imunitni procesy

inervace nadorové tkané vede k jejimu ovlivnéni, ale i zpétnému ovlivnéni nervového

systému nadorovou tkani

neurotransmitery uvolfiované z nervl inervujicich nddorové tkané ovliviuji rust
nadoru a metastazy [347].

Snizeni aktivity sympatoadrenalniho systému pak mlZe byt novym preventivnhim
pristupem doporucenym pacientim, ktefi jiz byli onkologicky léceni, tak jedincim se
zvySenym genetickym nebo jinym zvySenym rizikem vzniku malignit. Tyto pfistupy mohou
zahrnovat jak péci o dusSevni zdravi na urovni jednotlivce (snaha o nastaveni vlastnich
mechanismuU péce o dusevni zdravi v ramci rodiny, prace, nejblizsiho okoli), tak i na Grovni
systému (dobre dostupnd péce psychologickd, psychiatrickd, farmakoterapie dusevnich
nemoci, pfipadné |écba betablokatory ke snizeni stimulacniho ucinku sympatoadrenalniho

systému aj.).
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Podpora dusevniho zdravi dnes nemusi probihat jen formou pfimé osobni péce, ale
diky vzrustajici technické gramotnosti obyvatel a dostupnosti internetu a mobilnich zatizeni
Ize vyuzit i metody eHealth [348]. Individualizaci rliznych program( k podpore dusevniho
zdravi onkologickych pacientu Ize zajistit vyssi efektivitu, vétsi dostupnost péce, omezit dlouhé
¢ekaci doby, snizit finan¢ni naklady a zredukovat nutnost mobility nemocnych ke konkrétnimu
poskytovateli [349-351]. Péce o dusevni zdravi by méla byt individualizované zahrnuta do
péce o obecnou populaci na Urovni primarni prevence, ale i prevence terciarni, a to nejen u
pacient( s kolorektalnim karcinomem. V CR zatim nebyla efektivita eHealth program( na
podporu dusevniho zdravi dosud zkoumana, to vsak neni pfipad niZze uvedeného projektu.

Vlastni pfispévek k problematice

Ovéreni ucinnosti eHealth mobilni aplikace na podporu dusevniho zdravi pfi snizovani
stresu a prevenci stresem navozenych zmén psycho-neuroendokrinoimunologické sité u
pacientek s nddorem prsu po ukoncéené adjuvantni chemoterapii

Projekt financovany AZV: NU22-09-00056

Hlavni fesitel doc. PhDr. Miroslav Svétlak, PhD, spolutesitel MUDr. Jana Halamkova,
PhD

Cilem stavajiciho vyzkumného projektu je klinicky ovéfit ucinnost a do bézné
komplexni onkologické péce zavést tfi samostatné, osmitydenni programy na podporu
dusevniho zdravi — Mindfulness-Based Cognitive Therapy (MBCT-Ca), Pozitivni psychologie
(PP) a Autogenni trénink (AT), a to inovativné v podobé mobilni aplikace MindCare pro ,,chytré
telefony”. Cilem studie je zhodnotit kratkodoby a dlouhodoby efekt eHealth intervenci (MBCT-
Ca, PP, AT) pfi zvysovani kvality Zivota a Zivotni spokojenosti a redukci pfiznak( chronického
stresu méreného vybranymi parametry stavu a funkce imunitniho, endokrinniho a
autonomniho nervového systému, a to u pacientek po ukonéené adjuvantni terapii pro

karcinom prsu.
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6. Socialni faktory

V SirSim kontextu je pak tfeba do faktorU ovliviujici vznik a rozvoj zhoubného
nadorového onemocnéni zahrnout i socialni faktory. Historie zkoumani socialnich faktor( ve
vztahu ke zhoubnym nadorovym onemocnéni saha jiz do pocatku dvacatého stoleti [352]
s akcentaci vztahu ke konkrétnim diagnézam v padesatych letech minulého stoleti [353,354].

Jako socidlni faktory oznacujeme takové nebiologické individudlni charakteristiky
jednotlivce, které maji vliv na jeho zdravotni stav. Jednd se o rasu/etnicitu, socioekonomicky
status (pfijem, bohatstvi, Uroven spotreby), prislusnost ke komunité aj. A i kdyZ rasa/etnicka
pfislusnost a socioekonomicky status jsou zatim ve vztahu k malignitdm nejlépe prozkoumany,
existuje i cela rfada dalSich faktor(, jako je vzdélani, kvalita zdravotniho systému, sexudlni
identita a orientace, ned(ivéra ve zdravotnictvi, geografie, Uroven bydleni aj. [355]. Vystaveni
depresivnimu a segregovanému ekonomickému a rezidenénimu prostredi, Spatny ptistup ke
zdravotni péci, Spatny pristup ke kvalitnimu vzdélani a silnéjsi plsobeni psychosocialnich
stresor(, to vSe muze ovlivnit riziko vzniku zhoubnych nddorf(, ale i efekt onkologické terapie
[355]. Poznani rady socialnich faktor( a zaclenéni jejich existence do védeckého zkoumani
umozni zjistit vyznamnost jejich dopadu na vznik a rozvoj nadorového onemocnéni. To
v konecném duUsledku m{ze vést k odstranéni modifikovatelnych socialnich faktor( zvysujicich
riziko zhoubného nadorového onemocnéni s potencidlné vyznamnym dopadem na
ekonomiku zdravotniho systému. Biologicky model vnimani zhoubnych nadora typicky pro 19.
a 20. stoleti byl nahrazen modelem biopsychologickym, ktery se dostava do popredi na
prelomu 20. a 21. stoleti a postupné prechazi ve 21. stoleti v model biopsychosocidlni. Socialni
faktory jsou tak dal$i proménnou, ktera by méla byt brana v ivahu u pacient(, kteti prodélali
kolorektdlni karcinom a méla by byt zahrnuta do individudlniho planu preventivni péce.

Dobra organizace zdravotni péce je jednim ze socidlnich faktor( ovliviujici vysledky
onkologické péce, a to nejen u nemocnych kolorektalnim karcinomem.

Vlastni pfispévek k problematice

BLAY, JY, P CASALI, C BOUVIER, C DEHAIS, | GALLOWAY, J GIETEMA, J HALAMKOVA, N
HINDI, A IDBAIH, E KINLOCH, HJ KLUMPEN, T KOLAROVA, K KOPECKOVA, J LOVEY, M
MAGALHAES, K OSELIN, S PIPERNO-NEUMANN, A RAVNSBAEK, M ROGASIK, A SAFWAT, S
SCHEIPL, M SECKL, J TAYLOR, M TEMNYK, A TRAMA, M URBONAS, M WARTENBERG, A
WEINMAN, a EURACAN NETWORK. European Reference Network for rare adult solid cancers,
statement and integration to health care systems of member states: a position paper of the
ERN EURACAN. ESMO OPEN [online]. 2021, 6(4). ISSN 2059-7029. Dostupné
z: d0i:10.1016/j.esmo0p.2021.100174

Document Type: Editorial Material
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Tato publikace se zabyva organizaci péce o nemocné se vzacnymi nadory na
Evropské urovni. Vzacné nadory predstavuji priblizné 20-25 % vsech novych malignich diagnéz.
Na evropské Urovni se vzacnym nadordm vénuje sit nazvana EURACAN, kterd pokryva vsechny
vzacné typy nddor(l u dospélych a seskupuje je do deseti oblasti. Na jeji zaloZeni navazalo v
Ceské republice vytvoreni Narodnich onkologickych center (NOC). Budovéni rovného pfistupu
ke zdravotni péci u pacientd trpicich vzacnymi onemocnénimi ma podpofit virtudlni sit
European Reference Networks (ERN), zahrnujici poskytovatele zdravotni péce v celé Evropé.
Centralizace této skupiny pacientl do NOC je zasadni pro vyuZiti nejaktualnéjsich zkuSenosti a
multidisciplindrniho vysoce odborného pfistupu, nicméné spoluprace mezi vSemi
onkologickymi pracovisti riznych arovni je pro tyto nemocné klicova.

10. WIND, A, ED HARTMAN, RRJP VAN EEKEREN, RPWF WIIN, J HALAMKOVA, )
MATTSON, S SIESLING a WH VAN HARTEN. Validating a generic cancer consumer quality index
in eight European countries, patient reported experiences and the influence of cultural
differences. BMC CANCER [online]. 2021, 21(1). ISSN 1471-2407. Dostupné
z: d0i:10.1186/s12885-021-07943-0

Document Type: Article; IF = 4,638; Quartile by IF: ONCOLOGY Q1; Quartile by AIS:
ONCOLOGY Q2

Experimental work Supervision (%) Manuscript (%) Research direction
(%) (%)
20 - 20 10

V soucasné dobé je trendem tzv. péce orientovand na pacienta (patient-centered
care), kdy je zdkladnim cilem orientace na potrfeby samotnych nemocnych. Evropsky index
spotrebitelské kvality onkologicky nemocnych (European Cancer Consumer Quality Index-
ECCQIl) je ovéfenym nastrojem pro mezindrodni srovnavani zkuSenosti a spokojenosti
pacientl. Cilem této studie bylo ovérit ECCQl u nejcastéjSich zhoubnych nadord, jako je
karcinom prsu a prostaty a porovnat jej v ramci rliznych Evropskych statd. Dalsim cilem bylo
ovéreni vlivu kulturnich faktor( konkrétni zemé pro jeho mozné vyuziti v mezindrodnim
benchmarkingu.
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7. Edukace v onkoprevenci

Zakladem jakékoliv prevence je edukace, a to na vSech Urovnich spole¢nosti, od malych
déti jiz v predskolnim véku, pres zakladni ¢i stfedni Skolstvi formou vyukovych programu
[356,357] az po dospélé obcany, v ramci jejich pracovnich kolektivl, volnocasovych aktivit Ci
rodin.

Dalezitymi ¢lanky pro edukativni plsobeni jsou zaméstnanci statni spravy podilejici se
na rozhodovani v ramci regionadlni i narodni zdravotni péce, dale platci péce a zdravotni
pojistovny i vedouci predstavitelé statu, ti vsichni maji byt o aktudlnich moZnostech
onkologické prevence naleZité edukovani.

Edukace v onkoprevenci musi byt aktualni, soustavnd, dlouhodoba a pravdiva, méla by
odrazet nové védecké poznatky, reagovat na aktualni mezinarodni doporuceni, informovat o
novych pfistupech v primarni prevenci, toxickych latkach v zevnim prostfedi i novych
moznostech screeningovych programa.

V dnesni dobé novych medidlnich technologii je tfeba vyuZit nastroje socialnich siti pro
osloveni mladé generace, Siroce rozsifena média jako rozhlas, televizi, internet pro generaci
stredni a starsi, i formu papirovych edukacnich materialll pro osloveni vsech vékovych
kategorii. V onkoprevenci by méli byt vzdélavani ucitelé, aby se mohli edukaci onkoprevence
vénovat v rdmci bézné vyuky ve Skolach. Lidé by se s onkologickou prevenci méli setkavat v
béZzném Zivoté, nikoliv pouze pokud se o ni sami zajimaji. Informacni materialy by mély byt
permanentné pfitomny vrizné formé ve verfejném prostoru. Kratkodobé c¢i ndrazové
kampané nestaci. Mély by byt pfekonavany ekonomické i socidlni bariéry v informovanosti
[358].

Platci péce a statni instituce by méli vice finan¢né podporovat tyto edukacni aktivity. A
to jak na Urovni obecné populace, tak i v individualizovaném pfistupu. Na individudIni Urovni
je klicova prace praktickych lékarl, stomatologl a gynekologli [359] a jejich plUsobeni na
konkrétni jednotlivce. Dale je podstatna role onkologli pro edukaci vylé¢enych onkologicky
nemocnych. Povédomi o onkoprevenci je moZzno zvySovat prostfednictvim mobilnich aplikaci
¢i ,smart” technologii a vyuzit je pro aktivni zapojeni do preventivnich program(. S Urovni
individualizace edukace totiZ souvisi i motivace jednotlived k onkologické prevenci [360]. Cim
konkrétnéjsi doporuceni jsou pro jednotlivce vytvorena, tim je vétsi pravdépodobnost jejich
naplnéni. Zvysit motivaci obecné populace k prevenci nadorovych onemocnéni a snizit strach
ze screeningovych vysetreni je dalSim klicovym bodem na cesté ke sniZzeni incidence a
umrtnosti na zhoubna nadorova onemocnéni.

Stranka 79 z 132



8. Uméla inteligence v onkologické prevenci

Nelze se na viechny nemocné se zhoubnym nadorovym onemocnénim divat jako na
jednu homogenni skupinu osob. Etiologie vzniku jejich primarniho onkologického onemocnéni
je multifaktorialni. Mnozstvi faktord, které ve vzniku a dynamice nadorového onemocnéni
hraji roli, je jiz nyni obrovské a neni v silach jednotlivce vSechny tyto faktory znat a vyuzivat
v klinické praxi. Velké mnoZstvi dat, jejich analyza a hledani vzajemnych souvislosti jiz presahlo
lidské moznosti. Prostfednictvim slozitych model( a algoritm{ umélé inteligence (Al) je mozné
odhalit neocekdvané vztahy a souvislosti, které by jinak ve velkém mnozstvi dat zlstaly skryty
[361]. Uméld inteligence se tak jevi dalsi logickou cestou k individualizaci onkologické
prevence Ci ¢asné detekci zhoubnych nadorovych onemocnéni. VyuZziti umélé inteligence ve
screeningovych programech, kde je vyuzivdn obraz (radiodiagnostika, klinickd fotografie,
endoskopie)[362-364] zvySuje miru detekce malignit ¢i premalignich 1ézi a je jiz nyni soucasti
bézné klinické praxe na nékterych pracovistich. Do popredi se Al dostava i v rozvoji MCED test(
a polygenniho risk skére [365]. Individualizace onkologické prevence s pomoci Al se tak stava
realnou.

Je vSak nutné myslet i na rizika, ktera vyuZiti Al pfindsi. PFfi velké heterogenité
lékarskych dat napfic institucemi ma vykonnost model( tendenci klesat, jsou-li aplikovany v
rdznych nemocnicich. Extrémné velky pocet hodnocenych parametrll muize vést k omezeni
generalizovatelnosti napfic rznymi populacemi. Al je nékdy zdravotniky vnimana jako ,Cerna
skfinka — black box“, neni dostate¢né vysvétleno, jak modely Al analyzuji data a cini
rozhodnuti. Malé mnoZstvi dat také muize zpUsobit nadmérné prizplsobeni systému, coz vede
k horSimu vykonu v externi testovaci kohorté. Vzhledem k obavdam o ochranu informaci o
pacientech jsou lékarska data ¢asto majetkem jednotlivych instituci a chybi systémy pro sdileni
dat, které by instituce propojovaly a pomohly tak k lepSimu ucéeni Al. A navic, ¢im vice dochazi
k digitalizaci, tim vétsi je riziko syndromu vyhoreni a profesionalni frustrace lékarl [366].

Zatim se predpoklada pouze doplrikova role Al. Al miZe pomoci urychlit proces uc¢eni
a potencidlné zvysit horni hranice lidské vykonnosti, snizit ndklady na zdravotni péci a zmensit
rozdily v jeji dostupnosti v rliznych regionech. Jediné lidska bytost vSak dokaze vyvazit vystupy
algoritm0 s osobnimi pfibéhy pacientd. Al nikdy nemuze v rozhodovani nahradit Iékare, pokud
nebude schopna pouzit vSech kvalit potfebnych pro toto rozhodovani, tak jako lékar. VyuZiti
umélé inteligence v mediciné je neodvratné, je nutné se vsak zav¢as zamyslet a vyresit celou
fadu etickych a pravnich otazek, které jeji pouzivani v redlné klinické praxi budou provazet.

Vlastni ptispévek k problematice:

ZELINA P, ) HALAMKOVA, V NOVACEK. Unsupervised extraction, labelling and
clustering of segments from clinical notes. 2022 IEEE International Conference on
Bioinformatics and Biomedicine (BIBM), Las Vegas, NV, USA, 2022, p. 1362-1368, doi:
10.1109/BIBM55620.2022.9995229.
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Nedostatek nastroji pro presnou extrakci informaci z nestrukturovanych klinickych
zaznamu v jazycich, které jsou z hlediska vypocetni techniky malo zastoupeny, jako je cestina,
motivoval nasi spolupraci s vyzkumniky z oboru informacnich technologii. V této praci jsme
predstavili metodu pro ziskdvani sémanticky oznacenych textovych segmentl z klinickych
zaznamu, kterou jsme testovali na souboru dat ¢eskych pacientek s karcinomem prsu. Nasim
cilem bylo extrahovat, klasifikovat (tj. oznacit) a sluCovat segmenty volnych textovych
poznamek, které odpovidaji specifickym klinickym rysidm (napf. rodinné anamnéze (i
komorbiditdm). Prezentované vysledky ukazuji prakticky vyznam navrieného pfistupu pro
budovani sofistikovanéjsich extrakénich a analytickych procesl nasazenych na medicinské
zaznamy vytvorené v Ceském jazyce.
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9. Ostatni vybrané publikace

Vlastni prispévek k problematice

Hledani biomarkerl prognézy a predikce odpovédi na |é¢bu u nemocnych
s kolorektalnim karcinomem.

11. HALAMKOVA, J *(corresponding author)*, | KISS, Z PAVLOVSKY, J JARKOVSKY, J
TOMASEK, S TUCEK, L HANAKOVA, M MOULIS, Z CECH, J ZAVRELOVA a M PENKA. Clinical
Relevance of uPA, uPAR, PAI 1 and PAI 2 Tissue Expression and Plasma PAI 1 Level in Colorectal
Carcinoma Patients. HEPATO-GASTROENTEROLOGY [online]. 2011, 58(112), 1918-1925.
ISSN 0172-6390. Dostupné z: doi:10.5754/hge10232

Document Type: Article; IF = 0,658; Quartile by IF: GASTROENTEROLOGY &
HEPATOLOGY Q4; Quartile by AIS: GASTROENTEROLOGY & HEPATOLOGY 0

Experimental work Supervision (%) Manuscript (%) Research direction
(%) (%)
70 100 90 100

Urokinaza hraje zdsadni roli v aktivaci plasminogenu na plasmin a spolu s jejim
receptorem (UPAR), tkanovym aktivatorem (tPA) a inhibitory urokinazy (PAI 1, PAI 2, PAI 3 a
protedzovy nexin) tvori systém aktivatoru plasminogenu (PAS). Jako soucédst metastatické
kaskady vyznamné pfispiva k invazivnimu rlstu a angiogenezi malignich nadorU. Tato analyza
80 pacient(l s kolorektalnim karcinomem ukazala vyssi plazmatické hladiny PAI 1 pred lécbou,
které se po operaci nebo zahdjeni terapie snizily (p=0,004). Pacienti s vyssi plazmatickou
hladinou PAI 1 pfed (0,013) a po terapii (0,004) méli signifikantné kratsi dobu preziti. U
pokrocilého kolorektalniho karcinomu byla zjiSténa i vysSi exprese uPA (p<0,001), uPAR
(p<0,001), PAI 1 (p=0,042) a PAI 2 (p<0,001). Byl prokazan vztah mezi expresi a prezitim PAI 2
(p=0,010) a uPAR (p=0,019). Byla také zjiSténa korelace mezi hladinami PAI 1 v plazmé pred
|[éCbou a expresi PAlI 2 (p=0,028) a uPAR (p=0,043) v tkani nadoru. Imunohistochemicka
analyza PAS v nadorové tkani a hladin PAI 1 v plazmé se zda byt uziteCcnym prognostickym
faktorem u pacientu s kolorektalnim karcinomem.

12. KRAKOROVA, DA, J HALAMKOVA *(corresponding author)*, S TUCEK, O BILEK, J
KRISTEK, T KAZDA, IS ZAMBO, R DEMLOVA a | KISS. Penis as a primary site of an extraskeletal
Ewing sarcoma A case report. MEDICINE [online]. 2021, 100(11). ISSN 0025-7974. Dostupné
z: d0i:10.1097/MD.0000000000025074

Document Type: Article; IF = 1,817; Quartile by IF: MEDICINE, GENERAL & INTERNAL
Q3; Quartile by AlIS: MEDICINE, GENERAL & INTERNAL Q3
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Manuscript (%)

Research direction
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80

50

Vzacnou variantu Ewingova sarkomu, ve vzacné lokalité v penisu, jsme publikovali

v podobé kazuistiky.
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10. Zaveér

Onkologickd prevence md vCR vétSinové charakter neindividualizované péce.
Personalizace prevence, stejné jako personalizace onkologické terapie, by méla mit vysadnéjsi
postaveni v osobnim pfistupu ke konkrétnimu pacientovi. Je jisté, Ze jedinci se zvySenym
genetickym rizikem vzniku zhoubnych nador( stfeva podstupuji ¢astéjsi kolonoskopicka
vySetieni nez béznd populace. Genetické riziko je vSak jen malou soucasti toho, co by mélo byt
brano v Uvahu pfti sestaveni planu onkologické prevence. Do komplexniho rozhodovani o
individualni strategii onkologické prevence je nutno zahrnout i dalsi rizikové faktory, jako jsou
nadvaha, kouteni, fyzickd neaktivita, nezdrava vyZiva, Zivotni prostfedi, chronicka
onemocnéni, pfedchozi existenci malignit, pracovni zatéZ, a to jak toxickymi latkami, tak i
stresovou a v neposledni fadé i dusevni stav pacienta a jeho socidlni anamnézu. Je jisté, ze
vyCet téchto faktord vsak neni Uplny. Neni ale v lidskych sildch kombinovat viechny mozné
rizikové faktory konkrétni osoby a z nich vyvodit potfebnd doporuceni. V tomto sméru by nam
méla byt ndpomocna uméla inteligence, ta mize stanovit vhodny smér, kterym by se plan
personalizované onkologické prevence mél ubirat. Riziko malignity neni mozné predpovédét
prostfednictvim jednoho faktoru. Jediné sprdvnad kombinace zevnich a vnitfnich rizikovych
faktor( spolecné, poskytuje komplexnéjsi a presnéjsi posouzeni rizika pro kazdého jedince.
Individudlni plan preventivni onkologické péce by mél byt také pravidelné aktualizovan.

Individualizace preventivni péce neznamend zaméfit se jen na priciny vzniku malignity,
ale sméruje i k pochopeni biologického chovani a rozpoznani presnych molekularnich
mechanismu, které zabranuji tomu, aby se premaligni stavy staly invazivni malignitou. Proto,
abychom byli schopni nastavit efektivni, levné a minimalné intervenéni preventivni postupy,
bychom méli také porozumét mikroprostredi, které umoznuje rist nddoru u jednoho ¢lovéka
a mafi jeho rlist u druhého. Studium izolovaného chovéni tkdné mimo komplexni biologické
mechanismy nemusi byt tou spravnou cestou k pochopeni tak slozitého procesu, jakym je
kancerogeneze. Je naSim uUkolem porozumét i tomu, jak samotné chovani ¢lovéka
v konkrétnim prostfedi ovliviiuje riziko vzniku zhoubného nadoru, jak nastavit vhodnou
motivaci ke zdravému Zivotnimu stylu. Jedinou spravnou cestou je pak brat v ivahu viechny
mozné proménné. Z preventivniho plisobeni se pak stava komplexni proces, v jehoz centru je
samotna individualita ¢lovéka. Snahou je vybudovat takové preventivni pristupy, které budou
mit pro konkrétniho jednotlivce jasny benefit.

Onkologicka prevence prostupuje vsemi obory klinické mediciny, provazi nemocné
jesté v predchorobi a déle v prabéhu diagnostiky nadorového onemocnéni i jeho lécby, a to
jak kurativni, tak i paliativni. Kazdy okamzik naseho rozhodovani o diagnosticko-terapeutické
strategii konkrétniho onemocnéni by mél byt doprovazen snahou minimalizovat diagnostické
zakroky i terapeutické procesy a jejich negativni dopady na pacienta, a snahou o maximalni
profit nemocného v podobé vylécéeni ¢i delSiho preziti v dobré kvalité Zivota. A to vse, v SirSim
slova smyslu, napliuje obsah prevence. Smérli, kterym lze onkologickou prevenci
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individualizovat, je jist& mnoho. Na modelu kolorektalniho karcinomu jsem se snazila nastinit
jen malou ¢ast z nich. Je jisté, Ze fada zminénych preventivnich postupl a opatfeni primarni
prevence neni zamérena pouze na kolorektalni karcinom, ale i ty je mozno individualizovat ve
vztahu k charakteristikdm jednotlivce. V ptipadé sekundarni prevence lze jiz dosdahnout vyssi
miry individualizace v podobé diagnostiky hereditarnich syndromu a volby nejvhodnéjsich
screeningovych metod. V terciarni prevenci pak individualizace nabird jasnéjsich obrysu,
zvlasté s dlirazem na prevenci vzniku sekundarnich malignit.

Onkologicka prevence vSak musi zacit jesSté daleko dfive, neZ se z ¢lovéka stane pacient.
Prevence zasahuje totiz do Zivota kazdého z nds osobné.
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12. Seznam zkratek

ACG - The American College of Gastroenterology
ACTH - Adrenokortikotropni hormon

AFP - Alfafetoprotein

Al - Artificial intelligence, uméla inteligence

ANS - Autonomni nervovy systém

APC - Adenomatous polyposis coli

ASR - Age-standardised rate - vékové standardizovana incidence
ATM - Ataxia-telangiectasia mutated kinase
AXIN2 - Axis inhibition protein 2

BBP - Benzylbutyl ftalat

BMI - Body mass index

BMPR1A - Bone Morphogenetic Protein Receptor Type 1A
BPA - Bisfenol-A

BRCA 1 - BReast CAncer 1

BRCA 2 - BReast CAncer 2

BRIP 1 - BRCA1 interacting protein 1

CA 125 - Cancer antigen 125

CDH1 - Cadherin 1

CDKN2A - Inhibitor cyklin-dependentni kinazy 2A
CEA - Karcinomembryonalni antigen

cfDNA - Cell-free DNA, cirkulujici nadorova DNA
Cl - Confidence interval - interval spolehlivosti
CNS - Centrdlni nervovy systém

COX 2 - Cyklooxygenaza 2

CRC - Kolorektalni karcinom

CS - Cowdenlv syndrom

CTCs - Circulating tumor cells - cirkulujici nadorové buriky
DBP - Di-butyl ftalat

DEHP - Di-(2-ethylhexyl) ftalat

DIDP - Di-isodecylftalat

DINP - Di-isononyl ftalat

DNOP - Di(n-oktyl)-ftalat

DM - Diabetes mellitus

EBV - Virus Epstein-Barrové

ECCQ - European Cancer Consumer Quality Index
EKG - Elektrokardiografie

EMA - European Medicines Agency
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ERN - European Reference Networks

ERSPC - The European Randomized study of Screening for Prostate Cancer
FAP - Familidrni adenomatdzni polypdza

FDA - Food and Drug Administration

FPC - Familiarni polypdza coli

fPSA - Volna frakce PSA

FTND - Fagerstrom(v test zavislosti na nikotinu

GWAS - Celogenomové asociacni studie

HBOC - Hereditary breast and ovarian cancer syndrom
HBV - Virus hepatitidy B

HCC - Hepatocelularni karcinom

HCG - Lidsky choriogonadotropin

HCV - Virus hepatitidy C

HHV-8 - Lidsky Herpes Virus - 8

HIF - Hypoxii indukovatelny faktor

HIV - Virus lidského imunodeficitu

HNPCC - Hereditary non-polyposis colorectal carcinoma
HPV - Lidsky papilomavirus

HR - Hazard ratio

HRV - Variabilita srde¢ni frekvence

HTLV-1 - Lidsky T lymfotropni virus -1

CHEK2 - Checkpoint kinase 2

IGF-1 - Inzulin-like Growth Factor 1

IGFBP - Protein vazici rlistovy faktor podobny inzulinu
KRAS - Kirsten rat sarcoma viral oncogene

LDCT - Low dose CT - nizkodavkové CT plic

LFS - Li-Fraumeni syndrom

LSIL - Skvamozni intraepitelidlni |éze nizkého stupné
MALT - mucosa associated lymphoid tissue

MAX - MYC - Associated Factor X

MCC - Karcinom z Merkelovych bunék

MCED - Multi-Cancer Early Detection, testy ¢asné detekce vice typl malignit
MCyP - Merkel Cell Polyomavirus

MET - Metabolic equivalent of task - metabolicky ekvivalent
MG - Mammografie

mMiRNA - mikroRNA

MLH 1 - MutL protein homolog 1

MMR - Mismatch repair

MOU - Masarykéiv onkologicky Ustav

MP/g - Mikroplast na gram
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MR - Magneticka rezonance

MSH 2 - MutS homolog 2

MSH 6 - MutS homolog 6

MSH 3 - MutS homolog 3

MT-sDNA - Multitargetové testovani DNA ve stolici

mTOR - Mammalian target of rapamycin

MUTYH - MutY-homog

NF1 - Neurofibromatéza 1

NF2 - Neurofibromatéza 2

NK - Natural killer

NOC - Narodni onkologické centrum

NPC - Nasofaryngealni karcinom

NTHL1 - Nth Like DNA Glycosylaza 1

8-0OhDG - 8-hydroxy-2'-deoxyguanosin

ORL - Otorhinolaryngologie

PA - Pohybova aktivita

PAIl 1 - Inhibitor aktivatoru plasminogenu 1

PAIl 2 - Inhibitor aktivatoru plasminogenu 2

PAI 3 - Inhibitor aktivatoru plasminogenu 3

PAE - Estery kyseliny ftalové

PAGAC - Physical Activity Guidelines Advisory Committee
PALB 2 - Partner And Localizer Of BRCA2

PCA3 - Prostate cancer gene 3

PFAS - Per- a polyfluoroalkylované Iatky

PFHXS - Kyselina perfluorhexansulfonova

PFNA - Kyselina perfluorononanova

PFOA - Kyselina perfluoroktanova

PFOS - Perfluoroktansulfonan

PHTS - PTEN Hamartoma Tumor Syndrom

PMS 1 - PMS1 Homolog 1, komponenta mismatch repair systému
PMS 2 - PMS1 Homolog 2, komponenta mismatch repair systému
POLE - DNA polymerdza €

POLD1 - DNA polymeraza 6 1

POPs - Perzistentni organické polutanty

PPAP - Polymerase proofreading-associated polyposis
PPV - Pozitivni prediktivni hodnota, positive predictive value
PSA - Prostaticky specificky antigen

PTEN - Phosphatase And Tensin Homolog

PVC - Polyvinylchlorid

pVHL - Protein VHL
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RR - Relativni riziko

SCP - Survivorship care plans - plan péce pro prezivsi
SDHA, SDHB, SDHC, SDHD - Succinate Dehydrogenase Complex A,B,C,D
SDHAF?2 - Succinate Dehydrogenase Complex Assembly Factor 2
SEER - Surveillance, Epidemiology, and End Results
SMAD4 - Mothers against decapentaplegic homolog 4
SO - Styren-7,8-oxid

SPF - Sun protection factor

SPM - Second primary malignancy, sekundarni malignita
STK11 - Serin/threonin kindza 11

TDI - Tolerovatelny denni pfijem

TNBC - Triple negativni karcinom prsu

TP53 - Tumor protein p53

tPA - Tkadniovy aktivator plasminogenu

TSC 1 a2 - Tuberous sclerosis protein 1a 2

TWI - Akceptovatelny tydenni pfijem

uPA - Urokinaza

uPAR - Receptor pro urokinazu

USA - Spojené staty americké

USPSTF - United States Preventive Services Task Force
UZ - Ultrazvuk

VHL - Von Hippel-Lindau

WBMR - Celotélové zobrazovani magnetickou rezonanci
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INCIDENCE AND EPIDEMIOLOGY

Nasopharyngeal carcinoma (NPC) is a disease with unique
epidemiological features. The distribution of the disease
demonstrates a clear regional, racial and gender prevalence.
In 2018, the global age-standardised incidence rates (ASIRs)
varied from 2.1 to 0.4 per 100000 in Asia and Europe,
respectively." The highest ASIRs per 100000 were in East
and South East Asia (e.g. seven in Singapore, the Maldives
and Indonesia; six in Malaysia and Vietnam; three in
China). There were more than 129000 new cases of NPC
reported in 2018, including more than 5000 in Europe.” In
recent decades (1970-2007), the incidence of NPC has
declined worldwide, with substantial reductions in South
and East Asia, North America and the Nordic countries.’
NPC has several features that differ according to
geographic area. For example, age distribution differs in
low-incidence areas compared with endemic areas. In low-
incidence areas, the incidence of NPC increases with age
and has a bimodal peak: the first in adolescents and young
adults and the second after 65 years of age, whereas in
endemic areas, the incidence increases after 30 years of

*Correspondence to: ESMO Guidelines Committee, ESMO Head Office, Via
Ginevra 4, CH-6900 Lugano, Switzerland.
E-mail: clinicalguidelines@esmo.org (ESMO Guidelines Committee).

TApproved by the ESMO Guidelines Committee and EURACAN: October
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age, peaks at 40-59 years and decreases thereafter. The
male—female incidence ratio is 2.75.

In Europe, during the period of 2000-2007, the 5-year
survival rate for adults with NPC was 49% (www.
rarecarenet.eu). Survival rates increased during 1999-2007
in Europe, except in Eastern Europe where it declined over
time.*

In the USA, during the period of 2009-2015, the 5-year
relative survival rate was 60%, with differences seen
across ethnic groups.” Asians seem to have a disease-
specific survival advantage independent of gender, age at
diagnosis, grade, TNM (tumour—node—metastasis) staging
and treatment.® In addition, the hazard rate patterns
for NPC-related mortality appear significantly different
between histological subtypes.’

The effect of age on survival is marked. Five-year survival
rates were 72% in the youngest age group (15-45 years) and
36% in the oldest group of patients (65-74 years).®

In general, the prognosis is better for women than
men.”*°

DIAGNOSIS AND PATHOLOGY/MOLECULAR BIOLOGY
Diagnosis

Definitive diagnosis is made by endoscopic-guided biopsy of
the primary nasopharyngeal tumour [ll, A]. In case of no
clinical primary tumour visible at endoscopy, biopsy of
nasopharyngeal tissue positive at magnetic resonance im-
aging (MRI) or positron emission tomography (PET) is sug-
gested.’® Since the first sign of disease is often the
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appearance of neck nodes, it is frequent that patients un-
dergo neck biopsy and/or neck nodal dissection. This pro-
cedure is not recommended since it may reduce the
probability of cure and have an impact on late treatment
sequelae. Nevertheless, if carried out (for example, if the
primary tumour is not visible), node dissection without
capsular effraction or ultrasonography-guided, trans-
cutaneous tru-cut biopsy are the best options; node surgical
biopsy should be avoided. Determination of Epstein-Barr
virus (EBV) on the histological sample by in situ hybrid-
isation (ISH) is indicated.

Pathology/molecular biology

The histological type should be classified according to the
4th edition of the World Health Organization (WHO) clas-
sification (Table 1).*? The term ‘nasopharyngeal carcinoma’
refers to all squamous cell cancers which are categorised
into keratinising, non-keratinising (subdivided into differ-
entiated and undifferentiated) and basaloid carcinoma
subtypes. Keratinising cancer is more frequent in non-
endemic than endemic areas, whereas non-keratinising
cancer comprises the vast majority of cases and is linked
to EBV infection.

EBV expression. EBV is considered in ‘Group 1’ by the In-
ternational Agency for Research on Cancer (IARC) in respect
to NPC, i.e. a virus for which there is sufficient evidence of
carcinogenicity in humans.**** EBV is identified by ISH by
the presence of EBV-encoded RNAs in NPC tissue.

Latent EBV has been found in high-grade dysplasia and
NPC cells but not in normal epithelium or low-grade
dysplasia.’> EBV has also been identified in a clonal
pattern in pre-invasive lesions of the nasopharynx that
contain EBV RNAs characteristic of latent infection. EBV-
infected cells express several latent proteins, both as EB
nuclear antigens [EBNAs 1, 2, 3A, 3B and 3C and EBNA-
leader proteins (LPs)] and as latent membrane proteins
(LMPs 1, 2A and 2B)."® However, the EBV latent-gene
expression in NPC is predominantly restricted to EBNAL,
LMP2A and LMP2B. These viral proteins are considered as
poorly immunogenic, partially explaining the way in which
NPC may elude immune recognition.

The role of EBV genomic variants on NPC development
has not been completely clarified; however, whole genome
sequencing of EBV has revealed a high variability in many
genomic regions of NPC biopsy specimens.”’

EBV is almost always a necessary, even if not sufficiently
causative, factor for non-keratinising NPC; its role in kera-
tinising cancer is less pronounced.

Human papillomavirus expression. In regions where NPC is
endemic, pl6 positivity and human papillomavirus (HPV)
expression (screened using RNA probes to detect 13 high-
risk and 5 low-risk HPV types) is reported in up to 8% of
non-keratinising undifferentiated carcinoma, and carries a
better prognosis than its EBV counterpart.18 In non-
endemic areas, the presence of HPV data are limited, with a
higher frequency seen in keratinising cancer; however, an
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Table 1. WHO classification of nasopharyngeal carcinomas

ICD-O code
Non-keratinising squamous cell carcinoma 8072/3
Keratinising squamous cell carcinoma 8071/3
Basaloid squamous cell carcinoma 8083/3

ICD-O, International Classification of Diseases for Oncology; WHO, World Health
Organization.

association with prognosis is not as clear.”®> Whether HPV is
involved in carcinogenesis and disease progression has yet
to be established.

Molecular analysis. Although no actionable mutations in
NPC have been identified, a role for gene signature dis-
covery is increasing. Molecular deciphering is beyond the
scope of this guideline. However, gene expression analysis
may be useful in identifying patients at higher risk of
developing distant metastases.”’ In addition, mutational
signatures relevant to DNA repair pathways show prog-
nostic value with potential clinical implications.?*

Other risk factors. Genetic susceptibility plays a clear role in
the development of NPC, as witnessed by the discovery of
susceptibility loci and candidate genes in NPC patients or
high-risk individuals.”” Environmental factors are also causal
agents, mainly related to the consumption of salted fish,
while there is less evidence to support other agents or di-
etary products.”®

Screening

In regions where NPC is endemic, the use of plasma EBV
DNA with a primer/probe assay targeting the BamHI-W
region of the EBV genome, carried out in duplicate (at
least 4 weeks apart) and coupled with endoscopic exami-
nation and MRI, showed a sensitivity and specificity in
screening NPC of 97.1% and 98.6%, respectively.”* The
number of subjects needed to be screened to detect one
case was 593. Its use can therefore only be recommended
for detecting early asymptomatic NPC in endemic areas and
is limited to those considered at higher risk (i.e. males aged
40-62 years) [lll, A]. Although overall survival (OS) data for
the screened population are not available, the 3-year
progression-free survival (PFS) was significantly improved
compared with a matched historical cohort [97% versus
70%; hazard ratio (HR) 0.10; 95% confidence interval (Cl)
0.05-0.18]. One of the issues related to plasma EBV DNA is
the poor standardisation between the different assays used.

Recommendations

e Definitive diagnosis is made by endoscopic-guided biopsy
of the primary nasopharyngeal tumour [ll, A]; diagnostic
neck biopsy and/or neck nodal dissection should be
avoided.

e Determination of EBV on the histological specimen by ISH
is indicated [lIl, B].
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e In regions where NPC is endemic, the use of plasma EBV
DNA, coupled with endoscopic examination and MRI, can
be recommended for detecting early, asymptomatic NPC
[, Al.

STAGING AND RISK ASSESSMENT

NPC is clinically staged according to the American Joint
Committee on Cancer (AJCC) staging classification 8th edi-
tion (Supplementary Table S1, available at https://doi.org/
10.1016/j.annonc.2020.12.007).>> Compared with the pre-
vious edition, the new classification better delineates the T2
stage to also include prevertebral muscle and medial or
lateral pterygoid involvement, and the T4 stage now in-
cludes parotid gland and/or infiltration beyond the lateral
surface of the lateral pterygoid muscle, thus eliminating
other ambiguous terminology. Nodal extension to the
supraclavicular fossa has been substituted by the limit of
the caudal border of the cricoid cartilage and so better
delineates the ‘lower neck’ extension; N3 definition includes
both the previous N3a and N3b groups. Moreover, EBV-
positive cervical nodes in cancer of unknown primary are
staged according to the NPC classification.

Routine staging procedures (Table 2) include a medical
history, physical examination (including cranial nerve ex-
amination), complete blood count (CBC), serum biochem-
istry [including liver and renal function tests and lactate
dehydrogenase (LDH)], nasopharyngoscopy, computed to-
mography (CT) scan or MRI of the nasopharynx and base of
the skull and neck (up to the clavicle) and *®F-fluorodeoxy-
glucose (FDG)-PET/CT imaging. MRI is the most accurate
way of defining local tumour staging as it is sensitive in
depicting small mucosal thickening, parapharyngeal and
masticatory space involvement and skull base and cranial
nerve infiltration, and it should therefore be preferred
whenever available and according to the centre’s expertise
[l1, B]. Accuracy of nodal involvement detection is higher
with MRI compared with CT; FDG-PET adds further accuracy
in nodal staging [lll, B]. The best imaging for detecting
distant metastases is FDG-PET in terms of sensitivity and
specificity, and it is recommended at least in locally

Table 2. Diagnostic work-up

. Medical history and physical examination

. CBC, serum biochemistry

. Nasopharyngoscopy

. Tumour biopsy (EBER by ISH [lII, B])

. CT scan or MRI of the nasopharynx and base of the skull and neck (to the
clavicle) (MRI preferred [lll, B])

. *®F-FDG-PET/CT imaging [lll, B]

7. Baseline audiometric testing, dental examination, nutritional status eval-

uation, ophthalmological and endocrine evaluation
8. Plasma EBV DNA [lll, B]
9. QoL assessment (e.g. EORTC QLQ-C30) [lll, B]

18 FDG, 18F—ﬂuorodeoxyglucose; CBC, complete blood count; CT, computed to-
mography; EBER, Epstein-Barr virus-encoded RNA; EBV, Epstein-Barr virus; EORTC,
European Organisation for Research and Treatment of Cancer; ISH, in situ hybrid-
isation; MRI, magnetic resonance imaging; PET, positron emission tomography; QLQ,
quality of life questionnaire; QoL, quality of life.
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advanced disease [Ill, B].”® Moreover, a systematic review
and meta-analysis showed that baseline metabolic values of
FDG-PET were able to predict survival outcomes for NPC
patients.”’

Baseline audiometric testing, dental examination, nutri-
tional status evaluation and ophthalmological and endo-
crine evaluation should be carried out as appropriate. Pre-
treatment quality of life (Qol) scales [e.g. the European
Organisation for Research and Treatment of Cancer (EORTC)
QoL Questionnaire (QLQ)-C30], mainly physical functioning,
have been found to be a more accurate predictor of OS than
performance status (PS).?® Their application in clinical
practice may better delineate the individual risk and prompt
medical or physical support before the start of treatment
[, BJ.

Due to the variability in assessments between labora-
tories, EBV DNA measurement needs further harmo-
nisation.”® Both the pre- and post-treatment plasma/serum
load of EBV DNA with a primer/probe set targeting the
BamHI-W region of the EBV genome has shown prognostic
value [lll, B]. A pre-treatment cut-off value of between 1500
and 4000 copies/ml has been proposed in endemic
areas.’**! The prognostic role of pre-treatment EBV DNA
has also been reported in non-endemic areas using PCR,
which amplifies the gene coding for the EBNA-1 protein [IV,
B].>” Incorporation of plasma EBV DNA both in the pre- and
post-treatment setting may improve the prognostic capacity
of the TNM staging system.>*3* At this time, however,
plasma EBV DNA detection has no impact on treatment
strategy.

Biomolecular signatures with gene expression and
microRNA have been shown to add prognostic value to
clinical and radiological staging.>>*® Several nomograms
have also been proposed to better stratify patient prognosis
in endemic regions using factors such as T and N stage, age,
gender, body mass index, haemoglobin, LDH, plasma EBV
DNA and C-reactive protein. They may help to determine
prognosis, but data are limited to support their use in
choosing a treatment strategy [IV, C]. No data in this regard
exist for non-endemic areas.

Recommendations

e Routine staging procedures include a medical history,
physical examination with cranial nerve examination,
CBC, serum biochemistry (including liver and renal func-
tion tests and LDH), nasopharyngoscopy and radiological
imaging.

e MRI is the most accurate way of defining local and nodal
tumour staging and it should be preferred whenever avail-
able and according to the centre’s expertise [lll, B].

e FDG-PET adds further accuracy in nodal staging, is the
best imaging method for detecting distant metastases
and is recommended at least in locally advanced disease
[, BJ.

e Baseline audiometric testing, dental examination, nutri-
tional status evaluation and ophthalmological and endo-
crine evaluation should be carried out as appropriate.
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e Pre-treatment QoL scales may be suggested to better
delineate the individual risk and to prompt medical or
physical support before the start of treatment [lll, B].

e Pre- and post-treatment plasma/serum load of EBV DNA
has prognostic value [lll, B].

TREATMENT

Management of local/locoregional disease

Efficacy data and consequent recommendations described
here are derived largely from studies in the endemic
setting, where non-keratinising, EBV-related carcinomas
constitute most cases. Where the evidence is lower, these
data will still be considered for non-endemic carcinomas.

The optimal treatment strategy for patients with
advanced NPC should be discussed within a multidisci-
plinary team (MDT). Treatment of patients in high-volume
facilities is recommended as this was reported as an inde-
pendent prognostic factor for improved survival, at least in
areas where the disease is endemic [IV, B].>’

A proposed treatment algorithm for local and locore-
gional NPC is shown in Figure 1. Radiotherapy (RT) is the
mainstay of treatment and is an essential component of
curative-intent treatment of non-disseminated NPC.
Intensity-modulated RT (IMRT) is an important milestone in
the management of NPC, providing enhanced outcomes
and less severe late effects compared with previous RT
techniques [conventional two-dimensional (2D) and three-
dimensional (3D) by parallel improved dosimetric parame-
ters]. Indeed, a meta-analysis showed a significant
improvement in 5-year OS and 5-year local control (LC)
favouring IMRT over other techniques [lI, A].>®

Regarding late effects, a significant reduction in late
xerostomia, trismus and temporal lobe injury was reported
in favour of IMRT compared with older RT techniques
[Il, Al.*>® The largest Asiatic series reported that 5.1% of
patients had cranial nerve palsies, 7.1% had severe hearing
loss, 3% had dysphagia requiring long-term tube feeding
and 0.9% had symptomatic temporal lobe necrosis (TLN) at
a median follow-up of 80 months [IV, A].*° In addition, IMRT
improved Qol for long-term survivors over time compared

Stage |

Stage Il

il

N
==
=
=
=
.

| Stage Ill |—

— T3,N1, MO

— T3, N2, MO

=
o -
=
-

—}—} ICT + IMRT/ChT [I, A] [ Stage IVA ]——}% T4, N1-N2, MO ]——} IMRT/ChT [I, A]

> IMRT/CHT + AC [I, B]

e P> [CT + IMRT/CHT [, A]
> AnyT,N3,MO
> IMRT/CHT + AC [I, B]

Figure 1. Treatment algorithm for stage I-IVA NPC.

AC, adjuvant chemotherapy; ChT, chemotherapy; ICT, induction chemotherapy; IMRT, intensity-modulated radiotherapy; M, metastasis; N, node; NPC, nasopharyngeal

cancer; T, tumour.
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with older techniques both in endemic and non-endemic
regions [IV, Al.*%**

Although IMRT represents the current standard RT tech-
nique for NPC, particle therapy, including protons and car-
bon ions, is gaining popularity based on its physical and
biological proprieties. In particular, to maintain a high RT
dose and avoid neurological structures, proton therapy
represents a promising approach for patients with locally
advanced NPC. A few small studies with a relatively short
follow-up have shown a benefit in terms of clinical outcome
when proton therapy was added as a boost for locally
advanced disease [Ill, C].**** In particular, significantly lower
rates of severe (grade 3) mucositis and salivary dysfunctions
were reported in NPC patients receiving IMRT followed by
proton therapy boost (55.6% of whom had T4-stage disease)
compared with patients receiving a full course of IMRT only
(41.2% of whom had T4-stage disease).”’

Target volume definition represents a major issue during
IMRT planning for NPC, as witnessed by the need for in-
ternational guidelines for appropriate target contouring.*
Overall, RT is targeted according to the primary tumour
and pathological nodes, but also to the adjacent regions
considered at risk of microscopic spread from the tumour
and generally to both sides of the neck (levels II-V and
retropharyngeal nodes) because of the high incidence of
occult neck node involvement.”> A total dose of 70 Gy is
needed for the eradication of macroscopic disease and 50-
60 Gy for the treatment of potential at-risk sites, usually by
conventional or moderately accelerated RT.*® IMRT may be
applied using either a sequential boost or a simultaneous
integrated boost (SIB). A recent randomised trial comparing
these two techniques found no difference in terms of clin-
ical outcome and toxicities. Due to the convenience of an
SIB strategy, this approach can be considered the technique
of choice for NPC treatment [II, B].*

Recently, many trials have investigated the opportunity
to reduce the extension of target volumes in order to
reduce the toxicity burden. In node-negative NPC, upper
versus whole-neck prophylactic RT led to a similar lower
neck control rate, suggesting that a reduced nodal volume
approach may be feasible [lI, B].**

When obtaining tumour shrinkage with induction
chemotherapy (ICT), the strategy of planning IMRT with
reduced primary gross tumour volume (GTV) based on post-
chemotherapy (ChT) MRI scan volumes may be adopted. This
approach—tested on a limited number of patients—appears
not to show any detrimental effect on LC and survival if the
pre-induction tumour areas received at least an intermediate
dose (64 Gy); an improvement in QoL score was shown
compared with planning of GTV based on pre-ChT MRI scans
[, B].49'50

Planning optimisation in terms of prioritisation and dose
constraints for target and radiosensitive structures is
fundamental in order to avoid missing tumour coverage
while maintaining organs at risk at their tolerance dose
levels. International guidelines on dose prioritisation and
acceptance criteria with IMRT for NPC have been recently
established.”"
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Target volume definitions are shown in Table 3. IMRT
dose prescription to target volumes and fractionation
schemes are shown in Table 4. In most cases, conventional
or moderate hypofractionation regimens are used to a total
dose of 70 Gy in 33-35 fractions. A scheme used in a dose-
escalation trial with a total dose to macroscopic primary
disease of 76 Gy is also reported.”> However, extreme
caution should be exercised when increasing the total dose
due to the high risk of developing late toxicities (e.g.
osteoradionecrosis, carotid pseudoaneurysm and neuro-
logical toxicities).

Stage | disease is treated by RT alone, whereas patients with
stage Il NPC benefit from concurrent chemoradiotherapy
(CRT) with cisplatin 30 mg/mz/week when 2D-RT is used [lI,
B]>%; a non-significant difference in survival outcomes was
shown for CRT versus RT alone when IMRT was adopted [lI,
B].54

Stage Il and IVA disease are treated by CRT [I, A]. The
standard agent used is cisplatin [I, Al.>> This provides a
benefit in terms of OS and both locoregional and distant
control. The most commonly used regimen is cisplatin 100
mg/m? every 3 weeks with concomitant RT [I, A].°® Weekly
cisplatin (40 mg/m?/week) has also been shown to improve
0S [II, Al.>” The optimal cumulative total dose of concurrent
cisplatin should be higher than 200 mg/m? [IV, B].>® Con-
current nedaplatin was found to be non-inferior to cisplatin
in one randomised trial [Il, B].>® Concurrent carboplatin is
considered an available option but the evidence is con-
flicting [II, C].°%®* The addition of bevacizumab to platinum-
based ChT concurrently with RT showed a substantial rate
of high-grade toxicities and is not recommended [lll, D]%%;
the role of anti-epidermal growth factor receptor (EGFR)
agents (such as nimotuzumab) concurrently with RT, in
addition to or instead of ChT, requires further clarification
as there are no unequivocal data in this setting.

The propensity of NPC to develop distant metastases is a
major cause of treatment failure and death.®® Intensifica-
tion of the systemic treatment is therefore needed for stage
IlI-IVA non-keratinising NPC. Adjuvant ChT (AC) is generally
difficult to complete, with only ~60% of patients
completing the planned treatment cycles and half of pa-
tients require a dose reduction.®” In contrast, ICT offers the
possibility of delivering an adequate dose intensity of ChT.
However, as a prerequisite, ICT added to CRT should not
hinder the subsequent delivery of full-dose CRT, and the
time between the end of ICT and the start of RT should be
kept as short as possible. Recently, a phase Il trial
comparing ICT with cisplatin and gemcitabine followed by
CRT versus CRT alone in patients with stage IlI/IVB (ac-
cording to AJCC 7th edition) NPC showed a benefit in favour
of ICT in recurrence-free survival (RFS), OS and distant RFS,
with higher acute but not late toxicities [I, A].°® Importantly,
96.7% of patients randomised to the ICT arm completed the
3 cycles of cisplatin/gemcitabine and 92% received at least
2 cycles of cisplatin 100 mg/m? concomitantly with RT. In
this study, patients with T3-4 NO disease were excluded.
Long-term results of a randomised trial of ICT with cisplatin
and 5-fluorouracil (5-FU) followed by CRT versus CRT alone
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45,102,103

CTV delineation and anatomic boundaries

Table 3. CTV delineation and anatomic boundaries according to International Guidelines

CTV definition

Primary tumour High-risk volume CTVpl
(full therapeutic dose)

Node(s) High-risk volume CTvnl
(full therapeutic dose)

Primary tumour Intermediate-risk CTVp2
volume (prophylactic dose)

Node(s) Intermediate-risk volume CTVn2
(prophylactic dose)

Nodes Low-risk volume CTVn3
(prophylactic dose)-optional

GTVp + 5mm (£ whole NP)
GTVp 4+ 1 mm if tumour in close proximity to brainstem and spinal cord
GTVn 4 5 mm (consider 10 mm if nodal ECE)

GTVp + 10 mm + whole NP

GTVp 4+ 2 mm if tumour in close proximity to brainstem and spinal cord

Nasal cavity — posterior part: at least 5 mm from choana

Posterior maxillary sinuses: at least 5 mm from posterior wall

(to ensure pterygopalatine fossae) coverage

Posterior ethmoid sinus: include vomer

Base of skull: cover foramina ovale, rotundum, lacerum and petrous tip

Cavernous sinus: if T3/T4 (only involved side)

Parapharyngeal spaces: full coverage

Sphenoid sinus: inferior 1/2 if T1-2; whole if T3-4

Clivus: anterior 1/3 if no invasion; whole if invasion

Lymph nodes bilaterally: RP, 1I, lll, VA, (1V, VB) for all T and N categories

plus at least ipsilateral one level below the involved node levels

Ipsilateral coverage of ipsilateral IB if:

e |B level positive (include whole level)

e Structures that drain to level IB as the first echelon site
(oral cavity, anterior half of nasal cavity)

e Involvement of submandibular gland

Ipsilateral level 1IA LNs with ECE

e Consider if ipsilateral level IIA LNs with maximum nodal axial
diameter greater than 2 cm

Levels IV and VB down to clavicle if VB:

e If nodal involvement is confined to level Il nodes only

e Possible omission if NO or N1 based solely on RP positivity

CTV, clinical target volume; CTVn, nodal clinical target volume; CTVp, primary tumour clinical target volume; ECE, extracapsular extension; GTVn, nodal gross target volume; GTVp,
primary tumour gross target volume; LN, lymph node; NP, nasopharynx; RP, retropharyngeal.

Reproduced with permission.””

confirmed the benefit of ICT on survival outcomes and the
comparable late toxicities.®® Moreover, a recent update of
an individual patient data network meta-analysis (NMA)
showed that ICT with taxanes followed by concomitant CRT
ranked as the best treatment in terms of OS versus con-
current CRT alone or with AC.°” Long-term data from a
multicentre, randomised, factorial trial showed that shifting
from the concurrent-adjuvant to the induction-concurrent
sequence achieved significant improvements in PFS and
marginal improvements in OS without an adverse impact on
late toxicity [Il, B].®

The selection of patients to receive more ChT or immu-
notherapy in addition to CRT in the form of either ICT or AC
is a therapeutic area that is being explored in ongoing

randomised, controlled trials (see later for individualised
risk assessment).

Two NMAs have analysed the impact of different ChT
regimens added to RT, although they do not include the
most recent data from induction trials.®®’° In the first NMA,
AC added to CRT proved to be the best approach for all
clinical endpoints except distant control, where ICT followed
by CRT was superior. In the second NMA, which was limited
to studies with IMRT, ICT followed by CRT was superior for
all clinical endpoints except locoregional RFS, where AC
achieved better results.

Evaluating the risk profile of each patient is a key issue.
Advanced nodal and primary stage, as well as high basal
EBV DNA, have been proposed as a means to select patients

Table 4. Selected IMRT dose fractionation schedules
High-risk CTV Intermediate-risk CTV Low-risk CTV-optional
Td/df/nf (Gy) Td/df/nf (Gy) Td/df/nf (Gy)
International guidelines>* 70/2/35 63-60/1.8-1.7/35 56/1.6/35
69.96/2.12/33 63-59.4/1.9-1.8/33 54/1.63/33
RTOG®* 69.96/2.12/33 59.4/1.8/33 54.12/1.64/33
50/2/25
PYNEH"® 70/2.12/33 59.4/1.8/33 52.5/1.75/30
70/2/35 61.25/1.75/35
DAHANCA'®* 66/2/33 60/1.82/33 50/1.52/33
PWH>’ 70-76/2-2.17/35 60/2/35 NS
INT' 69.96/2.12/33 59.4/1.8/33 56.1/1.7/33

CTV, clinical target volume; DAHANCA, Danish Head and Neck Cancer Group; df, dose per fraction; IMRT, intensity-modulated radiotherapy; INT, National Cancer Institute, Milan;
nf, number of fractions; NS, not specified; PWH, Prince of Wales Hospital; PYNEH, Pamela Youde Nethersole Eastern Hospital; RTOG, Radiation Therapy Oncology Group; Td, total

dose.
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for ICT in order to improve the therapeutic ratio.”* Persis-
tent EBV DNA at 6-8 weeks after completion of RT or CRT is
a negative prognostic factor that has been used as an in-
clusion criterion for a randomised trial of AC versus obser-
vation. No improvement in RFS or OS has been seen with
adjuvant cisplatin and gemcitabine in this high-risk popu-
lation; therefore, this approach is not recommended in
clinical practice [I, E].”* In case of persistent, high EBV DNA
values after definitive treatment, a personalised approach
with non-cross-resistant drugs or participation in a clinical
trial is suggested [V, C].

Elderly patients have been under-represented in clinical
trials testing the addition of ChT to RT. In the cited
meta-analysis, unlike data from other non-nasopharyngeal
subsites, no interaction was observed between treatment
effect on OS and patient age, whereas for PFS, the benefit
was dependent on the age range (HR 0.72; 95% Cl 0.65-0.80
for patients <50 years and HR 0.84; 95% Cl 0.70-1.01 for
patients >60 years).”> However, as a general principle,
concurrent ChT is not tolerated as well in elderly patients
compared with younger patients and consequently dose
intensity is reduced; thus, patient selection is crucial.

Management of advanced/metastatic disease

Treatment of locoregional recurrences. Small local re-
currences are potentially curable.”> The main therapeutic
options include nasopharyngectomy, brachytherapy, radio-
surgery, stereotactic RT (SRT), IMRT or a combination of

P. Bossi et al.

surgery and RT, with or without concurrent ChT. No
comparative trials have been carried out to compare re-
irradiation versus a surgical approach. Treatment decisions
are tailored to the specific situation of each individual case,
taking into consideration the volume, location/extent of the
recurrent tumour, previous treatments, disease-free interval
(DFI), comorbidities and any pre-existing organ dysfunction
[, AJ.

A proposed treatment algorithm for recurrent and/or
metastatic NPC is shown in Figure 2. For surgical salvage
treatments, prognostic factors include T and N stage at
recurrence, surgical approach (with a better outcome re-
ported for endoscopic surgery) and feasibility of adjuvant
re-irradiation [II, B].”*

Patients with local recurrences not invading the carotid
artery and not extending intracranially are candidates for
nasopharyngectomy; local recurrence stage rT1-rT3, might
benefit more from endoscopic nasopharyngectomy than
from IMRT [IV, B].”

Lymphatic recurrences in the neck can be treated with
neck dissection [lll, A]. The extent of neck dissection de-
pends on the nature of the recurrence (N stage and
extracapsular extension) and can range from selective to
radical neck dissection.

Pre-treatment circulating EBV DNA has been shown to be
a prognostic factor for distant metastasis in candidates for
surgery.’®

For re-irradiation, patient selection is crucial due to the high
incidence of major late complications, even with modern RT

Local or regional recurrence

!

r "V \
Amenable to salvage surgery
or re-irradiation?

Yes No

Metastatic disease

!

r A"V 2

Newly diagnosed?

No Yes

First line

Cisplatin + gemcitabine [l, A]

Second line:
Nivolumab, pembrolizumab,
camrelizumab [lll, B];

ChT (paclitaxel, docetaxel, 5-FU,
capecitabine, irinotecan, vinorelbine,
ifosfamide, doxorubicin, oxaliplatin,
cetuximab) [llI-IV, B]

First line:

ChT followed by
RT on T and N sites [Il, A]

Figure 2. Treatment algorithm for recurrent and/or metastatic NPC.

5-FU, 5-fluorouracil; ChT, chemotherapy; IMRT, intensity-modulated radiotherapy; N, node; NPC, nasopharyngeal cancer; RT, radiotherapy; T, tumour.

? Consider RT [Ill, B] or surgery [IV, C] on metastatic sites.
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techniques. Disease- and treatment-related prognostic factors
for re-irradiated patients are: T and N stage at recurrence,
tumour volume, DFI, dosimetry calculations (recurrence within
the previous fields of radiation or outside), dose to target and
fractionation schedule, window dose for organs at risk and RT
technique (IMRT, SRT) [IV, B].”””®

Preliminary results have shown activity and limited
toxicity with proton and carbon ion therapy for locally
recurrent NPC [IV, C].2%%*

Treatment of metastatic disease or locoregional re-
currences not amenable to curative approaches. In meta-
static NPC, palliative ChT should be considered for patients
with an adequate PS. A treatment combination of cisplatin
and gemcitabine is the first-line choice and improves OS [l,
A].%? In patients with newly diagnosed metastatic NPC, the
addition of locoregional RT to systemic therapy improves
locoregional control and ultimately OS [II, A].%3

No standard second-line treatment exists. Active agents
include paclitaxel, docetaxel, 5-FU, capecitabine, irinotecan,
vinorelbine, ifosfamide, doxorubicin, oxaliplatin and cetux-
imab, which can be used as single agents or in selected
combinations [lll, B].** Poly-ChT is more active than mono-
therapy [overall response rate (ORR) of 64% versus 24%)] at a
cost of increased and cumulative toxicities. The estimated PFS
and OS with second-line therapy are around 5 and 12 months,
respectively.®* In this context, treatment choice should be
based on previous treatments, patient symptoms, PS, patient
preference and the expected toxicity.

Immunotherapy represents a promising strategy in this
disease, especially because of the causal role of EBV and the
possibility to elicit a response against its antigens. To-date,
no phase lll trials have been published in NPC and avail-
able evidence is derived from phase Il studies, mainly with
checkpoint inhibitors targeting programmed cell death
protein 1 (PD-1) or programmed death-ligand 1 (PD-L1), or
adoptive immunotherapy. Nivolumab, pembrolizumab and
camrelizumab have been shown to be safe and active as
monotherapy for recurrent and/or metastatic NPC, with
ORRs of 20%, 25% and 34%, respectively, with most of the
best responses occurring at first radiological evaluation.
However, their therapeutic positioning is still to be defined
[, B).2®” cCytotoxic T-cell lymphocyte (CTL) adoptive
immunotherapy has demonstrated activity in highly pre-
treated patients [Ill, B].5%%°

Oligometastatic patients may achieve long-term survival
after aggressive treatment, including ChT, surgery or
definitive RT to the metastases [lll, B].7%"*

Pre-treatment plasma EBV DNA and clearance rates are
prognostic factors in metastatic patients treated with first-
line ChT [lll, B].>?

Recommendations

e The optimal treatment strategy for patients with
advanced NPC should be discussed in an MDT. Patients
should be treated at high-volume facilities [IV, B].

e IMRT is the mainstay of treatment [lI, Al.
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e Overall, RT is targeted according to the primary tumour,
pathological nodes and adjacent regions considered at
risk of microscopic spread from the tumour, and generally
to both sides of the neck (levels II-V and retropharyngeal
nodes).

A total dose of 70 Gy is needed for the eradication of

macroscopic disease and 50-60 Gy for the treatment of

potential at-risk sites.

Planning optimisation in terms of prioritisation and dose

constraints for target and radiosensitive structures is

fundamental.

Stage I-Il disease is treated by RT alone; for stage Il dis-

ease, this approach is only used when IMRT is adopted

(I, BJ.

Stage Il and IVA disease are treated by CRT [I, A]. The

standard agent used is cisplatin [I, Al.

e The most commonly used regimen is cisplatin 100 mg/m?
every 3 weeks concomitantly to RT [I, A]. Weekly cisplatin
(40 mg/m?/week) has also been shown to improve OS [ll,
A]. The optimal cumulative total dose of concurrent
cisplatin should be higher than 200 mg/mZ [V, B].

e Concurrent nedaplatin was found to be non-inferior to

concurrent cisplatin [Il, B].

Concurrent carboplatin is an available option but the ev-

idence is conflicting [ll, C].

Intensification of the systemic treatment is needed for

stage llI-IVA non-keratinising NPC.

ICT with cisplatin and gemcitabine followed by CRT for

locally advanced NPC is associated with a benefit in

RFS, OS and distant RFS, with more acute but not late tox-

icities versus CRT alone [I, A].

The selection of patients to receive more ChT in addition

to CRT in the form of either ICT or AC is a therapeutic area

that is being explored in ongoing randomised, controlled
trials.

e In cases of persistent, high EBV DNA values after definitive

treatment, a personalised approach with non-cross-

resistant drugs or participation in a clinical trial is sug-

gested [V, C].

Small, local recurrences are potentially curable. The main

therapeutic options include nasopharyngectomy, brachy-

therapy, radiosurgery, SRT, IMRT or a combination of sur-

gery and RT, with or without concurrent ChT [lll, A].

Patients with local recurrences not invading the carotid

artery or extending intracranially are candidates for naso-

pharyngectomy; local recurrence stage rT1-rT3 might
benefit more from endoscopic nasopharyngectomy than

IMRT [IV, B].

Lymphatic recurrences in the neck can be treated with

neck dissection [lll, A].

In metastatic NPC, palliative ChT should be considered for

patients with an adequate PS. A treatment combination

of cisplatin and gemcitabine is the first-line choice and im-

proves OS [I, Al.

e In patients with newly diagnosed, metastatic NPC, the
addition of locoregional RT to systemic therapy improves
locoregional control and ultimately OS [II, A].
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e No standard second-line treatment exists. Active agents
include paclitaxel, docetaxel, 5-FU, capecitabine, irinote-
can, vinorelbine, ifosfamide, doxorubicin, oxaliplatin and
cetuximab, which can be used as single agents or in
selected combinations [lll, B].

e Immunotherapy represents a promising strategy in this
setting but its therapeutic positioning is still to be defined
[, B].

e CTL adoptive immunotherapy has demonstrated activity
in highly pre-treated patients [lll, B].

e Oligometastatic patients may achieve long-term survival
after aggressive treatment, including ChT, surgery or
definitive RT to the metastases [lll, B].

PERSONALISED MEDICINE

EBV infection is strongly associated with NPC. Plasma EBV
DNA can be used to facilitate early diagnosis and recurrence
monitoring and also has prognostic value, both before and
just after the end of treatment (Table 5). However, more
research is needed to refine the role of plasma EBV DNA in
the management of NPC and to identify additional molec-
ular markers which could lead to advances in personalised
medicine in NPC.

FOLLOW-UP, LONG-TERM IMPLICATIONS AND
SURVIVORSHIP

A proposed algorithm for follow-up after completion of
curative treatment of NPC is shown in Figure 3.

Documentation of complete remission in the naso-
pharynx and neck through clinical and endoscopic exami-
nation and/or imaging studies is important. The first
radiological imaging is suggested 3 months after treatment
completion. Sensitivity of MRl and metabolic imaging (i.e.
PET) are similar [ll, B], whereas the specificity of PET is
higher and so helps to differentiate between post-
irradiation changes and recurrent tumours [ll, B].”> How-
ever, the cost and availability of PET should be taken into
account and could prevent its widespread use. Delayed
clinical complete responses to IMRT at 6-9 months do not
jeopardise the patient’s prognosis.”

Risk of recurrence in the era of IMRT seems to have a
bimodal behaviour: one after ~1.5 years following the end
of treatment (mainly in cases of T3, T4 and N2, N3 diseases)

P. Bossi et al.

and one after 3.5 years (for all T stages and N2, N3
diseases).”

Further follow-up for patients includes periodic (every 3
months in the first year, every 6 months in the second and
third year and annually thereafter for the first 5 years) ex-
amination of the nasopharynx and neck, cranial nerve
function and evaluation of systemic complaints to identify
distant metastasis [V, B]. For T2-T4 tumours, MRI might be
used on a 6-monthly basis to evaluate the nasopharynx and
the base of the skull at least for the first 3 years after
treatment [V, B]. PET imaging may be used in cases of
equivocal imaging results. Plasma EBV DNA is a promising
marker for the diagnosis of recurrence [ll, B]°® and should
be evaluated at least every year [V, B]. Evaluation of thyroid
function in patients who have received RT to the neck is
recommended annually; pituitary function should also be
evaluated periodically or in case of signs and/or symptoms
[V, B].

Attention should be paid to the recognition of late
treatment-related toxicities, mainly consisting of xero-
stomia, trismus, hearing impairment, TLN, cognitive
impairment, cranial nerve injuries and second primary tu-
mours possibly related to RT. The employment of IMRT
instead of 2D-RT has substantially reduced these late events
with the exception of TLN; significant factors affecting the
risk of TLN include T stage, the addition of ChT and the
maximal RT dose to the temporal lobe.?’

Long-term survivors after IMRT may experience a decline
in cognitive function and in NPC-specific domains of QoL.”®

More specific considerations on survivorship care plan-
ning for head and neck cancer patients can be found in the
American Society of Clinical Oncology Clinical Practice
Guideline, which also endorsed the American Cancer Soci-
ety Guideline.” In the future, adopting a risk-based follow-
up could improve the early detection of relapse and allow
for optimisation of resources.*®

Recommendations

e The first radiological imaging is suggested 3 months after
completion of curative treatment. Sensitivity of MRI and
PET are similar, whereas the specificity of PET is higher
and so helps to differentiate between post-irradiation
changes and recurrent tumours [ll, B].

Table 5. Personalised medicine synopsis

Biomarker Methodology Use LoE, GoR

Plasma EBV DNA PCR Prognostic before curative treatment 11, B (IV, B?)
Prognostic role of clearance during ICT and CRT IV, B
Prognostic 1-4 weeks after RT I, B
Early diagnosis of recurrence during follow-up V, B
Prognostic in recurrent and/or metastatic disease I, B

CRT, chemoradiotherapy; EBV, Epstein-Barr virus; GoR, grade of recommendation; ICT, induction chemotherapy; LoE, level of evidence; RT, radiotherapy.

¢ In non-endemic areas.
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Three months after IMRT, then every 6 months up to the

[ Imaging

—

v

> 3rd year (for T2-T4 diseases) [V, B]
e MRII,B]
e PET (higher specificity) [ll, B]

Endoscopic assessment every 3 months in the first

\d
V

[ Nasal examination ]

year, every 6 months in the second and third years and
annually thereafter for the first 5 years [V, B]

[ Plasma EBV DNA ]

One to four weeks after IMRT [ll, B] then every year [V, B]

\ 4
A4

Thyroid function assessment every year [V, B]

Thyroid and pituitary ]
assessment J

v
A4

Pituitary function assessment in case of signs/
symptoms [V, B]

Figure 3. Follow-up algorithm after completion of curative treatment of NPC.

EBV, Epstein-Barr virus; IMRT, intensity-modulated radiotherapy; MRI, magnetic resonance imaging; NPC, nasopharyngeal cancer; PET, positron emission tomography.

e Further follow-up for patients includes periodic examina-
tion of the nasopharynx and neck, cranial nerve function
and evaluation of systemic complaints to identify distant
metastasis [V, B]. For T2-T4 tumours, MRI might be
used on a 6-monthly basis for at least the first 3 years
after treatment [V, B].

e Plasma EBV DNA is a promising marker for the diagnosis
of recurrence [ll, B] and should be evaluated at least
every year [V, B].

e Evaluation of thyroid function in patients who have
received RT to the neck is recommended annually; pitui-
tary function should also be evaluated according to
signs/symptoms [V, B].

METHODOLOGY

These Clinical Practice Guidelines have been produced by
the European Society for Medical Oncology (ESMO) in
partnership with EURACAN, the European Reference
Network for rare adult solid cancers. These Clinical Practice
Guidelines were developed in accordance with the ESMO
standard operating procedures for Clinical Practice Guide-
lines development (http://www.esmo.org/Guidelines/
ESMO-Guidelines-Methodology). They are conceived to
provide a standard approach to diagnosis, treatment and
survivorship of NPC. Recommended interventions are

Volume 32 m Issue 4 m 2021

intended to correspond to the ‘standard’ approaches, ac-
cording to current consensus among the European multi-
disciplinary NPC community of experts. These are
represented by the members of the ESMO NPC Faculty and
experts appointed by all institutions belonging to the NPC
domain of EURACAN. Experimental interventions consid-
ered to be beneficial are labelled as ‘investigational’. Other
non-standard approaches may be proposed to the single
patient as ‘options’ for a shared patient-physician decision
in conditions of uncertainty, as long as some supporting
evidence (though not conclusive) is available. Algorithms
accompany the text, covering the main typical pre-
sentations of disease, and are meant to guide the user
throughout the text.

The relevant literature has been selected by the expert
authors. Levels of evidence and grades of recommendation
have been applied using the system shown in
Supplementary Table S2, available at https://doi.org/10.
1016/j.annonc.2020.12.007.'°* Statements without grading
were considered justified standard clinical practice by the
experts.
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Second primary malignancies
in colorectal cancer patients

Jana Halamkova’?3, Tomas Kazda*>"™*, Lucie Pehalova®’, Roman Gonec®®, Sarka Kozakova?,
Lucia Bohovicova?l, Dagmar Adamkova Krakorova?l, Ondrej Slaby%°, Regina Demlova''?,
Marek Svobodal? & Igor Kiss®:2

The prevalence of second primary malignancies (SPMs) in the western world is continually increasing
with the risk of a new primary cancer in patients with previously diagnosed carcinoma at about 20%.
The aim of this retrospective analysis is to identify SPMs in colorectal cancer patients in a single-
institution cohort, describe the most frequent SPMs in colorectal cancer patients, and discover the
time period to occurrence of second primary tumors. We identified 1174 patients diagnosed with
colorectal cancer in the period 2003-2013, with follow-up till 31.12.2018, and median follow-up

of 10.1 years, (median age 63 years, 724 men). A second primary neoplasm was diagnosed in 234
patients (19.9%). Older age patients, those with early-stage disease and those with no relapse have a
higher risk of secondary cancer development. The median time from cancer diagnosis to development
of CRC was 8.9 years for breast cancer and 3.4 years for prostate cancer. For the most common cancer
diagnosis after primary CRC, the median time to development was 0-5.2 years, depending on the
type of malignancy. Patients with a diagnosis of breast, prostate, or kidney cancer, or melanoma
should be regularly screened for CRC. CRC patients should also be screened for additional CRC as well
as cancers of the breast, prostate, kidney, and bladder. The screening of cancer patients for the most
frequent malignancies along with systematic patient education in this field should be the standard of
surveillance for colorectal cancer patients.

Colorectal cancer (CRC) is the second most common cause of cancer death in the United States. It is estimated
that in 2020 there will be 147,950 patients diagnosed and 53,200 will die from the disease’. The prevalence of
second primary malignancies in the western world is continually increasing?. Due to screening programs and
the success of personalized therapy, the mortality rate from this disease has decreased. In 2015, CRC prevalence
in the Czech Republic (population 10.5 mil in 2015) reached 64,126 patients (6107/mil inhabitants). This is in
comparison with 2005 (population 10.2 mil in 2005), there were 46,053 patients (4515/mil inhabitants) which
was an increase of almost 40%>.

As the survival rates of cancer patients improves, those patients are more likely to develop SPMs. The type of
SPMs and the frequency of occurrence is important in the field of cancer surveillance. The risk of a new primary
cancer in patients with previously diagnosed carcinoma is about 20%, and more than one other cancer is diag-
nosed in approximately 30% of cancer survivors aged > 60 years*®. As the number of cancer survivors increases,
the occurrence of multiple primary cancers is also likely to rise. The most common subsequent cancers in the
western world are nonmelanoma skin cancer, colorectal cancer, and breast cancer?. Primary and secondary
malignancies are associated with lifestyle, environmental risk factors, host factors and hereditary susceptibility®.
In secondary tumors, the late toxicity from previous anticancer therapy is also significant. Patients with SPMs
after primary CRC have a worse prognosis than those with only a CRC diagnosis’.
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Follow-up of CRC survivors was developed on the basis of limited resources, irrespective of the higher inci-
dence of secondary malignancies. High-quality surveillance with the determination of duration, frequency, and
method for the screening of SPMs is still missing.

The aim of this retrospective analysis is to identify SPMs in colorectal cancer patients in a single-institution
cohort, describe the most frequent SPMs in colorectal cancer patients, and discover the time period to occur-
rence of second primary tumors.

Material and methods

Patient selection. After approval by the ethics committee (number 2019/1827/MOU), patients with CRC
diagnosed in the period 2003-2013 and followed-up by the end of 2018 at the Masaryk Memorial Cancer
Institute (MMCI) in Brno, Czech Republic, were screened for eligibility after gaining their written informed
consent for dealing with personal data in regard to the research. Data of those meeting the following criteria
were retrieved from electronic medical records: adult patients aged > 18 years with a CRC diagnosis confirmed
by positive histology. Exclusion criteria were: (1) CRC diagnosed at autopsy, (2) patients lost to follow-up, (3)
patients with a high risk of development SPMs due to hereditary cancer syndrome (e.g. BRCA 1, 2, Lynch syn-
drome, familial adenomatous polyposis (FAP)). We included cases of carcinoma in situ and clinically localized,
regionally advanced, and metastatic disease.

Second primary malignancies. Multiple primaries are defined as more than one synchronous or
metachronous cancer in the same individual. For epidemiological studies, tumors are considered multiple pri-
mary malignancies if they arise in different sites and/or are of a different histology or morphological group®. For
the definition of site of the tumor in our study, criteria according to the SEER definition of multiple primary
tumors was used, i.e. multiple primaries are: (1) tumors with ICD-O-3 histology codes that are different to the
first, second or third number; (2) tumors with ICD-O-3 topography codes that are different at the second and/
or third characters’.

Synchronicity was qualified according to the rules of the International Agency for Research on Cancer (IARC)
which suggest the registration of synchronous tumours diagnosed in an interval of fewer than 6 months (or
metachronous if more than 6 months) if arising in different sites'.

Statistical analysis. Comparisons of basic characteristics between the patients with SPM and the patients
without SPM were summarized with counts and frequencies and tested with the Fisher exact test and Mann-
Whitney test in case of categorical characteristics and continuous characteristics, respectively. Considering the
sidedness of CRC, the International Classification of Diseases for Oncology coding scheme was used to cat-
egorize by the primary site as either: right colon (cecum, ascending colon, hepatic flexure), left colon (splenic
flexure, descending colon, sigmoid colon), or rectum (rectosigmoid, rectum). The transverse colon (C18.4) was
excluded from the laterality assessment (45 patients), as it was only possible by ICD-O-3 topography codes to
define assignment to the right or left colon.

Logistic regression models were used to determine predictors of occurrence of SPM in patients with CRC. The
following covariates were examined: gender, age at CRC diagnosis, clinical stage, status of relapse and sidedness
of CRC. Grade and KRAS status were not examined due to the large number of missing records. Patients with an
unknown clinical stage and a diagnosis of transverse colon (C18.4) were removed from the analysis (91 patients).
Each covariate was fit univariately in separate logistic regression models. One overall multivariate logistic model
including all covariates was used to assess independent effects.

Occurrences of SPMs by the site of diagnosis were described by counts and frequencies. SPMs with an
unknown date of diagnosis were not included in this analysis (7 SPMs). The national cancer registry of the Czech
Republic (NOR)!! was used to compare the frequencies of sites of diagnosis in our study with the frequencies
in the entire Czech population.

The time from the diagnosis of previous neoplasm to the diagnosis of the first colorectal cancer and the time
from the diagnosis of the first colorectal cancer to the diagnosis of subsequent neoplasm were described by mean
and median. SPMs with an unknown date of diagnosis were not included in this analysis (7 SPMs).

Kaplan-Meier curves were utilized to display the survival of the patients with colorectal cancer stratified by
the occurrence of an SPM. The primary endpoint used was 15-year survival. Observations with 15 or more years
of follow-up were censored at 15 years. The Breslow test was used to compare the differences in survival between
defined groups of patients with respect to the occurrence of a SPM. The hazard ratio (HR) with corresponding
95% confidence interval was determined based on the Cox proportional hazards model, adjusted to gender, age
at diagnosis, clinical stage, status of relapse and sidedness of CRC. The relationship between the occurrence of
SPMs and presence of radiotherapy/chemotherapy was tested by the Fisher exact test.

Ethics approval. We confirm that this manuscript has not been published elsewhere and is not under con-
sideration by another journal. All authors have contributed significantly and are in agreement with the content
of the manuscript. This retrospective chart review study involving human participants was in accordance with
the ethical standards of the institutional and national research committee and with the 1964 Helsinki Decla-
ration and its later amendments or comparable ethical standards. The Institutional review Board of Masaryk
Memorial Cancer Institute approved this study (number 2019/1827/MOU).
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No SPM (N=940) | With SPM (N=234)
Count (%) Count (%) p value
Gender
Men 590 (62.8) 134 (57.3)
Women 350 (37.2) 100 (42.7) 0.133'
Age at CRC diagnosis
0-44 79 (8.4) 14 (6.0)
45-54 153 (16.3) 21 (9.0)
55-64 296 (31.5) 58 (24.8) 0.001!
65-74 278 (29.6) 93 (39.7)
75+ 134 (14.3) 48 (20.5)
Median (5%-95% percentile) 63 (55-70) 67 (60-73) <0.0012
Clinical stage
Complete records 906 (96.4) 221(94.4)
Stage I +in situ 249 (27.5) 68 (30.8)
Stage II 218 (24.1) 67 (30.3) 0.012!
Stage IIT 260 (28.7) 61 (27.6)
Stage IV 179 (19.8) 25 (11.3)
Not available 34 (3.6) 13 (5.6)
Grade
Complete records 616 (65.5) 180 (76.9)
1 162 (26.3) 45 (25.0)
2 344 (55.8) 109 (60.6) 0.d04!
3 110 (17.9) 26 (14.4)
Not available 324 (34.5) 54 (23.1)
Relapse
Yes 314 (33.4) 44 (18.8)
No 626 (66.6) 190 (81.2) <ooor
KRAS
Complete records 222 (23.6) 28 (12.0)
Positive 91 (41.0) 9(32.1) 0.418!
Negative 131 (59.0) 19 (67.9)
Not available 717 (76.3) 176 (75.2)

Table 1. Characteristics of colorectal cancer patients (C18-C20) stratified by occurrence of second primary
malignancies. !Fischer exact test. 2Mann-Whitney test. SPM, second primary malignancy; CRC, colorectal
cancer. °K ras status was performed in the surgical specimen in non-metastatic patients or in the case of
surgical treatment and biopsy specimen in metastatic patients without any surgery. *The transverse colon
(C18.4) was excluded from the laterality assessment, as it was only possible by ICD-O-3 topography codes to
define assignment to the right or left colon (45 patients).

Results

Patients selection. In total, 1174 CRC patients diagnosed in the period from 1.1.2003 till 31.12.2013
were identified and enrolled in this study. Follow-up was continued till 31.12.2018, with median follow-up of
10.1 years, (median age 63 years, 724 men). The baseline patient characteristics are summarized in Table 1.

Second primary malignancies. We did not find any statistically significant difference between patients
with and without an SPM with respect to gender, the grade of the tumor, or KRAS status. However, for age at
diagnosis, clinical stage, and status of relapse significant differences were revealed (Table 1). Considering sided-
ness of CRC, it was evident that patients with rectal cancer are less likely to have SPMs than patients with colon
cancer, however, the p value for sidedness did not reach statistical significance. NRAS as well as BRAF status was
not assessed as this information was missed in the majority of patients due to the evaluated time period.

Based on univariate logistic models it was shown that patients aged 65 and over are approximately two times
more likely to develop SPM than patients under 45 years (Table 2). Similarly, increased odds were detected in
patients without relapse. In contrast, a significantly lower chance of SPM was demonstrated for clinical stage
IV compared to stage I (OR=0.49, p=0.006) and localization in rectum compared to right colon (OR=0.66,
p=0.039). In the multivariate model, after considering the effect of all variables analyzed, a statistically increased
chance of SPM was reported only for patients without relapse (OR=1.79; p=0.004). Age at diagnosis over
65 years and clinical stage IV did not reach statistical significance in the multivariate model, however, the detected
OR values were still very different from 1.
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Univariate Multivariate

OR (95% CI) pvalue | OR (95% CI) p value
Gender
Men 1.00 1.00
Women 1.30 (0.96-1.76) 0.097 | 1.21(0.88-1.65) |0.243
Age at CRC diagnosis
0-44 1.00 1.00
45-54 0.86 (0.40-1.85) 0.695 | 0.89(0.41-1.94) |0.768
55-64 1.14 (0.58-2.25) 0.708 | 1.13(0.57-2.25) | 0.720
65-74 1.89 (0.98-3.66) 0.058 | 1.80(0.92-3.50) | 0.086
75+ 2.14 (1.07-4.31) 0.033 | 1.80 (0.88-3.66) | 0.106
Clinical stage
Stage I+in situ 1.00 1.00
Stage II 1.07 (0.72-1.58) 0.749 | 0.99 (0.66-1.49) | 0.968
Stage IIT 0.81 (0.55-1.20) 0.298 | 0.86 (0.57-1.31) | 0.488
Stage IV 0.49 (0.30-0.82) 0.006 | 0.63(0.36-1.09) | 0.096
Relapse
Yes 1.00 1.00
No 2.20 (1.52-3.18) | <0.001 | 1.79 (1.20-2.67) | 0.004
Laterality
Right colon (C18.0-C18.3) 1.00 1.00
Left colon (C18.5-C19) 0.81 (0.53-1.24) 0.328 |0.98 (0.63-1.51) |0.921
Rectum (C20) 0.66 (0.45-0.98) 0.039 | 0.77 (0.51-1.17) |0.219

Table 2. Odds ratios for occurrence of second primary malignancies derived from the logistic regression
models (N'=1083). CRC, colorectal cancer; OR, odds ratio; CI, confidence interval. Patients with an unknown
clinical stage and a diagnosis of transverse colon (C18.4) were removed from the analysis (91 patients).

Men Women Total
Number of patients (%) | Number of SPM | Number of patients (%) | Number of SPM Number of patients (%) | Number of SPM
(N=724) (N=160) (N=450) (N=126) (N=1174) (N'=286)
No SPM 590 (81.5) - 350 (77.8) - 940 (80.1) -
With SPM 134 (18.5) 160 100 (22.2) 126 234(19.9) 286
Before! the first CRC 40 (5.5) 44 54 (12.0) 60 94 (8.0) 104
z¥362§’£°“51yz withthe | o 75 58 27 (6.0) 28 79 (6.7) 86
After’ the first CRC 48 (6.6) 51 35(7.8) 38 83(7.1) 89
Date of SPM diagnosis NA 6(0.8) 7 0(0.0) 0 6 (0.5) 7
With SPM 134 (18.5) 100 (22.2) 234 (19.9)
One secondary neoplasm | 112 (15.5) 78 (17.3) 190 (16.2)
Two secondary neoplasms | 18 (2.5) 18 (4.0) 36 (3.1)
gﬂﬁ:ec‘mdary neo- 4(0.6) 4(0.9) 8(0.7)

Table 3. Occurrence of second primary malignancy with respect to the first colorectal cancer (C18-C20) in
the patient. Number of secondary neoplasm is presented as well. ' Diagnosed 6 or more months before the first
CRC in the patient. *Diagnosed within 6 months before or after the first CRC in the patient. *Diagnosed 6 or
more months after the first CRC in the patient. SPM, second primary malignancy; CRC, colorectal cancer; NA,
not available.

A second primary neoplasm was diagnosed in 234 patients (Table 3), one secondary neoplasm was found
overall in 190 (16.2%), 36 (3.1%) patients suffered from two SPMs, and 8 (0.7%) were treated with three SPMs.
Among SPMs, colorectal cancer (21.1%), breast cancer (17.6%) and prostate cancer (10.0%) were the most repre-
sented diagnoses (Table 4). Considering the relatively high proportion of men (62%) in our study, the incidence
of prostate cancer is only slightly increased compared to general population, while the incidence of breast cancer
is even more pronounced and indicates a significant risk of CRC occurance. The description of the occurrence of
multiple primary neoplasms diagnosed before, synchronously, or after diagnosis of CRC is listed in Table 3. The
majority of breast cancer and almost half of melanoma cases preceded the CRC diagnosis as well as a diagnosis
of prostate cancer, where the distribution of patients over time is more homogenous. Renal cancer was diagnosed
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SPM synchronously? with the | SPM after? the first CRC | Total SPM | All malignant neoplasms

SPM before' the first CRC (%) | first CRC (%) (%) (%) according to NOR (%)

(N=104) (N=86) (N=89) (N=279) (N=2367973)
8{11) cavity and pharynx (C00- | 5 (5 g 1(1.2) 3(3.4) 7(2.5) 47097 (2.0)
Esophagus (C15) 0(0.0) 0(0.0) 1(1.1) 1(0.4) 16 943 (0.7)
Stomach (C16) 1(1.0) 2(2.3) 3(3.4) 6(2.2) 84738 (3.6)
Colon and rectum
(C18-C20) 0(0.0) 41 (47.7) 18 (20.2) 59 (21.1) 268 753 (11.3)
%évzezr)and intrahepatic bile ducts 0(0.0) 2(23) 2(22) 4(14) 30775 (13)
Gallbladder and biliary tract
(C23, C24) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 39697 (1.7)
Pancreas (C25) 1(1.0) 1(1.2) 0(0.0) 2(0.7) 65 789 (2.8)
Larynx (C32) 2(1.9) 0(0.0) 0(0.0) 2(0.7) 21055 (0.9)
Lung, bronchus and trachea
(C35. C34) 2(1.9) 2(23) 5(5.6) 9(3.2) 249 926 (10.6)
Malignant melanoma
of sl (C43) 6(5.8) 3(3.5) 4(4.5) 13 (4.7) 56372 (2.4)
Other malignant neoplasms of 2(1.9) 3(3.5) 2(22) 7 (2.5) 532199 (22.5)
skin (C44) ’ ’ ’ ’ ’
Soft tissues (C47, C49) 1(1.0) 0(0.0) 0(0.0) 1(0.4) 10 358 (0.4)
Breast (C50) 34 (32.7) 6(7.0) 9(10.1) 49 (17.6) 199 562 (8.4)
Cervix uteri (C53) 6(5.8) 1(1.2) 0(0.0) 7(2.5) 43373 (1.8)
Uterus (C54, C55) 5(4.8) 0(0.0) 1(1.1) 6(2.2) 66 192 (2.8)
Ovary (C56) 1(1.0) 0(0.0) 4(4.5) 5(1.8) 42593 (1.8)
Prostate (C61) 13 (12.5) 7 (8.1) 8(9.0) 28 (10.0) 142 994 (6.0)
Testis (C62) 4(3.8) 0(0.0) 0(0.0) 4(1.4) 14 440 (0.6)
Kidney (C64) 2(1.9) 11 (12.8) 12 (13.5) 25 (9.0) 85270 (3.6)
Bladder (C67) 3(2.9) 3(3.5) $(9.0) 14 (5.0) 69 826 (2.9)
g;‘z‘;ral nervous system (C70- | (4 g) 0(0.0) 0(0.0) 0(0.0) 27516 (1.2)
Thyroid gland (C73) 1(1.0) 0(0.0) 3(3.4) 4(1.4) 23 545 (1.0)
Hodgkin’s disease (C81) 1(1.0) 0(0.0) 0(0.0) 1(0.4) 12 082 (0.5)
Non-Hodgkins lymphoma
(C82-C86) 5(4.8) 1(1.2) 0(0.0) 6(2.2) 41122 (1.7)
Multiple myeloma (C90) 1(1.0) 0(0.0) 0(0.0) 1(0.4) 17 252 (0.7)
Leukemia (C91-C95) 3(2.9) 0(0.0) 3(3.4) 6(2.2) 46 717 (2.0)
Other malignant neoplasms 7 (6.7) 2(2.3) 3(34) 12 (4.3) 111787 (4.7)

Table 4. Second primary malignancies by the site of diagnosis. Only SPMs with known date of diagnosis were
considered (date of diagnosis was not available for 7 SPMs). ' Diagnosed 6 or more months before the first CRC
in the patient. 2Diagnosed within 6 months before or after the first CRC in the patient.’ diagnosed 6 or more
months after the first CRC in the patient. SPM, second primary malignancy; CRC, colorectal cancer, NOR,
national cancer registry (1977-2017).

predominantly synchronously and after CRC diagnosis, as well as bladder cancer, where two-thirds of cases were
diagnosed after CRC (Table 4; Fig. 1). The total number of secondary tumors was homogeneously stratified over
time, approximately one third of the secondary tumors were diagnosed before, 1/3 synchronously, and 1/3 after
the diagnosis of CRC. Table 5 summarizes the time from the previous neoplasm to the diagnosis of the SPMs. The
median time from diagnosis to the development of CRC is 8.9 years for breast cancer and 3.4 years for prostate
cancer. The time to second colorectal cancer is shown only for the site of diagnosis with the number of previous
primary neoplasms greater than 10.

As indicated in Table 5, the most common cancer diagnosis was found to be a median of 0-5.2 years after
primary CRC. As well as the previous, the time to subsequent colorectal cancer is shown only for the site of
diagnosis with the number of subsequent primary neoplasms greater than 10, for the reason of possible bias
using small numbers of patients in a particular diagnosis.

The Kaplan-Meier curves of 15-year survival among colorectal cancer patients stratified by the occurrence
of multiple primary neoplasms show better OS for patients with SPMs in the first 6 years and therefore OS was
lower (Fig. 2), but this difference is not statistically significant. The differences in the clinical stages are shown in
Fig. 3. Patients with SPM showed significantly worse survival in earlier clinical stages (stages I and IT) compared
with patients without SPM. In contrast, in advanced metastatic disease (grade IV), patients with SPM showed
better survival than patients without SPM. In stage III, survival was comparable between the two groups of
patients. Patients with early stages of CRC stay alive longer and have a greater chance of developing SPM, their
prognosis is limited by SPM, not by the diagnosis of CRC, in contrast to stage IV, where is limiting CRC, not
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Figure 1. Occurrence of second primary malignancies by the time of diagnosis. Only SPMs with known date
of diagnosis were considered (date of diagnosis was not available for 7 SPMs). Only sites of diagnosis with total
SPMs greater than 10 are shown. 'Diagnosed 6 or more months before the first CRC in the patient. “Diagnosed
within 6 months before or after the first CRC in the patient. *Diagnosed 6 or more months after the first CRC in
the patient. SPM, multiple primary neoplasm; CRC, colorectal cancer.

SPM. According to the Cox proportional hazards model adjusted to gender, age at diagnosis, clinical stage, status
of relapse and sidedness, the risk of death from CRC with SPM was significantly higher than that from CRC
without SPM (HR: 1.24, 95% CI: 1.02-1.51, p=0.029).

We did not find prone to develop secondary malignancies in rectosigmoid and rectal cancer patients treated
by radiotherapy (Table 6), neither chemotherapy administration in our cohort of patients (Table 6) (patients
diagnosed before and synchronously with the first CRC were not included).

Discussion

The screening and personalized therapy of CRC leads to prolonged survival of these patients; however, it carries
a higher chance for the development of SPMs. In this analysis, we have presented a large cohort of CRC patients
treated in a single institution, with extended follow-up.

Different types of second primary malignancies in a particular type of tumor have been described'?. Can-
cer of the lung, head and neck, and the genitourinary tract is associated with NSCLC'®. Anal cancer has been
increasingly associated with tumors of the oral cavity and pharynx, rectum and anal canal, larynx, lung and
bronchus, ovary, vagina, and vulva, Kaposi’s sarcoma and hematological malignancies'. Gastric cancer patients
suffer more malignant tumors of the head and neck, esophagus, colon and rectum, bones and soft tissues, ova-
ries, bladder, or kidneys, as well as non-Hodgkin’s lymphomaw. Patients with bladder carcinoma are the most
frequently diagnosed with SPMs and the most described second malignancy is lung cancer'®. Compared to the
general population, patients with CRC have a higher incidence of a second CRC", as described in this study.
Breast cancer is among the most common type of second primary malignancy in our cohort of CRC patients. As
previously described, patients with breast cancer are at higher risk of developing colorectal cancer'®", and they
should be frequently screened for CRC, as well as patients with prostate cancer?**" and malignant melanoma,
where the high incidence of CRC after malignant melanoma was described by Caini et al.?2. The incidence of
gynecological cancer was similar in our patient cohort compared to the general Czech population, contrary to
a Korean study?®, but the total numbers are small overall.

For most cancers, the main risk period for the development of secondary malignancies is during the 3 years
after initial diagnosis of the first tumor?*. The highest risk of SPMs after Hodgkin ‘s lymphoma treatment is at
5-10 years®, but in solid tumors this period has not been well described. In a large Swiss study, 40% of patients
developed SPMs between 1 and 5 years after the first cancer, and approximately one-third of them were diag-
nosed 5-10 years later'?. In our analysis, the median time period to develop CRC after breast cancer diagnosis
was 8.9 years and 3.4 years after prostate cancer diagnosis. In our data set, the median time to development of
subsequent tumors was 1.7-5.2 years for the most frequent malignancies, depending on the specific diagnosis.
It seems that after the first cancer diagnosis, patients should be screened for at least 5-10 years for SPMs, but
this period remains unclear.

The influence of sidedness of CRC on SPMs was described in Jia et al. and Liu et al.!”?, The difference in the
incidence of SPMs between the right and left colon was supported by Broman et al.””. The prognosis is better for
left-sided than right-sided colon cancer®, and if patients survive longer, the probability of SPMs is higher for
the left-side of the colon. Even so, we did not find any difference between right and left colon cancer. The high
incidence of SPMs in colon cancer is in contrast with rectal cancer. According to our results, patients with rectal
cancer are less likely to develop SPM than patients with right colon. This is probably not related to survival,
although the prognosis of colon cancer patients is better at the early stage, but survival at advanced stages of
rectal cancer is longer than colon cancer®.

Rectal and rectosigmoid cancer patients are often treated by radiotherapy, which has been described as a risk
factor for SPMs, particularly in the pelvis, but it was not a cause of a higher incidence of SPMs in our cohort
of patients®>*!. We have not found any relationship in the occurrence of SPMs and adjuvant or neoadjuvant
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Time from the previous'
neoplasm to the diagnosis of the Time from the first CRC
Number of previous' primary HEICES Number of second? primary Gl P S eI
neoplasms (%) Mean (years) | Median (years) | malignancy (%) Mean (years) | Median (years)

8iil)cavity and pharynx (C00- 4(3.0) _ _ 3(21) B _
Stomach (C16) 3(2.2) - - 3(2.1) - -
Esophagus (C15) - - - 1(0.7) - -
Colon and rectum (C18-C20) - - - 59 (41.0) 1.7 0.0
z,évzezsand intrahepatic bile ducts 2(15) B B 2(1.4) B B
Pancreas (C25) 2(1.5) - - - - -
Larynx (C32) 2(1.5) - - - - -
161;2%, bronchus and trachea (C33, 3(22) B B 6(42) B B
Malignant melanoma of skin (C43) | 9 (6.7) - - 4(2.8) - -
gl)(tjl:]e(rcrzzgignant neoplasms of 5(3.7) B B 2(1.4) B B

Soft tissues (C47, C49) 1(0.7) - -

Breast (C50) 37 (27.4) 8.4 8.9 12 (8.3) 4.7 4.4
Cervix uteri (C53) 7 (5.2) - - - - -
Uterus (C54, C55) 5(3.7) - - 1(0.7) - -
Ovary (C56) 1(0.7) - - 4(2.8) - -
Prostate (C61) 16 (11.9) 5.7 34 12 (8.3) 3.9 52
Testis (C62) 4(3.0) - - -

Kidney (C64) 9(6.7) - - 16 (11.1) 3.9 2.0
Bladder (C67) 4(3.0) - - 10 (6.9) 2.8 2.5
Thyroid gland (C73) 1(0.7) - - 3(2.1) - -
Hodgkin’s disease (C81) 1(0.7) - - - - -
ggg)-Hodgkin’s lymphoma (C82- 6 (4.4) _ _ _ B _
Multiple myeloma (C90) 1(0.7) - - - - -
Leukemia (C91-C95) 3(2.2) - - 3(2.1) - -
Other malignant neoplasms 9(6.7) - - 3(2.1) - -

Total 135 (100.0) 7.3 33 144 (100.0) 3.1 1.4

Table 5. Previous neoplasms before second colorectal cancer. Second primary malignancy after colorectal
cancer diagnosis. Only neoplasms with known date of diagnosis were considered. Time to second colorectal
cancer is shown only for site of diagnosis with number of previous primary neoplasms greater than 10.
'Diagnosed before the first CRC in the patient (both synchronous (within 6 months before the first CRC) and
metachronous (more than 6 months before the first CRC) second neoplasms were considered). CRC, colorectal
cancer. 2Diagnosed the same day or after the first CRC (both synchronous (within 6 months after the first
CRC) and metachronous (more than 6 months after the first CRC) second neoplasms were considered). SPM,
second primary malignancy; CRC, colorectal cancer.

radiotherapy. Chemotherapy is described as a persistent risk factor for carcinogenesis®>*. Nevertheless, in our
study, its administration was not associated with the risk of development of a SPM and patients with develop-
ment of SPMs before chemotherapy/radiotherapy, and synchronously, were excluded.

Our results concord with Jia et al. which demonstrated that CRC patients with SPMs have better overall
survival (OS) in the first 10 years and thereafter, have worse survival than patients without SPMs. In our study,
OS was better in the first 6 years for CRC patients with SPMs, and thereafter was worse than in CRC patients
without SPM. Nevertheless, the relationship between the year from CRC diagnosis and the occurrence of SPM
was not statistically significant according to the logistic model (p=0.306). The addition of an adjustment for the
year of diagnosis to the Cox regression model also did not show significant changes in the results. An explanation
of cross curve in survival analysis can also be found in the prognosis of the underlying CRC disease. Patients
with a better prognosis have a higher probability of SPMs than patients with a worse prognosis, but finding the
differences in OS of these patients require longer follow-up. Recently, an online competing-risk nomogram was
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Figure 2. Kaplan-Meier curves of 15-year survival among colorectal cancer patients (C18-C20) stratified
by occurrence of second primary malignancy. SPM, second primary malignancy; CRC, colorectal cancer, CI,
confidence interval.

released: Predicting Probabilities of Developing a Second Primary Malignancy for Colorectal Cancer Patients
(http://biostat.fudan.edu.cn/crc)?.

An inherent limitation of this study is related to its retrospective nature, which is similar to all other studies
dealing with this issue. The same reason limits availability of some other data which may be related to the risk
of a SPM such as obesity, which increases the risk of malignancy® as well as information on smoking, alcohol
use, diet, sports activity and lifestyle*>*¢, which have a significant impact on cancer development, and data about
these were not available for the majority of our patient cohort.

The strengths of our study include the use of a large population-based cohort of CRC patients, the patients’
characteristics and treatment, detailed information on the incidence of SPMs in CRC patients from source
documentation, review of medical charts, and long follow-up.

Previous studies have indicated no effect of more frequent specialized follow-up on the survival of CRC
patients, but for some patients their prognosis could be limited by the occurrence of SPMs. The screening of
cancer patients for the most frequent malignancies and their systematic education about risk reduction strategies
should be standard in surveillance for all cancer patients, not just colorectal cancer patients.

We realize that the results from this analysis should be interpreted with caution and further studies in other
centers are needed to confirm our outcomes. Understanding the risk of patients with a history of colorectal cancer
would help to identify appropriate prevention strategies. Early detection of a second primary tumor should be
the focus of healthcare providers as well as health insurance companies. It is imperative that professionals note
that 20% of all cancer patients develop during their lives second primary tumors®.

Conclusion

Patients with a diagnosis of breast cancer, prostate cancer, kidney cancer, or melanoma should be regularly
screened for CRC. As well, colorectal cancer patients should also be screened for additional cancers, namely
colon, breast, prostate, kidney, and bladder cancer. We recommend that CRC patients in the early stages should
be screened for second primary malignancies more often than the standard population, the duration of the
screening should be at least 5-10 years though intervals remain unclear. Inexpensive and noninvasive methods
should be used for early detection of the most frequent SPMs. Using standard screening methods for the gen-
eral population (colonoscopy or fecal occult blood test, mammography, low-dose CT of the chest under certain
conditions), enriched with abdominal ultrasound, and clinical examination, we can detect the early-stage of a
secondary malignancy and hopefully prolong the overall survival of CRC patients.

The early detection of cancer, whether primary or second primary, leads to lives being saved as well as eco-
nomic cost savings for healthcare systems. Our goal, as professionals in healthcare is to create a screening process
for SPMs that will identify the most frequent primary tumors and will be focused on the most frequent second
primary malignancies bound to specific tumors, and which can prolong survival of not only colorectal cancer
patients, but all cancer patients.
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Figure 3. Kaplan-Meier curves of 15-year survival among colorectal cancer patients (C18-C20) stratified
by occurrence of second primary malignancy, depending on the stage of the disease. SPM, second primary
malignancy; CRC, colorectal cancer, CI, confidence interval.
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No SPM (N =681) With SPM** (N=52)
Count (%) Count (%) p value
Neoadjuvant radiotherapy
No 392 (93.1) 29 (6.9)
0.884
Yes | 289 (92.6) 23 (7.4)
Adjuvant radiotherapy
No 594 (93.0) 45(7.0)
0.831
Yes 87 (92.6) 7(7.4)
Radiotherapy*
No 305 (93.3) 22(6.7)
0.774
Yes 376 (92.6) 30 (7.4)
No SPM (N=1047) | With SPM** (N =126)
Count (%) Count (%) p value
Neoadjuvant chemotherapy
No 787 (92.9) 60 (7.1)
1.000
Yes 303 (92.9) 23(7.1)
Adjuvant chemotherapy
No |558(92.4) 46 (7.6)
0.495
Yes 532(93.5) 37 (6.5)
Chemotherapy*
No |417(92.7) 33(7.3)
0.815
Yes 673 (93.1) 50 (6.9)

Table 6. Relationship of radiotherapy and occurrence of second primary malignancy in patients with
malignant neoplasm of rectosigmoid junction (C19) or rectum (C20). Relationship of chemotherapy and
occurrence of second primary malignancy in patients with colorectal cancer (C18-C20). SPM, second primary
malignancy. *Both neoadjuvant and adjuvant chemotherapy or radiotherapy were considered. **Patients
diagnosed before and synchronously with the first CRC were not included. One patient with non-standard
treatment was not considered.
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Introduction: All colorectal cancer (CRC) survivors have an increased risk of developing
second primary malignancies (SPMs). The association between diabetes mellitus (DM)
and the risk of cancer is well known. However, the role of DM and its therapy in the
development of SPMs in CRC patients is not well described.

Methods: In this single-institutional retrospective analysis we identified 1,174 colorectal
carcinoma patients, median follow-up 10.1 years, (median age 63 years, 724 men). All
patients over 18 years with histologically confirmed CRC who were admitted in the period
1.1. 2003- 31.12.2013 and followed-up till 31.12. 2018 at the Masaryk Memorial Cancer
Institute (MMCI) were screened for eligibility. The exclusion criteria were CRC diagnosed at
autopsy, lost to follow-up and high risk of development of SPMs due to hereditary cancer
syndrome. Tumours are considered multiple primary malignancies if arising in different
sites and/or are of a different histology or morphology group. Comparisons of the basic
characteristics between the patients with SPM and the patients without SPM were
performed as well as comparison of the occurrence of SPMs by the site of diagnosis
between the DM and non-DM cohorts and survival analyses.

Results: A SPM was diagnosed in 234 (20%) patients, DM in 183 (15%) patients. DM was
diagnosed in 22.6% of those with SPM vs. in 13.8% of those without SPM (p=0.001). The
most common types of SPMs in DM patients were other CRC, kidney, lung, bladder and
nonmelanoma skin cancer, but only carcinoma of the liver and bile duct tracts was
significantly more common than in the group without DM. Although breast cancer was
the second most common in the group with DM, its incidence was lower than in the group
without DM, as well as prostate cancer. A significantly higher incidence of SPMs was
found in older CRC patients (> 65 years) and in those with lower stage colon cancer and
DM. No significant difference in DM treatment between those with and without a SPM was
observed including analysis of type of insulin.
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Conclusion: CRC patients with diabetes mellitus, especially those with older age, and
early stages of colon cancer, should be screened for second primary malignancies more
often than the standard population. Patients without DM have longer survival. According
to the occurrence of the most common second malignancies, a clinical examination,
blood count, and ultrasound of the abdomen is appropriate, together with standard breast
and colorectal cancer screening, and lung cancer screening under certain conditions, and
should be recommended in CRC survivors especially in patients with intercurrent DM,
however the necessary frequency of screening remains unclear.

Keywords: diabetes mellitus, second primary malignancies, second primary neoplasms, multiple primary
neoplasms, colorectal cancer, cancer survivors

INTRODUCTION

Colorectal carcinoma (CRC) is one of the most common malignant
tumors in all western countries. Due to the success of personalized
therapy and screening, mortality from this disease has been reduced
in recent times. In 2015, its prevalence in the Czech Republic (third
rank in incidence within Europe) reached 64 126 persons and
increased by almost 40% in comparison with 2005 (1). However, the
increasing number of people being cured carries the risk of
development of another type of cancer. In Western countries,
17% of all cancer patients experience second primary malignancy
(SPM) during their lifetime (2). CRC patients after curative
resection are thought to have an additional tumor risk of up to
40% (3). For this reason, it is necessary to focus attention on the
early diagnosis of other malignancies in patients with complete
remission and adapt the type and timing of screening for SPMs.
Primary malignancies are associated with lifestyle, environmental
risk factors, and hereditary factors, in secondary tumours, treatment
of previous cancer is additionally added.

The associations between diabetes mellitus (DM) and the risk
of cancer is well known (4), nevertheless, the factors responsible
for this relationship remain unclear. Insulin is a growth factor and
major regulator of cell metabolism. Stimulation of growth is
facilitated by the insulin receptor which is expressed on cancer
cells in an A isoform, known by its predominant mitogenic effect
which can stimulate neoplastic proliferation (5). Other factors
responsible for cancer development are hyperglycemia
accompanying insulin resistance leading to hyperinsulinemia,
insulin-like growth factor 1, oxidative stress, and inflammation
(6). Obesity which is linked to diabetes mellitus type II is
responsible for an increased risk of cancer as well (7). It is
hypothetized, that the type of DM treatment also plays an
important role in the development of cancer (8, 9). Peroral
antidiabetics (PADs) and insulin are long-term standards of care
for patients with diabetes mellitus. Previously used animal insulin
is currently replaced by recombinant human insulins produced by
recombinant DNA technology, which use Escherichia Coli or
Saccharomyces cerevisiae. In recent years, insulin glargine has
acquired much attention in cancer patients. Insulin glargine
(GlyA21, ArgB31, ArgB32 human insulin) is insulin produced
by recombinant DNA technology using E. coli, substituting
asparagine at position 21 in the A chain with glycine and

adding two arginine residues to the B chain at positions 31 and
32 (10). In a large German study, a higher cancer incidence was
associated with administration of glargine compared to human
insulin. On the other hand, the opposite was described in other
retrospective trials and a metaanalysis (11-16). It seems that
observational studies describing insulin glargine as a risk factor
for developing cancer have important methodological bias (17)
and, thus, the importance of insulin glargine in the development of
cancer remains unclear (18, 19). There is no robust evidence
describing the influence of the type of production of insulin on the
development of SPMs or risk of cancer.

In addition to insulin, oral antidiabetic drugs (PAD) are also used
to treat diabetes with metformin being one of the most commonly
prescribed. Metformin is an antihyperglycemic drug with a
hypoglycemic effect without hyperglycemia, it improves insulin
resistance (20) and decreases circulating insulin levels through
activation of the adenosine monophosphate-activated protein
kinase (AMPK) pathway (21). Antiproliferative potential is
demonstrated by reduced prevalence and number of metachronous
adenomas or polyps after polypectomy (22) and, thus, it is considered
as a protective factor in colorectal adenomas and subsequent
carcinomas (23). In multiple studies, metformin has also been
identified as a drug with anticancer activity, especially in CRC
(24-30).

A metaanalysis of 24 metformin studies demonstrates that
metformin usage decreases cancer risk in diabetes mellitus type II
patients (8) and that metformin could have a protective effect
(29, 31). However, no large studies evaluating the risk of
development of SPMs and type of treatment of diabetes
mellitus in CRC patients are currently available.

The aim of this single-institutional retrospective analysis is the
identification of SPMs in colorectal cancer patients and
description of the potential relationship between the occurrence
of DM, its treatment and the development of SPMs.

MATERIAL AND METHODS

Patients Selection
After approval by the institutional ethics committee (2019/1827/
MOU), all patients over 18 years with histologically confirmed
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CRC who were admitted in the period 1.1. 2003- 31.12.2013 and
followed-up till 31.12. 2018 at the Masaryk Memorial Cancer
Institute (MMCI) in Brno, Czech Republic, were screened for
eligibility after signing their informed consent enabling use of
their personal data in the research. All patients who did not meet
the exclusion criteria were included. The exclusion criteria were
as follows: CRC diagnosed at autopsy, lost to follow-up and high
risk of development of SPMs due to hereditary cancer syndrome
(e.g, BRCAL,2, Lynch syndrome, or familial adenomatous
polyposis). Basic diagnostic and treatment data including the
laterality of CRC were retrieved from electronic medical records.
Additional data about the type of DM, type of treatment of DM,
and type of PAD or insulin therapy were obtained in patients
with a diagnosis of DM. The diagnosis of DM had to precede the
first malignancy.

Second Primary Malignancies

For epidemiological studies, tumors are considered multiple
primary malignancies if arising in different sites and/or are of a
different histology or morphology group (32). In our study,
criteria according to the SEER definition of multiple primary
tumors were used: 1) tumors with ICD-O-3 histology codes that
are different at the first, second or third number are multiple
primaries; 2) tumors with ICD-O-3 topography codes that are
different at the second and/or third characters are multiple
primaries (33).

Synchronicity and multiplicity were qualified according to the
rules of the International Agency for Research on Cancer (IARC)
which suggest synchronous tumours to be diagnosed in an
interval of less than 6 months (or metachronous if more than
6 months) and if arising in different sites (34).

Statistical Analysis

Comparisons of the basic characteristics between the patients with
SPM and the patients without SPM were summarized with counts
and frequencies and tested with the Fisher exact test in case of
categorical characteristics. For countinuous characteristics
median, 5%-95% percentile and the Mann-Whitney test was
used. The Fisher exact test was also used to test the relationship
between the occurrence of SPMs on one side and the presence of
DM, DM therapy, and the laterality of colorectal cancer on the
other side.

Comparison of the occurrence of SPMs by the site of diagnosis
between the DM and non-DM cohorts was performed by the N-1
chi-squared test. SPMs with an unknown date of diagnosis were not
included in the analysis (7 cases). The national cancer registry of the
Czech Republic (35) was used to compare the frequencies of sites of
diagnosis in our study with the frequencies in the entire
Czech population.

Kaplan-Meier curves were utilized to display the survival of the
patients with colorectal cancer stratified by the occurrence of SPM
and DM. 15-year survival was used as the primary endpoint.
Observations with 15 or more years of follow-up were censored at
15 years. The Breslow test was used to compare the differences in

survival between defined groups of patients with respect to the
presence of DM and the occurrence of SPM.

RESULTS

Second Primary Malignancies

In total, 1174 patients were identified and enrolled in this study.
The median follow-up was 10.1 years, median age 63 years and
724 of the patients were men (62%). The other basic characteristics
are summarized in Table 1 in respect to occurance of SPM, which
was diagnosed in 234 (20%) patients (Table 2). One secondary
neoplasm was found overall in 190 (16.2%) patients, 36 (3.1%)
patients suffered from two SPMs and 8 (0.7%) were treated with
three SPMs (Table 2). A significantly higher incidence of SPMs
was observed in older CRC patients and also in patients with a
lower stage of CRC reflecting their better overall survival.

Diabetes Mellitus

Diabetes mellitus was diagnosed in 183 (15.5%) patients. DM
was diagnosed in 22.6% of those with SPM vs. in 13.8% of those
without SPM (p=0.001). The type of DM treatment is
summarized in Table 3. Oral antidiabetic drugs (PADs) alone
or in combination with insulin were taken by 127 patients. No
significant difference in DM treatment between those with and
without SPM was observed including analysis of type of insulin
and its production.

CRC patients with diabetes mellitus had a higher incidence of
SPMs than those without DM, especially another CRC, liver and
intrahepatic bile ducts, lung, nonmelanoma tumors of the skin,
kidney, bladder, non-Hodgkin disease, and leukemia (Table 4),

TABLE 1 | Characteristics of colorectal cancer patients (C18-C20) stratified by
the occurrence of second primary malignancies.

No SPM (N =940) With SPM (N =234) p-value
Gender
Men 590 (62.8%) 134 (57.3%) 0.133"
Women 350 (37.2%) 100 (42.7%)
Age at CRC diagnosis
0-44 79 (8.4%) 14 (6.0%) 0.001"
45-54 153 (16.3%) 21 (9.0%)
55-64 296 (31.5%) 58 (24.8%)
65-74 278 (29.6%) 93 (39.7%)
75+ 134 (14.3%) 48 (20.5%)
Median (5%-95% 63 (55-70) 67 (60-73) <0.0012
percentile)
Clinical stage
Complete records 906 (96.4%) 221 (94.4%) 0.012"
Stage | + in situ 249 (27.5%) 68 (30.8%)
Stage |l 218 (24.1%) 67 (30.3%)
Stage Il 260 (28.7%) 61 (27.6%)
Stage IV 179 (19.8%) 5 (11.3%)
Occurrence of DM
No 810 (86.2%) 181 (77.4%) 0.001
Yes 130 (13.8%) 53 (22.6%)

"Fischer exact test; “Mann-Whitney test; SPM, second primary malignancy; CRC,
colorectal cancer.
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TABLE 2 | Second primary malignancies in patients with colorectal cancer
(C18-C20).

Patients with CRC Men (N =724) Women (N =450) Total (N=1174)

No SPM 590 (81.5%)" 350 (77.8%)" 940 (80.1%)
With SPM 134 (18.5%)’ 100 (22.2%)" 234 (19.9%)
Two primary neoplasms 112 (15.5%) 78 (17.3%) 190 (16.2%)
Three primary 18 (2.5%) 18 (4.0%) 36 (3.1%)
neoplasms

Four primary neoplasms 4 (0.6%) 4 (0.9%) 8 (0.7%)

"p-value of Fisher exact test: 0,133. SPM, second primary malignancy; CRC, colorectal
cancer.

but except for liver and intrahepatic bile duct cancer (4.6% with
DM vs. 0.5% without DM, p=0.014), a higher incidence of other
SPMs was not statistically significant (Figure 1). Although breast
cancer is the second most common in the group with DM, its
incidence is lower than in the group without DM, as well as
prostate cancer. Statistical significance of a group of other
malignant neoplasms is biased by multiple diagnostic units and
is listed in Table 5.

According to the date of diagnosis of SPMs, patients were
divided into three groups (before the development of CRC,
synchronous and metachronous SPM). These and individual
SPMs according to DM are summarized in Table 6. In patients
with DM, there was a statistically significant difference in
laterality of initial CRC cancer between the SPM and non-SPM
groups (Table 7). In the SPM group, a higher proportion of
cancer of the righ colon and left colon and, conversely, a lower
proportion of rectal cancer compared to the group without SPM
was observed (p= 0.014). Patients with rectal cancer and DM had
the smallest probability of developing SPM. The transverse colon
(C18.4) was excluded from the laterality assessment, due to the
difficult assignment into the group for the right or left colon, only
by ICD-O-3 topography codes.

Overall survival (OS) differed according to the occurence of
SPM and DM (Breslow test p=0.001). Patients without SPMs and
with DM have shorter OS (median 4.7 years) than patients with
SPMs and DM (median 7.8 years). Patients without SPMs have
shorter survival, probably because of the poor prognosis of
primary CRC in combination with DM than those with SPMs
and DM, who have early stages of CRC, longer survival, and a

higher probability of development SPMs. Patients without DM
have longer survival, than those with DM. DM seems to be an
important factor for survival. Patients without DM have a similar
survival estimation for both groups (with or without SPMs)
during the first 5 years, after which patients without diabetes and
SPMs live longer (Figure 2 and Table 8).

DISCUSSION

In patients with CRC and a history of DM, a higher incidence of
second primary malignancies compared with CRC patients
without DM was observed in this large retrospective study with
more than a 10 year follow up. Identifying the group of patients
with CRC at higher risk of developing a SPM, and analyzing their
type and timing is essential for clinical practice and development
of long-term management, especially with increasing prevalence
associated with better treatment and screening programes. This
group of patients with SPMs is usually excluded from clinical
trials, and available information about their OS or other related
factors are limited. Recently, an online competing-risk
nomogram was released (http://biostat.fudan.edu.cn/crc) (36),
however, without DM listed as a risk factor.

Considering the general biology of carcinogenesis, each
primary malignancy is associated with the occurrence of
secondary malignancies, but the type of SPMs does not have to
be the same. For example, breast cancer survivors often
developed secondary breast cancer and colorectal cancer (37)
and lung cancer is associated with the occurrence of other
tumors of the lung, head and neck and the genitourinary tract
(38). According to Jia et al., CRC survivors with an older age,
male sex, with localized disease, and treatment with surgery are
at high risk of developing SPMs (36, 39). A high incidence of the
SPM in older patients is probably due to the long exposition of
toxic substances in the environment during the longer life of
these people. Also in patients with DM there was a higher
incidence of SPMs, and DM was an independent risk factor for
the occurrence of SPMs in gastric cancer patients (40). The
higher incidence of liver and intrahepatic bile duct cancer in our
analysis is in contrast with Broman et al’s. study, where the
incidence of these tumors was lower than expected, it is probably

TABLE 3 | Relationship between treatment of diabetes mellitus and risk of second primary malignancy in patients with colorectal cancer (C18-C20).

Therapy of DM No SPM (N = 130) With SPM (N = 53) p-value
Diet 32 (24.6%) 12 (22.6%) 0.737
PAD 65 (50.0%) 30 (56.6%)

PAD/Insulin 25 (19.2%) 7 (13.2%)
Insulin 8 (6.2%) 4 (7.5%)

Therapy of DM - PAD No SPM (N = 90) With SPM (N = 37) p-value
Metformin 74 (82.2%) 33 (89.2%) 0.427
Other PAD 16 (17.8%) 4 (10.8%)

Therapy of DM - insulin No SPM (N = 33) With SPM (N = 11) p-value
Glargine 6 (18.2%) 2 (18.2%) 1.000
Other insulin 27 (81.8%) 9 (81.8%)

Insulin made by recombinant DNA technology in Escherichia coli 8 (24.2%) 2 (18.2%) 1.000
Insulin made by recombinant DNA technology in Saccharomyces cerevisiae 25 (75.8%) 9 (81.8%)

SPM, second primary malignancy; DM, diabetes mellitus; PAD, oral antidiabetics.
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TABLE 4 | Second primary malignancies by the site of diagnosis stratified by the occurrence of diabetes mellitus.

No diabetes mellitus (N = 214)

With diabetes mellitus (N = 65)

All malignant neoplasms according to NOR
(N = 2,367,973)

Oral cavity and pharynx (CO0-C14) 6 (2.8%)
Esophagus (C15) 1(0.5%)
Stomach (C16) 5(2.3%)
Colon and rectum (C18-C20) 42 (19.6%)
Liver and intrahepatic bile ducts (C22) 1(0.5%)
Gallbladder and biliary tract (C23, C24) 0 (0.0%)
Pancreas (C25) 2 (0.9%)
Larynx (C32) 2 (0.9%)
Lung, bronchus and trachea (C33, C34) 5(2.3%)
Malignant melanoma of skin (C43) 12 (5.6%)
Other malignant neoplasms of skin (C44) 4 (1.9%)
Soft tissues (C47, C49) 0 (0.0%)
Breast (C50) 41 (19.2%)
Cervix uteri (C53) 7 (3.3%)
Uterus (C54, C55) 5 (2.3%)
Ovary (C56) 5(2.3%)
Prostate (C61) 24 (11.2%)
Testis (C62) 4 (1.9%)
Kidney (C64) 18 (8.4%)
Bladder (C67) 10 (4.7%)
Central nervous system (C70-C72) 0 (0.0%)
Thyroid gland (C73) 4 (1.9%)
Hodgkin’s disease (C81) 1(0.5%)
Non-Hodgkin’s lymphoma (C82-C86) 4 (1.9%)
Multiple myeloma (C90) 1(0.5%)
Leukemia (C91-C95) 4 (1.9%)
Other malignant neoplasms 6 (2.8%)

17,252 (0.7%
46,717 (2.0%
111,787 (4.7%)

1 (1.5%) 47,097 (2.0%)
0 (0.0%) 16,943 (0.7%)

1 (1.5%) 84,738 (3.6%)

17 (26.2%) 268,753 (11.3%)
3 (4.6%) 30,775 (1.3%)

0 (0.0%) 39,697 (1.7%)

0 (0.0%) 65,789 (2.8%)

0 (0.0%) 21,055 (0.9%)

4 (6.2%) 249,926 (10.6%)
1 (1.5%) 56,372 (2.4%)

3 (4.6%) 532,199 (22.5%)
1 (1.5%) 10,358 (0.4%)

8 (12.3%) 199,562 (8.4%)
0 (0.0%) 43,373 (1.8%)

1 (1.5%) 66,192 (2.8%)

0 (0.0%) 42,593 (1.8%)

4 (6.2%) 142,994 (6.0%)
0 (0.0%) 14,440 (0.6%)

7 (10.8%) 85,270 (3.6%)

46.2% 69,826 (2.9%)

0(0.0% 27,516 (1.2%)

0(0.0% 23,545 (1.0%)

0(0.0% 12,082 (0.5%)

2 ( )

0 ( )

2 ( )

6

)
)
)
)
3.1%) 41,122 (1.7%
)
)
)

Only SPMs with known date of diagnosis were considered (date of diagnosis was not available for seven SPMs).
SPM, second primary malignancy; CRC, colorectal cancer, NOR, national cancer registry (1977-2017).

due to our detailed information from source documentation,
where hepatic lesions are well diagnosed which is not the case in
Broman's analysis, where possible misclassification of primary
liver tumors as colorectal metastases in patients with a history of
CRC were admitted (41). Relationship between diabetes and risk
of second primary contralateral breast cancer was described in
the study Li et al. Women with DM had a 2.2-fold increased risk
of contralateral breast cancer than non-diabetics patients (42).
Diabetes mellitus was identified as a potential risk factor for
development of SPMs in cholangiocarcinoma patients (43).

The risk of development of a SPM is inherently associated
with survival after treatment of a primary malignancy which is
limited in a more advanced local tumor or even in primarily
metastatic disease. In concordance with our results, an analysis
by Jia et al. (36) shows that patients with SPMs have better OS in
the first 10 years and thereafter, they had worse survival than
patients without SPMs. In our study OS was better in the first 7
years for patients with SPMs and DM but, thereafter was worse
than SPMs without DM, patients without SPMs and with DM
had the worst OS.

In addition to DM itself, its treatment, antidiabetic therapy, was
described as a risk factor for developing cancer and it seems that
antidiabetic treatment may also play a role in carcinogenesis. In
previously published literature, insulin use has been associated
with increased and metformin with decreased incidence of
colorectal cancer (44). Among insulin users, an increased risk of
breast cancer was reported (45). Patients treated with metformin

have no lower probability of SPMs incidence in our group of
patients. In concordance with our results, in head and neck cancer
metformin does not show a protective effect on the development of
SMPs (46), on the other hand, in the development of primary
pancreatic cancer this relationship was significant (47). Although
long-term use of metformin appears to have the effect of reducing
the incidence of CRC and its progression (48), it appears to have
no effect on the incidence of secondary malignancies in CRC
patients, as we have shown. In one previous study users of insulin
glargine and users of other insulin analogs had a lower risk of
cancer in general than those using human insulin (49), but on the
other hand, an increased risk of breast cancer in users of insulin
glargine in comparison with users of human insulin was found
(50). For users of glargine insulin compared to users of non-
glargine insulin, a decreased risk of colon cancer, as well as a
marginally significant increased risk of breast cancer and prostate
cancer, was observed (9, 51). However, in some studies, the effect
on cancer development has not been confirmed (14). It has even
been previously described that serum of patients treated by insulin
glargine is more mitogenic to a breast cancer cell than those
treated by other types of insulins (52). Recently, a higher risk of
development of cancer was not found in a patient treated by
insulin glargine or detemir compared with human insulin (53) and
according to our results, insulin glargine was not associated with a
higher risk of SPMs in our group of patients.

An inherent limitation of this study is related to its retrospective
nature, which is similar to all other studies dealing with this issue.
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0% 10 20% 30% 40% 30%  p-value!
Colon and rectum (C IS{ZO)E 0.260
Breast (C50) 0.204
Prostate (C61). 0.235
Kidney (C64) 0.561
Malignant melanoma of skin (C43)_f== 0.174
Bladder (C67) 0.633
Cervix uteri (C53) 0.140
Oral cavity and pharynx (COO—Cl4):r 0.569
Stomach (C16) 0.698
Lung. bronchus and trachea (C33, C34) 0.128
Uterus (C54, C55) 0.698
Ovary (C56) 0.215
Other malignant neoplasms of skin (C44) 0.216
Testis (C62) 0.268
Thyroid gland (C73) 0.268
Non-Hodgkin's lymphoma (C82—C86) 0.557
Leukemia (C91-C95) 0.557
Pancreas (C25) 0.435
Larynx (C32) 0.435
Esophagus (C15) 0.582
Liver and intrahepatic bile ducts (C22 0.014
Hodgkin's disease (CSI)_: 0.582
Multiple myeloma (CQO)_II- B No diabetes mellitus (N = 214) 0.582
Gallbladder and biliary tract (C23,C24)_j= | W With diabetes mellitus N =65) 1 -
Soft tissues (C47, C49)_J™ B NOR N=2367973) - 0.070
Central nervous system (C70-C72)_jm | o -
Other malignant neoplasms’— 0.026

The same reason limits availability of some other data which may be
related to the risk of SPM, such as obesity, which increases the risk of
malignancy (54) as well as information on alcohol use, smoking,
diet, sports activity, and lifestyle (55, 56). Although one may assume
that patients with DM have mostly uniform diet, this and other
information was not available for the majority of our patient’s
cohort and has a significant impact on cancer development. Due to
the length of follow-up and changes in the treatment strategy for

TABLE 5 | Other malignant neoplasms as second primary malignancies in detail.

No diabetes mellitus With diabetes

(N=6) mellitus (N = 6)
Small intestine (C17) 2 (33.3%) 3 (50.0%)
Anus and anal canal (C21) 1(16.7%) 1(16.7%)
Thymus (C37) 0 (0.0%) 1(16.7%)
Penis (C60) 1(16.7%) 1(16.7%)
Eye and adnexa (C69) 1(16.7%) 0 (0.0%)
Malignant immunoproliferative 1(16.7%) 0 (0.0%)

diseases (C88)

FIGURE 1 | Comparison of the occurrence of total second primary malignancies with respect to diabetes mellitus. Only SPMs with known date of diagnosis were
considered (date of diagnosis was not available for seven SPMs). "p-value of N-1 Chi-squared test for group no diabetes mellitus and group with diabetes mellitus.
SPMs, second primary malignancies; CRC, colorectal cancer, NOR, national cancer registry (1977-2017).

both CRC and diabetes mellitus, patients with a more recent
diagnosis of CRC could survive longer, and their SPMs may not
have been detected yet, despite the long follow-up of our group of
patients. The strengths of our study include use of a well-
characterized and population-based cohort of CRC survivors,
patient characteristics, and treatment with extensive follow-up,
detailed information on the incidence of SPMs in CRC patients
from the source documentation, review of medical charts, and
detailed information about antidiabetic medication of patients.
The better identification of risk groups of patients is important
for clinicians, health care providers, and health insurance
companies. From our analysis it has arisen that CRC patients
stage I or II with diabetes mellitus have a higher incidence of
SPMs, especially second colon and rectal cancer, liver and
intrahepatic bile ducts, lung, nonmelanoma tumors of the skin,
kidney, bladder, non-Hodgkin lymphoma, and leukemia. Liver
and intrahepatic bile duct cancer is even more common than in
the group without DM. On the other hand, although breast cancer
is the second most common in the group with DM, its incidence is
lower than in the group without DM, as well as prostate cancer.
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TABLE 6 | Second primary malignancies by the site of diagnosis stratified by the occurrence of diabetes mellitus.

No diabetes mellitus (N = 214) With diabetes mellitus (N = 65) All malignant
neoplasms
SPM SPM SPM Total SPM SPM SPM Total  according to NOR

before’ the synchronously? with after®the = SPM  before' the synchronously® with after®>the = SPM (N = 2,367,973)
first CRC the first CRC (N = first CRC (N =214) first CRC the first CRC (N = first CRC (N = 65)

(N =82) 59) (N =73) (N=22) 27) (N =16)

Oral cavity and 3(3,7%) 1(1,7%) 2 (2,7%) 6 (2,8%) 0 (0,0%) 0 (0,0%) 16,3%) 1(1,5%) 47,097 (2.0%)

pharynx (CO0-

C14)

Esophagus (C15) 0 (0,0%) 0 (0,0%) 1(1,4%) 1(0,5%) 0 (0,0%) 0 (0,0%) 0(0,0%) 0 (0,0%) 16,943 (0.7%)

Stomach (C16) 1(1,2%) 1(1,7%) 3 (4,1%) 5 (2,3%) 0 (0,0%) 1(3,7%) 0(0,0%) 1(1,5%) 84,738 (3.6%)

Colon and 0 (0,0%) 28 (47,5%) 14 (19,2%) 42 0 (0,0%) 13 (48,1%) 4 (25,0%) 17 268,753 (11.3%)

rectum (C18- (19,6%) (26,2%)

C20)

Liver and 0 (0,0%) 1(1,7%) 0 (0,0%) 1(0,5%) 0 (0,0%) 1(3,7%) 2(12,5%) 3 (4,6%) 30,775 (1.3%)

intrahepatic bile

ducts (C22)

Gallbladder and 0 (0,0%) 0 (0,0%) 0 (0,0%) 0 (0,0%) 0 (0,0%) 0 (0,0%) 0(0,0%) 0 (0,0%) 39,697 (1.7%)

biliary tract (C23,

C24)

Pancreas (C25) 1(1,2%) 1(1,7%) 0 (0,0%) 2 (0,9%) 0 (0,0%) 0 (0,0%) 0(0,0%) 0(0,0%) 65,789 (2.8%)

Larynx (C32) 2 (2,4%) 0 (0,0%) 0 (0,0%) 2 (0,9%) 0 (0,0%) 0 (0,0%) 0(0,0%) 0 (0,0%) 21,055 (0.9%)

Lung, bronchus 0 (0,0%) 0 (0,0%) 5 (6,8%) 5(2,3%) 2(9,1%) 2 (7,4%) 0(0,0%) 4(6,2%) 249,926 (10.6%)

and trachea

(C38, C34)

Malignant 5 (6,1%) 3(5,1%) 4(5,5%) 12((5,6%) 1(4,5%) 0 (0,0%) 0(0,0%) 1(1,5%) 56,372 (2.4%)

melanoma of

skin (C43)

Other malignant 2 (2,4%) 1(1,7%) 1(1,4%) 4 (1,9%) 0 (0,0%) 2 (7,4%) 16,3%) 3(4,6%) 532,199 (22.5%)

neoplasms of

skin (C44)

Soft tissues 0 (0,0%) 0 (0,0%) 0 (0,0%) 0 (0,0%) 1(4,5%) 0 (0,0%) 0(0,0%) 1 (1,5%) 10,358 (0.4%)

(C47, C49)

Breast (C50) 26 (31,7%) 6 (10,2%) 9 (12,3%) 41 8 (36,4%) 0 (0,0%) 0 (0,0%) 8 199,562 (8.4%)
(19,2%) (12,3%)

Cervix uteri (C53) 6 (7,3%) 1(1,7%) 0 (0,0%) 7 (3,3%) 0 (0,0%) 0 (0,0%) 0(0,0%) 0 (0,0%) 43,373 (1.8%)

Uterus (C54, 4 (4,9%) 0 (0,0%) 1(1,4%) 5(2,3%) 1(4,5%) 0 (0,0%) 0(0,0%) 1 (1,5%) 66,192 (2.8%)

C5h5)

Ovary (C56) 1(1,2%) 0 (0,0%) 4 (5,5%) 5(2,3%) 0 (0,0%) 0 (0,0%) 0(0,0%) 0 (0,0%) 42,593 (1.8%)

Prostate (C61) 12 (14,6%) 6 (10,2%) 6 (8,2%) 24 1(4,5%) 1(3,7%) 2(12,5%) 4 (6,2%) 142,994 (6.0%)
(11,2%)

Testis (C62) 4 (4,9%) 0 (0,0%) 0 (0,0%) 4 (1,9%) 0 (0,0%) 0 (0,0%) 0(0,0%) 0 (0,0%) 14,440 (0.6%)

Kidney (C64) 1(1,2%) 8 (13,6%) 9(12,3%) 18(8,4%) 1(4,5%) 3(11,1%) 3(18,8%) 7 85,270 (3.6%)

(10,8%)

Bladder (C67) 2 (2,4%) 1(1,7%) 79,6%) 104,7%) 1(4,5%) 2 (7,4%) 1(6,3%) 4 (6,2%) 69,826 (2.9%)

Central nervous 0 (0,0%) 0 (0,0%) 0 (0,0%) 0 (0,0%) 0 (0,0%) 0 (0,0%) 0(0,0%) 0 (0,0%) 27,516 (1.2%)

system (C70-

C72)

Thyroid gland 1(1,2%) 0 (0,0%) 3 (4,1%) 4 (1,9%) 0 (0,0%) 0 (0,0%) 0(0,0%) 0 (0,0%) 23,545 (1.0%)

(C73)

Hodgkin’s 1(1,2%) 0 (0,0%) 0 (0,0%) 1(0,5%) 0 (0,0%) 0 (0,0%) 0(0,0%) 0 (0,0%) 12,082 (0.5%)

disease (C81)

Non-Hodgkin’s 3(3,7%) 1(1,7%) 0 (0,0%) 4 (1,9%) 2(9,1%) 0 (0,0%) 0(0,0%) 2(3,1%) 41,122 (1.7%)

lymphoma (C82—

C86)

Multiple myeloma 1(1,2%) 0 (0,0%) 0 (0,0%) 1(0,5%) 0 (0,0%) 0 (0,0%) 0(0,0%) 0 (0,0%) 17,252 (0.7%)

(C90)

Leukemia (C91- 2 (2,4%) 0 (0,0%) 2 (2,7%) 4 (1,9%) 1(4,5%) 0 (0,0%) 16,3%) 2(3,1%) 46,717 (2.0%)

C95)

Other malignant 4 (4,9%) 0 (0,0%) 2(2,7%) 6(2,8%) 3(13,6%) 2 (7,4%) 1(6,3%) 6(9,2%) 111,787 (4.7%)

neoplasms

Only SPMs with known date of diagnosis were considered (date of diagnosis was not available for seven SPMs).
Tdiagnosed 6 or more months before the first CRC in the patient.

2diagnosed within 6 months before or after the first CRC in the patient.

Sdiagnosed 6 or more months after the first CRC in the patient.

SPM, second primary malignancy; CRC, colorectal cancer, NOR, national cancer registry (1977-2017).
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TABLE 7 | Relationship between second primary malignancies and laterality of colorectal cancer stratified by the occurrence of diabetes mellitus excluding patients with

(C18.4 (transverse colon).

Laterality No diabetes mellitus (N = 955) With diabetes mellitus (N = 174)
No SPM With SPM  p-value of Fisher exact test No SPM (N = 130) With SPM (N =53) p-value of Fisher exact test
(N =810) (N =181)

Right colon (C18.0-C18.3) 137 (17.5%) 35 (20.2%) 0.651 19 (15.3%) 15 (30.0%) 0.014

Left colon (C18.5-C19) 216 (27.6%) 48 (27.7%) 34 (27.4%) 18 (36.0%)

Rectum (C20) 429 (54.9%) 90 (52.0%)

SPM, second primary malignancy.
Bold values emphasize statistical significance.

71 (57.3%) 17 (34.0%)

Median
N R(l-po(rlte.(l survival
deaths (95% CI)
No SPM + DM 130 87 (66.9%) 4.7 (3.5-6.0)
100 — === No SPM +noDM 810 387 (47.8%) 11.1(8.9-13.3)
== SPM + DM 53 32 (60.4%) 7.8 (6.0-9.6)
=== SPM + no DM 181 104 (57.5%)  8.1(5.4-10.7)
80 —
60
Z 40
c
8
20
0 -
r T T T T T T T T T T T T T T 1
0o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Time since CRC diagnosis (years)
FIGURE 2 | Kaplan-Meier curves of 15-year survival among colorectal cancer patients (C18-C20) stratified by the occurrence of multiple primary neoplasms and
diabetes mellitus. SPM, second primary neoplasm; DM, diabetes mellitus; Cl, confidence interval.

TABLE 8 | P-values of Breslow test for colorectal cancer patients (C18-C20) stratified by the occurrence of second primary malignancy and diabetes mellitus.

No SPM + DM No SPM + no DM
No SPM + DM - <0.001
No SPM + no DM <0.001 -
SPM + DM 0.009 0.721
SPM + no DM 0.007 0.468

SPM + DM SPM + no DM Overall comparison
0.009 0.007 0.001
0.721 0.468
- 0.438
0.438 -

SPM, second primary malignancy; DM, diabetes mellitus.
Bold values emphasize statistical significance.

CONCLUSION

In conclusion, this single-institution population-based study shows
that CRC patients in complete remission have an increased risk of
development of SPMs, especially patients >65years of age, with stage

I and II primary colon cancer and those with diabetes mellitus.
These patients should be frequently and regularly screened for
second primary malignancies. This screening should be cheap and
without increased radiation load. According to the occurrence of the
most common second malignancies, clinical examination, blood
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count, and ultrasound of the abdomen are appropriate, together
with standard breast and colorectal cancer screening, and lung
cancer screening under certain conditions, but the frequency of the
screening remains unclear.
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Simple Summary: Hypolipidemic drugs are among the most frequently prescribed medications in
the Western world. Since many studies have indicated their role in carcinogenesis, this work aimed
to investigate their association with the occurrence of a second primary malignancy in colorectal
cancer survivors. The overall incidence of a second neoplasm was not linked to hypolipidemic
medication; however, a subgroup analysis revealed a lower incidence of secondary neoplasia in
statin users. When stratified by cancer types, a significant increase in gastric and bladder cancer
was detected among colorectal cancer patients using hypolipidemic drugs. Survival outcomes in
patients with early-stage colorectal carcinoma who suffered second cancer were significantly worse
if treated with hypolipidemic drugs. Although our results do not provide evidence for a causative
relationship between hypolipidemic medication and carcinogenesis, these correlations might steer
the direction of tertiary prevention care towards specific risk factors shared between cardiovascular
diseases and cancer.

Abstract: An increasing number of studies has brought evidence of the protective role of statin use
against different types of cancer. However, data on their association with second primary malig-
nancies (SPMs) are lacking. The purpose of this study was to determine the role of hypolipidemic
treatment in the prevention of second primary cancer in colorectal cancer (CRC) survivors. We
conducted a retrospective single-institution study of 1401 patients with newly diagnosed colorectal
cancer from January 2003 to December 2016, with follow-up until December 2020. An SPM was
detected in 301 patients (21%), and the incidence was significantly lower in patients with statin
medication. However, stratification by cancer types revealed an increased incidence of bladder and
gastric cancer in hypolipidemic users. A Kaplan—Meier analysis of early-stage CRC survivors with
an SPM showed a significant survival benefit in patients without a history of hypolipidemic treatment.
Despite the protective role of statins on overall second cancer incidence, these data indicate that CRC
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survivors treated with hypolipidemic drugs should be screened more cautiously for SPMs, especially
for gastric and bladder cancer.

Keywords: hypolipidemic agents; statins; second primary malignancies; second primary cancers;
multiple primary neoplasms; colorectal cancer; cancer survivors

1. Introduction

Colorectal carcinoma (CRC) belongs to the most prevalent cancer diagnoses in Western
countries. In the Czech Republic, with more than 10 million inhabitants, the prevalence of
people with a history of colorectal cancer reached 59,166 cases in the year 2018 [1].

There is an increasing amount of literature indicating that carcinogenesis may be
affected by impairments in cholesterol metabolism. Cholesterol plays crucial roles in
various intracellular processes that regulate cell metabolism and maintain homeostasis [2].
Moreover, it is a vitamin D precursor and a substrate for the synthesis of hormones,
including estrogens, androgens, progestogens, and corticosteroids that may be involved
in the progression of specific cancers [3]. Cholesterol supply, which is necessary for the
production of cellular membranes, may also act as a limiting factor for the proliferation of
cancer cells.

Statins are lipid-lowering drugs that are widely used in the management of cardio-
and cerebrovascular diseases. By inhibiting 3-hydroxy-3-methylglutaryl-coenzyme A
(HMG-CoA) reductase, they interfere with cholesterol synthesis through the mevalonate
cascade [4]. Accumulating preclinical studies suggest the oncogenic potential of this path-
way through either cholesterol-related [5,6] or cholesterol-independent mechanisms [7].
The pleiotropic effects of statins at the cellular level extend beyond their lipid-lowering
purpose and include multiple impacts on cell cycle regulation. Statins have been shown
to induce p21 (also termed CDKN1A) that plays an important role in cell cycle inhibi-
tion [8,9] to antagonize RAS-dependent signaling pathways [10,11] or to downregulate
BCL-2 expression in cancer cell lines and, thus, affect apoptosis [12].

Despite the abundance of laboratory evidence of deregulated metabolic pathways and
other molecular mechanisms induced by statins, their causative role in cancer chemopre-
vention has not been unequivocally demonstrated. A retrospective cohort and case—control
studies that report reduced cancer-related mortality [13-15] or cancer incidence [16] among
statin users are often disputed by other studies, showing little impact of statins on cancer-
specific mortality [17] or overall cancer incidence [18,19]. These inconclusive results
prompted several large meta-analyses, most of which did not support a protective role
of statins [20-23]. Similarly, a meta-analysis of 27 randomized clinical trials (RCTs) did
not provide sufficient evidence for an association between statins and aggregate cancer
incidence or mortality [24].

The impact of hypolipidemic drugs on the incidence of specific types of cancer has been
investigated mainly in breast, prostate, and colorectal cancer patients but less frequently in
lung, gastric, and gynecological cancers. Nationwide prospective studies of breast cancer
patients have both favored [25,26] and disputed [27] the protective effect of statins. Several
meta-analyses of observational studies and RCTs revealed a null association between statin
use and the risk of breast cancer development or recurrence [28-30]; however, the lists of the
original studies involved in these analyses overlap significantly. Contrarily, Liu et al. [31]
and Manthravadi et al. [32] reported improved recurrence rates and cancer-specific survival,
mainly among lipophilic statin users.

There are several case—control studies suggesting an inverse relationship between
statin use and prostate cancer risk [33]; however, the results are limited to hydrophobic
statins [34], to certain subgroups of men with concomitant use of NSAIDs [35], or to patients
with advanced disease [36]. On the other hand, a number of studies do not support the
association between the use of statins and prostate cancer [37-41].
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Similarly, there are several large population-based studies that did not demonstrate
a reduced risk of CRC incidence related to the use of statins [42,43]. A meta-analysis of
31 observational and randomized studies by Bardou et al. [44] reported a 9% reduction
in the incidence of CRC among statin users. Likewise, a meta-analysis of 42 studies by
Liu et al. [45] also indicated the protective role of statins on CRC incidence. However, in a
subgroup analysis, patients with a history of long-term statin use (more than 5 years) did
not experience any CRC risk—benefit.

There is only little information related to cancer and the use of fibrates. In vitro
experiments have implicated that fenofibrate might regulate cell cycle, promote apopto-
sis, or suppress cell proliferation and tissue differentiation by activating PPARA (peroxi-
some proliferator-activated receptor alpha) [46]. This class of nuclear receptors act on the
CDKN2A /RB/E2F pathway that is critical for the control of malignant cell proliferation. In
clinical studies, fenofibrates were found to induce apoptosis in triple-negative breast can-
cer [47], inhibit pancreatic cancer cell proliferation [48], or reduce the risk of hepatocellular
carcinoma [49]. Nonetheless, a meta-analysis of 17 relevant RCTs did not demonstrate an
impact of fibrates on cancer incidence or mortality [50].

The success rate of CRC treatment is increasing and the prolonged survival of cancer
patients increases their probability of developing a second primary malignancy (SPM). Data
on the type and frequency of SPMs and potential risk factors are essential for high-quality
survivorship care and patient-tailored cancer surveillance. Since the risk factors for CRC
and cardiovascular diseases largely overlap (smoking, overweight, little physical activity,
etc.), it can be assumed that many CRC patients are treated for hyperlipidemia. Thus, the
aim of our study was to ascertain the impact of hypolipidemic drugs on the incidence of
second malignancies and overall survival in a cohort of patients with primary CRC.

2. Materials and Methods

In this study, we included adult patients with a histologically confirmed CRC diag-
nosed at the Masaryk Memorial Cancer Institute (MMCI) in Brno, Czech Republic from
January 2003 to December 2016. Patients with CRC diagnosed at autopsy, individuals with
a high risk of the development of SPMs due to hereditary cancer syndrome (e.g., BRCA1,2,
Lynch syndrome, or familial adenomatous polyposis), and patients lost to follow-up were
excluded from the study. Enrollees were followed until December 2020.

Basic clinical data and patient characteristics were retrieved from our institution’s elec-
tronic health records. We identified the hypolipidemic drug users based on the medication
history whereas the treatment of hyperlipidemia (HLP) had to precede patient’s first cancer
diagnosis. Nonusers were defined as patients who have never used a hypolipidemic agent
before or during the study period.

Following the National Cancer Institute’s definition, tumors were considered multi-
ple primary malignancies if they differed in topography, histology, or morphology group
and were not an extension, a recurrence, or a metastasis [51,52]. Thus, lesions with ICD
codes C79.0-C79.9 (secondary malignant neoplasms) were not included in the analy-
sis. All of the SPMs were histologically verified, and their identification is based on the
pathologist’s report.

Comparisons of the basic characteristics between patients with an SPM and those
without an SPM were summarized with counts and frequencies. Categorical characteristics
were tested with the Fisher exact test. The Fisher exact test was also used to assess the
relationship between the occurrence of SPMs with the use of hypolipidemic drugs and
the laterality of CRC. For continuous characteristics, the median, 25-75% percentile, and
Mann—Whitney test were used.

Multivariate logistic regression models were used to adjust risk factors in the analysis
(gender, age at CRC diagnosis, clinical stage, status of relapse, and laterality) of the asso-
ciation between an SPM and the use of hypolipidemic drugs. Patients with an unknown
clinical stage and a diagnosis of C18.4 were removed from the analysis.



Cancers 2022, 14, 1699

40f13

A comparison of the occurrence of SPMs by site in patients with or without hypolipi-
demic drugs was performed by the N-1 chi-squared test. SPMs with an unknown date
of diagnosis were not included in the analysis (7 cases). The Czech National Cancer Reg-
istry [1] was used as a reference for the frequencies of selected cancer types in the entire
Czech population over the corresponding period of time.

Kaplan—Meier curves were plotted to display the survival of patients with CRC,
stratified by the occurrence of an SPM, clinical stage, and use of hypolipidemic drugs. A
15-year survival was used as the primary endpoint. Observations were censored at 15 years
of follow-up, with 73 subjects remaining right-censored at this point. Differences in survival
between defined groups of patients with respect to the use of hypolipidemic drugs and the
occurrence of SPMs were analyzed with the Breslow test.

3. Results

We identified a cohort of 1401 patients with primary CRC. The median age was
64 years, and 855 patients were men (61%). Other baseline patient and tumor characteristics
stratified by the occurrence of an SPM are listed in Table 1.

Table 1. Characteristics of colorectal cancer patients (C18-C20), stratified by the occurrence of a

second primary malignancy.

No SPM

With SPM

(N = 1100) (N =301) p-Value
Gender
Men 680 (61.8%) 175 (58.1%) 1
Women 420 (38.2%) 126 (41.9%) 0.257
Age at CRC diagnosis
0-44 90 (8.2%) 16 (5.3%)
45-54 165 (15.0%) 25 (8.3%)
55-64 350 (31.8%) 67 (22.3%) <0.001?
65-74 323 (29.4%) 125 (41.5%)
75+ 172 (15.6%) 68 (22.6%)
Median (25-75% percentile) 63 (55-71%) 69 (61-74) <0.001 2
Clinical stage
Complete records 1 066 (96.9%) 287 (95.3%)
Stage I 273 (25.6%) 75 (26.1%)
Stage 11 266 (25.0%) 89 (31.0%) 0.0141
Stage III 304 (28.5%) 85 (29.6%)
Stage IV 223 (20.9%) 38 (13.2%)
Not available 34 (3.1%) 14 (4.7%)
Grade
Complete records 762 (69.3%) 241 (80.1%)
1 190 (24.9%) 52 (21.6%) .
2 424 (55.6%) 152 (63.1%) 0.121
3 148 (19.4%) 37 (15.4%)
Not available 338 (30.7%) 60 (19.9%)
Relapse
yes 362 (32.9%) 64 (21.3%) 1
no 738 (67.1%) 237 (78.7%) <0.001

1 Fischer exact test, 2 Mann—Whitney test. SPM, second primary malignancy; CRC, colorectal cancer.

The median follow-up was 9.01 years; 723 patients have died during the study period,
but none of the patients was lost to follow-up.
One or more SPMs were diagnosed in 301 patients (21.5%), with 55 patients (3.9%)
having two or more SPMs. (Table 2).
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Table 2. Second primary malignancy in patients with colorectal cancer (C18-C20).

. . Men Women Total
Patients with CRC (N = 855) (N = 546) (N =1401)
No SPM 680 (79.5%) 420 (76.9%) 1100 (78.5%)
With SPM 175 (20.5%) 126 (23.1%) 301 (21.5%)
One SPM 144 (16.8%) 102 (18.7%) 246 (17.6%)
Two SPMs 27 (3.2%) 20 (3.7%) 47 (3.4%)
Three SPMs 4 (0.5%) 4 (0.7%) 8 (0.6%)

SPM, second primary malignancy; CRC, colorectal cancer.

The incidence of an SPM was significantly higher among older patients and in those
with a lower stage CRC, probably reflecting their better overall survival. Hyperlipidemia
(HPL) was diagnosed in 257 (18.3%) patients. The analysis did not show any significant
difference in the HPL distribution and the type of hypolipidemic treatment between patients
with an SPM (15.9%) and without an SPM (19%), as summarized in Table 3.

Table 3. The relationship between the use of hypolipidemic drugs and risk of a second primary
malignancy in patients with colorectal cancer (C18-C20).

No SPM With SPM p-Value
Use of hypolipidemic drugs
No (N =1144) 891 (77.9%) 253 (22.1%) 0.240
Yes (N =257) 209 (81.3%) 48 (18.7%) )
Use of statins !

No (N = 1168) 909 (77.8%) 259 (22.2%) 0,093
Yes (N =229) 190 (83.0%) 39 (17.0%) ’
Lipophilic (N = 210) 178 (84.8%) 32 (15.2%) 0.025

Hydrophilic (N= 19) 12 (63.2%) 7 (36.8%) )
Use of fibrates !
No (N = 1370) 1079 (78.8%) 291 (21.2%) 0.634
Yes (N =27) 20 (74.1%) 7 (25.9%) )

! Patients taking ezetimibe were excluded (4 patients); SPM, second primary malignancy.

The use of hypolipidemic agents was associated with a nonsignificant, lower incidence
of an SPM (18.7% vs. 22.1% in nonusers), and the anticarcinogenic effect was more pro-
nounced among statin users (17.0% vs. 22.2% in nonusers). Given the low frequency of
hydrophilic statin use (7.4% of all hypolipidemic drugs), the association remained signifi-
cant only for lipophilic agents when statins were categorized by their solubility. Fibrates did
not demonstrate a significant chemoprotective effect against cancer although this subgroup
of patients was too small (N = 28), and the statistics were underpowered.

After the adjustment for gender, age at CRC diagnosis, clinical stage, status of relapse,
and laterality, the odds ratios for the occurrence of an SPM were significantly lower in a
subgroup of statin users (Table 4).

As demonstrated in Table 5, the incidence of an SPM was associated with the anatom-
ical distribution of the primary colorectal cancer. In our cohort, patients with an SPM
had a higher prevalence of proximal colon cancer (23.6%) and a lower frequency of rectal
cancer (44.0%) compared to patients without an SPM (18.4% and 51.8%, respectively).
When stratified by hypolipidemic drug use, nonusers with SPMs had a higher proportion
of proximal colon cancer (23.9%) compared to patients without any second malignancy
(17.7%). However, this correlation between laterality and SPM occurrence was not detected
in patients treated for hyperlipidemia (21.3% vs. 21.7%).
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Table 4. Odds ratios for the occurrence of second primary malignancies derived from the multivariate

logistic regression models.

OR (95% CI) p-Value
Use of hypolipidemics
No 1.00
Yes 0.74 (0.51-1.06) 0.099
Use of statins !
No 1.00
Yes 0.62 (0.42-0.92) 0.018
Hydrophilic 1.00
Lipophilic 2.80 (0.78-9.99) 0.329
Use of fibrates !
No 1.00
Yes 1.71 (0.69-4.24) 0.251

! Patients taking ezetimibe were excluded (4 patients).

Table 5. The relationship between second primary malignancies and laterality of colorectal cancer,
stratified by the use of hypolipidemic drugs and excluding patients with C18.4 (transverse colon).

No use of Hypolipidemics Use of Hypolipidemic Drugs

Total (N = 1339)

(N =1091) (N = 248)
NoSPM  With SPM Value NoSPM  With SPM Value NoSPM  With SPM Value
(N=853)  (N=238) P (N =202) (N = 46) P (N=1055) (N =284) P
CR;%‘; 151 (17.7%) 57 (23.9%) 43 (21.3%) 10 (21.7%) 194 (184%) 67 (23.6%)
Left 0.036 0.736 0.040
colon 254 (29.8%) 76 (31.9%) 60 (29.7%) 16 (34.8%) 314 (29.8%) 92 (32.4%)
Rectum 448 (52.5%) 105 (44.1%) 99 (49.0%) 20 (43.5%) 547 (51.8%) 125 (44.0%)

SPM, second primary malignancy.

Table 6 shows the type and frequency of SPMs in patients taking hypolipidemic agents
versus nonusers. The last column (CNCR) serves as a reference, indicating the incidence
rate of a particular neoplasm in the Czech Republic over the corresponding period of time.

Table 6. Second primary malignancies by the site of diagnosis, stratified by the use of hypolipi-

demic drugs.

No Use of Use of All Mahgpanaes
Hypolipidemics  Hypolipidemics ~ A0rding to
ypolip ypolip
(N = 304) (N =53) CNCR
(N =1,070,801)
Head and neck cancers (C00-C14, C32) 11 (3.6%) 3 (5.7%) 28,501 (2.7%)
Stomach (C16) 4 (1.3%) 4 (7.5%) 22,385 (2.1%)
Colon and rectum (C18-C20) 59 (19.4%) 14 (26.4%) 112,410 (10.5%)
Liver and intrahepatic bile ducts (C22) 7 (2.3%) 0 (0.0%) 12,500 (1.2%)
Pancreas (C25) 2 (0.7%) 0 (0.0%) 28,463 (2.7%)
Lung, bronchus, and trachea (C33, C34) 10 (3.3%) 3 (5.7%) 91,145 (8.5%)
Malignant melanoma of skin (C43) 13 (4.3%) 2 (3.8%) 29,507 (2.8%)
Other malignant neoplasms of skin (C44) 6 (2.0%) 1 (1.9%) 289,780 (27.1%)
Breast (C50) 55 (18.1%) 5(9.4%) 92,356 (8.6%)
Cervix uteri (C53) 9 (3.0%) 0(0.0%) 13,585 (1.3%)
Uterus (C54, C55) 7 (2.3%) 2 (3.8%) 26,677 (2.5%)
Ovary (C56) 5(1.6%) 1 (1.9%) 15,482 (1.4%)
Prostate (C61) 36 (11.8%) 3 (5.7%) 84,720 (7.9%)
Testis (C62) 4 (1.3%) 0 (0.0%) 6614 (0.6%)
Kidney (C64) 27 (8.9%) 7 (13.2%) 41,511 (3.9%)
Bladder (C67) 11 (3.6%) 6 (11.3%) 30,948 (2.9%)
Thyroid gland (C73) 4 (1.3%) 0(0.0%) 13,379 (1.2%)
Lymphomas (C81-C86) 9 (2.6%) 0 (0.0%) 22,847 (2.1%)
Leukemia (C91-C95) 6 (2.0%) 0(0.0%) 19,041 (1.8%)
Other malignant neoplasms 19 (6.3%) 2 (3.8%) 88,950(8.3%)

Only SPMs with a known date of diagnosis were considered (date of diagnosis was not available for 7 SPMs).

SPM, second primary malignancy; CNCR, Czech National Cancer Registry (2003-2016).
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Figure 1 provides a bar chart for the visual presentation of the data, stratified by the
use of hypolipidemic drugs. A statistically significant increase in the prevalence of an SPM
among hypolipidemic users was detected in the subgroup of patients with bladder and
gastric cancer.

p-value!
0% 5% 10% 15% 20% 25% 30%

Colon and rectum (C1 8—C20)F 0.244
Breast (CSO)-_ 0.120
Prostate (C6lr 0.184

Kidney (C64) 0.323
Malignant melanoma of skin (C43) 0.867
Bladder (C67) 0.015
Lung, bronchus and trachea (C33, C34) 0.396
Cervix uteri (C53) : 0.205
Oral cavity and pharynx (C00-Cl1 4):F 0.240
Non-Hodgkin's lymphoma (C82-C86) e 0.233
Liver and intrahepatic bile ducts (C22)ir 0.265
Uterus (C54, C55) [l 0.529
Other malignant neoplasms of skin (C44;. 0.967
Leukemia (C91-C95) [ 0.303
Ovary (C56) il 0.900
Stomach (C16) |[figm— 0.005
Testis (C62) . ) 0.402

. B No hypolipidemic drugs ~ |—
Tyl glaed (C73) B With hypolipidemic drugs | 0402
Larynx (C32) B CNCR *0.468
Pancreas (C25) 0.350

Other malignant neoplasmsi: 0.288

Figure 1. Comparison of the occurrence of second primary malignancies with respect to the use of a

hypolipidemic drug. (* p-value of N-1 Chi-squared test for the group of nonhypolipidemic users and
the group of patients with hypolipidemic drugs. CNCR, Czech National Cancer Registry).

The Kaplan—Meier curves shown in Figure 2 were used to compare the overall survival
of CRC patients, stratified by the occurrence of an SPM and the use of hypolipidemic drugs
according to the clinical stage of the disease. A statistically significant survival benefit
was observed in early-stage CRC patients without an SPM who were not treated with
hypolipidemic agents while the worst outcomes were found in patients with SPMs and
hypolipidemic treatment. The median overall survival (mOS) of patients who developed a
second malignancy was significantly shorter for those using hypolipidemic drugs (6.3 years)
compared to nonusers (10.1 years) in early-stage cancer survivors (p < 0.001). This indicates
that the use of hypolipidemic medication or hyperlipidemia itself might be an unfavorable
prognostic factor for overall survival in this subgroup of patients. For patients with stage
II and IV CRC, the difference in survival between groups was not statistically significant.
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No SPM + HYP 109 42 (38.5%)
No SPM +no HYP 430 131 (30.5%)

11.1 (8.8-13.3)

p <0.001

No SPM + HYP 93 65 (69.9%)
NoSPM+no HYP 434 293 (67.5%)

2.6(1.8-3.4)
3.5(3.0-4.1)

p=0.117

6.3 (3.5-9.1) == SPM +HYP 19 13 (68.4%)

== SPM + HYP 29 19 (65.5%)
M— 10.1(7.6-12.5) SPM +no HYP 104 72 (69.2%)

SPM + no HYP 135 66 (48.9%)

4.4(1.7-7.1)
4.6 (2.6-6.5)

Figure 2. Kaplan—Meier curves of a 15-year survival among colorectal cancer patients (C18-C20),
stratified by the occurrence of a second primary malignancy and the use of hypolipidemic drugs,
according to clinical stages. SPMs, second primary malignancies; HYP, hypolipidemic treatment;
CRC, colorectal cancer.

4. Discussion

In our cohort of CRC patients, we found little evidence of an anticarcinogenic potential
of hypolipidemic treatment. However, subgroup analysis of statins and fibrates revealed a
weak protective effect of statins on the occurrence of an SPM, but statistical significance
was achieved only after an adjustment for known covariates.

There is a paucity of studies addressing the impact of statins on the development of
a second malignancy in cancer survivors, except for Lu et al., who did not demonstrate a
significant effect of statins on the frequency of second malignancies in a cohort of breast
cancer patients [53]. There are several studies that investigated the effect of statins on
cancer-specific mortality or cancer recurrence in colorectal cancer patients. Most favor
a protective effect, such as the large-population-based studies of Cardwell et.al. [54] or
Voorneveld et al. [55] that reported cancer-specific mortality reduction in patients with a
history of postdiagnosis or prediagnosis statin use, respectively. Correspondingly, several
meta-analyses suggest that both pre- and postdiagnostic use of statins might improve the
cancer-specific survival [56-58]. Unfortunately, patients who died from second primary
cancers were often not included in the cancer-related mortality subgroup, and data on the
type and frequency of second malignancies are not available.

In our study, we found a lower incidence of an SPM among statin users but not
in patients treated with hypolipidemic drugs in general. This finding implies a specific
protective mechanism inherent to statins rather than the treatment of hyperlipidemia as
such. Accordingly, several reports have provided evidence that serum lipid levels do
not influence CRC recurrence [59]. On the other hand, when hypothesizing about the
anticancer effects of statins, it is of note that the reduction of cancer-specific mortality in
statin users might not necessarily be associated with a decrease in CRC recurrence. Based
on the findings of reduced CRC-specific mortality but not the CRC recurrence rate, Lash
et al. suggest that statins do not have a direct anticancer effect but provide postrecurrence
survival benefits by another mechanism [60]. This is supported by the findings of Ng et al.,
who also reported a null association of statin use with CRC outcomes and recurrence rates
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in patients with advanced-stage disease [61]. Similarly, the cohort study of Gray et al. [62]
did not find any impact of postdiagnosis statin use on cancer-specific survival [62].

Our survival analysis revealed that the occurrence of secondary malignancy or the use
of hypolipidemic drugs does not affect overall mortality in advanced-stage colorectal cancer
patients. This may indicate that the impact of statins is obscured by a more significant risk
factor, such as the advanced stage of the primary cancer itself, the use of chemotherapy, or
other covariates that have not been addressed in the analysis. In contrast, our findings in
stage I and II colorectal carcinoma show that hypolipidemic medication in combination
with an SPM is a significant adverse factor for patient survival. Whether this is attributable
to the medication itself or to the diagnosis of hyperlipidemia and other diseases aggregated
within the metabolic syndrome remains to be elucidated.

An unexpected finding was the statistically significant increase in gastric and bladder
cancer in patients taking hypolipidemic agents. The increased risk of occurrence of bladder
cancer in statin users is in accordance with the study of Lundberg et al. [63], who followed
a cohort of 22,936 patients with newly detected urothelial bladder cancer. He hypothesized
that the tumor-promoting effect of statins might be mediated by mitochondrial changes in
urothelial cells caused by metabolic products of statins after their excretion. Most statins
are metabolized by the liver and excreted to the bile, except for hydrophilic statins (pravas-
tatin and rosuvastatin), simvastatin, and lovastatin that are typically eliminated by renal
clearance [64]. This might be the reason for the idiosyncratic results, indicating a positive
relationship between this type of cancer and the use of hypolipidemic agents. A similar
association was described by Guercio et al., who also reported a nonsignificant increase in
bladder cancer risk among statin users [65] as did the meta-analysis of Zhang et al. [66].

An increased risk of gastric cancer associated with the use of hypolipidemic drugs
might be explained by an alteration of the host’s cellular adaptive mechanisms to H. pylori-
induced stress, which involves deregulation of the unfolded protein response (UPR) and
autophagy [67]. UPR is a protective mechanism activated by endoplasmatic reticulum stress
that aims to maintain homeostasis by increasing cellular capacity to process proteins and
by inducing autophagy of abundant organelles [68,69]. Statins are thought to stimulate the
UPR and, thus, increase cell survival, which might result in the malignant transformation of
normal cells or promote an aggressive phenotype of precancerous lesions [70]. Nevertheless,
our results contrast with clinical studies that evaluated the impact of statins on the risk
of cancer, as most of those reported a chemoprotective potential of these drugs [71-73].
Similarly, several meta-analyses of studies involving gastric cancer cases suggested a
significant risk reduction in the incidence of gastric cancer related to the use of statins [74,75].
A reasonable explanation for this contrast might, again, lie in confounding by unmeasured
variables, such as obesity, which is often associated with hyperlipidemia as a part of the
metabolic syndrome, as well as dietary and lifestyle habits, smoking, or other prognostic
factors that were not addressed in our analysis.

In a previous analysis, we showed that diabetes mellitus is a negative prognostic factor
in CRC patients with an SPM [76], and our current analysis suggests that the use of statins or
the treatment of hyperlipidemia itself might also be predictive of cancer patients” outcomes.
To the best of our knowledge, this is the first article evaluating the association between
hypolipidemic treatment and the development of SPMs in colorectal cancer patients. The
strengths of our study include a long follow-up period of up to 17 years (median follow-up
9.01 years) and the identification of hypolipidemic treatment prior to the diagnosis of the
primary cancer, which minimized the impact of immortal time bias [77] on the survival
analysis. Our study is based on a large sample and provides reliable information on
patient characteristics and the type and frequency of all second malignancies. Due to the
retrospective nature of our study, information on the adherence to hypolipidemic treatment
and length of statin exposure is missing as are dietary and lifestyle habits, smoking, or
other prognostic factors.



Cancers 2022, 14, 1699 10 of 13

5. Conclusions

In our analysis, the use of hypolipidemic agents was associated with a lower incidence
of an SPM, where the protective effect was most prominent in statin users. Despite this
trend, further analysis revealed a reduction of the overall survival in early-stage colorectal
cancer patients with an SPM treated by hypolipidemic drugs. Thus, we recommend that
CRC patients using hypolipidemic treatment should be regularly screened not only for
CRC recurrence but also for SPMs, particularly bladder and gastric cancer. In a previous
analysis, we showed that diabetes mellitus is a negative prognostic factor in CRC patients
with an SPM. Similarly, our current results suggest that the use of statins or hyperlipidemia
itself might also be predictive of cancer patient outcomes. We propose that patients with
chronic diseases, such as hyperlipidemia or diabetes mellitus, are candidates for consistent
tertiary prevention based on a personalized analysis of associated risk factors.
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ARTICLE INFO ABSTRACT
Keywords: Background: Numbers of patients who develop subsequent primary tumours have markedly increased recently.
Haematological malignancies This study aimed to carry out a comprehensive analysis documenting the risk of incidence of subsequent hae-
Subsequent primary tumour matological malignancies.

Time trends
Standardised incidence ratio
Survival

Methods: The Czech National Cancer Registry was the main data source, containing records of 126,822 hae-
matological malignancies diagnosed in the period 1977-2016. Subsequent haematological malignancies were
identified according to IACR rules. Joinpoint regression was employed to assess the time trends. The risk of
development of subsequent haematological malignancy was evaluated by the standardised incidence ratio. The
Kaplan-Meier curves were used to assess the differences in survival.

Results: Age-standardised incidence of subsequent haematological malignancies increased from 0.5 in 1977 to 9.1
in 2016. In 1992, there was a significant change in the trend: a sharp increase by 7.7 % annually was revealed
thereafter. The risk of development of a haematological malignancy was approximately 1.5 times higher in
persons with history of any cancer than in the general Czech population. Patients with haematological malig-
nancies — mainly myelodysplastic syndromes, polycythaemia vera and non-Hodgkin lymphoma — were shown to
be at the highest risk of developing a subsequent haematological malignancy. While the median survival
following a first haematological malignancy was 2.3 years, it was only 1.1 years for subsequent haematological
malignancies (p < 0.001).

Conclusions: Our study identified the highest-risk diagnoses in terms of development of subsequent haemato-
logical malignancy. The results might be useful to set up correctly follow-up procedures from which cancer
patients could benefit.

1. Introduction prevention, diagnosis and treatment has led to a significant increase in
survival rates of cancer patients. On the other hand, patients with a
Over the last few decades, substantial development in cancer history of cancer are at a higher risk of developing subsequent primary

Abbreviations: AAPC, Average annual percentage change; ALL, Acute lymphoblastic leukaemia; AML, Acute myeloid leukaemia; APC, Annual percentage change;
CI, Confidence interval; CLL, Chronic lymphocytic leukaemia; CML, Chronic myeloid leukaemia; CNCR, Czech National Cancer Registry; ENCR, European Network of
Cancer Registries; FPT, First primary tumour; HL, Hodgkin lymphoma; HM, Haematological malignancy; HR, Hazard ratio; IACR, International Association of Cancer
Registries; ICD-10, International Classification of Diseases, 10th Revision; ICD-O-3, International Classification of Diseases for Oncology, 3rd Edition; MDS, Mye-
lodysplastic syndromes; MM, Multiple myeloma and plasma cell neoplasms; MN, Malignant neoplasm; NHL, Non-Hodgkin lymphoma; PV, Polycythaemia vera; SIR,
Standardised incidence ratio; SPT, Subsequent primary tumour; t-AML, Therapy-related myeloid leukaemia; t-MDS, Therapy-related myelodysplastic syndromes; t-
MN, Therapy-related myeloid neoplasms.
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tumours (SPT) as a result of many different factors and their mutual
interactions (genetic predisposition, previous exposure to radiotherapy
and/or chemotherapy, lifestyle, environmental factors, ...) [1]. The
development of SPT nowadays presents a major clinical problem
because SPT are the main cause of morbidity in a large proportion of
long-term cancer survivors [2]. Haematological malignancies (HM)
constitute a significant proportion of SPT. The importance of this issue is
also apparent from the fact that the World Health Organization issued an
update of malignant neoplasms (MN) of lymphoid and haematopoietic
tissue in 2016, in which therapy-related myeloid neoplasms (t-MN) are
mentioned as a standalone diagnostic group [3]. The majority of t-MN
patients are diagnosed with myelodysplastic syndromes (t-MDS) or
acute myeloid leukaemia (t-AML) developed from a myelodysplastic
syndrome [4,5]. Breast cancer in women as well as lymphomas are most
discussed as diagnoses after which subsequent HM might develop
[6-17].

In comparison to diagnostic and treatment procedures, much less
attention is paid to follow-up procedures. Although patients are fol-
lowed up regularly after their anticancer treatment, the examinations
often only focus on potential relapses in the same location where the first
primary tumour had developed. The aim of the study is to investigate the
burden of subsequent HM in the Czech Republic using data from the
Czech National Cancer Registry. The main objectives are to evaluate
time trends, to point out diagnoses that are high-risk from the point of
view of development of a subsequent HM and to assess the time to
development of a subsequent HM.

2. Methods
2.1. Multiple primary cancers definition

HM were classified as first primary tumours (FPT) or SPT based on
standardised IACR rules for coding multiple primary cancers [18]. In
brief, tumours are considered as multiple primary malignancies if they
occur at different sites and/or are anatomically or morphologically
different. Progressions, recurrences or metastases are therefore not
considered as SPT.

2.2. Data sources

The unique database of the Czech National Cancer Registry (CNCR)
was the main data source [19]. CNCR is a member of the International
Association of Cancer Registries (IACR) and cooperates with the Euro-
pean Network of Cancer Registries (ENCR). The CNCR database contains
records on all cancers diagnosed in the Czech Republic in the last 40
years (1977-2016) and forms an integral part of comprehensive cancer
care. Cancer registration is enshrined in the Czech legislation and is
obligatory. Patients with HM were identified according to the Interna-
tional Classification of Diseases, 10th Revision (ICD-10), combined with
International Classification of Diseases for Oncology, 3rd Edition
(ICD-0-3), which was used to assign the morphology (Table 1).
Furthermore, we used data on demographic structure of the Czech
population, as provided by the Czech Statistical Office to calculate
year-specific and age-standardised rates [20]. Data on patient deaths
were obtained from death certificates [21].

2.3. Statistical analysis

The trend in age-standardised (European standard population [22])
HM incidence was assessed by the joinpoint regression method [23].
Individual models were created for HM as FPT, HM as SPT and HM in
total. The annual percentage change (APC) was estimated for individual
identified segments, together with 95 % confidence intervals (CI) [24].
The risk of development of HM as SPT after another malignancy for
individual locations of the preceding primary tumour was assessed by
the standardised incidence ratio (SIR), comparing the observed and
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Table 1
Codes of analysed haematological diagnoses.
ICD-10 ICD-0-3
HL c81 9650/3-9667/3
NHL C82-C86 9670/3-9699/3, 9700/3-9719/3,
9727/3-9729/3
MM C90 9731/3-9734/3
CLL CI1.1 9823/3
CML C92.1 9875/3
AML €92.0, C92.4, C92.5, 9896/3, 9871/3, 9897/3, 9920/3,

C€93.0, C94.0, C94.2 9872/3, 9873/3, 9874/3, 9866/3,
9867/3, 9891/3, 9840/3, 9910/3,

9870/3, 9931/3, 9930/3, 9805/3

ALL C91.0 9835/3
MDS D46 9980/3-9989/3
PV D45 9950/3
Other C88-C96 apart from the -
malignant above-mentioned
diagnoses diagnoses
Other dysplastic =~ D47 -
changes

ICD-10, International Statistical Classification of Diseases and Related Health
Problems, 10th revision; ICD-O-3, International Classification of Diseases for
Oncology, 3rd edition; HL, Hodgkin lymphoma; NHL, non-Hodgkin lymphoma;
MM, multiple myeloma and plasma cell neoplasms; CLL, chronic lymphocytic
leukaemia; CML, chronic myeloid leukaemia; AML, acute myeloid leukaemia;
ALL, acute lymphoblastic leukaemia; MDS, myelodysplastic syndromes; PV,
polycythaemia vera.

expected numbers of cases [25]. The expected number of subsequent
HM was calculated by applying site- and age-specific incidence rates of
HM in the general Czech population to the corresponding person-years
at risk in the cohort. The person-years at risk were accumulated for
each person from the date of diagnosis of the malignancy in the
particular location until the patient’s death or the end of follow-up (31
December 2016), whichever occurred first. The observed number of
subsequent HM was determined as the number of HM which occurred
from the date of diagnosis of the malignancy in the particular location to
the patient’s death or the end of follow-up. The 95 % CI for SIR was
constructed upon the assumption of a Poisson distribution of observed
values [26]. Only metachronous tumours (i.e. those diagnosed more
than 6 months before the latest HM) were included for the SIR calcu-
lation. The time to development of HM as SPT after another tumour was
described by median and 25th to 75th percentiles, from the date of
diagnosis of the preceding primary tumour to the date of diagnosis of the
latest HM in a given patient; again, only metachronous tumours were
considered. Patient survival was monitored from the date of diagnosis to
the patient’s death due to any cause or to the end of follow-up (31
December 2016). The 10-year survival was evaluated as the primary
endpoint, cases with 10 or more years of follow-up were censored at 10
years. Differences in the survival of HM as FPT versus HM as SPT were
assessed using the Kaplan-Meier survival curve and the log-rank test.
Furthermore, median survival rates with corresponding 95 % CI were
evaluated. To determine the risk of death from HM as SPT compared to
HM as FPT the hazard ratio (HR) with corresponding 95 % CI was
calculated. The HR was determined based on the Cox proportional
hazards model, adjusted to the year of diagnosis, age at diagnosis, the
patient’s sex and type of HM diagnosis. The analysis was performed
using the R software, version 3.5.3 [27], the IBM SPSS Statistics, version
25 [28] (IBM Corp, 2017) and the Joinpoint Regression Program,
version 4.7 [29].

3. Results
3.1. Time-trend analysis

A total of 126,822 HM cases were diagnosed in 1977-2016, out of
which 112,626 (88.8 %) were FPT and 14,196 (11.2 %) were SPT. Over
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the analysed period, the age-standardised incidence of HM as FPT
increased from 22.8 in 1977 to 34.7 in 2016, while HM as SPT increased
from 0.5 in 1977 to 9.1 in 2016. The joinpoint regression analysis
revealed a very sharp increase in HM cases diagnosed as SPT after 1992
(Fig. 1). Until 1992, the annual increase was 3.6 % (95 % CIL: 3.3-3.9 %);
afterwards, by contrast, the incidence grew by 7.7 % each year (95 % CI:
7.0-8.4 %). On the other hand, the incidence of HM diagnosed as FPT
has slightly decreased in recent years, however, the observed decrease
was insignificant (p = 0.609).

Time trends in the incidence of FPT and SPT for individual haema-
tological diagnoses in the last 20 years are summarised in Table 2. The
largest increase in SPT over time has been reported for polycythaemia
vera (PV), MDS and other dysplastic changes. The smallest increase, by
contrast, were reported for acute lymphoblastic leukaemia (ALL) and
chronic myeloid leukaemia (CML). In all analysed periods, non-Hodgkin
lymphoma (NHL) was the most common type of subsequent HM.

3.2. The risk of development of HM as SPT

The risk of development of a HM was approximately 1.5 times higher
(SIR: 1.46; 95 % CI: 1.43-1.48) in persons with history of any MN
(C00-C97) than in the general Czech population (Table 3). In cases
where the preceding neoplasm was a HM, the risk of development of a
subsequent HM was more than triple (SIR: 3.22; 95 % CI: 3.03-3.42) that
of the general population.

The analysis unequivocally revealed MDS to be the highest-risk
diagnosis: the risk of HM development was more than 13 times higher
(SIR: 13.45; 95 % CI: 11.12-16.13) than that of the general Czech
population. Other high-risk diagnoses, for which the SIR was higher
than 2.5, were PV, NHL, HL, other dysplastic haematological changes
and other malignant haematological diagnoses. As for solid tumours,
testicular cancer, MN of connective and soft tissue, MN of brain and
CNS, MN of thyroid gland, ovary cancer and kidney cancer were
revealed to be the highest-risk diagnoses.

3.3. Types of HM as SPT

Fig. 2 shows individual types of HM as SPT in locations for which the
SIR exceeded 2. Among MDS patients who developed a SPT, 68 % were
diagnosed with AML. AML was the most common type of SPT among PV
patients as well. In other diagnoses, NHL was the most common subse-
quent HM, except for other dysplastic changes, where multiple myeloma
and plasma cell neoplasms (MM) was the most frequent type.

3.4. Time to the development of HM as SPT

The typical time to the development of a subsequent HM (for all MN
combined) was 3-11 years after the FPT diagnosis (Table 3). However,
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Fig. 1. Joinpoint models for HM as FPT and SPT.
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there were marked differences, depending on the location of the pre-
ceding tumour. Median times to the development of a subsequent HM
shorter than 4 years were observed for MDS, MN of gallbladder and
biliary tract, and MM. On the other hand, the longest median times to
the development of a subsequent HM — more than 8.5 years — were
observed for gynaecological cancers and testicular cancer. Median times
were often lower for tumours occurring mostly in older people (such as
prostate cancer), since there is less time to develop a second tumour in
the elderly, and higher for tumours occurring at a younger age (testic-
ular cancer, cervical cancer), for the complementary reason.

3.5. Survival

The median duration of follow-up was 2.12 years for the total of the
126,822 HM. In the 10-year period after the HM diagnosis, a total of
92,705 deaths were recorded, out of which 81,723 were HM as FPT
(72.6 % of all HM as FPT) and 10,982 were HM as SPT (77.4 % of all HM
as SPT). The overall survival of patients diagnosed with HM as SPT was
significantly lower than that of patients diagnosed with HM as FPT (p <
0.001) (Fig. 3). The median survival for HM as FPT was more than
double that of HM as SPT (2.33 years, 95 % CI: 2.27-2.38 vs 1.05 years,
95 % CI: 0.98-1.11). The risk of death from HM as SPT was significantly
higher than that from HM as FPT (HR: 1.13, 95 % CI: 1.11-1.16).

4. Discussion

In this study, a systematic analysis was carried out for HM as SPT,
which nowadays presents a major clinical problem. Based on data from
the Czech National Cancer Registry our analysis covers the period of 40
years. To our knowledge, this is the first population-based study doc-
umenting the risk of incidence of subsequent HM in cancer patients that
takes into account such a long time period.

Our study has shown a sharp increase in HM diagnosed as SPT after
1992. Until 1990, the use of cytostatic drugs in the Czech Republic was
limited as a result of difficult import into a communist country. After
1990, the import and use of cytostatic drugs gradually increased, which
might have resulted into the development of subsequent HM with a
slight delay.

The risk of development of a HM was 1.6 times higher in persons
with a history of non-melanoma skin cancer than in the general Czech
population. A similar increase in the risk was also revealed for malignant
melanoma of skin. A statistically significantly higher risk of HM devel-
opment after skin tumours was observed in studies from other countries,
too [17,30,31]. As for skin tumours, the higher risk of development of a
subsequent HM is probably not a consequence of previous cancer
treatment, because surgical removal is the main treatment modality for
these tumour types. Many previously published studies showed a reverse
relationship between skin tumours and HM, i.e. an increased risk of skin

1998
2001
2010
2013
2016

Year of diagnosis

HM, haematological malignancies; FPT, first primary tumour; SPT, subsequent primary tumour.
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Table 2
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Time trend in the age-standardised incidence of haematological diagnoses as FPT and SPT in 1997-2016.

Age standardised rate

Change, % (p-value')

1997-2001 2002-2006 2007-2011 2012-2016 2012-2016 vs 1997-2001
HL FPT 2.67 2.43 2.40 2.38 —11.1 % (p = 0.013)
SPT 0.15 0.17 0.22 0.26 +72.7 % (p = 0.001)
NHL FPT 11.24 11.45 11.85 12.16 +8.1 % (p < 0.001)
SPT 1.60 2.20 2.55 3.00 +87.3 % (p < 0.001)
MM FPT 5.21 5.08 4.80 4.94 —5.1% (p =0.174)
SPT 0.51 0.70 0.97 1.06 +108.2 % (p < 0.001)
CIL FPT 5.88 5.97 5.90 5.27 —10.3 % (p < 0.001)
SPT 0.91 1.10 1.46 1.46 +59.6 % (p < 0.001)
CML FPT 1.34 1.08 0.84 0.77 —42.9 % (p < 0.001)
SPT 0.13 0.17 0.16 0.15 +16.1 % (p = 0.386)
AML FPT 2.82 3.11 3.05 2.74 —2.7 % (p = 0.402)
SPT 0.38 0.62 0.83 0.79 +108.2 % (p < 0.001)
ALL FPT 1.05 0.95 0.99 0.70 —33.3 % (p < 0.001)
SPT 0.07 0.06 0.09 0.07 +0.1 % (p = 0.953)
MDS FPT 1.96 2.18 2.77 2.65 +35.1 % (p < 0.001)
SPT 0.34 0.47 0.77 0.78 +126.0 % (p < 0.001)
PV FPT 0.74 0.63 0.63 0.66 —10.8 % (p = 0.091)
SPT 0.06 0.08 0.12 0.14 +149.3 % (p < 0.001)
Other malignant diagnoses FPT 2.86 2.49 2.20 2.05 —28.3 % (p < 0.001)
SPT 0.32 0.44 0.57 0.62 +93.0 % (p < 0.001)
Other dysplastic changes FPT 1.36 1.72 2.29 2.42 +77.4 % (p < 0.001)
SPT 0.14 0.24 0.39 0.56 +291.5 % (p < 0.001)
HM in total FPT 37.13 37.08 37.72 36.72 —1.1 % (p = 0.310)
SPT 4.61 6.25 8.12 8.87 +92.5 % (p < 0.001)

Statistically significant change (significance level 5 %) are marked in bold type. HM, haematological malignancies; FPT, first primary tumour; SPT, subsequent primary
tumour; HL, Hodgkin lymphoma; NHL, non-Hodgkin lymphoma; MM, multiple myeloma and plasma cell neoplasms; CLL, chronic lymphocytic leukaemia; CML,
chronic myeloid leukaemia; AML, acute myeloid leukaemia; ALL, acute lymphoblastic leukaemia; MDS, myelodysplastic syndromes; PV, polycythaemia vera.

! p-value of Mantel-Haenszel chi-square test.

tumours developing after HM and, vice versa, HM developing after skin
tumours [15,30-34]. Based on this reverse relationship, Royle et al.
(2011) suggested that ultraviolet radiation, which is the main risk factor
for skin tumours, might be a risk factor for HM, too. However, the as-
sociation between ultraviolet radiation and the risk of HM development
is not unanimously accepted in literature [35]. Some studies even
indicated that ultraviolet radiation has a protective effect as regards HM
development [36,37].

Therapy-related myeloid neoplasms (t-MN) - involving t-AML and t-
MDS - must be certainly mentioned in connection with HM as SPT. The
development of t-MN is attributed to complex interactions of chemo-
therapeutic agents, radioactivity, genetic factors, environmental factors
and patient’s comorbidities [4,5,38,39]. Any cytotoxic drug may in-
crease the risk of t-MN development, but alkylating agents, topoisom-
erase Il inhibitors and anabolites are most discussed in literature [4,39].
According to previous studies, HM and breast cancer in women are the
most common malignancies preceding the development of t-MN
[39-41]. Our study has confirmed a significantly higher risk of HM
development after both of these diagnoses. In breast cancer patients, the
risk was approximately 1.2 times higher, which is in accordance with the
results of previous studies [7-11,13]. According to our findings, the risk
of HM development after a previous diagnosis of HM was more than
three times higher than that of the general Czech population. MDS was
revealed to be the highest-risk diagnosis: the risk of HM development
was more than 13 times higher. After MDS, AML was the most frequent
haematological diagnosis (68 % of cases); this is in accordance with the
clinical fact that transformation to AML is reported in a large proportion
of MDS cases [42,43]. HL and NHL are most discussed in literature as
haematological diagnoses with an increased risk of development of a
subsequent HM. A significantly increased risk for both of these lym-
phomas was confirmed in our study. However, individual SIR values
were slightly different from those mentioned in earlier studies. Ac-
cording to our findings, SIR for HM development after HL was 2.73,
which is slightly lower than the ratio published in previous studies
[14-16,44]. As for NHL, the SIR was found to be 2.95 in our study. By
contrast, this value is slightly higher than those published in previous

studies. The differences in estimated SIR values might be caused by
different time periods involved in the analyses, numbers of patients,
duration of follow-up, and rules for the definition and classification of
SPT. Our study revealed a significantly increased risk of development of
a subsequent HM after chronic leukaemias (CLL, CML), which is in
accordance with published studies [15,45-52]. Kumar et al. (2019)
demonstrated that among subsequent HM after CLL, most of the excess
risk was contributed by NHL and by HL, which corresponds to our re-
sults. According to our study, 80 % of CLL patients who were diagnosed
with a subsequent HM developed a subsequent NHL or HL.

Among solid tumours, our study revealed testis, connective and soft
tissue, brain and CNS, thyroid gland, ovary and kidney to be the highest-
risk diagnoses (SIR > 1.5). These results are in accord with those in
previous studies, which concluded that these diagnoses are high-risk
ones [53-59].

HM diagnosed as SPT are frequently associated with a markedly
poorer prognosis than HM diagnosed as FPT [39,60,61]. The
Kaplan-Meier curves showed significantly worse survival rates for HM
as SPT than for HM as FPT. In general, differences in survival curves may
be affected by other differences between the two groups such as the year
of diagnosis, the patient’s age and sex as well as the type of HM. How-
ever, our results demonstrated a significantly higher risk of death for HM
as SPT as compared to HM as FPT after adjusting to all of the
above-mentioned potential confounders. These findings suggest that the
differences in survival are not caused by other factors and that HM
diagnosed as SPT should be viewed as another diagnostic group in terms
of treatment.

4.1. Limitations

Insufficient knowledge of applied treatment modalities is the main
limitation of our study. Information about specific therapeutic proced-
ures might reveal the degree of risk of applied therapies or their com-
binations as regards the development of HM as SPT. The knowledge of
applied medicinal products and their doses in individual patients might
be particularly useful to prove or disprove the above-mentioned

Downloaded for Anonymous User (n/a) at Masaryk Memorial Cancer Institute from ClinicalKey.com by Elsevier on July 19,
2021. For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.



L. Pehalova et al. Cancer Epidemiology 72 (2021) 101929

Table 3
Incidence of HM as SPT in the period 1977-2016.
Location of the primary tumour Observed number  Expected number  SIR (95 % CI) Median age at the primary tumour ~ Median time to the development of a
of HM as SPT of HM as SPT diagnosis, years (25th-75th subsequent HM, years (25th-75th
percentile) percentile)
MN of lip, oral cavity and pharynx 198 135.8 1.46 64 (56-71) 5.3 (2.1-12.3)
(C00-C14) (1.26-1.68)
MN of oesophagus (C15) 12 8.9 - - -
MN of stomach (C16) 139 114.7 1.21 68 (60-72) 6.0 (1.8-11.7)
(1.02-1.43)
MN of colon and rectum (C18-C20) 1,045 947.4 1.10 67 (60-73) 6.0 (2.8-10.4)
(1.04-1.17)
MN of liver and intrahepatic bile 16 8.2 - - -
ducts (C22)
MN of gallbladder and biliary tract 22 28.2 0.78 (0.49-1.18) 68 (63-73) 3.3 (1.5-7.3)
(C23, C24)
MN of pancreas (C25) 31 23.8 1.30(0.89-1.85) 70 (62-75) 4.1 (1.4-9.2)
MN of larynx (C32) 91 79.5 1.14 (0.92-1.40) 59 (54-67) 6.8 (2.5-14.1)
MN of trachea, bronchus and lung 226 174.2 1.30 63 (57-70) 4.2 (1.5-9.2)
(C33, C34) (1.13-1.48)
Malignant melanoma of skin (C43) 453 285.8 1.59 65 (56-73) 6.3 (2.6-11.4)
(1.44-1.74)
Other MN of skin (C44) 6,620 4,014.2 1.65 70 (62-76) 5.2 (2.5-10.1)
(1.61-1.69)
MN of conn. and soft tissue and 74 35.0 2.11 62 (51-70) 5.5 (1.8-12.4)
periph. nerves (C47, C49) (1.66-2.65)
MN of breast (C50) in women 1,064 888.9 1.20 63 (54-70) 6.9 (3.5-12.6)
(1.13-1.27)
MN of cervix uteri (C53) 216 181.4 1.19 53 (45-61) 11.5(5.5-18.3)
(1.04-1.36)
MN of uterus (C54, C55) 558 408.8 1.37 61 (54-67) 9.8 (4.5-16.5)
(1.25-1.48)
MN of ovary (C56) 168 105.1 1.60 60 (49-67) 8.9 (4.3-15.2)
(1.37-1.86)
MN of prostate (C61) 947 815.7 1.16 70 (65-75) 4.6 (2.5-7.7)
(1.09-1.24)
MN of testis (C62) 96 43.6 2.20 41 (31-54) 8.7 (3.4-17.3)
(1.78-2.69)
MN of kidney (C64) 472 303.9 1.55 64 (58-71) 6.7 (2.8-11.1)
(1.42-1.70)
MN of bladder (C67) 454 329.6 1.38 66 (60-73) 5.4 (2.4-9.5)
(1.25-1.51)
MN of brain, spin. cord and other 33 18.8 1.75 46 (24-57) 4.6 (3.1-11.8)
parts of CNS (C70-C72) (1.21-2.46)
MN of thyroid gland (C73) 160 100.2 1.60 56 (46-65) 7.5 (3.7-15.2)
(1.36-1.86)
Hodgkin lymphoma 91 33.4 2.73 47 (29-64) 7.8 (4.0-17.1)
(2.20-3.35)
Non-Hodgkin lymphoma 361 122.5 2.95 60 (50-70) 5.3 (2.5-9.8)
(2.65-3.27)
Multiple myeloma and plasma cell 57 34.4 1.65 65 (57-72) 3.9 (1.6-9.0)
neoplasms (1.25-2.14)
Chronic lymphocytic leukaemia 182 77.9 2.34 63 (57-70) 4.3 (2.7-8.3)
(2.01-2.70)
Chronic myeloid leukaemia 20 8.4 2.38 63 (51-71) 4.2 (2.6-5.0)
(1.45-3.67)
Acute myeloid leukaemia 16 5.0 - - -
Acute lymphoblastic leukaemia 11 2.9 - - -
Myelodysplastic syndromes 116 8.6 13.45 67 (60-75) 1.7 (1.1-3.6)
(11.12-16.13)
Polycythaemia vera 51 11.7 4.38 63 (57-69) 6.0 (2.7-10.3)
(3.26-5.76)
Other malignant haematological 47 13.3 3.54 63 (52-71) 4.1(1.5-11.7)
diagnoses (2.60-4.71)
Other dysplastic haematological 132 18.7 7.07 64 (58-73) 4.0 (2.0-8.6)
changes (5.91-8.38)
Other malignant neoplasms 299 214.9 1.39 62 (53-71) 5.2 (2.1-10.2)
(1.24-1.56)
In situ neoplasms (DO0-D09) 761 485.4 1.57 67 (53-75) 5.3 (2.1-11.2)
(1.46-1.68)
Neopl. of benign and unkn. behav. 187 111.5 1.68 67 (56-73) 5.7 (1.9-11.0)
(D10-D36, D37-D48) (1.45-1.94)
Haematological malignancy 1,084 336.7 3.22 62 (53-71) 4.4 (1.9-9.1)
(3.03-3.42)
All solid tumours (C00-C97 13,394 9,428.4 1.42 67 (59-74) 5.7 (2.6-10.8)
excluding haematological (1.40-1.44)
malignancies)

(continued on next page)
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Table 3 (continued)
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Location of the primary tumour

Observed number

Expected number  SIR (95 % CI)

Median age at the primary tumour

Median time to the development of a

of HM as SPT of HM as SPT diagnosis, years (25th-75th subsequent HM, years (25th-75th
percentile) percentile)
All MN (C00-C97) excluding C44 7,563 5,712.0 1.32 64 (56-71) 6.0 (2.8-11.3)
(1.29-1.35)
All MN (C00-C97) 14,183 9,726.1 1.46 67 (59-74) 5.7 (2.6-10.7)
(1.43-1.48)

Statistically significant SIRs (significance level 5 %) are marked in bold type. SIRs, age at the primary tumour diagnosis and time to development of a subsequent HM
are only provided for diagnoses where the observed number of HM as SPT was N > 20. SIR, standardised incidence ratio; CI, confidence interval; HM, haematological

malignancy; SPT, subsequent primary tumour:

Myelodysplastic syndromes (SIR = 13.5)

Other dysplastic haematological changes (SIR = 7.1)
Polycythaemia vera (SIR = 4.4)

Other malignant haematological diagnoses (SIR = 3.5)
Non-Hodgkin lymphoma (SIR = 2.9)

Hodgkin lymphoma (SIR = 2.7)

Chronic myeloid leukaemia (SIR = 2.4)

Chronic lymphocytic leukaemia (SIR = 2.3)

MN of testis (SIR =2.2)

; MN, malignant neoplasm.

0% 20 % 40 % 60 % 80 % 100 %
9%im 6%  lmE

W 17% 1

6% W 37% W10 %
19%9% EEZEl
1%l =1
A 4% HlI 2% mn
15% S 15%
A0 % e i
W% s %18 % A

B 4% HE 8% A% ie

18%

20 %

Fig. 2. Proportions of subsequent haematological diagnoses
for locations with a high risk of development of a subsequent
HM in the period 1977-2016.

Only locations with SIR > 2 are mentioned.

Percentages (%) are only mentioned for subsequent haemato-
logical diagnoses accounting for more than 5 %.

HL, Hodgkin lymphoma; NHL, non-Hodgkin lymphoma; MM,
multiple myeloma and plasma cell neoplasms; CLL, chronic
lymphocytic leukaemia; CML, chronic myeloid leukaemia;
AML, acute myeloid leukaemia; ALL, acute lymphoblastic
leukaemia; MDS, myelodysplastic syndromes; PV, polycythae-
mia vera.

MN of connective and soft tissue (SIR =2.1)

mHL mNHL mMM = CLL mCML mAML mALL mMDS

PV mOther malignant ®Other dysplastic

history of high-risk cancer in terms of developing a subsequent HM,
possibly detecting these HM in their early stages. A correctly adjusted
follow-up might improve the prognosis of cancer patients: previous
studies showed that subsequent malignancies are the main cause of
death of long-term cancer survivors, and this applies to different cancer

100 %
wmm HM as FPT
=== HM as SPT
80 %
F 60% types [2,62,63].
=
E
F 40% Author contribution
o
>
3

20 %

0%~

Time since HM diagnosis (years)

Fig. 3. Kaplan-Meier curves of 10-year survival for HM as FPT and HM as SPT.
HM, haematological malignancies; FPT, first primary tumour; SPT, subsequent
primary tumour.

associations with the development of t-MN. More detailed specification
of SPT development in individual patients would also be helpful, for
example whether or not a given SPT was a transformation from FPT. The
study was also partially limited in its ability to assess the contribution of
changes in HM definitions or coding over time.

5. Conclusions

Our study identified the highest-risk diagnoses in terms of develop-
ment of subsequent HM. Conclusions from the performed analysis might
be useful to set up correctly follow-up procedures for cancer patients in
specialised centres and in GP surgeries. Regular haematological exam-
inations should be performed as part of follow-up of patients with a
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PREHLED

Aktualni doporuceni pro prevenci a terapii
venozni trombembolické nemoci u onkologicky

nemocnych

Current Recommendations for the Prevention and Treatment
of Venous Thromboembolism in Cancer Patients

Haldmkova J."?, Penka M.

"Klinika komplexni onkologické péce LF MU a Masarykdv onkologicky tstav, Brno
2stav Iékarské etiky, LF MU, Brno
30ddéleni klinické hematologie, LF MU a FN Brno

Souhrn

Béhem svého onkologického onemocnéni prodéla vendzni tromboembolickou nemoc (VTE)
kolem 20 % pacientd. Aktivni nadorové onemocnéni spole¢né s onkologickou lé¢bou toto ri-
ziko dale vyrazné zvysuje, pravdépodobnost vzniku VTE stoupd v prvnich 6 mésicich od stano-
veni diagnozy. Nejcastéji VTE doprovazi hematoonkologickd onemocnéni, nadory centralniho
nervového systému, gastrointestinalniho traktu, prsu, plic, ovarii a délohy. Pfitomnost vzdale-
nych metastaz spolecné se zavedenim centralniho venézniho katetru toto riziko jesté zvysuje.
Onkologicky nemocny pacient ma béhem antikoagulacni terapie také 2-5x vyssi riziko re-
kurence VTE proti pacientovi bez malignity a soucasné 2-6x vyssi riziko zavazného krvéceni.
Tromboembolicka nemoc je také nezavislym prognostickym faktorem umrti pacientd s ma-
lignitou. Prevence a lé¢ba VTE je tak soucésti kazdodenni praxe onkologa, ktery by mél znét
zakladni doporuceni, tykajici se jednotlivych lé¢ebnych postupl a klinickych situaci, které
mohou u onkologicky nemocného nastat a mél by byt schopen je adekvatné vyresit. Je tieba
myslet i na jista specifika, ktera profylaxi, diagnostiku a lé¢bu Zilniho tromboembolizmu v ramci
onkologické péce provézeji. Mezinarodni iniciativa pro trombézu a nddorova onemocnéni
(ITAC-CME) vytvorila mobilni aplikaci, ktera se zaklada na mezinarodnich pokynech pro pre-
venci a lé¢bu VTE. Jednd se o jednoduchy schématicky algoritmus pro rozhodovani, ktery po-
maha volit spravné l1écebné strategie a podporuje uvazlivé a odpovidajici pouziti antikoagulan-
cii v profylaxi a v 1é¢bé VTE u pacientli s nddorovym onemocnénim. Toto sdéleni je souhrnem
zakladnich doporuceni aplikovatelnych v bézné klinické praxi.

Klicova slova
embolie a tromboéza - zhoubny nddor - trombdza centralniho vendzniho katetru — doporuceni
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AKTUALNI DOPORUCENI PRO PREVENCI A TERAPII VENOZNI TROMBEMBOLICKE NEMOCI U ONKOLOGICKY NEMOCNYCH

Summary

About 20% of patients suffer from venous thromboembolism (VTE) during oncology disease. Active cancer, along with cancer therapy, increases
the risk of VTE, especially in the first 6 months after diagnosis. Most often VTE accompanies haematological malignancies and CNS tumours, and
gastrointestinal, breast, lung, ovary and uterine cancer. The presence of distant metastases, together with the implantation of a central venous
catheter, increases the risk even more. A cancer patient also has a 2-5x higher risk of recurrence of VTE during anticoagulant therapy than pa-
tients without a malignancy, as well as a 2-6x higher risk of serious bleeding. Thromboembolic disease is also an independent prognostic factor
for death in patients with malignant tumours. Management of VTE is a part of everyday oncological practice, and oncologists should be aware of
the basic recommendations regarding individual medical procedures and the clinical situations that may occur in cancer patients. They should
also be able to adequately treat VTE when it occurs. It is necessary to consider some specificity during prophylaxis, diagnostics and treatment
of venous thromboembolism in cancer care. The International Initiative on Thrombosis and Cancer (ITAC-CME) has created a mobile application
based on international guidelines for the prevention and treatment of venous thromboembolism. It is a simple schematic algorithm for making
decisions, and it helps in choosing the best therapeutic strategy and supports the judicious and appropriate use of anticoagulants for prophylaxis
and treatment of VTE in cancer patients. This text contains a summary of the recommendations applicable in routine clinical practice.

Key words
venous thromboembolism - cancer - central venous catheter thrombosis — guidelines

Uvod

Béhem svého onkologického onemoc-
néni prodéla vendzni trombembolickou
nemoc (venous thrombembolism - VTE)
kolem 20 % pacientl. Aktivni nddorové
onemocnéni zvysuje u téchto nemoc-
nych riziko vzniku VTE 4,1-6,9x%, spo-

lecné s chemoterapii je pak toto riziko
jesté vyssi (6,5-9,9x) [1]. Se stoupajici in-
cidenci nddorovych onemocnéni stoupd
i vyskyt vendézniho trombembolizmu
vznikajiciho v souvislosti s nadorem.
Prevence a lé¢ba VTE je tak soucasti kaz-
dodenni praxe onkologa. Nej¢astéji VTE

doprovazi hematoonkologickd onemoc-
néni, zhoubné nadory centralniho ner-
vového systému, gastrointestindlniho
traktu, prsu, plic, ovarii a délohy. Pfitom-
nost vzdalenych metastdz spole¢né se
zavedenim centrédlniho venézniho kate-

tru toto riziko jesté zvysuje. Pravdépo-
dobnost vzniku VTE se v prabéhu one-
mocnéni méni, nejvyssi je v prvnich
6 mésicich od stanoveni diagndzy, na-
sledné stoupa s pfipadnym operacnim
zakrokem, systémovou lé¢bou ¢i hospita-
lizaci. Pokud se pacienta podafi uvést do
kompletni remise, riziko VTE klesa a opét
roste se vznikem vzdalenych metastaz
a nasledné v preterminalnim a terminal-
nim stadiu onemocnéni. Onkologicky
nemocny pacient ma béhem antikoa-
gulaéni terapie také 2-5x vy3si riziko re-
kurence VTE proti pacientovi bez ma-
lignity a soucasné 2-6x vyssi riziko
zavazného krvaceni [2,3]. Trombembo-
lickd nemoc je také nezévislym prognos-
tickym faktorem Umrti pacient s ma-
lignitou (graf 1) [1]. Rizikové faktory pro
vznik VTE v pfitomnosti nddorového
onemocnéni jsou shrnuty v tab. 1.

Tab. 1. Rizikové faktory pro vznik VTE [12-16].

Faktory na strané pacienta
vy33i vék (zejména > 65 let)
rasa (africka > asijska)
obezita
komorbidity
predchozi anamnéza VTE
dédi¢né protrombotické mutace
téhotenstvi

Faktory v souvislosti s nadorovym onemocnénim
primarni lokalizace nadorového onemocnéni (zejména pankreas, gastrointestinalni
trakt, mozek, plice, gynekologické, renalni, hematologické nadory)
zacatek 3-6 mésicl od stanoveni diagnézy
probihajici metastazujici onemocnéni

Faktory v souvislosti s lécbou
velky operacni zakrok v nedavné dobé
probihajici hospitalizace
centralni Zilni katetr
aktivni chemoterapie
aktivni hormonalni lé¢ba

soucasna nebo recentni antiangiogennni |é¢ba (thalidomid, lenalidomid,
bevacizumab)

soucasna lécba erytrocyty stimulujicimi faktory

Farmakologicka profylaxe
veno6zniho trombembolizmu
Doporuceni pro farmakologickou
profylaxi u onkologického pacienta -
chirurgicky vykon

Operacni riziko vzniku VTE u pacienta
s aktivnim onkologickym onemocnénim
je 2x vyssinez u operace z jiné nez onko-
logické pficiny.

VTE - vendzni trombembolicka nemoc
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V prevenci VTE se u operovanych
pacientl s malignitou doporucuje nej-
vyssi mozna profylakticka davka nizko-
molekularniho heparinu (low molecu-
lar weight heparin - LMWH) 1x denné
nebo nizkd dévka nefrakcionovaného
heparinu (unfractionated heparin -
UFH) 3x denné, zahdjeni 12-2 hod
pred vykonem a nasledné 7-10 dni, ap-
likace LMWH 1x denné je vyhodnégjsi.
U pacientl s vysokym rizikem VTE, niz-
kym rizikem krvaceni, po laparotomic-
kém, ptip. rozsahlém chirurgickém
vykonu je doporucena prodlouzena
profylaxe 4 tydny.

V pfipadé laparoskopie plati obdobna
doporuceni jako u laparotomie [1].

Doporuceni pro farmakologickou

profylaxi u onkologického pacienta -

nechirurgicka terapie
U hospitalizovanych onkologickych
pacientl lé¢enych chemoterapii, ra-
dioterapii, hormonoterapii ¢i cilenou
lécbou se profylaxe VTE doporucuje,
zatimco u nemocnych v ambulantni
péci rutinné antitromboticka profylaxe
doporucena neni [4].
Farmakologickou profylaxi VTE Ize in-
dikovat u ambulantnich pacientd s lo-
kalné pokrocilym nebo metastatickym
karcinomem pankreatu, ktefi jsou lé-
¢eni chemoterapii a maji nizké riziko
krvaceni a vysoké riziko VTE. Farmako-
logickou profylaxi Ize doporucitiuam-
bulantnich pacientt s lokalné pokroci-
lym nebo metastatickym karcinomem

Tab. 2. Prediktivni model pro vznik VTE v pfitomnosti nadorového onemocnéni [15].

Charakteristika pacienta

lokalizace nddoru
- velmi vysoké riziko (zaludek, pankreas)

Skore rizika

- vysokeé riziko (plice, lymfom, gynekologické organy,

mocovy méchyr, varlata)

pocet trombocytd > 350 x 10%/I

hladina hemoglobinu < 100 g/l nebo uzivani erytrocyty stimulu-

jici faktory

pocet leukocytl pred chemoterapii > 11,0 x 10%/I 1

BMI = 35

Souhrnné skére = 3 oznacuje vysoké riziko (7% riziko vzniku VTE) u mimo-
nemocni¢nich pacienti s nadorovym onemocnénim.

VTE - vendzni trombembolickd nemoc, BMI - body mass index

1,0

0,8 1

0,6

0,4 1

pravdépodobnost umrti

0,2

VTE a maligni onemocnéni

maligni onemocnéni

VTE

nemaligni onemocnéni

plic Ié¢enych chemoterapii s nizkym ri- 0 | | | | | | | | |

zikem krvaceni a vysokym rizikem VTE 0 20 40 60 80 100 120 140 160 180
(studie PROTECHT, TOPIC 2) [1,2,5-8].

Farmakologicka profylaxe VTE je do-
porucena u pacientll s mnohocetnym
myelomem lé¢enych talidomidem nebo
lenalidomidem v kombinaci se steroidy

pocet dni
VTE - vendzni tromboembolicka nemoc

Graf 1. Pravdépodobnost umrti pacienta po probéhlé hospitalizaci podle Levitan
etal[12].

a/nebo chemoterapii (v tomto pfipadé
Ize volit mezi LMWH v profylaktickych
davkach, warfarinem v nizkych nebo te-
rapeutickych davkach, ale také kyseli-
nou acetylsalicylovou v nizké davce) [9].
Prevence VTE se jednozna¢né dopo-
rucuje u hospitalizovanych farma-
kologicky Ié¢enych mélo mobilnich
pacientl s malignitou.

U pacientld s centralnim zilnim ka-
tetrem se primérni profylaxe VTE
nedoporucuje.

Specifické situace v onkologii

U pacientl s tézkym renalnim selha-
nim (clearance kreatininu < 30 ml/min)
Ize pouzit mechanickou profylaxi a in-
dividudlné Ize zvazit farmakologickou
profylaxi (po individudIinim zvazeni Ize
pouzit UFH).

U pacientl s malignitou a mirnou
trombocytopenii — pfi po¢tu trombo-
cytd > 80 x 10%I - Ize pouzit farma-

kologickou profylaxi, pokud je pocet
trombocytl < 80 x 10%1, Ize indivi-
dudlné uvazovat o farmakologické
profylaxi za dlisledné laboratorni a kli-
nické monitorace, pfi poc¢tu trombo-
cytd < 50 x 10%I je antikoagula¢ni te-
rapie kontraindikovana.

U gravidnich pacientek s karcino-
mem je nutno provadét standardni
profylaxi [1].
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Tab. 3. Wellsova klinicka kritéria pro diagnostiku HZT.

Kritérium

aktivni nador

paréza, plegie, sadra, jind imobilizace
vétsi operace v poslednim mésici
lokalizovana bolest koncetiny

otok celé koncetiny

obvod lytka > 3 cm v porovnani se zdravou koncetinou

vytlacitelny otok koncetiny
dilatace podkoznich zil

Hodnoceni (body)

HZT v anamnéze 1

Je pravdépodobnéjsi jina diagnéza nez HZT? -2

Poéet bodi Pravdépodobnost HZT
<0 nizka

2 stredni

>3 vysoka

HZT - hluboka Zilni trombdza

Pro vypocet pravdépodobného vzniku
VTE lze vyuzit napft. prediktivni model
pro vznik trombdzy (tab. 2).

Diagnostika venézniho
trombembolizmu

Hlavni klinické projevy hluboké Zzilni
trombozy (HZT) jsou bolest konéetiny,
otok, barevné zmény koncetiny, zvysena
napln zil, jedna se vsak o nespecifické
a nespolehlivé symptomy. Homansovo
pfipadné plantdrni znameni maze byt
zavadéjici. U hospitalizovanych a star-
Sich pacient(i ¢asto probiha HZT asymp-
tomaticky. Na zakladé klinického vy3et-
feni a anamnézy vétdinou nelze HZT
diagnostikovat, proto byly vypracovany
nejraznéjsi skdrovaci systémy. Lze vyuzit
napt. Wellsova klinicka kritéria (tab. 3).
Mezinarodni iniciativa pro trombézu
a nadorova onemocnéni (ITAC-CME)
vytvofila mobilni aplikaci, ktera se za-
kldda na mezinarodnich pokynech pro
prevenci a |é¢bu VTE. Jedna se o jedno-
duchy schematicky algoritmus pro roz-
hodovani, ktery pomdaha volit spravné
IéCebné strategie a podporuje uvazlivé
a odpovidajici pouziti antikoagulancii
v profylaxi a v 1é¢bé VTE u pacient( s na-
dorovym onemocnénim. Je k dispozici

k volnému stazeni na https://www.ita-
ccme.com/en/practice-guidelines/gui-
delines-app.

Vzhledem k moznym tichym pfizna-
kdim HZT musi byt kazdé klinické po-
dezieni fadné verifikovano zobrazovaci
metodou. VySetfovaci metodou prvni
volby je kompresni celokoncetinova ul-
trasonografie, kterd ma vysokou senziti-
vitu (91-97 %) i specifitu (91-94 %), jako
metodu druhé volby Ize vyuzit i CT fle-
bografie, kterou Ize kombinovat s CT an-
giografii k vylouceni sou¢asné probiha-
jici plicni embolie, ptipadné flebografie
MRI, kterd je také metodou druhé volby.
RTG flebografie se dnes jiz bézné nepou-
ziva. Vysetteni D dimerU lze, vzhledem
k modifikaci hladiny samotnym nadoro-
vym onemocnénim, vyuzit pouze k vy-
louceni VTE, nikoliv k potvrzeni, senziti-
vita tohoto vysetieni je 93 %, specifita je
vsak pouze kolem 25 %. Stanovani hla-
diny D dimerd ma vsak negativni predik-
tivni vypovédni hodnotu 99,5 %, v pfi-
padé, ze je jejich hladina v normalnim
laboratornim rozmezi, pak se s velkou
pravdépodobnosti o VTE nejedna [1].

Z klinickych pfiznak( plicni embo-
lie se jedna nejcastéji o dusnost, bolesti
na hrudniku, hypotenzi, tachykardii, pfi-

padné synkopu. Kasel ¢i hemoptyza jsou
jako prvotni projev plicni embolie vzac-
néjsi. V pfipadé hemodynamické stabi-
lity pacienta s malou nebo stfedni prav-
dépodobnosti vzniku plicni embolie
provadime vysetieni D dimer(, pokud
jsou pozitivni, pak dosetfujeme prove-
denim spirdlniho CT plic. U hemodyna-
micky nestabilnich pacientd je pak spi-
ralni CT plic metodou volby. Pokud neni
CT dostupné, je metodou druhé volby
ventila¢né-perfuzni plicni scintigrafie.
Dal$imi pomocnymi metodami je pak
RTG plic, echokardiografie srdce, EKG,
BNP (natriureticky peptid B), NT proBNP
(N-terminalni fragment natriuretického
propeptidu typu B), troponin [1].

Terapie VTE u pacientii
s malignim onemocnénim
Zékladem konzervativni [é¢by VTE u on-
kologickych pacient je podani LMWH.
Trombolyza neni pro onkologické
pacienty metodou volby z dGvodu rizika
krvaceni, mlize vsak byt ve specifickych
pfipadech zvaZovana. V pfipadé kontra-
indikace antikoagulacni terapie ¢i recidiv
i pfes adekvatni antikoagulaéni lécbu Ize
zvazit zavedeni kavalniho filtru, ten vSak
neni indikovan jako primarni profylaxe
VTE u onkologickych pacientd. LMWH
jsou preferovany pro:

lepsi biologickou dostupnost,

delsi dobu plsobeni nez UFH,

rychly nastup ucinku,

dobrou korelaci antikoagula¢ni odpo-

védi s hmotnosti,

neni tfeba laboratorni monitorace

(pouze u pacientll s renalnim selha-

nim, téhotnych, obéznich, astenickych

Ci déti),

mensi riziko heparinem indukované

trombocytopenie.

Délka podani LMWH je min. 3 mé-
sice, obecné je vsak doporucovano
3-6 mésicl dle tolerance, aktivity na-
doru ¢i preference pacienta. Delsi tera-
pie, tj. 6-12 mésicq, je indikovana v pfi-
padé pretrvavani vyvolavajiciho faktoru
VTE; u komplikovaného pribéhu (napf.
symptomaticka plicni embolie, rozsahla
zilni trombodza) Ize individualné zvazit
podavani i nad 12 mésicl (napf. recidi-
vujici VTE, prikaz trombofilie). Lé¢ba
VKA (antagonisté vitaminu K) u onkolo-
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gickych pacientd neni vhodnd, protoze
zvysuje riziko relapsu VTE a krvaceni.
Samotny LMWH na rozdil od LMWH na-
sledovaného VKA signifikantné sni-
zuje riziko rekurence VTE o 50 %
bez soucasného zvyseni rizika krva-
ceni, ale nema zadny vliv na morta-
litu [2]. Cile terapie HZT jsou shrnuty
v tab. 4.

Lécba a profylaxe katetrové
trombodzy u onkologicky nemocnych
Pro [é¢bu katetrové zilni trombézy
u onkologickych pacientt je doporu-
¢eno min. 3mésicni podavani LMWH,
VKA mohou byt uzity, chybi viak vza-
jemné pfimé srovnani s LMWH.

Pokud je katetr v dobré pozici, ne-
infikovany a funkéni, Ize jej i v pfi-
padé diagnostikované zilni trombdzy
ponechat.

Bez ohledu na to, zda je centralni Zilni
katetr ponechan na svém misté nebo
vyjmut, nebyla z hlediska délky anti-
koagulacni |éCby pfijata zadna stan-
dardni doporuceni.

Rutinni uziti antikoagulancii v pro-
fylaxi katetrové trombodzy (cathe-
ter related thrombosis — CRT) neni
doporucovano [10].

Role novych peroralnich
antikoagula¢nich ptipravk

u onkologicky nemocnych

Ve studiich s pfimymi oralnimi antikoa-
gulancii (direct oral anticoagulants —
DOAC) byla jejich ucinnost u onko-
logickych pacientld hodnocena jako
noninferiorni vici VKA; k dispozici jsou
pouze omezené Udaje.

Neni Zaddné srovnani vici LMWH, ktery
je standardem v 1é¢bé onkologickych
pacientd.

U onkologickych pacientd lé¢enych
systémovou terapii mohou mit lékové
interakce s DOAC klinicky vyznam.

V této chvili nejsou z dGvodu chybéni
udaju k dispozici zadna doporuceni.
Prospektivni klinické studie u onkolo-
gicky nemocnych probihaji [2,11].

Aktualni doporuceni Americké

spolecnosti pro klinickou onkologii

ASCO - Update 2014 [4]

- Vétsina hospitalizovanych pacientt
s aktivnim nddorem je indikovéana

Tab. 4. Cile terapie HZT.

- Zabrana progrese vzniklé trombdzy
- Zabrana dislokace trombu

- Prevence plicni embolie a nasledné chronické trombembolické plicni

hypertenze
- Dosazeni maximalni rekanalizace zily
- Prevence recidivy trombozy

HZT - hluboka Zilni trombéza

k profylaxi VTE béhem hospitalizace.
Data, kterd by podpoiila rutinni profy-
laxi VTE u pacientd hospitalizovanych
pro kratkodobou aplikaci chemote-
rapie nebo pro jiné kratkodobé, napf.
diagnostické davody, nejsou.

Rutinni podavani tromboprofylaxe pro
ambulantni pacienty neni indikovano
az na vysoce selektované skupiny s vy-
sokym rizikem VTE.

Pacient s mnohocetnym myelomem
IéCeny antiangiogenni [é¢bou s che-
moterapii a/nebo kortikoidy by mél
byt indikovdn k tromboprofylaxi
(LMWH nebo nizce davkovanou kyse-
linou acetylsalicylovou).

- Pacient, ktery podstupuje chirurgicky
vykon, by mél mit standardni profylaxi
v délce 7-10 dni zacinajici 12-24 hod
pred vykonem.

Pacient s vétsim abdominalnim ¢&i pel-
vickym vykonem by mél podstoupit
rozsifenou profylaxi na 4 tydny.

V pripadé diagnézy VTE je indikovan
LMWH na 5-10 dni s naslednou profy-
laxi na nejméné 6 mésicli.

DOAC zatim nejsou bézné dopo-
rucovana v lécbé VTE u pacientl
s malignitou.

Antikoagulac¢ni l1é¢ba neni indikovana
k prodlouzeni zivota nemocnych s ma-
lignitou, pokud chybi dalsi indikace.

U onkologicky nemocnych by mélo
pravidelné probéhnout anamnestické
i fyzikalni vysetfeni s patranim po VTE.
Pacient by mél byt onkologem instruo-
van o symptomech VTE.

Zaveér

Cilem textu neni uvést veskeré infor-
mace o prevenci a lé¢bé VTE u pacientU
s nadorovym onemocnénim, ale upozor-
nit na jista specifika, kterd profylaxi, dia-
gnostiku a Ié¢bu Zilniho trombemboli-

zmu v ramci onkologické péce provazeji,
a shrnout zakladni doporuceni aplikova-
telnd v bézné klinické praxi.

Béhem recenzniho fizenf clanku byly aktualizovany dopo-
ru¢ené postupy ITAC-CME pro lécbu a profylaxi VTE u on-
kologickych pacientl - Farge D, Bounameaux H, Brenner B
et al. International clinical practice guidelines including
guidance for direct oral anticoagulants in the treatment
and prophylaxis of venous thromboembolism in patients
with cancer. Lancet Oncol 2016; 17(10): e452-e466. doi:
10.1016/51470-2045(16)30369-2.
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KAZUISTIKA

Anizokorie jako nezadouci Uc¢inek léchy

paklitaxelem

Anisocoria as a side effect of paclitaxel treatment

Halamkova J.!, Adamkova Krakorova D.’, Demlova R.>3

"Klinika komplexni onkologické péce LF MU a MOU, Brno
2Farmakologicky Ustav, LF MU Brno
30ddélenti klinického hodnoceni, MOU Brno

Souhrn

Vychodiska: Paklitaxel patfi k nejrozsitenéjsim cytostatikim uzivanym v onkologii, je soucasti
terapeutickych protokol( vétsi ¢asti malignit. Jednim z jeho nejcastéjsich nezadoucich Gcink(
je periferni neuropatie. Tato symptomatologie casto vede ke snizeni davkové intenzity che-
moterapeutickych 1€kl ¢i pred¢asnému ukonceni 1é¢by. Pripad: V nasi kazuistice popisujeme
vzacny piipad anizokorie zplisobené paklitaxelem u mladé zeny s karcinomem prsu. Zdvér:
Oc¢ni nezddouci Ucinky souvisejici s taxany jsou vzacné, s odhadovanou frekvenci kolem 1 %;
kromé pomérné casté obstrukce nazolakrimalniho vyvodu je kazuisticky popisovan cystoidni
makuldrni edém ¢i ischemicka retinopatie. Ve vétsiné pfipadl o¢nich nezadoucich ucinkd te-
rapie paklitaxelem vsak neni tfeba redukovat ¢i ukoncovat onkologickou terapii. Nutna je vsak
spolupréce onkologa se zkusenym a poucenym oftalmologem.

Klicova slova
anizokorie - paklitaxel - chemoterapii indukovana polyneuropatie — CIPN

Summary

Background: Paclitaxel is one of the most common cytostatics used in oncology; it is part of
the therapeutic protocols of many malignancies. One of its most common side effects is pe-
ripheral neuropathy. This symptomatology often leads to a reduction in the dose intensity of
chemotherapeutic drugs or to early discontinuation of the treatment. Case: In our case report,
we describe a rare case of paclitaxel-induced anisocoria in a young woman with breast can-
cer. Conclusion: Ocular side effects related to taxanes are rare, with an estimated frequency of
about 1%. In addition to relatively frequent obstruction of the nasolacrimal duct, the cystoid
macular edema or ischemic retinopathy have been reported. However, in most cases paclitaxel-
-induced ocular side effects, there is no need to reduce or discontinue therapy. However, the
collaboration of an oncologist with an experienced and trained ophthalmologist is essential.

Key words
anisocoria — paclitaxel - chemotherapy-induced polyneuropathy - CIPN
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Uvod

Paklitaxel patfi k nejrozsifenéjSim cyto-
statikim uzivanym v onkologii, je sou-
Casti terapeutickych protokold velké
¢asti malignit. Jeho antineoplasticky
efekt je zplsoben vazbou na B-tubulino-
vou podjednotku mikrotubulu, coz pod-
poruje shlukovani mikrotubull z tubuli-
novych dimerl a stabilizuje mikrotubuly
tim, Ze brani depolymerizaci a vede k za-
stavé mitdzy [1]. Jednim z jeho nejcas-
téjsich nezadoucich ucinkl je periferni
neuropatie. Periferni neuropatie induko-
vana chemoterapii (chemotherapy-in-
duced peripheral neuropathy — CIPN) je
zavazny a bézné pozorovany nezadouci
Ucinek u pacient(l Iécenych chemotera-
peutiky. ProtoZe paklitaxel neprekracuje
hematoencefalickou bariéru, ovliviiuje
specificky periferni systém a vede k pre-
vazné senzorické axonalni neuropatii. Ve
valné vétsiné jsou jejimi projevy periferni
parestezie ¢i dysestezie, vzacné se pro-
jevuje jinou klinickou symptomatologii.
Pacienti s CIPN maji snizenou kvalitu Zi-
vota a zhorseni fyzickych schopnosti.
Projevy CIPN ¢asto vedou ke snizeni dav-
kové intenzity chemoterapeutickych
[ékd ¢i predcasnému ukonceni 1é¢by.
CIPN postihuje 48-90 % pacient(l léce-
nych paklitaxelem [2—-4]. Toto Siroké roz-
mezi je pravdépodobné odrazem nejen
rozdild ve studovanych populacich
a faktord souvisejicich s vlastnimi lécivy
(napf. intenzita davky), ale také gene-
tické predispozice. Periferni neuropatie
zplsobena taxany je vyvoldna naruse-
nim mikrotubul(, coz zhorsuje axonalni

transport a vede k wallerianské degene-
raci, zménéné aktivité iontovych kanalt
a hyperexcitabilité perifernich neurond.
Taxanem indukované mitochondridlni
poskozeni prispiva ke zvysené produkci
reaktivnich forem kysliku (ROS - reaktivni
kyslikové radikaly), coz vede k poSkozeni
enzym{, protein( a lipidd a k dysregu-
laci homeostdzy vapniku v neuronech,
to vyvolava apoptotické zmény a demy-
elinaci perifernich nerv(. Aktivace mik-
roglii a astrocytd taxany vede k aktivaci
imunitnich bunék a k uvolnovani a zvy-
Sovani prozanétlivych cytokind. To ma za
nasledek senzibilizaci nociceptord a opé-
tovnou hyperexcitabilitu perifernich neu-
rond, coz vede k rozvoji neurozénétu [5].
| pfes toto poznani zlstavaji mechanizmy,
které jsou zdkladem CIPN, do zna¢né miry
nejasné a lécba tohoto stavu je pouze
symptomaticka.

Kazuistika

U mladé Zeny, ro¢nik narozeni 1986,
kterd se dosud s ni¢im nelécila, byl v lis-
topadu roku 2019 diagnostikovan in-
vazivni duktalni karcinom levého prsu
grade 3, s negativitou hormonalnich re-
ceptorll i HER2, Ki 67 67 %, pT1c pN1a
(1/7) MO L1 VO PnO. Pacientka absolvo-
vala parcidlni mastektomii levého prsu
s disekci axily mimo Masarykdv onko-
logicky ustav, nasledné byla odeslana
k zahdjeni adjuvantni chemoterapie,
absolvovala 4 cykly chemoterapie an-
tracyklinem v kombinaci s cyklofos-
famidem v davkové-denznim reZzimu
a nasledné chemoterapii paklitaxelem

Obr. 1. Anizokorie — pozorovatelné rozsifeni levé zornice.

v davce 80mg/m? 1x tydné. Po sedmé
aplikaci si zacala vsimat nesoumérné ve-
likosti zornic, nasledné vysetfeni pro-
kazalo anizokorii, a to rozsiteni levé zor-
nice, dle oftalmologa az o Tmm (obr. 1).
Pacientka zcela negovala jakékoliv o¢ni
obtize, ani pfi oftalmologickém vy3etreni
nebyl zjistén zadny zasadni patologicky
nélez, stejné jako pfi neurologickém vy-
Setfeni a magnetické rezonanci mozku.
Vzhledem k jinak asymptomatickému
pribéhu jsme po dohodé s pacientkou
nadéle pokracovali v zavedené chemo-
terapii paklitaxelem. Anizokorie se sice
vice neprohlubovala, ale nedochazelo
ani k jeji pravé. Chemoterapii paklita-
xelem pacientka dokoncila v predpo-
klddaném terminu bez redukce davky.
Nasledné pokracovala v adjuvantni ra-
dioterapii na oblast levého prsu a svod-
nou lymfatickou oblast (lll.-IV. etaz)
v davce 25 x 2,0 Gy/50 Gy s boostem
[0zka tumoru 8 x 2,0 Gy/16 Gy s mini-
malnimi nezddoucimi Ucinky v podobé
kozni toxicity. Anizokorie i po vice nez
pll roce od ukonceni terapie trva, pro
pacientku viak nema zdsadni dopad na
vizus, reakce zornic je zcela adekvatni,
nadale vsak zUstava v péci o¢niho Iékare.
Zajimavosti jisté je, ze se u ni po celou
dobu lé¢by ani nasledné neprojevila tak
Casta periferni polyneuropatie koncetin.

Diskuze

O¢nim pfiznaklm je vramcinezadoucich
ucink( lécby cytostatiky vénovana mala
pozornost. Vétsinoveé je tato symptoma-
tologie zvladnutelnd pouze lokalni tera-
pii a ¢asto neni tfeba redukovat ¢i ukon-
¢ovat onkologickou terapii. Pfi 1é¢bé
paklitaxelem byly popsany poruchy zra-
kového nervu, makularni edém, fotopsie
¢i zakaleni sklivce [6]. V roce 2020 byla
publikovéana dosud jedind velkd ana-
lyza ocnich nezadoucich ucinkd vznik-
lych po aplikaci taxand. Celkem se jed-
nalo o soubor 1 918 pacientu lé¢enych
taxany, z toho pouze 22 nemocnych,
tedy 1,1 %, mélo o¢ni nezadouci Gcinky.
Nejcastéji se jednalo o dysfunkci mei-
bomskych zldz u 5 nemocnych (23 %),
nasledovanou makuldrnim edémem
u 4 pacientl (18 %) a kanalikularni ob-
strukci u 4 nemocnych (18 %), diplopie
byla pozorovana ve 2 pfipadech (9 %),
anizokorie pak u 1 nemocného, dalsi
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z popsanych o¢nich nezddoucich ucink
nebyly klinicky vyznamné. O¢ni vedlejsi
ucinky byly vyfeSeny nebo kontrolovany
bez prerusenilécby u 80 % pacientd. Vét-
sina zavaznych priznakd se po ukonceni
terapie upravila. Kromé pomérné casté
obstrukce nazolakrimélniho vyvodu se
vsak literatura o o¢nich vedlejsich ucin-
cich omezuje predevsim na kazuistiky,
z nichz je nej¢astéji popisovan cystoidni
makularni edém, byla viak popsana i is-
chemicka retinopatie [7-10].

Zaveér

O¢ni nezadouci Ucinky souvisejici s taxany
jsou vzacné, s odhadovanou frekvenci
1 %. Vétsina o¢nich ptihod muze byt dobie
kontrolovéna lokdIni terapii bez preruseni
[éCby taxany. Ani tak zavazné symptoma-

tologie, kterou je anizokorie, se po vylou-
Ceni ocni Ci intracerebralni patologie neni
tfeba obavat a je mozno planovanou sys-
témovou terapii paklitaxelem dokoncit
bez Uprav davky v celém rozsahu. Nutna
je viak spoluprace onkologa se zkusenym
a poucenym oftalmologem.
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ICIinicaI Ccase Report L A N

Everolimus-related unilateral abdominal
lymphedema in a renal cancer patient

A case report

Jana Halamkova, MD, PhD?*"*©, Tomas Kazda, MD, PhD®, Dagmar Adamkova-Krakorova, MD, PhD?,
Sylva Rybnickova, MD®, Igor Kiss, MD, PhD?, Regina Demlova, MD, PhD"¢

Abstract \
Rationale: Unilateral manifestation of lymphedema during everolimus therapy has been described only rarely, mostly in transplant |

recipients.

Patient concerns: \We report the first case of a patient who developed unilateral abdominal lymphedema, during a short period of
everolimus treatment for renal cancer.

Diagnosis: The abdominal asymmetry occurred only on the right side of the abdomen, neither ultrasound nor CT scan detected

ascites but showed enlargement of the abdominal wall. The Naranjo Adverse Drug Reaction Probability scale was evaluated, in this
case, a score of 6 indicated a probable adverse reaction to everolimus.

Interventions: Discontinuation of everolimus therapy led to immediate alleviation and reduction of the lymphedema, with
worsening once again after initiating retreatment with everolimus at a reduced dose.
Outcomes: The patient’s lymphedema recovered after discontinuation of everolimus.

Lessons: This rare case demonstrates the importance of the selection of mammalian target of rapamycin inhibitors using caution,
especially for patients with a high risk of developing lymphedema.

Abbreviations: | EC = lymphatic endothelial cell, mTOR = mammalian target of rapamycin, RCC = renal cell carcinoma, VEGF =
vascular endothelial growth factor, VEGFR = vascular endothelial growth factor receptor.

Keywords: abdominal lymphedema, case report, everolimus-related adverse event, mammalian target of rapamycin inhibitors,
renal cancer, unilateral lymphedema

1. Introduction idemia, hyperglycemia, hypertension, oedema and an increased
Everolimus is a rapamycin ester analog, an orally bioavailable  incidence of lymphoceles. A more serious but less frequent side
inhibitor of the mammalian target of rapamycin (mnTOR), which  effect is non-infectious pneumonitis, which is observed in the

has proven benefits in the areas of transplantation and oncology. ~ group of rapamycin analogs.
While everolimus is a well-tolerated drug, related adverse events The mTOR is a component of an intracellular signaling
include nausea, vomiting, mucositis, diarrhea, fatigue, hyperlip- ~ pathway regulating cell growth and proliferation, metabolism,
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and angiogenesis. It is a downstream effector of the phospha-
tidylinositol-3-kinase/protein kinase B/ mTOR pathway, which is
an intracellular signaling pathway important in regulating the cell
cycle. Abnormal functioning of the mTOR pathway may
contribute to the pathogenesis of some solid tumors, especially
renal cell carcinoma (RCC).!"! The mTOR is the molecular target
for small molecule inhibitors (i.e., temsirolimus and everolimus),
which have demonstrated significant clinical activity in patients
with advanced RCC. Preclinical and clinical studies show that
everolimus inhibits the proliferation of a variety of human solid
tumors and reduces the expression of vascular endothelial growth
factor (VEGF).!**! Rapamycin also significantly inhibits lym-
phatic endothelial cell (LEC) proliferation and migration.!*!
Bilateral oedemas are a known complication, but their
unilateral manifestation has been described only rarely, mostly
in transplant recipients.!>*®! A less-common type of adverse event
as a result of mTOR inhibitor therapy is lymphedema. The
spontaneous formation of lymphedema has been seen with
sirolimus-based immunosuppression in renal transplant recipi-
ents’’”™ but unilateral lymphedema is an extremely rare
complication of everolimus treatment, and up to now has only
been documented in 4 cases of transplant recipient patients
receiving long term therapy of everolimus at lower doses than the
maximum 2 mg/d.">”'% Here we report the first case of a patient
who developed unilateral lymphedema of the abdominal wall
during a short period of everolimus treatment for renal cancer.

2. Case report

A 49-year old male patient, without any previous history of
serious medical disorders, with a RCC (Grawitz tumor), was
diagnosed as being in the metastatic stage in March 2014,
following left nephrectomy. Treatment by the tyrosine kinase
inhibitor sunitinib (50 mg/d — 4 weeks on/ 2 weeks off) for bone,
pulmonary and pleural metastases was initiated. After 9 months
of the treatment, the patient developed solitary cerebral
metastases, confirmed by CT scan. Therapy by neurosurgery
and radiotherapy were subsequently performed. In order to
contain the progression of the disease, systemic therapy of
everolimus 10 mg/d was commenced in January 2015. The renal
cancer remained stable but in May 2015 a unilateral volume of
the right part of the abdominal wall began increasing, in the form
of lymphedema, emanating from the right axilla to the right
inguina (Fig. 1). The patient indicated pain, oedema and
uncomfortable stiffness of the abdominal wall. The abdominal
asymmetry occurred only on the right side of the abdomen,
neither ultrasound nor CT scan detected ascites but showed
enlargement of the abdominal wall (Figs. 2 and 3). Oedema was
not detected in either the lower or upper extremities and the
lymphedema progressed considerably over several days. CT scan
failed to reveal the cause of the unilateral abdominal oedema
unexplained. A therapy of diuretics was initiated, for the
symptomatic reduction of the volume of the abdominal wall.
This treatment (furosemide 40mg/d) and higher doses of
corticosteroids (dexamethasone 24 mg/d) had no effect, however
discontinuation of everolimus therapy led to immediate allevia-
tion and reduction of the oedema. Everolimus was not replaced
by another medicine during the discontinuation, but worsening
of the oedema after initiating retreatment with everolimus at a
reduced dose 5 mg/d was observed. The Naranjo Adverse Drug
Reaction Probability Scale™ ™! was evaluated, in this case, a score
of 6 indicated a probable adverse reaction to everolimus. The
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Figure 1. Unilateral lymphedema of the abdominal wall - asymmetry of the
abdomen.

lymphedema was significant enough to affect the level of comfort
and had significantly reduced the quality of life for the patient.

3. Discussion

The mammalian VEGF family is comprised of 5 members: VEGF
A, VEGF B, VEGF C, VEGF D, and placenta growth factor. It has
been described that a number of proteins are structurally related

Figure 2. Sagittal contrast-enhanced computed tomography of lymphedema
on the right side of the abdomen.
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Figure 3. Axial contrast-enhanced computed tomography of lymphedema on
the right side of the abdomen.

to VEGF encoded by parapoxviruses (VEGF E) and in snake
venom (VEGF F). The VEGF ligands can bind to 3 receptor type
tyrosine kinases: vascular endothelial growth factor receptor
(VEGFR)I/FLT1, VEGFR2/kinase insert domain receptor, and
VEGFR3/Fms-related tyrosine kinase 4. VEGF A, B, and placenta
growth factor can bind to VEGFR1, VEGF A, and E bind to
VEGFR2, while VEGF C, and D bind to VEGFR3.!"?!

Rapamycin and its derivatives (mTOR inhibitors) potently
inhibit VEGF C driving proliferation and migration, respectively,
of isolated human LECs in vitro. mTOR inhibition impairs
downstream signalling of VEGF A as well as VEGF C by binding
mTOR to p70S6 kinase in LECs, mTOR-mediated phosphor-
ylation of p70S6 kinase is crucial for impairing both the VEGF A-
and VEGF C-mediated proliferation of LECs.™

The lymphatic endothelium expresses VEGFR3, which is
activated after binding to VEGF C, and VEGF D and plays an
important role in lymphangiogenesis. The gene that encodes
VEGEFR3 is defective in most families with congenital hereditary
lymphedema!®! and impaired lymphangiogenesis and lymph-
edema is observed in soluble VEGFR3 (VEGFC/VEGF D
signaling inhibitor) expressing transgenic mice.'*! Missense
mutations of VEGFR3 prevent normal lymphatic growth in
humans."! In rapamycin-treated animals, the anti lymphangio-
genic effect during tissue regeneration occurs with prolonged
lymphedema and lymphatic neovascularization is markedly
inhibited, thus emphasizing the clinical relevance of this effect
of mTOR inhibition.”! mTOR inhibition potently decreases
regenerative and neoplastic lymphangiogenesis. Bilateral mTOR-
related oedemas are usually controlled with low doses of
furosemide accompanied by reducing the immunosuppressant,
but not in lymphedema.l'”!

mTOR inhibitors rarely cause lymphedema by inhibiting
different subtypes of VEGFs, which results in impaired
lymphangiogenesis. While there is a small number of reports
about everolimus-related unilateral lymphedema, this case
represents the first everolimus-related unilateral lymphedema

www.md-journal.com

in a cancer patient.”” It is important to note that in the literature
describing mTOR-related lymphedema, it occurs mainly on
the postsurgical side,'® whereas this is not our case, as the
nephrectomy was on the left side.

It could be that mTOR inhibitors interfere with other, as yet
unknown, pathways that operate to induce lymphangiogenesis,
and maintain lymphatic integrity. In patients with pre-existing
lymphatic weakness, everolimus, through its action on this
pathway, may inhibit lymphangiogenesis to a degree that manifests
as clinical lymphedema. Everolimus is currently approved for
oncology patients in the therapy of renal cancer, neuroendocrine
tumours and breast cancer (concomitantly with aromatase
inhibitors). Especially for patients with breast cancer, where
lymphedema of the upper extremities is a common adverse event of
breast surgery and radiotherapy, those patients with a predisposi-
tion for the development of this unexpected side effect should be
carefully screened. Finally, the life-threatening complications of the
treatment, such as angioedema, should be considered."”!

In conclusion, we observed a very rare side effect of treatment
with everolimus, unilateral abdominal lymphedema in a cancer
patient, due to the mTOR pathway being interfered with.
Inhibitors of the mTOR pathway must be prescribed with
caution, especially to patients at high risk of developing
lymphedemas.
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Komunikace s onkologickym pacientem
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Souhrn

S onkologickymi pacienty se v jednotlivych fazich jejich onemocnéni setkavaji 1ékati riznych obord. Je proto dile-
Zité, aby i Iékafi neonkologové znali zakladni pravidla podpdrné efektivni komunikace. Existuji velké rozdily mezi
pacienty v tom, jaky komunikac¢ni styl a jaky rozsah informaci jim vyhovuje. Informacni potieby pacientl se navic
mohou ménit i v rlznych fazich nemoci. Poskytovéni Spatnych zprav je tak pro lékare castym a vyznamnym ko-
munikac¢nim ukolem. Mezindrodné uznavanym a v praxi osvédcenym doporucenim pro jejich sdélovani je 6 krok
znamych jako SPIKES. Stéle se prodluzujici preziti pacientl s nadorovym onemocnénim znamena nejen sdélovani
informaci o stavu onemocnéni, ale také informaci tykajicich se nezvratnych a potencialné nevratnych vedlejsich
ucinkl 1é¢by, komplikaci nemoci a limitované prognoézy. Komunika¢ni dovednosti Iékafe nejsou vrozené a nemusi
se nutné zlepSovat s klinickymi zkusenostmi, |ékaf by se je mél ucit strukturovanym komunika¢nim vycvikem. Je to

bulantni konzultace nebo vizity u lzka.

Kli¢cova slova: komunikace — onkologicky pacient — SPIKES

Communication with cancer patient

Summary

The oncological patients meet the diverse physicians in the different stages of their illness. It is important for other
physicians to know a basic rules of supportive effective communication. There are big differences between pa-
tients in the communication style and type of information they accept. Patient’s information requirements may
also change at various stages of the disease. Providing bad news is a frequent and important communication chal-
lenge for physicians. Internationally recognized and proven recommendation for communication is the six steps
known as the SPIKES. Prolonging survival of cancer patients means not only communicating disease information
but also information about irreversible and potentially irreversible side effects of treatment, disease complications,
and limited prognosis. The communication skills are not inborn and do not necessarily improve with the clinical ex-
perience, this skill should be learned through structured communication training. It’s the effective communication
that lets talk sensitively about serious facts in the time-limited consultation.

Key words: communication — oncology patient — SPIKES

Uvod

Ackoli nové léky a lécebné postupy vyznamné zvysily
nadéji na vylé¢eni nebo prodlouzeni zivota, zhoubny
nador zlstava i nadale Zivot ohroZujicim onemocnénim.
Diagnéza onkologického onemocnéni obvykle vede
u pacienta a jeho blizkych k vyraznému strachu, uzkosti
a nejistoté. Snaha pacient( ziskavat relevantni informace
o jejich onemocnéni tak vzrista. PfestoZe dnes nemocni
hledaji informace z mnoha zdrojd, zlstava i nadale nej-
dulezitéjsim zdrojem informacni a psychické podpory
osettujici Iékar [1]. Dobra komunikace je proto zasadné
dulezitou soucasti dobré klinické péce.

S onkologickymi pacienty se v jednotlivych fazich jejich
onemocnéni setkavaji lékafi rdznych obord. Je proto dlile-
Zité, aby i tito Iékafi, neonkologové, znali zakladni pravidla
podplrné efektivni komunikace. Dobra komunikace s pa-
cientem jiz od pocatku vede k:
= |epsi informovanosti pacientd
= vy$3i motivaci a lep3i adherenci k 1é¢bé
= zvyseni spokojenosti pacienta a jeho rodiny
= sniZeni stresu osettujicich Iékail [2]

Mezi pacienty existuji velké rozdily v tom, jaky komu-
nikacni styl a jaky rozsah informaci jim vyhovuje. Infor-
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macni potieby pacientl se navic mohou ménit i v rGznych
fazich nemoci. Je proto dilezZité jiz na zacatku stanovit
a pribézné zjistovat rozsah a styl informaci, které si vlastné
pacient pfeje a potfebuje znat. Vétsina nemocnych dnes
preferuje podrobnou informaci o diagnoze, rozsahu one-
mocnéni a ramcové prognoéze. Néktefi pacienti vak chtéji
znat o svém onemocnéni radéji méné [3,4]. Pro lékare je tak
Casto obtizné pfesné odhadnout nebo poskytnout mnoz-
stvi nebo typ informaci, které pacient pozaduije.

Komunikac¢ni proces mezi lékafem a pacientem je vi-
cerozmérny a zahrnuje vlastni obsah dialogu, emo¢ni
slozku a neverbalni komunikaci. | kdyz z pohledu Iékafe
je vyznamnéjsi vécny obsah zavazné informace, pro vét-
$inu nemocnych ma lékafova empatie a neverbdini ko-
munikace srovnatelny vyznam jako vlastni obsah sdéleni.
Tento fakt, bohuzel, fada lékait podceniuje [5].

Pro pacienta jsou zdkladnimi kameny vztahu s léka-
fem kompetence, tedy jeho odbornost a pravé schop-
nost empatie. Jediné souhrou obou téchto vlastnosti
muze byt pacientem hodnocen jako dobry Iékaf. Lékar
se schopnosti empatie je schopen Iépe se orientovat
v pocitech a prozitcich pacienta a soucasné tak reago-
vat na jeho potfeby v podobé spravné volenych dia-
gnosticko-terapeutickych postup(.

Pravidla sdélovani nepfiznivych zavaznych

zprav

Pro sdélovani nepfiznivych zprav (breaking bad news) exi-

stuje celd fada doporuceni. Nékterd vymezuji zakladni

pravidla, jind poskytuji velmi konkrétni navody vcetné

modelovych pfiklad(i vhodnych formulaci. U nas bylo vie-

obecné akceptovanym doporuéenim Desatero sdélovani

onkologické diagnoézy [6]. Aktudlné je mezinarodné uzna-

vanym a v praxi osvéd¢enym doporucenim pro sdélovani

Spatnych zprav 6 krok( znamych jako SPIKES [7].

= Setting (prostfedi) — zvolte misto, na kterém vas
nikdo nebude rusit a nemuze slyset. Vypnéte si mo-
bilni telefon. Vyhradte si na rozhovor dostatek casu.
Rozhovor byste rozhodné neméli prerusovat jinymi
pracovnimi povinnostmi. Svym pacientim muzete
navrhnout, aby na schiizku pfivedli nékoho blizkého.
Nezahriite pacienta hned na zacatku mnozstvim
fakt(, ¢isel a cizich slov. Setkani za¢néte béZznou mezi-
lidskou konverzaci: ,Jak se dnes citite?” Pamatujte, Ze
prvnislova, ktera vyiknete, jsou velmi dllezita!

= Perception (vnimani situace) - zjistéte, co pacient
o svém zdravotnim stavu vi a co od vasi schiizky oce-
kava: ,Uz vam nékdo néjaké informace sdélil?”, ,Jak
rozumite svému souc¢asnému zdravotnimu stavu?”.
Usnadni vdm to rozhodovani, jak a o ¢em konverzaci
zacit. Pacienta poslouchejte a neprerusujte.

= Invitation (vyzva) — zeptejte se pacienta, kolik a jak
podrobnych informaci si preje védét. Nikdy automa-
ticky nepfedpoklédejte, Ze by celou pravdu neunesl.
Upfimné zvazte, jestli se touto myslenkou jen nebré-
nite nepfijemné povinnosti. Kazdy ¢lovék mé jiné kul-
turni a socidlni zazemi, jiné vzdélani. Schopnost pfiji-
mat $patné zpravy a mluvit o nich se lisi.

= Knowledge (poznatky/fakta) - dopiejte pacientovi
moznost se na pfijeti zdvazné nepfiznivé zpravy pfi-
pravit. Slovni obrat jako ,....pfal bych si, abych pro vas
mél lepsi zprévu...” nebo ,....je mi lito, Ze vdm musim
ozndmit...” mu k tomu da potfebny prostor. Na zacatku
omezte mnozstvi informaci. Budte stru¢ni a vécni. Pa-
matujte, ze po sdéleni Spatné zpravy bude pacientova
schopnost pfijimat nebo si zapamatovat dalsi fakta
omezend. Nepouzivejte cizi slova a lékarské terminy,
u kterych si nejste jisti, Ze jim pacient rozumi. Ovéfujte
si, ze vas pacient sleduje a ze vam rozumi.

= Emotions/empathy (emoce/empatie) — dejte najevo,
ze chapete, Ze se vas pacient dostal do tézké situace.
Nikdy nefikejte: ,Vim, jak se citite,” pokud tomu tak
skute¢né neni. Pfiznejte, ze jste v podobné situaci
sami nikdy nebyli, ale ze jste pfipraveni ji s nim sdilet.
Méjte pozitivni pfistup, zaroven nikdy nezastirejte, ze
se jedna o situaci, kterd mdze mit potencialné vazné
dasledky. Neslibujte nic, co nemUzete splnit. Budte
pfipraveni i na velmi emotivni reakce a snazte se na
né reagovat klidné, zaroven dejte najevo, Ze jsou na-
prosto namisté a neni potieba se za né stydét.

= Summary/strategy (shrnuti a strategie) - stru¢né
shriite vasi konverzaci a popiste plan do budoucna.
Ujistéte se, ze pacient porozumél vsem dulezitym in-
formacim, vi, jak vas kontaktovat a domluvte si dalsi
schiizku nebo kontrolu.

Poskytovani Spatnych zprav je pro Iékare ¢astym a vy-
znamnym komunikaénim tkolem. Stéle se prodluzujici
preziti pacientd s nddorovym onemocnénim znamena
nejen sdélovaniinformaci o stavu onemocnéni, ale také
informaci tykajicich se nezvratnych a potencialné ne-
vratnych vedlejsich ucinkd Ié¢by, komplikaci nemoci
a limitované prognézy.

Praktické aspekty sdélovani zavaznych zprav
Prvnim z témat, se kterymi se |ékaf¥ pfi kontaktu s onko-
logicky nemocnym pacientem setkd, je sdéleni infor-
mace o diagnoze.

V Umluvé o lidskych pravech a biomediciné se uvadi,
Ze kazdy ma pravo na informace, ale kazdy ma pravo
i na to nebyt informovan, pokud si to nepieje. Pacient
by proto mél byt vzdy na zac¢atku tazan, zda a jak po-
drobné chce byt o své diagndze informovan.

I v naSem pravnim systému je zakotvena povinnost
lékafe pacienta informovat srozumitelnym zpuso-
bem v dostate¢ném rozsahu; tato definice umoziuje
Iékafi vzdy reagovat na konkrétni individualitu paci-
enta a situaci, ve které se nachdzi. Zasadni je pacienta
o cilech Ié¢by informovat jiz na pocatku a v piipadé, ze
onemocnéni neni vylécitelné, pak realisticky, ale empa-
ticky popsat potencidl nekurativni protinddorové [é¢by
a moznosti paliativni péce. Pokud pacient neni prav-
divé informovan, dochazi z jeho strany i ze strany jeho
rodiny k neredlnému ocekavani, které maze byt zakla-
dem naslednych problém( a nedorozuméni s osetiuiji-
cim persondlem.



Uvodni rozhovor je pro vybudovéni dobrého vztahu
mezi lékafem a pacientem vzdy zdsadni. Pravdu o za-
vazné diagnéze ma lékar sdélovat citlivé a pfipadné po-
stupné. Tak pacient dojde ke spravnému porozuméni
situace, svoji situaci pochopi a nakonec i pfijme. Naro¢-
néjsi pak byva komunikace s pacientem nevylécitelné
nemocnym, u kterého je zédkladnim lé¢ebnym cilem za-
jisténi dobré kvality Zivota a jeho pfipadné prodlouzeni.

Je tfeba vnimat i vzdjemné odlisnosti vékovych skupin.
Starsi pacienti se v této nové situaci velmi Spatné orientuiji,
a pokud chybi podpora mladsich ¢len rodiny, miize to mit
na dalsi Iékafskou péci zasadni dopad. U mladsich pacient
se pfidava stres z novych socioekonomickych podminek.
Do té doby ekonomicky aktivni ¢lovék se ocitd v pracovni
neschopnosti a najednou se stava ekonomickou ,zatézi”
rodiny. Z toho prameni i velkd nejistota, kterou pacient
proziva ve vztahu ke svému onemocnéni, ale i ve vztahu
k socioekonomické situaci. A dobry lékaf by mél pacienta
vnimat vzdy i ve svétle téchto okolnosti.

Pti indikacich jakéhokoliv diagnosticko-terapeutic-
kého postupu je tieba klast dliraz na zachovani kvality
zZivota, tj. vylouceni nesnesitelnych symptomu; tedy je
tfeba, aby lé¢ba vychéazela z konkrétnich potfeb paci-
enta. Dobry Iékaf se musi vyvarovat nelcelnych dia-
gnostickych indikaci jak v prlibéhu onemocnéni (vy-
varovat se indikace diagnostickych Ukond u pacientd,
u nichZ neni jasny realiza¢ni vystup z indikovaného vy-
Setfeni), tak v preterminalni fazi (mohou byt indikovany
vysetifovaci metody jen pro jak pacientQv, tak Iékariv
,dobry” pocit, Ze se s pacientem ,néco déje”). Stejné
tak je nevhodna netcelna terapie (overtreatment), at jiz
z pohledu |ékafe (Iékaf sdm si nechce pfipustit, Ze pa-
cientlv stav je nezvratny, a stale se snazi i s timto vé-
domim zdravotni stav pacienta intervenovat) ¢i z po-
hledu pacienta (pacient na lékare naléha a doZaduje se
jakékoliv terapie). Vzdy, pokud pacientem pozadovana
|é¢ba neni v souladu s jeho onemocnénim a soucas-
nymi znalostmi mediciny, je v3e tfeba pacientovi fadné
vysvétlit. Psychické zpracovani a pfijeti této zkusenosti
muze trvat i nékolik tydnd. Profesionalita zde spociva
ve vécnosti, trpélivosti a empatii.

Model péce zaméieny na pacienta (patient cente-
red approach) zdUraziuje dulleZitost vztahu klinického
|ékafe s pacientem a rodinou pacienta jako terapeutic-
kého nastroje, podporuje spole¢né rozhodovani jako kli-
Covou soucast 1é¢by a zddraznuje porozuméni a feseni
problém( pacientl a informacni potieby jako dllezité
pro podporu Zivotni pohody pacienta a kvality Zivota [8].

Zatimco vétsina nemocnych preferuje aktivni roli pfi
rozhodovani, nemocni v pokrocilych stadiich mohou
uprednostriovat rozhodovani lékafe [3], a tim i urcity
stupen paternalizmu v péci, protoze aktivni role pfi
rozhodovani mlize vést k vydani vice fyzické a dusevni
energie, nez je pro pacienty unosné.

Komunikace a podpora pacientovych blizkych
Kromé dobré komunikace s pacientem je tieba neopo-
menout ani kontakt s rodinou. Informace rodinnym
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pfislusnikim podavame pouze se souhlasem pacienta.
Pokud pacient souhlasi, pak musi byt rodina pravdivé
informovana o prognéze a predpokladaném pribéhu
onemocnéni (pokud lze). Lékaf by mél rodinu podpo-
fit v péci o pacienta v domacim prostiedi co mozno
nejdéle.

Je velmi uZite¢né, aby rozhovory o zavaznych tématech
diagndzy, progndzy a planu dalsi péce probihaly sou¢asné
za pritomnosti pacienta i jeho blizkych. Tento zpUsob po-
davani informaci vyznamné ulehcuje naslednou komu-
nikaci o nemoci a jeji [é¢bé v ramci pacientovy rodiny. Je
také prileZitosti, pfi niz mohou byt otevieny a diskutovany
rlizné obavy a nedorozuméni stejné jako praktické as-
pekty péce. Pacientlim a jejich blizkym bychom mélitento
format” komunikace aktivné nabizet.

Komunikace s pacientem v zavéru Zivota

Faze pokrocilého onemocnéni po ukonceni protinado-
rové lécby (faze symptomatické paliativni péce) je pro
pacienty i jejich blizké velmi dllezita ¢ast zavéru zivota.
Spravné porozuméni vlastni situaci a prognéze ze strany
pacienta ma zasadni vyznam pro pribéh a kvalitu zavéru
Zivota. Pouze pacient, ktery spravné rozumi, Ze se na-
chazi v zavéru zZivota, se muiize rozumné rozhodovat. Em-
paticka komunikacni podpora, perfektni management
télesnych symptom( a dobra koordinace péc¢e mohou
kvalitu Zivota pacientd i jejich rodin v této fazi vyznamné
ovlivnit. Jasné formulovany plan péce, ve kterém jsou za-
nesena pacientova piani, miize byt cennym nastrojem,
ktery dava celému procesu strukturu. Ze strany lékard
¢asto k oteviené komunikaci o téchto tématech nedo-
chazi vibec, nebo az témér v poslednich dnech Zivota
pacienta. Jedna se o zasadni chybu, nebot pacienti,
ktefi mluvi se svym Iékafem o svych preferencich konce
zivota, maji lepsi kvalitu Zivota v jeho zavéru.

Komunikace jako naucitelna dovednost
Lékafi jsou v technikdch pro sdélovéni Spatnych zprav
Skoleni relativné malo. Nedostate¢né edukovany |ékaf
pak v téchto situacich Castéji proziva negativni emoce,
jako je Uzkost, strach a pocit viny, kdyz musi pacientim
sdélit, ze lé¢ba neni dostate¢né efektivni. Casto se tak
uchyli k falesné nadéji a vynechava dulezité, pro ne-
mocného relevantni informace [9-12]. Vyznam komuni-
kacnich dovednosti Iékafe se zvysuje zvlasté ve vysoce
emocionalné nabitych situacich, jako je napf. ukonceni
aktivni onkologické 1é¢by ¢i prechod pacienta na palia-
tivni péci na konci Zivota.

Komunikaéni dovednosti Iékare navic nejsou vrozené,
nemusi se nutné zlep3ovat s klinickymi zkusenostmi.
Dlouhd Iéta praxe nékdy mohou naopak vést pouze k za-
fixovani nespravnych komunikacnich navyka. Efektivni
empatickd komunikace je naucitelnd dovednost. Tato
dovednost by se oviem neméla ucit metodou pokusu
a omylu na zdvazné nemocnych pacientech, ale struktu-
rovanym komunika¢nim vycvikem. V soucasné dobé exi-
stuje fada moznosti komunika¢ni dovednosti ziskat. Je to
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fit o zadvaznych skute¢nostech v ¢asové omezeném ramci
ambulantni konzultace nebo vizity u lizka.

Pokud se komunikaci s lékafem u nevylécitelné nemoc-
ného pacienta podafi navodit postoj ,Cas, ktery mi zbyva,
je kratky a mél bych jej smysluplné vyuzit”, pak Iékai dobre
zvladl svoji roli. Sdélujte Spatné zpravy svym pacientdm
tak, jak byste chtéli, aby je jednou nékdo sdélil vdm.

Tato prdce byla podpotena MZ CR - RVO (MOU, 00209805)
a RI CZECRIN LM2015090.
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Abstract

Background: Taking patient centeredness into account is important in healthcare. The European Cancer Consumer
Quality Index (ECCQ)I) is a validated tool for international benchmarking of patient experiences and satisfaction.
This study aimed to further validate the ECCQI in larger and more uniform groups of high volume tumours such as
breast and prostate cancer. A second objective was the verification of the influence of cultural factors of the
country to determine its possible use in international benchmarking.

Methods: Data from two survey studies in eight European countries were combined. Socio-demographic correlations
were analysed with Kruskall-Wallis and Mann-Whitney tests. Cronbach’s alpha was calculated to validate internal
consistency. Influences of masculinity (MAS), power distance (PD) and uncertainty avoidance (UA) were determined by
linear regression analysis in a general model and subgroup models.

Results: A total of 1322 surveys were included in the analysis (1093 breast- and 348 prostate cancer patients).
Cronbach’s alpha was good (a = 0.7) or acceptable (0.5 <a <0.7) in 8 out of 9 questionnaire categories, except in the
category ‘Safety’ (a =0.305). Overall ECCQI scores ranged from 22.1 to 25.1 between countries on a 1-35 scale
(categories had a 1-4 scale). In certain subcategories such as ‘Organisation’ (range 2.2 vs 3.0) and ‘Supervision &
Support’ (range 3.0 vs 3.8) a large difference was observed between countries. Differences in ‘Overall opinion” were
however small: mean scores of 3.7 vs 3.9, whereas median scores were all the maximum of 4.0. Power distance was
positively associated with higher patient satisfaction scores whereas Uncertainty avoidance was negatively associated
with these scores. Masculinity was only associated with patient satisfaction scores in lower educated patients. We found
the highest impact of culture on overall scores in Hungary and Portugal and the lowest in Romania.

Conclusions: The ECCQI shows high internal consistency in all categories except ‘Safety’. Especially in separate
categories and overall ECCQI scores the questionnaire showed discriminative value. This study showed a positive
correlation of power distance and a negative correlation for uncertainty avoidance in some countries. When using the
ECCQI for international benchmarking these two dimensions of culture should be taken into account.

Keywords: Consumer quality, Patient satisfaction, Cancer care, Cultural dimensions
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Background

Oncological care is complex and multifaceted. Patients
often see multiple healthcare providers that are engaged
in prevention, diagnosis, treatment and follow-up. This re-
quires a high degree of coordination and if inadequately
organised, can result in fragmented and discontinued care
and bad experiences for patients [1]. Patient centeredness
is defined as: care that respects and responds to individual
patient’s preferences, needs, and values, and involves clin-
ical decisions guided by patients. Improved health out-
comes and better treatment adherence are associated with
this approach [2, 3]. Wessels et al. [4] reported that ex-
pertise and attitude of healthcare providers were more im-
portant to cancer patients than healthcare professionals
expected. This underlines the importance of patient re-
ported information on the perspective of the patient,
which can be obtained using questionnaires. A generic
consumer quality index was developed and piloted in six
European countries in a previous study, the European
Cancer Consumer Quality Index (ECCQI) [5]. An advan-
tage of a generic questionnaire is, the possibility of usage
for patients irrespective of tumour types. Moreover, this
enables international comparison and benchmarking of
patient experiences [3].

The main objective of this study is to further validate
the ECCQI in two large volume tumour patient groups,
breast and prostate cancer patients, as a generic instru-
ment applicable in an international setting. Breast and
prostate cancer were selected as both are one of the top
five cancers worldwide [6]. The International Agency for
Research on Cancer (IARC) estimates that worldwide
from 2020 to 2040 the incidence of breast cancer will in-
crease with 40% (from 2.179.457 to 3.059.829 patients)
and for prostate cancer with 69% (from 1.356.176 to
2.293.818 patients) [7].

The results of the pilot of the ECCQI by Wind et al. [5]
demonstrated significant differences in patient satisfaction
between countries. The (sub) groups in this pilot where
however small and the influence of differences in country
culture was not taken into account [5]. According to Na-
pier et al. [8] culture should be considered when looking
at health and healthcare provision, as social determinants
of health can vary from culture to culture and cultural at-
titudes of both patients and providers can vary over place.
For example variations in health between European coun-
tries could partly be explained by cultural differences [9].
Hofstede’s cultural six-dimension model [10] categorises
aspects of cultural behaviour across countries so that they
can be measured and compared [11]. An example of cul-
tural attitudes influencing healthcare can be found by
looking at power distance, one of the cultural dimensions
of Hofstede [10]. In high power distance society’s hier-
archy is important, patients will treat doctors as superiors.
In contrast, in low power distance society’s patients treat
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doctors as equals [12]. Uncertainty avoidance, also part of
Hofstede’s model, can also be used to explain differences
when looking at health [10]. Uncertainty-avoiding cultures
look for structure in their organisations, institutions and
relations in order to make events clearly interpretable and
predictable [10]. Self-ratings of health across countries
tend to correlate negatively with the uncertainty avoid-
ance index [13], in other words the higher the uncertainty
avoidance the lower the rating of one owns health. Hof-
stede’s masculinity domain relates to ambition as a driving
force and values being assertive and competitive com-
pared to more feminine values like modesty and caring
[12]. A feminine culture is focused more on quality of life
and process versus a masculine culture with a stronger
focus on task and more result orientation, e.g. is the pa-
tient cured [12]. Little is known about the link between
patient perceived healthcare quality and cultural dimen-
sions, hence the effect of cultural attitudes on patient re-
ported experiences of care is unknown. Therefore, the
second objective of this study is the verification of the in-
fluence of cultural factors in responses to this question-
naire in view of its possible use in international
benchmarking.

Methods

The questionnaire used for this study, the European
Cancer Consumer Quality Index (ECCQI), was previ-
ously develop and piloted by Wind et al. [5]. Data of
breast and prostate cancer patients from two studies, the
study in which the ECCQI was piloted [5] and a study
that focused on patient involvement in which the
ECCQI was further validated, were combined i.e. partici-
pating patients of both studies were included in our ana-
lysis if they met the inclusion criteria. We applied the
following inclusion criteria: (1) Respondents had to be at
least 18 years old, (2) Respondents had to be examined,
treated or had aftercare for cancer within the last 2 years
in the examined institute, (3) Age, gender and level of
education had to be known and (4) at least 50% of the
questions had to be answered.

The data of the first (pilot) study [5] was collected in
six hospitals in Hungary, Portugal, Romania, Lithuania
and Italy (n = 2) via a paper based survey and through an
online survey in The Netherlands in 2015. In the first
study all hospitals collected data for both prostate cancer
patients and breast cancer patients. Respondents were
selected by convenience sampling. The data of the sec-
ond (involvement) study was collected in two other
Dutch hospitals (one hospital collected only breast can-
cer patients and one hospital collected only prostate can-
cer patients) and one Czech (both prostate cancer
patients and breast cancer patients collected) and
Finnish hospital (only breast cancer patients collected)
via an online survey in 2019. In total patients from 11
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hospitals in eight countries in total (Hungary, Portugal,
Romania, Lithuania, Italy, The Netherlands, Czech Re-
public and Finland) were included based on both studies.
Both in the online as in the paper based survey the op-
tion Force answer was not used.

European Cancer consumer quality index

The ECCQI measures patient experiences and satisfac-
tion with cancer care in hospitals in European countries.
In the study by Wind et al. [5] patients indicated that in
general the questionnaire was appropriate to measure
patient satisfaction and experience. Confirmatory factor
analysis revealed that the ECCQI measurement model
had a moderate to good fit to the data in the first study
[5] (RMSEA =0.039, CFI1=0.943). The ECCQI consists
of 63 questions divided into 11 categories. The core of
the ECCQI measurement instrument are questions
about the experiences of patients with care that are for-
mulated as experience questions and questions about
general appreciation. For the corresponding answer cat-
egories, the following applies:

— Experience questions are formulated in terms of
how often a particular quality aspect occurred (e.g.
‘Did you understand the therapist’s explanation?);
the corresponding answer categories are ‘never’,
‘sometimes’, ‘usually’ and ‘always’. If in questions of
experience a frequency distribution is not relevant (a
quality aspect is present or not) we worked with
‘no’, ‘yes’ as answer categories. For the questions
pertaining to the attention of health professionals we
had the following categories: ‘none of them’, ‘only
nurses’, ‘only doctors’, only others’, ‘most’ and ‘all of
them’.

— For general appreciation questions, the respondent is
asked to indicate on a scale of O (very bad) to 10
(excellent) what he/she thinks of the care provider
or aspects of the care provision.

The three categories with demographic or disease
specific information had different answer categories
and were used as background so were not part of
the analysis. The analysis therefore includes 9
categories (40 questions). These categories are:
Organisation (5); Safety (2); Attitude of Healthcare
Professionals (6); Communication and information
(4); Own inputs (2); Coordination (4); Supervision
and support (10); Rounding of treatment (5); Overall
opinion (2). Patients were given the opportunity to
comment on the questionnaire. The full
questionnaire can be found in Additional file 1.

Cultural influences
To adjust for cultural differences, we used Hofstede’s
cultural six-dimension model. For our study we use the
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three commonly used cultural domains [14] of masculin-
ity (MAS), power distance (PD) and uncertainty avoid-
ance (UA) domains [15, 16]. Within Hofstede’s model
each domain is rated on a 1-100 scale in which, ie., a
score of 100 on masculinity describes a highly masculine
society, which is associated with lower and more ex-
treme scores on reviews [10, 12].

MAS ranged between 14 (The Netherlands) and 88
(Hungary). PD ranged between 33 (Finland) and 90
(Romania). The lowest UA score was 53 (The Netherlands)
and the highest UA was 99 (Portugal). A low masculine score
indicates more tenderness and sympathy for others, pos-
sibly resulting in less willingness to provide criticism and
therefore higher satisfaction scores. The used cultural model
is a general description of a culture and does not have scores
for socio-demographic groups. The effect of cultural differ-
ences was analysed using linear regression with MAS, PD
and UA as independent variable for total scale score. The
scores for MAS, PD and UA of all nationalities in the dataset
were collected from ‘Hofstede’s insights country comparison
tool’ on 6-12-2019 and can be found in Additional file 2.

Recoding

Data were recoded in order to be analyzed. Almost all
categories of the ECCQI consist of questions with four
response options which were recoded into: never =1,
sometimes = 2, usually =3 and always =4. For the cat-
egories that did not consist of those four response op-
tions, the options were recoded into one of the four
options above. For example, questions with sub-answers
in the category “attitude of healthcare professional” had
the option to state only nurses (score =2), only doctors
(score=3) or only other healthcare professionals
(score =4) listen to the patient. These scores were
recoded into “some of them did” (score = 2). The answer
categories “most of them” (score=5) and all of them
(score = 6) were thereafter recoded into the scores 3 and
4. Questions related to the timing of events and the pa-
tients expectation, which have five answer categories,
namely much sooner, sooner, when I'd expected it, later
and much later were recoded into a four-scale by com-
bining the options “sooner and much sooner” into one
category, as done in the previous ECCQI study. Re-
sponse codes of the questions about demographic char-
acteristics were also recoded; (i) Age: 18—34, 35-64, and
65 or older; (ii) Years of education: low (1-8years),
moderate (9-13 years), and high (14 and higher). The
answers ‘I don’t know/I no longer remember’ and ‘Not
applicable’ were scored as missing.

Analysis

Cases from the first and second study were selected
from separate datasets and merged into one database if
they met all four inclusion criteria. Data from this
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database was analysed in IBM SPSS statistics 24.
Weighted means were calculated for each category of
the ECCQI and country and depended on the number of
items rated by the patient. Scale scores were summed
and a weighted mean of overall patient experience was
calculated [17]. The distribution of patient characteris-
tics was determined by performing a chi-square test. Dif-
ferences in total score were evaluated with a Kruskall-
Wallis test and series of Mann-Withney tests, of which
only the significant results are presented in this article.
Internal consistency was evaluated using Chronbachs
alpha for ordinal items [18]. The internal consistency
was found good if a> 0.7, acceptable if 0.5 <« <0.7 and
unacceptable if a <0.5 [19].

The influence of socio-demographic characteristics on the
score of the ECCQI was analysed in order to verify whether
age and education have an influence on reported quality.
Gender was not analysed since no male breast cancer pa-
tients responded therefore analysing differences for tumour
type is the same as analysing results for different gender. In
addition, analysis of the dataset per participating county was
performed, as previous results demonstrated significant dif-
ferences between countries [5].

Results

Response

Pooling the datasets resulted in a final dataset of 1441 pa-
tients, of which 1093 breast cancer patients and 348 pros-
tate cancer patients. The selection process of the surveys
is visualised in Fig. 1 and respondent characteristics can
be found in Table 1. Significant differences were found in
the chi-square test for age (x2(14)=121.614, p <0.000),
sex (x2(7) =602.647, p<0.000), education (x2(14)=
452.345, p <0.000) and physical health((x2(28) = 118.856,
»<0.000) and last time patients went to the hospital
(x2(35) = 360.286, p < 0.000).

Results of the ECCQI per country

Table 2 shows the descriptive statistics of the ECCQIL.
The weighted mean of the scale scores ranged between
2.366 and 3.902. No significant differences were found
in the initial comparison (x2(7) = 31.226 p = 0.000) of the
eight categories. Looking into the categories of the
ECCQI we found that Italy scored high on the ‘Organ-
isation of care’ (mean = 3.008, SD = 0.396). On the ‘Sup-
port and supervision’ category all countries scored above
3.0, except for Romania (mean=2.959, SD =0.661).
Finland was found to be the highest scoring country in
the category of ‘Rounding of the treatment’ (mean =
3.751, SD =0.800). The highest scores of overall patient
experiences were reported by patients from the Czech
Republic (mean=3.930, SD=0.228) and Finland
(mean = 3.907, SD = 0.314).
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A series of 28 Mann-Whithney tests, which were used
as post-hoc analysis, demonstrated significant differences
in mean total score between multiple comparisons of
countries. Portugal’s score was significantly lower than the
scores of The Netherlands (U =5379.000, p =0.011) and
Romania (U =545.000, p = 0.013). Portugal scored higher
than Italy (U=572.500, p=0.010) and Czech Republic
(U =1483.500, p = 0.012). Finland scored lower than three
countries, namely the Czech Republic (U =33,824.000,
p =0.003), The Netherlands (U =123,967.500, p =0.000)
and Romania (U =12,821.000, p = 0.026). The last signifi-
cant difference was a significantly higher score for Finland
in the comparison with Italy (U = 13,179.000, p = 0.009).

The scale scores for each category are comparable to
the scale scores between countries, which can be found
in Table 2. We found that the category ‘Organisation’
was the category with the lowest average scale score.
This category scored 2.3 on average, compared to aver-
age scale scores of > 3.0 in other categories of the ECCQ
L

Patient characteristics

Patients 65 and older reported a significantly higher
score (mean =3.469, SD =0.389) compared to patients
aged between 34 and 65 (mean = 3.520, SD =0.381) (U =
218,217.000, p=0.007). No significant differences in
mean scale score were found between subgroups based
on tumour type (equal to men and women), educational
level and physical health.

Internal consistency

Five categories of the ECCQI had a good internal
consistency level (a>0.7), namely ‘Attitude of the
healthcare professional’, ‘Communication and informa-
tion’, ‘Supervision and support’, ‘Rounding of the treat-
ment’ and ‘Overall opinion’. The internal consistency of
the categories ‘Coordination’, ‘Organisation’ and ‘Own
inputs’ were acceptable (0.5<a<0.7). The internal
consistency of ‘Safety’ was unacceptable (a = 0.305).

The category ‘Organisation” with an overall acceptable
internal consistency had unacceptable internal consist-
encies in the Czech Republic, Lithuania and Portugal
and could not be calculated for Finland due to a large
proportion of patients skipping questions of this cat-
egory. The category ‘Safety’ had an unacceptable or
barely acceptable internal consistency in most counties,
and could not be calculated for Portugal due to zero
variance in one of the two questions of this category.
The only exception was seen in the Czech Republic, with
a of 0.703. The overall internal consistency and internal
consistencies per country can be found in Table 3.
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Respondents with cancer other than breast
or prostate cancer excluded

Data pilot study (N=698)
HUN=124 HUN=67
PRT=96 : PRT=61
NLD=150 ——Data cleaning—>{." ~
NLD=77
ROM=102
ROM=56
LT=112
ITA=114 LIT=83
. ITA=65

Y

Final dataset
N=1441

HUN=57
PRT=35
NLD=414
ROM=46
LIT=29
ITA=49
CZE=118
FIN=693

Fig. 1 Flow-chart of survey inclusion
.

Data meeting selection
criteria
Data meeting inclusion
N=289 criteria pilot study zitlazlsr;volvement study
N=1152 B
HUN"57 «—Data cleaning—cze=122
PRT=35 | CZE=118 oS
NLD=73 Data Poolin FIN=693 o
ROM=46 & NLD=341 NLD=367
LIT=29
ITA=49

Influence of culture

Eight regression models for different socio-demographic
groups were made using MAS, PD and UA as determi-
nants based on the linear regression analysis. As none of
the determinants had a significant influence on the
youngest age group, no model for this group is included
in this article. The constants of the seven models in-
cluded in this article (see Table 4) varied between 24.983
(constant of breast model) and 28.608 (constant moder-
ate education model). The maximum value of the inter-
cept is 35 (maximum possible score on the ECCQI).
MAS had no significant influence on total scale score.
The coefficients for MAS were only significant in the
models of the three different education groups. A nega-
tive association with MAS was found in the lower

educated patient model (f =-0.610, p =0.014). A posi-
tive association was found in the models of moderate
(B=0.037, p=0.031) and higher educated patients (=
0.042, p = 0.023).

PD was significant positive in all models, varying
between 0.093 and 0.129, except in the prostate can-
cer model. A high score on PD is therefore associated
with a higher score on the ECCQI. UA had in almost
all regressions a significant negative association with
perceived quality of care, varying between -0.091
and — 0.192. So the higher the score on UA the lower
the score on the ECCQI would be. However, no sig-
nificant influence of UA was found on the total scale
score in the prostate cancer, and lower educated re-
gression models.
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Table 1 ECCQI respondent characteristics
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HUN PRT NLD ROM LIT ITA FIN CZE Total
(n=57) (n=35) (n=414) (n=46) (n=29) (n=49) (n=693) (n=118) (n=1441)
Age
18-34 - - 10 4) 43 (2) 6.9% (2) 4.1% (2) 14% (10) 5.1% (6) 1.8% (26)
35-64 684% (39) 60.0% (21) 42.3% (175) 84.8% (39) 724% (21) 81.6% (40) 63.3% (439) 73.7% (87) 59.8% (861)
265 31.6% (18) 40.0% (14) 56.8% (235) 109% (5) 20.7% (6) 143% (7)  352% (244) 21.2% (25) 38.4% (554)
Tumour type
Prostate 123% (7)  229% (8) 63.3% (262) 152% (7) 44.8% (13) 8.2% (4) - 39.8% (47) 24.1% (348)
Breast 87.7% (50) 77.1% (27) 36.7% (152) 84.8% (39) 552% (16) 91.8% (45) 100% (693) 60.2% (71) 75.9% (1094
Education
Low 7.0% (4) 714% (25) 3.6% (15) 10.9% (5) 13.8% (4) 24.5% (12) 1.4% (10) 5.9% (7) 5.7% (82)
Moderate 43.9% (25) 17.1% (6)  33.8% (140) 37.0% (17) 31.0% (9) 46.9% (23) 63.3% (439) 34.7% (41) 48.6% (700)
High 49.1% (28) 11.4% (4) 62.6% (259) 52.2% (24) 55.2% (16) 286% (14) 35.2% (244) 59.3% (70) 45.7% (659)
Physical health
Excellent 8.8% (5) - 4.9% (20) - 34% (1) 8.2% (4) 4.2% (29) 34% (4) 4.4% (63)
Very good 17.5% (10) - 209% (85 20.0% (9) 103% (3) 16.3% (8) 26.2% (181) 35.9% (42) 23.6% (338)
Good 28.1% (16) 34.0% (12) 587% (239) 51.1% (23) 55.2% (16) 42.9% (21) 48.1% (333) 46.2% (54) 49.9% (714)
Moderate 404% (23) 51.4% (18) 14.7% (60)  26.7% (12) 27.6% (8) 286% (14) 16.5% (114) 12.0% (14) 18.3% (262)
Poor 53% (3) 143% (5)  0.7% (3) 2.2% (1) 34% (1) 4.1% (2) 5.1% (35) 2.6% (3) 3.7% (53)
Treatment stage
Test to ascertain diagnosis 1.8% (1) - 5.1% (21) 2.2% (1) 172% (5) - 0.9% (6) 0.8% (1) 2.4% (35)
Diagnosis known, will be treated soon 5.5% (3) 57% (2) 1.2% (5) 2.2% (1) 172% (5)  63% (3) 0.1% (1) - 1.4% (20)
Curative treatment 32.7% (18) 57.1% (20) 163% (67) 65.2% (30) 44.8% (13) 70.8% (34) 24.8% (171) 212% (25) 264% (377)
No further treatment possible - - 0.5% (2) 2.2% (1) - - 0.1% (1) - 0.3% (4)
Non-curative treatment 5.5% (3) 28.6% (10) 7.8% (32) 8.7% (4) - 2.1% (1) 7.0% (48) 9.3% (11)  7.6% (109)
Check-up or treatments of the symptoms  43.6% (24) 8.6% (3) - 61.5% (252) 174% (8) 20.7% (6) 18.8% (9)  65.9% (455) 65.3% (77) 583% (834)
Finished check-ups and treatment 10.9% (6) 6.3% (26) 2.2% (1) - 2.1% (1) 0.7% (5) 2.5% (3) 2.9% (42)
Patient does no longer remember - - 1.2% (5) - - - 04% (3) 0.8% (1) 0.6% (9)

Time since last hospital visit

<1 month 544% (31) 91.4% (32) 385% (159) 73.9% (34) 50.0% (14) 83.7% (41) 28.8% (199) 42.4% (50) 38.9% (559)
1-2 months 17.5% (10)  2.9% (1) 24.0% (99)  6.5% (3) 143% (4)  6.1% (3) 8.8% (61) 40.7% (48) 15.9% (229)
2-4 months 105% (6)  2.9% (1) 223% (92)  13.0% (6) 214% (6) - 16.5% (114)  12.7% (15)  16.7% (240)
4-8 months 53% (3) - 9.2% (38) 43% (2) 3.6% (1) 41% (2) 20.8% (144) 3.4% (4) 13.5% (194)
8-12 months 7.0% (4) 2.9% (1) 3.6% (15) 2.2% (1) 7.1% (2) 41% (2) 19.2% (133) - 11.0% (158)
> 12 months 5.3% (3) - 24% (10) - 3.6% (1) 2.0% (1) 5.8% (40) 0.8% (1) 3.9% (56)

Both percentages and absolute numbers are shown (between brackets)

Discussion

In this study we further validated the ECCQI in eight coun-
tries among breast and prostate cancer patients. Comparabil-
ity is an essential prerequisite of (international)
benchmarking. It is therefore important to correct as much
as possible for potential influencing factors [20]. We found
differences between countries with both a small number of
included as large number of included surveys on both the
overall score and individual categories. Differences in score
seem therefore to be independent from number of respon-
dents, which enforces that applicability of the ECCQI for
benchmarking. The significant differences ranged from

22.104 to 25.094 on a 1-35 scale. Patient experiences is on
average scored the lowest in Italy and the highest in
Romania. It must be considered that all Finnish respondents
were breast cancer patients, in contrast to other countries, of
which the respondent groups existed of both breast and
prostate cancer patients. Although we found significant dif-
ferences in mean scale scores, the total scale scores of the
countries varied within a small range. It must be considered
that all participating countries have a high level of quality of
care since they are listed in the top 25 of the health access
and quality index (HAQ). The HAQ ranks the access and
quality of care of 195 countries [21].
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Table 2 Results per country

Nationality Organisation Safety Attitude Communication & Own  Coordination Supervision & Rounding Overall Total

Information Input Support Treatment Opinion

HUN
Mean 2.875 3802 3353 3474 3.333 3468 3.336 2.882 3.722 23.773
Median 2917 4000 3400 3.667 3.500 3.500 3.508 3.000 4.000 23.850
Range 1.833 1500  2.200 2.250 2500 1.500 21M 1.800 1.000 29.972
Std. 0496 0358 0571 0.568 0.733 0.365 0533 0.561 0.384 5119
Deviation

PRT
Mean 2653 3971 3516 3.706 3409 3.288 3473 3.294 3.757 22.148
Median  2.750 4.000 3.500 3.875 3.750 3.250 3.600 3.292 4.000 23.125
Range 1.500 0500 1.833 2.000 2500  1.750 2.000 1.000 2.000 28.267
Std. 0477 0119 0511 0484 0796 0549 0573 0319 0.460 5525
Deviation

NLD
Mean 2222 3872 3526 3650 3.667 3335 3.338 3.176 3.836 24.153
Median ~ 2.167 4000 3667 3.750 4000  3.500 3.500 3333 4.000 24.875
Range 2470 2500 2333 2.920 3.000 2.750 3.000 2470 3.000 29.930
Std. 0.520 0381 0507 0478 0577 0597 0.698 0493 0411 4.759
Deviation

ROM
Mean 2.875 3591 3604 3.640 3.202 3.390 2959 3.106 3.804 25.094
Median  3.000 4000 3.800 3.750 3.000 3500 31M 3417 4.000 24.992
Range 2.167 1500 1.833 2.000 3.000 1.750 2.700 2.167 1.000 18.667
Std. 0.553 0542 0481 0477 0804 0535 0.661 0.718 0.325 4276
Deviation

LIT
Mean 2817 3648  3.660 343 339% 3471 3473 3282 3.793 23511
Median ~ 2.833 3500 3.833 3.750 4.000 3625 3.700 3.500 4.000 23.750
Range 1.000 1.000  2.000 2.500 3000 2500 1.900 2.067 2.000 18.600
Std. 0329 0362 0533 0.597 0978  0.567 0.633 0.572 0491 4.889
Deviation

ITA
Mean 3.088 3862 3369 3.530 3013 3.027 3.125 3.157 3.739 22.104
Median  3.167 4000 3.500 3.500 3.000 3.250 3.200 3.292 4.000 22.900
Range 1.333 1.000 2200 1.667 3000 2500 2.200 1.167 2.000 25.750
Std. 0396 0289 0572 0455 0839 0563 0.688 0406 0456 5510
Deviation

CZE
Mean 2.242 3379 3335 3.642 3271 3402 3480 3.144 3.930 23.163
Median ~ 2.200 3500 3333 4.000 4.000 3.500 3.750 3.291 4.000 23.567
Range 1.700 3.000 23830 3.250 3.000 2500 2.890 2.000 1.000 20.830
Std. 0414 0435 0572 0.546 0934  05% 0.645 0485 0228 4212
Deviation

FIN
Mean - 3834  3.240 3.398 3497 3.057 3.391 3.731 3.907 22406
Median - 4000 3333 3.500 3.500 3.000 3.600 3.833 4.000 22333
Range - 2500  3.000 4.250 4000  3.750 3.800 4.000 3.000 30.350
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Table 2 Results per country (Continued)
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Nationality Organisation Safety Attitude Communication & Own  Coordination Supervision & Rounding Overall Total
Information Input Support Treatment Opinion

Std. - 0372 0564 0.633 0977 0628 0.800 0.863 0314 3539
Deviation

Total
Mean 2.366 3902 3362 3512 3492 3199 3342 3365 3.867 23.119
Median ~ 2.333 4000 3.500 3.750 4.000 3.250 3.500 3.400 4.000 23.083
Range 2470 4500  3.000 4.250 4000  4.000 3.800 4130 3.000 30.850
Std. 0572 0491 0562 0.583 0871 0621 0710 0.715 0359 4.302
Deviation

For all categories the minimum score is 1 and the maximum score is 4, except for total where the maximum is 35

The second objective, verifying the influence of cul-
tural factors, helps to further establish the ECCQI as a
tool for international benchmarking by looking into a
possible influencing factor. We found that masculinity is
negatively associated with reported patient experiences
in lower educated patients. This could imply that the
ECCQI score in masculine countries will be lower than
in more feminine counties for lower educated patients.
The opposite effect was found for patients with a moder-
ate or higher education; these patients will probably
score higher in a more masculine country. The effect of
masculinity for lower educated patients on the patient
reported experience is comparable to the association of
lower patient satisfaction in masculine societies [15, 16].
Uncertainty avoidance is also negatively associated with
patient reported experiences in this study. This is con-
sistent with the theory that, although medical statistics
show no evidence of objective health differences, people
in uncertainty tolerant countries still feel healthier [10].
A positive association was found between the power dis-
tance and patient reported experience of care. This
means that patient reported experience score is higher

Table 3 Cronbach'’s alpha (a) for each ECCQI category per country

in societies with a large power distance. Our general
model demonstrated that in case of equal scores on
power distance and uncertainty avoidance, ie. for
Romania, the effects of these cultural determinants is
eliminated. All else the same, the patient satisfaction
score of countries with a power distance score higher
than their uncertainty avoidance score will be affected
positively. When the ECCQI is used for international
benchmarking it is important to look into differences in
the cultural domains and if applicable correct for them.
However, to further determine the influence of cultural
differences on satisfaction with healthcare it would be
suggested to assess people from different cultural back-
grounds within one country. This eliminates the influ-
ence of the healthcare system setting.

Limitations

The internal consistency of the categories of the ECCQI
was acceptable to good in most categories. Previous as-
sumptions, that the low internal consistency of the cat-
egory ‘Safety’ might have been caused by the low
number of respondents, were falsified. A low internal

Country HUN PRT NLD ROM LIT ITA FIN CZE Total
Category (N Items)

Organisation (5) 0.698 (21) 0.347 (9) 0.549 (216) 0.668 (30) 0.237 (11) 0.631(17) - 0.338 (25) 0.621 (328)
Safety (2) 0.170 (48) - 0.440 (268) 0.525 (43) 0.089 (25) 0.558 (47) 0.224 (691) 0.703 (101) 0.312 (1255)
Attitude of HP (6) 0.725 (28) 0.848 (21) 0.799 (3) 0.897 (25) 0.920 (9) 0.864 (34) 0.768 (680) 0.835 (116) 0.790 (1261)
Communication 0.830 (50) 0.780 (26) 0.760 (309) 0.796 (43) 0.802 (23) 0.615 (41) 0.686 (691) 0.784 (101) 0.723 (1283)
and information (4)

Own inputs (2) 0.397 (40) 0.775 (22) 0.752 (299) 0.679 (35) 0.827 (14) 0.687 (36) 0.540 (690) 0.819 (49)  0.594 (1185)
Coordination (4) 0.496 (49) 0.638 (31) 0.688 (258) 0.514 (42) 0.829 (25) 0.706 (46) 0.481 (691) 0.721 (70) 0.553 (1211)
Supervision and 0.841 (18) 0.856 (16) 0.969 (17)  0.929 (15) 0.913 (9 0.923 (21) 0.819 (125) 0.770 (15)  0.858 (236)
support (10)

Rounding of treatment (5)  0.775 (3) 0.889 (4) 0.843 (14) 0.887 (10) 0.698 (8) 0.625 (4) 0.724 (143) 0.685 (17) 0.740 (203)
Overall opinion (2) 0.676 (54) 0.851 (35) 0.845 (402) 0.546 (46) 0.857 (29) 0.849 (46) 0.871 (691) 0.749 (115) 0.834 (1417)

The a for each ECCQI category per country is displayed in bold. For each a, the valid N is shown between brackets. Means a could not be calculated
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Table 4 Significant regression models for different sociodemographic groups with MAS, UA and PD as predictor

Model Constant Sign p MAS B Sign p PD B Sing p UAB sign p
Breast 24.983 0.000 0.016 0.100 0.115 0.000 -0.113 0.000
Prostate 25.681 0.000 -0.031 0.189 0013 0.829 -0.033 0.594
35-64 25119 0.000 0012 0314 0.093 0.000 —-0.097 0.002
> 65 25376 0.000 -0.027 0.118 0.099 0.002 *-0.091 0.016
Low educated 26.723 0.000 -0610 0.014 0.087 0.141 —-0.069 0.167
Moderate educated 28608 0.000 0.037 0.031 0.128 0.000 -0.192 0.000
High educated 28.124 0.000 0.042 0.023 0.129 0.000 -0.185 0.000

consistency was namely also reported in countries with a
high number of respondents. In addition, Cronbach’s
alpha for Portugal could not be calculated since one of
the two questions had no variance. The category ‘Safety’
in the ECCQI should therefore be re-examined. The cat-
egory ‘Organisation’ for Finland could not be calculated
due to too little answers. We did not include the option
“Force answer” in our survey tool, as forcing an answer
is associated with higher drop-out rates [22].

The results of this dataset may be influenced by the
differences in response of the various participating
countries. A possible limitation of this study design is
the sampling method. With convenience sampling the
chance of selection bias is high which could have in-
fluenced the outcomes. For example, with regard to
education level a majority of the Portuguese patients
had a low education level, a majority of the Italian
patient had a moderate education while in the other
countries the majority had a high education level. Re-
garding physical health, patients in Portugal were
more negative giving a moderate score, while in the
other countries most patients rated their physical
health as good or excellent. Analysis of the total
study population however showed no influence of
demographic characteristics.

The response target of the studies of which we
pooled data was both set on 100 per participating
hospital per tumour type. The second study however
exceeded this target by 2.65. It is likely that the high
response is caused by the differences in recruitment
strategy of the involvement study, in which hospitals
sent the survey per email to patients. This difference
in response between recruitment strategies was also
found in the first study, in which the institutes using
a digitalized strategy had a higher response rate than
the centres using a paper based survey. At the start
of the recruitment, the Czech hospital stated that it is
likely that a low number of elderly patients would re-
spond due to digital illiteracy. The proportion of eld-
erly patients participating in the Czech Republic did
however deviate little from the proportions of partici-
pating elderly patients in The Netherlands and

Finland. We did encounter a big difference in re-
sponse between breast cancer patients (75.9%) and
prostate cancer patients (24.1%). A possible explan-
ation for this could be that breast cancer has a higher
incidence in Europe (female breast cancer is the most
commonly diagnosed cancer, prostate cancer holds a
third place) [23]. There were also more hospitals in
this study that provided data for breast cancer pa-
tients (10 out of 11) compared to prostate cancer (9
out of 11).

None of the hospitals that participated in the first
study participated again in the second study and there
were 4 years between the first and the second study.

Conclusion

This research confirmed conclusions about differences
in patient satisfaction using the ECCQI as a measure.
Significant differences between countries are likely not
to be influenced by numbers of respondents. This study
demonstrated good and acceptable internal consistency
of the ECCQI. The items in the ‘Safety’ category of the
ECCQI should be re-evaluated in order to hopefully in-
crease the internal consistency of this category. Al-
though the differences between the total scores are little,
the ECCQI can discriminate between countries and used
for benchmarking when looking into the category scores
of this ECCQI. To our knowledge, this is the first study
that reports associations of cultural aspects divided in
masculinity, power distance and uncertainty avoidance
with experiences and satisfaction of cancer patients mea-
sured by the ECCQI. The positive effect of power dis-
tance is however often outweighed by the negative effect
of uncertainty avoidance. Power distance and uncertainty
avoidance should therefore be included in international
benchmarking in order to make valid comparisons.
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ABSTRACT

Background/Aims: Urokinase (uPA) is a serine pro-
tease, which together with uPAR, tPA, PAI 1 and PAI
2 forms the plasminogen activator system, a compo-
nent of metastatic cascade contributing to the inva-
sive growth and angiogenesis of malignant tumours.
Methodology: Both preceding therapy and after 6-8
weeks of the treatment, plasma PAI 1 levels (photomet-
ric microplate method on the ELISA) and uPA, uPAR, PAl
1 and PAI 2 tissue expression (immunohistochemical
reaction) were analysed from 80 colorectal carcinoma
patients. Results: Analysis showed higher pre-treat-
ment plasma levels of PAI 1 in patients with advanced
tumours, which decreased after surgery or the start of
therapy (p=0.004); Patients with higher plasma level

INTRODUCTION

Urokinase (uPA) is a serine protease that plays a fun-
damental role in the activation of plasiminogen into plas-
min, as well as contributing to the activation of matrix
metalloproteases, latent elastases, growth factors and cy-
tokines involved in the degradation of extracellular ma-
trix elements such as fibrin and laminin. It is synthesized
from its proenzyme prourokinase {pro-uPA). Pro-uPA is
activated by means of a number of proteases including,
for example, plasmin, cathepsin B/L, kallikrein, trypsin-
like enzymes, thermolysin, NGF-g (1). Together with its
receptor (uPAR), tissue activator (tPA) and urokinase
inhibitors (PAI 1, PAI 2, PAl 3 and proteasc-nexin) (2) it
forms the plasminogen activator system (PAS), a compo-
nent of metastatic cascade significantly contributing to
the invasive growth and angiogencsis of malignant tu-
mours. tPA circulates in plasma bound in a complex with
urokinase inhibitor 1 (PAI 1}, the unbound (active) form
represents less than 5% (2). In contrast to tPA that is fun-
damental in fibrinolysis, uPA plays an essential role in tis-
sue degradation as part of the physiological and patho-
logical process. It is of interest that, contrary to colorec-
tal carcinomas that show low tPA and high uPA activity,
the tissue of a healthy colon demonstrates low uPA and
high tPA expression (3). uPAR is a membrane glycopro-
tein. The binding of uPA to uPAR leads to the activation
of signal transduction pathways and consequent stimula-
tion of cell proliferation, modulation of adhesion and fa-
Hepato Gastroenterology 2001, 58191681925 doi 10.5754 /hge 10232
o 1LGE Update Medical Publishing S A Athens

PAL 1 before (0.013) and after therapy (0.004) had sig-
nificantly shorter survival. There was a higher expres-
sion of uPA (p<0.001), uPAR (p<0.001), PAI 1 (p=0.042)
and PAI 2 (p<0.001) in advanced colorectal carcino-
ma. A relationship between PAI 2 (p=0.010) and uPAR
(p=0.019) expression and survival was demonstrated.
There is a correlation between pre-treatment plasma
PAI 1 levels and PAI 2 (p=0.028) and uPAR (p=0.043)
expression. Conclusions: Immunohistochemical analy-
sis of PAS in tumour tissue and plasma PA! 1 levels was
found to be a useful prognostic factor in colorectal car-
cinoma patients. Plasma PAI 1 could be advantageous
in evaluating the effectiveness of a mode of treatment.

cilitation of cell migration.

PAI 1 and PAI 2, both belonging to the serpin family
(serine protease iphibitor super-family), are its most im-
portant specific inhibitors (4). PAI 1 is synthesised pre-
dominantly in smooth muscle tissue, in megakaryocytes,
endothelium, granulocytes, monocytes, macrophages
and tumour cells. It is a serpin, present in plasma and in
thrombocyte a-granules and capable of binding to vitron-
ectin (5,6). The vitronectin-PAl 1 complex has a longer
elimination half-life and inhibits the migration of smooth
muscle tissue. cells by blocking a_b, integrin to vitronec-
tin (7). Apart from a b, integrin, it also binds to other in-
tegrins, includinga b ,a b., allbb and a b (8). PAI 1 plas-
ma levels are normally low and high plasma levels are as-
sociated with various discases, ¢.g. vascular discases (9)
and malignant tumours.

PAI Z is also known as placental plasminogen activa-
tor inhibitor:. It is found in trophoblastic epithelium and
is synthesised by leucocytes. Until recently, it was main-
ly perceived as a modulator of coagulation during preg-
nancy. Further investigations into its function suggest it
has a rather significant role in the process of malignant
tumour growth,

Therefore, the effects of PAI 1 and PAI 2 on tumour
cells are a reflection of their distinct physiological and bi-
ological functions. By binding to the uPA/uPAR complex
PAL 1 thus stimulates growth as well as the redistribution
of uPAR on cell surfaces; this redistribution provides for
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tumour tissue invasiveness (10). On the other hand, PAI 2
should be the true PAS inhibitor, not just because it inhib-
its urokinase activity but also because it inhibits tumour
cell migration by means of uPAR blockade (11). In vivo,
it is mainly the balance between activators and their in-
hibitors that determines plasmin-mediated degradation
of fibrin and extracellular matrix (12). The precise mech-
anism of local growth and metastasizing of malignant tu-
mours is so far not known. It is nevertheless clear, that
a number of factors contribute to this process, particu-
larly proteolytic enzymes that cause erosion of the extra-
cellular matrix. What is generally accepted with regards
to colorectal carcinoma is Morson’s theory which claims
that the majority of colorectal carcinomas develop from
adenomatous polyps. However, the biochemical back-
ground of this process has yet to be explored sufficient-
ly. This sequence of transformation, from normal mucosa
to adenomatous polyps to adenocarcinoma to metastasis
is associated with an increasing expression of uPA, uPAR
and PAI 1 as well as PAl 2 with a concomitant decrease in
tPA expression (13).

Cell adhesion facilitated by integrins, cadherins, caten-
ins, selectins, immunoglobulins and other adhesive mol-
ecules and extracellular proteolytic enzymes such as, for
example, matrix metalloproteases, cysteine proteases
(eg. cathepsin B, L, D) and serine proteases (eg. uroki-
nase) is essential for the process of metastasizing. Even
though the precise mechanism is not known, it is cer-
tain that uPAR does not serve only for uPA embed-
ding but is also involved in the signalling cascade. The
means of this activity are unclear since uPAR is a GPI
(glycosylphosphatidylinositol)-anchored protein with no
cytoplasma domain but involvement of transmembrane
Integrins is anticipated (14). The binding of uPA to uPAR
results in the activation of protein tyrosine kinase (15},
protein kinase C (16) and MAP kinase (17). At the same
time, the direct signalling pathway via Jak/STAT cascade
utilising the signalling transduction of Scr-like protein ty-
rosine kinase has also been described (18). uPAR expres-
sion is regulated by a range of growth factors, eg. EGE
FGF-2 and HGF. Extraccllular interaction between uPA,
UPAR, a b, integrin and fibronectin initiates an intracellu-
lar signalling cascade mediated by epidermal growth fac-
tor (19). The uPAR/uPA/PAI 1 system is also involved in
VEGF-induced angiogenesis (20).

PAl 1-positive malignant cells have been identi-
fied mainly in the central parts of tumours, peripheries
showed high expression of uPA together with signs of tis-
sue destruction; this supports the theory that an inhibi-
tor could protect tissue from the effects of uPA (4). It has
been shown that PAl 1 inhibits uPA-dependent invasive-
ness of Jung carcinoma, ovarian carcinoma, choriocarci-
noma and fibrosarcoma cell lines (21-23). Paradoxical-
ly, however, increasing PA1 1 expression in tumour tissue
of oncology patients is associated with poorer prognosis.
Therefore, its role in the entire process of tumour growth
remains, for the time being, unclear and it is not known
why the increasing level of proteolytic inhibitor should
be agsociated with poorer prognosis. Nevertheless, stud-
ies with PAl 1-deficient transgenic mice showed that lo-
cal invasion and tumour-associated angiogenesis are de-
pendent on the presence of PAI 1 (24). How, then, is PAI
Linvolved in tumour progression? The explanation could
!)e as follows: uPAR induction results in a modification of
integrin-mediated cell adhesion by means of interaction
with vitronectin. Binding of uPA to uPAR brings about in-
Creased affinity to vitronectin, It is, therefore, likely thata

TABLE 1. Description of patients.

Patients (n=80)

62.5,62.5
(39.0-80.0)

Age, yrs (mean, median

(min-max)

Men, n (%) 55 (68.8%)

Follow-up median - months
i 18.5 (3.0-42.0)
(min-max)

PAI 1 tumour-positive, n (%) 33 (41.3%)
44 (55.0%)
29 (36.3%)

40 (50.0%)

PAI 2 tumour-positive, n (%)
uPA tumour-positive, n (%)

uPAR tumour-positive, n (%)

Stage (TNM classification) n (%)
1 25(31.3%)
2 19 (23.8%)
3 17 (21.3%)
4 19 (23.8%)
Stage (Dukes classification) n (%)
A 25 (31.3%)
B 19 (23.8%)
C 17 (21.3%)
Grade - n (%)
1 25 (31.3%)
2 39 (48.8%)
3 14 (17.5%)
4 1 (1.3%)
ann()wn e 1 (~1.3%) v

PAl 1 increase decreases cell adhesion to the extracellu-
lar matrix by interference with vitronectin-bound uPAR.
This, consequently, facilitates cell invasion and migration
(25).

METHODOLOGY

The prospective evaluation involved a total of 80 pa-
tients treated for adenocarcinoma of the colon or rectum
at the Department of Clinical Oncology, University llospi-
tal Brno, consisting of 55 men and 25 women, aged 39-
80 years with a median age of 62.5 years. The group con-
sisted of 25 {31.3%) patients at TNM classification stage
1, 19 (23.8%) stage 1l patients, 17 (21.3%) stage l] pa-
tients and 19 (23.8%) stage 1V patients. Sixteen patients
died during the evaluation period, the death of 3 patients
was not associated with the primary disease, while 13 pa-
tients died due to the progression or relapse of the colo-
rectal cancer. Of the total of 80 patients, 36 (45%) suf-
fered from carcinoma of the colon and 44 patients (55%)
were diagnosed with adenocarcinoma of the rectum. The
main patient characteristics are summarized in Table 1.

Patients were included in the project after they had
signed an ethics committee approved informed consent
form.

Material sampling and processing

The immunohistochemical proof of urokinase-type
plasminogen activator, its receptor and plasminogen acti-
vator inhibitor 1 and 2 is based on an immunochistochemi-
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cal reaction in native tumour tissue. The tissue fixed in 4%
formaldehyde solution (i.e. 10% formalin solution) was
processed in standard fashion into formalin-fixed, paraf-
fin-embedded blocks. The blocks were cut into 4 microm-
eter thick sections that were subsequently deparaffinised.
Endogenous peroxidases were inactivated (using 3% so-
lution of hydrogen peroxide in methanol) and the tissue
epitopes were demasked using heat induction at 98°C for
20 minutes in a citrate buffer at pH 6.0. This was followed
by inactivation of non-specific bonds using 1% Normal
Rabbit Serum. Primary goat (anti-goat) polyclonal an-
tibodies PAI-1-Santa Cruz, (C-20): sc-6642, PAl-2-San-
ta Cruz, (N18): sc-6647, uPA-Santa Cruz {C-20): sc-6830,
uPAR-Santa Cruz (N-19): sc-9793 were then applied, all
1:50 diluted. Detection was performed using Goat Vec-
tastain ABCkit (Vector) and DAB (diaminobenzidine) vis-
ualization for 5 minutes. The sections were stained with
Gills Haematoxylin, dehydrated, mounted and examined
in light microscope. Two independent and fully qualified
doctors with the aid of the LUCIA morphometric program
evaluated the results of the immunohistochemical reac-
tions.

Peripheral blood for PAI 1 plasma analysis was sam-
pled pre-surgery or, in TNM stage IV patients, before the
initiation of oncology therapy and, subsequently, 6-8
weeks later. The evaluation of the functional activity of
PAl 1 was performed using the photometric microplate
method on an Expert Plus (ASYS Hitech) ELISA reader
with Spectrolyse /(pLPAI-1) set by BIOPOOL (Trinity Bi-
otech Company). Plasma samples were prepared from
blood samples added to 1:10 diluted 0.109M sodium cit-
rate and centrifuged for 15 minutes at 2500¢ in a cooled
centrifuge (15°C) and stored at -70°C. A reference range
0f 0-10.0AU/mL was used to assess PAI 1 plasma levels.

All patients were monitored as part of their routine
follow-up; patients in complete remission were, after the
post-surgery sampling, evaluated at 3-monthly intervals
using imaging methods. Chemotherapy patients were
evaluated at monthly intervals. Adjuvant chemotherapy

consisted of the standard fluorouracil/leucovorin (FUFA)
Mayo 5-day protocol. Palliative treatment was based on
irinotecan or oxaliplatin chemotherapy, possibly com-
bined with bevacizumab.

Statistical analysis

Descriptive statistics (N, median, minimum and max-
imum, 5 and 95% percentile) were calculated for con-
tinuous variables and absolute and relative numbers of
patients in each category for categorical variables. The
Kruskal-Wallis test and Mann Whitney U-test were ap-
plied to assess associations between PAI 1 levels before
and after the treatment and the disease’s stage. A Post
Hoc Multiple Comparisons of Mean Ranks test for all
groups was used to identify homogenous subgroups af-
ter the Kruskal-Wallis test. Contingency tables were test-
ed with a Chi-square test and Fisher's exact test. A paired
t-test was employed to assess the difference between PA]
1 before and after the treatment. The association between
categorical variables and survival was projected into the
Kaplan-Meier survival curve and tested with the log-rank
test. A p value of less than 0.05 was considered to be sta-
tistically significant. The analysis was performed with the
support of Statistica for Windows 8 and SPSS 17.

RESULTS

Our results confirmed a statistically significantly high-
er expression of uPA (p<0.001), uPAR (p<0.001), PAI 1
(p=0.042) and PAI 2 (p<0.001) in tumour tissue of pa-
tients with advanced colorectal carcinoma. Table 2 shows
thatincreased tumour tissue uPA, uPAR and PAI 2 expres-
sion in colorectal carcinoma signifies more advanced dis-
ease; stage | and IV groups can thus be clearly defined.

The analysis also confirmed a statistically significant
association between plasma PAI 1 levels before treat-
ment with respect to disease stage (p=0.011) and after
initiation of the treatment (p=0.008) (Table 3 and 4).
More advanced colorectal carcinoma is associated with
higher pre-treatment levels of soluble PAI 1 that gradu-

B R 0 d uP PAR d P 0 0
Stage
- pl
I I 1 v
PAI 1 tumour
negative, n (%) 20 (42.6%) 11 (23.4%) 8 (17.0%) 8 (17.0%) 0.042
positive, n (%) 5(15.2%) 8 (24.2%) 9 (27.3%) 11 (33.3%)
p (group vs. others)’ 0.014 1.000 ©0.283 0.113
PAI 2 tumour
negative, n (%) 19 (52.8%) 12 (33.3%) 4 (11.1%) 1(2.8%) <0.001
positive, n (%) 6 (13.6%) 7 (15.9%) 13 (29.5%) 18 (40.9%)
p (group vs. others)! <0.001 0.112 0.057 <0.001
uPA
negative - N (%) 22 (43.1%) 16 (31.4%) 7 (13.7%) 6 (11.8%) <0.001
positive - N (%) 3(10.3%) 3(10.3%) 10 (34.5%) 13 (44.8%)
p (group vs. others)' 0.002 0.054 0.045 0.002
uPAR
negative, n (%) 20 (50.0%) 10 (25.0%) 6(15.0%) 4 (10.0%) <0.001
positive, n (%) 5(12.5%) 9 (22.5%) 11 (27.5%) 15 (37.5%)
p (group vs. others)’ 0.001 1.000 0.274 0.008

'"Tested with maximum likelihood Chi-square test (more than two categories) and Fisher’s exact test (two categories). s
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TABLE 3. Relationship between plasma level of PAI

1 before therapy and stage of colorectal carcinoma.

PAI 1 before Stage'
therapy
(AU/mL) I® "a.h “l.l,h lvl:
n 25 19 17 19
Median 4.2 9.8 7.6 11.6
Min-max 1 0.0-21.5 0.0-232 0.0-36.0 0.0-42.2
Percentile
5-950, 0.0-19.7 0.0-23.2 0.0-36.0 0.0-42.2
"Tested with Kruskal Wallis test (p=0.011);
u"homogenous groups, without significant difference. i)
e Ty ~
PAIl before treatment
e 120, = p=0.013
= 0.9 }.Mf—tvk—-q
g 0.8 &
e 0.7 1
S 06 ]
2 4
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S 04 —o— 0-10AU/MI
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FIGURE 1. Correlation between plasma level of PAL 1 before therapy
and survival,
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FIGURE 2. Correlation between plasma level of PAI 1 after initiation of
therapy and survival.

TABLE 4. Relationship between plasma level of PAI 1 after initiation

of therapy and stage of colorectal carcinoma.

PAI 1 after therapy Stage!

—(ﬁ_U/mL) I 1yae e e
n 25 19 17 19
Median 2.0 4.7 25 7.8
Min-max 0.0-12.7 0.0-31.3 0.0-33.0 0.0-30.2

Percentile 5-95% 0.0-12.6 0.0-31.3 0.0-33.0 0.0-30.2

VTested with Kruskal Wallis test (p=0.008).
U'h - homogenous groups, without significant difference. )

TABLE 5. Relationship between plasma levels of PAI 1 before

and after initiation of therapy.

PAI 1 (AU/mL)

Difference of

Before After PAI 1
therapy therapy
n 80 80 80
Median 6.7 35 -2.8
Min-max 0.0-42.2 0.0-33.0 -31.4-25.4
Percentile 5-95% 0.0-31.1 0.0-23.8 -15.8-15.6
P 0.004

U Tested with paired t-test.

TABLE 6. Relationship between plasma level of PAI 1 before

therapy and expression of PAI 1, PAI 2, uPA, uPAR in tumourous tissue.

PAI 1 before therapy B e Min - Percentile i

(AU/mL) max 5-95%

PAIL 1 tumour
negative 47 6.8 0.0-36.2 0.0-29.2 0.930
positive 33 6.6 0.0-42.2 0.0-37.9

PAI 2 tumour
negative 36 5.7 0.0-16.8 0.0-15.3 0.028
positive 14 7] 0.0-42.2 0.0-36.2

uPA tumour
negative 51 6.0 0.0-36.2 0.0-33.2 0.087
positive 29 8.7 0.0-42.2 0.0-34.1

uPAR tumour
negative 40 6.0 0.0-36.2 0.0-30.8 0.043
positive 40 8.3 0.0-42.2 0.0-35.5

\_'Tested with Mann-Whitney U test. Y,

ally decrease after the initiation of treatment. Stage | and
stage 1V patients are clearly distinct from the homoge-
nous group of stages Il and [11. Table 5 shows that plas-
ma PAI 1 levels decreased significantly after the operation
or start of treatment. This difference in plasma PAI 1 lev-
els before and after operation or initiation of treatment is
Statistically significant (p=0.004).

Figures 1-2 also suggest that there is a statisticaily
significant association between soluble PAI 1 levels and
survival, i.e. that survival is significantly lower in patients
with pathological plasma PAl 1 levels than in patients
with plasma levels within the reference range. Overall
survival was statistically significantly shorter in patients
with pathological PAI 1 plasma levels measured before

the initiation of treatment as well as 6-8 weeks later.

A statistically significant relationship was confirmed
between soluble PAI 1 levels prior to treatment and PAI 2
(»=0.028) and uPAR (p=0.043) expression in tumour tis-
sue. However, our data did not confirm an association be-
tween soluble PAI 1 levels and tumour tissue PAI 1 (p=
0.93) and uPA (p=0.087) expression (Table 6).

Figures 3-6 suggest that there was a statistically sig-
nificant association between survival and PAI 2 (p=0.010)
and uPAR (p=0.019) expression in tumour tissue. The
same association was not statistically significant for uPA
(p=0.193) and PAl 1 (p=0.062). However, there was a
clear trend of reduced survival linked to an increased ex-
pression of these factors in tumour tissue.
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DISCUSSION

A number of studies have explored in depth the im-
portance of the individual plasminogen activator sys-
tem elements relate to oncology patient survival. An in-
creased uPA, uPAR, PAI 1 and PAI 2 expression in tumour
tissue has been confirmed in a number of tumours, such
as breast, stomach, kidney, lung, ovarium (26-31) and it
is certain that these factors play an important role in tu-
mour invasiveness and metastasizing, We have, in line
with the previously published results (32) confirmed the
association between expression of these factors and dis-
ease stage. Negative uPA, uPAR, PAI 1 and PAI 2 expres-
sion in colorectal carcinoma tumour tissue was statisti-
cally significantly associated with stage I, and high expres-
sion of uPA, uPAR and PAI 2 with stage IV. Lack of corre-
lation between PAl 1 expression and higher stages of dis-
case, particularly involving lymph nodes, was established
by Papadopoulou et al. (33), and we have confirmed these
results. Low PAI 1 expression in tumour tissue in carly
stages of the disease is in accordance with the theory, that
by releasing tumour cells from the matrix, PAI 1 facilitates
tumour invasiveness (34).

High uPA as well as PAl 1 expression in other tumours,
eg. in breast cancer, was perceived as an independent
prognostic factor for shorter survival (35). Knoop et al.
demonstrated that, in these patients, PAl 1 itself is a pre-
dictor of distant rather than local relapse. This verifies the

important role of PAS in the metastasizing of malignant
tumours (36).

Even though we did not provide statistical proof of re-
duced survival in association with increasing uPA expres-
sion, graphical depiction suggests such a tendency. This
association was also established in published studies
(37). We have, in linc with the published literature, doc-
umented poorer survival rates of patients with increased
uPAR expression (p=0.019) and thus confirmed a high-
er prognostic value of uPAR in comparison to uPA (13).

Even though Ito et al. (38) states that PAI 1-negative
malignant stomach tumours show a higher incidence of
liver metastases and thus poorer prognosis, our results
suggest just the opposite since the patients with metasta-
sizing discase had the highest PAI 1 expression in tumour
tissue, albeit this was not statistically significant. There
was a statistically significant higher expression of PAI 2
in the tumour tissue of colorectal carcinoma in metasta-
sizing stages of the disease.

The Dukes system and TNM classification are the most
commonly used prognostic systems in colorectal carcino-
maand thus a statistically significant association hetween
increased PAI 2 expression in tumour tissue and the dis-
case stage provides evidence of the prognostic value of in-
creased PAL 2 expression. [n other types of tumours, how-
ever, the literature generally describes an association be-
tween PAI 2 and a better prognosis, particularly in pa-
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tients with breast cancer (39,40) or stomach cancer, as
described by Maeda et al. These patients with uPA-posi-
tive and PAIl 2-negative tumour tissue expression have, in
comparison to other patients, a significantly poorer prog-
nosis (41).

Macaluso et al. (42) confirmed that a specific fragment
of the PAI 2 promoter is bound simultaneously by pRb2/
p130, PAI 2, E2F5 in normal primary human corneal ep-
ithelial cells, and by pRb2/p130, PAI 2, E2ZF5 in normal
primary human conjunctiva epithelial cells. These re-
sults suggest that pRb2/p130 and PAl 2 may cooperate in
modulating PAI 2 gene expression by chromatin remod-
elling in normal corneal and conjunctival cells (42). PAI
2 can enhance the tumour suppressing activity of the Rb
gene. PAI 2 co-localized with Rb in the nucleus and inhib-
ited the turnover of Rb, which led to increases in Rb pro-
tein levels and Rb-mediated activities (43). PAI 2 should,
therefore, have a protective role as has been established
in breast, lung and pancreatic cancers (44-46); high PAl
2 expression in these patients was linked to protection
against invasive tumour growth and is, therefore, a mark-
erof a good prognosis. [t is not clear so far why a high PAI
2 expression is associated with poorer prognosis in pa-
tients with colorectal carcinoma, as demonstrated by the
present study, and with carcinomas of the stomach or the
endometrium, as described in the literature (47,48). The
role of PAl 2 in colorectal carcinoma growth in this con-
text still remains to be elucidated. It is possible that, in
colorectal carcinoma, PAl 2 plays a more importantrole in
tumour growth and the spread of metastases than PAI 1.

Previous studies established a direct relationship be-
tween plasma levels of soluble uPAR protein; pre-opera-
tive levels of this protein correlated closely with CEA lev-
els, disease stage according to Dukes and colorectal carci-
noma patient prognosis (49). Based on these studies, we
focused on PAI 1 plasma levels and their correlation with
PAI 1 expression in tumour tissue and thus also on pa-
tient prognosis. We have shown a statistically significant
relationship between soluble PAI 1 plasma levels and tu-
mour progression as expressed by TNM and Dukes clas-
sification. This provides evidence for a direct associa-
tion between PAI 1 plasma levels and progression of dis-
ease, This means that plasma PAI 1 levels decrease with-
in wecks of a surgical procedure or initiation of treatment,
Le. that PAl 1 occurs in the organism in close association
with tumour process and its levels in peripheral blood de-
crease when the tumour is eliminated. We have further
shown a significant association between declining plas-
ma PAI 1 levels and treatment response as we were able
to statistically correlate PAI 1 levels with a patient sam-
ple divided into 3 homogenous groups; the group of pa-
tients in partial remission or with stabilized disease was
clearly separated from the group of patients in complete
remission and the group of patients with progressing dis-
ease. Plasma PAI 1 levels could therefore serve as a mark-
er of the disease progression before surgery or in cases
where the disease stage is unclear from tumour imaging.
We have also shown a statistically significant reduction in
Plasma PAI 1 levels after resection surgery or treatment
initiation. This suggests a possible link between solu-
ble PAI 1 levels and tumour viability and could serve as
a marker of surgical procedure curativeness or, alterna-
tively, tumour treatment effectiveness {50). Interestingly
with respect to the association between PAl 1and disease
Stage, a significant separation into groups was shown, a
homogenous stage 11 and 11 group being distinct from
both stage [ and stage IV groups. The findings summa-

rised above could lead to the hypothesis that the biologi-
cal characteristics of tumours do not actually correspond
with the standard classification system based on current-
ly accepted parameters. However, soluble PAl 1 cannot be
used in isolation from other paramecters employed in the
evaluation of a patient’s prognosis; it should, instead, be
used in conjuction with them.

Our model of patient survival associated with ex-
pressed soluble PAI 1 levels, as in line with the literature
(51), showed on Kaplan-Meier curve a statistically sig-
nificant lower survival of patients with pathological lev-
els of soluble PAI 1 prior to the treatment even if PAI 1
values did not decline to the reference range post-initi-
ation of treatment. In their patient sample Herszényi et
al. demonstrated a relationship between patient survival
and plasma PAl 1 levels as well as the importance of plas-
ma PAI 1 in invasively growing colorectal carcinomas and
the progression of colorectal non-carcinogenic lesions
into carcinomas (49). But in our study it was shown that
for a good prognosis it is very important that the patient
exhibits a decrease of PAL 1 levels in plasma after surgery
or initiation of treatment.

On the basis of previous studies, we also analysed the
relationship between pre-treatment plasma PAl 1 levels
and uPA, uPAR, PAl 1 and PAl 2 expression in tumours
and cstablished a statistically significant relationship be-
tween plasma PAl 1 levels prior to treatment and PAI 2
and uPAR expression in tumour tissue. It is not exactly
clear why there is no direct relationship between soluble
PAl 1 levels and its increased expression in tumour tissue
of colorectal carcinoma while there is a relationship be-
tween plasma PAl 1 levels and uPAR and PAI 2 expression;
this certainly indicates that there are unclear issues re-
garding the process of fibrinolysis in tumour tissue. How-
ever, this could also indicate a more important involve-
ment of PAl 2 in colorectal carcinoma than assumed so
far through the synchronous effect of plasma PAl 1 and
tumorous PAI 2. The relationship between plasma PAI 1
level prior to the treatment and uPAR expression could
thus be explained by receptor up-regulation; increasing
soluble PAI 1 levels result in uPA inhibition and thus a
growing number of its receptor sites on tumour cells. A
correlation between plasma uPA, uPAR and PAIL 1 levels
and expression of these parameters in breast cancer tis-
sue has been demonstrated and explained by the gradu-
al release of individual PAS parameters into the peripher-
al blood (52); however no such study has been published
for colorectal carcinoma.

Itis also apparent from the literature that there is high-
er uPA expression in colorectal carcinoma in comparison
to normal intestinal tissue or adenomas, and a number
of studies investigated the relationship between uPA ex-
pression in tumour tissue and patient prognosis (3,53).
Mulcahy et al. (54) Seetoo et al. (55), Sato et al. (56) and
Langenskidld et al. (57) confirmed increasing uPA cex-
pression as a negative prognostic factor, while Ganesh et
al. (58) did not. Even though the views on the effects of
uPA expression on colorectal carcinoma patient progno-
sis differ; we have confirmed a higher expression in ad-
vanced cancer as statistically significant. However, poor-
er survival with increasing uPA expression in tumour tis-
sue has not been established.

Evidence of negative uPA, uPAR, PAl 1 and PAl 2 ex-
pression in tumour tissue of colorectal carcinoma in re-
lation to TNM classification then can be considered as a
positive prognostic factor (32,59).

.
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CONCLUSIONS

In our group of patients we demonstrated a low ex-
pression of uPA, uPAR, PAI 1 and PAI 2 in tumour tissue
in colorectal carcinoma patients in the early stages of dis-
ease and a higher plasma level of PAIl 1 in advanced tu-
mours and its subsequent decline after the start of ther-
apy. We also documented lower survival rates in patients
with a higher plasma level PAI 1 hoth before treatment
and 6-8 weeks after surgery or initiation of treatment.

The immunohistochemical analysis of uPA, uPAR, PAI
1 and PAI 2 in tumour tissue was found to be a useful
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Penis as a primary site of an extraskeletal Ewing
sarcoma

A case report
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Abstract 7 N
Rationale: The Ewing sarcoma family of malignant tumors is a group of tumors characterized by morphologically similar round-cell |
neoplasms and by the presence of acommon chromosomal translocation; Ewing sarcoma family of tumors typically occur in children
and young adults between 4 to 15years of age. The primary tumor usually originates in the bone, extraskeletal localization is rare.

Patient concern: \We present a case report concerning a 32-year-old male patient with a primary involvement of the penis.

Diagnosis: The histopathology from the first penile biopsy showed a small-cell neuroendocrine carcinoma; however, that result
was based on a sample obtained at a different facility than the Sarcoma Center, where the investigating pathologist did not have the
adequate expertise. The patient then underwent a radical penectomy and a second reading of the histology was demanded after a
radical penile amputation when Ewing sarcoma with R1 resection was confirmed.

Interventions: The patient was referred to the national Sarcoma Center, where — using a multidisciplinary approach — the
treatment was started with curative intent. However, it was preceded by a non-standard initiation of the therapy due to the poor
primary diagnosis.

Outcomes: The non-standard therapy at the onset of the disease caused a poor prognosis of an otherwise curable diagnosis.
Despite all that, the patient survived for a relatively long time.

Lessons: The treatment of sarcomas with atypical localizations should be conducted by an experienced multidisciplinary teamin a
center with experience in sarcoma treatment.

Abbreviations: ES = Ewing sarcoma, Gy = Gray, RT-PCR = real-time polymerase chain reaction, VIDE = vincristine,
iphosphamide, doxorubicin, etoposide.

Keywords: extraskeletal Ewing sarcoma, multidisciplinary treatment, penis
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1. Introduction

Ewing sarcoma (ES) is a bone tumor typically occurring in
children and young adults (4-15 years of age); it is a rare tumor
with an incidence of 3 cases per 1 million per year. Ninety percent
of patients are younger than 20 years. ES is of a neurogenic origin,
in most cases originating in the bone marrow cavity of the pelvis
or axial skeleton.[">?! Unlike in osteosarcoma, the involvement of
long bones in the upper or lower limbs is less common. With its
high biological activity, ES typically spreads early by the
hematogenous route to the lungs, bones, bone marrow, but
rarely into the central nervous system.'>*! Spread by lymphatic
vessels is less common. Almost 25% of patients have become
metastatic by the time of diagnosis.**’! Direct spread and
infiltration of surrounding tissues can be expected especially in
cases with the involvement of flat bones and the chest wall.
Primary extraskeletal origin is not common, representing 6% to
24% of cases.!"! The tumors of the ES group are considered
systemic diseases, with typical initial chemo- and radiosensitivity.
Negative prognostic markers of this disease are: an extraskeletal
localization, an axial skeletal involvement, a primary systemic
spread, and a limited response to induction therapy. A common
finding is a translocation between chromosomes 11 and 22 (t11/
22, q24, q12). Other translocations (i.e. 7/22, 17/22) are also
possible.[®”81 The real-time polymerase chain reaction (RT-PCR)
sensitivity is approximately 95%.!”! The translocations lead to a
juxtaposition of Ewing sarcoma genes on chromosome 22 and a
Fms-like tyrosine kinase 1 gene on chromosome 11, and
production of a chimeric protein with a transcription capability
[Fig. 1].[%191 Additionally, new small-round-cell sarcoma
entities with novel translocation have been recognized in recent
years (BCOR, CIC-FOXO4, CIC- DUX4 and other). In the
1960s and 70s, the standard treatment for local control was
surgery and radiotherapy, with an overall 5-year survival rate of
22% of patients with localized disease.!"! The addition of
systemic chemotherapy has led to a remarkable improvement.
With localized disease, the observed long-term survival of 65% to
70% children and 50% of young adults is up to 29 years.!>!*13]
However, the prognosis of patients with a primary metastatic
spread is much worse: up to 30% of patients reach 5-year survival

Figure 1. Positive EWS/FLI1 (t11;22)(g24;12) translocation (FISH). FISH =
Fluorescence in situ hybridization.
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in case of lung involvement, but less than 10% with a bone or
bone marrow involvement.!>'*! More than 20% of patients who
were originally thought to have a localized disease, have bone
marrow micrometastases detectable by RT-PCR."'S! Negative
and positive RT-PCR finding mean 2-year survival of 80% and
53% of patients, respectively.''! The conventional treatment can
lead to a complete remission but it does not prevent the relapse of
the disease in primary metastatic patients. The minimal residual
disease, clinically undetectable, leads to relapse within 1 to 2
years after the treatment discontinuation. Since 2000, the
treatment of localized or metastatic ES in Europe has been
conducted according to the EURO- EWING 99 protocol.''®! This
protocol has been aimed at patients younger than 50years. It
consists of the vincristine, iphosphamide, doxorubicin, etoposide
induction chemotherapy (using vincristine, iphosphamide, doxo-
rubicin and etoposide), followed by stratification according to
prognostic factors.'® Local therapy follows, surgery being
preferred to radiation. The next step is consolidation therapy
(chemotherapy +/— radiotherapy +/— high-dose chemotherapy).
An updated version of the protocol includes Ewing 2008 and
EURO Ewing 2012.1'718] Additionally, some protocol adjust-
ments may be required considering the therapy tolerance and
comorbidities.!'**%!

2. Case report

A 32-year-old male with no significant family history noticed a
plum-sized lump on the left side of his penis in April 2010.
Otherwise completely asymptomatic, he underwent an examina-
tion at a regional university hospital. Five months later, a
tumorous infiltration arising probably from the urinary tube was
diagnosed on CT.

Magnetic resonance imaging showed infiltration of both
cavernous bodies (Fig. 2A,B). There was no pathologic
lymphadenopathy in the pelvis or any infiltration of the bladder.
The histopathology from the first penile biopsy showed a small-
cell neuroendocrine carcinoma; however, that result was based
on a sample obtained at a different hospital than the Sarcoma
Center and the investigating pathologist did not have adequate
expertise. A second histology reading was not demanded at that
time. Bone scintigraphy, chest and brain CT did not confirm any
metastatic disease. A total penile amputation, left side orchiecto-
my and perineostomy were carried out. The right testicle was
transposed in the abdominal cavity. The definitive histology with
a second reading confirmed an extraskeletal ES (Fig. 3) arising
from the penis, with high proliferation and perineural propaga-
tion. The margins of resection were positive at the symphysis and
the bulb of the penis. With these findings, the patient was referred
for further treatment at the national Sarcoma Center. A quick
restaging was conducted including trepanobiopsy. The assess-
ment of the primary tumor showed a t11/22 translocation, the
cytogenetic assessment of the bone marrow was negative. Using a
multidisciplinary approach, treatment was started with curative
intent, according to the EuroEwing 99 protocol and later Ewing
2008 protocol; however, with a nonstandard initiation due to the
poor primary diagnosis. After the induction chemotherapy (6
cycles of vincristine, iphosphamide, doxorubicin, etoposide) had
the patient no signs of disease. Consolidation chemotherapy was
administered which contained 8 cycles of vincristine, dactino-
mycin, iphosphamide with concomitant radiotherapy of 45 Gray
(Gy) in 235 fractions and 10.8 Gy in 6 fractions, respectively. The
treatment tolerance was good, toxicity predictable, especially the
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Figure 2. Initial findings of the penis base infiltration on MRI. A) T1-weighted, contrast-enhanced image in the sagittal plane showing a hypointense fusiform mass
infiltrating corpora spongiosa with spicular extensions into the pubic fat pad and marked enhancement of the mass due to profuse vascularity. An aggressive,
diffuse form of tumor growth is apparent. Note the relative sparing of the bulbospongiosus muscle and pubic bone. B) Same sequence, transversal plane
documenting complete destruction of the anatomical structures and the macroscopic architecture of the tumor. MRI = magnetic resonance imaging.

grade 4 hematological toxicity in the induction phase. Maximal
supportive care was provided. The treatment lasted for 10
months, ending one year after the diagnosis. The patient had been
undergoing permanent antidepressant therapy, mainly due to the
extent of initial surgical resection. The young man had been
followed-up for 29months with no signs of the disease. In
October 2013, multiple lung metastases were diagnosed and
induction chemotherapy combining irinotecan/temozolomide
was started. In January 2014, a metastasectomy of all detectable

pulmonary metastases was performed and the patient finished the
chemotherapy treatment with an irinotecan/temozolomide
combination in April 2014. In May 2014, the patient underwent
high-volume lung irradiation with a dose of 12x1.5 Gy. After six
months, a CT scan showed a relapse of the tumor in the dorsal
mediastinum. In January 2015, the second thoracotomy was
indicated. Marginal (R2) resection confirmed the recurrence of
ES, with a 10% cell necrosis and high mitotic activity.
Subsequently, metronomic chemotherapy modified with Com-

Figure 3. Histologically, Ewing sarcoma is composed of small cells with round hyperchromatic nuclei (x200 magnification).
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bined Oral Metronomic Biodifferentiating Antiangiogenic Treat-
ment including cyclophosphamide, celecoxib, vitamin D, and
fenofibrate was started.”"*?! In March 2015, the tumor in the
mediastinum was irradiated with a dose of 40 Gy, showing a
regression. The next chemotherapy with an etoposide/iphospha-
mide combination was started for the tumor progression in
December 2015. After 6 cycles of chemotherapy, another
progression of the tumor was determined and the patient was
switched to fourth-line chemotherapy combining gemcitabine/
docetaxel, which was terminated after 4 cycles due to further
tumor progression. In still good overall condition, the patient
started a new treatment with a topotecan/cyclophosphamide
combination. The patient died due to rapid progression 3 months
later, in February 2017.

3. Discussion

Extraskeletal localization of ES is rare; nevertheless, ES can be
found in any location. So far, incidental cases of ES have been
described of its occurrence in the vulva, vagina, uterus, ovaries,
testicles, thyroid gland, bladder, kidneys, gallbladder, esophagus,
stomach, and lungs.*>=* Based on the reviewed publications,
only six cases of primary penile involvement of ES have been
published (Pubmed 1970- Oct 2020). In 1999, Toh et all®¢!
informed about a case of a 21-year-old patient with an ulcer
lesion of the penile gland and a peritoneal mass, already
metastatic to lungs at the time of the diagnosis, treated by the
combination of iphosphamide, vincristine, doxorubicin, and
dactinomycin, which resulted in regression after 3 months and a
progression after 8§ months of treatment. Another case was shown
by Kilicaslan et al. in 20087 A 19-year-old patient with a
painless lump on the dorsum of the penis was treated with
antibiotics repeatedly, later resected. No dissemination was
found; nevertheless, a bilateral inguinal lymphadenectomy was
performed with a negative result. The patient was treated with 4
cycles of iphosfamide, etoposide chemotherapy and chemothera-
py vincristine/doxorubicin/cyclophosphamide chemotherapy,
with a 20Gy brachyradiotherapy combined with a 34 Gy
external beam radiotherapy. The patient refused further
treatment. Nine months later the patient relapsed in the lungs
and the pleura. Subsequent salvage chemotherapy was not
effective and resulted in a further progression 24 months after the
diagnosis. In 1992 Jimenes-Verdejo et al. described a rare case of
ES with metastatic involvement of the penis.!*®! Yonkenevich
et al. published a case of a 65-year-old male with an extremely
rare spindle-cell sarcoma.”*”! Because of the extensive unresect-
able nature of the disease, treatment with palliative chemothera-
py iphosphamide and doxorubicin was chosen, with no response.
Sharma et al presented a case of a 29-year-old patient with a
penile ES spread to the lungs, treated with multi-agent
chemotherapy including vincristine, doxorubicin, cyclophospha-
mide, etoposide, and iphosphamide followed by local radiother-
apy and bilateral pulmonary metastasectomy. Adjuvant
chemotherapy was applied using a combination of vincristine,
doxorubicin, cyclophosphamide, topotecan, and cisplatin. Fol-
low-up CT scans showed an increase in the size of lung metastases
and local recurrence. Next, imatinib was used, followed by
gefitinib, with no response./*”) Ma et al also presented a case of a
28-year-old male with a primary penile ES."*! A pediatric Ewing
sarcoma occurring in the genitourinary system has rarely been
reported. He et al described four cases of pediatric patients, one
involving a penile ES.1*?!

Medicine

ES is a rare chemosensitive and radiosensitive tumor which can
occur in any location. The treatment procedure consists of combined
induction chemotherapy, followed by local treatment with a
preference for surgery over irradiation alone. Surgical treatment
must include all initially affected tissues (i.e. not just a shrinking
tumor after the chemotherapy) or must be supplemented by
postoperative irradiation. After the local treatment, systemic
chemotherapy is continued at 2 to 3 weekly intervals. The treatment
of adult patients is based on the same principles and adaptations of
the same treatment protocols as in children and adolescents.
However, it is burdened with worse tolerance and higher toxicity,
which is predictable and manageable using maximal supportive
therapy, but justifiable due to high tumor chemosensitivity. The
treatment of extraskeletal ES proceeds according to the same
principles as in bone sites, with systemic chemotherapy administered
in all cases and irradiation implemented in most cases.*’!

Our case report describes the long-term treatment of a curable
rare disease where the prognosis of the patient was affected by
non-standard management at the beginning of the diagnostic and
treatment procedures. As a consequence, a young patient’s
quality-of-life was considerably impaired due to the amputation
of the penis which could unfortunately be avoided.

The possibility of an atypical localization of rare tumors should be
considered especially in young patients requiring centralized care
and a multidisciplinary approach. The European Union is currently
running the EURACAN project, where multidisciplinary teams are
being set up at a European level, making it possible to consult rare
tumors according to their location and histology type.[**!

4. Conclusion

In the cases of an atypical localization of malignant diseases and/
or with the finding of rare histology, multidisciplinary manage-
ment of the patients in an experienced center is highly
recommended.
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