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>
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vcetné adjuvantni lécby"#34
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pacientiim s rekurentnim nebo metastazujicim SCCHN, ktefi progreduji pfi
nebo po pfedchozi [6¢bé platinovymi derivaty*™

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

\ﬂ ﬁ pfedlécenym pacientdm s pokrocilym renalnim karcinomem?*’
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EDITORIAL

James P. Allison a Tasuku Honjo

Press release
Prvniho fijna tohoto roku probéhla médii
kratka zprava. Nobellv vybor rozhodl
o udéleni Nobelovy ceny za fyziologii
nebo medicinu v roce 2018. Spole¢né ji
obdrzeli James P. Allison a Tasuku Honjo
za svUj objev protinddorové [é¢by pomoci
inhibice negativni imunitni regulace.
Tato stru¢nd zprava vsak reprezen-
tuje pfiblizné 30 let ndro¢né vyzkumné
prace, jejimz vysledkem je nékolik pro-
tinadorovych 1ékl, které prodlouzily
nebo zachranily Zivot mnoha onkologic-
kym pacientim. Dva védci objevili, jak
zapojit imunitni systém organizmu do
boje proti rakoviné. Jejich prace popi-
rajici dosud zndmé poucky o imunitnim
systému vydlazdila cestu nové skupiné
protinddorovych |ék(, které jiz drama-
ticky zménily osud fady nemocnych.
Neni to poprvé, kdy byl vyvoj 1é¢by na-
dorl ocenén Nobelovou cenou. Pfed-
chozi ocenéni zahrnuji Charlese B. Hug-
ginse v roce 1966 za objev hormondlini
l[é¢by u karcinomu prostaty, Gertrude
Eliona a George Hitchingse v roce
1988 za objevy novych chemoterapeu-
tik a E. Donnalla Thomase v roce 1990 za
objev transplantace kostni dfené v 1écbé
leukemii. Pojdme se nyni podivat blize
na objevy obou leto$nich laureatl a na
principy, na nichz je regulace checkpoint
inhibitor( zaloZena.

Objevy

Nobellv vybor konstatoval, Ze Allison,
profesor a pfednosta imunologie na
University of Texas MD Anderson Can-
cer Center, studoval zndmy protein,
ktery funguje jako brzda imunitniho sys-
tému. Uvédomil si potencial uvolnéni
této brzdy a nésledné odpoutani imu-
nitnich bunék, které jim umozni atako-
vat nddorové bunky. Poté rozvinul tento
koncept do zcela nového zplsobu pfi-
stupu k l1é¢bé pacientd. Paralelné Honjo,
profesor na Kyoto University, objevil od-
liSny protein na bunkach imunitniho
systému a po peclivém zkoumdani jeho
funkce zjistil, Ze také funguje jako brzda,
ale s rozdilnym mechanizmem ucinku.

Nebylo tomu ale vzdy tak, Ze se vliibec
uvazovalo o negativni regulaci imunit-
niho systému. Na pfelomu 19. a 20. sto-
leti pfevazoval koncept, ze pravé ak-
tivace imunitniho systému muze byt
vhodnou strategii pro atakovani nadoro-
vych bunék. Byly napf. ¢inény pokusy in-
fikovat pacienty bakteriemi, které by ak-
tivovaly obranu imunitnim systémem.
Mnozi vsak pochopili, Ze potifebujeme
ziskat vice védomosti, a mnoho védcu
se zacalo vénovat zadkladnimu vyzkumu
regulace imunitniho systému. Byly roz-
poznany mnohé zdkladni mechani-
zmy téchto procesu a také bylo proka-
zéno, jak imunitni systém identifikuje
nadorové bunky. Pfes velky védecky
pokrok se ale rozvoj novych |éceb-
nych strategii proti rakoviné ukazal byt
obtizny.

Jak Allison sam drive uvedl, zpoc¢atku
se lidé pokouseli pouze zapnout imu-
nitni systém, pfidat plyn, pfitlac¢it na
pedal - aniz by védéli, jak to presné
pracuje. Zjistili jsme vsak, Ze jde o vic
nez o pouhé zapnuti systému. Je tady
velmi komplexni systém vypinacd, brzd,
které zabranuji tomu, aby vés to zabilo -
nebot presné to se stane, pokud systém
odbrzdime. Nasli jsme cestu, jak tak uci-
nit do¢asné a uvolnit systém, aby atako-
val nadorové buriky.

V roce 1990 v laboratofi University of
California, Berkeley, Allison studoval pro-
tein CTLA-4 na T lymfocytech. Zjistil, ze
CTLA-4 funguje jako brzda na T bun-
kach. Ackoliv ostatni tymy zkoumaly
mechanizmus jako cil k 1é¢bé autoimu-
nitnich chorob, Allison mél zcela jiny
napad. Vyvinul protilatku, kterd se vazala
na CTLA-4 a blokovala jeho funkci. Nyni
zacal zkoumat, zda blokdda CTLA-4 m{ize
odblokovat brzdu na T burikidch a uvol-
nit imunitni systém k napadeni nado-
rovych bunék. Allison proved| prvni ex-
perimenty v roce 1994 a vysledky byly
pozoruhodné. Mysi s nadory byly vylé-
¢eny pomoci protilatky, ktera inhibovala
brzdu a odblokovala protinddorovou ak-
tivitu T bunék. | pres maly zéjem farma-
ceutického pramyslu Allison pokracoval

ve své praci a vyvinul strategii pro vlastni
lé¢bu pacientl. Brzy poté se objevily
slibné vysledky a klinicka studie z roku
2010 jiz prokazala necekanou efektivitu
v |é¢bé pacientd s pokrocilym melano-
mem. U nékolika pacientl ptiznaky ne-
moci zcela vymizely, coz byl dosud ne-
vidany efekt u této skupiny nemocnych.

V roce 1992 Honjo objevil molekulu
PD-1, dalsi protein na povrchu T bunék.
Aby pochopil jeho roli, zkoumal jeho
funkci v celé fadé experiment( provadé-
nych po dobu mnoha let na Kyoto Uni-
versity. Vysledky ukazaly, ze PD-1 rovnéz
funguje jako brzda T bunék, ale pod-
Iéha odliSnym mechanizmim. Rovnéz
v experimentech na zvifatech se blo-
kada PD-1 ukazala jako slibna strategie
v |é¢bé nadorq, coz otevrelo cestu k vy-
uziti PD-1 jako cile v 1é¢bé pacientu. Na-
sledoval klinicky vyvoj a kli¢cova studie
z roku 2012 prokazala jednoznacnou
ucinnost v [é¢bé pacientl s rozdilnymi
typy nadord. Vysledky byly prekvapu-
jici, u nékterych pacientd s metastatic-
kym onemocnénim vedly ke dlouhodo-
bym remisim a moznému vyléceni, coz
bylo dfive u takto pokrocilych onemoc-
néni nemyslitelné.

Principy funkce

Zéakladni vlastnosti naseho imunitniho
systému je schopnost rozliSovat své
(,self”) a cizi (,non-self”). Takto mohou
byt bakterie, viry a jina vnéjsi nebezpeci
vcas odhalena a eliminovéna. T lymfo-
cyty zde predstavuji hlavni néstroje se-
beobrany. T buriky maji receptory, které
se vazou na struktury rozpoznané jako
Lnon-self” a zahajuji imunitni odpovéd.
Nicméné jsou zde dalsi proteiny, které
odpovéd akceleruji a jsou potfebné jako
spoustéce plné imunitni odpovédi. Dalsi
proteiny naopak Ucinkuji jako brzdy na
T bunkdch a inhibuji imunitni odpovéd.
Tato kiehka balance mezi stlacenim ply-
nového a brzdového pedélu je nezbytna
pro presnou kontrolu imunitni odpo-
védi. Zajistuje, Zze imunitni systém je pfi-
praven atakovat cizorodé mikroorgani-
zmy, zatimco nebude aktivovan tak, aby
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ved| k autoimunitnimu sebeposkozeni
zdravych bunék a tkani.

Imunitni systém normalné hleda a de-
struuje mutované buriky, ale nddory znaji
sofistikované zpUsoby, jak se pred ataky
imunitniho systému schovat. Jednou
cestou je pravé posileni brzdného me-
chanizmu, ktery brani imunitnim bun-
kam atakovat normalni tkané. Nadorové
buriky mohou kolovat kolem télesnych
strazcl mnoha zpUsoby, ale jeden z nich
je velmi rafinovany - vyslou signaly re-
guldtordm imunitniho systému, aby na
né imunitni systém neutodil. Zkraceng,
donuti strdZce divat se jinam. Strazce
predstavuji jednotlivé klony T bunék,
jichz jsou miliény, kazdy patfi do jiné ro-
diny receptorG T bunék (T-cell receptor -
TCR) a maji vlastni specifitu vici antige-
nam. Kdyz Allison pracoval v Berkeley,
University of California, v roce 1990 pfi-
Sel na zpUsob, jak jeden takovy vypinac
znamy jako CTLA-4 muze byt pfepnut,
aby umoznil utok T lymfocytl na nddo-
rové buriky. Honjo paralelné pracoval na
Kyoto University na jiném checkpoint in-
hibitoru, PD-1.

Molekula CTLA-4 se standardné vysky-
tuje na T lymfocytech. Hlavni interakce
probihd mezi T lymfocytem a antigen
prezentujici burikou (antigen-present-
ing cell - APC). Zatimco APC prezentuje
intracelularni (potencidlné tumor aso-
ciovany) antigen spolu s hlavnim his-
tokompatibilnim komplexem (major
histocompatibility complex - MHC),
T lymfocyt se na néj vaze prostiednic-
tvim TCR. Interakci poméhd vazba mezi
antigenem CD28 na T lymfocytu a an-
tigeny CD80 a CD86 na APC. Pokud do
interakce vstoupi molekula CTLA-4, ak-
tivace T lymfocytu se zabrzdi. Klon pfi-
slusného T lymfocytu se nemUze re-
plikovat, rozmnozit a posléze zanikne.
Blokdda CTLA-4 tak umoznuje rozsifit
spektrum TCR rodin T lymfocytd, z nichz

nékteré se nasledné uplatni v protinado-
rové obrané. M(izeme si tuto situaci zjed-
nodusené predstavit tak, Ze umoznime
diverzifikovat TCR repertoire jesté dfive,
nez néktery z klont potiebujeme k vlast-
nimu boji proti nadoru.

Molekula PD-1 se standardné rovnéz
vyskytuje na T lymfocytech. Avsak T lym-
focyty interaguji prostfednictvim TCR
nejen s komplexy MHC s peptidy. Sou-
¢asti jsou opét kostimulacni molekuly
CD28, CD80 a CD86. Dalsi vyznamné in-
terakce PD-1 receptorl se odehravaji
nejen na APC s jejich ligandy, ale rov-
néz na nadorovych bunkach s ligandy
PD-L1 a PD-L2. Takto dochéazi k blo-
kadé aktivace T lymfocytl a snizuje se
pocet klonl T lymfocytll z TCR reper-
toire schopnych zasdhnout proti na-
dorové bunce. Naopak pokud PD-1 na
T lymfocytech zablokujeme protilatkou,
uplatni se dosud neaktivni T bunécné
klony, replikuji se a posili cilenou odpo-
véd T lymfocytl proti nddorovym bun-
kam. Systém tedy umozni vybrat z jiz di-
verzifikovaného TCR repertoire ty klony
T lymfocyt(, které se nasledné replikuji
a uplatni v protinadorové imunité.

Checkpoint inhibitory

Na zakladé predchazejicich objevl bylo
vyvinuto mnoho protinddorovych latek
cilenych na CTLA-4, PD-1 a pfibuzné mo-
lekuly ve stejné draze. Lécba témito léky
vedla k bezprecedentnimu poctu léceb-
nych odpovédi u urcitych typl nadord.
Prvni protilatkou byl ipilimumab, proti-
latka anti-CTLA-4. Uplatruje se zejména
v 1é¢bé pokrocilého a metastatického
maligniho melanomu. Protildtkami proti
PD-1 jsou pebrolizumab, ktery ma skvélé
vysledky u maligniho melanomu, a ni-
volumab, protilatka kromé melanomu
uplathovand u pokrocilého a metastatic-
kého karcinomu ledviny a u nemalobu-
nécného karcinomu plic. Protilatka anti-

-PD-L1, avelumab, se uplatiuje v [é¢bé
vzacného karcinomu z Merkelovych
bunék. Protilatka anti-PD-L1, atezolizu-
mab, se uplatriuje u pokrocilého nadoru
vyvodného systému mocového a nema-
lobunéc¢ného karcinomu plic. Protilatka
anti-PD-L1, durvalumab, nasla svoji roli
v lé¢bé pokrocilych nebo metastatic-
kych nador( vyvodnych cest mocovych.
Lze o¢ekavat, ze v brzké dobé dojde Ufa-
dem pro kontrolu potravin a léciv (FDA)
ke schvaleni dalsich molekul checkpoint
inhibitor s novymi indikacemi.

Je piilis brzy na zavéry

své hranice klinickych indikaci. Uplat-
Auji se nyni i mimo své obvyklé indi-
kace tam, kde prokdzeme mikrosateli-
tovou instabilitu (MSI-high) v nadoru.
Pravé tyto typy nadord napfi¢ nado-
rovym spektrem maji dobrou predikci
k 1é¢bé checkpoint inhibitory oproti kla-
sické chemoterapii.

Lécba témito Iéky ale také pfisla s no-
vymi, dosud nepopsanymi nezadou-
cimi ucinky a zadvaznymi komplikacemi
v¢. téch s infaustnim pribéhem. Obje-
vuji se ndm autoimunitni onemocnéni,
a to velmi atypicka a zadvazna. Seznamu-
jeme se s tyreoiditidami, hypofyzitidami,
pneumonitidami, autoimunnimi hepa-
titidami a nefritidami, ale také vzacné
napf. s autoimunni aplastickou anémii.
Teprve budoucnost nam ukaze, které
typy nadorl budou skute¢né vhodné
pro [é¢bu checkpoint inhibitory a jaké
komplikace bude jesté mozné zvla-
dat. Nicméné nyni prosim vzdejme
hold Jamesi P. Allisonovi a Tasuku Hon-
jovi za jejich vyjimecnou a inspirativni
praci.

prof. MUDr. Martin Klabusay, Ph.D.
Onkologickd klinika
LF UP a FN Olomouc
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REVIEW

Long Non-Coding RNA Signature

in Cervical Cancer

Dlouhé nekddujici molekuly RNA u cervikalnich nadors

Taheri M.', Ghafouri-Fard S.?

''Student Research Committee, Shahid Beheshti University of Medical Sciences, Tehran, Iran
?Department of Medical Genetics, Shahid Beheshti University of Medical Sciences, Tehran, Iran

Summary

Background: Cervical cancer as a common urogenital cancer among women has caused signifi-
cant health problems. Efforts have been made to identify its pathogenic process in order to find
targeted therapies. Long non-coding ribonucleic acids (IncRNAs) have been shown to regulate
several cancer-related pathways and genes that contribute to pathogenesis of human malig-
nancies, including cervical cancer. In the present review, we searched PubMed, Google scholar,
Web of Science and Scopus databases for key words “cervical cancer” or “cervical neoplasm”
and “long non-coding RNA” or “IncRNA” (up to December 2017). Aim: To elaborate the role of
IncRNAs in cervical cancer. Conclusions: LncRNAs affect cervical cancer pathogenesis through
numerous mechanisms, such as making scaffolds for assembly of protein complexes, serving
as directors to recruit proteins, functioning as transcriptional enhancers through chromatin
remodeling, serving as decoys to free up proteins from chromatin, or reversing the effects of
other regulatory non-coding RNAs, such as microRNAs. Pathway-based analysis showed that
several IncRNAs modulate PI3K/Akt/mTOR, Wnt-@3 catenin and Notch pathways in the process
of cervical cancer pathogenesis. In addition, expression of a handful of IncRNAs has been asso-
ciated with human papilloma virus infection. Identification of IncRNAs that alter cancer-related
signaling pathways and subsequent expression analysis of these IncRNAs in patients’ samples
would help to design effective targeted therapies.

Key words
IncRNA - cervical cancer - oncogene - tumor suppressor gene

Souhrn

Vychodiska: Rakovina délozniho ¢ipku jako bézny urogenitaini nador zplsobuje u zen zna¢né
zdravotni problémy. Byla vynaloZena snaha o identifikaci patogeneze za Gcelem nalezeni cile-
nych terapii. Bylo prokazano, ze dlouhé nekoédujici ribonukleové kyseliny (IncRNA) reguluji né-
kolik signélnich drah a gent souvisejicich s nadory, coz prispiva k patogenezi lidskych malignit
v¢. rakoviny délozniho ¢ipku. V rdmci prezentovaného ¢lanku jsme do prosince 2017 vyhleda-
vali klicova slova ,cervical cancer” (rakovina délozniho ¢ipku) nebo ,cervical neoplasm” (cervi-
kalni novotvar) a,long non-coding RNA” (dlouha nekddujici RNA) nebo ,IncRNA”, publikovana
v databazi PubMed, Google scholar, Web of Science a Scopus. Cil: Zjistit, jakou roli hraji IncRNA
v rakoviné délozniho cipku. Zdveéry: LncRNA ovliviiuji patogenezi rakoviny délozniho cipku
prostfednictvim ¢etnych mechanismd, jako je vytvareni tzv. scaffolds pro sestaveni proteino-
vych komplexd, slouzici jako tzv. directors pro ziskavani proteind, fungujicich jako transkripcni
zesilovace pomoci remodelovani chromatinu, slouZici jako tzv. ndvnady k uvolnéni proteind
z chromatinu nebo zvraceni Ucinka jiné regulacni nekodujici RNA jako jsou mikroRNA. Analyza
signélnich drah ukazala, Ze v procesu patogeneze rakoviny délozniho ¢ipku nékolik IncRNA
reguluje drahy PI3K/Akt/mTOR, Wnt- catenin a Notch signdlni drahy. Navic exprese nékolika
IncRNA byla spojena s infekci virem lidského papilomu. Identifikace IncRNA, které méni signalni
drahy souvisejici s nddory, a nasledna expresni analyza téchto IncRNA ve vzorcich pacientl by
mohly pomoci ziskat efektivni cilené terapie.

Klicova slova
IncRNA - nador délozniho ¢ipku — onkogen — tumor supresorovy gen
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LONG NON-CODING RNA SIGNATURE IN CERVICAL CANCER

Introduction

In recent years, progress in genome ana-
lyses has led to recognition of an evolv-
ing class of non-coding ribonucleic
acids (ncRNAs) that participate in the
modulation of gene expression and
epigenetic reprogramming [1]. A signi-
ficant number of these ncRNAs are
longer than 200 nucleotides and instead
of being transcriptional “noise”, they
use various routes to control gene
expression [1]. These so-called long
non-coding RNA (IncRNAs) have tissue
specific expression pattern [2] but are
less conserved than protein coding
RNAs [3]. They are involved in almost
every aspect of physiological processes,
such as preservation of DNA integrity [4],
telomere biology [5], immune cell
homeostasis [6], regulation of hormone
receptors [7] as well as differentiation
and homeostasis of metabolic tissues [8].
The differential expression of IncRNAs in
malignant tissues compared with normal
tissues of the same origin has been
demonstrated in several studies [3,9-14]
what implies their role in pathogenesis
of different cancers. Such speculation
has been further supported by the
presence of distinct single nucleotide
polymorphisms within IncRNA cod-
ing genes which alter the risk of cancer
development [15,16].

Cervical cancer as a common uro-
genital cancer among women is mostly
associated with human papilloma virus
(HPV) infection. However, asitsincidence
is much lower than the prevalence of
HPV infection, other factors are thought
to have synergic effects with HPV
infection to induce cervical cancer [17].
Dysregulation of Wnt/f-catenin signal-
ing as well as PI3K/Akt/mTOR signaling
pathway have also been implicated in
the pathogenesis of cervical cancer [18].
Considering the role of IncRNAs in
the regulation of these pathways,
we searched the literature to identify
IncRNAs that modulate cervical cancer
risk especially through alteration of
these pathways or through modulation
of HPV infection process.

Search strategy
We searched PubMed, Google scholar,
Web of Science and Scopus databases

with the key words “cervical cancer” or
“cervical neoplasm” AND “long non-cod-
ing RNA" or “IncRNA". Original articles
were chosen if they were written in
English and had enough number of
samples for expression analysis (at least
20 patients’ samples from exclusive
clinical studies) and described the
mechanism of IncRNA involvement
in cervical cancer (for in vitro studies).
Other types of papers were excluded
from the study. Papers, which focused
on analysis of IncRNAs at genomic level,
were also excluded.

LncRNA involvement

in cervical cancer

A recent study aimed at identification of
expression profiles of IncRNAs, circular
RNAs, microRNA (miRNA), and messenger
RNA (mRNA) in HPV16 mediated ce-
rvical squamous cell carcinoma have
found 19 IncRNAs that are frequently
differentially expressed in cervical
cancer samples compared to normal
samples. Such differentially expressed
IncRNAs have been shown to participate
in cervical cancer pathogenesis as
revealed by the co-expression network
and function prediction [19]. In addition
to this high throughput studies, several
studies have assessed the significance of
IncRNAs in cervical cancer pathogenesis.
Based on the importance of HPV infection
and dysregulation of signaling pathways
in the pathogenesis of cervical cancer, we
subsequently analyzed IncRNAs based
on their involvement in one of these
mechanisms.

LncRNAs and HPV infection

HPVs as double-stranded circular DNA
viruses encode several proteins, which
participate in their DNA replication,
gene transcription and cellular trans-
formation. E6 and E7 proteins coded
by high-risk HPV viruses participate in
the pathogenesis of HPV-associated
carcinomas [20]. Degradation of
p53 and retinoblastoma protein (Rb)
as two important tumor suppressor
proteins is induced by the HPV onco-
genic proteins E6 and E7, respectively.
E6 also participates in carcinogenesis
through induction of telomerase
activation, while E7 alters the expression

of synthesis phase genes by directly
disturbing pRb/E2F complex and en-
hances cell survival by inducing expres-
sion of interleukin-648 and antiapo-
ptotic Mcl-126 and triggering the
Akt/PKB pathway [20]. The cooperation
of HPV oncogenes and IncRNAs in
cervical cancer context has been first
revealed for metastasis-associated lung
adenocarcinoma transcript 1 (MALAT1).
This IncRNA has been over-expressed
in cervical cancer cell lines compared
with normal cervical squamous cell
samples. However, its expression has
been decreased following the E6/E7
knockdown in CaSki cells. Further asses-
sment of clinical samples has confirmed
exclusive expression of MALATT in HPV-
-positive cervical squamous cells, but
not in HPV-negative normal cervical
squamous cells [21]. The positive
association between MALAT1 expression
levels and HPV infection has also been
documented in cervical epithelial tissues
by microarray analysis [22].

HOX transcript antisense RNA (HOTAIR)
participates in epigenetic regulation of
gene expression through recruitment
of chromatin remodeling polycomb
repressive complex 2 (PRC2). This
IncRNA has been recognized as a target
of E7 in HPV16 related cervical cancers.
HOTAIR expression has been shown to
be progressively decreased in a linear
manner from HPV negative controls
to HPV16 positive non-malignant and
cervical cancer samples. Such down-
regulation was concomitant with up-
regulation of HOTAIR target, HOXD10,
and enhancement of cancer related
pathways in most cervical cancer cases.
Conversely, a minority of them had
considerably higher HOTAIR expression,
associated with high E7 expression and
enhancement of metastatic pathways.
The interaction between HOTAIR and
E7 has further been supported by
observation of a positive correlation
between E7 expression and expressions
of both HOTAIR and PRC2 complex
members (EZH2 and SUZ12) in cervical
cancer cases. In addition, both in silico
analysis and RNA immunoprecipitation
endorsed the functional inactivation of
HOTAIR by direct interaction with E7.
Consequently, HOTAIR has been
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LONG NON-CODING RNA SIGNATURE IN CERVICAL CANCER
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Schema 1. Different roles of HOTAIR in cervical cancer tumorigenesis: HOTAIR has a negative regulatory role on PTEN tumor suppres-
sor gene. HOTAIR role in EMT is due to its effect on COX-2 stabilization which leads to induction of MMPs and VEGF. HOTAIR also en-
hances HLA-G associated immune escape by competitively binding to miR-148a.

IncRNA - long non-coding ribonucleic acid, EMT — epithelial-mesenchymal transition, MMP — matrix metallopeptidase, VEGF - vascular

endothelial growth factor, HLA-G — human leukocyte antigen G, PGE2 - prostaglandin E2, COX - cyclooxygenase

identified as a downstream target of
HPV16 E7 in the process of cervical
cancer pathogenesis [23].

LncRNAs and PI3K/Akt/mTOR
pathway

Maternally expressed 3 (MEG3) as a tu-
mor suppressor IncRNA has been impli-
cated in cervical cancer. Its over-expres-
sion in cervical cancer cells resulted in
down-regulation of PI3K, Akt, MMP-2,
MMP-9 and Bcl-2 expression while up-
regulating Bax and P21 expression.
Consequently, IncRNA MEG3 inhibits
cervical cancer by modification of PI3K/
Akt/Bcl-2/Bax/P21 and PI3K/Akt/MMP-2/9
signaling pathway [24]. GAS5 as another
tumor suppressor has been shown
to modulate cellular growth and
drug resistance through the PTEN/PI3K/

Akt/mTOR pathway. The low level of
GAS5 leads to PTEN down-regulation by
interacting with miR-21 because PTEN is
one of the genes in the PI3K/Akt/mTOR
pathway whose expression is decreased
by GASS5. Eventually, the low expression
of PTEN triggers the PI3K/Akt pathway,
therefore producing a circulation.
Moreover, GAS5 and miR-21 modulate
cisplatin resistance in cervical cancer
cells via the PI3K/Akt pathway [25].

Mitogen activated protein
kinases (MAPK) pathway
TCONS_00026907 as a newly identified
IncRNA enhances expression of cyclin
D1 and Bcl-2 invivo and in vitro. Its knock-
down inhibits growth of cervical tumors
and modulates the expression of ELKT,
p-ELK1, c-fos, cyclin D1 and Bcl-2 in vivo.

Considering the role of ELK1 as a nuclear
target for the Ras-Raf-MAPK signaling
cascade [26], the oncogenic effect of this
IncRNA in cervical cancer might be due
to its effect on MAPK pathway.

LncRNAs and Wnt/B-catenin
pathway

The Wnt/B-catenin signaling pathway is
a quintessential survival pathway which
modulates several cellular processes
including proliferation, growth, survival
and metabolism. XIST silencing in cervical
cancer cells decreased the protein level
of B-catenin and inhibited the protein
expression of two Wnt/B-catenin down-
stream genes - cyclin D1 and c-Myc [27].
Besides, CCAT-1 role in enhancement of
proliferation and suppression of apo-
ptosis of cervical cancer cells is also

Klin Onkol 2018; 31(6): 403-408
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Schema 2. MALATT role in cervical cancer: MALAT1 inhibits epithelial markers E-cadherin and ZO-1, and simultaneously enhances ex-
pression of the mesenchymal markers 3-catenin and vimentin as well as the Snail transcription factor.

IncRNA -

through induction of the Wnt/B-catenin
pathway [28].

LncRNAs and Notch pathway
Evaluation of the essential signaling
cascades regulated by Notch in HOTAIR-
-overexpressing cells has shown that
HOTAIR overexpression in SiHa cells has
led to increased NOTCH1, HES1 and
p300 expression [29].

LncRNA involvement in epithelial-
mesenchymal transition (EMT) of
cervical cancer cells

HOTAIR as an oncogenic IncRNA in
cervical cancer has been shown to
alter the expression of several genes
participated in cell migration, invasion
and EMT, such as vascular endothelial
growth factor, MMP-9, E-cadherin,
B-catenin, vimentin, Snail and Twist [30].
EMT-related levels have also been ele-
vated in xenografts originated from

HOTAIR-overexpressing SiHa cells com-
pared with the control tumors [29]. In
addition, HOTAIR enhances migration
andinvasion of HelLa cervical cancer cells,
atleast partially, through the modulation
of vimentin expression [31]. HOTAIR
role in EMT might also due to its effect
on COX-2 stabilization, which leads to
induction of matrix metalloproteinases
and vascular endothelial growth factor
(Schema 1) [32].

MALATT1 exerts its role in cervical
cancer cell invasion and metastasis
by enhancement of the EMT process
through increasing the expression of
Snail [33]. MALATT silencing suppressed
the invasion and metastasis of cervical
cancer cells, increased expression of
the epithelial markers E-cadherin and
Z0-1, and simultaneously decreased
expression of mesenchymal markers
[-catenin and vimentin as well as the
Snail transcription factor (Schema 2) [22].

long non-coding ribonucleic acids, EMT - epithelial-mesenchymal transition, E-cad - E-cadherin

The IncRNA taurine-upregulated gene 1
(TUG1) was also shown to increase
migration and invasion of cervical can-
cer cells by modulating EMT-related
markers such as fibronectin, vimentin
and cytokeratin [34].

HOXA11-AS has also been shown to
participate in EMT. HOXAT11-AS silenc-
ing has led to increase in E-cadherin
expression while decreasing levels
of B-catenin, vimentin and the EMT-
-mediating transcription factor Snail [35].

In addition, EZH2-binding IncRNA in
cervical cancer (IncRNA-EBIC) has a role
in migration and invasion of cervical
cancer cells through modulation of
E-cadherin [36].

LncRNAs role in cervical cancer
immune evasion

The human leukocyte antigen-G (HLA-G)
as a member of the non-classical ma-
jor histocompatibility complex family
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is recruited by cancer cells to beat
attentive immuno-surveillance of the
host. HOTAIR has been shown to en-
hance HLA-G associated immune escape
by competitively binding to miR-148a
(Schema 1) [37].

Discussion

Consistent with diverse mechanisms
of IncRNAs participation in regulation
of gene expression, INcRNAs can affect
cervical cancer pathogenesis through
various mechanisms. Overall, the
regulatory function of IncRNAs can
be exerted through making scaffolds
for assembly of protein complexes,
serving as guides to recruit proteins,
functioning as transcriptional enhancers
through chromatin remodeling, serv-
ing as decoys to free up proteins from
chromatin, or reversing the effects
of other regulatory ncRNAs, such as
miRNAs [38]. Besides, the expression of
HPV oncogenes as the most important
causal factor in cervical cancer has been
shown to be linked to expression levels
of some IncRNAs. However, functional
studies to reveal the exact mechanism of
this association has been performed for
only two IncRNAs, namely MALATT and
HOTAIR. Moreover, expression of
several IncRNAs has been shown to be
dysregulated in tumor tissues as well
as plasma samples from cervical cancer
patients. Higher expression of certain
IncRNAs in the plasma of cervical cancer
patients compared to healthy subjects
provides an applicable tool for screen-
ing and follow-up of patients.

More importantly, methylation pat-
tern of the MEG3 IncRNA has been
demonstrated to be a diagnostic and
prognostic marker of cervical cancer
with the capability to predict high-
-risk HPV infection and lymph node
metastasis [39]. Considering the early
onset of methylation alterations during
carcinogenesis, identification of such
marks is valuable in early detection of
cancer.

Notable, several IncRNAs have been
shown to affect cancer-related path-
ways. Alterations in these pathways
modulate response to conventional che-
motherapeutic approaches as revealed
for cisplatin resistance in cervical can-

cer[25].Ontheotherhand, dysregulation
of numerous signaling pathways,
such as Notch and mTOR pathways,
has been demonstrated in cervical
cancers through transcriptome analysis.
Considering the therapeutic potential
of these signaling pathways in at least
some types of cervical cancer, targeted
inhibition of Notch and mTOR pathways
has been suggested as therapeutic
options for cervical cancer patients [40].
Consequently, identification of IncRNAs
that alter these signaling pathways and
subsequent expression analysis of these
IncRNAs in patients’ samples would help
to better select patients for recruitment
in these trials.
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Nasledky hypoacidity navozené inhibitory

protonové pumpy — tipy pro praxi

Consequences of Hypoacidity Induced by Proton Pump Inhibitors —

a Practical Approach
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Souhrn

Vychodiska: Inhibitory protonové pumpy (proton pump inhibitors — PPIs) jsou velmi ¢astou sou-
¢asti medikacnich rezim( nejen onkologickych pacientl. Jedna se o léciva velmi silné tlumici se-
kreci kyseliny chlorovodikové, jejich vlivem tedy dochazi, pfedevsim pfi chronickém podavani,
k vyznamné elevaci intragastrického pH. V dlsledku tohoto posunu Ize o¢ekavat zmény v absorpci
jak Iéciv, tak i vitamin(, mineral( apod. Cil: PPIs jsou asociovany s celou fadou nezadoucich ucinkd,
v bézné klinické praxi se na né ale ¢asto zapomina. Cilem tohoto sdéleni je upozornit na nékteré
z nich, a to z pohledu predpoklddaného mechanizmu, z pohledu délky terapie potfebné k mani-
festaci nezadouciho ucinku a také z pohledu moznosti jejich feseni. Konkrétné se zamétime na
hypergastrinemii a rebound hyperaciditu spojenou predevsim s dlouhodobou terapii vysokymi
davkami, dale na osteopordzu a na hypomagnezemii, u nichz je jednou z teorii predpoklad zmény
ionizace a absorpce pfislusnych iontd. A pravé na klinicky vyznamné farmakokinetické interakce na
zinkinazové inhibitory (TKI) predstavuji IéCiva, u nichZ je limitujicim krokem jejich absorpce pravé
rozpustnost, ktera je zavisla na pH. U celé fady TKI je tedy doporucena konkrétni vazba na pfijem
stravy (nala¢no, s jidlem, v odstupu od jidla), aby byly zajistény optimalni podminky pro vstfebani
téchto lé¢iv s minimalnimi mezidennimi rozdily. Soucasti textu jsou i prehledové tabulky vazby TKI
na soubézny pfijem stravy, event. v nékterych pfipadech optimalniho reZimu podani PPIs.

Klicova slova
inhibitory protonové pumpy - nezadouci ucinky Iéciv — I1ékové interakce — tyrozinkindzové in-
hibitory — hypochlorhydrie

Summary

Background: Proton pump inhibitors (PPIs) are often a part of drug regimens for many patients,
including cancer patients. These drugs are very effective suppressors of gastric acid secretion;
a significant increase in the gastric pH is seen with chronic use. This affects absorption of drugs,
vitamins, and minerals. Purpose: PPIs are associated with many adverse drug reactions; neverthe-
less, these adverse effects are often neglected in clinical practice. The main aim of this article is
to emphasize some of the adverse effects and theoretical mechanisms underlying these adverse
reactions, the expected length of therapy before their clinical manifestation, and potential ways
of dealing with these adverse reactions. We will focus on hypergastrinemia and rebound hyper-
acidity, which occur in patients on long-term therapy with high dose PPIs. Next, we will focus on
osteoporosis and hypomagnesemia, adverse effects for which the assumed mechanism is dec-
reased absorption of particular ions from the gastrointestinal tract. Furthermore, clinically sig-
nificant pharmacokinetic drug interactions at the level of absorption will be analyzed. Tyrosine
kinase inhibitors (TKIs) are drugs with limited solubility; this solubility is pH-dependent. Some
recommendations seek to ensure optimal absorption with minimal inter-day variability. Tables
summarizing the optimal relationship between food and TKls, and (sometimes) the optimal regi-
men of concomitant PPIs, are included.

Key words
proton pump inhibitors — drug-related side effects and adverse reactions— drug interactions —
tyrosine kinase inhibitors — hypochlorhydria
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Uvod
Inhibitory protonové pumpy (proton
pump inhibitors — PPIs) predstavuji nej-
silnéjsi supresory sekrece Zaludecni ky-
seliny v bézné klinické praxi. Prvnim
predpokladem jejich ucinnosti je jejich
kumulace v sekre¢nich kanalikulech, kde
se pH pohybuje kolem 1 a disocia¢ni kon-
stanta pKa1 PPIs je mezi 3,8 a 4,5. Dru-
hym predpokladem je pak bioaktivace
(druhd protonizace; aktivace tedy neni
zavisld na enzymatické pfeméné), ak-
tivni metabolit je schopen kovalentné
vazat H+/K+ ATP-azu (vodiko-draselnou
pumpu) [1,2]. PPIs dokdZzou vyznamné
zvysit hodnoty intragastrického pH, kli-
nicky vyznam nema ani tak maximalni
dosazend hodnota pH, jako spise doba
nad ur¢itym pH. Protonova pumpa je
poslednim ¢lankem fetézce sekrece ky-
seliny chlorovodikové, resp. vodikovych
iontl nezavisle na zplsobu aktivace [3].
Diky kovalentni vazbé pretrvavd efekt
PPIs delsi dobu, nez je jejich plazmaticky
polocas, uvadi se dokonce 3-4 dny.
Nékteré nezadouci Gc¢inky (NU) PPIs
Ize odvodit z mechanizmu G¢inkuy, jiné
budou souviset se zménou absorp¢nich
podminek. Analogicky mize dochazet
ke zméndm absorpce konkomitantné
podavanych [éCiv. Cilem tohoto sdéleni
je sumarizovat NU této lékové skupiny
spolu s predpokladanou délkou terapie
do mozné manifestace konkrétniho NU
a dale nastinit mozna feseni téchto NU.
Zaméfime se také na klinicky vyznamné
zmény absorpce soubézné podéavanych
tyrozinkindzovych inhibitora (TKI) jako
dalsi riziko PPIs.

Hypergastrinemie, riziko
maligniho zvratu, rebound
hyperacidita

Hypergastrinemie (plazmatické hladiny
nad 100-150 pg/ml) maze byt disled-
kem gastrinomu, obstrukce Zaludec-
niho odtoku apod. nebo hypo-/anaci-
dity u pacientd s atrofickou gastritidou,
infekci Helicobacter pylori, event. |ékové
navozené hypo-/anacidity (sekrece gas-
trinu nardsta fyziologicky pfi neutrdl-
nim pH) [4,5]. Antisekre¢ni terapie navo-
zuje obvykle stfedni elevace gastrinemie
(200-400 pg/ml) s vrcholem v prvnich
4 meésicich terapie a naslednou plato
fazi, zatimco pfi destrukci parietalnich

bunék s achlorhydrii jsou hodnoty gas-
trinemie > 1 000 pg/ml [5]. Gastrin sti-
muluje sekreci kyseliny dvéma mecha-
nizmy: pfimym pusobenim na parietalni
bunky a nepfimo cestou enterochro-
mafinnich (enterochromaffin-cell-like -
ECL) bunék a jimi uvolnéného hista-
minu. Zvysend stimulace parietalnich
bunék vyusti v hypertrofii a hyperplazii,
dilatované Zlazy mohou ziskat cysticky
charakter, event. az charakter polypu.
Ovsem polypy jsou obvykle benigniho
charakteru, riziko maligniho zvrhnuti
pfi dlouhodobém podavani PPI se jevi
jako minimalni a po ukonceni terapie
typicky regreduji [6]. Stejné jako u pa-
rietédlnich bunék dochazi k hyperplazii
i u ECL bunék, bunék duodendlini sliznice
a sliznice tlustého streva. Prevalence Za-
ludecnich karcinoidll jako ECL tumoru
asociovanych s PPIs (sekvence hyperpla-
zie - dysplazie - neoplazie) se ale nejevi
vyssi oproti éfe pred PPIs [5,6]. Na druhé
strané Jianu et al uvadéji, ze pfi obecné
pomalé rychlosti riistu dobre diferenco-
vanych neuroendokrinnich tumord je
nutné opravdu dlouhodobé sledovani
pacientd (50 % primérné délky Zivota;
fad desitek let u clovéka) [4].

Jako prevenci NU navrhuji Gra-
ham et al kontrolni stanoveni gastrine-
mie v pravidelnych intervalech (napf.
5 let) [6]. Vyznam rutinniho monitoro-
vani gastrinemie se jevi sporny s ohle-
dem na nejasny klinicky i ekonomicky
benefit pfi soubézné antisekrecni tera-
pii. Pfi jejim vysazeni zase nar(sta riziko
hyperacidity [5].

Z vyse uvedeného logicky vyplyva
navyseni sekrec¢ni kapacity pro Zzalu-
decni kyselinu pti déle trvajici terapii
PPIs. Po dobu trvani terapie PPIs k ma-
nifestaci nedojde, ovsem pfi ndhlém
ukoncéeni/prerudeni déle trvajici terapie
(v rdmci jednotek tydn() Ize o¢ekavat re-
bound fenomén v podobé hyperacidity,
a to opét v fadu jednotek tydn(l s po-
stupné klesajici symptomatikou [7,8].
Jako mozné terapeutické postupy ke sni-
Zeni rebound hyperacidity se jevi pouziti
H2 blokatort nebo postupné snizovani
dennich davek PPIs. Vyhodou H2 bloka-
tor( je kratsi a méné vyjadieny rebound
fenomén (trvani v fadu dni), rizikem je
zase neucinnost v dlsledku down-re-
gulace H2 receptori pti zvysené stimu-

laci ECL bunék gastrinem. S postupnou
detrakci PPIs jsou omezené klinické zku-
Senosti. V prvnim kroku Ize redukovat
pocet dennich davek, dale jednotlivou
davku, ve chvili, kdy neni dostupna nizsi
jednotliva davka, pristoupit k prodlou-
zeni intervalu mezi davkami, a to v in-
tervalech 2-4 tydnu s velkou interindivi-
dualni variabilitou [9,10].

Osteoporoéza

Ackoli je negativni vliv PPIs na kostni
metabolizmus a rizika fraktur do ur¢ité
miry sporny, predevsim diky velkému
bias studii, nelze ho v kontextu cile to-
hoto sdéleni opomenout. Logickym
predpokladem zvyseni frekvence fraktur
kycle, zapésti a patefe u uzivatel( PPIs je
zména absorpce vapniku pfi zvyseni pH
v gastrointestindlnim traktu (GIT) (kyselé
prostfedi usnadnuje uvolnéni ionizova-
ného vapniku z omezené rozpustnych
kalciovych soli) s naslednym navoze-
nim negativni bilance kalcia [11,12]. Byly
ale vysloveny i dalsi teorie — hyperpara-
thyreéza nasledkem hypergastrinemie,
pfimy efekt na metabolizmus kosti jak
ovlivnénim osteoklastd, tak osteoblastu.
Jak uz bylo fe¢eno vyse, PPls se diky
svym fyzikélné-chemickym vlastnostem
kumuluji v oblastech velmi nizkého pH,
tedy i ve vezikulech osteoklastd, kde sni-
Zuji jejich schopnost prestavovat kostni
tkan [11]. Osteopordza je ale multifakto-
ridlni onemocnéni s vyznamnym vlivem
pohybové aktivity, koufeni, komorbidit
a soubézné medikace (kortikoidy, diure-
tika, glitazony, ...).

K manifestaci nedojde v fadu tydn(
ani mésich vzhledem k velmi nizkému
fyziologickému obratu a Ubytku kostni
hmoty. Na rozdil od hypergastrine-
mie se zde doba terapie do zvyseni ri-
zika fraktur pohybuje v fadu let. Tar-
gownik et al udavaji hranici 7 let pro
vsechny typy fraktur, 5 let konkrétné
pro fraktury ky¢le [13]. Co se tyka sub-
stituce kalcia jako nastroje ke snizeni ri-
zika fraktur asociovanych s PPls, chybi
presvédciva data o ucinnosti tohoto po-
stupu. Na druhé strané vime, Ze substi-
tuce kalcia obecné prispiva ke zlepseni
kvality kostni hmoty, resp. zpomaluje jeji
odbouravani a snizuje riziko fraktur. | pfi
védomi mozné zmény absorpce vlivem
Iékové interakce se jevi mozné benefity
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Tab. 1. TKI v sou¢asné dobé obchodované v CR (k 16. 8. 2018) (sefazeny dle vztahu k jidlu).

TKI BCS Vazba najidlo
(dle SPC jednotlivych pfipravkii)
afatinib I/1 nalacno (-1 nebo +3)
cabozantinib |l nalacno (-1 nebo +2)
dabrafenib Il nala¢no (-1 nebo +2)
erlotinib Il nalac¢no (-1 nebo +2)
nilotinib \Y nalacno (-1 nebo +2)
pazopanib Il nala¢no (-1 nebo +2)
trametinib \Y, nala¢no (-1 nebo +2)
sorafenib Il bez jidla nebo s nizkotu¢nym jidlem nebo
nalacno (-1 nebo +2) pfi tu¢ném jidle
axitinib Il s jidlem nebo bez jidla
crizotinib [\ s jidlem nebo bez jidla
dasatinib Il s jidlem nebo bez jidla
gefitinib Il s jidlem nebo bez jidla
ibrutinib Il bez specifikace vazby na jidlos jidlem nebo
bez jidla
lenvatinib II/IV sjidlem nebo bez jidla
osimertinib 11 s jidlem nebo bez jidla
ponatinib Il s jidlem nebo bez jidla
ruxotinib I s jidlem nebo bez jidla
sunitinib v s jidlem nebo bez jidla
vandetanib Il s jidlem nebo bez jidla
everolimus /v V?DY s jidlem nebo
VZDY bezjidla
lapatinib - VgDY pied jidlem (~1) nebo
VZDY po jidle (+1)
bosutinib N/V - sjidlem
ceritinib 1% s jidlem
imatinib Il s jidlem
nintedanib II/IV  sjidlem, pokud mozno

regorafenib

po lehkém jidle

Management PPI, H2 antg.
(dle SPC jednotlivych p¥ipravka)

pfi PPl a H2 antg. neni indikovana Uprava davky
cabozantinibu

erlotinib podat 2 hod pred H2 antg. nebo
erlotinib podat 10 hod po H2 antg.
PPI nemély by se uzivat

nilotinib podat 2 hod pfed H2 antg. nebo
nilotinib podat 10 hod po H2 antg.
v pfipadé potieby PPI Ize soucasné

pazopanib podat 2 hod pfed H2 antg. nebo
pazopanibnib podat 10 hod po H2 antg.
PPl Ize soucasné, podat nala¢no vecer

pfi PPI, H2 antg. neni indikovana zména davky crizotinibu
PPI, H2 antg. i antacida je tfeba zvazit

PPI bez vlivu na klinicky outcome

omeprazol soubézné bez jakychkoli omezeni

pfi omeprazolu nebo ranitidinu neni indikovana zména
dévky vandetanibu

nema byt souc¢asné podavan s PPI, H2 antg., antacidy

pfi PPl nutnd opatrnost

ceritinib podat 2 hod pred H2 antg. nebo
ceritinib podat 10 hod po H2 antg.
pfi PPl se doporucuje opatrnost

TKI - tyrozinkindzové inhibitory, BCS — biofarmaceuticky klasifika¢ni systém, SPC — souhrn udaju o ptipravku, PPl - inhibitory pro-
tonové pumpy, H2 antg. — antagonisté histaminovych H2 receptord, (-1) - 1 hod pred jidlem, (+1)/(+2)/(+3) - 1/2/3 hod po jidle

kalciové substituce jako prevazujici nad
riziky v podobé NU. U pacientl vyzaduiji-
cich 1é¢bu PPIs Ize také ocekavat zmény
ve skladbé stravy a snizeni dietniho pii-

jmu kalcia. Pravé tito pacienti vice profi-
tuji ze suplementace kalcia [14]. Mezi ab-
sorpci jednotlivych soli kalcia nejsou za
béznych podminek klinicky vyznamné

rozdily, v pfipadé iatrogenné navozené
hypo-/achlorhydrie by mél byt prefe-
rovan citrat ¢i citrat-malat [15]. DalSim
postupem snizujicim riziko tohoto NU
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PPIs je pfehodnoceni indikace u riziko-
vych skupin pacientl, oviem napt. pfi
soubézné terapii kortikoidy je nezbytné
peclivé zhodnoceni benefitli oproti rizi-
kéim, a¢ v tomto pfipadé kumulativnim.

Hypomagnezemie

Od roku 2006 bylo reportovano nékolik
pfipadl Zivot ohrozujicich hypomagne-
zemii asociovanych s PPIs. Podobné jako
u kalcia prvotnim pfedpokladem bylo
snizeni gastrointestindlni absorpce mag-
nezia. Pfiblizné 90 % peroralné piijatého
magnezia je absorbovano pasivné para-
celuldrnim transportem, transcelularni
aktivni transport pak zajistuji kationtové
kandly pfechodného receptorového po-
tencidlu melastaninového typu (tran-
sient receptor potential melastatin -
TRPM) - predevsim TRPM6 a TRPM7.
Variabilita na drovni TRPM6/7 mUze byt
jednim z mechanizm( PPIs navozené
hypomagnezemie, dalsi teorie pracuji
se zménou citlivosti kandld pfi zméné
pH. Neni jasné, zda se hypomagneze-
mie potencidlné tykd vsech uzivatell
téchto éciv, ¢i zda jde o idiosynkrastické
reakce [16]. S ohledem na kinetiku mag-
nezia v téle by pfic¢ina hypomagnezemie
mohla byt i v rendlnich tubulech, to se
ale zatim nepotvrdilo [17,18].

V publikovanych kazuistikdch sou-
béznd suplementace hofciku (poda-
vané davky se pohybovaly v rozmezi
80-480 mg ionizovaného magnezia) ne-
méla piilis vyznamny efekt, po vysazeni
PPIs doslo k promptni normalizaci mag-
nezemie s moznosti vysazeni substi-
tuce [17-19]. Promptni v tomto pfipadé
znamena v fadu dni. Pro praxi je dllezita
nejen znalost tohoto NU pro diferencialni
diagnostiku, ale i znalost omezeného vy-
znamu substituce. Monitoring magneze-
mie lze provést u rizikovych pacientl -
soubéznd terapie diuretiky, laxativy,
inhibitory receptoru pro epidermalni rds-
tovy faktor (epidermal growth factor re-
ceptor — EGFR), nefrotoxickymi lécivy,
ktera narusuji tubuldrni procesy (cispla-
tina, aminoglykosidy, pentamidin).

Lékové interakce na drovni
absorpce jako nasledek
hypoacidity

Biologickd dostupnost ordlné poda-
ného léciva je vysledkem spolupUso-

beni fyziologickych (anatomie a fyziolo-
gie GIT, tranzitni ¢asy, pH jednotlivych
¢asti GIT, mnozstvi Zludi, slozeni bak-
teridIni mikrofléry a funkce transpor-
tér), fyzikalné-chemickych (stupen io-
nizace, molekulova hmotnost, lipofilita
|éc¢iva) a technologickych faktort (typ lé-
kové formy, velikost castic, typ soli, vza-
jemné usporadani molekul, komplexace
1é¢iv) [20]. Kazdopadné to, co vyznamné
predikuje biologickou dostupnost léciva,
je rozpustnost (solubilita) a propustnost
(permeabilita). Na zakladé téchto vlast-
nosti byl v 90. letech Amidonem et al
definovén tzv. biofarmaceuticky klasifi-
kacni systém (Biopharmaceutical Classi-
fication System - BCS), ktery rozdéluje
|éc¢iva do 4 tid:
- tfida I: vysokd permeabilita,

vysoka solubilita;
- tfida Il: vysoka permeabilita,

nizka solubilita;
- tfida lll: nizka permeabilita,

vysoka solubilita;
- tfida IV: nizka permeabilita,

nizka solubilita [21].

V navaznosti na vyse uvedeny prehled
faktorG ovliviujicich biologickou do-
stupnost a miru farmakodynamického
efektu PPI je tedy zfejmé, ze PPl navo-
zené zmény pH predstavuji jeden z kri-
tickych faktorG ovliviujicich ionizaci lé-
¢iva, a nasledné tedy i miru a rychlost
rozpustnosti a schopnost pasivniho pre-
chodu pres sténu GIT. V rdmci posuzo-
vani lékovych interakci je ale jednou
z nejzésadnéjsich informace o jeji kli-
nické vyznamnosti, klinickd vyznam-
nost interakce stoupd se zuzujicim se
terapeutickym oknem soubézné po-
davaného léciva. Typickym prikladem
mohou byt TKI. Zafazeni TKI do jednotli-
vych BCS kategorii uvadi tab. 1. Na prvni
pohled je zfejmé, ze vétsina TKI spada
do Il. tfidy dle BCS, tedy skupiny s vyso-
kou permeabilitou a nizkou solubilitou.
V praxi to tedy znamen4, Ze limitujicim
faktorem absorpce je v tomto pfipadé
rozpustnost. TKI jsou obvykle slabé al-
kalické povahy, u celé fady téchto léciv
dochazi k vyznamnym zméndm rozpust-
nosti v pasmu pH, které jsme schopni
ovlivnit PPI. A pravé to je podstata lé-
kové interakce PPl a TKI, jinymi slovy pfi
soubézném podani PPI, ktery dokéze vy-

znamné elevovat hodnoty intragastric-
kého pH, a konkrétniho TKI, jehoz roz-
pustnost vyznamné klesa se stoupajicim
pH, dojde k posunu rovnovéhy k neioni-
zované formé, tedy formé se snizenou
rozpustnosti, klesa frakce dostupna pro
absorpci v GIT a vysledkem je snizend
biologickd dostupnost TKI.

Pro kvantitativni odhad je nutna zna-
lost pKa, tedy hodnoty pH, pfi které je
VvV rovnovaze ionizovana a neionizovana
frakce lé¢iva. Cim niz$i pKa, tim vétsi ne-
gativni vliv PPl na absorpci, resp. pfi pKa
nizs8i nez 4-5 je vliv PPI vyraznéjsi, do-
chézi k posunu TKI do neionizované,
hdre rozpustné formy a snizeni bio-
logické dostupnosti a expozice. Prak-
tickymi pfiklady mohou byt crizotinib,
dasatinib, erlotinib, gefitinib, lapatinib
a pazopanib [22]. Pfestoze u téchto léciv
je ¢asto zminka o vlivu pH na jejich roz-
pustnost, jednotny postup v rdmci ma-
nagementu soubézné antisekrecni tera-
pie chybi a zcela jisté bude pfedmétem
nasledného vyzkumu, stejné jako ové-
feni klinického dopadu interakce (vliv na
celkové preziti a preziti bez progresu).
Dulezitym aspektem takové studie bude
pfesna informace o konkrétnim uziva-
ném PPl (odliSnosti jednotlivych PPls
v inhibici izoenzyma CYP450, P-glyko-
proteinu), celkové denni davce, poctu
dennich davek (pfi vicedennich dav-
kach ¢i kontinudinim pfivodu je kolisani
pH minimalizovadno, negativni dopad Ié-
kové interakce bude tedy vyraznéjsi), ale
také rezimu podavaniTKI ve vztahu k PPI
(mozZnost podat soucasné, tedy v dobé
minimalni plazmatické koncentrace PPI
s vyuzitim zpozdéného nastupu ucinku
PPI, druhym rezimem je podani TKI
2-3 hodiny po PPI, tedy v dobé maximal-
niho ucinku PPI; obé strategie maji své
vyhody a nevyhody). Pfestoze hlavnim
zamérenim textu jsou PPI, do tab. 1 jsme
pro uplnost zahrnuli i informaci o H2 an-
tagonistech (ranitidin, famotidin). Diky
kratkému biologickému poloc¢asu H2 an-
tagonistd je logické doporuceni poda-
vat TKI v dobé minimalniho efektu, tedy
pfed podanim H2 blokatoru a s odstu-
pem nékolika hod po jeho podani.

V tomto kontextu je jisté zajimava far-
makokinetickd studie Leeuwena et al
zaméfend na miru antagonizace PPI
navozené hypoacidity Coca-Colou Clas-
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sic, a to na konkrétnim ptikladu erlo-
tinibu. Pacienti konzumovali 250 ml
Coca-Coly Classic (pH cca 2,5), kontrolni
skupina pila vodu. Oproti kontrolni sku-
piné doslo ke statisticky signifikantnimu
vzestupu maximalni plazmatické kon-
centrace erlotinibu pfi soubézném po-
davani esomeprazolu 40 mg, zatimco
u pacientll bez esomeprazolu je rozdil
minimalni [23].

Drobna poznamka k managementu
Iékové interakce u pazopanibu. Jak je
uvedeno v tab. 1, mél by byt pazopa-
nib uzit s PPI ve vecernich hodinach. Za
jisty nedostatek tohoto uZziti ale povazu-
jeme elevace intragastrického pH v su-
pinac¢ni poloze vlivem duodenogastric-
kého refluxu. Diky vyznamné zavislosti
rozpustnosti pazopanibu na pH muize
toto byt zdrojem suboptimalni absorpce
a pacient by na tuto skute¢nost mél byt
upozornén.

Na absorpci TKI nelze nahlizet pouze
pohledem vlivu zalude¢niho pH, vy-
znamny je v urcitych pfipadech i obsah
tuku ve stravé (lapatinib, sorafenib)
a nelze zapomenout na lékové inter-
akce na drovni stievniho cytochromu
CYP-3A4, P-glykoproteinu, zaroven je
toto ale nad rdmec tohoto textu.

Zaveér

PPIs jsou velmi ¢astou soucasti medi-
kaci pacientd, o to vic pacientl onkolo-
gickych. Nasi snahou bylo upozornit na

klinicky vyznamnou lékovou interakci
s vybranymi TKI a na nékteré vybrané
NU, a to v kontextu lékové navozené
hypoacidity.
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Souhrn

Vychodiska: Anatomicka blizkost pohlavnich organd a mocového systému je v gynekologické
onkologii vyznamnym a nékdy také limitujicim faktorem. Nedilnou soucésti onkogynekolo-
gické lécby je i snaha eliminovat vedlejsi ucinky (Ié¢ebnou toxicitu). Podstoupeni radikalni chi-
rurgické, pfip. onkologické 1é¢by je pro pacientky s gynekologickymi malignitami kli¢covym kro-
kem, ktery ma vliv na celkovou dobu preziti, ale mdze také ovliviovat kvalitu zivota. Samotny
rozsah terapie by mél byt veden s ohledem na okolni struktury a se snahou o zachovani jejich
funkce. Navzdory rozvoji minimalné invazivni chirurgie, pokrok(m v radioterapii a v systémové
lécbé komplikace protinddorové 1écby nevymizely. Narlist prevalence pacientek, které byly
léceny pro gynekologické malignity, logicky klade dliraz na otazky tykajici se kvality Zivota.
Cil: K souc¢asnym moznostem |é¢by gynekologickych malignit pfedkldddme v tomto ¢lanku
prehled urologickych komplikaci. Znalost vedlejsich Gcink( |écby a jejich prevence je zasadni
pro udrzeni kvality Zivota. Zdvér: Lécba gynekologickych malignit je v indikovanych pfipadech
otazkou multioborové spoluprace. Z hlediska potencidlni urotoxicity mize byt velmi problema-
ticka napf. kombinace radikalni chirurgie a poopera¢ni radioterapie. Elektivni spoluprace mul-
tioborového tymu onkogynekologa, onkologa, chirurga a urologa v¢. spoluticasti pfiindikacich
a operacnich vykonech je u vybranych piipad( velmi Zadouci. Z hlediska lé¢by komplikaci je
pro urologa zésadni znalost progndzy pacientky a plan pfipadné dalsi onkologické lécby.

Klicova slova
gynekologické nddory — komplikace — mocovy trakt - kvalita Zivota

Summary

Background: The close anatomical relationship of the urogenital system is a significant, and
sometimes limiting, factor in oncogynecology. Reducing adverse effects (treatment-associated
toxicity) is an integral part of cancer treatment. Radical surgery, as well as oncological therapy,
which represent milestones in the treatment of such malignancies, may require tailoring the
extension of the intervention in order to preserve other non-gynecological structures. Despite
the progress in minimally invasive surgery, and evolution of radiotherapy and systemic therapy,
treatment-related complications remain; indeed, their increasing prevalence in women raises
questions about quality of life. Aim: Here, we highlight the modalities used to treat gynecologi-
cal cancer and discuss the most common urological adverse effects related to these interven-
tions. Knowledge of side effects, as well as methods of prevention, is fundamental if we are to
preserve quality of life. Conclusion: Treatment of gynecological cancer is based on cooperation
between members of the multidisciplinary team. From this point-of-view, combination of two
radical modalities (mainly surgery and radiotherapy) remains problematic. However, the pa-
tient’s prognosis, and plans for other possible oncological therapies, play an essential role in
management of urological adverse effects related to cancer treatment.

Key words
gynecologic neoplasms — complication — urinary tract — quality of life
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Uvod

Gynekologické malignity zahrnuji
zhoubnd onemocnéni zevniho genitélu
a pochvy, dale nadory délohy (délozni
¢ipek, délozni télo) a kone¢né nadory vy-
chazejici z adnex (vejcovod, vaje¢nik, po-
pfipadé primarni karcinom peritonea).
Po stanoveni diagnézy onkologického
onemocnéni vytvarime lécebny plan (vi-
ceoborové konzilium) a nasleduje zaha-
jeni terapie. Zakladnim momentem je az
na vyjimky (Spatny celkovy stav pacienta)
snaha o odstranéni nadorového loziska
v¢. ,zdravého okraje”. Cilem je nulovy re-
zidudIni tumor a v fadé pripadl byva
soucasti vykonu i chirurgicky staging (re-
gionalni lymfadenektomie, event. de-
tekce sentinelové uzliny). Nékdy se mGze
jednat i o vykony s vy3sim podilem radi-
kality. Zatimco u nador( vulvy, délozniho
téla, vejcovodd, vajecnikll a primarniho
karcinomu peritonea plati koncept cyto-
reduktivni chirurgie, tak naopak u karci-
nomu délozniho ¢ipku pfipady s postize-
nim parametrii, tedy stadia IIB a vy3e, se
jiz neoperuji, ale naopak primarné oza-
fuji. Obdobna situace je i u nadort po-
chvy, kde se operuji zejména pocatecni
stadia onemocnéni. Pooperacni, adju-
vantni léc¢ba je indikovéna v pfipadé po-
tfeby (pfitomnost negativnich klinickych
a histopatologickych prognostickych
faktor(1). U gynekologickych nadort se
jedna o radioterapii (vulva, pochva, dé-
lozni ¢ipek, endometrium) nebo che-
moterapii (endometrium, vejcovod, va-
jecnik a primarni karcinom peritonea).
Zdaleka ne vsechny pfipady jsou vsak
vhodné k primarni chirurgii a v pfipadé
pokrocilejsiho onemocnéni je hlavni Ié-
¢ebnou modalitou nechirurgicky zpu-
sob onkologické 1é¢by. U nadort pochvy
a délozniho ¢ipku je to radioterapie (RT)
a u nadorl vejcovodu, vaje¢niku a pri-
marniho karcinomu endometria chemo-
terapie (CHT). V posledni dobé pfichazi
v Uvahu v nékterych pfipadech i vyuziti
biologické lécby.

Primarni postizeni urologického traktu
pfi gynekologickych malignitach sou-
visi zejména se stadiem onemocnéni
a v Uvahu pfichazeji i pfipady, které
v rdmci pokrocilosti v dobé zachytu po-
stihuji soucasné i urologicky trakt. Toto je
mozné u nadorl zevniho genitalu: T2 -
nador jakékoliv velikosti s rozsifenim do

pfilehlych perinedlnich struktur (dolni
tietina uretry, dolni tfetina pochvy,
anus); T3 - nador jakékoliv velikosti se
Sifenim do ndsledujicich struktur (horni
2/3 pochvy, sliznice mo¢ového méchyre,
sliznice rekta; nebo je nador fixovan ke
kosti); u nddorl pochvy: T4 — nador po-
stihuje sliznici mocového méchyre nebo
rekta; u nadorl cipku: T3b — nador se
Siti ke sténé pdanevni, zplsobuje ob-
struk¢ni nefropatii; T4 — nador posti-
huje sliznici mo¢ového méchyre ¢i rekta
nebo se Sifi mimo malou panev, pficemz
bulézni edém sliznice mo¢ového mé-
chyfe nepostacuje ke klasifikaci nadoru
jako T4 a toto by mélo byt biopticky
ovéfeno.

Se vznikem onkogynekologickych
center (min. 100 novych zachytli a min.
60 radikalnich operaci/rok) a moz-
nosti onkogynekologické subspeciali-
zace doslo v CR pfiblizné v poslednich
10-15 letech k zdsadnimu kvalitativ-
nimu vylepseni péce o pacientky s gy-
nekologickymi nadory. Snahou je zajis-
tit a poskytnout péci, ktera je na nejvyssi
urovni. Tu by méli poskytovat specia-
listé, ktefi maji ndlezité zkusenosti. Po-
stupné se zvysuje doba preziti a narls-
tajici prevalence bude o to vice klast
dliraz na otazky tykajici se kvality Zivota.
S ohledem na intimni blizkost vyvod-
nych cest mocovych a vnitfnich pohlav-
nich orgdnl byva u téchto pacientek
urologickd kvalita Zivota vnimana jako
krucidlni.

Rozdéleni nezaddoucich Géinkd (NU)
postihujicich urologicky trakt vyplyva
z toho, ve které fazi lé¢ebného procesu
vzniknou. Logické je tedy tyto kompli-
kace rozdélovat na ty, jez souviseji s ope-
rani nebo systémovou lé¢bou, pfipadné
s RT. Dolni mocové cesty jsou navic pod
vlivem estrogen0 a pfi vypadku jejich
produkce dochazi v této oblasti k neza-
doucim projevim souvisejicim s jejich
nedostatkem.

Soucasna klasifikace

urotoxicity

Urologické komplikace v onkogynekolo-

gii je mozné rozdélit z vice pohledd.

a) Rozdéleni podle c¢asového vztahu
k ukonceni lé¢by — akutni (do 90 dni)
a pozdni komplikace (3 mésice az de-
sitky let po ukonéeni lé¢by);

b) rozdéleni podle charakteru posti-
zeni - anatomické komplikace, poru-
chy funkce (dysfunkce dolnich moco-
vych cest);

¢) rozdéleni podle typu pouzité primarni
Ié¢by - chirurgické komplikace, kom-
plikace po RT a komplikace souvise-
jici se systémovou lé¢bou (CHT, cilena
Ié¢ba);

d) specifické komplikace protinddorové
lé¢by - postradiacni cystitida, strik-
tura mocovodu s rozvojem obstrukéni
nefropatie, patologické komunikace
(pistél), sekundarni malignity.

Chirurgicka lé¢ba a urologické

komplikace - souc¢asny pohled

Primarni chirurgicka terapie je klicovym
krokem protinddorové lé¢by u vétsiny
lokalizovanych gynekologickych ma-
lignit. Kritickou oblasti z hlediska pora-
néni mocovych cest je distalni mocovod
a mocovy méchyr. U mocovodu se jednd
pfedevsim o oblast jeho kfizeni s ute-
rinni arterii a infundibulopelvickym li-
gamentem [1,2]. Pravdépodobnost po-
ranéni mocovych cest klesd se zvétSujici
se vzdalenosti od mista nddorového po-
stizeni. Nicméné je tfeba si uvédomit, ze
rozsah opera¢niho zakroku dosahuje,
v pfipadé paraaortalni lymfadenek-
tomie, az k rendInim cévam [2,3]. Gyne-
kolog se tak dostava do mist, kterd byla
donedéavna vyhrazena urologovi. Lapa-
roskopicky a roboticky asistovany pfi-
stup umoznil snizeni opera¢niho po-
ranéni, casnéjsi rehabilitaci a pozitivné
ovlivnil celkovou morbiditu [4,5]. Z&-
kladni nevyhodou minimalné invazivni
chirurgie je viak nemoznost pohmatu,
tedy absence taktilni zpétné vazby. Na
strané druhé je mozné vyuziti barev-
ného mapovani klicovych anatomic-
kych struktur, jako jsou mocovod a lym-
fatické uzliny, pomoci patentni modfi
nebo nové indocyaninovou zeleni [6].
Primarni Ucast urologa u téchto vykont
je viak spise vyjimecna, urolog je volan
ad hoc nejcastéji k peropera¢nimu pora-
néni mocovych cest. Téchto komplikaci
je vice u onkogynekologickych vykont
nez u chirurgie benignich 1ézi [7]. Frek-
vence poranéni distadlniho mocovodu
je nejvyssi u laparoskopické hysterekto-
mie (0,2-6,0 %) a u mocového méchyre
pfi robotické radikdIni hysterektomii
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Tab. 1. Rozdéleni a terapeutické moznosti poranéni hornich a dolnich mocovych cest.

Lokalita poranéni Moznosti lécby

endoskopické rekonstrukcni operace
- zavedeni stentu, dilatace balénkovym katetrem, endoureterotomie

ostatni metody (oteviena revize, laparoskopicky nebo roboticky asistovany operacni pfistup)

mocovod - ureteroureterostomie (ureterorafie)
proximalni - transureteroureterostomie

stfedni - ureterocystoneoanastaméza (UCNA)
distaIni

- psoas hitch, Boariho lalokova plastika

- revize mocovodu s pfipadnou deliberaci podvazu
- ndhrada mocovodu stfevem (interpozice ilea nebo apendixu)
- autotransplantace ledviny

konzervativni lécba (vétsina extraperitonealnich perforaci)

mocovy méchy¥
intraperitonealni
extraperitonealni

operacni korekce perforace (intraperitonealni perforace)
- primarni sutura (v pribéhu primarniho chirurgického vykonu)

- derivace mocového méchyre (mocovy katetr, punkéni epicystostomie) 7-14 dni

- sekundarni sutura (operacni revize se suturou mocového méchyre a drenazi abdominalni dutiny)

mocova trubice

(4,38-4,59 %) [7-9]. V ¢asném poope-
ra¢nim obdobi se mGzeme u pacientek
setkat s dysfunkci mocovych cest spoci-
vajici ve snizeni senzitivity a poruchy vy-
prazdiovani moc¢ového méchyre az re-
tence moce. V naprosté vétsiné pripad
se jednd o prechodné zmény, které jsou
dusledkem poskozeni panevnich plext
autonomniho nervového systému, pfi-
mého postizeni a reparacnich zmén pe-
rivezikalni tkané [1].

Sekundarni chirurgie, tedy operacni
[é¢ba recidiv, v sobé zahrnuje chirurgii
solitarni recidivy (moZnost exenterace
a chirurgii generalizované nemoci fesici
lokdlni problém). Indikace k témto vy-
konlim vznika v ramci viceoborového
konzilia a elektivni pfitomnost urologa
byva mnohem castéjsi. Z naseho praco-
vis$té pochazi napt. spolecnd prace tyka-
jici se oblasti retroperitonea a recidiv sar-
komU délohy [10]. Pfikladem pldnované
pfitomnosti urologa pfi onkogynekolo-
gickém vykonu je predni exenterace, pfi
niz urolog provadi cystektomii a zpra-
vidla derivuje mo¢ do exkludované
klicky termindlniho ilea a vytvafi orto-
topickou nebo heterotopickou derivaci
moci [11,12]. Gynekolog v nékterych pfi-
padech zada o prechodnou derivaci hor-
nich mocovych cest zavedenim urete-
ralni cévky nebo stentu. Tento krok mize

znamenat pro operatéra vyhodu ve smy-
slu snazsi identifikace mocovodu [13].
Nicméné je tfeba si uvédomit, ze ta-
kovy zakrok nesniZzuje pocet poranéni
ureteru, ale zvysuje pravdépodobnost
jeho ptipadného peroperacniho rozpo-
znani a primarniho osetfeni [14,15]. Uka-
zuje se, Zze tento postup je z hlediska
urologa proziravy, protoze vétsi ¢ast po-
ranéni mocovoduU je rozpoznana s ¢aso-
vym odstupem od operace, kdy mlze
byt okamzitd reparace vyznamné slo-
Zitéjsi a casto je odkladana [16,17]. Z&-
kladni rozdéleni poranéni hornich a dol-
nich mocovych cest a moznosti [é¢by
jsou zminény v tab. 1. Specifickou pro-
blematikou je vznik pistéli, striktur mo-
¢ovodu, dysfunkce dolnich moc¢ovych
cest a uroinfekce. Vzhledem k faktu, ze
tyto komplikace mohou byt disledkem
vice druh( Ié¢ebnych metod, jsou zmi-
nény samostatné v tab. 2.

RT a urologické komplikace -
soucasny pohled

Lécba zéfenim se u gynekologickych ma-
lignit uplatfuje pfedevsim u karcinomu
délozniho ¢ipku a endometria. Také
u vzacnéjsich nadorl vulvy a pochvy je
RT velmi dllezitou [é¢ebnou modalitou.
RT gynekologickych malignit méze vést
ke vzniku komplikaci na Urovni hornich

peroperacni poranéni uretry v pribéhu onkochirurgického vykonu je u Zen vzacné

i dolnich moc¢ovych cest. Tyto NU jsou
podminéné velikosti davky a typem zvo-
leného ozafovani [18]. NU RT na horni
a dolni mocové cesty se déli na akutni
a pozdni, pficemz casova hranice akut-
nich NU je do 90 dni. Pro zhodnoceni
zmén po ozafeni se nejcastéji vyuziva
skérovani akutnich a chronickych zmén
po ozafeni Mezindrodni spolecnosti
pro radiacni onkologii, biologii a fyziku
(Radiation Therapy Oncology Group -
RTOG) (tab. 3) [19]. Existuji ale i jiné sko-
rovaci systémy, jako napf. CTCA (Com-
mon Terminology Criteria for Adverse
Events), jehoz vyhodou je pfesnéjsi spe-
cifikace sledované komplikace [20]. Za
obecné akceptovatelnou je povazovana
urotoxicita do stupné 2 dle klasifikace
RTOG/EORTC (European Organisation
for Research and Treatment of Cancer),
téz3i obtiZe jsou hodnoceny jako velmi
zavazné komplikace a mély by byt fe-
$eny po dohodé s pfislusnym specialis-
tou. Casné NU RT se mohou projevit jiz
béhem lécby a jsou dUsledkem pfimého
pusobeni zafeni na rychle se délici tkané
sliznice mocovych cest a kone¢niku.
Pozdni (chronické) nezadouci zmény
jsou dusledkem poruseni cév a vaziva.
Nasledna fibroticka prestavba ma za na-
sledek zménu zékladnich vlastnosti mo-
¢ovych cest [21].V kontextu dalsiho vlivu
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Tab. 2. Zakladni pfehled nejcastéjsich urologickych komplikaci souvisejicich s [é¢bou gynekologickych malignit.

Déleni komplikaci

Komplikace dle doby vzniku

od ukonceni lécby

postradiacni

- . akutniipozdni
cystitida a hematurie utnttpozdnt

striktura moc¢ovodu  zpravidla pozdni

hydronefréza
(sekundarni)

patologickd komuni-
kace (pistél)

- urogenitalni

- uroenterické

- urovaskularni

pozdni

poranéni hornich, dol-
nich mocovych cest

akutni/pozdni
(spontanni remise
nejcastéji

do 6-12 mésich)

hypokontraktilita
detruzoru mocového
méchyre

sekundarni malignita

. . o ozdni
mocového méchyre P

RT se zminuje vznik nebo akcelerace
neuropatie autonomniho nervového
systému s piimym dlsledkem na funkci
dolnich mocovych cest. Podobné spekt-
rum NU Fesi také onkolog a urolog v pé¢i
o pacienta po RT pro karcinom prostaty.
U obou téchto diagnéz se vyskytuji zmi-
nované rizikové faktory, které souviseji
s mirou urotoxicity. Jednd se prfedevsim
o samotné parametry RT (kumulativni

pozdni po radiote-
rapii a spise akutni
po chirurgické lécbé

diagndza zpravidla
perioperacné nebo
Casné pooperacné

Moznosti lécby

konzervativni postup

- klidovy rezim, hydratace, brusinkové preparaty
- spasmoanalgetickd, aktivni terapie chemoterapeutiky nebo antibiotiky u sekun-

darni mocové infekce

- hemoterapie, hemostypticka lécba, korekce hyperkoagulace (nejcastéji

hyperwarfarinizace)

invazivni lécba

- katetrizace a lavaz mocového méchyre

- cystoskopie a koagulace lozisek krvaceni (elektro/laser koagulace)
- intravezikalni instilacni terapie (kyselina hyaluronova a aminokapronova, pro-

staglandiny, chondroitin sulfat, alum, ...)

- embolizace nebo podvaz vnitfnich ilickych arterii

- derivacni operace, cystektomie
hyperbaricka oxygenoterapie

rekonstruk¢ni operace viz. poranéni mocovodu (tab.1)

wallstent, extra-anatomicky stent

kauzalni FeSeni subrenalni obstrukce
- 1é¢ba striktury mocovodu

- odstranéni nebo redukce extramurdalni masy tumoru (chirurgie, systémova on-

kologicka lé¢ba)

prechodna nebo trvala derivace moce (ureteralni stent, punkéni nefrostomie)
nefrektomie (v pfipadé afunkce nebo fokusu tézké uroinfekce/sepse)

korekce pistéle

- snaha o zhojeni pfi optimalni derivaci moce (drobna pistél)
- operacni korekce (transvaginalni, laparotomicky, laparoskopicky nebo roboticky

asistovany pfistup)
derivace moce, cystektomie

diskutovano samostatné, viz tab.1

kontrola postmik¢niho rezidua
drenaz mocového méchyre

(Iépe punkeni epicystostomii) nebo nécvik Cisté intermitentni katetrizace

diagnostika a [é¢ba se nelisi od mozZnosti terapie primarnich tumord mocového

méchyre

radia¢ni davka, cilovy objem a typ oza-
fovani — zevni RT, brachyterapie nebo
jejich kombinace) [18,22]. Specifickou
problematikou je otdzka vzniku sekun-
darnich malignit. Chaturvedi et al pro-
kazali v mezinarodni studii pacientek
po RT pro karcinom ¢ipku a téla déloz-
niho narlst incidence panevnich malig-
nit vé. mocového méchyre o 12 % oproti
skupiné bez RT [23]. To je jisté fakt, ktery

musi zohlednit nejen urolog pfi péci
o takového pacienta.

Primarni RT

RT nebo konkomitantni chemoradio-
terapie (CHRT) je indikovand ze-
jména u karcinom ¢ipku od stadia 1IB
véetné. Zde je relativné vyssi incidence
(17-40 %) akutnich komplikaci nizsiho
stupné (stupen 1a 2)[18,24]. Casto je téz
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Tab. 3. Hodnoceni nezadoucich ucinki po radioterapii dle RTOG/EORTC [19].

Hodnoceni akutnich zmén urogenitalniho systému po ozafreni dle RTOG/EORTC

stupen 0 stupen 1

beze zmén dvojnasobnd

frekvence mikce i
nykturie, urgence

nevyzadujici
medikaci

stupen 2 stupen 3

moceni méné moceni Castéji

castéji nez nez 1x za hodinu,
1x za hodinu, dysurie, bolest
urgence, spasmus v panvi ¢i spasmus
mocového mocového
méchyre vyzadujici méchyre

lokélni anestetika vyzadujici nékdy
narkotika, silna
makrohematurie
s nebo bez

krevnich koagul

stupen 4 stupen 5
hematurie neni soucasti
vyzadujici klasifikace
hemosubstituci, akutnich zmén dle
ulcerace ¢i nekréza RTOG/EORTC

sliznice mocového
méchyre

Hodnoceni chronickych zmén mocového méchyie po ozareni dle RTOG/EORTC

lehka atrofie
epitelu, drobné
teleangiektazie
(mikroskopicka

hematurie)

normalni nalez na
sliznici mocového
méchyre

velmi ¢asté moceni,
generalizované
teleangiektazie

stfedné casté
mocdeni,
generalizované

teleangiektdzie, (¢asto
intermitentni s petechiemi),
makroskopicka recidivujici

hematurie, snizeni
kapacity mocového
méchyre (< 150 ml)

hematurie

nekréza/ smrt v souvisejici
kontrahovany s pozdnimi
méchyt (< 100 ml), nasledky

tézkd hemoragicka
cystitida

radioterapie

RTOG - Radiation Therapy Oncology Group, EORTC — European Organisation for Research and Treatment of Cancer

pouzivana jako primarni Ié¢ba u nadort
pochvy. Radiotolerance proximalni ¢asti
pochvy je 140 Gy, davka na celou va-
ginu by neméla presahnout 80 Gy. Zadni
sténa pochvy je vice radiovulnerabilni
nez predni a laterdIni stény. Riziko kom-
plikaci je vyssi pfi pouziti brachyterapie
nez pfi zevnim ozarovani [25].

Adjuvantni RT

Zasadné bychom se méli snazit vyhybat
kombinaci radikalni chirurgie (zejména
radikalni pristup v oblasti retroperitonea)
s naslednou radikalni RT, kdy hrozi vy3si
pravdépodobnost rozvoje fibrotickych
zmén s postizenim ureter(l a naslednym
rozvojem hydronefrézy. Z hlediska vzniku
zavaznych komplikaci je nejméné zZadouci
kombinovat 2 nebo 3 radikélni Ié¢ebné
metody a musime mit stale na mysli, Ze
Uspésnost nasi [é¢by se odviji zejména od
kvality Zivota po ukoncené 1é¢bé. Ze strany
pacientek jsou velmi Uzkostlivé vnimany
pravé obtize souvisejici se symptomy dol-
nich mocovych cest. Studie PORTEC 2 (The
Postoperative Radiation Theraphy in Endo-

metrial Cancer) mimo jiné prokézala vy3si
incidenci frekventniho moceni a urgenci
u brachyterapie oproti zevni RT (vzestup
0 6 vs. 1 % nad bazalni Groven) [26].

Konkomitantni CHRT

Potencia¢niho efektu CHT podavané
soucasné s RT se dosahuje vyssi Uspés-
nosti onkologické [é¢by. Jeji vyuZiti v on-
kogynekologii je zaméfeno predevsim
na vysoce rizikovy karcinom ¢ipku a en-
dometria. Dle recentnich vysledku stu-
die PORTEC 3, ktera porovnavala mimo
jiné také miru toxicity, byla zazname-
nana vyssi mira akutni urotoxicity (stu-
pen 2) pravé v rameni s CHRT oproti
rameni se samotnou RT (7 vs. 3 %). Nic-
méné u vyssiho stupné toxicity u akut-
nich komplikaci a pozdnich komplikaci
bez ohledu na jejich zavaznost byly obé
tyto metody stran urologickych kompli-
kaci rovnocenné [271].

Paliativni RT
Je indikovdna u nemocnych ve $patném
celkovém stavu, pfi diseminaci onemoc-

néni nebo pfi inoperabilni recidivé. Dle
Nguyenga et al byl u pacientek s inope-
rabilnim karcinomem endometria, které
podstoupily brachyterapii s vysokym
dévkovym pfikonem (high dose rate
brachyterapie), nalez komplikaci vyssiho
stupné az 16 % [28].

Systémova lécba a urologické
komplikace - souc¢asny pohled
Spoluprace onkologa a urologa spo-
¢iva mimo jiné v péci o ledvinné funkce
pacientky. Jejich zachovani je podmin-
kou prevence vzniku nebo zhorseni re-
ndlni insuficience a stava se tak dulezi-
tym aspektem planovani a podani CHT,
kterd je v onkogynekologii zaloZzena na
vyuziti platinovych derivatd a taxana.
Samotny nefrotoxicky efekt podané cis-
platiny mdze renalni insuficienci zna¢né
prohloubit. Cisplatina s cyklofosfami-
dem je povazovana za vice nefrotoxic-
kou kombinaci nez cisplatina s pakli-
taxelem [29]. V nékterych pfipadech
obstrukeni nefropatie s progresi azo-
temie je nezbytnym krokem derivace
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Tab. 4. Mozné projevy deficitu estrogent v oblasti vyvodného mocového systému.

snizeni prokrveni uretralniho plexus

stendza zevniho meatu uretry, retrakce meatu smérem do pochvy

cystokéla, rektokéla

prolaps uretry, karunkula uretry

atrofie svalstva, snizeni elasticity a mnozstvi podpurné tkané (stenéza mocové

trubice)

snizeni mnozstvi periuretralnich alfa adrenergnich receptort

moci pomoci zavedeni ureterdlniho
stentu nebo punkcni nefrostomie [30].
Tento postup sice vede ke zlepseni re-
nalnich parametrd, ale zhorsuje kvalitu
Zivota pacientky. Dalsim a ¢asto opomi-
jenym aspektem je vyssi riziko vzniku
nebo recidivy uroinfekce souvisejici se
zavedenym cizim télesem [31,32]. D(le-
zitym faktorem je riziko imunosuprese
pacientky souvisejici se zdkladnim on-
kologickym onemocnénim, protinado-
rovou lé¢bou a pfipadnou malnutrici.
Vyskyt hemoragické cystitidy jako kom-
plikace podéni cyklofosfamidu a ifosfa-
midu zmifiujeme jen na okraj, protoze
se vyskytuje castéji u vysokodavkované
CHT pted transplantaci hematopoetic-
kych bunék [33]. Biologicka terapie pfi-
nesla vyznamny pokrok pro pacientky
s pokrocilym nebo metastatickym kar-
cinomem vajec¢niku a recidivou karci-
nomu délozniho ¢ipku. Urologické kom-
plikace jsou spiSe okrajové. Vyzkum
terapeutickych, ale i moznych NU nadale
pokracuje.

Vyvodny mocovy systém a deficit
estrogenti

Casto opomijenym prvkem byva u lé¢by
gynekologickych malignit hypoestro-
genizmus, ktery ovliviuje kvalitu Zivota
zeny na nékolika urovnich. Vyznamny
pokles plazmatické koncentrace estro-
genll ma za nésledek rozvoj somatic-
kych, funkcnich a psychickych zmén.
Cast z nich je vyvolana jednoznaéné ne-
dostatkem estrogend, u dalsich je ob-
tizné odlisit podil starnuti. Z hlediska
rychlosti nastupu rozdélujeme tyto pro-
jevy na casné a pozdni. Chirurgické
[écba, RT a CHT panevnich malignit se
vyznamné podileji na vzniku a prohlou-
beni hypoestrogenizmu. Nové se kli-

nicko-patologické jednotky souvisejici
s deficitem estrogent v oblasti mocopo-
hlavniho systému (atroficka vaginitida,
urogenitalni atrofie aj.) shrnuji pod spo-
le¢né oznaceni ,urogenitdlni syndrom
v menopauze/klimakteriu” [34]. Vzhle-
dem ke stejnému embryonalnimu pu-
vodu mocové trubice, trigona moco-
vého méchyre a pochvy se jako logicka
jevi uvaha o spole¢né estrogenni depen-
denci této oblasti [35,36]. ZvySeni posev-
niho pH v dusledku redukce laktobacilt
vede k posevni dysmikrobii s vyssim ri-
zikem vzniku a recidivy uroinfekce. Za-
kladni urologické znaky souvisejici s de-
ficitem estrogen(l jsou zminény v tab. 4.

Shrnuti nejcastéjsich
urologickych komplikaci

Vy3e uvedenym vyctem lé¢ebnych mo-
dalit onkogynekologie a jejim pfipad-
nym vztahem k mocovym cestdm se
snazime o pfehled soucasné problema-
tiky. Blizsi specifikace jednotlivych pa-
tologii, v&. vy¢tu moznosti jejich terapie,
je nad ramec tohoto sdéleni. Z dGvodu
prehlednosti uvadime nejcastéjsi kom-
plikace v tab. 2.

Zavér

Vztah Zenskych pohlavnich organt a vy-
vodnych cest mocovych je velmi tésny.
Vse zacind jiz ve chvili primarniho za-
chytu onemocnéni, kdy musime mys-
let i na nejblizsi okoli tumoru, v¢. jeho
vztahu k mocové trubici, mo¢ovému mé-
chyfi a mocovodim. Zejména déle trva-
jici urologicka symptomatologie muze
pacientku devastovat zasadnim zpuso-
bem. V tomto ohledu je napf. velmi pro-
blematickd kombinace radikaIni chirur-
gie retroperitonea s preparaci ureterQ
a posléze radikalni pooperacni RT. Elek-

tivni viceoborova spoluprace v¢. spo-
lupfitomnosti pfi indikacich a operac-
nich vykonech je pro pacientky velmi
zadouci. Z hlediska feseni komplikaci
je zasadni otdzka prognézy pacientky
a pfipadné dalsi planovana lécba. V sou-
¢asné dobé chapeme spolutcast uro-
loga v managementu gynekologickych
malignit v ramci primarni [écby spise
jako mimoradnou. O to vice je viak prav-
dépodobnéjsi v ramci l1é¢by recidiv a sa-
moziejmé i pfi feseni komplikaci, které
mohou nastat i v dnesni dobé.

Literatura

1. Zélesky M, Zachoval R, Vik V et al. Urologické konsek-
vence gynekologickych operaci. Urol List 2008; 6(1):
78-84.

2. Feranec R, Moukova L, Chovanec J. Prekancerézy v gy-
nekologii — endometrium. Klin Onkol 2013; 26(Suppl.):
S52-553.

3. Ouldamer L, Fichet-Djavadian S, Marret H et al. Upper
margin of para-aortic lymphadenectomy in cervical can-
cer. Acta Obstet Gynecol Scand 2012; 91(8): 893-900. doi:
10.1111/.1600-0412.2012.01443 x.

4. Cibula D, Petruzelka L et al. Onkogynekologie. Praha:
Grada 2009.

5. Fader AN, Weise RM, Sinno AK et al. Utilization of mi-
nimally invasive surgery in endometrial cancer care:
a quality and cost disparity. Obstet Gynecol 2016; 127(1):
91-100. doi: 10.1097/A0G.0000000000001180.

6. Casarin J, Multinu F, Ubl DS et al. Adoption of mini-
mally invasive surgery and decrease in surgical mor-
bidity for endometrial cancer treatment in the Uni-
ted States. Obstet Gynecol 2018; 131(2): 304-311. doi:
10.1097/A0G.0000000000002428.

7. Mendivil AA, Abaid LN, Brown JV 3rd et al. The safety
and feasibility of minimally invasive sentinel lymph node
staging using indocyanine green in the management of
endometrial cancer. Eur J Obstet Gynecol Reprod Biol
2018; 224: 29-32. doi: 10.1016/j.ejogrb.2018.02.027.

8. Wu HH, Yang PY, Yeh GP et al. The detection of urete-
ral injuries after hysterectomy. J Minim Invasive Gynecol
2006; 13(5): 403-408. doi: 10.1016/j,jmig.2006.04.018.

9. El Abd AS, El-Abd SA, El-Enen MA et al. Immediate and
late management of iatrogenic ureteric injuries: 28 years
of experience. Arab J Urol 2015; 13(4): 250-257. doi:
10.1016/).3ju.2015.07.004.

10. Brodak M, Spacek J, Pacovsky J et al. Multidisciplinary
approach as the optimum for surgical treatment of retro-
peritoneal sarcomas in women. Eur J Gynaecol Oncol
2013; 34(3): 234-237.

11. Jarabék J, Zachoval R, Visokai V et al. Vyskyt a fesenti
urologickych komplikaci po totdIni pdnevni exenteraci
provedené pro pokrocilé nddory malé panve. Ces Urol
2016; 20(1): 39-47.

12. Loran OB, Veliev EL, Seregin AV et al. Quality of life
in women after anterior pelvic exenteration. Urologiia
2016(2): 58-62.

13. Speicher PJ, Goldsmith ZG, Nussbaum DP et al. Urete-
ral stenting in laparoscopic colorectal surgery. J Surg Res
2014;190(1): 98-103. doi: 10.1016/j.j55.2014.02.025.

14. Brandes S, Coburn M, Armenakas N et al. Diagnosis
and management of ureteric injury: an evidence-based
analysis. BJU Int 2004; 94(3): 277-289. doi: 10.1111/}.1464-
-410X.2004.04978 .

15. Chou MT, Wang CJ, Lien RC. Prophylactic ureteral
catheterization in gynecologic surgery: a 12-year ran-
domized trial in a community hospital. Int Urogyne-

Klin Onkol 2018; 31(6): 414-420

419




VYVODNY MOCOVY SYSTEM A GYNEKOLOGICKE MALIGNITY

col J Pelvic Floor Dysfunct 2009; 20(6): 689-693. doi:
10.1007/500192-008-0788-3.

16. Parpala-Sparman T, Paananen |, Santala M et al.
Increasing numbers of ureteric injuries after the introduc-
tion of laparoscopic surgery. Scand J Urol Nephrol 2008;
42(5): 422-427. doi: 10.1080/00365590802025857.

17. Visco AG, Taber KH, Weidner AC et al. Cost-effective-
ness of universal cystoscopy to identify ureteral injury at
hysterectomy. Obstet Gynecol 2001; 97(5 Pt 1): 685-692.

18. Viswanathan AN, Lee LJ, Eswara JR et al. Complica-
tions of pelvic radiation in patients treated for gynecolo-
gic malignancies. Cancer 2014; 120(24): 3870-3883. doi:
10.1002/cncr.28849.

19. Cox JD, Stetz J, Pajak TF. Toxicity criteria of the radiation
therapy oncology group (RTOG) and the European orga-
nization for research and treatment of cancer (EORTC).
Int J Radiat Oncol Biol Phys 1995; 31(5): 1341-1346. doi:
10.1016/0360-3016(95)00060-C.

20. Cancer Therapy Evaluation Program. Bethesda: Natio-
nal Cancer Institute. [online]. Available from: https://ctep.
cancer.gov/.

21. Coupkova |, Coupek P, Krupa P. Komplikace spojené
s radioterapif karcinomu prostaty, jejich prevence a lé¢ba.
Urol praxi 2011; 12(5): 292-294.

22. Kubes J, Vitek P, Dédeckova K et al. Velmi pozdni na-
sledky radioterapie - limitujici faktor sou¢asnych radio-
terapeutickych technik. Klin Onkol 2014; 27(3): 161-165.
doi: 10.14735/amko2014161.

23. Chaturvedi AK, Engels EA, Gilbert ES et al. Second can-
cers among 104,760 survivors of cervical cancer: eva-

luation of long-term risk. J Natl Cancer Inst 2007; 99(21):
1634-1643. doi: 10.1093/jnci/djm201.

24. Gay HA, Barthold HJ, O'Meara E et al. Pelvic normal
tissue contouring guidelines for radiation therapy: a ra-
diation therapy oncology group consensus panel atlas.
Int J Radiat Oncol Biol Phys 2012; 83(3): e353-e362. doi:
10.1016/j.ijrobp.2012.01.023.

25. Slampa P et al. Radia¢ni onkologie v praxi. 3. vyd. Brno:
Masarykdv onkologicky tstav 2011.

26. Nout RA, Putter H, Jirgenliemk-Schulz IM et al.
Five-year quality of life of endometrial cancer pa-
tients treated in the randomised Post Operative Ra-
diation Therapy in Endometrial Cancer (PORTEC-2)
trial and comparison with norm data. Eur J Cancer
2012; 48(11): 1638-1648. doi: 10.1016/j.ejca.2011.11.
014.

27. de Boer SM, Powell ME, Mileshkin L et al. Adju-
vant chemoradiotherapy versus radiotherapy alone
for women with high-risk endometrial cancer (POR-
TEC-3): final results of an international, open-label,
multicentre, randomised, phase 3 trial. Lancet Oncol
2018; 19(3): 295-309. doi: 10.1016/51470-2045(18)30
079-2.

28. Nguyen TV, Petereit DG. High-dose-rate brachyther-
apy for medically inoperable stage | endomet-
rial cancer. Gynecol Oncol 1998; 71(2): 196-203. doi:
10.1006/gyno.1998.5148.

29. McGuire WP, Hoskins WJ, Brady MF et al. Cyclo-
phosphamide and cisplatin compared with paclita-
xel and cisplatin in patients with stage Ill and stage

IV ovarian cancer. N Engl J Med 1996; 334(1): 1-6. doi:
10.1056/NEJM199601043340101.

30. Song Y, Fei X, Song Y. Percutaneous nephrostomy ver-
sus indwelling ureteral stentin the management of gyne-
cological malignancies. Int J Gynecol Cancer 2012; 22(4):
697-702. doi: 10.1097/IGC.0b013e318243b475.

31. Heyns CF. Urinary tract infection associated with
conditions causing urinary tract obstruction and stasis,
excluding urolithiasis and neuropathic bladder. World
J Urol 2012; 30(1): 77-83. doi: 10.1007/500345-011-
0725-9.

32. Emmert C, Rassler J, Kéhler U. Survival and quality of
life after percutaneous nephrostomy for malignant urete-
ric obstruction in patients with terminal cervical cancer.
Arch Gynecol Obstet 1997; 259(3): 147-151.

33. Ilhan O, Kog H, Akan H et al. Hemorrhagic cystitis as
a complication of bone marrow transplantation. J Che-
mother 1997; 9(1): 56-61. doi: 10.1179/joc.1997.9.1.56.
34. Gandhi J, Chen A, Dagur G et al. Genitourinary syn-
drome of menopause: an overview of clinical manife-
stations, pathophysiology, etiology, evaluation, and ma-
nagement. Am J Obstet Gynecol 2016; 215(6): 704-711.
doi: 10.1016/}.3j03.2016.07.045.

35. Donét J. Klinické aspekty klimaktéria a postmeno-
pauzy. Praha: Avicenum 1987.

36. Goldstein |, Alexander JL. Practical aspects in the ma-
nagement of vaginal atrophy and sexual dysfunction in
perimenopausal and postmenopausal women. J Sex
Med 2005; 2 (Suppl. 3): 154-165. doi: 10.1111/].1743-
-6109.2005.00131.x.

420

Klin Onkol 2018; 31(6): 414-420




ORIGINAL ARTICLE

Infiltration of Prostate Cancer by CD204+ and
CD3+ Cells Correlates with ERG Expression and

TMPRSS2-ERG Gene Fusion

Infiltrace karcinomu prostaty CD204+ a CD3+ bunkami koreluje

s expresi ERG a fuzi genu TMPRSS2-ERG

Burdova A."?, Rulisek P.', Bouchal J.’, Kral M.!, Student V.!, Kolar Z.

' Department of Clinical and Molecular Pathology and Institute of Molecular and Translational
Medicine, Faculty of Medicine, Palacky University and University Hospital, Olomouc
2Department of Medical Genetics, AGEL Laboratories, Novy Ji¢in

Summary

Background: The aim of the study was to detect CD204 + and CD3 + cells in the infiltrate of
benign prostatic hyperplasia, prostatic intraepithelial neoplasia and prostatic cancer in pro-
state specimens after radical prostatectomy. Another goal was to determine correlation of the
intensity of the infiltration with ERG oncoprotein expression as well as with the presence of
activating translocation TMPRSS2-ERG. Materials and Methods: To confirm the translocation, we
used fluorescence in situ hybridization. Imunohistochemistry was used to detect the presence
of ERG oncoprotein and for assesment of the number of CD204+ and CD3+ infiltrating cells. We
determined the capability to infiltrate malignant structures according to differences in infiltra-
tion of benign and malignant prostate structures. Results: Biometric analysis confirmed that the
number of CD204+ macrophages in the malignant structure was significantly higher than in
the benign prostatic hyperplasia regardless of the fusion pattern. Increased infiltration by CD3+
cells was only detected in malignant structures of the prostate in a group with normal signal
pattern and in a group with TMPRSS2-ERG fusion. Expression of ERG positively correlated with
CD204+ and CD3+ cells infiltration of malignant structures only in cases where the TMPRSS2-
-ERG fusion was found. In the group with a break in the TMPRSS2 gene, a positive correlation
was only found between ERG expression and CD204+ macrophages infiltration. In cases with
a normal signal pattern, no correlation was found. In the group with TMPRSS2-ERG fusion we
observed significantly more cases with a good capability of CD204+ cells to infiltrate malignant
structures, unlike the group with a normal signal pattern, where there were more cases with the
weak reactivity of CD204 + cells to infiltrate the malignant structures. The same was observed
for CD3+ cells. CD204+ macrophages and CD3+ T-lymphocytes in the group with TMPRSS2-
-ERG gene fusion, infiltrated the malignant prostate structures more intensely, but their effect
on malignant transformation may be different. Conclusions: The association between the pre-
sence of the TMPRSS2-ERG fusion and the different capability of inflammatory cells to infiltrate
malignant structures has not been reported so far. The results confirm the important role of
the activated ERG gene, due to TMPRSS2-ERG fusion, in the development of inflammation of
the prostate as well as the effect of inflammatory cells on the course of neoplastic process. This
leads to considerations about introducing immunomodulatory modalities into prostate cancer
therapeutic protocols.

Key words
prostate cancer - TMPRSS2-ERG gene fusion — ERG — immune response — CD204+ macro-
phages - CD3+ T-lymphocytes
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INFILTRATION OF PROSTATE CANCER BY CD204+ AND CD3+ CELLS

Souhrn

Vychodiska: Cilem studie byla detekce CD204+ a CD3+ bunék v infiltratu struktur benigni prostatické hyperplazie, prostatické intraepitelové
neoplazie a prostatického karcinomu ve vzorcich prostaty po radikaIni prostatektomii a korelace intenzity této infiltrace s expresi onkoproteinu
ERG i vyskytem ERG aktivujici translokace TMPRSS2-ERG. Materidl a metody: Detekce translokace byla provedena pomoci fluorescencni in situ
hybridizace, detekce onkoproteinu ERG a fenotypu infiltrujicich bunék byly provedeny imunohistochemicky. Pfipady byly dale rozdéleny do
podsoubortli podle stupné infiltrace a rozdild v infiltraci benignich a malignich struktur prostaty. Vysledky: Biometricka analyza potvrdila, ze
mnozstvi CD204+ makrofagl v infiltratu malignich struktur se vyznamné zvysuje, a to bez ohledu na fuzni stav. Infiltrace CD3+ bunkami se
v malignich strukturéch zvySovala pouze u pfipadd s normalnim stavem i u ptipadd s prokdzanou genovou fuzi. Exprese ERG pozitivné korelo-
vala s infiltraci nddorového stromatu CD204+ makrofagy i CD3+ lymfocyty jen u pfipadl s prokazanym faznim genem. U pfipadl s prokazanou
prestavbou TMPRSS2 genu bez existence fuzniho genu byla pozitivni korelace prokazana jen mezi expresi ERG a infiltraci CD204+ makrofagy.
U negativnich pfipadd zadnd korelace prokazana nebyla. Dale se ukazalo, Ze ve skupiné s prokazanym fuznim genem je vyznamné vice piipadt
s dobrou reaktivitou CD204+ bunék a ve skupiné negativni naopak vice pfipadi se slabou reaktivitou CD204+ bunék. Stejny korela¢ni vztah byl
pozorovan i v piipadé CD3+ T lymfocyt(. CD204+ makrofagy i CD3+ T lymfocyty u piipadl s prokdzanym fuznim genem tak infiltrovaly maligni
struktury prostaty intenzivnéji. Jejich funkce pfi malignizaci vsak je pravdépodobné rozdilna. Zdvér: Tato asociace mezi pfitomnosti fizniho genu
TMPRSS2-ERG a rozdilnou schopnosti nékterych zanétlivych bunék infiltrovat maligni struktury v prostaté nebyla dosud popsana. Vysledky po-
tvrzuji ddlezitou Ulohu aktivovaného genu ERG pfi rozvoji zanétu v prostaté, stejné jako vliv zanétlivych bunék na rozvoj neoplastického procesu.

Soucasné nabizeji moznost Uvah o zafazeni imunomodulacnich postup( do terapeutického portfolia karcinomu prostaty.

Klicova slova

karcinom prostaty — fuzni gen TMPRSS2-ERG - ERG - imunitni odpovéd — CD204+ makrofagy — CD3+ T lymfocyty

Introduction

Chronic inflammation is an important
cause of tumorigenesis in various types
of malignancy, including prostate cancer
(CaP) [1,2]. Inflammation may influence
the pathogenesis of CaP by modify-
ing the tumor microenvironment,
remodelling the extracellular matrix
and initiating epithelial-mesenchymal
transition [3]. Inflammatory stress causes
repeated genomic damage leading to
transformation, vascularization,apoptosis
and DNA mutations. Inflammatory cells
secrete a number of cytokines that
activate other stromal elements, promote
tumor growth and initiate formation
of metastasis. Inflammation correlates
with an increased risk of develop-
ing proliferative inflammatory atrophy,
and can mask prostatic intraepithelial
neoplasia (PIN) or incipient carcinoma
in benign prostatic hyperplasia (BPH),
which may lead to misinterpretation of
the examined biopsy [4,5].

An important component of the tu-
mor microenvironment are tumor-
associated macrophages (TAMs) and
tumor infiltrating dendritic cells that
can induce immunosuppression and
thus promote, in co-operation with infil-
trating lymphocytes, tumor progres-
sion [6]. Macrophages are a major
component of tumour infiltrating im-
mune cells, which can promote cancer
initiation, progression and metastasis.

TAMs infiltration has been shown
to correlate with poor prognosis in
cancers of breast, cervix, and bladder.
However, it correlates probably with
better prognosis for non-small cell
lung cancer and colorectal cancer,
which suggests distinct mechanisms in
different tumor types and/or different
tissue environments. Many studies have
been carried out to look into macro-
phage associated markers in CaP
samples using various cohort sizes and
end points. However, the results remain
controversial [7].

The ERG oncoprotein is known to
be able to induce PIN, and in CaP cells,
where it is expressed at 20-100x higher
concentrations than in benign tissues,
it stimulates prostaglandin mediated
signalling. Androgen dependent in-
duction of the ERG expression results
from TMPRSS2-ERG gene fusion [8-10].
There is a possible link between the
ability of the fusion gene to affect pros-
taglandin levels or generally, inflam-
mation and the function of the pathway
affected by cyclooxygenase-2, an
enzyme that controls prostaglandin
synthesis. Overexpression of ERG is
also inversely proportional to the
expression of 15-hydroxyl-prostaglandin
dehydrogenase, an enzyme involved in
prostaglandin degradation. The ability
of prostaglandins to induce CaP growth,
regulate expression of the urokinase-

type plasminogen activator and con-
tribute to tumor cell invasiveness has
been demonstrated [8,9].

In this study, we focused on deter-
mination a correlation between CD204+
macrophages and CD3+ T-lymphocytes
infiltration in malignant, pre-malignant
and benign prostate structures, ex-
pression of the ERG oncoprotein and the
occurrence of the TMPRSS2-ERG gene
fusion, respectively. A correlation could
suggest the immunomodulatory role of
ERGin CaP.

Materials and methods

Analysed cases were randomly selec-
ted from the tissue bank of the Depart-
ment of Clinical and Molecular Patho-
logy, Palacky University and University
Hospital, Olomouc. They included
archival formalin-fixed, paraffin-embed-
ded tissue samples from 100 patients
who had undergone radical prostatec-
tomy between 2004-2011 for prostate
adenocarcinoma in grades T1-T4,
NO-N1, MO. Patients had not received
hormonal or radiation therapy before
the radical prostatectomy or adjuvant
therapy before recurrence. The study
was approved by the institutional ethics
committee board. The morphological
criteria for “normal”, “BPH”, “PIN” and
“malignant prostatic epithelium” con-
formed to previously published defi-
nitions [11]. Sample sections were
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used for fluorescence in situ hybridi-
zation (FISH) analysis and for immuno-
histochemical detection of CD3, CD204
and ERG. ERG expression was evaluated
using a commercial rabbit anti-ERG
monoclonal antibody (clone EPR3864,
Epitomics, Burlingame, California, USA),
CD3 expression using a rabbit anti-CD3
polyclonal antibody (cat. no. AO452,
Dako, Agilent Technologies, Santa Clara,
California, USA) and CD204 expression
using rabbit anti-CD-204 polyclonal
antibody (cat. no. HPA000272-100VL,
Sigma-Aldrich, St. Louis, Missouri, USA).
The protocol for immunohistochemistry
was as follows — slides were deparaf-
finized, exposed to heat-induced anti-
gen retrieval in autoclave for 5 min at
121 °C and pH 7.8 (ERG) and blocked
with preantibody solution (10 min).
The antibody against ERG was applied
in a dilution 1 : 400 for 60 min at room
temperature. Primary antibodies were
visualized using the DAKO EnVision Kit
(Dako, Agilent Technologies, Santa Clara,
California, USA) according to producer
recommendations and 3.3’-diami-
nobenzidine (20 min, Sigma Fast
3.3'-diaminobenzidine tablets). Sections
were then counterstained with hemato-
xylin, dehydrated, cleared, mounted, and
covered. Only nuclear staining of ERG
was scored using the H-score system
obtained by multiplying the intensity
of the stain (0 — no staining; 1 — weak
staining; 2 — moderate staining; 3 -
intense staining) by the percentage
(0-100) of cells showing that stain-
ing intensity (H-score range, 0-300).
For negative controls, the primary anti-
bodies were omitted. As positive control
for CD3 and CD204 expression, the
positivities of tissue lymphocytes and
macrophages were used.

We had previously performed FISH for
determination of the TMPRSS2-ERG gene
fusion in this cohort of patients [12].
According to observed signal patterns,
individual cases were divided into
3 groups, see below. The assessment was
performed as follows — FISH analysis was
carried out using Poseidon TMPRSS2-
-ERG (21g22) Del, Break, TC Probe
(Kreatech Diagnostics, Amsterdam, The
Netherlands), which is optimised to
detect deletion between TMPRSS2 and

e

——

ERG associated with the TMPRSS2-ERG
fusion in a triple-color deletion assay.
It also detects translocations involv-
ing the TMPRSS2 region. Formalin-fixed,
paraffin-embedded tissue sections were
used for interphase FISH. Deparaffinized
tissue was treated with 0.2 M HCI
(hydrochloric acid) for 20 min, NaSCN
(sodium sulphocyanide) for 30 min at
80 °C and digested with pepsin (Sigma-
Aldrich, USA) for 70 min. The tissues

s

Fig. 2. CD204+ macrophages infiltrating structures of prostatic intraepithelial neoplasia.

and FISH probe were co-denatured for
5 min at 80 °C and hybridized overnight
at 37 °Cin a humid chamber (StatSpin
ThermoBrite, IRIS, Massachusetts, USA).
FISH interpretation was carried out by
a molecular cytogeneticist and a patho-
logist, both experienced in analys-
ing interphase FISH experiments.
Hematoxylin and eosin sections were
available for side-by-side comparison
with the FISH image to localise tumor
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Fig. 4. CD3+ lymphocytes infiltrating prostate cancer structures.

cells. Paired benign prostatic epithelium
was also evaluated as a negative control.
Expected signal patterns according to
instructions of the TMPRSS2-ERG probe
manual - a nucleus with the TMPRSS2-
-ERG fusion (group 1 — TMPRSS2-ERG
fusion) demonstrates loss of green
signal leaving a red/blue signal at 21g22.
A nucleus with a split of the probe in
case a translocation at 21922 (group 2 -

break in TMPRSS2) resulted in a break of
the fusion signal, observed as a single
red and green/blue signal pattern at the
derivative chromosomes, and a nucleus
without TMPRSS2-ERG rearrangement
(group 3 - normal signal pattern)
demonstrated 2 pairs of juxtaposed
green, red and blue signals. The
samples were analysed under a 100x oil
immersion objective using an Olympus

BX-51 fluorescence microscope (Olym-
pus, Center Valley, Pennsylvania) equip-
ped with appropriate filters, a CCD
(charge-coupled device) camera and
captured by ISIS software (MetaSystems,
Altlussheim, Germany).

Evaluation of the number of CD3+
and CD204+ cells was performed
by the method of determining their
average number in the field of view
at the greatest magnification (high
power magnification). Characteristic
immunohistochemical staining patterns
are shown in Fig. 1-4.

We divided the patients into sub-
groups according to the degree of
infiltration of their CD204+ macrophages
and CD3+ lymphocytes and according
to difference of infiltration in benign,
premalignant and malignant prostate
structures. We interpreted this differ-
ence as the capability of immuno-
competent cells to reflect the cancer
development. Based on the capability of
CD204+ and CD3+ cells to infiltrate the
tumor structures, cells was divided as
follows:

- CD204+ infiltration: W - weak wit-
hout significant changes in the num-
ber of positive cells (in comparison
with BPH have CaP or PIN increase
max. of 5 or decrease — weak reacti-
vity), G — good (increase in CaP or PIN
by more than 5 - good reactivity);
CD3+ infiltration: W - weak without
substantial increase in positive cell
count (in comparison with BPH have
CaP or PIN increase by a max. of 5 -
weak reactivity), G — good (increase
in CaP or PIN by more than 5 - good
reactivity).

In addition, we performed an evalua-
tion of the intensity of inflammation by
the method evaluating the number of
+hot spots” [13].

Statistical analysis

The data were analyzed using SPSS
15.0 software package (SPSS Inc.,,
Chicago, lllinois, USA), and a two-tailed
P value of less than 0.05 was considered
statistically significant. In the case
that the Shapiro-Wilk test of normality
revealed non-normal distribution, the
nonparametric Kruskal-Wallis and Mann-
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-Whitney U tests with Bonferroni cor-
rection were used. The relation of age to
other tested parameters was performed
by ANOVA.The multiple correlationswere
assessed using the Spearman coefficient
of determination, and categorial data
were tested using the X2 test and/or in
the case of low numbers, the Fisher exact
test.

Results

Infiltration of prostate lesions

by CD204+ macrophages

The number of CD204 + macrophage
infiltration is increasing in direction from
BPH through PIN to CaP, regardless of
fusion status (group 1 — TMPRSS2-ERG
fusion; group 2 - break in TMPRSS2;
group 3 - normal signal pattern). The
number of CD204+ inflammatory cells
was highest in group 1 and gradually
declined downward in group 2 and the
lowest number was observed in group 3.
Agradual decreaseinthe level of CD204+
cells infiltration in direction from group
1 to group 3 is evident primarily in CaP
(14.1 - 10.0 - 5.5). Significant decrease
is also visible in PIN lesions, however,
there is no observed gradual decline
(e.g. PIN 3.93 - 4.6 — 1.9). This decrease
is not observed in BPH (Graph 1A-C).
The Kruskal-Wallis test showed that
groups 1 and 3 significantly differed in
the number of infiltrating CD204+ cells
in PIN (p = 0.005) and in CaP (p =0.0002).
Groups 1 and 2 in CaP had a significantly
higher CD204+ macrophages infiltra-
tion than group 3 with the P values,
p < 0.001 and p < 0.015, respectively
(Graph 2).

Infiltration of prostate lesions

by CD3+ T-lymphocytes

The increasing number of CD3+
T-lymphocytes in a direction from BPH
through PIN to CaP, is only visible in
group 3 (normal signal pattern) and less
clearly for group 1. The opposite trend
was observed in group 2 (BPH 21.3; PIN
20.5; CaP 18.3). Also the absolute values
of the number of CD3+ cells in the CaP
structures, are not significantly different
(Graph 1a, 1b, 1¢). The Kruskal-Wallis test
showed that groups 1 and 3 significantly
differ in the number of infiltrated CD3+
cells in BPH (p < 0.0001).

A Group 1: TMPRSS2-ERG fusion.

BPH PIN CaP
l CD204 o CD3
B Group 2: break in TMPRSS2.
25 S d 76 ....................... S d 8 7 ........................... g
213 20,5 5.d.6.5
20
15
10
5
0
BPH PIN CaP
H CD204 M CD3
C Group 3: normal signal pattern. s.d.4.5

BPH PIN CaP

H CD204 W CD3
o /
Graph 1A-C. Kruskal-Wallis tests have shown that groups 1 and 3 differ in parameters
CD204 PIN (p = 0.005), CD204 CaP (p = 0.0002) and CD3 BPH (p < 0.0001).
BPH — benign prostatic hyperplasia, PIN — prostatic intraepithelial neoplasia, CaP — prostate
cancer

distribution of cases with CD204+ cells
reactivity (Fisher exact test p < 0.0001).

Association between capability of
CD204+ and CD3+ cells to reflect

malignant transformation of prostate
and gene rearrangement

We found that groups 1, 2 and 3 sta-
tistically significantly differed in the

Post hoc tests with Bonferroni correc-
tion show that groups 1 and 3 sig-
nificantly differ (p < 0.0001). There were
significantly more cases with good
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Graph 2. Group 1 had, in CaP, a signifi-
cantly higher CD204+ macrophages infil-
tration than group 3 (p < 0.001) and the
group 2 had also significantly higher in-
filtration than group 3 (p < 0.015).

CaP — prostate cancer

Graph 3. Cases with good reactivity of
CD204+ cells (G) have in prostate cancer
a significantly higher number of inflam-
matory hot spots than cases with weak
reactivity of CD204+ cells (W) (p = 0.017).
CaP - prostate cancer
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Graph 4. Using the Mann-Whitney U test,
a higher ERG protein expression was
shown in the cases with good reactivity of
CD204+ cells (G) than in the cases with weak
reactivity of CD204+ cells (W) (p = 0.047).
CaP - prostate cancer, H-index — histoscore

reactivity of CD204+ cells in group 1
(TMPRSS2-ERG fusion) compared to
group 3 (normal signal pattern) where
a weak reactivity of CD204+ cells
predominated. Groups 1, 2 and 3 also
differed statistically significantly in the
distribution of CD3+ cells reactivity
(Fisher exact test p < 0.0001). Post
hoc tests with Bonferroni correction
showed that groups 1 and 3 (p = 0.004)
and groups 2 and 3 (p < 0.0001) were
significantly different. There was no
significant difference between groups
1 and 2 (p = 0.748). There were signi-
ficantly more cases with good reactivity
of CD3+ cells in group 1 and significantly

Graph 5. Using the Mann-Whitney U test,
a higher ERG protein expression was
shown in the cases with good reactivity of
CD3+ cells (G) than in the cases with weak
reactivity of CD3+ cells (W) (p = =0.003).
CaP - prostate cancer, H-index — histoscore

more cases with weak reactivity of CD3+
cellsin group 3.

Relationship between infiltration

of CD204+ and CD3+ cells, their
capability to reflect malignant
transformation, inflammation and
ERG expression

Positive correlations between higher
expression of ERG and higher infiltration
of CD204+ macrophages (p=0.0001) and
CD3+ T-lymphocytes (p = 0.007) in the
tumor microenvironment was observed
only in cases with detected TMPRSS2-
ERG gene fusion (group 1). In cases
with rearrangement in TMPRSS2 gene,

a positive correlation was found only
between ERG expression and CD204+
macrophage infiltration (p = 0.002). No
correlation was found in group 3 (normal
signal pattern). There was a significantly
higher number of inflammatory hot
spots in cases with good reactivity of
CD204+ cells compared with cases
with weak reactivity of CD204+ cells
(p=0.017) in the CaP (Graph 3).

Cases with good reactivity of CD204+
cells as well as CD3+ cells had signifi-
cantly higher ERG expression in CaP than
cases with weak reactivity of CD204+
cells or CD3+ cells (p = 0.047, p = 0.003)
(Graph 4, 5).

Discussion

Epidemiological studies of CaP show
significant associations between in-
flammation and cancer. Cellular stress
induced by inflammation causes re-
peated genomic damage leading to
cellular transformation, vascularization
and DNA mutation. Bacterial infection
results in prostatic tissue infiltration with
neutrophilic granulocytes, macrophages
and lymphocytes. This results in the
production of reactive oxygen, nitrogen
radicals and various cytokines that
change the tissue microenvironment,
cause irreversible DNA damage and
malignant transformation [10]. Inflam-
matory cells also produce and release
a variety of enzymes, cytokines and
chemokines that promote the growth
and spread of tumor cells. On the other
hand, inflammatory cells also participate
in the immune response and some
types of cells are associated with sig-
nificant tumor suppression and anti-
tumorigenesis. It is not yet clear, what
type of the cells have carcinogenic or
anti-tumor impact. Fujii et al. evaluated
the significance of inflammatory in-
filtrates, which contain cells expressing
CD3, CD4, CD8, CD20, CD79alpha, CD68
CD204 CD163 antigens and represent
a broad spectrum of T-lymphocytes,
B-lymphocytes and macrophages in
prostate carcinogenesis [2]. They found
that in general, the number of inflam-
matory cells in the infiltrate was
highest in BPH and gradually decreased
in PIN and CaP. Their findings were
supported by Engelhardt et al [1]. Theyer
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et al.indicated that T-lymphocytes (70%)
prevail in prostate infiltrate, followed by
B-lymphocytes (15%) and macrophages
(15%) [14]. However, Fuijii et al. found
a significantly higher proportion
of B-lymphocytes (59%) in benign
prostate structures, which significantly
decreased in PIN and CaP (29-31%) [2].
They found no significant differences in
the presence of CD3+, CD4+ and CD8+
(T-lymphocytes) cells for BPH, PIN and
CaP. In this respect, our results concern-
ing CD3+ T-lymphocytes are consistent
with these findings, because differences,
which we found between these
structures, were not significant. A certain
propensity to increased infiltration in
malignant structures was observed
only in the group with a normal signal
pattern. The highest number of infiltrat-
ing CD3+ cells was detected in CaP and
gradually declined in PIN and was the
lowest in BPH. It is unclear whether these
results were affected by the “bug of small
numbers” or whether they indicate that
the capability of CD3+ T-lymphocytes
to infiltrate malignantly transformed
lesions occurs through a mechanism
independent of the presence of the
fusion gene. CD3+ marker is expressed in
all mature T-cells, which include different
subtypes of lymphocytes with different
functions. Therefore, it is not possible
to determine what qualitative changes
in the composition of T-cell lymphocyte
subpopulations occur in the tumor or
whether these changes have a supportive
or inhibitory effect on the tumor.

Some papers highlighted the impor-
tance of macrophages producing
chemotactic protein-1 (MCP-1) and
emphasized that tumor infiltration
by these TAMs correlates with a poor
prognosis for some types of human
malignancies. These macrophages
express an antigen known as CD204.
Wang et al. described an increase in
the number of CD204+ macrophages
in premalignant and especially malig-
nant regions of analyzed tissue samples
compared to BPH [15]. The authors
concluded that CD204+ macrophages
play a role in tumor development.
However, it is not clear whether they
are involved in promotion or inhibition
of tumor progression. Macrophages

can be classified according to their
function as tumor-suppressive (M1
macrophages) and/or tumor-supportive
(M2 macrophages). M2 macrophages
are characterized by high production
of IL-4 and IL-10 and low production
of IL-12. They play important roles in
tumorigenesis, angiogenesis, matrix
remodelling, and metastasing. M2
macrophages express a “macrophage
scavenger receptor A” (MSR1, also
known as CD204, SR-A - marker of
alternatively activated macrophages)
or a protein CD163, a member of the
“scavenger receptor cysteine-rich
domain”family [2,7].

Fujii et al. also reported that CD204+
cells were more abundant in PIN
and adenocarcinoma than in benign
glands [2]. In contrast, infiltration of
CD68+ macrophages was high in BPH
butreduced in PIN and adenocarcinoma.
This disconcordance could be explained
by the fact that not all M2 macrophages
have to be positive for the CD68+
marker. From these results, the authors
suggested that the presence of CD204+
macrophages is an indicator of tumor
progression. Recent studies have also
reported the presence of CD68+ or
CD204+ macrophages in borderline and
malignant tumors, including CaP, glioma
and pancreatic cancer [16,17]. Our
results relating to CD204+ macrophages
in CaP strongly support their tumor-
-supportive role. In the present study, we
confirm an increased count of CD204+
macrophages in malignant structures.
The number of infiltrating CD204+
macrophages increased from BPH, via
PIN to CaP, regardless of the TMPRSS2-
-ERG gene fusion status. However,
the grade of infiltrating CD204+
macrophages differed between groups
with different fusion status (group 1 -
TMPRSS2-ERG fusion; group 2 - break
in TMPRSS2; group 3 - normal signal
pattern). In structures of CaP we found
the most significant difference between
TMPRSS2-ERG gene fusion status and
grade of infiltration. The largest number
of CD204+ infiltrating cells was detected
in CaP with the TMPRSS2-ERG gene
fusion, and the lowest number of these
infiltrating cells was found in the CaP
without this gene rearrangement (group

3 - normal signal pattern). It is known
that ERG protein in CaP cells affects
signalling mediated by prostaglandin
positively and thus contributes to tumor
progression. Itappears that the existence
of TMPRSS2-ERG fusion gene, or any
other chromosome rearrangement in
the TMPRSS2 gene, may stimulate the
capability of CD204+ macrophages to
infiltrate tumors. Our results confirm the
important role of the ERG oncoprotein,
which is overexpressed in the prostate
due to the TMPRSS2-ERG fusion gene
leads to modulation of inflammation in
the prostate.

We report not only an association
between the grade of CD204+ and CD3+
cells infiltration in tumor structures with
the presence of the TMPRSS2-ERG gene
fusion, but also with the expression
of the ERG protein. The association
between the TMPRSS2-ERG gene fusion
and the different ability of inflammatory
cells to infiltrate malignant structures
has not been reported to date. This
higher responsiveness of inflammatory
cells for infiltrating malignant structures
may not be a feature of an antitumor-
based process that is associated with
a better prognosis, but on the contrary,
it may be an expression of inhibition of
the immune system and induction of
the immune tolerance. Nevertheless,
a more accurate insight into the role
of these infiltrating cells in prostate
carcinogenesis and cancer progression is
needed.
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Down-regulation of TSGA10, AURKC, OIP5 and
AKAP4 genes by Lactobacillus rhamnosus GG
and Lactobacillus crispatus SJ-3C-US

supernatants in HelLa cell line
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Summary

Background: Cancer testis antigens (CTAs) are considered cancer biomarkers due to their highly
specific expression pattern in human malignancies and near absence from normal somatic
tissues. Their specific expression has made them potential targets for early diagnosis, assess-
ment of patients’ prognosis and treatment of cancer in recent years. Lactobacilli are a group of
probiotics with anti-cancer, immunomodulatory and other beneficial features. These bacteria
have been shown to alter expression of several cancer-related genes. Aim: We investigated
the effect of Lactobacillus rhamnosus GG supernatant (LRS) and Lactobacillus crispatus SJ-3C-
-US supernatant (LCS) on expression of four CTAs (TSGA10, AURKC, OIP5 and AKAP4) in Hela
cell line after synchronization using MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide] assay and quantitative real-time polymerase chain reaction. Results: LRS and LCS
inhibited HelLa cell growth after 24 h as demonstrated by MTT assay. Expressions of all CTAs
were down-regulated after treatment with both supernatants. Conclusion: This study showed
the role of Lactobacilli in down-regulation of CTAs genes. Such expression change might be
involved in the anticancer effects of these Lactobacilli. The underlying mechanisms of these
observations are not clear but epigenetic modulatory mechanisms may participate in this pro-
cess. Future studies are needed to assess functional roles of Lactobacilli in modulation of other
cancer-related genes.
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probiotic — cancer testis antigen — biomarker - Hela cell line
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DOWN-REGULATION OF TSGAT0, AURKC, OIP5 AND AKAP4 GENES

Souhrn

Vychodiska: Nadorové antigeny testis (CTA) jsou povazovany za nadorové biomarkery z diivodu jejich vysoce specifické exprese u lidskych ma-
lignit a jelikoz se témér nevyskytuji v normalnich somatickych tkanich. Diky své specifické expresi umoznuji v poslednich letech Iépe stanovit
vcasnou diagndzu, prognézu pacientl a Ié¢bu rakoviny. Lactobacily jsou skupina probiotik s protinddorovymi, imunomodulaé¢nimi a dalSimi
prospésnymi vlastnostmi. Bylo prokazano, Ze tyto bakterie méni expresi nékolika gent souvisejicich s nadory. Cil: Po synchronizaci bunék HelLa
pomoci MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-difenyltetrazoliumbromid] jsme pomoci kvantitativni polymerazové retézové reakci v readlném case
zkoumali vliv supernatantu Lactobacillus rhamnosus GG (LRS) a supernatantu Lactobacillus crispatus SJ-3C-US (LCS) na expresi ctyi CTA (TSGAT0,
AURKC, OIP5 a AKAP4). Vysledky: LRS a LCS inhibovaly rlst bunék HelLa po 24 hod, coz bylo prokazano pomoci MTT testu. Exprese vsech CTA byly
po |é¢bé obéma supernatanty nizsi. Zdvér: Tato studie prokazala tlohu laktobacill pfi snizeni exprese genli CTA. Takova zména exprese mUize byt
zapojena do protinadorovych ucinkl téchto laktobacild. Zakladni mechanismy téchto pozorovani nejsou jasné, ale v tomto procesu se mohou
Ucastnit epigenetické modula¢ni mechanismy. K posouzeni funk¢nich roli laktobacilll v modulaci jinych gen( souvisejicich s nddory je tieba

dalsich studii.

Kli¢cova slova

probiotika - nddorové antigeny testis — biomarker - HeLa bunécnd linie

Background

Cancer testis antigens (CTAs) are broadly
expressed in various cancer tissues
and cancer cell lines, but not in normal
tissues except for germ cells. This highly
specific expression suggests CTAs play
a role in carcinogenesis [1,2]. As they
trigger immune response, they are
considered targeted immunotherapy
options for many cancers, including cer-
vical and ovarian cancers [3,4]. More-
over, their cancer-specific pattern has
made them diagnostic, prognostic and
therapeutic biomarkers [5,6]. CTAs ex-
pression appears to be regulated through
epigenetic mechanisms, such as deoxy-
ribonucleic acid (DNA) methylation.
Demethylation of promoter CpG islands
in their coding genes has been asso-
ciated with their expression in a range of
solid tumors [7]. Lactobacilli are a group
of probiotics whose sufficient adminis-
tration has beneficial effects on host
health [8]. They are also normal flora
of vagina which protect genitourinary
tract from microbial infections [9]. In
addition to anti-tumoral effects, they
modulate immunogenic responses,
regulate cytokines production and alter
expression of tumor biomarkers [10-12].
Lactobacillus rhamnosus GG (L. rham-
nosus GG) and Lactobacillus crispatus SJ-
3C-US (L. crispatus SJ-3C-US) are two most
predominant species of vagina and
cervix which adhere to cervicovaginal
cells [13,14]. Our previous study
demonstrated the effect of Lactobacilli
on modulation of CTAs expression in
breast cancer cell line [15]. In the current

study, we aimed at assessment of their
effect on expression of four CTAs (Testis
specific 10 (TSGA10), Aurora kinase C
(AURKC), Opa interacting protein 5
(OIP5) and A-Kinase anchoring protein 4
(AKAP4)) in Hela cervical cancer cell line.

TSGA10 has been primarily identified
as CTAs by differential messenger
ribonucleic acid (mRNA) display. Over-
expression of TSGAT0 was observed
in many cancer cell lines compared
to normal tissue. TSGA10 has been
suggestedasatargetforimmunotherapy
in malignancies [16,17]. AURKC is
a member of Aurora kinase family, which
regulates different processes during
cell division. AURKC is over-expressed
in cervical and colorectal cancers and
also in a wide range of cancer cell lines.
Over-expression of AURKC can cause
higher cell proliferation and migration
through kinase activity [18]. OIP5 is
another CTAs gene, which is over-ex-
pressed in many types of cancer. OIP5
is a putative binding partner of lamina-
-associated polypeptide 2a (LAP2a)
which participates in cell cycle regu-
lation and chromatin organization.
OIP5 knockdown has inhibited cell
growth [19,20]. AKAP4 transcription
has been only detected during sper-
matogenesis. Moreover, most proteins
in fibrous sheath of sperm flagellum
are encoded by this gene. In fact, it
is a scaffold protein which is needed
for effective sperm motility [21]. It has
been recognized as a CTA in a variety of
cancers, including breast, colorectal and
cervical cancers [22-24].

Materials and Methods

Cell culture

Human cervical cancer (Hela) cell line
was purchased from National Cell Bank
of Iran, Pasteur Institute of Iran. Cells
were maintained in Roswell Park
Memorial Institute (RPMI) 1640 medium
with 10% fetal bovine serum (FBS)
(Invitrogen, Carlsbad, California, USA)
and 1% penicillin/streptomycin (Invitro-
gen, Carlsbad, California, USA). Cells
were kept under condition of 37 °C in
humidified atmosphere of 5% CO, to
allow adherence.

Cell synchronization

HelLa cells were cultured in RPMI
medium containing 10% FBS, and 1%
penicillin/streptomycin for 24 h. Next,
cells were counted and sub-cultured
with equal numbers in four 25 ccm flasks
and synchronized.

Bacterial supernatant preparation

L. rhamnosus and L. crispatus bacteria
were inoculated in de Man, Rogosa and
Sharpe (MRS) broth (Merck; pH 6.5) and
incubated for 24 h in 37 °C. Overnight
culture of these two Lactobacillicontained
108 CFU (colony-forming unit)/mL. These
cultures were centrifuged at 7,000 rpm
for 7 min, and supernatant was isolated.
Lactobacillus rhamnosus GG supernatant
(LRS) and Lactobacillus crispatus SJ-
-3C-US supernatant (LCS) were filtered
using 0.2 um to remove any possible
bacteria or debris. The pH of the LRS and
LCS were reduced from 6.5 (MRS broth
pH) to 4.3. A lactic acid control of MRS
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with similar pH of both Lactobacillus
supernatants (LS) was used to clarify
whether cytotoxic effects are related to
acidic pH or compounds existing in the
supernatant. The following conditions
were tested - LCS, pH 4.3; LRS, pH 4.3;
MRS, pH 6.5; MRS adjusted with lactate
(MRL, pH 4.3).

MTT assay

MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyltetrazolium bromide] assay (Sigma,
St. Louis, Missouri) was performed to as-
sesstheinhibitory effects of LRSand LCSon
HeLa cells. In total, 104 cells were seeded in
96-well plate and after 24 hincubation cells
were treated with different concentrations
(5,10, 15, 20, 25%) of LS in triplicates. Cells
were incubated for 24 h under condition
of 37 °C and 5% CO,. Medium was aspi-
rated out, 0.5mg/mL MTT reagent was
added and plates were kept in dark condi-
tion for 4 h. When MTT formazan crystals
were produced, 100 pl of dimethyl sulfox-
ide was added and cell viability was mea-
sured by Elisa Plate Reader using the fol-
lowing formula:

Viability (percentage of control) =

= [(@absorbance sample — absorbance
blank) / (absorbance control -

- absorbance blank)] x 100

RNA extraction, cDNA synthesis

and qRT-PCR

Total ribonucleic acid (RNA) was isolated
from cultured cells (treated and un-
treated cells) using TriPure Reagent kit
(Roche Applied Science, Germany). RNA
quality and quantity were assessed using
Nanodrop 2000c spectrophotometer
(Thermo Scientific). Complementary
DNA (cDNA) was synthesized using
PrimeScript RT reagent kit (Takara Bio,
Ohtsu, Japan). Quantitative real-time
polymerase chain reaction (qRT-PCR)
was used to analyze mRNA expression
of target genes. Alteration in gene
expression patterns of four CTAs (TSGA10,
AURKC, OIP5 and AKAP4) was assessed
by rotor gene 3,000 corbette detection
system. PCR was done in final volume
of 10ul containing 0.5ul cDNA, 0.5ul of
forward and reverse primers (10 pmol),
5ul 2x master mix (Takara Bio, Ohtsu,
Japan), and 3.5ul nuclease free water.

Tab. 1. The nucleotide sequences of primers.

Genes Primer sequences Product size (bp) References
F: CAACGGCACATGCTATTCTCC

e R: CCACAGTGCTTATGGTTTCCTTC 252 15
F: CGCCTCACAGTCGATGACTTT

AURKC R: GCAGGATATTGGGGTGTTGTAG 205 !

oIP5 F: GCCCTTCCTAGTTGGCATTGA 11 1
R: GCAGCATGGGTAGAATACAGATG
F: GGCAGTCAAGGCTGTAGGAG

AKRAP4 R: GCTGTCCTTCTGGGTTGTAGAG 221 15
F: AGCATTCCGTATTTCCAGCAG

PGM1 R: GCCAGTTGGGGTCTCATACAAA 120 12

HPRT1 F: CCTGGCGTCGTGATTAGTGAT 131 1

R: AGACGTTCAGTCCTGTCCATAA

cell survival (% controll)

15 20 25

concentration (v/v%)

Graph 1. Cytotoxic effects of different concentrations of LCS, LRS, MRL and MRS with
on Hela cell line as measured by MTT assay. The mean values of 3 separate experiments

are shown in each point.

LCS - Lactobacillus crispatus SJ-3C-US supernatant, LRS - Lactobacillus rhamnosus GG su-
pernatant, MRS - Man, Rogosa and Sharpe, HelLa - human cervical cancer cell line, MRL
- MRS adjusted with lactate, MTT - [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium

bromide], v/v - volume/volume

Primer sequences were obtained from
previous studies [1,12,15] and verified
using online Primer 3 software and
The National Center for Biotechnology
Information (NCBI) and The Basic Local
Alignment Search Tool (BLAST). The
thermal cycling condition was initiated
with DNA denaturation at 95 °C for

10 s, following 50 cycles of 2 step
denaturation at 95 °C for 10 s and
annealing/extension at 65 °C for 30 s. For
each condition, experiment was done
in duplicate. Phosphoglucomutase 1
(PGM1) and hypoxanthine phospho-
ribosyltransferase 1 (HPRT1) genes were
used as reference genes. Melting curve
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Graph 2. Expression levels of all CTAs were significantly decreased following treatment
of HeLa cells with LCS and LRS. Asterisks show significance.

CTAs — cancer testis antigens, Hel.a — human cervical cancer cell line, LCS — Lactobacillus cris-
patus SJ-3C-US supernatant, LRS - Lactobacillus rhamnosus GG supernatant, MRS — Man, Ro-
gosa and Sharpe, MRL — MRS adjusted with lactate

analysis was performed to confirm
specificity of products. The nucleotide
sequences of primers and amplicon
sizes are shown in Tab. 1.

Statistical analysis

The half maximal inhibitory concen-
trations (IC50) of treatment strategies
were compared using the Mann-Whitney
test. Data were described as a mean + SE
of 3 distinct experiments. Expression of
CTAs were compared between treated
and control cells expression using rela-
tive expression software tool (REST).

Results

The effects of LRS and LCS

on Hela cells

The results of cell growth inhibition
based on MTT assay have shown that LRS
and LCS have IC50 of 16% and 12% (v/v),
respectively. Cytotoxic effects of both
LSs on Hela cells were meaningfully
greater than MRS and MRL. The results
of MTT assay are shown in Graph 1.

Down-regulation of CTAs

by LCS and LRS

Expressions of CTAs were evaluated
in HelLa cells after synchronization
and treatment with supernatant of
Lactobacilli. Supernatant of these two
Lactobacilli significantly down-regulated
transcripts of all CTA genes in Hela cell
line (Graph 2).

Discussion

CTA genes characteristics such as can-
cer-restricted expression profile, immu-
nogenicity, association with tumor
progression and induction of their
expression by hypomethylation and/or
histone acetylation have suggested
their potential as cancer biomarker and
therapeutic targets [25]. On the other
hand, probiotics possess many anti-
-tumoral effects, such as anti-proliferative
properties, mutagens eliminating
effects, moderating side effects of
chemotherapy, promoting survival and
delaying tumor onset [26]. They also

inhibit tumor growth by stimulation of
host anti-tumor immune responses [27].

Immunotherapeutic response of
L. rhamnosus GG (live or lyophilized) has
been observed in female C57BL/6 mice
implanted with MB49 bladder cancer
cells. Such effects have been mainly
exerted through recruitment of neutro-
phils and macrophages in the tumor
site [28]. The effects of Lactobacilli
depend on preparation method and
the administered dose. For example,
L. rhamnosus GG (lived and heat-
killed) can reduce production of TNFa-
-induced interleukin-8 (IL-8) through
the NFkB/IkB pathway. While high dose
(10A10 CFU/L) of live L. rhamnosus GG
increases IL-8 production, heat-killed
Lactobacilli does not. Moreover, doses
between 108 and 10° CFU/L of both
preparations diminished TNFa- induced
IL-8 production [29].

L. rhamnosus has anti-proliferative
effects on ME-180 cell line (a human
cervical epithelial-like adenocarcinoma
cell line) via moderating cell cycle
progression. Treatment with this Lacto-
bacilli resulted in accumulation of host
cells in G1 phase through enhancement
of expression and nuclear accumulation
of p21 [30]. Anti-proliferative effect of
L. crispatus SJ-3C-US has been repor-
ted in MDA-MB-231 cell line, which
has been accompanied by down-regu-
lation of ODF4, PIWIL2, RHOXF2, and
TSGAT0 [15]. In our previous study, we
showed that L. crispatus and L. rham-
nosus exist in cervix of healthy women
and have cytotoxic effects on cervical
cancer cells [9]. In this study, we reported
the effect of these strains on expression
of four CTAs gene. TSGAT0 expression
has been previously detected in testes
and malignant tissues. This gene
encodes a protein of fibrous sheath that
is @ major constituent of sperm tail in
mouse mature spermatozoa [17,31]. We
previously reported down-regulation
of TSGA10 by Lactobacillus acidophilus
and L. crispatus culture supernatants in
MDA-MB-231 cells [15]. We hypothesize
that its down-regulation by Lactobacilli
might affect tumor cell mobility in HelLa
or MDA-MB-231 cells. Future studies are
needed to assess such effects in cancer
cells.
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AURKCis aregulatory serine/threonine
kinase, which is involved in mitotic
cell division, cytokinesis and meiosis.
Abnormal cell division has been seen
as a result of AURKC over-expression in
vitro [32]. Down-regulation of AURKC
can enhance the chemotherapeutic
effects of some drugs [33]. Thus,
observed down-regulation of AURKC
by Lactobacilli might have clinical
implications. Future studies are needed
to assess whether AURKC suppression
by Lactobacilli influences mitotic cell
division in cancer cells.

OIP5 accumulation occurs at telo-
phase-G1 centromere and is necessary
for formation and structure of centro-
meres/kinetochores. Knockdown of
OIP5 expression in gastric and colorectal
cell line increased cell apoptosis [18].
OIP5 also modulates growth and me-
tastasis of hepatocellular malignant
cells through AKT/mTORC1 and [3-ca-
tenin signaling pathways. MiR-15b-5p
inhibits these pathways in hepatocel-
lular carcinoma by targeting OIP5 [34].
The observed down-regulation of OIP5
following treatment with Lactobacilli
might affect cell growth and apoptosis
which should be assessed in future studies.

AKAP4 gene and protein expressions
have been detected in 86% of cervical
cancer cell lines where its silencing has
led to inhibition of cell proliferation,
migration, invasion and colony-forming
capacity [24]. Its expression in different
malignanttumors potentiated it as a target
for cancer immunotherapy [35-37]. The
present study demonstrated the negative
effects of LRS and LCS on transcriptional
activity of AKAP4 in Hela cells. Future
investigations are needed to elaborate
the detailed mechanism of probio-
tics action on invasive and proliferative
characteristics of cervical cancer.

Herein, it was demonstrated that
LRS and LCS treatment led to down-
regulation of four CTAs in Hela cells.
The underlying mechanisms of these
observations are not clear but epige-
netic modulatory mechanisms may
participate in this process.
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Summary

Background: The number of cancer patients with cardiac implantable electronic devices re-
ceiving radiotherapy is increasing. Irradiation of such patients can cause malfunctions in pa-
cemakers and implantable cardioverter-defibrillators. In this respect, it is necessary to make
a proper irradiation plan for such cancer patients to minimize the dose received by both cardiac
devices and pacing leads. However, planning computed tomography (CT) scans have metal ar-
tifacts that degrade the image quality and make it difficult to create a qualitative radiation plan.
In fact, there is a problem of correct contouring not only of critical organs and planning target
volume, but also of cardiac devices and pacing leads during the planning of CT scan operations.
Patients and methods: To analyze this issue, we tested the Metal Deletion Technique (MDT) on
nine cancer patients with different tumor localizations near cardiac implantable electronic de-
vices and device types who were treated at the Masaryk Memorial Cancer Institute. We conduc-
ted a radiotherapy planning in Eclipse™ Treatment Planning System, version 11.0 (Varian, Palo
Alto, Canada) (employing three-dimensional conformal radiation therapy, intensity-modulated
radiation therapy, volumetric-modulated arc therapy and stereotactic body radiation therapy
irradiation techniques). We analyzed the influence of MDT on plan parameters and compared
CT scans without and with application of the MDT method. Results: The results confirm the
need to use the MDT method for reduction the likelihood of malfunctions in devices. The grea-
test error in determining the dose received by implantable devices and pacing leads is more
than 3% of the total dose. It can significantly change the patient’s treatment plan. Conclusion:
The data obtained in this experiment are crucial for physicists when selecting radiation tech-
niques and suitable methods for planning the irradiation of patients with implantable electro-
nic devices.
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Souhrn

Vychodiska: Pocet onkologickych pacientli s implantovanymi kardiostimulatory indikovanych k radioterapii se stéle zvysuje. Ozafovani téchto
pacientd mGze zpUsobit selhani nékterych funkci kardiostimulator a kardioverter-defibrilatorG. Proto je nutné vypracovat pro tyto pacienty
ozarovaci plany s minimalizaci davky na implantované kardiovaskularni elektronické zafizeni a stimula¢ni elektrody. BohuZzel kvalita planovacich
CT fezl je zhorsena vlivem artefakt( zplsobenych metalickymi ¢astmi samotného implantétu a toto ztéZuje vypracovani kvalitniho ozafovaciho
planu. Hlavnim problémem pro radioterapeuta a planujiciho radiologického fyzika je spravné zakonturovani kritickych orgénd, planovaciho
cilového objemu a samotného kardiostimulatoru se stimula¢nimi elektrodami. Soubor pacientii a metody: Na Klinice radia¢ni onkologie Masa-
rykova onkologického Ustavu byla provedena analyza vlivu techniky Metal Deletion Technique (MDT) na odstranéni artefaktu u deviti pacientl
s rznou lokalizaci tumoru v tésné blizkosti implantovaného kardiostimulatoru (mamma, jicen, plice, hlava/krk). Ozafovaci plany byly vypraco-
vany v planovacim systému Eclipse™, verze 11.0 (Varian, Palo Alto, Canada) s vyuzitim technik three-dimensional conformal radiation therapy,
intensity-modulated radiation therapy, volumetric-modulated arc therapy a stereotactic body radiation therapy. Byly porovnany parametry
pland vypracovanych s pouzitim MDT techniky i bez ni. Vysledky: Vysledky studie potvrzuji vhodnost pouZziti této metody pro odstranovani arte-
fakt u pacientl s implantovanymi kardiostimulatory. Nejvétsi chyba ve vypoctu davky obdrzené kardiostimulatorem a elektrodou bez pouziti
MDT metody prekrocila 3 % z celkové davky. Tyto Udaje mohou znacné ovlivnit ozafovaci plan. Zdvér: Data ziskana z tohoto experimentu jsou

vyznamna pro radiologické fyziky pfi vybéru vhodné techniky ozafovani pacient(i s implantovanym elektronickym zafizenim.
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Introduction
The rapid development of radiation
therapy technologies enhances the
quality of irradiation for cancer patients.
Nowadays, a large number of cancer
patients have cardiac implantable elec-
tronic devices (CIEDs), such as pacemakers
(PMs) and implantable cardioverter-
-defibrillators (ICDs), which consist of
a metal case, microchip and battery, and
can stimulate the cardiac muscle [1,2].
ICDs incorporate both PM functions and
itsabilityto produceahigh-voltage shock
to terminate potentially lethal cardiac
arrhythmia. Although most medical
treatments pose a little danger to CIEDs,
radiotherapy is capable of altering their
functions, and can lead to a complete
loss of their capacity [3]. It is impossible
to predict the exact operation of CIEDs
when they are used during radiotherapy
or right after the treatment [4,5]. Due to
new technological elements, modern
devices are more resistant to ionizing
radiation. However, this stability differs
for various types of electronic devices
and their manufacturers. Moreover, not
all manufacturers indicate the maximum
dose of acceptable radiation for their
devices. Nevertheless, in any case,
radiological physicists should attempt
to reduce the dose received by PMs/ICDs
and leads.

In this respect, it is necessary to make
a proper irradiation plan for such cancer
patients to minimize the dose value.
However, the plan may be hindered since

planning computed tomography (CT)
scans have metal artifacts that degrade
theimage quality. Thus, there is a need for
methods reducing these artifacts, among
which the Metal Deletion Technique
(MDT) is tested in this survey.

In fact, there is a problem of correct
contouring not only of critical organs
and planning target volume (PTV),
but also of cardiac devices and pacing
leads during the planning of CT scan
operations. The thing is that metal im-
plants can cause gray streaks (artifacts)
apart from regular white fields seen
on a CT scan and corresponding to
metals on the Hounsfield scale (about
1,000 Hounsfield units). Apparently, it
hinders the identification of vital organs
and tumor areas. Moreover, artifacts
make it harder to calculate the right
dose received by CIEDs.

Patients and methods

Artifacts are mostly caused by the fact that
filtered back projection used in CT image
reconstruction suggests each of X-ray de-
tector measurements is equally accurate.
In fact, X-rays passed through or next
to metal implants are severely attenua-
ted and inaccurate. The MDT method eli-
minates these inaccuracies and restores
non-metallic parts of a CT image in high
quality [6]. Then, metal-concerned data
are processed. As a result, the image of
a higher quality is produced. In the study,
the MDT was used as a software available
in Masaryk Memorial Cancer Institute.

We tested the MDT on 9 of 15 cancer
patients at the Masaryk Memorial Cancer
Institute who were implanted with car-
diac electronic devices (54% with PMs
and 46% with ICDs), and diagnosed
with tumor localized in breast, prostate,
esophagus, head/neck and lungs. In
most cases, the location of cancer (except
for prostate) was close to CIEDs, which
makes irradiation dangerous without
a carefully calculated dose received by
devices and leads. Thus, we selected
only nine patients (excluding patients
with prostate cancer) to compare the
results obtained with and without the
MDT method. In case of prostate cancer,
induced activity could play a role, but
CT scans of these patients did not have
CIEDs, and it was impossible to test the
method.

We conducted a radiotherapy plan-
ning in Eclipse™ Treatment Planning
System, version 11.0 (Varian, Palo Alto,
Canada), also applying three-dimensional
conformal radiation therapy (3D-CRT),
intensity-modulated radiation therapy
(IMRT), volumetric-modulated arc therapy
(VMAT) and stereotactic body radiation
therapy (SBRT) irradiation techniques. We
used photon radiotherapy on different
linear accelerators: Clinac 600C®, Clinac
2100CD®, Clinac iX®, TrueBeam® (all pro-
duced by Varian) and Elekta Synergy®. In
this experiment, we analyzed the influence
of the MDT method on plan parameters.

Before radiotherapy planning, it is
important to check the warranty period of
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devices provided in their documentation.
Most manufacturers guarantee the
working lifespan of 5 years. With regard
to this information, we divided all
implantable devices into several groups
during our experiment: 90% of devices
had been working for 5 years or less, and
only 10% had been implanted for more
than 5 years. During a warranty period,
all devices should work in a proper way
without any random errors, which is true
for most devices used in the experiment.
All parameters of our irradiation plans
are presented in Tab. 1.

At the first stage of our study, we
made an irradiation plan for nine
cancer patients with PMs and ICDs
without applying the MDT method.
After contouring PTV, critical organs
and devices, we selected energy and
irradiation techniques. As a result, we
calculated the doses received by CIEDs
and leads. At the second stage, we used
the same CT scans but also applied the
MDT method. We recontoured CIEDs
and pacing leads in a new manner, and
recalculated the same plan in a new CT-
MDT. As a result, we calculated the new
doses received by PMs/ICDs and pacing
leads. We noticed that contouring
became much easier due to the high
quality of CT scans. Finally, the data
obtained with and without the MDT
method were compared and analyzed.

Results and Discussion

The doses received by CIEDs and pacing
leads are presented in Tab. 2 and 3,
respectively, where Dwithout is the dose
before MDT application and Dwith is the
dose after use of MDT. Additionally, using
the formula, we calculated the inaccuracy
associated with metal artifacts and their
influence on the dose in the CIEDs and
pacing leads, where total dose (Dtotal)
is a total dose received by the PTV
and (Dwithout — Dwith) is a difference
between doses received by devices
without and with the deletion method.

(Dwithout — Dwith)
Dtotal

Inaccuracy, % = X 100%

The largest malfunction in determi-
ning the maximum dose received by
CIEDs was observed in 3D-CRT plan for

Tab. 1. Irradiation plan parameters for individual patients.

Patient’s Tumor Irradiation Linear Dose in PTV
number localization technique accelerator (Dtotal), Gy
N 1 |yk:1 f)a;tlz’;‘is 3D-CRT Clinac600C® 50
Ne 2 esophaguse 3D-CRT Clinac2100CD® 35
Ne 3 esophaguse IMRT Clinac2100CD® 45
Ne 4 headandneck  IMRT,vMaT ~ Clinac2100CD® 70
ClinaciX®
Ne 5 head and neck 3D-CRT Synergy® 46
Ne 6 breast 3D-CRT ClinaciX® 40
Ne 7 lungs VMAT (SBRT) TrueBeam® 35
Ne 8 lungs VMAT TrueBeam® 20
Ne 9 breast 3D-CRT ClinaciX® 50

3D-CRT - three-dimensional conformal radiation therapy, IMRT - intensity-modu-
lated radiation therapy, VMAT - volumetric-modulated arc therapy, SBRT - stereo-
tactic body radiation therapy, PTV - planning target volume, Dtotal - total dose,

Gy - Gray

Tab. 2. The doses received by CIEDs without and with MDT application and the re-

lated inaccuracies.

:zﬁ:e;:'rs Dtotal, Gy Dwithout, Gy Dwith, Gy Inaccozracy,
Ne 1 50 0.79 2.38 3.18
Ne 2 35 0.92 0.95 0.09
Ne 3 45 0.10 0.36 0.58
Ne 4 70 5.56 442 1.63
Ne 5 46 0.86 1.02 0.35
Ne 6 40 2.06 2.38 0.80
Ne 7 35 0.14 0.15 0.03
Ne 8 20 1.32 1.35 0.15
Ne 9 50 0.44 0.11 0.66

CIEDs - cardiac implantable electronic devices, MDT - Metal Deletion Technique,
Dtotal - total dose, Dwithout — dose before MDT application, Dwith — dose after

MDT application, Gy — Gray

breast and lymph node irradiation and
constituted approximately 3.18%. The
problem is that breast and lymph nodes
are located too close to CIEDs, and both
pacing leads and incorrect contouring
can result in serious miscalculation of
doses. Itis obvious though that an unde-
restimated dose is much more dange-
rous than an overestimated one.

Analyzing the doses received by leads
the main uncertainty introduced in the
definition of medium dose and reach
3.70% of the total dose during esophagus
irradiation. The wires leading from the
device to the heart are located very
close to the esophagus, so this type of
cancer requires more care and attention
for these patients. Great amounts of
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Tab. 3. The doses received by pacing leads without and with MDT application and
the related inaccuracies.

Patient's Dtotal, Gy  Dwithout,Gy = Dwith, Gy Inaccuracy,
number %

Ne 1 50 1.02 0.42 1.20

Ne 2 35 4.91 3.61 3.70

Ne 3 45 6.09 6.17 0.20

Ne 4 70 18.48 20.91 3.50

Ne 5 46 0.73 0.23 1.10

Ne 6 40 1.36 1.25 0.30

Ne 7 35 1.10 0.99 0.30

Ne 8 20 1.54 1.69 0.70

Ne 9 50 0.51 0.46 0.10
MDT - Metal Deletion Technique, Dtotal - total dose, Dwithout — dose before MDT
application, Dwith - dose after MDT application, Gy — Gray

Fig.1.CT scans with (a) and without (b) metal artifacts, where 1 and 2 correspond to the
cardiac device and leads respectively.

ionizing radiation reaching the leads can
cause interferences, which distort the
signals transmitted from the ICDs/PMs
to the heart. It can be dangerous for
pacing-dependent patients. There are
also no data concerning the influence
of radiotherapy on pacing leads during
the procedure. Thus, such a study

can be of some interest for future
researches.

It is well known that modern CIEDs
rely on complementary metal oxide
semiconductors used for integrated
circuits. If a large dose of radiation
reaches the devices within a single layer
of CT scan, it can affect semiconductor

90% -
80% -
70% -
60% -
50% -
40% -
30% -
20% -
10% +

0% -

the number of ICDs (%)

>05Gy <0.5Gy

Graph 1. The number of ICDs recei-

ved more or less than 0.5 Gy during
radiotherapy.

ICDs - implantable cardioverter-defibrilla-
tors, Gy - Gray

device components. Therefore, it is
necessary to take into account maximum
doses. In case of pacing leads, there are
no such components, and even a mean
dose can distort data signals.

According to the CT scans without
and with application of the MDT method
(Fig. 1) a precise contouring of CIEDs and
leads is not possible without application
of this method. Moreover, such artifacts
can interfere with the PTV, which can
cause a lack of tumor irradiation.

The study proved that in case of breast
and lymph nodes (patient N°1), the
dose received by PMs without the MDT
method was less than 2 Gy, whereas
with the MDT method it was more than
2 Gy. According to European guidelines
[5,7,8], patients who received a dose
more than 2 Gy fall into a medium risk
group. Nowadays, 2 Gy is considered
to be a boundary value for planning
made by a physicist. It is evident that
oncological patients depend on the
management of radiation. In such cases,
it is necessary to apply the MDT method.

Considering PMs and ICDs on an
individual basis, we must note that
a dose for PMs has become 1.15% more
accurate, whereas a dose for ICDs has
become only 0.58% better after ap-
plying the MDT method. However,
PMs are implanted more often and the
dose underestimation is more likely to
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happen. Thus, it is necessary to apply
the MDT method while providing
therapy for patients with implantable
PMs to avoid possible malfunctions. As
for ICDs, they are more sophisticated
and can automatically defibrillate the
heart by monitoring the patient’s heart
rate and deliver appropriate electrical
therapy. There is a recommendation
of a lower radiotherapy tolerance
dose. According to some sources, the
estimated cumulative radiotherapy
dose to ICD should not exceed 0.5 Gy [7].
Based on these data, we divided all the
implantable devices in our experiment
(Graph 1). It was found that 80%
of cardioverter-defibrillators were
irradiated with a dose exceeding 0.5 Gy.
The MDT method allows taking into
account this fact and more accurately
controls the dose received by the ICDs.
However, a tolerant dose of 0.5 Gy is not

currently used in practice in the Czech
Republic.

Conclusion
The results obtained in this experiment
confirm the need to use MDT method for
removal of artifacts in CT images. Such
an approach to the planning of radiation
therapy can improve its quality and reduce
the likelihood of malfunctions in devices.
The greatest error in determining
the dose received by CIEDs and pacing
leads is more than 3% of the total dose.
It can significantly change the patient’s
treatment plan and influence the safe
management of patients with a CIED
receiving radiotherapy.
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PUVODNI PRACE

Efekt a toxicita radioterapie ve vybranych

paliativnich indikacich

Effect and Toxicity of Radiation Therapy in Selected Palliative

Indications

Pechacova Z.', Zemanova M., Kon¢ekova J.2

'Onkologicka klinika 1. LF UKa VFN v Praze
20ddéleni radia¢ni ochrany, VFN v Praze

Souhrn

Vychodiska: Radioterapie (RT) patii mezi zakladni modality onkologické Ié¢by v kurativnich
a paliativnich indikacich. V oblasti paliativni a podpurné péce je RT indikovana za ucelem ovliv-
nénilokalni kontroly onemocnéni a v Ié¢bé symptom - zejména bolesti, Utlaku okolnich struk-
tur nebo krvaceni. Cilem této préce je vyhodnoceni efektu a toxicity RT pacient(i ozafovanych
na Onkologické klinice 1. LF UK a VFN v Praze v obdobi duben 2015 az duben 2018 s palia-
tivnim zadmérem. Soubor pacientii a metody: V uvedeném obdobi byla na nasem pracovisti
provedena paliativni RT ve 338 pfipadech, coz predstavuje priblizné jednu tietinu indikaci této
lé¢ebné modality. Vyhodnoceni bylo provedeno u tfi podskupin cilovych objem0 - oblast pri-
marniho tumoru u pacientt s pokrocilym bronchogennim karcinomem a na oblast metastaz
skeletu nebo mékkych tkani u pacienttd s rdznymi onkologickymi diagnézami. Pacienti byli
ozareni technikou radioterapie s modulovanou intenzitou zafeni pfistrojem TomoTherapy HD
(Accuray, USA). Vysledky: Paliativni RT na oblast primarniho plicniho nddoru byla realizovana
u 29 pacientd, efekt ulevy od symptomu byl zaznamenan u 22 pacientd (76 %), regrese nebo
stabilizace onemocnéni dle zobrazovacich metod byla potvrzena u 19 pacient( (66 %), toxicita
RT byla akceptovatelna. Na oblast kostnich metastaz bylo ozafeno 104 pacient(, dobry anal-
geticky efekt byl pozorovén ve vice nez 75 % pripad(. Na oblast metastaz mékkych tkani bylo
ozareno 71 pacientd, ke klinickému efektu doslo v 60 % pfipadu. Toxicita RT v nasem souboru
pacientd byla nizsi, nez jsou bézné uvadéné literarni Udaje, coz ukazuje na piinos pro kvalitu
Zivota pacientll ozafovanych s uzitim modernich radioterapeutickych technologii. Zdvér: Pa-
liativni RT v naSem souboru poskytla vybornou kontrolu symptomu u pacientli s pokrocilym
nadorovym onemocnénim, toxicita Ié¢by byla minimalni. RT je efektivni metoda, jez ma Siroké
uplatnéni v fadé paliativnich indikaci.

Klicova slova
paliativni péce - radioterapie - karcinom plic - metastazy — kostni metastazy - Ié¢ba bolesti
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Summary

Background: Radiotherapy (RT) is a mainstay of oncology treatment in both curative and palliative situations. With respect to palliative and
supportive care, RT improves local control of disease and relieves symptoms, particularly pain, compression of surrounding structures, and/or
bleeding. The aim here was to evaluate the effects and toxicity of palliative RT in our department from April 2015 to April 2018. Patients and
Methods: During this period, 338 cases received palliative RT, representing approximately one third of indications for this treatment method. We
evaluated selected subgroups of patients: those with advanced lung cancer, bone metastases, or soft tissue metastases. Patients were irradiated
by the IMRT (intensity modulated radiation therapy) technique using the TomoTherapy HD (Accuray, USA) platform. Results: Palliative RT for pri-
mary lung cancer was performed for 29 patients. Of these, symptoms were relieved in 22 patients (76%) and local control (confirmed by imaging)
was achieved in 19 patients (66%). Treatment-related toxicity was acceptable. Overall, 104 patients received irradiation for bone metastases; pain
relief was achieved in more than 75% of cases. Another 71 patients were irradiated to treat soft tissue metastases; symptoms were relieved in 60%
of cases. Treatment-related toxicity in our patients was lower than reported previously, suggesting improved quality of life for patients irradiated
using modern RT technologies. Conclusion: Palliative RT provided excellent symptom control in our patients, with minimal toxicity. Thus, RT is an

effective and easy-to-use method for many palliative indications.

Key words

palliative care - radiotherapy - lung neoplasms - neoplasm metastasis — bone metastases — pain management

Uvod

Radioterapie (RT) patfi mezi zakladni
modality onkologické 1é¢by a uplat-
nuje se dle l1écebnych protokold v kura-
tivnich, neoadjuvantnich, adjuvantnich
a paliativnich indikacich. V oblasti palia-
tivni a podplrné péce je RT indikovana
za Ucelem ovlivnénilokalni kontroly one-
mocnéni a v [é¢bé symptomU - zejména
bolesti, utlaku okolnich struktur nebo kr-
vaceni [1-3]. Pro rozhodovani o zplsobu
provedeni lé¢by je rozhodujici primarni
lokalizace nadoru a jeho morfologicky
typ, klasifikace TNM (tumor - lymph
nodes — metastasis), celkovy stav pa-
cienta (performance status — PS) a jeho
symptomatologie, prabéh dosavadni
onkologické lé¢by v¢. jiz provedené RT
i motivace pacienta k 1écbé [1]. Strategie
onkologické lé¢by je vysledkem rozhod-
nuti multidisciplinarnich tyma. Rozsifené
moznosti systémové |écby vedou v sou-
¢asné dobé k delsimu preziti (overall sur-
vival - OS) pacientd, vybrana metastazu-
jici onkologicka onemocnéni mohou byt
na podkladé klinicko-biologickych cha-
rakteristik a 1é¢ebnych moznosti ozna-
¢ena za chronicky |é¢itelnd [4,5] a ve hie
jsou téz otazky kurativniho potencialu
u oligometastatického onemocnéni [6].
Prognéza vyvoje onemocnéni a oceka-
vana délka Zivota pacienta hraji dilezi-
tou roli pfi indikaci |é¢ebnych modalit
a v pfipadé RT tyto odhady ovliviuji zpG-
sob provedeni 1é¢by - tedy volbu frak-
ciona¢niho rezimu i ozafovaci techniky.
Paliativni RT s dlouhodobym zdmérem
(pfi delsi ocekavané délce Zivota radové

v letech) je provadéna za ucelem dosa-
Zeni stabilizace nddorového postizeni
a prodlouzeni OS pacienta. Cilovy objem
a frakcionacni rezim je podobny jako pfi
radikdlIni |é¢bé. Paliativni RT s kratko-
dobym zdmérem (pfi kratké ocekdvané
délce Zivota fadové v mésicich) je pro-
vadéna za uUcelem kontroly symptomi
nadorového onemocnéni — provadi se
zkracenymi frakciona¢nimi schématy na
maly cilovy objem se zdmérem rychlé
ulevy od obtizi s minimem nezadoucich
ucinkd (NU). Profylakticka paliativni RT je
provadéna u asymptomatickych nemoc-
nych, u nichz Ize pfedpokladat vznik ob-
tizi v dsledku progrese nadorového lo-
Ziska v blizké dobé, vétsinou se jedna
o profylaxi vzniku patologické fraktury
nebo krvaceni [1,2].

Nejcastéjsimi orgdny a tkdnémi, pro
jejichz nadorovou infiltraci a klinické
projevy je paliativni RT indikovana, jsou
skelet, plice, mozek, mald panev, uzli-
nové oblasti, kGize a podkozi [1].

Paliativni RT karcinomu plic

Karcinomy plic (lung cancer - LC) patfi
mezi nejcastéjsi priciny umrti na nado-
rova onemocnéni v CR i ve svété, pfi-
blizné polovina pacientd ma v dobé
diagndzy pokrocilé onemocnéni a neni
mozné je lécit s radikalnim zdmérem -
u téchto nemocnych je pfinosné uplat-
néni viech moznosti moderni paliativni
lécby [7]. LC zpUsobuji fadu hrudnich
symptomU (dusnost, bolest, kasel, he-
moptyza, dysfagie), které mohou byt
ucinné zmirnény ozafovanim.

Pro paliativni RT na oblast LC byla
publikovana doporuceni postupl Ame-
rické spole¢nosti pro radia¢ni onkolo-
gii (American Society for Radiation On-
cology - ASTRO) v roce 2011 [8]. Pfinos
RT u pacientu s lokalné pokrocilym nebo
metastatickym nemalobunéénym kar-
cinomem plic (non-small cell lung can-
cer — NSCLC), ktefi nemohou podstou-
pit kurativni lé¢bu, je podpofen daty
z mnoha randomizovanych klinickych
studii [8-12,13]. Ze zafazeni RT do lé¢eb-
ného schématu profituje vice nez 75 %
pacientl s LC [12]. Pravidla pro indikaci
paliativni RT jsou podobna pro malo-
bunécny LC i NSCLC, pro dosazeni op-
timalniho lécebného efektu je dllezité
vhodné nacasovaniRT a systémové lécby
dle multidisciplindrniho tymu za ucasti
klinického onkologa, radia¢niho onko-
loga a pneumologa [12]. Dle ASTRO do-
poruceni pro paliativni RT pacienti profi-
tuji z vy3si davky na frakci (2,5-3,0 Gy na
frakci, nejcastéji 30-39 Gy v 10-13 frak-
cich, 40 Gy v 16 frakcich apod.), tyto re-
Zimy jsou spojeny s dobrou kontrolou
symptomu a s mirnym zlepsenim OS,
toxicita je pfijatelna [8,9]. Vysledky ran-
domizovanych studii vyznély mirné ve
prospéch odkladu RT az do doby vzniku
symptomU onemocnéni - ¢asné zara-
zeni RT u asymptomatickych nemoc-
nych s pokrocilym LC neprokazalo be-
nefit v kontrole symptomu, kvalité
zivota nebo OS [12,14], ale tato otazka
zGstavéa nadéle kontroverzni [9]. Pfinos
endobronchidlni brachyterapie (endo-
bronchial brachytherapy - EBB) v sa-
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mostatné indikaci neni podporen daty,
ale v kombinaci se zevni radioterapii
(external-beam radiotherapy — EBRT)
mUze EBB pfinést benefit u pacientd
s centralnimi tumory zpUsobujicimi ko-
laps plice [8]. EBB také zlstava meto-
dou volby u pacientd s endobronchidlni
obstrukci nebo hemoptyzou, ktefi jiz
drive podstoupili EBRT [8]. Kombinace
chemoterapie (CHT) a RT v sekvenc¢-
nim podavani je dllezitd pro optimalni
kontrolu pokrocilého LC. Byl prokazan
pfinos v OS i hodnoceni kvality Zivota
u pacientu s inoperabilnim LC, ktefi byli
indikovani k paliativni chemoradiotera-
pii (CHRT), ve srovnani s CHT samotnou,
i pfi mirné vy3$sim mnozstvi komplikaci
béhem lé¢by [13]. Role konkomitantni
CHRT v paliativni indikaci na oblast LC
je nadale pfedmétem vyzkumu - ve
srovnani se sekvené¢nim podénim pro-
kazala mirné zvysenou odpovéd, ale za
cenu vyssi toxicity a bez benefitu pro
OS, preziti bez progrese nebo pro symp-
tomovou kontrolu [8]. V roce 2018 zve-
fejnénd aktualizace doporuceni ASTRO
pro paliativni RT na oblast plic na pod-
kladé metaanalyzy dostupnych dat po-
tvrdila benefit konkomitantni CHT u de-
finované skupiny pacientd s NSCLC
stadia Ill, ktefi nejsou kandidaty pro ku-
rativni 1é¢bu (PS 0-2, ocekdvana doba
OS vice nez 3 mésice, unosnost CHT).
U pacientl ve stadiu IV nadale plati, ze
konkomitantni CHT neni dle dostupnych
dat pfinosna a jeji podani mimo klinické
studie neni doporuceno [10].

RT kostnich metastaz

Metastazy do skeletu jsou ¢astym proje-
vem diseminovaného néddorového one-
mocnéni - typické jsou zejména u kar-
cinomu prsu (breast cancer - BC), LC
a karcinomu prostaty (prostate can-
cer — PC) i u dalSich malignit. Projevuji
se fadou obtézujicich symptom0 - ze-
jména bolesti, mohou zpUsobit frakturu
kosti nebo kompresi michy a dalsich
okolnich struktur, mohou vést k hyper-
kalcemii. RT predstavuje jednu z velmi
ucinnych, efektivnich a pomérné nena-
ro¢nych lé¢ebnych procedur k ovlivnéni
bolestii dalsich symptomu zplsobenych
kostnimi metastazami, analgeticky uci-
nek obvykle nastupuje za 2-4 tydny [9].
Efekt RT je v této indikaci dan dtlumem

rdstu nadorovych bunék a potla¢enim
populace osteoklastl, které zpUsobuji
resorpci kostni tkané, soucasné ale io-
nizujici z&feni neznici osteoblasty a os-
teocyty zodpovédné za budovani kostni
hmoty. Témito mechanizmy je vysvét-
lovdno hojeni osteolytickych metastéz,
remineralizace a zpevnéni kosti po RT
na oblast metastatického postizeni
skeletu [15].

Pro paliativni RT na oblast kostnich
metastaz byla v roce 2011 publikovana
doporuceni ASTRO [16], ktera byla na-
sledné v roce 2017 aktualizovana [17].
Role zevni paliativni RT kostnich me-
tastaz v kontrole symptom je podpo-
fena daty zfady prospektivnich randomi-
zovanych klinickych studii faze Il [16,17].
Pfi srovnani rdznych frakcionacnich re-
zimQ byla potvrzena ekvivalence anal-
getického efektu rliznych frakcionac¢nich
schémat uzivanych v této indikaci, pfi-
¢emz delsi schémata (10 frakci) s sebou
nesou vyhodu déletrvajiciho efektu
a nizsi potreby reiradiaci. Jednorazové
ozafeni poskytuje vétsi komfort pro
pacienta a pecujici osoby, ale kratsi tr-
vani analgetického efektu [16,18]. Ste-
reotakticka RT mlZe mit pfinos u defi-
novanych skupin pacientl - zejména
u nové zjisténych i recidivujicich me-
tastaz patere [16,17]. Podavani bisfos-
fonatl soubézné s RT piindsi benefit
v Ulevé od bolesti a urychleni reosifikace
poskozené kosti, bezpecnost podavani
soubézné s EBRT je podporena daty [16].

Cilem této prace je vyhodnoceni efektu
a toxicity RT v souboru pacientl ozafo-
vanych na Onkologické klinice 1. LF UK
a VFN v Praze s paliativnim zamérem
v obdobi duben 2015 aZ duben 2018 se
zaméfenim na hlavni podskupiny cilo-
vych objem - oblast primérniho tumoru
u pacientt s pokrocilym bronchogennim
karcinomem a na oblast metastaz skeletu
nebo mékkych tkani u pacientl s rdz-
nymi onkologickymi diagnézami.

Soubor pacient(i a metody

Na nasem pracovisti byla béhem 3 let
vobdobiduben2015azduben 2018 pro-
vedena RT s paliativnim zamérem ve
338 pfipadech, coz predstavuje necelou
jednu tfetinu viech indikaci této Iécebné
modality. RT je indikovdna na podkladé
rozhodnuti multidisciplindrniho tymu

Tab. 1. Prehled lokalizace cilovych
objemu pro paliativni radioterapii
(N =338).

Oblast cilového objemu - n (%)

metastazy skeletu 104 (30,8 %)
metastazy 71 (21,0%)
mékkych tkani

mozkové 41 (12,1 %)
metastazy

panevni tumory 34 (10,1 %)
bronchogenni 29 (8,6 %)
karcinom

hematologické 24 (7,1 %)
malignity

nadory hlavy 10 (2,9 %)
a krku

bfisni dutina (2,4 %)
karcinom jicnu 7 (2,1 %)
jiné 10 (2,9 %)

a je provadéna dle standardd pracovi-
$té zpracovanych a aktualizovanych dle
doporucenych postupl ASTRO, Evrop-
ské spolec¢nosti pro radioterapii a onko-
logii (European Society for Radiotherapy
and Oncology - ESTRO), Mezinarodni
komise pro radia¢ni jednotky a méfeni
(International Commission on Radiation
Units and Measurements — ICRU), Radia-
tion Therapy Oncology Group (RTOG),
Narodnich radiologickych standardd
a dalsich zdroju. Toxicita l1écby je vyhod-
nocovana dle RTOG kritérii [19]. Pfehled
lokalizace cilovych objemi pro palia-
tivni RT v nasem souboru pacientd shr-
nuje tab. 1, hodnoceni efektu a toxicity
Ié¢by bylo provedeno u tii podskupin —
bronchogenni karcinom, metastazy ske-
letu a mékkych tkani.

Pracovisté disponuje ozafovacem
TomoTherapy HD (Accuray, USA) vyba-
venym linedrnim urychlova¢em o maxi-
malni energii 6 MeV. Vsichni pacienti byli
ozafeni na tomto pfistroji technikou ra-
dioterapie s modulovanou intenzitou
zéreni (intensity modulated radiation
therapy - IMRT) v reZimu TomoDirect
nebo TomoHelical s uzitim technologie
obrazem fizené radioterapie (image gui-
ded radiotherapy - IGRT) [20,21]. Pfi rea-
lizaci paliativnich plant postupujeme
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Tab. 2. Bronchogenni karcinom -
efekt a toxicita paliativni radiotera-
pie (N = 29). Efekt je stanoven dle kri-
térif RECIST. Toxicita je hodnocena dle
kritérif RTOG, stupen GO—4.

Efekt dle zobrazovacich metod -
n (%)

PR/SD 19 (65,6 %)
PD 7 (24,1 %)
nehodnoceno 3(10,3 %)
Klinicky efekt - n (%)
zlepseni/stabilizace 22 (75,9 %)
symptom

zhordeni 6 (20,7 %)
nehodnoceno 1(3,4 %)
Casna toxicita - n (%)

G1-2 14 (48,3 %)
G3-4 3(10,3 %)
Pozdni toxicita - n (%)

G1-2 3(10,3 %)
G3-4 0 (0,0 %)

RECIST - Response Evaluation Crite-
ria In Solid Tumors, RTOG - Radiation
Therapy Oncology Group, PD - pro-
grese nemoci, SD - stabilizace ne-
moci, PR - parcialni odpovéd

velmi podobné jako u planl s kurativ-
nim zdmérem - je vyhotoveno planovaci
vysetfeni, déle jsou pfipraveny kontury
cilovych objemd a rizikovych organ(, na-
sleduje planovani standardnimi postupy
pro TomoTherapy. Pro hodnoceni plant
mame stejné pozadavky jako na kura-
tivni plany a technicky realizujeme kura-
tivni i paliativni plany se stejnou mirou
presnosti. Rozdilny mUze byt ptistup on-
kologa hodnoticiho a schvalujiciho para-
metry pland - u paliativnich programt
jsou akceptovatelné vétsi kompromisy
v davkovém pokryti s ohledem na |é-
¢ebny zamér. Denni nastaveni pacienta
probiha v¢. verifika¢nich CT snimk(
z megavoltazniho zobrazovaciho svazku
(mega-voltage computed tomography -
MVCT), aby bylo dosazeno co nejvétsi
presnosti doruceni davky.

Tab. 3. Kostni metastazy - efekt a toxicita paliativni radioterapie (N = 91). Efekt je
stanoven na podkladé klinického vysetfeni a hodnoceni bolesti dle vizudIni analogové
Skaly WHO. Toxicita je hodnocena dle kritérii RTOG, stuperi GO-4.

Celkem
Klinicky efekt n=91

zmirnéni bolesti 72 (79,2 %)

bez efektu 10 (11,0 %)
nehodnoceno 9 (9,8 %)
Casna toxicita - n (%)

G1-2 17 (18,7 %)
G3-4 4 (4,4 %)
Pozdni toxicita - n (%)

G1-2 2(2,2%)
G3-4 0(0,0%

Dle frakcionaéniho rezimu

5-10 frakci 1 frakce
n=73 n=18
64 (87,7 %) 8 (44,5 %)
6 (8,2 %) 4 (22,2 %)
3(4,1 %) 6 (33,3 %)
16 (21,9 %) 1 (5,6 %)
4 (5,5 %) 0 (0,0 %)
2 (2,7 %) 0 (0,0 %)
0 (0,0 %) 0 (0,0 %)

WHO - World Health Organisation, RTOG - Radiation Therapy Oncology Group.

Vysledky

Na oblast primarniho LC bylo v uve-
deném obdobi s paliativnim zadmé-
rem ozafeno 29 pacientll, median
doby sledovani po |é¢bé byly 4 mé-
sice (1-22 mésicl). Ozafovaci schéma
je voleno individudlné dle klinic-
kého stavu a stadia onemocnéni, nej-
Castéjsi byly rezimy 30 Gy v 10 frak-
cich po 3 Gy a 40 Gy v 16 frakcich po
2,5 Gy. Po RT byla zaznamenéna uleva
od obtizi u 22 pacientl (75,9 %), odpo-
véd dle kritérii RECIST (Response Eva-
luation Criteria in Solid Tumors) — par-
cialni odpovéd (PR) nebo stabilizace
nemoci (SD) - byla zobrazovacimi meto-
dami potvrzena u 19 pacientll (65,6 %)
(tab. 2). K rozvoji mirné akutni toxicity
G1-2 doslo u 14 pacientt (48,3 %), jed-
nalo se o zmény v krevnim obrazu nebo
o slizni¢ni reakce G1-2 (ezofagidita, pre-
chodné zhorseni kasle). U 3 pacientu
(10,3 %) byla pozorovana akutni toxi-
cita G3-4, ve dvou pfipadech se jed-
nalo o pokles krevniho obrazu, v jed-
nom pripadé o kardidlni dekompenzaci.
Pozdni toxicita G1-2 byla zaznamenana
u 3 pacientd (10,3 %) ve formé mirného
stupné pneumonitidy v obdobi 3-6 mé-
sicl po 1é¢bé, pozdni NU G3-4 nebyly
pozorovany.

Celkem bylo na nasem pracovi-
$ti v uvedeném obdobi ozafeno
104 pacientl na oblast kostnich me-
tastdz, z nichz 91 pacienttd bylo k RT indi-
kovano z dlivodu bolestivosti metastazy
(tab. 3), median doby sledovani po lé¢bé
byl 6 mésich (1-36 mésicd). Jednalo se
o pacienty s rdznymi primarnimi dia-
gnézami - BC, LC, PC, maligni melanom
a dalsi. Pacientl ozéfenych profylak-
ticky bylo 13, byla pouzita frakcionace
30 Gy v 10 frakcich a béhem nasleduji-
ciho sledovani nedoslo k rozvoji symp-
tomU u zadného z nich. Pacientl oza-
fenych pro bolestivé kostni metastazy
bylo 91, nejc¢astéji byla u nich pouzita
ozafovaci schémata 30 Gy v 10 frak-
cich po 3 Gy nebo 20 Gy v 5 frakcich po
4 Gy (celkem 73 pacient(), u pacienttd
v celkové zhor$eném stavu byla indi-
kovana jednordzovd RT v déavce 8 Gy
(18 pacientt). Dobry analgeticky efekt
(alespon o 2 stupné vizudlni analo-
gové skily WHO pro hodnoceni bo-
lesti) byl zaznamenan v 72 pfipadech
(79,2 %). V této podskupiné pozoro-
valo 47 pacientll (65,3 %) zmirnéni bo-
lesti jiz pti ukonceni RT, u ostatnich na-
stoupil efekt nejpozdéji do mésice po
ukonceni lé¢by. K uplnému vymizeni bo-
lesti doslo u 42 pacientl (58,3 %), zby-
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vajicich 30 pacientd (41,7 %) udavalo
subjektivné podstatné zmirnéni bo-
lesti. Ve skupiné pacientd s delS$im oza-
fovacim schématem (5 nebo 10 frakci)
doslo k ulevé od bolesti v 87,7 % pfi-
padd, pacienti indikovani k jednora-
zové RT uvedli zmirnéni bolesti jen ve
44,5 % pripadyd (tab. 3). Béhem lécby
doslo k rozvoji vedlejsich obtizi stupné
G1-2 u 17 pacienta (18,7 %) (kozni
nebo slizni¢ni reakce, odchylky v krev-
nim obrazu, nevolnost). K rozvoji toxicity
stupné G3-4 doslo u 4 pacient( (4,4 %) -
ve dvou pfipadech se jednalo o slizni¢ni
reakce v oblasti horniho gastrointes-
tindlniho traktu, u 1 pacienta doslo ke
kardidlni dekompenzaci pfi ozafovani
na oblast hrudni patefe a u 1 pacienta
doslo k dekompenzaci chronickych
vertebrogennich obtizi s nutnosti in-
fuzni myorelaxacni a antiedematézni
Ié¢by. Dlouhodobéjsi nasledky stupné
G1-2 byly zaznamenény u 2 pacient(
(2,2 %) — u obou se jednalo o mirnou
dysfagii, pozdni toxicita G3-4 nebyla
pozorovana.

Na oblast metastdz mékkych tkani -
klze, podkozi, uzlinovych oblasti a dal-
Sich mékkych tkani kromé centrélniho
nervového systému - bylo v uvedeném
obdobi indikovano k RT 71 pacientQ.
Jednalo se o metastdzy rlznych primar-
nich diagndéz, median doby sledovani po
[é¢bé byl 5 mésicd (1-29 mésicu). Oza-
fovaci schéma bylo voleno individudlné
dle lokalizace metastazy, klinického
stavu pacienta a stadia onemocnéni, nej-
Castéjsi byly rezimy 10 x 3 Gy, 5 x 4 Gy,
16 X 2,5 Gy nebo 1 x 8 Gy. Ke zmirnéni
symptomu doslo u 43 pacientl (60,6 %),
klinicky nebo zobrazovacimi meto-
dami byl efekt potvrzen u 42 pacientl
(59,2 %) (tab. 4). Projevy akutni toxi-
city G1-2 béhem RT byly pozorovany
u 31 pacientd (43,7 %) (kozni nebo sliz-
ni¢ni reakce, odchylky v krevnim obrazu,
nevolnost). K projeviim vazné akutni to-
xicity G3-4 doslo v jednom pfipadé -
u pacientky s BC predlécené vice li-
niemi CHT doslo k rozvoji ezofagidity
G3 po RT na uzlinovou metastazu loka-
lizovanou v mediastinu v blizkosti jicnu.
Pozdni nésledky G1-2 byly pozoro-
vany ve formé pneumonitidy u jednoho
pacienta, vaznéjsi pozdni obtize byly za-
znamenany v jednom pfipadé u jiz zmi-

néné pacientky — protrahovana ezofagi-
tida G3 se stendzou jicnu.

Diskuze

Paliativni péce je komplexni, aktivni a na
kvalitu zivota orientovana péce posky-
tovana pacientovi, ktery trpi nevyléci-
telnou chorobou v pokrocilém nebo ko-
necném stadiu. Cilem paliativni péce
je zmirnit bolest a dalsi télesnd a du-
Sevni stradani, zachovat pacientovu
ddstojnost a poskytnout podporu
jeho blizkym [22]. Pfinos ¢asného za-
hajeni komplexni paliativni péce sou-
bézné s paliativni onkologickou tera-
pii byl prokdzan vice randomizovanymi
studiemi [23-26]. Jednd se nejen o be-
nefit pro kvalitu Zivota nemocnych, ale
bylo zaznamenano i mirné prodlouzeni
OS pacientl ve srovnani s pacienty ve
standardni péci [26]. Hranice mezi palia-
tivni a podpuUrnou [é¢bou neni v onkolo-
gii ostra, pfi kontrole symptomu se oba
okruhy casto prekryvaji [27]. Podp(irnd
lé¢ba je nedilnou soucasti onkologické
Ié¢by, méla by doprovazet kurativni i pa-
liativni onkologickou lé¢bu — u pacientd
je vhodné potfebu paliativni péce ak-
tivné zjistovat a poskytovat ji soucasné
s protinadorovou lécbou [23,27,28].
Dobra kontrola symptom( od pocatku
onemocnéni zlepsuje PS nemocného,
zvysuje toleranci onkologické 1é¢by,
a ma tak pfimy vliv na OS pacienta [29].
Rovnovaha protinadorové, podpuarné
a paliativni [é¢by se v pribéhu onemoc-
néni méni podle odpovédi na onkolo-
gickou lé¢bu a klinického stavu pacienta
(schéma 1). Paliativni specialista by mél
byt idedlné konzultovan po vstupnim
vysSetfeni u vSech pacientd s pokroci-
lym onkologickym onemocnénim [23].
Po vypracovani planu komplexni onko-
logické paliativni péce by byl pacient
veden oSettujicim onkologem ve spolu-
praci s paliatrem, pficemz pro prekonani
bariér branicich ¢asné integraci palia-
tivni péce je nutné nastaveni funkéniho
modelu spoluprace a vzdélavani v pa-
liativni péci [23]. Dle doporuceni Ame-
rické spolecnosti pro klinickou onkologii
(American Society of Clinical Oncology -
ASCO) z roku 2018 je u pacientl s nové
diagnostikovanym pokrocilym nadoro-
vym onemocnénim doporuceno ¢asné
zahdjeni paliativni péce, idedlné do

Tab. 4. Metastazy mékkych tkani -
efekt a toxicita paliativni radiotera-
pie (N = 71). Efekt je stanoven dle kri-
térii RECIST. Toxicita je hodnocena dle
kritérif RTOG, stuperi GO-4.

Efekt dle zobrazovacich metod -
n (%)

PR/SD 42 (59,2 %)
PD 28 (39,4 %)
nehodnoceno 1(1,4%)

Klinicky efekt - n (%)

zlepseni/stabilizace 43 (60,6 %)

symptom
zhorseni symptoma 27 (38,0 %)
nehodnoceno 1(1,4 %)

Casna toxicita - n (%)

G1-2 31 (43,7 %)
G3-4 1(1,4%)
Pozdni toxicita - n (%)

G1-2 1(1,4 %)
G3-4 1(1,4 %)

RECIST — Response Evaluation Crite-
ria In Solid Tumors, RTOG - Radiation
Therapy Oncology Group, PD - pro-
grese nemoci, SD - stabilizace ne-
moci, PR - parcidlni odpovéd

8 tydnU od diagndézy [30], doporuceni
Ceské onkologické spole¢nosti Ceské
IékaFské spolecnosti J. E. Purkyné zatim
neni pro tuto problematiku stanoveno.

Kombinace Ié¢ebnych modalit i zdmér
Ié¢by jsou vysledkem rozhodnuti mul-
tidisciplinarnich tym0 v onkologii i pa-
liativni péci [1-3,22,26]. Pfi indikaci lé-
¢ebnych metod s paliativnim zamérem
hraje roli celd fada faktor( — aktudlni
stav pacienta, jeho motivace k 1é¢bg,
schopnost spoluprace, prognéza vyvoje
onemocnéni, o¢ekdvanda délka Zivota
pacienta a dalsi. Vzhledem k tomu, Ze je
RT u¢inna, efektivni a relativné snadno
proveditelnd metoda, je vyznamnou
soucasti paliativni péce v onkologii.

Na zakladé radiobiologickych principl
iempirickych zkuSenostije zndmo, ze vys3si
jednotliva davka mize obecné pfinést
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4 N
podpUrna terminalni péce podpora
Ié¢ba pozUstalych
protinddorova lé¢ba
(kurativni nebo paliativni)
zameér
lécby
casna
paliativni péce
diagnéza umrti
onemocnéni truchleni
> >
akutni chronické pokrocilé
_ J

Schéma 1. Integrace podptirné a paliativni pé¢e do komplexni onkologické Iécby. \/yznam protinddorové, podplirné a paliativni lécby se
v pribéhu onemocnéni ménf podle odpovedi na onkologickou lé¢bu a klinického stavu pacienta [29].

rychlejsi efekt, ale zaroven vyssi pravdé-
podobnost pozdnich NU. Nicméné podle
linedrné kvadratického modelu ma jedno-
razova RT v davce 8 Gy niZsi riziko pozdni
toxicity nez rezim 30 Gy v 10 frakcich
(ekvivalentni davka v Gy vztazena k nor-
mofrakcionaci o jednotlivé davce 2 Gy
EQD, (equivalent dose in 2 Gy fraction) se
pro pozdni toxicitu rovna 20 Gy pro jedno-
razové ozéarenia 37,5 Gy pro protrahovany
rezim), pfiCemz s jednorazovou RT je spo-
jena také nizsi akutni toxicita ve srovnani
s rezimem 30 Gy v 10 frakcich (EQD2 pro
akutni toxicitu odpovida 12,0 Gy pro jed-
norazové ozarenivs. 32,5 Gy pro protraho-
vané schéma) [1,6,31,32]. Podle lokalizace
metastatického postizeni s ohledem na
vztah k rizikovym organdm volime tedy
ozafovaci schéma tak, aby pfineslo rychly
efekt pfi nizké akutni toxicité a akceptova-
telném riziku pozdnich NU s pfihlédnutim
k o¢ekdvané délce zivota pacienta.

Pti uziti novych technologii v RT Ize
ozafovani Iépe cilit a dosahnout tak lep-
téZi rizikovych organt [30,33]. Tuto sku-
te¢nost potvrzuji i data naseho souboru
pacient(i ozafovanych pokrocilou radio-
terapeutickou technologii, kde je za-
stoupeni akutni i pozdni toxicity spise
nizsi nez v literarnich udajich. Pro palia-

tivni RT plic jsou data pro toxicitu v lite-
ratufe pomérné rozdilnd, zastoupeni to-
xicity G3-4 byva uvadéno ve 4-22 % [8],
v nasem souboru pacientl se toxicita
G3-4 rozvinula v 10 % pfipadd. Pfi RT na
oblast metastaz ve skeletu byla v hlav-
nich pracich akutni toxicita reportovana
v rozmezi 5-37 % pacient(l, pozdni to-
xicita v 1-11 % pfipadd [16]. V nasem
souboru pacientl ozafovanych na ob-
last metastdz ve skeletu doslo k rozvoji
akutni toxicity G1-2 v necelych 19 % pfi-
padu, G3-4 ve 4 % pripadl, pozdni toxi-
cita G1-2 byla zaznamenana ve 2 % pfi-
paddy, vaznéjsi pozdni toxicita G3-4 se
v souboru nevyskytla. Tato data ukazuji
na vyznamny pfinos pro kvalitu Zivota
pacient pfi uziti modernich technologii
pro RT s paliativnhim zdmérem.

U pacientd predlé¢enych systémovou
lé¢bou se mohou objevit vyrazné NU RT
i po nizkych déavkach zareni v disledku
vycerpanych rezerv kostni diené, sliznic
a dalsich tkani, coz potvrzuji i nase zku-
Senosti. K zajisténi dobré kvality Zivota
pacienta je nutna vcasna a dostatecné
intenzivni lé¢ba akutni toxicity RT [3,34].

Klinické studie potvrdily efektivitu
paliativni RT i u pacientd s velmi limi-
tovanou ocekdvanou délkou Zivota,
v téchto indikacich je doporucovano

jednorazové ozéareni s cilem minimali-
zace nepohodli a zachovani pravdépo-
dobnosti benefitu [35-37]. Vzhledem
k prokazané efektivité RT pro zmir-
néni symptomd pokrocilého onemoc-
néni neni rozpor v indikaci této l1écebné
metody ani u pacientl v hospicové
péci, ale provedeni RT zde byvé ¢asto
spojeno s organiza¢nimi i finan¢nimi
prekadzkami [36,38].

Karcinom plic

RT pfindsi benefit pacientdm s LC - na
podkladé mezinarodnich doporuceni
podlozenych daty z |écby ozafovanim
profituji vice nez tfi ¢tvrtiny pacientld
s touto diagnézou. V CR je viak indiko-
vano k RT primérné pouze 25 % (dle
kraji 15-40 %) pacientl s LC, coz je dano
vice ddvody - dlirazem na systémovou
[é¢bu, horsi dostupnosti RT v nékterych
regionech apod. [39]. Role RT je velmi
vyznamna zejména u pacientl s pokro-
Cilym postizenim v¢. metastazujiciho
onemocnéni [1,2,7,12,13,15]. V nasem
souboru pacientl s LC, ktefi byli indi-
kovani k RT s paliativnim zamérem na
oblast primarniho tumoru, pfinesla RT
velmi dobry efekt v ovlivnéni hrudnich
symptom(l u 76 % pacientd, ackoli zob-
razovaci odpovéd byla potvrzena u 66 %
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pacientd, pficiny této diskrepance jsou
zifejmé komplexni. Akutni i pozdni toxi-
cita byla akceptovatelna a dobfe zvlad-
nutelnd. Pfilozend kazuistika dokumen-
tuje dobry pfinos v lokdlni kontrole
i [é¢bé symptom u pacientky s pokro-
¢ilym onemocnénim.

Kazuistika ¢. 1 - Zena narozend 1949

U pacientky s ¢etnymi internimi komor-
biditami (ischemicka choroba srdecni,
fibrilace sini, stav po infarktu myokardu
s naslednou angioplastikou, ischemicka
choroba dolnich koncetin po angioplas-
tice, chronicka obstruk¢ni plicni nemoc),
ale celkové ve velmi dobrém klinickém
stavu, byl v dubnu 2016 (ve véku 67 let)
zjistén adenokarcinom pravé plice s po-
stizenim mediastindlnich uzlin v roz-
sahu od nadkli¢cku po paraezofagealni
podbrani¢ni uzlinu (T2N3M1). Pacientka
zahdjila paliativni CHT karboplatina
(CBDCA) + paclitaxel, absolvovala ¢tyfi
cykly do srpna 2016, poté viijnu 2016 na-
sledovala paliativni RT na oblast plicniho
tumoru vpravo a objemnych postize-
nych lymfatickych uzlin v davce 40 Gy
v 16 frakcich po 2,5 Gy (obr. 1). BEhem
[é¢by se citila vice unaveng, jiné obtize
neméla, po RT doslo k vymizeni obtézu-
jiciho kasle. Nadéle byla sledovana, ne-
doslo k rozvoji akutni ani pozdni toxicity
RT. V zaii 2017 (11 mésicl po 1é¢bé) se
na kontrolnim CT vy3etfeni zobrazil re-
laps onemocnéni vicecetné v pravé plici,
pacientka zahdjila CHT pemetrexed s vy-
bornou toleranci. Dle kontrolnich CT vy-
Setreni v lednu a dubnu 2018 pokraco-

vala regrese loZisek, pacientka zUstavala
nadale asymptomatickd, PS 0, pokraco-
vala v CHT.

Kostni metastazy

Problematika RT na oblast metastaz ve
skeletu je provéfena vice nez 100 lety
zkusenosti s aplikaci této l1é¢ebné mo-
dality, opodstatnénost uziti RT je v sou-
¢asné dobé podpofrena i celou fadou
dat [16,17]. Casto je diskutovana otazka
vhodného frakcionaé¢niho schématu
v této indikaci — metaanalyzy klinickych
studii potvrzuji ekvivalenci rdznych frak-
cionacnich schémat [16-18]. Jednora-
zové ozafeni poskytuje sice kratsi trvani
analgetického efektu, ale zaroven vétsi
komfort pro pacienta a pecujici osoby,
cozje vyhodné zejména u pacientd v cel-
kové zhorseném stavu a s kratsi o¢eka-
vanou délkou Zivota [16,18]. Delsi sché-
mata (10 frakci) i pfes mirné narocné;jsi
pribéh samotné |écby v¢. mozné vyssi
akutni toxicity [6] pfinaseji vyhodu dlou-
hodobéjsiho efektu a nizsi potieby reira-
diaci [17,33]. V nasem souboru pacientu
s delSimi ozafovacimi schématy (30 Gy
v 10 frakcich nebo 20 Gy v 5 frakcich)
doslo k ulevé od bolesti v 87,7 % pfi-
padd, pacienti indikovani k jednora-
zové RT udali zmirnéni bolesti jen ve
44,5 % pripadd (tab. 3). Tento vyrazny
rozdil je ztejmé dan malou velikosti sou-
boru i skute¢nosti, Ze ve skupiné indi-
kované k jednorazové RT byli pacienti
v celkové vyrazné zhorseném stavu
s pokrocilym, rychle progredujicim na-
dorovym onemocnénim a kratkou dél-

| X |

Obr. 1. Plan radioterapie na oblast plic v kazuistice €. 1. Pfedepsand davka 40 Gy/16 frakci. Ozafovaci méd TomoDirect, Sitka pole 2,5 cm.
Kontury: okrova — obrys téla, tmavé rlizova — srdce, modra — plice, béZova — jicen, hnéda — micha, svétle hnéda — micha s lemem 5 mm, Zluta
— gross target volume, lososova — clinical target volume, ¢ervend — planning target volume. Izoddzy: Cervend — 100-107 % predepsané davky,
oranzova — 95 % predepsané davky, tyrkysova — 50 % davky.

kou zivota po RT - vétSinou méné nez
2 mésice. Zastoupeni |é¢ebné odpovédi
v nasem souboru je srovnatelné s literar-
nimi Gdaji [16,17]. Péce o pacienty s kost-
nimi metastazami ma byt mezioborova
z dlvodu zajisténi optimalni péce - dle
symptomU nebo rizika jejich rozvoje je
zapojen klinicky onkolog, radia¢ni on-
kolog, algeziolog, paliatr, klinicky farma-
kolog, radiolog, chirurg a dalsi speciali-
zace [2,16,22,23,27]. PfiloZzend kazuistika
dokumentuje dlouhodobé uspokojivy
management symptom( u pacienta
s mnohocetnym postizenim skeletu diky
zapojeni mezioborového tymu.

Kazuistika ¢. 2 - muz narozeny 1968

V roce 2011 (ve véku 43 let) byl
u pacienta zjistén maligni melanom kdze
trupu, byla provedena excize (Breslow
1,2 mm) a mapovani sentinelové uzliny,
nadéle byl pacient sledovan. V srpnu
2016 (48 let) bylo diagnostikovano me-
tastatické postizeni jater, pacient zaha-
jil systémovou imunoterapii. V Gnoru
2017 bylo nové zjisténo metastatické
postizeni skeletu, pro objemnou me-
tastazu destruujici horni kréni Usek pa-
tefe byl nemocny indikovan k prove-
deni stabiliza¢niho neurochirurgického
vykonu. V prabéhu dalsich mésicd byl
pacient opakované indikovan k RT na
oblast symptomatickych metastaz ske-
letu — béhem 6 mésicl byl ozafen celkem
na 5 lokalit v oblasti patefe (v¢. stabili-
zovaného kréniho Useku), panve a kon-
Cetin. RT pfinasela opakované vyborny
efekt — do tydne po 1é¢bé bolesti vymi-
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Obr. 2. Plan radioterapie na oblast hrud-
niho obratle s moznosti nizsi davkové
zatéze jicnu. Pfedepsand davka 30 Gy/10
frakci. Ozafovaci mod TomoHelical, Sitka
pole 2,5 cm. Kontury: rZova — srdce, modra
— plice, bézova — jicen, hnéda — micha, cer-
vend - planning target volume. Izoddzy: cer-
vend - 95 % predepsané davky, tyrkysova —
50 % predepsané davky.

zely, analgetickou medikaci pacient ne-
potieboval, jeho celkovy stav byl velmi
dobry, PS 0, bez neurologického defi-
citu. Kontrolni vysetfeni v zafi 2017 zob-
razilo rozsédhlou progresi metastatického
postiZeni jater a skeletu, onkologicka te-
rapie byla ukonéena. Klinicky stav se po-
stupné zhorsoval - dochazelo k progresi
nadorové kachexie, bolesti skeletu vice-
cetné, zhorSovala se hybnost zejména
pro bolesti kycelniho kloubu na pod-
kladé rozsdhlé metastazy v oblasti aceta-
bula a mirné se horsila hybnost levé ruky
pfi zjisténé objemné metastaze v oblasti
pfechodu kréni a hrudni patefe. V Fijnu
2017 bylo proto provedeno jednorazové
ozafeni loziska cerviko-thorakalniho
pfechodu, nasledné doslo ke zlepseni
hybnosti levé ruky, pacient byl scho-
pen vykonavat bézné c¢innosti. Byl kon-
zultovan algeziolog, ktery proved| opa-
kované instilaci kortikoidd do kycelniho
kloubu s efektem. | pres dalsi postupné
zhor3ovani stavu hodnotil pacient kva-
litu svého Zivota celkem dobre, pobyval
v domacim prostredi.

Metastazy mékkych tkani

RT na oblast metastdz mékkych tkani
predstavuje oproti metastazam ve ske-
letu vice heterogenni skupinu, nicméné
ozafovanim zde Ize dosdhnout velmi
dobré lokalni kontroly i ovlivnéni symp-

tomd s minimem NU, coZ jsme si ovéfili
i na nasem souboru pacient(. Prilozena
kazuistika dokumentuje dobry efekt
RT na metastdzu v nepfiznivé lokalizaci
u pacientky s metastazujicim BC, kdy
doslo po RT k rozvoji vyrazné poradiacni
ezofagitidy ziejmé z ddvodu rozsahu
a lokalizace loziska pfi predlécenosti
systémovou terapii. | pres recidivujici
obtize v dUsledku poradia¢nich zmén
jicnu bylo diky intenzivni a komplexni
podpurné |écbé dosazeno dlouhodobé
dobrého klinického stavu a uspokojivé
kvality Zivota pacientky. U pacientd oza-
fovanych na objem v této lokalizaci s pa-
liativnim zdmérem se snaZzime o snizeni
radia¢ni zatéZe jicnu, pokud je to mozné
(obr. 2).

Kazuistika ¢. 3 - Zena narozend 1971

V roce 2004 (ve véku 33 let) byl u pa-
cientky zjistén BC T2NOMO, podstoupila
kurativni 1é¢bu - neoadjuvantni CHT,
parciadlni resekéni vykon, adjuvantni
RT, adnexektomii a hormondlni terapii.
V roce 2014 (43 let) byl zjistén metasta-
ticky proces v plicich, mediastindlnich
uzlindch a skeletu, pacientka zahdjila
paliativni systémovou terapii. V ¢ervnu
2015 zUstavala vétsina lozisek nadale sta-
bilizovan3, ale doslo k progresi mediasti-
ndlniho postizeni — loZisko pod bifurkaci
trachey s utlakem broncha a plicnich
zil. V srpnu 2015 pacientka podstou-
pila paliativni ozafeni loZiska v medias-
tinu - 30 Gy v 10 frakcich. Nékolik dn(i
po ukonceni RT doslo k rozvoji dysfa-
gie, gastroskopické (GSK) vysetfeni po-
tvrdilo mykotickou ezofagitidu v useku
po RT. Pacientka podstoupila nékolika-
tydenni |é¢bu antimykotiky a antibio-
tiky, pfechodné byla na pIné parente-
ralni vyzivé, ale v odstupu mésice po
RT jiz pfijimala tekutiny a mékéi stravu
bez omezeni. Kontrolni GSK 3,5 mésice
po RT potvrdila zhojeni jicnu, dle CT vy-
Setfeni 6 mésicl po RT doslo ke zmen-
Seni ozafeného loziska, ostatni ndlez byl
stabilni, stav pacientky byl nadale velmi
dobry, PS 0-1.V srpnu 2016 (12 mésict
po RT) doslo k recidivé dysfagie, GSK vy-
Setfenim byla zjisténa stendza jicnu, byla
provedena dilatace, ale polykani zGsta-
valo obtizné, proto byl do jicnu zaveden
stent, nasledné doslo ke zlepseni. Dle
zobrazovaci CT kontroly v zafi 2016 byla

potvrzena stabilizace dfive ozafovaného
loziska, ale progrese v jinych &astech
mediastina a v plicich. V fijnu 2016 doslo
k dalsi recidivé dysfagii, GSK vy3etienim
byla zjisténa dislokace stentu a stenéza
nad stentem, provedena dilatace s dob-
rym efektem. Celkova kondice pacientky
zUstavala dobra, PS 1.

Zavér

Paliativni RT pfinasi benefit pacientdim
s pokrocilym nebo metastatickym na-
dorovym onemocnénim a ma své pevné
misto v rdmci komplexni paliativni péce.
V nasem souboru poskytla tato me-
toda vybornou kontrolu symptomu
u pacientl s pokrocilym nadorovym one-
mocnénim, toxicita é¢by byla minimalni
a dobfe zvladnutelna. Pro dosazeni opti-
malniho managementu symptom po-
krocilého onemocnéni je vhodné rozho-
dovéni v rdmci mezioborového tymu za
Ucasti klinického onkologa, radia¢niho
onkologa, paliatra, algeziologa, klinic-
kého farmakologa, radiologa, chirurga
a dalsich specializaci. Do budoucna je
vyzvou hledani prognostickych model
pro odhad ocekdavané délky Zivota a je-
jich za¢lenéni do klinické praxe tak, aby
indikace 1é¢ebnych modalit u pacientt
s pokrocilym onkologickym onemoc-
nénim a také v zavéru zivota probihala
na podkladé principl ,evidence-based”
mediciny.
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CASE REPORT

Diagnostic Challenges and Extraordinary
Treatment Response in Rare Malignant PEComa

Tumor of the Kidney
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Summary

Background: Epithelioid angiomyolipoma (EAML) of the kidney, in contrast to classic benign
renal angiomyolipoma, is a rare mesenchymal neoplasm with malignant potential. Represent-
ing a member of the perivascular epithelioid cells (PEComa) tumor family arising from the peri-
vascular epithelioid cells, its accurate diagnosis and therapeutic approach remains challenging.
Methods: We report a case of a patient with malignant EAML, initially treated as renal cell carci-
noma (RCC) at our institution. In this paper, we briefly summarize current status of clinical and
histopathological knowledge of renal PEComas with metastatic potential and reconsider the
diagnostic and therapeutic approach in this particular case to highlight the risk of misdiagnosis,
malignant potential of renal PEComas and to demonstrate an unexpected treatment response.
Results: The patient in our case was diagnosed with chromophobe RCC with sarcomatoid fea-
tures. She underwent a radical nephrectomy and epinephrectomy with a satisfactory postope-
rative history. Local recurrence urged chemotherapy commencement with sunitinib in the first
line, and shortly afterwards, the patient was enrolled in a clinical trial with everolimus, with an
extraordinary favorable treatment response for 30 months. Following the extirpation of single
abdominal nodularity after 36 months of treatment with mTOR inhibitor, and proceeding the
everolimus administration, the disease slowly progressed to the right liver lobe, resulting in
right hemihepatectomy in another 24 months. The immunoprofile of liver metastases with posi-
tive staining of melanoma markers and smooth muscle markers induced the revaluation of the
primary tumor and abdominal nodularity specimen to an invasive EAML of the kidney. Further
disease progression was unavoidable despite several chemotherapy regimens, and the patient
died 104 months after primary diagnosis. Conclusions: Renal tumors with adverse radiographic
and histopathological features should become candidates for immunohistochemical staining as
its omission frequently leads to a misdiagnosis, as showed in our case report. Atypical treatment
response might suggest a possibility of a diagnostic mistake and should lead to reevaluation of
the diagnostic and treatment process in the particular patient.
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renal PEComa - epithelioid angiomyolipoma - diagnosis — everolimus
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DIAGNOSTIC CHALLENGES AND EXTRAORDINARY TREATMENT RESPONSE IN RARE MALIGNANT PECOMA TUMOR

Sahrn

Vychodiska: Epiteloidny angiomyolipém (EAML) obli¢ky na rozdiel od benigneho renalneho angiomyolipému predstavuje zriedkavy nador me-
zenchymalneho pévodu, ktory disponuje malignym potencidlom. Patri do skupiny PEComov - tumorov vyvstavajlcich z perivaskularnych epi-
teloidnych buniek. Jeho diagnostika a terapeuticky pristup zostavaju vyzvou. Metddy: Autori prezentuju pacienta s malignym EAML, ktory bol
inicidlne lieceny ako renal cell karcindm (RCC). Az neobvykla terapeuticka odpoved vyustila k prehodnoteniu primarnej diagnézy. V prispevku je
stru¢ne sumarizovany sucasny stav klinickych a histopatologickych poznatkov o renalnych PEComoch s dérazom na ich metastaticky potencial
a riziko diagnostického pochybenia. Pripad: Pacient s pévodnou diagnézou chromofébneho RCC so sarkomatoidnymi ¢rtami podstupil radikalnu
nefrektomiu a epinefrektémiu. Lokalna rekurencia ochorenia podnietila zahajenie prvej linie liecby sunitinibom a nasledné zaradenie pacienta
do klinického skusania s mTOR inhibitorom s neobvykle priaznivou odpovedou v trvani 30 mesiacov. Pomala progresia ochorenia si vyziadala
extirpaciu solitdrneho abdominalneho loziska 36 mesiacov po zahajeni liecby everolimom a napokon i pravostrannt hemihepatektémiu o dalsich
24 mesiacov. Imunoprofil pecenovych metastaz s pozitivitou melandmovych a hladkosvalovych markerov vyustil v rekvalifikaciu primarneho
nalezu a metastatickych loZisk na invazivny EAML obli¢ky. Dal3ia progresia ochorenia bola napriek viacerym liniam systémovej lie¢by neodvratna
a pacient 104 mesiacov po Uvodnom stanoveni diagnézy chorobe podlahol. Zdver: Bertc do Uvahy zriedkavost a maligny potencidl PEComov
obliciek, renalne nadory s nepriaznivymi radiografickymi a histopatologickymi ¢rtami sa stavaju kandidatom na imunohistochemické vysetrenie.
Neobvykla odpoved na lie¢bu upozornuje na riziko diagnostického omylu a mala by viest k prehodnoteniu diagnosticko-liecebného procesu

u konkrétneho pacienta.

Klucové slova

PECom oblicky - epitelioidny angiomyolipém - diagnostika — everolimus

Introduction

Epithelioid angiomyolipoma (EAML) of
the kidney is a rarely diagnosed mesen-
chymal neoplasm with malignant po-
tential, and it occurs sporadically or in
association with tuberous sclerosis com-
plex syndrome [1]. Renal angiomyolipo-
mas (RAML) are considered a part of peri-
vascular epithelioid cells (PEComa) tumor
family, originating from perivascular epi-
thelioid cells (which have no recognized
non-malignant counterpart) [2]. These
infrequent tumours are diagnosed pre-
dominantly in females and arise from
gastrointestinal, urinary tract, retroperi-
toneum, female reproductive organs, ab-
domino-pelvic sites and skin. RAML and

Fig. 1. Epithelioid angiomyolipoma of the kidney.

pulmonary lymphangioleiomyomato-
sis represent 2 major findings within the
PEComa group [3].

Diagnosis of the epithelioid RAML
remains challenging based upon its ra-
diographic appearance and clinical pre-
sentation. Renal EAML may easily be mis-
diagnosed as renal cell carcinoma (RCC),
renal sarcoma or medullary carcinoma.
There is a strong evidence, supporting
the key role of immunohistochemical
evaluation in accurate diagnosis -
PEComas typically stain for melanocyte
(HMB45, Melan-A, MITF) and muscle
cells markers (smooth muscle actin,
myosin, calponin) and are negative for
cytokeratins [4,5,6]. While most of the

e

angiomyolipoma PEComas have be-
nign nature, according to the literature,
approximately 30% of all cases poten-
tially develop into invasive renal EAMLs,
characterized by aggressive growth
and high risk of metastatic spread, re-
sulting in poor prognosis. Current
treatment approach for invasive EAML
includes radical surgical procedure
and mTOR signaling pathway targeted
systemic therapy; however, optimal
treatment strategy has not been estab-
lished yet [7]. Herein, we present a case of
patient with EAML of the kidney, initially
diagnosed as RCC until dissemination,
and treated with everolimus with
unexpected positive response.

The histological image was characterized by epithelioid morphology of tumor cells, with enlarged atypical nuclei and prominent nucleoli.

HE, 200 (A), 400 (B).
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Fig. 2. Immunohistochemical profile of the tumor.
Tumor cells were negative for cytokeratins AE1/3 (A) and CD10 (B), focally positive for vimentin (C), and showed typical cytoplasmic positi-
vity for Melan A (D) and HMB45 (E). The cells showed also cytoplasmic MyoD1 (F) positivity reported in these tumors [15]. IHC-Px-DAB, 400.

Clinical case details

We present a case of 28-year-old Cau-
casian female with recently diagnosed
ulcerative colitis. The suspicion for an
expansive process of the right abdomen
was expressed by the gastroenterologist
as an external oppression of ascend-
ing colon and D3 (horizontal portion)
duodenum was observed during the

endoscopic examinations. CT and MRI
scans revealed a multilocular capsulated
tumor mass 11 X 15 x 14cm (anterior-
posterior dimension — AP X laterolateral
dimension - LL x craniocaudal dimen-
sion - CC), encircling the right kidney,
richly vascularized, with necrotic parts
and intratumoral hemorrhages. The
tumor was in close contact with segment

DIAGNOSTIC CHALLENGES AND EXTRAORDINARY TREATMENT RESPONSE IN RARE MALIGNANT PECOMA TUMOR

6 of the liver, with no signs of infiltration,
no lymph nodes or distant sites were
affected. The patient underwent a right
radical nephrectomy and epinephrec-
tomy, and the pathological examination
revealed chromophobe RCC with sarco-
matous features, nuclear grade 4. Fol-
lowing surgery, the patient had been
closely monitored and disease-free for

Klin Onkol 2018; 31(6): 448-452
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15 months. Based on a CT-evidenced
intra-abdominal recurrence, initial
6-month-period of treatment with suni-
tinib (50 mg/day, 4 weeks on, 2 weeks
off) had been commenced. Because
of an early disease progression, she
was enrolled into a clinical trial with
everolimus foradvanced RCC.The disease
was stable for 36 months. Subsequently,
she required a surgical extirpation of
a single progressing omental metastasis.
She continued everolimus therapy for
another 24 months, when the disease
gradually spread to the right liver
lobe, segment 6 and 7, and resulted
in right hemihepatectomy. The tissue
was microscopically evaluated as
malignant melanoma, and the cells were
immunohistochemically characterized -
CD10-, CK20-, RCC-, Hepatocyte-, TTF1-,
S100+, Vimentin+, HMB45+, Melan
A+, Ki67 30%. Regarding the unusual
clinical behavior, treatment response
to mTOR inhibitor and inconsistent
histopathologic results, biopsies from
primary tumor, abdominal nodule and
liver metastases were redefined to me-
tastasizing epithelioid RAML (Fig. 1, 2).
The patient proceeded in treatment
with everolimus for another 3 months;
however, she experienced a severe dis-
ease dissemination to the lungs with
pleural effusion as well as to the liver
and intraabdominally. Subsequently,
several lines of systemic therapy (5-fluro-
uracil/calcium leucovorine, gemcitabine,
paclitaxel + carboplatin, vinorelbine)
were administered without treatment
response and the patient died 104 months
after diagnosis.

Discussion

Perivascular epithelioid cell line was
firstly described by Apitz in 1943, and it
was designated as an abnormal myoblast
in RAML [8]. In 2010, the World Health
Organization introduced the definition
of the PEComas as mesenchymal tu-
mors composed of histologically and
immunohistochemically distinctive pe-
rivascular epithelioid cells [9].

Two major findings of the PEComa
family are RAML and pulmonary lymph-
angioleiomyomatosis. The first mentio-
ned represents a rare soft tissue tumor
and may demonstrate malignant poten-

tial. It occurs sporadically (50-70%
of all cases) or it is associated with
genetic alterations of tuberous sclerosis
complex, an autosomal dominant
congenital disease caused by the loss
of heterozygosity in the TSCT region
(9934) or TSC2 region (16p) [1,10,11].
It has been recognized that tuberous
sclerosis complex genes are involved in
mTOR signaling pathway [10]. During
the last 2 decades, more than 160 cases
of angiomyolipoma PEComas have been
published worldwide [6], identifying
3 major challenges of their management:
diagnostic accuracy, necessity of risk
stratification and determination of
treatment strategies. Diagnostic process
of EAML PEComa remains challenging.
Given the histological evaluation, it may
easily be confounded with RCC, renal
sarcoma or melanoma [2,4]. The crucial
role of immunohistochemistry in the
differential diagnosis of renal EAML
has been proven by numerous sources,
including our clinical case, and should be
considered especially in the presence of
adversefeatures.Basedonevidenceddata,
malignant PEComas should be considered
in the differential diagnosis of large,
well-circumscribed renal tumors with
intratumoral hemorrhages and necrotic
areas, predominantly if coagulative tumor
necrosis, nuclear atypia and atypical
mitosis are seen histologically [12,13].
The positivity of smooth muscle markers
and melanoma markers are typical in
most of renal PEComas. Moreover, current
relevant data illustrate the need of EAMLs
malignant potential assessment. EAMLs
are extremely rare and account for
approximately 5% of surgically removed
angiomyolipomas [7]. The metastatic
spread is observed among 20-30%
of patients, and most frequently af-
fected sites are liver, lungs and perito-
neum [11,14]. The criteria for malignant
potential of EAML have not been
established yet. Therapeutic approach
includes radical surgical procedure;
regarding systemic treatment, mTOR
inhibitors administration has shown
promising results. Despite of primarily
inaccurate diagnosis, the patient in this
report benefited from mTOR inhibitor
treatment and exhibited an extraordinary
favorable response.

Conclusion

The tumors belonging to the PEComa
family are not seen frequently, and their
diagnosticandtherapeuticmanagement
could be challenging. By reporting
our clinical case, we point at increas-
ing awareness about the possibility of
PEComa occurrence and misdiagno-
sis, and emphasize the role of immuno-
histochemical examination in EAML.
Secondly and equally important, we
encourage the specialists to keep close
attention to the clinical course of the
disease, and in case of extraordinary
treatment response, reconsider the pri-
mary finding and approach. Clinical
evidence regarding renal EAML is emer-
ging. Nevertheless, further investiga-
tion is needed to proceed in optimi-
zation of the medical care standards
for patients with rare PEComas of the
kidney.
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KAZUISTIKA

Nediferencovany karcindm pankreasu —

kazuistika

Undifferentiated Carcinoma of the Pancreas — a Case Report
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>Ustav normélnej a patologickej fyziolégie, Slovenska akadémia vied, Bratislava

Sudhrn

Vychodiskd: Nediferencovany karcindm pankreasu (pancreatic cancer — PC) je zriedkavo sa
vyskytujuci podtyp maligneho PC, v minulosti pre svoj morfologicky vzhlad povazovany za
sarkom pankreasu. Zahfiia tri histomorfologické varianty: anaplasticky, sarkomatoidny, karci-
nosarkdm a samostatnu skupinu nediferencovaného karcindmu s osteoklastom podobnymi
obrovskymi bunkami. Od duktalneho adenokarcinému pankreasu sa odliduje agresivnejsim
spravanim, odliSnou predilekénou lokalizadciou nddorového procesu a metastatického $irenia,
vacsimi rozmermi a rozdielnou primarnou symptomatolégiou. Pripad: Tento ¢lanok prezentuje
kazuistiku pacientky liecenej na Narodnom onkologickom Ustave v Bratislave s diagnézou ne-
diferencovaného PC s opisom klinickych, radiologickych a histomorfologickych charakteristik
ochorenia ako aj diagnostického a liecebného postupu. Podéva tiez stru¢ny prehlad doteraz
opisovanych udajov o tomto ochoreni v literature. Vysledky: Nediferencovany PC u nami pre-
zentovaného pripadu pacientky bol zachyteny v lokdlne pokrocilom inoperabilnom 3$tadiu
ochorenia. Aj napriek podavanej chemoterapeutickej liecbe: gemcitabin, cisplatina v 1. linii
a FOLFIRINOX v 2. linii, nedoslo k dosiahnutiu odpovede, naopak pozorujeme progredujice
ochorenie s postupnym zhorSovanim klinického stavu. Celkové prezivanie bolo u pacientky
4,5 mesiaca od stanovenia diagnézy. Zdver: Jedina adekvatna liecba tohto vysokomaligneho
podtypu PC je pravdepodobne chirurgické odstranenie ,en bloc” resekciou, podmienené vcas-
nym zdchytom ochorenia. Doposial nie si zndme moznosti lie¢by chemoterapiou a radiotera-
piou. Z opisovanych pripadov v literatire dominuje agresivne spravanie, zla prognéza a che-
morefratkérnost tohto podtypu karcindmu.
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karcindm pankreasu — prognéza — chemoterapia
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Summary

Background: Undifferentiated carcinoma of pancreas (pancreatic cancer — PC) is a rare subtype of malignant PC. It was thought to be a sarcoma of
the pancreas due to its typical morphological pattern. There are three histomorphological variants: anaplastic, sarcomatoid, and carcinosarcoma.
There is also a separate category: undifferentiated pancreatic carcinoma with osteoclast-like giant cells. In contrast to ductal adenocarcinoma of
the pancreas, undifferentiated carcinoma of pancreas is characterized by more aggressive behavior, other predilection localization of tumor and
different predilection for localization of tumor and metastasis, a larger primary tumor, and different symptomatology at the time of diagnosis.
Case: We present the case of a patient who was diagnosed with undifferentiated PC and was treated at the National Cancer Institute in Bratislava.
We provide information about the clinical, radiological, and histomorphological characteristics of the disease, along with the diagnostic and
therapeutic approach and a brief review of the literature. Results: The patient was diagnosed with inoperable locally advanced disease and was
treated with first line chemotherapy comprising gemcitabine and cisplatin, followed by second line treatment with FOLFIRINOX. No response
was achieved; on the contrary, we observed progression of the disease and deterioration in the patient’s condition. Overall survival was 4.5 mon-
ths from the time of diagnosis. Conclusion: The only appropriate therapeutic approach to this highly malignant disease is most likely “en-bloc”
resection, which is possible only at the early stage of the disease. At present, no curative chemotherapy or radiotherapy regimen exists. The do-
minant features of undifferentiated PC described in the literature are aggressive behavior, an unfavorable prognosis, and chemo-refractoriness.

Key words
pancreatic cancer - prognosis — chemotherapy

Uvod

V celosvetovom rebricku vyskytu kar-
cindbmu pankreasu (pancreatic cancer —
PC) zastava Slovensko 8. miesto [1]. Menej
Casty je nediferencovany PC (8020/3).
Podla klasifikdcie WHO z roku 2010 ide
o $irsiu skupinu nadorov, ktora zahfna tri
histomorfologické varianty: anaplasticky,
sarkomatoidny a karcinosarkém. WHO sa-
mostatne v rdmci tejto skupiny odliSuje aj
nediferencovany obrovskobunkovy kar-
ciném, nazyvany aj nediferencovany kar-
cindm s osteoklastom podobnymi ob-
rovskymi bunkami (8053/3) [2]. Tieto
podskupiny sa odlisuju cytologickymi, en-
doskopickymi a klinickymi vlastnostami,
z ktorych ma agresivnejsie spravanie ne-
diferencovany karciném bez pritomnosti
obrovskych buniek [3]. V tejto kauzistike
referujeme typicky priebeh ochorenia
u pacienta s nediferencovanym PC.

Kazuistika

Pacientka vo veku 53 rokov so 6-ro¢nou
anamnézou ulcerdznej kolitidy a s 2-me-
sa¢nou anamnézou zhorSovania stavu
v zmysle slabosti a chudnutia bola vy-
Setrena cestou gastroenteroldga vo fe-
bruari 2017. Pacientka udavala tupé bo-
lesti v krizovej oblasti vyskytujice sa
najma v noci, dyspepsiu bez inych pa-
sdzovych tazkosti. Objektivne bola zis-
tena bolestiva rezistencia v pravom epi-
gastriu, v laboratérnych vysetreniach
pritomné hrani¢ne elevované amylazy,
lipdzy a vysokd hladina onkomarkera
Ca19-9 (84,5 U/ml).V rodinnej anamnéze
uddvala umrtie matky na PC.

Diagnostika
Primarne vysetrenie u gastroenteroléga
vzbudilo podozrenie na onkologické

ochorenie a spustilo rychly diagnosticky
proces. Gastrofibroskopické vysetrenie
nepreukazalo patologicky nélez, avsak na
ultrasonografii brucha bol zachyteny PC,
preto bola pacientka odoslana na vyse-
trenie vypocetni tomografiou (computed
tomography - CT), kde uz rozsah ocho-
renia nasvedcoval pokrocilému onko-
logickému procesu. Okrem tumoru tela
pankreasu s centralnou nekrézou o vel-
kosti 46 x 62mm bola pritomnad aj infil-
tracia okolia truncus coeliacus a arteria
mesenterialis superior, dilatdcia ductus
pancreaticus a bo¢nych vyvodov bez pri-
tomnosti vzdialenych metastaz a postih-
nutia lymfatickych uzlin (obr. 1B). Dalsi
diagnosticky a lie¢ebny postup bol pre-
hodnoteny multidisciplindrne, kde vzhla-
dom na rozsiahlu infiltraciu cievnych
Struktur bol stav uzatvoreny ako inope-
rabilny. Pacientka preto absolvovala his-

Obr. 1A. Vstupné CT vysetrenie zobrazujuce lokélne pokrocily
tumor tela pankreasu (46,1 mm x 61,6 mm).

(Obr. 1A bol prepozi¢any z pracoviska Alfamedia s.r.o., Trencin.)

Obr. 1B. Kontrolné CT vysetrenie po tretom cykle liecby 1. linie
s nalezom progredujiceho ochorenia (60,96 mm X 79,13 mm).
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tologizaciu cestou core cut biopsie pod
ultrasonografickou kontrolou. Mikrosko-
picky boli v bioptickej vzorke pritomné
fragmenty tukového tkaniva s nekrézou
a infiltrdty pleomorfného charakteru az
so sarkomatoidnymi ¢rtami. Imunopro-
fil AE1/3+, CK7+, CK20 fokalne lahko +,
VIM+, CEA-, CK19+ so zaverom infiltracie
tkaniva nediferencovanym karcinémom
z oblasti pankreasu (obr. 2). Definitivna
diagndza bola ur¢end ako nediferenco-
vany karciném tela pankreasu sarkoma-
toidny, $tadium T4ANOMO.

Terapia

U pacientky bola v marci 2017 zaha-
jena liecba 1. linie gemcitabin v davke
1 000mg/m? D1, 8, 15 a cisplatina
v davke 50mg/m? D1, 15, podavané kaz-
dych 28 dni, v redukcii chemoterapeutik
v Uvode lie¢by pre znizeny celkovy stav
pacienta (performance status — PS) s Kar-
nofskeho skére 70 %, kde bol zohladneny
najma znizeny nutri¢ny stav pacientky,
hepatopatia cholestatického typu. Pa-
cientka dostala celkovo tri cykly do juna
2017 komplikované hematologickou to-
xicitou (@anémia stredne tazkého stupna
a trombocytopénia fahkého stupna).
Preto bola nutnd dalsia redukcia gemcita-
binu a vyskytla sa aj gastrointestinalna to-
xicita (nauzea a nechutenstvo stupné 2).
Spominana toxicita bola lie¢end substi-
tlciou erymasami v celkovom pocte 4x
a potencovanim antiemetickej lie¢by
s dobrym efektom. Relativna davkova
intenzita gemcitabinu pocas troch cyk-
lov bola 52,4 %, cisplatiny 71,4 % a cel-
kova relativna davkova intenzita chemo-
terapie 62 %. Od zahdjenia chemoterapie
progredoval abdominalny algicky syn-
drém s maximom v epigastriu, s padsovym
Sirenim pod rebrové obluky a do chrbta.
Preto bolo potrebné navy3ovanie anal-
getickej liecby postupne na slabé opidty.
Po troch cykloch bolo realizované kon-
trolné CT vy3etrenie, ktoré preukazalo
progresiu ochorenia s metastadzovanim
do inych organov (obr. 1B). PC sa zvac-
il na 61 x 79mm, pribudli mnohopo-
Cetné loziska charakteru metastéz v pe-
Ceni, cystickad formécia v favom ovdriu
suspektne pri zakladnom ochoreni, pri-
budol ascites a karcinomatéza. Pacientka
bola nasledne hospitalizovana za ucelom
podania 2. linie lie¢by a pokus o zvra-

Obr. 2. Histologicky obraz nediferencovaného karcindmu pankreasu u pacientky.
Pozorujeme pleomorfné bunky s atypickymi ¢rtami, hyperchromnymi jadrami (Sipka)
s pritomnostou bizarnych obrovskych buniek s eozinofilnou cytoplazmou, s vretenobun-
kovymi az sarkomatoidnymi ¢rtami.

Obr. 2A. Farbenie hematoxylinom - eozinom.

Obr. 2B. Pozitivita vimentinu v nadorovych bunkach imunohistochemicky.

Obr. 2C. Pozitivita zmesi cytokeratinov AE1/AE3 v nddorovych bunkach imunohisto-
chemicky, 200x.
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Graf 1.Vyvoj onkomarkera Ca 19-9 v obdobi od diagnostiky ochorenia az po umrtie pre

progresiu ochorenia.

Pocas prvych troch cyklov 1. linie lie¢by (gemcitabin, cisplatina) vidime prechodny pokles
onkomarkera, pred CT kontrolou vsak opétovny vzostup, ktory koreluje s CT nalezom pro-
gredujuceho ochorenia. Po podani prvého cyklu FOLFIRI (folinic acid, fluorouracil, irinote-
can) v liecbe 2. linie sme nezaznamenali ziadnu laboratérnu odpoved.

tenie progredujiceho ochorenia. Po-
dany bol prvy cyklus podla schémy FOL-
FIRI (irinotecan 180 mg/m? D1, levofolic
200 mg/m? D1, 5-fluorouracil 400 mg/m’
bolusovéd davka D1, 5-fluorouracil
1 200mg/m? kontinuélne D1,2) v reduk-
cii cytostatik na 50 % s ohladom na cel-
kovy zhorseny PS s Karnofskeho skére
40 %. Dominantnymi tazkostami boli sla-
bost, nechutenstvo, progredujuce bolesti
brucha, opuchy dolnych kon¢atin, labo-
ratérna progresia hepatopatie a anémie.
Pacientka absolvovala lie¢bu bez zndmok
akutnej toxicity, avsak v termine druhého
cyklu doslo k fulminantému zhor3eniu
PS — prehibeniu slabosti, nutnosti opa-
kovanej punkcie ascitu, rozvoju opucho-
vého stavu a hepatdlnemu zlyhavaniu.
Progresii ochorenia nasvedcoval aj vzo-
stup onkomarkera Ca19-9 (graf 1). U pa-
cientky sa stav nepodarilo zvratit a dia
14.7.2017 bol konstatovany exitus letalis
pri medicinsky neovplyvnitelnom refrak-
térnom ochoreni s celkovym prezivanim
4,5 mesiaca od stanovenia diagndzy.

Diskusia

Nediferencovany PC (bez osteoklast-
-like buniek) bol prvykrat vymedzeny
ako histopatologickd jednotka dok-
tormi Meissnerom a Sommersom v roku
1954 [4]. Vtedy bol ¢asto nazyvany ako
sarkdm pankreasu ¢i pleomorfny PC,
pravdepodobne pre typicky sarkdmu
podobny mikroskopicky nélez a rychly
rast. Nador je charakterizovany zmiesa-

nou réznorodou bunkovou populdciou.
Tvoria ho réznotvaré bunky s anaplas-
tickymi ¢rtami — hyperchrémnymi ne-
pravidelnymi jadrami s prominujucimi
jadierkami, hojnou eozinofilnou cyto-
plazmou a niekedy aj inkliziami v cy-
toplazme (obr. 2). Histogenéza jednot-
livych podtypov nediferencovaného
karcindmu je kontroverznd, v minulosti
sa niektori autori priklanali tak k mezen-
chymalnemu [5], ako aj k epitelidlnemu
povodu [6].V stcasnosti sa predpoklada,
ze pleomorfné nadorové bunky predsta-
vuju vlastnu nadorovu populdciu epite-
lového povodu, kym osteoklastom po-
dobné bunky su reakciou organizmu
na nadorovu proliferaciu [7,8]. Typicka
vlastnost nediferencovaného PC je hor-
Sia prognoéza ochorenia a jeho invaziv-
nejsi potencidl oproti inym podtypom
PC, pravdepodobne pre vyssi vyskyt pro-
lifera¢nych markerov, vyssi stuper aneu-
ploidnych a diploidnych populacii [9].
Incidencia je najvyssia u starsich [udi
v 6. a 7. dekade Zivota, s medianom
65-67 rokov so 4-6x castejsim vysky-
tom u muzov. Na rozdiel od bezného ade-
lokalizovany v hlave pankreasu, najdeme
nediferencovany karcindom castejsie v tele
a chvoste a tumor dosahuje vacsie roz-
mery (v priemere 9-10cm). Typicky je
hematogénny rozsev metastaz v porov-
nani s beznym adenokarcinémom pan-
kreasu so Sirenim najma do pecene, plic,
obli¢iek, nadobliciek, kosti, peritonea

a priame prerastanie do Zaludka, creva. Vy-
skytuje sa tiez postihnutie peripankreatic-
kych a mezenterickych, dokonca u 2/3 pa-
cientov aj supradiafragmatickych uzlin.
Najcastejsie opisované symptomy v lite-
rature su bolesti epigastria a chrbta, chud-
nutie, dyspeptické tazkosti, ¢o mozno pri-
pisat vyskytu tumoru vacsich rozmerov
v tele a chvoste pankreasu. Zltacka nie
je typicky prvy priznak ochorenia. Me-
didn prezivania od zaciatku symptomov je
3 mesiace [10,11].

Zaver

Nami prezentovany pripad pacientky
poukazuje na agresivne spravanie a che-
morefrakteritu tohto raritného podtypu
PC, ¢o je suhlasné aj s doposial opisanymi
kazuistikami v literature [3,10,11]. Typicky
je rozvoj symptémov az pri pokrocilom
ochoreni, kde ¢asto aj napriek promptnej
diagnostike nie je mozna kauzalna chirur-
gicka liecba; dalej refraktérnost ochorenia
na Standardne podavané chemoterapeu-
tika a jeho vysoky metastaticky potencial.
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Nemalobunécny karcinom plic s expresi
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Souhrn

Vychodiska: Estrogeny jsou steroidni hormony, které za normalnich okolnosti ovliviuji fadu
fyziologickych funkci v bunkéch, zndma je jejich nezastupitelna uloha v reprodukénim sytému.
Jejich Ucinek je dan vazbou na estrogenové receptory (ER). U ER jsou rozeznavany dva hlavni
subtypy - ERa a ERB. Exprese ER jsou exprimovany nejen v bunkach organl reprodukcnich
systému. Znama je jejich exprese i v burikach kosti, mozku, ve strevé, v endotelu, v ledvinach,
v plicich a dalSich tkénich. Pfitomnost ER v burikach karcinomu plic (lung cancer - LC) byla po-
prvé popsana pocatkem 80. let 20. stoleti. V odborné literature jsou popsany také koincidence
exprese ERB s aktiva¢ni mutaci epidermalniho ristového faktoru, zvazovan je i aditivni anti-
prolifera¢ni efekt antiestrogen( a inhibitor( tyrozinkinaz v 1é¢bé adenokarcinomu plic. Koin-
cidence exprese ER a translokace ALK v dostupné literatuie doposud popsana nebyla. CtyFleté
preziti u generalizovaného nemalobunécného karcinomu plic ukazuje na literarné diskuto-
vanou moznost, Zze oba molekuldrni znaky (exprese ER a ALK pozitivita) mohou byt pfiznivym
prognostickym biomarkerem u tohoto nadoru. Pripad: Je popsan pripad 69leté nemocné s ge-
neralizovanym adenokarcinomem plic, u néhoz byla prokazana pozitivita ER a fuzniho genu
ALK-EML4. Nador byl zjistén ve stadiu IV a dodate¢nym vysetienim bylo spolehlivé vylouceno
maligni onemocnéni gynekologické oblasti. Nemocna byla |é¢ena chemoterapii a tyrozinkina-
zovym inhibitorem ALK. Zdvér: Uloha jednotlivych podtypt ER v kancerogenezi LC a v moznos-
tech jejiho [é¢ebného ovlivnéni neni jednoznacné stanovena. Jedna se o prvni popsany pfipad
koincidence ALK-EML4 a ER u LC.

Klicova slova
nemalobunécény karcinom plic — estrogenové receptory — ALK translokace — prognéza - l1é¢ba
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Summary

Background: Estrogens are steroid hormones that affect a number of physiological functions in cells; these compounds play an irreplaceable
role in the reproductive system. Their effects are mediated by the estrogen receptor (ER), of which there are two subtypes — ERa and ER. ERs are
expressed in regions outside the reproductive system, including bone, brain, intestine, endothelium, kidney, and lung. Expression of ER by lung
cancer (LC) cells was first described in the early 1980s. The experimental literature also describes co-expression of ERB and an epidermal growth
factor activating mutation, and the additive antiproliferative effects of anti-estrogens plus tyrosine kinase inhibitors during treatment of lung
adenocarcinoma. However, coincident expression of ER and ALK translocation were not decribed. The 4-year survival for generalized non-small
cell lung cancer indicates the possibility that both molecular features (ER and ALK positivity) may be a favorable prognostic biomarker for this
tumor. Case: A 69-year-old patient presented with generalized lung adenocarcinoma that was positive for ERb and the ALK-EML4 fusion gene.
The tumor was stage IV. Additional examinations excluded malignancy of the gynecological area. The patient was treated with chemotherapy
and a tyrosine kinase ALK inhibitor. Conclusion: The role of individual ER subtypes in LC carcinogenesis, and the possible therapeutic effects, is

unclear. This is the first documented case of co-occurrence of ALK-EML4 and ERB in LC.

Key words

non-small cell lung cancer - estrogen receptors — ALK translocation — prognosis — treatment

Uvod

Nemalobunécny karcinom plic (non small
cell lung cancer — NSCLC) z{istava nado-
rem s velmi Spatnou prognézou, nicméné
se vyclenuji jeho podtypy s biologickymi
charakteristikami, které mohou sméfo-
vat k uspésné cilené |écbé. Estrogeny
jsou steroidni hormony, které za normal-
nich okolnosti ovliviuji fadu fyziologic-
kych funkci v burikach reprodukéniho sys-

Obr. 1. PET/CT zobrazeni mnohocetného
postizeni Zaludku, pankreatu a skeletu.

tému, ale mohou ovlivnit i kancerogenezi.
Jejich ucinek je dan vazbou na estroge-
nové receptory (ER), u nichz jsou rozezna-
vany 2 hlavni subtypy - ERa a ERB. Ex-
prese ER byla nalezena i v burikach kosti,
mozku, stieva, ledvin, v endotelu a dalSich
tkanich. Exprese ER v plicich byla poprvé
popséana v roce 1982 [11.V roce 1985 bylo
poukézdno na expresi ER ve zdravé i na-
dorové tkéni a byla vyslovena hypotéza,
Ze karcinom plic (lung cancer - LC) je
hormon-dependentni tumor, coz vedlo
k Uvaze o moznosti jeho terapeutického
ovlivnéni antiestrogeny [2]. Fuzni gen
ALK-EML4 byl poprvé popsan u anaplas-
tického lymfomu a jeho vyskyt u NSCLC
byl poprvé zjistén v roce 2007 a vysky-
tuje se asi u 3-5 % téchto nador [3]. Tato
mutace ma prokazatelné onkogenni po-
tencial a stala se vhodnou strukturou pro
redlnou cilenou lé¢bu. Popisujeme kazui-
stiku nemocné s generalizovanym plic-
nim adenokarcinomem a sou¢asnym vy-
skytem ER exprese a ALK transformace
v nadoru.

Kazuistika

Prezentujeme pfipad 69leté pacientky,
kterd byla vysetfovana pro generalizo-
vany tumor nejasného origa. V listo-
padu 2013 byl za pomoci video-asis-
tované torakoskopie (VATS) z biopsie
metastatického loziska pleury dia-
gnostikovan generalizovany plicni ade-
nokarcinom TXN1M1a, stadium IV. Dalsi
vysetfeni ukdzalo nepfitomnost mutaci
receptoru epidermalniho ristového fak-
toru (epidermal growth factor receptor

- EGFR) a pozitivitu EML4/ALK translo-
kace, imunohistochemicky byla potvr-
zena také pozitivita ERa. Pro detekci ER
byly pouzity zajec¢i monoklonalni proti-
latky, klon SP1. Jednalo se o nekufacku,
s plicemi v minulosti nelé¢enou. Ne-
mocné bylo ve spadovém zafizeni po-
déno v 1. linii |é¢by Sest cykld chemo-
terapie ve sloZeni cisplatina a vinorelbin
a nasledné byla dispenzarizovana. Kont-
rolni vysetfeni pozitronovou emisni to-
mografii/vypocetni tomografii (PET/CT)
v unoru 2015 ve srovnani se vstupnim
vysetfenim prokézalo stabilizaci one-
mocnéni. V listopadu 2016 CT plic a bfi-
cha prokézala progresi onemocnéni. Ge-
neralizace byla pfitomna v lymfatickych
uzlindch mediastina a peritonea, levém
plicnim hilu, plicich a jatrech. V levé
plici byla vice¢etnd loziska velikosti
15-20 mm, metastatické lozisko v jat-
rech vsegmentu S8 mélo velikost 27 mm.
Pfed odeslanim na nasi kliniku k dal$imu
vysetieni a terapii bylo realizovano jesté
ve spadu v lednu 2017 PET/CT vyset-
feni (obr. 1), kde byla popséna také mno-
hocetna generalizace do zaludku, pan-
kreatu a skeletu. Pro dyspeptické potize
bylo doplnéno gastroskopické vyset-
feni s ndlezem prisedlého polypu, histo-
logicky se jednalo o metastaticky ade-
nokarcinom (CK7+, TTF-1+ a napsin A+,
EML4/ALK+). Mamografie byla negativni,
hysteroskopie popsala sliznici normal-
niho vzhledu bez vizudlnich zndmek ma-
lignity, histologicky negativni. Na nasi
klinice bylo doplnéno bronchoskopické
vySetieni s obrazem vyklenuti zadni
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Obr. 2. Skiagram hrudniku, vlevo tinor 2017, vpravo duben 2017.

stény levého hlavniho bronchu s nerov-
nou infiltrovanou sliznici a stenéza le-
vého dolniho bronchu. Z biopsie histo-
logicky ovéfen adenokarcinom stfedné
diferencovany (CK7+, TTF1+, napsin A+,
CD56-, EML4/ALK+ ve 100 %), opét pro-
kdzana pozitivita ER. Pro vertigo a trva-
jici dyspepsie s nauzeou a vomitem pro-
vedeno CT mozku s kontrastem, které
bylo bez priikazu metastaz.

Vzhledem k pozitivité ALK translo-
kace bylo rozhodnuto o zahdjeni 2. linie
[écby krizotinibem. Kontrolni skiagram
hrudniku v bfeznu 2017 ukazal par-
cidlni regresi zastinéni v oblasti levého
plicniho hilu ve srovnani se vstupnim
skiagramem. Pro podezieni na neza-
douci ucinky krizotinibu (zhor3eni ver-
tiga, hypacusis) musela byt davka sni-
Zena na 250mg/den (od 31. bfezna
2017). Byla doplnéna jesté magneticka
rezonance mozku, kterd neprokdazala
pfitomnost nadoru. Posledni kontrola
v nasi pneumoonkologické ambulanci
probéhla 11. dubna 2017.

Na skiagramu hrudniku byla zjisténa
dalsi regrese onemocnéni (obr. 2). Na
planovanou ambulantni kontrolu se pa-
cientka nedostavila a 16. kvétna 2017 ze-
miela béhem kratké hospitalizace na
plicnim oddéleni spadové nemocnice.
Zde byla hospitalizovédna pro celkové
zhorseni stavu s dominujici neurologic-
kou symptomatologii, ktera nebyla blize
vysetfena. Ctyfleté preziti (overall survi-

val - OS) nemocné s generalizovanym
adenokarcinomem plic je pfesto mozno
povazovat za terapeuticky Uspéch. Pfi-
¢inou dyspeptickych potizi mohla byt
pomérné vzacna generalizace do stény
zaludku, neurologické potize nebyly
vysvétleny.

Diskuze

Vztah mezi expresi ER, koncentraci es-
tradiolu v nadorové tkani, pohlavim, ve-
likosti tumoru, odpovédi na protinado-
rovou terapii a délkou OS je predmétem
klinického vyzkumu [4]. Uloha estrogenti
v etiologii LC neni zcela jasnd a existuje
fada studii s nejednoznacnymi vysledky.
Pfesto se zdd4, ze mlze byt exprese
ER, resp. ERB prognostickym ukazate-
lem. Schwartz et al popsali na souboru
280 pacientl expresi ERB ve zdravé plicni
tkani (u 20 % vysetfenych) a jeho zvyse-
nou expresi v nddorové tkani (u 61 %
NSCLC, z toho u 70,3 % muzli a 58,3 %
zen, u 77,7 % adenokarcinomu) [5]. Pfi-
tomnost ERa nebyla prokazana, exprese
ER byla kvantitativné fadové nizsi nez
u karcinomu prsu. U muzd s nadorem
a pozitivitou ER bylo popsano statisticky
vyznamné delsi OS. Rovnéz Atmaca et al
popsali pfitomnost vyssi exprese ER spo-
jenou s delSim medidnem OS metasta-
tického NSCLC, a to 10,9 mésice ve srov-
nani s pacienty s nizkou expresi ER, kde
byl median OS 5,0 mésice (p = 0,03), dal-
$im pfiznivym faktorem bylo muzské po-

hlavi a vék < 75 let [6]. Naopak studie
Skjevstada z roku 2016, provedend na
souboru 335 pacientd, popsala zvyse-
nou koncentraci ERP jako signifikantné
negativni prognosticky faktor [7]. Dal-
sim faktorem byla zvysena produkce
aromatazy jako klicového enzymu bio-
syntézy steroidnich hormon(. Metaa-
nalyza 11 studii viak zadny vliv zvysené
exprese ERB na prognézu NSCLC nepo-
tvrdila, coz mohlo byt ddsledkem od-
liSnych metod pouzitych v jednotlivych
studiich [8]. U novéjsich studii se blize
diferencuji typy ER exprese a také rlzné
podtypy NSCLC. U adenokarcinomu byla
popsana silna cytoplazmicka i nuklearni
exprese ER (ve 49,4, resp. 48,5 %). Vyssi
nuklearni exprese ER byla asociovéna
s vyskytem mutaci EGFR [9]. Tato exprese
korelovala s del$im ¢asem do progrese
(disease-free survival — DFS) u nemoc-
nych s EGFR mutacemi, zatimco u EGFR
nemutovanych nadord zadny prognos-
ticky vliv zjistén nebyl [9,10]. Nejvétsi
prospektivni studie z roku 2018 analyzo-
vala soubor 981 pacientll s ¢asnymi sta-
dii NSCLC po strance exprese ER a ex-
prese receptoru pro epidermalni ristovy
faktor 2 (HER-2) [4]. U skvamozniho LC
byla zjisténa vyssi exprese ERa v cyto-
plazmé bunék ve srovnani s adenokar-
cinomem, zatimco adenokarcinom mél
vyssi expresi receptoru HER-2. Nuklearni
exprese ERa byla zjisténa vyssi u Zzen, ne-
kufacek a adenokarcinomu. PfileZitostné
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NEMALOBUNECNY KARCINOM PLIC S EXPRESI ESTROGENOVYCH RECEPTORU A POZITIVITOU ALK

kuracky, pacientky po menopauze a pa-
cientky sanamnestickym udajem uzivani
hormonadlini antikoncepce mély nizsi ex-
presi jadernych ERB a celkové nizsi ex-
presi jadernych i cytoplazmatickych
progesteronovych receptorl. Exprese
cytoplazmatickych ERa a jadernych ER(3
byla u Zzen nizsi nez u muzd. Kuraci méli
expresi obou ER vy3si nez nekufaci, ale
nizsi celkovou expresi progesterono-
vych receptorl nez nekuraci. Vyssi cy-
toplazmatickd a jadernd exprese ER byla
spojend s horsim OS. Nizsi exprese ja-
derného ER( u Zen po menopauze a Zen
anamnesticky uzivajicich hormondlni
antikoncepci podporuje estrogenovou
hypotézu u LC [4]. Jiné studie ukazuji, ze
cytoplazmatickd a jaderna exprese ER je
spojend s horsim OS pouze pfi souc¢asné
expresi aromataz [11,12].

Otézkou je, jaké ma zvysena exprese
ER u LC terapeutické konsekvence. Tuto
moznost podporuje studie o plsobeni
inhibitoru aromatéz ¢i antiestrogend,
které navodily in vitro redukci rlstu
bunék LC [13]. Nékteré prace uvadéji, ze
estrogen a ER mUzou aktivovat kaskadu
nereceptorovych tyrozinkindz a ovliv-
nit tak rlst, proliferaci a apoptdzu nado-
rové bunky in vitro i in vivo [14]. Bylo na-
psano nékolik praci o funkénich vazbach
mezi ER and EGFR, které vesmés ukazuji
vzdjemnou stimulaci signalizace [14,15].
Kombinace antagonistd ER (tamoxifen)
atyrozinkindzového inhibitoru EGFR (ge-
fitinib) snizila proliferaci bunék a rlistu
nadoru in vitro i in vivo a Ize spekulovat,
Ze by tato kombinace mohla potencovat
ucinek biologické Ié¢by u adenokarci-
nomu plic s prokdazanou expresi ER a mu-
taci EGFR [14]. Je zftejmé, Ze hormonalni
rovnovahu ovliviuje fada faktord, jako je
kouteni, pohlavi, vék nebo typ nadoru,
ale komplexni vztahy ER v plicich jsou
urcité slozitéjsi. Napfriklad byly popsany
ER spojené s G-proteiny, jejichz vyznam
u LC je zatim zcela neznamy [16,17].

Znacné rozdily v jednotlivych zévérech
studii s prokazanou expresi ER vedly
k vzniku publikace Anderssona et al,
zverejnéné v Cervenci 2017, ktera po-
psala detailni validaci 13 protilatek proti
ERB. Na nejednoznacnych zavérech
dosud publikovanych studii se pode-
psaly falesné pozitivni vysledky imuno-
histochemického vysetieni. Za specific-
kou protilatku je povazovan pouze klon
PPZ0506 [18].

ALK translokace se nachazi v naprosté
vétsiné pouze u plicniho adenokarci-
nomu. Nemocni jsou &astéji nekufaci
mladsiho véku, rasové neni vyskyt ovliv-
nén, ¢astéji dochazi k metastazovani do
mozku. Lécebné Ize kromé krizotinibu
vyuzit fadu tyrozinkinazovych inhibi-
tord ALK [19,20]. O interakcich ER a fuze
ALK-EML4 nebo bodovych mutaci ALK
zatim literatura chybi. Koincidence ex-
prese ER a translokace ALK uvedena
v nasi kazuistice v dostupné literature
doposud popsana nebyla.

Zavér

Byl popsan pfipad dlouhého OS nemocné
s generalizovanym NSCLC, u kterého byla
potvrzena exprese ER a ALK translokace.
ER jsou u LC zapojeny do komplexni sité
signélnich drah a buné¢nych interakci.
K jejich specifickému uplatnéni v 1é¢bé
budou potiebné dalsi informace.
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Aktuality z odborného tisku

Induction Chemotherapy Followed by Cetuximab Radiotherapy Is Not Superior
to Concurrent Chemoradiotherapy for Head and Neck Carcinomas:
Results of the GORTEC 2007-02 Phase Il Randomized Trial

Geoffrois L, Martin L, De Raucourt D et al.
JClin Oncol 2018; JCO2017762591. doi: 10.1200/JC0.2017.76.2591.

Soubéznd chemoradioterapie (CHRT) a radioterapie s cetuximabem (cetux-RT) je aktudlné moznosti [é¢by lokdlné pokrocilého
skvamoézniho karcinomu hlavy a krku. Dosud nebylo jasné, zda by pfidani indukéni chemoterapie pfed kombinaci cetux-RT
mohlo zlepsit vysledky ve srovnani s konkomitantni CHRT. V této studii byli hodnoceni nemocni s pokrocilym nemetastatickym
spinoceluldrnim karcinomem hlavy a krku s postizenim lymfatickych uzlin N2b, N2c nebo N3, pro které byla vhodna chemoterapie
docetaxel, cisplatina, fluorouracil (TPF). Pacienti byli nahodné zafazeni do ramene s aplikaci tfi cykl( TPF, po kterych nasledovala
terapie cetux-RT vs. soubéznd lécba karboplatinou/fluorouracilem a RT. V obdobi let 2009-2013 bylo do studie zafazeno
370 pacient(. V indukénim rameni bylo zaznamenano vice pfipad{ neutropenie stupné 3 a 4 a soucasné bylo spojeno s imrtim
6,6 % v souvislosti s terapii. Pfi medidnu sledovani 2,8 let nebylo mezi obéma rameny zaznamendno rozdilné preziti bez progrese
v priibéhu 2 let (CHRT 0,38 vs. TPF + cetux-RT 0,36; HR 0,93; 95% Cl 0,73-1,20; p = 0,58). HR bylo pro lokoregionalni kontrolu
0,98 (95% C1 0,74-1,3; p = 0,90) pro celkové preziti 1,12 (95% Cl 0,86-1,46; p = 0,39). Vyskyt vzdalenych metastaz byl nizsi v rameni
TPF (HR 0,54; 95% Cl 0,30-0,99; p = 0,05). Zavérem autofi uvadi, ze indukéni podani chemoterapie TPF a nasledné konkomitantni
aplikace cetux-RT nezlepsily vysledky v porovnani s CHRT u populace pacientd s pokrocilou cervikalni lymfadenopatii pfi
spinoceluldrnim karcinomu hlavy a krku.

Vitamin D Supplements and Prevention of Cancer and Cardiovascular Disease

Manson JE, Cook NR, Lee IM et al.
N Engl J Med 2018. doi: 10.1056/NEJMoa1809944.

Nejsou zatim jednoznacna data, zda suplementace vitaminem D snizuje riziko malignity nebo kardiovaskuldrnich onemocnéni.
V této randomizované placebem kontrolované studii autoti provedli komparaci, v niz podavali cholekalciferol (vitamin D3) v davce
2000 1U/den a omega-3 mastné kyseliny v davce 1 g/den muzim ve véku > 50 let a zenam ve véku > 55 let. Celkové bylo hodnoceno
25 871 ucastnikd, v¢. 5 106 ¢erné rasy. BEhem medidnu sledovéni 5,3 roku byla malignita diagnostikovana u 1 617 ucastnik(
(793 ve skupiné s vitaminem D a 824 ve skupiné s placebem; HR 0,96; 95% Cl 0,88-1,06; p = 0,47). Kardiovaskularni ptihoda
se objevila u 805 ucastnikll (396 ve skupiné s vitaminem D a 409 ve skupiné s placebem; HR 0,97; 95% Cl 0,85-1,12; p = 0,69).
Pfi analyze sekundarnich cild vyzkumu byl pomér rizik nasledujici - u obecného Umrti na malignitu (341 damrti) 0,83 (95% ClI
0,67-1,02); umrti pro karcinom prsu 1,02 (95% Cl 0,79-1,31); pro karcinom prostaty 0,88 (95% Cl 0,72-1,07); pro kolorektalni
karcinom 1,09 (95% CI 0,73-1,62); pro kardiovaskularni piihody a koronarni revaskularizaci 0,96 (95% Cl 0,86-1,08); pro infarkt
myokardu 0,96 (95% Cl 0,78-1,19); pro cévni mozkovou pfihodu 0,95 (95% Cl 0,76-1,20); a pro umrti z kardiovaskularnich pficin
1,11 (95% Cl 0,88-1,40). Pri analyze umrti z jakékoli pficiny (978 umrti) byl pomér rizik 0,99 (95% Cl 0,87-1,12). Nebylo zjisténo
Zzadné zvysené riziko hyperkalcemie nebo jinych nezadoucich ucinkl. Suplementace vitaminem D tak dle této studie nevedla

Atezolizumab and Nab-Paklitaxel in Advanced Triple-Negative Breast Cancer

Schmid P, Adams S, Rugo HS et al.
N Engl J Med 2018. doi: 10.1056/NEJMoa1809615.

LokaIné pokrocily nebo metastaticky triple-negativnikarcinom prsu je agresivnionemocnénise Spatnou prognézou.V predchozich
studiich bylo zjisténo, Ze nanopartikuldrni (nab)-paklitaxel vazany na albumin muze zvysit protinadorovou aktivitu atezolizumabu.
V této studii faze Ill byly pacientky randomizovany v poméru 1 : 1 do ramene atezolizumab + nab-paklitaxel nebo do ramene
placebo + nab-paklitaxel, [é¢ba byla podavéna do nepfijatelné toxicity nebo progrese onemocnéni. Stratifika¢nim faktorem
byla predchozi terapie taxanem, pfitomnost jaternich metastaz a exprese PD-L1 na po¢atku onemocnéni. Dvéma primarnimi
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cilovymi body bylo preZiti bez progrese (progression-free survival — PFS) a celkové preziti (overall survival — OS). Kazda skupina
zahrnovala 451 pacient(i (median sledovani 12,9 mésice). Median PFS onemocnéni byl ve skupiné atezolizumab + nab-paklitaxel
7,2 mésice vs. 5,5 mésice ve skupiné lé¢ené placebem + nab-paklitaxelem (HR pro progresi nebo umrti 0,80; 95% Cl 0,69-0,92;
p =0,002); u pacientd s PD-L1-pozitivnim nadorem byl median PFS 7,5 mésice vs. 5,0 mésice (HR 0,62; 95% Cl 0,49-0,78; p < 0,001).
Median OS byl 21,3 mésice pro atezolizumab + nab-paklitaxel vs. 17,6 mésice pro placebo + nab-paklitaxel (HR pro umrti 0,84;
95% Cl 0,69-1,02; p = 0,08); u pacientek s PD-L1-pozitivhim nddorem byl median OS 25,0 mésice vs. 15,5 mésice (HR 0,62; 95% Cl
0,45-0,86). Nezadouci ucinky, které vedly k preruseni 1écby, se vyskytly u 15,9 % pacientek, které dostavaly atezolizumab + nab-
paklitaxel, a 8,2 % pacientek z druhé sledované skupiny. Dle zavéru autori kombinace atezolizumab + nab-paklitaxel prodlouzila
PFS u pacientek s lokdlné pokrocilym nebo metastatickym triple-negativnim karcinomem prsu.

Effects of Surgery With Salvage Stereotactic Radiosurgery Versus Surgery With Whole-Brain
Radiation Therapy in Patients With One to Four Brain Metastases (JCOG0504): A Phase lll,
Noninferiority, Randomized Controlled Trial

KayamaT, Sato S, Sakurada K et al.
J Clin Oncol 2018; JCO2018786186. doi: 10.1200/JC0O.2018.78.6186.

Celomozkové ozafeni (whole brain radiotherapy — WBRT) je standardni 1é¢bou vice¢etnych mozkovych metastdz (brain
metastases — BM), stereotakticka radiochirurgie (stereotactic radiosurgery — SRS) je vsak stéle vice preferovana jako prevence
kognitivni dysfunkce. Dosud vsak nebylo jednoznac¢né, zda je [é¢ba SRS stejné efektivni jako WBRT. Do této analyzy byly zafazeni
pacienti ve véku 20-79 let s vykonnostnim skére 0-2 a 3, pokud bylo zplsobeno pouze neurologickym deficitem, a soucasné
se < 4 chirurgicky resekovanymi BM s pouze jednou |ézi velikosti > 3 cm v prdméru. Nemocni byli randomizovani do skupiny
Ié¢ené WBRT nebo do ramene s aplikaci SRS do 21 dn(l po operaci.V obdobi leden 2006 - kvéten 2014 bylo do ramene s aplikaci
WBRT zafazeno 137 a do druhého ramene 134 pacient(l. Median celkového preziti byl v obou skupinach 15,6 mésice (HR 1,05; 90%
Cl 0,83-1,33; p (pro noninferioritu) = 0,027). Medidn intrakranidlniho PFS v rameni WBRT (10,4 mésice) byl delsi nez u pacientl
v rameni se SRS (4,0 mésice). Pomér pacientd, u nichz se béhem nasledujicich 12 mésicl nezhorsilo Mini-Mental score a stav
vykonnosti, byl v obou skupinach stejny; nicméné 16,4 % pacient(i v rameni WBRT zaznamenalo klinickou mentalni dysfunkci
stupné 2-4 po 91 dnech od zafazeni do studie, zatimco u druhého ramene to bylo pouze 7,7 % pacientl (p = 0,048). Efektivita SRS
je noninferiorni WBRT a mohla by byt standardni terapii u pacienti s max. 4 BM.

Overall Survival with Palbociclib and Fulvestrant in Advanced Breast Cancer

Turner NC, Slamon DJ, Ro J et al.
N Engl J Med. 2018; 379(20): 1926-1936. doi: 10.1056/NEJMoa1810527.

Inhibitor cyklin-dependentni kinazy 4 a 6 (CDK4/6) palbociclib v kombinaci s fulvestrantem prodluzuje preziti bez progrese
u pacientek s hormonalné pozitivnim HER-2 negativnim pokrocilym karcinomem prsu.V této studii byl hodnocen efekt kombinace
palbociclib +fulvestrant u pacientek po predchozi endokrinniterapii. Celkem bylo randomizovano 521 nemocnych, které dostavaly
kombinaci fulvestrant + palbociclib nebo fulvestrant + placebo. Median celkového preziti (overall survival - OS) 34,9 mésice
(95% ClI 28,8-40,0) ve skupiné palbociclib + fulvestrant a 28,0 mésice (95% Cl 23,6-34,6) ve skupiné placebo + fulvestrant (HR
0,81; 95% Cl 0,64-1,03; p = 0,09; absolutni rozdil 6,9 mésice). U 410 pacientek s citlivosti po predchozi endokrinni terapii byl
median OS 39,7 mésice (95% Cl 34,8-45,7) ve skupiné palbociclib + fulvestrant a 29,7 mésice (95% Cl 23,8-37,9) ve skupiné
placebo + fulvestrant (HR 0,72; 95% Cl 0,55-0,94, absolutni rozdil 10,0 mésice). Medidn trvani nasledné [é¢by byl u obou skupin
podobny a median do podani chemoterapie byl 17,6 mésice ve skupiné palbociclib + fulvestrant v porovnani s 8,8 mésice ve
skupiné placebo + fulvestrant (HR 0,58; 95 % Cl 0,47-0,73; p < 0,001). U pacientek s hormondalné pozitivnim HER-2 negativnim
karcinomem prsu, které mély citlivost na predchozi endokrinni terapii, vedla 1é¢ba kombinaci palbociclib + fulvestrant k delsimu
OS nez lé¢ba kombinaci placebo + fulvestrant.
Cldnky vybrala a komentovala
MUDr. Jana Haldmkovd, Ph.D.
Klinika komplexni onkologické péce, Masarykv onkologicky tstav, Brno
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SHORT COMMUNICATION

Animal-Type Melanoma — a Mini-Review
Concerning One of the Rarest Variants
of Human Melanoma

Melanom animalniho typu — velmi vzacna varianta lidského

melanomu

Roncati L.", Piscioli F.2

' Department of Medical and Surgical Sciences, Institute of Pathology, University Hospital of Modena, Italy
?Provincial Health Care Services, Institute of Pathology, Santa Maria del Carmine Hospital, Rovereto, Italy

Described for centuries in the equines,
especially gray horses, as “equine me-
lanotic disease”, it was later recognized
in non-equine animal models and in
humans, particularly on non UV-exposed
skin. Animal-type melanoma, also known
as pigmented epithelioid melanocytoma
(PEM), is characterized by nodules and
fascicles of epithelioid transformed
melanocytes with pleomorphic nuclei
and striking pigmentation, dendritic
cells, numerous melanophages and,
sometimes, lymphocytic infiltrate [1,2].
Up-to-date, only small series have been
reported in humans and, therefore, its
biological behavior remains unclear [3].
In 2010, Ludgate et al. examined the
clinical behavior of 8 cases of equivocal
and 14 cases of unequivocal PEM,
concluding that it shows a propensity
for regional nodal metastases [4]. By
systematic review and meta-analysis
of the English literature, in 2015,
Vyas et al. have identified 190 cases
of PEM. The median Breslow depth
was 3.8 mm, loco-regional recurrence
was found in 15 cases, recurrence with
distant metastases in 6 cases and death
occurred in 5 patients [5]. Recently, Bax
et al. have suggested that the tumor
follows an indolent clinical course, with
very low risk of spread beyond regional
lymph nodes [6]. Given the complexity
of the matter, Elder and Murphy
proposed a histological categorization

of PEM and PEM-like lesions, with
distinctive clinicopathological and bio-
logic attitudes [7]. In this review, we
briefly highlight the current information
about this rare disease.

Epithelioid blue nevus
resembling PEM

It is a hyperpigmented, poorly circum-
scribed, dermal lesion, which shows
heavily pigmented globular melano-
cytes, intermingled with hypopigment-
ed spindle melanocytes. Commonly
misinterpreted as classical blue ne-
vus, in which markedly pigmented,
bipolar, spindled cells are associated
with a host-derived fibroblastic reaction,
or as cellular blue nevus, a dermal-hypo-
dermic benign neoplasm characterized
by an alveolar or fascicular pattern of
growth sometimes with neuronevoid
aspects, or as PEM (see later); its exact
identification is important because it
is strongly associated with the Carney
complex [8]. Conservative excision is
generally recommended; moreover,
affected patients (and their relatives)
should be considered at risk for other
diseases of the Carney complex, espe-
cially cardiac myxoma [8].

PEM

Not associated with the Carney com-
plex, it is quite similar to epithelioid
blue nevus at scanning magnification,
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but cytological atypia and sparse low
mitogenicity are encountered by
a careful histological inspection, exactly
as observable in melanocytic tumors
of uncertain malignant potential
(MELTUMP) [9-11]. When epidermal pa-
getoid diffusion and overtly anaplastic
nuclei are present, a diagnosis of
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malignant melanoma with prominent
pigment synthesis can be also
proposed [2]. Although the tumor can
be lethal given the depth of invasion
according to Magro et al., it seems to
be less aggressive than other usual
or unusual vertical growth phase
melanomas [1,2]. Local lymph nodes are
often involved by metastases — lymph
node sentinel biopsy is recommended
and a wide re-excision (1-2cm margins)
must be performed. Follow-up, as in any
case of invasive malignant melanoma,
should be conducted [2].

Tumoral melanosis

mimicking PEM

It is a nodular cluster of melanophages,
and it may represent a complete re-
gression of a vertical growth phase
melanoma or of a pigmented basal cell
carcinoma [7]. In the radial and vertical
growth phases, regression has negative
impact on prognosis [12-16]; therefore,
the follow-up should be very accurate
since the lesion could be the result
of a preceding, completely regressed
melanoma [17-21].

A proper diagnostic framing is crucial
in these controversial cases and a good
histology in the hands of an expert
dermatopathologist remains the most
reliable diagnostic starting point.
Moreover, a loss of expression of cCAMP-
dependent protein kinase type l-alpha
regulatory subunit, an enzyme encoded

by the tumor-suppressor gene PRKARTA,
has been found in PEM, but not in
common melanoma or other melanocytic
lesions [22]. Therefore, it appears to have
a great diagnostic value in helping to
distinguish PEM from PEM-like lesions,
which mimic the former histologically.
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Gastrointestinal (Gl) flora contains an
immense number of bacteria (1014),
what is considered ten times more
than eukaryotic cells in the entire body,
and represents a complex, dynamic
and diverse collection of approximately
1 000-1 500 different microbial species
[1]. The GI bacteria play an essential
role in nutrition and food digestion
and in the modulation of antitumor
immunity [2,3]. Interestingly, some of the
Gl bacteria, such as Bifidobacterium spp,
Listeria monocytogenes, Clostridium spp,
Salmonella ssp, Shigella flexeneri, Vibrio
cholerae, and Escherichia coli have shown
preferential accumulation in tumors
compared to normal organs [4]. The use
of probiotics, living bacteria or other
microorganisms, has been recognized
for their health-promoting effects for
more than a century due to their role in
preventing and treating various diseases
including some types of cancers [5].
The maintenance of epithelial integri-
ty, alleviation of lactose intolerance,
enhancement of production of vitamins,
stimulation of cell-mediated immunity,
IgA production, and detoxification of
carcinogens are among the properties
of the probiotics; their beneficial effects
are often bacterial strain-specific [6,7].
Monoclonal antibodies targeting
inhibitory immune checkpoint inhibitors
(IClIs) (i.e. anti-PD-L1/PD-1 and anti-
-CTLA-4) have demonstrated clinical
activity in several malignances, including

malignant melanoma (MM), renal cell
carcinoma (RCC), non-small cell lung
cancer (NSCLCQ), bladder cancer, head
and neck squamous cell carcinoma,
microsatellite instability-high colorectal
carcinoma, Merkel cell carcinoma, and
Hodgkin lymphoma; these antibodies
have changed the practice of medical
oncology in the last decade [8-10].
In MM and NSCLC for instance, up to
33% of unselected, previously treated
patients and up to 45% of patients with
PD-L1-positive tumors in the frontline
setting achieve objective responses
with the anti-PD-1 therapy [11,12].
However, there is still a significant
number of patients who do not respond
to such therapy and/or relapse after the
response. Therefore, understanding the
immune escape is crucial for applying
theemerging treatmentapproaches that
could enhance the efficacy of ICls. There
are several factors that may participate
in the resistance to ICls, both of immune
origin, such as poor presentation and
recognition of tumor antigens, recruit-
ment of regulatory T-cells, unrespon-
siveness of T-cells, and non-immune
origin, such as generation of neoanti-
gens, derangement of the T-cell metabo-
lism, genetic and epigenetic tumor
changes, and angiogenesis. Into non-
immune origin of resistance, we can also
include the Gl flora [13].

It has emerged from several recent
human and animal studies that Gl flora
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dictates the efficacy of ICls in cancer
immunotherapy. The first observations
reported that the use of antibiotics
during the course of transplantation was
associated with increased frequency of
the graft versus host disease (GvHD).
The type of used antibiotics seems to
have a predictor role in GvHD-related
mortality. In animal studies, investigators
found that imipenem-cilastin treatment
of mice with GvHD reproducibly re-
sulted in shortened survival compared
with mice treated with aztreonam [14].
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Studies of patients with hematological
malignancies who underwent allogenic
bone marrow transplantation suggest-
ed that the diversity of the fecal micro-
biome at baseline plays a role in relapse/
progression, indicating the potential use
of the Gl flora as a biomarker [15].

Two recent papers published in Science
further point out the importance
of Gl flora for the efficacy of PD-1-
based immunotherapy. In one of these
papers, French investigators found
that antibiotic consumption inhibited
the clinical benefit of PD-1 blockade
in a mouse model and in patients with
advanced RCC and NSCLC. The non-
responding patients showed low levels
of bacterium Akkermansia muciniphila.
After fecal flora transplantation from
cancer patients who responded to
ICls into germ-free (GF) or antibiotic-
treated mice, the efficacy of antitumor
effects of PD-1 was recovered [16]. In the
second paper, American investigators
reported that differential composition
of the Gl flora influences the therapeutic
response to anti-PD-1 therapy in
preclinical models. In experiments with
MM patients on anti-PD-1 therapy, they
demonstrated that patients with high
abundance of favorable Gl flora i.e.,
Rumonococcaceae and Faecalibacterium
had a higher density of immune cells
and markers of antigen processing
and presentation compared to those
with Bacteroidales, suggesting that the
Gl flora may modulate the antitumor
response mediated by antigen presen-
tation and improve the effector T-cell
function in the periphery and in
the tumor microenvironment [17].
The same French group conducted
a retrospective analysis of RCC and
NSCLC patients treated in prospective
trials with anti-PD1/PD-L1 inhibitors
alone or in combination with antibio-
tics. In RCC patients, antibiotic treatment
was associated with a significantly
increased rate of primary progressive
disease (PD) compared with patients
who did not receive the antibiotics
(73 vs. 22%). Progression-free survival
(PFS) and overall survival (OS) were also
significantly shorter in these patients
(median PFS, 1.9 months vs. 7.4 months
and median OS 17.3 vs. 30.6 months). In

NSCLC patients, antibiotic treatment was
notassociated with anincrease in PD, but
they had a significantly shorter median
PFS (1.9 vs. 3.8 months) and median
OS (7.9 vs. 24.6 months) compared to
the non-antibiotic-treated patients.
Similar results were obtained in patients
treated with antibiotics within 60 days
of starting therapy, suggesting that the
results would be seen with an extended
timeline [18]. Another retrospective
study reported 80 metastatic RCC
patients treated in prospective trials
with PD1/PD-L1 inhibitors alone or
in combination with antibiotics. The
antibiotic-treated patients were defined
as patients who received them up to
1 month prior to the first dose of ICls. In
the antibiotic-treated patients, PFS was
significantly decreased compared to the
patients who did not receive the antibio-
tics, 2.3 vs. 8.1 months. The OS also
showed a negative trend in the antibio-
tic-treated patients, but the data was
too immature to make conclusions [19].
Altogether, these results confirm that
antibiotics might be deleterious to
patients treated with ICls.

Other interesting results have shown
that the immune defect of CTLA-4 effi-
cacy was overcome by gavage with Bac-
teroides fragilis, by immunization
with B. fragilis polysaccharides, or by
adoptive transfer of B. fragilis-specific
T-cells. Moreover, fecal microbial
transplantation from humans to mice
confirmed that anti-CTLA-4 treatment
of MM patients favored the outgrowth
of B. fragilis with anticancer proper-
ties. This study revealed the immuno-
stimulatory role of Bacteroidales in
the CTLA-4 blockade [20]. Another
prospective study enrolled 26 MM
patients treated with ipilimumab. The
Gl flora composition was assessed using
16S ribosomal RNA gene sequencing at
baseline and before each ipilimumab
infusion. The results showed that the
baseline Gl flora predicted the clinical
response in metastatic MM patients
treated with ipilimumab, and patients
whose baseline microbiota was
enriched with Faecalibacterium genus
and other Firmicutes had longer PFS and
OS [21]. In animals previously treated
with antibiotics and further recolonized

Gl flora, the anti-CTLA-4 antibiotic-
mediated anticancer responses were
restored. This protection was associated
with the capacity of B. fragilis to promote
proliferation of ICOS+ regulatory T cells
in the lamina propria, possibly via mobi-
lizing plasmacytoid dendritic cells seen
to accumulate and mature in mesenteric
lymph nodes after B. fragilis monocolo-
nization of GF mice treated with anti-
-CTLA4 antibody [22]. In agreement with
such results and even more intriguing,
another study in animals showed
an unexpected role for commensal
Bifidobacterium in enhancing antitumor
activity, and its oral administration
improved tumor control to the same
degree as PD-L1-specific antibody
therapy, with combination treatment
nearly abolishing tumor outgrowth [23].
Based on these preliminary observa-
tions, it may be recapitulated that Gl flora
has a strong influence on the response
to ICls, although many questions about
this relationship remain. Are certain
antibiotics potentially more immuno-
suppressive than others? What is the
mechanism whereby the Gl flora com-
municates with the tumor microenvi-
ronment? What is the microbe or group
of bacteria acting as immunostimulants,
and would supplements with probio-
tics promote the antitumor immunity
and the efficacy of ICIs? What is efficacy
of ICls in relation to different antibiotics
and other antiviral and anti-fungal
agents? Does Gl flora have an impact in
different tumors and in the use of ICls as
monotherapy or combined treatment?
To answer all these questions, more
preclinical studies and prospective
clinical trials are strongly warranted.
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nekojily béhem 6cby a po dobu nejméng 1 mésice po posledni davee v disledku moznych zavaznych nezadoucich Gcinki na kojené novorozence. Interakce: Nejsou ocekdvany. Ushovavani: Uchovavejte v chladnicce (2°C - 8°C).
Chrarite pred mrazem. Uchovévejte v pivodnim obalu, aby byl pFipravek chranén pred svétlem. Velikost baleni: 10 ml koncentrétu v injekéni lahvicce (sklo tfidy I) s halobutylovou pryZovou zatkou a hlinfkovjm uzévérem
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W Tento Iécivy pripravek podléhd dalsimu sledovéni. To umozni rychlé ziskani novych informaci o bezpegnost. Zadéme zdravotnické pracovniky, aby hidsili jakakoli
podezieni nanezadouci cinky. Podrobnosti o hidSeni nezadoucich Gcinkii viz bod 4.8 SPC.
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Onkologie v obrazech

Jaterni PECom (perivascular epitheloid cell tumor — nador
z perivaskularnich epiteloidnich bunék) v diagnostickych
zobrazovacich metodach — kazuistika

Jankech J.', Krej¢i E.?

'Oddéleni radiologie, Masaryklv onkologicky Ustav, Brno
20Oddéleni onkologické patologie, Masaryklv onkologicky Ustav, Brno

Dvaapadesatiletd pacientka s bohatou
onkologickou rodinnou anamnézou,
v dispenzarni péc¢i Masarykova onko-
logického uUstavu pro mastopatii a syn-
drom dysplastickych névi, po opako-
vanych excizich kdze s histologickym
zachytem maligniho melanomu. V rdmci
restagingu bylo provedeno ultrazvu-
kové vysetfeni bficha, které ukazalo vi-
cecetny loziskovy proces jater. Bylo do-
plnéno vysetfeni vypocetni tomografii
(computed tomography — CT) s kon-
trastni latkou detekujici nékolik 1ézi v ja-
ternim parenchymu. Nejvétsi léze v pra-
vém laloku v segmentu VI velikosti asi
45 mm byla v arteriadlni (obr. 1A) i por-
tovendzni (obr. 1B) fazi hypervaskulari-
zovana. Vzhledem k nejednoznac¢nému
vysledku (dle syceni lozZisek bylo ziejmé,
Ze se nejedna o jaterni hemangiomy) pa-
cientka podstoupila vySetfeni magnetic-

Obr. 1A. CT arterialni faze.

kou rezonanci (magnetic resonance ima-
ging — MRI). Dle MRI jater vykazovalo jiz
zminéné lozisko v segmentu VI v rdz-
nych sekvencich jiné vlastnosti nez dalsi
mensiloziska, postkontrastné se vyrazné
nehomogenné sytilo od arteridlni faze
(obr. 2A), s vymyvanim kontrastu z cen-
tra, bez sytici se kapsuly, v hepatospeci-
fické fazi (obr. 2B) bez zndmek akumu-
lace kontrastni latky. Vysledek MRI mohl
pfedstavovat rdzné nozologické jed-
notky v ramci diferenciélni diagnostiky
jako hepatoceluldrni karcinom, hyper-
vaskularizovanou metastazu, zanétlivy
pseudotumor ¢i adenom. Proto byla do-
porucena histologicka verifikace lozZiska
punkéni biopsii pod ultrazvukovou kon-
trolou (obr. 3). Vzhledem k vysledku -
hepatocelularni karcinom vyssiho grade
- byla indikovana extraanatomickd re-
sekce jaterniho loziska segmentu VI

(=]

MUDr. Jakub Jankech
Oddéleni radiologie
Masarykuv onkologicky ustav
Zluty kopec 7

656 53 Brno

e-mail: jakub.jankech@mou.cz

Obdrzeno/Submitted: 15.10. 2018

s resekci satelitd. Definitivni histopa-
tologicky zavér stanovil diagnézu - ja-
terni PECom (perivascular epitheloid
cell tumor) ¢ili nddor z perivaskular-
nich epiteloidnich bunék, ostatni mensi
l[éze predstavovaly fokalni nodularni
hyperplazie.

PEComy jsou relativné mladou dia-
gnostickou jednotkou, patti do sku-

Obr. 1B. CT portovenozni faze.
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Obr. 2A. MRI T1 postkontrast. Obr. 2B. MRI T2 postkontrast.

atypickych mitéz a nekréz. PEComy se
vyskytuji v rliznych anatomickych loka-
litdch, predominantné u Zen (4 : 1), ob-
jevuji se v jakémkoliv véku, nejcastéji
v 5. dekadé Zivota. Nékteré jsou aso-
ciovany s tzv. komplexem tuberézni
sklerézy.

Kazuistika poukazuje na uskali dia-
gnostiky jaterniho PEComu. Ackoliv je
diagndza stanovena imunohistopato-
logicky, je tendence k determinaci dia-
gnostickych kritérii vychazejicich z vy-
sledku vysetfeni zobrazovacich metod.
Dosavadni vysledky vykazuji Siroké
spektrum radiologickych nélezd. Proto
je potieba pfi hodnoceni jaternich lézi
diferencialné diagnosticky pomyslet i na
piny vzacnych mezenchymdlnich na-  resivniho chovani s tvorbou vzdélenych  tuto raritni skupinu tumor(. Spravné
dorll se spole¢cnym morfologickym  metastdz. Pfiznivymi prognostickymi  hodnoceni mize zasadnim zpUsobem
podkladem. Maji obvykle benigni cha-  faktory jsou velikost nadoru (< 5-8cm),  zménit management nasledné péce
rakter, jsou vSak znamé i pfipady ag- nepfitomnost bunécnych atypii, event. o pacienta.

Obr. 3. Ultrasonografie biopsie.
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Zkracena informace o pfipravku Rixathon

Nazev pfipravku: Rixathon 100 mg; Rixathon 500 mg koncentrat pro infuzni roztok. Slozeni: Jedna 10 ml injekéni lahvi¢ka obsahuje rituximabum 100 mg. Jedna 50 ml injekéni lahvicka
obsahuje rituximabum 500 mg. Indikace: Nehodgkinské lymfomy. Chronickd lymfocytarni leukemie. Revmatoidni artritida. Granulomatdza s polyangiitidou a mikroskopicka
polyangiitida. Davkovani a zpusob podani: Piipravekma byt podavan pod peclivym dohledem zkuseného zdravotnického pracovnika a v prostfedi, kde je okamzité dostupné Uplné
vybaveni pro resuscitaci. Pred kazdym podanim pripravku Rixathon je vzdy tfeba podat premedikaci, kterou tvori antipyretikum a antihistaminikum.Pacienti by méli byt peclivé
monitorovani s ohledem na moznost rozvoje syndromu z uvolnéni cytokind. U revmatoidni artritidy je doporucena davka 1000 mg pripravku podana intravenozni infuzi a nasledovana
druhou intravenoézni infuzi 1000 mg o dva tydny pozdéji. U ostatnich indikaci je davka 375 mg/m2 télesného povrchu. Pro podrobny rozpis 1é¢by u jednotlivych indikaci - cykld a forem
lécby, rychlostiinfuze, stejné jako pro specifické skupiny pacientd a dal$i uplné informace k davkovani ctéte plnou verzi SPC. Kontraindikace: Hypersenzitivita na lécivou latku nebo na
mysi bilkoviny nebo na kteroukoli pomocnou latku pfipravku. Aktivni, zavazné infekce. Zavazny Utlum imunitniho systému. Tézké selhani srdce nebo |écbou neupravené onemocnéni
srdce. Zvlastni upozornéni a opatfeni pro pouziti: Upozornéni se tykaji téchto situaci: Progresivni multifokalni leukoencefalopatie. Reakce souvisejici s infuzi (syndrom z uvolnéni
cytokinC, syndrom nadorového rozpadu a anafylaktické ¢i hypersenzitivni reakce). Srdecni poruchy. Hematologicka toxicita. Infekce. Ockovani. Infekce. Reaktivace hepatitidy B. Maligni
onemocnéni. Obsah sodiku. Pro uplné informace viz pInd verze SPC. Interakce: Nemocni s protilatkami proti mysim bilkovindm (HAMA) nebo proti chimérickym protilatkédm (HACA)
mohou mit hypersenzitivni nebo alergické reakce pri podani jinych diagnostickych nebo léc¢ebnych monoklonalnich protildtek. K dispozici jsoupouze omezené udaje o moznych
interakcich s rituximabem. Téhotenstvi a kojeni: Pfipravek nema byt podavan téhotnym zenam s vyjimkou situace, kdy mozny prospéch prevazi potencionalni riziko. Beéhem lécby
rituxomabem by Zeny nemély kojit. U€inky na schopnost Fidit a obsluhovat stroje: Mohou se vyskytnout zavraté po podani pfipravku. Nezadouci U€inky: Bakteriadlni a virové infekce:
sepse, pneumonie, febrilni infekce, herpes zoster, respiracni infekce, plisnové infekce, infekce neznamého plvodu, akutni bronchitida, sinusitida, hepatitida B1; neutropenie; febrilni
neutropenie; anemie; trombocytopenie; pancytopenie; granulocytopenie; hypersenzitivita; angioedém; hyperglykémie; pokles hmotnosti; periferni edém; otok oblic¢eje; vzestup LDH;
hypokalcémie; prestézie; hypestézie; agitovanost; nespavost; vasodilatace; zavraté; uzkost; poruchy slzeni a konjunktivitida; tinitus;, bolest usi; infarkt myokardu; arytmie; tachykardie;
fibrilace sini; hyertenze; bronchospazmus; nauzea; zvraceni; prijem; svédéni; vyrazka; alopecie; horecka; zimnice; slabost; Unava; bolest; pokles hladin IgG. Druh obalu a velikost baleni:
Injekeni lahvicka z ¢irého skla typu |, s pryzovou zatkou, obsahujici 100 mg rituximabu v 10 ml nebo 500 mg rituximabu v 50 ml. Baleni obsahuje 1nebo 2 nebo 2 nebo 3 injekéni lahvicky.
50 mlinjekéni lahvicka: Injekeni lahvicka z Cirého skla typu |, s pryzovou zatkou, obsahujici 500 mg rituximabu v 50 ml. Baleni obsahuje 1 nebo 2 injekéni lahvicky. Doba pouzitelnosti:
Neoteviena lahvic¢ka 3 roky. Chemicka a fyzikalni stabilita pfipravku nafedéného v 0,9% roztoku chloridu sodného po dobu 30 dnd pfi teploté 2 °C - 8 °C a ndsledné pak po dobu 12 hodin
pfi pokojové teploté (<25 °C). Po nafedéni v 5% roztoku glukdzy po dobu 24 hodin pfi teploté 2 °C - 8 °C a nasledné pak po dobu 12 hodin pfi pokojoveé teploté (£25 °C). Pfipraveny
roztok by mél byt po nafedéni pouzit okamzité. Neni-li pouzit okamzité, jsou doba a podminky uchovavani pripravku pred pouzitim v zodpoveédnosti uzivatele a za normalnich
okolnosti by doba neméla prekrocit 24 hodin pri 2 °C - 8 °C, pokud nebyl roztok nafedén za kontrolovanych a validovanych aseptickych podminek. Zvlastni opatfeni pro uchovavani:
Uchovavejte v chladnicce (2 °C - 8 °C), vnitfni obal v krabicce. Drzitel rozhodnuti o registraci: Sandoz GmbH; Biochemiestrasse 10, A-6250 Kundl Rakousko. Registraéni Cislo:
EU/1/17/1185 /001, EU/1/17/1185 /002, U/1/17/1185 /003. EU/1/17/1185 /004. Datum registrace: 16.6.2017. Datum posledni revize textu: 06.2017.

Pouze na lékaFsky pFedpis. PFipravek je hrazen z vefejného zdravotniho pojisténi, vysi a podminky thrady naleznete v aktudlnim Seznamu léciv a PZLU hrazenych ze zdravotniho
pojisténi na www.sukl.cz. Pfed pfedepsanim Iéku se, prosim, seznamte s podrobnymiinformacemi v platném Souhrnu tGidajl o pFipravku nebo na adrese spoleénosti Sandoz.

Dovolujeme si Vas upozornit, Ze na zakladé rozhodnuti spoleénosti Sandoz s.r.o. je pfipravek RIXATHON uvadén na trh v Ceské republice a hrazen ze zdravotniho pojisténi vyluéné
pro pouzitik Ié¢bé pacientl v indikacich Chronicka lymfocytarni leukemie (CLL) a Revmatoidni artritida (RA).

Sandoz, s.r.o., Gemini, budova B
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" KDE JE POTREBA

Lokalizace nadoru
ki u mCRC* je dulezita
pfi volbé antiEGFR terapie.’?

Erbjtux® + FOLFOX nebo FOLFIRI
' . jejedinou terapii v 1. linii léby
mMCRERAS wt*, ktera v klinickych
studiich faze Il konzistentné
prokazuje signifikantni benefit

& v parametru celkového preziti
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N 3k - #1-5
7\ : chemoterapii s bevacizumabem.
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ERBITUX" 5 mg/ml infuzni roztok

Zkracena informace o pfipravku

Léciva latka: cetuximabum. Indikace: K |éché pacientd s metastazujicim kolorektédlnim karcinomem (mCRC) exprimujicim receptor epidermélniho ristového faktoru (EGFR)
a vykazujicim geny RAS divokého typu. PouZiva se v kombinaci s chemoterapii na zakladé irinotekanu, v prvnf linii 1étby v kombinaci s FOLFOX, a/nebo jako samostatnd latka
k 16cbé pacientli, u kterych selhala lécba na zékladé oxaliplatiny a irinotekanu a u pacientd, ktefi nesndsi irinotekan. V kombinaci s radiacni terapif k 1écbé pacientli s lokdIné
pokrotilym spinoceluldrnim karcinomem hlavy a krku a/nebo v kombinaci s chemoterapii na bz platiny k 1écbé relabujictho a/nebo metastazujiciho onemocnéni. Dévkovéni
a zpisob podani: ERBITUX je podavan 1x tydné. Uvodni davka je 400 mg/m2, nasledujici tydenni davky jsou kazda 250 mg/m2. Pacienti musi byt premedikovani antihistaminiky
a kortikosteroidy nejméné 1 hodinu pted podanim cetuximabu. Kontraindikace: U pacientl se znamou tézkou hypersenzitivni reakci na cetuximab. Kombinace s chemoterapif
zahrnujici oxaliplatinu je u metastazujiciho kolorektéIniho karcinomu kontraindikovana u pacientd s mutovanymi geny RAS nebo u pacientii, u nichZ neni mutacnf stav gendi RAS
znédm. Nutno vzit v tvahu i kontraindikace pro soucasné uzivané chemoterapeutické latky nebo radiacni terapii. Zvlastni upozornéni: Casto se mohou objevit tézké reakce spojené
s infuzi, véetné anafylaktickych reakci, které mohou ve vzécnych pripadech vést aZ k mrti. Vlyskyt tézké reakce spojené s infuzi vyZaduje okamZité a trvalé pieruseni lé¢by cetuximabem
a miZe byt nutnd pohotovostni 1écba. Pfiznaky se mohou objevit v pribéhu prvni infuze a aZ nékolik hodin poté. Mezi pfiznaky pati bronchospazmus, kopfivka, zvy3eni nebo
snizeni krevniho tlaku, ztrata védomi nebo Sok. NeZzadouci tcinky: Velmi casté (= 1/10): hypomagnesemie, zvySeni hladin jaternich enzymd, reakce spojené s infuzi. V kombinaci
s lokdIni radiacni terapif se objevily nezédouci Gcinky jako mukozitida, radiani dermatitida a dysfagie nebo leukopenie, pfevazné ve formé lymfocytopenie. Mezi kozni reakce patfi
akneiformni vyrazka, poruchy nehti (paronychium). Interakce: V kombinaci s infuzemi fluoropyrimidini se zvySuje Cetnost vyskytu srdeni ischemie, vietné infarktu myokardu
a méstnavého srdecniho selhdni, stejné jako Cetnost vyskytu syndromu ruka-noha. Lékové forma a baleni: Infuzni roztok. Baleni obsahuje jednu 20 ml lahvitku s obsahem 100 mg
cetuximabu. Uchovavani: Uchovavejte v chladnicce (2-8°C). DrZitel rozhodnuti o registraci: MerckKGaA, Darmstadt, Némecko. Registracni ¢islo: EU/1/04/281/003, EU/1/04/281/005.
Datum posledni revize textu: 06/2014. Vjdej pfipravku je vazan na Iékatsky predpis a je hrazen z prostfedki zdravotniho pojisténi. Pfed predepsénim se seznamte s iplnou informacf
o piipravku.

Studie FIRE-3 nesplnila primarni il zlepSeni miry celkové odpovédi na lécbu (ORR) zalozené na hodnoceni investigétor u pacientli s metastazujicim kolorektdlnim karcinomem vykazujicim expresi onkogenu
KRAS divokého typu (na exonu 2).¢ Studie CALGB/SWOG 80405 nesplnila primami cil signifikantniho zlepSeni celkového preiti (OS) ve studijnim rameni cetuximab + chemoterapie u pacientd s metastazujicim
kolorektalnim karcinomem vykazujicim expresi onkogenu KRAS divokého typu (na exonu 2).” Erbitux® je indikovan k |é¢bé pacientli s metastazujicim kolorektalnim karcinomem exprimujicim receptor epidermalniho
rlistového faktoru (EGFR; Epidermal Growth Factor Receptor) a vykazujicim geny RAS divokého typu: a) v kombinaci s chemoterapii na zakladé irinotekanu, b) v prvni linii [é¢by v kombinaci s FOLFOX, c) jako samostatna
létka k 16¢bé pacientd, u kterych selhala lécba na zakladé oxaliplatiny a irinotekanu a ktefi nesnasi irinotekan.®

*mCRC RAS wt: metastazujici kolorektaIni karcinom vykazujici expresi nemutovaného onkogenu RAS; FOLFIRI* nebo FOLFOX6*

Reference: 1. Holch JW et al. Eur J Can 2017;70:87-98. 2. Arnold D et al. Ann Oncol 2017;epub 12 Apr 2017. 3. Tejpar S et al. JAMA Oncol 2016;epub 10 Oct 2016. 4. Venook AP et al. Oral presentation at ESMO
2016.5. Qin Setal. ASCO GI 2017 (Abstract No. 683). 6. Heinemann V et al. Lancet Oncol 2014;15:1065-1075. 7. Venook AP et al. JAMA 2017;317:2392-2401. 8. Erbitux SPC, datum posledni revize textu: 06/2014.

Uplnou informaci o piipravku obdrzite na adrese:

Merck spol. s r.0., Na Hiebenech Il 1718/10, 140 00 Praha 4 MERCK
Tel.: +420 272 084 211, Fax: +420 272 084 307, www.merck.cz, www.medimerck.cz
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%Z% Bristol-Myers Squibb

BOJUJEME S NADOROVYM
ONEMOCNENIM|

Pacienti jsou v centru
vseho, co délame
Inspiruji nas.

Motivuji nas.

Bristol-Myers Squibb je globalni biofarmaceutickd spole¢nost zaméfujici se na vyvoj

inovativnich zplsobu Ié¢by a podporu biofarmaceutického vyzkumu.

Nasim poslanim je objevovat, vyvijet a doddvat moderni léky, které pomahaji

pacientdm zvitézit nad nadorovymi onemocnénimi.

Nas zavazek vyvijet inovativni léky je tak silny jako vile pacientd bojovat proti zavaznym
onemocnénim. Nasi vedci se snazi objevit dalsi generaci Iék(, které davaji pacientlim nadéji.

Nakonec bude nas Uspéch méren jedinou vect: jak dokdzeme zmeénit Zivoty pacientd.

Bristol-Myers Squibb spol. s r.o.
Budéjovicka 778/3, 140 00 Praha 4 | tel.:221 016 111, e-mail: bms.czech@bms.com, www.b-ms.cz

NOCZ1703913-01, datum schvaleni 24. 8. 2017
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