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EDITORIAL

Kdyz pomahame imunitnimu systému

Soucasny pokrok ve vyzkumu zhoub-
nych nadorl a vyvoj modernich terapii
vyznamné posunul lé¢ebné moznosti to-
hoto zavazného onemocnéni. Uspéchu
bylo dosazeno dokonce u téch malignit,
které jsme jesté nedavno povazovali za
neovlivnitelné systémovou terapii. Pro-
gnoza onkologickych pacientd se tedy
zlepsuje, a to v¢. téch s metastatickym
onemocnénim, pficemz logickym cilem
klinického vyzkumu je transformace di-
seminovaného onemocnéni z kategorie
chorob smrtelnych do skupiny onemoc-
néni chronickych. Za timto pokrokem
a touto ambici si lze predstavit prede-
vs$im uplathovani principu tzv. precizni
onkologie a pouzivani protinddorové
imunoterapie.

Jestlize prvni z pfistupt cili na vlastni
nador, a to predevsim s ohledem na ra-
ciondlni, a tedy efektivni indikaci [écby
na zdkladé detailni molekuldrni cha-
rakterizace individualniho nddorového
genomu, pfistup druhy je zaméfen na
imunitni systém hostitele s cilem jeho
aktivace a specifického nasmérovani
proti nadoru.

Stejné jako jakdkoliv jind burika na-
$eho organizmu nechce byt celkem pfi-
rozené nadorové burnka imunitnim sys-
témem rozpozndna a zlikvidovana jako
cizoroda. Disponuje za timto Ucelem
celym arzenalem biologickych néastroj.
MuUze se maskovat (kamuflaz) nebo muze
aktivné tlumit imunitni odpovéd (sabo-
tadz). Zaméfime-li se na imunoterapii,
soucasnd onkologie pracuje se dvéma
zakladnimi modalitami, které jsou schva-
lené v rliznych indikacich. Prvni z nich je
zaloZena na specifickém zacileni a efek-
tivni eliminaci nadorovych bunék po-
moci T lymfocytl s chimérickym anti-

gennim receptorem (chimeric antigen
receptor — CAR), pfipravenych pomoci
ex vivo genové modifikace T lymfocyt
ziskanych leukaferézou. Tato modifi-
kace predstavuje néco jako trénink k za-
bijeni nadorovych bunék. Druhy pfistup
vede k nespecifickému odblokovani tzv.
kontrolnich bodd imunitniho systému,
které jsou u fady nddorovych onemoc-
néni ucinné blokovany napf. pomoci re-
ceptoru CTLA-4 nebo drahy PD-1/PD-L1.
Odblokovat je Ize pomoci monoklonal-
nich protilatek s funkci inhibitor kont-
rolnich bodu (anti-CTLA4 - ipilimumab,
anti-PD1 - nivolumab, pembrolizumab,
anti-PD-L1 - atezolizumab).

Oba dva pfistupy jsou z hlediska me-
chanizmu svého pUsobeni spojeny s roz-
dilnym spektrem toxickych efektd. Prvni
z nich, autologni T lymfocyty s CAR, lik-
viduji nadorové bunky tak efektivné,
dosud nejvice ze vsech imunoterapeu-
tickych pristup, ze jejich aplikaci dopro-
vazi tzv. syndrom z uvolnéni cytokin(,
a to predevsim IL-6, ktery je produko-
van jak umirajicimi naddorovymi bun-
kami, tak makrofagy, které je odklizeji.
Tento druh toxicity, pokud je zavazny,
Ize UCinné dostat pod kontrolu protiza-
nétlivou protilatkou proti receptoru pro
IL-6, tocilizumabem. Abychom uhasili
pozar, ktery jsme vyvolali. Zadarmo to
zrovna neni, ale to je dobfe, inovativni
farmaceuticky prdmysl mame radi, takze
prozanétlivy, pak protizanétlivy... Ze se
nejednd o snadné pocitani, dokazuje
skutec¢nost, ze CD19-specifické CAR mo-
difikované T lymfocyty (tisagenlecleu-
cel) predstavuji nejvétsi pokrok v 1é¢bé
refrakternich non-hodgkinskych B lym-
fomU a détské B bunécné akutni lymfob-
lastické leukemie za mnoho let.

V ptipadé checkpoint inhibitora je
konkrétni, s imunitou souvisejici toxi-
cita (hepatotoxicita, plicni toxicita, to-
xicita centrdlniho nervového systému)
velice tézko predikovatelnd (vyssi u anti-
-CTLA-4 nez anti-PD-1/L1) a souvisi vzdy
s celou fadou faktor(i - pocinaje praho-
vou hodnotou nastaveni nasi nespeci-
fické imunity, mirou jeji drazdivosti (napf.
vrozené varianty DNA v genech inflama-
zoémového komplexu), konce latentnim
subklinickym zanétem probihajicim na
urovni nadich organu, ktery mdzeme od-
blokovanim checkpointli nastartovat
vice, nez bychom chtéli.V tomto ptipadé
bude kontrola toxicity vzdy individualni
a vysoce komplexni.

At se nam to libi nebo ne, nador je
,Nas" a s postupem ¢asu mu nas imunitni
systém prosté prestane vénovat dosta-
tec¢nou pozornost. Chceme-li imunité po-
moci rozpoznat a eradikovat ,nas” tumor,
coz s Uspéchem ¢inime, mtzeme ji bohu-
Zel napomoci také k destrukci néceho ji-
ného co je,nase’, a co bychom si radi po-
nechali tak, jak to je. Je zfejmé, Zze nas
imunitni systém v principu vi, co, kdy a jak
moc ma udélat. Kdyz mu tedy chceme
pomahat v boji s nadorem, méli bychom
védét nejen, ze opravdu pomUzeme, ale
také Ze neuskodime. Na rozdil od pre-
dikce ucinnosti (imunohistochemicka
detekce PD-L1, muta¢ni ndloz, zanétlivé
mikroprostiedi) je totiz predpovéd to-
xicity pomérné zanedbanym aspektem
soucasné protinadorové imunoterapie.

prof. RNDr. Ondfrej Slaby, Ph.D.
Oddéleni molekuldrni patologie,
Ustav patologie, FN Brno

Klinika komplexni onkologické péce,
Masarykuv onkologicky ustav, Brno
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PREHLED

Lécba relabujici/refrakterni akutni
lymfoblastické leukemie dnes a zitra

Therapy of Relapsed/Refractory Acute Lymphoblastic Leukemia

Today and Tomorrow

Hrabovsky S.', Folber F.', Doubek M.'2

'Interni hematologické a onkologicka klinika LF MU a FN Brno
2CEITEC - Stfedoevropsky technologicky institut, Masarykova univerzita, Brno

Souhrn

Vychodiska: V poslednich letech dochazi k fadé pokrokd v diagnostice a 1écbé relabujici a refrak-
terni akutni lymfoblastické leukemie (ALL), objevu novych 1€k a jejich postupnému zavadéni do
denni praxe. Nové monoklonalni protilatky a imunokonjugéty proti antigendm CD19 a CD22 vyka-
zuji v porovnani se standardnimi cytostatiky vysokou ucinnost a vyhodu nizsi toxicity. Do klinického
pouzivani v indikaci relabované/refrakterni ALL se jiz dostaly dva Iéky z této skupiny — blanitumo-
mab a inotuzumab ozogamicin. Diky ponatinibu a dalsim tyrozinkindzovym inhibitor(im vyssich
generaci je mozné u Ph-pozitivni ALL redukovat davky cytostatik intenzivnich chemoterapeutickych
rezim0, dokonce svoji Gcinnosti zacinaji pomalu zastinovat vyznam alogenni transplantace hema-
topoetickych bunék. Zatim je jejich indikace stdle omezena na relabovanou/refrakterni ALL, v ramci
klinickych studii je vsak Ize pouzit i v primolécbé. Do klinického uziti se dostava zcela nova skupina
JZivych” 1€kl v podobé T lymfocytd s chimérickym receptorem vytvorenych genetickou manipulaci
nativnich lidskych bunék. Tyto lymfocyty jsou v podstaté in vitro trénovanymi zabijaky leukemic-
kych blast. Jejich ucinnost je na poli 1écby relabované/refrakterni ALL sice dosud nevidang, zato
ale vykoupena znacnou toxicitou, predevsim syndromem z uvolnéni cytokind. Ruxolitinib, mTOR
inhibitory, bortezomib a dalsi Iéky pro tzv. cilenou terapii ALL jsou ve fazi klinického hodnoceni. Cil:
Tento ¢lanek pfinasi souhrn novinek v 1é¢bé relabujici a refrakterni ALL.

Klicova slova
akutni lymfoblasticka leukemie - relaps — monoklonalni protilatky - CART lymfocyty — tyrozin-
kinazové inhibitory — nelarabin

Summary

Background: New diagnostics and treatments, including the use of new drugs, have advanced con-
siderably the treatment of acute lymphoplastic leukemia (ALL) in the past few years. Monoclonal
antibodies and immunoconjugates targeting antigens CD19 and CD22 show greater efficacy and
more favourable toxicity profiles than standard salvage chemotherapeutic protocols. Two of these
drugs - blinatumomab and inotuzumab ozogamicin — have already made their way into clinical
practice. Ponatinib and other new generation tyrosine kinase inhibitors allow dose reduction of
intensive cytostatic regimens in Ph-positive ALL patients and slowly start to overshadow the impor-
tance of allogeneic hematopoietic cell transplants. For the time being, their use is reserved for relap-
sed/refractory ALL, but they are already available as a first line therapy in clinical trials. An entirely
new group of living drugs is emerging for the treatment of ALL - chimeric antigen receptor T-cells
produced by genetic modification of native human cells. Chimeric antigen receptor T-cells can be
looked upon asin vitro trained professional blast killers. They show an efficacy never seen before for
the treatment of relapsed/refractory ALL. On the other hand, this treatment still presents significant
risks, mainly due to cytokine release syndrome. Ruxolitinib, mTOR inhibitors, bortezomib, and other
drugs for targeted treatment of ALL are currently being evaluated in clinical trials. Purpose: The
article focuses on current options and news in the field of relapsed and refractory ALL treatment.

Key words
acute lymphoblastic leukemia - relapse - monoclonal antibodies — CAR T-cells - tyrosine kinase
inhibitors — nelarabine
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LECBA RELABUJICI/REFRAKTERNI AKUTNI LYMFOBLASTICKE LEUKEMIE DNES A ZITRA

Uvod

Akutni lymfoblasticka leukemie (ALL)
je maligni klonalni onemocnéni krve-
tvorby vychdézejici z prekurzorovych
bunék B lymfoidni (B-ALL) nebo T lym-
foidni (T-ALL) fady, B-ALL je pfitom asi
3% Castéjsi nez T-ALL. Jednd se o nej-

Castéjsi onkologické onemocnéni v dét-
ském véku s incidenci 3-4/100 000 déti
rocné a maximem vyskytu ve véku
2-5 let. U dospélych se toto onemoc-
néni fadi mezi vzacné malignity, ve vé-
kové skupiné > 18 let postihne asi 1,0-
1,6/100 000 obyvatel ro¢né [1,2].

Vysledky soucasné |écby détskych
pacientd s ALL se fadi mezi nejvétsi
Uspéchy na poli onkologie vibec. Za
poslednich 50 let se tak z prakticky in-
faustniho onemocnéni postupné stala
jedna z nejlépe 1écitelnych détskych ma-
lignit. Sou¢asnou indukéni terapii dosa-

~
monoklonalni imunokonjugaty bispecifické CART lymfocyty
protilatky protilatky ‘HH
CD8+ lymfocyt
kalicheamicin .
D22 ? o e
komplement \
apoptoza
poptoz )

Schéma 1. Principy imunoterapie B-ALL.

B-ALL — akutnflymfoblasticka leukemie vychdzejici z prekurzorovych bunék B lymfoidni fady, ADCC — na protilatkach zavisla bunécna cytotoxi-
cita, FcR - fludarabin, cyklofosfamid, rituximab, TCR = T bunécny receptor, CAR — chimericky antigennf receptor

Tab. 1. Povrchové antigeny blastti B-ALL vyuzitelné pro cilenou terapii.

Exprese

20-80 % B-ALL, zvy3uje se s maturaci,

CD20 N L o
up-regulovéna indukéni terapii
CD22 80-90 % B-ALL
Zralé B i T lymfocyty, monocyty, makrofagy

CD52 ; o . . ;

a bunky vétsiny malig. lymfoproliferaci
D19 pretrvava po celou dobu maturace

B lymfocytl jiz od brzkych stadif

Funkce

adhezivni molekula, rychla internalizace
po navazani ligandu, down-regulace
receptoru B bunék a exprese CD19

T lymfocytl

B-ALL - akutni lymfoblastickd leukemie vychazejici z prekurzorovych bunék B lymfoidni fady, CAR — chimericky antigenni receptor

kalciovy kandl, podili se na diferenciaci
a bunécném cyklu B lymfocytl

kostimula¢ni molekula regula¢nich

koreceptor receptoru B bunék,
aktivace a vyvoj B lymfocyt(

Protilatka

rituximab
ofatumumab
obinutuzumab

epratuzumab
inotuzumab

alemtuzumab

blinatumomab
CART lymfocyty

/
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LECBA RELABUJICI/REFRAKTERNI AKUTNI LYMFOBLASTICKE LEUKEMIE DNES A ZITRA

huje kompletni hematologické remise
(complete remission — CR) 99 % pediat-
rickych pacientl a jejich celkové dlou-
hodobé preziti (overall survival - OS) je
85-90 % [3,4].

Lécba ALL dospélych je oproti tomu
mnohem svizelnéjsi. Se zavedenim mo-
dernich 1é¢ebnych protokolll inspiro-
vanych pediatrickymi rezimy sice pro-
gnoza dospélych pacientl zaznamenala
vyrazné zlepseni, vysledky jsou v3ak
i presto stale neuspokojivé. Z pacientt
ve véku 18-55 let dosdhne po indukci CR
asi 90 %, ale jen 55 % se doziva 5 let od
stanoveni diagnézy. Nemocni ve vékové
skupiné 55-70 let dosahuiji pfi lé¢bé kla-
sickou chemoterapii (CHT) 3letého OS
ve 20 % a pacienti |é¢eni paliativné maji
velmi Spatnou prognézu s OS v fadu
tydna az nékolika malo mésicl [5-71.

Lécba relapsu ALL

Relaps ALL je hlavni pficinou rozdilu
mezi relativné vysokym procentem ini-
cidlné dosazenych CR a nizkym procen-
tem dlouhodobé prezivajicich dospé-
lych pacientd. Relaps postihne ve vékové
skupiné > 18 let az polovinu nemocnych,
onemocnéni primarné refrakterni na in-
duk¢ni 1é¢bu ma asi 5 % pacientl [5-7].

Jedinou |é¢ebnou moznosti pro tyto
pacienty byl az do nedavna jeden ze za-
chrannych chemoterapeutickych rezimd
nasledovany u mladsich nemocnych
< 65 let véku alogenni transplantaci kr-
vetvornych bunék (allogeneic hemato-
poietic cell transplantation - allo-HCT).
Ta je v pfipadé relapsu ALL dospélych
stale povazovéna za jedinou lé¢ebnou
modalitu s kurativnim potencialem.
Podminkou G¢inné transplantace je ale
pifedchozi navozeni druhé CR nemoci.
Klasické zachranné rezimy vsak maji
znacnou toxicitu a ¢ast pacientl umird
na komplikace této lécby. Senioriim
a nékterym starsim dospélym lze pak ze
standardni CHT nabidnout jen paliativni
rezimy.

Vychodiskem v této situaci mlze byt
tzv. cilena terapie (targeted therapy) mo-
noklonalnimi protilatkami a jejich kon-
jugaty, inhibitory kindz ¢i zcela novymi
postupy adoptivni imunity zalozenymi
na genetické manipulaci pacientovych
T lymfocytli (schéma 1). Na povrchu lym-
foblastd je nékolik antigend, které lze

dobfe vyuzit jako cile monoklonélnich
protilatek (tab. 1). Lé¢ba monoklonal-
nimi protilatkami ma navic oproti l1écbé
standardnimi cytostatiky zpravidla nizsi
toxicitu.

Monoklonalni protilatky

Jednim z novych Iékd pro ALL je bispe-
cificky monoklondlni protilatkovy kon-
strukt blinatumomab. Tato molekula
se jednim epitopem vaze na antigen
CD19 leukemické buriky a druhym na
CD3 (koreceptor T bunécného recep-
toru) T lymfocytu. T lymfocyt poté spusti
proces apoptézy cilené buriky. Jeden
takto aktivovany T lymfocyt mlze znicit
postupné i nékolik leukemickych blastd.
Navic Iék navozuje proliferaci a aktivaci
dalSich CD4*i CD8* T lymfocytt [8].

Registracni studie faze Ill srovnavala
monoterapii blinatumomabem oproti
standardni CHT u pacientl s Ph-nega-
tivni R/R ALL. CR bylo dosaZeno ve 44 vs.
25 % a medidn OS byl 7,7 vs. 4,0 mésice.
Velka ¢ast téchto pacientli dosahla i era-
dikace minimalni zbytkové choroby (mi-
nimal residual disease — MRD) (76 vs.
48 %) [9]. MRD je pfitom u ALL hlavnim
prediktorem prognézy konkrétniho pa-
cienta. Byla provedena i jednoramennd
studie faze Il s Ph-pozitivnimi pacienty
rezistentnimi na alespon 2 linie tyrozin-
kindzovych inhibitora (TKI), blinatumo-
mab dosahl podobnych vysledkl jako
u pacientd Ph-negativnich (38 % CR
a median OS 7,1 mésice) [10].

Blinatumomab je v CR dostupny od
roku 2016, jeho indikaci je |é¢ba dospé-
lych pacientl s Ph-negativni a CD19-
-pozitivni R/R ALL. Specifickymi ne-
zadoucimi Gcinky léku jsou syndrom
z uvolnéni cytokin (4,9 %), reverzibilni
neurotoxicita s nejrliznéjsimi lokalnimi
i celkovymi projevy (9,4 %) a deplece
zdravych B lymfocytl s nutnosti substi-
tuce imunoglobulin(. Infekéni kompli-
kace jsou méné casté nez pii CHT (34 vs.
52 %) [9].

V soucasnosti probihaji i studie faze Il
a lll hodnotici u¢innost blinatumomabu
v |é¢bé 1. linie jak u dospélych, tak pe-
diatrickych pacientd.

Epratuzumab je humanizovanou mo-
noklonalni protilatkou anti-CD22. Ve stu-
diifaze Il s détskymi ALL pacienty sice ne-
zvysil pocet dosazenych CR, ale zvysilo

se procento eradikace MRD [11]. Ve stu-
dii faze Il s relabovanymi dospélymi pa-
cienty prokazalo pfidani epratuzumabu
k CHT zvyseni poctu CR oproti historické
kontrole (52 vs. 17 %) [12]. V soucasnosti
probiha s timto lékem randomizovana
studie faze Ill mezinarodni skupiny Int-
ReALL s nové diagnostikovanymi pediat-
rickymi pacienty [13].

Dalsi bispecifické anti-CD19/anti-
-CD3 monoklondlni protilatky testo-
vané u ALL v nizsich fazich klinického
hodnoceni jsou napf. duvortuxizumab
a AFM-11.

Imunokonjugaty

Inotuzumab ozogamicin je imunokon-
jugdt humanizované monoklondlni
protilatky anti-CD22 a cytostatika kali-
cheamicinu. Po navazani této molekuly
na antigen dojde k internalizaci celého
komplexu a jinak velmi toxické cytostati-
kum po uvolnéni vazby s protilatkou pU-
sobi jen uvnitf cilové bunky.

Randomizovand studie faze Il srov-
navajici monoterapii timto lékem se
standardni zachrannou CHT pfinesla
u dospélych pacientd s Ph-negativni
i Ph-pozitivni R/R ALL povzbuzujici vy-
sledky. Mezi pacienty, ktefi dosahli CR
(81 vs. 29 %), bylo i vysoké procento do-
sazené MRD negativity (78 vs. 28 %). Roz-
dil 2letého OS byl sice dle vyty¢enych
cil( studie statisticky nesignifikantni, ale
pocet dlouhodobé prezivsich pacient(
byl v rameni s inotuzumabem ozoga-
micinem oproti rameni s CHT vice nez
dvojnéasobny (23 vs. 10 %, p = 0,02) [14].
Pfidani nizce intenzivni CHT k inotuzu-
mabu ozogamicinu jesté dale zvysilo
pocet dosazenych CR [15].

Probiha i hodnoceni efektu inotuzu-
mabu ozogamicinu v primolécbé ALL.
Studie faze Il testovala kombinaci ino-
tuzumabu ozogamicinu s redukovanou
CHT u pacientt s vékem > 65 let. Pacienti
dosahli 3letého OS v 56 %, coz je vysle-
dek v této vékové skupiné dosud neza-
znamenany [16]. Neddvno zahdjena stu-
die faze Il ma za cil zhodnotit Uc¢innost
pfidani inotuzumabu ozogamicinu k in-
tenzivni CHT u nové diagnostikovanych
mladych dospélych.

Inotuzumab ozogamicin je v CR do-
stupny od roku 2017. Dle indika¢nich
kritérii jej Ize pouzit k 16¢bé Ph-negativni
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Schéma 2. Tyrozinkinazové inhibitory v 1é¢bé Ph+ akutni lymfoblastické leukemie.

i Ph-pozitivni R/R ALL dospélych. Mezi
specifické nezddouci ucinky této lécby
patii elevace bilirubinu (15 %), jaternich
transamindz (20 %) a vendzni okluzivni
choroba jater (11 %) [14].

Dalsi zimunokonjugatud pro Ié¢bu ALL
hodnocenych v klinickych studiich niz-
sich fazi jsou napf. moxetumomab pasu-
dotox (imunokonjugat anti-CD22 s na-
vazanymfragmentemexotoxinu Abakte-
rie Pseudomonas aeruginosa), denintuzu-
mab mafodotin (imunokonjugat anti-
-CD19 s mikrotubulovym toxinem mono-
metyl auristatinem F), Combotox (smés
imunokonjugatd anti-CD19 a anti-CD22
s deglykosylovanym ricinem A) a ADCT-402
(imunokonjugat anti-CD19 s navazanym
cytostatikem pyrolobenzodiazepinem).

Adoptivni imunoterapie

Novym krokem tzv. ,T-cell engaging”
strategie v [é¢bé nejen ALL, ale i jinych
malignit, jsou T lymfocyty s chimérickym
receptorem (chimeric antigen receptor
— CAR). Jedna se o lymfocyty odebrané
z periferni krve pacienta, do kterych je
in vitro (nej¢astéji pomoci virového vek-
toru) vpraven gen pro chiméricky T bu-
nécny receptor se specificitou proti de-
finovanému povrchovému antigenu
nadorové bunky, u B-ALL vétSinou CD19.
Po kultivaci jsou takto modifikované
CAR T lymfocyty infuzi aplikovany ne-
mocnému. V téle pacienta dojde k proli-
feraci CAR T lymfocyt(i a imunitni reakci
namifené proti nadorové bunécéné po-

pulaci. Testovany jsou i metodiky vyroby
alogennich CAR T lymfocytd z bunék
odebranych od zdravého darce [13].

Jednotlivé pracovni skupiny jiz vyvi-
nuly nékolik postupt vyroby téchto mo-
difikovanych T lymfocytq, ty se lisi jak
stavbou samotného chimérického re-
ceptoru a jeho kostimulacnich domén,
tak zplsobem prenosu kédujiciho genu
do T lymfocyt(. Vektorem pfenosu genu
je nejcastéji gamaretrovirus a lentivi-
rus, zkoudeny jsou i alternativni postupy
jako pfeneseni CAR genu syntetickym
transpozonem (technologie Sleeping
Beauty) nebo pfima elektroporace RNA
do T lymfocytti [17,18].

Druhd generace CAR T lymfocytl
disponuje kostimula¢ni doménou
CD28 nebo 4-1BB, tieti generace kombi-
naci vice kostimula¢nich domén s efek-
tem zvyseni protinddorové aktivity [19].
Ctvrta generace, tzv. TRUCK (T-cell Re-
directed Universal Cytokine Killing), do-
kaze pomoci sekrece vlastnich transgen-
nich cytokinl (napf. IL-12) ovliviiovat
nadorové stroma a zvysit migraci jinych
naivnich imunitnich bunék do oblasti na-
doru [20]. Pro lé¢bu malignit jsou zkou-
many i moznosti zapojeni in vitro modi-
fikovanych NK (natural killer) bunék [21].

Mezi hlavni projevy toxicity |é¢by CAR
T lymfocyty patii podobné jako u blina-
tumomabu syndrom z uvolnéni cyto-
kind, zde ale obecné s tézsim priibéhem
nezfidka vyustujicim v multiorgdnové
selhani. Dalsimi komplikacemi jsou neu-

rotoxicita, deplece zdravych B lymfocyt
s hypogamaglobulinemii a infekéni kom-
plikace. Vysledky [é¢by jsou ale i pfes vy-
sokou toxicitu motivujici, jiz nékolik na
sobé nezavislych studii faze | a Il proka-
zalo > 90 % navozenych CR u détskych
i dospélych pacientli s R/R ALL [22-24].

Tato |é¢ebnd metoda zaznamenava
dobré vysledky i u chronické lymfo-
cytérni leukemie a agresivnich B lym-
fom( [25-28]. CART lymfocyty jsou také
testovény u nehematologickych malig-
nit, napf. neuroblastomu, ovarialniho
karcinomu, renalniho karcinomu nebo
hepatoceluldrniho karcinomu. U solid-
nich nadord situaci komplikuje nado-
rové stroma a jeho mikroprostiedi, které
omezuje prinik CAR T lymfocytd do tu-
moru a znesnadiuje zde jejich prezi-
vani i samotnou vazbu na nadorové
bunky [29].

V roce 2017 byl americkym Ufadem
pro kontrolu potravin a léciv (U. S. Food
and Drug Administration — FDA) schva-
len prvni komer¢né vyrdbény prepa-
rat CAR T lymfocytl - tisagenlecleu-
cel. Jeho indikaci je 1é¢ba R/R ALL u déti
a mladych dospélych < 25 let a relabo-
vaného/refrakterniho difuzniho velko-
bunééného B lymfomu (R/R difuzniho
velkobunécného B lymfomu) dospélych.
Dalsi preparat, axicabtagene ciloleucel,
byl nedlouho poté schvélen pro lé¢bu
R/R difuzniho velkobuné¢ného B lym-
fomu dospélych. Oba Iéky jsou v zemich
EU dostupné od srpna 2018.

Tyrozinkinazové inhibitory
Filadelfsky chromozom (Ph chromo-
zom) davajici podklad fuznimu genu
BCR-ABL1 je pfitomen u 20-25 % do-
spélych a 3 % détskych pacientd s ALL.
Vyskytuje se témér vyhradné u B-pre-
kurzorové linie ALL. Dfive byla Ph-pozi-
tivni ALL (Ph+ ALL) variantou onemoc-
néni s nejhorsi prognézou. Tato situace
se ale se zavedenim TKI do [é¢ebnych re-
Zim0G v roce 2001 zésadné zménila [30].
V soucasnosti jsou v CR pro lé¢bu Ph+
ALL schvaleny tfi rizné TKI (schéma 2).
V nadich podminkach je standardem
primolécby mladsich pacient(i s Ph+ ALL
pfidani imatinibu k intenzivni CHT a po
dosazeni CR provedeni allo-HCT. Pfi-
déni imatinibu k CHT zvysilo u nemoc-
nych podstupujicich allo-HCT pocet do-
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sazenych CR na > 90 % a 5leté preziti
bez progrese z 28-40 % na 43-63 % [31-
33]. U starsich nemocnych je imatinib
v ramci paliativni |é¢by podavan s re-
dukovanou CHT nebo jen s pulzy korti-
koid(. | tento typ |éCby ale dokaze navo-
dit pomérné dlouhé remise s medidnem
OS az 20 mésicl [34].

Hlavnim problémem dlouhodobé
[é¢by imatinibem je klonalni evoluce
blastl a vznik novych mutaci ve fuz-
nim genu BCR-ABL1. Takto vznikld popu-
lace blastl je pak na imatinib rezistentni
a dava vznik relapsu choroby. Preparaty
TKI druhé generace dokazou prekonat
velkou ¢ast mutaci BCR-ABL1. Navic inhi-
buji i SRC kinazy, které rovnéz hraji roli
v patogenezi Ph+ ALL [35]. Dalsi vyho-
dou téchto 1€k je jejich schopnost pie-
krocit hematoencefalickou bariéru, a tim
ucinnéji branit relapsu v centrdlnim ner-
vovém systému [36]. V CR je z téchto
preparatl v indikaci 1é¢by R/R Ph+ ALL
dostupny dasatinib. | v 1é¢bé nové dia-
gnostikovanych pacientl se zda byt
Uc¢innéjsi nez imatinib, CR byla dosazena
u > 90 % pacientl, ¢etnost eradikace
MRD byla taktéz témér 90 % [37-39].
Dal3i dva zéstupci TKI druhé generace ni-
lotinib a bosutinib jsou pouzivény spise
v l1é¢bé chronické myeloidni leukemie.
Oba tyto léky nemaiji v CR schvalenou in-
dikaci k [é¢bé Ph+ ALL.

Castou mutaci ABLT domény je mu-
tace T3715], kterd je rezistentni na lécbu
imatinibem i véemi TKI druhé generace.
Jedinym ucinnym lékem je v této situaci
ponatinib, zastupce treti generace TKI.
Ve studii faze Il doséhli CR vsichni nové
diagnostikovani pacienti 1éceni kombi-
naci ponatinibu a intenzivni CHT, 78 %
z nich bylo i MRD negativnich a 3leté OS
bylo 79 %. Nebyl statisticky vyznamny
rozdil v OS mezi skupinou pacient, ktefi
podstoupili allo-HCT s naslednou udrzo-
vaci [é¢bou ponatinibem, a ktefi méli jen
udrzovaci lé¢bu bez transplantace [40].
Vysledky této a nasledné i dalsi podobné
studie nasvédcuji tomu, Ze by v bu-
doucnu mozna vibec nebylo nutné pfi
Ié¢bé Ph+ ALL pomoci TKI vyssich gene-
raci provadéni allo-HCT [41,42]. Tato la-
kava domnénka vsak jesté vyzaduje po-
tvrzeni na vétsich souborech pacienta.
Ponatinib je v CR pro lé¢bu Ph+ ALL in-
dikovan ve 3. linii 1é¢by pfi rezistenci

nebo intoleranci dasatinibu nebo kdy-
koliv v priibéhu lécby pfi prikazu mu-
tace T3151.

V soucasnosti probiha nékolik klinic-
kych studii faze Il a lll hodnoticich Ié¢bu
Ph+ ALL ponatinibem v kombinaci s in-
tenzivni nebo redukovanou CHT, déle
jsou testovany kombinace TKI s blina-
tumomabem, kombinace ponatinibu
s venetoclaxem ¢i zcela nové molekuly
TKl/aurora inhibitord s Gcinnosti proti
mutaci T375/ tozasertib, danusertib
a HG-7-85-01 [43-47].

Zvlastnim novym lékem z této skupiny
je asciminib. Véze se na jiné misto BCR-
-ABL1 nez ostatni TKI a ma tak jiny pro-
fil i¢innosti stran mutaci této kinazy. Vy-
kazuje vysokou specificitu proti mutaci
T3151, aviak neni G¢inny u nékterych ji-
nych ,béznych” mutaci [48].

Dalsi inhibitory bunécnych
signalnich drah

Recentné identifikovanou podskupinou
B-ALL s nepfiznivou prognézou a po-
dobnym profilem genové exprese jako
Ph+ ALL je Ph-like ALL. Tyto leukemie
se vyznacuji defekty gend kinaz signal-
nich drah ABL1 a JAK/STAT (janus kinase
/ signal transducers and activators of
transcription). Nejcastéjsi aberace u Ph-
-like ALL jsou v genu CRLF2 a JAK2 [49].
U téchto pripadll se predpoklada ucin-
nost JAK2 inhibitor( (ruxolitinib) pou-
zivanych pfedevsim u Ph-negativnich
chronickych myeloproliferaci. V soucas-
nosti probiha studie faze Il s pfidanim ru-
xolitinibu ke standardni CHT u nové dia-
gnostikovanych pacient(.

Dalsi potencialné vyuzitelnou skupi-
nou |ékd zasahujici do signélnich bu-
néc¢nych drah jsou PI3K/mTOR inhibitory
(fosfatidylinositol 3-kindza, mamma-
lian target of rapamycin). Tyto kindzové
drahy jsou konstitutivné aktivovany az
u 75 % pripadd T-ALL [50]. Preklinicka
data naznacuji, ze by léky z této skupiny
mohly byt u T-ALL uc¢inné, obzvlasté pak
v kombinaci s cytostatiky. U R/R T-ALL
probiha nékolik klinickych studii ¢as-
nych fazi pro sirolimus, temsirolimus,
everolimus, sapanisertib nebo BEZ235.

Jinou lékovou skupinou zkousenou
u ALL jsou inhibitory proteazomu (bor-
tezomib) pouzivané v |é¢bé mnohocet-
ného myelomu. Diky schopnosti inhibo-

vat signélni drahy NF-kB (nuclear factor
kB) a Notch1, které jsou ¢asto aktivované
uT-ALL, by tyto léky mohly najit 1écebné
uplatnéni.V soucasnosti probihaji s bor-
tezomibem u T-ALL studie faze Il a lll.

Purinova analoga

Prichod novych monoklondlnich pro-
tildtek s anti-CD19 a anti-CD22 aktivi-
tou a CAR T lymfocytli vyrazné zlepsil
vysledky lé¢by R/R B-ALL. Buniky T lym-
focytarni linie v3ak tyto antigeny neex-
primuji. Zatimco primolécba je u obou
linii ALL v podstaté stejna, novych 1ékd
vyuzitelnych pfi relapsu T-ALL je stale
pomalu.

Jiz v roce 2007 byl pro lé¢bu R/R
T-ALL schvalen purinovy analog nelara-
bin. V klinickych studiich faze Il navodil
CR u 31-36 % relabovanych pacientq,
coz bylo oproti historickym kontro-
I[dm s klasickou zachrannou CHT ur¢ité
zlepseni [51,52]. Nelarabin byl testovan
i v kombinaci s dal$imi cytostatiky, avsak
cenou za vyssi ucinnost bylo zvyraznéni
toxicity [53]. V CR je nelarabin indiko-
van k lé¢bé R/RT-ALL az po selhdni stan-
dardni zachranné CHT.

Zaveér

V poslednich letech se portfolio 1ékd pro
ALL rozsifilo o nékolik nadéjnych kandi-
datd, z nichz nékteré je uz dnes mozno
podévat pacientim nejen s R/R ALL,
ale v ramci klinickych studii i nové dia-
gnostikovanym. Kazdy rok vstupuji do kli-
nického hodnoceni dalsi nové molekuly
monoklondlnich protilatek, imunokonju-
gatli a kindzovych inhibitor(. Zcela novou
skupinou €kl jsou CAR T lymfocyty, které
moznd v nejblizsich letech zpusobi revo-
luci nejen v hematoonkologii, ale i v celé
onkologii vlibec. S nadéji Ize fici, Ze v Ié¢bé
R/R ALL se blyska na lepsi casy.
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Oligometastaticky karcinom prostaty

Oligometastatic Prostate Cancer
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Souhrn

Vychodiska: S rozvojem diagnostickych metod se zpiesiuje i diagnostika karcinomu prostaty. Oligo-
metastatické onemocnéni je tak zjisténo u pacientd, ktefi by byli dfive zatazeni do skupiny s lokalizo-
vanym onemocnénim. U tohoto stadia onemocnéni pribyva diikazll o efektivité intenzifikace lécby
cilené jak na primérni nador, tak i na metastatické postizeni. Dokdzeme timto zplsobem oddalit za-
héjeni systémové paliativni Iécby a prodlouzit i celkové preziti. Mnoho otazek ale zUstava zatim stale
nezodpovézenych, napf. samotna definice oligometastatického onemocnéni, a kterym pacientdim
nabidnout agresivnéjsi lécbu. Data jsou zatim limitovana a pochézeji z malych retrospektivnich studi,
ale konkluzivné ukazuji benefit v preziti pfi cilené Ié¢bé primarniho tumoru prostaty i metastatickych
loZisek za pomoci chirurgie ¢i radioterapie. Nejcastéji je v této indikaci vyuzivana stereotakticka radio-
terapie. A to vie s minimalnimi nezddoucimi ucinky. V retrospektivnich studiich byl pro oligometasta-
tické onemocnéni vétsinou akceptovan pocet 3-5 metastatickych loZisek, ale soubory pacient( byly
zna¢né hererogenni. Recentné probihajici studie se proto snazi pfesnéji definovat oligometastatické
onemocnéni a najit pravou miru intenzifikace lécby. Kdy a u kterého pacienta volit Ié¢bu cilenou na
metastastazy a kdy ma uz naopak smysl| standardni systémova Iécba? Jiz nyni je ale jasné, Zze u vybra-
nych pacientd ma cilena personalizovana Iécba jasny benefit. Cil: Zémérem tohoto prehledového
¢lanku je nabidnout aktuélni pohled na problematiku oligometastatického karcinomu prostaty. Cla-
nek predklada stru¢ny souhrn literatury, moderni moznosti diagnostickych zobrazovacich metod a Ié-
¢ebné moznosti oligometastatického karcinomu prostaty v¢. chirurgie a radioterapie.

Klicova slova
karcinom prostaty — oligometastatické onemocnéni — prostatektomie - radioterapie — androgen-
-deprivacni lé¢ba - PET/CT

Summary

Background: With advancements in diagnostic techniques, oligometastatic prostate cancer is diag-
nosed in patients who were, in the past, considered to have localized disease. Moreover, evidence
of the effectiveness of treatment intensification for this disease is increasing, focusing on primary
tumors as well as metastatic lesions. Thus, we can delay the start of systemic palliative treatment and
improve overall survival. Many questions remain unclear, such as the definition of oligometastasis
disease, or which patients should be offered aggressive treatment. Data are limited and come from
small retrospective studies but show conclusively the benefits of survival in targeted primary prostate
and metastatic prostate cancer therapy with surgery or radiotherapy. Often, stereotactic radiotherapy
is used in this indication, with minimal side effects. In retrospective studies, 3-5 metastatic lesions
were generally accepted for definition of oligometastatic disease, but patient subgroups were hetero-
geneous. A recent study attempts to better define oligometastatic disease and find out the right
degree of intensification of treatment. When and in which patient to use metastasis-targeted therapy
and when the standard systemic treatment is already meaningful. It is already clear that selected
patients benefit from targeted personalized treatment. Purpose: The purpose of this review is to offer
an update of the problem of oligometastatic prostate cancer. The article presents an overview of data
from contemporary literature, modern possibilities of diagnostic imaging methods and treatment
options of oligometastatic prostate cancer including surgery and radiotherapy.

Key words
prostate cancer - oligometastatic disease — prostatectomy - radiotherapy — androgen-deprivation
therapy - PET/CT
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Uvod
Oligometastatické onemocnéni repre-
zentuje klinicko-anatomické stadium
nemoci na pomezi lokalizovaného a po-
lymetastatického onemocnéni. Pojem
oligometastatické onemocnéni v sou-
vislosti s karcinomem prostaty (prostate
cancer — CaP) poprvé definoval v roce
1995 Hellman a Weischelbaum [1].
Recentni vyzkumy ale ukazuji, Zze
oligo- a polymetastatické onemocnéni
nemusi byt postupnym vyvojovym kro-
kem v rozvoji CaP, ale mlize se jednat
o dvé rozdilné entity. Genomova ana-
lyza metastatickych (MTS) bunék CaP
ukdzala, ze letdlni klon nemusi pochéa-
zet z primarniho nadoru, ale z MTS [2,3].
Oligometastatické onemocnéni tak mu-
Zeme povaZzovat za heterogenni skupinu
s rozdilnym chovanim i prognézou. Na
zdkladé vyse popsanych skute¢nosti se
v klinické praxi uplatfuje rozdilny po-
hled na toto onemocnéni a jeho roz-
dilna 1é¢ba. Pouziti intenzivnéjsiho pri-
stupu, jako je radikalni prostatektomie
(RP) ¢i radioterapie (RT) s Ié¢bou cilenou
i na MTS (nejcastéji stereotakticka radio-
terapie (stereotactic body radiation ther-
apy - SBRT)) mize vést ke zna¢nému be-
nefitu pro pacienta ve smyslu oddaleni
doby do progrese a prodlouzeni celko-

vého preziti (overall survival — OS) [4,5].
Néktefi autofi dokonce hovofi o kurativ-
nim pfistupu. Dalsi vyhodou Ié¢by cilené
i na MTS muze byt oddéleni zahdjeni an-
drogen deprivacni terapie (ADT). ADT
je stale zakladni lé¢ebnou modalitou
CaP, jeji dlouhodobé uzivani je ale pro-
vazeno mnoha vedlejsimi Gcinky. Odda-
leni ¢i zkraceni ADT tak maze byt klinicky
vyznamné.

Definice

oligometastatického CaP
Vseobecné akceptovana definice oligo-
metastatického CaP zUstdva dosud ne-
zodpovézena, nebyla stanovena ani
hranice poc¢tu MTS. Faktory, které hraji
urcitou roli v definici oligometastatic-
kého onemocnéni, mohou byt nésledu-
jici — pfitomnost synchronnich vs. me-
tachronnich MTS, pocet MTS lozisek
a jejich lokalita, hodnota prostatického
specifického antigenu (prostate speci-
fic antigen - PSA), zobrazovaci metody
a v neposledni fadé i to, zda je pacient
kastra¢né-rezistentni, ¢i nikoli. Mnoho
studii navrhlo rGizné definice tykajici se
poctu a mist MTS loZisek zalozenych na
lécebnych vysledcich, ale jak je patrno,
optimalni hranici po¢tu MTS lozisek
nelze zatim jasné stanovit (tab. 1).

Tab. 1. Piehled studii s definici oligometastatického karcinomu prostaty [12,13].

Autofri Pocet
pacientt
Ahmed et al [16] 17
Berkovic et al [17] 24
Decaestecker et al [13] 50
Jereczek-Fossa et al [18] 69
Ostetal [19] 119
Ponti et al [20] 16
Schick et al [21] 50
Singh et al [22] 74
Tabata et al [23] 35

Lokalizace meta-
statickych lozisek

Pocet metasta-
tickych lozZisek

<5 NR

<3 skelet nebo LU
<3 skelet nebo LU
<1 LU

<3 kdekoli

<2 LU

<4 NR

<5 NR

<5 pouze kosti a lo-

zisko < 50 % veli-
kosti obratlového
téla

Zobrazovaci metody

Mezi standardni zobrazovaci metody
v diagnostice CaP patfi pocitacova to-
mografie (computed tomography - CT)
a scintigrafie skeletu (**"Tc ¢i jednofoto-
nova emisni vypocetni tomografie (sin-
gle-photon emission computed tomo-
graphy — SPECT)). Tyto metody v3ak
postradaji patficnou citlivost a specifi-
citu k detekci oligometastatického one-
mocnéni. V praxi se tak stale castéji m{-
Zeme setkat s novymi zobrazovacimi
metodami, jako je '®F-cholin a '8F-flu-
ciclovin pozitronova emisni tomogra-
fie / pocita¢ovd tomografie (PET/CT),
8F-NaF PET/CT a posledni dobou i pro-
staticky specificky membranovy anti-
gen (prostate specific membrane anti-
gen — PSMA) PET (nebo kombinace PET
s magnetickou rezonanci (magnetic re-
sonance imaging — MRI)). Jejich citlivost
je obecné feceno velmi vysokd a kore-
luje s hladinou PSA. Cim vy33i hladina
PSA, tim i vyssi senzitivita.

PET/CT s '8F-NaF se vyznacuje vysokou
senzitivitou i specificitou v detekci MTS
postizeni skeletu. V detekci mékkotkarno-
vého postizeni ale spoléha jen na CT.

Dal3im modernim radioaktivnim nosi-
¢em je 8F-cholin, ktery je ¢asto vyuzivan
k restagingu pacientd s biochemickou

Zobrazovaci modality

"C-choline PET/CT, CT, MRI

scintigrafie, '®F-FDG PET/CT,
"C-choline PET/CT

8F-FDG PET/CT, ®F-choline PET/CT
F-FDG PET/CT, CT, "'C-choline PET/CT

8F-FDG PET/CT, ®F-choline PET/CT

"C-cholinePET/CT, CT, scintigrafie

scintigrafie, '®F-choline PET/CT,
""C-acetate PET/CT

scintigrafie

scintigrafie

CT - pocitacova tomografie, FDG - fluorodeoxyglukdza, LU - lymfaticka uzlina, PET/CT - pozitronova emisni tomografie s CT,
MRI - magneticka rezonance, NR - nepublikovano

98

Klin Onkol 2019; 32(2): 97-100




OLIGOMETASTATICKY KARCINOM PROSTATY

recidivou. Vyznacuje se vysokou senziti-
vitou i specificitou i v mékkych tkanich.
Dle doporuceni je vyuzivan pfi hodnoté
PSA > 1 pg/l.

Obdobnym radiofarmakem je "8F-flu-
ciclovin (Axumine). Jeho senzitivita
i specificita je dle studii srovnatelnd, az
vy33i nez pfi '8F-cholin PET.V CR m4 ale
indika¢ni omezeni k pouZiti pouze k de-
tekci recidivy CaP pfi elevaci PSA po pri-
marni kurativni |é¢bé.

%Ga-PSMA vykazuje nejvyssi senziti-
vitu i specificitu ze viech radiofarmak.
Jeho dostupnost je viak v CR zatim velmi
limitovana.

Celotélova MRI s difuzi vazenym obra-
zem (diffusion-weighted image - DWI)
je povazovana za superiorni ve srovnani
s '8F-cholinem v detekci MTS CaP.

PomysInym vrcholem v zobrazovacich
metodach CaP je kombinace ¥Ga-PSMA
PET s DWI MRI.

Role chirurgie u lokalné
pokrocilého CaP

Provedeni RP u pacientl s postizenim
panevnich uzlin mlze mit pozitivni vliv
na OS ve srovnani se samotnou ADT [6].
U nékolika observacnich studii bylo po-
tvrzeno prodlouzeni OS u pacientl s di-
seminovanym CaP po provedeni RP. Me-
chanizmus vysvétlujici vliv na OS neni
zndm. Na druhou stranu ne vsichni
pacienti s postizenim uzlin budou profi-
tovat z RP. Dle recentni analyzy pacienti
s postizenim lymfatickych uzlin (LU)
po provedeni RP maji vy$si mortalitu,
pokud méli pozitivni > 3 LU, pozitivni re-
sekcni okraje, Gleason score > 7 a pokud
neméli adjuvantni RT [7].

Role chirurgie

u oligometastatického CaP

RP muze byt vhodnd i pro pacienty
s de novo zjisténym oligometastatic-
kym onemocnénim. Heidenreich et al
prezentovali studii, ve které hodnotili
vliv RP s retroperitonealni disekci uzlin
u pacientll s M1b onemocnénim s po-
¢tem < 3 kostnich MTS dle scintigrafie.
Pacienti po RP s retroperitonedlni disekci
uzlin byli porovnani se skupinou léce-
nou jen ADT. Skupina pacientl po ope-
raci prokazala signifikantné delsi preziti
bez progrese (39 vs. 28 mésicl), pro-
dlouzil se ¢as do vzniku rezistence na

kastraci (40 vs. 29 mésicl), median OS
vsak byl srovnatelny (47 vs. 41 mésict).
Je tfeba poznamenat, Ze vsichni opero-
vani pacienti reagovali na ADT, zatimco
32 % pacientl v kontrolni skupiné bez
operace nereagovalo na ADT, coz na-
znacuje potencialni selektivni zkresleni.
V soucasnosti bézi klinické studie na
toto téma [8].

Role salvage disekce pfri rekurenci
onemocnéni po primarni
kurativni lécbé

O salvage disekci Ize uvazovat, pokud
doslo k progresi jen v uzlinach a pacienti
jsou bez jinych znamek onemocnéni [9].
Systematicky prehled 12 observacnich
studii tykajicich se zachranné disekce
LU s okamzitou nebo odlozenou ADT
zaznamenal 5leté OS pfiblizné u 75 %
pacientU. Pfiznivé prognostické faktory
po disekci LU byly spojeny s kompletni
odpovédi PSA, mensim poctem pozitiv-
nich LU, s absenci postizeni retroperito-
nedlnich LU a nizsi hodnotou predope-
ra¢niho PSA.

Role stereotaktické RT

u oligometastatického
onemocnéni

Prvni studie se SBRT byla prezentovana
v roce 2009. Jereczek et al [10] prezen-
tovali soubor pacientl s izolovanym LU
postizenim dle '®F-cholin PET/CT léce-
nych SBRT CyberKnifem. Pfi medianu
sledovani 18,6 mésice byla lokaIni kon-
trola u 100 % pacientd. Nasledné byla
prace potvrzena na vétSim souboru
pacientl. Muacevic et al [11] prospek-
tivné hodnotili skupinu 40 pacientl
s max. dvéma kostnimi MTS |é¢enymi
jednou frakci SBRT. Lokalni kontroly de-
finované jako nepfitomnost progrese
na MRI a neaktivita na "®F-cholin PET/CT
bylo dosazeno u 95,5 % pacientl pfi
2letém sledovani a 68 % z nich podstou-
pilo ADT. Studii s podobnym designem
je celd fada, jedna se v3ak o malé pocty
pacientll s retrospektivnim zhodno-
cenim dat. Decaestecter et al [12] po-
psali soubor 50 muzl s max. tfemi syn-
chronnimi LU, kostnimi ¢&i jaternimi
MTS, lé¢ené SBRT. Preziti bez progrese
ve 2 letech bylo 35 % a lokalni kon-
trola trvala v medidnu 100 mésic. Me-
dian doby odlozeni ADT byl 25 mésic.

PSA dubling time byl prognosticky fak-
tor doby do klinické progrese i doby do
zahajeni ADT.

Souhrnné fec¢eno, SBRT dosahuje ex-
celentni lokdlni kontroly s prodlouze-
nim doby do biochemické a klinické
progrese s minimalni toxicitou. Jeji po-
tencidl je v kombinaci se systémovou
[écbou. Ale aby bylo mozné definovat
jasné pfinosy SBRT u pacientl s oligo-
metastatickym CaP, bude zapotiebi dal-
Sich studii [13].

RT u nové diagnostikovaného
oligomestatického

onemochéni

Tradi¢ni |é¢ba pokrocilého CaP se opira
0 ATD. Prvni studie zkoumajici efektivitu
RT u oligometastatického CaP se obje-
vuji v roce 2000. Dosud chybi souhrnna
a komplexni data o efektivité kombinace
SBRT a ADT u de novo oligometastatic-
kych onemocnéni. Existuje ale fada dil-
¢ich studif pro- i retrospektivnich srov-
navajicich uziti RT na primarni tumor
a panevni uzliny s ADT ¢i bez ADT. Kom-
binace metod vede k prodlouzeni 5le-
tého OS 49 vs. 33 %. Tedy intenzifi-
kace lokalni [é¢by primédrniho tumoru
a spadovych uzlin mGze eradikovat bu-
douci MTS klony a prodlouzit tak OS
pacientt [14,15].

Zavér

Od definovani pojmu oligometastatic-
kého onemocnéni nardsta trend inten-
zifikace terapie. Pribyva dat o Gcinnosti
kombinované |é¢by primarniho tumoru
s Ié¢bou cilenou i na MTS loziska. Tento
pfistup mize oddalit zahdjeni paliativni
systémové |é¢by a promitnout se do
prodlouzeni OS. SBRT pfedstavuje ucin-
nou a bezpec¢nou metodu s excelentni
lokaIni kontrolou onemocnéni. U¢inna
a personalizovand lécba by nebyla
moznd bez vysoce senzitivnich zobrazo-
vacich metod, zvlasté PSMA.V soucasné
dobé neni stale presné definovéano oli-
gometastatické onemocnéni, ani nepa-
nuje konsenzus ohledné cilené lécby
MTS postizeni. Recentné probihajici stu-
die se snazi definovat oligometastatické
onemocnéni a najit pravou miru intenzi-
fikace léCby. Jiz nyni je ale jasné, ze u vy-
branych pacientdl ma cilena personalizo-
vana lécba jasny benefit.
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Chromotripse — rozsahlé chromozomoveé
prestavby a jejich vyznam u onkologickych

onemochéni

Chromothripsis — Extensive Chromosomal Rearrangements

and Their Significance in Cancer

Zavacka K., Plevova K., Jarosova M.}, Pospisilova S.'?
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Souhrn

Vychodiska: Chromozomové pfestavby hraji vyznamnou roli v patofyziologii nadord. Mezi me-
chanizmy vedouci k jejich vzniku byla v nedavné dobé zafazena chromotripse. Ta zplsobuje
rozpad chromozomd( a jejich opétovné seskupeni s desitkami az stovkami prestaveb. Na rozdil
od klasického schématu nadorové transformace se pfi chromotripsi aberace nehromadi po-
stupné, ale vznikaji béhem jediné udalosti. Vzniklé prestavby byvaji rozséhlé a ¢asto zapficinuji
aktivaci onkogenl ¢i inaktivaci nadorovych supresort. Chromotripse je spojovédna s mnoha
typy nador(, predevsim s nddory mozku a kosti. Byla vsak popséna nejen u nddorovych one-
mocnéni, ale i u vrozenych poruch. Pfesny mechanizmus vzniku nebyl dosud objasnén, existuje
vsak nékolik modell, z nichZ nejpravdépodobnéjsi se jevi vznik prestaveb nasledkem posko-
zeni DNA v tzv. mikrojadre. Stejné tak dtsledky chromotripse pro pribéh bunécnych pochodd
nejsou zatim plné pochopeny. U onkologickych pacientdl obecné je pozorovana souvislost
mezi chromotripsi a nepfiznivou prognézou. Cil: Zdmérem tohoto ¢lanku je shrnout dosavadni
poznatky o chromotripsi a predlozit je ¢tendfi v prehledné podobé. Zaméfili jsme se na popsani
zakladnich rysd chromotripse, pravdépodobnych mechanizm jejiho vzniku, disledkd na bu-
nécné procesy a dale na poskytnuti prehledu onemocnéni, u kterych se s ni mizeme setkat,
pficemz pozornost je vénovana zejména onkologickym onemocnénim. Na zavér je uveden
vyhled pro vyuziti dosavadnich poznatk(l o chromotripsi pfi optimalizaci Iécebnych postupli
u onkologickych pacientd.

Klicova slova
chromotripse — chromozomy — DNA - nddory — mutace - strukturni varianta genomu — oprava
poskozeni DNA
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Summary

Background: Chromosome rearrangements play an important role in cancer pathophysiology. Recently, chromothripsis has been proposed
among the mechanisms leading to their formation. Chromothripsis leads to fragmentation of chromosomes and their reconstitution with tens
to hundreds of rearrangements clustered in small genome regions. In contrast to the traditional concept of malignant transformation, abnorma-
lities caused by chromothripsis are not accumulated gradually but arise during a single event. The resulting structural variants are extensive and
often cause oncogene activation or tumor suppressor inactivation. Chromothripsis is associated with many tumor types, especially with brain
and bone tumors. Besides that, it has been described also in congenital disorders. The exact mechanism of chromothripsis origin has not been
clarified yet; however, several hypotheses have been prosed, among which DNA damage in micronucleus seems to be most likely. Similarly, an
impact of chromothripsis on cellular processes has not been fully understood, yet its association with unfavorable prognosis has been observed.
Purpose: The purpose of this article is to summarize the current knowledge about chromothripsis and to present gathered pieces of information
in a structured way. We focused on describing the basic features of chromothripsis, potential mechanisms of its origin, its impact on cellular
processes and providing an overview of diseases where chromothripsis has been noted, with particular attention to cancer. Finally, we suggest

a potential use of current knowledge about chromothripsis in the optimization of personalized treatment.

Key words

chromothripsis — chromosomes — DNA — neoplasms — mutation — genomic structural variation - DNA end-joining repair

Uvod
Nadorova transformace je podminéna
vznikem aberaci a hromadénim mu-
taci v lidském genomu, k nimz muze do-
chazet pfi kazdém bunécném cyklu. Za-
jimavym objevem v oblasti nadorové
biologie je neddvno popsana chromo-
tripse — proces zahrnujici vznik komplex-
nich genomovych prestaveb velkého
rozsahu. Chromotripse byla v rizné mire
pozorovana u mnoha typ0 nadoru [1,2],
ale také u nékterych vrozenych po-
ruch [3] a nékolik ptipadd bylo zazname-
nano i u zdravych jedinct [4].

Pojem chromotripse je odvozen z fec-
kych vyraz( ,chromos” pro chromozom

centromera

fragmentace chromozomu
|

v

" em™ ® o

o m—

|
v opétovné
seskupeni

[— T ]

Sl derivovany chromozom

deletované useky

Schéma 1. Schéma vzniku chromotripse.

a ,thripsis” pro rozpad na kousky. Béhem
chromotripse totiz dochazi k rozpadu
chromozom nebo jejich ¢asti na malé
fragmenty. Ty jsou nasledné prostrednic-
tvim nehomologniho spojovani koncl
DNA (non-homologous end joining -
NHEJ) ¢i procest zaloZzenych na mikro-
homologii [1,5] sestaveny zpét, vétSinou
ovsem nepfiesné oproti plvodni struk-
tufe (schéma 1).Vznikaji tak cetné delece,
inverze, inzerce, amplifikace a translo-
kace. Mnohé experimenty naznacuiji,
ze ke vzniku téchto prestaveb dochdzi
béhem jediného bunécného déleni [1].

Vedle chromotripse byly popsany
také ptibuzné mechanizmy, jako jsou
chromoanasyntéza a chromoplexe (sou-
hrnné byvaji viechny tfi procesy oznaco-
vany jako chromoanageneze), které se
od chromotripse lisi strukturou chromo-
zomovych prestaveb [6].

Hlavni rysy chromotripse

Existuje nékolik zdkladnich charakteris-
tik chromotripse, které Ize pozorovat po-
moci cytogenetickych a genomickych
metod, k nimz patii napf. mnohoba-
revna fluorescenéni in situ hybridizace,
¢ipy pro detekci jednonukleotidovych
polymorfizmu ¢i Cipy pro komparativni
genomovou hybridizaci. Nejpfesnéjsi
charakterizaci viak poskytuje celogeno-
mové sekvenovani.

Typickym znakem chromotripse je
vznik desitek az stovek chromozomo-
vych prestaveb mezi nékolika malo
chromozomy, ale i v rdmci jednoho chro-
mozomu, jeho ramene ¢i pouze kon-

krétniho regionu. Obvykle se prestavby
vyskytuji ve shlucich, tzv. klastrech.
Dlouhé useky neporusené DNA mohou
stfidat useky cca 50 kb zahrnujici
5-10 zlom@ [1].

Vznik nebalancovanych aberaci Ize
pozorovat pomoci Cipovych technolo-
gii jako zménu poctu kopii DNA. Pocet
kopii je alternativnim oznacenim pro
pocet alel, standardné je charakterizo-
van poc¢tem dva. Dojde-li ovsem k ne-
balancované aberaci, hodnota se zméni.
V ptipadé delece dochazi ke ztraté he-
terozygotnosti (ztraté jedné alely), a je
tedy pfitomna pouze jedna kopie DNA.
Pfi duplikaci se naopak pocet kopii zvysi
na tfi. V. genomu zasazeném chromo-
tripsi pocet kopii DNA obvykle kolisa
mezi jednou az tfemi [1]. Tento znak nej-
vice podporuje myslenku, Ze k prestav-
bam provazejicim chromotripsi dochazi
nardz béhem jednoho bunéc¢ného dé-
leni. Pokud by k prestavbdm dochdazelo
postupné, zmény by byly riznorodéjsi.

Opétovné spojovani fragmentt DNA
probihd pfi chromotripsi ndhodné,
a proto je nahodna i jejich posloupnost
a orientace [1]. Kazdy volny fragment ma
dva konce, které se oznacuiji jako ,head”
(5" konec) a, tail” (3" konec). Jejich nahod-
nym spojenim dochézi ke vzniku ¢tyf
typU spoji - head-to-tail (vznik dupli-
kace), tail-to-head (vznik delece), head-
-to-head a tail-to-tail (vznik inverze), a to
v témér stejném pomeéru (schéma 2).

V nékterych pfipadech pfi chromo-
tripsi dochazi k formovéni malych kru-
hovitych atvard, tzv. double-minute
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chromozom [1,5]. Vznikaji duplikaci
¢asti chromozomu a ¢asto nesou onko-
geny. Replikuji se nezavisle na bunéc¢-
ném cyklu a v bunce jsou udrzovany, jeli-
koz predstavuji selekeni vyhodu pro rlst
a preziti.

Modelové mechanizmy vzniku
chromotripse

Dosud nepanuje jednotny nazor na to,
jakym zplsobem k chromotripsi do-
chazi. Bylo popsano nékolik modelovych
mechanizm{.

V soucasnosti nejvice pfijimany je zalo-
Zen na pozorovani mimojadernych struk-
tur, tzv. mikrojader (schéma 3A). Tyto
struktury vznikaji béhem mitézy odpo-
jenim chromozom? nebo jejich ¢asti od
hlavniho jadra pfi pfechodu buriky z me-
tafdze do anaféze. Oddélené chromo-
zomy v mikrojadre se replikuji pomaleji
nez chromozomy v hlavnim bunééném
jadre. Dosud se predpokladalo, ze v mik-
rojadie nedochazi k aktivaci kontrolnich
bodd bunéc¢ného cyklu, odpojené chro-
mozomy predcasné kondenzuji a roz-
padaji se [7]. Jedna z nejnovéjsich studii
vsak poukazuje na to, Ze je rozpad chro-
obalem, ktery je tvofen pouze nejnutnéj-
$imi proteiny. Je mnohem kfeh¢i nez nor-
malni jaderny obal, neni schopen tvofit
pdry, a tudiz neumoznuje transport du-
lezitych protein( zajistujicich integritu
genomu [8]. Fragmenty chromozomu se
poté mohou z mikrojadra vy¢lenit a vy-
tvofit tzv. double-minute chromozomy
(viz pfedchozi kapitola), nebo se na-
hodné pospojuji a vznikne derivovany
chromozom. Ten mUze v mikrojadre exi-
stovat po nékolik daldich bunécnych
cyklG a v mnoha piipadech se z dcefi-
nych bunék zcela vytraci. S vysokou frek-
venci ale dochazi k jeho zaclenéni zpét
do hlavniho jadra [9]. Buné¢nym délenim
pak vznikaji dcefiné bunky s rlzné pre-
stavénym genomem.

Jind hypotéza predpoklada, Ze exis-
tuje vztah mezi chromotripsi a zkra-
covanim telomer, jelikoz charakteris-
tické prestavby casto zasahuji az do
oblasti telomer [1]. V pfipadé abraze
telomer bunka spousti tzv. breakage-
-fusion-bridge cyklus, ktery se opa-
kuje tak dlouho, dokud konce chro-
mozomU neziskaji novou telomeru,

dsDNA 5’

head

¥ )
tail N
INVERZE

head

tail-to-tail
head

DELECE
tail-to-head

head
DUPLIKACE
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tail  tail NG head

’ vznik dvouretézcového zlomu
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1
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l oprava nehomolognim spojenim

tail  head tail

GACGTACAGTT
CTGCATGTCAA

tail  head tail

e
ATA ATA

Schéma 2. Nehomologni spojovani volnych konc DNA.

obvykle translokaci z jiného chromo-
zomu (schéma 3B) [10].

Dalsi hypotézy povazuji za mozné pfi-
¢iny chromotripse exogenni vlivy po-
Skozujici DNA, jako je ionizujici zafeni
nebo volné radikaly. V jejich dlsledku
totiz vznikaji ndhodné zlomy DNA, a tim
se aktivuji mnohé opravné mechani-
zmy [11]. Uvazuje se také, Ze chromo-
tripse muze byt zplsobena replika¢nim
stresem, ktery vede k zastaveni repli-
ka¢ni vidlice a vzniku dvouvldknovych
zlomd DNA [12].

Zajimavy pohled pfinasi myslenka, ze
by nékteré buriky mohly byt schopny
unikat apoptéze (programované bu-
nécné smrti) i v pfipadech posko-
zeni DNA, napf. pfi nedostatku kysliku.
Misto toho, aby podstoupily apoptoézu,
by takové burnky byly opraveny repa-
racnimi mechanizmy za vzniku chyb,
coz by mohlo mit za nasledek vznik
chromozomovych prestaveb [13].
Mechanizmus Uniku pfed bunécnou
smrti vSak zatim nebyl dostatecné
prozkouman.
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Schéma 3. Nejvice pfijimané mechanizmy vzniku chromotripse v priibéhu bunécného cyklu. A. Formovani mikrojadra.

B. Breakage-fusion-bridge cyklus.

Vyskyt chromotripse u nadort

Chromotripse byva asociovana s mnoha
typy nadord. Vzhledem k pozorovanym
rysim by se dala povazovat za spoustéc
nebo jeden z prvnich zésaht pfi naddo-
rové transformaci. Jsou znamy pfipady,
kdy byla chromotripse prokdzana prak-
ticky ve v3ech burkach jednoho nadoru,
coz by odpovidalo teorii, Ze chromotripse
vznika v relativné brzkém stadiu one-

mocnéni [1,5]. Zaroven ovSem existuji

ojedinélé pfipady, kdy byla chromotripse
po lécbé reverzibilni, coz by znamenalo,
Ze se nepodilela na rozvoji nddoru, ani na
jeho ndsledném relapsu [14]. Vysledky ji-
nych studii naopak ukazuji, ze se chro-
motripse vyskytuje v poc¢atku onemoc-

néni subklonalné a maze dochazet k jeji

pozdéjsi expanzi, napt. az v relapsu [15].
V téchto pfipadech by chromotripse byla
dlsledkem klondlni evoluce.

Co se tyce vyskytu chromotripse u jed-
notlivych typd nadorq, rozdilné malig-
nity vykazuji odliSnou ¢etnost [16]. Chro-
motripse byla popsdna u melanomd,
sarkom, gliomG i hematoonkologic-
kych onemocnéni. Podle dostupnych
analyz se jeji vyskyt u vsech typuU na-
dorovych onemocnéni pohybuje mezi
2-3 % [1], skute¢na incidence vsak bude
pravdépodobné mnohem vyssi, nez se
plvodné predpokladalo, a to predevsim

u agresivnéjsich typl nadord. Dostupné
udaje o frekvenci vyskytu chromotripse
u jednotlivych onkologickych diagnéz
jsou uvedeny v tab. 1. Ne vzdy jsou uve-
dené Cetnosti presné, jelikoz jednotlivé
studie pouzivaji odlisné detekéni me-
tody. Stejné tak definice a analyzované
soubory pacientl nejsou vzdy reprezen-
tativni. Velkym nedostatkem je obvykle
maly vzorek testovanych pacientd.

Genetické zmény asociované
s chromotripsi
Mezi patologické zmény, které mohou
byt pfi¢inou nebo doprovodnym jevem
chromotripse, patfi mimo jiné inaktivace
nadorovych supresord. K potlaceni jejich
funkce obvykle dochazi prostfednictvim
delece. Nejcastéji mutovanym nadoro-
vym supresorem spojovanym s chromo-
tripsi je gen TP53, popsany viak byly také
mutace genu jako ATM, PTEN, BRCAT,
BRCA2, APC a SMAD4[5,17,18].
Chromotripse je také spojena s ampli-
fikaci typickych onkogen(, jako je napf.
CCND1, CDK4, MDM2, SETDB1, ERBB3,
ERBB2, MYC a MYCN [17,19,20]. K jejich
amplifikaci ¢asto dochazi prostfednictvim
double-minute chromozomd. Zajimavé
poznatky pfinesla studie z roku 2018 hod-
notici vliv davky mutantniho genu KRAS
na biologii a fenotypové projevy duktal-

niho adenokarcinomu pankreatu [21].
KRAS patii mezi protoonkogeny rodiny
RAS, které jsou prostfednictvim mutaci
agenovych duplikaci aktivovany priblizné
u 30 % nadord. V uvedené studii byla po-
zorovana synergie mezi zvySenou geno-
vou davkou mutantniho KRAS a inaktivaci
genl TP53, CDKN2A a TGFS. Kombinace
téchto abnormalit byla asociovana se
vznikem chromotripse a velmi agresivnim
fenotypem duktalniho karcinomu.

U vSech typl nadort plati, ze s vyssi
Cetnosti mutaci TP53 stoupa i pravdépo-
dobnost vyskytu chromotripse [22]. Gen
TP53 se Ucastni regulace mnoha procest
a hraje vyznamnou roli v zajisténi stabi-
lity genomu. Mutace genu TP53 mohou
mit rGzné nasledky, mezi néz patii po-
tlaceni funkce repara¢nich mechanizm(
reagujicich na poskozeni DNA, deregu-
lace kontroly prlichodu buné¢nym cyk-
lem ¢i naruseni udrzby telomer. VSechny
tyto udalosti mohou pfispivat ke vzniku
chromotripse. S vysokou frekvenci je
chromotripse pozorovdna u pacient(
s vrozenymi mutacemi genu TP53, jako
jsou napf. pacienti s Li-Fraumeniho syn-
dromem [5]. Tito pacienti maji predis-
pozice ke vzniku rekurentnich nador,
mimo jiné se u nich tvofi meduloblas-
tomy. V pfipadé meduloblastom( s ak-
tivovanou Sonic-Hedgehog signalizaci
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(tzv. SHH-meduloblastomU) byla chro-
motripse pozorovana ve 100 % pfipadd.

Tab. 1. Vyskyt chromotripse u jednotlivych typd nadort dle dostupnych publiko-

Vyskyt chromotripse byl vsak proka- vanyjch dat.
zan i u pacientl se somatickymi muta-
. P53 Kterd ikl Sbsh Frekvence
S.em' genu ! vtere vzni YV pru .e u Typ nadoru chromotripse Metoda detekce Zdroj
Zivota, a to napf. u akutni myeloidni (n)
leukemie [5,23]. L .
. . , , Hematoonkologicka onemocnéni
Kromé inaktivace nddorovych supre- pr—
. : o ol . 2% (870 WGS [34]
sorli a aktivace onkogenl muze v du akutni lymfoblasticka leukemie ’
sledku chromotripse také dochazet 25%(12) WGS [35]
k fazi genu ¢i jejich ¢asti prostiednictvim i oidni leukem 8% (108) SNP array [5]
DI eail flioni akutni myeloidni leukemie
ansoact Dl oy vl | ke
’ - - 0
vany do proteind, nebo naopak kéduji AML s mutaci TP53 471 % (17) SNP array [5]
i i i 10% (10 WGS [1]
proteiny s novymi funkcemi. chronicka lymfocytérni leukemie - cyo((45;) P—— ;37]
r (Y ’
Chromotripse a klinicky pribéh et | 1,3 % (764) SNP array [14]
onemocnéni mnohocetny myelom
1,6 % (61) SNP arra [38]
Mnohé studie potvrdily, Ze existuje spoji- lodvsplasticky svnd . ’ Y
tost mezi vyskytem chromotripse a §pat- myelodysplasticky syndrom 47 % (157) SNP array [39]
nym pridbéhem onemocnéni [1,5,24]. i L o
P¥itomnost chromozomalnich abnorma- Nadory pojivovych tkani
lit, jako jsou hyperdiploidie nebo pfe- chordom 18,2% (11) WGS [l
stavby chromozomd, mé vyznam pro 48% (21) array-CGH [40]
stanoYenl prognqzy. Pri chrom,otrlp,5| s€ feochromocytom 2,5 % (36) SNP array [41]
takové abnormality nehromadi v nado- 41.7 % (36) — 421
rovych bunkdch postupné a ndhodné leiomyom dé&lohy ! 00
v celém genomu, ale vznikaji véechny 20% (5) SNP array (43]
soucasné za ovlivnéni funkce mnoha " 33,3%(9) SNP array [l
gend, které ¢asto hraji roli v regulaci bu- osteosarkom 77 % (34) WGS [17]
necnehcz cyI.<Iu ci dysfun'lfa tevlomer [v23]. . 53,5%(114) array-CGH, SNParray  [44]
To vysvétluje, pro¢ maji buriky posko- liposarkom .
zené chromotripsi obvykle agresivnéjsi 100% (18) WGs (171
fenotyp [21]. Vzhledem k tomu, ze tak fibrosarkom 23,7 % (59) array-CGH, SNP array [44]
rozsahlé poskozeni nevede k zaniku po-
stizenych bunék, Ize predpokladat, ze Nadory centralni nervové soustavy
vzniklé defekty poskytuji bunkam se- ependymom 22 % (41) WGS [45]
Iek.cnllvyhodlu a umoznuji dalsi prolife- gliom stupné 1-2 2,4% (41) SNP array [46]
raci nadorového klonu. i <33 e ;e =
S nepfiznivou prognézou pacientl gliom stupne 2- ol ik 2) array [18]
lzce souvisi i rezistence k protinado- glioblastom (gliom stupné 4) 38,9% (18) WGS [19]
rové terapii, nebot nékteré geny ovliv- 13,3 % (98) WGS, SNP array [5]
néné chromotripsi mohou byt spojeny meduloblastom 11,4% (1 087) SNP array (47]
s rezistenci na konkrétni druhy léciv [25]. 49% (430) array-CGH, SNP array [44]
Byly rovnéz pozorovany rozdily mezi jed- . . '
notlivymi subtypy onemocnéni, napf. SHH meduloblastom s mutaci TP53 100 % (10) WGS, SNP array [5]
u pacient(i s karcinomem prsu chromo- meningiom 9,1%(11) WGS [48]
trlpsve zhorsuyi\ prognoz.u pouzc,3 VvV pfi- primitivni neuroektodermalni 6,2 % (65) array-CGH, SNP array [44]
padé subtypl s exprimovanym es- tumor
trogenovym receptorem nebo triple
negativnich subtypt [26].Jakjiz také bylo Nadory z embryonalnich bunék
zminéno, k chromotripsi mlze dochazet 11,4 % (87) WGS [20]
aZ po lé¢bé. Takto byla pozorovana rezi- neuroblastom 439% (233 SNP 19
stence na terapii v disledku pozdéjsi se- 3% (233) array [49]
lekce chromotripse u pacient(i s mnoho- retinoblastom 3,2% (94) WGS, SNP array [50]
cetnym myelomem [27].
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Tab. 1. - pokracovani. Vyskyt chromotripse u jednotlivych typl nadori dle do-

stupnych publikovanych dat.

Frekvence
Typ nadoru chromotripse Metoda detekce Zdroj
(n)
Karcinomy
adenokarcinom jicnu 32 % (123) WGS, SNP array [51]
karcinom jicnu 9,6 % (135) array-CGH, SNP array [44]
karcinom zaludku 4,4 % (160) array-CGH, SNP array ~ [44]
kolorektalni adenokarcinom 33,3% (9) WGS [52]
kolorektalni karcinom 100 % (4) SNP array, WGS [53]
karcinom pankreatu 54 % (76) WGS 71
5,7 % (88) WGS [54]
hepatocelularni karcinom
25 % (4) WGS [55]
6,3 % (653) array-CGH, SNP array [44]
adenokarcinom prostaty 21 % (109) WGS [56]
45 % (109) WGS [17]
karcinom prostaty 16,7 % (6) WGS, array-CGH [57]
41 % (29) array-CGH [26]
karcinom prsu 11,1 % (3652) array-CGH, SNP array [44]
14,3 % (21) WGS [58]
invazivni karcinom moc. méchyre 60 % (5) WGS [59]
karcinom vajecniku 4,6 % (801) array-CGH, SNP array ~ [44]
malobunécny karcinom plic 6,7 % (90) array-CGH, SNP array [44]
94% (1164) array-CGH, SNP array [44]
nemalobunéc¢ny karcinom plic
59% (17) WGS [60]
karcinom dlazdicovych bunék plic 15,4 % (13) WGS [19]
adenokarcinom plic 33,3 % (6) WGS [19]
gestacni choriokarcinom 7,1 (14) array-CGH [61]
Melanomy
10 % (20) array-CGH [62]
maligni melanom
38% (117) WGS [63]
uvedlni melanom 8 % (25) SNP array [64]

AML - akutni myeloidni leukemie, SHH meduloblastom — meduloblastom s aktivo-
vanou Sonic-Hedgehog signalizaci, WGS - celogenomové sekvenovani, SNP - de-
tekce jednonukleotidovych polymorfizmd, WES - celoexomové sekvenovani, CGH —

komparativni genomova hybridizace

Vyznam chromotripse

v klinické praxi

Ackoli je nutné provést rozsahlejsi stu-
die, dostupnd data poukazuji na sku-
te¢nost, ze chromotripse je markerem
nepfiznivého prabéhu nadorovych one-

mocnéni. Proto by mohla jeji detekce
pfispét ke stanoveni progndzy, stagingu
pacientl ¢i volbé individualni cilené te-
rapie. Napfiklad pacienti s glioblas-
tomy s chromotripsi by mohli profitovat
z |é¢by cilené na receptory epidermal-

nich rGstovych faktoru a jiné tyrozinkina-
zové receptory, které byvaji v dasledku
chromotripse amplifikovany [28]. DalSim
piikladem je lé¢ba cilend na protoonko-
gen PIM1 u pacientl s akutni myeloidni
leukemii, ktery ma funkci serin/treoni-
nové kinazy a podili se na buné¢né pro-
liferaci a u akutni myeloidni leukemie je
nejcastéji deregulovanym genem v di-
sledku chromotripse [23].

Kromé toho bylo zjisténo, ze v du-
sledku prestaveb zplsobenych chromo-
tripsi mohou vznikat potencidlni neoan-
tigeny, které vazou molekuly hlavniho
histokompatibilniho komplexu a umoz-
nuji expanzi T bunécnych klon [29]. Na
zakladé téchto poznatkl je mozné vy-
vijet nové imunoterapeutické postupy
a lépe vyhodnotit, kterym pacientlim
imunoterapii indikovat.

Nékteré studie také navrhuji, ze by
exprese fuznich genl vzniklych v da-
sledku chromotripse mohla napomoci
zvyseni citlivosti bunék na urcité druhy
Iéciv [30]. Jako priklad Ize uvést fuzni
transkript ETV6-PDGFRB identifikovany
u pacienta s myelodysplastickym syn-
dromem [31]. Podobné fuzni varianty
vzniklé ndsledkem chromotripse by
mohly poslouzit jako potencialni tera-
peuticky cil — napf. konkrétné prestavby
genu PDGFRB jsou dle klasifikace Své-
tové zdravotnické organizace charakte-
ristickym znakem subtypu myeloidnich
neoplazii, které jsou senzitivni vici tyro-
zikinazovym inhibitorm.

Dalo by se vyuzit i poznatku, Zze nddo-
rové bunky s chromotripsi obvykle mi-
vaji poskozeny mitoticky aparat a naru-
senou funkci systému odpovédi burnky
na poskozeni DNA (DNA damage re-
sponse —DDR). Systém DDR zahrnuje sig-
naliza¢ni a opravné procesy, které vedou
k zastaveni bunécného cyklu a opravé
poskozené DNA. V pfipadé, Ze je posko-
zeni tak rozsahlé, ze neni mozna oprava,
bunka spousti apoptézu. DDR tedy pU-
sobi jako protinadorova bariéra, zatimco
mutace v genech, které se Gcastni DDR,
se podileji na progresi nadoru. Jelikoz se
muze vice opravnych mechanizm pre-
kryvat a navzdjem zastupovat, nabizi se
cilit 1é¢bu na ty mechanizmy, na nichz
je burika s ur¢itym poskozenim DDR
zavisla. Jako priklad Ize uvést glioblas-
tomy, u nichZz dochazi k posileni funkce
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DDR [32]. Tyto nadory jsou rezistentni
vUci konvencni terapii a je vhodné zvo-
lit [é¢bu pomoci inhibitorl cilenych na
jednotlivé faktory DDR. Vhodnymi ci-
lovymi molekulami mohou byt napf.
serin/threoninové kinazy Chk1 a Chk2,
které se vyznamné podileji na zajisténi
opravy poskozené DNA.

Ve velmi vyjimec¢nych pfipadech mlze
chromotripse vést také k vyléceni za-
vazné choroby, jak tomu bylo v kazu-
istice zaznamenané v roce 2015 [33].
Pacient trpél imunodeficienci zpUsobe-
nou vrozenou hyperaktivitou chemoki-
nového receptoru CXCR4. Prostrednic-
tvim chromotripse v hematopoetické
kmenové burice u néj doslo k deleci ab-
normalni kopie genu kédujiciho tento
receptor, ¢imz byla obnovena normalni
funkce jeho imunitniho systému.

Zavér

Od popsani chromotripse v roce 2011
bylo provedeno a publikovdno mnoho
navazujicich studii tohoto zajimavého
jevu. Kromé snahy objasnit mechanizmy
vzniku chromotripse a jeji dGsledky v pa-
tofyziologii buriky se do stfredu zajmu
dostalo i potencidlni uplatnéni ziska-
nych poznatk( v klinické oblasti. Aby to
viak bylo mozné, bude potieba provést
prospektivni analyzu asociace mezi vy-
skytem chromotripse a pribéhem one-
mocnéni. Pro vyuziti v oblasti cilené
nadorové terapie bude také nutné defi-
novat diagnostickd doporuceni pro jeji
vysetifovani u jednotlivych diagnoz.
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High Level of Circulating Microparticles
in Patients with BCR/ABL Negative
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Vysoka hladina cirkulujicich mikropartikuli u pacientt s BCR/ABL
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Summary

Background: Microparticles (MPs) are small (0.1-1 um) cell-derived vesicles released dur-
ing activation or apoptosis, with a surface-exposed phosphatidylserine along with antigens
indicating the cellular origin. The level of MPs is known to be elevated in thromboembolic
diseases and malignancies; it is believed that MPs are not only amplifying but can also initiate
the thrombogenesis processes. BCR/ABL negative myeloproliferative neoplasms (MPNs) are
clonal haematopoietic diseases, which include polycythemia vera, essential thrombocythemia
and primary myelofibrosis. One of the main problems of MPN patients is high risk and inci-
dence of thrombosis which affect the survival, quality of life and life expectancy. Patients and
methods: The clinical significance of circulating MPs was assessed in a group of 179 patients
with BCR/ABL-negative MPNs. Analysis of MPs was done using flow cytometry on 417 samples,
and MPs procoagulation activity was performed using a functional assay called Zymuphen
MP-activity (Hyphen Biomed, Neuville-sur-oise, France) on 274 samples. Results: Significantly
higher absolute and relative count of platelet MPs was found in MPN patients when compared
with healthy group, respectively (p = 0.001, p = 0.043). Erythrocyte MPs were also significantly
higher in MPN patients than in the healthy group (p < 0.001). Procoagulation activity of MPs
was as well significantly higher in patients compared to the control group (p < 0.001). Patients
with primary myelofibrosis had decreased absolute and relative count of platelet MPs com-
pared to polycythemia vera and essential thrombocythemia patients, respectively (p = 0.008,
p = 0.014). Presence of JAK2V617F mutation was associated with higher absolute and relative
count of platelet MPs, respectively (p = 0.045, p = 0.029). Conclusion: Although some literature
data support the hypothesis of a direct relation between MPs and thrombotic events in MPN
patients, further studies are needed to evaluate the clinical implication of MPs in the hypercoa-
gulation state of MPN patients.

Key words
microparticles — myeloproliferative disorders — procoagulation activity — thrombosis — Janus
Kinase 2
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HIGH LEVEL OF CIRCULATING MICROPARTICLES IN PATIENTS WITH BCR/ABL NEGATIVE MYELOPROLIFERATIVE NEOPLASM

Souhrn

Vychodiska: Mikropartikule (MP) jsou malé vezikuly (0,1-1 um) uvolnéné v priibéhu aktivace nebo apoptdzy, na jejichz povrchu je exprimovan
fosfatidylserin spolu s antigeny indikujicimi jejich buné¢ny plvod. Je znamo, Ze hladina MP je zvysena u tromboembolickych onemocnéni
a malignit; predpoklada se, Ze MP nejen zesiluji, ale mohou také iniciovat proces trombogeneze. BCR/ABL negativni myeloproliferativni choroby
(myeloproliferative neoplasms — MPN) jsou klonalni onemocnéni krvetvorby, ktera zahrnuji pravou polycytemii, esencialni trombocytemii a pri-
marni myelofibrézu. Jednou z hlavnich komplikaci u pacientt s MPN je vysoké riziko a incidence trombdzy, které ovliviuji preziti, kvalitu i délku
Zivota. Soubor pacientti a metody: Klinicky vyznam cirkulujicich MP byl hodnocen u skupiny 179 pacientd s BCR/ABL negativnimi MPN. Analyza
MP byla provedena pouzitim prdtokové cytometrie u 417 vzork( a prokoagulacni aktivita MP byla provedena pomoci funk¢niho testu Zymuphen
MP-activity (Hyphen Biomed, Neuville-sur-Oise, Francie) u 274 vzorku. Vysledky: Vyznamné vyssi absolutni a relativni pocet destickovych MP byl
nalezen u pacientd s MPN ve srovnani s vySetfenim zdravych darct (p = 0,001; p = 0,043). Erytrocytarni MP byly také vyznamné vyssi u pacientl
s MPN nez u zdravych jedincd (p < 0,001). Prokoagulacni aktivita MP byla rovnéz vyznamné vyssi u pacientl nez ve skupiné zdravych darcd
(p < 0,001). Pacienti s primarni myelofibrozou méli vyznamné nizsi absolutni a relativni pocet desti¢kovych MP ve srovnani s pacienty s pravou
polycytemii a esencialni trombocytemii (p = 0,008; p = 0,014). Pfitomnost mutace JAK2V617F byla spojena s vyssim absolutnim a relativnim po-
¢tem destickovych MP (p = 0,045; p = 0,029). Zdvér: Ackoliv nékterd literarni data podporuji hypotézu o pfimém vztahu mezi MP a trombotickymi
udalostmi u pacientd s MPN, pro vyhodnoceni klinického vyznamu MP ve vztahu k hyperkoagula¢nimu stavu téchto pacientl jsou nezbytné

dalsi klinické studie.

Kli¢cova slova

mikropartikule — myeloproliferativni choroby — prokoagulac¢ni aktivita - trombdza - Janus Kinase 2

Background

Microparticles (MPs), which were called
“platelet dust” when originally discov-
ered by Peter Wolf in 1967 [1], could be
found in both serum and plasma [2].
Generally, MPs are produced from all cell
types during activation or apoptosis and
this applies in healthy individuals as well
as patients [3]. Although the majority
of MPs are platelets-derived, other cell
types produce MPs such as erythrocytes,
leukocytes, endothelial cells and tumour
cells [4-6].

A standard definition of MPs was set
in the International Society on Thrombo-
sis and Haemostasis 51 annual meeting
in 2005 when vascular biology subcom-
mittee defined MPs as 0.1-1 micrometer
cell-derived vesicles, with neither nucleus
nor synthetic capacity, containing a mem-
brane skeleton, varying amounts of sur-
face-exposed phosphatidylserine along
with antigens from the cells of origin [7].
The expression of the tissue factor and
phosphatidylserine on MPs surface play
a critical role in starting and amplifying
of thrombosis due to their procoagulant
properties. In addition, MPs are involved
in the transport and transfer of bioactive
molecules, cell activation and inflamma-
tion processes [8-10].

BCR/ABL negative myeloproliferative
neoplasms (MPNs) are chronic haema-
tological diseases characterised by pro-
liferation of myeloid cells. The classical
BCR/ABL negative MPNs include essen-

tial thrombocythemia (ET), polycythemia
vera (PV) and primary myelofibrosis
(PMF).The clinical course of BCR/ABL neg-
ative MPNs is frequently complicated by
thrombotic events, which can initially
be manifestation of the disease and may
occur at venous, arterial or microcircula-
tory sites. Thrombosis represents a com-
mon complication in MP and significantly
contributes to morbidity and mortal-
ity. The prevalence of thrombotic events
ranges 10-29% in ET and 34-39% in PV
patients [11]. In patients with myelofibro-
sis the rate of thrombotic events is 2.2%
per patient/year, which is close to the rate
observed in ET [12]. Approximately one
third of patients with PV, up to 29% of pa-
tients with ET and 13% of patients with
PMF have thrombotic events prior to or
at diagnosis of MPN, and the cumulative
rate of thrombosis after an MPN diagnosis
is estimated to be approximately 3% per
patient/year in PV and ET and around 2%
per patient/year in PMF [13].
Well-described risk factors for throm-
botic complications include older age
and history of prior thrombosis. Cardio-
vascular risk factors, such as smoking,
hypertension and diabetes have been
associated with higher risk of cerebral or
cardiac events in MPN and are included
in the International Prognostic Score
of Thrombosis for ET (IPSET-thrombo-
sis) [14]. Patients with both MPN and
underlying thrombophilia have a higher
inclination to thrombosis. JAK2V617F

mutation has been found to carry an
increased risk of thrombotic compli-
cations, whereas CALR has a lower risk
than JAK2V617F mutation. Studies have
also focused on evaluation of the risk of
thrombosis due to higher cell counts.
Several studies have shown an associa-
tion with leukocytosis or thrombocytosis
and higher risk of thrombotic complica-
tions [15,16], JAK2V617F mutation status
also seems to impact the risk of throm-
bosis [17,18]. Management of MPN fo-
cuses on the prediction risk of thrombo-
sis and initiating prophylaxis to prevent
complications in patients at high risk of
thrombosis. Based on these facts the
global interest is shifted nowadays to-
wards identifying and proving of an ef-
fective treatment as well as identifying
prognostic factors in order to minimise
the risk and the complications [16,19].
The aim of this study is to evaluate the
level of circulating MPs and their procoag-
ulant activity in connection with the oc-
currence of thrombotic complications in
patients with BCR/ABL negative MPNs.

Patients and methods

Patients

In this study we analysed the clinical and
laboratory data from 179 patients who
were diagnosed for BCR/ABL negative
MPNs in the Department of Clinical He-
matology University Hospital Brno. The
study was approved by the local Ethical
Committee. Written informed consents
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Graph 2. Comparison of absolute and relative count of RMPs between myeloproliferative neoplasms patients and control group.

were obtained from all patients. Patients
were diagnosed according to the criteria
of the World Health Organization (WHO),
only 5% according to Polycythemia Vera
Study Group criteria.

The cohort of 179 patients with MPN
(77 males, 102 females, median age at
diagnosis 56 years) includes 99 patients
with ET (55%), 51 patients with PV (29%)
and 29 patients with PMF (16%). In this
cohort the level of platelet and eryth-
rocyte MPs was assessed using flow cy-
tometry (FCM) and the procoagulant
activity of MPs measured by using func-
tional assay. A total of 142 patients were
positive for JAK2V617F mutation (79.3%),
25 patients for CALR mutation (14%),

3 patients for MPL mutation (1.7%), and
9 patients were triple-negative (5%).

Atotal of 61 patients of our cohort had
a history of thrombosis (34.1%); 29 pa-
tients (16.2%) had arterial thrombosis
events, 19 patients (10.6%) had venous
thrombosis events, 7 patients had mi-
crovascular thrombosis events (3.9%),
4 patients had both venous and arterial
thrombosis events (2.2%) and 2 patients
had arterial and microvascular thrombo-
sis events (1.1%).

Pre-analytical conditions

of MPs examination

After using a light tourniquet, blood
samples were collected from patients’

antecubital vein through a 21-gauge
needle to reduce blood-cell activation
or damage which affect the MPs level.
The tubes used for collecting blood
contains sodium citrate as anticoagu-
lant and K3-ethylenediaminetetraacetic
acid for molecular studies and blood
count evaluation. The first few millili-
tres were discarded. Plasma was pre-
pared within approximately 120 min
after blood collection. Centrifugation
process was used for the purpose of MPs
examination to remove platelets and
other large blood components from the
plasma in order to avoid cellular activa-
tion leading to unintended production
of MPs.
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Graph 3. Comparison of procoagula-
tion activity of MPs between myelopro-
liferative neoplasms patients and control
group.

For FCM this was done by using only
one phase-centrifugation process at
2,5009 for 15 min at room temperature
to avoid using breaks when reproduc-
ing platelet-poor plasma which may af-
fect the credibility of the results. Then
200 mL of the plasma supernatant was
carefully moved into a polypropylene
haemolysis tube with a micropipette to
avoid disturbing or mixing the cellular
layer with the plasma. The plasma su-

pernatant was then immediately further
processed for FCM examination.

For procoagulation activity of MPs,
the supernatant of the platelet-poor
plasma which was produced by centri-
fugation at 1,5009 for 15 min, was cen-
trifuged again for 2 min at 13,0009 at
room temperature, then plasma sam-
ples were stored frozen at —80 °C. On the
day of analysis, an aliquot of plasma was
thawed for 15 min at 37 °C before use.
Thawed specimens were tested within
4 h stored at room temperature. A com-
plete blood count was ordered for all pa-
tients at the time of MPs examination.

Analytical conditions

for MPs examination

FCM assay was performed by using
FC500 Cytomics (Beckman Coulter, Hia-
leah, FL, USA). After incubation of plate-
let-poor plasma with CD41-PC7 (Beck-
man Coulter), CD235a-PE and annexin
V-FITC (both EXBIO) in Ca++ buffer, cal-
ibrated beads FlowCount (Beckman
Coulter) were added. Sample was imme-
diately analysed on protocol adjusted to
the MPs size with Megamix beads (Biocy-
tex). Platelet MPs (PMPs) were identified
as positive annexin V and CD41 (Beck-
man Coulter) events, while erythrocyte
MPs (RMPs) were identified as positive
annexin V and CD235a (EXBIO) events.
Relative (%) and absolute (MP/ul) counts

of MPs were acquired using FlowCount
(Beckman Coulter).

Measurement of MP procoagulant ac-
tivity in plasma was performed using
afunctional assay, called Zymuphen MP-
activity (Hyphen Biomed, Neuville-sur-
oise, France). In this assay the diluted
plasma samples supplemented with cal-
cium, Factor Xa and thrombin inhibitors
areintroduced to ELISA plate coated with
biotinylated annexin V and streptavidin.
During the incubation period the phos-
pholipids of MPs bind to the annexin V.
After applying a washing step, Factor
Xa and Va are added together with pro-
thrombin. This prothrombinase complex
in the presence of calcium will accumu-
late on the surface of the captured MPs
as they expose phosphatidylserine, then
the active complex FXa-FVa will convert
prothrombin to thrombin. The concen-
tration of MPs phospholipids is directly
proportional to the amount of gener-
ated thrombin, which is measured via
its specific activity on the thrombin sub-
strate. The results were expressed as na-
nomolar phosphatidylserine equivalent.

Statistical methods

Each patient had at least one evalua-
tion of MP, all MP examinations were an-
alysed. Due to the skewed shape of the
data, log transformation was applied.
Statistics after back transformation are
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Graph 4. Analysis of absolute and relative count of PMPs in relation with the positivity or negativity of JAK2V617F mutation of my-

eloproliferative neoplasms patients.
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shown - geometric mean and 95% con-
fidence interval (Cl). Since MP examina-
tions in one patient can be correlated,
mixed effect models were applied -
patient’s examination was included
as a random effect factor whereas
evaluated variable as fixed effect factor.
P-values of fixed effects are shown. No
significant difference among examina-
tions in time was proven. Analysis was
performed in IBM SPSS Statistics 23 (IBM,
USA).

Results

The total number of samples examined
by FCM reached 417 samples with at least
one sample for each patient from the
179-patient cohort, while the sample size
of MPs concentration detected using pro-
coagulation activity assay was 274 sam-
ples for 121 patients. As a control group,
samples from 20 healthy donors not us-
ing drugs that affect the coagulation sys-
tem (10 males, 10 females, median age at
MPs examination 37.5 years) were used.
The normal range of procoagulant activ-
ity of MPs was confirmed by the results
obtained from the healthy group, with no
result of the tested samples reached or
was above 5 nmol/L (0-4.67).

The mean and 95% Cl of the absolute
and relative count of PMPs in MPNs pa-
tients was 1,046.6 MPs/pl (139.7-7,842)
and 0.109% (0.012-0.951), respec-
tively. For RMP the mean and 95% Cl
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Graph 5. Comparison of procoagulation activity of MPs between patients according to
the type of myeloproliferative neoplasms (PV, PMF, and ET).

of the absolute and relative count was
57.3 MPs/pl (10.2-322.8) and 0.006%
(0.001-0.043). Mean procoagulation ac-
tivity was 12.8 nmol/L (4.8-34).

A weak positive correlation was found
between the results of procoagulation
activity of MPs and the relative count of
PMPs in our MPN patients (p = 0.029),
but no significant correlation was found
with RMPs.

The difference between patients and
healthy individuals was statistically sig-

nificant for absolute and relative count of
PMPs, respectively (1,047 vs. 519 MPs/pl,
p = 0.001; 0.109 vs. 0.068%, p = 0.043)
(Graph 1), for absolute and relative
count of RMPs (57 vs. 24 MPs/ul; 0.006 vs.
0.003%, both p < 0.001) (Graph 2) and for
procoagulation activity of MPs (12.9 vs.
1.9, p < 0.001) (Graph 3).

Patients with positive JAK2V617F mu-
tation appeared to have higher absolute
and relative count of PMPs compared
with patients with negative JAK2V617F

—
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Graph 6. Comparison of absolute and relative count of platelet microparticles between patients according to the type of myelopro-

liferative neoplasms (PV, PMF, and ET).
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Graph 7. Comparison of absolute count
of RPMs between myeloproliferative ne-
oplasms patients with or without venous
thromboembolism occurred before MPN
diagnosis.

mutation, (1,150 vs. 807 MPs/ul,
p = 0.045; 0.11 vs. 0.085%, p = 0.029)
(Graph 4), but no statically significant
difference was found when compar-
ing the RMPs count in the two groups.
When specifically studied, the relation-
ship between the type of mutation and
the level of PMPs, JAK2V617F positive
patients were found to have higher ab-

solute and relative count of PMPs than
patients with CALR or MPL mutations
(1,100 vs. 973 vs. 727 MPs/ul; 0.116 vs.
0.096 vs. 0.064%).

Statistically significant difference was
found when assessing the MPs accord-
ing to the type of MPNs. Patients with PV
had pathological values of procoagula-
tion activity of MPs more frequently than
PMF and ET patients (p=0.014) (Graph 5).
Absolute and relative count of PMPs
in patients with PMF was lower than
in PV and ET patients (748 vs. 1,037 vs.
1,147 MPs/ul, p = 0.008; 0.077 vs. 0.11 vs.
0.119%, p = 0.014) (Graph 6), on the con-
trary and when the same evaluation was
made for RMPs, patients with PMF were
found to have higher absolute and rel-
ative count than in PV and ET patients,
but it was not statistically significant.

No statistically significant difference
was found when studying the correla-
tion of the procoagulation activity of
MPs in patients with or without a his-
tory of thrombosis in general. The data
of patients with thrombosis were an-
alysed according to the time of throm-
bosis into three groups - before MPN
diagnosis, at and after MPN diagnosis.
The absolute count of RMPs was signif-
icantly higher in patients who had a his-
tory of venous thrombosis before dia-
gnosis than those who did not have
(91 vs. 56 MPs/ul, p = 0.038) (Graph 7).
Patients with thrombosis occurred after
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MPN diagnosis had significantly lower
PMP as compared with patients without
thrombosis, in absolute and relative
values (p < 0.001; p = 0.003) (Graph 8).
When comparing PMPs value in patients
who had thrombosis and according to
the time of occurrence it was found that
patients with thrombosis before MPN
diagnosis had significantly higher abso-
lute count of PMPs than those who had
thrombosis at or after MPN diagnosis
(p = 0.022) (Graph 9). Detailed analy-
sis was performed on the ET patients,
specifically on those who have positive
JAK2V617F mutation; it was found that
absolute and relative values of PMPs
were significantly lower in patients
who had a history of thrombosis than
those who did not have any thrombosis
(p=0.026; p =0.014) (Graph 10).

The correlation in PMPs absolute and
relative count with the results of simulta-
neously done complete blood count was
studied, and statically significant corre-
lations were found between PMPs abso-
lute count with leukocytes, erythrocytes
and platelets count along with haemo-
globin and haematocrit values (p = 0.023,
p=0.027,p =0.002, p < 0.001, p < 0.001),
resp. for relative PMPs count (p = 0.024,
p =0.040, p =0.018, p = 0.002, p = 0.018).

Discussion

Considered mechanism that triggers
thrombosis in MPN include vascular dis-
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thrombosis after MPN diagnosis

Graph 8. Comparison of absolute and relative count of PMPs between myeloproliferative neoplasms patients with or without throm-

bosis occurred during MPN treatment.
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turbances, platelet activation, endothe-
lial damage, and microparticle induced
coagulation [13]. While the mechanisms
leading to thrombosis are not com-
pletely understood, clinical and lab-
based risk factors have been identified.
Circulating MPs are considered to be
biomarkers indicating the procoagulant
state. Majority of circulating MPs are de-
rived from platelets or megakaryocytes,
but the other subtypes of MPs are im-
portant too. Erythrocyte-derived MPs,
which are together with platelet-derived
MPs exposing PS on the surface, are not
only capable of propagation of the coag-
ulation but can also solely start the pro-
duction process of thrombin [20].

Numerous studies have shown that
levels of circulating MPs are elevated in
cancer patients, and that MPs contrib-
ute to thrombosis development. The
elevated level of MPs or its procoagu-
lant activity has been reported in MPN
patients [21-24]. The aim of this study
is to investigate a link between the pa-
rameters of circulating MPs and throm-
botic complications in MPN patients. Like
others [22,24], we observed a significantly
higher procoagulant activity [22,24] and
level of MPs [25,26] in comparison with
control groups. These results can demon-
strate the persistent prothrombotic state
in patients with MPN.

JAK2V617F mutation has been re-
ported frequently in MPN patients [27];
recent studies show that JAK2V617F

mutation or its allele burden is asso-
ciated with the increased risk of throm-
bosis [17,18,28-31]. We found that
JAK2V617F positive patients have sig-
nificantly higher absolute and rela-
tive count of PMPs than those who are
JAK2V617F negative, but no significant
difference was found for RMP. Similar
results were previously published by
Zhang et al. [25], where the PMPs level in
patients with JAK2V617F mutation was
increased compared to patients without
the mutation. Results can demonstrate
the prothrombotic phenotype typical
for this group of patients and can sup-
port the predicted involvement of MPs
in pathogenesis of thrombotic compli-
cations in JAK2V617F positive patients.
CALR mutation has been associated with
lower risk of thrombosis compared to
JAK2V617F, as demonstrated in one sin-
gle-centre study of WHO-defined ET
that found rates of major thrombosis of
13.5% for CALR vs. 30.1% in JAK2V617F
(p = 0.01) [32]. Our comparison of MPs
level between JAK2V617F positive and
CALR positive patients did not confirm
a significance due to the low number of
CALR patients.

In our study we also analysed the dif-
ferences of MP characteristics between
the three subgroups of MPN. In previous
study of our department [24] we found
higher MP procoagulant activity in PV
patients when compared to ET and PMF;
the results of the current study are the
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Graph 9. Comparison of absolute count
of PMPs between myeloproliferative ne-
oplasms patients with thrombosis occu-
rred before and during or after MPN
diagnosis.

same. Higher level of PMP was found in
patients with PV and ET in comparison
with PMF; the finding is different to the
recent study of Zhang et al. [25], where
the authors describe higher level of PMP
and RMP in patients with PMF. The dif-
ference in outcome may be as a result
of a lower number of MPN patients com-
pared to our study, especially PMF pa-
tients. According to the published data,
PV and ET are associated with higher
risk of thrombosis as compared with
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Graph 10. Comparison of absolute and relative count of PMPs between ET patients (JAK2V617F positive) with or without thrombosis.
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PMF [13,30] and these circumstances
can support the clinical implication of
our results. Higher level of MPs in PV and
ET patients may promote thrombogen-
esis and therefore lead to higher risk of
thrombosis in this disease.

Unlike Zhang et al. [25] and Kissova
et al. [24], but as reported by Duchemin
et al. [22] we found no correlation be-
tween MPs and history of thrombo-
sis in MPN patients. When we analysed
the MP levels in patients with thrombo-
sis according to the time of thrombosis
development, we determined that pa-
tients with thrombosis during follow-up
for MPN diagnosis had a lower level of
PMPs than patients without thrombo-
sis. The disadvantage of this study is the
lack of MPs analysis in context with treat-
ment. As previously documented in other
studies [16,22,26], the patients with cy-
toreductive therapy were characterised
by lower procoagulant activity of MPs
than patients without cytoreduction. This
analysis could clarify these results.

Well-defined risk factors for throm-
botic complications in MPN patients in-
clude older age and history of prior
thrombosis. Comparison of MPs levels
in patients with thrombosis before dia-
gnosis of MPN and patients after dia-
gnosis of MPN showed higher levels of
PMPs in the patients with venous throm-
bosis prior to MPN diagnosis. This find-
ing supports the strategy of manage-
ment of MPN patients according to the
individual risk factors; the patients with
a history of thrombosis belong to the
high-risk group and should be appro-
priately treated. Further analysis of these
results in context with therapy could
provide more detailed information.

We examined the MP characteris-
tics periodically regardless of the stage
of disease or its treatments. And these
circumstances could affect the results
of the study even in the same patient.
Therefore, further analyses of MPs in pa-
tients with MPN are necessary, especially
in relation to therapy.

Conclusion

The present study observed a higher
level of MPs in MPN patients, a high level
of MPs was found in JAK2V617F posi-
tive patients and patients with a history

of venous thrombosis prior to MPN dia-
gnosis. The results of MP characteris-
tics in patients with thrombosis require
more detailed analyses in relation to the
therapy.

Further studies are needed to clarify
the clinical benefit of MPs as a potential
biomarker of thrombosis as well as a dia-
gnostic and prognostic factor in MPN
patients.
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PUVODNI PRACE

Gastrointestinalni stromalni tumory rekta —
hodnoceni dat narodniho registru s ohledem

na vyuziti v klinické praxi

Gastrointestinal Stromal Tumours of the Rectum — Evaluating
the National Registry Data with Respect to its Use in Clinical Practice

Svaton R.', Kala Z.", Kysela P.", Prochazka V.", Eid M.2, Andrasina T.?, Poredska K.?, Strenkova J.5,

Chloupkova R.>, Kunovsky L."*
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Souhrn

Vychodiska: Gastrointestinalni stromalni tumory (GIST) jsou vzacné maligni mezenchymalni
tumory s incidenci 1/100 000 obyvatel. Pfedstavuji pouze 5 % gastrointestinalnich nadord. Nej-
Castéji je nalézame v zaludku (60-70 %). Do rekta je jich situovanych < 5 %. V pfipadé lokali-
zovanych, resekabilnich tumor( je zakladem lécby chirurgicka resekce. V zavislosti na velikosti
a lokalizaci tumoru v rektu volime mezi lokélni excizi, resekci rekta s anastomdzou nebo abdo-
minoperitonedlni amputaci s trvalou stomii. Na rozdil od karcinomu je metastazovani GIST do
lymfatickych uzlin vzacné, a proto neni z onkologického hlediska lymfadenektomie v podobé
mezorektalni excize vyzadovana. Neoadjuvantni lé¢ba s vyuzitim inhibitor( tyrozinkinaz (tyro-
sine kinase inhibitors — TKI) je doporuc¢ovana napf. u tumort vétsich 5 cm, v pfipadé prorlstani
do okolnich organ(i nebo pti infiltraci sfinkter( za Ucelem dosazeni resekability a méné mutiluji-
ciho ¢i kontinentniho zékroku. V pfipadé pozitivni resekeni linie se mdzeme pokusit o reresekci.
Pri CD117 pozitivité Ize zvazit adjuvantni lé¢bu TKI, kterou nasazujeme také po resekcich GIST
stfedniho a vysokého rizika maligniho chovani. U neresekabilnich a metastazujicich GIST je tak-
téz indikovana lé¢ba TKI. Materidl a metody: Analyza dat ziskanych z registru GIST k 1. 1. 2017,
kdy do registru pfispivalo 10 center z CR. Vysledky: Z analyzovanych 1 095 pacientl byla pri-
marni lokalizace GIST v rektu ve 45 piipadech (4,1 %). Primérny vék pacient( byl 60 let. V sou-
boru bylo signifikantné vice muzi (68,9 %; p = 0,0007) a symptomatickych pacientl (62,2 %;
p = 0,034). Operaci podstoupilo 82 % pacient(. Z toho lokalni excize byla provedena ve 37,8 %,
resekce rekta s anastomoézou ve 29,7 % a abdominoperinealni amputace ve 29,7 %. V souboru
bylo nejvice tumor( velikosti 2-5cm a neceld polovina vykazovala vysoké riziko maligniho
chovéni. Zdznam o podani systémové [écby byl u 73 % pacientl. Kompletni remise byla dosa-
Zena u 80 % pacientu s GIST rekta. Median preziti byl 11,3 roku a 5leté preziti je 90,6 %. Zdvér:
Navzdory uspéchdm Iécby TKI zlstava jedinou potencidlné kurativni metodou u GIST rekta
chirurgicka RO resekce. Nejen vzhledem k nizké frekvenci vyskytu téchto nadord je spravna
diagnostika a Ié¢ba ndro¢nd. Proto by méli byt pacienti s touto problematikou soustfedéni do
specializovanych center.

Klicova slova
gastrointestinalni stromalni tumor (GIST) - rektum - terapie - resekce
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Summary

Background: Gastrointestinal stromal tumours (GIST) are rare malignant mesenchymal tumours with an incidence of 1 in 100,000. They represent
only 5% of gastrointestinal tumours. The GISTs are mainly located in the stomach (60-70%) and in the rectum in < 5% of cases. In the case of lo-
calized, resectable tumours, the treatment is surgical resection. Depending on the size and localization of the tumour in the rectum, either a local
excision, rectal resection with anastomosis, or abdominoperitoneal amputation with permanent stoma can be performed. In contrast to carcino-
mas, the metastasis of GISTs into lymph nodes is rare; therefore, from an oncological point of view, lymphadenectomy in the form of mesorectal
excision is not required. Neoadjuvant treatment using tyrosine-kinase inhibitors (TKI) is recommended for tumours larger than 5 cm and in case
of tumours infiltrating surrounding organs or sphincters in order to achieve complete resectability, less mutilating and continent procedure. In
GISTs with a positive resection line, re-resection can be attempted. Adjuvant TKI therapy can be considered in cases of CD117 positivity and after
resections of GISTs with medium and high-risk malignant behaviour. The TKI treatment is also indicated in cases of unresectable and metastatic
GISTs. Methods: Data obtained from the GIST registry by the 15t January 2017, when 10 centres in the Czech Republic were contributing to the re-
gistry, were analysed. Results: We analysed 1,095 patients out of which 45 (4.1%) had GIST localized in the rectum. The average age of the patients
was 60 years. There were significantly more males (68.9%; p = 0.0007) and symptomatic patients (62.2%; p = 0.034). In total, 82% of the patients
underwent surgery. Local excision was performed in 37.8%, resection of the rectum with anastomosis in 29.7%, and Miles operation in 29.7%. In
the cohort, most tumours were 2-5 cm in size and almost half of the tumours presented a high risk of malignant behaviour. Systemic treatment
was reported in 73% of patients. A complete remission was achieved in 80% of patients with GIST of the rectum. The median survival rate was
11.3 years and the 5-year survival rate is 90.6%. Conclusion: Despite the success of TKI treatment, the only potentially curative method of rectal
GISTs is a surgical RO resection. Given the relatively rare frequency of these tumours, proper diagnosis and treatment is demanding. Therefore,
these patients should be preferably treated in specialised centres.

Key words
gastrointestinal stromal tumour (GIST) - rectum — therapy - resection

Uvod

Gastrointestindlni stromdlni tumory
(GIST) jsou pomérné vzacné nadory fa-
dici se do pocetné rodiny mezenchymal-
nich nadorq, s incidenci 0,31-1,45 na
100 000 obyvatel [1]. Skute¢ny vy-
skyt GIST je ale pravdépodobné daleko
vys$si. Napriklad analyza resekatl za-
ludku odebranych pro diagnézu karci-
nomu prokazala pfitomnost mikrosko-
pickych GIST az ve 35 % [2]. GIST tvofi
asi 2-5 % nadorl gastrointestinalniho
traktu. Mohou se objevit kdekoliv v pra-

béhu gastrointestindlniho traktu (zalu-
dek 60-70 %, tenké stfevo 20-25 %, ko-
necnik 5 %, jicen 5 %, tlusté strevo 2 %),
ale i mimo travici trakt [3].

Prekurzorem téchto tumor( je pro-
genitorni kmenovaé bunka diferencujici
se smérem ke Cajalovym intersticidlnim
bunkam, bunkdm regulujicim stfevni
peristaltiku [4].

Jedna se o maligni nadory. Mira rizika
maligniho chovani souvisi s lokalizaci,
velikosti a mitotickym indexem (MI) -
pocet mitdz na plose 5mm? [2]. Pétileté

GIST
|
[ I [ |
metastaticky inoperabilni neresekabilni resekabilni
I |
[ A 1
_ neradikalni radikalni
resekce resekce
\ 4 | |
stfedni + nizké
TKI N _
vysoké riziko riziko
> regrese follow up

Schéma 1. Terapeuticky algoritmus pro GIST.

GIST - gastrointestinalni stromalni tumory, TKI - tyrozinkinazové inhibitory

preziti pacientl s GIST je ve v3ech rizi-
kovych skupinach 78,3 %, u velmi vyso-
kého rizika poté 71,9 %, u pacientl s niz-
kym a velmi nizkym rizikem 91,9 % [5].
Obecné Ize konstatovat, ze GIST rekta
vykazuji pfi dané velikosti a MI horsi pro-
gnézu nez GIST danych parametrl v Za-
ludku [6]. Zakladem Uspésné 1é¢by je mul-
tidisciplinarni pfistup. V ramci obecného
terapeutického algoritmu Ize GIST rozdé-
lit do Ctyf skupin (schéma 1).V pfipadé me-
tastatického, inoperabilniho a neresekabil-
niho tumoru je indikovana lécba inhibitory
tyrozinkindz (tyrosine kinase inhibitors —
TKI) (s vyjimkou prlikazu GIST s PDGFRA
D842V mutaci, které jsou rezistentni k te-
rapii imatinibem). V pripadé resekabilniho
tumoru je poté zakladem Ié¢by chirurgické
odstranéni - chirurgicka RO resekce.

Metodika

K analyze byla vyuzita data z regis-
tru GIST spravovaného Institutem bio-
statistiky a analyz LF MU Brno. Jedna se
klinicky registr monitorujici epidemio-
logii, Ié¢bu a jeji vysledky u pacientl
s GIST v CR a SR. Zakladnim kritériem
pro zahrnuti pacienta do registru je po-
tvrzena diagndéza GIST. Do registru byli
retrospektivné zarazeni pacienti dia-
gnostikovani od 1. 1. 2000 do spusténi
registru 27. 10. 2006 a prospektivné
pacienti, ktefi byli diagnostikovani od
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spusténi registru. Udaje jsou do regis-
tru zadavany prostfednictvim online ap-
likace. Zaklad databazového systému
je zaloZzen na modifikované verzi sys-
tému TrialDB. Data jsou plné anonymi-
zovana, coz znemoznuje jakoukoli pfi-
mou ¢i nepfimou identifikaci subjektt
hodnoceni [7,8].

Konkrétné byla vyhodnocovana data
k 1.1.2017 z 10 center z CR - Fakultni ne-
mochnice v Motole, Masaryklv onkologicky
Ustav v Brné, Fakultni nemocnice Hradec
Kralové, Vieobecna fakultni nemocnice
Praha, Fakultni nemocnice Brno, Fakultni
nemocnice Olomouc, Nemocnice Ceské Bu-
déjovice, Fakultni nemocnice Plzer, Nemoc-
nice Novy Ji¢in, Nemocnice Na Homolce.

Z celkového poctu 1 172 pacientl
s diagnézou GIST bylo nasledné ana-
lyzovano 1 095 pacientl, u kterych
byly udaje v registru kompletni a pravi-
delné aktualizované. Primarni lokalizace
v rektu byla stanovena u 45 pacientd.

Vysledky

Ze souboru 1 095 pacientll s diagnézou
GIST byl u 45 pacienth GIST lokalizo-
van v rektu (4,1 %) (graf 1). V souboru
bylo 14 zen (31,1 %) a 31 muzl (68,9 %;
p = 0,0007). Primérny vék pacientl
byl 61 let, (median 60; 5-95 percentil;
42-80 let) (graf 2).

Symptomatickych bylo 28 pacientt
(62,2 %; p = 0,034). Celkem 50 %
pacientl uvadélo bolesti bficha, 46,4 %
krvaceni z kone¢niku a u 14,3 % byla za-
znamenana anémie.

Operaci podstoupilo 37 (82,2 %)
pacientl. Lokalni excize byla prove-
dena u 14 (37,8 %) pacient(, resekce
rekta s anastomézou u 12 (32,4 %)
pacientll a abdominoperinealni am-
putace u 11 (29,7 %) pacientd. Celkem
8 pacientl operaci nepodstoupilo, a to
v 7 (15,5 %) pfipadech pro pokrocilost
onemocnéni a u 1 pacienta byly ddvo-
dem inoperability zdvazné komorbidity.

Nejvice tumorl mélo rozmér v inter-
valu 2-5cm (graf 3). Nej¢astéji slo o tu-
mory s vysokym rizikem maligniho po-
tencialu (46,7 %) (graf 4).

Zdznam o poddani systémové |écby
byl u 33 (73,3 %) pacientd. Konkrétné
$lo o imatinib 32x (78 %), sunitinib 5x
(12,2 %), nilotinib 2x (4,9 %) a regorafe-
nib 2x (4,9 %).
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Graf 1. Lokalizace gastrointestinalniho stromalniho tumoru.
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Graf 3. Velikost primarniho nadoru.
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Graf 4. Riziko maligniho potencialu.

Kompletni remise byla dosazena
u 80 % pacientl s GIST rekta. Z toho
u 11 pacientl doslo k 15 relapsiim
(8 pacientl 1x relaps, 2 pacienti 2x re-
laps, 1 pacient 4x relaps). V ramci re-
lapsh jich bylo 7 lokalnich, 5 vzdaéle-
nych a 3 kombinované. Median pfeziti

bez neznamo

rizika

velmi nizké
riziko

pacientd byl 11,3 roku a 5leté preziti je
90,6 % (graf 5).

Diskuze

Dle literarnich udaju je do rekta situova-
nych <5 % GIST [3]. V souboru pacient
z registru GIST to bylo 4,1 %. Nejcastéji

jsou tyto tumory diagnostikovany kolem
60. roku zZivota a ve dvou tfetinach
u muzl. Toto potvrzuji také data z analy-
zovaného souboru, v némz bylo signifi-
kantné vice muzt (31 vs. 14; p = 0,0007).
Klinické projevy koreluji s velikosti a lo-
kalizaci téchto nadord. Mohou byt akutni
(krvaceni, obstrukce ¢i perforace) nebo
chronické. Asi v pétiné pfipadu jde o in-
cidentalni nalez [5]. V souboru pacient(
zafazenych do registru GIST bylo symp-
tomatickych 68 % pacientd a hlavnim
projevem byly bolesti bficha (50 %) a kr-
vaceni z kone¢niku (46,4 %).

Progndza GIST souvisi s velikosti, loka-
lizaci a MI. Jak dokumentuje stratifikacni
tabulka Miettinena et al (tab. 1), pfi dané
velikosti a Ml maji GIST rekta 4-6x horsi
prognézu nez GIST danych parametrd
v zaludku [6].

Dle hodnoceni dat z registru GIST spa-
daly GIST rekta velikostné nejcastéji do
intervalu 2-5cm (37,8 %). Témér polo-
vina GIST rekta méla vysoké riziko agre-
sivniho chovani.

Zakladem diagnostiky GIST rekta je
vysetteni per rectum, endoskopické vy-
Setfeni doplnéné o endoskopickou ul-
trasonografii a vysetieni magnetickou
rezonanci (magnetic resonance imaging
— MRI). GIST vidime jako solidni, dobfe
ohrani¢enou masu ovalného tvaru ros-
touci prevazné submukézné (obr. 1, 2).

Pozitronova emisni tomografie s vy-
uzitim fluorodeoxyglukézy dokéze od-
diferencovat aktivni tumor od nekrézy
nebo inaktivni jizevnaté tkané, coz je
uzite¢né zejména k hodnoceni odpo-
védi na terapii TKI [9].

U GIST rekta je vyzadovana biopticka
verifikace. K potvrzeni diagnézy GIST je
uzivan prikaz exprese receptorové ty-
rozinkindzy CD117 (KIT) [10]. Negativita
tohoto proteinu vsak tuto diagnézu ne-
vylucuje a je az 5 % [11]. Genetické vy-
Setfeni prokazuje u GIST mutace v ge-
nech KIT a PDGFRA. Muta¢ni analyza ma
prognosticky vyznam ve vztahu k odpo-
védi téchto nadorl na lécbu TKI (napf.
GIST s mutaci PDGFRA D842V je rezis-
tentni na imatinib) [12].

Dosazeni optimalnich terapeutickych
vysledkd u pacientli s GIST vyzaduje in-
dividualizovany a c¢asto multimodalni
pfistup. LéCebna strategie by méla byt
stanovena na zikladé konsenzu mul-
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tioborového tymu, idedlné v centrech
zabyvajicich se touto problematikou.

V piipadé lokalizovanych, resekabilnich
tumor( je zakladem lé¢by chirurgicka re-
sekce. V zavislosti na velikosti a lokalizaci
tumoru v rektu volime mezi lokalni excizi,
resekci rekta s anastomé6zou nebo abdo-
minoperinealni amputaci s trvalou sto-
mii [13]. U resekci rekta je trendem volit
pfistup miniinvazivni, tedy laparoskopicky,
roboticky nebo transandlni (transanal total
mesorectal excision — TaTME). Ne vzdy je
ale tento pfistup pro rozsah a ulozeni tu-
moru mozny a je nutno pfistoupit k ope-
raci klasickym laparotomickym pfistupem.

Lokalni excize je doporucovana pouze
u mensich tumort do 5cm. V tomto pfi-
padé volime nejcastéji transandlni pfi-
stup. Pouzivame pfii tom specidlni instru-
mentarium a metody jako transanalni
endoskopickd mikrochirurgie (TEM)
nebo transanalni endoskopicka operace
(TEO) vyuzivajici tzv. operacni rektoskop.
Dalsi pouzitelnou metodou je technika
transanalni minimalné invazivni chirur-
gie (TAMIS), tedy lokalni excize prova-
déna pomoci laparoskopického instru-
mentaria pres specialni transanalné
zavedeny port [14-16].

V hodnocené sestavé pacientd pod-
stoupilo operaci 82,2 % pacientd. Nej-
Castéjsi lokalni excize byla provedena
v 37,8 %, resekce rekta s anastomézou
v 32,4 % a abdominoperinedlnich ampu-
taci s trvalou stomii, tzv. Milesovych ope-
raci bylo 29,7 %.
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Graf 5. Preziti.

Preziti pacientt bylo hodnoceno metodikou dle Kaplana-Meiera.

Vzhledem k tomu, Ze GIST patfi mezi
kfehké nadory, je u nich obzvlasté pfi-
hodna ,no touch” technika operovani.
Pfipadna ruptura nebo krvaceni z na-
doru je i pfi RO resekci spojena s horsi
progndézou a s prihlédnutim k moleku-
larnim charakteristikam je zvaZzovéna ad-
juvantni terapie TKI [17].

Metastazovani GIST do lymfatickych
uzlin je vzacné, proto pokud nejsou uz-
liny makroskopicky postizeny, lymfa-
denektomii standardné neprovadime.
S tim souvisi také potfeba provadéni
mezorektalnich excizi u rektalnich re-
sekci. V pripadé GIST rekta, na rozdil od
karcinom(, neni z onkologického hle-

-~

nena et al [6]).

Tab. 1. Prognéza gastrointestinalnich stromalnich tumort dle velikosti, lokalizace a mitotického indexu (upraveno dle Mietti-

Mitoticky index Max. rozmér (cm)

<2
2-5
5-10
>10
<2
2-5
5-10
>10

<5

* insuficientni data

-

Zaludek Duodenum
7adné 7adné
velmi nizké (1,9 %) nizké (8,3 %)
nizké (3,6 %) stiedni*

stiedni (10 %)
zadné stiedni*

stiedni (16 %)

Je'junum Rektum
ileum
zadné zadné
nizké (4,3 %) nizké (8,5 %)

stiedni (24 %)
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Obr. 2. MRI vysetieni - gastrointestinalni stromalni tumor rekta.

diska mezorektalni excize vyzadovana,
presto je ale doporuc¢ovand. Divodem
je snadngjsi kontrola a Setfeni presakral-

nich nervovych pleteni, redukce krva-
ceni, jakoz i vy3$3i garance lokoregiondlni
radikality [18].

V individualnich pfipadech, po vza-
jemném konsenzu multioborového
tymu, je mozné také nasazeni TKI
v rdmci neoadjuvantni 1é¢by. Napfiklad
u tumorl > 5cm, v pfipadé prorastani
do okolnich organl nebo pfi infiltraci
sfinkterd za ucelem dosazeni resekabi-
lity a méné mutilujiciho ¢i kontinent-
niho zdkroku [13,19]. Vykon poté pro-
vadime v dobé maximalni odpovédi na
TKI po 4-12 mésicich 1é¢by. Zatim ne-
jsou dostupnd dostatecna data, kolik
dnll pfed operaci zastavit podavani TKI,
jako bezpecné se ale ukazuje i jen néko-
lik dni [20,21].

V pfipadé pozitivni resekéni linie se
muzeme pokusit o reresekci, resp. je in-
dikovand adjuvantni 1é¢ba TKI, kterou je
doporucované nasadit také po resekcich
GIST stfedniho a vysokého rizika malig-
niho chovani. U metastatickych a nere-
sekabilnich GIST rekta je metodou prvni
volby lé¢ba TKI [22]. Vyznam ma poté
také provedeni metastazektomie nebo
nékteré z abla¢nich metod [23].

V analyzovaném souboru byla systé-
mova |é¢ba podana u 73 % pacientd.
Multimodalnim a centralizovanym pfi-
stupem bylo dosazeno kompletni re-
mise u 80 % pacientld s 5letym piezitim
90,6 %, coz je délka odpovidajici horni
hranici délky prezivani v recentnich za-
hrani¢nich souborech pacientli s GIST
rekta (64,6-91 %) [24-27].

Pacienty po resekci GIST s vysokym ri-
zikem sledujeme v pribéhu adjuvantni
terapie abdominalnim CT/MRI a rek-
toskopii kazdych 3-6 mésicd po dobu
3 let (tedy po dobu adjuvance). V nasle-
dujicich 5 letech je doporucovano kont-
rolni CT/MRI a rektoskopie po 6 mésicich
a poté 1x ro¢né v pribéhu dalsich 5 let.
U pacientl po resekci GIST s nizkym rizi-
kem je poté vhodné provedeni CT/MRI
a rektoskopie kazdych 6-12 mésicl po
dobu 5 let [22].

Zaveér

GIST rekta je vzacny nador s malignim
potencidlem. Riziko jeho maligniho cho-
vani souvisi s velikosti a MI. Obecné jsou
GIST rekta povazované za rizikovéjsi
nez GIST v oblasti zaludku nebo duo-
dena. V ptipadé lokalizovanych, reseka-
bilnich tumord je zakladem Ié¢by chirur-
gicka RO resekce. Vzhledem k vzacnému
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metastazovani do lymfatickych uzlin je

mozno ,onkologicky bezpecné” prova-

dét také lokalni excize. Ruptura tumoru
je i pfi RO resekci spojend s horsi pro-
gnézou. Pfi podezieni na GIST je vhodné
smérovat pacienty do center zabyvaji-
cich se touto problematikou. Toto tvr-
zeni podporuje i analyza dat narodniho
registru GIST, do kterého pfispivaji svymi
daty centra pro Ié¢bu GIST a je zde do-
sahovano pfezivani na horni hranici
délky preziti ve srovnani se zahrani¢nimi
soubory.
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KAZUISTIKA

Gorlinov-Goltzov syndrom
Gorlin-Goltz syndrome

Bartos V.!, Kullova M.?, Adamicova K.3, Pauc¢inova .4

'Oddelenie patologickej anatomie, FNsP Zilina
?Dermatovenerologicky stacionar, FNsP Zilina
*Ustav patologickej anatomie, JLF UK a UN Martin
*Oddelenie lekarskej genetiky, FNsP Zilina

Sudhrn

Vychodiskd: Gorlinov-Goltzov syndrém je autozémovo dominantne dedi¢né ochorenie cha-
rakteristické predispoziciou k roznym typom nadorov. Klinicko-patologické nélezy syndrému
su velmi pestré, pricom mnohé symptomy sa zacinaju prejavovat az v urc¢itom obdobi Zivota.
Pripad: Autori opisuju pripad muza, ktory sa vo veku 34 rokov dostavil na dermatologické vy-
Setrenie s mnohopocetnymi tumordznymi léziami koze. Ich vyvoj zacal pozorovat priblizne od
30. roku zZivota a odvtedy sa ich pocet zvySoval. Histologicky islo o bazoceluldrne karcinémy
superficialneho, superficialno-nodularneho a nodularneho typu. Celkovo mal chirurgicky od-
stranenych a mikroskopicky vysetrenych 11 primérnych bazoceluldrnych karcindmov. Ostatné
boli liecené lokélne imiquimodom a kryoterapiou. Okrem toho mal z ¢eluste a sanky exstirpo-
vané viacpocetné odontogénne keratocysty a extrahované retinované a nadpocetné zuby.
Dalsie klinické a zobrazovacie vysetrenia potvrdili makroceféliu, hypertelorizmus, kalcifikaciu
falx cerebri a abnormality krénych stavcov. Spektrum chorobnych zmien spifalo diagnostické
kritéria Gorlinovho-Goltzovho syndromu. Zdver: Hoci je Gorlinov-Goltzov syndrém v beznej
praxi velmi zriedkavy, vacsinou predstavuje zdvaznu chorobnu jednotku s multiorgdnovym po-
stihnutim. Z prognostického hladiska je klic¢ova jeho vcasna diagnostika a zahdjenie adekvat-
nej terapie. V pripade potvrdenia diagnézy je nevyhnutna celoZivotnd dispenzarizécia pacienta
s medziodborovou lekarskou spolupracou.

Kltucové slova
Gorlinov-Goltzov syndrém — bazoceluldrny karciném - odontogénne cysty

Summary

Background: Gorlin-Goltz syndrome is an autosomal dominant inherited disorder characteri-
zed by a predisposition to various cancers. Clinicopathological findings of syndrome are very
diverse and many symptoms begin to manifest in a certain period of life. Case: The authors
describe a case report of a man who, at the age of 34 years, presented to a dermatologist with
multiple tumor lesions of the skin. The lesions started to develop when he was 30 years old and
thereafter increased in number. Histology revealed superficial, superficial-nodular and nodular
basal cell carcinomas. A total of 11 basal cell carcinomas were surgically removed and microsco-
pically investigated. The others were treated locally with imiquimod cream and cryotherapy. In
addition, he was found to have multiple odontogenic keratocysts in the jaw and mandible, as
well as supernumerary and retinated teeth. Stomatologic and maxillofacial surgery interven-
tions were performed. Further clinical and imaging examinations confirmed macrocephaly,
hypertelorism, calcification of falx cerebri, and abnormalities of the cervical vertebrae. The
spectrum of pathological findings met the diagnostic criteria of Gorlin-Goltz syndrome. Con-
clusion: Although Gorlin-Goltz syndrome is very rare in routine practice, it usually represents
a serious disease with multiple organ system involvement. From a prognostic point of view,
early diagnosis with adequate therapy is critical. If a diagnosis is confirmed, lifetime dispensary
care with interdisciplinary medical cooperation is necessary.

Key words
Gorlin-Goltz syndrome - basal cell carcinoma — odontogenic cysts
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GORLINOV-GOLTZOV SYNDROM

Uvod

Gorlinov-Goltzov syndrém (G-G syn-
drém), nazyvany aj syndrom névoid-
nych bazocelularnych karcinémov (basal
cell carcinoma - BCC), je autozémovo
dominantne dedi¢né ochorenie cha-
rakteristické predispoziciou k réznym
typom nadorov [1-3]. ZapriCineny je
mutdciami tumor supresorového génu
PTCH1 (lokalizovany na chromozéme
9q22.3-q31), ktory kéduje transmem-
branovy glykoprotein fungujuci ako an-
tagonista Hedgehog signalnej drahy [1].
V 20-30 % pripadov ide o de novo muta-
cie [1]. Okrem toho bol opisany aj dalsi
predisponujici gén SUFU [1]. Ako sa-
mostatnu jednotku ho prvykrat defino-
vali v roku 1960 patoldg a genetik Ro-

-

Tab. 1. Diagnostické kritéria Gorli-
nov-Goltzova syndromu podla Ki-
monisa et al [5].

Velké kritéria
> 2 bazocelularne karcinémy, alebo

1 bazoceluldrny karciném vo veku
< 20 rokov

odontogénne cysty Celuste, potvr-
dené histologicky

palmarne alebo plantérne jamky
(=3)

bilamelarna kalcifikacia falx cerebri

anomélie rebier (zdvojené, zrastené
alebo vyrazne rozsirené)

Gorlinov-Goltzov syndrém u pribuz-
nych stupna 1

Malé kritéria
makrocefalia

rozne vrodené malformacie - raz-
Step pery alebo podnebia, promi-
nencia Celovej kosti, hypertelorizmus
iné anomalie kostry — Sprengelova
deformita, deformacie hrudnika,
syndaktylia prstov

radiologické abnormality — premos-
tenie sella turcica, rézne anomalie

stavcov, defekty kosti na rukéch a na
nohach

fibromy vajecnikov

meduloblastém

- /

bert J. Gorlin a dermatopatol6g Robert
W. Goltz [4], podla ktorych je pomeno-
vany. Z klinickych priznakov syndrému
kladli pévodne déraz na mnohopocetné
BCC (epiteliomy), keratocysty celuste
aanomalie rebier. V sucasnosti je zndme,
ze spektrum klinicko-patologickych na-
lezov je pri tomto ochoreni omnoho
pestrejsie. Z doposial zauzivanych dia-
gnostickych kritérii pre G-G syndrém su
povazované za najrelevantnejsie krité-
rid navrhnuté Kimonisom et al [5] z roku
1997.Téato schéma zahrnuje Sest velkych
a Sest malych diagnostickych znakov
(tab. 1). Na potvrdenie G-G syndrému
sa vyzaduje pritomnost dvoch velkych,
alebo jedného velkého a dvoch malych
diagnostickych kritérii. V casopise Kli-

nickd onkologie bolo doteraz publikova-
nych niekolko prehladovych préc, ktoré
opisuju, resp. sa zmiefuju o G-G syn-
dréme [1-3]. Ziadna z nich viak neuva-
dza vlastny pripad z praxe. Preto sme
sa rozhodli prezentovat kazuistiku mla-
dého muza s tymto zriedkavym ochore-
nim, ktorého sme diagnostikovali a liecili
na nasich pracoviskach.

Kazuistika

Muz vo veku 34 rokov (fototyp lll) bol za-
¢iatkom roka 2013 prijaty na dermatolo-
gické oddelenie FNsP v Ziline s mnoho-
pocetnymi tumoréznymi léziami koze.
Ich vyvojzacal pozorovat priblizne od 30.
roku Zivota a odvtedy sa ich pocet zvy-
Soval. Pri vstupnom dermatologickom

Obr. 2. Pohlad na dolnu ¢ast chrbata s viacpocetnymi bazocelularnymi karcinémami koze.
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GORLINOV-GOLTZOV SYNDROM

Obr. 3. Pohlad na hrudnik a prednu ¢ast tela s viacpocetnymi bazocelularnymi
karcinémami koze.

vySetreni dominoval ndlez pocetnych,
prevazne ohrani¢enych erytematéz-
nych papul a nodulov, ktoré sa vysky-
tovali najma na chrbate, pleciach a pa-
Ziach, menej na hlave a krku (obr. 1-3).
Niektoré boli ulcerované s adherovanou
krustou na povrchu. Klinicky a dermato-
skopicky imponovali ako BCC. Palmarne
a plantarne jamky neboli viditelné, ale
na dlani lavej ruky sa vyskytoval drobny
hyperkeratoticky ¢ap a na ploske lavej
nohy dve malé hyperkeratotické loziska.
V prvom slede boli chirurgicky excido-
vané tumory lokalizované v lumbalnej
oblasti vlavo, na pravej lopatke, na pra-
vom pleci a na lavej strane krku. Histolo-
gické vysetrenie vo vsetkych pripadoch
potvrdilo BCC superficidlneho alebo su-
perficidlno-nodulérneho typu. Postupne
boli excidované aj dalsie tumory vyras-
tajuce na chrbate, na ramene, na cele
a v parietalnej oblasti hlavy (obr. 4). Cel-
kovo mal exstirpovanych a mikrosko-
picky vySetrenych 11 samostatnych
primdarnych BCC, ktoré pozostavali zo su-
perficidlneho (obr. 5), zmiesaného su-
perficialno-nodularneho a nodularneho
typu (obr. 6). Ani v jednom pripade ne-
mali histologicky infiltrativny rastovy
charakter a okolitd koza nevykazovala
znamky soldrnej degeneracie.

Okrem uvedenych dermatologickych
tazkosti sa pacient stazoval aj na bolesti

Obr. 4. Detail na ulcerovany bazocelularny
karcinom koze v parietalnej oblasti.

" S et ok

Obr. 5. Hi
(Hematoxylin a eozin, zvacsenie 40x.)

prednej casti tvare, pre ktoré absolvoval
vysetrenia na Klinike stomatologie a ma-
xilofacidlnej chirurgie Jesseniovej le-
karskej fakulty Univerzity Komenského
a Univerzitnej nemocnice Martin. Ront-
genové (RTG) vysetrenie zobrazilo v ma-
xile aj mandibule viacpocetné rézne
velké cystické Utvary, ktoré boli reseko-
vané. Histologicky iSlo o odontogénne
a epidermoidné cysty vyplnenych kerati-

stologicky obraz superficialneho bazocelularneho karcinému.

novym obsahom, ktorych vystelku tvoril
vrstevnaty dlazdicovy epitel bez dyspla-
zZie (obr. 7). Pacient mal zaroven extraho-
vané retinované a nadpocetné zuby 18,
19, 28, 29, 38 a koren zuba 54.
Vzhladom na velmi suspektné syndro-
mologické ochorenie bol pacient odo-
slany na konzultaciu do genetickej am-
bulancie a absolvoval dalsie cielené
vysetrenia. Rodinna anamnéza bola ne-

126
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GORLINOV-GOLTZOV SYNDROM

(Hematoxylin a eozin, zvacsenie 40x.)

Obr. 7. Histologicky obraz odontogénnej epidermoidnej cysty.

(Hematoxylin a eozin, zvacsenie 60x.)

gativna a v rodokmeni sa nepotvrdil vy-
skyt klasickych monogénovych ocho-
reni, vrodenych vyvojovych chyb ¢i
reprodukénych strat. Somatické vyset-
renie pacienta potvrdilo robustny habi-
tus s makroceféliou (obvod hlavy 63 cm)
a miernym hypertelorizmom, a klino-
daktyliu 4. a 5. prsta na obidvoch rukach.
Kostra bola simerng, tvér bez dysmorfie.

Obr. 6. Histologicky obraz nodularneho bazocelularneho karcinomu.

ot

RTG vysetrenie hlavy a chrbtice zo-
brazilo makrocefalicku lebku s vyraznou
maxilarnou a etmoidalnou pneumatiza-
ciou, vysoko postavenu masivnu sanku
s cystickymi prejasneniami, lameldrne
kalcifikovany falx cerebri a lakunarne vy-
padky kalcifikécie v parietadlnej oblasti.
Na krénej chrbtici bola viditelnd synos-
téza stavcov C3 a C4 v oblasti tiflovych

vybezkov s parcidlne zaniknutou medzi-
stavcovou Strbinou.

Pacient mal odobratu krv na moleku-
ldrno-genetické vysetrenie. V analyzo-
vanej DNA sa v géne PTCHT metédou
priameho sekvenovania jednotlivych
exénov a prilahlych oblasti nedeteko-
vala ziadna dovtedy zndma patogénna
kauzadlna mutécia. TaktieZ neboli me-
tédou MLPA (Multiplex Ligation-de-
pendent Probe Amplification) potvr-
dené delécie alebo duplikacie génu
PTCH1.V géne PTCHT sa v3ak zistil va-
riant rs141085821:c.-5-4dupGGC, ktory
je podla prediktivneho algoritmu (Muta-
tion Taster) povazovany za potencialne
kauzélny variant.

Bez ohladu na vysledky genetického
vySetrenia v3ak bola v naSom pripade
klinickd diagnéza G-G syndromu jed-
nozna¢nd a podporend nalezom troch
velkych (mnohopocetné BCC koze,
odontogénne keratocysty, kalcifikacia
falx cerebri) a troch malych (makrocefa-
lia, hypertelorizmus, anomalie stavcov)
diagnostickych kritérii. Pacient bol pou-
¢eny o charaktere ochorenia a jeho de-
di¢nosti, ako aj o nutnosti komplexnej
dispenzérnej starostlivosti. Zdoraznend
mu bola ochrana pred soldrnym a RTG
Ziarenim.

V rokoch 2013-2016 pravidelne ab-
solvoval vy3etrenia u kozného lekéra.
Dalsie tumorézne lézie koze vzhladu
BCC dermatoldg liecil lokdlnou aplika-
ciou imiquimodu (Aldara) a kryotera-
piou. Pocas tohto obdobia mal pacient
vysetrenim nukledrnou magnetickou re-
zonanciou opét potvrdené recidivujuce
cystické lézie v mandibule, ako aj cystu
v pravom maxilarnom sinuse, ktord za-
pric¢inovala stazené dychanie cez pravy
nosovy priechod. Vysetrenie hlavy nuk-
ledrnou magnetickou rezonanciou na-
vySe zobrazilo lozisko nespecifickej
gliézy mozgu v paraventrikularnej ob-
lasti, ktoré viak ostalo v dalSom sledo-
vani bez znamok progresie a nevyza-
dovalo neurochirurgicku intervenciu.
V obdobi spracovania tohto prispevku
(august 2018) nam aktudlny zdravotny
stav pacienta nebol zndmy, nakolko od
novembra 2016 nemal v elektronickom
databdzovom systéme nasej nemoc-
nice evidované Ziadne nové lekarske
zaznamy.
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Diskusia

G-G syndrém je multisystémové dedi¢né
ochorenie s takmer Uplnou penetran-
ciou a variabilnou expresivitou [3,6,7].
KedZe jeho klinické prejavy st velmi pes-
tré a mnohé vznikaju, resp. dominuju az
v uré¢itom obdobi Zivota, odhalit sa méze
prakticky v kazdom veku. V jednej stu-
dii analyzujucej 105 pacientov s G-G syn-
drémom [5] varirovalo vekové rozpatie
v Case stanovenia diagnézy od 4 mesia-
cov do 87 rokov. Ochorenie sa niekedy
prejavuje uz po narodeni makroceféliou,
rdzstepmi pery ¢i podnebia, anoma-
liami rebier alebo inymi malformaciami
skeletu [5]. Okolo druhého roka zivota
ma viac ako 5 % deti diagnostikovany
zhubny nador mozoc¢ka - medulob-
lastém [1-3]. AZ u 90 % o0sOb vznikaju
do 40. roku Zivota odontogénne kera-
tocysty (keratocysticky odontogénny
tumor) Celuste [2,3] ktoré su ¢asto prvym
klinickym priznakom dovtedy nerozpo-
znaného ochorenia [7]. Hoci ide o be-
nigne cystické lézie, zvycajne sa spravaju
agresivne, rastu lokdlne destruktivne
a recidivuju. Mnohokrat si vyZzaduju opa-
kované stomatochirurgické intervencie.
Takmer u vietkych pacientov s G-G syn-
drémom vznikaju v priebehu Zivota BCC
koze, ktoré su jeho typickym priznakom.
Progredovat zacinaju od 3. dekady a ich
pocet sa zvysuje bez ohladu na mieru ex-
pozicie sine¢nému Ziareniu. Do 20. roku
zivota ma BCC koze priblizne 75 % a vo
veku 40 rokov az 90 % osbéb s G-G syn-
dromom [1,3]. Druhym charakteristic-
kym koznym prejavom su viacpocetné
malé kozné jamky na dlaniach a plos-
kéch néh. Daldim vyznamnym patologic-
kym nalezom je kalcifikacia falx cerebri,
ktora sa odhali len zobrazovacim vyset-
renim. Priblizne u $tvrtiny postihnutych
Zien vznikaju vo fertilnom veku fibromy
vajecnikov [3].

Hoci je spektrum klinicko-patologic-
kych nalezov pri G-G syndromu velmi
roznorodé, mnohé z nich nie su kon-
stantné, v dosledku ¢oho je manifestacia
atym aj prognéza ochorenia u pacientov
individualna. V tab. 2 uvadzame prehlad
percentudlneho zastupenia zdkladnych
diagnostickych znakov u oséb postih-
nutych G-G syndromom, ktoré sme zis-
kali z troch pévodnych studii z USA [5],

Tab. 2. Percentuéalne zastupenie vybranych klinickych znakov u pacientov s Gorli-
nom-Goltzovom syndrémom v $tudii z USA, Japonska a Australie.

USA [5] Japonsko [8] Australia [9]
Pocet pacientov 105 157 118
Bazoceluldrne karcinémy 378%;190;?&2?:10(:; 37.8% 75%
Odontogénne keratocysty 74 % 86,3 % 75 %
Palmarne a/alebo plantarne jamky 87 % 69,2 % 80 %
Kalcifikacia falx cerebri 65 % 794 % 92 %
Anomdlie rebier 26 % 36,4 % 45 %
Anomalie stavcov 25% 15,1 % 35%
Makrocefalia 50 % 26,5 % 80 %
Hypertelorizmus 42 % 68,8 % 6 %

Japonska [8] a Austrélie [9]. Viditelné su
odlidnosti vo frekvencii niektorych néle-
zov, pri€om zjavné rozdiely su najmd vo
vyskyte BCC koze. Zatial ¢o min. jeden
BCC sa u Austral¢anov a Americ¢anov
svetlej pleti vyskytoval v 75-78,9 % pri-
padov, u Japoncov a americkych cerno-
chov to bolo len v 37,8-38,4 % pripadov.
Tieto vysledky napovedaju, ze vyskyt
BCC koze pri G-G syndréome zavisi aj od
etnicity a/alebo individudlneho genetic-
kého pozadia jednotlivcov. Fenotypova
réznorodost sa da vysvetlit expresiou
rozdielnych (a v mnohych pripadoch za-
tial neobjasnenych) mutacii génu PTCH,
ako aj vplyvu environmentélnych fakto-
rov a inych modifikovanych génov. Velmi
nekonzistentné Udaje su aj ohladom sa-
motnej prevalencie G-G syndromu. Na-
priklad v Spojenom kréalovstve je od-
hadovanda prevalencia 1 pripad na
30 827 obyvatelov [10], ale v japonskej
populdcii iba 1 pripad na 235 800 oby-
vatefov [8]. KedZe klinické prejavy
G-G syndrému zavisia aj od veku a pri
[ahsich forméach ochorenia mézu ostat
dlho nerozpoznané, niektori autori po-
lemizuju [6,7], ¢i nie je redlne poddia-
gnostikovany a jeho skuto¢na prevalen-
cia moze byt omnoho vyssia.

Zaver

V nasom prispevku sme sa snazili pou-
kazat, ze hoci je G-G syndrém v beznej
praxi velmi zriedkavy, vac¢sinou predsta-
vuje zdvaznu chorobnu jednotku s mul-

tiorgdnovym postihnutim. Z prognos-
tického hladiska je klu¢ova jeho v¢asna
diagnostika a zahdjenie adekvatnej te-
rapie. V pripade potvrdenia diagndzy je
nevyhnutna celozivotna dispenzarizicia
pacienta s medziodborovou lekéarskou
spolupracou.
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Summary

Background: Growing teratoma syndrome (GTS) is an uncommon clinical finding in patients
treated for testicular cancer. It is diagnosed during or after chemotherapy as an expanding
tumour mass not responding to the treatment while the serum tumour markers are within
the normal range. Pathological evaluation of resected tissue confirms the structures of benign
mature teratoma. Case: Authors report a case of metastatic germ cell testicular cancer treated
with 2 lines of chemotherapy and everolimus, that had finally been subjected for the resection
of voluminous metastatic masses. We give a brief overview of current records concerning
clinical management of GTS, and support the major role of surgical treatment in GTS. Results:
Patient with metastatic mixed germ cell tumour of testis underwent a radical orchiectomy
and completed the 1+ line treatment with BEP (bleomycin, etoposide, cisplatin) regimen.
Radiographic restaging showed considerable disease progression to the retroperitoneum and
supraclavicular lymph nodes. Second-line treatment with VIP (etoposide, ifosfamide, cisplatin)
did not reverse the progression and the patient was consulted at our institute. Following the
enrolment to the clinical study with everolimus, the patient exhibited continual metastatic
growth in contrast to serum markers decrease. GTS was confirmed after resection of enormous
retroperitoneal tumour mass, as well as from the specimen obtained from the subsequent
supraclavicular and hepatal metastasectomy. The patient attained complete remission and
has been closely observed over the last 31 months since the last surgery. Conclusion: GTS is
resistant to chemotherapy and radiation and complete surgical resection results in excellent
disease control. Clinicians should be aware of this infrequent presentation of testicular tumours,
to ensure the timely diagnosis and the appropriate surgical removal without any delay. Despite
the great extent and vital vasculature encasement, surgery may be feasible and successful, as
we report in our case, consistently with the published data.

Key words
testicular neoplasms - teratoma - surgery — prognosis
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CLINICAL MANAGEMENT AND OUTCOME IN EXTREME RETROPERITONEAL GROWING TERATOMA SYNDROME

Suhrn

Vychodiskd: Syndrém rasticeho teratému (growing teratoma syndrome - GTS) je zriedkavym klinickym nalezom u pacientov lie¢enych pre nddory
semennikov. Zvycajne sa diagnostikuje pocas chemoterapie alebo po jejim absolvovani ako expandujtca tumordzna masa neodpovedajlca na sys-
témovu liecbu, zatial ¢o onkomarkery v sére nestupaju do patologickych hodnot. V pripade resekcie tumordznej masy histologické vysetrenie preu-
kaze pritomnost struktur benigneho zrelého teratomu. Pripad: Autori prezentuju pripad pacienta s metastatickym germinativnym testikularnym
nadorom lie¢eného 2 liniami chemoterapie a everolimu predtym, nez bol indikovany na resekciu objemnej metastatickej masy v retroperitoneu.
Clanok obsahuje stru¢ny prehlad sti¢asnych poznatkov tykajicich sa managementu GTS, ktory podporuje hlavnu dlohu chirurgickej intervencie
v procese jeho liecby. Vysledky: Pacient s metastatickym zmieSanym germinativnym testikuldrnym nddorom podstupil radikalnu orchiektémiu
a 1. liniu systémovej liecby rezimom BEP (bleomycin, etopozid, cisplatina). Radiologicky restaging ukazal zna¢nt progresiu ochorenia v oblasti
retroperitonea a supraklavikularnych lymfatickych uzlin. Druha linia chemoterapie VIP (etopozid, ifosfamid, cisplatina) nezvratila priebeh choroby
a pacient bol konzultovany na nasom pracovisku. Po splneni kritérii bol zaradeny do klinickej studie s everolimom, pocas ktorej vsak pokracoval
metastaticky rozsev, kym onkomarkery paradoxne klesali. Podozrenie na GTS bolo potvrdené histologicky z resekétu retroperitonedlnej tumordzne;j
masy, rovnako ako zo vzoriek ziskanych pri naslednej supraklavikuldarnej a hepatélnej metastazektomii. Pacient dosiahol UpInd remisiu ochorenia
a ostava v sledovani aj 34 mesiacov od posledného zo série chirurgickych vykonov. Zdver: GTS neodpovedd na chemoterapiu ani radioterapiu a chi-
rurgicka liecba vedie k excelentnej kontrole ochorenia. Zvysenie povedomia odbornikov o tejto nie ¢astej prezentacii nddorov semennikov méze
zarucit véasnu diagndzu a adekvatnu chirurgicku intervenciu bez oneskorenia. Resekény vykon je mozny aj v pripade znacne rozsiahleho nélezu
a zavzatia vitalnej vaskulatury a je vykonom kurativnym, ako dokazuje nds pripad v sulade s uz publikovanymi tdajmi.

Klicové slova
nadory semennikov - teratém - chirurgicka liecba - prognéza

Introduction

The growing teratoma syndrome (GTS)
was first described in 1982 as a clinical
finding among the patients with non-
seminomatous germ cell tumour (GCT)
treated with defined cytostatic ther-
apy, who exhibited a massive meta-
static growth in contrast to the decline
of serum tumour markers [1]. GTS pre-
dominantly occurs in the retroperi-

toneum and often encases the great
vessels and adjacent organs [2]. Radio-
graphic image includes solid and cystic
components as well as necrotic areas [2].
Benign mature teratomas are resistant
to chemotherapy and radiation, there-
fore only a complete surgical resection
results in cure and is recognised as the
treatment of choice based on published
data [3-6].

Fig. 1. Abdominal CT scan showing huge retroperitoneal mass encircling aorta and in-
ferior caval vein.

We present a patient with advanced tes-
ticular GCT who had suffered from high-
volume retroperitoneal disease and under-
went a series of surgical interventions in
order to remove several metastatic masses.
He is still in complete remission 31 months
after the last surgical procedure.

Clinical case details

We present the case of a 23-year-old pa-
tient with no relevant prior medical his-
tory, diagnosed with mixed GCT of tes-
ticular origin at the stage of metastatic
disease (lungs, liver) who underwent
a left-side orchiectomy. Histological ex-
amination described a tumour tissue
specimen sized 15 x 14 x 9 cm with solid
and cystic growth features, predomi-
nantly represented by teratoma cells
(80%), yolk sac tumour cells (10-15%),
including embryonal carcinoma cells
(< 5%) and sporadic areas of choriocar-
cinoma. The disease was classified as
pT2N3M1b, clinical stage IIIC, a poor-risk
testicular cancer according to the Inter-
national Germ Cell Consensus Classifica-
tion criteria. Following the surgery, the
patient was treated with four cycles of
induction systemic therapy BEP (bleo-
mycin, etoposide, cisplatin). Re-stag-
ing computed tomography (CT) scan re-
vealed a massive disease progression in
the retroperitoneum, volume expansion
of the liver lesion and supraclavicular
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lymphadenopathy, pulmonary metasta-
ses remained unchanged. Subsequent
2™ line treatment with three cycles of
VIP (etoposide, ifosfamide, cisplatin) did
not reverse the further progression, the
retroperitoneal tumour mass expanded
reaching 18 cm in diameter, and the he-
patic lesion exhibited another enlarge-
ment. At this point, the patient was con-
sulted at our institute and enrolled into
the phase Il clinical study for refrac-
tory GCT patients. He commenced the
treatment with everolimus (10 mg/day)
7 months after the orchiectomy. Ini-
tially elevated alpha-fetoprotein (AFP)
(11,47 U/mL) dropped to the physiolog-
ical value in 3 months, while beta-hu-
man chorionic gonadotropin (3-HCG)
did not exhibit a pathological increase
during the treatment course. Despite
that, the retroperitoneal mass contain-
ing both solid and cystic components
continually grew to 27 x 18 x 20cm
(CCx LLx AP) (Fig. 1). Experimental ther-
apy with everolimus had been adminis-
tered for a 13-month period, when the
patient was admitted to the surgical
department for radical resection or at
least, debulking procedure to relieve the
intraabdominal hypertension syndrome.

During a 7.5-hour-operation proce-
dure, the voluminous retroperitoneal tu-
mour was resected en bloc, including the
left hemicolectomy with terminal trans-
versostomy and the left nephrectomy.
Perioperatively, major blood loss caused
by aortic wall infiltration required partial
aortal resection and reconstruction with
the Dacron patch use. Total blood loss as-
sessment was 8,500 ml and surgical com-
plications included prolonged gastroin-
testinal paralysis, blood transfusions
need and postoperative delirium (grade 2
according to Clavien-Dindo Classification).
Left-sided supraclavicular metastatic mass
of 84 x 6 x 5.4cm (CC x LL x AP) (Fig. 2)
extending to the mediastinum was com-
pletely resected 4 weeks later through
collar approach and partial medial ster-
notomy. Finally, 3 months after retroper-
itoneal surgery, the metastasectomy of
liver lesion in segment VII (Fig. 3) was per-
formed along with the bowel stoma clo-
sure. All specimens obtained from the re-
sections were histologically evaluated as
the structures of mature teratoma.

Fig. 2. Axial CT scan through left cervical tumor mass pressing thyroid gland and caro-

tid and internal jugular vein.

Fig. 3. CT scan of liver metastasis located in the segment VII.

Since then, the patient has been closely
followed, without further systemic treat-
ment. The serum markers are within the
normal range and the CT scans repeat-
edly confirm the complete remission of
the disease with mainly postoperative
changes at sites of performed resections.
The patient is 27 years old, able to work
with good quality of life, asymptomatic,
31 months after the liver metastasectomy
and 55 months from the primary dia-
gnosis of metastatic mixed testicular GCT.

Discussion

GTS is a rare clinical finding among pa-
tients with testicular and ovarian GCT
with the vast majority of cases described
in men since testicular GCT is more prev-

alent [7]. The prevalence of GTS in meta-
static nonseminomatous GCT according
to the published data is between 2-7.6%
whereas occasionally, it may originate in
pure seminoma [5]. Predominantly lo-
cated in the retroperitoneal area, grow-
ing teratoma also occurs in the lungs,
liver, mediastinum, forearm, supracla-
vicular and inguinal lymph nodes [2,8].
Three criteria have been established to
define the diagnosis of GTS. Consider-
ing the fact that the overall survival
rates in advanced testicular cancer reach
90% following the combination of cis-
platin-based regimen and surgery, tu-
mour growth during or after chemother-
apy administration may be the first sign
of growing teratoma development. Sec-
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ondly, normalisation of serum tumour
markers associated with evident tumour
enlargement is usually observed al-
though minor elevations have been re-
ported occasionally [9].

The histological presence of mature
teratoma components at the time of
the resection and no viable germ cells is
the third condition to fulfil the GTS dia-
gnosis [1]. The association between pri-
mary pathology and the likelihood of
GTS has not yet been well recognised.
The pathogenesis of GTS remains unclear
and presumably includes the chemo-
therapy-induced transformation of toti-
potent malignant germ cell into a mature
teratoma and selective destruction of im-
mature malignant cells allowing for the
growth of the benign mature teratoma.
Moreover, the animal model proposes
an inherent and spontaneous differen-
tiation of malignant cells into benign
tissues [2,8,10,11].

GTS has a variable time-course presen-
tation with early reports after two cycles
of systemic therapy to more than 10 years
after chemotherapy completion, mostly
occurring within 24 months [12,13].
Growing teratoma typically presents with
cystic components and necrotic areas on
CT imaging and its margins are relatively
well circumscribed [3]. The treatment
with 18F-fluorodeoxyglucose positron
emission tomography might be useful
for the assessment of residual tumour
viability, however, relatively low sensitiv-
ity and specificity as well as possible false
positive findings caused by chemother-
apy-induced recruitment of neutrophils,
lymphocytes and macrophages, limit the
routine utilisation of this method in pa-
tient monitoring [14].

To date, no specific growth size/rate
has been correlated to GTS [13]. Normal-
isation of serum tumour markers (AFP,
HCG, lactate dehydrogenase) concur-
rent with the tumour growth is a typ-
ical feature of GTS. In cases where the
tumour markers decline but remain
slightly over the normal range, active
immature carcinomatous components
may be present. However, it is neces-
sary to exclude a non-malignant aetiol-
ogy of the increase (liver dysfunction,
luteinizing hormone cross reactivity in
patients with hypogonadism, the use of

marijuana, etc.) [15]. An atypical clinical
finding in ovary-associated GTS was de-
scribed as gliomatosis peritonei, a con-
dition characterised by the presence of
mature glial tissue in the peritoneum [7].

GTS is unresponsive to chemother-
apy and radiation, and a timely radical
surgical excision is considered a golden
standard of treatment [3-6]. Massive ret-
roperitoneal expansion, especially when
encompassing the great vessels, may be
deemed unresectable and the patient
is thereby sentenced to palliative care.
Current clinical experience consistently
with our case proves that even the high-
volume disease can be completely re-
sected with an excellent prognosis [16].
A delay in surgery may result in unfa-
vourable clinical scenarios, such as ma-
lignant somatic transformation (3-6%
of cases) or compression of adjacent
structures. Such delay will ultimately
worsen the outlook for the complete re-
section which guarantees a 10-year re-
currence-free survival of approximately
80% [17,18]. Unresectable disease has
become a candidate for medical stabi-
lisation. Promising reports of treatment
response after bevacizumab, cyclin-de-
pendent kinase inhibitors, and inter-
feron have been published, thus encour-
aging further research [19,20].

Conclusion

Uncommon clinical course of treated
GCTs described as GTS may result in
misdiagnosed disease progression and
cause the oncological overtreatment in
a number of patients. Considering the fa-
vourable prognosis of treated metastatic
testicular tumours, extensive tumour
growth associated with the normalisa-
tion of serum tumour markers should
raise suspicion of mature teratoma for-
mation. It often encases vital vasculature
and adjacent structures and complete
surgical resection as the golden standard
of GTS treatment may not always be fea-
sible. We highlight the favourable prog-
nosis of patients with GTS after complete
resection and encourage the specialists
involved not to postpone the surgical
procedure. Furthermore, we emphasise
the role of active monitoring and coordi-
nated surgical and oncological care in pa-
tients with advanced testicular cancer as

these are crucial to optimise the outcome
of GTS, especially in high-volume disease.
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Summary

Background: The use of nivolumab in the treatment of metastatic melanoma has become well
established during past years. Despite its undeniable efficacy, immune-related side effects may
occur, including acute liver injury. Liver toxicity caused by nivolumab is usually observed as liver
enzyme elevation with mild or no symptoms; further, there is limited information regarding
any histopathological findings. Case: We report a case of a 38-year-old woman with metastatic
melanoma who developed unusual nivolumab-induced hepatic injury after a single dose of
nivolumab. A liver biopsy was performed to assess the aetiology of hepatic lesions as no other
analysis concerning biochemistry, virology, autoantibodies, nor imaging studies revealed any
pathology. The histopathological analysis showed an oedema in the portal fields and mixed
inflammation consisting of eosinophilic and neutrophilic granulocytes. The major finding was
a prominent, predominantly intracellular, cholestasis. Conclusion: To our knowledge, no such
histopathological pattern of liver injury has been described in relation to nivolumab therapy
elsewhere. This type of liver injury shows higher resistance to corticosteroids, which may warrant
upfront high-dose corticotherapy combined with other immunosuppressive agents, including
mycophenolate mofetil. This case highlights a necessary awareness regarding immunother-
apy-related adverse events, which could be severe and potentially life-threatening.

Key words
nivolumab - hepatitis — toxicity — corticosteroids — autoimmunity

Souhrn

Vychodiska: Pouziti nivolumabu v [é¢bé metastatického melanomu se v uplynulych letech
stalo terapeutickym standardem. | pfes jeho nepopiratelnou Ucinnost se vsak mohou objevit
nezadouci reakce, v¢. akutniho poskozeni jater. Hepatotoxicita zpUsobend nivolumabem je
obvykle popisovéana jako zvyseni hladin jaternich enzym s pfiznaky ¢i bez pfiznakd. Informace
o histopatologickych projevech této toxicity existuji v omezené mite. Pfipad: Uvadime pfipad
38leté zeny s metastazujicim malignim melanomem, u které doslo k poskozeni jater po jedné
dévce nivolumabu. Jelikoz zadné vysetieni v podobé biochemie, virologie, autoprotilatek ani
zobrazovacich metod neodhalilo pficinu jaterniho selhdvani, byla provedena jaterni biopsie.
Histopatologické vysetteni prokazalo edém v portalnich polich a smiseny zanét sestavajici z eo-
zinofilnich a neutrofilnich granulocytG. Hlavnim nalezem byla prominentni, pfevézné intrace-
luldrni cholestaza. Zdvér: Podle nasich znalosti nebyl tento typ jaterniho postizeni v souvislosti
s lé¢bou nivolumabem dosud popsan. Tento typ jaterniho poskozeni muize byt spojovan s vyssi
rezistenci na lécbu kortikosteroidy, s nutnosti agresivnéjsiho pfistupu ¢i s pouzitim dalsich
imunosupresiv, jako napf. mykofenoldtu mofetil. Tento pfipad déle upozorniuje na potifebnou
obezretnost, ale i nutnost dobré informovanosti o moznych nezadoucich Ucincich souvisejicich
s imunoterapii, které, a¢ nemuseji byt casté, mohou byt potencidlné Zivot ohrozujici.
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nivolumab - hepatitida - toxicita — kortikosteroidy — autoimunita
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HEPATIC INJURY INDUCED BY A SINGLE DOSE OF NIVOLUMAB — A CASE REPORT AND LITERATURE REVIEW

Introduction
The use of nivolumab in the treatment
of metastatic melanoma has become
well established during past years [1].
Nivolumab, a human monoclonal an-
tibody targeting the programmed cell
death receptor 1 (PD-1), has proven to
be of great benefit in overall survival in
patients with metastatic malignant mel-
anoma; however, despite its undeniable
efficacy, major side effects may occur.
These are usually immune-related and
may be present in various forms, includ-
ing acute liver injury, a potentially se-
rious and life-threatening event. Al-
though the liver toxicity of nivolumab
has been reported in clinical trials, it is
usually described as increased liver en-
zyme, with none or limited information
regarding histopathological observa-
tions. The risk of severe immune-related
hepatic injury is generally considered
to be lower and less common with
anti-PD-1 therapy when compared to
anti-CTLA-4 antibodies [2,3].

Herein, we report a case of unusual
onset of nivolumab-induced hepatic in-

jury after a single dose of nivolumab.
Furthermore, we provide a thorough his-
topathological study of the liver tissue
specimen and discuss possible patho-
genesis and treatment options.

Case report

The present study concerns the case
of a 38-year-old woman with meta-
static melanoma (Schema 1) who de-
veloped severe hepatic injury after the
first dose of nivolumab. Fourteen days
following the introduction of nivolumab
therapy, the patient visited the out-
patient clinic to obtain a second dose;
she had no symptoms of immune-re-
lated adverse events (irAE). However,
the laboratory tests revealed severe in-
crement of liver enzymes and biliru-
bin (alanine aminotransferase — ALT,
aspartat aminotransferase — AST, biliru-
bin, and gamma-glutamyl transferase -
GGT) shown in Graph 1 leading to im-
mediate hospital admission. The patient
had no past medical history of liver
disease, elevated liver enzymes, drug-
induced liver injury, autoimmune disor-
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solitar metastasisin =~ r-------------- with Gamma Knife
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Schema 1. Disease history timeline.

ders or any other significant comorbid-
ities. There were no signs of metastatic
involvement of the liver on previous
computed tomography (CT) and current
ultrasound imaging studies. Her med-
ication did not include any drugs with
known liver toxicity except for leveti-
racetam 1,500 mg/day, administered as
antiepileptic prophylaxis for brain me-
tastases. Taking into account that rare
cases of levetiracetam-induced hepatic
failure were reported [4], the medica-
tion was switched to a less hepatotoxic
drug, lamotrigine. However, consider-
ing that the liver functions did not re-
solve after cessation of levetiracetam, it
was ruled out as a possible cause of liver
toxicity and returned to the patient’s
medication.

In order to exclude all possible causes
of liver injury, we performed a broad
evaluation spectrum. At the beginning,
drug or herbal intoxication was excluded,
and the patient was tested for a panel
of viral infections (human immunode-
ficiency virus - HIV, cytomegalovirus —
CMV, Epstein-Barr virus — EBV, herpes sim-
plex virus type 1 — HSV-1, herpes simplex
virus type 2 - HSV-2, hepatitis A virus —
HAV, hepatitis B virus — HBV, hepatitis C
virus — HCV, hepatitis E virus - HEV) with
negative results. A screening for possible
iron and copper metabolism disorders
was also negative. The imaging meth-
ods showed no biliary tree distension, no
signs of new liver metastases, nor brain
metastases progression. Taking a step
further, the patient was tested for possi-
ble autoimmune diseases, involving the
assessment of autoantibodies (i.e. anti-
neutrophil cytoplasmic antibodies -
ANCA, anti-mitochondrial antibodies -
AMA, anti-nuclear antibodies - ANA,
antibodies to smooth muscle - SMA,
anti-liver-kidney microsome antibodies -
anti-LKM, anti-soluble liver antigen anti-
bodies - anti-SLA, antibody to liver cyto-
sol —anti-LC-1, and rheumatoid factor), all
of which were negative.

Considering that none of the previous
tests provided any significant informa-
tion regarding the aetiology of the he-
patic lesion, the decision to perform
a liver biopsy was made. The histopatho-
logical evaluation showed an oedema in
the portal fields and mixed inflamma-
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Graph 1. Development of liver enzymes and therapeutical interventions.
Arrows indicate day and manner of intervention: 1) methylprednisolon 2 mg/kg/day; 2) corticosteroids 4 mg/kg/day + mycophenolate
mofetil 2 g/day; 3) methylprednisolon 6 mg/kg/day; 4) tapering of methylprednisolon to 2 mg/kg/day; 5) methylprednisolon 4 mg/kg/day.

tion consisting of eosinophilic and neu-
trophilic granulocytes. The major finding
was a perivenular (zone 3) cholestasis.
Fig. 1 shows the presence of bile both
within the liver cell cytoplasm and the
dilated canaliculi.

Following the recommendations
for irAE management, the patient was
started on methylprednisolone i.v.
2mg/kg/day. Considering that the labo-
ratory results and symptoms did not im-
prove after a week of therapy, the dose
of methylprednisolone was raised to
4mg/kg/day and further to 6 mg/kg/day.
Because of further deterioration of the
clinical symptoms (jaundice, itching),
the case was discussed within a multi-
disciplinary board, including gastroen-

terologists and a neurologist, and the
patient was started on mycophenolate
mofetil 1g BID and acidum ursodeoxy-
cholicum 1,500 mg/day (Graph 1).

While on combined immunosuppres-
sive therapy, the patient developed mul-
tiple side effects, including blood count
alteration (thrombocytopenia and neu-
tropenia), thyroid function alteration
(decreased thyroid-stimulating hor-
mone), muscle weakness, loss of appe-
tite, and mental discomfort. Consider-
ing this, together with partial restoration
of liver function, we started to gradually
taper the doses of corticosteroids and
mycophenolate mofetil (Graph 1).

Despite the use of antibiotics and an-
timycotics prophylaxis (fluconazole,

co-trimoxazole) during the immuno-
suppressive therapy, the patient devel-
oped a mild respiratory infection, which
was promptly managed with antibiotics
(cefotaxime).

Because of neurological symptoms
(epileptic seizures, weakness of muscles
with hemiplegic left upper extremity)
recurring despite sufficient plasma lev-
els of anti-epileptic drugs, progression
of GGT and bilirubin serum levels, we
performed brain magnetic resonance
imaging and a chest, abdomen, and pel-
vis CT scan. There were no new meta-
static lesions in the brain. However, the
CT scan revealed metastases progres-
sion in lungs, adrenal glands and liver.
The limited therapeutic possibilities and
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Fig. 1. Histological samples of liver tissue.

Hematoxylin and eosin staining showing the portal fields with mixed inflammation and
predominantly intracelullar and canalicular cholestasis.

unfavourable prognosis was thoroughly
discussed with the patient and her fam-
ily. The consensus was made to provide
the best supportive care. The patient
eventually died 74 days following the
first dose of nivolumab due to tumour
progression.

Discussion

The introduction of immune checkpoint
inhibitors has dramatically improved the
prognosis of patients with metastatic
melanoma; in this regard, nivolumab
has significantly improved overall sur-
vival when compared to ipilimumab or
to chemotherapy [1,5].

Despite the important clinical bene-
fits of nivolumab, immune checkpoint
inhibition is associated with a broad
spectrum of side effects, usually termed
as irAEs, resulting from its mecha-
nism of action, i.e. immune response
enhancement [6].

Overall, the safety profile of nivolumab
is favourable and any possible AEs are
manageable and generally consistent.
IrAEs include dermatologic, gastrointes-
tinal, hepatic, endocrine, and other less
common inflammatory events. There
is no obvious pattern in the incidence,
severity, or relation to nivolumab dos-

age. Most irAEs are of low-grade (i.e.
grade 1-2) with relatively few of high-
grade (i.e. grade 3-4). Most high-grade
events are managed with corticos-
teroids, tumour necrosis factor-alpha an-
tagonists, or mycophenolate mofetil [7].

Although nivolumab-related liver tox-
icity has been reported in the past, it
was usually present in low-grade form.
In this regard, patients treated with
nivolumab monotherapy within clinical
trials (CA209066, CA209037, CA209067,
CA209017, CA209057, CA209063,
CA209025, CA209205, and CA209039),
showed a 6.9% incidence of liver func-
tion abnormalities. An estimated 5.1% of
patients presented usually mild effects
(i.e. grade 1 or 2), whereas only 1.9%
were classified as grade 3 or 4. The onset
of liver toxicity was usually observed
after two to six cycles 1-3 months after
treatment initiation (median 1.9 month).
With appropriate medical therapy, most
of these irAEs were resolved within
a median of 5.4 weeks. Permanent dis-
continuation of the treatment was re-
quired in only 0.9% of patients [1,8-14].

Hepatic AEs induced by PD-1 inhib-
itors commonly shown as an asymp-
tomatic increment of AST and ALT, and
rarely of total bilirubin. Symptoms such

as fatigue, fever, and hepatomegaly, de-
tected by imaging methods, may also
occur [15].

A correct diagnosis, along with the as-
sessment of a hepatic lesion aetiology,
requires the combination of laboratory
tests and a liver biopsy; however, it may
still be challenging to reveal the aetiol-
ogy of the hepatic lesion. Clinical data
may provide further information and aid
in determining the diagnosis, i.e. the re-
lation between therapy start and hepa-
totoxicity onset, resolution time after
drug cessation, time of recurrence upon
re-challenge, and previous evidence of
drug hepatotoxicity [16]. The differential
diagnosis includes drug-induced liver
injury, idiopathic autoimmune hepatitis,
acute viral hepatitis, and acute alcoholic
liver disease. Distinguishing between
idiopathic autoimmune hepatitis and
drug-induced liver injury is much more
challenging in case of immunotherapy,
as these two forms of liver injury have
similar clinical features [17].

Further information regarding any his-
topathological findings in patients with
anti-PD-1 induced liver injury is rather
scarce. Although there are some re-
ports (usually individual case reports or
small case series) of anti-CTLA-4 mon-
oclonal antibodies induced liver toxic-
ity [18,19] with a similar pattern of liver
injury caused by anti-PD-1 therapy. His-
topathological findings of liver injury as-
sociated with anti-CTLA-4 therapy are
usually described as acute hepatitis-
like pattern with focal or confluent ne-
crosis and prominent portal inflam-
mation. However, other pathological
patterns have been reported and some
proportion of cholestasis may also be
present in some cases. The inflamma-
tory infiltrate is composed predomi-
nantly of CD8* T-lymphocytes, admixed
histiocytes, scattered plasma cells, and
eosinophils [18-20].

To the best of our knowledge, there
are only two reported cases, includ-
ing the histopathological findings of
nivolumab-induced liver injury in a pa-
tient with lung cancer and glioblas-
toma [21,22], but none in melanoma. In
the first case, the liver biopsy showed
a moderate lymphocytic inflammatory
infiltrate with bile duct injury and mild
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periportal necrosis. Immunohistochem-
ical staining revealed the prevalence of
CD3*CD8* lymphocytes in the portal
tract. In the latter case, the hepatocytes
showed a diffuse cytoplasmic clearing,
with occasional macro-vacuolar steato-
sis in the centrilobular area. The steatotic
hepatocytes were surrounded by a rich
inflammatory infiltrate, while in the por-
tal tract, only a minimal fibrosis and scat-
tered inflammatory cells were found.
Again, the inflammatory infiltrate was
represented mostly by CD8* cytotoxic
lymphocytes, diffusely scattered within
the parenchyma.

In our case, the evaluation of the liver
tissue by CD3/CD8 immunohistochemi-
cal staining and PD-L1 expression analy-
sis showed only a small number of CD8*
cells in liver sinusoids and portal fields,
whereas CD3* cell presence was much
richer at these sites. The CD3 : CD8 ratio
was 5:1in favour of CD3* cells. PD-L1 ex-
pression was mainly detected in the en-
dothelial cells of liver sinusoids and, spo-
radically, in Kupffer cells; however, it was
absent in hepatocytes.

Taking into account our findings with
available case reports, it could be sug-
gested that anti-PD-1 induced liver in-
jury likely represents heterogeneous
forms of disease, ranging from autoim-
mune hepatitis to other forms with pre-
dominant cholangitic liver disease. In
contrast to both cases mentioned above,
we present a new histopathological pat-
tern involving intracellular and canalicu-
lar cholestasis with only a mild inflamma-
tory infiltrate. In a similar manner to the
case with cholangitic hepatitis [21], we
also observed a worse response to cor-
ticosteroids; therefore suggesting that
a predominant cholangiolitic pattern of
liver injury might require different and
much more intensive therapeutic strate-
gies. However, the specific mechanisms
involved in nivolumab-induced liver in-
jury are currently unknown.

Hepatitis with cholestasis may be in-
duced by a wide spectrum of drugs [17].
Cholestatic patterns of liver injury can
be divided into three basic categories —
acute (bland or intrahepatic) cholestasis,
chronic cholestasis, and a type of chol-
estasis termed as “cholestatic hepatitis”.
The histopathological findings in acute

cholestasis usually involve bile plugs
in canaliculi and bile accumulation in
hepatocytes, particularly in zone 3, ac-
companied with mild inflammation.
Chronic cholestasis pattern shows cho-
late stasis and periportal copper ac-
cumulation with some degree of in-
duct injury. Histopathological findings
of cholestatic hepatitis show a variable
spectrum of inflammation and cholesta-
sis, ranging from cases of acute hepati-
tis, involving a cholestatic component,
to cases with minimal inflammation. The
degree of inflammation in cholestatic
hepatitis, predominantly consisting of
neutrophilic infiltrates, tends to be less
severe compared with a case of pure
acute or chronic hepatitis [23].

In order to identify the correct cause
of liver injury, cooperation within a mul-
tidisciplinary team, involving gastro-
enterologists, radiologists and prefera-
bly also pathologists, is important. The
symptoms and findings might mimic
other conditions, such as autoimmune
hepatitis, primary biliary cholangitis, pri-
mary sclerosing cholangitis, viral hepati-
tis, or tumour progression, which need
to be ruled out before being able to dia-
gnose nivolumab induced immune-re-
lated liver injury.

Corticosteroids therapy is the mainstay
of irAE management, in which the dose
depends on a toxicity grade ranging from
0.5 to 2mg/kg/day [24-26]. The response
to corticosteroid therapy in immune me-
diated liver injury can be variable, espe-
cially in presence of a non-typical chol-
angitic pattern. When concerning our
case (or a previously reported lung can-
cer case) [21], the response seems to be
slower and the condition more resistant
to immunosuppressive therapy; there-
fore, a higher initial dose of cortico-
steroids may be required. Alternatively,
other immunosuppressive drugs, such
as mycophenolate mofetil can be used.
Regardless, it must be emphasised that
patients treated with corticosteroids i.v.
therapy are especially prone to infectious
complications and adequate care should
be paid to this issue.

Conclusion
Our case report shows the importance
of vigilance from the first application

of nivolumab and the necessity of reg-
ular follow-up. Special attention must
be given to the fact that hepatotoxic-
ity might represent a severe complica-
tion of immunotherapy with a poten-
tially fatal outcome. In concordance with
previously published data, we demon-
strate that cholestatic hepatitis shows
a poor response to corticosteroid ther-
apy and may justify more potent up-
front immunosuppressive treatment. In
order to collect more data regarding his-
topathological patterns associated with
anti-PD-1 therapy induced liver toxicity,
liver biopsy in patients with severe hepa-
totoxicity is warranted.
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Leptomeningeal Metastasis in a Breast
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Summary

Background: Leptomeningeal metastasis (LM) in breast cancer is associated with a poor pro-
gnosis. Although no randomised trial has demonstrated that intrathecal chemotherapy actua-
lly prolongs survival, this treatment is considered standard of care in this setting. The prognosis
of patients with LM is poor, with a median overall survival time of less than 6 months. Methods:
Herein, we report a case of a young woman with breast cancer who presented with LM at the
time of relapse and was subsequently treated with two lines of intrathecal chemotherapy that
prolonged survival. Results: A 28-year old woman without a significant past medical history
was diagnosed with triple-negative invasive ductal carcinoma. Eight months after adjuvant
treatment she developed multiple brain metastases and LM developed subsequently T month
after finishing whole brain irradiation. Initially, she was treated with a combination of metho-
trexate, cytarabine and dexamethasone intrathecally but after 3 months she presented with
a worsening clinical status and increased numbers of cancer cells in cerebrospinal fluid. Subse-
quently, she received a combination of thiotepa and methotrexate intrathecally, which resulted
in a prolonged response lasting 10 months. The patient died 32 months after initial diagnosis
and 18 months from LM infiltration due to disease progression in the liver and lungs as well as
LM. Conclusion: The prognosis of patients with LM remains poor because of the limited effecti-
veness of currently available therapies; however, intrathecal chemotherapy could substantially
prolong survival in selected patients.
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LEPTOMENINGEAL METASTASIS IN A BREAST CANCER TREATED WITH TWO LINES OF INTRATHECAL CHEMOTHERAPY

Suhrn

Vychodiskd: Leptomeningedlne metastazy (LM) karcinému prsnika su asociované s nepriaznivou prognézou. Hoci Ziadna randomizovand studia
nepotvrdila, Ze intratekalna liecba predlzuje prezivanie, tato lie¢ba je povazovana za Standard. Prognéza pacientov s LM je nepriazniva, s me-
didnom celkového prezivania menej ako 6 mesiacov. Metédy: V tejto kazuistike uvddzame pripad mladej Zeny s karcindmom prsnika s LM
v ase recidivy, lie¢enej dvoma liniami intratekalnej chemoterapie s predizenym prezivanim. Vysledky: Dvadsatosemro¢nej zene bez pozo-
ruhodnej anamnézy bol diagnostikovany triple-negativny invazivny duktdlny karcindm. Osem mesiacov po adjuvantnej terapii sa rozvinuli
mnohopocetné mozgové metastazy a nasledne 1 mesiac po ukonceni radioterapie na centralny nervovy systém sa vyvinuli nové LM. Inicidlne
bola lie¢ena kombindciou metotrexat, cytarabin a dexametazén intratekélne, ale po 3 mesiacoch u pacientky doslo k zhorseniu klinického stavu
a vzostupu nadorovych buniek v likvore. Nasledne dostala kombinaciu tiotepy a metotrexatu intratekalne s predizenim odpovede v trvani
10 mesiacov. Pacientka zomrela 32 mesiacov od stanovenia diagnézy a 18 mesiacov od infiltracie leptomenigov v désledku progresie ochorenia
v peceni a plucach ako aj v leptomeningoch. Zdver: Progn6za pacientov s LM zostava nepriazniva v doésledku limitovanej uc¢innosti sucasne
dostupnych latok pouzivanych v intratekélnej lie¢be, aviak intratekélna chemoterapia by mohla podstatne predizit prezivanie u vybranych

pacientov.

Kliucové slova

leptomeningeélne metastazy — karcindm prsnika - intratekélna liecba - tiotepa

Introduction
Leptomeningeal metastasis (LM) is
defined as the spread of tumor cells
within the leptomeninges and the sub-
arachnoid space. LM may be diagnosed
in approximately 10% of patients with
metastatic cancer in the course of
disease [1]. The incidence is probably
underestimated because of non-specific
symptoms and signs, lack of sensitivity
to diagnostic procedures and limited
therapeutic options. Breast cancer (BC),
lung cancer and melanoma represent
the three most common causes of LM.
Patients with lobular subtype and triple-
negative tumors have a relatively higher
risk of LM than with other types of BC [2].
Herein, we report a case of a young
woman with BC who presented with

LM at the time of relapse and who was
subsequently treated with two lines of
intrathecal chemotherapy (CHT) with
prolonged survival.

Case report

A 28-year old woman without significant
past medical history presented with
a 2-month history of painless resistance
in the left breast. In June 2015, breast
ultrasound showed hypoechoic lesion
measuring 26 X 19 mm with associated
axillary lymphadenopathy. Core-cut biop-
sy set the diagnosis of triple-negative
invasive ductal carcinoma. A staging
computed tomography (CT) scan con-
firmed no metastatic dissemination. In
July 2015, subcutaneous mastectomy
and axillary dissection were performed

Fig. 1. Cytology in cerebrospinal fluid.

and concluded as stage pT2pN3MO. The
patient was treated with four cycles
of dose-dense CHT doxorubicin/cyclo-
phosphamide plus paclitaxel and then
with adjuvant radiotherapy (RT) on the
chest wall and axilla until December
2015.

In August 2016, the patient was ad-
mitted with headache and paraneo-
plastic syndrome of inappropriate anti-
diuretic hormone secretion. Cerebral CT
and magnetic resonance imaging (MRI)
revealed multifocal brain metastases.
A restaging CT showed no metastatic
dissemination in other parenchymal
organs. She received whole brain RT with
totaldose of 30 Gy. Subsequently, shewas
readmitted with meningeal syndrome
(headache, photosensitivity, rigidity of
the occipital muscles) in October 2016.
Cerebrospinal MRI confirmed regression
of intraparenchymal metastases, but
cerebrospinal fluid (CSF) cytology
confirmed leptomeningeal infiltration
with BC cells (0.232 x 10°/L) (Fig. 1).
For the intrathecal treatment, we used
standard dosing of 15mg methotrexate
(MTX), 40mg cytarabine and 4mg
dexamethasone (DXM) (total of 10 doses,
twice a week) and irradiation of spinal
cord until December 2016 with clinical
improvement and disappearance of
symptoms of meningeal irritation. At the
time of dismissal, there was persistence
of sphincter disorder and mild pain
of lumbosacral spine and decrease of
cancer cells in CSF to 0.022 x 10%/L.

In January 2017, the patient presented
with worsening of clinical status (ce-
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phalea, nausea and vomiting). The
lumbar puncture was performed with
increase of cancer cells (0.094 x 10°/L)
and elevated proteinorachia (1664 mg/L,
normal range is 150-300 mg/L). The
restaging CT confirmed multiple meta-
stases in the liver. After two doses of
intrathecal treatment (MTX, cytarabine
and DXM), we identified elevated
count of cancer elements in CSF
(0.143 x 10°/L); therefore, we decided for
administration of thiotepa and MTX in
2" line. From February until November
2017, 28 doses of 10mg thiotepa, 10mg
MTX and 4 mg DXM were administered
concurrently with systemic CHT (pacli-
taxel 80 mg/sqm biweekly) due to the
metastatic disease in the liver and
lungs. In CSF, we observed a decrease
of elements already after 3 doses of
intrathecal treatment (Graph 1). The last
cytomorphology of CSF from November
2017 was clear.

In January 2018, the patient was
admitted with paraplegia and pleural
effusion gradually with disorder of
consciousness. The CT scan confirmed
progression of liver and lung metastases.
In a consideration of poor performance
status, there was no indication for an
aggressive approach. The patient died
32 months after initial diagnosis and
18 months after LM infiltration due to
disease progression.

Discussion
LM is becoming anincreasingly common
complication in patients with BC.
Moreover, prognosis of patients with LM
is poor. There is no standardized therapy
for LM because of a lack of randomized
trials. The median overall survival (OS)
of patients after LM diagnosis does
not exceed 6 months [3]. The factors
associated with increased survival are
Karnofsky performance score > 70,
age > 53, luminal biological subtype of
BC (ER+ PR+ HER2-), systemic therapy,
intrathecal therapy and RT [4].
Although no randomized trial has
demonstrated that intrathecal CHT
prolongs survival in LM patients, intra-
thecal pharmacotherapy is considered
standard of treatment across the world.
Four agents are commonly used for
the intrathecal treatment of LM -

0,25

0,2 ||

Graph 1. Kinetics of cancer cells in cerebrospinal fluid (10°/L).

MTX, cytarabine, including liposomal
cytarabine, thiotepa and trastuzumab
for HER2 positive BC with LM [5,6].
No intrathecal agent has shown
a significant survival advantage over
another. Toxicities of the various intra-
thecal agents differed. More mucositis
or neurological complications such as
headache were observed with MTX
than with thiotepa [7]. Similarly to
MTX, thiotepa functions as a myelo-
suppressive agent and therefore should
not be used in patients with bone
marrow disorders.

There is no specific treatment of LM
based on molecular subtype of BC,
with the exception of trastuzumab in
HER2 positive subtype. In our case, we
considered thiotepa as a cell cycle-
nonspecific alkylating agent based
on activity of alkylating agents in the
triple-negative BC [8]. Niwinska et al. [9]
in their prospective observational
study compared the efficacy of MTX
and liposomal cytarabine in patients
treated intrathecally. Among treatment
methods, only systemic therapy
prolonged survival in patients with LM.
Neither RT nor lumbar intrathecal ther-
apy influenced survival in those patients;
however, both methods alleviated signs
and symptoms of LM. No difference in
survival was observed in patients treated

intrathecally with MTX and those treated
with liposomal cytarabine. Treatment
with both drugs was comparable.
Boogerd et al. [10] in a randomized
study concluded that the addition of
intrathecal MTX to standard systemic
CHT and RT did not lead to a survival
benefit, improved neurologic response
in LM patients, but was associated
with a substantially increased risk of
neurotoxicity. The study by Grossman
et al. [7] randomized patients with LM
from any solid tumor primary to MTX or
thiotepa. Of 52 patients, 25 had BC. The
median OS was similar in both treatment
arms (15.9 vs. 14.1 weeks). Their results
suggested that in patients with LM, no
significant difference in median survival
or serious toxicity resulted from the use
of MTX vs. thiotepa.

Some studies are in progress to
expand the drugs for intrathecal CHT to
include drugs, such as trastuzumab, for
treatment of LM in patients with HER2-
positive BC[6]. It was shown that patients
with LM show notably high levels of
vascular endothelial growth factor
(VEGF) in the CSF, which are associated
with the poor prognosis. Chen et al. [11]
examined the effect of combined
systemic therapy of bevacizumab with
etoposide and cisplatin in two patients
who showed disease progression after
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whole brain RT and intrathecal therapy.
Results of this study showed decreased
leptomeningeal enhancement, dis-
appearance of cancer cells in CSF. A study
by Wu et al. [12] examined the efficacy
of this chemotherapeutic regimen in
patients with BC and LM. After exclud-
ing patients who received previous
VEGF-targeted therapies and includ-
ing patients who received concomitant
intrathecal MTX therapy, median OS was
4.7 months and central nervous system
response rate 70%.

Conclusion

Prognosis of patients with LM remains
poor because of the limited effectiveness
of the currently available agents used in
intrathecal therapies. The future studies
should focus on developing targeted and
cytotoxic drugs showing improved blood-
brain barrier penetration that may provide
a therapeutic advantage in patients with
LM. Although there is no consensus
on the treatment of LM, division of
BC patients according to the different

subtypes could help in administer-
ing subtype-specific treatments. This is
supported by the differential treatment
response of patients with different BC
subtypes without LM.
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KAZUISTIKA

|lgG4 sklerozujici cholangitida — zanét imitujici
nador hlavy pankreatu a cholangiokarcinom

|gG4 Sclerosing Cholangitis — an Inflammation Imitating

Tumour of the Pancreas and Biliary Tract
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Souhrn

Vychodiska: Imunoglobulin (Ig) G4 sklerozujici cholangitida je vzacné zénétlivé onemocnéni
postihujici zlucové cesty. Mezi pfiznaky patii obstruk¢ni ikterus, celkova slabost a vahovy uby-
tek. Jednd se o rychle progredujici onemocnéni, které nelécené vede k jaterni cirhdze a portélni
hypertenzi, reaguje vsak dobfe na lécbu kortikosteroidy. V laboratornich odbérech je charakte-
ristickd elevace hladin jaternich enzym(, bilirubinu, zvysend koncentrace IgG4 a celkového IgG,
nékdy byva zvysené IgE s eozinofilii ¢i CA 19-9. Jedna se o biliarni formu IgG4 asociované ne-
moci, kdy je také bézné postizeni vice orgdnu a velmi ¢asté je soubézné postizeni pankreatické.
Je charakterizovan atypickym nalezem v zobrazovacich metodach, ktery spolecné s klinickym
nalezem napodobuje obraz maligniho nadorového procesu v oblasti pankreatu a zlu¢ovych
cest. Zaujima tak ddleZitou roli v diferencialni diagnostice karcinomu pankreatu a cholangio-
karcinomu, déle i primarni sklerozujici cholangitidy. Pfipad: Pfedstavujeme kazuistiku pacienta
hospitalizovaného na nasem pracovisti, ptijatého ptivodné pro infiltraci hlavy pankreatu. Mul-
tioborovou komisi bylo déle vyjadieno suspicium na Klatskinlv tumor a ptvodni obraz pan-
kreatu byl popsany jako autoimunitni pankreatitida. V dalSim pribéhu nastalo pro atypicky
obraz cholangiografie podezieni na mozny IgG4 zanétlivy proces, ktery rozbéhl fetézec dalsiho
dosetiovani. Zdvér: Diagnostika IgG4 sklerozujici cholangitidy je komplexni dle tzv. HISORt
kritérii, poslednim krokem byva vétsinou az samotna odpovéd na terapii, jako se potvrdilo
i v pfipadé daného pacienta. Podstatné je vylou¢eni maligniho nddorového procesu.

Klicova slova
IgG4 asociovand nemoc — imunoglobulin G - 1gG4 pozitivni plazmatické burnky — sklerozujici
cholangitida - cholangiokarcinom — nadory slinivky bfisni — cholangiografie — prednison
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Summary

Background: Immunoglobulin (Ig) G4 associated sclerosing cholangitis is a rare inflammatory disease of the biliary tract. Although it is a very pro-
gressive condition, it responds to steroid therapy. IgG4 associated sclerosing cholangitis can mimic pancreatic carcinoma, cholangiocarcinoma, and
primary sclerosing cholangitis; therefore, it is very important to obtain a differential diagnosis. IgG4 sclerosing cholangitis is a biliary form of IgG4
related systemic disease, in which afflictions of more organs is afflictions of more organs are common, typically biliary form together with panc-
reatic one. Nonspecific symptoms are obstructive icterus, fatigue, and weight loss. Atypical imaging of the biliary tree and pancreas can be used
to distinguish it from other diseases. Laboratory data show elevation of bilirubin, liver enzymes, IgG4 and total IgG concentrations. Sometimes IgE
is also elevated with the eosinophilia, oncomarker CA 19-9 and autoimmune antibody is sometimes detected. Case: This article presents a case of
1gG4 sclerosing cholangitis and its related findings. The patient was intially referred for suspected pancreatic tumour, the presumed diagnosis was
later changed to cholangiocarcinoma type 4 with concurrent autoimmune pancreatitis. Atypical imaging in cholangiography made us suspect IgG4
inflammation and the diagnostic process began. Conclusion: The diagnosis of this disease uses so called HISORt criteria. It is a very complex process
in which the success of steroid therapy as a final step can be conclusive, as it was in our case. It is essential to exclude a malign neoplastic growth.

Key words
1gG4 related systemic disease — immunoglobulin G - IgG4-positive plasma cells — sclerosing cholangitis - cholangiocarcinoma - cancer
of pancreas - cholangiography - prednison

Uvod

Imunoglobulin (Ig) G4 sklerozujici cho-
langitida (SC) je vzécné zanétlivé one-
mocnéni postihujici Zlu¢ové cesty. Jedna
se o rychle progredujici zanét, ktery vét-

sinou dobre reaguje na lé¢bu kortikoste-
roidy. Castym doprovodnym nalezem je
autoimunitni pankreatitida ¢i jiny projev
systémového 1gG4 zanétu [1]. IgG4 SC je
charakteristickd atypickym nalezem na

zobrazovacich metodach, ktery napodo-
buje obraz maligniho nddorového pro-
cesu v oblasti pankreatu ¢i Zlucovych
cest. Zaujima tak ddlezitou roli v diferen-
cidIni diagnostice karcinomu pankreatu

a cholangiokarcinomu, dale i primarni SC.

Kazuistika

Do nasi péce byl k dosetfeni a event.
operaci odeslan 66lety muz pro vy-
znamny vahovy ubytek, obstrukéni ikte-
rus a suspektni infiltraci hlavy pankreatu
dle vysSetfeni pocitacovou tomografif
(computed tomography - CT). Pacient
byl v té dobé recentné po tranzitorni is-
chemické atace pfi parcialni tromboéze
pravé vnitini juguldrni Zily, z anamne-
stickych udajl byl dlouholetym ,stop-
fumatorem” s minulosti probéhlé odvy-
kaci alkoholové 1é¢by, déle bez jinych
pfidruZzenych onemocnéni a bez alergii.

Doplnéné endosonografické vysetieni
(endoscopic ultrasound — EUS) popsalo
netypicky obraz infiltrace pankreatu, hy-
poechogenni loZisko cca 35mm v hlavé
pankreatu, stenotizujici ductus choledo-
chus i pancreaticus tdhnouci se do téla
pankreatu a v tésném vztahu k mezente-
rickym cévam a truncus coeliacus.

Pro nejasnost a diskrepanci na-
lezu bylo provedeno dalsi CT vyset-
feni bricha, které ndlez hodnotilo jako
suspektni Klatskin{v tumor typu IV, tedy
centrdlni bifurka¢ni typ cholangiokarci-
nomu, a postizeni pankreatu bylo po-
psano jako odpovidajici autoimunitni
pankreatitidé (obr. 1). Shodny zavér byl
stanoven i na mezioborové onkologické

Obr. 1. Capsule-like pankreatic rim — hypodenzni lem Zlazy, ,klobasovity pankreas” (CT
vysetieni s aplikaci kontrastni latky).
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Obr. 2. Cholangiografie - typ IV (stenotizace hilové oblasti).

Obr. 3. Obraz endoskopické retrogradni cholangiopankrea-

tografie - mozny typ lll (suspektni stenotizace distalni porce

ductus choledochus)

Obr. 4. CT bficha pred a po I1é¢bé kortikosteroidy, koronarni fezy.

indika¢ni komisi a pacient byl sméro-
van k zajisténi Zlu¢ovych cest drenazi
a k ziskani histologického materidlu.
Drendz zlucovych cest byla provedena
cestou endoskopické retrogradni cho-
langiopankreatografie (ERCP) se zave-
denim duodenobiliarniho drénu, klist-
kova biopsie odebrana pfi ERCP z hilové
oblasti zlu¢ovych cest neprokazala ma-
lignitu. Dle kontrolniho EUS pankreatu
obraz chronického zanétu s popisem
stenotizace vyvodu, provedena aspi-
ra¢ni biopsie tenkou jehlou (fine ne-

edle aspiration biopsy — FNAB) slinivky,
z které vysel ndlez odpovidajici chro-
nické fibroproduktivni pankreatitidé,
imunohistochemicky bylo vysetfeni pro
nedostatek materidlu nevytézné, s nale-
zem pouze ojedinélych plazmatickych
bunék.

V mezidobi byly provedeny vymény
duodenobilidrniho drénu, pro nedosta-
te¢nou drendz byla zavedena perku-
tanni transhepatickd drendz (PTD). Pfi
kontrolnim nésttiku PTD bylo radiolo-
gem vysloveno podezieni na 1gG4 SC,

a to pro atypicky obraz cholangiogra-
fie (soucasné zuzeni zlu¢ovodu ve vét-
veni, nerovnosti na ductus choledochus,
napadné lymfatické cévy) v souvislosti
s nalezem na predchozich vysetienich
(obr. 2, 3). Byl proveden odbér hladiny
IgG4 a IgG v séru k diferencialni dia-
gnostické rozvaze.

Vstupni laboratorni parametry pfi pfi-
jeti byly bilirubin 170 pmol/I, alaninami-
notransferaza (ALT) 2 pkat/l, aspartat-
aminotransferaza (AST) 2,9 pkat/l, gama-
glutamyltransferaza (GGT) 16,5 pkat/I,
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a ductus choledochus po lé¢bé
kortikosteroidy.

alkalicka fosfataza (ALP) 14 pkat/l, alfa-
-amyldza (AMS) 0,64 pkat/l, CA 19-9
153 kU/I; antimitochondrialni protilatky
(anti-mitochondrial antibodies — AMA),
protilatky proti hladkému svalu (anti-
-smooth muscle antibodies - ASMA),
autoprotilatky proti mikrozomU{m jater
a ledvin (liver kidney microsomes au-
toantibodies - anti-LKM) negativni, an-
tinuklearni protilatky (ANA - antinuclear
antibody) pozitivni, CEA 1,08 ug/l ne-
gativni, AFP 1,1 kU/I negativni. Do-

plnéné IgG4 bylo > 2,69/l (pozitivni
hodnota pfi hladiné > 1,35g/l) a cel-
kové IgG > 16,6 g/I (referencni mez je
54-16,39/l).

Vystupni hodnoty pfi propusténi byly
bilirubin 22,1 umol/l, ALT 0,34 ukat/I,
AST 0,48 pkat/l, GGT 3,02 pkat/l,
ALP 3,87 pkat/l. Pacient byl pfedén do
péce gastroenterologl ke sledovani
a zahdjeni terapie, pocatek lécby korti-
kosteroidy byl viak odloZzen po odeznéni
intermitentni cholangitidy a po vyfeseni
bilidrniho fluidothoraxu, ktery nastal
jako komplikace PTD.

K doplnéni ¢asového prehledu dia-
gnostického obdobi je podstatné, ze vy-
sloveni podezieni na IgG4 SC nastalo asi
2 tydny po prevzeti pacienta do péce. Za
2 mésice poté byla zahdjena steroidni
terapie nasazenim prednisonu v davce
40mg/den na 14 dni. Déle se pokraco-
valo 30 mg/den dalSich 14 dni a poté se
davka snizila na 20mg/den.

Po 6 tydnech uzivani doslo k poklesu
bilirubinu na 10,9 umol/l, hodnot ALT na
3,15 pkat/l a AST na 1,38 ukat/I, C-reak-
tivni protein (CRP) a krevni obraz byly
v norme.

Po necelych 8 tydnech steroidni 1écby
bylo provedeno kontrolni CT s ndlezem
regrese, popsan Ustup dilatace intrahe-

patickych Zlucovych cest, plvodni zvy-
$ené syceni stény zlu¢ovodu jen na-
znacené a Uplna normalizace nalezu
na pankreatu, bez lozZiskové expanze
(obr. 4-6). Vedlejsim nalezem pfi pra-
béhu PTD byla hypodenzni area s dvéma
se vykreslujicimi mikroabscesy.

Kontrolni cholangiografie pires PTD
byla s vétSinovou normalizaci Zluco-
vych cest, s ojedinélymi zizenymi Useky
a lehce prostornéjsi periferii, dale po-
psany volné prichodny ductus choledo-
chus a obvykly obraz Zlu¢niku (obr. 7, 8).
Vzhledem k dobrému vyprazdiovani
kontrastni latky byla zavedena jiz jen za-
jistovaci cévka, kterd se s kratkym caso-
vym odstupem mohla extrahovat.

Po 12 tydnech terapie nastal dalsi po-
kles bilirubinu na 8,2 umol/l, ALT na
1,42 pkat/l a AST na 0,67 pkat/l, predni-
son v davce 20 mg/den.

Po 16 tydnech se projevil obraz po-
stupné normalizace, celkovy bilirubin
9,2 umol/l, ALT 0,94 ukat/I, AST 0,80 ukat/I|,
GGT 1,42 ukat/l, ALP 1,20 ukat/l, AMS
1,49 ukat/l, Leu 8,3, CRP < 1. Prednison
na daldim sniZeni se stfidanim davek
20 a 10mg/den, dochazi k Uplné norma-
lizaci jaternich test( a bilirubinu, onko-
markery CEA, AFP, CA 19-9 po lé¢bé ne-
gativni. Po 10 mésicich od pocatku lé¢by
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Obr. 7. Cholangiografie pred a po lécbé kortikosteroidy.

trva pfiznivy klinicky a objektivni stav,
prednison jiz jen v ddvkach 10 a 5mg
stfidavé s planem zavedeni 5mg/den
jako udrzovaci davky.

Diskuze

lgG4 SC je zanétlivé fibrotizujici one-
mocnéni projevujici se obstrukénim ik-
terem pfi stenotizaci Zlu¢ovych cest, cel-
kovou slabosti a ubytkem na véze. Jde
o rychle progredujici onemocnéni, které
nelécené vede k jaterni cirhéze a por-
talni hypertenzi.V laboratornich parame-
trech dominuje elevace hladin jaternich
indikatorovych, cholestatickych en-
zym a bilirubinu, zvysend koncentrace
IgG4 (v 70 %), popt. i celkové IgG, ve 40 %
i zvySené IgE s eozinofilii [1,2]. Nékdy
byva zvysena hladina karbohydrato-
vého antigenu CA 19-9. Z autoprotilatek
mohou byt pozitivni protildtky ANA, a to
az v 50 % [3]. Typicky je toto onemocnéni
asociované s autoimunitni pankreatiti-
dou (AIP) I. typu (v 70-80 %) [1,4,5] a ve
40-60 % také s bronchidlnim astmatem
¢i atopickou dermatitidou [3]. 19G4 SC se
vyskytuje ¢astéji u muzd, ve véku > 50 let
(s medianem 62 let) [1]. Predispozici jsou
japonské a korejské HLA haplotypy, in-
cidence je tedy nejvy3si v Asii, pfesnéji
je zmapovdana pouze v Japonsku, kde
je 1,4 na 100 000 obyvatel, s prevalenci
4,6 na 100 000 obyvatel [6].

NejdFive se predpokladalo, Ze IgG4 SC  lisnosti zahrnujici jiné vékové rozpéti,
je podtypem primarni sklerotizujici cho-  absenci souvislosti s nespecifickymi
langitidy (PSC), ale s ohledem na od-  stfevnimizanéty, jiné spektrum autopro-

Obr. 8. Cholangiografie pfes perkutanni transhepaticky drén po l1écbé kortikosteroidy.
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Obr. 9. Zesileni stény ductus choledochus, duodenobiliarni drén in situ (CT vy3etieni
s aplikaci kontrastni latky, koronarni rekonstrukce).

-

Obr. 10. Zesileni stény zlu¢niku (CT vysetieni s aplikaci kontrastni latky, transverzalni fez).

tildtek a typickou spojitost mezi lgG4 SC
a zvysenou hladinou IgG4 se od tohoto
predpokladu ustoupilo. Prevazuje nazor,
Ze se jedna o biliarni formu IgG4 aso-
ciované nemoci (IgG4 related disease
- lgG4 RD).

IgG4 RD je systémové fibrosklerozujici
onemocnéni spojené se zvysenou hladi-
nou IgG4. Nejcastéji postihuje pankreas,
Zlucové cesty, slinné Zlazy, ledviny, plice,
dychaci cesty a retroperitoneum, dale
lymfatické uzliny, slzné Zlazy, Stitnou
zlazu, prostatu a také mlécnou zlazu [7].
Toto onemocnéni bylo definované v le-
tech 2000-2005 a patfi do ného jiz drive
popisované syndromy jako Mikuliczdv
syndrom, Riedelova tyreoiditida, Kiittne-
rliv tumor a morbus Ormond.

Patogeneze IgG4 RD neni pIné objas-
néna, ale podkladem je jisté imunitni
proces. Nebyly zatim nalezeny zadné
specifické autoprotilatky. Mezi castéji
zvysené a spojené s AIP patii ANA, anti-
-karbonikanhydraza (aCA) a anti-lakto-
ferrin (aLf) protilatky. Zvysend hladina
IgG4 v séru a ve tkani je nejspise vyvo-
land recruitmentem IgG4 plazmocytl
pfi zvy$ené hladiné cytokind, predevsim
transformujiciho rdstového faktoru a in-
terleukinu 10 (IL-10), produkovanych
pfi chronickém zanétu. Nejpodstatnéj-
$im jevem je prevaha imunitnich déjd
na bazi T helper 2 a T regula¢nich lym-
focytl. Tento imunologicky vzorec je
stejny u alergii typu bronchidlniho ast-
matu a atopického ekzému, s kterymi
se navic choroba ¢asto poji, jak bylo jiz
zminéno vyse. Pfedpoklada se, Ze pa-
togeneze tedy vznikd pfi chronické ex-
pozici mikrobidlnim ¢i nemikrobialnim
antigentim [8].

Diagnostika 1gG4 SC je komplexni
a fidi se podle HISORt kritérii — sestava
zjednotlivych tkon(i od stanoveni histo-
logie v¢. imunohistochemie (Histology)
pfes zobrazovaci metody (Imaging), sé-
rologické odbéry (Serology), zhodno-
ceni postizeni dalSich organ, ktera jsou
typickd pro IgG4 RD (Other organ invol-
vement), a na zavér odpovéd na terapii
(Response to steroid therapy), kterd se
mUze stati tim poslednim zasadnim kro-
kem ke stanoveni kone¢né diagnézy [1].

V histologickém obraze ziskaného
vzorku Zlu¢ovych cest ¢i jejich bliz-
kého okoli dominuje lymfocyto-plaz-
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Typ 2 (a, b)

Obr. 11. Typy postizeni Zlu¢ovych cest, cholangiografie (upraveno dle [13]).

mocytarni infiltrat, obliterujici flebitida
a fibrotické zmény. Pfi imunohistoche-
mickém barveni je prikaznd pfitom-
nost > 10 IgG4 pozitivnich bunék na
zorné pole u bioptického vzorku
a> 50 1gG4 pozitivnich bunék na pole ve
tkani resekatu. Prikazny je také pomér
IgG4/1gG > 40 %. Limitaci vsak mUze
byt nerovhomérnd distribuce 1gG4 po-
zitivnich bunék, nedostate¢ny vzorek
tkané a fenotyp fibrézy, které ¢ini histo-
logické vysetfeni obtiznym a pomérné
¢asto v kone¢ném vysledku ne zcela
vytéznym [9,10].

Obraz u IgG4 SC byva viceméné aty-
picky, v diferencialni diagnostice pfi po-
dezieni na nddorové onemocnéni pan-
kreatu ¢i zlu¢ovych cest by se mélo na
tuto skutecnost pamatovat. DalSim ddle-
Zitym voditkem je spojitost mezi lgG4 SC
a AIP zminovand vyse, pfip. soucasné
postizeni jinych orgdnl. K radiodia-
gnostice se uziva standardné CT vyset-
feni a vysetreni magnetickou rezonanci
(magnetic resonance imaging - MRI),
déle cholangiografie — at jizZ méné castd
MRI cholangiografie, tak klasicka ERCP,
anebo zobrazeni cestou PTD, pokud je
tato jiz zavedena.

U IgG4 SC na CT zobrazeni je ndpadné
zesileni a difuzni syceni stény Zlu¢ovych
cest v¢. stény Zlu¢niku (obr. 9, 10), dale
Castd soucasna pfitomnost AIP. Ta ma ty-
picky obraz - difuzni nebo segmentarni
zvétseni slinivky se ztrdtou lobularni
struktury. AZ u 70 % pacientl je posti-
Zena celd zlaza, u 30 % pacientl je po-
stizeni jen fokalni. Charakteristicky je
obraz ,klobasovitého” tvaru zlazy s vy-
hlazenym okrajem u 40-60 % pacientC
(obr. 1). V postizenych ¢astech je patrné

)

lgG4 SC

=

PSC

Obr. 12. Mozné rozdily cholangiografie u imunoglobulinu G4 sklerozujici cholangitidy
a primarni sklerotizujici cholangitidy (upraveno dle [13]).

zUZeni pankreatického vyvodu s nepra-
videlnou sténou, ¢asto presahujici dél-
kou postizeni tretinu vyvodu. Dalsim
typickym znakem je fibréza a phlebi-
tis obliterans tykajici se malych a stfed-
nich Zil. Tyto zmény jsou pak podkladem
opozdéného syceni postizeného paren-
chymu az v 90 % pfipadd. Kolem slinivky
muze byt pfitomny hypodenzni lem od-
povidajici infiltraci okraje zdnétlivymi
burikami (12-40 % pacientd). Nikdy ne-
jsou piitomné znamky infiltrace cév, kal-
cifikace vzacné (18 % pfipadu).

Na MRI vysetfeni je slinivka T1 hypoin-
tenzni, na T2 lehce hyperintenzni. Na po-
stkontrastnich zobrazenich Ize sledovat
typicky opozdéné syceni zlazy, v jejim
okoli se nachazi T1 a T2 hypointenzni
lem. Na magnetické rezonan¢ni cholan-
giopankreatografii je pfitomno difuzni
nebo segmentarni ziZeni a nepravidel-
nosti hlavniho duktu. Neni pfitomno
rozsifeni vyvodu pred stenotickym Use-
kem. Typické jsou i extrapankreatické
pfiznaky, postiZzeni Zlucovych cest cha-
rakteristické stenézami se nachazi az

v 68-88 % pfipadu. Velmi vzacnym na-
lezem jsou pseudocysty a zmény v pe-
ripankreatické tukové tkéni. Po 1é¢bé se
morfologie pankreatu a zuzeni duktu
normalizuje, v nékterych ptipadech
pak zUstava po 1écbé atrofie. V diferen-
cidlni diagn6ze nam muze pomoci sle-
dovéni morfologie Zlazy a duktu. V pfi-
padé, Ze nad stenézou vyvodu je duktus
dilatovan a je ptitomna atrofie Zlazy,
pravdépodobné se jedna o karcinom.
U autoimunni pankreatitidy se navic
lymfadenopatie peripankreaticky na-
chézi vzacné, naopak u karcinomu je
casta[11,12].

U cholangiografie se rozlisuji ¢tyfi za-
kladni typy postizeni zlu¢ovych cest
(obr. 11). Typ 1 popisuje stenotizaci
v misté intrapankreatické ¢asti ductus
choledochus, tento typ viddme u na-
dorl hlavy pankreatu. U typu 2 jsou
stenotizace zlucovych cest intrahepa-
talné, jako u PSC, je mozna také multifo-
kalni kombinace s postizenim extrahe-
patalnich Zlu¢ovodl. Typ 3 kombinuje
prvni a druhy typ (obr. 3). Naopak u typu
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4 jsou stenotizace v oblasti hilu jaterniho
— zUzZeny jsou proximalni extrahepatalni
cesty charakteristické pro cholangiokar-
cinom (obr. 2) [13]. IgG4 SC nema speci-
ficky obraz, mGze napodobovat viechny
typy, jelikoz mlze postihnout kterou-
koli ¢ast Zlu¢ového stromu, ¢asto byvaji
prodlouzené striktury multifokalné se
stfedni dilataci pred stenotizaci a s intra-
pankreatickym zUzenim z postizeni pan-
kreatu [3]. Jsou popsany nékteré rozdily
mezi obrazem IgG4 SC a PSC (obr. 12),
ale nejsou spolehlivé.

Dal3i metodou zobrazeni pomoci
endoskopie kromé ERCP je EUS a in-
traduktalni sonografie. V ultrazvuko-
vém zobrazeni ma Zlu¢ovod postizen
IlgG4 cholangitidou zesilenou sténu.
V lokalitdch bez stenotizace sila stény
tura stény je zachovald, ostrd, echo-
genita stény je homogenni a vy3si nez
obvykle byva pfi infiltraci cholangiokar-
cinomem. V takovém pfipadé by navic
sténa choledochu v Usecich mimo infil-
traci nepresahovala 0,8 mm (obr. 13).

Zvy3ené lgG4, podle kterého se nemoc
nazyva, je pfi hladiné > 1,49/l a maze
byt doprovazené hypergamaglobuli-
nemii (> 16g/1). Hladina IgG4 je spe-
cifictéjsi pfi narlstu > 5,6 g/l, protoze
obecné muze byt vyssii u jinych zanét(,
nebo dokonce u malignich onemocnéni
[14,15], ¢i naopak byva elevovano u 5 %
zdravych jedincd. Dale mize byt zvy-
sené IgE a eozinofilie [3].

Terapie kortikosteroidy muze byt
i poslednim stupném potvrzeni dia-
gnozy. Pred jejim nasazenim by méla byt
v rdmci moznosti vylou¢ena maligni pfi-
¢ina. Jiz po 4-6 tydnech lé¢by by mél byt
patrny efekt [é¢by jako pokles jaternich
testl, bilirubinu, IgG4 a regrese nalezu
na zobrazovacich metodach.

Existuje vice modell nastaveni 1éCby,
podle jednoho se podava predni-
son 40mg/den po dobu 4 tydn(, na-
sledné se pokracuje udrzovaci davkou
5mg 1x tydné ¢&i 1x za 2 tydny, dle od-
povédi. Relaps je pomérné casty, udava
se az v 54 % pfipadd, jeho prevenci jsou
nizké udrzovaci davky prednisonu nebo
imunomodula¢ni [é¢by jako azathioprin
a mykofenolat mofetil. V pfipadé relapsu
se nasazuji vyssi davky ¢i napf. biologickd
|é¢ba anti-CD20 rituximabem [1,3].

Obr. 13. Intraduktalni sonografické zobrazeni choledochu - difuzné zesilena sténa, ho-
mogenni, vyssi echogenity, ostré kontury stény (pozn.: jiny pacient).

Zaveér

Klinicky obraz, vék, pohlavi, zjisténé la-
boratorni hodnoty, atypicka cholan-
giografie a soucasnd pfitomnost AIP
odpovidaly u naseho pacienta charakte-
ristikdm IgG4 SC. Nésledovalo potvrzeni
zvysenou hladinou IgG4 a hrani¢nim cel-
kovym IgG, a pfedevsim v zavéru pozi-
tivni odpovédi na lécbu kortikosteroidy.
Z HISORt kritérii byla vétsina potvrzena,
jen histologicky parametr ne, coz bylo
nejspise na bazi nedostate¢ného vzorku
tkané ¢i na podkladé nerovnomérné dis-
tribuce 1gG4 bunék.

Za Uvahu tykajici se zachytu onemoc-
néni stoji moznost plosného odebi-
rani 1gG4 protilatek ze séra, které viak
nema dostatecnou diagnostickou hod-
notu. Diagnostika tohoto onemocnéni je
mnohem komplexnéjsi. Vétsi podezieni
na IgG4 SC mUze nastat pfi postizeni dal-
Sich organll upozornujicim tak na systé-
movou formu IgG4 RD.

Pri atypickém obraze pankreatu na
zobrazovacich metodach a nevysvét-
lené obstrukci zlu¢ovych cest je dllezité
v ramci diferencidlni diagnostiky myslet
na IlgG4 SC, aviak ne na ukor oddalovani
lé¢by pfipadného maligniho procesu,

ktery je naopak tfeba vstupné vylou-
¢it. Nase kazuistika je ptikladem tohoto
postupu.
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Aktuality z odborného tisku

Comparison of an Oral Factor Xa Inhibitor With Low Molecular Weight Heparin in Patients
With Cancer With Venous Thromboembolism - Results of a Randomized Trial (SELECT-D)

Young AM, Marshall A, Thirlwall J et al.
J Clin Oncol 2018; 36(20): 2017-2023. doi: 10.1200/JC0.2018.78.8034.

Vendzni tromboembolickd nemoc (venous thrombembolism — VTE) je u pacientl se zhoubnymi nadory ¢astym onemocnénim.
Standardni [é¢bou pro tyto pacienty je dlouhodobé podévani subkutanniho nizkomolekularniho heparinu. V této multicentrické,
randomizované, oteviené, pilotni studii byli zafazeni pacienti s aktivnim karcinomem, ktefi prodélali symptomatickou plicni
embolii, ndhodnou plicni embolii nebo symptomatickou proximdlni hlubokou zilni trombézu. Nasledné pak byli 1é¢eni
dalteparinem (200 1U/kg denné 1. mésic, poté 150 IU/kg denné po dobu 2-6 mésicl) nebo rivaroxabanem (15 mg 2x denné po
dobu 3 tydn(, poté 20 mg 1x denné po dobu celkem 6 mésict). Primarnim cilem byla recidiva VTE po dobu 6 mésic(. Bezpe¢nost
byla hodnocena na zékladé existence zdvazného krvacenim a klinicky relevantniho nevyznamného krvéaceni. Do kazdé skupiny
bylo ndhodné rozdéleno 203 pacient(, z nichz 58 % mélo metastatické onemocnéni. Dvacet Sest pacientl prodélalo recidivujici
VTE (dalteparin, n = 18; rivaroxaban, n = 8). Sestimési¢ni kumulativni mira recidivy VTE byla 11 % (95% Cl 7-16) s dalteparinem
a4 % (95% Cl 2-9) s rivaroxabanem (HR 0,43; 95 % CI 0,19-0,99). Sestimési&ni kumulativni mira zévazného krvaceni byla 4 % (95%
Cl 2-8) pro dalteparin a 6 % (95% Cl 3-11) pro rivaroxaban (HR 1,83; 95% Cl 0,68-4,96). Odpovidajici mira nezdvazného krvaceni
byla 4 % (95% ClI 2-9) a 13 % (95% Cl 9-19) (HR 3,76; 95% Cl 1,63-8,69). Rivaroxaban byl v této studii spojen s relativné nizkou
recidivou VTE, ale vys$sim rizikem klinicky relevantniho nezavazného krvaceni ve srovnani s dalteparinem.

Microsatellite Instability Is Associated With the Presence of Lynch Syndrome Pan-Cancer

Latham A, Srinivasan P, Kemel Y et al.
JClin Oncol 2019; 37(4): 286-295. doi: 10.1200/JC0.18.00283.

Testovani mikrosatelitové nestability (microsatellite instability — MSI) a jejich defektd (mismatch repair deficiency - MMR-D) je tradi¢né
provadéno u pacientu s kolorektalnim karcinomem a karcinomem endometria v ramci screeningu Lynchova syndromu (LS). Prikaz
efektivityimunoterapie u nddorl s vysokou frekvenci MSI (MSI with high-frequency - MSI-H) a/nebo MMR-D nyni podporuje testovani
MSI u vsech pokrocilych solidnich nador(. V této analyze byl hodnocen stav MSI za pouziti cileného sekvenovani dalsi generace,
pricemz tumory byly klasifikovany jako MSI-H, MSl-indeterminate nebo mikrosatelitné stabilni. Odpovidajici zdrode¢na DNA byla
analyzovdnanamutacevLSasociovanychgenech (MLH1,MSH2,MSH6,PMS2,EPCAM).U pacientlsLS snadory MSI-H/I bylo provedeno
imunohistochemické barveni MMR-D. U 15 045 pacientl s > 50 typy zhoubnych nédort byl LS identifikovén u 16,3 % (53 z 326)
pacienti s MSI-H, u 1,9 % (13 ze 699) MSl-intermediate pacientt a u 0,3 % (37 ze 14 020) pacientl s tumory mikrosatelitné stabilnimi
promikrosatelity (p <0,001).U pacientlsLSsnadory MSI-H/Imélo50% (33z66) nadoryjiné nezkolorektalni¢iendometroidnikarcinom,
a to napf. urotelidni karcinom, karcinom prostaty, pankreatu, adrenokortikoidni, tenkého streva, sarkom, mezoteliom, melanom,
karcinom zaludku a zhoubné nadory ze zarodecnych bunék. U pacientd, ktefi neméli kolorektélni ani endometroidni karcinom,
45 % (15 z 33) nesplriovalo kritéria genetického testovani pro LS na zdkladé osobni nebo rodinné anamnézy. Imunohistochemické
barveni LS pozitivnich nddort MSI-H/I prokézalo MMR-D v 98,2 % (56 z 57) pfipadd. MSI-H/MMR-D je tak prediktivni pro LS napfic
mnohem 3irsim spektrem malignit, nez bylo dosud zndmo. Tyto Udaje podporuji genetické testovani LS u pacientd s nddorem
MSI-H/MMR-D bez ohledu na typ zhoubného nadoru ¢i rodinnou anamnézu.

Risk of Cancer in Infertile Women - Analysis of Us Claims Data

Murugappan G, Li S, Lathi RB et al.
Hum Reprod 2019; pii: dez018. doi: 10.1093/humrep/dez018.

V retrospektivni analyze, zaméfené na hodnoceni rizika vzniku zhoubnych nadord, byl v letech 2003-2016 hodnocen vztah
infertility ke vzniku zhoubnych nadorovych onemocnéni. Neplodné Zeny jsou dle pfedchozich vyzkum vystaveny vyssimu riziku
vzniku hormonosenzitivnich nadorU. Informace o riziku vzniku negynekologickych malignit jsou vzacné a protichGdné a efekt
téhotenstvi na tyto asociace rizik je zndm pouze u mensiny typl zhoubnych nadord. Celkové bylo porovnéno 64 345 neplodnych
Zen s 3 128 345 plodnymi pacientkami, které vyhledaly rutinni gynekologickou pé¢i. Zeny s pfedchozi diagnézou malignity nebo
malignity zjisténé do 6 mésicl byly vylouceny. Neplodné zeny mély celkové vyssi riziko vzniku zhoubného nadoru ve srovnani
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s plodnymi zenami (2,0 vs. 1,7 %, upraveny pomeér rizika (aHR) 1,18; Cl 1,12-1,24). Riziko karcinomu délohy (0,10 vs. 0,06 %,
aHR 1,78; Cl 1,39-2,28), vajecniki (0,14 vs. 0,09 %, aHR 1,64; Cl 1,33-2,01), plic (0,21 vs. 0,21 %, aHR 1,38; Cl 1,01-1,88), stitné
71azy (0,21 vs. 0,16 %, aHR 1,29; Cl 1,09-1,53), leukemie (0,10 vs. 0,06 %, aHR 1,55; Cl 1,21-1,98), jater a zlu¢niku (0,05 vs. 0,03 %,
aHR 1,59; CI 1,11-2,30) bylo vyssi u neplodnych zen ve srovnani s plodnymi zenami. V analyze podskupiny zen v kazdé kohorté,
ktera otéhotnéla a porodila, bylo riziko karcinomu délohy a vaje¢nikd u neplodnych a plodnych Zen podobné. Na zakladé téchto
vysledku lze fici, Ze neplodné Zeny mohou mit vyssi riziko nékterych zhoubnych nddorovych onemocnéni.

DPYD Genotype-Guided Dose Individualisation of Fluoropyrimidine Therapy
in Patients With Cancer - a Prospective Safety Analysis

Henricks LM, Lunenburg CATC, de Man FM et al.
Lancet Oncol 2018; 19(11): 1459-1467. doi: 10.1016/S1470-2045(18)30686-7.

Lécba fluoropyrimidiny mlze vést k zdvazné toxicité az u 30 % pacientll a je ¢asto vysledkem sniZzené aktivity klicového
metabolického enzymu dihydropyrimidindehydrogenazy, vétsinou zpldsobené genetickymi variantami v genu kédujicim
dihydropyrimidindehydrogenazu (DPYD). V této analyze byl hodnocen vliv prospektivniho screeningu na ¢tyfi nejvyznamnéjsi
varianty DPYD (DPYD*2A [rs3918290, c.1905+1G>A, IVS14+1G>A], c.2846A>T [rs67376798, D949V], c.1679T>G [rs55886062,
DPYD*13, 1560S], a c.1236G>A [rs56038477, E412E, v haplotypu B3]) na bezpecnost pacientl a naslednou individualizaci davky na
podkladé DPYD analyzy v bézné klinické praxi. Studijni populaci tvofili dospéli pacienti s nddorovym onemocnénim, u nichz byla
indikovana protinadorova lécba na bazi fluoropyrimidinu (kapecitabin nebo fluorouracil) v kombinaci s jinymi chemoterapeutiky
nebo radioterapii. ZpUsobili byli pacienti se vsemi typy nador(. Byla provedena prospektivni genotypizace pro DPYD*2A, c.2846A>T,
c.1679T> G a ¢.1236G>A. Heterozygotni DPYD variantni alelovi nosici obdrzeli poc¢ate¢ni davku redukovanou o 25 % (c.2846A>T
a ¢.1236G>A) nebo 0 50 % (DPYD*2A a ¢.1679T> G) a pacienti s DPYDwt byli [é¢eni podle standardnich postupt. Nasledné byla
porovndna incidence toxicity mezi nosici variantni alely DPYD a pacienty DPYDwt. Bylo zafazeno 1 181 pacientd; 78 pacient( nebylo
hodnoceno, protoze retrospektivné nesplnili kritéria pro zafazeni. Ze 1 103 hodnotitelnych pacientt bylo 85 (8 %) heterozygotnimi
nosici variant alely DPYD a 1 018 (92 %) pacientd mélo DPYDwt. Zavazna toxicita souvisejici s fluoropyrimidinem byla celkové vy3si
u nosic¢l genotypovych variant DPYD - 33 (39 %) z 85 pacientU, nez u pacientl DPYDwt - 231 (23 %) z 1 018 pacienty; p = 0,0013.
Prospektivni genotypovéni DPYD bylo proveditelné v rutinni klinické praxi a snizeni davky zaloZené na genotypu DPYD zlepsilo
bezpeclnost pacientl pfi Ié¢bé fluoropyrimidinem. Pro nosi¢e DPYD*2A a c.1679T> G bylo 50% pocatecni snizeni davky adekvatni.
U nosicll c.1236G>A a ¢.2846A>T je vhodné vétsi snizeni davky o 50 % (misto 25 %). Vzhledem k tomu, ze fluoropyrimidiny patfi
mezi nejcastéji pouzivané protinadorové léky, tato zjisténi naznacuji, ze zavedeni individualizovaného davkovani fizeného DPYD
genotypem by mélo byt novym standardem péce.

Avelumab Plus Axitinib vs. Sunitinib for Advanced Renal-Cell Carcinoma

Motzer RJ, Penkov K, Haanen J et al.
N Engl J Med 2019; 380(12): 1103-1115. doi: 10.1056/NEJMoa1816047.

Ve této studii faze lll bylo testovano pouziti kombinace avelumab + axitinib u dfive nelécenych pacientli s pokrocilym karcinomem
ledvin ve srovnani se standardem péce sunitinibem. Nemocni byli randomizovani v poméru 1: 1 k |é¢bé avelumabem (10 mg/kg)
intravendzné kazdé 2 tydny + axitinib (5mg) perordlné 2x denné nebo sunitinib (50 mg) perordlné 1x denné po dobu 4 tydn(
(6tydenniho cyklu). Celkem bylo zafazeno 886 pacientd, 442 nemocnych dostalo avelumab + axitinib, 444 pacientt bylo lé¢eno
sunitinibem. U 560 pacientl s PD-L1 pozitivnimi nadory (63,2 %) bylo prdmérné preziti bez progrese onemocnéni 13,8 mésice
s avelumabem + axitinibem ve srovnani se 7,2 mésice se sunitinibem (HR pro progresi onemocnéni nebo umrti 0,61; Cl 0,47-0,79;
p < 0,001); v celkové populaci byl median preziti bez progrese 13,8 vs. 8,4 mésice (HR 0,69; 95% Cl 0,56-0,84; p < 0,001). Mezi
pacienty s PD-L1-pozitivnimi nddory byla objektivni odpovéd 55,2 % v rameni s avelumabem + axitinibem a 25,5 % v rameni se
sunitinibem; pfi medianu sledovani celkového preziti 11,6 a 10,7 mésice u obou skupin, 37 a 44 pacientl zemrelo. Nezadouci
ucinky béhem lécby se vyskytly u 99,5 % pacientd ve skupiné lIé¢ené avelumab + axitinibem, u 99,3 % pacientl ve skupiné lé¢ené
sunitinibem; tyto piihody byly stupné >3 u 71,2 a 71,5 % pacientl v ptislusnych skupinach. Zavérem autofi uvadi, ze preziti bez
progrese bylo vyznamné delsi u avelumabu + axitinibu nez u sunitinibu u pacientd, ktefi dostavali tyto latky jako Ié¢bu 1. linie pro
pokrocily karcinom ledviny.

Cldnky vybrala a komentovala
MUDr. Jana Haldmkovd, Ph.D.
Klinika komplexni onkologické péce, Masarykuv onkologicky tstav, Brno
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The International Classification of Diseases
for Oncology Integrated with the Melanoma
Histogenetic Model

Mezinarodni klasifikace nemoci pro onkologii

integrovana s histogenetickym modelem melanomu

Roncati L., Piscioli F.

Department of Medical and Surgical Sciences, Institute of Pathology, University Hospital of Modena, Italy

Malignant melanoma can be defined,
quite simply, as a malignant neoplasm
derived from melanocytes; however,
there is great histological and, conse-
quently, clinical variability from case to
case [1]. In order to try to overcome this
intrinsic difficulty, various classification
systems have been proposed over the
years; in this regard, the World Health
Organization (WHO) introduced its no-
torious classification about half a cen-
tury ago [2]. Currently, the International
Classification of Diseases for Oncology
(ICD-0O), provided by the WHO Interna-
tional Agency for Research on Cancer
(IARC), distinguishes the in situ forms
from invasive ones, recognising among
these four main morphological sub-
types — nodular melanoma, superficial
spreading melanoma, lentigo maligna

melanoma and acral lentiginous mel-
anoma [3]. The ICD-O classification in-
cludes further morphological codes,
such as balloon cell melanoma, regress-
ing melanoma, amelanotic melanoma,
melanoma in junctional nevus, mela-
noma in precancerous melanosis, des-
moplastic melanoma, neurotropic mel-
anoma, mucosal lentiginous melanoma,
melanoma in giant pigmented nevus /
congenital melanocytic nevus, mixed
epithelioid and spindle cell melanoma,
epithelioid cell melanoma, spindle cell
melanoma (not otherwise specified),
spindle cell melanoma (type A), spindle
cell melanoma (type B) and malignant
blue nevus [3]. Alongside a strictly mor-
phological classification, a histogenetic
model, based on the concept of tumour
progression, is regaining ground [4,5]. In

Tab. 1. Melanoma progression model.

intraepidermal RGP

microinvasive RGP

The non-tumorigenic radial growth phase encompasses the intraepidermal lesions,
namely lentigo maligna and in situ melanoma, and the microinvasive forms, that
means ultra-thin melanoma and the vast majority of thin melanoma. Only a small
quota of thin melanoma, burdened by an aggressive biological behavior, shows an
early tumorigenic vertical growth phase. Contrariwise, a late tumorigenic vertical
growth phase is constantly present in all thick and ultra-thick melanoma.

Melanoma progression model

non-tumorigenic radial growth phase (RGP) tumorigenic vertical growth phase (VGP)

early VGP
late VGP
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fact, at the onset, a melanoma is char-
acterised by a non-tumorigenic radial
growth phase (RGP), inside the epider-
mis (intraepidermal) or within the pap-
illary dermis (microinvasive), devoid of
metastatic potential, which may be fol-
lowed, early or late, by a tumorigenic
vertical growth phase (VGP), with deeper
extension in the dermis or beyond, nod-
ular confluence, mitotic activity and
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metastatic capacity (tab. 1). The unique
exception to this is represented by nodu-
lar melanoma, in which either RGP is rap-
idly overrun by VGP or the tumour arises
directly from dermal melanocytes [6].
Today, the Breslow depth remains the sin-
gle most important prognostic factor for
clinically localised primary melanoma - it
allows the identification of melanoma as
ultra-thin (< 0.5mm), thin (< T mm), thick
(> 1 mm) or ultra-thick (> 6 mm) [7,8]. The
systematic application of the histoge-
netic model to the Breslow depth ex-
plains the debated reason why some thin
melanoma behave aggressively, because
they possess an early tumorigenic VGP
inside them [9]. Moreover, any diagnostic
report should also be accompanied by
further well-known microstaging attrib-
utes, such as Clark level, mitotic count,
lymphovascular invasion, perineural in-

filtration, ulceration, satellitosis, tumour
infiltrating lymphocytes and, if availa-
ble, sentinel lymph node status [10,11].
In conclusion, we believe that a renewed
histogenetic approach to melanoma dia-
gnosis deserves a wide scientific dissem-
ination, for a better clinical management
of individual cases in the era of personal-
ised medicine.
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Tailoring Nutritional Interventions with
Molecular Pathophysiology of Cancer Cachexia
— a Possible Solution to an Old Problem

PfizpUsobeni nutricnich intervenci molekularni patofyziologii
nadorové kachexie — jak vyfesit dlouhodoby problem

Mortazavi H.

Gerontological Care Research Center, Department of Geriatric Nursing, School of Nursing and Midwifery,
North Khorasan University of Medical Sciences, Bojnurd, Iran

Dear Sir,
Despite significant advances in provid-
ing palliative and supportive care to pa-
tients undergoing advanced cancer tre-
atment, between 50 and 80% of them
suffer from malnutrition and cachexia
and approximately 25% of cancer de-
aths are related to cancer-induced ca-
chexia [1,2]. Cancer-induced cachexia is
a chronic, progressive, involuntary loss
of skeletal muscle mass that can lead to
malnutrition and progressive functional
damage of patients who suffer from can-
cer such that supporting convention-
al nutritional regimens cannot revert
those pathophysiological changes [3].
Cancer cachexia is associated with an-
orexia, early satiation, and asthenia and it
is pathophysiology characterised by the
release of pro-inflammatory cytokines,
increase in muscle protein breakdown
and negative energy balance due to the
reduced food ingestion and abnormal
metabolism. In addition, the systemic in-
flammatory response and the hyperme-
tabolism status following cancer and its
treatments can lead to increased resting
energy consumption. Furthermore, can-
cer treatment can cause gastrointesti-
nal motility defects, gastrointestinal mu-
cosal damage, and impaired appetite,
which contribute to the deterioration of
malnutrition [4].

Cancer cachexia can profoundly di-
minish the physical function and tole-

rance to anticancer therapy, and conse-
quently reduce the chance of survival of
affected patients. It is associated with in-
creased toxicity from chemotherapy and
is a cause of poor outcomes for some pa-
tients [1,5]. Hence, cancer cachexia re-
mains a challenging clinical syndrome
and an important unmet need in the
palliative care of patients who suffer
from cancer [1].

Given that preventing loss of muscle
mass is an important part of the can-
cer treatment, cancer-related cachexia
should be reversed by either treating
the cancer or increasing nutritional in-
take [3,4]. However, because of the com-
plexity and difficulty of treatment in ad-
vanced cancer, increasing the nutritional
intake remains one of the only available
choices in building and preserving mus-
cle mass in the treatment of cancer ca-
chexia [4,6]. Accordingly, to get the best
out of the nutritional interventions, the
dietary intake should be matched with
the underlying pathophysiology of can-
cer-associated cachexia and the total de-
mand of protein requirements with the
overall health status of patients who suf-
fer from cancer [6]. However, a possi-
ble explanation for the high prevalence
of cancer-induced cachexia is that lim-
ited nutrition-oriented interventions or
specialised nutrition support have fo-
cused on the presumed pathophysiol-
ogy of cancer cachexia and many of the
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current interventions are based on the
pathophysiology of chronic diseases-
related cachexia [4]. Previous studies
showed that early and tailored nutri-
tional intervention might be optimal
for these patients in terms of reducing
the body weight loss due to the nutri-
tion-associated adverse events [6,7].
Therefore, prior to designing and de-
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veloping future nutrition-oriented clin-
ical trials, researchers should logically
select and adjust the proposed nutri-
tional interventions and tailor those
interventions with the established
molecular mechanisms underlying can-
cer-related cachexia, which includes
muscle protein breakdown, negative
energy balance and abnormal metabo-
lism as well as pro-inflammatory action
of reactive oxygen species. In addition,
a future study is needed for designing
and implementing intensive, personal-
ised nutrition counselling programmes

for cachectic cancer patients that theo-
retically could counteract the assumed
pathophysiology.
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ONKOLOGIEV OBRAZECH

Onkologie v obrazech

Radiodermatitis necrotica, akutni ¢i chronicky postradiacni vied

Coupek P.

Klinika radia¢nf onkologie, Masaryklv onkologicky Ustav, Brno

Jde o kozni postradiacni reakci 3. stupné,
kterd se dnes objevuje velmi vzacné a je
tedy mezi klinickymi onkology méné
znama. Mize se objevit po velmi vysoké
davce zéfeni, nejcastéji na rentgenovém
ozafovaci, kde byva maximalni davka za-
feni na kdzi. Projevuje se zpocatku jako
fialové zarudnuti, zdufeni, ¢asto s palcivou
bolesti, v misté do 3—-4 tydn{i dochézi k roz-
padu tkani. Pri frakcionovaném ozareni se
tento akutni postradia¢ni vied mdze obje-
vit az za 8-12 tydnl po skonceni radiote-

Obr. 1. Akutni postradia¢ni vied, stav po radioterapii na rentge-

novém ozarovaci.

Obr. 3. Akutni postradia¢ni vied po rentgenovém ozaieni spino-
celularniho karcinomu usniho boltce.

rapie. Povrch viedu byva pokryty Zlutymi
krustami, ¢asto je sekundarné infikovany
bakteriemi. Po odstranéni krust zdstava
krvécejici mokvava spodina. Vied je velmi
bolestivy, obtizné se hoji, nékdy hojeni
trva mésice i roky. Spatné hojeni je zpG-
sobeno poskozenim vitality bunék a trva-
lymi zménami na cévach. Bolest viedu je
obycejné ukazatelem, ze nekrdza jesté po-
kracuje do sitky a hloubky. Nékdy nedojde
ke zhojeni vibec a akutni vied prechazi ve
vied chronicky.

(=1

MUDr. Petr Coupek

Klinika radiac¢ni onkologie
Masarykdv onkologicky ustav
Zluty kopec 7

656 53 Brno

e-mail: coupek@mou.cz

Obdrzeno/Submitted: 28. 2. 2019

Obr. 4. Chronicky postradiac¢ni vied.
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OPDIVQO® - imunoterapie,
ktera dava Sanci vice pacientiim

OPDIVO

(nivolumab)

o

ZKRACENE INFORMACE O PRiPRAVKU

' Tento |écCivy pfipravek podléha dalSimu sledovani.

Nazev pfipravku: OPDIVO 10 mg/ml koncentrat pro infuzni roztok. SloZeni: Nivolumabum 10 mg v 1 ml koncentratu. Indikace:* Melanom: v monoterapii/kombinaci s ipilimumabem u pokrotilého
(neresekovatelného nebo metastatického) melanomu u dospélych. Adjuvantni [écha melanomu: monoterapie k adjuvantni lécbé dospélych s melanomem s postizenim lymfatickych uzlin
nebo metastazami po kompletni resekci. Nemalobunécny karcinom plic (NSCLC): monoterapie lokalné pokracilého nebo metastatického NSCLC po piedchozi chemoterapii u dospélych. Renalni
karcinom (RCC): monoterapie pokrocilého RCC po predchozi terapii u dospélych; v kombinaci s ipilimumabem terapie pokragilého RCC v pryni linii u dospélych se stfednim nebo vysokym rizikem.
Klasicky Hodgkintv lymfom (cHL): monoterapie recidivujiciho nebo rezistentniho cHL po autologni transplantaci kmenovych bunék (ASCT) a Iécbé brentuximab vedotinem. Skvamazni karcinom
hlavy a krku (SCCHN): monoterapie rekurentniho nebo metastazujiciho SCCHN progredujiciho pfi nebo po écbé platinovymi derivaty u dospélych. Uratelidlni karcinom (UC): monoterapie lokalné
pokrotilého neresekovatelného nebo metastazujiciho UC u dospélych po selhani Iécby platinovymi derivaty. Davkovani a zpiisob podani:* Monoterapie: bud' 240 mg i.v. infuzi (30 min) kazdé
2 tydny (vsechny indikace) nebo 480 mg i.v. infuzi (60 min) kazdé 4 tydny (pouze indikace melanom a renalni karcinom); u adjuvantni 1é¢by melanomu 3 mg/kg i.v. infuzi (60 min) kazdé 2 tydny.
Kombinace s ipilimumabem: Melanom: 1 mg/kg nivolumabu i.v. infuzi (30 min) s ipilimumabem 3 mg/kg i.v. infuzi (30 min) kazdé 3 tydny u prvnich 4 davek, dale nivolumab iv. infuzi 240 mg
(30 min) kazdé 2 tydny nebo 480 mg kazdé (60 min) 4 tydny, prvni davka za 3 tydny (240 mg) resp. 6 tydnii (480 mg), a pak dale kazdé 2 tydny, resp. 4 tydny. RCC: 3 mg/kg nivolumabu i.v. infuzi
(30 min) s ipilimumabem 1mg/kg iv. infuzi (30 min) kazdé 3 tydny u prvnich 4 davek, dale nivolumab i.v. infuzi 240 mg (30 min) kaZdé 2 tydny nebo 480 mg kazdé (60 min) 4 tydny, prvni davka za
3 tydny (240 mg) resp. 6 tydnti (480 mg), a pak dale kazdé 2 tydny, resp. 4 tydny. Lécha vzdy pokracuje, dokud je pozorovan klinicky pfinos nebo dokud ji pacient snasi, u adjuvantni [écby melanomu
po dobu max. 12 mésicu. DalSi podrobnosti viz SPC. Kontraindikace: Hypersenzitivita na Iécivou latku nebo na kteroukoli pomocnou latku. Zvlastni upozornéni: Nivolumab je spojen s imunitné
podminénymi nezadoucimi tinky. Pacienti maji byt pribézné sledovani (min. 5 mésicti po posledni davce). Podle zavaznosti NU se nivolumab vysadi a podaji se kortikosteroidy. Po zlep3eni se
davka kortikosteroidl snizuje postupné po dobu min. 1 mésice. V pfipadé zavaznych, opakujicich se nebo Zivot ohrozujicich imunitné podminénych NU musi byt nivolumab trvale vysazen. U pacientd
s vychozim ECQG 2 2, s aktivnimi mozkovymi metastazami, otnim melanomem, autoimunitnim onemocnénim, symptomatickym intersticialnim plicnim onemocnénim a u pacientd, ktefi jiz uzivali
systémova imunosupresiva, je tfeba pfipravek pouZivat jen s opatrnosti. Interakce: Nivolumab je humanni monoklonalni protilatka, ktera neni metabolizovana cytochromem P450 (CYP) ani jinymi
enzymy metabolizujicimi lky. Je tfeba se vyhnout padavani systémovych kortikasteroidt nebo jinych imunosupresiv na pocatku a pred zahajenim Iécby. Lze je nicméné pouZit k Ié¢bé imunitné
podminénych nezadoucich Gginky. Téhotenstvi a kojeni: Nivolumab se nedoporutuje podavat behem téhotenstvi a fertilnim Zenam, které nepouzivaji iinnou antikoncepci, pokud klinicky pfinos
neprevysuje mozné riziko. Neni znamo, zda se nivolumab vyluguje do matefského mléka. Nezadouci ti€inky:* Velmi casté: neutropenie, Uinava, vyrazka, svedéni, prijem a nauzea, zvyseni AST, ALT,
alkalickeé fosfatazy, lipazy, amylazy, kreatininu, hyperglykemie, hypokalcémie, lymfopenie, leukopenie, trombocytopenie, anemie, hyperkalcemie, hyperkalemie, hypokalemie, hypomagnezemie,
hyponatremie; u kombinace s ipilimumabem dale i hypotyredza, hypertyredza, snizena chut k jidIu, bolest hlavy, dyspnoe, kolitida, zvraceni, bolest bficha, artralgie, muskuloskeletalni bolest, horetka,
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Gginku a zahajena vhodna symptomaticka lécba. Uchovavani: Uchovavejte v chladnicce (2 °C - 8 °C) v pivodnim obalu, aby byl pfipravek chranén pfed svétlem. Chrarite pfed mrazem. Dostupna
baleni: 4 ml nebo 10 ml koncentratu v injekénilahvicce, Tinjekénilahvicka. Drzitel rozhodnuti o registraci: Bristol-Myers Squibb EEIC, Bristol-Myers-Squibb House, Uxbridge Business Park, Sanderson
Road, Uxbridge, Middlesex UB8 1DH, Velka Britanie. Registracni €islo: EU/1/15/1014/001-002. Datum posledni revize textu: leden 2019. Pripravek je hrazen z vefejného zdravotniho pojisténi v indikaci
pokrotily maligni melanom v monoterapii, pokrotily renalni karcinom v monoterapii, nemalobunétny karcinom plic a klasicky Hodgkintv lymfom.

Nazev pfipravku: YERVOY 5 mg/ml koncentrat pro infuzni roztok. SloZeni: Ipilimumabum 5 mg v 1 ml koncentratu. Terapeutické indikace:*Melanom: Monoterapie pokrotilého
(neresekovatelného nebo metastazujiciho) melanomu u dospélych a dospivajicich ve véku 12 let a stardich; v kombinaci s nivolumabem |é¢ba pokrocilého (neresekovatelného nebo
metastazujiciho) melanomu u dospélych. Renalni karcinom (RCC): v kombinaci s nivolumabem terapie pokrociléhao RCC v prvni linii u dospélych se stfednim neba vysokym rizikem. Davkovani
a zplsob podani:* Melanom: Monoterapie: Indukéni rezim: 3 mg/kg i.v. infuzi (30 min) kazdé 3 tydny, celkem 4 davky. Cely indukéni rezim (4 davky) je tfeba dodrZet dle tolerance, bez
ohledu na vzhled novych Iézi nebo rast existujicich 1ézi. Kombinace s nivolumabem: 3 mg/kg ipilimumabu i.v. infuzi (30 min) s 1 mg/kg nivolumabu iv. infuzi (30 min) kazdé 3 tydny
u prvnich 4 davek, dale nivolumab v monaterapii i.v. infuzi 240 mg (30 min) kazdé 2 tydny nebo 480 mg (60 min) kazdé 4 tydny, prvni davka za 3 tydny (240 mg) resp. 6 tydnu (480 mg),
a pak dale kazdé 2 tydny, resp. 4 tydny. RCC: 1 mg/kg ipilimumabu iv. infuzi (30 min) s nivolumabem 3 mg/kg i.v. infuzi (30 min) kazdé 3 tydny u prvnich 4 davek, dale nivolumab iv. infuzi 240 mg
(30 min) kazdé 2 tydny nebo 480 mg (60 min) kazdé 4 tydny, prvni davka za 3 tydny (240 mg) resp. 6 tydnti (480 mg), a pak dale kazdé 2 tydny, resp. 4 tydny. U kombinované lécby lécha pokracuje,
dokud je pozoravan klinicky pfinos nebo dokud ji pacient snasi. Dalsi podrobnostiviz SPC. Kontraindikace: Hypersenzitivita na Iécivou latku nebo na kteroukali pomacnou latku. Zvlastni upozornéni:
Imunitné podminéné nezadouci icinky, které mohou byt zavazné neba Zivot ohroZujici, se mohou tykat GIT, jater, kiiZe, nervové, endokrinni nebo jiné organové soustavy. Pokud neni identifikovana
jind etiologie, je nutno prajem, zvysenou frekvenci stolic, krvavou stalici, zvy3eni jaternich test, vyrazku a endokrinopatii povazovat za zanétlivé a souvisejici s ipilimumabem. U pacientd se zavaznou
aktivni autoimunitni chorobou, kde je dalsi imunitni aktivace potencialné bezprostfedné Zivot ohroZujici, se pfipravek nema podavat. Interakee: Ipilimumab je lidska monoklonalnf protilatka, ktera
neni metabolizovana cytochromem P450 (CYP) ani jinymi enzymy metabolizujicimi Iéky. Je tfeba se vyhnout podavani systémovych kortikosteroidii nebo jinych imunosupresiv na pocatku a pred
zahajenim I&cby. Lze je nicméné pouzit k Ié¢bé imunitné podminénych nezadoucich aginkd. Pouziti antikoagulancii zvysuje riziko GIT krvacenf; pacienti se soub&Znou lé¢bou antikoagulancii musi
byt peclivé monitorovani. Téhotenstvi a kojeni: Ipilimumab se nedoporucuje podavat béhem téhotenstvi a fertilnim Zenam, které nepouZivaji Gginnou antikoncepci. Neni znamo, zda se ipilimumab
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dale hyperglykémie, hypoglykémie, lymfopenie, leukopenie, neutropenie, trombocytopenie, anemie, hypokalcemie, hyperkalemie, hypokalemie, hypomagnezemie, hyponatremie. DalSi nezddouci
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BAVENCIO® (avelumab)

je PRVNI A JEDINOU schvalenou
imunoterapii pro pacienty

s metastatickym karcinomem

z Merkelovych bunék (mMCC)"

V preklinickych Mira objektivni Dlouhodoba odpovéd’
modelech ovliviuje odpovédi na lécbu na lécbu
BAVENCIO ® (avelumab) o o
7 i adaptivni 51 % u dosud u 73 % dosud nelécenych pacientu
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33 % u predlécenych u 67 % predlééenych pacientt

pacientd® s odpovédi trva odpovéd’

* (n=29; 95% Cl: 23 — 44) alespon 24 mésicu®

« (95 % Cl: 46 - 81)

Zarazovani pacientu do studie (kohorty B)
s lécbou avelumabem v 1. linii stale pokracuje*

Zkrécend informace o pripravku BAVENGIO® (avelumabum)

Nézev pripravku a sloZeni; BAVENCIO 20 mg/ml koncentrat pro infuzni roztok. Jeden ml koncentrétu obsahuje avelumabum 20 mg a dalsi pomocné latky. Jedna injekéni lahvicka s 10 ml roztoku obsahuje avelumabum 200 mg
adalsi pomocné latky. Indikace: Pripravek BAVENCIO je indikovan v monoterapii pro 165bu dospélych pacientil s metastatickym karcinomem z Merkelovjch bungk (MCC). Davkovani a zpiisab podéni: Doporucend dévka pripravku
BAVENCIO e 10 mg// kg télesné hmotnosti poddvand intravendzné v priib&hu 60 minut kazdé 2 tydny. Pripravek BAVENCIO by se mél podévat podle doporuceného pldnu aZ do progrese onemocnéni nebo nepFijatelné toxicity. Pacienti
musi byt pred prynimi 4 infuzemi pFipravku BAVENCIO premedikovani pomoci antihistaminika a paracetamolu. Nezadouer iginky: Nejastjsi nezédouci ucinky stupné > 3 byly anemie (6,0 %), dyspnoe (3,9 %) a bolest bficha
(3.0 %). Zavaznymi nezadoucimi icinky byly nezddouci reakce souvisejici s imunitou a reakce spojené s infuz. Vice informaci v pIné verzi SPC. Kontraindikace: Hypersenzitivita na léivou létku nebo na kteroukoli pomocnou ldtku
pfipravku. ZvlaStni upozornéni: Peclivé sledovat reakce spojené s infuzi anezadouc Gcinky souvisejici s imunitou. Fertilita, tehotensti a kojeni: Pacientky ve fertilnim véku musi behem uzivani pfipravku BAVENCIO ajeden mésic po
posledni ddvee avelumabu pouZivat vysoce tiginnou metodu antikoncepce. Poddvéni avelumabu v thotenstvi se nedoporuguje, pokud Klinicky stav Zeny Ié6bu avelumabem nevyZaduje. Kojicim Zendm by mélo byt doporugeno, aby
nekojily béhem 1§chy a po dobu nejméné 1 mésice po posledni davee v diisledku moznych zavaznych nezadoucich tcinkd na kojené novorozence. Interakce: Nejsou ocekévany. Uchovavani: Uchovavejte v chladnicce (2°C - 8°C).
Chrarite pred mrazem. Uchovavejte v pivodnim obalu, aby byl pipravek chrangn pred svétiem. Velikost baleni: 10 ml koncentrétu v injekeni lahvicce (sklo tfidy 1) s halobutylovou pryzZovou zétkou a hlinkovym uzévérem
s odnimatelnym plastovym vickem. Baleni obsahuje 1 injekcni lahvicku. Registraéni islo: EU/1/17/1214/001. DrZitel rozhodnuti o registraci: Merck Europe B.V., Amsterdam, Nizozemsko. Datum posledni revize textu:
08/2018.L6kje vyddvan pouze nalékarsky predpis aje hrazen z prostfedkii vefejného pojisténi.

W Tento Iécivy pripravek podléhd dalSimu sledovni. To umozni rychl@ ziskani novych informaci o bezpecnost. Zddéme zdravotnické pracovniky, aby hidsili jakakoli
podezfeninanezadouci Gginky. Podrobnosti o hldSeni nezadoucich ucink( viz bod 4.8 SPC.

Pred predepsanim|écivého pFipravku, se prosim seznamte s iplnym znénim Souhrnu ddajil o pripravku, které obdrzite na adrese spoleSnosti Merck spol. s r.o.

REFERENGE: 1. European Medicines Agency [Internet]. Public summary of opinion on orphan designation. EU/3/16/1781. What treatments are available? aktualizovano 14. prosince 2016; citovano 1. listopadu 2017, Dostupné z:
http:/ /www.ema.europa.eu/ema/index jsp?curl=pages/ medicines/human/orphans /2016/12/human_ orphan_001884 jsp&mid=WC0b01ac058001d12b. 2. BAVENCIO™ (avelumab) SPC. Datum revize textu; 08/2018.
3. Heery CR et al. Avelumab for metastatic or locally advanced previously treated solid tumours (JAVELIN Solid Tumor): a phase Ta, multicohort, dose-escalation trial. Zancet Oncol. 2017, 18: 587-98. 4. Hamilton G et al.
Avelumab: combining immune checkpoint inhibition and antibody-dependent cytotoxicity. Expert Opin Biol Ther: 201717 (4):615-523. 5. Boyerinas B et al. Antibody-dependent cellular cytotoxicity activity of a novel anti-PD-L1
antibody Avelumab (MSB0010718C) on human tumor cells. Cancer Immunol Res. 2015;3(10):1148-1157. 8. Avelumab in Subjects With Merkel Cell Carcinoma (JAVELIN Merkel 200). Aktualizovano: listopad 2017 spolecnosti
EMD Serono. Dostupné z: https:/ / clinicaltrials.gov/ct2/show/NCT02155647. 7. dostupné na: http:/ /www.sukl.cz/ sukl/ seznam-cen-a-uhrad-lp-pzlu-k-1-1-2019
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