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EDITORIAL

Editorial

Klinickd onkologie vzdy reagovala svymi
publikacemi na aktudlni déni v onkolo-
gii. V centru tohoto déni se po dlouhé
dobé znovu ocitly nddory hlavy a krku,
a to jak v oblasti prevence, tak i v oblasti
[é¢by, hlavné u nadord lokalné pokroci-
lych a metastatickych.

Nadory ORL oblasti byly tradi¢né spo-
jovany s kourenim a alkoholem, nicméné
od zacatku tohoto stoleti se postupné
zacaly objevovat prace o nové, odlisné
biologicky se chovajici skupiné nemoc-
nych, kde je hlavnim etiologickym ¢ini-
telem papilomavirus (human papilloma-
virus — HPV). Nadory hlavy a krku HPV+
predstavuji novou, chovanim rozdilnou
podskupinu nador ORL oblasti a probi-
haji diskuze o odliSném zpUlsobu jejich
[é¢by s ohledem na zajisténi pfiznivéjsi
prognézy. U nas se této problematice jiz
delsi dobu vénoval prof. Klozar a jeho
tym. Nadory hlavy a krku HPV+ 1épe rea-
guji nalécbu cisplatinou i na radioterapii,
a je rozdil v délce preziti mezi pacienty
postizenymi HPV+ a HPV- nddory. Zva-
Zuje se moznost snizit intenzitu 1é¢by,
pro kterou zatim neni dostatek dat. Sta-
noveni HPV je postupné zavadéno do
denni praxe zatim jako independentni
prediktor preziti a brzy mé byt i stratifi-
ka¢nim faktorem u pacient(l s recidivu-
jicim a metastatickym onemocnénim.
Posner hodnoti HPV tak, Ze je prokaza-
telné vyznamnym biomarkerem pro lé-
¢ebnou odpovéd, progndzu a stanoveni
neucinnéjsi lé¢by. Blizsimu rozboru jsou
vénovany nasledujici prace.

HPV je DNA virus onkogenni trans-
formace hostitelské bunky. Pfendsi se
z kGize na kOzi partnera, pohlavni styk
neni pro prenos HPV nutny a infekt je
pfic¢inou fady malignit, jako karcinomu
cervixu, hlavy a krku (nej¢astéji patrové
tonsily), téla délozniho, vaginy, penisu
nebo i nadord anu. Typ HPV 16 je spojen
s rakovinou hlavy a krku, 30 % oralnich
karcinom{ je pfibuznych s HPV infektem
a vyskyt dnes dosahuje epidemickych
hodnot.

Prvni velkou mezinarodni prezen-
taci byla konference o HPV v listopadu
2010 v Amsterdamu. Jednani se ucast-
nila vétsina prednich odbornikl z ce-
Iého svéta, napf. Vermorken, Gillisonova,
Lassenovd, Bonner, Psyrriova a fada dal-
sich, zabyvajicich se problematikou lid-
ského papilomaviru. Nasledovala celd
fada konferenci, sympozii a publikaci,
s novymi informacemi o vztahu papi-
lomaviru a nékterych lidskych nadord.
Fakhry v roce 2014 uvadi, Ze 80 % zen
a muzu se za zivot infikuje alespon jed-
nim typem genitalniho papilomaviru.
Velkd studie Naghaviho analyzovala
udaje do roku 2016, kdy bylo ve Spoje-
nych statech zjisténo 48 330 novych pfi-
padl nadorl hlavy a krku. To znamena,
Ze pres pokles koureni se vyskyt nador(
ORL, zvlasté orofaryngu, zvysuje a 72 %
nadorl orofaryngu nemd tradi¢ni pfi-
¢inné faktory. Jako vinik byl oznacen in-
fekt kmeny HPV.

V roce 2007 byla uvedena na trh HPV
vakcinace pro ochranu proti karcinomu
¢ipku. V Mayo Clinic (Minessota) de-
monstrovali, Ze vétSina vakcinovanych
byla kompletné chrédnéna proti kme-
nlm zpUsobujicim karcinom (Jacob-
son). V roce 2011 bylo doporuceno po-
dani u mladych muzi z divodu ochrany
jejich zenskych protéjskd. Food and
drug association (FDA) plvodné schva-
lila 3 HPV vakciny - Gardasil®, Cerva-
rix, Gardasil®9. V roce 2014 FDA akcep-
tovala pouze Gardasil®9, ktery chrani
proti 9 vysoce rizikovym typlim HPV.
V roce 2015 studie ukazala, Ze HPV vak-
cinace Gardasilem®9 muUze ve Spoje-
nych statech vést k prevenci u vice nez
25 000 karcinom( spojenych s HPV, coz
predstavuje vétsinu invazivnich karci-
nomU cervixu, konecniku, orofaryngu,
vaginy a dalsich genitalnich karcinom.
Neni jesté znamo, jak dlouho bude trvat
ucinek prvnich sérii HPV vakcinace, jen
delsi sledovani vakcinovanych v klinic-
kych studiich prinese dllezité infor-
mace o Ucinku vakcinace na celkovou

incidenci u karcinomd spojenych s HPV
a hodnoceni preziti.

V 50. letech nebylo mozné pacientim
s pokrocilymi nadory hlavy a krku, vét-
sinou pokrocilého véku a stadia, nabid-
nout nic jiného nez nizkovoltazni ra-
dioterapii, event. paliativni chirurgii
a pokrok byl minimalni. Z ddvodu ne-
dostatecnych lé¢ebnych vysledkd stan-
dardni |é¢by se jiz tehdy objevovaly
prvni prdce o mozné prevenci pficin
téchto nadorl. Byl to napfiklad prof. Fin-
gerland, ktery véemi prostiedky bojo-
val proti koufeni, ale ke snizeni vyskytu
nadorl a zlepseni l1é¢ebnych vysledkl
nedoslo. V dalsich letech se zlepSovaly
chirurgické postupy, modernéjsi radio-
terapie dosahovala vyrazné lepsich vy-
sledkd, Ié¢ba byla rozsifena o chemo-
terapii. Prvni pokusy o kombinovanou
terapii (RTG + metotrexat) byly uvefrej-
nény v Klinické onkologii v roce 1966. Vy-
razny pokrok v systémové |é¢bé nadort
ORL oblasti predstavovalo zavedeni cis-
platiny (publikovéno v Klinické onkologii
1981 a 1982), ale zZlom nastal az s rozvo-
jem poznatkut o vlivu lidského papiloma-
viru a s rozvojem pouziti biologickych
latek (cetuximabu) a nyni i imunotera-
pie, a samozfejmé nedilnou soucasti 1é-
¢ebnych Uspéchl je i pokrok v radiote-
rapii, at jiz radia¢nimi technikami, nebo
planovénim, ktery umoziuje dodéni vy-
sokych davek zareni do presné defino-
vaného objemu s maximalnim Setfenim
kritickych okolnich tkani. S nardstem na-
Sich lé¢ebnych moznosti a s prodluzujici
se délkou preZiti nabyvaji vyznamu bio-
logické markery jako HPV infekt, poziti-
vita p16, PDL1 pozitivita, a to nejen ve
smyslu prognostickych faktord, ale i jako
prediktory lé¢ebného ucinku usnad-
nujici i tailoring 1é¢by ve smyslu hesla
,Spravna lécba spravnému pacientovi”.

MUDr. Zdenék Mechl, CSc.

MUDr. Dagmar Brancikovd, Ph.D.

Interni hematologickd a onkologickd
klinika LF MU a FN Brno
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Organizace a financovani zdravotni péce Vyvoj novych é¢iv, farmakoekonomika, klinicka farmacie v onkologii
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Vzdélavani, kvalita, bezpecnost a pravni otazky v onkologické praxi Nadory k{ize a maligni melanom
Diagnostické metody v onkologii Nadory jicnu a Zaludku
Radiointervencni metody Nadory tlustého stieva a konecniku
Radioterapie Nadory slinivky, jater a Zlu¢ovych cest
Onkochirurgie Neuroendokrinni a endokrinni tumory
Rekonstrukeni chirurgie Sarkomy
Systémova protinadorova Ié¢ba Nadory hlavy a krku
Imunoonkologie Nadory plic, pridusek a pleury
Personalizovana medicina v onkologii Gynekologicka onkologie
LokalInf aplikace protinadorovych léciv a vakcin Uroonkologie
Nezadouci Ucinky protinadorové [écby Nadory nervového systému
Paliativni péce, podplrna a symptomaticka lé¢ha Hematoonkologie
Nutri¢ni podpora v onkologii Hereditarnf nadorové syndromy
OSetiovatelska péce a rehabilitace Nadory détf, adolescent(l a mladych dospélych
Psychosocialni péce Jiné malignity (ostatni, jinde nezafaditelné malignity)
Pacientské organizace a spoluprace s vefejnosti Varia (ostatni, jinde nezafaditelné pfispévky)

Pripravujeme pro Vas zajimavy odborny a doprovodny program, vcetné nékolika soutézi!
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To nejlepsi z onkologického vyzkumu — Soutéz o nejlepsi posterové sdéleni

Vzacné nadory
Hlavni téma viech programovych blokd BOD 2018.

Podrobnéjsi informace naleznete na www.onkologickedny.cz.

Poznamenejte si!
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PREHLED

Lidsky papilomavirus —role v karcinogenezi

cervixu a moznosti jeho detekce

Human Papillomavirus — Role in Cervical Carcinogenesis

and Methods of Detection

Bartosik M., Hrstka R., Jirdkova L.
RECAMO, Masarykdv onkologicky Ustav, Brno

Souhrn

Vychodiska: Perzistentni infekce onkogennim typem lidského papilomaviru (human papillomavi-
rus — HPV), nejcastéji HPV 16 a HPV 18, muze vést k rozvoji fady malignich onemocnéni, zejména
pak ke karcinomu délozniho hrdla u Zen. Testovéani na pfitomnost HPV DNA se tudiz zavadi jako
komplementarni metoda ke stavajicimu cytologickému vysetfeni, mimo jiné i diky vyssi citlivosti.
Cil: Tento prehledovy ¢lanek pojednava o roli HPV v karcinogenezi délozniho hrdla, zejména po-
pisuje vznik cervikélnich intraepitelidlnich Iézi (CIN1-3) a molekuldrni mechanizmus transformace
bunék. Pfedstavuje existujici biomarkery pro diagnostiku prekanceréznich 1ézi, mezi které patfi
napi. mRNA transkripty gent E6 a E7, protein p16 (inhibitor cyklin-dependentni kinazy regulu-
jici prechod z G1 do S faze bunécného cyklu), zménéné metylacni vzorce DNA nebo pusobeni
specifickych miRNA, tj. kratkych nekddujicich jednoretézcovych RNA o délce 18-22 nukleotid(,
které posttranskripcné reguluji genovou expresi. Dale rozebirad vyhody a nevyhody komer¢né do-
stupnych HPV test(l, a v neposledni fadé predstavuje nové vyvijené metody umoziujici levnou
a rychlou diagnostiku HPV na bézi optické i elektrochemické detekce. Zdvér: Nadory délozniho
hrdla i navzdory velkému pokroku v poslednich letech stéle patii mezi nejrozsifenéjsi zenské ma-
lignity s vysokou mortalitou, zejména v rozvojovych zemich. Ke snizeni mortality by mohla pomoci
implementace HPV testovani do rutinniho screeningového vysetieni. To vsak bude tfeba finan¢né
zefektivnit tak, aby bylo cenové konkurenceschopné se stavajicimi cytologickymi vysetrenimi.

Klicova slova
HPV - karcinom cervixu — HPV testovani — hybridizace nukleovych kyselin - mRNA - metylace
DNA - miRNA

Summary

Background: Persistent infection with high-risk human papillomavirus (HPV) strains, especially
HPV 16 and HPV 18, is associated with the onset of various malignant diseases, including cervical car-
cinoma in women. HPV DNA testing is thus being implemented as a complementary method to stan-
dard cytological examination, mainly due to its increased sensitivity. Aim: This review outlines the role
of HPV in cervical carcinogenesis, with a focus on the formation of cervical intraepithelial neoplasias
(CIN1-3) and the molecular mechanism underlying cellular transformation. Current biomarkers used
to screen premalignant lesions are described, including mRNA transcripts of the £6 and E7 genes, pro-
tein p16 (a cyclin-dependent kinase inhibitor that regulates cell cycle progression from G1 to S phase),
altered DNA methylation patterns, and actions of specific microRNAs (short (18-22 bp), non-coding,
single-stranded RNA molecules that regulate gene expression at the post-transcriptional level). This
review also describes the advantages and drawbacks of commercial HPV tests, and depicts novel
methods for more cost-effective and faster HPV diagnostics based on optical or electrochemical de-
tection. Conclusion: Although great progress has been made, the incidence and mortality rates of
cervical malignancies remain relatively high , especially in developing countries. Incorporation of HPV
testing into routine screening programs could help to decrease mortality rates; however, the cost of
such testing must be reduced if it is to compete with current cytology-based examinations.

Key words
HPV - cervical carcinoma - HPV testing - nucleic acid hybridization - mRNA — DNA methyla-
tion — microRNA
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LIDSKY PAPILOMAVIRUS — ROLE V KARCINOGENEZI CERVIXU A MOZNOSTI JEHO DETEKCE

Uvod

Infekce lidskym papilomavirem (human

papillomavirus — HPV) patii mezi nej-

béznéjsi pohlavné pfenosné choroby.

Predpoklada se, Ze az 80 % populace se

béhem Zivota setka s infekci HPV. Celkové

je zndmo > 200 genotypové odlisnych
kmenu lidskych papilomavirQ [1], ovsem
ne viechny jsou pro ¢lovéka nebezpecné,
vétsina z nich zplsobuje pouze kozni
nebo genitalni bradavice (jde o tzv. low-

-risk HPV, LR-HPV). Nékteré kmeny vsak

vykazuji onkogenni charakter (HPV 16,

18,36, 31, 33, 35, 39,45, 51,52, 53, 56, 58,

59, 66, 68, 73, 82, souhrnné high-risk HPV,

HR-HPV), coz znamen4, Ze jejich dlou-

hodoba nelécend pfitomnost mlze vést

k maligni transformaci epitelidini tkdné

a ke vzniku nadorl cervixu (délozniho

hrdla), vaginy, analni oblasti, nebo do-

konce hlavy a krku. Nejrozsifené&jsimi on-

kogennimi kmeny jsou HPV 16 a HPV 18,

u kterych se uvadi, ze zpUsobuji az 70 %

vsech karcinomd délozniho hrdla [2].

Genom HPV je tvofen dvousroubovico-

vou kruhovou DNA o délce ~ 8 kb (obr. 1),

rozdélenou do tfi oblasti:

1. ¢asna oblast (early region) obsahujici
vzdy geny E1, E2, E4, E5, E6 a E7, u né-
kterych kmen( pak jesté E3 a E8;

2.oblast obsahujici kédujici sekvence
genU pozdni faze (late region) L7 a L2;

3. kontrolni oblast (long control
region - LCR)

Proteiny kédované geny ¢asné oblasti
maji spise regulacni funkci, podileji se

L1

genom HPV 16
~8 kbp

4
E2

—_—

ES

Obr. 1. Genom HPV 16.
Schematické zobrazeni polohy jednotlivych
genu v ramci kruhového genomu HPV 16.

napf. na replikaci a transkripci genomu,
bunécné signalizaci nebo apoptéze
a jsou Castéji exprimované v ranych fa-
zich infekce (od toho pojmenovani
early). Proteiny pozdni faze, L1 a L2, tvofi
virovy kapsid. Oblast LCR zahrnuje ze-
jména misto pocatku replikace, vazebna
mista transkrip¢nich faktort a promo-
tor P97 zodpovédny za transkripci témér
vsech genu z ¢asné oblasti. Za normal-
nich okolnosti je transkripce z promo-
toru P97 inhibovana vazbou proteinu E2,
¢imz je hladina proteinC E6 a E7 udrzo-
vana nizka. Genova exprese je polycis-
tronni, vice gend ma spole¢ny promotor
a vysledné mRNA transkripty tak zavi-
seji na zvoleném ctecim rdmci [3]. Navic
diky alternativnimu sestfihu mdéze jeden
mRNA transkript dat vzniknout vice
proteintm [4].

Role HPV v karcinogenezi cervixu

Zjednodusené lze vznik cervikalniho
karcinomu rozdélit do ¢tyf fazi - HPV in-
fekce, virova perzistence, vznik prekan-
cerdz a invazivni karcinom [2] (obr. 2).
Nastésti dokaze imunitni systém ¢lovéka
HPV infekci ve vétsiné pFipadl odstranit.
V opacném pripadé se infekce stava per-
zistentni. Vznikaji premaligni 1éze, u kte-
rych je virova DNA v bunce lokalizovana
nejdfiv epizomalné, tj. neni zaclenéna
do chromozomalni DNA. Postupné v3ak
dochazi k molekuldrnim zménam, chro-
mozomalni nestabilité a integraci vi-
rové DNA do genomu hostitele, ktera
vede ke ztraté regionu E2. Snizi se tak

3-5let

virova infekce

vymizeni viru
80 %

epizomalni DNA
normalni morfologie CIN1/2

Obr. 2. Proces karcinogeneze.

epizomalni + integrovana DNA

hladina proteinu E2, ¢imz dochazi ke
zvysené expresi onkoproteinl E6 a E7,
jelikoz za normalnich okolnosti pro-
tein E2 negativné reguluje transkripci
genU E6 a E7 vazbou na tzv. E2-vazebné
misto v ramci LCR. Karcinogenni poten-
cial protein( E6 a E7 je dan tim, Ze in-
hibuji expresi dalezitého nadorového
supresorového proteinu p53, resp. reti-
noblastomového proteinu pRb, coz vede
k deregulaci buné¢ného cyklu buriky, ke
snizeni exprese proteind dulezitych pfi
opravnych mechanizmech DNA a k po-
stupné akumulaci buné¢nych defektd.

Z histologického hlediska dochazi
k transformaci epitelialni tkané cervixu,
vznikaji tzv. cervikalni intraepitelidIni neo-
plazie (CIN) odstupriované dle progrese
onemocnéni jako CIN1, CIN2 a CIN3, pfi-
¢emzu CINT a &asti CIN2 [ézi mUze dojit ke
spontanni regresi, aniz by byla potfebnd
konizace (mluvime o tzv. produktivnich
Iézich, odpovidajicich dle nové nomen-
klatury low-grade skvaméznim intraepi-
telidInim 1ézim (LSIL)). CIN3 a zbyld ¢ast
CIN2 patfi do tzv. transformujicich lézi
(odpovidajich high-grade skvamoéznim
intraepitelialnim lézim (HSIL)), které jsou
spojeny se zminénou deregulaci a nad-
meérnou expresi E6 a E7, pficemz CIN3 je
poslednim pfedstupném invazivniho
karcinomu. Bohuzel z morfologického
hlediska neni mozné rozlisit produktivni
a transformujici CIN2, a je tedy obtizné
urcit, zda infekce vymizi, nebo povede az
ke vzniku karcinomu. Kromé samotného
HPV testovani se tak uvazuje o dalsich

20-30 let

virova perzistence

ztrata exprese E2
zvysena exprese E6 a E7
transformace dlazdicového epitelu

. . rogr

vznik prekanceréz progrese
do karcinomu

integrovana DNA

CIN2/3 rakovina

Chronologické zobrazeni karcinogeneze od HPV infekce az po vznik karcinomu délozniho
hrdla, v¢etné lokalizace virové DNA a jednotlivych fazi onemocnéni.
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LIDSKY PAPILOMAVIRUS — ROLE V KARCINOGENEZ| CERVIXU A MOZNOSTI JEHO DETEKCE

biomarkerech, které by pfesnéji urcily
pfipady vyzadujici [é¢bu. Mezi tyto mar-
kery patfi kupfikladu mRNA transkripty
genl E6 a E7 (produkty aktivni exprese
téchto gena), jejichz zvy$ena pritomnost
poukazuje na pfitomnost transformujici
Iéze [5]. Nedavna korejska studie napf.
uvadi az 91% citlivost a 98,6% specificitu
pro detekci CIN2+ lézi (pro 337 vzork()
pii pouziti HPV E6/E7 mRNA testu [6]. Au-
tofi ovsem zdUraznuiji, Ze bude zapotiebi
provést rozséhlejsi klinické studie s hete-
rogennéjsim vybérem populace s ohle-
dem na geografické rozdily.

Mezi dalsi markery patfi protein
p16™€4, jehoz hladina se zvysuje inak-
tivaci pRb. Jedna se o inhibitor cyklin-
-dependentni kindzy regulujici pfechod
z G1 do S faze buné¢ného cyklu. | na-
vzdory velké variabilité v metodach a in-
terpretacich dat existuje spousta stu-
dii popisujicich korelaci mezi zvysenou
expresi p16™K4 a pritomnosti CIN2+
1ézi [7]. Americka spole¢nost pro kolpo-
skopii a cervikalni patologii dokonce do-
porucila imunohistochemické stanoveni
p16 u diagnosticky spornych lézi jakozto
vhodnou metodu pro rozliseni prekan-
cerdz za predpokladu vyrazné ,blokové”
pozitivity stanoveni p16 [8]. Jako mozné
biomarkery jsou uvazovany i aberantni
epigenetické zmény (zejména v DNA
metylaci) nebo zménéné hladiny miRNA
(viz nize).

Epigenetické zmény DNA u HPV
Nejvice studovanym epigenetickym me-
chanizmem ve spojitosti s cervikalnimi
[ézemi jsou metylace DNA, tj. modifi-
kace 5’-uhliku cytosinu v dinukleotidu
CpG metylovou skupinou (za vzniku me-
tylcytosinu). Napfiklad metylace promo-
toru ma za nasledek ,vypnuti” exprese
pfislusného genu, a pokud je timto pro-
motorem kontrolovana exprese nado-
rového supresorového genu, hyperme-
tylace tohoto promotoru zpUsobi nizsi
expresi daného nadorového supresoru,
coz muze vést az ke karcinogenezi.

| kdyZ jsou zménéné metylacni vzorce
virové DNA v souvislosti s progresi kar-
cinomu cervixu dobfe znamé, data zis-
kana z rlznych studii jsou casto nekon-
zistentni [9], zejména co se tykd asociace
mezi metylaci v LCR regionu a CIN2+.
Nékteré prace uvadéji pozitivni korelaci

mezi frekvenci metylace v LCR a progresi
onemocnéni[10,11], jiné naopak ukazuji
snizenou metylaci (demetylaci) urcitych
promotord v LCR u pacientl s CIN3 a ra-
kovinou délozniho hrdla v porovnani se
zdravymi jedinci [12]. To je pravdépo-
dobné zplsobeno rliznou pfipravou kli-
nickych vzorkd nebo analyzou odlisnych
CpG ostrlvkd [13]. Ziejmé nejkonzis-
tentnéjsi vysledky vykazuje oblast gen
L1 a L2, kde dochdzi ke zvysené metylaci
u karcinomd [14].

Mezi metody studia metylace DNA,
které byly nedavno detailnéji popsany
v Casopise Klinickd onkologie [15], patfi
napt. restrikénianalyza v kombinaci s kvan-
titativni polymerazovou fetézovou reakci
(quantitative polymerase chain reaction -
gPCR), metylac¢né specificka PCR (methy-
lation-specific PCR - MSP), MethyLight
PCR (kombinace MSP a fluorescen¢niho
méreni pomoci TagMan sondy) anebo
MS-HRM (Methylation-Specific High Re-
solution Melting) pfistup vyuzivajici roz-
dilnych teplot tani dvouretézcovych DNA
v zdvislosti na jejich sekvenci. Zminéné
metody vyuzivaji bud’ metyla¢né senzi-
tivni restrikéni endonukleadzy rozezna-
vajici a $tépici konkrétni restrikéni mista
v DNA v zavislosti na pfitomnosti metyl-
cytosinu, anebo reakci DNA s hydrogensi-
ficitanem sodnym (tzv. bisulfitovou kon-
verzi), ktery konvertuje cytosin v DNA
na uracil, pficemz metylcytosin zUstava
nezmenén.

Post-transkripcni regulace pomoci
miRNA

Funkci miRNA, tj. kratkych nekdéduiji-
cich jednoretézcovych RNA o délce
18-22 nukleotidd, je post-transkrip¢ni
regulace genové exprese vedouci k de-
gradaci cilové mRNA a naslednému po-
klesu hladiny pfislusného proteinu.
miRNA vykazuji funkci supresorovou
i onkogenni, a proto jsou v soucasné
dobé intenzivné studovény. Uvazuje se
o jejich potenciadlnim vyuziti jako dia-
gnostickych ¢i prognostickych bio-
marker(, ¢i dokonce v terapii.

Z téchto dlvodl byly provedeny ce-
logenomové studie zaméfené na ex-
presi miRNA v cervikalnich lézich, oviem
pouze nékolik miRNA sekvenci se uka-
zalo byt konzistentné zménéno napfic¢
témito studiemi [13]. Nejcastéji uvadéné

nadorové supresorové miRNA jsou miR-
143, miR-145 a miR-214, naopak za on-
kogenni miRNA jsou povazovany napf.
miR-21 a miR-146a [13,16]. Pro defini-
tivni validaci vybranych miRNA bude
ovsem potieba provést vice nezavislych
studii a rovnéz popsat presnou roli jed-
notlivych miRNA v karcinogenezi indu-
kované virem HPV.

Soucasné testovani HPV

Aktuélné se v CR na pfitomnost HPV tes-
tuji pouze 4 % pacientek s abnormalni
cytologii s nejasnym vyznamem. Cytolo-
gie z tekutého media (liquid-based cyto-
logy - LBC) je odbérova metoda zalozena
na klasickém Pap testu, avSak odebrany
vzorek se misto pfimé fixace na sklicku
umistuje do vhodného média (komer¢né
pod nazvem ThinPrep Pap Test) [17].
Tento postup je vhodny i pro diagnos-
tiku DNA HPV bez nutnosti dvou odbér(.
Z roztoku se izolovand DNA/RNA testuje
pomoci komeréné dostupnych testova-
cich sad [18]. Vétsina testovacich sad je
schopna detekovat pritomnost nékolika
HPV typ(, a to véetné rozliSeni HR/LR HPV
a konkrétni genotypizace. Standardné
se provadi detekce HPV 16 a HPV 18
(Cervista HPV 16/18 Assay, Hologic), ale
existuji testy, které zvladnou az 37 ge-
notypu soucasné (LINEAR ARRAY® HPV
Genotyping Test, Roche).

Spousta komercnich HPV testl je zalo-
Zena na PCR amplifikaci a nasledné hyb-
ridizaci. Hlavni rozdily mezi testy pak tkvi
v pouzivanych primerech a zpUsobech
detekce. Dal3im rozdilem je izolace DNA
pro amplifikaci, kterou Ize provadét po-
moci kolonek (HC2 High-Risk HPV DNA
Test, Qiagen) nebo magnetickych ku-
licek (RealTime High Risk HPV, Abbott).
Nevyhodou mnoha testovacich sad je
jejich zaméreni na pfitomnost L7 genu
(kédujiciho hlavni kapsidovy pro-
tein) [17], ktery vSak mUzZe byt deletovan
v pribéhu integrace virové DNA do lid-
ského genomu. V pripadé, Ze L1 region
nebude pfitomen, DNA HPV test bude
falesné negativni [19]. Na trhu se vsak
objevuje stéle vice testU, které obsahuji
primery i pro E6/E7 kédujici oblast, napf.
AMPLICOR® Human Papillomavirus Test
(Roche) se schvalenim CE-IVD, které jsou
klicové pro maligni transformaci zptso-
benou HPV.
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podlozka pro
umisténi vzorku

testovaci
prouzek

nitrocelulézova
membrana

absorpcni
podlozka

Obr. 3. Fluorescen¢ni dipstick.

Roztok DNA se po nakapnuti na jeden konec dipsticku lateralnim proudénim dostane az
k testovacim prouzkdm obsahujicim vazebné DNA sondy komplementarni k 13 typim
HPV DNA. Dochazi k hybridizaci a po nasledném pfidani fluorescen¢né znacenych DNA
sond i k fluorescenci. Absorbujici podlozka zachytava zbytek roztoku.

Prevzato z [21].

ROX - 6-carboxy-X-rhodamine, FAM - 6-carboxyfluorescein

Stale vice se také rozsifuje pristup
spocivajici v hybridizaci amplifikované
DNA na sondy vazané na nitrocelulé-
zové prouzky, ktery soucasné poskytuje
informace o genotypu HPV, nicméné
tato metodika je naro¢néjsi na pfistro-
jové vybaveni (INNO-LiPA HPV Geno-
typing, Innogenetics). Odlisny pfistup
bez nutnosti PCR amplifikace je pouziti
hybridiza¢ni techniky k detekci virové
DNA pomoci RNA sondy. Po navazani
vznikd DNA/RNA duplex, ktery je zachy-
tavan protilatkou specifickou pro hyb-
ridni molekuly. Nasledna detekce pro-
bihd vazbou dalsi protilatky s vhodnou
detekéni znackou. Prikladem tohoto pii-
stupu mUze byt HC2 High-Risk HPV DNA
Test (Qiagen). Dalsim moznym zp(so-
bem detekce cilené na E6/E7 oblast je
test ZytoFast HPV-Typing ISH Kit (Zyto-
Vision). Test dokaze pomoci znacenych
DNA sond detekovat DNA i RNA a roz-
poznavat i rlizné typy HPV. Tento test je
uréen pro hybridizaci in situ (chromoge-
nic in situ hybridization), tudiz je vhod-
né;jsi spise pro bioptické vzorky.

Dalsi moznosti detekce E6/E7 oblasti
HPV muze byt zaméfeni se na mRNA,
napf. pomoci testu Aptima HPV Assay
(Hologic), také se schvalenim CE-IVD.

Cilend detekce E6/E7 mRNA muze spe-
cifikovat stadium onemocnéni, nebot
jeji hladina s progresi onemocnéni
stoupa.

Plosné testovani HPV, zavedené napt.
ve Spojenych statech, prodlouzilo inter-
val mezi preventivnimi cytologickymi
vysetfenimi v podobé Pap testd na dobu
3 let (naopak v CRjsou cytologicka vy3et-
feni provadéna 1x ro¢né) azminéné HPV
testovani je provadéno kazdych 5 let (za-
vedeno pro pacientky nad 30 let) [20].

Nové pristupy detekce HPV
Kromé komerc¢né dostupnych kitl pro
detekci HPV DNA, popsanych v predes|é
kapitole, jsou vyvijeny nové metody, je-
jichz ambici je ucinit existujici HPV tes-
tovani cenové dostupnéjsi a instrumen-
tdlné méné narocné. | tyto pristupy
vétsinou vyuzivaji hybridizace DNA mezi
hledanou sekvenci HPV DNA a vhodnou
DNA sondou, a to pfimo v roztoku nebo
na vhodném pevném povrchu, napf.
magnetickych kuli¢ckach, obvykle s vyu-
zitim fluorescencnich nebo elektroche-
mickych metod detekce.

Jednim z ptikladG uzivatelsky pfi-
jemné alternativy ke stavajicim pfistu-
pam by mohl byt tzv. dipstick test, ktery

epmm;e

Y\
T O
LU’

HPV+

proud

HPV-

w

cas

Obr. 4. Elektrochemicky test pro detekci
virové DNA.

Test je zaloZeny na hybridizaci virové DNA
se dvéma sondami - vazebnou sondou
(sonda 1) ptipevnénou na magnetické ku-
licky, a detekcni sondou (sonda 2) znace-
nou antigenem (nahofe). Po hybridizaci
jsou magnetické kulicky pritdhnuté k po-
vrchu elektrody pomoci magnetu (upro-
stfed) a je elektrochemicky méfen signal
z enzymatické reakce kienové peroxidazy
(HRP), kterd je konjugovana s protilatkou
(Ab) specifickou vici antigenu (dole).

HRP - kienova peroxidaza,

S — substrat, P — produkt.

Prevzato z [27].

je do zna¢né miry podobny jednorazo-
vym téhotenskym testim. Nedavno byl
vyvinut dipstick test na bazi lateradiniho
proudéni (lateral flow dipstick), obsahu-
jici nitrocelulézovou membranu pokry-
tou DNA vazebnymi sondami pro detekci
13 onkogennich typG HPV [21] (obr. 3).
Vzorek obsahujici HPV DNA byl nej-
diiv amplifikovan pomoci asymetrické
PCR, jednofetézcové amplikony byly na-
sledné hybridizovany s vazebnymi son-
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dami na rGznych mistech membrany
a detekce byla provedena pomoci DNA
sond fluorescen¢né znacenych moleku-
lami ROX a FAM. Zvy3$end fluorescence
jedné z fluorescencnich barev, vzdy na
jiném misté membrany, pak znamenala
pfitomnost daného HPV typu. Dipstick
byl Uspésné validovan na klinickém ma-
teridlu s > 98% konkordanci s komeréné
dostupnym kitem GenoArray (Hybribio).
Dalsi dipstick test s fluorescen¢ni detekci
vyuzil namisto PCR tzv. izotermalni ampli-
fikaci [22]. Na rozdil od PCR reakce, kterd
vyzaduje termocykler (z divodu cyklo-
vani teplot) a delsi cas, dokaze specialni
polymeraza, pii izotermalni amplifikaci
amplifikovat DNA pfi konstantni teploté
(obvykle kolem 60 °C) béhem kratsi doby
(za < 1 hod). Autofi prezentovali ispésné
rozliseni kmend HPV 16 a HPV 18 u klinic-
kych vzorkd a predpokladaji, ze by test
mohl byt aplikovan v mensich nemoc-
nicich a klinikach. Vyhodou fluorescenc-
niho méreni je vysoka citlivost a moznost
paralelniho stanoveni velkého mnozstvi
vzorkl soucasné (nékolik desitek az sto-
vek). Casto oviem vyzaduje naro¢ngjsi
instrumentaci a relativné drahé fluo-
rescencni barvy.

Elektrochemickd analyza predstavuje
zajimavou, i kdyz zatim méné pouziva-
nou alternativu ve srovnani se stavaji-
cimi metodami zalozenymi zejména na
optické detekci [23]. Nabizi relativné
levnou, rychlou a pfistrojové nenaroc¢-
nou moznost detekce na miniaturizova-
nych cipech. V poslednich nékolika le-
tech pozorujeme vyrazny nardst poctu
praci na téma elektrochemické detekce
DNA, zejména co se tyka aplikace v on-
kologickém vyzkumu [24]. Objevilo se
i nékolik strategii pro stanoveni pfitom-
nosti DNA pochazejici z HPV 16 [25,26],
oviem ne viechny prace demonstrovaly
pouzitelnost metody na klinickych vzor-
cich. Nedavno byl vyvinut rychly elekt-
rochemicky test pro detekci HPV 16 apli-
kovatelny i na klinickém materialu [27].
Pomoci magnetickych kuli¢ek byla ze
vzorkll DNA (izolovanych z kartacko-
vych stérQl) separovana virovd DNA
zHPV 16 a po PCR amplifikaci byla sledo-
véana elektrochemickd odezva na elektro-
dovych cipech, které umoznuji paralelni
detekci vice vzork( (obr. 4). Test dokdzal
Uspésné rozlisit HPV 16 od HPV 18 a vy-

sledky z kartackovych stéri dobte kore-
lovaly se standardnimi metodami. Pro
sirsi pouziti elektrochemickych metod je
nicméné zapotfebi jejich rozsahlejsi vali-
dace na klinickych vzorcich.

Dalsi zajimavou a relativné jednodu-
chou moznosti je amplifikace virové
DNA spojena s kolorimetrickou [28,29]
nebo turbidimetrickou detekci [30], a to
bez nutnosti hybridizace s DNA son-
dou. Jinymi slovy, pokud neznamy vzo-
rek obsahuje virovou DNA, dojde k jeji
amplifikaci a diky exponencialnimu na-
rdstu mnozstvi DNA ve vzorku dochézi
i ke zméné vlastnosti roztoku, pfipadné
dochazi k ¢etngjsim interakcim ampli-
kont s vhodné zvolenou latkou. Pokud
se kupfikladu do reakce pFida komplex
kalceinu a iontdl manganu, je mozné
detekovat vznik amplikon( kolorime-
tricky. Béhem amplifikace se uvoliuje
pyrofosfat, ktery ionty manganu vaze
na sebe, tim je kalcein uvolnén do roz-
toku a dochazi ke zméné barvy z oran-
zové na zlutozelenou [28]. Turbidime-
trické méreni vyuziva skutecnosti, ze
béhem amplifikace nastavd vysrazeni
uvolnéného pyrofosfatu v pfitomnosti
hofe¢natych iontll, coz vede k zakaleni
roztoku (zvyseni turbidity) [30]. Vyho-
dou obou metod je moznost stanoveni
pfitomnosti virové DNA pouhym okem
(diky zméné barvy, resp. zékalu), oviem
za cenu ponékud nizsi citlivosti.

Zavér a vyhled do budoucnosti

| kdyz diagnostika i prevence cervikal-
nich 1ézi za posledni |éta doznala vel-
kého pokroku, a to zejména diky zave-
deni LBC ¢i HPV testovani, resp. diky
vyvoji vakcin proti onkogennim geno-
typim HPV a jejich zavedeni do praxe,
nadory délozniho hrdla stéle patfi mezi
nejrozsifenéjsi Zenské malignity s vyso-
kou mortalitou zejména v rozvojovych
zemich, kde spolehlivé screeningové
programy chybi.

V CR je stav lepsi, i kdyz i zde je morta-
lita v porovnani se zemémi zapadni Ev-
ropy relativné vysoka. Zfejmé i diky ad-
resnému zvani na preventivni prohlidky
(zavedenému v roce 2014) viak roste
pocet Zen, které podstupuji screenin-
gové vysetieni (¢imz roste i incidence),
zaroven viak dochazi k mirnému poklesu
mortality. V soucasnosti je vySetfeni pfi-

tomnosti nukleové kyseliny vysoce rizi-
kovych kmen0 HPV v cervikalnim stéru
hrazeno pouze Zenam se spornym cy-
tologickym néalezem nebo jako kontrola
koniza¢niho ¢i abla¢niho vykonu (kon-
krétné se jednd o vykon ¢. 95201). Pied-
poklada se, Ze implementace HPV tes-
tovani do rutinniho screeningového
vysetieni by mohla jesté vyraznéji na-
pomoci ke snizeni mortality. Avsak aby
k tomu skute¢né doslo, bude ziejmé za-
potiebi zlevnit HPV testovani tak, aby
bylo cenové konkurenceschopné se sta-
vajicimi cytologickymi vysetfenimi.

Literatura

1. Burd EM. Human papillomavirus and cervical cancer.
Clin Microbiol Rev 2003; 16(1): 1-17.

2. Schiffman M, Castle PE, Jeronimo J et al. Human papil-
lomavirus and cervical cancer. Lancet 2007; 370(9590):
890-907. doi: 10.1016/5S0140-6736(07)61416-0.

3. Zheng ZM, Baker CC. Papillomavirus genome structure,
expression, and post-transcriptional regulation. Front Bio-
sci 2006; 11:2286-2302.

4. Graham SV. Human papillomavirus: gene expression,
regulation and prospects for novel diagnostic methods
and antiviral therapies. Future Microbiol 2010; 5(10):
1493-1506. doi: 10.2217/fmb.10.107.

5. Origoni M, Cristoforoni P, Carminati G et al. E6/E7 mRNA
testing for human papilloma virus-induced high-grade
cervical intraepithelial disease (CIN2/CIN3): a promising
perspective. Ecancermedicalscience 2015; 9: 533. doi:
10.3332/ecancer.2015.533.

6. Munkhdelger J, Kim G, Wang HY et al. Performance
of HPV E6/E7 mRNA RT-gPCR for screening and dia-
gnosis of cervical cancer with ThinPrep® Pap test samp-
les. Exp Mol Pathol 2014; 97(2): 279-284. doi: 10.1016/j.
yexmp.2014.08.004.

7. Cuschieri K, Wentzensen N. Human papillomavirus
mMRNA and p16 detection as biomarkers for the impro-
ved diagnosis of cervical neoplasia. Cancer Epidemiol Bio-
markers Prev 2008; 17(10): 2536-2545. doi: 10.1158/1055-
9965.EPI-08-0306.

8. Darragh TM, Colgan TJ, Cox JT et al. The Lower ano-
genital squamous terminology standardization project
for HPV-associated lesions: background and consensus
recommendations from the college of american patho-
logists and the american society for colposcopy and
cervical pathology. Arch Pathol Lab Med 2012; 136(10):
1266-1297. doi: 10.5858/arpa.LGT200570.

9. Clarke MA, Wentzensen N, Mirabello L et al. Human
papillomavirus DNA methylation as a potential biomarker
for cervical cancer. Cancer Epidemiol Biomarkers Prev
2012; 21(12): 2125-2137. doi: 10.1158/1055-9965.EPI-12-
0905.

10. Bhattacharjee B, Sengupta S. CpG methylation of HPV
16 LCR at E2 binding site proximal to P97 is associated
with cervical cancer in presence of intact E2. Virology
2006; 354(2): 280-285. doi: 10.1016/j.virol.2006.06.018.
11. Vinokurova S, von Knebel Doeberitz M. Differential
methylation of the HPV 16 upstream regulatory region
during epithelial differentiation and neoplastic transfor-
mation. Plos One 2011; 6(9): e24451. doi: 10.1371/journal.
pone.0024451.

12. Hublarové P, Hrstka R, Rotterova P et al. Prediction of
human papillomavirus 16 E6 gene expression and cervi-
cal intraepithelial neoplasia progression by methylation
status. Int J Gynecol Cancer 2009; 19(3): 321-325. doi:
10.1111/1GC.0b013e31819d8a5¢.

Klin Onkol 2018; 31(2): 89-94

93




LIDSKY PAPILOMAVIRUS — ROLE V KARCINOGENEZI CERVIXU A MOZNOSTI JEHO DETEKCE

13. Steenbergen RD, Snijders PJ, Heideman DA et al. Clini-
cal implications of (epi)genetic changes in HPV-induced
cervical precancerous lesions. Nat Rev Cancer 2014; 14(6):
395-405. doi: 10.1038/nrc3728.

14. Kalantari M, Chase DM, Tewari KS et al. Recombina-
tion of human papillomavirus-16 and host DNA in exfo-
liated cervical cells: A pilot study of L1 gene methylation
and chromosomal integration as biomarkers of carcino-
genic progression. J Med Virol 2010; 82(2): 311-320. doi:
10.1002/jmv.21676.

15. Bartosik M, Ondrouskové E. Nové metody studia me-
tylace DNA - MS-HRM analyza a elektrochemie. Klin Onkol
2016; 29 (Suppl 4): 64-71. doi: 10.14735/amko20164564.
16. Sharma G, Dua P, Agarwal SM. A comprehensive re-
view of dysregulated miRNAs involved in cervical cancer.
Curr Genomics 2014; 15(4): 310-323. doi: 10.2174/138920
2915666140528003249.

17. Ondryasova H, Koudeldkovd V, Hajduch M. Karcinom
cervixu — moznosti detekce lidského papilomaviru. Ces
Gynek 2013; 78(3): 289-294.

18. Ronco G, Segnan N, Giorgi-Rossi P et al. Human papil-
lomavirus testing and liquid-based cytology: results at re-
cruitment from the new technologies for cervical can-
cer randomized controlled trial. J Natl Cancer Inst 2006;
98(11): 765-774. doi: 10.1093/jnci/djj209.

19. Morris BJ. Cervical human papillomavirus screen-
ing by PCR: advantages of targeting the E6/E7 re-
gion. Clin Chem Lab Med 2005; 43(11): 1171-1177. doi:
10.1515/CCLM.2005.203

20. The American cancer society medical and editorial
content team. HPV and HPV Testing. [online]. Available
from: https://www.cancer.org/cancer/cancer-causes/in-
fectious-agents/hpv/hpv-and-hpv-testing.html.

21. Xu Y, LiuY, Wu Y et al. Fluorescent probe-based late-
ral flow assay for multiplex nucleic acid detection. Anal
Chem 2014; 86(12): 5611-5614. doi: 10.1021/ac5010458.
22. Kumvongpin R, Jearanaikoon P, Wilailuckana C et al.
Detection assay for HPV16 and HPV18 by loop-me-
diated isothermal amplification with lateral flow dip-
stick tests. Mol Med Rep 2017; 15(5): 3203-3209. doi:
10.3892/mmr.2017.6370.

23. Bartosik M, Palecek E, Vojtések B. Elektrochemicka
analyza nukleovych kyselin, bilkovin a polysacharidd
v biomediciné. Klin Onkol 2014; 27 (Suppl! 1): 53-60. doi:
10.14735/amko20141553.

24. Palecek E, Bartosik M. Electrochemistry of nucleic
acids. Chem Rev 2012; 112(6): 3427-3481. doi:
10.1021/cr200303p.

25. Huang H, Bai W, Dong C et al. An ultrasensitive elect-
rochemical DNA biosensor based on graphene/Au na-

norod/polythionine for human papillomavirus DNA de-
tection. Biosens Bioelectron 2015; 68: 442-446. doi:
10.1016/).0i0s5.2015.01.039.

26. Karimizefreh A, Mahyari FA, VaezJalali M et al. Impe-
dimetic biosensor for the DNA of the human papilloma
virus based on the use of gold nanosheets. Microchim
Acta 2017; 184(14): 1729-1737. doi: 10.1007/500604-017-
2173-8.

27. Bartosik M, Durikova H, Vojtések B et al. Electroche-
mical chip-based genomagnetic assay for detection of
high-risk human papillomavirus DNA. Biosens Bioelectron
2016; 83:300-305. doi: 10.1016/j.bi0s.2016.04.035.

28. Lin J, Ma B, Fang J et al. Colorimetric detection of
23 human papillomavirus genotypes by loop-mediated
isothermal amplification. Clin Lab 2017; 63(3): 495-505.
doi: 10.7754/Clin.Lab.2016.160906.

29. Persano S, Valentini P, Kim JH et al. Colorimetric detec-
tion of human papilloma virus by double isothermal am-
plification. Chem Commun 2013; 49(90): 10605-10607.
doi: 10.1039/c3cc45459b.

30. Saetiew C, Limpaiboon T, Jearanaikoon P et al. Rapid
detection of the most common high-risk human papil-
lomaviruses by loop-mediated isothermal amplification.
J Virol Methods 2011; 178(1-2): 22-30. doi: 10.1016/jjvi-
romet.2011.08.007.

94

Klin Onkol 2018; 31(2): 89-94




REVIEW

Long Non-coding RNAs as Regulators
of the Mitogen-activated Protein Kinase

(MAPK) Pathway in Cancer

Dlouhé nekadujici molekuly RNA jako regulatory mitogenem
aktivované proteinkinazové drahy (MAPK) v nadorech

Tasharrofi B., Ghafouri-Fard S.

Department of Medical Genetics, Shahid Beheshti University of Medical Sciences, Tehran, Iran

Summary

Background: The mitogen-activated protein kinase (MAPK) pathway contributes to regulation
of many cellular functions, such as cell proliferation and differentiation, mobility and apopto-
sis. Extracellular signal-regulated kinase 1/2 (ERK1/2), c-Jun N-terminal kinase (JNK)/p38 and
ERKS5 construct the three main modules in this pathway. The Raf-ERK1/2 and JNK cascades con-
tribute in cell proliferation, migration, and survival and are principal regulators of malignant
phenotype. This pathway is itself regulated by several outside signals as well as lateral signals
from other pathways, which construct a complex network. Long non-coding RNAs (IncRNAs) as
principal modulators of gene expression at transcriptional and post-transcriptional levels also
regulate this pathway. In addition, IncRNA signature can be used as biomarker and target of
novel treatment strategies in cancer patients. Aim: To explore the role of IncRNAs in regulation
of MAPK pathway. Conclusion: Considering the role of this pathway in the pathogenesis of
several cancers, alterations in INCRNA expression lead to changes in MAPK pathway resulting
in inhibition of apoptosis and induction of cell proliferation and migration. Moreover, some
IncRNAs participate in cross-talk between MAPK and other cancer-related pathways, such as
PI3K/Akt pathway through regulation of certain shared proteins between these pathways.
Based on the availability of certain anticancer drugs that modulate this pathway, identification
of IncRNAs that affect this pathway would help in establishment of effective therapies.

Key words
RNA - long noncoding — mitogen-activated protein kinases - signal transduction

Souhrn

Uvod: Mitogenem aktivovana proteinkinazova draha (MAPK) pfispiva k regulaci mnoha buné¢-
nych funkci, jako je proliferace a diferenciace bunék, mobilita a apoptéza. Extracelularni signélné
regulovand kinaza 1/2 (ERK1/2), c-Jun N-termindlni kindza (JNK)/p38 a ERKS5 jsou tfi hlavni moduly
v této draze. Kaskady Raf-ERK1/2 a JNK pfispivaji k proliferaci bunék, migraci a preziti a jsou hlav-
nimi regulatory maligniho fenotypu. Tato draha je sama regulovana nékolika vné;jsimi signaly,
stejné jako bo¢nimi signaly z jinych signalnich drah, které vytvareji komplexni sit. Dlouhé neké-
dujici RNA (IncRNA) jako hlavni modulatory genové exprese na transkrip¢ni a posttranskripcni
urovni a také reguluji tuto drahu. Kromé toho mizou IncRNA slouzit jako biomarker a cil novych
|é¢ebnych strategii u pacientt s nadory. Cil: Prozkoumat roli IncRNA v regulaci drahy MAPK. Zdvér:
Vzhledem k uloze této drahy v patogenezi nékolika typd nadori dochazi ke zménam exprese
IncRNA, které vedou ke zménam v draze MAPK, coz vede k inhibici apoptdzy a indukci bunécné
proliferace a migrace. Nékteré IncRNA se navic podileji na spojeni mezi MAPK a jinymi drahami
souvisejicimi s nadory, jako je draha PI3K/Akt prostfednictvim regulace urcitych sdilenych pro-
tein{i mezi témito drahami. Na zakladé dostupnosti nékterych protinadorovych Ié¢iv, modulujicich
tuto drahu, by identifikace IncRNA, ovliviujici tuto drdhu pomohla pfi vytvareni icinnych terapii.

Klicova slova
RNA - dlouhé nekédovani - mitogenem aktivované proteinové kindzy - signdini transdukce
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LONG NON-CODING RNAS AS REGULATORS OF THE MITOGEN-ACTIVATED PROTEIN KINASE (MAPK) PATHWAY IN CANCER

Introduction
The mitogen-activated protein kinase
(MAPK) pathway contributes to a wide
range of cellular functions, such as
cell proliferation and differentiation,
mobility and apoptosis. Several lines
of evidence suggest that this pathway
does not work as a linear signaling
pathway that directly conveys certain
signals to a definite cellular response.
Instead, several outside signals as well
as lateral signals from other pathways
contribute to construction of a complex
network through which MAPK pathway
operates [1]. Abnormal regulation of
this pathway participates in the patho-
genesis of several malignancies [2].
Extracellular signal-regulated kinase 1/2
(ERK1/2), c-Jun N-terminal kinase (JNK)/
p38 and ERK5 construct the three main
modules in this pathway [2]. The Raf-
ERK1/2 and JNK cascades contribute to
cell proliferation, migration, and survival
and are principal regulators of malignant
phenotype [3].

Among putative regulators of this
pathway are long non-coding RNAs
(IncRNAs). LncRNAs make a high pro-

portion of human transcripts, which
are not translated to proteins [4,5]. With
sizes more than 200 base pairs, they
regulate expression of protein coding
genes a well as microRNAs (miRNAs) [6].
Subsequently, they affect telomere bio-
logy, chromatin dynamics, genome
structure organization [7], DNA repair [8]
and tissue homeostasis [9]. They also
participate in tumorigenesis process
via different mechanisms, such as
transcription repression [10], induction
of epithelial-mesenchymal transition
(EMT) [11], inhibition of tumor suppres-
sors expression [12,13], over-expression
of certain oncogenes [14,15], regulation
of tumor-associated signaling path-
ways [16] as well as modulation of tumor
microenvironment[17].Recently,ahand-
ful of IncRNAs have been shown to
regulate the MAPK pathway through
modulation of the expression of different
proteins within this pathway. We discuss
specific roles of these IncRNAs in the
following sections. Special site of their
action in the MAPK pathway has been
demonstrated in Fig. 1.1n addition, their
characteristics, such as their genomic

location and their expression pattern in
cancers have been summarized in Tab. 1.

Antisense RNA in the INK4 locus
(ANRIL)

Aberrant expression of ANRIL has been
detected in a variety of cancers includ-
ing glioma in which its expression has
been associated with tumor grade and
patients survival. In vitro studies have
shown that ANRIL silencing results in
suppression of cell proliferation as well
as induction of cell cycle arrest and
apoptosis in glioma cells by modulation
of expression of ERK, JNK and p38 from
MAPK signaling pathway [18].

BMP/OP-Responsive Gene (BORG)

The expression levels of this IncRNA
have been associated with invasive and
metastatic potential of breast tumors.
Its role in breast cancer pathogenesis
is exerted through binding with
Tripartite Motif Containing 28 (TRIM28)
protein and subsequent enhancement
of its localization and transcriptional
repressive activity. BORG-expressing
breast cancer cells attain metastatic
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Fig. 1. Schema of mitogen-activated protein kinase (MAPK) pathway with several proteins involved in it. Long non-coding RNAs (de-
monstrated in red terapeziuses) regulate this pathway at several points.
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Tab. 1. Detailed characteristics of long non-coding RNAs that regulate MAPK pathway.

LncRNAs

UCAT
Linc-ROR

PTENP1

CYTOR
BORG

CRNDE
BANCR

MALAT1

CASC2
ANRIL
MALAT1
HULC
MALATT

CASC2
Igf2as
BANCR

RMEL3
LncRNA-LET

TuGT
MEG3

MHENCR

MRCCAT1
ENST004
62717
AWPPH
URHC
IncARSR

CCHE1

CCAT1

Location

19p13.12
18g21.31

9p21

2p11.2

16912.2
9921

11q13.1

10026.11
9p21.3
11q13.1
6p24.3
11q13.1

10026.11

11p15.5

9921

22q12.2

14q932.2

20q13.33

5q15

231

10g21.1

8g24.21

Expression Cancer

pattern
up
up

down

up
up
up
up

up

down

up
down

up
up

down

up

up

up
down

down

down

up

up

down

up

up

up

up

up

bladder
breast

breast

breast
breast
colorectal

endometria

gallbladder carcino-
ma, neuroblastoma

gastric
glioma
glioblastoma
glioma

several cancers

hepatocellular
carcinoma

hepatocellular
carcinoma

melanoma

melanoma

nasopharyngeal
carcinoma

non-small cell lung
cancer

breast

melanoma

clear cell renal cell
carcinoma

glioma

hepatocellular
carcinoma

hepatocellular
carcinoma

hepatocellular
carcinoma

hepatocellular
carcinoma

medulloblastoma

Role

regulation of expression and phosphorylation of AKT and CREB

decreasing the stability of negative regulator of ERK
(phosphatase DUSP7)

regulation of the expression of PTEN, inhibition of cell
proliferation and growth, cell cycle and migration

cell proliferation, cell migration, cytoskeletal organization
regulation of p38 MAPK activity
regulation of Tiam1, GRB2 and RIN1 expression

regulation of cancer cell proliferation andinvasion by regulating
MMP2 and MMP1

regulation of proliferation and metastasis, growth rate and
invasion

regulation of proliferation via ERK1/2 and JNK inactivation
regulation of proliferation via p38, ERK1/2 and JNK activation
regulation of phosphorylated ERK1/2 levels

important role in angiogenesis and tumor aggravation

regulation of cell proliferation and invasion by changing MMP2
expression

regulation of cell proliferation, migration, invasion and apoptosis
via p38, ERK1/2 and JNK activation

regulation of cell proliferation, apoptosis and invasion

regulation of cell proliferation and migration via ERK1/2 and JNK
activation

increase cell survival and proliferation

induction of cell cycle arrest in GO/G1 phase by phosphorylation
of ERK1/2

control of cell proliferation through control of HOXB7

regulation of cell proliferation, invasion, and angiogenesis by
downregulating PCNA, MMP-9 and VEGFA

regulation of cell proliferation, cell cycle arrest, apoptosis and
migration by bounding to miR-425 and miR-489, upregulation of
their target genes IGF1 and SPIN1 expression

regulation of metastasis, proliferation and migration via
inhibiting NPR3 by recruiting PRC2 to NPR3 promoter

regulation of cell proliferation, survival and migration by
inhibiting MDM2

regulation of YBX1-mediated activation of SNAIL1 translation
regulation of proliferation and apoptosis via ZAK

regulation of drug response via decreasing PTEN expression

regulation of cell growth and apoptosis

regulation of cell proliferation and metastasis
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characteristics through inhibition of
p38 MAPK activity and enhancement of
ERK1/2 function. This BORG-mediated
alteration in MAPK function was TRIM28
dependent as demonstrated by high
p38 MAPK : ERK1/2 activity ratios in
TRIM28 silenced cells [19].

BRAF-activated non-coding RNA
(BANCR)

Elevated expression of BANCR has been
detected in human malignant melanoma
cell lines and tissues. BANCR silencing has
suppressed proliferation of tumor cells
and inhibited MAPK pathway through
down-regulation of ERK1/2 and JNK[3].In
addition, BANCR silencing in endometrial
cancer cells inhibited their proliferation
and arrested the cell cycleat GO/G1.BANCR
anti-apoptotic role is possibly exerted
through up-regulation of Cyclin D1 and
Bcl-2. Besides, BANCR activates ERK/MAPK
pathway and then induces expression
of matrix metalloproteinases 1 and 2
(MMP1 and MMP2) in endometrial can-
cer cells leading to enhancement in
proliferation, migration, and invasion
of these cells [20]. In colorectal cancer
(CRC) and lung cancer, BANCR activates
mitogen-activated protein kinase
(MEK)/ERK and JNK/MAPK pathways,
resp. [21,22].

Cancer susceptibility candidate 2
(CASC2)

Its role as a tumor suppressor gene
was first demonstrated in endometrial
cancer in which its down-regulation has
been detected [23,24]. Subsequently, its
down-regulation has been confirmed
in glioma and renal cell carcinoma
tissues and cell lines where CASC2 exerts
its tumor suppressive role through
down-regulation of miR-21 [25,26]. In
lung cancer, its down-regulation was
significantly correlated with advanced
tumor, node and metastasis (TNM)
stage and tumor size indicating its role
as an independent predictor for over-
all survival (OS) of these patients [27].
Furthermore, lower expression of this
IncRNA in CRC patients was associat-
ed with advanced TNM stage. In vitro
studies have shown that it functions
as a competing endogenous RNA
(ceRNA) for miR-18 leading to up-re-

gulation of expression of PIAS3 and
STAT3 downstream genes and sub-
sequent suppression of CRC cell prolife-
ration [28]. More recently, its aberrant
expression has been demonstrated
in hepatocellular carcinoma (HCC)
and gastric cancer where it has been
shown to exert its role via inhibition of
MAPK pathway [29,30]. In CASC2 over-
expressed CRC cells, phosphorylation of
ERK and JNK was decreased showing the
role of CASC2 in inhibition of the MAPK
pathway [29].

Colon cancer-associated

transcript-1 (CCATT1)

The expression levels of CCATT increase
in a variety of tumors including me-
dulloblastoma. Its silencing has remark-
ably suppressed cell proliferation,
induced cell cycle arrest in medullo-
blastoma cells and decreased phosphor-
ylated levels of MAPK, ERK and MEK.
So the oncogenic roles of CCATT in
medulloblastoma is possibly exerted via
regulating the MAPK pathway [31].

Colorectal neoplasia differentially
expressed (CRNDE)

The elevated expression of this IncRNA
has been detected in colorectal ade-
nomas and cancers compared with nor-
mal colon epithelia [32]. In addition,
high plasma levels of a certain splice
variant of CRNDE is a putative plasma
biomarker for CRC with a sensitivity
of 87% and specificity of 93% [32]. Up-
regulation of this IncRNA has been
demonstrated in lymphocytic leukemias
as well as various solid tumors [33].
Notably, in addition to anti-apoptotic
effects, CRNDE has a role in enhan-
cement of proliferation, migration and
invasion of glioma stem cells [34]. Its
over-expression has been associated
with poor patients’ outcome in ovarian
cancer [35] and CRC patients [36]. More
recently, over-expression of this INncRNA
has been demonstrated in a large
cohort of CRC patients with remarkable
associations between its high expression
and advanced cancer stages as well as
poor prognosis [37]. Notably, the mRNA
expression profile of CRNDE-knocked
out CRC cells shows its regulatory
function on the Ras and MAPK pathways.

In addition, many of CRNDE-induced
Ras/MAPK signaling genes participate in
CRC development [37].

Cytoskeleton regulator RNA (CYTOR)
This intergenic IncRNA has a crucial
role in cell proliferation, cell migration,
and cytoskeletal organization. Its ex-
pression has been increased in all sub-
types of breast cancer as well as a variety
of other malignancies including thyroid,
stomach, lung, renal, and liver cancers.
Using an innovative method based on
the recognition of correlations between
the expression of IncRNA and protein-
coding geneswhich participatein certain
functions, CYTOR has been shown to be
associated with the epidermal growth
factor receptor (EGFR), mammalian
target of rapamycin (mTOR), and MAPK
pathways [38].

Insulin-like growth factor 2

antisense 1 (Igf2as)

The expression of this IncRNA has been
increased in HCC cells and tissues. Its
silencing inhibited cell proliferation
and migration and induced apoptosis
through inactivation of ERK/MAPK
signaling pathway [39].

LincRNA regulator of reprogramming
(linc-RoR)

This IncRNA was initially recognized to alter
reprogramming of induced pluripotent
stem cells [40]. Subsequently, it has been
demonstrated to act as a miRNA sponge
which changes the expression of the
principal transcription factors in human
embryonic stem cells [41]. Besides, it
both inhibits p53 translation [42] and
enhances c-Myc expression through
interaction with heterogeneous nuclear
ribonucleoprotein | (hnRNP 1) [43].
While in triple negative breast cancer,
linc-RoR increases cell invasion via
miR-145/ARF6 pathway [44], in estrogen
receptor positive breast tumors it
activates MAPK/ERK pathway through
diminishing the stability of dual spe-
cificity phosphatase 7 (DUSP7) which
down-regulates ERK [45].

LncRNA-AWPPH
This IncRNA has been firstly identified
as an over-expressed IncRNA in HCC
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whose expression was correlated with
invasion, advanced TNM stage as well
as poor recurrence-free and OS. In vitro
studies have shown its interaction with
Y-Box Binding Protein 1 (YBX1) which
leads to up-regulation of SNAILT and
PIK3CA expressions and activation of the
PI3K/AKT pathway [46].

Lnc00462717

In glioma tissues, its low expression was
associated with the malignant status.
Invitro studies have shown its suppressive
effect on glioma cell proliferation,
survival and migration, which is pos-
sibly due to its negative effect on
MDM2 expression. In addition, it has
a regulatory role on MAPK pathway
through decreasing the phosphorylation
of p38, ERK1/2, and JNK [47].

LncRNA-low expression in tumor
(LET)

It is a tumor suppressor IncRNA, which
is down-regulated in a variety of ma-
lignancies including nasopharyngeal
carcinoma (NPC). In vitro studies have
demonstrated its rolein regulation of cell
proliferation, adhesion and invasion of
NPC through modulation of MAPK/ERK
pathway genes. p-ERK1/2 and p-MEK
were considerably down-regulated in
LET over-expressed cells with no change
in total-ERK1/2 and total-MEK levels. So
LET inhibits the cell growth and invasion
of NPC cells via suppression of ERK
signaling pathway [48].

Metastasis-associated lung
adenocarcinoma transcript 1
(MALATT1)

This IncRNA has been known as an onco-
gene associated with metastasis potent-
ial of several cancers. MALAT1 enhances
cancer cell migration and the EMT by
modulation of the expression of several
genes [49]. MALAT1 silencing in gall
bladder cancer (GBC) cell lines has led
to suppression of the proliferation and
metastasis of these cell in addition to
down-regulation of the expression of
phosphorylated MEK1/2, ERK 1/2, MAPK,
and JNK 1/2/3 leading to inhibition
of MAPK pathway [50]. Moreover,
knockout of MALATT in lung cancer
cells has resulted in down-regulation

of numerous metastasis related genes
including Glypican 6 (GPC6) and C-X-C
motif chemokine 5 (CXCL5) [51] both of
which participate in regulation of MAPK
pathway [52,53]. Notably, MALATT has
been one of the most considerably
up-regulated IncRNAs during neuro-
blastoma-derived Neuro-2a (N2a) cell
differentiation whose silencing has
impaired neurite outgrowth and induced
cell death possibly via inactivation
of MAPK signaling pathway as well
as aberrant activation of Peroxisome
proliferator-activated receptor (PPAR)
and P53 signaling pathway [54].

Metastatic renal cell carcinoma-
-associated transcript 1 (MRCCATT1)
This IncRNA is over-expressed in meta-
static clear cell renal cell carcinoma
(ccRCCQ) tissues. Its expression is asso-
ciated with the metastatic phenotype of
these cells as well as patients’ outcome.
MRCCATT inhibits Natriuretic Peptide
Receptor 3 (NPR3) transcription by recruit-
ing polycomb repressive complex 2
(PRC2) to NPR3 promoter leading
to activation of p38-MAPK signaling
pathway. Forced over-expression of
this IncRNA has resulted in elevation
of phosphorylated p38 levels while the
phosphorylation levels of ERK and JNK
have not been altered [55].

Maternally expressed gene 3 (IEG3)
This imprinted gene is expressed in
a variety of normal tissues [56]. On the
other hand, its expression has been
decreased or lost in several tumors
including glioma [57], meningiomas [58],
hepatoma [59], gastric cancer [60] and
breast cancer [61]. Its tumor suppressive
effects have been demonstrated by
several in vitro studies [57,60]. In breast
cancer cells, it has a fundamental
role in regulation of cell proliferation
and invasion as well as expression of
angiogenesis-related factors which is
at least partially exerted through AKT
signaling pathway [61].

Melanoma highly expressed
noncoding RNA (MHENCR)

Its expression has been increased in
melanoma tissues and metastatic me-
lanoma in association with poor survival

of melanoma patients. Its silencing has
resulted in inhibition of cells proliferation
and migration as well as enhancement of
cell cycle arrest and apoptosis. It acts as
a ceRNA for miR-425 and miR-489 lead-
ing to over-expression of their target
genes IGF1 and SPINT and subsequent
activation of PI3K-Akt pathway [62].
Considering the role of miR-489 in
regulation of MAPK signaling [63],
MHENCR might be involved in regulation
of this pathway as well.

PTEN pseudogene-1 (PTENP1)

Its over-expression in MCF7 breast can-
cer cells has resulted in inhibition of
cell proliferation and migration as well
as down-regulation of cyclin A2, CDK2,
p-AKT, p-p44/42 MAPK and p-p38 MAPK,
so this IncRNA can impede the proli-
feration and migration of breast cancer
cells through modulation of AKT and
MAPK signaling pathways [64].

RMEL3 (ENSG00000250961)

Elevated expression of RMEL3 in mela-
noma is significantly linked with the
existence of BRAFY®® mutation. Its
knock-down has considerably decreased
colony formation in melanoma cell
lines that harbor this mutation. Its
expression levels have been correlated
with the expression of several MAPK
and PI3K pathways genes. Besides, its
silencing has diminished expression of
pAKT and BRAF in addition to several
activators or effectors of MAPK and PI3K
pathways such as FGF2, FGF3, DUSP6,
ITGB3 and GNG2. Consequently, both
in silico analysis and experimental data
confirmed its role in MAPK and PI3K
signaling [65].

Taurine-upregulated gene 1 (TUGT)

This IncRNA has a role in regulation of
gene expression through engagement
of PRC2. Its down-regulation has been
demonstrated in a variety of cancers
including non-small cell lung carcinoma
(NSCLC) tissues in which its down-
expression has been associated with
higher TNM stage and tumor size, as well
as poor patients’ outcome. It has been
shown to be a direct transcriptional
target of p53 whose silencing leads to
enhancement of cell proliferation and
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up-regulation of homeobox B7 (HOXB7)
expression. As the levels of p-ERK, p-AKT
and p-GSK3b were increased following
TUGT silencing, it has been hypothesized
that TUGT contributes in AKT/MAPK
pathway through modulation of
HOXB7 expression [66].

Urothelial carcinoma associated 1
(UCAT)

This IncRNA has an oncogenic role in
human bladder cancer pathogenesis.
Its silencing has resulted in down-
regulation of p300 (encoded by EP300)
and its coactivator cAMP response
element-binding protein (CREB). In ad-
dition, UCAT modulates AKT activity and
cell cycle progression through CREB [671].
CREB is also been phosphorylated
through activation of MAPK-interacting
kinase (MNK) in MAPK cascade [68].

Up-regulated in hepatocellular
carcinoma (URHC)

Up-regulation of this IncRNA in HCC cell
lines has been demonstrated through
using IncRNA microarray. In addition, its
over-expression in HCC tissues has been
correlated with poor OS. In vitro studies
have shown its role in modulation of
cell proliferation and apoptosis through
down-regulation of leucine zipper
containing kinase AZK (ZAK). ERK, JNK
and p38 kinase phosphorylation has
been altered in URHC knocked-down
cells, which implies that the role of
URHC in modulation of cell growth and
apoptosis might be exerted through
inactivation of the MAPK signaling
pathway. Consequently, URHC regulates
cell proliferation and apoptosis via
ERK/MAPK inhibition by targeting
ZAK [69].

Discussion

Recent studies have demonstrated that
IncRNA signature can be used as bio-
marker and target of novel treatment
strategies in cancer patients [70,71].
LncRNAs participate in principal can-
cer-related processes, such as cell
proliferation, cell migration, and EMT
through the modulation of important
signaling pathways including mTOR
and MAPK pathways [38]. A compre-
hensive genome-wide transcriptional in-

vestigation of IncRNA signature in breast
cancer samples has led to identification
of IncRNA specific profile in breast cancer
subtypes. Of note, among the nine
IncRNAs that constitute the luminal B
signature, one chief IncRNA category
was linked to the MAPK pathway [38].
Considering the prominent role of
MAPK pathway in the pathogenesis
of melanoma and existence of MAPK
targeting therapeutic modalities in
melanoma [72], expression analysis of
MAPK-related IncRNAs in this kind of
cancer is of special significance.

LncRNAs regulatory roles in funda-
mental cellular pathways are exerted
through modulation of gene expres-
sion at the transcriptional or posttrans-
criptional level. Some of their functions
have been elaborated, while others
need to be clarified. For instance, the
regulatory role of CRNDE in regulation
of MAPK pathway in CRC [37] and in the
maintenance of glioma stem cells [34]
have been demonstrated. Consider-
ing the role of MAPK in glioma stem
cells [73], future studies are needed to
elucidate the functional link between
the MAPK pathway, CRNDE and stem
cell maintenance in glioma. Besides,
consistent with the existence of
a complex interaction network between
IncRNAs, miRNAs and protein cod-
ing genes especially in the context
of cancer, CASC2 has been shown to
exert its tumor suppressive role via
modulation of both miRNAs and protein
coding genes including those located in
MAPK pathway [25,26,29]. Additionally,
as revealed by independent studies,
a certain IncRNA might regulate ex-
pression of different pathways in
distinct types of cancers. For instance,
while MALATT activates MAPK path-
way in GBC [50], it induces the
phosphoinositide 3-kinase (PI3K/Akt)
pathway in osteosarcoma cells without
any significant alteration in MAPK
pathway in these cells [74].

Notably, IncRNA-AWPPH and UCAT pos-
sibly participate in cross-talk between
MAPK and PI3K/Akt pathways through
regulation of certain shared proteins
between these pathways. Previous
reports have demonstrated that these
two signaling pathways interact with

each other at multiple levels. However,
as revealed by both in silico and
experimental studies, such interactions
are context-dependent [75] which is
in line with the proposed background-
reliant role of IncRNAs in regulation of
these pathways.

Considering the advent of pathway-
based therapeutic modalities for cancer
especially in the context of precision
medicine [76], expression analysis of
IncRNAs that modulate certain can-
cer related pathways is of clinical
importance. Future studies are needed
to elaborate function of IncRNAs in these
pathways in each cancer type.
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Anogenitalni HPV infekce jako potencialni
rizikovy faktor orofaryngealniho karcinomu
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Souhrn

Vychodiska: Lidsky papilomavirus (human papillomavirus — HPV) mUze byt pficinou karcinomu
cervikalnich, jinych genitalnich, analnich a karcinoma hlavy a krku. Incidence orofaryngealniho
dlazdicobunéc¢ného karcinomu (oropharyngeal squamous cell carcinoma — OSCC) - malignity
hlavy a krku, u které je HPV infekce nejcastéji pfitomna, se zvysuje. Prevalence HPV infekce je
vyrazné mensi v ordIni nez v genitdlni oblasti, ale infekce v obou lokalitach je silné zavisla na
sexualnim chovani. Ackoliv pfirozeny pribéh cervikalni a oralni HPV infekce se pfilis nelisi, zda
se, Zze schopnost viru infikovat sou¢asné oralni a genitdlni oblast je raritni a neobvykla. Na dru-
hou stranu, pomér standardizované incidence OSCC je vy3si u pacientek s karcinomem déloz-
niho hrdla nez u ostatni populace. Navic Zeny s OSCC maji vyznamné zvysené riziko rozvoje
genitélnich karcinom v souvislosti s HPV. Vakcinace proti HPV u obou pohlavi nepochybné
dramaticky zméni epidemiologii HPV asociovanych karcinomu. Cil: Souhrnny piehled literatury
a odhad rizika OSCC u zen s HPV anogenitdlni infekci. Zdvér: Biologicky vztah mezi riznymi
HPV infikovanymi lokalitami m{ize byt komplexni, ale vy3si prevalence HPV infekce ve vzorcich
z dutiny Ustni mezi zenami s anogenitalni HPV infekci naznacuje, Ze tyto infekce nejsou na sobé
zcela nezévislé. Sexudlni aktivita hraje roli v riziku prevalence soubézné anogenitaini a ordlni
koinfekce, ale je také mozné, Ze infekce jedné lokality slouzi jako rezervoar, ktery mize zvysSovat
riziko autoinokulace v anatomicky vzdalenych lokalitdch nebo koinfekce muize byt disledkem
jinych vlivd (napf. imunodeficience). Nicméné pacientky s HPV asociovanou malignitou geni-
talu maji nepochybné vyssi riziko OSCC.

Klicova slova
lidsky papilomavirus — HPV — oralni HPV infekce — genitalni HPV infekce — orofaryngealni dlazdi-
cobunéény karcinom — pomér standardizovanych incidenci - karcinom hlavy a krku
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Summary

Background: Human papillomavirus (HPV) can cause cervical, other genital, anal, head, and neck cancers. The incidence of oropharyngeal squamous
cell carcinoma (OSCC), the head and neck cancer most commonly caused by HPV infection, is increasing. The prevalence of oral HPV infections is
considerably lower than that of genital HPV infections; however, infection of both sites is strongly associated with sexual behavior. Although the
natural histories of cervical and oral HPV infections do not markedly differ, the virus seems to rarely infect oral and genital sites simultaneously. On the
other hand, the standardized incidence ratio of OSCC is higher in cervical cancer patients than in other populations. Furthermore, women with OSCC
have a significantly increased risk of developing HPV-related genital cancers. Administration of the HPV vaccine to both genders will undoubtedly
dramatically change the epidemiology of HPV-related cancers. Aim: This work provides an overview of the literature and estimates the risk of OSCC
in women with anogenital HPV infections. Conclusion: The biological relationship between different HPV-infected sites might be complex; however,
the increased prevalence of HPV in oral samples of women positive for anogenital HPV indicates that such infections are unlikely to be independent
of one another. Sexual activity likely affects the risk of concurrent anogenital and oral coinfections. However, it is also possible that one infection site
provides a reservoir that can increase the risk of autoinoculation at anatomically distant locations or that coinfections develop as a result of other

factors, such as immunodeficiency. Nevertheless, women with HPV-associated malignancy undoubtedly have a higher risk of developing OSCC.

Key words

human papillomavirus — HPV - genital HPV infection - oral HPV infection — oropharyngeal squamous cell carcinoma - standardized incidence

ratio - head and neck cancer

Uvod

Infekce lidskym papilomavirem (human
papillomavirus - HPV) se nejcastéji pre-
nasi pfi sexualnich aktivitach, postihne
alespon jednou za Zivot asi 80 % se-
xudlné Zijicich lidi a je tak povaZovana
za nejcastéjsi pohlavné pfenosné one-
mocnéni [1]. Pfedpoklada se, Ze vysoce
rizikové (high-risk — HR) genotypy zpU-
sobi pfiblizné 5 % v3ech lidskych karci-
nomu a spolu s Helicobacter pylori a viry
hepatitidy B a C jsou tak HPV nejcasté;si
infekéni pFicinou malignit [1,2]. Nejvyssi
prevalence HPV (99,7 %) je prokazovana
u dlazdicobunécnych karcinom0 déloz-
niho hrdla. Také velkd ¢ast dlazdicobu-
nécnych prekanceréz a karcinoma anu,
vulvy, vaginy, penisu, hlavy a krku je zpG-
sobena infekci HR HPV [1-3].

Orofaryngealni dlazdicobunéény
karcinom

Orofaryngealni dlazdicobunécny karci-
nom (oropharyngeal squamous cell car-
cinoma — OSCC) je nejcastéjsi maligni
epitelidIni neoplazii dutiny Ustni (90 %),
tvoii az 5 % viech malignit u muzd a 2 %
u Zen [4,5]. Incidence OSCC signifikantné
roste ve vsech zemich o0 0,6-6,7 % roc¢né,
celosvétoveé se jedna o 6. nej¢astéjsi ma-
lignitu [1,5,6]. Vedle tradi¢nich rizikovych
faktor( (koureni, zvykani tabaku, konzu-
mace alkoholu) ovliviiuje maligni proces
HPV infekce, kterd mlze byt i primarnim
onkogennim faktorem indukujicim kan-
cerogenezi u pacientl bez tradi¢nich rizi-
kovych faktort [1,5]. HPV DNA obsahuje

sekvence kédujici proteiny s onkogenni
kapacitou E6 a E7, které zpUsobi naru-
seni funkce dvou tumor supresorovych
genu p53 a pRb, tim utlumi bunécnou
apoptézu a umozni nekontrolované bu-
nécné déleni [5].

Nékteré studie potvrzuji zastoupeni
HPV infekce u OSCC az v 85 %, dfive se
udavala asociace vyrazné nizsi [7,8]. Re-
centni metaanalyza ¢lank( z let 1995-
2015 zjistila 39,27% pozitivitu HPV u cel-
kem 1 497 karcinom dutiny Ustni [9].
Jind metaanalyza uvadi pfitomnost HPV
u 23-35 % biopsii OSCC s maximem
v dutiné Ustni (45-90 %) a s dominanci
HR genotypu HPV 16 (68-90 %) [10].
Plvodni ¢eskd prace v souboru 41 pa-
cientli s nddorem hlavy nebo krku zjistila
infekci HPV 16 u 94 % dlazdicobunéc-
nych karcinoma této oblasti a v jednom
pfipadé byl detekovan HPV 33 [11].

Oralni HPV infekce

Hodnoty prevalence oralni HPV in-
fekce ve zdravé populaci se lisi od pre-
valence 0,6 % v Japonsku [12] az k z&-
chytu 95,4 % u britské bilé populace [13].
V3echny prace ale potvrzuji jasnou do-
minanci genotypu HPV 16 [3-5,12,14-
16]. Recentni metaanalyza 29 studii na
celkem 10 124 muzich a 12 623 Zzenach
uvadi oralni HPV prevalenci u 2,9 % zen,
u 4,7 % heterosexudlnich muzl a nejvice
u 12,2 % homosexualnich muzd [15]. Ku-
podivu, statisticky vyznamna asociace
mezi oraIni HPV infekci a oralnim sexem
byla nalezena pouze u muzl a nikoliv

u zen. Na druhou stranu, koureni je jed-
noznacné vice rizikovym faktorem oralni
HPV infekce u zen (OR 2,19; 95% Cl 1,26-
3,82; p = 0,0058) [15]. V metaanalyze
z 18 studii na 4 581 zdravych lidech byla
zjisténa prevalence oralni HPV infekce ve
4,5 % (95% Cl 3,9-5,1) s vyznamné vys-
$im zachytem v rozvojovych zemich [14].
Samostatny vyzkum na nejvétsim vzorku
populace 5 501 jedincd starych 14-69 let
byl proveden ve Spojenych statech [4].
Prevalence oralni HPV infekce byla dete-
kovanav priiméruu 6,9 % (95% Cl 5,7-8,3)
populace a byla zjisténa 3x vyssi u muzl
nezu zen (10,1 vs. 3,6 %; p < 0,001), s pri-
kazem genotypu HPV 16 u 1,0 % lidi za-
fazenych do studie. Nejvy3si prevalence
byla prokdzana ve véku 30-34 let, signi-
fikantné se zvy3ovala s vétSim poctem
sexualnich partner(i a také u silnych ku-
faka [4]. Vétsina oralnich HPV infekci
je pfechodna. Ve Spojenych statech se
60,6 % oralnich HPV infekci u Zen eradiko-
valo béhem 3 mésict [12] a dalsich 20,0 %
béhem nasledujicich 3 mésict [17]. Také
jen necela polovina (42 %) infekci nej-
Castéjsimi HR HPV genotypy pretrvavala
déle nez 3 mésice [12,17]. U HIV- infekce
HR genotypy perzistovala 6,9 mésice, ale
genotyp HPV 16 zUstaval pfitomen v pri-
méru 37,1 mésice a u HIV+ dokonce az
42,3-48,3 mésice [17].

Anogenitalni HPV infekce jako
rizikovy faktor OSCC

Prevalence genitalnia ordlni HPV infekce
je velmi rozdilna, pfirozeny priibéh ge-
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nitalni a oradlni HPV infekce se ale pfi-
li$ nelisi v podobné délce perzistence
(tzv. clearing time 1,5-2 roky) [18]. Né-
kolik studii sledovalo pfitomnost geni-
talni HPV infekce nebo HPV asociované
genitélni léze jako rizikového faktoru pro
vyskyt ordlni HPV infekce. Smith et al jiz
v roce 2004 uverejnili vysledky opakova-
ného vysetieni na HPV délozniho hrdla
a dutiny Ustni pomoci polymerazové fe-
tézové reakce (polymerase chain reac-
tion — PCR) u 577 téhotnych Zen a také
u 23 jejich partner. V déloznim hrdle
bylo infikovano 35 % jednou a 20 % zen
pfi dvou kontrolach. V této praci nebyl
zjistén statisticky vyznamny genotypovy
soulad ani mezi dvéma konsekutivnimi
odbéry z délozniho hrdla, ani mezi od-
béry z délozniho hrdla a dutiny Ustni té-
hotnych a ani mezi odbéry u Zen a jejich
partnerd [19].

Velkd studie zamérend na vztah vagi-
nalni a ordlni HPV infekce byla publiko-
vana v roce 2016. Celkem 3 463 Zen (prua-
mérny vék 37,5 roku) bylo testovano na
ordlni a vagindlni HPV infekci. Vagindini
HPV infekce se vyskytovala u 1 568 Zen
(45,2 %) a oralni u 141 subjektl (4,1 %).
Vaginalni infekce bez pfitomné ordlni in-
fekce byla pozorovana u 1 461 (42,2 %)
a oralni bez vaginalni u 107 Zen (1,0 %).
Soubézna infekce v obou lokalitach
s odlisnymi HPV genotypy byla dete-
kovana u 107 (3,1 %) a konkordantni
infekce s identickymi HPV genotypy
u 41 zen (1,1 %). Ackoliv pouze 6,8 % va-
gindlné pozitivnich mélo dudlni infekci,
3/4 (75,9 %) orélné pozitivnich Zen bylo
infikovano i v pochvé [18].

Steinau et al zjistili v kohorté 1 812 zen
ve véku 18-59 let prevalenci HPV v du-
tiné ustni 3,8 % (95% Cl 2,7-4,4) a v cer-
vixu 42,7 % (95% Cl 39,3-46,3), v obou
lokalitach bylo HPV+ 3 % zen (95% ClI
2,1-4,3) [16]. Prevalence soubézné cer-
viko-ordIni HPV infekce byla vyssi u Zen
s vice nez tfemi Zivotnimi sexudlnimi
partnery. Prevalence oralni HPV infekce
byla 5x vy3si u Zen s pozitivitou v cer-
vixu nez bez infekce v hrdle (7,0 vs.
1,4 %, PR 4,9; 95% Cl 2,7-8,7). Z Zen se
soubéZnou infekci v obou orgadnech
mélo 43,2 % (95% Cl 28,3-59,5) nejméné
jeden identicky genotyp, u 50,4 % (95%
Cl 34,3-66,4) byly genotypy zcela od-
lisné a pouze 6,4 % (95% Cl 2,3-16,8)

mélo zcela shodné genotypy. V této stu-
dii HPV infekce nebyla v Ustech a déloz-
nim hrdle nezévisl4, ackoliv typové spe-
cifickd shoda byla nizka [16].

V kohorté 174 Zen ve véku 15-23 let
provedli Du et al odbéry na HPV z hrdla
délohyizdutiny Ustni [20]. Cervikalni HPV
infekce byla pfitomna u 74,1 % (129/174)
Zen. OralniHPV infekce byla téméf 4x cas-
t&j8i u mladych Zen s cervikéIni HPV in-
fekci (17,1 %; 22/129) oproti skupiné
bez cervikalni HPV infekce (4,4 %; 2/45
p = 0,043). Celkem 91,7 % (22/24) zen
s pritomnou oralni HPV infekci mélo také
cervikalni HPV infekci a u 91 % (20/22)
z nich byly ordIni HPV genotypy zcela
identické s HPV genotypy v hrdle déloz-
nim s jasnou dominanci genotypu HPV
16. Také tato studie naznacila urcitou za-
vislost, i kdyz genotypy v hrdle déloz-
nim nebyly zcela shodné s HPV genotypy
v dutiné ustni [20].

Termine et al zpracovali metaanalyzu
10 studii (n = 1 017) a zjistil soubéznou
cerviko-oralni HPV infekci u 18,1 % zen
(95% CI 10,3-25,9) se statisticky signifi-
kantni genotypové konkordantni infekci
u27,0% (95% Cl 12,3-41,7; p=0,002) in-
fikovanych Zen. Riziko oraIni HPV infekce
a také vyskyt identickych genotypt zvy-
Sovala jen HIV pozitivita a zac¢atek po-
hlavniho Zivota pred 18. rokem Zivota.
Ostatni potencidlni rizikové a protektivni
faktory nebyly statisticky vyznamné [21].

Marques et al na malém vzorku 43 bra-
zilskych Zen s HPV asociovanou lézi dé-
loZniho hrdla (tézka cervikalni prekance-
réza nebo invazivni cervikalni karcinom)
a 22 jejich sexualnich partnert deteko-
vali ordIni infekci jen u jedné Zeny (1/43;
2,3 %) a u tii muzl (3/22; 13,6 %) [22].
K podobnym vysledkdim dospéli Oli-
veira et al, ktefi zjistili pomoci PCR cer-
vikaIni HPV infekci u 9,2 % zZen (7/76)
a oralni u 5,3 % Zen (4/76), pouze jedna
Zena méla soubéznou genitélné-oralni
HPV infekci (1,3 %) [23]. Také Meyer et al
vysetfili 129 brazilskych Zen na pfitom-
nost HPV ordlni lavdzi a pomoci kar-
tacku z tonsil a z délozniho hrdla. Cel-
kem 54,3 % (70/129) Zen mélo HPV
infekci v hrdle a z této subkohorty bylo
5,7 % (4/70) infikovano HPV i v dutiné
ustni. U 5,1 % (3/59) Zen v hrdle nega-
tivnich byla prokazana HPV infekce jen
v orofaryngu [24]. Vysledky téchto praci

z Brazilie naznacuiji, Zze genitaIni a orélni
HPV infekce nejsou izolované, ale vzhle-
dem k malému poctu pripadl nebyly
tyto vysledky statisticky vyznamné.

Brouwer et al analyzovali data ze sys-
tému NHANES (National Health and Nu-
trition Examination Survey, National
Center for Health Statistics) ve Spoje-
nych statech z let 2003-2012, ve kterém
se mimo jiné archivuji vysledky HPV va-
gindlnich stérd zen a vysledky HPV z la-
vazi ustni dutiny muz{ a Zen [25]. Ana-
lyza odhalila u 33 % Zen s oralni HPV
infekci genotypové konkordantni cer-
viko-vagindlni HPV infekci, ale tento ge-
notypovy soulad mezi genitalni a ordlni
infekci se velmi lisil podle véku. Naopak
pouze 3 % zen s cerviko-vaginalni infekci
bylo infikovano identickymi genotypy
také v dutiné ustni [25].

Canadas et al odebrali v nemoc-
nici v Oviedo (Spanélsko) odbéry na
genotypizaci HPV u 188 prostitutek
z délozniho hrdla, pochvy, vulvy, anu
a dutiny Ustni [26]. Prevalence HPV in-
fekce byla zjisténa ve 27,8 % cervikal-
nich, 26,1 % vaginalnich, 22,9 % vul-
valnich, 15 % analnich a 7,9 % oralnich
vzork(. Nejcastéji zastoupenym geno-
typem ve vsech lokalitach byl geno-
typ HPV 16. Soulad prevalence HPV in-
fekce v hrdle déloznim vypocitany podle
koeficientu shody kappa byl pro vagi-
nalni HPV infekci 0,932 (p < 0,0001), pro
vulvélni 0,508 (p < 0,0001), pro analini
0,41 (p < 0,001) a pro oralni HPV infekci
0,72 (p = 0,191). Také tato studie tedy
nepotvrdila statisticky vyznamnou za-
vislost prevalence ordlni HPV infekce na
pfitomnost soubézné cervikalni HPV in-
fekce na rozdil od soubézné HPV infekce
v jinych lokalitach [26].

Visalli et al do své studie ve mésté Me-
ssina (Italie) zaradili 100 nevakcinova-
nych Zen (vék 22-52 let) s HPV asocio-
vanou cervikalni [ézi (58 Zen s HR HPV
infekci a 42 s low-risk (LR) HPV) a 25 ne-
vakcinovanych Zen (vék 20-49 let) bez
genitdIni [éze jako kontrolni skupinu [5].
Pomoci PCR zjistil pfitomnost HPV DNA
ve slindch pacientek u 24 % (24/100)
Zen s cervikélni lézi a u 8 % (2/25) v kon-
trolni skupiné. Nejvice frekventnim ge-
notypem byl HPV 16 nasledovany HPV
18 a HPV 45. Nebyla zjisténa statisticka
zavislost u pacientek HPV pozitivnich
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v obou mistech v souvislosti s vékem,
kourenim, konzumaci alkoholu, sexual-
nimi praktikami a socialnimi charakte-
ristikami obou skupin. Naopak byla zjis-
téna zavislost detekce HPV 16 a/nebo
HPV 18 ve slindch na pfitomnost tézké
cervikalni léze (OR 3,747; 95% Cl 1,39-
10,09; p = 0,0069) [5].

Moznosti vakcinace proti HPV
Prvnim impulzem k UspéSnému vy-
voji profylaktickych vakcin proti in-
fekci HPV byla identifikace pficin-
ného vztahu mezi infekci genotypy
HPV 16 a HPV 18 a etiopatogenezi kar-
cinomu délozniho hrdla. V souc¢asnosti
jsou k dispozici tfi komeréné vyrabéné
profylaktické vakciny - bivalentni Cer-
varix® (HPV 16/18), kvadrivalentni Sil-
gard® (HPV 6/11/16/18) a nové také no-
navalentni Gardasil 9° (HPV 6/11/16/18
/31/33/45/53/58). HPV vakcinace je pro
divky ve véku mezi 13 a 14 lety hrazena
v CR z prosttedkd zdravotniho pojisténi,
v roce 2015 vyuzilo tuto moznost 65 %
divek registrovanych u VZP [27]. Charak-
teristiky véech dostupnych vakcin proti
HPV infekci zobrazuje tab. 1.

Kdyz doslo ke schvaleni novych indi-
kaci postupné pro viechny HPV vakciny
v prevenci premalignich andlnich lézi
a analnich karcinom, byla také v CR za-
hdjena diskuze o moznosti Uhrady oc¢ko-
vani proti HPV infekci z vefejného zdra-
votniho pojisténi pro chlapce ve véku
13-14 let. S ohledem na prozatim ne-
jednotny nazor mezi ¢eskou odbornou
vefejnosti na zavedeni HPV vakcinace
chlapct do ockovaciho kalendafe Na-
rodni imuniza¢ni komise zatim pouze
doporucila sledovat a vyhodnocovat
vSechna dostupnd data tykajici se ucin-
nosti a cost-benefitu plosného ockovani
chlapct proti HPV ve svété. Ceska vakci-
nologickd spole¢nost zaujala v pfipadé
plosného ockovani chlapcl zatim zdr-
Zenlivy postoj. Ve svém stanovisku mimo
jiné uvadi, Ze asociace mezi HPV infekci
a karcinomem rekta nenf tak silna a ne-
jsou dostupnd jednoznac¢na data pro-
kazujici dostate¢nou ucinnost a ekono-
mickou vyhodnost o¢kovéni v profylaxi
rektdlniho karcinomu. Naproti tomu
Ceska spole¢nost otorinolaryngologie
a chirurgie hlavy a krku CSL JEP pova-
Zuje za potrebné rozsitit Uhradu ocko-

vani také na chlapce, zejména z divodu
stejné ochrany HPV vakcinace pred za-
vaznym onemocnénim karcinom( oro-
faryngu a rekurentni papilomatézy
u divek i chlapca.

Prestoze by zejména homosexuadlni
muzi profitovali z ploSné HPV vakcinace,
pouze Spojené staty, Kanada, Austra-
lie, Rakousko, Novy Zéland a Mexiko do-
porucuji plosnou HPV vakcinaci u obou
pohlavi [28]. V zafi 2011 Food and Drug
Administration (FDA) sice uvolnila ve
Spojenych statech kvadrivalentni vak-
cinu k prevenci genitalnich kondylo-
mat, analni intraepitelidIni neoplazie
(AIN) a andlniho karcinomu pro chlapce
a muze ve véku 9-26 let, nicméné ACIP
(Advisory Committee on Immunization
Practices) pti CDC (Centers for Disease
Control) doporucila volnéjsi pfistup
k HPV vakcinaci muzud na rozdil od strikt-
niho doporuceni vakcinovat vsechny
Zeny a divky. Vyjimkou zlstava doporu-
¢eni pro homosexualni muze, které do-
porucuje ockovat i muze starsi [28].

Zékladnim argumentem proti plosné
HPV vakcinaci muzd je finanéni nevy-
hodnost zaloZzena na ekonomickych mo-
delech. Transmise HPV probiha prakticky
vyhradné pfi sexualnich aktivitach a sa-
motné vysoké pokryti zenské populace
poskytuje vyrazny benefit i pro chlapce
se signifikantnim poklesem vyskytu HPV
asociovanych onemocnéni u obou po-
hlavi. Podle norské prace by pokryti vak-
cinaci u 90 % divek mélo vétsi ucinnost
na zdravi celé populace a bylo by lev-
né&jsi nez 71% proockovanost obou po-
hlavi [29].V CR je od 1. 1. 2018 HPV vak-
cinace hrazena ze zdravotniho pojisténi
také pro chlapce ve véku 13-14 let.

Diskuze

Spojitost mezi HPV infekci a orofaryn-
gedlnim karcinomem je zvazovéna
> 20 let. Vétsina HPV infekci vymizi
béhem 1 roku nebo 2 let diky puso-
beni pfirozenych imunitnich mechani-
zmU, nékteré infekce viak mohou per-
zistovat a zpUsobit maligni transformaci.
Lidé s ordIni HPV infekci maji pfiblizné
50x vys33i riziko rozvoje OSCC asociova-
ného s HPV [4,5]. Pacienti s HPV+ OSCC
jsou v prdméru o 10 let mladsi, castéji se
jedna o nekufédky a abstinenty [2,7,10].
HPV+ nadory byvaji méné diferenco-

véany a jsou diagnostikovany v pozdéj-

sich stadiich [8,10]. Pacienti s orofa-

ryngedlnim karcinomem asociovanym

s HPV infekci umiraji 2-5x castéji nez

pacienti s timto karcinomem bez pro-

kdzané HPV infekce [9,10]. Podle ji-
nych studii ale pacienti s HPV asocio-
vanymi orofaryngedlnim karcinomem

Ziji déle (OS 82,4 vs. 57,1 %; p < 0,001)

a vykazuji i delsi bezptiznakové obdobi

(73,7 vs. 43,5 %; p < 0,001) [30]. Zatimco

incidence OSCC se u kufakl snizuje, inci-

dence HPV pozitivnich OSCC se neustale
zvysuje. Tento narUst je pficitan zvysujici
se prevalenci ordlni HPV infekce v sou-
vislosti se zménami sexudlniho chovani.

Naptiklad ve Francii se pocet zen uda-

vajici aktivni praktikovani oralniho sexu

zvysil z 51 % (1970) na 91 % (2006). Po-
dobné i u muzl byl zaznamenan nardst
praktikovani ordlniho sexu za stejné ob-

dobiz 55 na94 % [31].

U zdravych jedincl je oralni HPV in-
fekce opakované detekovéna podstatné
méné ¢asto nezv oblastianogenitalni[2],
cozZ souvisi nejspise se snadnéjsim pfi-
stupem HPV do anogenitdlni oblasti,
s rdznou afinitou epiteld a s vyskytem
protektivnich latek (lysozymy, lactofe-
riny, imunoglobulin A, cytokiny) ve sli-
nach [21]. Zatimco prevalence cervi-
kalni HPV infekce klesd se vzrlstajicim
vékem, prevalence oralni infekce a také
soubézné cerviko-orélni infekce z0-
stdvd v prabéhu zivota stabilni [16].
U Zen se soubéznou cerviko-oralni HPV
infekci je také doba potiebnd k eradi-
kaci oralni HPV infekce témér 2x delsi
(50,0 mésice) nez u zen bez ptitomné
cervikaIni infekce (28,2 mésice) [17,32].
Prevalence oralni HPV infekce je opa-
kované nalézana nizsi u zen nez muzd.
Existuje nékolik hypotéz, pro¢ tomu
tak je:

1. muzi maji vice sexualnich partnerq,
a tim vétsi expozici HPV infekce;

2. prenosinfekce pfiordlnim sexu je snad-
néjsi pfi prenosu z Zzenskych infikova-
nych sliznic genitdlu nez z muzského
keratinizovaného epitelu penisu;

3.Zeny maji diky castéjsi cervikalni in-
fekci urcity stupen systémové imu-
nity, kterd je pravdépodobné muze

Castecné chranit i proti oralni HPV in-

fekci, kdeZzto u muzl nebyla obdobna

ochrana pozorovana [3]
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Tab. 1. Zakladni charakteristiky registrovanych HPV vakcin.

Nazev

Vyrobce

Registrace

HPV
VLP L1

Adjuvantni
system

Obsah hliniku

Technologie

Aplikace

Vvék

Schéma
ockovani

Indikace k
prevenci

Doba ochrany

Booster

Cervarix™
injekce 0,5 ml

GlaxoSmithKline Biologicals S.A.
(GSK), Rue de I'Institut 89 B-1330
Rixensart, Belgie

20. zafi 2007

HPV 16, 18
VLP 20, 20 pg

50 ug monofosforyl lipid A (MPL)
adsorbovany na 500 pg aluminium
hydroxidu (AS04)

500 pg

expresni systém bakulovir(,
hmyzi buriky Trichoplusia ni,

L1 protein ve formé VLP vyrobeny
rekombinantni DNA technologif

deltovy sval

jedinci (tzn. zeny i muzi) od 9
let, horni vékova hranice neni
stanovena;

bezpecnost prokazéna u zen
do 72 let a muzid do 18 let véku

9 az 14 let (v dobé podani prvniin-
jekce) — dvé davky (druhd davka za
5-13 mésicll po prvni), pii podani
druhé davky do 5 mésicd

po prvni dadvce ma byt aplikovana

i treti davka

od 15 let (0, 1, 6 mésicl) - tfi davky
s variacemi, véechny davky by mély
byt aplikovany béhem 12 mésict

premaligni anogenitalni |éze (cer-
vikalni, vulvalni, vaginalni a analni)
a karcinomy, které jsou zpUsobeny
urcitymi onkogennimi typy HPV

nestanovena,
prokdzana imunogenita 9,4 roku

nestanoven

Silgard®
injekce 0,5 ml

Merck Sharp & Dohme, B. V. (MSD),
Waarderweg 39
2031 BN Haarlem, Nizozemsko

20. z&¥i 2006

HPV 6,11, 16,18
VLP 20, 40, 40, 20 pg

225 pg amorfni aluminium - hydro-
xyfosfat-sulfat (AAHS)

225 ug

expresni systém kvasinek
Saccharomyces cerevisiae, L1 pro-
tein ve formé VLP vyrobeny rekom-
binantni DNA technologii

deltovy sval nebo horni anterolate-
rélni oblast stehna

jedinci (tzn. zeny i muzi) od

9 let, horni vékova hranice neni
stanovena;

bezpecnost prokazana u zen
do 45 let a muzi do 26 let véku

9 az 13 let (0, 6 mésict) — dvé
davky, pfi podani druhé davky do 6
mésicl po prvni davce ma byt apli-
kovéna i treti davka

od 14 let (0, 2, 6 mésicl) — cel-
kem t¥i davky s variacemi, vsechny
davky by mély byt aplikovany
béhem 12 mésicu

premaligni cervikalni, vulvalni, vagi-
nalni, andIni Iéze a karcinomy v pfi-
¢inné souvislosti s jistymi onkogen-
nimi typy HPV;

bradavice genitalu (condyloma
acuminata) v pfi¢inné souvislosti se
specifickymi typy HPV

nestanovena, 5 let prokdzana imu-
nogenita, 10 let po ockovani
78-98 % séropozitivnich subjektl
v zavislosti na typu HPV

nestanoven

HPV - lidsky papilomavirus, VLP - virm podobné ¢astice

Gardasil 9°
injekce 0,5 ml

Merck Sharp & Dohme, B.V. (MSD),
Waarderweg 39
2031 BN Haarlem, Nizozemsko

10. ¢ervna 2015

HPV 6,11, 16, 18,

VLP 30, 40, 60, 40 ug

HPV 31, 33 35, 45, 52, 58
VLP 20, 20, 20, 20, 20, 20 ug

500 pg amorfni aluminium —
hydroxyfosfat-sulfat (AAHS)

500 ug

expresni systém kvasinek
Saccharomyces cerevisiae, L1 pro-
tein ve formé VLP vyrobeny re-
kombinantni DNA technologii

deltovy sval nebo horni anterola-
terdIni oblast stehna

jedinci (tzn. zeny i muzi) od

9 let, horni vékova hranice neni
stanovena;

bezpecnost a Gcinnost piipravku
u Zen ve véku 27 let a vice nebyla
studovana

9 az 14 let (v dobé podani prvni
injekce) — dvé davky (druha davka
za 5 az 13 mésicl po prvni), pfi po-
déni druhé davky do 5 mésicli po
prvni ddvce ma byt aplikovana

i tfeti davka

od 15 let: 0, 2, 6 mésict (celkem
tfi davky) s variacemi, viechny
davky by mély byt aplikovany
béhem 12 mésict

premaligni léze a cervikalni, vul-
vélni, vagindIni a andIni karcinomy
zplsobené HPV typy obsazenymi
v ockovaci latce;

genitalni bradavice (condyloma
acuminata) zpUsobené specific-
kymi HPV typy

nestanovena, prokdzand imunoge-
nita az 5,6 roku

nestanoven
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HPV se nejcastéji pfendsi pfi sexudl-
nich (koitalnich i nekoitalnich) aktivi-
tach, ale relativné casté jsou i prenosy
kontaktem genital-genital, anus-genital
a Usta-genital nebo pomoci sexudlnich
pomucek ¢i rukou od jiné osoby i autoi-
nokulaci (tzn. pfenos mezi anem, geni-
tdlem a dutinou ustni vlastni rukou) [3].
Zatimco genito-analni HPV infekce jsou
silné provazané [33], soubéznd genito-
-ordlni HPV infekce je relativné vzacna
a genotypoveé specifickd shoda v obou
lokalitdch je pomérné nizkd. Biologicky
vztah mezi obéma lokalitami mUze byt
komplexni, ale vyssi prevalence HPV in-
fekce ve vzorcich z dutiny Ustni mezi ze-
nami s cervikalni HPV infekci naznacuje,
Ze urcity stupen zavislosti existuje [16].
Sexuadlni aktivita hraje roli v riziku preva-
lence soubézné genitalni a oralni koin-
fekce, ale je také mozné, ze infekce jedné
lokality slouzi jako rezervoar, ktery maze
zvysovat riziko autoinokulace v anato-
micky vzdélenych lokalitach [16]. Tato
hypotéza je podporena daty ze Swedish
Cancer Registry. Z analyzy 17 556 pa-
cientek s invazivnim karcinomem dé-
loZzniho hrdla vyplynulo, Ze zvlasté zeny
ve véku = 50 let maji vyssi riziko sekun-
dérni HPV asociované malignity [34]. Pa-
cientky s anamnézou karcinomu dé-
lozniho hrdla mély pomér incidence
onemocnéni ve vztahu ke standardni in-
cidenci téhoZz onemocnéni v populaci
(standardized incidence ratio - SIR) se-
kundarniho karcinomu laryngu odpovi-
dajici hodnoté 4,40 (95% Cl 1,88-8,72),
SIR 4,98 (95% Cl 1,57-11,71) pro kar-
cinom hypofaryngu a SIR 2,60 (95% ClI
1,18-4,95) pro karcinom dutiny Gstni. Na
druhou stranu nebyla prokézana statis-
ticky vyznamna vyssi incidence jinych
HPV asociovanych malignit (tonsily,
koren jazyka) u téchto zen [34]. K podob-
nym vysledkdm dospéli Chaturvedi et al
s vyuzitim udaja z 13 onkologickych re-
gistrd v Dansku, Norsku, Svédsku, Finsku
a Spojenych statech u 85 109 pacientek
s dlazdicobuné¢nym karcinomem dé-
loZniho hrdla. SIR u viech sekundarnich
HPV asociovanych karcinom( bylo sta-
noveno na 2,30 (95% Cl 2,18-2,43). Podle
ocekavani nejvyssi SIR 5,00 (95% Cl 4,55-
5,50) bylo u jinych sekundarnich malig-
nit genitdlu, ale pomérné vysoké bylo
SIR 2,69 (95% Cl 2,57-2,83) také pro ma-

lignity systému trachea/bronchus/plice,
SIR 2,06 (95% Cl 1,53-2,73) pro karci-
nom faryngu a SIR 2,10 (95% CI 1,55-
2,79) pro karcinomy laryngu [6]. Balamu-
rugan et al dohledali u 23 509 pacientek
s rakovinou délozniho hrdla mirné zvy-
sené SIR (1,96) pro karcinomy dutiny
Ustni a vyssi SIR (3,27) u Zen s karcino-
mem plic a bronchd. U pacientek s OSCC
byly nejc¢astéji zastoupeny karcinomy
tonsil (55 %) a karcinomy korene jazyka
(25 %) [35].

Tyto prace dokladaji vy3si riziko OSCC
u Zen s HPV asociovanou malignitou ge-
nitalu, prestoze pfitomnost anogenitalni
HPV infekce nebyla jako rizikovy fak-
tor pro oralni HPV infekci jednoznac¢né
prokdzéna. Existuji ndvrhy provadét or-
ganizovany screening onemocnéni du-
tiny uUstni u Zen s HPV asociovanou
cervikalni [ézi zvlasté ve spojitosti s pii-
tomnosti dalsich rizikovych faktord (kou-
feni, genetickd predispozice, HIV poziti-
vita) [5,18]. Detekce HR HPV genotypl
v dutiné ustni patfi k rizikovym fakto-
rdm. Pacienti s OSCC asociovanym s LR
HPV genotypy a s dalSimi nepfiznivymi
aspekty (nizka diferenciace tumoru, ex-
trakapsularni sifeni, metastazy v lymfa-
tickych uzlinach) ziji o 2 roky déle nez
pacienti, u kterych byly detekovany HR
HPV genotypy [7,9,30].

Zaveér

Prevalence HPV infekce je vyrazné nizsi
v dutiné Ustni nez v oblasti anogenitalni
alisi seiuobou pohlavi.Je ale nutné pro-
vést dalsi prospektivni studie k doplnéni
mezer ve znalostech o pribéhu HPV in-
fekce [3]. Vzhledem k nizké prevalenci
orélni HPV infekce je tfeba studii na vel-
kych vzorcich populace ke zhodnoceni
pfirozeného pribéhu a moznosti pre-
nosu HPV infekce. Pravdépodobné exis-
tuje urcitd zavislost v pfitomnosti HPV
infekce mezi dutinou Ustni a genitélem,
ktera ale nenf pfilis silnd a mdze souviset
s jinymi predispozicemi (napt. imunode-
ficience). Nicméné pacientky s HPV aso-
ciovanou malignitou genitdlu maji pro-
kazatelné vyssi riziko OSCC. Stale neni
zcela jasné, jakou Uc¢innost bude mit za-
vedeni plosné HPV vakcinace na inci-
denci OSCC, nékteré prace ale dokladaji
snizeni prevalence oraIni HPV infekce po
vakcinaci [36].
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Uvod do problematiky lécby
zhoubnych nadoru ledvin

Treatment of Metastatic Renal Cell Carcinoma

Richter I'?, Dvorak J.2

' Onkologické oddélent, Krajska nemocnice Liberec
2Onkologicka klinika 1. LF UK a Thomayerova nemocnice, Praha

Souhrn

Vychodiska: Zhoubné nadory ledvin ptedstavuji pfiblizné 2-3 % viech malignit. Ceska re-
publika celosvétové dosahuje prvenstvi v incidenci zhoubnych nadort ledvin. Nejcastéjsi je
svétlobunécny karcinom, ktery predstavuje priblizné 70 % vsech renélnich karcinomda. V 1é¢bé
metastatického renalniho karcinomu (metastatic renal cell cancer - mRCC) doslo v posledni
dobé k vyznamnému rozsifeni Ié¢ebnych moznosti. Lé¢ba zahrnuje antiangiogenni pfistup
inhibici receptoru pro vaskularni endotelidlni ristovy faktor, inhibice drahy mTOR (mechanis-
tic target of rapamycin) a imunoterapii. Cil: Cilem prehledového ¢léanku je pohled na aktualni
lé¢ebné moznosti mRCC. U pacientli v dobrém vykonnostnim stavu a s mensim rozsahem sys-
témové diseminace Ize zvazit provedeni cytoredukéni nefrektomie. V pfipadé oligometastatic-
kého onemocnéni Ize zvazit pouziti ablacnich metod, napf. stereotaktické radioterapie. V 1. linii
lé¢by mRCC dominuje podani sunitinibu nebo pazopanibu, které Ize povazovat v Gc¢innosti za
rovnocenné. K vyrazné zméné dochazi v 1écbé 2. a vyssi linie, kde se uplatnuji nové 1éky jako =

kabozantinib ¢i mozZnosti imunoterapie zastoupené nivolumabem. Optimalni sekvence |é¢by MUDT. | Richter. Ph.D
mRCC je otazkou aktudlni diskuze. Dale probihd mnoho klinickych studii, které hodnoti kom- r- gF)r ,'C ter, o
binovanou terapii, jiné préace se vénuji hledani vyuzitelného prediktivniho biomarkeru. Problé- Onlfol?glcke odfieler'n
mem biomarkerd je naddorova heterogenita karcinomu ledviny. Zdvér: Lé¢ba mRCC aktudlné Krajska nemocnice Liberec
prochazi vyznamnymi zménami na podkladé vysledk( probéhlych klinickych studii. Nové po- Husova 10

stupy budou zahrnovat kombinovanou lé¢bu, hlavné s vyuzitim imunoterapie. Tato skute¢nost 460 63 Liberec

se postupné promita do zmény lé¢ebnych standardd tohoto onemocnéni.
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Abstract

Introduction: Renal cell cancer accounts for approximately 2-3% of all cases of malignancy. The
incidence of kidney cancer in the Czech Republic is the highest in the world. Approximately
70% of renal cell carcinomas are clear-cell renal cancer. Various treatment options for meta-
static renal cell cancer (mMRCC) have been developed. Treatment regimens comprise antiangio-
genic drugs in combination with vascular endothelial growth factor receptor inhibitors, mTOR
inhibitors, and immunotherapy. Aim: This review provides an overview of the current treatment
options for mRCC. Patients with a good performance status and a low systemic disease burden
are candidates for cytoreductive nephrectomy. Ablative methods, such as stereotactic radio-
therapy, can be used in patients with oligometastatic disease. Sunitinib and pazopanib are
preferred first-line treatments for mRCC and provide similar outcomes. Second-line and higher
line treatments markedly changed with the development of new drugs, such as cabozantinib
and the immunotherapy nivolumab. The optimal treatment sequence for mRCC is discussed.
Ongoing studies are evaluating combined treatments and searching for potential biomarkers.
However, the tumor heterogeneity of renal cell cancer complicates the use of biomarkers. Con-
clusion: The results of clinical trials have markedly changed the treatment guidelines for mRCC.
New strategies include combinatorial approaches, which mainly incorporate immunotherapy.

Key words
renal cancer - targeted therapy — immunotherapy — metastases — biomarkers
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UVOD DO PROBLEMATIKY LECBY ZHOUBNYCH NADORU LEDVIN

Zhoubné nadory ledvin predstavuji pfi-
blizné 2-3 % viech malignit [1]. CR celo-
svétové dosahuje prvenstvi v incidenci
zhoubnych nadord ledvin. Incidence
v CR byla v roce 2015 28,34 a mortalita
10,94 na 100 000 obyvatel [2,3]. Renalni
karcinom (renal cell cancer - RCC) pred-
stavuje heterogenni skupinu tumor( vy-
chazejicich z nefronu. Modernéjsi Van-
couverskd klasifikace rendlnich tumor(
vychazi nejenom z patologické klasifi-
kace, ale hodnoti i molekularni charak-
teristiky jednotlivych typl RCC [4]. Ak-
tualni histopatologicka klasifikace byla
publikovana v roce 2016 [5]. Pfiblizné
70 % zhoubnych nadorl ledvin pred-
stavuje svétlobunécny karcinom, ktery
je dominantné asociovan s dysfunkci
v genu von Hippel-Lindau (VHL). Tato
porucha je spojena s akumulaci hypoxia
indukovaného faktoru (HIF), v dtsledku
¢ehoz dochazi k podobnym metabolic-
kym jevim jako pfi hypoxii. Vysledkem
je indukce vaskularniho endotelidlniho
rGstového faktoru (vascular endothe-
lial growth factor - VEGF) s naslednou
stimulaci angiogeneze [6]. Podobné pfi
analyze svétlobuné¢ného karcinomu
byly zjistény i dysfunkce v drdze mTOR
(mechanistic target of rapamycin), kterd
je spojena s tumorovou progresi [7,8].
Obé skutecnosti se staly podkladem kli-
nického vyuziti cilené 1é¢by proti recep-
tordm pro VEGF (VEGFR) a draze mTOR.
S dalsim vyvojem doslo v poslednich
letech i k rozvoji imunoterapie v kli-
nické praxi, hlavné ovlivnénim kontrol-
nich bodd imunitni reakce [9]. Zatim
nemame k dispozici prognostické ¢i pre-

diktivni biomarkery pouzitelné v bézné
klinické praxi pfi 1é¢bé metastatického
RCC (mRCCQ). Proto na podkladé klinic-
kych ¢i laboratornich ukazatell existuji
skérovaci systémy, které klasifikuji ne-
mocné do prognostickych skupin. Si-
roce se v praxi pouziva hlavné klasifikace
podle Memorial Sloan Kettering Cancer
Center (MSKCCQ), jejiz vysledky vychazeji
z klinickych studii hodnoticich imunote-
rapii zaloZzenou na cytokinech. Skupina
bez rizikovych faktor( (dobra prognéza)
prokazala celkové preziti (overall survi-
val - OS) 30 mésicQ, skupina nemocnych
s jednim az dvéma faktory (stfedni pro-
gnoza) dosahla OS 14 mésicl, skupina
se tfemi a vice faktory (Spatnd progndéza)
méla OS jenom 5 mésicl [10]. Pro indi-
kaci |é¢by temsirolimem se doporucuji
modifikovana MSKCC kritéria podle Hu-
dese [11]. Novéjsi klasifikaci predstavuje
Henglv model, ktery vychazi z dat no-
véjsi cilené terapie [12]. Podle této kla-
sifikace pacienti v dobré prognostické
skupiné prokazali OS 43 mésicl ve srov-
nani s nemocnymi se $patnou progno-
zou, kde bylo OS jenom 8 mésict [13].
Ve vysledcich délky OS obou modell
Ize pozorovat zlep3eni |é¢ebnych vy-
sledk po zavedeni cilené terapie ve
srovnani s lé¢bou cytokiny. Pfehled ské-
rovacich systému je podrobné uveden
v Modré knize Ceské onkologické spo-
le¢nosti (COS) [14]. | v dobé cilené te-
rapie a imunoterapie ma své postaveni
provedeni cytoredukcni nefrektomie
u pacientl s mRCC. Nemocni, ktefi ab-
solvovali cytoredukéni nefrektomii,
méli delsi OS nez pacienti bez nefrekto-

Tab. 1. Piehled toxicity cilené lé¢by a imunoterapie v terapii mRCC.

Typ terapie

inhibitory tyrozin kinaz

Nezadouci ucinky

mie (17,1 vs. 7,7 mésice; p < 0,001) [15].
Obecné Ize doporucit provedeni cyto-
reduk¢ni nefrektomie u pacient( v dob-
rém vykonnostnim stavu a s méné roz-
sahlym metastatickym postizenim [16].
Cytoredukéni nefrektomii Ize indiko-
vat i s odstupem po zahdjeni systé-
mové cilené terapie bez zhorseni preziti
bez zndmek progrese (progression-free
survival — PFS), jak bylo prezentovéno
na lofiském ESMO (European Society
for Medical Oncology) 2017 [17]. Dalsi
text se zabyva moznostmi systémové
Iécby mRCC.

Systémova lécba karcinomu
ledviny

V lé¢ebnych moznostech systémové
lé¢by mRCC doslo v poslednich le-
tech k vyznamnym zménam vychazeji-
cim z vysledkd randomizovanych klinic-
kych studii, pfevazné faze lll. Aktualné
predstavuji dominantni roli cilend |é¢ba
a imunoterapie. Hormonalni 1é¢ba ¢i cy-
totoxickd chemoterapie neprokazaly vy-
raznéjsi ucinnost u tohoto onemocnéni.
Mensi &ast pacientd s mRCC profitovala
z podani vysokodavkového interleukinu 2
(IL-2). Problematicka byla vysoka toxi-
cita této lé¢by s nutnosti aplikace na jed-
notkach intenzivni péce [18]. Cilenou
[é¢bu predstavuje skupina inhibitor( an-
giogeneze, kam fadime jednak tyrozin-
kinazové inhibitory (TKI) jako sunitinib,
sorafenib, pazopanib, axitinib, kabozan-
tinib, lenvatinib, jednak monoklonalni
protilatku bevacizumab. Dalsi predsta-
vitele cilené terapie v |é¢bé mRCC pred-
stavuje skupina inhibitord mTOR drahy

Unava, arteridlni hypertenze, mukozitida, stomatitida, nevolnost, zvraceni, prijem, nechu-

tenstvi, kozni toxicita (akneiformni exantém, hand-foot syndrom), alopecie, hypotyreéza,
leukopenie, trombocytopenie, elevace jaternich testl, zména barvy vlast

mTOR inhibitory

Unava, kozni vyrazka, nevolnost, priijem, plicni toxicita (kasel, pneumonitida), infekce, pe-

riferni otoky, anémie, metabolické zmény (porucha metabolizmu lipid{, hyperglykemie)

monoklonalni protilatka
- bevacizumab

imunoterapie — nivolumab

arterialni hypertenze, proteinurie, zhorseni hojeni ran, mozna gastrointestinélni perforace

Unava, nevolnost, prijem, kozni potize (svédéni kize, vyrazka), hypotyredza, pneumoni-

tida, elevace jaternich test(, dalsi mozné neobvyklé projevy (autoimunitni encefalitida)

mMRCC - metastaticky karcinom ledviny
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Tab. 2. Pfehled vybranych klinickych studii 1. linie Ié¢by mRCC.

Studie

sunitinib
interferon a [19,20]
pazopanib
placebo [21]

bevacizumab + interferon a
interferon a [22]

bevacizumab + interferon a
interferon a [23]

Pocet pacientti PFS (m)

375 11

375 5

290 9,2
145 4,2
327 10,2
322 54
369 8,5
363 5,2

0S (m) ORR (%)
26,4 31
21,8 6
22,9 30
20,5 3
23,3 31
21,3 13
18,3 26
17,4 13

mRCC - metastaticky karcinom ledviny, PFS - preziti bez progrese onemocnéni, OS - celkové preziti, ORR - celkova [é¢ebna

odpovéd

everolimus a temsirolimus. Pfedstavite-
lem imunoterapie v 1écebné praxi mRCC
je monoklonalni protilatka nivolumab.
Dalezitym aspektem novych Ié¢ebnych
moznosti je kromé Gc¢innosti i toxicita te-
rapie. Obecné se toxicita cilené terapie
nebo imunoterapie lisi od typickych ne-
zadoucich G¢inkl (NU) chemoterapie,
navic je rozdilnd i v rdmci jednotlivych
typl cilené [é¢by. Pfehled nej¢astéjsich
NU cilené lé¢by a imunoterapie je uve-
den v tab. 1.V CR mame aktualné defi-
nované 3 linie Ié¢by mRCC [14]. V [é¢bé
1. linie se podle nejnovéjsich dat uplat-
nuji jiné preparaty nez v [é¢bé vyssi linie.
Taky je dllezité zminit, ze na podkladé
ucinnosti 1. linie terapie nelze vétsinou
odhadovat vysledky Ié¢by ve 2. &i vyssi
linii [14].

1. linie Iécby

Prehled nejvyznamnéjsich klinickych
studii faze lll hodnoticich 1. linii je uve-
den v tab. 2 [19-23]. Sunitinib je per-
oralni inhibitor VEGFR 1-3 a dalSich ty-
rozinkindz jako PDGFR (platelet-derived
growth factor receptor), c-KIT a jinych.
Podavé se perordlné v ddvce 50 mg/den
po dobu 4 tydnl s 2tydenni pauzou.
Jeho Ucinnost byla prokazana v klinické
studii, ve které byl srovnavan s interfe-
ronem o v 1. linii mRCC. Sunitinib pro-
kdzal vyznamné prodlouzeni medidnu
PFS a procenta celkové léc¢ebné odpo-
védi (overall response rate — ORR). OS
bylo prodlouzeno na hranici statistické
vyznamnosti. Pazopanib je dal$im per-
oralnim TKI VEGFR1-3, PDGFR, c-KIT

Tab. 3. spektrum nezadoucich uc¢inku pazopanibu a sunitinibu a podle studie

COMPARZ [22].
Nezadouci ucinek Pazopanib Sunitinib
Celkem Stupen 3-4 Celkem Stupen 3-4
(%) (%) (%) (%)
prijem 63 9 57 8
Unava 55 11 63 18
arterialni hypertenze 46 16 41 16
nevolnost 45 2 46 2
nechutenstvi 37 1 37 3
hand-foot syndrom 29 6 50 12
zména barvy vlast 30 0 10 1
vyrazka 18 1 23 1
stomatitida 14 1 27 1
alopecie 14 0 8 0
hypotyredza 12 0 24 1
epistaxe 9 1 18 1
leukopenie 43 1 78 6
trombocytopenie 41 3 78 22
anémie 31 2 60 7
elevace ALT 61 12 60 3
elevace AST 60 17 43 5

ALT - alaninaminotransferaza, AST - aspartataminotransferaza

a dalSich drah. V 1é¢bé mRCC se pouzivd
kontinualné v dédvce 800 mg/den. V Kli-
nické studii prokazal v 1. linii ve srov-
nani s placebem vyznamné prodlouzeni
medianu PFS a vyssi ORR, bez prodlou-
Zeni medidnu OS. Dal3i moznosti v 1écbé
1. linie mRCC je monoklondlni proti-

latka bevacizumab. V kombinaci s inter-
feronem o prokazal bevacizumab vy-
znamné prodlouzeni medianu PFS ve
srovnani s monoterapii interferonem a.
OS nebylo vyznamné prodlouzeno. Ne-
vyhodou je parenterdlni podéni a toxi-
cita interferonu a. Tato kombinace se
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Tab. 4. Piehled vybranych klinickych studii 2. linie Ié¢by mRCC.

Studie Pocet
pacientu
everolimus 272
placebo [33] 138
sorafenib 451
placebo [34] 452
axitinib 361
sorefenib [35,36] 362
kabozantinib 330
everolimus [37,38] 328
nivolumab 406
everolimus [39] 397

PFS (m) 0S (m) ORR (%)
4,9 14,8 1,8
1,9 14,4 0
55 17,8 2
2,8 15,2 0
6,7 20,1 19
4,7 19,2 9
74 214 17
39 16,5 3
4,6 25 25
4,4 19,6 5

mRCC - metastaticky karcinom ledviny, PFS - pfeziti bez progrese onemocnéni,
OS - celkové preziti, ORR — celkovd |é¢ebna odpovéd

v CR v praxi vyraznéji nepouziva, domi-
nantni roli 1é¢by 1. linie mRCC predsta-
vuje podavani sunitinibu a pazopanibu.
Vzajemné porovnani obou preparatd
hodnotila klinickd studie COMPARZ, je-
jimz cilem bylo prokézani noninferiority
pazopanibu ve srovnani se sunitinibem.
Pfi hodnoceni l1écebnych vysledkd byla
noninferiorita prokdzana jak v PFS (suni-
tinib vs. pazopanib - 9,5 vs. 8,4 mésice;
HR 1,05), tak i v OS (29,1 vs. 28,3 mésice;
HR 0,92) ¢i ORR (25 vs. 31 %). Jednotlivé
preparaty se ale lisily odliSnym spektrem
NU (tab. 3). Toxicita pazopanibu proka-
zala pfiznivéjsi vliv na kvalitu Zivota nez
terapie sunitinibem [24,25]. Preference
pacientt ¢i l1ékarll ohledné Gcink{ suni-
tinibu a pazopanibu zkoumala dalsi kli-
nicka studie PISCES. Pacienti byli [é¢eni
10 tydn(0 sunitinibem (4 tydny sunitinib,
2 tydny pauza, 4 tydny sunitinib) nebo
pazopanibem (10 tydn( kontinudlné).
Nasledné po 2 tydnech pauzy doslo
k vyméné terapie. Vysledkem studie
byla vyssi preference pacientl pro pa-
zopanib (70 %) nez sunitinib (22 %), po-
dobné pazopanib preferovala i vétsi ¢ast
Iékarl [26]. Na podkladé vyse zminé-
nych dat se zda, Ze 1é¢ba pazopanibem
by mohla byt vyhodnéjsi nez podani
sunitinibu. Nutno ale zminit, Ze ve studii
COMPARZ byla kvalita zivota hodnocena
28. den cyklu, kdy vrcholi NU sunitinibu
pfed naslednou 2tydenni pauzou. Ve stu-
dii PISCES pacienti Iéceni ve fazi | pazo-

panibem méli 2tydenni lé¢ebnou pauzu
(pazopanib se standardné pouziva kon-
tinudlné), kdezto 2tydenni pauza u pa-
cientl [écenych zpocatku sunitinibem
byla v podstaté soucésti standardniho
rezimu davkovani sunitinibu. Tedy pa-
cienti léceni ve fazi | sunitinibem neméli
Jregulérni” prestavku v [é¢bé, coz mohlo
ovlivnit preferenci nemocnych ¢i lékafa.
Pfi pouziti pazopanibu v 1. linii [é¢by
mRCC byla doneddvna problematicka
definice dalsilinie.V CR se ¢asto pouzival
po pazopanibu sunitinib, nicméné tato
indikace nevychdzela z vysledkd rando-
mizovanych studii. Aktuadlné po progresi
pazopanibu je dalsi linie 1é¢by jiz dobie
definovana, kdy Ize podat jak kabozan-
tinib, tak i nivolumab, podobné jako
po progresi sunitinibem. V CR na pod-
kladé dat z registru RENIS je pazopanib
vniman spise jako l1ék vhodny pro starsi
populaci pacientd, nicméné jeho ucin-
nost byla prokézand i u pacientd mlad-
Sich. Dalsi moznost, jak zlepsit toleranci
|é¢by sunitinibem, je alternativni zplsob
podavani, kdy nejvice dat je k dispozici
s takzvanym rezimem 2/1 (2 tydny te-
rapie/1 tyden pauza), jak prezentovaly
pfevazné retrospektivni klinické stu-
die [27-29]. Nékteré studie dokonce pro-
kazaly i lepsi |é¢ebné vysledky rezimu
2/1 [30]. Indikace vhodného preparatu
do 1. linie vychazi jednak z charakteris-
tik pacientd (komorbidity, anamnestické
udaje, vliv moznych NU na konkrétniho

nemocného), jednak ze zkusenosti in-
dikujicich lékafa ¢i daného onkologic-
kého pracovisté. Problematika, zda je
vyhodnéjsi sunitinib, ¢i pazopanib, je
nadale Siroce diskutovana. U pacientl
se Spatnou prognézou podle modifi-
kovanych MSKCC kritérii Ize zvézit i po-
dani temsirolimu, ktery prokazal vy-
znamné prodlouZeni nejenom medianu
PFS (HR 0,66; p < 0,001), ale i OS (HR
0,73; p = 0,008) ve srovnani s interfero-
nem a [31]. Nevyhodou podani temsiro-
limu je nutnost tydenni nitrozilni infuze
a nezadouci vliv na metabolizmus lipidQ
a sacharid{. V klinické praxi se zfejmé
Castéji u této skupiny pacientd pouziva
sunitinib nebo pazopanib, jak je to uve-
deno i v doporu¢eni COS [14]. Recentné
byly publikovany vysledky klinické stu-
die faze Il CABOSUN, ktera prokazala
prodlouzeni medidnu PFS u pacient(l se
stfedni a Spatnou progndzou lécenych
kabozantinibem ve srovnéni se stan-
dardni [é¢bou sunitinibem v 1. linii [32].

2, avyssi linie

Pfehled vyznamnych klinickych studii
hodnoticich [é¢bu 2. a vyssi linie mRCC
je uveden v tab. 4 [33-39]. Everolimus
fadime mezi peroralni mTOR inhibitory
se standardnim davkovanim 10 mg/den
kontinualné. V klinické studii prokazal
u pacientl po predchozi terapii sunitini-
bem nebo sorafenibem vyznamné pro-
dlouzeni medianu PFS ve srovnani s pla-
cebem, ale bez prodlouzeni OS. Od |é¢by
everolimem je nutno ocekdvat z hlediska
hodnoceni dosazeni |é¢ebné odpovédi
hlavné stabilizaci onemocnéni, kdy |é-
¢ebna odpovéd byla jenom u 1,8 % pa-
cientd [33]. Dalsim Iékem, ktery proka-
zal U¢innost ve 2. linii terapie mRCC po
selhani cytokinové 1écby, je sorafenib.
Jedna se o TKI VEGFR, PDGFR a BRAF
drahy. Podavéa se perordlné v ddvce
800 mg/den ve dvou davkéch. Sorafe-
nib ve srovnani s placebem prokazal vy-
znamné prodlouzeni medianu PFS, opét
bez prodlouzeni OS. Podobné jako eve-
rolimus ani sorafenib neprokazal vétsi
procento ORR. Na druhé strané byla pub-
likovana studie faze Il INTORSECT, kde so-
rafenib prokazal vyznamné prodlouzeni
medidnu OS ve srovnani s temsirolimem
po predchozi [é¢bé sunitinibem (16,6 vs.
12,3 mésice; HT 1,31; p = 0,01) [40]. No-
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véjsim preparatem v [é¢bé 2. linie mRCC
je axitinib. Axitinib fadime mezi druhou
generaci VEGFR inhibitor( s vys$si potenci
a specificitou k cilové strukture [41]. Axi-
tinib se uziva perordlné ve dvou den-
nich dévkach. Lécba je zahdjena davkou
2x 5mg. V roce 2011 byly publikovany
vysledky registra¢ni prospektivni kli-
nické studie faze Ill AXIS. Do studie byli
zahrnuti pacienti s mRCC po pfedchozi
antiVEGFR |é¢bé pfevazné sunitinibem
(62 %), méné po selhani cytokind. Axiti-
nib byl srovndvan se sorafenibem a pro-
kdzal vyznamné prodlouzeni medianu
PFS. Jednalo se o prvni pfimé srovnani
dvou predstaviteld TKI ve 2. linii [é¢by
mRCC [35]. V roce 2013 byla publiko-
véna novd analyza dat studie AXIS, kterd
potvrdila vyznamné prodlouzeni me-
didnu PFS ve skupiné pacientd lécenych
axitinibem (8,3 vs. 5,7 mésice; HR 0,656;
p < 0,0001). Median OS ale prodlouzen
nebyl (20,1 vs. 19,2 mésice; HR 0,969;
p = 0,374).V klinické studii AXIS proka-
zal axitinib vyraznéjsi prodlouzeni me-
didnu PFS ve srovnani se sorafenibem
ve skupiné nemocnych, ktefi byli l1é-
¢eni v 1. linii cytokiny (12,1 vs. 4,8 mé-
sice), nez sunitinibem (4,8 vs. 3,4 mé-
sice). Jednim z nejéast&jsich NU axitinibu
je arterialni hypertenze. Subanalyza stu-
die AXIS prokazala, Ze zvyseni krevniho
tlaku v dobé 1é¢by axitinibem je nezavis-
lym prediktorem delsiho OS [36]. V kli-
nické praxi se proto doporucuje titrovat
denni davku axitinibu na podkladé zvy-
Seni krevniho tlaku. U pacientt 1é¢enych
TKI VEGFR dochézi ¢asem k rozvoji rezi-
stence. Preklinické prace prokazaly, ze
tato rezistence je spojena u karcinomu
ledviny se zvy$enim exprese genli MET
a AXL [42]. Novy TKI kabozantinib inhi-
buje kromé angiogeneze i vyse zminéné
geny. Jedna se o perordini [ék s davkova-
nim 60 mg/den. Klinicka studie METEOR
hodnotila kabozantinib s everolimem
u pacientll s mRCC po predchozi tera-
pii TKI angiogeneze. Kabozantinib jako
prvni preparat prokazal vyznamné pro-
dlouzeni vsech tfi ukazateld jako PFS, OS
i ORR [37,38]. Kabozantinib dale prokazal
rychly nastup lé¢ebné odpovédi (necelé
2 mésice), coz Ize vyuzit hlavné u symp-
tomatickych pacientd s cilem dosazeni
casné lécebné odpovédi. Pfi podsku-
pinové analyze kabozantinib prokazal

uc¢innost i u prognosticky nepfiznivé sku-
piny pacientd s kostnim metastatickym
procesem. Studie ale prokazala i vyssi vy-
skyt toxicity kabozantinibu nez evero-
limu s nutnosti ¢astéjsi redukce davky
(median davky 44 vs. 9mgq), i kdyz pro-
cento prerudeni [é¢by bylo v obou skupi-
nach bez vyznamného rozdilu. Kromé ci-
lené terapie se aktudlné v [é¢bé 2. a vyssi
linie mRCC zacala pouzivat i imunote-
rapie [9]. Nivolumab je monoklondlni
IgG4 protilatka proti PD-L1, ktera proka-
zala Gc¢innost v celé fadé malignit. Apli-
kuje se v davce 3mg/kg v podobé nit-
rozilni infuze, 1x za 2 tydny. Nivolumab
byl srovnavan s everolimem u pacientd
s mRCC po predchozi terapii TKI angio-
geneze v klinické studii CheckMate 025.
Nivolumab vyznamné prodlouzil OS
0 5,4 mésice, coz byl primarni cil stu-
die. Median PFS vyznamné prodlouzen
nebyl. Snasenlivost imunoterapie byla
lepsi nez ve skupiné pacientl lécenych
everolimem [39]. Skute¢nost, ze nedoslo
k prodlouzeni medidnu PFS, ale nasledné
bylo popsano prodlouzeni medianu OS,
je u pacientli [é¢enych imunoterapii opa-
kované pozorovéana. Souvisi to zfejmé
se specifickym Gcinkem imunoterapie,
kdy i po pocatecni progresi nastava na-
sledné dlouhodoby lé¢ebny efekt, ktery
se mlize promitnout do prodlouzeni OS.
Diskutovanym problémem imunotera-
pie je mozny vyskyt pseudoprogrese,
ktera mlze vést k pred¢asnému ukon-
¢eni potencialné ucinné lécby. Disku-
tovanou otézkou je hledani optimal-
niho hodnoceni |é¢ebné odpovédi pfi
|é¢bé imunoterapii. Nej¢astéji se disku-
tuje moznost Sirsiho vyuZiti imunitni va-
rianty RECIST (Response Evaluation Cri-
teria in Solid Tumours) kritérii. Dosavadni
data zatim ale nejsou dostatecna pro je-
jich validaci. Na podkladé skute¢nosti, ze
pfi [é¢bé nivolumabem ve vyse zminéné
studii byla popséna primarni progrese
az u 30 % pacient(l, imunoterapie nivo-
lumabem nebude vhodna u nemocnych
se symptomatickym ¢i rozsahlejsim one-
mocnénim, kdy mUze v pfipadé progrese
dojit k vyznamnému zhorseni klinického
stavu. U imunoterapie je dale nutno my-
slet i na méné casté ¢i neocekavané pro-
jevy toxicity, které mohou byt pro pa-
cienta i fatalni, jako napf. autoimunitni
encefalitida.

Systémova terapie
nesvétlobunéénych karcinomii

Do této skupiny fadime papilarni karci-
nom, ktery predstavuje pfiblizné 10 %
vSech RCC. U ¢&asti papilarnich karci-
nomu Ize pozorovat alteraci jiz zminé-
ného MET genu, zatimco druha &ast to-
hoto histologického typu je spojena
s poskozenim Nrf2-antioxidantu [43].
Vzacnéjsimi typy jsou chromofobni kar-
cinom, medularni karcinom, karcinom
z pfechodnych bunék aj. V 1é¢bé téchto
karcinom mame k dispozici méné kli-
nickych dat vychdzejicich z randomi-
zovanych studii. Obecné Ize zminit, ze
systémova lécba je méné Ucinna nez
u pacientll se svétlobunécnym karci-
nomem. Standardy National Compre-
hensive Cancer Network (NCCN) dopo-
rucuji zafazeni pacient do klinickych
studii [44]. Probéhlo nékolik randomi-
zovanych studii, které prokdzaly trend
k delSimu PFS pfi terapii sunitinibem nez
everolimem [45-47]. U pacient( se sar-
komatoidni variantou Ize zvazit i podani
systémové chemoterapie, nejcastéji se
zminuji data s gemcitabinem, kapecita-
binem ¢i doxorubicinem [14,48,49].

Perspektivy

Zda se, Zze monoterapie standardnimi
TKI angiogeneze jiz nejspise dosahla vr-
cholu své Gcinnosti. Dalsim podkladem
pro zlepseni vysledkd Ié¢by je pfi vzniku
primdrni ¢i ziskané rezistence na VEGFR
inhibitory, inhibice dalSich up-regulo-
vanych drah (AXL, MET) [42]. Nova ge-
nerace TKI pfedstavovana kabozantini-
bem je podle aktudlnich dat vyznamné
Ucinnéjsi v porovnani se sunitinibem
v 1. linii u pacientt se stfedni ¢i $patnou
prognézou ¢i s mTOR inhibitory ve vyssi
linii [32,37,38]. Bylo popsano prodlou-
Zeni OS u pacient( [é¢enych sekvenci
TKI - kabozantinib ptiblizné o 5 mésict
nez u nemocnych lécenych sekvenci TKI
— mTOR. Podobné i nivolumab prodlou-
Zil median OS o 5 mésicl po predchozi
TKI terapii ve srovnani se sekvenci TKI
- mTOR. Dalsi moznosti, jak dale zlep-
Sit vysledky terapie mRCC, je kombino-
vana lé¢ba. Probéhlo nékolik klinickych
studii jiz s prvnimi vysledky. Studie faze
Il hodnotila novy TKI lenvatinib. Jedna se
o dudiniVEGFR a FGFR (fibroblast growth
factor receptor) inhibitor, ktery v kom-
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binaci s everolimem ve 2. linii mRCC vy-
znamné prodlouzil median PFS (12,8 vs.
5,6 mésice; HR 0,45; p = 0,003), OS
(25,5 vs. 19,1 mésice; HR 0,51; p = 0,02)
ve srovnani s monoterapii everolimem.
Studie dale prokazala dosud nevidané
procento dosazeni ORR (43 %). Tato sku-
te¢nost by mohla byt vyuZita u sympto-
matickych pacientl s masivnim meta-
statickym postizenim [50]. Na lonské
konferenci ESMO v Madridu byla publiko-
vana studie CheckMate 214, ktera u pa-
cientd se stfedni a Spatnou prognoézou
porovndavala kombinaci imunoterapie ni-
volumab + ipilimumab se standardni lé¢-
bou sunitinibem v 1. linii [é¢by mRCC.
Kombinovana imunoterapie prokazala
vyznamné delsi median PFS (11,6 vs.
8,4 mésice; HR 0,82; p = 0,0331), OS (me-
dian zatim nedosazen vs. 26,0 mésice; HR
0,63; p < 0,000), jakoZ i ORR (42 vs. 27 %).
Tato studie déle prokazala prediktivni vliv
exprese PD-L1, kdy ve skupiné pacient(
s expresi = 1 % byl rozdil v PFS 22,8 vs.
5,9 mésice (HR 0,48; p = 0,0003) [51]. Ak-
tualné probihda mnoho klinickych stu-
dii, pfevazné faze |, které kombinuji TKI
a imunoterapii. Kontrolnim ramenem je
vétsinou standardni terapie 1. linie suni-
tinib. Problémem je kombinace pazo-
panibu a imunoterapie vzhledem k vy-
sokému riziku jaterni toxicity. Dalsi
perspektivni moznosti je i pouziti proti-
nadorovych vakcin, nutno ale vyckat na
data ze studii faze Il hodnoticich vétsi
pocet pacientd [52].

Biomarkery

V soucasné dobé nemame k dispozici
prediktivni biomarker pro lé¢bu TKI ¢i
mTOR inhibitory. V posledni dobé do-
chézi na podkladé genové analyzy RCC
k identifikaci mnoha mutovanych gend,
které by mohly mit prognosticky ¢i pre-
diktivni vyznam (PBRM1, BAP1, SETD2,
KDM5CQ) [53]. Asi nejvice dat mame z vy-
zkumu genu KDM5C, ktery se spolupo-
dili na procesu transkripce a remodelace
chromatinu. Mutovana forma tohoto
genu je spojena se zvySenim lécebné
odpovédi na inhibitor VEGFR sunitinib
ve srovnani s nemutovanou formou. Pre-
diktivni vyznam mutace genu KDM5C
na inhibitory mTOR nebyl prokazan [54].
Dvé retrospektivni studie prokézaly, ze
mutace v mTOR draze v genech TSCT,

TSC2 a MTOR jsou asociovany s odpovédi
na mTOR inhibitory everolimus a temsi-
rolimus [55,56]. Dalsim hodnocenym
biomarkerem byl gen MET jako cilova
struktura pro kabozantinib. Subanalyza
studie METEOR ale neprokazala kore-
laci mezi expresi MET a |é¢ebnymi vy-
sledky. Exprese MET byla vysetfena imu-
nohistochemicky. Jinym potencidlnim
biomarkerem je exprese PD-L1. Zvy3ena
exprese PD-L1 a CD8 T lymfocytl byla
asociovana s kratsim OS u pacienta |é-
¢enych inhibitory VEGFR ve studii COM-
PARZ [57]. Podobné byl negativni pro-
gnosticky vliv exprese PD-L1 prokazan
i ve studii CheckMate 025, ale bez pre-
diktivniho pusobeni na ucinnost imu-
noterapie [39]. Prediktivni vliv exprese
PD-LT = 1 % byl prokdzan pro kombi-
naci nivolumab + ipilimumab ve studii
CheckMate 214 [51]. Problematika na-
lezeni optimalnich biomarker( v 1écbé
mRCC je vyzvou pro aktudlni vyzkum.

Zavér

U pacientl se svétlobuné¢nym mRCC
predstavuje aktualné vyznamnou roli ci-
lend terapie a imunoterapie. U pacientu
v dobrém vykonnostnim stavu a s men-
$im rozsahem metastatického postizeni
Ize zvazit provedeni cytoredukcni nefrek-
tomie. V pfipadé oligometastatického
onemocnéni Ize uvazovat o chirurgické
resekci metastaz nebo pouZziti ablacnich
metod, jako je stereotakticka radiotera-
pie. Podle doporuceni NCCN, ESMO ¢i
COS Ize definovat celkem 3 linie systé-
mové terapie mRCC. V 1. linii hraji domi-
nantni roli sunitinib a pazopanib, které
Ize povazovat z hlediska ucinnosti za rov-
nocenné, liéi se ale spektrem NU.V 1é¢bé
dalsi linie se vedou aktualni diskuze, zda
pokracovat v podavani TKI, nebo indi-
kovat imunoterapii nivolumabem. Uzi-
te¢né mohou byt podskupinové ana-
lyzy jednotlivych klinickych studii. Lé¢ba
mTOR inhibitory po pfedchozi terapii TKI
je méné ucinnd nez terapie nové gene-
race TKI ¢i imunoterapie. V budoucnu Ize
na podkladé vysledkd randomizovanych
studii ocekavat Sirsi vyuziti kombinace
cilené terapie s imunoterapii [58].
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Nové moznosti testovani chemosenzitivity

u nadorovych onemocnéni

New Approaches for Chemosensitivity Testing in Malignant Diseases

Sommerova L., Michalova E., Hrstka R.
RECAMO, Masarykdv onkologicky Ustav, Brno

Souhrn

Vychodiska: Vzhledem k nezastupitelné uloze chemoterapie pfi Ié¢bé nddorovych onemocnéni
se onkologicky vyzkum zaméfil na zvy3eni Gcinnosti jednotlivych [é¢iv a maximalni zmirnéni, ne-li
kompletni potlaceni nezadoucich Ucinkd. Vhodna Iécba je primarné volena podle zakladnich kli-
nicko-patologickych diagnostickych kritérii, jako je velikost nddoru, stupen diferenciace a pfitom-
nost ¢i absence standardnich marker(. Situaci vsak komplikuje variabilita mezi jednotlivymi pa-
cienty spolu se znac¢nou heterogenitou vlastniho nadoru. Detailni charakterizace intratumoralni
heterogenity a ziskani spolehlivéjsich ukazatel(i U¢innosti léciv by tak mélo vést k posileni perso-
nalizované terapie. Vyvoj a vybér spolehlivych modeld tudiz predstavuje dlileZitou otézku ve vy-
zkumu zaméreném na predikci citlivosti nddorovych bunék k [é¢bé. Cil: Prace shrnuje poznatky
o testovacich systémech zamérenych na stanoveni citlivosti ¢i rezistence nadorovych bunék k che-
moterapii a jejich zavadéni do onkologické praxe od prvnich dnes jiz historickych pokusti az po sou-
Casnost se snahou posoudit jejich uplatnéni ve stavajici klinické praxi ¢i blizké budoucnosti. Znacny
duraz je kladen na porovnani 2D a 3D in vitro bunécnych modeld, nebot jejich vyznam a popularita
konstantné narlsta. Pozornost je téz vénovana systémUm in vivo, které v posledni dobé zazname-
naly nemaly progres a jsou v ramci klinickych studii testovany k predikci odpovédi na podavanou
terapii. Zdvér: Prace uvadi stru¢ny piehled testd chemosenzitivity a hodnoti vyznam jednotlivych
testl vzhledem k jejich zapojeni do rozhodovaciho procesu a stratifikace pacient( s cilem prediko-
vat klinickou odpovéd konkrétnich pacient( a pfispét tak k rozvoji cilené personalizované terapie.

Klicova slova
techniky tkanovych kultur - individualizovana medicina - screening léciv — biologické modely
- nadorové bunécné linie — karcinom - cytotoxické testy

Summary

Background: Due to the irreplaceable role of chemotherapy in cancer treatment, research has
focused on improving the efficacies of individual drugs and minimizing, or completely sup-
pressing, their negative side effects. Based on long-term experience and the results of clinical
trials, the selection of appropriate treatment is currently based on classical clinical diagnostic
criteria, such as tumor size, grade, and the presence or absence of standard markers. However,
complications arise due to variability between patients and tumor heterogeneity. Characteri-
zation of intratumoral heterogeneity and acquisition of more reliable drug performance indica-
tors should improve personalized therapy. Development and selection of suitable models are
therefore important issues in cancer research focused on predicting sensitivity to therapy. Aim:
This work provides an overview of various chemosensitivity tests that have been previously
employed and those that are currently used. Great emphasis is placed on comparing 2D and
3D cell culture models, since their importance and popularity are increasing. Particular atten-
tion is paid to in vivo systems, which have significantly improved recently and are tested in
clinical trials to predict responses to therapy. Conclusion: This work provides a brief overview of
chemosensitivity tests, focusing on the importance of individual tests and their application in
decision-making and patient stratification to improve the clinical responses of patients and the
development of targeted personalized therapy.

Key words
cell culture techniques - personalized medicine — drug screening — biological models — tumor
cell lines — carcinoma - cytotoxicity assays
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NOVE MOZNOSTI TESTOVANI CHEMOSENZITIVITY U NADOROVYCH ONEMOCNENT

Uvod

Za ideadlnich podminek osetfujici Iékaf
spravné diagnostikuje onemocnéni
a nasadi vhodnou lé¢bu, kterd bere
v potaz celkovy zdravotni stav pacienta
a je soucasné maximalné uc¢innd, avsak
pokud mozno bez nezadoucich vedlej-
Sich aginkd (NU). V pfipadé nadorovych
onemocnéni je situace mnohem kom-
plikovanéjsi, nebot rakovina je zna¢né
heterogenni onemocnéni. Jinymi slovy
i v pfipadé nadorl nachazejicich se ve
stejné tkani nemusi byt tataz lécba vzdy
rovnocenné uc¢inna. Kromé toho je stale
Castéji sklonovan i fenomén tzv. intra-
tumoralni heterogenity. To znamena, ze
nadorovd masa je tvofena bunécnymi
populacemi (klony), které se mohou vy-
znamné lisit v celé fadé vlastnosti v¢. cit-
livosti k podavané 1écbé. Avsak i pres
tato uUskali jsou usilovné vyvijeny testo-
vaci systémy, které by umoznily uc¢inné
predikovat citlivost nadord k dostup-
nym lé¢ebnym modalitdm a zefektivnily
by tak vlastni terapeuticky efekt za sou-
¢asného minimalizovani pro organizmus
mnohdy zna¢né devastujicich NU proti-
nadorové lécby.

Chemoterapie predstavuje jednu ze
zdkladnich modalit pti |é¢bé nadoro-
vych onemocnéni. Jednd se o systémo-
vou terapii, pfi niz jsou podavana tzv.
cytostatika, jejichz cilem je usmrtit na-
dorové bunky. Pfipravuji se nejcastéji
synteticky, pfipadné se jedna o deri-
vaty pochazejici z rostlin ¢i plisni. Cyto-
statika obecné zasahuji do pribéhu bu-
nécného cyklu a brani dalsimu déleni
bunék. Proto jsou k nim velmi citlivé
pravé rychle se délici nddorové buriky,
pfipadné buriky se snizenou schop-
nosti opravovat poskozenou DNA. Je
tfeba si vSak uvédomit, ze chemotera-
pie pusobi nespecificky a ucinky cyto-
statik se manifestuji i vzhledem k fyzio-
logicky rychle se délicim bunkém, a to je
spojeno pravé s fadou NU. Tato skuteé-
nost je jednim z hlavnich ddvodd neu-
tuchajiciho vyzkumného Usili o vyvoj
novych, selektivnéjsich a sou¢asné ucin-
néjsich Iékd. Nemaly Uspéch zazname-
naly napf. inhibitory tyrozinkinaz in-
terferujici s vyznamnymi onkogennimi
signdalnimi drdhami [1]. Renesanci v sou-
¢asné dobé zaziva imunoterapie, ktera je
efektivni u celého spektra nadorovych

onemocnéni, a neni tudiz omezena jen
na specifické skupiny nador(i a prede-
vsim jeji Gc¢innost je dlouhodobd [2,3].
Dal3im dulezitym aspektem pfi [écbé
nadorovych onemocnéni je moznost
predikovat ucinnost jednotlivych po-
tencialné aplikovatelnych 1ékd a zvolit
tak pro daného pacienta co mozna nej-
vhodnéjsi, resp. nejucinnéjsi lécebny
rezim. Prvni oficidlni snahy v tomto
sméru se datuji jiz ke konci prvni polo-
viny 20. stoleti, kdy byly vyvijeny a zava-
dény prvni in vitro testy [4]. Pfestoze se
jedna o znacné atraktivni aplikovany vy-
zkum se zjevnym praktickym uplatné-
nim, dosud nebyl vytvoren, schvalen ani
systematicky zaveden univerzalni pro-
tokol umoznujici personalizovanou pre-
dikci chemosenzitivity u nadorovych
onemocnéni.

Cilem této préce je shrnout poznatky
o testovacich systémech zaloZenych na
kultivaci nadorovych bunék, ptip. nado-
rovych xenotransplantatli umoznujicich
stanoveni citlivosti/rezistence nadoro-
vych onemocnéni k chemoterapii v¢.
snahy o jejich zavadéni do onkologické
praxe od prvnich dnes jiz historickych
pokustl az po soucasnost a posoudit je-
jich uplatnéni ve stavajici klinické praxi
¢i blizké budoucnosti.

Historie testovani
chemosenzitivity nadorovych
onemocnéni

Od 50. let minulého stoleti byly vyvijeny
pfistupy umoznujici testovani citlivosti
lidskych nadorovych bunék k cytostati-
kiim v podminkach in vitro s cilem najit
jednodussi alternativu k testdim aktivity
tehdy dostupnych Gc¢innych latek prova-
dénym predevsim na hlodavcich.

Prvni pokus popsali Black a Speer
vroce 1954 [5]. Inkubovali fezy nddorové
tkdné s cytostatiky a pozorovali inhibici
metabolické aktivity bunék pomoci te-
trazoliové soli. V nékolika nasledujicich
desetiletich byla publikovana rada studif
srovnavajicich na podobném principu
vyvinuté in vitro testy (at jiz bunky kul-
tivované v monovrstvé, nebo tkanové
fezy) s hodnocenim citlivosti organo-
vych kultur in vivo s obecnym cilem opti-
malizovat in vitro testy a pfiblizit se stavu
in vivo. Zavéry mnoha z nich vsak pfi-
pustily, ze korelace vysledkd neni abso-

lutni, pficemz testy in vitro jsou zatizeny
fadou negativnich faktor(, které jsou
evokovany izolaci bunék z plvodniho
mikroprostiedi [6,7] a promitaji se i do
hodnoceni metabolické aktivity bunék
kultivovanych in vitro. Z metodickych,
tehdy zavadénych pfistupl k testovani
Zivotaschopnosti naddorovych bunék se
ujaly predevsim ty, které byly zalozené
na stanoveni metabolické aktivity, jako
je napi. méfeni enzymatické aktivity suk-
cinat dehydrogendzy [5], kyselé fosfa-
tazy [8,9] ¢i zaloZzené na analyze inkorpo-
race radioaktivné znacenych prekurzort
3H-uridinu/3H-thymidinu béhem syn-
tézy nukleovych kyselin [10-12] v krat-
kodobych bunécnych kulturach. Dalsi
skupinu predstavuji metody hodno-
tici viabilitu testovanych bunék na bazi
membranové integrity pomoci selektiv-
niho barveni mrtvych bunék. Tyto v3ak
byly obecné vnimany jako pfistupy pro-
dukujici neptesné vysledky a v porov-
nani s ostatnimi metodami byly hodno-
ceny spise jako nevyhovujici [13,14].

V roce 1977 Hamburger a Salmon [15]
kultivovali nddorové bunky na mékkém
agarovém médiu a ke stanoveni jejich
chemosenzitivity pouzili test nazvany
HTCA (Human Tumor Colony Assay),
ktery je zalozen na selektivnim rlstu na-
dorovych bunék na médiu umoznujicim
vznik kolonii. Priblizné po 10-21 dnech
kultivace jsou kultury ovlivnéné cyto-
statiky a kontrolni kultura vzajemné po-
rovnany vzhledem k poctu vytvorenych
kolonii, z ¢ehoZ se nésledné vyvozuje
Ucinek testované latky.

Kangas et al [16] a Sevin et al [17,18]
navic vyuzili k testovani chemorezis-
tence in vitro méfeni hladiny adenozin
trifosfatu (adenosine triphosphate - ATP)
jako zadkladniho zdroje energie Zivych
bunék, a to pomoci bioluminiscence.
Izolované bunky nadoru/shluky bunék
byly kultivovany na agarovém médiu
a po 6-7 dnech byl ATP z bunék extraho-
van, ptidan komplex luciferin-luciferaza
a hladina bioluminiscence byla méfena
luminometrem.

Nejrozsifenéjsi metodou stanoveni cit-
livosti nddorovych bunék in vitro se viak
stal tetrazoliovy test (MTT test) [5,19,20]
vychazejici z plvodniho konceptu a po-
stupné zdokonalovany diky vyvoji kulti-
vacnich médii a laboratorniho vybaveni.
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Izolované buriky nadoru jsou kultivo-
vany v kultiva¢nich deskdch s médiem
obsahujicim cytostatikum o rlznych
koncentracich a prezivani bunék vtomto
prostfedi je hodnoceno na zakladé za-
chovani jejich metabolické aktivity. Ta
je hodnocena mirou schopnosti zZivych
bunék redukovat Zlutou rozpustnou te-
trazoliovou sGl, MTT (3-[4,5-dimethyla-
zol-2-yl]-2,5-diphenyl-2H-tetrazolium
bromid), pomoci mitochondrialnich oxi-
doreduktadz na nerozpustny modry for-
mazan [21], ktery je nasledné rozpus-
tén organickym rozpoustédlem [22,23].
Absorbance barevného produktu je na-
sledné mérena fotometricky a hodnoty
ziskané u bunék kultivovanych s tes-
tovanym cytostatikem jsou srovnany
s hodnotami identické kontrolni kultury
bez ovlivnéni. Nasledné jsou sestrojeny
kfivky preziti a hodnocena inhibi¢ni kon-
centrace (IC) nebo téz efektivni koncen-
trace (EC) cytostatika. Tato metoda byla
taktéz zavedena v Masarykové onkolo-
gickém ustavu v Brné s cilem konseku-
tivné testovat chemorezistenci u vzork
odebranych v rdmci 1é¢by u vétsiny on-
kologickych diagnéz [24,25]. Vysledky
vsak nebyly uspokojivé a i pres dalsi op-
timalizace [26] bylo rutinni testovani
v roce 2009 ukonceno.

Vsechny dosud jmenované pfistupy
predstavuji maximalné zjednodusené
metody testovani chemorezistence in
vitro v 2D usporadani, a to v podstaté
aZz na urovni jednotlivych separova-
nych bunék. Na druhou stranu je vsak
tfeba si uvédomit, Ze ve své jednodu-
chosti systém pomiji vlastnosti nddo-
rové tkané (komplexnost a heteroge-
nitu) a 2D uspofadani se zna¢né vzdaluje
podminkam in vivo, proto mize docha-
zet k nemalému zkresleni dat. Soubézné
se tedy objevuji prvni prace pokouse-
jici se kultivovat nddorové bunky v 3D
uspofadani a toto vyuzit i k testovani
chemosenzitivity.

3D in vitro modely

Jiz na pocdatku 20. stoleti popsal
Carrel [27] Uspé3né experimenty s tkano-
vymi fragmenty dlouhodobé kultivova-
nymi v podminkéch in vitro.V 50. letech
pak Leighton proved| fadu in vitro stu-
dii, pfi nichz nddorové buriky nebo jejich
shluky byly kultivovéany na pérovité ma-

trix (sponge-matrix) s cilem Iépe simulo-
vat 3D prostredi in vivo [28,29].

Rotman et al v roce 1988 [30] ziskali
jemnou homogenizaci nddoru shluky
bunék (oznacené jako ,micro-organs”),
které vystavil fluorescein-acetéatu s cilem
selektovat ,zivé” shluky pomoci fluo-
rescence, tzv. fluorescent cytoprinting.
Ty nasledné imobilizoval na matrix z ce-
lulézovych vldken impregnovanych
kolagenem a inkuboval 5-10 dni na
ocelové destic¢ce v Petriho misce s kulti-
va¢nim médiem spolu s pfidavkem tes-
tovaného cytostatika. Nasledné byla
vyvolana dalsi fluorescence a Ucinek cy-
tostatika byl hodnocen porovnanim hla-
din fluorescence prfed a po vystaveni
shlukl cytostatiku. Vescio [31] vyvinul
systém histokultury in vitro, tzv. HDRA
(Histoculture Drug-response Assay),
v niz byly kousky (1-2mm) nadoru kul-
tivovany na gelu (native-state collagen-
-sponge gel) odvozeném od extracelu-
larni matrix praseci kGize podporujici 3D
rdst nadoru, ktery byl ponofen do kulti-
va¢niho média s cytostatiky v kultiva¢ni
misce.

V soucasné dobé existuje fada mode-
lovych systému, které se mohou uplat-
nit nejen v ramci vyzkumu zaméreného
na biologii nadorové burky, ale i prak-
ticky napf. pfi screeningu novych lé¢i-
vych pfipravkl. Na druhou stranu vsak
Uspésnost potencialnich protinadoro-
vych 1éka, které se ukazovaly jako velmi
slibné v rdmci testovani v in vitro 2D kul-
tiva¢nich systémech, byva v klinické
praxi jen okolo 5-10 % [32-34]. VyuZiti
zvitecich modeld, které obvykle predsta-
vuje navazujici fazi v rdmci preklinického
testovani, je naopak finan¢né i ¢asové
znacné naroc¢né a navic ani tyto mode-
lové systémy plné neodpovidaji lidské
fyziologii [35].

Tato skute¢nost tedy nuti k vyvoji mo-
delového systému, ktery by umoznil mo-
nitorovat bunécnou proliferaci a Zivota-
schopnost (viabilitu) nddorovych bunék
a soucasné co mozna nejvérnéji napo-
doboval situaci v lidském téle. V opti-
malnim ptipadé by pak mél soucasné
umoznovat i monitorovani migrace a in-
vazivity nddorovych bunék do pfileh-
Iého okoli, nebot se jedna o vyznamné
parametry spojené s tvorbou metastéz,
které predstavuji jednu z hlavnich pficin

selhani protinadorové terapie [36]. Dal-
$im v dnedni dobé stéle vice sklorfiova-
nym pozadavkem na vhodny bunéc¢ny
model je mozZnost analyzy angiogeneze
a schopnosti interagovat, resp. uniknout
imunitnimu systému organizmu, ve kte-
rém se nador vytvofil [3,35].
Tridimenzionalni (3D) kultiva¢ni mo-
dely fadu vyse zminénych vlastnosti
spliuji a pfedstavuji tak atraktivni na-
stavbu testovani cytotoxicity i efektiv-
nosti a bezpe¢nosti novych lé¢iv v 2D in
vitro podminkach, a v fadé aspektd do-
konce prekondvaji experimenty na zvife-
cich modelech [37]. Zavedeni 3D in vitro
modelu tak jednoznacné vedlo k elimi-
naci malo uc¢innych protinddorovych
Iékd a redukci poctu experimentl na zvi-
fecich modelech [38-40].
3D bunécné kultury jsou pokusem o si-
mulaci prostredi tkani, ve kterych jsou
bunky mezi sebou spojeny, interaguji
spolu a reaguji na podnéty z okoli [41].
Existuje celd fada variaci 3D model{.
Dnes jiz klasickym a nejjednodussim 3D
modelem jsou tzv. multicelularni sfé-
roidy (MCS), ve kterych se adherentni
nadorové burky shlukuji do GtvarQ pfi-
pominajicich koule. Béhem pfipravy
sféroidd je mozné vyuzit syntetické
bunécné leSeni nebo prirozenou schop-
nost bunék produkovat extracelularni
matrix (ECM). Pro vytvoreni MCS jsou kri-
tické 3 etapy:
1.Vazba dlouhych fetézcl ECM tvofi-
cich vldkna na integriny nachazejici
se na bunécném povrchu, coz umozni
pfiblizeni bunék rozptylenych v sus-
penzi a zajisti tvorbu agregatu. Bu-
nécné shlukovani pak aktivuje expresi
kadherin(.
2.Kadheriny jsou nasledné akumulo-
vany na bunécném povrchu.
3. Dochazi k vytvofeni mezibuné¢nych
homofilickych vazeb kadherin-kadhe-
rin, ¢imz vznika MCS [42].

Dulezitym krokem k vytvoreni MCS je
taktéz nutnost kultivovat bunky v pro-
stiedi, kde je adhezivita mezi burikami
silnéjsi nez pfilnavost bunék k substratu.
Z toho dlvodu se vyuzivaji kultiva¢ni
desky se specidlnim nepfilnavym povr-
chem, pfipadné se pouziva metoda vi-
sici kapky, agita¢ni michani nebo elek-
tricky/magneticky indukovana tvorba
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Obr. 1. Schematické zobrazeni rozdilG 2D a 3D kultiva¢nich metod.

Nadorové buriky kultivované ve 2D podminkach jsou pfichyceny k plastovému podkladu, vykazuji stejnou miru proliferace, jsou rov-
nomérné vystavené pusobeni latek z vnéjsiho prostredi a interaguji se sousednimi burikami pouze malou ¢asti svého povrchu. Naopak
bunky kultivované ve 3D kultiva¢nich podminkach vytvafi nékolik zén dle schopnosti proliferovat — zénu proliferace, zénu quiescence
a nekrotické jadro. Takto uspofddanym nadorovym bunkdm je umoznéno vytvaret mezibunééné interakce a interagovat s okolnim extra-
celularnim matrixem (ECM). Kultivace bunéc¢ného sféroidu rovnéz simuluje vytvoreni gradientu léciv, ristovych faktord, plynt a dalSich

produktd metabolizmu. Riiznd mira hypoxie a hladovéni se pak promité ve zvysené rezistenci k podavanym léciviim.

MCS [43]. Na naSem pracovisti se nej-
castéji pouzivd metoda visici kapky -
bunky se nanesou v kapce na vicko kulti-
vacni nddoby a po jejim otoceni vznikne
kapka. Buriky zde nemaji moznost pfi-
sednout k povrchu a vytvareji MCS ve
spodni ¢asti kapky na rozhrani kultiva¢-
niho média a vzduchu.

Dalsi moznosti pfipravy 3D kultur je
vyuziti trojrozmérnych polymernich le-
Seni. Nejcastéji se pouzivaji pFirodni
hydrogely, jako je Matrigel (gelova smés
proteinG extraceluldrni matrix) nebo ko-
lagen, které soucasné simuluji pfirozené
vytvareni spojl mezi nadorovymi bun-
kami a ECM, kterd rovnéz vyznamné
ovliviiuje bunécnou signalizaci [44,45].

Spolec¢na kultivace nddorového 3D sfé-
roidu s dal$imi burikami jiného typu
(napf. endotelidlni burky, fibroblasty
apod.) umoznuje kopirovat vliv nado-
rového mikroprostfedi na progresi na-
dorového onemocnéni [46]. Oproti na-
dorovym burikdm majicim pfi kultivaci
v monovrstvé na Petriho misce plochy
Jrozprostieny” tvar, vykazuji bunky tvo-
fici sféroid morfologii, kterd mnohem
vérnéji kopiruje morfologii bunék uvnitf
nadoru, ze kterého byly odvozeny [47].
Dale bunky kultivované v monovrstvé
proliferuji v podstaté rovhomérné, za-
timco vytvofenim bunécného sféroidu
dochazi ke vzniku rozdilnych zén tvore-
nych bunikami v rlznych fazich bunéc-

ného cyklu, s ¢imz je spojena i rozdilna
rychlost proliferace [48,49]. Rovnéz do-
chazi k vytvoreni gradientu Zivin, rdsto-
vych faktor(, l1éCiv, plynu a dalSich meta-
bolickych produkt a ke zménam v pH,
které charakterizuji nddor in vivo. Na-
opak buriky v 2D modelech jsou rovno-
mérné vystavené pusobeni latek, zivin,
rlstovych faktoru a léciv nachazejicich se
v kultiva¢nim médiu (obr. 1). Napodobo-
vani této vlastnosti nadoru in vitro mize
mit ve svém duUsledku nejen stimulac¢ni
nebo inhibi¢ni efekt na progresi nadoru,
ale soucasné se mlze podilet i na Gcin-
nosti terapie a odpovédi na ni [37,50].
Navic bylo prokdzano, ze v nadorové
tkani dochazi vlivem hypoxie, hlado-
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véni (z dlvodu zhorseného zasobovani

zivinami) a snizeného pH k indukci ex-

prese proteinl spojenych s rezistenci

k chemoterapii, napt. MRP1 (multidrug

resistance protein) nebo LRP (lung resi-

stance-related protein) [51,52].

Rozdily v intenzité proliferace spolu

s vytvofenim gradientu v distribuci Ié-

¢iva jsou hlavnimi davody, pro¢ jsou na-

dorové buriky kultivované v 3D modelu
zpravidla vice rezistentni k chemoterapii

v porovnani s tymiz bunkami kultivova-

nymi v monovrstvé [53-55]. Pfikladem

muze byt:

1. Dvojnéasobné snizeni citlivosti bunék
melanomu kultivovanych v 3D pod-
minkachvzhledemk psobeniNPrCAP
(4N-acetyl-4S-cysteaminylfenol) [56].

2.Snizeni cytotoxického ucinku pakli-
taxelu o 20-40 % u epitelidlnich ova-
ridlnich bunék kultivovanych ve 3D
modelu v porovnani s bunkami kulti-
vovanymi ve 2D podminkdch [54].

3.Vyznamné snizena Ucinnost viech ¢ty
bézné pouzivanych modalit pti lé¢bé
kolorektalniho karcinomu (colorectal
cancer — CRC) — melfalan, 5-fluorou-
racil, oxaliplatina a irinotekan - u bu-
nécné linie HCT-116 odvozené od CRC,
kultivované ve 3D sféroidech v porov-
nani s burikami ve 2D kultiva¢nim mo-
delu, u néhoz byly tytéz latky vyrazné
efektivné;jsi [55].

Kli¢covou ulohu pfi odpovédi na tera-
pii hraji lokalizace a exprese bunécnych
povrchovych receptord spolu s bunéc-
nymi signalnimi drahami, jejichz akti-
vita se znacné lisi pfi porovnani 2D a 3D
modell, byt jsou tvofeny plvodné stej-
nymi burikami. To Gzce souvisi se skute¢-
nosti, ze buriky kultivované ve 2D mo-
delech mohou byt citlivéjsi k podavané
terapii, nez je tomu ve skutecnosti [57].
Soucasné pak muze nastat i opacna si-
tuace, kdy jsou k terapii senzitivni pouze
bunky kultivované v 3D modelu s tim, ze
in vitro 2D model poskytuje falesné ne-
gativni vysledky.

Pfestoze testovani chemosenzitivity,
resp. chemorezistence zalozené na troj-
rozmérnych kultivacich teprve vstupuje
do povédomi odborné vefejnosti a vét-
$ina experimentl byla provedena pro-
zatim jen s ustavenymi nadorovymi
bunéénymi liniemi, v posledni dobé

se stale hlasitéji o slovo hlasi pfiprava
a praktické vyuziti primarnich bunéc-
nych linii (tzv. primokultur) ziskanych
pfimo od pacient(. Jednoznaéné se
jedna o krok smérem k rozvoji persona-
lizované mediciny. Kondo et al [58] ve
své studii uspésné izolovali buriky z CRC
od fady pacientU a pfipravili z nich 3D
kultury in vitro, které vérné kopirovaly
vlastnosti nddoru in vivo. Nasledné na
3D sféroidech analyzovali chemosen-
zitivitu a aktivaci signalnich drah. Po-
dafilo se jim prokazat, ze odpovéd na
terapii 5-fluorouracilem (5-FU) je indivi-
dudlni. U t¥i pacient byl rdst sféroida
inhibovan uz pfi koncentraci 0,1 pg/ml,
zatimco ve dvou pfipadech ani koncent-
race 10 pg/ml nebyla dostate¢né ucinna,
aby dochazelo k inhibici ristu sféroidd.

Vzhledem k obrovskému pfinosu 3D
kultur je v sou¢asné dobé hlavni snahou
ve vyzkumu novych protinddorovych
Ikl plnohodnotné zaclenéni trojroz-
mérné kultivovanych nadorovych orga-
noidl do preklinického ,highthroughput”
screeningu léciv. S tim Uzce souvisi vyvoj
obecné platnych postupl pro pfipravu
téchto 3D kultur, jejich management
a testovani citlivosti k 1é¢bé, které musi
byt aplikovatelné nap¥i¢ viemi svétovymi
laboratofemi. Jednou z prvnich vlastovek
by mohla byt pfiprava uniformnich re-
produkovatelnych sféroidd v 384 jamko-
vém formatu pomoci metody visici kapky.
Tato metoda je plné kompatibilni s au-
tomatizovanymi robotickymi systémy
bézné vyuzivanymi pfi velkokapacitnim
screeningu léciv a byla nedavno Uspésné
vyuZita pii testovani citlivosti rdznych 3D
kultur k 5-fluorouracilu [59].

Vyznamnym aspektem souvisejicim
se zdomdacnénim 3D kultur v aplikova-
ném vyzkumu zaméfeném na testovani
ucinnosti novych nebo jiz dfive pouzi-
vanych |é¢iv pfedstavuje po jejich zave-
deni a optimalizaci také automatizace,
jez by umoznila rutinni vyuziti 3D kul-
tur v bézné praxi pfi vyzkumu jednotli-
vych nddorovych onemocnéni. Jako ilu-
strativni pfiklad mohou slouzit nedavno
vytvorené platformy pro studium bio-
logie naddorovych kmenovych bunék zis-
kanych z ascitu od pacientek s karcino-
mem vajecniku [60].

Nemaly vyznam je téZ kladen na vyvoj
metodik vedoucich k vytvareni sféroidd,

které by byly reprodukovatelné, snadno
proveditelné a pfitom cenové dostupné.
Jednou z moznosti mohou byt modi-
fikace dfive pouzivanych metod, napft.
analyza schopnosti nddorovych bunék
tvofrit kolonie po expozici léc¢ivu, ktera
byla jiz uspésné prevedena do 3D for-
matu a nyni je ve stavu vyvoje plné au-
tomatizovaného systému [61]. Nedavno
byla publikovana studie, v ramci které
se podatilo pfipravit platformu pro jed-
noduché a soucasné kvantitativni testo-
vani chemosenzitivity bunék v 3D for-
matu [62]. Byla vsak pozorovéana rdzna
mira Uspésnosti tvorby sféroidd pohy-
bujici se v rozmezi 50-99 % [63].
Hlavnim pfinosem testl chemosenzi-
tivity je predikce citlivosti k planované
[é¢bé a s tim spojena selekce pacient(,
ktefi budou z Ié¢by profitovat. Péknym
pfikladem je tzv. CD-DST (Collagen gel
Droplet-embedded culture Drug Sen-
sitivity Test), ktery byl vyvinut jiz pred
20 lety [64], av3ak jeho pfednosti v tes-
tovani chemosenzitivity riznych nadort
se vyuzivaji i v soucasnosti. CD-DST byl
vyuzit k predikci rezistence pacientl
s hepatocelularnim karcinomem k stan-
dardné podavané 1écbé a v souvisejici
klinické studii umoznil pomérné spo-
lehlivé stanovit, ktery z pacientd bude
z adjuvantni chemoterapie skute¢né
profitovat [65,66]. Jen v roce 2017 bylo
publikovano hned nékolik praci, které se
zabyvaly aplikaci CD-DST u dalsich ma-
lignit, jako je karcinom dutiny ustni, plic
nebo nadory traviciho traktu [65,67,68].

Predikce chemosenzitivity

s vyuzitim in vivo modelti
Historicky tento pfistup vychazi z tzv. xe-
nogennich (xenograftovych) modeld,
kdy je nadorova linie (vétsinou lidska)
transplantovana imunodeficitnimu xe-
nogennimu pfijemci. Nej¢astéji se jedna
o athymické Nu/Nu mysi (chybi brzlik,
neprodukuji T bunky) nebo SCID mysi
(severe combined immunodeficiency
disease), které nesou autozomalné re-
cesivni mutaci SCID zpuUsobujici tézkou
kombinovanou imunodeficienci (chybi
protildtkova i T bunécna imunita) a hod-
nocena je obvykle dynamika nadoro-
vého rlstu a parametry pieziti. V soucas-
nosti se pfi testovani chemosenzitivity
in vivo uplatnuji zejména mysi modely,
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Obr. 2. Schematické zobrazeni pfipravy xenogennich mysich modeld.
Kousky resekované nadorové tkdné mohou byt pfimo vneseny do imunodeficitnich mysi, ¢astéji se vsak provadi homogenizace a ziskana
suspenze nadorovych bunék je nasledné aplikovdna do imunodeficitnich mysi. Takto pfipravené xenogenni mysi modely pak mohou
slouzit bud'k ziskani vétsiho mnozstvi témér identické nadorové masy vhodné pro dalsi testovani, nebo v pfipadé dostate¢ného mnoz-
stvi nadorového materidlu jsou pfimo vystaveny plsobeni pfislusnych chemoterapeutik s cilem monitorovat citlivost nadorovych bu-

nék k testovanym lé¢ebnym modalitdm.

které vykazuji jesté vyssi stupen imu-
nodeficience v porovnani s klasickymi
xenogennimi modely. Typickym pfi-
kladem je kmen NOD (non-obese dia-
betic)/SCID, u néhoz nedochazi k rozvoji
diabetu, aviak mysi vykazuji snizenou
aktivitu NK (natural killer) bunék a vro-
zené imunity vibec, coz az 10nasobné
zvysuje toleranci vaci lidskym hemato-
poetickym burnkam. Jinym piikladem je
inbredni kmen nesouci homozygotni
mutaci IL2rg-/- (interleukin-2 recep-
tor), kterd potlacuje tvorbu T a B lym-
focytlh a brani vzniku NK bunék. Kfize-
nim téchto dvou kmen( vznikl hybridni
kmen NOD/SCID IL2rg-/-, ktery svymi
vlastnostmi umoziuje a zaroven vy-
znamné zvysSuje Uspésnost uchyceni
a rGstu nadorovych bunék, a dokonce
i dalSich lidskych tkani v¢. kmeno-
vych a progenitorovych bunék izolova-
nych z pupecnikové krve nebo kostni
dfené.

Imunodeficitni mysi nesouci lidské
xenogenni nadory pfedstavuji velice
uc¢inny nastroj v rdmci preklinickych stu-
dii zamérenych na screening potencial-
nich léciv a identifikaci potencialnich te-
rapeutickych cild. Sou¢asné mohou byt

i pfimo vyuzity v rdmci konceptu tzv.
personalizované terapie. Zjednodusené
jsou nadorové bunky/tkdné jednotli-
vych pacientl vneseny do vhodnych
imunodeficitnich mysi, kterym jsou na-
sledné podavany protinddorové [é¢ebné
modality s cilem vybrat co nejvhod-
néjsi 1ék, pfipadné kombinaci vybranych
1éka.

Metodicky jsou xenogenni mysi mo-
dely pfipravovany vnesenim malého
kousku nadoru nebo bunécné sus-
penze ziskané z krve pacienta ¢i ex-
cizi nddorové tkané. Pfi tomto procesu
je bezpodminecné nutna sterilita vna-
Sené tkané [69]. Nadorové buriky nebo
kousky tkané byvaji ¢asto pred vlastni
injikaci do mysi smichany s Matrigelem,
ktery zefektivni rlist xenogenniho na-
doru a pfispiva k udrzeni pavodniho fe-
notypu nadoru. Ze stejného divodu by-
vaji nadorové buriky ¢asto koinjikovany
s dalsimi bunikami, napft. endotelidlnimi,
stromalnimi, fibroblasty apod. V pfipadé
malého mnozZstvi vstupniho materialu je
nadorovy material implantovan subku-
tanné do omezeného poctu mysi. Jak-
mile jsou xenogenni nddory dostate¢né
veliké, jsou odebrdany a je z nich pfipra-

vena bunécné suspenze, jez se nasledné
aplikuje do dalsi generace mysi.

Dalsi nemalou vyhodou xenogennich
mysich modell je moznost implantace
nadorovych bunék ¢i tkani dvéma zpd-
soby — ortotopicky nebo heterotopicky.
Hlavnimi vyhodami heterotopické im-
plantace je jednoduchost a snadné mo-
nitorovani rdstu nadoru, pficemz v pfi-
padé solidnich tumord se vétsinou
jednd o subkutanni aplikaci, zatimco
v pfipadé krevnich malignit o aplikaci
intravenézni. Technicky mnohem na-
rocnéjsi je ortotopickd implantace, pfi
které se nadorové bunky vnaseji do stej-
ného typu tkané, resp. orgénu, ze kte-
rého plvodné pochazeji. Tim se pro lid-
ské nadorové buriky vytvari pfivétivéjsi
okolni mikroprostiedi, které mnohem
vérnéji simuluje vnéjsi nddorové milieu
v lidském téle. U ortotopickych implan-
taci je obvykle pozorovana zvysend inci-
dence metastaz, ¢ehoz Ize vyuzit k pre-
dikci ucinnosti 1é¢by metastatického
onemocnéni, pfip. k identifikaci bunéc¢-
nych populaci, resp. molekularnich bio-
markerd, které jsou s procesem vzniku
metastdz asociovany [70]. Xenogenni
mysi model Ize pfipadné vytvofit i z cir-
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kulujicich nddorovych bunék pochaze-
jicich z krve pacientd s nadorovym one-
mocnénim. Pfedpoklada se, Ze cirkulujici
nadorové buriky se oddélily z primar-
nich nadorovych lozZisek a volné cirku-
luji ve vaskularnim systému, dokud se
neuhnizdi na pfihodném misté a neza-
¢nou nekontrolované proliferovat, aby
daly vzniknout sekundarnimu loZisku —
metastazi. Takto pfipravené modelové
xenogenni systémy pak mohou slou-
Zit nejen k testovani chemosenzitivity,
ale obecné i ke studiu tumorigenicity
a k molekularni charakterizaci cirkuluji-
cich naddorovych bunék. Zjednoduseny
postup pfipravy xenogennich mysich
nadorovych modeld je schematicky zna-
zornén na obr. 2.

Zaveér

Vzrastajici mnozstvi novych, pomérné
bezpecnych protinddorovych 1éka cile-
nych proti specifickym signélnim dra-
ham a procestiim i na subcelularni trovni
dava nadéji, Zze v drtivé vétsiné pripadu
bude k dispozici vhodny a dostatecné
ucinny Iék pro daného onkologického
pacienta. V souc¢asné dobé kurativni on-
kologicka terapie obecné vychazi pre-
devsim z tradi¢nich klinicko-patologic-
kych parametrd, jako je histologicky typ
a rozsah (staging) nadorového onemoc-
néni. Toto pak mdze byt dle typu nddoru
doplnéno dalSimi testy zamérenymi na
vybrané molekuldrné biologické de-
terminanty a genetickym vysetfenim
umoznujicim detekci specifickych mu-
taci. Znac¢né atraktivni moznost pak na-
bizi funkcni testovani, pfi kterém jsou
buniky pochdzejici z biopsie daného
nadoru testovany ex vivo na citlivost
k potencidlnim lé¢ebnym modalitdm,
pficemz oSetfujici IékaF pak mlze na za-
kladé vysledku rozhodnout o vhodném
a co mozna nejucinnéjsim lécebném
rezimu.

Na druhou stranu je viak tfeba si uvé-
domit komplexitu nadorovych onemoc-
néni, kdy se i v rdmci jednoho nadoru
muzeme setkat s vyraznou heterogeni-
tou a lé¢ba aplikovana vi¢i dominant-
nimu buné¢nému klonu nemusi byt
vzdy dostatecné uc¢innd vzhledem k dal-
$im minoritnim buné¢nym populacim,
které se nachdazeji v ramci jednoho na-
doru. Je tfeba také vzit v potaz tzv. kme-

nové nadorové burky, které se obecné
mnohem méné déli, a jsou tedy i mno-
hem méné citlivé k chemoterapii a na-
sledné mohou byt pfi¢inou recidivy
onemocnéni.

V podstaté nejhorsi prognéza je v on-
kologii spojena s pfitomnosti vzdale-
nych metastaz, které jsou také obvykle
hlavni pFicinou amrti na onkologicka
onemocnéni. Pfi tvorbé metastaz do-
chazi k transformaci epitelidlnich bunék
primarniho nddoru na mezenchymalni
bunky, které vykazuji mnohem agresiv-
néjsi fenotyp co do invazivity a schop-
nosti migrovat. Takto pozménéné burky
se mohou uvolnit do vaskularniho sys-
tému a volné cirkulovat v téle, soucasné
se viak tyto bunky nachdzeji ve stavu
dormance, nebot maji transientné po-
zastaveny bunécny cyklus, coz zplso-
buje jejich rezistenci k systémové poda-
vanym cytostatikim. Po ukonceni 1écby
pak mGze dojit k reaktivaci téchto bunék
a vytvoreni sekundarniho nddorového
loZiska.

V kontextu vyse uvedeného tedy ani
funkéni testovani provadéné komple-
mentarné s rutinnim klinicko-patolo-
gickym vysetienim a dalSimi sofisti-
kovanymi molekuldrné biologickymi
metodami nemusi byt dostate¢né
a jasné naznacuje potrebu novych do-
stupnych individualizovanych pfistupt
umoznujicich komplexni vysetfeni na
urovni jednotlivych pacientd.
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PUVODNI PRACE

Kvalita Zivota pacientU s ¢astymi nadory
dutiny Ustni [é€enych pooperacni brachyterapii
s vysokym davkovym prikonem pro tésné

nebo pozitivni okraje

Quality of Life After High-dose Brachytherapy in Patients

with Early Oral Carcinoma

Dolezalova H.', Blechova N.2, Petera J.2

"' Stomatologicka klinika LF UK a FN Hradec Kralové
?Radiologicka klinika LF UK a FN Hradec Kralové
3Klinika onkologie a radioterapie LF UK a FN Hradec Kralové

Souhrn

Vychodiska: Prevalence karcinomd hlavy a krku v poslednich dekadach stoupa, coz predstavuje
véazny socialni i medicinsky problém. Retrospektivni hodnoceni kvality Zivota po |é¢bé brachy-
terapii s vysokym davkovym piikonem (high-dose rate - HDR) u pacientl s ¢asnymi nadory
dutiny Ustni. Materidl a metody: Kvalita zivota byla hodnocena u 14 pacientl [é¢enych HDR
brachyterapii pro ¢asné nadory dutiny Ustni (jazyk, spodina dutiny Ustni) l[é¢enych na klinice
Onkologie a radioterapie LF UK a FN Hradec Krélové. Pro hodnoceni byly pouzity dotazniky
EORTC QLQ-C30 a EORTC QLQ-H&N 35. Hodnoceni bylo provedeno 12 mésicli po lécbé. Vsichni
pacienti podepsali pfed zatazenim do studie informovany souhlas. Dotazniky pacienti vypl-
novali samostatné, bez asistence zdravotnického personalu. Vysledky: Celkovy zdravotni stav
podle EORTC QLQ-C30 byl hodnocen 70 body. Nejzdvaznéjsimi symptomy byly Unava, nespa-
vost, ztrata chuti k jidlu, dusnost a finan¢ni problémy. EORTC QLQ-H&N 35 identifikoval jako
hlavni problémy pfibirani na vaze, kasel, bolest, lepkavé sliny a problémy s jidlem ve spolec¢-
nosti. Naopak ztrata na vaze, porucha feci, otvirani Ust, polykdni a senzorické obtize hraly ne-
vyznamnou roli. Zdvér: HDR brachyterapie predstavuje efektivni metodu lécby ¢asnych nadora
dutiny Ustni s uspokojivou kvalitou Zivota. Bylo by prospésné iniciovat prospektivni multicent-
rické multidisciplinarni studie zamétené na kvalitu zivota pacientl s nadory hlavy a krku, ktefi
jsou léceni rdznymi zpUsoby 1écby, a pak provést jejich porovnani.
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Summary

Background: The prevalence of head and neck tumors has continually increased over the past decades, which is a serious medical and social pro-
blem. This study retrospectively assessed the quality of life of patients with early-stage oral cavity tumors after high-dose rate (HDR) brachyther-
apy. Material and Methods: Quality of life was evaluated in 14 patients with early-onset oral cavity tumors who underwent HDR brachytherapy
at the Department of Oncology and Radiotherapy, University Hospital Hradec Kralove. The standardized EORTC QLQ-C30 and EORTC QLQ-H&N
35 questionnaires were used. Patients completed these questionnaires at 12 months after treatment. Results: The general health status was sco-
red 70 points using the EORTC QLQ-C30 questionnaire. Fatigue, insomnia, loss of appetite, dyspnea, and financial problems were the most severe
problems reported. The main problems identified by the EORTC QLQ-H&N 35 questionnaire were weight gain, coughing, pain, sticky saliva, and
difficulties eating in public. On the contrary, patients did not significantly suffer weight loss, speech impairments, difficulties in mouth opening
or swallowing, or sensory problems. Conclusion: HDR brachytherapy is an effective treatment for early oral cancer that leaves patients with an

acceptable quality of life. A prospective, multicentric study focused on the quality of life of patients with head and neck tumors is required.

Key worlds
oral cancer - brachytherapy - quality of life

Vychodiska

Chirurgicka 1écba, brachyterapie (BRT)
a zevni ozarovani (external-beam
radiotherapy - EBRT) jsou standardné
uzivané metody lé¢by casnych karci-
nom dutiny Ustni (cT1-2cNOMO). Sa-
mostatna chirurgickd lécba je v pfipadé
tésnych resekénich okrajli (< 5mm), v pfi-
tomnosti lymfovaskularni ¢i perineu-
rélni invaze, u $patné diferencovanych

Tab. 1. Charakteristiky pacientt.

Parametry N/rozmezi
lokalizace

jazyk 29
spodina dutiny ustni 1
pohlavi

muz 15
zena 15
vék

median 60 (43-74)
staging

T1INOMO 22
T2NOMO 7
T3NOMO 1
grading

1 10

2 17

3 3
hloubka invaze (mm)

median 4(1-20)
resekcni okraje

tésné (< 3 mm) 7

R1 21

R2 2
elektivni kréni disekce 12

nadord a u nadorG s tloustkou > 5mm
provazena vyss$im rizikem recidiv a hor-
sim prezitim. V téchto pripadech je do-
porucovana pooperacni radioterapie [1].
EBRT ma fadu akutnich i pozdnich ne-
zadoucich ucinkli - mukositida, dysfa-
gie, fibréza krku, xerostomie, osterora-
dionekréza. Vyhodou BRT je dopraveni
vysoké davky v kratkém case cilené do
oblasti nddoru a signifikantni redukce
objemu ozafenych zdravych tkani. BRT
mUze byt pouzita jako samostatnd |é-
¢ebnd metoda namisto chirurgické [é¢by
nebo jako pooperacni ozéafeni u pacientt
s nizkym rizikem relapsu v krénich uzli-
nach misto EBRT [2]. Pooperacni radio-
terapie umoznuje redukovat rozsah chi-
rurgického vykonu se zachovanim lokalni
kontroly v pfipadé neptiznivych prognos-
tickych faktord a sniZit vyskyt postradiac-
nich komplikaci oproti EBRT. Kombinace
operace a BRT zlep3uje kontrolu nadoru

socialni fungovani
kognitivni funk&nost
emocni funkénost
vykon a pInéni roli
fyzicka funkcnost

celkovy zdravotni stav

v porovnani s BRT samotnou, zvlasté
v pFipadé vétsich nadord [3]. Vétsina
zkusenosti s BRT byla zaloZzena na ma-
nudlnim zavadéni radioaktivnich zdroju
s nizkym davkovym ptikonem (low-dose
rate — LDR) BRT. Od 90. let minulého sto-
leti je LDR BRT nahrazovéana predevsim
s ohledem na vy33i radia¢ni bezpe¢nost
automatickymi pristroji pro BRT s vyso-
kym davkovym pfikonem (high-dose
rate — HDR) BRT. Pfi LDR BRT se pouziva
kontinudlni ozafovani, pfi HDR BRT se
celkovd davka déli na jednotlivé frakce.
Klinické zkusenosti s HDR BRT jsou stale
jesté limitované.

V soucasné onkologii se pfi hodnoceni
efektu 1écby bere v Gvahu nejen kon-
trola nadorového onemocnéni a akutni
a pozdni komplikace, ale také jeji dopad
na kvalitu Zivota pacientd.

V roce 2015 jsme publikovali nase vy-
sledky pooperacni HDR BRT u pacientt

74

80

86

80

Graf 1. Funk¢ni stupnice a celkovy — EORTC QLQ-C30 verze 3.0.
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s ¢asnymi nadory dutiny Ustni Ié¢enych
v obdobi 2002-2013 [4]. Cilem tohoto
sdéleni je zhodnoceni aktudlni kvality Zi-
vota téchto pacientu.

Material a metody

V obdobi 2002-2013 podstoupilo samo-
statnou pooperacni HDR BRT bez EBRT
na nasi klinice celkem 30 pacientt. Cha-
rakteristika pacientu je uvedena v tab. 1.
HDR BRT byla provedena technikou
plastickych trubic¢ek. Davkova distribuce
byla do roku 2004 kalkulovana plano-
vacim systémem Abacus (Nordion, Ger-
many), poté systémem Brachyvision
(Varian, Spojené staty) na zékladé CT
snimku. VSichni pacienti obdrzeli davku
18 x 3 Gy 2x denné. Pacienti byli kont-
rolovani prvni 2 mésice kazdych 14 dni,
poté kazdé 3 mésice po dobu 3 let a poz-
déji v 6mésic¢nich intervalech. Soucasti
vySetfeni byla anamnéza, klinické vy-

finan¢ni problémy

prdjem

zacpa

nechutenstvi

nauzea

nespavost

dusnost

bolest

a zvraceni

Unava

Graf 2. Symptomatické stupnice - EORTC QLQ-C30 verze 3.0.

Tab. 2. Porovnani kvality zivota EORTC QLQ-C30 u HDR

a LDR brachyterapie.

HDR
terapie

celkovy zdravotni stav 70
Funkéni Skaly

socialni fungovani 74
kognitivni funk¢nost 80
emocni funkénost 83
vykon a plnéni roli 86
fyzicka funk¢nost 80
Symptomatické skaly

Uunava 29
nauzea a zvraceni 8
bolest 17
nechutenstvi 21
prijem 2
zacpa 14
financni problémy 14
dusnost 17

LDR
terapie

74

920
86
94
96
93

21

o U1 0 0 O

HDR - brachyterapie s vysokym davkovym pfikonem,
LDR - brachyterapie s nizkym davkovym pfikonem

40

Tab. 3. Porovnani kvality zivota EORTC QLQ-H&N u HDR

a LDR brachyterapie.

pfibirdni na vaze

doplriky stravy

otevirani ust

kasel

problémy v sexudlni oblasti
sucho v Ustech

lepkavé sliny

analgetika

bolest

ztrata vahy

problémy pfi jidle ve spole¢nosti
problémy ve spolec¢enském kontaktu
problémy se zuby

problémy s feci

smyslové problémy

polykani

vyzivova sonda

pocit nemoci

HDR - brachyterapie s vysokym dévkovym piikonem,
LDR - brachyterapie s nizkym dévkovym piikonem

HDR
terapie

43
14
0
29
21
19
26
24
29
12
25
12
14
10
7
7
15
24

47
16
8
12
28
25
15
16
5
6
5
7
19
10
4
2
16
12

LDR
terapie
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pribirdni na vaze

doplniky stravy

otevirani ust

kasel

problémy v sexudlni oblasti
sucho v ustech

lepkavé sliny

analgetika

pocit nemoci

bolest

ztrdta vahy

problém pfijidle ve spole¢nosti
problém ve spolec¢enském kontaktu
zuby

problémy s feci

smyslové problémy

polykani

vyZivova sonda

Graf 3. Vysledky dotazniku EORTC QLQ-H&N 35.

Setfeni, ultrazvuk krku a 1x ro¢né RTG
plic. V ptipadé lokalni nebo uzlinové re-
cidivy byl jako zachranna lé¢ba pouzit
chirurgicky vykon doplnény zevnim oza-
fenim. Median sledovani byl 64 mésict
(30-169). Pravdépodobnost 5leté lokalni
kontroly, kontroly v krénich uzlinach,
preziti bez zndmek onemocnéni, preziti
bez znamek onemocnéni po zachranné
[é¢bé a celkového pieziti byla 85,4; 69,2,
65,4;75,6a73 %.

Hodnoceni kvality Zivota bylo prove-
deno u 14 pacientd z 18, u kterych se
nevyskytla Zddna recidiva. Pacienti po-
depsali informovany souhlas s hodno-
cenim. Zbyvajici 4 pacient byli sledovéni
na spadovych onkologickych nebo sto-
matologickych oddélenich a nepodafilo
se zajistit vyplnéni dotaznikl. Data pro
méreni kvality Zivota byla sbirdna po-
moci dotaznikll EORTC QLQ-C30 verze
3.0 a EORTC QLQ-H&N 35. Minimalni od-
stup hodnoceni od |é¢by byl 30 mésic.

Data ziskana z dotaznikld byla za-
znamendana a zpracovana v programu

Microsoft Office Excel 2011. Odpovédi
jsou hodnoceny pomoci stupnic s roz-
mezim 0-100. Cim je vétsi hodnota u cel-
kového zdravotniho stavu, tim je lepsi
kvalita zivota. U funk¢nich znakl zna-
mena vyssi hodnota lepsi uroven fungo-
vani. Naopak u pfiznakll znamend vyssi
hodnota vyraznéjsi pfiznaky.

Vysledky

Vysledky hodnoceni dotaznik(i EORTC
QLQ-C30 verze 3.0 jsou prezentovany
v grafech 1 a 2. Pruhovy graf 1 znézor-
fnuje vysledky hodnoceni celkového
stavu a funkci, graf 2 ukazuje vysledky
hodnoceni symptom. Celkovy stav do-
sahoval v prdméru 70 bodud. Nejlépe
byla hodnocena oblast vykonu a plnéni
roli, nejhlif oblast socidlniho fungovani.
Nejcastéji se vyskytujicim symptomem
byla Unava, nasledovand nespavosti
a nechutenstvim, dusnosti a bolesti, fi-
nancnimi problémy a zacpou. Nejméné
castymi problémy byla nauzea se zvra-
cenim a prdjem.

Vysledky dotazniku EORTC QLQ-H&N
35 jsou obsazeny v grafu 3. Nejvyssi mira
obtizi byla zaznamendéna u pfibirani na
véze, kasle, bolesti, lepkavych slin a pro-
blémech pfi jidle ve spole¢nosti. Nej-
mensi obtize byly s hubnutim, feci,
smyslovymi problémy, polykdnim a ot-
virdnim ust.

Diskuze

Cilem onkologické |é¢by neni jen za-
chrana zivota pacienta, ale jeho vylé-
¢eni se zachovédnim maximalni kvality
Zivota. V nékterych situacich se v onko-
logické 1é¢bé nabizeji rizné metody se
srovnatelnou pravdépodobnosti kon-
troly nadoru, ale lisici se spektrem ve-
dlejsich ucinkd [5]. K vyhodnoceni je-
jich dopadu na kvalitu zZivota pacientd
byly vypracovany parametrické dotaz-
niky kvality Zivota, jako je obecny EORTC
QLQ-C30 a na nadory ORL oblasti zamé-
feny dotaznik EORTC QLQ-H&N35.

V nasi praci jsme se zaméfili na hodno-
ceni kvality Zivota u pacientl lécenych
HDR BRT pro nadory dutiny Ustni. Jedna
se o prvni krok v tomto sméru a nase
studie ma podstatné limitace. Je to ze-
jména absence hodnoceni kvality Zi-
vota pacient( pred Ié¢bou, maly soubor
pacientd, nemoznost porovnani kvality
Zivota pacientl Ié¢enych HDR BRT, chi-
rurgickou lé¢bou a zevnim ozafovanim.
Na druhé strané se jednd o prvni pokus
hodnoceni kvality Zivota u pacientt Ié-
¢enych HDR BRT, protoze neexistuje po-
dobna studie a publikace hodnotici kva-
litu Zivota po chirurgické [é¢bé a zevni
radioterapii se teprve zacinaji objevovat.

Existuje pouze jedina publikace zaby-
vajici se kvalitou Zivota u pacientd léce-
nych BRT pro nddory dutiny Ustni a jedna
se o LDR BRT [6]. Hodnoceni bylo pro-
vedeno 12 mésicl po lé¢bé. Porovnani
vysledkd QLQ-C30 a QLQ-H&N35 pre-
zentuji tab. 2 a 3. Celkovy zdravotni
stav dle EORTC QLQ-C30 je srovnatelny
(70 u HDR BRT vs. 74 u LDR BRT). Pouhé
numerické porovnani funk¢nich a symp-
tomatickych stupnic svéd¢i pro vyssi
kvalitu zivota pacientl po LDR BRT, coz
vyznivda ve prospéch teorie o vyssi to-
xicité HDR BRT [7], ackoliv dle publiko-
vanych studii je riziko zdvaznych pozd-
nich komplikaci srovnatelné (nekréza
mékkych tkani, osteoradionekréza) [8].
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Musime vSak mit na paméti, Ze porovna-
vame malé soubory s rozdilnou dobou
hodnoceni od |1é¢by a s riznymi poten-
cidlnimi komorbiditami a absence hod-
noceni kvality zivota nasich pacientl
pred lé¢bou neumoziuje posoudit, do
jaké miry BRT ovlivnila vstupni kvalitu Zi-
vota. Je nutné zdUraznit napadné nizké
ovlivnéni otvirdni ust, feci, polykani
a stavu zub( jak HDR, tak LDR BRT.

V porovnani s chirurgickou |é¢bou do-
padaji pacienti v naSem souboru lépe
jak v hodnoceni funk¢nich skal a celko-
vého zdravotniho stavu, tak v hodno-
ceni symptomatickych skal dle QLQ-C30
a QLQ-H&N35 [9] a totéz plati pro po-
rovnani naseho souboru s pacienty léce-
nymi kombinaci zevniho ozéafeni a ope-
race [10]. Nicméné toto pozorovani je
nutné vnimat s velkou rezervou, pro-
toze hodnocené soubory se lisi sloze-
nim pacientd, predevsim zastoupenim
stadii nadoru, kdy casné tumory pred-
stavuji jen ¢ast hodnoceného souboru
a pokrocilejsi stadia vyzaduji agresiv-

néjsi Iécbu s vyssim dopadem na kvalitu
Zivota pacient(.

Zaveér

Hodnoceni dotaznikl kvality Zivota se
stava dalezitym nastrojem pfi hodno-
ceni efektivnosti rGznych lécebnych
metod. Nase prvni predbézné vysledky
mohou byt podkladem pro hypotézu,
ze HDR BRT umoznuje efektivni 1é¢bu
nador( dutiny Ustni, byt patrné s mirné
horsi kvalitou Zivota, nez poskytuje LDR
BRT.

Bylo by zadouci iniciovat prospektivni
multicentrické multidisciplinarni stu-
die zamérené na kvalitu Zivota pacientt
s nadory hlavy a krku
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ORIGINAL ARTICLE

MAPK/ERK signal pathway alterations
in patients with Langerhans Cell Histiocytosis

Zmeény v signalni draze MAPK/ERK u pacientu s histiocytdzou

Langerhansovych bunék

Novosad O.", Skrypets T.", Pastushenko Y.!, Titorenko I.!, Martynchyk A.', Skachkova O.2, Inomistova M.?,

Gorbach A%, Khranovska N.2, Kryachok I.!

'Oncohematology Department, National Cancer Institute, Kiev, Ukraine
2Experimental Oncology Department, National Cancer Institute, Kiev, Ukraine

Summary

Background: Clinical outcomes of Langerhans cell histiocytosis (LCH) are highly variable. It has
been suggested that mitogen-activated protein kinase (MAPK)/extracellular signal-regulated
kinases (ERK) signaling pathway might be activated in LCH patients. Materials and Methods: We
investigated KRAS, BRAF and NRAS mutations in patients with LCH by qPCR. Results: Eight adult
patients with LCH were treated at the National Cancer Institute, Kiev, Ukraine. Five patients
received chemo plus radiation therapy and three patients received only chemotherapy, resp.
(p < 0.05). All patients received LCH-I study protocol, six cycles in average. A BRAF ¢.1799T > A,
p. V60OE mutation was detected in 25% (2/8) of cases — 1 patient had an early relapse in 6 mon-
ths, and 1 patient - stable disease. We did not find any BRAF, KRAS or NRAS mutations in three
patients with late relapses (in 15, 24 and 46 months). Notably, KRAS mutations were not revea-
led in any LCH samples. The NRAS c.182A > G, p. Q61R mutation was found in two cases — one
patient had LCH transformed to Hodgkin's lymphoma, one patient had a refractory disease.
Time to relapse rate (TTR) in patients with and without BRAF V600E gene mutation was 13 vs.
28 months, resp. (p < 0.05). TTR was 31.3 vs. 6.41 months in patients with absence and pre-
sence of NRAS mutation, p < 0.05. Multivariate analysis showed the presence of NRAS Q61R
mutation was associated with poor event-free survival in LCH patients with HR of 6.1 (95% Cl
0.2-12.6; p = 0.008). Conclusion: BRAF and NRAS mutations in LCH suggest a possibility of the
disease being driven by the activation of the MAPK/ERK pathway. These oncogenic mutations
provide new opportunities in understanding LCH pathogenesis and may be a potential target
of therapy.
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Langerhans cell histiocytosis — mutations — prognostic factors - relapse - survival
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MAPK/ERK SIGNAL PATHWAY ALTERATIONS IN PATIENTS WITH LANGERHANS CELL HISTIOCYTOSIS

Souhrn

Uvod: Klinické vystupy histiocytézy Langerhansovych bunék (Langerhans cell histiocytosis — LCH) jsou vysoce variabilni. Bylo navrzeno, ze u pa-
cientl s LCH mUze byt aktivovana signdlni draha proteinkindzy aktivované mitogenem (MAPK)/extracelularni signdlni regulaéni kindzy (ERK).
Materidl a metody: Vysetiili jsme mutace KRAS, BRAF a NRAS u pacientd s LCH pomoci metody kvantitativni polymerazové retézové reakce.
Vysledky: Osm dospélych pacientt s LCH bylo Ié¢eno v Narodnim onkologickém institutu v Kyjevé na Ukrajiné. Pét pacient( dostalo chemotera-
pii plus radiacni terapii a tfi pacienti dostali pouze chemoterapii (p < 0,05). Vsichni pacienti dostavali studijni protokol LCH-I, v priiméru Sest cykl(.
BRAF c.1799T> A, mutace V600E byla detekovana u 25 % (2/8) pfipadud - jeden pacient mél ¢asny relaps po 6 mésicich a jeden pacient stabilni
onemocnéni. U tif pacientd s pozdnimi relapsy (v 15, 24 a 46 mésicich) jsme nenasli mutace BRAF, KRAS ani NRAS. Je zajimavé, ze mutace KRAS
nebyly odhaleny u zadnych vzorkl LCH. NRAS c.182A> G, mutace Q61R byla nalezena ve dvou pfipadech - jeden pacient mél LCH transformo-
vany na Hodgkintv lymfom, jeden pacient mél refrakterni onemocnéni. Doba relapsu (time to relapse rate — TTR) u pacientd s mutaci genu BRAF
V600E a bez mutace byla 13 oproti 28 mésictim, resp. p < 0,05. TTR byl 31,3 oproti 6,41 mésiclim u pacientd s absenci a pfitomnosti mutace NRAS,
p < 0,05. Multivaria¢ni analyza ukézala, ze pfitomnost NRAS Q6 1R mutace byla spojena se Spatnym prezivanim bez pfihody u pacientd s LCH s HR
6,1 (95% Cl 0,2-12,6; p = 0,008). Zdvér: Mutace BRAF a NRAS u LCH naznacuji moznost, Ze onemocnéni je fizeno aktivaci cesty MAPK/ERK. Tyto

onkogenni mutace poskytuji nové moznosti v porozuméni patogenezi LCH a mohou se stat potencialni cilovou terapii.

Kli¢cova slova

histiocytéza Langerhansovych bunék — mutace - prognostické faktory — relaps — preziti

Introduction

Langerhans cell histiocytosis (LCH) is
a rare myeloproliferative disorder of
unknown etiopathogenesis. Based on
modern research, LCH is a disease of the
immune system with an abnormal im-
mune response, leading to the prolifera-
tion of Langerhans cells, eosinophilic in-
filtration, granuloma formation, fibrosis,
osteolytic lesions, etc.

The age-adjusted incidence rate
of LCH is 3-5 cases in children and
1-2 cases in adults per 1,000,000 per
year, with the incidence rate higher in
men than in women. The sex ratio (m : f)
is2:1.

Clinical symptoms in LCH patients are
very different — from isolated bone lesions
to multisystem disease, with outcomes
ranging from spontaneous remission to
progression during therapy. In addition,
symptoms of LCH vary depending on the
organ or system involved. Rapid progre-
ssive forms are often seen in children and
usually not observed in adults [1].

Regardless to similarities in histolo-
gical features between LCH lesions, cli-
nical outcomes are highly variable and
range from isolated skin or bone disease
to highly aggressive subtypes with life-
-threatening multisystem lesions, which
require intensive chemotherapy.

There are different types of LCH (strati-
fication of LCH):

1. multisystem LCH (MS-LCH) - with or
without the involvement of “risk
organs”;

2. single system LCH (SS-LCH) - unifocal
or multifocal lesions;

3.single system LCH (SS-LCH) - with
“special site” lesions

There are no universal guidelines for
the diagnosis and treatment of adult
LCH patients. The largest number of pa-
tients was analyzed in a retrospective
pooled analysis from several national
registries [2,3]. In general, physicians
should have an option to choose the
course of chemotherapy treatment de-
pending on the stratification of LCH and
presence of genetic mutations.

The benign morphology of LCH proli-
ferating cells and their characteristic in-
flammatory infiltrates suggest that LCH
may be an inflammatory disorder [4].
Dysregulated expression of inflamma-
tory cytokines, such as interleukin-17A,
has been reported [5]. However, the
pathologic Langerhans cells in LCH are
clonal [6]. Although clonality is an im-
portant feature of neoplasia, recurrent
genomic abnormalities will be required
to demonstrate that LCH is a neoplasm;
until now, none of them have been
reported [7].

It is known that the mitogen-activa-
ted protein kinase (MAPK) pathway is
constantly activated in LCH. Mutations
of the downstream kinases BRAF and
MAP2KT mediate this activation in a sub-
setof LCH lesions.The mostcommon mis-
sense mutation of BRAF (mainly V600E)
contributes to the incidence of various

types of cancer, including LCH. BRAF
gene located on chromosome 7q34 en-
codes a cytoplasmic serine-threonine
kinase. This mutated BRAF protein con-
stitutively activates the MAPK signaling
pathway, which results in increased cell
proliferation, apoptosis resistance and
tumor progression [8,9].

Specific inhibition of BRAF signaling is
effective in blocking proliferation of me-
lanoma cells that have additional ge-
nomic abnormalities. Recent identifica-
tion of cancer-associated mutation BRAF
V600E in LCH cases provided molecu-
lar evidence of the neoplastic nature of
LCH [10]. Initially BRAF was discovered
in other types of cancer; additionally, it
was found in LCH. Based on such data,
it is possible to suggest that melanoma
treatment approaches can be used for
LCH treatment taking in consideration
the expression of this gene [11]. BRAF
mutations are usually found in tumors
that have wild-type KRAS and NRAS, KIT,
and other driver mutations.

Initially, LCH was considered as
a disorder of immune regulation. Acti-
vating mutations in the proto-oncogene
BRAF-V600E were reported in approxi-
mately 50-60% of cases; mitogen-acti-
vated protein kinase (MEK) and extra-
cellular signal-related pathway (ERK)
phosphorylation was reported in 100%
of these cases. These data allow to relate
LCH to a dendritic cell neoplasm with
a strong inflammatory component. Cu-
rrent international LCH trials are focused
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Tab. 1. Primer and probe sequences for analysis of qPCR mutations.

Target Primer
KRAS common primer A

probe 1

G12v

G12D

G12A

K13A

common primer B

Probe-2

G12C

G12S

G12R
B-actin forward
reverse
probe
BRAF forward
reverse (mutant V600E)
reverse (reference)
probe
CYP17 forward
reverse

probe

Sequence
GTA CTG GTG GAG TATTTG ATGTGT ATT AACC

VIC-CTA CCA CAA GTT TAT ATT CAGTCATTT TCA-TAMRA

TAT CGT CAA GGC ACT CTT GCCTAC GCCTA
TAT CGT CAA GGC ACT CTT GCCTACGCCTT
TAT CGT CAA GGC ACT CTT GCCTAC GCCTG
CGT GTATCGTCA AGG CACTCTTGC CTA CCT
CTC ATG AAA ATG GTC AGA GAA ACCTTT ATC

6-FAM-CAA GAG TGC CTT GAC GAT ACA GCT A-TAMRA

CTG AAT ATA AACTTG TGG TAG TTG GAG CAT
CTG AAT ATA AACTTGTGG TAG TTG GAG CCA
CTG AAT ATA AACTTGTGG TAG TTG GAG CCC
TCA CCCACACTGTGCCCATCTACGA

CAG CGG AACCGCTCATTG CCAATG G
FAM-ATG CCCTCC CCC ATG CCATCCTGC GT
CTGTTTTCCTTT ACT TACTAC ACCTCA GAT

CCCACT CCATCGAGATTTCT
CAA CTGTTC AAA CTG ATG GG

FAM-CAC AGT AAA AAT AGG TGAT-MGB

CCCTAG AGT TGC CAC AGC
GGT AAG CAG CAA GAG AGC

VIC-CTGTCT ATCTTG CCT GCC-MGB

gPCR - quantitative polymerase chain reaction

on furtherimproving the outcome of pa-
tients with high-risk multisystem LCH, by
decreasing the reactivation rate, optimi-
zing early salvage regimens and preven-
ting late complications.

Somatic mutations in ARAF and MAP2K1
were recently discovered; these muta-
tions lead to activation of the RAS-RAF-
-MEK-ERK pathway in the setting of wild-
-type BRAF. It was also found that the
activation of mutation in MAP2K1 is rela-
tively insensitive to MEK inhibitors. This
suggests that a more detailed under-
standing of this pathway in LCH may be
necessary for the development of more
efficient targeted therapies [12].

Materials and Methods

We performed the study from February
1,2009 to March 31,2017 on biopsy sam-
ples received at the Department of On-
cohematology of National Cancer Insti-

tute, Kiev, Ukraine. Altogether, 8 patients
with LCH (6 males and 2 females; me-
dian age - 25, age range — 21-55) were
included in this study. The diagnosis
was based on clinical symptoms and im-
munohistochemistry results (CD1a+ or
CD207+ and S-100+).

The study was approved by the institu-
tional ethics committee review board at
the National Cancer Institute of Ukraine.

Quantitative real-time PCR
All biomaterial was obtained before
treatment. Fresh tumor samples for
quantitative polymerase chain reaction
(gPCR) analysis were stored in 'RNA-later’
(Ambion, USA) to stabilize nucleic acids.
DNA was extracted from formalin-fi-
xed, paraffin-embedded tissues after
histological control. Genomic DNA
from tumor samples was isolated using
NucleoSpin Tissue Kit (Macherey-Nagel,

Germany). Primers and probes were spe-
cially engineered to determine KRAS
tumor genotype (7 mutations located
within codons 12 (6) and 13 (1)) by the
multiplexed gPCR. Sequences of pri-
mers were experimentally selected with
Primer Express Software v3.0 (Applied
Biosystems, USA) and synthesized by
Applied Biosystems, USA. All primer and
probe sequences are listed in Tab. 1.

For KRAS mutation analysis, primers
and TagMan probes were used at 20 uM
and 5 puM concentrations, resp. TagMan
Universal PCR Master Mix (Applied Bio-
systems, USA). Common primer A, mu-
tation-specific primer and probe 1 were
used for KRAS G12V, G12D, G12A, K13A
mutation analysis, common primer B,
mutation-specific primer and probe 2
were used for KRAS G12C, G1S, G12R
mutation analysis; 5-10 ng of DNA
were used to prepare the reaction mix-
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Tab. 2. Response to treatment.

Type of response n

stable disease

partial response 1
complete response 1
relapse/refractory 1

ture in a total volume of 25 pl. A total of
55 cycles of gPCR (95°C - 42 seconds,
60°C - 42 sec and 72°C - 52 sec) were
run on 7,300/7,500 Real-Time PCR Sys-
tems (Applied Biosystems, USA). This
assay uses six primers, two common pri-
mers, two TagMan probes for seven dif-
ferent KRAS mutations. qPCR for an inner
control 3-actin was performed for each
sample.

For BRAF mutation analysis qPCR re-
ference PCR was performed in a 25 mkl
reaction volume with 1T mkl TagMan Uni-
versal Master Mix (Applied Biosystems,
USA), 900 nmol/L of each BRAF muta-
tion-unspecific primer, 100 nmol/L of
the BRAF probe, 112.5 nmol/L of each in-
ternal control primer, 25 nmol/L of the
internal control probe, and 5-10 ng of
DNA of varying concentrations. Allele-
-specific PCRs were performed accor-
ding to the same protocol but using
a concentration of 450 nmol/L of allele-
-specific primer [13]. All real-time PCRs
were performed on 7,300/7,500 Real-
-Time PCR Systems (Applied Biosystems,
USA) under the following thermocyc-
ling conditions — 95°C for 10 min, fol-
lowed by 50 cycles of 90°C for 15 sec
and 60°C for 1 min. Cycle threshold
(Ct) values were recorded for reference
PCR and for each allele-specific PCR,
and corresponding Ct values (ie, allele-
-specific Ct minus reference Ct) were
calculated.

We also studied KRAS minor mutations
GI13C Q61R, Q61H, A146T and NRAS mu-
tations G712V, G12D, G12C, G12S, G13V,
GI13R, Q61K, Q61L, Q61R, Q61HC, Q6THT
in tumor samples with TagMan Muta-
tion Detection Assays (Cat. #4465804,
Applied Biosystems, USA) and a mu-
tation-unspecific region was used as
a reference amplicon (Cat. #4465807,
Applied Biosystems, USA).
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Graph 1. Case 1 SS-LCH with the involvement of bone system, identified by qPCR, no
BRAF V600E mutation found.
SS-LCH - single sytem Langerhans cell histocystis, qPCR — quantitative polymerase chain reaction
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Graph 2. Case 7 MS-LSH with the involvement of “special sites”, identified by qPCR,
with a BRAF V600E mutation.
MS-LCH - multisystem Langerhans cell histocystis, qPCR - quantitative polymerase chain reaction
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Statistical analysis

A Spearman correlation coefficient (r)
test and Cox test were used to deter-
mine the relationship between two con-
tinuous measurements. We used Chi-
-square tests for comparison of the time
to relapse (TTR); p < 0.05 was conside-
red to indicate a statistically significant
difference. Survival curves were gene-
rated by the Kaplan-Meier method. An
overall survival (OS) was calculated from
the date of pathological diagnosis to the
death or to last follow-up. An event-free
survival (EFS) was calculated from the
first day of treatment to relapse, progre-
ssion or death, or to last date of follow-
-up. All the analyses were carried out
using Statistica 10 and MedClac Version
12.6.1.0.

Results

Single-system disease (SS-LCH) and
multi-system LCH (MS-LCH) had 25%
(2/8) and 75% (6/8) of patients, resp.
(p < 0.05).

In two cases, SS-LCH patients had bone
involvement and one patient had pul-
monary system involvement. The patient
with primary LCH of lungs had a long-
-term history of smoking (> 10 years).

Two patients had MS-LCH with the in-
volvement of “risk organs” such as cen-
tral nervous system and bone marrow,
there was only one patient with the in-
volvement of “special sites”. In addition,
we diagnosed two cases of MS-LCH wi-
thout the involvement of “risk organs”.
In our study, the patients older than
32 (50 and 55 years old) had MS-LCH
with bone involvement, while patients
younger than 24 (22 years old) had their
pulmonary system involvement at dia-
gnosis. A total of 62.5% patients recei-
ved chemotherapy in combination with
radiation therapy, and only 1/4 of pa-
tients (37.5%) received only chemothe-
rapy, (p < 0.05). All patients received che-
motherapy according to LCH-I protocol,
six cycles on average (range 2-8).

The evaluation of response was done
after the second or third cycle of chemo-
therapy. The response to treatment was
achieved in 87.5% (7/8) of cases (Tab. 2.).

The maximum follow-up period in
this group of patients was 96.72 mon-
ths (median 44.92 months). A total of

0.50
0.45
0.40
0.35
0.30
0.25

0.20

ARnNn

0.15
0.10

0.05

Amplification Plot

0.0
-0.05

-0.10

-0.15

18 20 22 24

26 28 30 32

Cycle

B nRrAs mutant [l KRAS mutant minor [l 1IPC [l KRAS reference [l NRAS reference

34 36 38 40 42 44

Graph 3. Case 2 MS-LCH, with the involvement of risk organ, identified by qPCR, no

NRAS Q61R mutation found.

MS-LCH — multisystem Langerhans cell histocystis, qPCR - quantitative polymerase chain reaction
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Graph 4. Case 6 MS-LCH, without the involvement of risk organ, identified by qPCR,

with a NRAS Q61R mutation.

MS-LCH - multisystem Langerhans cell histocystis, qPCR - quantitative polymerase chain reaction
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Tab. 3. TTR based on disease stratification and BRAF/KRAS/NRAS gene mutations.

LCH stratification

SS-LCH, multifocal > 1 bone 1 BRAF V600OE
MS-LCH, without the involvement of “risk organ” 1 NRAS Q61R
MS-LCH, with the involvement of “risk organ” 1 NRAS Q61R
MS-LSH, with the involvement of “special sites” 0 BRAF V600E

Patients with
disease progression, n

BRAF/KRAS/NRAS
gene mutation

TTR Relapse  Death
(month) type
6 early 0
3 refractory 0
12 late 0
0 0 0

TTR - time to relaps, LCH - Langerhans cell histiocytosis, MS-LCH - multisystem LCH, SS-LCH - single system LCH

87.5% (7/8) patients is still being follo-
wed up. During the follow-up period,
there was one death registered due to
the progression in LCH with pulmonary
involvement.

There were 2/8 patients with early re-
lapses (in 6 months), 2/8 patients with
late relapses and 1/8 patient with refrac-
tory disease. In addition, one patient
had transformed LCH into Hodgkin lym-
phoma, which was confirmed by immu-
nohistochemical study.

Three-year EFS was 28.3%. It was im-
possible to calculate the OS due to the
loss to follow-up of one patient. The ana-
lysis of data for presence of MAPK/ERK
pathway gene mutations did not show
any BRAF/KRAS/NRAS mutations in 50%
(4/8) of patients.

We did not find any BRAF, KRAS or
NRAS mutations in three patients with
late relapses (in 15, 24 and 46 months).
Notably, KRAS mutations were not revea-
led in any LCH samples.

A BRAF c.1799T>A, p. V600E mutation
was present only in 2 out of 8 evaluated
cases (25%):

- one patient with early relapse

(in 6 months after the treatment);

- one patient with stable disease (Graph.

1and 2)

We also identified two patients with

NRAS c. 182A>G, p. Q61R mutation:

- one patient had LCH transformed to
Hodgkin’s lymphoma during 12 mon-
ths after treatment LCH;

- one patient had a refractory disease
(Graph 3 and 4.

Due to a small number of patients in
the research group, we decided to intro-

duce TTR in months in order to be able
to determine the impact of MAPK/EPK
pathway mutation on relapse occur-
rence (Tab. 3).

We also analyzed correlation of di-
sease response to the therapy, OS and
EFS with age, sex, LCH stratification,
number of cycles, response totherapy,
radiation therapy, presence of gene mu-
tations BRAF/KRAS/NRAS.

Unfortunately, due to a small number
of patients, we did not identify a statisti-
cally significant difference of EFS in pa-
tients with or without BRAF V600OE gene
mutation. However, the comparison of
patients with TTR with and without BRAF
V600E gene mutation was significant,
13 vs. 28 months, resp.; p < 0.05.

In addition, TTR was 31.3 vs. 6.41 mon-
ths in patients with the absence or pre-
sence of NRAS mutation, p < 0.05. Mul-
tivariate analysis confirmed that the
presence of NRAS Q61R mutation has
a significant association with shorter EFS
in LCH patients with HR of 6.1 (95% ClI
0.2-12.6; p = 0.008).

Discussion

LCH is a rare disease characterized
by clonal proliferation of Langerhans
cells [14]. Granuloma-like lesions of LCH
have heterogeneous cellular composi-
tion. The etiology of Langerhans cell his-
tiocytosis is largely unknown [15,16]. Re-
cent studies have suggested that LCH
is related to the clonal neoplastic pro-
liferation of myeloid-derived precur-
sor cells with a high frequency of soma-
tic oncogenic BRAF V600E mutations in
25-60 % of LCH patients [17-20]. Since
the follow-up time in our study for some
patients was short, the relationship of

BRAF V600E mutation to survival has not
been sufficiently analyzed. Smoking is
an important factor in primary LCH of
lungs [20]; one patient with pulmonary
disease had a long-term history of smo-
king in our study, which may be related
to this form of LCH.

Symptoms, such as lytic bone lesions,
exophthalmos, polyuria, hepatospleno-
megaly, lymphadenopathy, skin rash,
and hematological compromise, are
most common in patients with LCH [21].
During our study, we most commonly
came across such symptoms as lytic
bone lesions (62.5%), lymphadenopathy
(50%), polyuria (25%).

The overall 5-year survival rate of LCH
patients is 88% [22]. Patients with uni-
focal LCH have an excellent prognosis
and a high long-term survival rate (99%),
may spontaneously recover or require
minimal treatment [22]. In our cohort,
one patient died because of pulmonary
disease. The other seven patients are still
alive, and further follow-up should be
performed. There were no spontaneous
recovery cases in our study.

The BRAF V600E mutation has been
reported in 39-57% of Langerhans cell
histiocytosis cases [17,19]. Although
the pathophysiology of LCH remains
unclear, activation of the MAPK/ERK sig-
nal pathway appears to play a significant
role [23]. According to our data, BRAF
gene mutation has been registered in
only 25% of patients. The comparison
of patients with TTR with and without
BRAF V600E gene mutation was signi-
ficant, 13 vs. 28 months, resp.; p < 0.05.
Hypothetically, we can assume that the
data analysis of a larger patient’s co-
hort would be able to confirm the rela-
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tion of the response to treatment with
or without the expression of BRAF V600E
gene mutation. BRAF gene can be used
as a prognostic marker for the assess-
ment of patient’s response to treatment,
receiving a standard chemotherapy for
LCH as well as for patients participating
in clinical trials.

The fact that some of LCH patients do
not carry BRAF gene mutations prompts
a possibility of other mutations that are
partially or entirely related to ERK path-
way and require further research. We
did not find any BRAF, KRAS or NRAS
mutations in three patients with late
relapses.

Approximately 30% of LCH tu-
mors have MAP2K1 mutations. So-
matic MAP2KT1 mutations have been
identified in approximately 50% of
BRAF- LCH samples [24]. In our study,
there were also two BRAF patients who
had a NRASQ67K/R somatic mutation. In
addition, there are studies showing that
the presence of concurrent BRAF V600E
or NRASQ67K/R mutations was strongly
associated with patient outcome [25].
Multivariate analysis in our cohort sho-
wed that presence NRASQ671K/R gene
mutation has a significant association
with poor clinical outcome in patients
with LCH. Moreover, somatic mutations
affecting other BRAF residues, as well
as the ARAF gene, have recently been
described [18,23].

The determination of the genetic mu-
tation in LCH lesions has important im-
plications for specific treatment. BRAF
inhibitors, such as vemurafenib, have
been successfully used to treat LCH pa-
tients with the V600E mutation [26]. The
test for this mutation may play an impor-
tant role for an individualized treatment.
Additionally, a recent report on the su-
ccessful use of BRAF protein inhibitor on
refractory hairy cell leukemia [27] em-
phasized that LCH can potentially be
treated with targeted therapy.

Conclusion

In summary, the presence or absence of
one of MAPK/EPK pathway mutations,
such as BRAF, NRAS or KRAS in a tumor,
does not confirm or rule out a diagnosis
of LCH. The results of these tests should
be correlated with clinical findings and
histopathologic features. Unfortunately,
we did not find a strong significant im-
pact of BRAFV600E gene mutation on cli-
nical outcomes in patients with LCH in
our study. However, our results provide
evidence that NRASQ61K/R gene muta-
tion can predict clinical outcome in pa-
tients with LCH and seem to be promi-
sing for the future studies.

References

1. Lee JS, Ko GH, Kim HC et al. Langerhans cell sar-
coma arising from Langerhans cell histiocytosis: a case
report. J Korean Med Sci 2006; 21(3): 577-580. doi:
10.3346/jkms.2006.21.3.577.

2. Arico M, Girschikofsky M, Généreau T et al. Langerhans
cell histiocytosis in adults. report from the international
registry of the histiocyte society. Eur J Cancer 2003; 39(16):
2341-2348.

3. Kriachok IA, Skrypets TV, Novosad Ol et al. Therapeutic ap-
proaches to the treatment of adult patients with Langerhans
cell histiocytosis. J Clin Oncol Ukraine 2016; 1(21): 58-62.

4. Broadbent V, Pritchard J, Davies EG et al. Spontaneous
remission of multi-system histiocytosis X. Lancet 1984;
1(8371): 253-254.

5. Coury F, Annels N, Rivollier A et al. Langerhans cell his-
tiocytosis reveals a new IL-17A-dependent pathway of
dendritic cell fusion. Nat Med 2008; 14(1): 81-87. doi:
10.1038/nm1694.

6. Willman CL, Busque L, Griffith BB et al. Langerhan’s-
-cell histiocytosis (histiocytosis X): a clonal prolifera-
tive disease. N Engl J Med 1994; 331(3): 154-160. doi:
10.1056/NEJM199407213310303.

7. da Costa CE, Szuhai K, van Eijk R et al. No genomic
aberrations in Langerhans cell histiocytosis as assessed
by diverse molecular technologies. Genes Chromosomes
Cancer 2009; 48(3): 239-249. doi: 10.1002/gcc.20634.

8. Cantwell-Dorris ER, O'Leary JJ, Sheils OM. BRAFV600E:
implications for carcinogenesis and molecular therapy.
Mol Cancer Ther 2011; 10(3): 385-394. doi: 10.1158/1535-
7163.MCT-10-0799.

9. Davies H, Bignell GR, Cox C et al. Mutations of the BRAF
gene in human cancer. Nature 2002; 417(6892): 949-954.
doi: 10.1038/nature00766.

10. Novosad O, Kryachok |, Khranovska N et al. The
MAPK/ERK pathway activation in patients with Langer-
hans Cell Histiocytosis. abstr. BMS-P-3. In: 18th Meeting of
the European Association for Haematopathology — EAHP.
Basel, 3.-8. September 2016.

11. Badalian-Very G, Vergilio JA, Degar BA. Recurrent BRAF
mutations in Langerhans cell histiocytosis. Blood 2010;

116(11): 1919-1923. doi: 10.1182/blood-2010-04-279
083.

12. Abla O, Weitzman S. Treatment of Langerhans cell his-
tiocytosis: role of BRAF/MAPK inhibition. Hematology Am
Soc Hematol Educ Program 2015; 2015: 565-570. doi:
10.1182/asheducation-2015.1.565.

13.Lang AL, Drexel H, Geller-Rhomberg S et al. Optimized
allele-specific real-time PCR assays for the detection of
common mutations in KRAS and BRAF. J Mol Diagn 2011;
13(1): 23-28. doi: 10.1016/jjmoldx.2010.11.007.

14. Allen CE, Li L, Peters TL et al. Cell-specific gene expression
in Langerhans cell histiocytosis lesions reveals a distinct pro-
file compared with epidermal Langerhans cells. J Immunol
2010; 184(8): 4557-4567. doi: 10.4049/jimmunol.0902336.
15. Jaffe R, Weiss LM, Facchetti F. Tumours derived from
Langerhans cells. In: Swerdlow SH, Campo E, Harris NL
(eds). WHO classification of tumours the haematopoie-
tic and lymphoid tissues. Lyon: IARC Press; 2008: 358-360.
16. Paulus W, Perry A. Histiocytic tumours. In: Louis DN, Oh-
gaki H, Wiestler OD (eds). WHO classification of tumours the
central nervous system. Lyon: IARC Press; 2007: 193-196.
17. Badalian-Very G, Vergilio JA, Degar BA et al. Recurrent
BRAF mutations in Langerhans cell histiocytosis. Blood 2010;
116(11): 1919-1923. doi: 10.1182/blood-2010-04-279083.
18.5atoh T, Smith A, Sarde A et al. B-RAF mutant alleles as-
sociated with Langerhans cell histiocytosis, a granuloma-
tous pediatric disease. PLoS One 2012; 7(4): e33891. doi:
10.1371/journal.pone.0033891.

19.Sahm F, Capper D, Preusser M et al. BRAFV600E mutant
protein is expressed in cells of variable maturation in Lan-
gerhans cell histiocytosis. Blood 2012; 120(12): e28-e34.
doi: 10.1182/blood-2012-06-429597.

20. Roden AC, Hu X, Kip S et al. BRAF V600E expression
in Langerhans cell histiocytosis: clinical and immunohis-
tochemical study on 25 pulmonary and 54 extrapulmo-
nary cases. Am J Surg Pathol 2014; 38(4): 548-551. doi:
10.1097/PAS.0000000000000129.

21. Badalian-Very G, Vergilio JA, Fleming M et al. Patho-
genesis of Langerhans cell histiocytosis. Annu Rev Pathol
2013; 8: 1-20. doi: 10.1146/annurev-pathol-020712-
163959.

22. Grana N. Langerhans cell histiocytosis. Cancer Control
2014; 21(4): 328-334. doi: 10.1177/107327481402100409.
23. Nelson DS, van Halteren A, Quispel WT et al.
MAP2K1 and MAP3K1 mutations in Langerhans cell his-
tiocytosis. Genes Chromosomes Cancer 2015; 54(6): 361—
368. doi: 10.1002/gcc.22247.

24, Brown, NA, Furtado LV, Betz BL et al. High prevalence
of somatic MAP2K1 mutations in BRAF V600E-negative
Langerhans cell histiocytosis. Blood 2014; 124(10): 1655—
1658. doi: 10.1182/blood-2014-05-577361.

25. Mourah S, How-Kit A, Meignin V et al. Recurrent
NRAS mutations in pulmonary Langerhans cell his-
tiocytosis. Eur Respir J 2016; 47(6): 1785-1796. doi:
10.1183/13993003.01677-2015.

26. Haroche J, Cohen-Aubart F, Emile JF et al. Dramatic
efficacy of vemurafenib in both multisystemic and refrac-
tory Erdheim-Chester disease and Langerhans cell histio-
cytosis harboring the BRAF V600E mutation. Blood 2013;
121(9): 1495-1500. doi: 10.1182/blood-2012-07-446286.
27. Dietrich S, Glimm H, Andrulis M et al. BRAF inhibi-
tion in refractory hairy-cell leukemia. N Engl J Med 2012;
366(21): 2038-2040. doi: 10.1056/NEJMc1202124.

136

Klin Onkol 2018; 31(2): 130-136




ORIGINAL ARTICLE

Recent Trends in Survival of Testicular Cancer
Patients — Nation-wide Population Based Study

Sucasneé trendy prezivania pacientov s nadorom testis —
Narodna populacna studia

Ondrus D.!, Ondrusova M.?, Suchansky M.2

"1t Department of Oncology, Comenius University Faculty of Medicine and St. Elisabeth Cancer Institute in Bratislava, Slovak Republic
2Pharm-In Ltd,, Bratislava, Slovak Republic

Summary

Introduction and Aim: Survival of germ cell testicular cancer (TC) patients is better than for

other malignancies and has not yet been exactly studied in the Slovak Republic. The aim of the

study, based on the analyses of epidemiological data over time, was to present 5-year survival

trends for germ cell TC patients. Patients and Methods: Survival is assessed within the frame-

work of a nation-wide retro-prospective study among TC patients newly diagnosed between

1993-2007 (divided to three 5-year periods according the time of diagnosis — 1993-1997, The Editorial Board declares that the manu-

1998-2002 and 2003-2007). Standardized 5-year survival rates were calculated and compa- script met the ICMJE recommendation for
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red between the periods using a widely accepted methodology. TC patients were divided into

two groups (seminomas and non-seminomas histopathologically) and to two groups accor-

ding the age at diagnosis (< 40 vs. = 40 years). The demographic characteristics of TC patients

were analyzed using descriptive statistics. Statistical analysis was carried out using Microsoft

Excel 2013, statistical software STATISTICA and Joinpoint Regression Programe, Version 4.3.1.0. =

Results: Five-year survival of TC patients (n = 2.748) diagnosed from 1993 to 2007 was 92.21%. .

TC patients diagnosed between 1993 and 1997 (n = 810) reached 5-year survival at 91.23%, be- prof. Dalibor Ondrus, MD, DrSc.
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Souhrn

Uvod: Prezivanie pacientov s germinativnymi nadormi testis je lepsie ako u inych malignych ochoreni, aviak doteraz nebolo v Slovenskej repub-
like exaktne analyzované. Tato studia zaloZzend na analyze epidemiologickych dat prezentuje vyvoj casovych trendov 5-ro¢ného prezivania pa-
cientov s testikularnymi nadormi. Pacienti a metédy: Prezivanie pacientov s nddormi testis diagnostikovanymi v rokoch 1993-2007 (rozdelenymi
do troch periéd 1993-1997, 1998-2002 a 2003-2007) sa hodnotilo v rdmci celonarodnej retroprospektivnej studie. Standardizované 5-ro¢né
prezivanie bolo analyzované pomocou vieobecne akceptovanej metodolégie. Pacienti boli tieZ rozdeleni do dvoch skupin podla histologického
typu nadoru (seminédmy vs. nesemindmy) a na dve skupiny podla veku v ¢ase diagnézy nadoru (< 40 vs. > 40 rokov). Demografické charakteristiky
pacientov so vietkymi typmi germinativnych nadorov testis (okrem spermatocytarneho seminému) sa podrobili deskriptivnej analyze. Udaje sa
analyzovali pomocou programového vybavenia Microsoft Excel 2013, STATISTICA 12, Joinpoint Regression Program, Version 4.3.1.0. Vysledky:
Celkové 5-ro¢né prezivanie vietkych pacientov s testikuldrnym nadorom (n = 2,748) diagnostikovanym v rokoch 1993-2007 v Slovenskej re-
publike bolo 92,21 %. Tito pacienti boli rozdeleni do troch skupin podla 5-ro¢nych peridd. Pacienti v peridde rokov 1993-1997 (n = 810) dosiahli
5-ro¢né prezivanie v 91,23 %, v periéde rokov 1998-2002 (n =916) v 92,14 % a v peridde rokov 2003-2007 (n = 1,022) v 93,05 %. V jednotlivych
5-ro¢nych periédach neboli zaznamenané $tatisticky vyznamné rozdiely v celkovom preZivani pacientov. Statisticky vyznamné rozdiely v 5-ro¢-
nom prezivani sa preukdazali medzi histologickymi typmi nddorov (seminém vs. neseminém). Vo vietkych periédach rokov sa prejavil Statisticky
vyznamny rozdiel v 5-ro¢nom preZzivani podla veku v ¢ase diagnézy nadoru (< 40 vs. > 40 rokov) v prospech mladsich pacientov. Zdver: Mierne
zlepSovanie prezivania pacientov s testikuldrnym naddorom v Slovenskej republike je pravdepodobne spésobené progresom v diagnostickych
a lie¢ebnych postupoch, vratane multidisciplinarnej starostlivosti, a tiez koncentracia pacientov do Specializovanych centier. DIhodobé sledova-

nie prezivajucich pacientov méze ovplyvnit rozsah neskorych vedlajsich ucinkov lie¢by a detegovat sekundarne malignity.

Kltcové slova

nador testis — seminém - neseminomatézny nador - vek v ¢ase diagnézy — prezivanie

Introduction

Testicular cancer (TC) offers challenges
due to its unique descriptive epidemio-
logy and unknown etiology. Despite its
relatively rare occurrence and high cur-
ability, it is the most commonly diag-
nosed malignancy among males aged
15-44in developed countries. Moreover,
its incidence has been increasing to epi-
demic proportions while mortality is
decreasing in many countries [1,2]. In-
formation on survival of cancer patients
is an important indicator of cancer con-
trol. Survival information is needed for
estimating how many cancer survivors
are alive at any time in order to plan
health services [3]. Survival for TC pa-
tients is better than for all other malig-
nant diseases (excluding non-melanoma
skin cancers), but significant differences
worldwide have been documented [4].

With modern therapeutic approaches,
5-year survival after diagnosis of TC
exceed 90% in many European coun-
tries [5].

The survival for TC patients in the Slo-
vak Republic has not yet been particu-
larly and exactly studied. Therefore, this
nation-wide study, based on the ana-
lyses of epidemiological data over time
presents 5-year survivals. In addition, this
paper discusses possible factors accoun-
ting for these trends and compares na-
tional data to the international context.

Patients and Methods

Study design and data collection
Survival is assessed within the frame-
work of a nation-wide retro-prospective
study among patients with germ cell TC
diagnosed between 1993-2007 (divided
to three periods of diagnosis 1993-1997,
1998-2002 and 2003-2007). There were
analyzed data from the medical records
of patients with newly diagnosed germ
cell TC, where the histology of the remo-
ved testis was primarily evaluated, con-
sulted or revised by the only pathologist,
specialist in the morphology of TC in the
Slovak Republic. Patients with non-germ
cell TC and with spermatocytic semi-
noma were not included in this study.
TC patients were divided into semino-
mas and non-seminomas histologically
and to two groups according the age at
diagnosis (< 40 vs. = 40 years). The ana-
lyzed database of germ cell TC compri-
sed 2.748 of all 2.978 TC cases. The newly
diagnosed cases in the database are
fully representative as a national source
of incidence data of TC in the Slovak Re-
public [6,7]. The database contains per-
sonal data on patients, data describing
cancer and other diagnostic and histo-
pathologic findings, basic data on pa-
tient’s treatment, as well as data on post-
-treatment follow-up. The starting point
of the evaluation of survival time was
defined as the date of the first diagnosis

(morphological verification of germ cell
TC); the closing date was defined as the
date of the end of follow-up (December
15,2017) or the date of patient’s death.

Statistical analysis
Standardized 5-year relative survival
rates were calculated on the basis of
a widely accepted methodology, using
computer program package Microsoft
Excel 2013, STATISTICA 12 (data analysis
software system) (Stat Soft, Inc.) [8] and
Joinpoint Regression Program, Version
4.3.1.0. Recently proposed period ana-
lysis was applied to calculate survival in
the latest period with accessible data [9].
The demographic characteristics of all
patients were analyzed using descriptive
statistics. Survival curves were generated
using the method of Kaplan and Meier.
The multiple-sample test implemented
in Survival Analysis is an extension (or
generalization) of Gehan’s generalized
Wilcoxon test, Peto and Peto’s generali-
zed Wilcoxon test, and the log-rank test.
By this method, a score is first assigned to
each survival time using Mantel’s proce-
dure. Next, a Chi-square value is compu-
ted based on the sums (for each group)
of this score. If only two groups are spe-
cified, then this test is equivalent to
Gehan'’s generalized Wilcoxon test, and
the computations will default to that
test in this case. All statistical tests were
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two-sided, and statistical significance
was set at a p < 0.05. Mann Whitney
U Test was used for comparing median
age of two main histological types of TC
(seminoma vs. non-seminoma).

Results

The median age of all 2.748 germ cell TC
patients in the period of 1993-2007 at the
time of diagnosis was 31.97 years (95%
Cl 32.47-33.21; interquartile range (IQR)
26.13-38.80; standard deviation (SD)
9.83). Average annual percentage change
(AAPC) of the median age at the time of
diagnosis was not significantly differ-
ent (increase from 31.38 years (1993)
to 32.79 years (2007)) (p > 0.05), it was
+ 0.08% (difference between 1993 and
2007 was + 4.48%), SD increased from 9.37
(1993) to 10.42 (2007).

The median age of 1.213 patients with
pure seminoma testis was 35.83 years
(95% Cl 36.34-37.36; IQR 30.37-42.26;
SD 9.08). The median age of 1.535 pa-
tients with non-seminoma testis was
28.46 years (95% Cl 29.22-30.15; IQR
23.45-34.79; SD 9.22). Significant diffe-
rence was observed between the age of
patients with pure seminoma testis vs.
non-seminoma testis (p < 0.001) (Tab. 1).

Five-year overall survival (OS) for all
2.748 germ cell TC patients diagnosed in
the period of 1993-2007 reached 92.21%
(95% Cl 91.21-93.22). Five-year survival
of TC patients diagnosed between years
1993-1997 (n = 810) reached 91.23%
(95% Cl 89.28-93.19), between years
1998-2002 (n = 916) it reached 92.14%
(95% Cl1 90.39-93.89) and between years
2003-2007 (n = 1.022) reached 93.05%
(95% Cl 91.49-94.61). The difference in
survival between 5-year periods was not
statistically significant (p > 0.05) (Tab. 2).

Compared with younger patients
(age < 40 years), higher diagnostic age
(= 40 years) was associated with dec-
lined 5-year survival for TC patients
(93.70 vs. 86.78%) in the time period of
1993-2007 (Tab. 3, Graph 1).

Five-year survival for patients with
non-seminoma testis from the cohort
of years 1993-1997 (n = 438) reached
89.50% (95% Cl 86.62-92.38), from the
cohort of years 1998-2002 (n = 538)
reached 89.41% (95% Cl 86.80-92.01)
and from the cohort of years 2003-

Tab. 1. Age difference of patients at the TC diagnosis according to the histological

types (seminoma, non-seminoma).

Period Mean 95% Cl
1993-2007

non-seminoma 26.68 29.22-30.15
seminoma 36.85 36.34-37.36

Median IQR p

28.46
35.83

23.45-34.79 p<0.001
30.37-42.26

TC - testicular cancer, IQR - interquartile range

Tab. 2. Five-year survival for TC patients by year periods and histological type.

1993-1997 1998-2002 2003-2007 1993-2007
germ cell TC 91 (89-93) 92 (91-94) 93 (91-94) 92 (91-93)
seminoma 93 (91-94) 96 (94-97) 96 (95-97) 95 (93-96)
non-seminoma 90 (87-92) 90 (87-92) 90 (88-93) 90 (88-91)

TC - testicular cancer
Data are % relative survival (95% Cl).

Tab. 3. Five-year survival for TC patients by age groups and year periods.

Periods Survival of patients

in the age < 40 years
1993-1997 612/658 93.01%
1998-2002 688/730 94.25%
2003-2007 722/770 93.77%
1993-2007  2,022/2,158 93.70%

TC - testicular cancer

2007 (n = 559) reached 90.16% (95% Cl
87.68-92.64). The difference in survival
between these cohorts was not statisti-
cally significant (p > 0.05) (Graph 2).
Five-year survival for patients with se-
minoma testis from the 1993-1997 co-
hort (n = 372) reached 93.28% (95% Cl
90.72-95.84), from the 1998-2002 co-
hort (n = 363) it reached 96.03% (95%
Cl 94.05-98.01) and for the 2003-2007
cohort (n = 463) it reached 96.54% (95%
Cl 94.87-98.21). The difference in survi-
val between these cohorts was not sta-
tistically significant (p > 0.05) (Graph 3).
Five-year survival was in these three
cohorts higher for seminoma testis
(93.28, 96.03 and 96.54%, resp.) than for
non-seminoma testis (89.50, 89.41 and

Survival of patients P

in the age = 40 years

127/152 83.55% <0.001
156/186 83.87% < 0.00001
229/252 90.87% > 0.05
512/590 86.78% < 0.00001

90.16%, resp.). There was a statistica-
lly significant difference in survival be-
tween histological types in years 1993-
2007 (p < 0.05) (Graph 4).

Discussion

Survival of patients having (not only) TC
depends on multiple factors, such as the
effectiveness of treatment, diagnostic
practice, follow-up of the patients, me-
thods of data collection and analysis,
characteristics of patients (such as age,
comorbidity) and cancer (such as clini-
cal stage, histologic type). The increase
in survival and the decrease in mortality
are attributed to the introduction of cis-
platin-containing chemotherapy, which
has proven to be the most effective
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Graph 1. Five-year survival for TC patients by age groups.
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Graph 2. Five-year survival for TC patients according to year periods.

TC - testicular cancer

treatment for non-seminomas [10]. Im-
proved survival is also the result of the
use of more effective imaging tech-
niques, the introduction of appropriate
serum tumor markers (STM), which
allow for careful follow-up, and modifi-
cation of surgical techniques [11]. An-
other explanation of the improved sur-
vival is a shift toward seminomas, which
have a better prognosis than non-semi-
nomas. Prognosis is also influenced by
stage and age at diagnosis, with youn-
ger patients exhibiting better survival
than older patients [12,13].

Aareleid etal.[11] described the results
of EUROCARE-2 study, where 5-year rela-
tive survival for TC diagnosed in 1985-
1989 was between 90-95%, which were
observed in most participating countries
of Northern, Western, Central and Sou-
thern Europe, and the United Kingdom.
Five-year survival rate under 90% was
seen in France (87%), Slovenia (88%), Po-
land (83%), Slovakia (82%) and Estonia
(51%). Rates in Poland, Slovakia and Es-
tonia were significantly lower than the
summary rate for Europe (p < 0.05). From
1978-1980 to 1987-1989, the 5-year re-
lative survival rate for Europe increased
from 79 to 93% (p < 0.05)

According to EUROCARE-3 [14], the
European 5-year relative survival for TC
diagnosed in 1990-1994 was 93%. Sur-
vival differences across Europe were
striking, with Estonia standing out for
its exceptionally low age-standardized
survival (71% at 5 years). Poland, Slova-
kia, Spain and Wales had survival just
under the European mean (82-89%),
while other countries had 5-year sur-
vival > 93%. Survival for TC decreases
noticeably with advancing age. For pa-
tients aged 15-44 (age of the greatest
incidence), 5-year relative survival was
94%, whereas for patients aged 65-74,
5-year survival was only 40%. The main
explanation for the differences in survi-
val for TC across Europe is probably poor
access to care of sufficient quality in low
survival areas, resulting also in advan-
ced stage at diagnosis. Survival for TC
increased in most western European
countries over the entire EUROCARE
study period - from 1983-1985 to 1992-
1994 — European 5-year relative survival
improved from 89 to 95%. While major

140

Klin Onkol 2018; 31(2): 137-142




RECENT TRENDS IN SURVIVAL OF TESTICULAR CANCER PATIENTS — NATION-WIDE POPULATION BASED STUDY

improvements in chemotherapy or ra-
diotherapy for TC have not been seen
since cisplatin therapy was introduced
at the end of the 70s, the use of STM has
made treatment monitoring and follow-
-up more precise.

According to EUROCARE-4 study in
the period of 1995-1999, European
5-year standardized relative survival for
TC was 90% with generally small varia-
tion between countries [5].

Matsuda et al. [15] suggested an im-
provement in TC 5-year survival also in
Japan from 89.6% (1993-1996) to 92%
(1997-1999).

Results of EUROCARE-5 population-
-based study [16] showed that the Eu-
ropean mean age-standardized 5-year
relative survival for TC (in patients aged
15-99 years) recorded in 2000-2007 was
88.6%. Age standardized 5-year rela-
tive survival was 92.8% for TC patients
from Northern Europe, 91.8% for those
from Ireland/UK and from Central Eu-
rope, 89.1% for patients from Southern
and 80.1% for patients from Eastern Eu-
rope. Age standardized 5-year relative
survival was highest for patients from
Sweden (94.6%) and The Netherlands
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Graph 3. Five-year survival for patients with seminoma.
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(93.5%) and lowest for those from Bulga-

ria (71.7%) and Lithuania (67.1%). Accor- 1.00

ding to EUROCARE-5, age standardized :
relative survival for TC patients from the 0.991 >
Czech Republic was 84.1% and from the 0.98
Slovak Republic 90.7%.

Our present study (1993-2007) sho- 0.97 . : :
wed better 5-year OS of germ cell TC pa- 096 .- ._: :...-:.:
tients — 92.21% compared with Euro- g : : :
pean mean [16]. Improvement of 5-year § 0.95
survival is shown between 1993 and o
1997 (91.23%), 1998-2002 (92.14%) and g 094
2002-2007 (93.05%). It shows a clearly 2 093
upward trend, and thus its total value in 3
the Slovak Republic ranks it among the 0.0 b i
developed countries in Europe. 0.0 bt

However, in some Baltic countries,
the results were poorer, e.g. in Lithua- 0.90f == 1993-1997 ....i i ;
nia, it was only 71.2% in the same time- o ;(9)(9)23885 ;
-period [17]. Even despite the significant .89 .
improvement in survival recorded in Es- 0.88 : : i i i i i i i i i
tonia, the values of the 5-year relative 0 5 10 15 20 25 30 35 40 45 50 55 60
survival in 2000-2004 are at a relatively time of observation in months
low level, 74.5% [18].

Worst trends of survival of TC patients
in several countries of Europe (for exam- Graph 4. Five-year survival for patients with non-seminoma.
ple even in southern Portugal) may be  TC - testicular cancer
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dependent especially on TC diagnosis
delay [19].

According to a Nordic study [20], the
relative 5-year survival of TC patients in
1999-2003 is ranging from 88% in Fin-
land to 94% in Sweden.

The recent Czech analysis showed
a statistically significant improvement in
the stage-adjusted relative survival of all
TC patients between 2000-2004 (92.4%)
and 2005-2008 (94.4%) [21]. Moreo-
ver, age standardized 5-year relative
survival between time periods 2001-
2005 (91.2%) and 2006-2010 (92.7%) im-
proved as well [22].

According to published results of the
framework of the EUNICE Survival Wor-
king Group [23], projections for 2005-
2009 suggest that 5-year relative survi-
val will reach 90% in all cancer registries
in Europe except Estonia, where survival
is projected to be 82%.

In the USA, the 5-year relative survival
rate in whites, for all stages, was 95.8%
for patients diagnosed 1992-1999, in
blacks it was 86.9% [24].

Verhoeven et al. [25] observed impro-
vement in relative survival rate in the
Netherlands. TC 5-year survival impro-
ved from 95% in 1989-1993 to 98% in
2004-20009.

Potential explanations for the age
dependency of prognosis are reduced
treatment intensity combined with in-
creased therapy - related toxicity among
older men [3,26]. In Germany, worse age
specific 5-year relative survival for older
patients with non-seminomas was ob-
served (15-24 years 97.1%, 45+ years
86.6%) [3].

Compared with younger patients (age
< 40 years) diagnostic age (= 40 years)
was associated with declined 5-year OS
for TC in our study (93.7 vs. 86.8%) be-
tween 1993 and 2007.

Conclusion

The main factors contributing to survi-
val improvement of TC patients are - in-
terdisciplinary management involving
staging (advances in diagnostic ima-
ging), early treatment, attentive follow-

-up and use of salvage treatments with
concentration of TC patients in speciali-
zed centers [16]. An increasing concern
is the observation that, life threatening
conditions such as second malignancy
and cardiovascular disease, occur more
frequently in TC patients than in the ge-
neral population. Long-term monitoring
of TC survivors is necessary for possibility
of the development of late side effects of
the treatment modalities [27,28].

References

1. Purdue MP, Devessa SS, Sigurdson AJ et al. Interna-
tional patterns and trends in testis cancer incidence.
Int J Cancer 2005; 115(5): 822-827. doi: 10.1002/ijc.20
931.

2. Tamini R, Adami HO. Testicular cancer. In: Adami HO,
Hunter D, Trichopoulos D (eds). Textbook of cancer epi-
demiology. New York: Oxford University Press Inc; 2002:
429-445.

3. Stang A, Jansen L, Trabert B et al. Survival after a dia-
gnosis of testicular germ cell cancers in Germany and the
United States, 2002-2006: A high resolution study by his-
tology and age. Cancer Epidemiol 2013; 37(4): 492-497.
doi: 10.1016/j.canep.2013.03.017.

4. Berrino F, De Angelis R, Sant M et al. Survival for
eight major cancers and all cancers combined for Eu-
ropean adults diagnosed in 1995-99: results of the EU-
ROCARE-4 study. Lancet Oncol 2007; 8(9): 773-783. doi:
10.1016/51470-2045(07)70245-0.

5. Sant M, Allemani C, Santaquilani M et al. EUROCARE-4.
Survival of cancer patients diagnosed in 1995-1999. Re-
sults and commentary. Eur J Cancer 2009; 45(6): 931-991.
doi: 10.1016/j.€jca.2008.11.018.

6. Ondrus D, Ondrusova M, Dusek L. Recent patterns
in testicular cancer incidence, mortality and survi-
val in the Slovak Republic with reference to internatio-
nal comparison. Cancer Invest 2012; 30(8): 545-551. doi:
10.3109/07357907.2012.700984.

7. Safaei-Diba C, Plesko |, Hlava P (eds). Cancer incidence
in the Slovak Republic 2007. Bratislava: National Cancer
Registry of Slovakia, National Health Information Center;
2012.135.

8. Hakulinen T, Abeywickrama KH. A computer program
package for relative survival analysis. Comp Progr Biomed
1985; 19(2-3): 197-207.

9. Brenner H, Gefeller O, Hakulinen T. Period analysis for
up-to-date cancer survival data: Theory, empirical eva-
luation, computational realization and applications. Eur
J Cancer 2004; 40(3): 326-335.

10. Verhoeven R, Houterman S, Kiemeney B et al. Testicu-
lar cancer: marked birth cohort effects on incidence and
adecline in mortality in southern Netherlands since 1970.
Int J Cancer 2008; 122(3): 639-642. doi: 10.1002/ijc.23061.
11. Aareleid T, Sant M, Hédelin G. Improved survival for
patients with testicular cancer in Europe since 1978. Eur
J Cancer 1998; 34(14 Spec. No): 2236-2240.

12. Sant M, Aareleid T, Artioli ME et al. Ten-year survival
and risk of relapse for testicular cancer: a EUROCARE high
resolution study. Eur J Cancer 2007; 43(3): 585-592. doi:
10.1016/j.ejca.2006.11.006.

13. Karim-Kos HE, De Vries E, Soerjomataram | et al. Re-
cent trends of cancer in Europe: a combined approach of

incidence, survival and mortality for 17 cancer sites since
the 1990s. Eur J Cancer 2008; 44(10): 1345-1389. doi:
10.1016/j.ejca.2007.12.015.

14. Sant M, Aareleid T, Berrino F et al. EUROCARE-3: Sur-
vival of cancer patients diagnosed 1990-94 — results and
commentary. Ann Oncol 2003; 13 (Suppl 5): v61-v118.
15. Matsuda T, Ajiki W, Marugame T et al. Population-
-based survival of cancer patients diagnosed between
1993 and 1999 in Japan: A chronological and internatio-
nal comparative study. Jpn J Clin Oncol 2011; 41(1): 40—
51.doi: 10.1093/jjco/hyq167.

16. Trama A, Foschi R, Larrafiaga N et al. Survival of
male genital cancers (prostate, testis and penis) in Eu-
rope 1999-2007. Results from the EUROCARE-5 study.
Eur J Cancer 2015; 51(15): 2206-2216. doi: 10.1016/j.
€jca.2015.07.027.

17. Juska A, Ulys A, Kairevice L et al. Survival of patients
with testicular cancer in Lithuania during 1999-2002.
Medicina 2011; 47(1): 52-56.

18. Aareleid T, Gondos A, Brenner H et al. Testicu-
lar cancer survival in Estonia; improving but still re-
latively low. Acta Oncol 2011; 50(1): 99-105. doi:
10.3109/0284186X.2010.480981.

19. Passos-Coelho JL, Castro Ribeiro M, Santos E et al.
Suboptimal survival of male germ-cell tumors in sou-
thern Portugal — a population-based retrospective study
for cases diagnosed in 1999 and 2000. Ann Oncol 2011;
22(5): 1215-1220. doi: 10.1093/annonc/mdg551.

20. Bray F, Klint A, Gislum M et al. Trends in survival of pa-
tients with male genital cancers in the Nordic countries
1964-2003 followed up until the end of 2006. Acta Oncol
2010; 49(5): 644-654. doi: 10.3109/02841860903575
315.

21. Pavlik T, Majek O, Blichler T et al. Trends in stage-spe-
cific population-based survival of cancer patients in the
Czech Republic in the period 2000-2008. Cancer Epide-
miol 2014; 38(1): 28-34. doi: 10.1016/j.canep.2013.11.002.
22. Uher M, Pavlik T, Majek O et al. On the importance
of standardization in the assessment of population-
based cancer patient survival in the Czech Repub-
lic - methodology and results from the Czech Natio-
nal Cancer Registry. Klin Onkol 2014; 27(2): 127-135. doi:
10.14735/amko2014127.

23. Gondos A, Bray F, Hakulinen T et al. Trends in cancer
survival in 11 European populations from 1990 to 2009:
a model-based analysis. Ann Oncol 2009; 20(3): 564-573.
doi: 10.1093/annonc/mdn639.

24. Biggs ML, Schwartz SM. Differences in testis can-
cer survival by race and ethnicity: a population-
based study, 1973-1999 (United States). Cancer Causes
Control 2004; 15(5): 437-444. doi: 10.1023/B:CACO.00000
36443.9599540.

25. Verhoeven RH, Karim-Kos HE, Coebergh JW et al. Mar-
kedly increased incidence and improved survival of testi-
cular cancer in the Netherlands. Acta Oncol 2014; 53(3):
342-350. doi: 10.3109/0284186X.2013.819992.

26. Fossa, SD, Cvancarova M, Chen L et al. Adverse pro-
gnostic factors for testicular cancer —specific survival:
A population-based study of 27,948 patients. J Clin Oncol
2011;29(8): 963-970. doi: 10.1200/JC0O.2010.32.3204.

27. Ondrus D, Ondrusova M, Friedova L. Second malig-
nancies in long-term testicular cancer survivors. Int Urol
Nephrol 2014; 46(4): 749-756. doi: 10.1007/511255-013-
0554-4.

28. Kvammer @, Myklebust TA, Solberg A et al. Long-
term relative survival after diagnosis of testicular germ
cell tumor. Cancer Epidemiol Biomarkers Prev 2016; 25(5):
773-779.doi: 10.1158/1055-9965.EPI-15-1153.

142

Klin Onkol 2018; 31(2): 137-142




CASE REPORT

Cutaneous and Subcutaneous Metastases
of Adenocarcinoma as a Dominant Clinical
Manifestation of Malignancy of Unknown

Origin — a Case Report

Kozné a podkozné metastazy adenokarcindmu ako dominujuca
klinicka manifestacia malignity neznameho pévodu — opis pripadu

Bartos V.", Hamarova K.2

' Department of Pathology, Faculty Hospital with polyclinic Zilina, Slovakia
?Department of Surgery, Faculty Hospital with polyclinic Zilina, Slovakia

Summary

Background: Cutaneous metastases occur in 0.6-10.4% of all patients with underlying malig-
nancy. Among them, the site of origin remains unknown in 4.4-14.5% of all cases. Case: The
authors describe a 68-year-old man with widespread skin and soft tissue metastases appear-
ing as the first and dominant clinical manifestation of oncologic disease. Physical examination
and CT scans revealed multiple cutaneous and subcutaneous tumor nodules arising in the
neck, chest, abdomen, lumbar region and right forearm, as well as in the gluteal and iliacus
muscles and in the proximal part of the left thigh. Light microscopy confirmed a metastasis of
adenocarcinoma exhibiting a tubuloglandular pattern and a slight mucin production. It was
immunoreactive for cytokeratin 7 and carcinoembryonic antigen and negative for cytoke-
ratin 20, CDX-2, TTF-1 and prostatic specific antigen. Based upon the histomorphology and
immunophenotype, the pathologist suggested a primary tumor in the stomach or biliopanc-
reatic tract. However, further clinical workup did not clearly identify a primary lesion. Conclu-
sion: Determining the origin of cutaneous metastases might be a challenging issue for both
clinicians and pathologists. The case we describe is uncommon because widespread skin and
subcutaneous metastases appeared as the first and dominant clinical sign of adenocarcinoma,
the origin of which has not been established. This unusual tumor behavior may suggest that
a spreading and colonization of metastatic cancer cells in the skin and soft tissue may be a spe-
cific biologic process.
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skin metastases — malignancy of unknown origin — adenocarcinoma
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CUTANEOUS AND SUBCUTANEOUS METASTASES OF ADENOCARCINOMA

Suhrn

Vychodiskd: Kozné metastazy postihuju 0,6-10,4 % vietkych pacientov s malignym naddorovym ochorenim. Priblizne u 4,4-14,5% z nich ostane
primarne origo neobjasnené. Pripad: Autori opisuju pripad 68-rocného muza s rozsiahlymi nadorovymi metastazami v kozi a makkych tkanivach,
ktoré predstavovali prvi a dominujucu klinicki manifestaciu neznameho onkologického ochorenia. Fyzikalne a CT zobrazovacie vysetrenia
potvrdili mnohopocetné kozné a podkozné uzly na krku, hrudniku, bruchu, driekovej oblasti a pravom predlakti, ako aj v sedacom a bedrovom
svale a mdkkych tkanivach proximalnej ¢asti favého stehna. Mikroskopické vysetrenie odhalilo metastdzu adenokarcinému rasticeho v tubu-
loglandularnych formaciach s lahkym stupriom hlienoprodukcie. Imunohistochemicky bol pozitivny na cytokeratin 7 a karcinoembryonélny
antigén a negativny na cytokeratin 20, CDX-2, TTF-1 a prostaticky Specificky antigén. Na zéklade histomorfoldgie a imunofenotypu patoldg zva-
zoval origo v zaludku alebo biliopankreatickom trakte. Dal$imi vy$etreniami sa viak primarnu Iéziu nepodarilo jednoznaéne identifikovat. Zdver:
Stanovenie origa koznych metastdz moze byt ndroc¢nou problematikou pre klinikov aj patolégov. Nami opisovany pripad je nezvycajny, nakolko
rozsiahle kozné a podkozné metastazy prestavovali prvy a dominujuci klinicky prejav adenokarcinému, ktorého origo ostalo neobjasnené. Toto
zvlastne spravanie nadoru méze napovedat, ze Sirenie a kolonizacia metastatickych karcindmovych buniek do koze a makkych tkaniv moze byt

Specificky biologicky proces.

Klucové slova

kozné metastazy — malignita nezndmeho pévodu - adenokarciném

Introduction

Cutaneous metastases occur in 0.6-
10.4% of all patients with underlying
malignant neoplasm [1-3]. However, an
accurate evaluation of the prevalence
is difficult, because it requires a long
follow-up period, which is not possible
in many oncologic patients. In theory,
any malignant tumor can spread to
the skin, but it is quite a rare find-
ing in a routine clinical practice [4,5].
Grossly, the skin metastases do not have
a uniformly characteristic appearance,
which may vary depending on the
histologic type and location of originat-

ing malignancy [1,4-7]. They usually
manifest as a firm, painless and some-
times ulcerated cutaneous or subcutan-
eous nodule(s) of various size and
color [4,5]. However, the clinical present-
ation may be highly variable and can
often mimic other nosologic entities
[4-9], leading to incorrect initial treat-
ment and management. Most cutaneous
metastases (73-88%) are found in pa-
tients with a known primary origin [3,6].
Occasionally, this may be also the first
clinical manifestation of an occult
primary malignancy [3,6,9,10]. Such
cases comprise approximately 12-26.8%

a
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J

Fig. 1. Resection specimen with a visible large tumor mass (post fixation in formalin).

of all individuals with cutaneous meta-
stases [3,6]. In some instances, the site
of origin remains uncertain despite
extensive clinical workup [3,6,7,11]. These
cases represent a substantial diagnostic
challenge for clinicians and pathologists.
In the Czechoslovak medical literature,
a few case reports dealing with skin
metastases [8-10,12,13] have been
published so far. Herein, we describe
an additional new case of a patient with
multiple cutaneous and subcutaneous
metastases of adenocarcinoma as a do-
minant clinical manifestation of malig-
nancy, the origin of which has remained
unknown.

Case presentation

A 68-year-old man (casus socialis) was
admitted (September, 2016) to the
Neurology Department for intense back
pain in the lumbosacral region, irradiat-
ing to the left lower limb. Clinical anam-
nesis revealed a history of previously
treated chronic duodenal ulcer and
pulmonary tuberculosis, as well as chro-
nic ethylismus and nicotinismus. No
oncologic disease was known until that
time. On initial physical examination,
multiple cutaneous and subcutaneous
nodosities of various size were visible in
the neck, chest, abdominal wall, lumbar
region and in the right forearm. The
patient claimed the lesions have been
present for the last 3-4 months and grew
progressively. They were painless with
a slightly brown-reddish color. At the
first glance, they appeared like inflamed
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atheromas. The size of the lesions
varied from about 1-8cm in the largest
diameter. The biggest one (7 X 7 x 5¢m)
arose in the right lumbar region. It
was fixed by touch with a livid surface,
surrounded by erythematous skin. On
computed tomography (CT), the lesion
was oval, well demarcated and located
in the paravertebral subcutaneous soft
tissue in the vicinity of L3. Based on CT
scan findings and locality, the clinical
impression was a neurofibroma. With
respect to pronounced symptomatology
and unclear etiology of disease, a bi-
opsy was indicated. The presumptive
clinical diagnoses were as follows:
subcutaneous atheromas or abscesses,
multiple tumor metastases of unknown
origin or secondary tbc infiltrates (as the
patient suffered from lung tuberculosis
in the past). A probatory biopsy of the
lesion arising in the right lumbar region
was done, and the sample was sent for
histopathology.

Grossly, the resection specimen con-
sisted of the skin and subcutis with
a visible superficial ,bulge” covered by
intact epidermis. Longitudinal section
revealed a well-circumscribed white-
yellowish tumor mass measuring 42 mm
(Fig. 1). Light microscopy confirmed
a metastatic adenocarcinoma exhibit-
ing a tubuloglandular microarchitecture
(Fig. 2, Fig. 3). The tumor was centered
in the dermis and subcutis without
an epidermal involvement. There was
a typical narrow zone of unaffected
papillary dermis separating the tumor
structures from the epidermis (so-called
grenz zone). Immunohistochemically,
the neoplastic cells were strongly
reactive for cytokeratin 7 (Fig. 4) and
carcinoembryonic antigen. The other
markers we investigated (i.e. cytokeratin
20, CDX-2, TTF-1 and prostatic specific
antigen) were negative. There was
a slight intracellular and intraluminous
mucin production (Fig. 5). The origin
of adenocarcinoma was not possible
to define, but based upon the histo-
morphology and imunophenotype, the
pathologist suggested a primary in the
stomach or biliopancreatic tract.

Subsequently, the patient under-
went further clinical and imaging exam-
inations. New CT scans showed other

Fig. 3. Detail on tubuloglandular microarchitecture of adenocarcinoma (hematoxylin
and eosin, magnification 200x).

tumor lesions in the skin and underly-
ing soft tissues. One of the largest one
was found in the left gluteal muscle,
it measured 7 x 2.6cm and began to
erode the iliac crest. The other lesions
were present in the left iliac muscle,
around inferior ramus of the pubic
bone and in the proximal part of the
left thigh, accompanied by destruction

of the edge of femur. Probably these
tumor masses resulted in lumbosacral
pain, irradiating to the lower extremity.
In both lungs, there were emphysema
and post-inflammatory fibroadhesive
changes with sporadic calcifications.
In addition, two subpleural nodules
with a diameter of 9mm and 8 mm
were visible in the right and left lung,
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| - ' h‘-v'-‘ ol .
Fig. 4. Intraluminous mucin production within tumor tissue (alcian blue, magnifica-
tion 200x).

12/30, Dako, magnification 200x).

resp. The liver, gallbladder, extrahepatic
biliary ducts, stomach, spleen and
adrenals were without noticeable tumor
deposits. In the left kidney, a solitary
hyperdense nodule (18 mm in diameter)
was found. The posterior wall of urinary
bladder was thickened and exhibited
a superficial tumor mass (up to 3.6cm),
which has propagated into the lumen.

Fig. 5. Strong immunoreactivity of adenocarcinoma for cytokeratin 7 (clone OV-TL

Transurethral resection of the bladder
was performed and histopathology
showed a typical ,high-grade” non-
-invasive papillary urothelial carcinoma.
Thus, this tumor did not correspond
to metastases. Endoscopy of the eso-
phagus, stomach and duodenum did
not reveal persuasive tumor changes.
Nevertheless, biopsy samples were

obtained from these organs for histo-
pathology. A light microscopy confirmed
a mild antral gastritis with no intestinal
metaplasia or dysplasia.

During a stay in the hospital, cuta-
neous and subcutaneous tumor masses
progressed and some became ulcer-
ated. Systemic chemotherapy (CDDP +
gemcitabine) was started. However,
the situation was complicated by an
accidental fall to the ground with
a subtrochanteric fracture of the left
femur. Since then, the patient’s health
condition rapidly worsened and he died
a few days after initiation of the first
cycle of chemotherapy. As the clinical
workup did not clearly explore a primary
tumor, it was classified as generalized
metastatic adenocarcinoma of unknown
origin. Autopsy was not performed.

Discussion

Cutaneous metastases from visceral
malignancies are important challenge
in clinicopathologic practice for many
reasons. Because of their variable clinical
appearance and manifestation, frequent
delays and failure in correct diagnosis do
occur. This mainly happens in a situation
when skin metastasis is the first apparent
symptom of clinically silent visceral
cancer. Even after exploring a biopsy-
proven diagnosis, a wide spectrum of
various internal malignancies come into
consideration. A disclosure of primary
lesion is often problematic and requires
a comprehensive differential diagnostic
approach. The relative frequencies of
metastatic skin disease tend to correlate
with the frequency of the different types
of primary cancer in each gender [4,5].
Thus, the most common primary site
of cutaneous metastases is the breast
cancer in females and the lung and
colonic carcinomas in males [3,4,6,7].
However, despite careful clinical and
laboratory exams, it is not possible
to identify a primary tumor in certain
individuals. Such cases account for
4.4-14.5% of all patients with cutaneous
metastases [3,6,7,11]. Our present case
may be included into that category, as
we were not able to establish clearly
the origin of malignancy. In particular,
an interesting feature was the prevail-
ing skin manifestation of disease with
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rapidly growing cutaneous and sub-
cutaneous tumor masses arising through-
out the body.

The mechanisms that predispose
certain internal neoplasms to meta-
stasize to the skin and soft tissue have
not been fully elucidated. It is possible
that the skin may provide a favorable
microenvironment for the colonization
and survival of only certain types of
cancer cells, which preferentially me-
tastasize to this organ [2]. The inter-
actions between neoplastic cells and
certain factors secreted from the skin or
subcutaneous tissue components may
play a crucial role in the skin homing
mechanism of metastatic cells [2].

From a practical point of view, it should
be noted that clinical manifestation of
cutaneous metastases may be variable
and the lesions can closely simulate not
only various primary skin tumors, but
even benign skin conditions, such as rash,
erythema, edema or induration [4-9].
In this regard, interesting case reports
have been published by Czech [9] and
Slovak authors [8]. Dedkova and Pock [9]
described an old woman with massive
cutaneous erythema from metastatic
gastric adenocarcinoma, which had
been the first sign of this malignancy.
Initially, the lesion was considered
and treated as mycotic skin infection.
Mego et al [8] reported a 55-year-old
man with lung adenocarcinoma who

had developed inflammatory skin me-
tastases as the first sign of disease
progression after previous response to
chemoterapy. He experienced erythe-
matous lesion in the left arm, which
had also been initially diagnosed and
treated as local cutaneous infection. In
our present case, several clinical dia-
gnoses were considered, although one
of the most probable seemed to be an
oncologic disease.

From a clinical perspective, cutaneous
metastases generally herald a poor
prognosis [1,4,5]. The average survival
time of the patients is only a few
months after diagnosis [1,4], which was
also documented in our present case.
These data indicate they are a hallmark
of aggressive and widespread malig-
nancy, often in terminal stage of the
disease.

In conclusion, determining the origin
of cutaneous metastases might be a chal-
lenging issue for both, clinicians and
pathologists, especially when there is
no primary history. The case we describe
is uncommon because widespread skin
and subcutaneous metastases appeared
as the first and dominant clinical sign of
adenocarcinoma, the origin of which has
not been established.This unusual tumor
behavior may suggest that a spreading
and colonization of metastatic cancer
cells in the skin and soft tissue may be
a specific biologic process, determined

by unique molecular epithelial-mesen-
chymal interactions.
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Aktuality z odborného tisku

Extended Adjuvant Intermittent Letrozole Versus Continuous Letrozole in
Postmenopausal Women with Breast Cancer (SOLE): A Multicentre, Open-label,
Randomised, Phase 3 Trial

Colleoni M, Luo W, Karlsson P et al.
Lancet Oncol 2018; 19(1): 127-138. doi: 10.1016/51470-2045(17)30715-5.

U zvifecich modeld karcinomu prsu mUze byt rezistence k nepretrzitému uzivani letrozolu zvracena jeho intermitentnim poda-
vanim. Prodlouzené pferusované uzivani adjuvantniho letrozolu by mohlo zlepsit vysledny efekt 1é¢by karcinomu prsu ve srov-
nani s kontinudInim uzivanim letrozolu u postmenopauzalnich Zen. Do multicentrické, oteviené, randomizované paralelni stu-
die SOLE faze lll, provadéné ve 22 zemich bylo zafazeno v obdobi 2007-2012 4 884 postmenopauzalnich Zen s karcinomem
prsu s pozitivnimi hormonalnimi receptory, pozitivnimi lymfatickymi uzlinami, které byly Ié¢eny lokalni terapii (operace s radio-
terapii nebo bez ni) a dokoncily 4-6 let adjuvantni endokrinni terapie. Nahodné byly rozdéleny 1 : 1 do skupiny bud kontinual-
niho uzivani letrozolu (2,5mg perordlné po dobu 5 let) nebo intermitentniho uzivani letrozolu (2,5 mg/den po dobu 9 mésicd,
po kterych nésleduje 3mésicni pauza v letech 1-4 a pak 2,5mg/den béhem viech 12 mésict roku 5). Celkem bylo hodnoceno
4 851 Zen - ve skupiné intermitentniho uzivani letrozolu 2 425, s kontinualnim pouZzitim letrozolu 2 426 pacientek. Po medianu
follow-up 60 mésicll bylo preZiti bez zndmek onemocnéni 85,8 % (95% Cl 84,2-87,2) ve skupiné s intermitentnim letrozolem ve
srovnani s 87,5 % (86,0-88,8) ve skupiné s kontinudlnim letrozolem (HR 1,08; 95% Cl 0,93-1,26; p = 0,31). Nezadouci tGcinky byly
hlaseny podle ocekéavani a byly podobné mezi obéma skupinami. Nej¢astéjsimi nezadoucimi ucinky byly hypertenze (584 (24 %)
z 2 417 v intermitentni skupiné s letrozolem proti 517 (21 %) z 2 411 u kontinudlni skupiny) a artralgie (136 (6 %) vs. 151 (6 %)).
Celkem 54 pacientl (24 (1 %) v intermitentni skupiné a 30 (1 %) u letrozolové skupiny s nepretrzitym uzivanim) prodélalo ce-
rebrovaskularni ischemii, 16 (9 (< 1 %) vs. 7 (< 1 %)) utrpélo hemoragii do CNS a u 40 (19 (1 %) vs. 21 (1 %)) pacientek byla dia-
gnostikovana srde¢ni ischemie. Celkem 23 (< 1 %) z 4 851 pacientek zemfelo béhem studie (13 (< 1 %) z 2 417 pacientek ve
skupiné s intermitentnim letrozolem a 10 (< 1 %) z 2 411 zen skupiny s kontinudlnim poddavanim letrozolu). U postmenopauzal-
nich zen s karcinomem prsu a pozitivnimi hormonalnimi receptory nezlepsilo intermitentni podavani letrozolu preziti bez one-
mocnéni ve srovnani s jeho kontinudlnim uzivdnim. Alternativni schéma rozsifené adjuvantni endokrinni [é¢by letrozolem
vsak mUGze byt akceptovatelné. Vysledky studie SOLE tak podporuji bezpec¢nost docasnych Ié¢ebnych prestavek u vybranych
pacientd.

Radical Prostatectomy, External Beam Radiotherapy, or External Beam Radiotherapy
With Brachytherapy Boost and Disease Progression and Mortality in Patients with
Gleason Score 9-10 Prostate Cancer

Kishan AU, Cook RR, Ciezki JP et al.
JAMA 2018; 319(9): 896-905. doi: 10.1001/jama.2018.0587.

Optimalni l1é¢ba lokalizovaného karcinomu prostaty Gleason skére 9-10 zatim neni zndma. Cilem nasledujici studie bylo po-
rovnat klinické vysledky pacientl s karcinomem prostaty Gleason skére 9-10 po definitivni 1é¢bé, radikalni prostatektomii (RP),
zevni radioterapii (EBRT) s terapii androgenni deprivaci nebo EBRT plus brachyterapie (EBRT + BT) spole¢né s androgenni depri-
vaci. Z celkového poctu 1 809 muzl, 639 absolvovalo RP, 734 nemocnych bylo |é¢eno EBRT a 436 kombinaci EBRT + BT. Medidn
véku byl 61 let, median follow-up 4,2; 5,1 a 6,3 let, resp. V prabéhu nasledujicich 10 let zemfelo 91 pacientd, ktefi podstoupili RP,
186 muzl po EBRT a 90 po kombinacni terapii EBRT + BT. Pétiletd umrtnost na karcinom prostaty byla po provedeni RP 12 % (95%
Cl 8-17 %); EBRT 13 % (95% Cl 8-19 %) a EBRT + BT 3 % (95% Cl 1-5 %). Kombina¢ni |é¢ba EBRT + BT byla spojena s vyznamné
niz$i mortalitou na karcinom prostaty nez RP nebo EBRT. Pétileta incidence vzdalenych metastaz byla u muz{, ktefi absolvovali RP
24 % (95% ClI 19-30 %); u pacientll po EBRT 24 % (95% Cl 20-28 %); a u nemocnych po kombinacni Ié¢bé EBRT + BT 8 % (95% Cl
5-11 %). EBRT + BT tak byl spojen se signifikantné nizsim vznikem vzdalenych metastaz. U pacient( s lokalizovanym karcinomem
prostaty Gleason skére 9-10 byla kombina¢ni lé¢ba EBRT + BT s androgen deprivacni terapii spojena se signifikantné lepsi morta-
litou specifickou pro karcinom prostaty a delsim ¢asem do vzniku vzdéalenych metastaz ve srovnani s EBRT v kombinaci s hormo-
nalni lé¢bou nebo s radikaIni prostatektomii.
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Increased Reporting of Fatal Inmune Checkpoint Inhibitor-associated Myokarditis

Moslehi JJ, Salem JE, Sosman JA et al.
Lancet 2018;391(10124): 933. doi: 10.1016/S0140-6736(18)30533-6.

Checkpoint inhibitory vyznamné zlepsily klinické vysledky u rliznych typ( zhoubnych nador( a stéle vice se pouzivaji i v kom-
binaci. Mohou v3ak vést k zavaznym nezddoucim ucinktm. Byly hlaseny pfipady fulminantnich pfiznakd myokarditidy souvise-
jici s touto imunoterapii. Autofi patrali v databazich VIGIBase, databaze WHO o individualnich pfipadech zdvaznych nezddoucich
ucinkd, a v nich nalezli 101 pfipadl zdvazné myokarditidy po 1é¢bé checkpoint inhibitory. Tito nemocni méli median véku 69 let
(rozmezi 20-90 let), pfevazné se jednalo o pacienty s malignim melanomem a zhoubnymi nadory plic. U 3/4 pacientl nebylo hla-
$eno, Ze by uzivaly soubézné kardiovaskularni nebo antidiabetické léky. Celkem 58 (57 %) ze 101 pacientli bylo Ié¢eno monote-
rapii anti-PD-1, zatimco 27 (27 %) dostavalo kombinovanou lé¢bu anti-PD-1 nebo PD-L1 + anti-CTLA-4. Informace o davkovani
byly k dispozici pouze u 59 pacient(, 38 (64 %) z téchto pacientl dostalo pouze jednu nebo dvé davky pred nastupem myokar-
ditidy. Median nastupu myokarditidy byl 27 dni (rozsah 5-155 dni), u 25 (76 %) pfipad( doslo k projevu kardidlni toxicity v prv-
nich 6 tydnech lé¢by. Navic se soubézné objevila i tézka imunitni reakce u 42 (42 %) ze 101 pacientl, nejcastéji v podobé myozi-
tidy (n = 25) a myasthenie gravis (n = 11). Ze viech pfipadl zdvazné myokarditidy doslo k imrti u 46 (46 %) ze 101 pacientd. Mira
umrtnosti byla vyssi u kombinace anti-PD-1 nebo PD-L1 + anti-CTLA-4 nezZ v pfipadé monoterapie anti-PD-1 nebo PD-L1 (67 vs.
36 %; p = 0,008). Umrti se vyskytla také u 60 % pacientl s myokarditidou souvisejici s monoterapii ipilimumabem. Pozoruhodné
doslo také k podstatnému nérlstu vyskytu hlaseni téchto nezddoucich Gcink( v ¢ase (76 %, n = 77 v roce 2017), které je dano zvy-
$enym pouzivanim checkpoint inhibitora.

Durable Clinical Benefit with Nivolumab Plus Ipilimumab in DNA Mismatch
Repair-Deficient/Microsatellite Instability-high Metastatic Colorectal Cancer

Overman MJ, Lonardi S, Wong KYM et al.
JClin Oncol 2018; 36(8): 773-779. doi: 10.1200/JC0.2017.76.9901.

Nivolumab ve studiich prokazal efektivitu u pacientt s AMMR/s vysokou mikrosatelitovou nestabilitou (MSI-H) metastatickym ko-
lorektalnim kacinomem (mCRC); nivolumab a ipilimumab by pak mohly tyto vysledky jesté zlepsit. Ve studii CheckMate-142 byla
podavana kombinace nivolumab + ipilimumab, v davce nivolumab 3 mg/kg a ipilimumab 1mg/kg 1x za 3 tydny (4 aplikace)
a nasledné nivolumabem 3 mg/kg 1x za 2 tydny. Primarnim cilem byla celkova odpovéd na terapii. U 119 pacientl bylo 76 % Ié-
¢eno > dvéma liniemi predchozi systémové terapie. Pfi medianu sledovani po 13,4 mésicich byla celkova odpovéd 55 % (95% Cl
45,2-63,8) a mira kontroly nemoci = 12 tydnt byla 80 %. Stfredni doba trvani odpovédi nebyla dosazena. Miry preZiti bez progrese
byly 76 % (9 mésict) a 71 % (12 mésic); celkové preziti za stejnou dobu bylo 87 a 85 %. Nezddouci piihody souvisejici s 1é¢bou
stupné 3 a 4 se vyskytly u 32 % pacientd a byly zvlddnutelné. Nivolumab a ipilimumab prokazali v této studii vysokou miru odpo-
védi, preziti bez progrese onemocnéni a zvladnutelnou toxicitu. Neptima srovnani naznacuji, Ze kombinovana lécba poskytuje
lepsi Gcinnost oproti monoterapii a ma pfiznivy profil pfinosu a rizika. Nivolumab + ipilimumab jsou slibné nové moznosti Iécby
u pacientt s mMCRC dMMR/MSI-H.

Cldnky vybrala a komentovala
MUDr. Jana Haldmkovd, Ph.D.
Klinika komplexni onkologické péce, Masarykiv onkologicky tstav, Brno
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AKTUALITY V ONKOLOGII

Diagnostic, Prognostic and Predictive
Immunohistochemistry in Malignant Melanoma

of the Skin

Diagnosticka, prognosticka a prediktivni imunohistochemie
pfi malignim melanomu kuze

Roncati L.

Department of Diagnostic and Clinical Medicine and of Public Health, Institute of Pathology, University of Modena and Reggio Emilia, Modena, Italy

Immunohistochemistry (IHC) is an
excellent technique for labeling
detection of selected cell proteins,
which exploits the principle of antigen-
antibody specific binding in biological
tissues [1]. First implemented by Albert
Coons in 1941 [2], over time it had
achieved great success for diagnostic
purposes (diagnostic IHC), then for
prognostic ones (prognostic IHC) [3].
Several molecular pathways are altered
in skin melanoma and non-melanoma
skin cancers and some of these can be
targeted in oncotherapy [1]. Therefore,
IHC application has increased and can
predict those tumors which are likely
to respond to targeted cancer ther-
apy (predictive IHC), by detecting the
presence or high expression levels of
altered gene products.

Diagnostic IHC

Amongthemostuseddiagnosticmarkers
for melanoma cells, there are: anti-S100,
anti-MelanA, anti-MITF (microphthalmia
transcription factor), anti-Sox10 (sry-
related hmg-box 10), anti-Melanosome
and melanoma cocktail. Quite similar
to calmodulin, S100 protein is a low-
-molecular weight protein characterized
by two calcium-binding sites in a ,he-
lix-loop-helix” conformation [4]. It in
fact plays crucial roles in calcium
homeostasis, cytoskeleton dynamics,
protein phosphorylation, cell growth,

cell differentiation and inflammatory
response [5]. It is soluble in 100%
ammonium sulphate at neutral pH,
hence its acronym [4]. S100 protein is
not specific for the melanocyte lineage,
being present in all cells derived from
the neural crest [6]. MelanA protein,
also known as MART1 (melanoma anti-
gen recognized by T cells 1), is a trans-
membrane protein made up by 118
amino acids; its fragment consisting
of nine amino acids (27-35) is bound
by MHC (major histocompatibility
complex) class | molecules, which
present it to cytotoxic T-lymphocytes on
the cell surface [7]. The MelanA antigen
is more specific for the melanocyte
lineage than S100, and its diagnostic
utility resides in staining melanoma
cells in a homogeneous manner from
the epidermis downward, allowing easy
recognition of lentiginous or pagetoid
diffusion and sub-epidermal foci of
microinvasion [1]. MelanA expression
is regulated by MITF, which is a basic
“helix-loop-helix” leucine zipper trans-
cription factor involved in lineage-
specific regulation pathways of many
cell types, melanocytes included [8]. In
humans, mutations of MITF can lead to
melanoma, Waardenburg syndrome
and Tietz syndrome [9]. MITF IHC is
sensitive but not specific since it can be
expressed also by osteoclasts and mast
cells [10]. In melanocytic cells, there is
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evidence that MITF may also regulate
the SOX710 gene expression and,
therefore, SOX10 IHC has been recently
introduced for diagnostic purposes [11].
Melanosomes are cell organelles deputy
to synthesis and storage of melanin in
normal melanocytes and melanoma
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primary melanoma

ileal metastasis

/

Fig. 1. Subungual melanoma with metastatic spreading to brain and ileum in a middle aged female patient treated with significant
benefit by pembrolizumab - if compared to Mlh1, Pms2 and Msh2 status, an exclusive loss of IHC expression for Msh6 protein has
been ascertained. The ileal metastasis, here illustrated, and the brain one show the same IHC profile of the primary melanoma; they are
in fact characterized by an exclusive loss of IHC expression for Msh6 protein, if compared to Mlh1, Pms2 and Msh2 status. At present, the
patient is still alive and in complete response with a progression free survival and an overall survival of 956 days and 2546 days, resp. (H&E
— hematoxylin and eosin; MlIh1 - clone M1, Ventana; Pms2 - clone EPR3947, Ventana; Msh2 - clone G219-1129, Ventana; Msh6 - clone 44,

Ventana; chromogen - 3,3’ diaminobenzidine tetrahydrochloride hydrate; original magnification — 10x).

cells, from which melanin can be
released to adjacent keratinocytes [12].
Hmb45 (human melanoma black 45) is
the monoclonal antibody which reacts
precisely against melanosomes [13], its
staining pattern is usually zonal/shallow
in nevus and diffuse/deep in melanoma,
making differential diagnosis easier [13].
Inside melanosomes, the melanin
production is catalyzed by the rate-limit-
ing oxidative enzyme tyrosinase - for this
reason, the anti-Tyrosinase monoclonal
antibody is one of the melanoma
cocktail components, together with
Mart1 and Hmb45 [14].

Prognostic IHC

IHC has a limited value in determin-
ing the prognosis of skin melanoma,
which is in fact related to microstag-
ing attributes, such as Breslow’s depth,
Clark’s level, ulceration, regression,
mitotic hot-spot, growth phase, lympho-
vascular invasion and tumor-infiltrat-

ing lymphocytes [15-23]. The current
AJCC (American Joint Committee on
Cancer) staging system uses Breslow’s
depth and ulceration as main prognostic
determinants [24-26]. In this context,
IHC can facilitate a better definition of
the abovementioned histopathological
attributes; for example, juxtaposing
the labeling index of Ki67 proliferative
antigen to the mitotic count [1], or
disclosing the type of growth phase by
evaluating the expression of the anti-
apoptotic molecule cyclin D1 [1,27-30],
or identifying the subtypes and rates
of lymphocytes around and inside the
tumor, with particular reference to CD4-
CD8+ T-killer lymphocytes [31-34], or
highlighting the hematic and lymphatic
endothelia of the capillaries involved
by neoplastic spread [35]. To reach
this last goal, anti-Pecam1 (platelet
endothelial cell adhesion molecule 1)
or anti-Podoplanin antibodies can be
used, resp. [36]. Among the tumor

suppressor genes, CDKN2A encodes
for p16ink4a protein, which plays an
important role in cell cycle regulation
by inhibiting cell cycle progression
from G1 to S phase [37]. The CDKN2A
gene is frequently altered in malignant
melanoma; therefore, IHC for the mutant
form of p16ink4a can be used in the
diagnosis of microinvasive melanoma,
in order to distinguish it from in situ
melanoma or dysplastic nevus, both
characterized by a lower immunolabel-
ing and an indolent course [1].

Predictive IHC

Today, the main genes involved in
melanoma genesis susceptible to
predictive IHC investigation are — BRAF,
NRAS, CDK4, KIT [38]. Mutations in BRAF
and NRAS are responsible for 50% and
20% of all melanomas [39]. Vemurafenib
and dabrafenib are V600 mutant B-Raf
inhibitors approved for the treatment
of late-stage melanoma [40]. The
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growth signal transduction triggered by
V600 mutant B-Raf can be also mitigated
inhibiting MEK (MAPK/ERK kinase)
proteins, members of MAPK (mitogen-
-activated protein kinase) signaling
cascade, thus favoring cell cycle block
and apoptosis [40]. The most known
MEK inhibitors used in the treatment
of metastatic melanoma are trametinib
and cobimetinib [41]. Binimetinib,
another MEK inhibitor, has been tested
in a randomized phase lll clinical trial for
N-Ras Q61 mutant melanoma, becoming
the first molecularly targeted therapy for
NRAS mutant patients [42]. Palbociclib
and ribociclib are Cdk4 inhibitors that
are under study for melanoma and other
drug resistant tumors, such as estrogen
receptor positive breast cancer [43,44].
Imatinib and nilotinib are Kit inhibitors
available if necessary; the former is
active when the mutation occurs in exon
11 of KIT, while the latter when it occurs
in exon 17 [45]. More recently, a lot of
attention has been paid to melanoma
immunotherapy, it is a type of passive
immunotherapy aimed to enhance
preexisting anti-tumor responses of the
organism [46]. In this regard, two mo-
lecules, Ctla-4 and PD1, have attracted
interest of many researchers [47].
Ctla-4 is a surface receptor expressed
by activated T-lymphocytes, able to
transmit an inhibitory signal of self-
-tolerance to T-lymphocytes, function-
ing as an immune checkpoint for normal
and neoplastic cells [48]. Ipilimumab is
the monoclonal antibody developed to
stop the above-mentioned inhibitory
signal by binding to Ctla-4. This event is
preliminarytomelanomacelldestruction
by cytotoxic T-lymphocytes [49]. PD1 is
a surface receptor of activated T-lympho-
cytes, which plays an important role in
down-regulation of the immune system
and promoting self-tolerance [50].
Its ligand, known by the acronym
PD-L1 (programmed death-ligand 1),
is highly expressed in 40-50% of
melanoma and, hence, the role of PD1 in
melanoma immune evasion is now
well established [51]. Nivolumab and
pembrolizumab are anti-PD1 human
monoclonal immunoglobulin G4 cap-
able to block the interaction between
PD1 and PD-L1 (immune checkpoint

blockade), favoring the melanoma cell
attack by T-cells [52]. In 2017, the Food
and Drug Administration has approved
the use of pembrolizumab also for
unresectable or metastatic solid tumors
with mismatch repair deficiency or
microsatellite instability [53]. Strong
evidence showed that microsatellite
instability is a frequent condition in
malignant melanoma, as well [54].
In line with what has been recently
hypothesized by other authors [55,56],
my working group has noticed, in daily
clinical practice, that the best therapeutic
results of pembrolizumab occur in
those patients affected by melanomas
with mismatch repair deficiency (Fig. 1).
Therefore, before choosing the most
suitable treatment, the bioptic specimen
should be also tested for MIh1, Msh2,
Mshé6 and Pms1 [57], the well-known DNA
mismatch repair proteins in humans.
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PERSONALIA

O dalsich S let pozdé;ji

prof. MUDr. Jitka Abrahamova, DrSc.,
se doziva vyznamneho zivotniho jubilea

Pred 5 lety jsme s prof. Abrahdmovou uza-
vieli dohodu, Ze si napiSeme vzijemné
laudatio k Zivotnimu jubileu, které bylo
vroce 2013 a které méame spole¢néiletos.
Jsme stejné stafi, studovali jsme na stejné
univerzité Iékarskou fakultu a stale pra-
cujeme ve stejném oboru. Nechtél bych
opakovat vse, co jsem pred lety napsal.
Pouze pro pripomenuti. Promovala
v roce 1966, pracovala rok na onkologii
v nemocnici Trutnov, poté 24 let na on-
kologii ve VFN v Praze. Jejim doslova ma-
tefskym pracovistém se stala Thomay-
erova nemocnice v Krci. Onkologii zde
vybudovala a béhem 25 let dovedla do
pozice Spi¢ckového a vieobecné uznéa-
vaného pracovisté. Atestovala z radiote-
rapie I. stupné, Il. stupné klinické onko-
logie, byl ji udélen titul CSc., poté DrSc.
a na zékladé habilita¢niho fizeni v roce
2006 byla jmenovana profesorkou pro
obor klinickd onkologie. Stala se misto-
predsedkyni vyboru Ceské onkologické
spole¢nosti JEP, ¢lenkou Evropské aso-
ciace pro vyzkum rakoviny, Evropské
spole¢nosti mastologie, Evropské spo-
le¢nosti pro paliativni péci, MASCC (Mul-
tinational Association of Supportive Care
in Cancer), EBMT (The European Group
for Blood and Marrow Transplantation),
Ceské spole¢nosti pro komplexni onko-
logickou péci, ¢eské sekce evropské koa-
lice Europa Donna. Stéla v cele védec-
kych grant(, které Uspésné resila (7x).
Jako hlavni investigator se podilela na
35 klinickych studiich. Byla ¢lenkou ko-
mise pro onkologii v ramci Interni gran-
tové agentury Ministerstva zdravotnictvi
(IGA MZ) CR. V ramci fakulty se podilela
na pedagogické cinnosti (staze, pred-
nasky, examinace) nejen pro nase me-
diky, ale téz pro zahrani¢ni studenty. Vy-
znamnou roli sehréla i v postgradualni

vychové (pfedndsky, staze, kurzy.) Stala
se odbornou spolupracovnici a autor-
kou mnoha védeckych a zdravotné vy-
chovnych film@ (11x). Jeji prace byla
ocenéna predanim fady cen (7x). Jeji
publika¢ni ¢innost dokladuje bohata re-
Serse (kolem 100 citaci) v nasem i zahra-
ni¢nim pisemnictvi. Je autorkou nebo
spoluautorkou 10 monografii. Kazdo-
ro¢né poradala onkologickd sympozia
s celostatni plsobnosti.

A predevsim pracovala jako klinicky
doktor (na oddéleni, na ambulanci,
v mnoha pracovnich tymech). O jejich
kvalitdich mohou hovofit jeji kolegové,
o skute¢né empatii a dlsledné starostli-
vosti jeji pacienti.

Jestredavecer17.1.2018.NaZofiné po-
rada Nadacni fond onkologie pro 21. sto-
leti 24. spolecensky vecer ,Sebevédomi
pro kazdy den”. Uvodni slovo patfi pfed-
sedkyni spravni rady Nadac¢niho fondu
a jeho zakladatelce prof. MUDr. Jitce
Abrahamové, DrSc. Pak jiz pfichazeji
krasné manekynky, které jsou zaroven
pacientkami kr¢ské onkologie.

Sebevédomi pani profesorce nikdy
nechybélo. Protoze jsem vice nez 20 let
pracoval na stejné klinice, mohu vypra-
vovat. Pro nas (sekundare) to byl hlavni
ddvod jeji kritiky. Dnes, po letech, to
vidim trochu jinak. Spi$ bych to nazval
zdravym cenénim sebe sama (to, ¢eho
se nam obecné nedostava). Pred 5 lety
stat na stejné ,startovni ¢are” nebylo tak
obtizné. Dnes mi jiz tak trochu dochazi
dech a béh zpomaluji. Ne v3ak Jitka.
Dale pracovala na klinice, pfednasela,
ucila, publikovala. Stala se vedoucim
prazského Komplexniho onkologického
centra. Nadale pUsobila jako predsed-
kyné spravni rady Nada¢niho fondu on-
kologie pro 21. stoleti. Organizovala sva

kazdoro¢ni setkani onkologu z celé re-
publiky — onkologickd sympozia s uro-
logickou a mamologickou tematikou.
Nikdy nechybél spolecensky vecer v za-
jimavém, atraktivnim prostfedi s pfitom-
nosti renomovanych moderatord a Spic-
kovych umélct. Pii oslavach statniho
svatku 28. 9. (na svatek sv. Vaclava) byly
jeji zasluhy ocenény stiibrnou medaili
Senatu CR za pfinos onkologii. Byt v TV
pofadu Gen mlzeme povazovat za mi-
moftadné. O prof. Abrahamové byl tento
medailon vloni natocen.

Prestoze onkologické pracovisté zalo-
Zila a doslova vypiplala, v tomto roce se
s prof. Abrahdmovou louci. Ona zde za-
nechdva 26 let Zivota a majetek Nadac-
niho fondu v hodnoté mnoha miliont
korun. Vim, Ze ¢as bézi a stavét prekazky
pfirozenému béhu nelze, ale presto
osobné povazuji takovato rozhodnuti
managementu za problematicka.

Do dalsi etapy Tvého plodného profes-
niho zivota Ti osobné ja a zajisté i dalsi
prejeme hodné Uspéch(ia malo zklamani.

doc. MUDr. Bohuslav Konopdsek, CSc.
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Redakce ¢asopisu Klinickd onkologie, Masarykdv onkologicky Ustav, Zluty kopec 7,656 53 Brno, e-mail: klinickaonkologie@mou.cz.

Pokyny pro autory naleznete na www.linkos.cz v sekci ¢asopisu nebo na www.klinickaonkologie.cz.

Toto ¢islo vychazi 13. 4. 2018.

158

Klin Onkol 2018; 31(2)




OPDIVO®
dava Sanci vice pacientim

OPDIVO
(nivolumab)

pacientum s pokrocilym malignim melanomem"™#3

>

predlécenym pacientdm s pokro€ilym NSCLC34*

pfedlécenym pacientim s pokrocilym renalnim karcinomem?®

pacientdm s recidivujicim nebo rezistentnim Hodgkinovym lymfomem
po pfedchozi lé¢bé (ASCT a brentuximab vedotin)®”®

pacientim se SCCHN, ktefi progreduji pfi nebo po predchozi lecbe
platinovymi derivaty??

pacientiim s pokroCilym nebo metastazujicim urotelialnim karcinomem
po selhani [écby platinovymi derivaty?"

(e SDE

W Tento lécivy pripravek podléha dalsimu sledovani.
ZKRACENA INFORMACE 0 PRIPRAVKU
Nazev pfipravku: OPDIVO 10 mg/ml koncentrat pro infuzni roztok.

Kvalitativni a kvantitativni sloZeni: Nivolumabum 10 mg v 1 ml koncentratu. Indikace:* Melanom: v monoterapii/kombinaci s ipilimumabem u pokrogilého (neresekovatelného nebo metastatického) melanomu
u dospélych. Nemalobunéény karcinom plic (NSCLC): monoterapie lokalné pokrotilého nebo metastatického NSCLC po piedchozi chemoterapii u dospélych. Renalni karcinom (RCC): monoterapie pokrocilého
RCC po pfedchozi terapii u dospélych. Klasicky Hodgkinav lymfom (cHL): monoterapie recidivujiciho nebo rezistentniho cHL po autologni transplantaci kmenovych bunék (ASCT) a Ié¢bé brentuximab vedotinem.
Skvamazni karcinom hlavy a krku (SCCHN): monoterapie SCCHN progredujiciho pfi nebo po lécbé platinovymi derivaty u dospélych. Urotelialni karcinom (UC): monaterapie lokalné pokrotilého neresekovatelného nebo
metastazujiciho UC u dospélych po selhani [écby platinovymi derivaty. Davkovani:* Monoterapie: davka 3 mg/kg iv. infuzi (60 minut) kazdé 2 tydny; kombinace s ipilimumabem: 1 mg/kg nivolumabu iv. infuzi (60 minut)
s ipilimumabem 3 mg/kg iv. infuzi (30 minut) kazdé 3 tydny u prvnich 4 davek, dale nivolumab iv. infuzi (60 minut), prvni davka za 3 tydny, a pak dale kazdé 2 tydny. Lécba pokratuje, dokud je pozoravan klinicky pfinos
nebo dokud ji pacient snasi. Zptisob podant: Pouze kiv. podani, jakoi.v. infuze (60 minut). Kontraindikace: Hypersenzitivita na Iécivou latku nebo na kteroukoli pomocnou ltku. Zvldstni upozornéni:* Nivolumab je spojen
s imunitné podminénymi nezadoucimi Gcinky. Pacienti maji byt priibézné sledovani (min. do 5 mésicti po posledni davce). Podle zavaznosti NU se nivolumab vysadi a podaji se kortikosteroidy. Po zlep3eni se musi davka
kortikosteroidl snizovat postupné po dobu min. 1mésice. V pfipadé zavaznych, opakujicich se nebo jakychkali Zivot ohroZujicich imunitné podminénych NU musi byt nivolumab trvale vysazen. U pacientu s vychozim ECOG
> 2, s aktivnimi mozkovymi metastazami, ocnim melanomem, autoimunitnim onemocnénim, symptomatickym intersticidlnim plicnim onemocnénim a u pacientu, kteff jiz uZivali systémova imunosupresiva, je tfeba
pfipravek pouzivat jen s opatrnosti. Interakce: Nivolumab je humanni monoklonalni protilatka, a nepiedpoklada se, Ze inhibice nebo indukce enzymu cytochromu P450 (CYP) nebo jinych enzymu metabolizujicich 1éky
soucasné podavanymi pfipravky bude mit dopad na jeho farmakokinetiku. Vzhledem k potencialni interferenci systémovych kortikosteroidt nebo jinych imunosupresiv s farmakodynamikou nivolumabu je tieba se jejich
podavani na potatku, pfed zahajenim Iégby, vyhnout. Lze je nicméné pouZit k 16¢bé imunitné podminénych nezadoucich Gcinku. Téhotenstvi a kojeni: Nivolumab se nedoporucuje béhem téhotenstvi a fertilnim Zenam,
které nepouzivaji ucinnou antikoncepci, pokud klinicky pfinos nepfevysuje mozné riziko. Neni zndmo, zda se nivolumab vylu€uje do matefského mléka. Nezadouci ucinky:* Velmi casté: neutropenie, inava, vyrazka,
svédéni, prijem a nauzea, zvy3eni AST, ALT, alkalické fosfatazy, lipazy, amylazy, kreatininu, hyperglykemie, hypokalcémie, lymfopenie, leukopenie, trombocytopenie, anemie, hyperkalcemie, hyperkalemie, hypokalemie,
hypomagnezemie, hyponatremie; u kombinace s ipilimumabem i hypotyreéza, bolest hlavy, dyspnoae, kolitida, zvraceni, bolest bficha, artralgie, horetka, hypoglykémie a zvy3eny celkovy bilirubin. Dalsi podrobnosti k NU,
zvIa5té imunitné podminénym, viz SPC. Pfedavkovani: Pacienti musi byt peclivé monitorovani s ohledem na pfiznaky nezadoucich tcinkt a zahdjena vhodna symptomaticka éba. Uchovavani: Uchovavejte v chladnicce
(2°C-8°C)vpuvodnim obalu, aby byl pipravek chranén pied svétlem. Chrarite pfed mrazem. Baleni: 4 ml nebo 10 ml koncentratu v10ml injekéni lahvicce s uzavérem a tmavé modrym, resp. sedym odklapécim uzavérem.
Velikost baleni: 1injekéni lahvitka. Drzitel rozhodnuti o registraci: Bristol-Myers Squibb EEIG, Bristol-Myers-Squibb House, Uxbridge Business Park, Sanderson Road, Uxbridge, MiddlesexUB8 1DH, Velka Britanie.
Registracni ¢islo: EU/1/15/1014/001-002. Datum prvni registrace: 19. 6. 2015. Datum posledni revize textu: bfezen 2018.

Vydej Iécivého pripravku je vazan na lékafsky predpis. Pfipravek je hrazen z vefejného zdravotniho pojisténi v indikaci pokrotily maligni melanom v monoterapii, pokrotily renalni karcinom a s Gginnosti od 1. 4. 2018 také
vindikaci skvamézni nemalobunécny karcinom plic. Podrobné informace o tomto pfipravku jsou dostupné na adrese zastupce drZitele rozhodnuti o registraci v CR: Bristol-Myers Squibb spol. s r.0., Budgjovicka 778/3,
140 00 Praha 4, www.b-ms.cz. Pfed piedepsanim se seznamte s Gplnou informaci o pfipravku.

*V&imnéte si, prosim, zmén v Souhrnu Gdajl o pripravku.

1. Weber JS, et al. Nivolumab versus chemotherapy in patients with advanced melanoma who progressed after anti-CTLA-4 treatment: a randomized, controlled, open-label, phase 3 trial. Lancet Oncol 2015;16:375-84. 2. Robert C, et al. Nivolumab in
Previously Untreated Melanoma without BRAF Mutation. N Engl | Med 2015;372:320-30. 3. Opdivo® Souhrn tidaju o pfipravku, 2017. 4. Brahmer J, et al. Nivolumab versus Docetaxel in Advanced Squamous-Cell Non-Small-Cell Lung Cancer. N Engl | Med
2015 Jul 9;373(2):123-35. 5. Borghaei H, et al. Nivolumab versus Docetaxel in Advanced Nonsquamous Non-Small-Cell Lung Cancer. N Engl ) Med 2015;373(17):1627-39. 6. Motzer JR, et al. Nivolumab versus Everolimus in Advanced Renal-Cell Carcinoma.
N Engl) Med 2015;373:1803-1813. 7. Ansell SM, et al. PD-1 blockade with nivolumab in relapsed or refractory Hodgkin's lymphoma. NEJM 2015;372(4):311-9. 8. Younes A, et al. Nivolumab for classical Hodgkin's lymphoma after failure of both autologous
stem-cell transplantation and brentuximab vedotin: a multicentre, multicohort, single-arm phase 2 trial. Lancet Oncol 2016;17(9):1283-94. 9. Ferris RL, Blumenschein G Jr, Fayette J, et al. Nivolumab for Recurrent Squamous-Cell Carcinoma of the Head
and Neck. NEJM 2016;375(19):1856-1867. 10. Sharma P, et al. Nivolumab in metastatic urothelial carcinoma after platinum therapy (CheckMate 275): a multicenter single-arm, phase 2 trial: Lancet Oncol 2017;18:312-22

1506CZ1801447-01, datum schvaleni 21. 3. 2018. %Z% Bristol-Myers S(]lllbb



KEYTRUDA

je v monoterapii u dospélych pacienti indikovana k 1éébé:’

Zkracena informace o lécivém pripravku.
KEYTRUDA 50 mg prasek pro koncentrat pro infuzni roztok.

pokrocilého (neresekovatelného nebo metastazujiciho) melanomu

v prvni linii metastazujiciho NSCLC* bez pozitivnich
nadorovych mutaci EGFR a ALK a s PD-L1 expresi

s TPS 250 % a v dalsich liniich** lokalné pokrocilého
nebo metastazujiciho NSCLC* s pozitivni

expresi PD-L1 (TPS 21 %)’

klasického Hodgkinova lymfomu

urotelialniho karcinomu

Lékovd forma; Prasek pro koncentrt pro infuzni roztok. SloZeni: ¢ /atka: Pembrolizumabum. Pomacné /atky: Sachardza, histidin, polysorbat 80, monohydrét hydrochloridu histidinu. Indikace: Pripravek KEYTRUDA je: 1
pokrocilého (neresekovatelngho nebo metastazujicio) melanomu u dospélych; *2.vmonoterapii indikovan v prvnilinii k 16Eb& metastazujiciho nemalobunégného karcinomu plic (non-small cell lung carcinoma- NSCLC) u dospelyi /
POLT, seskurenadumvehn pumu(Iumourpmpumunscore TPS)>5[]%hezpuzmvmnh nadumvynhmulam EGFRnehnALK 3. vmnnolerapu|nd|kuvanklechelukalnepukmnllehu nehumetaslazuucﬂm NSGLGudusperCh euchznador Ex

dospe\ych pamemu s relabujicim nebo refrakternim klasickym Hodgkinovym Iymfnmem (cHL), u nichZ selhala autologni transplantace kmenovych bungk (ASDT) a brentuximab vedotin (BV), nebo U kterych transplamace nenivhodnd a BVu nich: se\hal 5.

v monoterapii indikovan k 16Ehé lokéing pokroGilého nebo metastazujiciho urotelidinho karcinomu u dospélych, ktef i byl leSeni chemoterapif obsahujiof platinu 6. v monoterapii indikovn k 16¢b& lokéing pokroGilého nebo metastazujiciho urotelidinio
karcinomu u dospéljeh, u kterych neni chemoterapie obsahujiciplatinu vhodnd. *Davkovani a zpisob poddni: KEYTRUDA se poddva intravendzné po dobu 30 minut kazdé 3 tydny. Doporucend davka je 200 mg pri NSCLG, jeZ dosud neby éBen chemoterapii
nebo pfi cHL nebo pri uroteliéinim karcinomu; u pacientd s predlégenym NSCLC a melanomem pak 2 mg/kg. Pripravek nesmibyt poddn jaka nitroZini bolus nebo bolusova injekce. Lécha probihd do progrese nemoci nebo do vzniku neprijatelné toxicity. Byly
pozorovany atypické odpovedi (. potdtecni prechodné zvétseni nddoru nebo vznik novych malych Iézfbéhem prunich nekolika mésict, nésledované zmensenim nddoru). Klmlcky stabilnf pacienty s pocategnimi zndmkami progrese nemoci se doporucuje l6cit
dl, dokud se progrese nepotvrdi. ZvldStni upozornéni: Pacienti s NSCLC musi byt pFi léche vybramnazakladeexprese PD-L1 nadorovymi bunkami potvizené validovanym testem.” imunitné zprostiedkované neZadoucr dcinky: “Mohouse vyskyinout
imunitng zprostiedkované nezadouct Gcinky postihujici soucasné vice télesnyich systém. * Pokud se s I6Ebou souvisejici toxicita do 12 tjdnd po posledn dévee pripravku KEYTRUDA nezlepsi na stupeii 0 az 1 nebo pokud behem 12 tydnii nelze davkovani
kortikosteroidu snizit na <10 mg predniszonu nebo jeho ekvivalentu za den, je nutno pripravek KEYTRUDA trvale vysadit. nez se nezadouci ttinky zlepsina stuperi 0 - 1. Bezpecnost opétovného zahdjeni Iécby pembrolizumabem u pacientt, u nichZ se objevila
imunitné zprostredkovand myokarditida, nenije neznamé. Pripravek KEYTRUDA e nutno trvale vysadit pfi nezadoucich Gcincich stupné 4 nebo recidivujicich nezadoucich Ggincich stupné 3, pokud neniv SmPG uvedenojinak. P hematologické toxicite stupné 4,
pouze u pacientd s cHL, se pripravek KEYTRUDA musfvysadit do zlepSeni nezddoucich Gcinkd na stupef 0 a7 1. *Légba pembrolizumabem mze u pffieme transplantovanych solidnich orgdnd zvySit riziko rejekce, je nutné zvait benefit/ risk. Kontraindikace:
Hypersenzitivita na Iégivou latku nebo na kteroukoli pomocnou latku. Interakce: Nebyly provedeny zadné formdlni farmakokineticke studie [ékovych interakei. Pembrolizumab se odstranuje z obéhu katabolizach, zadné metabolické Iékové interakce se
nepredpoklddaji. Pred nasazenim pembrolizumabu je nutno se vyhnout podavani systémovych kortikosteroidd nebo imunosupresiv, a to kvl jejich potgncidlnimu viivu na farmakodynamickou aktivitu a déinnost pembrolizumabu. Systémove kortikosteroidy
nebojindimunosupresiva vsak Iz pouzivat po nasazeni pembrolizumabu k |éché imunitng zprostiedkovanych nezadoucich tcinkd. TEhotenstvi, kojeni: Udaje o podavani pembrolizumabu téhotnym zendm nejsou k dispozici. Zeny ve fertilnim véku maji behem
|6cby a nejméné 4 mésice po posledni dévce pembrolizumabu pouzivat ejnnou antikoncepci. Neni znamo, zda se pembrolizumab vyluguje do lidského matefskeho miéka. Je nutno se rozhodnout, zda prerusit kojeni nebo vysadit pembrolizumab. NeZadouei
wcinky*: Velmi Gasté (= 1/10): prijem, nauzea, vyrdzka, pruritus, dnava. Casté (= 1/100 a7 1/10): anemie, reakce spojend s infizf, hypertyredza, hypotyredza, snizend chut k jdlu, bolest hlavy, zawrat, dysgeuzie, suché oko, pneumonitida, dyspnoe, kasel,
kolitida, zvracent, bfiSni bolest, zacpa, suchd tsta, t&zké kozni reakce, vitiligo, suchd kiiZe, erytém, ekzém, artralgie, myozitida, muskuloskeletalni bolest, bolest v kongeting, artritida, astenie, edém, pyrexie, onemacnéni podobajici se chfipce, tfesavka, zvjSend

AST, ALT, ALP. zvyeny kreatinin. Pro podroingjSi informace viz SPC pfipravku. Upozomeni: Pembrolizumab mize mit mimy viiv na schopnost idit a obsluhovat stroje. Po poddni pembrolizumabu byla hidSena inava. Uchovévan; V chladnicce (2°C-8°0).

“Rekonstituovany roztok ma byt pouZit okamzité, nesmf byt zmrazen  fyzikalni a chemické stabilita po otevrent byla prokdzéna pri teploté 2 - 8 °C maximalng po dobu 24 hodin od nafed&n. Az 6 hodin z tohoto 24 hodinového limitu je mozné pripravek
uchovavat pfi pokojové teploté (< 25 °C) Baleni: 15ml injektni lahvitka @ 50 mg pembrolizumabum. Dritel rozhodnuti o registraci: Merck Sharp & Dohme Limited, Hertford Road, Hoddesdon, Hertfordshire EN11 9BU. Velka Britanie. Kontaktni e-mail;
dpoc_czechslovak@merck.com. Registracni éislo: U/ 1/15/1024 /001, Datum posledni revize textu: 08.12.2017. Zpisob vjdeje: Vazan nalékarsky predpis. Zpiisob dhrady: Lécivy pripravek je hrazenz prostiedkii vefejného zdravotniho pojistant.

Drive neZ ptipravek predepiSete, seznamte se prosim s iplnym souhrnem Gdajti o pfipravku. Reference 1. SPC LP Keytruda 2017.

e " . e L R o , ; ) * nemalobunécny karcinom plic

V Tento lécivy piipravek podléhd dalSimu sledovani. To umozni rychlé ziskani novych informaci o bezpecnosti. . pamemlpLedI,ecem chewgmrapn
X1 v , STV . v v s orye 1 I

Zadame zdravotnické pracovniky, aby hidsili jakakoli podezieni na nezadouci déinky. O nadorovjeh mutact EGFR nebo ALK

*\/Simnéte si, prosim, zmén v informacich o Ié¢ivém pripravku.

Merck Sharp & Dohme s.r.0., Na Valentince 3336/4, Smichov, 1560 00 Praha &

Tel.: +420 233 010 111, E-n.wi;ilzvdpoc_czechslovak@mérck.com,vwww.msd.cz ONCO-1243294-0000 MSD OnCOIOQV
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