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Moderni trendy v diagnostice a terapii metastatického renalniho karcinomu

Modern trends in diagnostics and therapy of metastatic renal cell carcinoma

Abstrakt:

V soucasné dobé jsme svédky znacéného pokroku v diagnostice i |écbé metastatického
rendlniho karcinomu, nicméné toto onemocnéni z(istava nadale nevylécitelné. V diagnostice
se ¢im dal vice uplatiuji metody tzv. tekuté biopsie, kde se zkoumaji markery tohoto
onemocnéni v periferni krvi ¢&i moci. Pokroky v lé¢bé cilenou terapii a imunoterapii pak
signifikantné prodluZuji celkové preziti pacientl ve srovnani s dfivéjsi Ié¢bou cytokiny nebo
chemoterapii. Metastaticky renalni karcinom se tak stava z pGvodné fatalniho onemocnéni
stavem chronickym.

V prvni ¢asti této habilitacni prace jsme se soustfedili na analyzy novych sérovych ci
mocovych marker(i, pomoci kterych miZeme upfesnit diagnézu a progndzu pacientu
s metastatickym renalnim karcinomem. Jednd se prfedevsim o studie analyzujici mikroRNA,
jejich vysledky jiz nachazeji uplatnéni v klinické praxi.

V druhé ¢asti této prace jsme pak validovali vysledky prospektivnich randomizovanych studii
s cilenou Ié¢bou na pacientech s metastatickym rendlnim karcinomem z bézné klinické praxe.
Toto téma je v soucasné dobé velmi aktualni z nékolika dlivodi. Pacienti |é¢eni v ramci
prospektivnich studii jsou vétSinou selektovani vstupnimi kritérii dané studie, pocty
odpovédi na lécbu, preziti pacientll a tolerance lécby se tak mohou lisit od pacientl béziné
klinické praxe. Tito pacienti mohou mit fadu jinych neonkologickych onemocnéni s nutnosti
jejich 1é¢by (polypragmasie), ¢astéji jsou i vyssiho véku anebo by jejich laboratorni parametry
neumoznily vstup do studie. Vysledky naSich retrospektivnich studii na specifickych
populacich pacientd (starSi pacienti a pacienti s rendlni insuficienci) pak pomahaji v realné
praxi klinikim ve spravné indikaci a davkovani cilené IéCby. Navic se celosvétové stale vice
klade dliraz na retrospektivni studie zkoumajici ucinnost nakladné terapie v béziné praxi,
vysledky téchto praci by v budoucnu mohli zménit jiz schvdlené indikace urcitého Iéku u
konkrétniho onemocnéni.

Ve studiich analyzujicich vliv dosazené odpovédi na cilenou Iécbu (obzvlasté kompletni
remise) na preziti pacientd, jsme pak prokazali na celosvétové nejvétsim souboru pacientd,
Ze je moiné lécbu v urcéitém okamziku prerusit, aniz by doslo k nezadoucimu ovlivnéni
prezivani pacientd.

Je kdispozici velmi malo prospektivnich studii zkoumajicich sekvencni terapii u pacientd
s metastatickym rendlnim karcinomem, o to cennéjsi jsou pak vysledky nékterych nasich
retrospektivni praci, kde jsme provedli analyzy Ucinnosti a bezpec¢nosti dvou nebo i tfi po
sobé nasledujicich preparata.

Cilené terapie je velmi ndkladna, ocekdvané zavedeni kombinaci cilené terapie a moderni

v

imunoterapie u pacientll srenalnim karcinomem jesté ddle zvysi ndkladnost této lécby.
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Potencionalni prediktivni faktory by pak pomohli k pfesnéjsi indikaci této terapie a ke snizeni
poctu pripadnych nezddoucich ucinkd, coz by vedlo kromé jiného ke snizeni vydajl ze strany
platcl zdravotni péce. V naSich studiich jsme prokdzali signifikantni vliv nékterych
nezadoucich ucinkd cilené terapie (hand-foot syndrom a vyrdzka) na preziti pacienti. U
nékterych mikroRNA byla validovana jejich pfima prediktivni role pfi pouZiti této IéCby (miR-
155 a miR-484). V budoucnosti pak o¢ekdvame identifikaci a validaci dalSich laboratornich
biomarkert, které umoini vétsi zpfesnéni indikaci nejen cilené terapie, ale i rychle
nastupujici imunoterapie checkpoint inhibitory.

Klicova slova: metastaticky renalni karcinom, cilend terapie, imunoterapie, progndza,
predikce |écebné odpovédi

Abstract:

Significant advance in the diagnosis and treatment of metastatic renal cell carcinoma is
observed during last years, however, this disease remains incurable. Methods of so-called
fluid biopsy are being more often applied, where markers of this disease are examined in
peripheral blood or urine. Overall survival of these patients is significantly increased thanks
to advances in targeted therapy and immunotherapy comparing to previous cytokine or
chemotherapy treatment. Thus, there is a paradigm shift of metastatic renal cell cancer from
fatal disease into a chronic condition.

In the first part of this habilitation thesis, we focused on the analysis of new serum or urinary
markers, which can be used to better specify the diagnosis and prognosis of patients with
metastatic renal cell carcinoma. These are primarily microRNA analyzes whose results are
already being used in clinical practice.

In the second part of our work, we validated the results of prospective randomized trials
with targeted treatment in patients with metastatic renal cell carcinoma from common
clinical practice. This approach is currently very topical for several reasons. Patients treated
in prospective studies are mostly selected by the initial inclusion criteria of the study. The
numbers of treatment responses, patient survival and treatment tolerance may differ from
those of real-world clinical practice. These patients may have a number of other neonatal
diseases requiring their treatment (polypragmasia), they are older, or their laboratory
parameters do not allow entry into the study. The results of our retrospective studies in
specific patient populations (elderly patients and patients with renal insufficiency) then help
clinicians in the appropriate practice and indication and dosing of targeted therapy. In
addition, more and more attention is being paid to a retrospective studies on the
effectiveness of costly therapy in common practice worldwide; the results of these analyzes



could change the already approved indications of a particular drug for a particular disease in
the future.

On the worldwide largest patient population study that analyzed the effect of the response
to targeted therapy (especially complete remission) on patient survival, we have
demonstrated that treatment can be discontinued at some point (date of complete
response) without adversely affecting survival of patients. There are very few prospective
studies of sequential therapy available in patients with metastatic renal cell carcinoma, the
more valuable are the results of some of our retrospective work, where we performed
analyzes of the efficacy and safety of two or three consecutive drugs.
Targeted therapy is very costly, the expected introduction of combined targeted therapy and
immunotherapy in patients with renal carcinoma will further increase the economy burden.
Potential predictive factors would then help to more accurately indicate this therapy and
reduce the number of potential side effects, which a consequent financial savings. In our
studies, we have shown a significant correlation between some type of the adverse effects
(post targeted therapy hand-foot syndrome and rash) and patient survival. For some of the
microRNAs, their direct predictive role was validated with this treatment (miR-155 and miR-
484). In the future, we expect the identification and validation of other laboratory
biomarkers, which will allow for greater refinement of the indications not only of targeted
therapy, but also of fast growing immunotherapy of checkpoint inhibitors.

Keywords: metastatic renal cell carcinoma, targeted therapy, immunotherapy, prognosis,
prediction of treatment



1 Uvod

Renalni karcinom je onemocnéni nesmirné heterogenni a komplexni. Metastaticky renalni
karcinom patfi stdle mezi nevylécitelné choroby a to i pres velké pokroky v diagnostice,
predikci progndzy Ci 1éCebné odpovédi pacientl a v 1é¢ebnych metoddach. V diagnostice brzy
bude mit ¢im dal vétsi roli tekutd biopsie a ocekdvame, Ze k hodnoceni Uspéchli ¢i nelspéchi
|éCby budeme pouzivat markery periferni krve ¢i moce. Taktéz se predpokladd, Ze lécba
kombinovanou imunoterapii, nebo kombinaci imunoterapie a cilené I1é¢by zméni charakter
tohoto onemocnéni z fatdlniho na chronické. Tyto kombinace jsou vsak finanéné velmi
nakladné, potenciondlni prediktivni faktory umozni, kromé uspory v nakladech na terapii,
lépe cilit [éCbu konkrétniho pacienta a usetfit ho i moznych nezadoucich Gcinka.

Tato habilitacni prace s nazvem ,Moderni trendy v diagnostice a terapii metastatického
renalniho karcinomu” vzdsadé navazuje na disertani prdci autora ,Prognostické a
prediktivni faktory u karcinom( ledviny“, kterou autor obhajil v roce 2013. Doslo k jejimu
podstatnému rozsifeni predevsim o validaci vysledkl prospektivnich studii pacientd
s metastatickym rendlnim karcinomem na souborech pacient bézné klinické praxe. Velmi
cenné jsou téz studie s mikroRNA, jejich vyzkum nam pomaha v dalSim poznani patogeneze
rendlniho karcinomu a snad i umozni lepsi predikci Ié¢by a odhad progndzy pacientd.

Habilitacnd prace je clenéna do kapitol zacinajicich epidemilogii, etiopatogenenezi a
diagnostikou metastatického rendlniho karcinomu a koncicich odhadem progndzy, terapii a
predikci lé¢ebné odpovédi pacientll. Na pocatku kazdé kapitoly jsou uvedeny aktualni
informace k danému tématu a poté vlastni prispévky autora k dané problematice.

2 Epidemiologie metastatického renalniho karcinomu

Zhoubné nadory ledvin patfi mezi onemocnéni s celosvétové rostouci incidenci, na druhou
stranu je mortalita ve vyspélych zemich stacionarni, resp. mirné klesajici. V roce 2015 byla
incidence v Ceské republice 28,34 pfipadi na 100 000 obyvatel, mortalita pak byla 10,94
pfipadl na 100 000 obyvatel (1) (obr.1). Ceskd republika ma stale celosvétové nejvyssi
incidenci rendlniho karcinomu (renal cell carcinoma, RCC) (2). Priimérny vék pti diagndze
RCC byl v CR 60 let (rok 2015), v poslednich deseti letech dochazelo k zvysujicimu se zachytu
onemocnéni v I. stadiu (v roce 2015 priblizné 49% pacient(), zatimco ostatni stadia jsou
diagnostikovdna v pfiblizné stejnych incidencich (ll. stadium- okolo 5% pacientd, lll. stadium-
priblizné 17% pacientl, IV. stadium- 15% pacient(i, zbytek tvofi pacienti s neznamym
stadiem onemocnéni) (obr. 2) (1). V roce 2015 byla incidence RCC v Ceské republice (CR) 5.
nejvyssi (pokud nepocitdme nemelanomové koini zhoubné nadory) mezi ostatnimi
malignitami, u muzl, resp. Zen se jednalo o 4., resp. 5. nejcastéjsi zhoubné onemocnéni (1).
V roce 2012 byl RCC ve svété 13. nejcastéji diagnostikované maligni onemocnéni, u muzd,
resp. zen se jednalo 9., resp. 16. nejcastéjsi onkologické onemocnéni (3). Incidence a
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mortalita jsou stale nejvyssi v Evropé, Severni Americe a Australii, nejnizsi jsou pak v Asii a
Africe (2-4). MuZzi maji RCC Castéji nez Zeny (ptiblizné 70% pfipadd — muzi, zeny 30% pripadu
(5). Klicové vsak je, ze procentudlni zastoupeni incidence IV. stadia onemocnéni se
dlouhodobé v CR a celosvétové pfilis neméni (obr.2).

Obr. 1: Incidence a mortalita RCC v CR (1)
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Obr. 2: Zastoupeni incidence klinickych stadii RCC (1)
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2.1 Vlastni prispévek k problematice

Vramci CR vidime mezikrajové rozdily vincidenci RCC, napiiklad nejvy$si incidence je
tradi¢né v kraji Plzeriském (v roce 2015 incidence, resp. mortalita- 40,47, resp. 18,24 pfipadu
pak byla v kraji Libereckém (v roce 2015 21,86, resp. 11,84 ptipad na 100 000 obyvatel, IV.
stddium 24% pripad(). V Jihomoravském kraji pak byla v roce 2015 incidence, resp. mortalita
27,61, resp. 9,8 pripad( na 100 000 obyvatel (IV. stadium zastoupeno ve 14,5% pfipadu) (1).

V nasi prace , Epidemiologicka a klinicko-patologicka charakteristika pacientli s renalnim
karcinomem: analyza 544 pfipadl z jednoho centra ,, (viz pfiloha 11.1) (6) jsme zkoumali
charakteristiku pacientd s RCC diagnostikovanych ¢i lé¢enych v Masarykové onkologickém
ustavu (MOU) od roku 2003 do roku 2010. Incidenci (v této praci pocitand primérem na
sledované roky: 77,71 ptipadl na rok) nelze chapat jako pocet nové zjisténych pripadd,
jednalo se totiz jak o nové pripady, tak i o rlizné lIé¢ené pacienty, ktefi se z rozlicnych davod(
dostali do MOU. Rozdéleni pacient(i do stadii viak odpovida vyse uvedenym celostatnim
parametrim. Pacienti v prvnim stadiu byli zastoupeni v 46,5% ptipadd, ve Il., lll. a IV. stadiu
pak ve 10,7%, 13,1% a 20%. Nezndamé stadium vstupné pfi diagnéze se vyskytlo u 9,7%
pacientt (6).

V jiné nasi praci ,, Patients with advanced and metastatic renal cell carcinoma treated with
targeted therapy in the Czech Republic: twenty cancer centres, six agents, one database”
(11.2) (7) byla analyzovana data z registru RenlS (The RenlIS (RENal Information System,
http://renis.registry.cz), coZ je unikdtni registr pacientd lécenych cilenou terapii pro

diseminovany ¢i lokdlné inoperabilni rendlni karcinom (metastatic RCC, mRCC). Jeho
vyjimeénost je vtom, 7e obsahuje informace o pfiblizné 90-95% viech pacientd v CR
lécenych cilenou terapii, mame tedy k dispozici data o vstupnich charakteristikach pacient
(vék, vaha, stddium onemocnéni, histologicky podtyp RCC, mista metastdz), vysledcich
krevniho obrazu a biochemickém rozboru krve pfed a pfi cilené 1écbé, pfesna data o dobé do
progrese onemocnéni (progression-free survival, PFS), celkovém preziti (overall survival, OS),
poctu lécebnych odpovédi (ORR, overall response-rate) vcetné jejich typl (complete
response- CR, partial response- PR, stable disease- SD, progressive disease- PD), shirdny jsou
téz udaje o toxicité |éCby. Data jsou anonymni a jsou dvakrat ro¢né aktualizovana. Od roku
2006 do roku 2011 jsme v této prdci analyzovali charakteristiky 1541 pacient( se zapocatou
|éCbou od roku 2006 do roku 2011. Kromé jiz vySe zminénych 20% inicialné
diagnostikovanych pacientd s mRCC musime pfipocist k naSemu souboru i pacienty, u
kterych doslo k relapsu onemocnéni po radikalnim vykonu, ¢i metastezektomiich nebo i
,pomalu progredujici“ diseminované pacienty, ktefi dospéli k cilené 1é¢bé. Proto je treba
pocet pacientll s nasazenou cilenou lécbou za sledované obdobi 5ti let hodnotit velmi
opatrné (primérné 308/rocné), pacientll se vstupné diagnostikovanym mRCC a nasazenou
cilenou lécbou bylo jen 44% z celého poctu vSech nové lécenych pacientld. Primérny vék
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pacientd s mRCC a nasazenou cilenou lécbou v registru RenlS byl 62 let, zatimco v celé
populaci pacientd s mRCC (data z Narodniho onkologického registru, NOR) byl 67 let.
Zaznamendn byl signifikantni rozdil v procentudlnim zastoupeni pacient( starSich 65ti let
mezi populaci pacient( s cilenou |é¢bou a celou populaci pacientli s mRCC (26% vs. 58,3%, p<
0,05). Tyto udaje svédc¢i o tom, Ze je cilené |écba Castéji nasazovdna pacientim v nizsim
kalendarnim véku. Ddle jsme srovnavali pocty odpovédi a doby preziti pacientd s mRCC na
cilené terapie z registracnich studii Ill. faze s populaci pacientd registru RenlS, vysledky
budou zminény v dalsi ¢asti této prace (7).

3 Etiologie rendlniho karcinomu

Podobné jako u jinych onkologickych onemocnéni nejsou pficiny RCC znamé. Obecné byly
rozdéleny etiologické faktory na zevni a vnitfni, i kdyZz rada faktorl zevnich se prolina
s faktory vnitinimi a obracené. Vzhledem k tomu, Ze hlavnim tématem habilitacni prace je
MRCC, budou znamé etiologické faktory probrany jen velmi stru¢né, vice se budeme vénovat
patogenezi metastatického onemocnéni.

3.1 Zevni rizikové faktory
Demografické vlivy

Demografické vlivy byly jiz ¢astecné probrany v odstavcich o epidemiologii. O tom, proc
existuji tak velké mezistatni, ale i mezikrajové rozdily v CR lIze jen spekulovat. Zde bychom
pripomnéli disertacni praci MUDr. Navratilové, kterd zkoumala vyskyt RCC v zavislosti na
Zivotnim stylu a pracovnim prostfedi. Autorka prokazala, Ze kromé, v dalSim textu uvedenych
faktord, existuji jesté jiné zevni rizikové faktory zvysujici pravdépodobnost vzniku RCC —
jedna se o obesitu v mladsim véku, konsumaci alkoholu (destilaty u muzd, jakykoliv alkohol u
Zen), abuzus analgetik u Zen, prodélané zanéty a koliky ledvin, hypertenzi, expozici emisim
benzinovych a naftovych motor(, asfaltu a dymu z ¢ernouhelného dehtu (8). Lze tedy
predpokladat, Ze rostouci hospodarsky rozvoj regionu prindsejici zvySenou expozici zevnim
rizikovym faktoridm je jednou z moznych pfic¢in narlstajici incidence RCC. Taktéz bylo
prokazano v zemich s rozvinutou ekonomikou, Ze nizsi socioekonomicky status muzl a Zen
zvysSuje riziko RCC (tedy opét u jedincl s moZznou vyssi expozici vySe uvedenym rizikovym
faktordm) (9). Otazkou vdak zGstava, pro¢ pravé CR je na prvnim misté v incidenci
celosvétové. Nékdy prezentované tvrzeni, zZe je to diky rozvinuté siti radiodiagnostickych
pracovist (Casté provadéni ultrazvukovych vysetteni), je jisté spravné, ale jen &astecné,
nevysvétluje totiz mezikrajové rozdily vincidenci, ¢ rozdily v incidenci v CR a napfiklad
(napt.) v Némecku.

Koufreni

Koureni je jednoznacny rizikovy faktor vzniku RCC. Predpoklada se, Ze cigarety pusobi
negativné predevsim prostrednictvim chemikalii v nich obsazenych (napf. benzopyreny), dale
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maji kuraci Castéji arteridlni hypertenzi a endotelidlni dysfunkci s postizenim ledvinovych
tubulli (10,11,12). Benzopyreny se podeztivaji, Ze zpasobuji chromosomalni alterace v lokusu
3p, ktery hraje velmi dulezitou roli v etiopatogenezi RCC i jeho progresi (13). Kufaci s méné
nez 10ti balicko-roky maji o 7% zvysené riziko vzniku RCC, kutaci s 30-40ti balicko-roky maji
toto riziko zvySené o 80% proti nekurakim (14).

Obesita

Zvyseny body mass index (BMI) je taktéz nezavislym rizikovym faktorem vzniku RCC, body
mass index =35 kg/m? je spojen s vy$sim rizikem vzniku RCC u muzd (odds ratio, OR 2,3) i u
zen (OR 3,3). Presny mechanismus patogeneze neni zndm, ale predpoklada se
proonkogenni plisobeni zvysené exprese genl pro leptin a snizena aktivita signalni drahy pro
adiponectin. Nové se intenzivné zkoumaji dva proteiny (folliculin a TRC8), které ovliviuji
syntézu tuk( a proteinl. Signalni drahy folliculinu a TRC8 jsou Uzce propojeny s drahami
protein( HIF1 a HIF2a (15-17).

Arteridlni hypertenze

Arterialni hypertenze zvySuje riziko RCC dvojnasobné, navic se riziko zvySuje pti Spatné
kontrolované |écbé hypertenze a taktéZz roste s dobou jejiho trvani (po 25ti letech
pfitomnosti hypertenze dochazi k dalSimu dvojndasobnému riziku RCC) (18). Role hypotenziv
na riziko RCC je stdle rozporuplnd, nékteré studie neprokdzaly vztah mezi uZivanim
hypotenziv a vznikem RCC, jiné prokdazaly opak (diuretika) (19,20).

3.2 Vnitini rizikové faktory

Genetické poruchy a specifické syndromy budou vice probrany v ¢asti patogeneze mRCC
(kapitola 4).

4 Patogeneze rendlniho karcinomu

Renalni karcinom muze vzniknout jakou soucast geneticky podminénych onemocnéni, nebo
jako sporadickd choroba. Odhaduje se, Ze geneticky podminény rendlni karcinom je
zastoupen pouze v 3% vsech pripadd RCC (21). Diky hereditarnim onemocnénim a jejich
intenzivnimu vyzkumu nyni jiz zname nékteré patogenetické pochody vedouci jak ke vzniku
renalniho karcinomu, tak i jeho progresi a metastazovani.

4.1 Syndromy spojené s rendlnim karcinomem
Von Hippel-Lindauova nemoc

Toto onemocnéni je dédicné autosomalné dominantné, incidence se pohybuje okolo 1
pripadl 36 000 porodl Zivé narozenych déti, penetrace onemocnéni je okolo 90% do véku
65ti let. Typické pro toto onemocnéni jsou vyskyty mnohocetnych hemangioblastomu
mozku a michy, retindlni angiomatdzy, cysty ledvin, slinivky bfisSni a nadvarlat, dale
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feochromocytomy a mnohocetné, bilateralni RCC (Casto vznikaji okolo 30-40ti let). Dle
pritomnosti feochromocytom( se toto onemocnéni jesté dale déli na typy (typ 1, typ 2
s podtypy 2A-C, typ 3- ten je vétSinou bez vyskytu RCC) (20,21). Pfi¢ina tohoto onemocnéni
bude probrdana nize.

Syndrom Birt-Hogg-Dubé

Jednd se o vzacné onemocnéni, dédicnost je opét autosomalné dominantni. Pro toto
onemocnéni jsou charakteristické kozni nezhoubné nadory zvlasovych folikulli, cysty
v plicich s recidivujicim pneumotoraxem a RCC (nejcastéji chromofébni RCC a onkocytomy).
PFi¢inou tohoto syndromu je mutace tumor-supresorového genu pro folikulin (dfive FLCN
gen, dnes BHD gen). Ani dnes neni pfesnd role produktu tohoto genu znam4, predpoklada
se, ze tento protein ovliviiuje drahu mTOR (mTOR, mammalian target of rapamycin), dale
zasahuje do biogeneze mitochondrii, ovliviiuje adhezi bunék, aktivaci lyzozom( a autofagii
bunék (22). RCC je castéji u tohoto syndromu bilateralni, multifokdlni, muZzi jsou postizeni
Castéji nez Zeny (2-5x) (23).

Tuberozni skler6za (morbus Bourneville)

Incidence tohoto onemocnéni je 1 pfipad na 11000 porodl. Choroba je dédicna
autosomdlné dominantné, nachazime zde mnohocetné hamartomy, rhabdomyomy,
angiomylipomy. RCC se nachazi jen u 5% pacientd stuberozni sklerézou, jsou vsak
zastoupeny vsechny podtypy RCC. Genetickym podkladem onemocnéni jsou mutace
v genech pro proteiny hamartin a tuberin (tumor-supresorové geny TCS1 a TSC2). Jejich
hlavni dlohy jsou ovlivnéni bunécného metabolismu prostfednictvim drahy mTOR,
interference s bunécnym délenim a diferenciaci (prostfednictvim cyklin- dependentni kinazy
1, Cdk-1, a B-RAF kinazy) (24).

Hereditarni forma papilarniho karcinomu

Opét se jednd o autosomalné dominantni onemocnéni, podkladem je mutace
protoonkogenu MET (gen pro mezenchymalni epitelidlni tranzici, mesenchymal epithelial
transition), typicky je vyskyt papilarniho karcinomu 1. typu, ¢asto bilateralné a multifokalné
(25,26). Produktem tohoto genu je transmembranovy receptor pro HGF (HGF, hepatocyte
growth factor). ZvysSend aktivita receptoru MET vede k supresi apoptdzy, zvySenému
nadorovému rustu, akceleraci angiogeneze, invazivité a metastazovani (cestou signalni drahy
VEGF- vascular endotelial growth factor). Taktéz se podili na procesu epitelialné-
mezenchymadlni tranzice. Epitelidlné-mezenchymalni tranzice (EMT) je proces, béhem néhoz
dochazi k preméné epitelidlnich bunék v bunky mezenchymalni, coz ma za nasledek ztratu
bunécného kontaktu, zvySenou motilitu a invazivitu bunék (25). Pro doplnéni uvadime, Ze se
podobné jako mutace genu VHLvyskytuje alterace genu MET i u sporadického RCC (27,28).

Hereditarni leiomyomatdza
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Jedna se o dalsi autosomalné dominantné dédicné onemocnéni, u této choroby se vyskytu;ji
mnohocetné leiomyomy a leiomyosarkomy kize, délohy a RCC. Podtypem RCC je papilarni
karcinom 2. typu svelmi agresivnim chovanim a ¢asnym metastazovanim. Podstatou je
mutace tumor-supresorového genu FH pro fumarat hydratazu, kterd je dllezitd v Krebsové
cyklu. Pti jeji snizené funkci dochazi k nahromadéni fumaratu v mitochondriich se zdanlivou
hypoxii a spusténim kaskady tvorby faktoru HIF (HIF, hypoxia inducible factor) se viemi
dlsledky uvedenymi nize (26).

Syndrom familiarnich feochromocytomt a paragangliomu

Jednd se o velmi vzacna onemocnéni, genetickou pficinou je mutace genu SDHD, kdédujici
enzym sukcindtdehydrogendzu, kterd podobné jako fumarat hydrataza ovliviuje Krebsav
cyklus a nadmérnou tvoru HIF faktoru, taktéz je ovlivnéna negativné apoptdza (26,29).
V ramci RCC nachazime svétlobunécéné podtypy RCC a chromofobni RCC (30).

4.2 Sporadicky renalni karcinom

Nejcastéjsi genetickou poruchou u pacientl se sporadickym RCC je poskozeni genu VHL.
Typicky ho nachazime u 75% pacientt se sporadickym svétlobunécnym RCC. Dale jsou znamé
dalsi geny (at uz protoonkogeny ¢i tumor-supresorové geny) a jejich poruchy, které se podili
na patogenezi jak svétlobunécného RCC (CCRCC, clear-cell renal cell carcinoma), tak ale i
nesvétlobunéénych RCC (non-CCRCC). Nékteré genetické odchylky s jejich dusledky byly
zminény jiz u syndromu spojenych s dédiénym RCC (viz vyse), dalsi jsou intenzivné zkoumany
(geny PBRM1, BAP1, PTEN a jiné). Ukazuje se, Zze poruchy téchto gent jsou dllezité jak pro
vznik nadorq, tak i pro jeho dalsi progresi a metastazovani (31). Klicovymi procesy ve vzniku
a progresi RCC jsou déje spojené s hypoxii, angiogenezi, epitelidlné-mezenchymalni tranzici,
invazivitou a ztratou adheze bunék, metastazovanim. Kromé toho, Ze geny mohou byt
poskozeny mutacemi, vime, Ze jejich nadmérna i snizena exprese mulze byt zplsobena i
epigeneticky (napf. prostfednictvim mikroRNA) a velkou roli ma téz selhani imunitniho
dozoru.

4.2.1 Poruchy genu VHL a jejich dusledky

Pro vznik sporadického svétlobunééného RCC je nutné poskozeni obou alel tumor-
supresorového genu VHL. Toto poskozeni je dle odhadl pfitomno az u 75% pripadu
sporadického svétlobunécného RCC, v50% se jednd o mutacéni zmény, v 10-20% pak
nachazime epigenetické zmény typu hypermetylace cytosinu a guaninu v DNA (DNA,
deoxyribonukleova kyselina) (32). Gen VHL se nachazi na kratkém raménku 3. chromozému,
kazdd somatickd burnika nese dvé kopie tohoto genu. U VHL choroby je jedna kopie
poskozena jiz vzarodecnych bunkach, k manifestaci onemocnéni dochazi pfi poskozeni
druhé alely (proto maiji pacienti s VHL chorobou oproti pacientiim se sporadickym rendlnim
karcinomem nadory ledvin v nizsim véku a jsou ¢asto multifokdlni a bilaterdlni) (32).
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VHL protein je slozen ze dvou funkénich domén (a a B) a je soucasti multiproteinového
komplexu, ktery ma zdsadni roli v degradaci faktord HIF-a v proteazomu (HIF rodina ma 3
¢leny, HIF-1, 2 a 3). Transkripc¢ni faktor HIF ma dvé slozky (opét a a B), ¢lenové rodiny a jsou
nestabilni a jejich hladina kolisa dle pfitomnosti hladiny kysliku v tkanich, ¢lenové rodiny B
jsou stabilni a jejich hladina pfilis nekolisa. Degradace HIF-a probiha v proteasomu aZ po
navazani ubiquitinu (degradacni marker) za pomoci riznych ligdz. Tuto ligdzovou aktivitu ma
komplex proteinu VHL spolu s proteiny Elonginem B a C, CUL1 a Ring-box 1 proteinem.
Ubiquitinace je mozna az po hydroxylaci HIF. V normooxii je HIF hydroxylovan, dochazi tedy
k vazbé komplexu proteinli s VHL a nasledné degradaci. V hypoxii nedochazi k hydroxylaci
HIF, ten pak nem(Ze byt degradovan. VHL protein kromé regulace hladiny HIF ovliviiuje
bunéény cyklus, expresi metaloproteinaz a jejich inhibitorld a stabilizuje mikrotubuly. HIF
reguluje expresi genl ovliviujicich agiogenezi, bunéény metabolismus, proliferaci, adhezi
bunék, chemotaxi a apoptdzy. Jednd se o déje spjaté sprogresi tumoru a jeho
metastazovanim. Zvysena transkripce genl prostiednictvim HIF se tykd predevsim rodiny
rastovych faktori pro endotelové bunky (vascular endotelial growth factor, VEGF), rodiny
destickového rlstového faktoru (platelet-derived growth factor, PDGF) a rodiny
transformujiciho rdstového faktoru (transforming growth factor, TGF). Tyto faktory se pak
vazi na své receptory (VEGF-R, PDGF-R a EGF-R) s tyrozinkindzovou aktivitou a aktivuji
nitrobunécénou signalni kaskadu vedouci ke stimulaci angiogeneze a bunééného déleni ¢i k
inhibici apoptdzy (pro rodinu faktor(i TGF a PDGF jsou zasadni signdlni drahy RAS-RAF-MEK-
MAPK a JAK-STAT, pro rodinu VEGF pak navic kaskada PI3K-AKT-mTOR) (33-37). Ukazuje se,
Ze HIF-2 pUsobi velmi podobné jako HIF-1, ale jeho exprese je fizena jinymi mechanismy nez
HIF-1. Bylo prokazano, Ze se HIF-2 podili, kromé vzniku RCC, i na patogenezi jinych nador(
(napt. kolorektalniho karcinomu), role HIF-3 stdle neni jasnd (38). Vztah mezi HIF-1 aHIF-2
bude jeSté struéné probran v kapitole o metastazovani RCC. Zjednoduseny obrazek 3
zobrazuje signalni drahy RCC i jejich moZné terapeutické ovlivnéni (lé¢ba bude predmétem
dalSiho textu).
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Obr. 3: Schematické znazornéni signalnich drah RCC a jejich moZné ovlivnéni cilenou terapii
(33)
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4.2.2 Metastazovani rendlniho karcinomu

Pfiblizné 15% pacientd se svétlobunéénym RCC ma v dobé diagndzy vzdalené metastdzy a u
dalSich pfiblizné 30% pacientl se metastdzy v dalSim pribéhu onemocnéni objevi (1).
Nékteré patogenetické mechanismy metastazovani byly jiz zminény v kapitole o genu VHL,
nyni se pokusime kratce vSe shrnout a popsat i nové;jsi objevy o metastazovani. Pro RCC jsou
typické pozdni metastazy a jejich neobvyklé lokalizace. Je prokazano, Ze ztrata funkce genu
VHL s ndaslednou aktivaci HIF-a se znacnou mérou podili na metastazovani, predevsim pak
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ovlivénim aktivity metaloproteindz, PAX2, CD10 a CXCR4. Neobvykla lokalizace metastaz
muZe byt zpUsobena interakci mezi chemokiny a jejich receptory, at uz na nadorovych
bunkach nebo cilovych tkanich, za normalnich okolonosti jsou tyto déje spojeny se inflamaci
a hojenim ran. Pfedpoklada se, Ze zvySend aktivace nékterych receptort (napf. CCR2 ) po
navazani chemokinl (CCL2 a CCL7) zvySuje permeabilitu cév (napf. mozku), coz usnadiuje
extravazaci nadorovych bunék do tkani. Velmi zajimavou je pak interakce mezi chemokinem
CXCL12 a jeho receptorem CXCR4, ta je pfimo aktivovdna cestou VHL/HIF- a a vede taktéz ke
zvySené permeabilité hematoencefalické bariéry. Pomérné novym poznatkem je pak zjisténi,
Ze v pribéhu progrese a metastazovani dochazi ke snizené expresi a aktivité HIF-1 a zvySené
aktivité HIF-2. Zda se, Ze se jedna o dusledek puUsobeni ligazy HAF (hypoxia-associated
factor), ktera cilené degraduje HIF-1, ale nikoliv HIF-2. HIF-2 je naopak po interakci s HAF
zvysené exprimovana. Kromé HAF do kiehké rovnovdhy mezi HIF-1/2 zasahuji nékteré
miRNA (napf. miR-30a-3p) a taktéz signdlni proteiny drahy mTOR (napf.AKT1, AKT2). Zda se
vSak, Ze samotnda mutace genu VHL snaslednou aktivaci HIF nestaéi k progresi a
metastazovani RCC, jsou nutné jesté dalSi mutace jinych tumor-supresorovych gent Ci
protoonkogent (p53, PTEN, TSC1, TSC2, MYC, AKT1, atd.). Dale jesté zminime, Ze ztrata
funkce genu VHL vede kporuse funkce mikrotubullli nutnych pro mitézu s
naslednou aneuplodii malignich bunék a k porucham reparacnich procesi poskozené DNA
(cestou SOCS1), coz nasledné vede k dalsi akceleraci kancerogeneze s metastazovanim (39).

4.2.3 Epigenetické ovlivnéni exprese genl spojenych se vznikem a progresi renalniho
karcinomu

MikroRNA (miRNA) jsou malé nekddujici molekuly jednoretézové RNA sloZené z 21-23
nukleotidl. Podili se na ovliviiovani exprese genl za fyziologickych i patologickych podminek
na post-transkripéni Urovni. Vlastni vznik regulaénich miRNA je velmi slozity (pri-
miRNA—>pre-miRNA->miRNA) a podléha sofistikované regulaci. Regulacni funkce miRNA je
zprostfedkovdna vazbou na mRNA (messengerova RNA, mRNA, tedy na urovni translace).
Vazba muze byt Uplné komplementarni, pak dochazi k degradaci komplexu miRNA s mRNA
katalyzovanou proteiny rodiny AGO (AGO, Argonautované proteiny), nebo je
komplementarita neulplna (v Zivoc¢iSnych bunkach castéjsi pfipad) a dochazi jen k inhibici
translace. Ke slozitosti regulacnich mechanisma v burikdch jen zminime, Ze miRNA mohou
téz aktivovat translaci. Je prokdzano, ze miRNA maji zasadni roli vregulaci procesu
diferenciace, proliferace, apoptdzy, ovliviiuji taktéz imunitni systém a procesy spojené
s maligni transformaci a metastazovanim. Jedna miRNA mulZe negativné nebo positivné
regulovat expresi mnoha genUl (jak protoonkogent, tak tumor-supresorovych genu), ale i
jejich transkripcénich faktorl. Odhaduje se, Ze miRNA mohou ovliviovat vice nez 1/2
kodujicich genl. Dulezité pro vyzkum je i to, ze miRNA tolik nepodléhaji degradacnim
procesim (napf. prfi fixaci formalinem) jako mRNA, navic je lze i Uspésné detekovat

17



v periferni krvi. V procesu poznani karcinogeneze RCC ve vztahu k microRNA doslo posledni
dobou k velkym pokrokiim, i kdyZz fada mechanism{ pro moziné dvoji (proonkogenni a
tumor-supresorové) plsobeni jedné miRNA neni zcela objasnéna (40-42).

Ve vztahu k RCC rozdélujeme miRNA do tfi velkych skupin dle jejich zapojeni do urcitého
patogenetického procesu (43):

1. miRNA ovliviujici déje spojené s hypoxii
2. miRNA regulujici EMT (epitelidini mezenchymalni tranzici)
3. miRNA zasahujici do proces(i bunécné proliferace, angiogeneze a metastazovani

Obr. 4: Schematické znazornéni signalnich drah RCC a jejich mozné ovlivnéni miRNA (43)
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Do prvni skupiny fadime predevsim miR-210, kterd je nadmérné exprimovana za hypoxickych
podminek. Faktor HIF-1a je silny positivni regulaéni faktor této miRNA, kterd pak inhibuje
translaci faktoru GPD1L, ktery sniZuje zpétné stabilitu HIF-1a. Pfi inaktivaci miR-210 se
snizuje bunécénad proliferace, invazivita a metastazovani v in vitro podminkach (44). Navic jeji
zvySena exprese byla prokazana v tumorech CCRCC s vysSim gradem a postizenim uzlin (45).
Dalsi miRNA spojenou s hypoxii jsou napt. miR-155, miR-21, miR-519 a jiné (43).

V druhé skupiné jsou miRNA ovliviiujici EMT, tedy preménu epitelidalnich bunék v burky
mezenchymalni, kdy dochazi zjednodusené feceno ke snizené expresi E-cadherinu a zvyseni
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produkci vimentinu, coZ ma za nasledek ztratu adhezivity a zvySenou motilitu bunék. Nejvice
prozkoumané jsou miR-141 a miR-200c (46).

Do treti skupiny miRNA ovliviujici komplexni déje karcinogeneze RCC radime miR-185
(negativné ovlivriuje hladinu PTEN s ndslednou aktivaci drahy PI3K/AKT/mTOR), miR-26a (cil-
opét PTEN), miR-16 (ovliviiuje BCL-2) a miR-29c (regulujici expresi proteinG extraceluldrni
matrix) (43, 47).

Nynéjsi vyzkum je fokusovdn na stanoveni hladin miRNA v periferni krvi, jejich analyzy ve
vztahu k diagnostice, progndze pacienta a predikci |éCebné odpovédi. Kromé toho se
pfedpokladd j jejich vyuZiti jako markeri moZzného relapsu ¢i progrese onemocnéni.
V budoucnu se moznd dockame i vyuziti miRNA jako terapeutickych cilU.

4.2.4 Selhani imunitniho dozoru

Vime, Ze na pocatku maligniho onemocnéni je imunitni systém schopen nadorové buriky
eliminovat, poté vSak dochazi k tzv. ekvilibriu, kdy jednotlivé slozky imunity jsou sice jesté
schopny likvidovat nadorové burky, ale ty jsou rychle nahrazovany jinymi nadorovymi
burfikami a poté nastdva obdobi nadorového uniku (escape), kdy jiz imunitni systém neni
schopen kontrolovat zhoubné onemocnéni (teorie 3E). Je dokumentovdno, Zze nddorové
bunky jsou ,chudé” na potencidlni antigeny, zaroven ale dokaZzou produkovat fadu signdlt
inhibujicich protinddorovou imunitni odpovéd organizmu. Nejvice prozkoumané jsou signalni
regulaéni faktory CTLA-4 (CTLA-4, cytotoxic T-lymphocyte-associated protein 4) a PD-L1/L2
(PD-L, programmed death-ligand). Protein CTLA-4 je exprimovan vice na CD8+ T regulacnich
lymfocytech a vaze se na receptory CD80 and CD86 na antigen predkladajicich bunkach,
jedna z jejich roli je suprese imunitni reakce jako prevence autoimunitnich déji. Zvysena
exprese tohoto proteinu nastdva po kontaktu T lymfocytll s antigenem. PD-1 protein
(receptor) nachazime na povrchu jiz aktivovanych CD8+ T lymfocytd, ligandy PD-L1 a L2 pak
exprimuji nadorové burky, jakmile se navdZou na PD-1 receptor dochazi taktéZz k supresi
imunitni reakce (48). Tyto poznatky vedly k vyvoji nové skupiny Iékl- tzv. checkpoint
inhibitor(, které selektivné blokuji nékteré z uvedenych receptorl nebo ligand(. Z vyse
uvedeného vyplyva, Ze anti-CTLA-4 protilatky pUlsobi vice centralné a v ¢asné fazi imunitni
reakce, protilatky proti PD-1/PD-L1 pak pUsobi vice na periferiich (nddorové buriky) (49).
Jsme tedy schopni pfi pouZiti téchto Iékd ,,odbrzdit nddorem indukovanou supresi imunitni
reakce.” Z vySe uvedeného vSak vyplyvd nebezpedi vzniku autoimunitnich nezadoucich
ucinkd pti pouzivani checkpoint inhibitor(. O vzajemné provazanosti signdlni drahy VEGF a
imunitnich mechanisma svédci i prace popisujici vztahy vysokych hladin VEGF na inhibici
maturace dendritickych bunék, indukci apoptézy CD8+ T lymfocytl a indukci aktivity T
regulacnich lymfocytd. VEGF se dale podili na diferenciaci tumorem-asociovanych
makrofagl, které cestou zvySené produkce IL-10 a zpétné VEGF akcentuji angiogenezi a
pronadorovou imunomodulaci (,immune editing”). Dale vysoké hladiny VEGF zpuUsobuiji
maturaci myeloidnich supresorovych bunék, které zhorsuji funkci efektorovych T-lymfocytl a
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zvysuji aktivitu T reg bunék (regulacni T lymfocyty s predevSim imunosupresivnim a
proangiogennim vlivem) (50).

4.3 Vlastni prispévek k problematice

Genetické s epigenetickymi zménami a selhani imunitniho dozoru predstavuji vzajemné
provazané déje v karcinogenezi s fadou znamych, ale bohuzel i nezndmych mechanismd.
Této problematice se diky vyjimecné spolupréci s vyzkumnymi skupinami doc. Slabého (z
védeckého centra CEITEC) a doc. ZdraZilové Dubské (Regionalni centrum aplikované
molekuldrni onkologie, RECAMO) v MOU vénujeme fadu let.

Ve spoluprdci s tymem doc. Slabého tak vznikla kapitola v knize ,, MikroRNA v onkologii“,
podileli jsme se na kapitole ,MirkoRNA u renalniho karcinomu”. V této kapitole jsme
detailnéji rozebrali jednotlivé miRNA a jejich ovliviiovani vzniku a progrese RCC, véetné
metastazovani. Nastinili jsme zde mozny budouci vyvoj v oblasti miRNA- moZnosti predikce
odpovédi na lécbu mRCC, vyzkum miRNA jako marker( relapsu ¢i progrese RCC a miRNA
jako moZné terapeutické cile (43).

MiR-210 je hlavni miRNA regulujici déje spojené s hypoxii. ZvySena exprese této miRNA byla
prokdzana nejen u RCC, ale i u nddoru plic, prsu a jater (51). Vzdjemny vztah mezi miR-210 a
HIF byl jiz popsan vyse, zde jesté doplnime, Ze tato miRNA reguluje expresi proteinu E2F
(E2F, transcription factor 3), ktery predstavuje klicového reguldtora bunécného cyklu (52).
V praci ,MiR-210 expression in tumor tissue and in vitro effects of its silencing in renal cell
carcinoma“ (priloha 11.3) (53) jsme zkoumali miru exprese miR-210 v nddorové tkani RCC
pacientd MOU a porovnavali jsme ji s nenddorovou rendlni tkani. V dalsi ¢asti této prace
jsme provadéli in vitro pokusy na nadorovych liniich ACHN (mRCC) a CAKI-2 (RCC), do jejichz
bunék byly preneseny inhibitory miR-210. Poté jsme zkoumali viabilitu bunék (MTT testy),
apoptozu (flowcytometricky Annexin V-FITC kit), ovlivnéni bunécného cyklu (opét
flowcytometricky), ovlivnéni migra¢niho potencialu (technika scratch wound migration
assay) a testy invazivity (xCELLigence). Prokazali jsme, Ze miR-210 je statisticky vyznamné
vice exprimovana v tkanich RCC neZ v rendlni nenadorové tkani (vice nez 6x, p<0,0001). Pfi in
vitro pokusech doslo po inhibici miR-210 ke statisticky vyznamnému sniZeni viability bunék
obou nadorovych linii (p=0,001), snizil se i migracni (p=0,04) a invazivni (p=0,015) potencial
bunék linie ACHN (linie mRCC, linie CAKI-2 nemd metastaticky puvod). Déale u linie CAKI-2
doslo po trasfekci inhibitorem miR-210 k akumulaci bunék ve fazi G2 bunééného cyklu a
redukci bunék v S-fazi (p=0,02), u linie ACHN tento efekt nebyl pozorovan. Navic jsme
potvrdili signifikantni sniZzeni hladiny HIF-1a v obou bunéénych liniich po jejich transfekci
anti-miR-210 (53).
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Dalsi nasi praci je ,Imunoterapie zhoubného nadoru ledviny” (pfiloha 11.4) (54), ve které
jsme po teoretickém ulvodu vénovaném patogenezi mRCC popsali souasné a budouci
moznosti lécby mRCC. Tyto novinky v [é¢bé budou popsany v dalsi ¢asti této prace.

5 Diagnostika rendlniho karcinomu, monitoring metastatického onemocnéni

Podobné jako u jinych onkologickych onemocnéni i u RCC dochazi k prudkému rozvoji
raznych technik zobrazovacich metod a molekuldrnich testll, které v budoucnosti umozni
diagnostiku a odhad progndézy RCC napf. zperiferni krve (tekutd biopsie). ZvySena
dostupnost ultrazvukovych vysSetfeni (UZ, ultrazvukové vysetfeni) v rozvinutych zemich
zfejmé stoji za pfiznivou zménou v proporci diagnostiky pacientll s RCC v nizsich stadiich
(pfedevsim I. stdadium onemocnéni) oproti pacientim ve vyssich stadiich. Moderni metody
vyuziti pocitacové tomografie (CT, computed tomography) a magnetické rezonance (MRI,
magnetic resonance imaging) pak zpresiuji staging onemocnéni a vizualizaci vlastniho
nadoru ¢i metastaz ve vztahu k okoli. V ramci tekuté biopsie nejsou, i pres znacné pokroky,
zatim znamé dostatecné validni diagnostické a prognostické markery, ktery bychom mohli
standardné poutZivat.

5.1 Klinické pfiznaky a laboratorni odbéry

Metastaticky renalni karcinom je onemocnéni velmi ¢asto asymptomatické, klasicka interni
triada primarniho tumoru (bolest v bedrech, hmatny tumor v bfiSe a hematurie) je dnes
vzacny nalez a je zndmkou agresivniho onemocnéni, témér vidy metastatického (55). Nékdy
muaZeme vidét u pacientd s mRCC obecné pfiznaky pokrocilého maligniho onemocnéni
(kasel, kachexie, otoky dolnich koncetin, bolesti, ascites aj.), paraneoplastické symptomy a
syndromy (StaufferlGv syndrom, polyglobulie, zvySena sedimentace) jsou pfitomny u
maximalné 30% pacientll s mRCC (56). V rdmci laboratorni diagnostiky provadime odbéry
krevniho obrazu s diferencialnim rozpoctem, sedimentace (FW), koagulaci, krevnich iontd
véetné kalcia, jaternich testl s laktatdehydrogendzou (LDH), azotémie a mocového
sedimentu. VySetfeni cytologie moce se provadi vindikovanych pripadech (podezfeni na
urotelidlni karcinom) (57). Moderni trendy v laboratorni diagnostice nadoru nebo relapsu
budou probrany v dalsi kapitole.

5.2 Zobrazovaci metody

Jak jiz bylo receno, podezieni na RCC je nejcastéji stanoveno na zakladé UZ vysetreni, zlatym
standardem pro stanoveni diagndézy a rozsahu onemocnéni je stale CT vySetfeni, MRI
vySetfeni pak pfinasi dopliujici informace o lokalni pokrocilosti nadoru a pfitomnosti trombu
v rendlni Ci portalni Zile (57). Dle nékterych studii je 3-fazové spiralni CT vySetieni vhodné pro
uréeni rozsahu trombu v renalnich zZildch, MRI pak pro diagnostiku a rozsahu trombu v
portdlni Zile a intrakardialné (58). Intenzivni pokroky v radiodiagnostické technice rozsitily
moznosti CT a MRI vysetfeni. U CT se jedna u multidetektorové CT s velmi tenkou kolimaci a
multiplandrni rekonstrukci. U MRI se rychle rozviji funkéni vysetifeni, napf. BOLD (Blood
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Oxygenation Level Dependent), DWI (Diffusion Weighted Imaging a DCE (Dynamic Contrast
Enhanced) (59). V budoucnu se téz pocita s kombinaci MRI s molekularnimi probami (oxidy
Zeleza, nanomaterialy) (60). VysSetfeni pozitronovou emisni tomografii (PET)
s fluordeoxyglukdzou (dnes jiz v kombinaci s CT nebo MRI) je v diagnostice RCC kontroverzni,
je vysoce sensitivni pro diagnostiku metastdz, horsi je to vSak u zobrazeni primarniho tumoru
(57). Vyhodou je vSak moZné zobrazeni metastaz v netypickych lokalitdch (svaly trupu,
koncetin) (61). Nadéje se vkladaji do PET/CT wvysetfeni s radioaktivné oznacenym
girentuximabem (protilatka proti karbonické anhydraze IX, CAIX), pfinosem bude zfejmé jak
primarni diagnostika (bez nutnosti biopsie), tak i stanoveni rozsahu onemocnéni, véetné mist
a poctu metastdz. CAIX je totiz zvySené exprimovana na bunkach RCC (62).

5.3 Histopatologicka diagnostika a staging
5.3.1 Histopatologické podtypy

Zhoubné nadory ledvin se rozdéluji dle histopatologie do rliznych podtyp(, obecné vsak
plati, Ze RCC je nador znacné polymorfni, ¢asto se jedna o smés vice rliznych nadorovych
podtypl a rliznych gradd. NejcastéjSim histologickym podtypem je svétlobunécny rendlni
karcinom (CCRCC)- tvofi 70-75% vsech RCC, dalsi podtypy (non-CCRCC) jsou vzacnéjsi. Jedna
se o papilarni karcinom |. nebo Il. typu (cca 10-15% vsech nador( ledvin), nasleduje
chromofébni karcinom (cca 5% RCC), ostatni (meduldrni karcinom a jiné) jsou raritni (63).
Grade tumorll je zodpovédny za agresivitu nadorl, nejcastéji se uZivalo stanoveni dle
Fuhrmanové, zdkladem bylo pfedevsim posuzovani vzhledu jader bunék RCC (64). Do roku
2015 se pouZivalo rozdéleni na podtypy RCC dle WHO klasifikace z roku 2004 (65).
Schematicky ji zde uvadime (je stdle hojné pouzivand):

. Svétlobunécny karcinom

J Multilokuldrni cysticky svétlobunécny karcinom

J Papilarni karcinom

. Chromofébni karcinom

J Karcinom ze sbérnych kandlk( (Belliniho karcinom)
J Medularni karcinom

J Karcinom s translokaci Xp11

J Karcinom spojeny s vyskytem neuroblastomu

] Mucindzni tubuldrni a vietenobunéény karcinom

] Neklasifikovany karcinom

Od roku 2016 byla zavedena nova klasifikace, ktera vice reflektuje biologické chovani a
molekularni zmény RCC, grading tumoru se stanovuje dle ISUP (International Society of
Urological Pathology, ISUP), hodnoti se jak morfologie jader bunék, tak ale i pfitomnost
sarkomatoidnich ¢i rhabdoidnich bunék, polymorfismy bunék aj. (66). Déleni na podtypy dle
ISUP je nasledujici (preklad ve spoluprdci s prof. Hessem- FN Plzen):

° Svétlobunécny renalni karcinom
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. Multilokuldrni cysticka rendlni neoplazie nizkého maligniho potencialu

. Renalni karcinom spojeny s hereditarni leiomyomatdzou
° Papilarni rendlni karcinom

. Chromofobocelularni renalni karcinom

° Karcinom ze sbérnych kandlk( (Belliniho karcinom)

. Renalni medularni karcinom

. Renalni karcinom s translokaci transkripénich gentd rodiny MiT
. Renalni karcinom s deficienci sukcinat dehydrogenazy

. Mucindzni tubularni a vietenobunécény karcinom

° Tubuldrné cysticky renalni karcinom

. Renalni karcinom spojeny se ziskanou cystézou ledvin

. Svétlobunécny papilarni rendlni karcinom

° Neklasifikovatelny renalni karcinom

° Papilarni adenom

. Onkocytom

V rdmci imunohistochemického vysetfeni RCC je tfeba dodat, Ze neexistuje jeden specificky
marker pro tuto diagndzu. Mél by se proto v pripadé nejasnosti uzivat panel protilatek,
typicky nachazime positivitu pro rizné typy cytokeratinu, vimentin a glutation-S transferazu-
a (67). Velké nadéje se vkladaji do CAIX (protilatka je girentuximab), ktery je nadmérné
exprimovan u CCRCC, urcitou nevyhodou je vSak to, Ze je exprimovdn i v ptipadech
nenadorové hypoxie Ci nekrdzy (exprese vtéchto pripadech vsak neni na rozdil od RCC
difuzni) (67).

Molekuldarné-genetické analyzy prokazuji mutace ¢i metylace VHL genu (viz vysSe). Ddle se
zkouma cela fada gend, jejichz mutace ¢i amplifikace jsou zodpovédné za vyssi agresivitu a
metastazovani (napf. BAP1- produkt tohoto genu degraduje ubiquitin, ten je nutny pro
degradaci HIF, dalsi jsou napf. geny PBRM1, NRF2 a jiné) (68). Obecné mlzZeme shrnout, zZe
razné svétlobunécné rendlni karcinomy maji podobné mutacni zmény, na rozdil od non-
CCRCC, pro které je typicky polymorfismus mutacnich zmén. U CCRCC je pfriblizné 630 genu
zvySené a 720 snizené exprimovano. Upregulaci vidime predevsim u genl spojenych
s hypoxii a angiogenenezi, zanétlivou odpovédi, stresem, invazivitou, adhezi a
metastazovanim (napf. Gal-1, 14-3-3 zeta/delta), downregulaci pak u gend spojenych
s oxidac¢ni redukci, transportem bilkovin a iontd (ATP1A1) a odpovédi na stimuly (HSP60,
ATP1A1, PDZK1) (69,70).

5.3.2 TNM klasifikace
V souc€asné dobé plati 7. vydani TNM klasifikace zroku 2009 (korekce 2011), s urcitym
napétim ocekdavame 8. vydani, které ma platit od roku 2018, i kdyZz u RCC se predpoklada
minimum nebo Zadné zmény. Prehled 7. vydani TNM klasifikace je v Tab. ¢. 1 (71).
Tab. 1: TNM klasifikace (7.vydani)
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TNM pro RCC, 2009

T primarni nador

X primdarni nador nelze hodnotit

TO bez znamek primarniho nadoru

T1 nejvyse 7 cm v nejvétSim rozméru, ohrani¢eny na ledvinu

Tla nador 4 cm a méné

Tib nador vétsi nez 4 cm, ne vétSi nez 7 cm

T2 nador vétsi nez 7 cm v nejvétsim rozméru, ohraniceny na ledvinu

T2a nador vétsi nez 7 cm, ale ne vétsi nez 10 cm, ohrani¢eny na ledvinu

T2b nador vétsi nez 10 cm, ohraniceny na ledvinu

T3 nador se Sifi do velkych Zil nebo postihuje perirenalni tuk, nepfesahuje vSak Gerotovu fascii

T3a nador se Siti do veny renalis nebo do jejich segmentalnich vétvi (sténa obsahuje svalovinu),
nebo infiltruje perirendlni tuk ¢i peripelvicky tuk, nepresahuje vsak Gerotovu fascii

T3b nador se Siti do dolni duté Zily pod branici

T3c nador se Sifi do dolni duté Zily nad brdnici nebo infiltruje sténu dolni duté zily

T4 nador se Siti pres Gerotovu fascii nebo infiltruje pfilehlou nadledvinu

N regiondlni mizni uzliny - hilové, bfisni paraaortalni a parakavalni

NX regiondlni mizni uzliny nelze hodnotit

NO nejsou metastazy v regiondlnich miznich uzlinach

N1 metastaza v jedné nebo vice regionalnich miznich uzlinach

N2 korekce TNM z roku 2011 tuto poloZzku vyradila

M vzdalené metastazy

MX vzdalené metastazy nelze hodnotit

Mo nejsou vzdalené metastazy

M1 vzdalené metastazy

Stadia dle TNM

Stadium | T1 NO MO
Stadium I T2 NO MO
Stadium 111 T3 NO MO

T1,T2, T3 N1 MO
Stadium IV T4 jakékoliv N MO

Jakékoliv T jakékoliv N M1

G-Histopatologicky grading

GX stupen diferenciace nelze hodnotit
G1 dobre diferencovany
G2 stfedné diferencovany

G3-4  nizce diferencovany/nediferencovany

5.4 Moderni trendy v laboratorni diagnostice

Jak jiz bylo fe¢eno, nemame do dnesni doby dostateé¢né validni marker z periferni krve ¢i
moce, ktery bychom mohli vyuzit pro diagnostiku RCC ¢i pro prokazani relapsu/ progrese
onemocnéni. Presto diky inovacim v molekuldrné-genetické diagnostice mlizeme popsat
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nékolik velmi slibnych molekul, které snad v budoucnu najdou své misto v diagnostice RCC.
Didakticky rozdélime tyto molekuly na dvé skupiny dle odbérové tekutiny (krev, moc),
uvadime jen velmi stru¢ny prehled.

5.4.1 Vysetieni periferni krve (sérové biomarkery)
TRAF-1 (Tumor Necrosis Factor Receptor-Associated Factor 1)

Tento adaptorovy protein se Ucastni proliferace, diferenciace a preZiti bunék (pusobi
antiapopticky), je soucasti E3 ubigiutin ligdsového komplexu (podili se napt. na ubiqiutinizaci
MAP3K14). V séru pacientd s RCC ve srovnani se zdravymi kontrolami byla prokazana jeho
signifikantné zvysena hladina (72).

Heat Shock Protein 27 (Hsp27)

Hsp27 patfi mezi tzv. chaperony, cozZ jsou proteiny nutné k formaci tercidrni strukrury jinych
proteinl. Pro jejich spravnou funkci je totiz nutna jak primarni struktura, tak ale i jejich
prostorové usporadani. Poruchy v tercidrni struktufe proteini mohou vést jak k jejich
snizené, tak i ke zvySené aktivité. Tento chaperon je zvySené exprimovdn za stresovych
podminek (hypoxie, zanét). MlZeme ho prokazat jak v séru, tak v moci u pacientd s RCC.
Jeho hladina byla signifikantné vyssi nez u zdravych kontrol (73).

TRAIL (TNF-Related Apoptozis Inducing Factor)

TRAIL fadime k proteinlim rodiny TNF. Je schopen vazat se na 5 rlznych receptor(, které
maji agonistické (napf. TRAIL-R1/DR4) nebo antagonistické funkce (napf.TRAIL-
R3/DcR1/TRID). Hlavni funkci TRAIL je indukce procesu apoptdzy. Hladina tohoto proteinu je
vséru pacientd s RCC ve srovnani skontrolami snizend a ma dle nékterych praci i
prognosticky charakter (74).

M-65

M-65 je solubilni ¢ast cytokeratinu 18 a predstavuje degradacéni produkt apoptézy a/nebo
nekrézy. Predpoklada se, Ze by v budoucnu mohl slouZit jako prognosticky a prediktivni
faktor rliznych solidnich nddorovych onemocnéni a jejich odpovédi na |écbu. Dle nékterych
studii je zvySeny v séru u pacienti s RCC a md snad taktéz i prognostickou vahu (75).

PHD3 (Prolyl Hydroxylasa-3)

Tato hydroxyldza je jednou z mnoha proteind nutnych khydroxylaci HIF, ktery je pak
nasledné rozpoznan komplexem VHL a degradovan. Jeji zvySené hladiny nachazime opét u
pacientd s RCC ve srovnani se zdravymi kontrolami (76).

MiR-378 a miR-210
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Role miR-210 jako hlavni miRNA spjaté s hypoxickymi dé&ji byla zminéna vySe, miR-378 taktéz
velmi slozité (prevdiné positivné) reguluje procesy angiogeneze, invazivity a proliferace.
Fedorko a kol. prokazali, Zze signifikantné zvySené sérové hladiny obou téchto miRNA
nachdazime u pacientd s RCC, k jejich poklesu dochazi po operaci primarniho tumoru a
dokonce, Ze jejich hladiny positivné koreluji se stddiem onemocnéni a DFS (disease-free
survival) (77).

Cirkulujici nadorové bunky (CTC, circulating tumor cells)

Cirkulujici nadorové bunky mohou byt jak zndmkami metastazovani, tak se ale zkouma jejich
diagnostickda hodnota u RCC (kromé dalsi role v hodnoceni lé¢ebné odpovédi). Systém
CELLSEARCH® byl vyvinut k detekci a méreni CTC, u pacientd s RCC vsak zatim nardzime na
obecné nizsi expresi cytokeratinu (8, 18+ a/nebo 19+) burikami RCC, ktery je systémem
CELLSEARCH® kromé jinych antigenu (napf. EpCAM) vyuzivan k detekci CTC (78).

5.4.2 Vysetieni moce (mocové biomarkery)
NMP-22 (Nuclear Matrix Proteins-22 )

Tento komplex proteinl je soucasti struktury bunééného jadra a je dullezity pro replikaci.
Sérova vysetfeni PSA a mocového NMP-22 byly schvaleny FDA k diagnostice nadoru
prostaty. Ukazuje se vsak, Ze hladina NMP-22 je v moci zvySenad i u pacientl s RCC (79).

NGAL (Neutrophil Gelatinase-Associated Lipocalin)

NGAL chrani matrixovou metaloproteinazu 9 (MMP-9) pred degradaci a zvysuje jeji aktivitu,
nasledné pak dochazi k zvyseni difuze a invazivité bunék (zanétlivych nebo nadorovych). Jeho
zvySené hladiny nachazime dle nékterych studii v moci u pacientl s RCC, dokonce muze byt
spojena s vysSim gradem onemocnéni (80).

KIM-1 ( Kidney Injury Molecule-1)

KIM-1 patfi mezi transmembranovy protein, jeho exprese je zvySené exprimovana
v proximalnim tubulu ledviny pfi akutnich, ale i chronickych ischémiich, nebo po toxickém
insultu ledviny. Kromé toho vsak jeho zvy$ené mnozstvi v moc¢i mlze znamenat pritomnost
RCC (81).

AQP-1 (Aquaporin-1) a PLIN2 (Perilipin 2)

| tyto proteiny jsou pritomny v moci pacientd s RCC, vyhodou obou téchto marker( je
predevsim skuteénost, Ze nejsou ovlivnény jinymi nenddorovymi onemocnénimi ledvin
(glomerulonefritidy, infekce a jiné). Mohou téZ byt ve vztahu s velikosti a gradem tumori
(82).

piR-823 (PIWI-interacting RNAs, piRNAs)
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Jedna se o regulacni RNA ovliviujici PIWI proteiny, které maiji roli v diferenciaci zarodecnych
a kmenovych bunék. Dle studie lieva a kol. je exprese piR-823 (PIWI-interacting RNAs,
piRNAs) signifikantné snizend v nddorové tkani pacientl s RCC pfi srovnani s nenddorovou
rendlni tkani, koncentrace této piRNA v séru vSak neni statisticky vyznamné odliSna pfi
srovnani pacientl s RCC a zdravych kontrol. Na druhou stranu vSak koncentrace piR-823 byla
signifikantné vyssi v moci pacientd s RCC v porovnani se zdravymi kontrolami (p=0,0157)(83).

5.5 Monitorace metastatického renalniho karcinomu

Pacienti s mRCC se sleduji na zakladé typu zvolené strategie l1é¢by. Pokud se zvoli strategie
watch and wait, je mozné pacienta sledovat s frekvenci presetfeni & 3-4 mésice, po uplynuti
dvou let je moZné tento interval prodlouzit na 6 mésicu i vice (57). JestliZze pacienti dostavaji
cilenou Ié€bu nebo imunoterapii, provadime presetieni pfisluSnymi zobrazovacimi metodami
(nejéastéji CT vysetifeni, mozno vSak i MRI, PET/CT ¢&i UZ, neni vylouéen ani prosty snimek
plic) s frekvenci nejcastéji 4 3 mésice. Zatimco u cilené terapie musime tuto lé¢bu pfi
progresi onemocnéni ukoncit, u imunoterapie je vhodné provést kontrolni zobrazovaci
vySetfeni k vylouceni pseudoprogrese onemocnéni za 6-8 tydnl. Pokud se pfitomto
kontrolnim vySetfeni neprokdze dalSi progrese onemocnéni, je moziné s imunoterapii
pokracovat. Bylo totiz prokazano, Ze tito pacienti z imunoterapie signifikantné benefituji ve
srovnani s pacienty, ktefi pfi prvni zjiSténé progresi onemocnéni v |écbé nepokracuji
(54,57,59). Validni laboratorni markery ke sledovani ucinnosti |écby mRCC nemame
k dispozici.

5.6 Vlastni prispévek k problematice

Nas vyzkum se soustredi predevsim na miRNA a jejich reguldtor( ve vztahu k diagnostice
RCC, provadime vyzkum jak séra, tak také moce.

V prvni nasi praci ,,Circulating miR-378 and miR-451 in serum are potential biomarkers for
renal cell carcinoma” (pfiloha 11.5) (84) jsme zkoumali v prvni fazi studie expresni hladiny
667 miRNA v séru pacientl (pt) s RCC (15 pacientd) ve srovnani se zdravymi kontrolami (12
pt), ve validaéni fazi studie jsem pak vybrané miRNA z prvni faze analyzovali na vétSim
souboru pacientl (RCC 90 pt, zdravé kontroly 35 pt). V prvni fazi jsme identifikovali celkem
30miRNA, ktery byly statisticky vyznamné zvySené exprimovany v séru pacienti s RCC, 11
bylo snizené exprimovano. Do druhé faze jsme pak vybrali 3 miRNA k dalsi analyze (miR-378,
miR-451 a miR-150). Prokazali jsme, Ze miR-378 byla signifikantné zvysené exprimovana u pt
s RCC pfi srovnani se zdravymi kontrolami (p=0,0003), kdezto miR-451 byla snizené
exprimovana u pt s RCC (p<0,0001). Vysetreni sérovych hladin téchto dvou miRNA je velmi
slibné a predpoklada se jeho vyuziti v budoucnosti (84).

V druhé nasi praci ,,Detection of let-7 miRNAs in urine supernatant as potential diagnostic
approach in non-metastatic clear-cell renal cell carcinoma“ (pfiloha 11.6) (85) jsme
analyzovali rodinu let-7 miRNA v mocovém supernatantu. Zjistili jsme, Ze vSichni ¢lenové
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této rodiny miRNA (let-7a, let-7b, let-7c, let-7d, let-7e a let-7g) byly pfitomni v moci v
signifikantné zvysenych koncentracich ve srovnani se zdravymi kontrolami. V nasledné ROC
(Receiver Operating Characteristic) analyze jsme prokazali, Ze ze Sesti ¢lenl rodiny let-7
miRNA je let-7a superiorni nad zbylymi ¢leny této rodiny k detekci RCC v moc¢i a predstavuje
tak dalsi slibny marker v rdmci neinvazivni diagnostiky (85).

6 Stanoveni progndzy metastatického rendlniho karcinomu

Prognostické faktory a z nich odvozené modely slouzi k odhadu prognézy pacienta s mRCC a
lepSimu cileni terapie, resp. u pacientl bez metastdz k presnéjSimu planovani vysSetreni
v ramci sledovani. Jen zminime, Ze v ramci skupiny pacientll bez metastaz ¢i bez lokalné
pokrocilého inoperabilniho onemocnéni vyuzivdame nejcastéji dva systémy (UISS a SSIGN)
(86,87). U pacientd s mRCC se pouzivaji rlizné prognostické systémy, do nedavné minulosti
byl nejvice uzivan model dle MSKCC (Memorial Sloan Kettering Cancer Center), nové se vsak
¢im dale vice uZiva skorovani dle IMDC (International Metastatic Renal Cell Carcinoma
Database Consortium)- viz dale. V budoucnu se vSak ocekava zaclenéni predevsim
molekuldrnich prognostickych faktor(i do stdvajicich modell. | pres veskeré nedokonalosti
TNM klasifikace z roku 2009 a stanoveni gradu nadord dle Fuhrmanové stale plati, Ze tyto
parametry jsou velmi Uzce spjaté s progndzou pacientt s RCC (88,89).

6.1 Prognostické faktory a modely

Motzer a kol. vroce 1999 predstavili prognosticky model, ktery se tykal odhadu OS u
pacientd s mRCC Iécenych IFN-a, tento model byl autorem aktualizovan v roce 2002, 2004 a
2008 (rok 2008 byl érou cilené terapie, zde vSak stanovena pravdépodobnost 12ti mési¢niho
PFS) - jednotlivé faktory jsou vtab.¢. 2 (90-93). Pacienti jsou dle poctu rizikovych faktoru
rozdéleni do tfi rizikovych skupin (dobra, stfedni a Spatnd prognostickd skupina) s rdznymi
0S. V soucasné dobé se vsak castéji pouzivd model dle IMDC , jednotlivé faktory tohoto
modelu byly analyzovany na souboru pacientl lIé¢enych cilenou terapii a byly jiZ mnohokrat
externé validovany jak pro pacienty v prvni, tak ve vyssich liniich paliativni 1é¢by, dokonce i
pro pacienty s non-CCRCC- faktory. Odhady OS tohoto modelu jsou shrnuty v tab.¢. 3 (94).
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Tab.¢. 2: Prognostické modely dle MSKCC 1999, 2002,2004 a 2008 (90-93):

KPS < 80%

KPS < 80%

KPS < 80%

ECOGPSOvs1

Hem < pod normu

Hem < pod normu

Hem < pod normu

Hem < pod normu

Kor.vapnik> nad
normu

LDH>1,5xhorni
hranice normy

Korig.vapnik v séru>
nad normu

Korig.vapnik v séru>
nad normu

Korig.vapnik v séru>
nad normu

Prit.nefrektomie

Doba o diagndzy do
[écby

LDH> 1,5 x horni
hranice normy

LDH> 1,5 x horni
hranice normy

Pocet mts.mist

Jaterni a/nebo plicni
meta

Pritomnost Ci
nepritomnost
nefrektomie

Doba od diagndzy do
[éCby IFN- a (< 1 rok)

Trombocytoza

ALP > normu

Zkratky: MSKCC a LDH v textu; hem- hemoglobin, ECOG - Eastern Cooperative Oncology

Group, PS- performance status, KPS- Karnofsky performance status
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Tab. €. 3: IMDC prognosticky model (Heng a kol.) (94):

1. KPS < 80% Skupina s dobrou
rognozou (0
2. Hem < norma S i (, nebyl dosazen 75%
prognostickych
3. Korig.vapnik v faktora), 133 pt

séru> nad normu

4. Doba od diagnodzy | skupina se stfedni
do lecby (< 1 rok) prognézou (1 nebo 27 mésict 53%

5. Abs. pocet 2 faktory), 301pt

neutrofild > norma

Skupina se Spatnou
progndzou (3a vice 8,8 mésicl 7%
faktora), 152 pt

6. Trombocyty >
norma

Z uvedenych faktor( je patrné, Ze se jednd o klinické a laboratorni parametry pacientu
s mRCC. Je pozoruhodné, jak tyto faktory (vétSinou jsou to zndmky agresivity onemocnéni
prostrednictvim prozanétlivého plsobeni cytokinl a jinych stimulaénich molekul) jsou validni
v dobé imunoterapie a cilené terapii ,Sité“ na miru pacienta, bez ohledu na histologicky
podtyp RCC (39,95).

6.2 Moderni trendy ve stanoveni progndzy

V zasadé se jedna o pouziti molekularnich tkanovych, sérovych a mocovych faktorl, pomoci
nich se snazime upresnit progndzu pacientl. Néktefi autofi se snazi o jejich zac¢lenénych do
vysSe uvedenych prognostickych modeld (96-98).

6.2.1 Tkanové biomarkery

Vzhledem kvyznamné roli porusené funkce proteinu VHL a z ni vyplyvajicich zmén
v hladindch HIF se predpokladalo, Ze miry exprese marker( téchto budou mit vztah k
progndze pacientl s RCC. Ukdazalo se vsak, Ze studie zkoumajici vliv pfitomnosti poSkozeného
genu pro VHL jsou zatim rozporuplné, predpoklada se vsak, Ze jeho pfitomnost znamend u
pacientd s CCRCC v L.-lll. stddiu prodlouzeni OS. Na druhou stranu je exprese HIF-a
povaZovana za jednoznacné negativni prognosticky faktor u pacient s CCRCC, OS je v mnoha
studiich u pacientll s mRCC zkraceno pfi jeho vysoké expresi (99). ZvySenad exprese VEGF
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byva spojena s vyssSim nukledrnim gradem tumord, zatimco u CCRCC studie neprokazaly
jednoznaéné vztah ke zkrdcenému prefziti, jiné je to u papilarniho RCC, kde exprese VEGF
byla positivhé spojena s vyssim gradem nddor(, velikosti prima a hypervaskularitou (97).
Role karbonické anhydrazy IX (CAIX) za hypoxickych podminek byla jiz zminéna vyse, je
zajimavé, Ze jeji zvySena pritomnost v tkanich RCC znamena, na rozdil od jinych malignit,
delSi DFS a OS a vice versa u lokalizovanych nador(. Pokud se u pacientll objevi metastazy
RCC, dochdzi ke snizeni exprese CAIX. V ére IéCby pacientli s mRCC cytokiny (pfedevsim IL-2)
pak byla zvySend exprese CAIX spojena svyssim ORR (97, 100). Dalsim zkoumanym
markerem byl tumor-supresorovy gen p53, pti jeho zvySené expresi se sice prodluzuje OS, ne
vSak ndadorové-specifickd mortalita. Navic jeho dynamika-zvySujici se exprese- je
signifikantné spojena s horsi progndzou a vznikem metastdz (96, 97). Ligand B7-H1 je ¢lenem
rodiny B7, tyto glykoproteiny maji velmi dulezitou roli v modulaci imunitni odpovédi
(ovlivnénim T-bunék). Pacienti bez exprese B7-H1 méli signifikantné vyssi 5ti-leté nddorové
specifické preZiti a to i po adjustaci na TNM klasifikaci, grade tumord a Kl status (97). Protein
p21 ma dulezZitou regulaéni funkci v bunécném cyklu a apoptdze, u pacient(ll s lokalizovanym
RCC byly jeho zvysSené hladiny spojené s delSim preZitim, naopak u mRCC s kratSim prezitim
(97). Dale jiz jen zminime negativni prognosticky vliv vysoké exprese genl pro Ki-67, MMP-2,
MMP-9, vimentin, fascin, survivin, B7-H1 a napfiklad snizené exprese genu pro PTEN
(99,101).

6.2.2 Sérové biomarkery

Potencionalni prognosticky vyznam sérovych hladin TRAIL, M-65, miR-378 a miR210 byl jiz
popsan vyse, nyni jesté popiseme dalsi potencionalni krevni/sérové faktory. Trombocytéza a
neutrofilie jsou soucasti prognostického modelu dle IMDC, oba jsou nezavislymi
prognostickymi faktory zkracujicimi OS pacientl s mRCC. Predpoklada se, Ze jejich mnozstvi
je ovlivnéno cytokiny, které pfimo ¢i nepfimo produkuji nadorové buriky (94). Navic je
pfitomnost neutrofil( intratumordlné spojena s kratsim OS a nizS§im ORR (99). Vysoka hladina
tohoto VEGF v periferni krvi byla v nékterych studiich spojena s krat$im PFS a OS u pacientt s
mRCC, i kdyzZ jiné studie tyto zavéry nepotvrdily. Predpoklada se i analyticky problém, VEGF
hladiny byvaji totiz rozdilné v séru a plasmé (102-104). Sérovy amyloid A je pomérné
nespecificky marker (zvySeny je i u zdnétd, poranéni), zvySené hladiny nachazime u rady
agresivnich nadorovych onemocnéni, u RCC pacientl byla taktéZ nalezena positivni korelace
s kratSim OS a jeho vysokou hladinou (105). Sérovd a mocova hladina CAIX koreluje
s podtypy RCC (diference mezi CCRCC a non-CCRCC) a v nékterych studiich byl prokazan
signifikantni stav mezi sérovou vysokou hladinou CAIX a zkracenym QS, vysSim stadiem
onemocnéni a vétSim primarnim tumorem (106, 107). Jiné studie vsak tuto korelaci
neprokazaly (108).
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6.2.3 Mocové markery

MozZnost vyuZiti mocovych hladin NGAL, AQP-1, PLIN2, CAIX byla popsana v kapitole 5.4.2,
z dalSich jen uvedeme, Ze jsou v planu studie k ovéreni prognostického vlivu mocové hladiny
NMP-22.

6.3 Vlastni prispévek k problematice

V nasich pracich jsme se sousttedili na validaci zndmych prognostickych faktord a modeld na
souboru pacientll s mRCC lé¢enych v CR, &erpali jsme jak z vlastniho souboru pacientd
v MOU, tak ale i zregistru RenlS. V oblasti laboratornich marker&l jsme pak analyzovali
predevsim korelace mezi hladinami riznych miRNA a moznostech predikce median( PFS a
OsS.

Vjiz zminéné praci ,Epidemiologicka a klinicko-patologicka charakteristika pacientli s
renalnim karcinomem: analyza 544 pfipadl z jednoho centra ,, (viz pfiloha 11.1.) (6) jsme
pfi aplikaci IMDC prognostického modelu na pacientech s mRCC v MOU dosahli podobnych
vysledkll ohledné pravdépodobnosti 2-letého OS jako autofi tohoto modelu. V dobré
prognostické skupiné to bylo 76,1% (IMDC-75%) a ve stfedni pak 41,4% (IMDC- 53%) v ramci
prvni linie |éCby (6).

V praci ,,Comparison of two prognostic models in patients with metastatic renal cancer
treated with sunitinib:a retrospective, registry-based study” jsme na 495 pacientech
[é€enych sunitinibem z registru RenlS porovnavali MSKCC prognosticky model a IMDC model.
Zjistili jsme, Ze oba modely jsou validni a pouZitelné na populaci nasich pacienti. Model
IMDC zpfesnil progndzu nasich pacientd, vice nez 54% pt ze skupiny se Spatnou progndzou a
20% pt ze skupiny se stfedni progndzou dle MSKCC byla preklasifikovdano dle IMDC na
skupiny s prognézou stfedni a dobrou. Po této zméné se prodlouZilo OS (v dobré
prognostické, resp. stfedni prognostické skupiné dle preklasifikovaného systému z MSKCC na
IMDC: z 28,5 mésice na 44,3 mésice, resp. z 10,6 mésicl na 15,8 mésice) (109).

Ve studii ,, Expression of miRNA-106b in conventional renal cell carcinoma is a potential
marker for prediction of early metastasis after nephrectomy” jsme prokazali, Ze zvysena
hladina miR-106b je typicka pro tkané RCC (ve srovnani s nenadorovou renalni tkani, studie
38 pt) a navic jeji zvysena hladina signifikantné koreluje dobou do relapsu onemocnéni (RFS,
relaps free survival) (p=0,032) (110). Tato miRNA tak predstavuje nadéjny marker pro dalsi
vyzkum v rdmci odhad(l prognézy pacientt s RCC.

V dalsi podobné studii ,Identification of MicroRNAs associated with early relapse after
nephrectomy in renal cell carcinoma patients” jsme analyzovali tkdné RCC pacient(l bez
relapsu RCC, s relapsem RCC a primdrné metastatické pacienty (celkem 77 pt, bez relapsu-37
pt, s relapsem 22pt, s primarné mRCC-18 pt). Zjistili jsme, Ze statisticky vyznamna korelace
mezi RFS a sniZzené hladiny byla pfitomna u téchto miRNA: miR-145 (p=0,05), miR-126
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(p=0,015) a miR-127-3p (p=0,014). Hladiny téchto miRNA byly nejnizSi u primarné
metastazovanych pacientd (111). Spolu s miR-106b pak mohou byt i tyto miRNA dale
zkoumany v studiich jako slibné prognostické faktory umoziujici napf. prisnéjsi folow-up
pacientl po operaci RCC.

Role EMT v progresi a metastazovani RCC byla jiz zminéna. Je to nesmirné slozity déj s
mnoha regulacnimi mechanismy. V praci , Epithelial-mesenchymal transition-associated
microRNA/mRNA signature is linked to metastasis and prognosis in clear-cell renal cell
carcinoma“” jsme analyzovali opét tkané RCC (prima i metastazy, 230 pt), zkoumali jsme jak
miRNA, tak ale i mRNA, které jsou spojeny s EMT. Studie byla rozdélena do tfi fazi
(vyzkumna, zkuSebni a validacni), cilem bylo vytvofit prognosticky model slozeny z rGzné
exprimovanych miRNA a mRNA (up nebo down exprese). Vysledkem byl model sloZzeny z 5ti
miRNA (miR-200a, miR-200b, miR-200c, miR-429 a miR-30a-3p; snizena exprese—> horsi
progndza) a 3 genu (CDH1, PAPSS2 a C3orf52; snizené exprese—> horsi progndza), ktery
umoznil rozdéleni pacientli do skupiny nizkého a vysokého rizika se statisticky vyznamné
zkracenym OS (p<0,0032), coZz vbudoucnu opét muize pomoci k modifikaci sledovani
pacientl po operaci RCC v rdmci v€asného podchyceni relapsu (112). Na tuto praci jsme pak
navazali vyzkumem miR-429, ktera je zapojena do procesd EMT prostfednictvim predevsim
TGF-B, ktery negativné ovliviiuje expresi E-cadherinu. Ztrata E-cadherinu je jednim z hlavnich
rysi EMT. V praci ,,MiR-429 is linked to metastasis and poor prognosis in renal cell
carcinoma by affecting epithelial-mesenchymal transition” byla jeji hladina snizena
v tkdnich RCC (prima i metastazy, dokonce v metastazach je vice snizena nez v primdarnim
RCC) ve srovndani s nenadorovou renalni tkani, a navic jeji snizend hladina negativné koreluje
se stadiem onemocnéni (stadium I+l vs. llI+IV., p<0,0001) a gradem dle Fuhrmanové (grade
1+2 vs. grade 3+4, p<0,0001). Zvysené hladiny této miRNA pak méli pacienti s delSim DFS
(p=0,0105) a OS (p=0,002). In vitro jsme pak prokazali, Ze renalni nadorové bunécné linie
786-0 po transfekci miR-429 a nasledné aplikaci TGF-B zvySily hladiny E-cadherinu pfi
srovnani s liniemi jen s TGF-B (p<0,0001) (113). Tedy i tato miRNA se jevi jako velmi nadéjna
pro dalsi vyzkum v rdmci molekularnich prognostickych faktoru.

Posledni praci, kde jsme zkoumali moZzné prognostické molekularni faktory, je , Decreased
expression levels of PIWIL1, PIWIL2, and PIWIL4 are associated with worse survival in renal
cell carcinoma patients“. Role protein( PIWI byla jiz zminéna vyse, zde jen pfipomeneme, Ze
patii do Argonautové rodiny a jsou schopné vazat piRNA (dalsi regulacni, nekddujici RNA).
Kromé toho, Ze jsme prokazali signifikantné nizsi exprese proteind PIWIL1 a piR-823
v nadorové tkani oproti nenadorové rendlni tkani (p<0,0001 a p=0,0001), tak jsme v dalsi fazi
této studie zjistili, Ze snizené exprese PIWIL1 (p=0,009), PIWIL2 (p<0,0001) a PIWIL4
(p=0,0065) jsou spojeny s kratsim OS a tedy horsi progndzou pacient(i s RCC. Exprese PIWIL2
a PIWILA se sniZovala se zvysujicim se gradem tumor( dle Fuhrmanové. Z uvedeného tedy
vyplyva, Ze hladina rodiny proteini PIWI je ve tkanich RCC sniZzena a tato suprese koreluje
s agresivnim chovanim nador( a horSim prezivanim pacient(i (114).
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7 Terapeutické moznosti metastatického renalniho karcinomu

Stéle plati, Ze mRCC je onemocnéni nevylécitelné, veskerd IéCba je s paliativnim zamérem.
Pokud je toto onemocnéni i ve fazi metastaz resekabilni, méla by se vidy zvazit
metastazektomie. Je vSak nutno dodrzovat kritéria, kterd se mirné lisi dle riznych odbornych
spole¢nosti. V zdsadé vsak plati, Ze by se tato operace méla doporucit pacientim s vizi
totdlni resekce loZisek (RO resekce), pfi jejich omezeném poctu (liSi se dle postiZzenych
organu), pfi postizeni maximalné dvou orgdnovych systém( a u pacient(i v dobrém klinickém
stavu (KI 90-100%). TaktéZz otdzka cytoreduktivni nefrektomie neni v éfe moderni terapie
mRCC stdle vyjasnéna, je tfeba vyckat vysledkl prospektivnich studii — SURTIME a CARMENA
(115-116).

AZ do roku 2005 byla systémova lécba mRCC vysoce paliativni s nizkym ORR, kratkymi PFS a
0S, u nejucinnéjsiho rezimu dle Atzpodiena (kombinace cytokinG IL-2+ IFN-a-2a+
fluorouracil, nékdy s retiniody) se pohyboval ORR mezi 26-31% a pravdépodobnosti 2-letého,
Sti-letého a 13ti-letého preziti byly 45%, 16% a 9% (117). ReZim to byl vSak velmi toxicky, jen
malo pacientd ho podstoupilo v davkach uvedenych v Atzpodienové studii. Pomoci
vysokodavkovaného IL-2 (v minulosti pouZivany v Severni Americe) se u 5-10% pt dosahlo
dlouhodobé odpovédi trvajici po mnoho let (medidan RFS byl 54 mésict u pacientl, kteri
dosahli CR a PR), rezim se vSak v dnesni dobé, predevsim pro toxicitu, povaZuje za obsoletni
(118). Zlomem v [é¢b& mRCC se stal v CR rok 2006, kdy jsme mohli za&it pouzivat standardné
cilenou terapii- tyrozinkindzové inhibitory a mTOR inhibitory, které jsou schopny jak zvysit
ORR, tak i prodlouZit PFS a OS nasich pacient( ve srovnani s cytokiny.

7.1 Soucasna lééba metastatického renalniho karcinomu

V soucasné dobé mame v CR standardné k dispozici pro pacienty s mRCC v rdmci prvni linie
IéCby tyto tyrozinkinazové inhibitory ovliviiujici predevsim signdini kaskddu VEGF: sunitinib,
pazopanib a dnes jiz malo indikovany sorafenib. Kombinace bevacizumabu s IFN-a je taktéz
malo pouZivana pro nutnost intravenozniho (resp. subkutdnniho) podani a pro vyssi cenu
této lécby. U pacientll ve Spatné prognostické skupiné dle MSKCC 2002 (nebo |épe dle
Hudese 2007) je pak indikovan mTOR inhibitor temsirolimus. V druhé linii paliativni |écby
pouzivame standardné everolimus (mTOR inhibitor) nebo axitinib (tyrozinkindzovy inhibitor)
¢i sunitinib. Od roku 2017 mame jiz standardné dostupny klécbé pro tyto pacienty
checkpoint inhibitor nivolumab. Pokud je pacient v klinickém stavu umoznujicim podani treti
linie |éCby, zvaZzujeme everolimus, nivolumab a sorafenib (po schvéleni 1é¢by platcem péce).
Uhradu nového tyrozinkinazového inhibitoru kabozantinibu (2. linie 1é¢by) teprve oéekdvame
(kvéten 2018). O tom, ktery z preparatl pouzijeme u konkrétniho pacienta, rozhoduiji klinicky
stav a laboratorni parametry pacienta, jeho interkurence a prani (dle rdzného profilu
nezadoucich Gcinkd), mozZnosti potencionalni operability loZisek, zkuSenosti pracovisté a
dostupnost studii s novymi Iéky (Ucast pacienta v klinickém trialu neni chybou v jakékoliv fazi
mRCC). Cilend terapie by tak méla byt predevsim ,3ita“ na miru konkrétniho pacienta, je
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nutné téz dodrZovat aktualni doporuceni onkologickych spolecnosti a podminky platce
zdravotni péce (119-120).

7.1.1 Tyrozinkinazové inhibitory

Prvnim preparatem ze skupiny TKI, ktery jsme méli v CR k dispozici, byl sunitinib. Standardné
je dostupny pro pacienty v dobré ¢&i stfedni prognostické skupiné dle MSKCC v CR od roku
2007. Jeho schvdleni bylo na zakladé studie lll.faze porovnavajici Gcinnost sunitinibu u 750
pacientl s mRCC v prvni linii paliativni |écby proti IFN-a. Ve studii byl povolen cross-over,
mediany PFS byly pak u sunitinibu vs. IFN-a 11 mésict vs. 5 mésict (p<0,001), ORR pak 47%
vs. 12% (p<0,001) a medidny OS pak 26,4 mésicd vs. 21,8 mésice (p=0,049). Nebyly
zaznamendny rozdily vPFS a OS mezi testovanymi prepardty u pacientd ve Spatné
prognostické skupiné dle MSKCC (zde bylo vSak jen 48 pt). Sunitinib se tak na dlouho dobu
stal zlatym standardem v |é¢bé mRCC (121).

Druhym TKI k dispozici byl od roku 2007 sorafenib, ktery se nyni jiz v [ébé mRCC nepouziva,
proto ho jen okrajové zminujeme bez blizsiho komentare.

V roce 2010 jsme pak mohli pouzit k [éCbé pacientll s mRCC v dobré a stfedni prognostické
skupiné pazopanib, ktery ziskal svoji registraci na zdkladé studie lll.faze, kde doslo ke
srovnani pazopanibu vs. placeba jak u pacientd predlééenych cytokiny, tak i u
nepredlééenych pacientl. Cross-over byl i v této studii povolen. Medidny PFS a OS byly u
pazopanibu vs. placeba nepredlécenych pacientl 9,2 mésice vs. 4,2 mésice (p<0,0001) a 22,9
mésice a 20,5 mésich (p=0,224), ORR byl pak 30% vs. 3% (p<0,001) (122). O tom, ktery
z preparatli se ma preferovat u pacientl v prvni linii 1é¢by (sunitinib vs. pazopanib, sun vs.
paz) se vedli dlouhodobé spory, data z prospektivnich i retrospektivnich studii vSak ukazala,
Ze oba preparaty jsou ohledné ucinnosti (ORR, PFS a OS) plné ekvivalentni, rozdily jsou pouze
v toxicité. Tedy o indikaci daného preparatu by pak mélo byt rozhodnuto na zakladé
interkurenci pacienta, jeho stavu a prani, mistem metastaz atd. (123).

Dalsi moznosti |écby pacientd s mRCC je kombinace bevacizumabu s IFN-a, kterd prokazala
svoji ucinnost ve dvou prospektivnich studiich Ill.faze. Vyssi cena této kombinace a nutnost
intravenozni aplikace bevacizumabu (resp. podkozni u IFN-a) s nutnosti ¢astéjSich navstév
pacientl v nemocnicnim zafizeni vsak zpUsobily minimalni indikovani této terapie (123-125).

Ve druhé linii paliativni Ié¢by mizZeme, kromé nize uvedeného everolimu, pouzit axitinib, coz
je TKI ,druhé generace”. Jjeho registrace probéhla na zakladé studie AXIS, kde byl
komparovan se sorafenibem u pacientdl s mRCC po selhdni prvni linie [éCby (sun, bev+IFN-a,
temsirolimus nebo cytokiny). Do studie bylo zafazeno celkem 723 pacient(i, mediany PFS a
OS axitinibu vs. sorafenibu byly 6,7 mésice vs. 4,7 mésice (p<0,0001) a 20,1 mésice vs. 19,2
mésice (p=0,3744), ORR pak byly 19,4% vs. 9,4% (p=0,0001) (126).
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7.1.2 mTOR inhibitory

V prvni linii [é¢by u pacientl ve Spatné prognostické skupiné dle Hudese se dle indikacnich
omezeni platce pouziva temsirolimus a to na zakladé registracni studie Ill.faze, kde se
porovnaval temsirolimus samotny vs. temsirolimus v kombinaci s IFN-a vs. samotny IFN-a.
Do studie bylo zafazeno celkem 623 pacientl, prokazalo se, Ze temsirolimus statisticky
vyznamné prodluZuje PFS a OS ve srovnani s IFN-a (PFS- 5,5 mésice vs. 3,1 mésice a OS- 10,9
mésice vs. 7,3 mésice) a stal se tak standardem v CR pro pacienty ve $patné prognostické
skupiné (127). Postupem doby se ukdzalo, Ze u této prognosticky nepfiznivé skupiny jsou
ucinné i pazopanib a sunitinib, ty viak v této indikaci nemaji v CR Uhradu ze zdkonného
zdravotniho pojisténi (57).

Everolimus je indikovan pro pacienty ve druhé a vyssi linii cilené terapie na zakladé
prospektivni randomizované studie faze Ill RECORD-1, kdy byl srovndvan s placebem. Median
PFS byl v celé studiové populaci 4,9 mésice u everolimu a 1,9 mésice u placeba (p< 0,001).
Mediany OS pak byly 14,8 mésice, resp. 14,4 mésice- rozdily nebyly statisticky vyznamné
(p=0,162; cross-over byl ve studii povolen, doslo k nému u 80% pacientd randomizovanych
do ramene s placebem). Je potfeba si vSak uvédomit, Ze do studie byli zafazeni pacienti, ktefi
dostdvali studivou lé¢bu v 2. az 5.linii! Jen 89 pacientt (z celkovych 410) dostalo everolimus v
druhé linii |éCby. Pacienti, ktefi byli predléceni jen jednou linii cilené terapie ze skupiny
tyrozinkinazovych inhibitor( (TKI) faktoru VEGF, méli PFS 5,4 mésice vs. 1,9 mésice u placeba
(p<0,001). ORR v této studii byly u everolimu 1,8% a DCR 68,2% (DCR- disease control
rate=RR+SD), kdeZto u placeba to bylo 0% a 32,4% (128).

Ve treti linii 1é¢by, kterou ma jen 10-20% pacientl s mRCC, mGZeme standardné indikovat
everolimus ¢i v indikovanych ptipadech sorafenib, neni ani vylouc¢ena moznost reindukce jiz
pouzitym TKI (po schvaleni platcem zdravotni péce) (123).

Zjisténi superiority urcité sekvence lécby (tedy TKI-TKI-mTORi vs. TKI-mTORi-TKI) je
predmétem mnoha studii, data jsou zatim nejednoznacna (129).

7.1.3 Imunoterapie

Od roku 2017 muZeme pro pacienty s mRCC ve druhé nebo treti linii Ié¢by po selhani dvou
TKI (ne mTORi) standardné pouzit checkpoint inhibitor nivolumab. Registraci tento preparat
ziskal na zékladé studie lll. faze (CHECKMATE-025), kde se srovnaval nivolumab a everolimus
u pacientd s mRCC v ramci druhé, nebo treti linie |écby. Stratifikace pacientl (410 pt)
probéhla dle prognostickych skupin dle MSKCC (2004), geografického plvodu a poctu
predchozich linii |écby. Celkové preziti v ramci 26 mésicniho folow-up v rameni s
nivolumabem (nivo) bylo 26 meésicl, v rameni severolimem (eve) pak 19,7 mésice
(p=0,0006), mediany PFS se nelisily (4,6 mésicG u nivo vs. 4,4 mésice u everolimu; p=0,11).
ORR byl statisticky signifikantné vyssi u nivo (25%) nez u eve (5%) (p<0,001 ). Neprokazala se
souvislost mezi OS a expresi PD-L1. Bylo vSak prokdzano, Ze median OS pt Iécenych i pfes
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progresi onemocnéni je signifikantné delSi neZz u pacientd nelécenych pres progresi
onemocnéni: 28,1 mésice vs. 15 mésicl (p<0,001). Pravdépodobnosti jedno a dvou letého
preziti pacientl ve studii CHECKMATE- 025 jsou 76% a 52% (u eve 67% a 42%) (54).

7.1.4 Moderni trendy v lécbé

Tuto kapitolu uméle rozdélime na dvé ¢asti, v prvni ¢asti zminime novinku v cilené terapii
inhibujici rizné kindzy signalnich drah, v druhé pak kombinace cilené terapie s imunoterapii.

Z mnoha nadéjnych preparatl ze skupiny cilené IéCby, které se nyni zkousi v 1é¢bé u mRCC
(dovitinib, foretinib, sapaniserb, serabesilip) popiseme kabozantinib, ktery jiz ziskal registraci
v Evropské unii pro pacienty s mRCC ve druhé a tfeti linii paliativni l1é¢by, na Ghradu v CR
stdle ¢ekame. Jedna se o novy tyrozinkinazovy inhibitor, ktery vsak, kromé mnoha kindaz
signalni drahy VEGF, inhibuje také drahy AXL a MET. V nedavnych studiich bylo prokazano, ze
zvysSenou expresi gent AXL a MET nachazime u pacientl ve Spatné prognostické skupiné dle
MSKCC, ale téZ k ni dochazi pod vlivem dlouhodobé |éCby sunitinibem a muze tak byt
dlvodem sekundarni rezistence na tento lék. Jedna se tedy o alternativni drahy, kterymi
nadorova tkan prekonava lékem navozenou inhibici receptoru pro VEGF. Na xenograftech
tkdni rezistentnich na sunitinib byla opakované prokazana zvysend exprese AXL a MET pfi
srovnani s xenografty citlivych na sunitinib. V3e je zfejmé Fizeno nekodujicimi sekvencemi
RNA (130). Kabozantinib prokazal svoji ucinnost ve studii Ill.faze (METEOR), kde se srovnala
ucinnost a bezpecnost tohoto preparatu s everolimem. Vétsina pacientd méla jednu
predchozi linii 1éCby VEGFRi- 71% pt, 29% mélo dvé a vice linii [écby. Mediany PFS byly u
kabozantinibu 7,4 mésice, u everolimu 3,9 mésice (p<0,001), medidny OS pak byly 21,4
mésice vs. 16,5 mésice (p=0,00026). U kabozantinibu a everolimu nebyla zaznamendna ani
jedna CR, PR pak dosdhlo 24% pt vs. 4% pt, SD byla zaznamendna u 63% pt vs. 63% pt.
Kabozantinib byl Gcinny napfi¢ rizikovymi skupinami pacienti dle MSKCC, bez ohledu na
lokalizaci metastdz (efektivni i u pt s kostnimi metastazami- prognosticky nepfiznivy faktor)
(131). Z vySe uvedenych dat se nabizela mozZnost studie kabozantinibu v prvni linii mRCC,
prvni data pak pfinesla studie CABOSUN. Kabozantinib byl porovnavan se sunitinibem v
ramci prvni linie 1éCby u pacientl ve Spatné a stfedni prognostické skupiné. Kabozantinib pfi
srovnani se sunitinibem signifikantné prodlouzil PFS (8,2 mésice vs. 5,6 mésice, p=0,012) a
ORR byl také vyssi u pacientd s kabozantinibem (20% vs. 9%). Mediany OS pak byly 26,2
mésice vs. 21,2 mésice- zatim bez statisticky vyznamného rozdilu pfi medianu sledovani 20,8
mésice (p=0,29) (132). Jednalo se o studii Il. faze, uvidime tedy, zda v budoucnu pronikne
tento lék s naprosto jedineénym mechanismem ucinku i do prvni linie 1é¢by.

Imunoterapie checkpoint inhibitory vsoucasné dobé pronikda prakticky do vSech
onkologickych diagndz, zkousi se jak v paliativnich rezimech, tak i v adjuvantnich. U mRCC se
testuje predevsim kombinace rGznych checkpoint inhibitor( (nivolumab a ipilimumab), ale i

vvvvvv

kombinace, které se nyni zkousi ve studiich rlznych fazi u pacientd s mRCC.

37



Kombinace nivolumabu a ipilimumabu prokazala svoji u¢innost ve studii I.faze (CHECKMATE
016), proto byla tato kombinace porovnavana ve studii lll.faze se sunitinibem (CHECKMATE
214) u 550 pacientd s mRCC v prvni linii 1é¢by. U pacientl ve stfedni nebo Spatné
prognostické skupiné (dle IMDC) byl ORR 41,6% u kombinace vs. 26,5% u sunitinibu
(p<0,0001), mediany PFS pak byly 11,6 mésice vs. 8,4 mésice (p=0,03) a median OS pak nebyl
zatim dosazen u kombinace vs. 26,0 mésice (p<0,0001) u sunitnibu. Ve studii se dale
prokazalo, Ze kombinace neni U¢innéjsi nez sunitinib u dobré prognostické skupiny pacientt
a ze kombinace je uc¢innéjsi, pokud je pritomna zvySend exprese PD-L1 21% (133-134).

Dalsi nadéjnou kombinaci je bevacizumab s atezolizumabem, ve studii faze Il (IMMOTION
150) doslo ke srovnani atezolizumabu (atezo) v monoterapii vs. atezolizumabu v kombinaci
s bevacizumabem vs. sunitinibu u 305 nepredlécenych pacientd s mRCC. Mediany PFS byly u
kombinace atezo+bev vs. sunitinib 11,7 mésice vs. 8,4 mésice (p=0,982), ORR 32% vs. 29%. U
pacientl s expresi PD-L1 >1% pak byly medidny PFS 14,7 mésice vs. 7,8 mésice (p=0,095),
ORR vsak byl 46% vs. 27%. Pti srovnani pacientd s expresi PD-L1 >10% bylo HR pro PFS v
ramenech bev+atezo vs. sunitinib 0,23. Kombinace atezo+bev vs. sunitinib je nyni zkoumana
ve studii lll. faze u nepredlécenych pacientd s mRCC (IMMOTION 151, NCT02420821) (54).
Axitinib s anti-PD-1 protildtkou pembrolizumabem byly testovany ve studii faze | u 52
nepredlécenych pacientll s mRCC. CR byla dosazena u 5,8% pt, PR mélo 65,4% pt, SD pak
19,2% pt, kontrola onemocnéni byla tedy pfriblizné 90%! Opét v soucasné dobé probiha
studie Ill. faze porovndvajici uacinnost sunitinibu vs. axitinibu+pembrolizumabu u
nepredlécenych pt s mRCC (KYENOTE-426, NCT02853331). Dalsi kombinaci predstavuje
axitinib s avelumabem (humanni anti-PD-L1 protilatka)- studie JAVELIN Renal 100
(NCT02493751, faze 1). Do studie bylo zarazeno 55 nepredlécenych pt s mRCC: CR byla
dosazena u 5,5% pt, PR u 52,7% pt, SD pak u 20% pt, progrese onemocnéni byla pfitomna u
18,2% pt , tedy kontroly onemocnéni dosahlo 78,2% pt. Odpovédi byly opét dlouhodobé,
zvysend exprese PD-L1 > 1% nebo 25 % ale neméla vliv na pocet odpovédi. Na zakladé
téchto dat nyni taktéz probiha studie faze lll, srovnava se sunitinib s avelumabem+axitinibem
(JAVELIN Renal 101, NCT02684006). Velmi nadéjné se jevi téz studie kombinujici
kabozantinib + nivolumab s/nebo bez ipilimumabu (NCT02496208), dale lenvatinib +
pembrolizumab. Lenvatinib+pembrolizumab ve studii faze Ib/Il dosdhly u pacientl s
predlééenym mRCC 100% kontroly onemocnéni, z toho 50% pt mélo PR. Nyni bézi studie Il
faze testujici kombinaci lenvatinib+pembro vs. sunitinib vs. lenvatinib+everolimus u
nepredlééenych pacient s mRCC( NCT02811861) (135-137).

Je samozfejmé otazkou, zda vySe uvedené kombinace najdou uplatnéni v klinické praxi,
nezminili jsme totiz jejich pomérné velkou toxicitu a finanéni nakladnost.

7.1.5 Predikce lécebné odpovédi

Bohuzel v soucasné dobé nemame jediny dostatecné validni prediktivni faktor v rdmci |éCby
mRCC. Vysledky studii zkoumajici rlizné laboratorni a histopatologické markery jsou vétSinou
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rozporuplné, klinické a laboratorni markery (nejc¢astéji nezadouci ucinky lécby) predstavu;ji
velmi dobré voditko pro dalsi vedeni IéCby, ale odhad jejich vzniku pfed nasazenim lécby
neni samoziejmé mozny, tedy se nejednd o skutecné prediktivni faktory (slouzici
k rozhodnuti, zda a kterou Ié¢bu nasadit u konkrétniho pacienta).

Z mnoha zkoumanych sérovych a/nebo tkanovych prediktivnich faktord zminime expresi PD-
L1 v nadorové tkani. VySe uvedené studie (v odstavci o modernich trendech |éCby) sice
pfinesly rozporuplné vysledky ve statistické vyznamnosti vztahu miry exprese PD-L1 a
predikce odpvédi na lécbu checkpoint inhibitory, pfesto ¢asto pozorujeme zvyseni ORR a
prodlouzeni PFS s OS u pacientl s mRCC a vyssi expresi PD-L1 (PD-L1 exprese 21%, nejvice
pak u 25%) v mnoha klinickych trialech (IMMOTION, JAVELIN, CHECKMATE 214) (54).
Problémy ziejmé pfinasi technika a kvantifikace vySetfeni exprese PD-L1, svoji roli ma i
lokalizace vySetfované casti nddorové tkané, napf. primum vs. metastaza, lokalita v primu
(RCC je silné heterogenni) a metastaze (uzlina- okraj nadorové uzliny vs. jeji centrum) (138).
Dalsi laboratorni a histopatologické parametry, jako napf. hladina (a zmény) VEGF, HIF- a, IL-
8, osteopontinu a HGF, prokazaly v nékterych studiich, ze maji urcité prediktivni hodnoty, do
béZné praxe se vSak nedostaly (139).

Nezadouci ucinky cilené lécby jako napf. vyskyt arteridlni hypertenze, hypothyredzy,
leukopenie ¢i hand-foot syndrom maji prokazatelné u riznych preparatl prediktivni vyznam
(140-145). Problémem je, Ze se jedna o prediktivni faktory vyskytujici se az po nasazeni
lécby, tedy neumoznuji odhady efektivity 1é€by u urcitych pacientl pred jejim zahdjenim. Na
druhou stranu se jednd o velmi jednoducha voditka, jak moc byt intenzivni v 1é¢bé téchto
nezadoucich uUcink( a ,udrzeni” pacienta na lIécbé danym prepardtem ve vyssich davkach.

7.2 Vlastni prispévek k problematice

V naSich analyzach jsme se soustredili na validaci klinickych vystupl (efektivita Iécby,
toxicita, atd.) z nejriznéjSich studii (prospektivnich i retrospektivnich) na béiné populaci
pacientd v CR, zkoumali jsme jak neselektovanou populaci pacientl s mRCC, tak i specifické
skupiny pacientll (starSi pacienty, srenalni insuficienci). Diky registru RenlIS jsme méli
mimoradnou moznost retrospektivniho testovani Gcinnosti jednotlivych preparatd a jejich
nejriznéjSich sekvenci, efektl 1é¢by ve vztahu k preziti v rdznych liniich terapie a ovéreni
ucinnosti prognostickych modell v ére cilené terapie na velkych poctech pacientl. Zkoumali
jsme i pripadné vztahy neZadoucich ucinkd lécby a preziti. Diky spolupraci s védeckym
centrem CEITEC jsme provedli analyzu hladin miRNA a predikci |é¢ebné odpovédi.

7.2.1 Klinické studie a realna praxe

Prospektivni studie jsou pro klinickou praxi nenahraditelné, Uspéch studii lll. faze ¢asto vede
k registraci preparatu sjeho naslednym pouzivanim v realné praxi. Problémem je vsak
studiovd populace pacientl, vstupni kritéria studii vedou velmi ¢asto k selekci pacientd,
narocnost studie (vyssi poCty navstév v nemocni¢nim zafizeni, ¢astéjsi odbéry, atd.) pak
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muzZe i u lékare resiciho studii zpUsobit vyrazeni pacienta ze screeningu pro predpokladanou
snizenou compliance. Ve vyspélych zemich se jen 2% pacientd s onkologickym onemocnénim
dostane do klinickych studii. Navic soucasna terapie TKI pacientd s mRCC je lépe tolerovana
nez chemoterapie, coZ v béZné praxi vede k jeji ¢astéjsi indikaci i u pacient( starsich, s vice
interkurencemi a napf. i svice pokroCilym onemocnénim (146). Vroce 2015 byla
publikovana velmi zajimava studie, popisujici rozdily pacientll s mRCC z ,bézné praxe” proti
pacientim, kteri se zucastnili registracnich studii TKI a mTORi. Prokdazalo se, Ze pacienti
z bézné praxe jsou proti studiovym pacientim starsi pramérné o 4,1 roku (p<0,001), maji
vyssi pravdépodobnost 3 a vice metastatickym mist (17,1% vs. 10,1%) a jejich ECOG je Castéji
zhorseny (to znamena ECOG >1, 11,1% vs. 0,6%, p<0,001). Dale bylo zjisténo, Ze pacienti
z bézné praxe byli ¢astéji ve Spatné prognostické skupiné dle MSKCC (7,4% vs. 2,9%, p<0,001)
a méné Casto v dobré prognostické skupiné (43,8% vs. 30,6%, p<0,001) (147). Z uvedeného
vyplyvd, Ze jsou dvé mozZnosti jak ovéfit ucinnost novych prepardtl na bézné populaci
onkologickych pacientl. Prvni je ,zmékcéeni vstupnich kritérii studii (coz ale neni v praxi
mozné), druhou je peclivy sbér dat o pacientech z béziné klinické praxe lé¢enych moderni
terapii a jejich nasledna analyza a hodnoceni (cozZ je nas pfistup).

V nasi jiz zminéné praci , Patients with advanced and metastatic renal cell carcinoma
treated with targeted therapy in the Czech Republic: twenty cancer centres, six agents,
one database” (pfiloha 11.2) (7) jsme kromé jiného provedli srovnani mediand PFS pacient(
s mRCC z klinické praxe (zdroj dat: registr RenlS, jednalo se o pacienty Ié¢ené od roku 2007
do roku 2011 (7). V tabulce &islo 4 jsou vysledky nasi studie (uvadime vsak vysledky dvou
nejcastéji pouzivanych prepardtl- sunitinibu a pazopanibu). Ukdzalo se, Ze mediany PFS
neselektované populace jsou velmi podobné jako v registracnich studiich, u sunitinibu jsme
jeSté provedli dopocet OS a ORR a i tyto byly velmi podobné jako v registracni studii.
V podobné koncipované praci jsme jesté analyzovali efektivitu a toxicitu pazopanibu, opét na
neselektované populaci pacientll s mRCC (zdroj dat: registr RenlS), jednalo se o praci
»Pazopanib for Metastatic Renal Cell Carcinoma: A Registry-based Analysis of 426
Patients” (pfiloha 11.7, tab.¢. 4) (148). Zatimco mediany PFS v nasi a registracni studii jsou
podobné, median OS byl v béiné populaci delsi. Na druhou stranu v jiné studii Ill. faze
s pazopanibem (COMPARZ) byl medidan OS 28,4 mésice, coz se vice blizi naSemu OS (33,2
mésice) (149). Zavérem muzZeme tedy konstatovat, Ze efektivity sunitinibu a pazopanibu u
pacienti v béziné klinické praxi jsou prinejmensim srovnatelné jako s pacienty
z prospektivnich studii lll.faze. Zde jesté dodame, Ze jsme v nasich studiich zkoumali i toxicity
|[éCby, zde vSak narazime na moznou podhldsenost v registru, na druhou stranu jsme
nezaznamenali vetSi pocty zavazné (stupen 3 anebo 4 dle CTCAE, Common Terminology
Criteria for Adverse Events) ¢i neocekavatelné toxicity (7,148, 150). Dalsim vystupem obou
nasich studii je prakaz lepsiho preZivani pacient( pfi cilené 1écbé, pokud ji predchazela
nefrektomie (7,148).
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Tab.c. 4: Srovnani mediant PFS, OS a ORR z RenlS a z registracnich studii (7, 121-122, 148):

Mediany Mediany ORR Mediany Mediany OS ORR

PFSRenlS OSRenlS RenlS PFS registracni registracni
(7, 148) (7, 148) (7, 148) registracni  studie (121- studie
studie (121- 122) (121-122)
122)
Sunitinib 10,0 m 28,5m 27,1% 11,0 m 26,4 m 47%
Pazopanib 12,9 m 33,2m 22,5% 9,2m 22,9 m 30%

m- mésice, ostatni zkratky v textu

Druha linie paliativni |écby taktéZ doznala za poslednich 10 let velkych zmén, pred rokem
2006 prakticky neexistovala, v sou¢asné dobé mame standardné tfi (everolimus, axitinib a
nivolumab) a brzy ocekdvame ctyfi léebné moZnosti (kabozantinib). Bylo opakované
prokazano, Ze z ptiivodnich 100% pacientli majicich prvni linii IéCby, se dostane k druhé resp.
ke treti linii lécby jen 50% resp. 10-25% z nich (151). Je zfejmé, Ze studiovi pacienti
ve studiich zkoumajicich preparaty ve vysSich liniich jsou velmi selektovani, proto nas
zajimalo jejich srovnani s béZznou populaci.

V prvni nasi praci ,Efficacy of everolimus in second- and third-line therapy for metastatic
renal cell carcinoma: a registry-based analysis“ (pfiloha 11.8) (151) jsme prokazali, Ze
medidny PFS u everolimu podaného v druhé (po jednom TKI) nebo tfeti linii 1é¢by (po dvou
TKI) jsou v populaci pacientll z RenlS stejné (6,1 meésice) a jsou tak plné srovnatelné
s registracni studii RECORD-1 (PFS po jednom TKI 5,4 mésice, po dvou TKI 4,0 mésice) (151,
128). Taktéz jsme prokazali, Zze median PFS TKI v prvni linii (cut-off 10 mésicl) statisticky
vyznamné ovliviiuje median PFS everolimu v druhé linii (p=0,019), tato souvislost se vsak
neprokazala u PFS everolimu ve treti linii 1é¢by (p=0,426). Jak se ocekavalo, prokazali jsme
signifikantni vztah mezi PFS a OS everolimu ve druhé i treti linii 1é¢by (napt. pokud byl PFS
everolimu ve treti linii IéCby >6mésicu, byl OS 29,9 mésice, pokud byl <6 mésict pak OS byl
pouze 8,2 mésice, p<0,001) (151). PFS se tak z tohoto pohledu jevi jako hodnotny primarni cil
(endpoint) pro studie zkoumajici vyssi linie paliativni Ié¢by mRCC.

Dalsi nasi praci byla , Efficacy and tolerability of axitinib in metastatic renal cell carcinoma
(mRCC): Comparison of Czech clinical registry and AXIS trial data“ publikovana formou
posteru na konference ESMO 2015 (ESMO, European Society for Medical Oncology) (152).
Jednalo se opét o retrospektivni analyzu pacientll z RenlS zkoumajici PFS a ORR axitinibu po
selhani sunitinibu. Medidn PFS byl 6,2 mésice, ORR 15%. V registracni studii AXIS byly
median PFS 4,7 mésice a ORR 19,4%, lepsi vysledky PFS mohou byt zplsobeny delSim
intervalem v preSetfenich v bézné praxi, medidan OS nebyl v nasi praci pro kratky folow-up
hodnocen (126, 152).
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Posledni praci, kterou bychom v ramci druhé linie paliativni Ié¢by zminili, je , Utilization and
efficacy of second-line targeted therapy in metastatic renal cell carcinoma: data from a
national registry”, kde jsme provedli analyzu efektivity rliznych preparatd (everolimus,
sunitinib a sorafenib) podavanych u pacient&i v CR s mRCC (153). Zjistili jsem, Ze nejsou
rozdily v medianech PFS a OS u vyse uvedenych preparatu (viz tab.5) a Ze existuje statisticky
vyznamna korelace mezi PFS TKI v prvni linii a OS v druhé linii jen u everolimu, ne u sunitnibu
a sorafenibu (cut-off PFS prvni linie 9 mésic(i, p<0,001). TaktéZ jsme prokazali positivni vztah
mezi PFS prvni linie a PFS druhé linie opét jen u everolimu (p<0,001). Dale jsme validovali
MSKCC kritéria a IMDC kritéria pro nasi kohortu pacientll. Ukazalo se, Ze tyto prognostické
modely jsou pouZitelné i v druhé linii Iécby (153). V tabulce Cislo 5 jsou uvedeny PFS, OS a
ORR zkoumanych preparatu se srovnanim s prospektivnimi studiemi (RECORD-1, SWITCH-1 a
RECORD-3)(128, 154, 155). Vysledky ukazuji, Ze nejsou velké rozdily v prezivani a efektivité
|é€by mezi studiovymi a nestudiovymi pacienty.

Tab.¢. 5: Srovnani mediant PFS, OS a ORR z RenlS a z prospektivnich studii (128, 153-155):

(0] {3 Mediany  Mediany Mediany Mediany OS
prospektivni PFS RenlS | PFS (0} prospektivni
studie (128, (153) prospektivni RenlS studie (155,
154) studie (128, (153) 154)
154)
Everolimus | 6,7% 1,8% 6,3m 5,4m 37,2m* | 29,5m
Sunitinib 9,9% 17% 5,8m 5,4m 31,8m! | 31,5m
Sorafenib | 12,1% 6,6% 5,7m 2,8m 32,7m?> | 30,2m

m- mésice, * vysledek sekvence jen sun-eve!, ! vysledek jen sekvence sor-sun!, ? vysledek jen
sekvence sun- sor!, ostatni zkratky v textu

Sekvence |éCby tfemi prepardaty, resp. poradi |é¢by (TKI-mTORI-TKI vs. TKI-TKI-mTORi), byla a
je stale predmétem mnoha bourlivych diskuzi. V budoucnu se situace stane mnohem
komplikovanéjsi s rychlym ndstupem imunoterapie a novych kombinaci |é¢by. Nékteré nase
prace, tykajici se analyz sekvence, byly jiz zminény vyse. Studie, kde jsme provedli analyzu
sekvenci tfi preparatl byla jiz citovana:,Efficacy of everolimus in second- and third-line
therapy for metastatic renal cell carcinoma:a registry-based analysis“ (pfiloha 11.8) (151).
Velmi zajimavymi vystupy zde byly mediany totdlniho PFS u pacientl se sekvenci TKI-TKI-
mMTORI, resp. TKI-mTORi-TKI, jednalo se o 28,3 mésice, resp. 31,3 mésice (p=0,16) a nasledné
vysledky median( OS u pacient(, ktefi byli schopni dostat 3 linie |éCby: 44,4 mésice vs. 58,7
mésice (!) (p=0,52). Je samoziejmé otdzkou, na kolik se na téchto vybornych vysledcich
Ucastni i vlastni biologie nadorl (fada pacientd v této kohorté ma velmi dlouhy OS po
progresi na treti linii 1écby, aniZz by dostali dalsi linii terapie). Zdvérem nasi prace bylo, Ze
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nejsou statisticky vyznamné rozdily v preziti pacientl uzivajicich sekvenci TKI-TKI-mTORi
nebo TKI-mTORI-TKI. Naproti tomu studie lacovelliho a kol. pfinesla ponékud rozdilné
vysledky (156). Ukazalo se, Ze median OS byl statisticky vyznamné prodlouzeny ve skupiné
pacientl dostavajici sekvenci TKI>TKI->mTOR oproti pacientdm s TKI->mTOR->TKI (50,7
mésice proti 37,8 mésice, p = 0,004), rozdily v celkovém PFS vSak nedosahly potrebné
hladiny vyznamnosti (36,5 mésice vs. 29,3 meésice, p=0,059) (156). U interpretaci vSech
retrospektivnich studii je tfeba opatrnosti, naptiklad lacovelliho studie trpi ¢asovym biasem
(systémova chyba), everolimus byl v Italii dostupny teprve od roku 2010. K everolimu se tak
dostali i dlouho prezivajici pacienti na sekvenci TKI=>TKI. Pokud vSak doSlo u pacientl s
TKI->TKI k progresi onemocnéni pred rokem 2010, nebyli tito pacienti do studie zarazeni.
Srovnani vysledkd nasi studie a lacovelliho uvadime v tab.¢. 6 (151, 156).

Tab.€. 6: Srovnani medianti PFS, OS a ORR z RenlS a ze studie lacovelliho (151,156):

Median tPFS Median tPFS Median tOS Median tOS
RenlS (151) lacovelli a kol. RenlS (151) lacovelli a kol.
(156) (156)
TKI-TKI-mTORi 28,3m 36,5m 44,4m 50,7m
TKI-mTORi-TKI 31,3m 29,3m 58,7m 37,8m

m- mésice, t-totalni, ostatni zkratky v textu

Dosazeni kompletni remise pti l1é¢bé diseminovaného onkologického onemocnéni je vidy
velkym Uspéchem, ktery vsak trva rlizné dlouhou dobu a u Zadné diagndzy neni jasné, jak
v téchto pripadech postupovat, tedy zda je moziné |écbu prerusit, nebo zda je nutné
se stavajici 1é¢bou pokracovat. U mRCC neni taktéz v dobé uzivani TKI ziejmé, zda je mozné
v pfipadé CR terapii prerusit a pacienta usetfit nezaddoucich Ucinka |é€by bez rizika nésledné
akcelerace onemocnéni. Tuto situaci jsme analyzovali v praci ,,Outcomes for Patients with
Metastatic Renal Cell Carcinoma Achieving a Complete Response on Targeted Therapy: A
Registry-based Analysis” (pfiloha 11.9) (157). Jednalo se o analyzu 100 pacient( z registru
RenlS (celkem 2803 pacientl v dobé analyzy, tedy CR u 3,6% z nich), ktefi pfi [éCbé inhibitory
VEGF (nejcastéji sunitinibem, dalsi |écbou byly sorafenib, pazopanib a bevacizumab s IFN-a)
dosahli kompletni remise, pacienti s CR dosazenou operaci byly z nasi studie vylouceni. Zjistili
jsme, Ze median dosazeni CR byl 10,1 mésice, median PFS od zacatku |éCby byl pak 3,8 roku a
Sti-lety OS 85%. Dale jsme zkoumali, zda preruseni |écby do 1 mésice od dosazeni CR ma
vztah na PFS a OS ve srovnani s pacienty, ktefi pokracovali v zavedené terapii. Nenasli jsme
rozdily v PFS a OS u pacientd s pokracujici lé¢bou a s prerusenou lécbou (95% Cl rozdilu v 2-
letého OS po CR byl 13-19%, p=0,3; 95% CI rozdilu v 2- letém PFS po CR 29%-17%, p=0,7).
Zajimavé bylo, Ze jsme neprokdzali vztah mezi PFS a OS a vstupnim skorovanim dle MSKCC
(dobra vs. stfedni/Spatnd prognostickd skupina, p=0,6 a p=0,4). Zavérem milzieme
konstatovat, Ze preruseni |éCby po dosaZeni CR (v nasi studii s medianem 10 mésicl) neni
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chybou, prezZivani pacientll se nezméni a predevsim umozZni rekonvalescenci pacientl po
narocné lécbé TKI, i kdyZ jednoznacné by se tento zavér prokdazal jen v prospektivni studii.
Dale jsme zkoumali, jaké jsou vysledky prezZiti pacientl s prerusenou lé¢bou pfi zjisténé
progresi onemocnéni, 14 pacientd mélo zaznamenanou progresi (4 pt dostali opét sunitinib,
10 pt jinou lécbu) a jejich dalsi PFS pak byl 14,5 mésice, coZ je pfi srovnani s PFS pacientl bez
dosazené CR 2-3 nasobek (!). Nas soubor pacientl s CR byl jeden z nejvétSich celosvétove,
limitacemi nasi prdce pak jsou retrospektivnich charakter studie s moznym bias, fada
pacientl navic prerusila lé¢bu po stanoveném intervalu 1 mésice od dosazené CR, coz mohlo
ovlivnit nase vysledky (157).

Podobnou studii je pak ,Outcomes of Patients With Long-Term Treatment Response to
Vascular Endothelial Growth Factor-Targeted Therapy for Metastatic Renal Cell Cancer.”
(pfiloha 11.10) (158). Analyzovali jsme 219 pacientl zregistru RenlS, ktefi byli léceni
nejméné 24 mésicl jednim prepardtem (nejcastéji sunitinib, méné pak sorafenib a
pazopanib). Zjistili jsme, ze medidn PFS téchto pacientl v prvni linii 1éCby je 39,7 mésice,
median OS pak 79,1 mésice a pravdépodobnost 5ti-letého OS 62,1%. Zjistili jsme, Ze jsou
pritomny statisticky vyznamné rozdily v PFS a OS mezi pacienty, ktefi dosahli CR a PR/SD
(p<0,001 a p<0,009). Pacienti sCR maji oproti pacientim sPR/SD jednoznacné lepsi
progndzu a jsme tak ve shodé s podobnou jiz publikovanou praci (159). Ukazalo se totiz, Ze
pacienti s PR/SD progreduji ve vétsich poctech kratce po 24 mésicich od pocatku terapie,
preruseni |écby v této skupiné bylo totiz majoritné pro progresi onemocnéni, kdezto ve
skupiné s CR bylo diivodem preruseni Ié¢by pravé dosazeni kompletni remise (158).

Problematiku prognosticky modeld a nékteré nase prace na toto téma jsme zminili v jinych
odstavcich (5.1.1. a 5.2) (6, 109). Zde zopakujeme, Ze se v soucasné dobé stdle nejvice
pouziva prognosticky model MSKCC 2002 a IMDC (90,94). Model IMDC Heng a kol.
publikovali v roce 2009 a do roku 2013 nebyl externé validovan, v tomto roce ho vsak ti sami
autofi ové&fili na jiném souboru pacientl ne? vroce 2009 (160). V ramci MOU jsme pak
provedli validaci tohoto moderniho prognostického souboru na mensim poctu pacientt (6,
odstavec 5.2) a vroce 2014 jsme zkoumali tento model a jiné klinické prognostické faktory
na souboru pacientl z RenlS, jednalo se o préci ,,Clinical and laboratory prognostic factors
in patients with metastatic renal cell carcinoma treated with sunitinib and sorafenib after
progression on cytokines ,, (pfiloha 11.11) (161). Celkem jsme IMDC model a jiné klinické
faktory testovali na 319 pacientech Ié¢enych sunitinibem nebo sorafenibem v ramci prvni
linie |é¢by (v soucasné dobé se lécba cytokiny nepovazuje za linii paliativni |éCby). Prokazali
jsme statisticky vyznamnou korelaci mezi neutrofilii, elevaci LDH, ECOG 22 a dobou od
diagndzy do zapoceti |éCby TKI < 1 rok a kratkym OS.S kratkym PFS méli signifikantni vztah
tyto faktory: doba od diagndzy do zapoceti Ié¢by TKI < 1 rok, ECOG 22 a elevace LDH.
V tab.C.7 je pak srovnani prezivani ve studii IMDC a v nasSe souboru, vysledky jsou obdobné,
mensi rozdily mohou byt zplsobeny zfejmé tim, Ze v nasi kohorté pacientl byli vSichni po
|écbé cytokiny (v IMDC to byla jen tfetina pt) a rozdilnymi pocty pacient( ve studii (RenlS vs.
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IMDC: 319 pt vs. 645 pt). Nase studie naznacuje, Ze snizeni poctu 6 rizikovych faktor( z IMDC
modelu na 4 je mozné (94,161).

Tab.&. 7: Srovnani median(i OS a pravdépodobnosti 2-letého OS z MOU, RenlS a IMDC
v ramci dobré, stfedni a Spatné prognostické skupiny(6, 161, 94, 160):

Mediany Mediany Mediany 2-leté OS 2-leté OS  2-leté OS

OS RenlS 0OS IMDC 0S MOU  RenlS IMDC (94) MOU (6)
(161) (94, 160) (9] (161)
Dobra 36,1m 43,2m* - 76,6% 75,0% 76,1%
prognosticka
skupina
Stredni 21,1m 27,0m - 44,8% 53,0% 41,4%
prognosticka
skupina
Spatna 11,8m 8,8m - 21,3% 7,0% -
prognosticka
skupina

* Cerpano z externi validace (160), m- mésice, ostatni zkratky v textu

Pacienti s mRCC jsou velmi c¢asto vyssiho véku, median véku pacientd s mRCC a nasazenou
cilenou terapii je 62 let (7). Tito pacienti maji velmi ¢asto vice interkurenci s jejich nutnou
lécbou (Iékové interakce). Zajimalo nas tedy, zda je cilena terapie efektivni a bezpecnd i ve
specifickych populacich pacientd, predevsim pak u pacientl s rendlni insuficienci (az 80% pt
s mRCC je po nefrektomii) a u starSich pacientll. Analyzu pacientl s rendlni insuficienci jsme
opét provedli z registru RenlS v praci ,Efficacy of sunitinib in patients with metastatic or
unresectable renal cell carcinoma and renal insufficiency” (pfiloha 11.12) (162). Do
retrospektivni studie jsme zaradili celkem 790 pacient( Ié¢enych sunitinibem, z toho 22, 234
a 534 pacientd mélo zévainou (pomér glomerularni filtrace-GFR- <30 ml/min/1,73m?),
stfedni (GFR 30-60ml/min/1,73m?) a mirnou poruchu renalni funkce nebo byli bez poruchy
renalnich funkci (GFR > 60ml/min/1,73m?2). Mediany PFS, resp. OS, byly v téchto skupinach
5,3 mésice, 8,1 mésice a 11,3 mésice (p=0,244), resp. 26,3 mésice, 21,2 mésice a 26,3 mésicu
(p=0,443). ORR pak byly 22,7%, 25,2% a 23,6% (p=0,880). Signifikantni vsak byly rozdily
v medianu trvani |éCby: 5,0 mésice, 6,0 mésice a 9,2 mésice (p=0,007). Nebyly hlaseny
vyjimecné nezadouci ucinky Ié¢by nebo zvysené pocty toxicit zavainého stupné (stupné 3+4
dle CTCAE v 3.0) v rizikovych skupinach pacientq, ale |écba byla ve skupinach se zdvaznou a
stfedni renalni insuficienci (RI, rendlni insuficience) ¢astéji ukoncovana pro nezadouci ucinky
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ve srovnani se skupinou s mirnou poruchou renalni funkce (resp. i normalni). Z uvedeného
mulzeme usuzovat, Ze krats$i doba poddavani sunitinibu (vedouci zfrejmé ke kratSimu PFS) byla
zpusobena opatrnosti klinikl u této rizikové skupiny, pokud se vyskytly nezadouci ucinky, kdy
Castéji nez redukci davky provedli vysazeni |éku. Navic ve skupiné se zavaznou vs. stfedni vs.
mirnou poruchou renalnich funkci byla inicidlné podana snizena ddavka sunitinibu
v nasledujicich procentech: 45,5 vs. 28,2% vs. 16,1%. O tom, Ze se vyssi davky sunitinibu ani
u pacientll se zavaznou poruchou renalnich funkci nemusime obavat, svédci i to, ze 12
pacientd (50% pt) inicialné dostalo 50 mg a nebyla zaznamendno toxicita stupné 4 a jen
jeden pacient mél stupen 3 toxicity. V nasi praci jsme tedy prokazali, Ze sunitinib je ucéinny a
bezpecny i u pacientl se zdvaznou poruchou renalnich funkci, pokud je |écba vedena na
pracovistich s dostate¢nymi zkuSenostmi a pacienti jsou Castéji monitorovani (162). V tab.c.
8 jsme shrnuli nase vysledky PFS, OS a ORR a srovnali jsme je s vysledky z jinych studii
pacientd srendlni insuficienci, téZz jsme uvedli i vysledky z registracni studie sunitinibu
(163,164, 121).

Tab.c. 8: Srovnani mediant PFS, OS a ORR z RenlS a praci Khan a kol., Kim a kol. a
registracni studie sunitinibu- Motzer a kol.(162, 163, 164, 121):

RenlS: 790 pt (162)

Mirné Rl Khanetal. Kimetal.. Motzeret

o tedni nebo : 39 pt 34 pt al.: 750 pt
Zavazna  StredniRI: normdl.  (163)* (164)* (121)
RI: 22 pt 234 pt ren.funkce:
534 pt

Mediany 5,3m 8,1m 11,3m 8,4m 12,2m 11,0m
PFS
Mediany 26,3m 21,2m 26,3m - 26,3m 26,4m
(0}
ORR 22,5% 25,2% 23,6% 24% - 47%

m- mésice, ostatni zkratky v textu, * Rl definovana jako clearance kreatininu
<60ml/min/1,73m?

Analyzu |éCby pacientld ve vysSim véku jsme zpracovali ve studii ,Efficacy of Sunitinib in
Elderly Patients with Metastatic Renal Cell Carcinoma: Data from Real-World Clinical
Practice” (priloha 11.13) (165). Do této retrospektivni studie jsme zaradili 299 pacientli 270
let a 1016 pacientd <70 let s mRCC lé¢enych v prvni linii sunitinibem. Mediany PFS, resp. OS
byly v téchto skupinach 8,8 mésice a 10,8 mésice (p=0,321), resp. 26,3 mésice a 31,9 mésice
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(p=0,044). Pfi mnohorozmérné analyze jsme neprokazali signifikantni vztah vyssiho véku
s PFS, ale s OS ano (p=0,019). Statisticky vyznamné rozdily byly pfitomny v rozdilu podani
inicialni ddvky sunitinibu 50 mg a dobé trvani |é¢by mezi obéma testovanymi skupinami, 59%
pacientl >70let dostalo inicidlné ddvku 50 mg, resp. 79% pacientll ve skupiné <70let
(p<0,001) a medidn trvani lécby byl 5,6 mésice, resp. 8,5 mésice (p=0,018). Delsi byl téz
interval mezi zjisSténou diagndzou a nasazeni lé¢by TKI: 17,4 mésice vs. 7,9 mésice (p<0,001),
coz lze vysvétlit tim, Ze u starSich pacientl klinici ¢astéji volili strategii watch and wait, ale i
mozZnym vysSim poctem pacientll s metachronnimi metastazami ve skupiné starsich
pacientd. V nasem souboru mélo 42,7% pt 270 let vs. 48,6% pt <70 let pfi nasazeni lécby
metastatické onemocnéni v dobé diagndzy, cozZ je naopak oproti situaci zjisténé v roce 2013
z celého registru RenlS, kde 20% pacientd 270 let mélo synchronni metastdzy v dobé
diagndzy proti 15% pacientim <70 let (4). Ve skupiné pacientd s vyssim vékem byla Iécba
Castéji prerusena pro nezadouci Ucinky ve srovnani s pacienty <70 let (19% vs. 9%, p<0,001).
Pocty a zdvaznost nezadoucich ucinkd se neliSily mezi obéma skupinami, musime zde vsak
pfipustit moZnou podhldsenost nezadoucich ucinkl nizsich stupnl v registru RenlS. Midzeme
tedy hypotetizovat, Ze kumulace toxicit nizSich stupnd u starSich pacientli vedla castéji
k ukonceni |éCby a nizsi davkové intenzité s naslednym ovlivnénim OS. Druha a vyssi linie
paliativni lécby byla méné indikovana u starsich pacientl nasi studie, coz také mohlo ovlivnit
kratsi OS v této skupiné (165). V registracni studii sunitinibu bylo jen 13% pacientd =70 let,
sice byla provedena subanalyza pacient( 265 let, publikovany byly viak jen ORR a DCR v této
skupiné pacientll (18% a 34%), data o PFS a OS nejsou k dispozici, o to cennéjsi pro béznou
praxi jsou retrospektivni studie, véetné nasi prace (121,165). V nejvétsi prospektivni studii
(Gore a kol.) zkoumajici 4 543 pacientd s mRCC z programU s otevienym pristupem k lécbé
sunitinibem byl median PFS ve skupiné pacient(l > 65 let (celkem 1 485 pacientd) 10,1 mésice
a u vech pacientl 9,4 mésice, median OS pak 18,1 mésice a 18,7 mésice, ORR byly pak 16%
v obou skupindch (166). V tab.¢. 9 jsou vysledky nasi studie, registracni studie a vysledky
prace Gore a kol. Zdvérem muZeme konstatovat, Ze naSe vysledky jsou podobné s jinymi
publikovanymi pracemi, lé¢ba sunitinibem u starsich pacientl je bezpecna, pfi indikaci této
IéCby by se mél zvaZzovat stav pacienta a ne jeho kalendarni vék.
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Tab.c. 9: Srovnani mediant PFS, OS a ORR z RenlS, registracni studie sunitinibu- Motzer a
prace Gore a kol. (165, 121, 166):

RenlS (165) Gore a kol. (166)
Motzer a
kol. (121)
Pt 270 let Pt< 70 let Pt>65let @ Pt<#65let
Mediany 8,8m 10,8m 10,1m 9,4m 11,0m
PFS
Mediany 26,3m 31,9m 18,1 18,7m 26,4m
(0}
ORR 23,6% 28,1% 16% 16% 47%

m- mésice, ostatni zkratky v textu
7.2.2 Predikce lécebné odpovédi

Jak jiz bylo feceno, v soucasné dobé nemame dostatecné validni klinicky, nebo laboratorni
marker predikce |éc¢ebné odpovédi. V nasich studiich jsme se soustfedili na pfipadny vztah
mezi |éCebnou odpovédi a vyskytem nezadoucich ucinkl, dale na vyzkum exprese rdznych
miRNA taktéz ve vztahu k predikci |éCby.

Prvni praci je ,,Skin toxicity and efficacy of sunitinib and sorafenib in metastatic renal cell
carcinoma: a national registry-based study” (priloha 11.14) (167). Zdrojem dat byl opét
registr RenlS, analyzovali jsme vztahy mezi hand-foot syndromem jakéhokoliv stupné (HF
syndrom), vyrazkou stupné 3+4 dle CTCAE 3.0 a preZitim u pacientl lé¢enych pro mRCC
sunitinibem (705 pt) a sorafenibem (365 pt). Prokazali jsme statisticky vyznamny vztah mezi
kozni toxicitou a PFS, resp. OS pouze u sunitinibu, u sorafenibu jsme tuto korelaci
neprokazali. Mediany PFS, resp. OS u pacientll 1é¢enych sunitinibem s vs. bez koZni toxicity
byly 20,8 mésice vs. 11,1 mésice (p=0,007), resp. 43,0 mésice vs. 31,0 mésice (p=0,027).
Vztah mezi OS a koZni toxicitou sunitinibu byl potvrzen i v mnohorozmérné analyze (167).
Vyskyt kozni toxicity je tak pomérné jednoduchym parametrem k posouzeni ucinnosti léCby,
jeji v€asnd a ucinna lécba pomahd kdodrieni potfebné lécebné ddavkové intenzity
s naslednym zlepsSeni preziti pacientd.

V dalsi nasi praci ,miR-155 and miR-484 Are Associated with Time to Progression in
Metastatic Renal Cell Carcinoma Treated with Sunitinib” (pfiloha 11.15) (168) jsme provedli
analyzu hladin miRNA v nadorovych tkanich 79 pacientd |é¢enych sunitinibem a korelovali
jsme je s dobou do progrese onemocnéni (TTP, time to progression). V profilovaci fazi studie
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byly testovany rizné miRNA na souboru 8 responderd (trvajici CR, nebo PR a SD v pribéhu
9ti mésicli) a 8 nonresponderl (zjiSténa PD) na sunitinib, ve validac¢ni fazi byly pak vybrané
miRNA analyzovany na souboru 44 respondérli a 19 nonrespondérq. Zjistili jsme, Ze snizena
hladina miR-155 je signifikantné spojena s delSim TTP (median TTP 12,8 mésice vs. 5,8
mésice u vysokych hladin, p=0,0092), totéZ plati i pro miR-484 (TTP 8,9 mésice vs. 5,8
mésice, p=0,0296). Zatimco role miR-484 v patogenezi mRCC neni zcela jasna, zvySend
hladina miR-155 sniZuje expresi VHL tumor-supresor( (napf. rlznych ligdz uGcastnicich se
degradace HIF proteint) a pUsobi tak proonkogenné.(43). Tyto dvé miRNA se tak mohou stat
slibnymi prediktivnimi faktory, v budoucnu vSak bude nutna validace nasich vysledkd.

8 Zaveér

Incidence rendlniho karcinomu je v CR nejvy3si celosvétové. Metastaticky rendlini karcinom je
nevylécitelné onemocnéni, soucasné prognostické modely umoznuji odhad preziti pacienta a
lépe cilit systémovou |écbu. Randomizované klinické studie jsou v onkologické praxi
nenahraditelné, ale studiové populace pacient(l jsou ¢asto vysoce selektované, proto jsou
retrospektivni studie s pacienty z bézné klinické praxe nesmirné dllezité. Zavéry téchto
retrospektivnich praci maji praktické dopady pfi Ié¢bé nestudiovych pacientl rdzného véku a
s rlznymi komorbiditami. Dostatec¢né validni prediktivni faktory lééby mRCC nejsou do
dnesni doby zndmé, presto existuji studie s velmi nadéjnymi markery periferni krve ¢i moce,
které by v budoucnu mohli byt implementovany do béiné klinické praxe. Terapeuticky
uspésné kombinace moderni imunoterapie a cilené 1éCby, jejichZ pfichod do klinické praxe se
brzy ocekava, jsou financné velmi nakladné. Prediktivni faktory této léc¢by by pak mohli
prinést, kromé vyrazného zlepsSeni preziti pacientll s mRCC, snizeni nakladld na lécbu a
eleminaci zdvaznych, v nékterych pripadech i fatalnich nezadoucich ucink( této terapie.
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AKTUALITY Z REGISTRU

Vysledky terapie metastatického renalniho
karcinomu lekem everolimus — analyza Udaju
z klinického registru RENIS

Metastatic Renal Cell Carcinoma Treated with Everolimus —
Data from the RENIS Clinical Registry

Buchler T.", Dusek L., Finek J.3, Poprach A.%, Budnakova D.?, Kandrnal V.2, Jarkovsky J.2, Bortlicek Z.2,
Klime$ D.?, Abrahamova J.', Vyzula R.*

' Onkologické oddélent, Fakultni Thomayerova nemocnice a 1. lékafska fakulta Univerzity Karlovy, Praha
?|nstitut biostatistiky a analyz, Lékarskd a Prfrodovédecka fakulta Masarykovy univerzity, Brno
3Radioterapeutické a onkologické oddéleni, Fakultni nemocnice Plzer

“Klinika komplexni onkologické péce, Masarykiv onkologicky Ustav, Brno

Souhrn

Everolimus je perorélni inhibitor kindzy mTOR indikovany k l1é¢bé metastatického renalniho Autorsky tym deklaroval podporu od spolec-
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dothelial growth factor (VEGF)-targeted agents. Using the national RENIS clinical registry, we
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Uvod
V terapii metastatického rendlniho kar-
cinomu (MmRCC) bylo v poslednich péti
letech dosazeno vyznamného pokroku.
U nadoru dfive povazovaného za rezis-
tentni vGci systémové 1é¢bé byla pro-
kazana ucinnost fady cilenych [éka za-
mérenych na ovlivnéni metabolickych
kaskad spojenych zejména s vaskular-
nim endotelidlnim ristovym faktorem
(VEGF) a centralni regula¢ni molekulou
mMTOR (mammalian target of rapamycin).
Everolimus je peroralnim inhibitorem
kindzy mTOR s antiangiogennimi a anti-
prolifera¢nimi u¢inky. V randomizované
studii RECORD-1 byla prokazana jeho

Tab. 1. Zakladni charakteristiky pacient.

Parametr

muzi/zeny, n (%)

vék v dobé zahajeni terapie everolimem
median (rozsah), roky

grade primarniho nadoru, n (%)
G1

G2

G3-4

neznamo

histologie, n (%)

svétlobunécny karcinom
papilarni karcinom

ucinnost a bezpecnost v 1é¢bé mRCC
s progresi na sunitinibu, sorafenibu i
sekvenci téchto tyrozinkindzovych inhi-
bitord (TKI) [1]. V soucasnosti je everoli-
mus jedinym |ékem s prokazanym ucin-
kem v této indikaci. V Evropské unii byl
everolimus (Afinitor, Novartis) zaregis-
trovan pro lé¢bu mRCC v roce 2009 [2]
a rozhodnuti o jeho Uhradé z vefejného
zdravotniho pojisténi v Ceské republice
plati od podzimu 2010.

Cilem nasi prace je poskytnout pre-
hled o dosavadnich vysledcich terapie
everolimem a srovnat vysledky dosaho-
vané v Ceské republice s vysledky regis-
tra¢ni studie RECORD-1.

47 (60 %) / 31 (40 %)
62 (28-76)

vykonnostni stav (WHO) v dobé zahajeni terapie

everolimem*, n (%)

0

1

2

metastatické lokalizace, n (%)
plice

lymfatické uzliny

kosti

jatra

mozek

jiné

bez metastaz (lokalné pokrocily nador)

nefrektomie pred zahajenim cilené Iécby, n
imunoterapie pred zahajenim cilené lécby, n

predchozi cilena terapie, n (%)
sunitinib

sorafenib

sunitinib-sorafenib
sorafenib-sunitinib
sorafenib-sunitinib-temsirolimus

*Udaj je zndm pouze pro 48 pacientd

18 (38 %)
28 (58 %)
2 (4 %)

68 %)
32 %)

24 %)
22 %)

53
25

1

(%) 7
(%) 5

6 (33 %)
7 (22 %)
2 (28 %)
2 (15 %)
1(1,3 %)

Pacienti a metody

Pacienti s mRCC byli [é¢eni everolimem
v 13 komplexnich onkologickych cent-
rech. Udaje o jejich zékladnich charak-
teristikach, prabéhu a vysledcich terapie
byly ziskany z klinické databdze RENIS
a hodnoceny retrospektivné. Uzavérka
dat byla 10.4.2011.

Everolimus byl podavan v ddvce 10 mg
denné (s moznosti redukce davky na
5 mg denné) do progrese nebo limitujici
toxicity. Restaging byl provadén dle zvyk-
losti jednotlivych pracovist, obvykle viak
jednou za 3 mésice nebo pfi klinickych
znadmkach progrese. Lé¢ebnd odpovéd
byla hodnocena standardné podle sys-
tému RECIST. Preziti bez progrese (PFS)
a celkové preziti (OS) pacientl l1é¢enych
everolimem bylo odhadovéno podle
Kaplan-Meierova modelu. V popisu za-
kladnich charakteristik souboru pacientt
a toxicity bylo vyuzito sumarni statistiky.

Vysledky

Zakladni charakteristiky pacientt

V registru RENIS byly k datu analyzy
udaje o 1 331 pacientech lé¢enych ci-
lenymi léky pro mRCC, z toho 78 pa-
cientll bylo Ié¢eno everolimem. Zakladni
charakteristiky pacientl jsou shrnuty
v tab. 1. VSichni pacienti byli pfedléceni
sorafenibem, sunitinibem nebo obéma
léky. U 65/78 (83 %) byla divodem
k ukonceni terapie TKI progrese.

Pribéh terapie a nezadouci Gcinky

Pocatecni davka everolimu byla 10 mg
u 73 pacient (94 %) a 5 mg u 5 pacient(
(6 %). U 4 pacientll (5 %) byla davka Iéku
béhem terapie snizena z 10 mg na 5 mg
denné pro nezddouci ucinky. K datu
analyzy ukoncilo terapii 28/78 pacient(
(36 %), z toho 21 (75 %) pro progresi.
U 3 pacientl (11 %) byla terapie ukon-
¢ena pro nezadouci Ucinek, u 1 pacienta
(4 %) na prani pacienta a u 2 pacientu
(7 %) pro tézkou infekci. V jednom pfi-
padé nebyl diivod ukonéeni terapie uve-
den. Median doby lé¢by u 28 nemoc-
nych s ukoncenou terapii byl 2,8 mésice
(rozsah 1-13 mésicd). K datu analyzy
Zije 66 pacientl (85 %), 10 nemocnych
(13 %) zemielo a o osudu 2 pacientl ne-
byly zndmé dal3i informace. Vyskyt ne-
zadoucich G¢inkd shrnuje tab. 2. Celkem
bylo zaznamendano 23 nezadoucich pfi-
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Tab. 2. Pocet pacientt s jednotlivymi typy nezadoucich pfihod a jejich procento

v celkovém souboru 78 pacientd.

Nezadouci ucinek Zavazny Celkem
dychaci 3 (4 %)* 5(6 %)*
kozni - 3 (4 %)
hematologicky - 2 (3 %)
metabolicky 1(1 %) 2 (3 %)
unava - 2 (3 %)
hypertenze - 1(1 %)
kardiovaskularni 1(1 %) 1(1%)
kozni - HFSR - 1(1 %)
prijem - 1(1%)
jiny 1(1%) 4(5 %)

*U jednoho pacienta se vyskytly dvé respiracni nezadouci ptihody, vzdy s jinym

datem vyskytu.

hod u 14 pacient( (18 %), z toho 6 neza-
doucich pfihod u 5 pacientud (6 %) bylo
hodnoceno jako zavazné.

Vysledky terapie

Prehled vysledkl terapie je uveden
v tab. 3, na obr. 1 jsou zobrazeny kfivky
pro OS (a) a PFS (b). Podle o¢ekavani ne-
bylo dosazeno kompletnich remisi. Pro-
spéch z 1é¢by (tj. procento CR + PR + SD)
mélo 69 % nemocnych lécenych evero-
limem. V jednom roce od zahdjeni te-
rapie everolimem pfezivalo bez pro-
grese 27 % pacientl (95% IS 9-46 %)
a celkem prezivalo 78 % nemocnych
(95% IS 60-95 %).

Diskuze

Ceska republika ma ze zatim neobjas-
nénych davodl nejvyssi incidenci kar-
cinomu ledviny na svété. Incidence re-
nalniho karcinomu u nés v roce 2007
byla 27/100 000 obyvatel pfi mortalité
12/100 000 obyvatel [3]. Asi u 25-30 %
pacientl s renalnim karcinomem jsou
metastazy zjevné jiz v dobé diagnézy,
u dalich 20-30 % pacientl s nepokro-
¢ilym nadorem dojde ke generalizaci po
nefrektomii.

Everolimus je Iékem s mnoha klinic-
kymi aplikacemi. Kromé lé¢by mRCC se
pouziva jako imunosupresivum pfi or-
génovych transplantacich a pro zlep-

Tab. 3. Souhrn vysledki l1écby.

median
7 mésicl (95% IS
2-12 mésicu)

preziti bez
progrese

. . ... Mmedidn dosud
celkové preziti

nedosazen
nejlepsi dosa-
Zena odpovéd*
CR 0 (0 %)
PR 1(2 %)
SD 32 (67 %)
CR+PR+SD 33 (69 %)
progrese 15 (31 %)

*Udaje jsou dostupné pouze pro
48 nemocnych

Seni prichodnosti stentl v kardiolo-
gii [4]. K jeho registraci v [é¢bé mRCC
vedly vysledky randomizované studie
RECORD-1, v niz byl everolimus srov-
ndvan s placebem u nemocnych po se-
Ihani sorafenibu, sunitinibu nebo obou
téchto TKI. Celkem 416 pacientll bylo
randomizovano v poméru 2 : 1 do ra-
mene s everolimem v dédvce 10 mg/den
(n = 277) nebo do ramene s placebem
(n = 139). Studie byla dvojité zaslepena
a jejim hlavnim cilem bylo prokazat roz-
dil v PFS a ovéfit bezpecnost terapie
[1,5]. Podle hodnoceni nezavislého pa-
nelu doséhl median PFS 4,9 mésice (eve-
rolimus) ve srovnani s 1,9 mésice (pla-

a. b.
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Obr. 1. Kaplan-Meierovy kfivky pro preziti bez progrese (a) a celkové preziti (b) pacientt z registru RENIS Ié¢enych everolimem.
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cebo). Lécba everolimem snizila riziko
progrese o0 67 % (p < 0,001). U 64 % ne-
mocnych se podafilo dosahnout kon-
troly nemoci (PR + SD). Rozdil v OS nebyl
statisticky vyznamny (14,8 mésice versus
14,4 mésice, p = 0,162), ale tento vysle-
dek mohl byt vyznamné ovlivnén prekfi-
Zzenim ramen - az 80 % pacientl rando-
mizovanych plvodné k placebu dostalo
pfi progresi everolimus.

Nezévislymi prognostickymi faktory
spojenymi s kratsim OS byly horsi vykon-
nostni stav pacient (performance status,
PS), hyperkalcemie, anémie a predchozi
Ié¢ba sunitinibem [5]. Nebyl zazname-
nan vyznamny rozdil v kvalité Zivota
mezi pacienty |é¢enymi everolimem
a placebem [6].

Ve srovnani se studii RECORD-1 méli
nasi pacienti o néco lepsi PS (100 %
Karnofsky, 28 % ve studii RECORD-1 vs
38 % PS 0 RENIS). Procento nemocnych
po nefrektomii bylo podobné (97 %
RECORD-1 vs 91 % RENIS). Téméf polo-
vina nasich pacientll byla predlécena
sunitinibem i sorafenibem (44 %), za-
timco ve studii RECORD-1 bylo téchto
pacientl jen 26 %. Jiz samotna schop-
nost podstoupit sekvencni 1é¢bu pfi-
tom pravdépodobné koreluje s rela-
tivné dlouhym pfezitim u mRCC [7].
Dalsim potencialné dilezitym rozdi-
lem byla skutec¢nost, ze 17 % pacientl
v nasem souboru neukoncilo pred-
chozi terapii TKI pro progresi, nybrz

z jinych davodu (zpravidla pro toxi-
citu). Ve studii RECORD-1 byla naproti
tomu progrese na TKI jednou ze zaklad-
nich podminek pro zafazeni pacient(.
Tyto rozdily mohou byt pfi¢inou rela-
tivné lepsiho PFS v nasem retrospek-
tivnim souboru ve srovndani se stu-
dii RECORD-1. Procento nemocnych
s prospéchem z Iécby (CR + PR + SD) je
v nasem souboru prakticky stejné jako
v randomizované studii (69 % vs 64 %).
Samoziejmé, pocet nemocnych v re-
gistru RENIS je dosud relativné maly
a doba jejich Iéceni kratka.

Zavaznymi nezddoucimi pfihodami
u pacientl Ié¢enych everolimem ve stu-
dii RECORD-1 byly zejména infekce (in-
cidence 10 %), dusnost (7 %) a Unava
(5 %) [5]. Symptomatickd pneumoni-
tida se vyskytuje u asi 10 % pacient( lé-
¢enych everolimem (u pfiblizné 4 % do-
sahuje stupné 3, tj. interferuje s béznymi
aktivitami a/nebo vyZaduje oxygenote-
rapii). Ve vétsiné pfipadl jsou klinické
projevy pneumotoxicity everolimu re-
verzibilni po redukci dédvky nebo preru-
Seni terapie. Radiologické znamky plicni
toxicity se objevuji dokonce az u 40 %
pacientl lécenych everolimem [8]. Re-
spira¢ni nezadouci pfihody byly zazna-
mendny i v nasem souboru u 5/78 pa-
cientt (6 %), z toho u 3 (4 %) nemocnych
byly hodnoceny jako zavazné. Udaje
o infek¢nich komplikacich 1é¢by nebylo
mozné z registru RENIS zjistit.

Podle prvni analyzy nemocnych
s mRCC z registru RENIS dosahuje tedy
everolimus i mimo klinickou studii dob-
rého efektu pfi pfijatelné tolerabilité. Kli-
nického prospéchu z l1é¢by bylo dosa-
Zeno u témér 70 % tézce predlécenych
nemocnych s mRCC.
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Abstract The incidence and mortality of renal cell carci-
noma (RCC) in the Czech Republic are among the highest in
the world. Several targeted agents have been recently
approved for the treatment of advanced/metastatic RCC.
Objective: Presentation of a national clinical database for
monitoring and assessment of patients with advanced/meta-
static RCC treated with targeted therapy. The RenlS (RENal
Information System, http://renis.registry.cz) registry is a non-
interventional post-registration database of epidemiological
and clinical data of patients with RCC treated with targeted
therapies in the Czech Republic. Twenty cancer centres eli-
gible for targeted therapy administration participate in the
project. As of November 2011, six agents were approved and
reimbursed from public health insurance, including bev-
acizumab, everolimus, pazopanib, sorafenib, sunitinib, and
temsirolimus. As of 10 October 2011, 1,541 patients with
valid records were entered into the database. Comparison with
population-based data from the Czech National Cancer
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Registry revealed that RCC patients treated with targeted
therapy are significantly younger (median age at diagnosis
59 vs. 66 years). Most RenlS registry patients were treated
with sorafenib and sunitinib, many patients sequentially with
both agents. Over 10 % of patients were also treated with
everolimus in the second or third line. Progression-free sur-
vival times achieved were comparable to phase III clinical
trials. The RenlS registry has become an important tool and
source of information for the management of cancer care and
clinical practice, providing comprehensive data on monitoring
and assessment of RCC targeted therapy on a national level.

Keywords Renal cell carcinoma - Targeted therapy -
Clinical registry - Cancer care - Database - Population-
based data

Introduction

The incidence and mortality of renal cell carcinoma (RCC)
in the Czech Republic are among the highest in the world
[1], with 27.14 new cases and 11.13 deaths per 100,000
persons per year [2, 3]. The disease is more frequent in
men, who contribute 63 % to the total incidence. Almost
40 % of RCCs are diagnosed at advanced or metastatic
stage.

Systemic treatment of advanced and metastatic RCC
using immunotherapy (interleukin-2 and/or interferon
alpha) was effective only in a minority of patients and was
accompanied by substantial toxicity. Development and
introduction into the clinical practice of targeted therapies,
that is new agents with significantly higher specificity for
particular cancer-related pathways, have improved survival
of patients with advanced RCC, generally with a lower rate
of adverse effects. Several targeted agents have been

@ Springer


http://renis.registry.cz

Med Oncol

recently approved for treatment by US and European
authorities, including drugs targeting vascular endothelial
growth factor (VEGF) and mammalian target of rapamycin
(mTOR) pathways; clinical trials with these agents have
been recently reviewed elsewhere [4].

Targeted therapy has been available for Czech patients
with advanced RCC since 2006 when sunitinib and so-
rafenib were approved. As of November 2011, six agents
were approved and reimbursed from public health insur-
ance, including bevacizumab, everolimus, pazopanib, so-
rafenib, sunitinib, and temsirolimus. Treatment with these
drugs is restricted to twenty specialised cancer centres that
agreed to enter all patients into the RenlS registry. Patient
characteristics and treatment course and outcomes are
monitored by means of an observational clinical database
established by the national expert panel of the Czech
Oncological Society (COS).

Since treatment with most of the targeted agents was
introduced only recently, currently there are only limited
published data on the use of these drugs in the routine
clinical practice, particularly in sequence. The PREDICT
study was a non-interventional study monitoring safety and
outcomes of sorafenib [5]. Other authors have reported
results of various therapy sequences after failure of the
first-line setting of a particular targeted therapy [6—11],
including data from the Czech database described here
[12].

In the present paper, we aim to describe the Czech
patient cohort from the epidemiological perspective based
on the data from the clinical registry that allows the
monitoring and assessment of the advanced RCC treatment
by different targeted agents in clinical practice.

Patients and methods

The clinical registry RenlS (RENal Information System,
http://renis.registry.cz) is a non-interventional post-regis-
tration database of epidemiological and clinical data of
patients with renal cell carcinoma treated with targeted
therapies in the Czech Republic. All six targeted anticancer
agents currently registered for the treatment of metastatic
RCC have been included (bevacizumab, everolimus, paz-
opanib, sorafenib, sunitinib, and temsirolimus). The project
was initiated in June 2007. Collected data allow for mon-
itoring of patients’ epidemiological characteristics, treat-
ment regimens, therapeutic responses, modelling of risk
factors for survival, and detailed analysis of adverse
effects. Data collection system is primarily oriented on the
treatment of advanced/metastatic disease, but it also con-
tains the necessary information related to the primary
tumour.

@ Springer

Data on individual patients and their treatment are
entered into the database by the twenty cancer centres
providing specialised cancer care including targeted ther-
apy. This means that, with the exception of few patients
enrolled into the clinical trials, all RCC patients receiving
targeted therapy in the Czech Republic are registered in the
database. The limited number of involved healthcare
facilities allows for accurate and reliable data collection
and assessment of treatment results and safety. All patient
data are fully anonymised and remain an intellectual
property of the appropriate centre. Publication of data must
be approved by the project board.

The technological base of the project is provided by the
Institute for Biostatistics and Analyses, Masaryk Univer-
sity, Brno. The database system was originally based on a
modified version of TrialDB system [13], which has been
subsequently customised for the collection of specific
clinical data of the RenlS project. The database is imple-
mented online and uses internet and database technologies
featuring multilevel architecture (client—web server—data-
base server). All submitted data are collected in a central
server, where they are safely stored in a database admin-
istered in the ORACLE 1lg system. The registry is
accessible via internet from any PC equipped with one of
the recent versions of MS Internet Explorer or Mozilla
Firefox, which support encrypted communication with a
128-bit SSL protocol. Access to the database is protected
by a hierarchical system of access rights.

The Kaplan—-Meier method was used for survival anal-
ysis. Overall survival was calculated as the time from the
first targeted therapy initiation until death from any cause.
Progression-free survival was calculated as the time from
the particular targeted therapy initiation until progression
or death from any cause. Statistical differences in age
distribution were assessed using the two-sample ¢ test.

Results

Data export for this study was carried out on 10 October
2011. As of this date, the registry contained records on 1,567
patients with advanced or metastatic RCC treated with tar-
geted therapy. Information on the date of diagnosis or the
start of targeted therapy was not available in 26 patients;
these were excluded from subsequent analysis. Therefore,
the analysis was performed on data of 1,541 patients.

The largest proportion of patients was diagnosed with
RCC between 55 and 59 years of age (21.2 %) and started
targeted therapy at the age between 60 and 64 years
(21.8 %). Mean age of patients at time of diagnosis and
targeted therapy initiation was 59 and 62 years, respec-
tively. There were significantly more men than women
(70 % and 30 %, respectively), corresponding to overall
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distribution of RCC in Czech population. Clear-cell RCC
was the most frequent morphological type (94.7 %), fol-
lowed by papillary carcinoma (4.1 %). Other types occur-
red rarely. A detailed description of the patient cohort is
shown in Table 1.

Whole population-based data on cancer epidemiology
were obtained from the Czech National Cancer Registry
(CNCR) accessible online via the web portal SVOD [2]. To
compare the population-based data with those from the
RenlS registry, a cohort of patients, who were diagnosed in
clinical stage IV or experienced disease recurrence in the
period of 2006-2008, was analysed. This group is clinically
similar to the group of RCC patients who are indicated for

Table 1 Basic characteristics of the patient cohort

Number of records (patients) 1,567
Number of valid records 1,541
(patients)
Age of patients RenlS Overall
population*
Age at diagnosis 59/59 years  67/67 years
(mean/median)
Age at targeted therapy initiation  62/62 years  —
(mean/median)
Proportion of patients diagnosed  26.7 583

in age over 65 years (%)

Gender (number, %)

Males 1,087 (70.5)
Females 454 (29.5)
Disease status at diagnosis (number, %)
Localised/locally advanced 678 (44.0)
Metastatic 685 (44.4)
Unknown/not stated 178 (11.6)
Morphology (number, %)
Clear cell 1,460 (94.7)
Papillary 63 (4.1)
Chromophobe 9 (0.6)
Collecting duct 3(0.2)
Unknown/not stated 6 (0.4)
Preceding surgery** (number, %)
Nephrectomy 1,279 (83.0)
Partial nephrectomy 38 (2.5)
Other type of surgery 359 (23.3)
No surgery 144 (9.3)
Preceding palliative radiotherapy (number, %)
Yes 323 (21.0)
No 1,218 (79.0)
Preceding immunotherapy
Yes 947 (61.5)
No 594 (38.5)

* Stage IV and recurrences in the period of 20062008

** One patient may undergo more surgical procedures

targeted therapy and thus recorded in the registry. The
analysis revealed that the most frequent age category at
diagnosis was 60-64 years (17.6 %), but in contrast to the
RenlS cohort, there was a much higher proportion of
patients diagnosed in age over 65 years (p < 0.05) (Fig. 1).
This difference documents that the targeted therapy tends
to be administered to younger RCC patients. Most patients
in the RenlS registry have received prior cytokine therapy.

The registry design allows for comprehensive monitoring
of various types of targeted therapy and their sequences in
individual patients, including dose modifications, adherence
to guidelines, and assessment of therapy results. Therapy
sequences recorded in the registry are shown in Fig. 2.
Because sunitinib and sorafenib were the first two targeted
therapies for RCC in the Czech Republic, it is not surprising
that most of the RenlS registry patients were treated by these
two drugs, either alone or in sequence. Over 10 % of patients
were also treated by everolimus in the second or third line.
Bevacizumab and temsirolimus were administered rarely.
Pazopanib was approved for reimbursement under the Czech
healthcare system in 2011, not allowing sufficient follow-up
at the time in the present registry analysis.

The median overall survival of all patients in the registry
from the first targeted therapy initiation was 26.9 months
(Fig. 3). Progression-free survival measured from the par-
ticular targeted therapy initiation is shown in Table 2.
Toxicity and safety were also recorded during the treat-
ment. Most of the adverse effects recorded were skin,
gastrointestinal, haematological, and cardiovascular toxic-
ities (Table 3). Overall toxicity profiles corresponded to
those in registration studies and the respective summary of
product characteristics of the targeted agents.

Discussion

The RenlS registry is providing a large amount of data that
may be used in the management of cancer care and clinical
practice. It has become an important tool for physicians,
researchers, managers, and healthcare payers. Information
on patient characteristics and treatment can be obtained,
including ECOG performance status, weight loss, labora-
tory tests, histology, staging, sequence of treatments,
treatment outcomes, and disease course. Each recurrence or
progression is linked with relevant clinical data. This
allows a number of analyses, for example assessment of
therapy sequences [12], comparison of accepted MSKCC
prognostic criteria with new prognostic and predictive
factors (thrombocytosis, neutrophilia, and others), impact
of any treatments given before targeted therapy such as
nephrectomy or immunotherapy, and many more.

Since the RenlS cohort includes patients with different
characteristics, baseline status, and therapy sequences and
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Fig. 1 Age distribution of
patients in the RenlS registry
and overall population (stage IV
and recurrences in the period of
2006-2008; data source: Czech
National Cancer Registry)
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Fig. 3 Overall survival of patients with advanced RCC treated with
targeted therapy

the drugs are administered in different treatment lines, it
may be difficult to compare the results with published
clinical trials, which are usually focused on one medication
and are based on strict inclusion/exclusion criteria. It
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that the registry is treatment-oriented and includes infor-
mation only on patients receiving targeted agents. On the
other hand, it reflects the real-life clinical practice and
allows for detailed monitoring and assessment of the tar-
geted therapy administration and results.

Data are entered into the registry on a continuous basis,
and detailed analyses are performed twice per year. Recent
information on therapy and response, best achieved
response and its duration are therefore available and up to
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Table 2 Progression-free survival of patients since initiation of the
particular targeted therapy and its comparison with clinical trials

Therapy PFS—RenlS  PFS—<clinical Reference
Median trials
(95 % CI) (months)
Number of
patients
Bevacizumab 15.2 months*  10.2 Escudier
(combined with (7.6; 22.9) et al.
interferon alpha) 2007
N =137
. [14]
patients
Everolimus 4.8 months 49 Motzer
N =175
. [15]
patients
Sorafenib 6.9 months 5.5 Escudier
@17 ol
N = 698
. [16]
patients
Sunitinib 10.0 months 11.0 Motzer
9.0; 11.1) 35317
N = 1,162
. [17]
patients
Temsirolimus 4.1 months 5.5 Hudes
(3.2: 5.1) §t0817
N = 46
. [18]
patients

* A pilot analysis performed with a low number of patients with short
follow-up. Please note a broad 95 % confidence interval

Table 3 Overview of adverse events (AE) recorded in the registry

Therapy Most frequent AE % of patients
(% of patients) without AE
Bevacizumab Cardiovascular (7.9 %) 76.3

(N = 38 patients) Skin (5.3 %)

Skin (5.6 %) 71.7
Haematological (4.5 %)
Metabolic 5 (2.8 %)

Skin (30.0 %) 51.1
Gastrointestinal (14.8 %)
Cardiovascular (5.5 %)
Haematological (12.1 %) 61.3
Gastrointestinal (11.6 %)

Skin (11.2 %)

Skin (10.9 %) 69.6
Gastrointestinal (6.5 %)

Everolimus
(N = 179 patients)

Sorafenib
(N = 704 patients)

Sunitinib
(N = 1,174 patients)

Temsirolimus
(N = 46 patients)

date. The median overall survival from the first targeted
therapy initiation was 26.9 months. This value reflects
treatment with various targeted agents and their sequences
and is not informative about survival of all patients with
stage IV or inoperable recurrence in the Czech Republic,

because many of these patients did not receive any targeted
therapy due to different reasons.

When comparing epidemiological data from the RenlS
registry with other studies or databases, some differences
were found. In contrast to the population-based data from
the Czech National Cancer Registry, age distribution of
patients with advanced RCC was shifted to lower age
groups (median age at diagnosis 59 vs. 66 years, most
frequent age category 55-59 vs. 75-79 years). This dem-
onstrates that the targeted therapy is more commonly
administered to younger patients. Several factors may be
suggested to explain the difference in age structure
between the overall population of RCC patients and those
treated with targeted therapy. While the age itself is not a
contraindication for targeted therapies, elderly patients are
more likely present with significant comorbidities and/or
poor performance status that makes them ineligible for
targeted agents. Additional socio-economic factors cannot
be excluded, but currently available data are not sufficient
to draw any definite conclusions on their impact.

Introduction of a number of targeted agents and their use
in different sequences have led to more frequent use of
progression-free survival instead of overall survival when
evaluating the benefits of a particular therapy. Moreover,
patients in clinical trials often cross over from one treat-
ment group to another. Progression-free survival observed
in patients included in the RenlS database is comparable
not only to the results of large phase III clinical trials [14—
18], but also to retrospective studies on patients pretreated
with different targeted therapies [6, 8, 9, 20-22].

The patients included in the RenlS database have been
treated with targeted agents outside of clinical trials.
Therefore, the physicians are not limited by additional
requirements given by clinical trial criteria, and the overall
treatment schedule corresponds to common clinical prac-
tice better than clinical trials. This results in a significantly
higher heterogeneity of collected clinical data. Neverthe-
less, the RenlS registry design enables retrospective mon-
itoring and assessment of all sequentially administered
therapies. Continuous data collection from a network of
twenty cancer centres requires careful project management
to ensure comparability and completeness of patient
records. Therefore, the data undergo thorough validation
prior to processing and analysis. When these necessary
procedures are in place, clinical registries represent an
indispensable source of information extending those
obtained in clinical trials and are a valuable tool for epi-
demiologists, clinicians, managers, and healthcare payers
involved not only in cancer care, but in the whole health-
care system. Due to standardised parametric data collection
system, they may also provide easily accessible informa-
tion for international comparisons or serve as integral part
of international clinical studies and research.
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In conclusion, the RenlS registry provides an important
tool for monitoring the administration of targeted therapy
on a national level. The comparable outcomes of patients in
the RenlS registry and prospective clinical trials indicate
that in the Czech Republic, a careful patient selection is
taking place for targeted therapy of metastatic RCC.
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Abstract Renal cell carcinoma (RCC) is the most common
neoplasm of adult kidney accounting for about 3 % of adult
malignancies. MicroRNAs (miRNAs) are a class of naturally
occurring, short non-coding RNAs that regulate gene expression
at the post-transcriptional level. We determined global miRNA
expression profiles of RCC and parallel renal parenchyma
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tissues by using quantitative reverse transcriptase-polymerase
chain reaction-based TagMan low-density arrays. Afterward, we
validated the difference in miR-210 expression levels on the
larger group of RCC patients (35 RCC versus 10 non-tumorous
parenchyma samples). Functional in vitro experiments were
performed on ACHN and CAKI-2 RCC cell lines transfected
with miRNA-210 inhibitor. Cell viability, apoptosis, cell cycle,
scratch wound migration assay, and invasion assay
(xCELLigence) were performed. We have identified original
ccRCC-specific miRNA signature in clinical samples (73 miR-
NAs were significantly downregulated and five miRNAs upre-
gulated (P<0.003)). Increased expression levels of miR-210 in
RCC tumor tissue were independently validated. We observed
decreased viability of ACHN and CAKI-2 cells and accumula-
tion of CAKI-2 in G2 phase of cell cycle after silencing of miR-
210 expression. Downregulation of miR-210 also reduced the
migratory and invasive potential of ACHN metastatic RCC
cells. Moreover, we showed downregulation of HIFa protein
in both cell lines after miR-210 silencing indicating participation
of miR-210 in hypoxic processes of RCC not only through
regulation of its target mRNAs but also by indirect regulation
of HIF 1a. To our knowledge, this is the first report to show miR-
210 regulatory effects on cell migration, invasive potential, and
HIFIa protein in RCC cells.

Keywords Renal cell carcinoma - MicroRNA - MiR-210 -
ACHN - CAKI-2 - Proliferation - Invasiveness
Background

Renal cell carcinoma (RCC) accounts for approximately

3 % of cancers in adults and 85 % of all primary malignant
kidney tumors with the highest mortality rate at over 40 %.
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Renal tumors are commonly asymptomatic in early stages,
and although surgical resection remains the best therapy for
RCC, after the curative nephrectomy, 20—40 % patients will
develop recurrence [1]. An urgent need of finding new
reliable biomarkers enabling early diagnosis of asymptom-
atic disease and relevant assessment of the metastatic poten-
tial of primary tumor in each individual patient leading to
personalized therapy is emphasized.

MicroRNAs (miRNAs) are important regulators of
gene expression that control both physiological and
pathological processes, comprising an abundant class
of endogenous, small noncoding RNAs, 18-25 nucleo-
tides in length that repress protein translation through
binding to target mRNAs. Bioinformatic studies have
estimated that miRNAs may regulate up to a half of
all human genes and that each miRNA may control
hundreds of target genes [2].

Profiling studies have clearly established that miRNAs
play important regulatory roles in such basic biological
processes as development, cellular differentiation, prolifer-
ation, and apoptosis that affect such major biological sys-
tems as stemness, immunity, and cancer [3, 4]. MiRNAs
have been shown to be differentially expressed in a variety
of cancers, including RCC. Among commonly downregu-
lated miRNAs in RCC belong miR-141 and miR-200c
which indicated tumor suppressive activity. On other hand,
oncogenic miR-155, miR-21 with a role in promoting tumor
growth, cell invasion, and metastasis, miR-34a associated
with cell proliferation in an oxidative stress-induced rat
renal carcinogenesis model, miR-221/222 known to repress
the expression of cell cycle regulator p27 (Kipl), and
hypoxia-inducible miR-210 with known anti-proliferative
potential are known to be significantly upregulated in
RCC [5-7]. Upregulation of hypoxia-related miR-210 has
been well-documented also in lung, prostate, and liver can-
cer [5]. MiR-210 serves as a powerful prognostic biomarker
in breast cancer [8]. It has been also proven that, among
others, miR-210 is a downstream effector molecule of the
HIF-induced hypoxia response. Mutations of the VHL gene
or even its loss will lead to a downstream signaling cascade
of events that trigger hypoxia-like cellular processes under
normal oxygen status and cause an increase in cellular
proliferation leading to cancer progression [5], and in-
creased expression of miR-210 under hypoxic conditions
has been described [9]. MiR-210 function in hypoxia is
believed to be a down-stream molecule of HIF/a. Further-
more, miR-210 could also link hypoxia and cell cycle in
cancer by its regulation of E2F transcription factor 3 (E2F3),
a key protein in cell cycle [8]. Although the processes are
closely related, there are several studies focusing on miR-
210 functioning in the context of hypoxia and only a limited
number of relevant studies investigating roles of miR-210 in
the proliferation and invasiveness.
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We performed a global miRNA profiling study using
TagMan low-density arrays platform to screen for miRNAs
differentially expressed in RCC tumors versus their matched
renal parenchyma. Subsequently, we used miR-210 inhibitor
to transiently knockdown miR-210 in CAKI-2 and ACHN
RCC cell lines in order to evaluate the role of miR-210 in
cell viability, apoptosis, cell cycle, migration, and invasivity.
We have evaluated also effects of miR-210 silencing on
HIFla protein.

Materials and methods
Study population

Thirty-five patients (19 men, 16 women) diagnosed for renal
cell carcinoma with clear cell histology at Masaryk Memo-
rial Cancer Institute (Brno, Czech Republic) between 2003
and 2008 were included in this study. All subjects were of
the same ethnicity (Caucasian). Clinico-pathologic charac-
teristics including age, sex, tumor stage, and grade at the
time of resection were recorded and summarized in Table 1.
The study has been approved by the local ethical committee.

Tissue sample preparation and miRNA isolation

Thirty-five samples of tumoral tissue and ten samples of
non-neoplastic renal parenchyma were collected under su-
pervision of an experienced pathologist before any treatment
and stored in liquid nitrogen. Afterward, tissue samples
were homogenized (Retch MM301), and total RNA
enriched for small RNAs was isolated using mirVana

Table 1 Summary of renal cell carcinoma patients characteristics

Profiling phase Validation phase

Factor Patients Controls Patients Controls
Age

Mean 59 59 65 59

Range 35-80 35-80 35-80 35-80
Sex

Male 5 5 19 6

Female 4 4 16
Stage

T1 (a, b) 2 14

T2 (a, b) 0 4

T3 (a, b) 7 17
Fuhrman grade

Gl 1 5

G2 5 20

G3 3 8

G4 0 2
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miRNA Isolation Kit (Ambion, USA). Concentration and
purity of RNA were determined spectrophotometrically by
measuring its optical density (A260/280>2.0; A260/230>
1.8) using a Nanodrop ND-1000 (Thermo Scientific, USA),
and RNA integrity was measured by Agilent 2100 Bioana-
lyzer using Agilent RNA 6000 Nano Kit (Agilent Technol-
ogies, USA). The samples were either stored at —80 °C or
further processed.

TagMan low-density arrays

To identify differentially expressed miRNAs from the two
pooled samples (nine tumor tissue samples and nine
matched non-tumorous renal parenchyma samples), Tag-
Man low-density arrays (TLDA) were performed in explor-
atory phase of the study. In brief, 35 ng of total RNA was
reverse-transcribed into complementary DNA (cDNA) by
the TagMan MicroRNA Reverse Transcription Kit and
Megaplex RT set pool A and B version 2.0 (Applied Bio-
systems, CA, USA) and loaded into TagMan Array Human
MicroRNA A+B Cards Set v2.0 (Applied Biosystems) en-
abling simultaneous quantitation of 667 human miRNAs.
TagMan MicroRNA Assays and analysis were performed on
the ABI 7900HT Instrument (Applied Biosystems). All
procedures were performed according to the standard man-
ufacturers’ protocols. Quantitative miRNA expression data
were acquired and normalized by use of ABI 7900HT SDS
software (Applied Biosystems).

Quantitative real-time PCR

For further validation, miR-210 was selected according to
significance of the difference in TLDA analysis and its
biological plausibility. cDNA was synthesized from total
RNA using miRNA-specific primers according to the Taq-
Man MicroRNA Assay protocol (Applied Biosystems). For
RT reactions, 10 ng of RNA sample, 50 nM of stem-loop RT
primer, 1x RT buffer, 0.25 mM each of dNTPs, 3.33 Upl ™'
multiScribe reverse transcriptase, and 0.25 Upl™' RNase
inhibitor (supplied in TagMan MicroRNA Reverse Tran-
scription kit, Applied Biosystems) were used. Reaction
mixtures (15 pl) were incubated for 30 min at 16 °C,
30 min at 42 °C, 5 min at 85 °C, and then held at 4 °C.
Real-time polymerase chain reaction (PCR) was performed
using the Applied Biosystems 7500 Instrument. The 20-pl
PCR reaction mixture included 1.33 ul of RT product, 1%
TagMan (NoUmpErase UNG) Universal PCR Master Mix,
and 1 ul of primer and probe mix of the TagMan MicroRNA
Assay kit (Applied Biosystems). Reactions were incubated
in a 96-well optical plate at 50 °C for 2 min, 95 °C for
10 min, followed by 40 cycles at 95 °C for 15 s, and 60 °C
for 10 min. All reactions were run in duplicate, and average
threshold cycle and SD values were calculated.

Cell cultures and growth conditions

The human metastatic renal adenocarcinoma cell line
ACHN and human Caucasian kidney carcinoma CAKI-
2 cell line were obtained from the European Collection
of Cell Cultures. Cells were cultured in Dulbecco’s
modified Eagle’s medium (DMEM) supplemented with
10 % fetal bovine serum (FBS), 100 pgml™' penicillin,
100 pgml™ ! streptomycin, 0.1 mM non-essential amino
acids, 2 mML-glutamin, and 1 mM sodium pyruvate
(all purchased from Invitrogen, Gibco) in 10 % CO, at
37 °C.

Transfection of ACHN and CAKI-2 cells, RNA extraction,
and qRT-PCR analysis

Cells were transfected with 50 nM anti-miR™ miRNA-
210 inhibitor (anti-miR-210, Applied Biosystems) or
50 nM anti-miR™ negative control (Applied Biosys-
tems) and equimolar concentration of Lipofectamine
2000 (Invitrogen). Transfected cells were harvested after
24 h, and total RNA enriched for small RNAs was
isolated using mirVana miRNA Isolation Kit (Ambion)
according to manufacturer’s recommendation. Concen-
tration and purity of RNA were determined; reverse
transcription and quantitative reverse transcriptase-
polymerase chain reaction (qQRT-PCR) were performed
according to the TagMan MicroRNA Assay and Tag-
Man Small RNA assay protocols as described previous-
ly. MiR-210 expression was normalized to RNU48, and
expression data were subsequently analyzed by the
272C" method. We evaluated also miR-210 levels in
negative control cells in comparison to non-transfected
cells and observed non-significant changes which were
lower than 5 %. Experiments were run in three inde-
pendent repeats.

MTT assay

Cell viability of transfected cells was measured by the 3-
(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2 H-tetrazolium
bromide assay (MTT, Sigma Aldrich). ACHN and CAKI-2
cells were seeded in 96-well plate at a density of 1x 10* cells
per well 24 h prior to transfection with 50 nM anti-miR-210
or anti-miR™ negative control. Following 48 h incubation,
20 pul of 5 mgml™' MTT solution in phosphate-buffered
saline (PBS) was added to each well, and plates were incu-
bated for 3 h at 37 °C. The precipitate was solubilized in
100 % DMSO (200 pl per well), and absorbance was
measured on ELISA Multi-detection Microplate Reader
(BIO-TEK, USA) at 570 nm and 650 nm (background)
wavelength. Experiments were run in three independent
repeats in triplicate.
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Detection of apoptosis

ACHN and CAKI-2 cells were seeded in six-well plate at a
density of 2x10° cells per well, incubated for 24 h, and then
transfected with 50 nM anti-miR-210 or anti-miR™ nega-
tive control. Cells were trypsinized 48 h after the transfec-
tion, and apoptosis measurement was performed using
Annexin V-FITC kit (Miltenyi Biotec Inc., USA) according
to the manufacturer’s recommendation. Experiments were
run in three independent repeats in triplicate.

Cell cycle analysis

ACHN and CAKI-2 cells were transfected with 50 nM anti-
miR-210 or anti-miR™ negative control in 60 mm plates at
a density of 1x10° cells per well and incubated for 48 h.
Cells were trypsinized and fixed with 70 % ethanol. Subse-
quently, cells were washed in PBS and treated with
0.1 mgml™" RNase for 30 min at 37 °C. Finally, I mg
ml™" propidium iodide was added, and cells were incubated
10 min at room temperature. Cell cycle analysis was per-
formed using a BD FACS Canto II (BD Bioscience, USA).
The data were analyzed by FlowJo v 7.2.2. Experiments
were run in three independent repeats in triplicate.

Scratch wound migration assay

Cell migration assay was performed only on ACHN cell line
due to its metastatic renal adenocarcinoma origin. ACHN
cells were seeded in 24-well plate at a density of 1 x10° cells
per well 24 h before the transfection with 50 nM anti-miR-
210 or anti-miR™ negative control. The cell monolayer was
wounded with a sterile pipette tip 24 h after the transfection
and then rinsed with PBS to remove cellular debris. Subse-
quently, the fresh medium was added. The migration was
measured at times 0 and 12 h post-wounding using a mi-
croscope Olympus CKX-41(x10) and camera Olympus SP-
350. Images were analyzed by the Tscratch software (CSE,
Switzerland). Experiments were run in three independent
repeats in triplicate.

Cell invasivity assay by xCELLigence

Cell invasivity assay was performed only on ACHN cell line
due to its metastatic renal adenocarcinoma origin. ACHN cells
were seeded on 24-well plates (1x10° cells per well) 24 h
prior to transfection with 50 nM anti-miR-210 or anti-miR™
negative control. After 24 h incubation, cells were harvested
and seeded on 16-well CIM-plates (CIM-Plate 16, Roche)
pre-coated with (0.5 mg'ml™") matrigel (BD Bioscience). Cells
(10* cells per well) in DMEM supplemented with 1 % FBS
were seeded in the upper chamber; DMEM supplemented
with 10 % FBS was used as a chemoattractant, and real-time
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cell analysis was performed using xCELLigence software
(Roche). Experiment was performed in four independent rep-
etitions in duplicate.

Western blotting

Cells were lysed in Laemmli sample buffer (Bio-Rad, Hercules,
CA, USA) supplemented with a protease inhibitor complete
EDTA-free (Roche). Protein concentration was measured using
BCA Protein Assay kit (Pierce, Rockford, MA, USA). Cell
lysates (50 pg) were electrophoresed on 10-20 % polyacryl-
amide gels (Bio-Rad) and transferred to polyvinylidene difluor-
ide membrane (BioRad, Germany). The membranes were
blocked with PBS containing 5 % skim milk and 0.1 %
Tween-20 and then incubated with the primary antibody.
Mouse monoclonal antibody to HIF 1alpha was purchased from
Abcam (abl). The membranes were incubated after washing
with HRP-conjugated goat anti-mouse IgG (Calbiochem,
Gibbstown, NJ, USA) and analyzed using ECL-Plus (GE
Healthcare, Amersham, UK).

Statistical methods

Analysis of the real-time PCR data was performed using the
SDS 2.0.1 software (Applied Biosystems) (settings: automatic
baseline, threshold 0.2). According to manufacturer’s recom-
mendations, small nucleolar RNA, C/D box 48 (SNORD48),
formerly known as RNU48 has been chosen as references for
normalization of miRNA expression levels. The relative expres-
sion levels of target miRNAs were determined by the equation
22T in which ACy were calculated as follows—ACr=
CT miR-ofuinterest— CT ref: Relative miRNA levels were then calcu-
lated with the RQ Manager 1.2. Normalized expression data
from exploratory phase of the study were statistically evaluated
in environment of statistical language R by use of Bioconductor
package and LIMMA approach combined with hierarchical
clustering [10]. Normalized miR-210 expression data were sta-
tistically analyzed with MedCalc software version 11.2.1. P
values of less than 0.05 were considered statistically significant.
Statistical differences between expression levels in paired
ccRCC tissue and adjacent non-tumorous renal parenchyma
samples were evaluated by non-parametric Mann—Whitney U
test.

Results
Different miRNA expression profiles in renal cell carcinoma
and adjacent non-tumorous tissue samples and miR-210

increased expression in clinical samples

We performed miRNA expression profiling using real-
time PCR-based miRNAs expression profiling arrays as
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a strategy for effective identification of RCC-associated
miRNAs in tissue samples. We determined the miRNA
expression profile of 667 miRNAs in tumor tissues of
nine patients with diagnosed RCC and their adjacent
non-tumorous renal parenchyma using TaqgMan low-
density array technology; the miRNA expression levels
were normalized to SNORD48, formerly known as
RNU48; the mean expression levels were calculated
and data analyzed by use of the microarray biostatisti-
cal approaches. We observed 78 miRNAs differentially
expressed between RCC tumor tissue and adjacent
normal renal parenchyma (P<0.0003). A global trend
of decrease in miRNAs expression levels was evident;
73 miRNAs were downregulated in RCC tissue, and
only five miRNAs were upregulated (Table 2). Based
on unsupervised hierarchical clustering, we were able
to identify 54 miRNAs discriminating between RCC
tissue and adjacent non-tumorous renal parenchyma
(P<0.0001; Fig. 1), of which upregulated miR-210 (FC=
5.9905; P=0.0008) was chosen for further experiments

according to the previous reports, significance of the
difference, and biological relevance. We further ana-
lyzed expression levels of miR-210 in 35 tissue sam-
ples of RCC and ten non-tumorous renal parenchyma
samples by qRT-PCR. To determine the difference be-
tween two groups, we performed non-parametric
Mann—Whitney Utest and confirmed significantly in-
creased miR-210 expression level in RCC tissue sam-
ples (P<0.0001) if compared with non-tumorous renal
parenchyma (Fig. 2).

Determination of transfection efficacy

The transfection of miR-210 inhibitor was optimized in
order to validate miR-210 effects on cell viability,
apoptosis, cell cycle, migration, and invasive potential
in ACHN and CAKI-2 renal cell lines. ACHN and
CAKI-2 cells were transfected using Lipofect-
amine2000, and the transfection efficacy was deter-
mined by TaqMan real-time PCR 24 h after

Table 2 MiRNAs differentially expressed in paired samples of renal cell carcinoma tissue and adjacent non-tumorous renal parenchyma (P<0.003)

miRNA FC Pvalue miRNA FC Pvalue miRNA FC Pvalue
miR-891a 0.0075 <0.0001 miR-30d* 0.2248 0.0001 miR-190 0.2427 0.0008
miR-508-3p 0.0069 <0.0001 miR-502-3p 0.3066 0.0001 miR-210 5.9905 0.0008
miR-216b 0.0138 <0.0001 miR-502-5p 0.2239 0.0001 miR-125a-3p 0.2451 0.0010
miR-138 0.0096 <0.0001 miR-30a* 0.2123 0.0001 miR-598 0.2848 0.0011
miR-141 0.0140 <0.0001 miR-425* 0.2228 0.0001 miR-218 0.1668 0.0011
miR-548d-5p 0.0450 <0.0001 miR-874 0.0047 0.0001 miR-30a 0.2271 0.0012
miR-206 0.0945 <0.0001 miR-885-5p 21.3755 0.0002 miR-199a-5p 0.0794 0.0013
miR-135a 0.0330 <0.0001 miR-886-5p 0.2260 0.0002 miR-30b 0.3576 0.0014
miR-200c 0.0130 <0.0001 miR-532-3p 0.2857 0.0002 miR-203 0.2235 0.0015
miR-509-3p 0.0882 <0.0001 miR-30e* 0.2081 0.0002 miR-136* 0.0886 0.0017
miR-888 0.0400 <0.0001 miR-500 0.2843 0.0002 miR-509-3-5p 0.0317 0.0017
miR-801 0.0262 <0.0001 miR-509-5p 0.0220 0.0002 miR-30e 0.2855 0.0018
miR-548b-5p 0.0481 <0.0001 miR-362-5p 0.2829 0.0002 miR-324-5p 0.3043 0.0018
miR-429 0.1051 <0.0001 miR-200a 0.1535 0.0003 miR-29¢ 0.3592 0.0019
miR-510 0.0212 <0.0001 miR-204 0.1316 0.0003 miR-335 0.2095 0.0019
miR-200b 0.1428 <0.0001 miR-363 0.2084 0.0003 miR-708 0.2827 0.0020
miR-660 0.2250 <0.0001 miR-376¢ 0.1687 0.0003 miR-30c 0.3500 0.0020
miR-565 0.1935 <0.0001 miR-375 0.0560 0.0004 miR-29a 0.3867 0.0021
miR-187 0.0277 <0.0001 miR-100* 0.1548 0.0005 miR-423-5p 0.0911 0.0024
miR-649 0.0364 <0.0001 miR-26a-1* 0.2274 0.0005 miR-378 0.3057 0.0024
miR-532-5p 0.1768 <0.0001 miR-29¢* 0.3330 0.0006 miR-30d 0.2939 0.0026
miR-135b 0.1544 <0.0001 miR-23b 0.1382 0.0006 miR-934 0.1341 0.0028
miR-494 0.1215 <0.0001 miR-501-5p 0.2803 0.0006 miR-200b* 0.2997 0.0028
miR-542-5p 0.0483 0.0001 miR-342-5p 7.1530 0.0006 miR-638 0.2583 0.0030
miR-362-3p 0.2094 0.0001 miR-422a 0.2084 0.0006 miR-155 4.5701 0.0030
miR-122 43.3545 0.0001 miR-214 0.2420 0.0007 miR-335% 0.2862 0.0030

FC fold change
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Fig. 1 Hierarchical clustering of renal cell carcinoma (RCC) tis-
sue and non-tumorous renal parenchyma tissue in nine paired
samples according to 54 differentially expressed miRNAs (P<0.0001).

transfection. Real-time PCR analysis has proved that
expression levels of miR-210 significantly decreased to
9.1 %+£3.7 % (n=3, P<0.001) in ACHN cells and to
4.6 %=0.1 % (n=3, P<0.001) in CAKI-2 cells trans-
fected with 50 nM anti-miR-210 compared with nega-
tive control (Fig. 3a).
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Effects of miR-210 inhibition on cell viability, apoptosis,
cell cycle, migration, and invasivity in ACHN and CAKI-2
cells

To evaluate the effect of miR-210 on cell viability, ACHN
and CAKI-2 cell lines were transfected with 50 nM anti-
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Fig. 2 Increased expression levels of miR-210 in 35 ccRCC
tissue samples and ten samples of non-tumorous renal parenchy-
ma (P<0.0001, Mann—Whitney U'test)

miR-210 or anti-miR™ negative control, and MTT-
assay was performed 48 h after transfection. We ob-
served decrease in cell viability by 24.1 %=+3.3 % (n=
3, P<0.0005) in ACHN cells and by 284 %=+54 %
(n=3, P=0.001) in CAKI-2 cells in anti-miR-210 trans-
fected cells (Fig. 3b).

Consequently, we performed Annexin V assay to
evaluate the effect of miR-210 on the apoptotic rate in
both anti-miR-210 and anti-miR™ negative control
transfected cells but did not observe any significant
effect of anti-miR-210 transfection on apoptotic rate in
ACHN and CAKI-2 cells.

Furthermore, we examined the effect of miR-210
silencing on cell cycle. ACHN and CAKI-2 cells
transfected with 50 nM anti-miR-210 were incubated
for 48 h, subsequently stained with propidium iodide,
and analyzed by flow cytometry. In CAKI-2 cells with
silenced miR-210 expression, we observed significant-
ly higher amount of CAKI-2 cells in G2-phase and
reduced S-phase cells proportion (P=0.02, n=3)
(Fig. 3c). In ACHN cell line, we did not observe
any significant change in cell cycle progression.

Cell migration and invasivity assays were performed only
on ACHN cell line due to its metastatic renal adenocarcino-
ma origin. ACHN cells were transfected with miR-210
inhibitor, and subsequently, scratch wound migration assay
was performed. There was an observable trend of cell mi-
gration potential decrease by 5 % at the time period of 48 h
after transfection (P=0.04, n=3) (Fig. 3d). Furthermore,
using a real-time impedance-based invasion assay
(xCELLigence), we have shown that miR-210 silencing
significantly reduced invasive potential of ACHN metastatic
renal adenocarcinoma cells in matrigel bioassays by
22.55 % (P=0.015, n=4) (Fig. 3e).

Effect of miR-210 inhibition on HIF1-a levels in ACHN
and CAKI-2 cells

To evaluate the effect of miR-210 on HIFI«x protein level,
ACHN and CAKI-2 cell lines were transfected with 50 nM
anti-miR-210 or anti-miR™ negative control, and Western
blot analysis was performed in duplicate 48 h after transfec-
tion. In both cell lines was observed significant decrease in
HIF I« protein level (see Fig. 4b).

Discussion

In this study, we performed a qRT-PCR-based miRNA ex-
pression arrays which allowed us to identify the specific
profile of miRNAs differentially expressed in RCC with
clear cell histology and matched renal parenchyma clinical
samples. Although RCC is characterized by high incidence
and the highest mortality rate at over 40 %, the definite
pathogenic mechanisms underlying RCC have not been
clearly elucidated yet. Mutated or abnormally expressed
miRNAs have been identified as both oncogenes and
tumor suppressors in various human cancers, including
RCC [7, 11, 12].

We have confirmed a general trend of decrease in miR-
NAs expression in tumor tissue. Among the most consis-
tently downregulated miRNAs in RCC tissue, these could
be mentioned: (1) miR-200 family members (including
miR-200c, miR-141, miR-200a, miR-200b, and miR-429)
relevant to the process of epithelial-to-mesenchymal transi-
tion [6, 13]; (2) miR-206 previously reported to promote
tumor cell apoptosis via targeting key components in apo-
ptotic signal transduction pathways [13, 14]; (3) miR-30
family (miR-30a, miR-30b, and miR-30c) and miR-29a
assumed as potential biomarkers for metastasis prediction
[15]; (4) miR-422 regulating expression of CYP7A1, which
plays a critical role in regulation of bile acid synthesis in the
liver [16]; and (5) miR-506 family members (miR-508-3p,
miR-509-3p, miR-509-5p, miR-509-3-5p, and miR-510)
which are tandemly clustered in the same genomic region,
Xqg27.3, and which target core genes involved in multiple
key pathways, as predicted by miRanda and miRNAMap
(miR-508-3p — LDHA, miR-509-3p—HKI) [14], could be
mentioned.

On the contrary, we have identified five upregulated
miRNAs (P<0.003). We found miR-122 to be the most
predominantly upregulated miRNA in RCC tissue samples
(more than 40-fold) if compared with non-tumorous renal
parenchyma. Conversely, there are many studies demon-
strating miR-122 to be significantly downregulated in hepa-
tocellular carcinoma (HCC) and proposing miR-122 as a
liver-specific miRNA [17]. MiR-885-5p, upregulated more
than 20-fold in RCC tissue samples, has been previously
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Fig. 3 In vitro functional characterization of miR-210. a Suppression
of miR-210 expression by anti-miR-210 in ACHN and CAKI-2 cells. b
Significant decrease in viability of ACHN (P=0.0005, n=3) and
CAKI-2 (P=0.0018, n=3) cells transfected with anti-miR-210. Cell
viability was measured by MTT-assay 48 h after transfection. OD
optical density. ¢ Effects of miR-210 silencing on CAKI-2 cell cycle
distribution. A significantly higher amount of CAKI-2 cells in G2-
phase was observed 48 h after anti-miR-210 transfection (£<0.0001,
n=3). d Effect of anti-miR-210 transfection on ACHN cell migration

reported to be significantly elevated in sera of HCC patients,
indicating its potential role as a novel complementary
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ability; scratch wound migration assay. There was an observable trend
of reduced ACHN relative cell migration 48 h after anti-miR-210
transfection (P=0.043, n=3). e Effect of miR-210 silencing on ACHN
cell invasivity. There was observable decrease in ACHN cell invasivity
potential 48 h after anti-miR-210 transfection (P=0.015, n=4). Pale
indicates anti-miR negative control (mock) transfected cells; dark grey
indicates anti-miR-210 transfected cells (*ztest significant at p<0.05,
**p<0.01)

biomarker for the detection and assessment of liver pathol-
ogies [18]. We also described miR-342-5p upregulated more
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Fig. 4 Suppression of HIFI« levels through miR-210 silencing (a
CAKI-2 cells, b ACHN cells)

than sevenfold. This is in agreement with a study of Garzon
and co-workers who found miR-342 upregulated in acute
promyelocytic leukemia patients and cell lines during all-
trans-retinoic acid treatment [19] and Lowery and co-
workers who described increased expression of miR-342
in ER and HER2/neu-positive luminal B breast cancer, thus
being therapeutically challenging in these tumors [20]. More
than fourfold over-expressed miR-155, previously reported
to be upregulated in RCC tissue, is located to the chromo-
some 21 and influence the glycine amidinotransferase met-
abolic pathway [21, 22]. Furthermore, performing a
preliminary analysis, White and co-workers showed that
miR-155 expression is correlated with RCC tumor size
[23]. Taken together, miR-155 is assumed to be an onco-
genic miRNA in RCC pathogenesis.

Based on biological relevance [7] and significance of the
difference in TLDA analysis, we have chosen miR-210 for
further validation and in vitro studies. We described miR-
210 being upregulated almost sixfold in RCC tissue samples
by TLDA. Increased miR-210 expression was successfully
validated in 35 tissue samples of ccRCC and ten samples of
non-tumorous renal parenchyma by qRT-PCR. MiR-210 is
an evolutionary conserved and well-established HIF-
responsive “hypoxamir,” i.e., miRNA that can be induced
under hypoxic conditions in many solid cancers in a HIF-
la- and VHL-dependent manner [14]. It has been previously
documented that clear cell RCC, either in sporadic or he-
reditary form, shows significantly higher levels of miR-210
if compared with other histological subtypes, and further-
more, increased miR-210 levels were also seen in higher-
grade tumors of lesions with lymph node metastasis [24].

Regarding the assumed miR-210 role as a key player in
every step of RCC pathogenesis and beside miR-210 role as
a “master miRNA” relevant for the control of diverse func-
tions in the hypoxic state, it has been previously proven that
miR-210-modulated genes are associated with RNA and
DNA processing, binding, and repair, with cytoplasmic
and nuclear trafficking, mitochondrial function, metabolism,
cell cycle control and proliferation, apoptosis and cell

survival, differentiation, and development [25]. Based on
these findings, we have investigated cell viability, cell cycle,
apoptosis, migration, and invasiveness potential in renal cell
carcinoma cell lines ACHN and CAKI-2 with transiently
silenced miR-210.

We observed decreased cell viability in both cell lines
transfected with miR-210 inhibitor and accumulation of
CAKI-2 cells with silenced miR-210 in G2 phase of cell
cycle. This is contradictory to findings of Nakada and co-
workers who, although expecting an effect of miR-210
suppression on cell viability and cell cycle progression,
did not observe any significant changes in neither the cell
viability nor the cell cycle profile [26]. However, it has been
previously reported that miR-210 could induce cell-type-
specific control of proliferation. In certain transformed cells,
inhibition of the c-Myc antagonist and miR-210 confirmed
direct target, MAX-binding protein (MNT), was demonstrat-
ed as functionally important in controlling cell cycle through
reciprocal upregulation of c-Myc activity. Increased miR-
210 expression in various tumors could lead, through target-
ing E2F3 and ACVR1b (activin receptor 1b), to activation of
G1/S cell cycle progression and increased cellular prolifer-
ation [8]. In other tumor types, depending on the contextual
cues, miR-210 could target different set of mRNAs such as
HOXA3 and HOXA9 and contribute to cell proliferation
reduction [25]. MiR-210 role as a tumor proliferation regu-
lator was described also in both ER-positive and ER-
negative breast cancer [27].

Employing scratch wound migration assay and a real-
time impedance-based invasion assay in ACHN cell line,
which is of metastatic renal adenocarcinoma origin, we have
shown that both migration and invasion potentials in ACHN
cells with transiently silenced miR-210 were reduced. This
is in agreement with results of Zhang and co-workers who
described on 786-0O renal cancer cell line that miR-210 over-
expression, and MNT knockdown lead to upregulation of a
set of genes not upregulated by MYC with functions linked
to invasion and cell-motility, thereby influencing the meta-
static potential of cancer cells [28]. Also, Rothé and co-
workers described decrease in cell migration in ER-negative
highly proliferating, migrating, and invading MDA-MB-231
cells with exogenously repressed miR-210 expression [27].
Moreover, based on the premise that miR-210 over-
expression in normoxic endothelial cells stimulated the vas-
cular endothelial growth factor (VEGF)-driven cell migra-
tion, Fasanaro and co-workers have shown that miR-210
blockade via anti-miRNA transfection decreased cell migra-
tion in response to VEGF [29]. As recent studies have
rapidly and decisively demonstrated the unique, robust,
and complex nature of miR-210, set of transcripts which
are mechanistically linked to the process of migration and
invasion of transformed cells was described, namely P4HB
(prolyl 4-hydroxylase, beta polypeptide), PTPNI (protein
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tyrosine phosphatase, non-receptor type 1), MDGAI (MAM
domain containing glycosylphosphatidylinositol anchor 1),
and CLASP? (cytoplasmic linker associated protein 2) [25].

In our study, we have also tried to figure mechanistic link
between miR-210 deregulation and observed functional
effects on RCC cell lines. Recent study by Kelly et al.
(2011) described a hypoxia-induced positive feedback loop
promoting HIFIa stability through mir-210 suppression of
glycerol-3-phosphate dehydrogenase 1-like protein [30]. In-
duction of miR-210 expression through HIFIa led to in-
crease of HIFla levels through regulation of HIFla
repressors by miR-210 [30]. We hypothesize that higher
levels of miR-210 observed in RCC tissue are not only the
consequence of HIFIa hyper-activation but also partly its
cause. To support this hypothesis, we performed analysis of
HIFIa protein in Caki-2 and ACHN cell lines after silencing
of miR-210, and we have observed significant downregula-
tion of HIF1a protein in both cell lines (Fig. 4a, b). Accord-
ing to this observation, we suppose that participation of
miR-210 in hypoxia and hypoxia-associated processes in
RCC is not only through regulation of its target mRNAs
but also by indirect regulation of HIF/a.

These findings enrich our understanding of miR-210
pleiotropic nature beside its functions as down-stream mol-
ecule of HIFIa, but further studies regarding the precise
identification of deregulated molecules and description of
their complex interactions is required to elucidate miRNAs
and miR-210 functioning in the pathophysiological process-
es in RCC.
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Imunoterapie zhoubného nadoru ledviny

Immunotherapy of Renal Cell Carcinoma
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Souhrn

Lécba metastatického rendlniho karcinomu je stale paliativni. Cilend terapie v porovnani s cy-
tokiny a chemoterapii dosahuje vyssiho poctu odpovédi, prodluzuje celkové preziti a preziti
do progrese onemocnéni. Checkpoint inhibitory patfi mezi novinky v Ié¢bé pacientd s renal-
nim karcinomem, predevsim anti-PD-1 protilatky jiz prokazaly svoji i¢innost u téchto pacientt
a brzy budou dostupné pacientlim ve 2. anebo 3. linii paliativni 1é¢by (nivolumab). V tomto
¢lanku zminime recentni data z aktudlnich studii s cytokiny, protinddorovymi vakcinami, ipi-
limumabem a nivolumabem. Nové se zkousi v mnoha studiich kombinace jak checkpoint
inhibitory s cilenou terapii, tak i anti-PD-1(-L1) protilatek s anti-CTLA-4 protilatkami (ipilimu-
mab). Vysledky téchto studii jsou velmi povzbudivé, limitujici vsak byva toxicita (predevsim
u kombinace anti-PD-1 a anti-CTLA-4 protilatek) a cena této terapie. Obzvlasté |é¢ba kombinaci
bevacizumabu s atezolizumabem, axitinibu s pembrolizumabem nebo avelumabem, lenvati-
nibu s pembrolizumabem a nivolumabu s ipilimumabem (studie faze |, Il, nékdy Ill) je vysoce
uc¢innd a odpovédi jsou dlouhodobé. U nékterych kombinaci se pocet odpovédi pohybuje mezi
70 a 100 %. Validni prediktivni markery na tuto |é¢bu zatim neméme (i kdyz na nich vyzkumnici
intenzivné pracuji), pro vybér pacientli k imunoterapii se stale pouzivaji prognostické modely
dle Henga ¢i Memorial Sloan Kettering Cancer Center (MSKCC). Jisté v3ak je to, Ze imunoterapie
bude mit své misto v 1é¢bé pacientt s rendlnim karcinomem, i kdyz je potfeba zodpovédét jesté
hodné otézek.

Klicova slova
renalni karcinom — imunoterapie - checkpoint inhibitory - cilend terapie

Summary

Treatment of renal cell carcinoma is still palliative. Targeted therapy increases response rates
and prolongs overall survival and progression-free survival compared with cytokines and
chemotherapy. Checkpoint inhibitors constitute the up-date of therapeutic approaches, and
anti-PD-1 antibody, one checkpoint inhibitor, is now well established as a second and/or third
palliative treatment for patients with renal cell carcinoma. In this study, we present the latest
data from current studies on cytokines, cancer vaccines, ipilimumab, and nivolumab. The thera-
peutic efficacies of combinations such as targeted therapy with immune checkpoint inhibitors
and anti-CTLA-4 with anti PD-1(-L1) have been reported in many studies. Preliminary results
are encouraging but the high toxicities and elevated cost are limiting. Treatments with com-
binations of bevacizumab and atezolizumab, axitinib and pembrolizumab or avelumab, lenva-
tinib and pembrolizumab, and nivolumab and ipilimumab (results from study phase |, II, and
sometimes lll) are reported to be highly effective and to result in long-lasting responses with
response-rates of 70-100%. So far, valid predictors for these therapies have not been forthco-
ming, but considerable work is being exerted in this area. Heng and Memorial Sloan Ketter-
ing Cancer Center (MSKCC) models are still being used to select patients for immunotherapy.
Immunotherapy will definitely continue to play an important role in the treatment of patients
with renal cell carcinoma; however, many questions remain.

Key words
renal cell carcinoma - immunotherapy - checkpoint inhibitors — target therapy
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Uvod
V 1é¢bé metastatického rendlniho karci-
nomu (metastatic renal cell carcinoma -
mRCC) se podobné jako u jinych onko-
logickych diagnéz ¢im dal vice uplatfuje
moderni imunoterapie. Spolecné s cile-
nou terapii tvofi dva zékladni pilife |écby
mRCC. Bohuzel se v3ak jedna o |é¢bu pro-
dluzujici Zivot, stdle nemlzeme mluvit
0 Uplném vyléceni pacientd, i kdyz né-
kterd data ze studii kombinujicich cilenou
terapii a moderni imunoterapii (tzv. check-
point inhibitory) dévaji urc¢itou nadéji na
dlouhodobou kompletni remisi onemoc-
néni (complete remission — CR) (podobné
jako to vidime u pacientt s malignim me-
lanomem (malignant melanoma - MM)).
Incidence renélniho karcinomuv CRje nej-
vyssi celosvétové, ma stéle rostouci ten-
denci, v roce 2014 to bylo 30,03 pfipadu
na 100 000 obyvatel. Mortalita v CR stag-
nuje, resp. mirné klesd, v roce 2014 byla
11,1 pfipadu na 100 000 obyvatel [1].

Jak jiz bylo feceno, pro pacienty
s mRCC mame dvé skupiny léciv. Cilend
terapie pfinesla ve srovnani s konvencni
chemoterapii a imunoterapii cytokiny
(interferon a - IFN-q, interleukin-2 - IL-2)
prodlouZeni doby do progrese onemoc-
néni (progression-free survival — PFS),
celkového preziti (overall survival - OS),
navic doslo ke zvyseni poctu odpovédi
na lé¢bu (response rate — RR). Léky této
skupiny mGzeme zjednodusené rozdélit
do dvou podskupin, v prvni mame inhi-
bitory rlznych kinadz receptor( souvise-
jici s drahou vaskularniho endotelového
rdstového faktoru (vascular endotelial
growth factor — VEGF), ve druhé pod-
skupiné pak jsou tzv. mTOR inhibitory
(mammalian target of rapamycin). Uka-
zuje se, ze > 80 % pacientll se sporadic-
kym RCC ma pFitomnou dysfunkci genu
Von-Hippel Lindau (VHL), nejcastéji se
jedna o poruchu zplsobenou urcitou
mutaci vlastniho genu ¢i hypermetylaci
jeho promotoru (epigenetickd zména).
Pokud jsou proteiny VHL nefunkéni, ne-
dochdzi k degradaci hypoxii induko-
vaného faktoru 1-a (hypoxia-inducible
factor 1-a - HIF-1a) v proteazomu. HIF
reguluje expresi gend uUcastnicich se
procesu angiogeneze, buné¢ného me-
tabolizmu, proliferace, signalizace, che-
motaxe ¢i apoptdzy. Jedna se prede-
v$im o geny VEGF, rodiny desti¢ckového

ristového faktoru (platelet-derived
growth factor - PDGF) a rodiny transfor-
mujiciho rGstového faktoru (transform-
ing growth factor — TGF) [2]. Prokazalo
se téz, ze inaktivace VHL genu zplso-
buje zvysenou expresi gend MET a AXL.
Zvy3ené hladiny proteinu MET pak na-
chazime u pacientl ve $patné prognos-
tické skupiné dle MSKCC 2002, ale téz
k ni dochézi pod vlivem dlouhodobé
IéCby sunitinibem (mU0ze tak byt dvo-
dem sekunddrni rezistence na tento I€k),
podobné vysledky plati i pro zvy$enou
expresi genu AXL [3,4]. Ligandem pro-
teinu MET je hepatocytéarni rGstovy fak-
tor (hepatocyte growth factor - HGF),
zvysenad aktivita MET vede k supresi apo-
ptézy, zvySenému nadorovému ristu,
akceleraci angiogeneze, invazivité a me-
tastazovani [5]. Ligandem proteinu AXL
je Gas6, po jejich vazbé dochézi k urych-
leni bunééného déleni a supresi apo-
ptézy [6]. | proteinova kindza mTOR ma
velmi dilezitou roli v procesech bunéc-
ného rlstu, proliferace, angiogeneze
a apoptdzy. Pokud je nadmérné expri-
movdana ¢i stimulovana, mize dojit k ak-
celeraci karcinogeneze. Pomoci temsiro-
limu ¢i everolimu dochazi k inhibici této
serin-threoninové kindzy [7].

Do druhé skupiny Ié¢iv (moderni imu-
noterapie, tzv. checkpoint inhibitory)
fadime predevsim anti-PD-1/-L1 (pro-
grammed death - PD) protilatky a anti-
-CTLA-4 protilatky (cytotoxic T-lympho-
cyte-associated antigen 4 — CTLA-4).
Vyvojové starsi anti-CTLA-4 protilatky
jsou zalozené na principu inhibice re-
ceptoru CTLA-4. Receptor CTLA-4 po na-
vazani ligandl CD80 a CD86 negativné
ovliviuje funkci T lymfocytd v interakci
s antigeny nadorl ¢i normalnich tkani
predkladanych dendritickymi burikami
imunitniho systému. Je-li vdak tento re-
ceptor zablokovan lé¢ebnou protildt-
kou (nej¢astéji ipilimumab), dochazi
k odblokovani imunitni odpovédi [8].
Anti-PD-1/-L1 protilatky se vazou na re-
ceptor ¢i ligand receptoru PD-1, resp.
PD-L1. Za normdlnich okolnosti inter-
akce mezi receptorem PD-1 a jeho li-
gandy (PD-L1 a PD-L2) tlumi imunitni
odpovéd na rlizné antigeny (napf. mik-
robialni nebo nadorové). PD-1 receptor
je exprimovan na aktivovanych T lymfo-
cytech, ale i na B lymfocytech, dendritic-

kych burnkéch a makrofazich. Nadorové
buriky produkujici PD-L1 ligand doka-
Zou tedy velmi uc¢inné tlumit odpovéd
cytotoxickych T lymfocytll na reakci vici
sobé samym [9].

Ukazuje se, Ze i cilena terapie ma ur-
¢ity imunomodulacni efekt. Data jsou
zatim rozporuplng, i kdyZz se u kombi-
nace s anti-CTLA-4 a anti-PD-1/-L1 pro-
tilatkami predpokladd synergisticky
efekt. Bylo prokazano, ze stromalni
bunky RCC jsou velmi dllezitym zdro-
jem VEGF, ktery se pak podili pfimo ¢i
nepfimo na produkci dalsich cytokinu
zpUsobujici imunosupresi nddorového
mikroprostiedi. Vysoké hladiny VEGF
plsobi inhibici maturace dendritickych
bunék, indukci apoptézy CD8* T lym-
focytl a indukci aktivity T regula¢nich
lymfocyt(. VEGF se déale podili na dife-
renciaci tumorem asociovanych mak-
rofagu, které cestou zvysené produkce
IL-10 a zpétné VEGF akcentuji angioge-
nezi a pronddorovou imunomodulaci
(immune editing). Déle vysoké hladiny
VEGF zplsobuji maturaci myeloidnich
supresorovych bunék, které zhorsuji
funkci efektorovych T lymfocytl a zvy-
Suji aktivitu T regula¢nich bunék (regu-
la¢ni T lymfocyty s pfedevsim imuno-
supresivnim a proangiogennim vlivem).
Tyrozinkindzové inhibitory (tyrosine
kinase inhibitors - TKI) a mTOR inhibitory
cestou zablokované funkce receptoru
pro VEGF tyto nezddouci déje inhibuiji.
Sunitinib redukuje pocty myeloidnich
supresorovych bunék, pfi 1é¢bé TKI do-
chazi ke zvysené citlivosti nadorovych
bunék na plsobeni NK bunék (natural
killers) a snizuji se pocty T regulacnich
bunék, moduluje se tézZ aktivita a efekti-
vita T bunék. Rozdily mezi jednotlivymi
TKI jsou zfejmé zplisobeny selektivni ak-
tivitou ke kindzam FLT3 (fms-related ty-
rosine kinase 3) a c-kit [10].

V souéasné dobé mame v CR stan-
dardné k dispozici k 1. linii |é¢by pazo-
panib, sunitinib a bevacizumab (s IFN-a)
pro pacienty v dobré a stfedni prognos-
tické skupiné dle MSKCC [11]. Pacientlim
ve $patné prognostické skupiné mu-
Zeme nabidnout temsirolimus. Ve 2. linii
pak pouzivdame everolimus ¢i axitinib,
velmi nadéjny kabozantinib (inhibitor
jak VEGF drahy, tak drahy MET a AXL)
zatim ¢ekd na Uhradu z verejného pojis-
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téni. Ve 3. linii pak pacienty [é¢ime eve-
rolimem, kabozantinib zatim v této in-
dikaci nema uhradu [12]. Nivolumab
je anti-PD-1 protilatka, ktery podobné
jako kabozantinib stale ¢eka na uhradu
z vefejného zdravotniho pojisténi. Pred-
poklada se, ze bude hrazen ve 2. nebo
3. linii paliativni 1é¢by mRCC po selhani
inhibitort VEGF ¢i mTOR [12].

V tomto pfehledu se budeme véno-
vat nejnovéjsim vysledklm studii sa-
motné imunoterapie (vakciny, check-
point inhibitory), ale kratce uvedeme
i vysledky studii kombinujicich imu-
noterapii a cilenou terapii u pacient(
s mRCC. Pro doplnéni jen zmifiujeme,
Ze jiz probihaji studie faze Il s moderni
imunoterapii v adjuvantni nebo neoad-
juvantni indikaci (napf. NCT03024996,
NCT03055013).

Cytokiny

Cytokiny byly jesté pred 10 lety bézné
uzivanymi preparaty u pacient s mRCC,
ovsem s nejistymi vysledky. Jednalo se
predevsim o IFN-a a IL-2. Samotny IFN-a
dosahl RR okolo 10-15 %, u pacientl se
svétlobunéénym RCC (clear cell renal
cell carcinoma — CCRCC), po nefrektomii
a jen s plicnimi metastazami to mohlo
byt az 30-37 %. PFS se vSak pohyboval
okolo 5 mésictia OS pak mezi 10a 13 mé-
sici [11]. V soucasné dobé se |écba sa-
motnym IFN-a povaZuje za obsolentni,
své uplatnéni vsak nachazi u kombinaci
s jinymi preparaty (napf. s bevacizuma-
bem). IL-2 se podaval v raznych aplikac-
nich formach (napf. i inhala¢né), v niz-
kych davkach, viak s efektem podobnym
jako u IFN-a. Jind je situace u vysokodav-
kovaného IL-2 (high-dose IL-2 - HD), kde
dochazi pfiblizné u 5-10 % pacientt
k dlouhotrvajicim odpovédim, napf.
pacienti s CR ¢&i ¢aste¢nou odpovédi
(partial response — PR) méli median pre-
Ziti bez relapsu (relaps-free survival —
RFS) az 54 mésicl, RR se pak pohybuje
okolo 15 %. Vysoka toxicita, cena této
[é¢by, nutnost podavani za monitorace
na JIP vsak prakticky znemoznily poda-
vani této lécby v klinické praxi [13]. Na
druhou stranu v roce 2015 publikoval
McDermott prospektivni studii zkouma-
jici efekt HD-IL-2 u pfedem vybranych
pacientl s mRCC (jen s CCRCC a vysokou
expresi karbonické anhydrazy-9), RR byl

25 %, median OS pak 42,8 mésice a PFS
4,2 mésice [14]. Jen kratce se zminime
0 lé¢bé kombinujici IFN-a s IL-2 a 5-flou-
rouracilem (nékdy navic je$té pfidany
retinoidy, rezim dle Atzpodiena). Tato
kombinace se bézné pouzivala do roku
2006 i v CR, byla taktéz toxicka, dle au-
tora rezimu se vsak RR pohybovala mezi
25 a 30 %, median OS byl pfes 20 mésic,
pravdépodobnost 2, 5 a 13letého preziti
byla 45,16 a9 % [15].

Vakciny s protinadorovym
ucinkem

Vzhledem k vy3e zminénym imunogen-
nim vlastnostem RCC se predpoklada
i mozny benefit z |é¢by protinadorovymi
vakcinami navozujicimi specifickou imu-
nitu. Vyhodou je vétsinou nizka toxicita,
lécebné efekty vsak zatim zlstavaji za
ocekavanim.

Na tomto misté popiSeme studie dvou
vakcin, prvni je IMA901. Tato vakcina je
sloZzena z deviti peptid( asociovanych
s tumorem prezentovanych s HLA |. tfidy
(human leukocyte antigen) a jednoho
peptidu prezentovaného s HLA . tfidy,
které jsou vice exprimovany na povrchu
bunék RCC. Ve studii faze Il (IMPRINT) se
podavala tato vakcina spole¢né s granu-
locyty a makrofagy stimulujicim fakto-
rem (GM-CSF), cyklofosfamidem a suni-
tinibem nepredlé¢enym pacientlm
s mRCC, v druhém rameni pacienti do-
stdvali samotny sunitinib. Median OS
nebyl v rameni se sunitinibem dosazen
béhem folow-up, v kombinaci to bylo
33,17 mésice (HR 1,34; 95% Cl 0,96-1,86;
p = 0,087). Tato studie tedy neproka-
zala benefit vakciny na OS v kombinaci
se sunitinibem [16]. Druhou vakcinou je
pak AGS-003, ktera je odlisna od IMA901.
Jednd se o dendritické bunky pacienta
ziskané leukaferézou, do nichz se ex vivo
inkorporuji nddorové RNA (z pacientova
nadoru) a syntetickd RNA ligandu CDA40.
Pfiintradermalni aplikaci vakciny dochazi
k prezentaci pacientovych nadorové
specifickych antigen( v asociaci s HLA
I. tfidy T lymfocytdm ve spadové lymfa-
tické uzliné, navic kostimula¢ni CD40 li-
gandy pak vazbou na receptory na po-
vrchu CD8+ lymfocytl indukuji produkci
IL-12, ktery ma dalsi imunogenni efekt.
Nadéjné vysledky pfinesla studie faze
I, kde byli touto vakcinou (v kombi-

naci se sunitinibem) léceni nepredlé-
ceni pacienti s mRCC ve stfedni nebo
$patné prognostické skupiné dle MSKCC
2002. Mediany PFS a OS byly v celé stu-
diové skupiné 11,2 a 30,2 mésice. Kon-
trola onemocnéni (CR + PR + SD) byla
62 % (CR 0 %, PR 43 %), 52 % pacient(
Zilo déle nez 30 mésicl a 24 % pacientl
pak bylo na Zivu > 5 let od vstupu do stu-
die [17]. Studie faze Ill s touto vakcinou
(celkem bylo zafazeno 462 pacientl)
viak byla pfedc¢asné ukoncena nezavis-
lou komisi, neprokazal se totiz Ié¢ebny
piinos vakciny (ADAPT, NCT01582672).

Nivolumab

Nivolumab je humanni protilatka proti
receptoru PD-1. Vynikajici vysledky to-
hoto léku ze studii faze | a Il vedly k pro-
vedeni studie faze Il (CheckMate 025),
ve které doslo ke srovnani nivolumabu
a everolimu u pacienti s mRCC v rdmci
2.nebo 3. linie 1é¢by. Pacienti byli predlé-
¢eni VEGF inhibitory, davka nivolumabu
byla3mg/kg a 14 dni (410 pacientu), eve-
rolimu pak 10mg/denné (411 pacientt).
Stratifikace pacientl probéhla dle pro-
gnostickych skupin dle MSKCC (2004),
geografického plvodu a poctu predcho-
zich linii [é¢by. Priméarnim cilem bylo OS,
sekundarnimi cili pak PFS, RR, bezpec-
nost a vztah mezi expresi PD-L1 a OS.
OS v ramci 26mési¢niho folow-up v ra-
meni s nivolumabem bylo 26 mésic(,
v rameni s everolimem pak 19,7 mésice
(HR 0,73; 95% Cl 0,61-0,88; p = 0,0006),
mediany PFS se nelisily (4,6 u nivolu-
mabu vs. 4,4 mésice u everolimu; HR 0,88;
95% Cl 0,75-1,03; p = 0,11). RR byl stati-
sticky signifikantné vyssi u nivolumabu
(25 %) nez u everolimu (5 %) (HR 5,98;
95% Cl 3,68-9,72; p < 0,001). Nepro-
kazala se souvislost mezi OS a expresi
PD-L1. Taktéz toxicita byla nizsi v rameni
s nivolumabem vs. everolimem, toxicita
stupné 3 + 4 se vyskytla u 19 % vs. 37 %
pacientd [18].V roce 2016 byla na konfe-
renci ASCO prezentovana data o pfreziti
pacientl |é¢enych i pfes radiologickou
progresi (celkem 153 pacient(). Proka-
zalo se, ze median OS pacient( lécenych
i pres progresi onemocnéni je signifi-
kantné delsi nez u pacientl nelécenych
pfes progresi onemocnéni - 28,1 vs.
15 mésicd (HR 0,41; 95% Cl 0,29-0,57;
p < 0,001). Navic 50 % pacientl léce-
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Tab. 1 RR studie CheckMate 016.

Lécebna odpovéd'

Ramena studie pocet pt (%)

N3I1 (47 pt) N1I13 (47 pt)
RR 19 (40,4) 19 (40,4)
95% Cl 26,4-55,7 26,4-55,7
CR 5(10,6) 0(0,0)
PR 14 (29,8) 19 (40,4)
SD 19 (40,4) 17 (36,2)
PD 8(17,0) 7(17,0)
Neur¢eno 1(2,1) 3(64)

CR - kompletni odpovéd, RR — pocet odpovédi na lé¢bu, PR - ¢aste¢na odpoveéd,

SD - stabilni nemoc, PD - progrese

nych i pfes progresi onemocnéni do-
sadhlo pfi dalsich presetfenich regrese,
u 14 % pacientd to bylo = 30% zmen-
Seni onemocnéni [19]. Pravdépodobnost
1- a 2letého preziti pacientl ve studii
CheckMate 025 je 76 % a 52 % (u evero-
limu 67 % a 42 %). Nivolumab je G¢inny
napfi¢ rizikovymi skupinami pacientd,
i kdyz statisticky vyznamny rozdil v OS
u nivolumabu ve srovnani s everolimem
byl pfitomen jen ve skupiné pacientd se
$patnou prognézou (medidny OS u ni-
volumabu a everolimu - 15,3 a 7,9 mé-
sice), v dobré (nedosazeno a 29 mésic)
a stredni (21,8 a 18,4 mésice) prognos-
tické skupiné nebyly rozdily v OS stati-
sticky vyznamné, bez ohledu na pred-
[écenost ¢i mista metastaz [20]. V roce
2017 na ASCO konferenci skupina ital-
skych autorll prezentovala data preziti
pacient( lécenych nivolumabem v rdmci
expanded access program (EAP) - jed-
nalo se o 389 pacient, u 80 pacientl byl
nivolumab podan v ramci 2. linie 1écby,
v ramci 3. a 4. linie pak nivolumab dostalo
137 a 170 pacientd. RR byl 22 % (témér
vie PR, jen 2 pacienti méli CR), u 31 %
pacientd doslo ke stabilizaci onemocnéni
(stable disease - SD), 100 pacientl pokra-
Covalo v [écbé i pies progresi onemocnéni
(25 pacientd mélo pak nasledné z 1é¢by
benefit - 6 pacientd dosahlo nasledné PR,
19 pacientli SD). Median PFS byl 4,6 mé-
sice, v ramci follow-up 9,2 mésice byla
pravdépodobnost 6- a 9mésic¢niho OS
80 % a 73 %, medidn OS zatim nebyl do-
sazen. Opét bylo konstatovano, Ze z lé¢by

nivolumabem benefituji pacienti napfic
rliznymi rizikovymi skupinami i pacienti
s mozkovymi anebo kostnimi metasta-
zami, s nesvétlobunécnou histologii a bez
ohledu na linii 1é¢by &i vy3si vék (= 75 let).
Nejcastéjsimi nezadoucimi ucinky (adverse
events — AE) byly Unava, teplota a anorexie,
toxicita stupné 3 + 4 byla zaznamenana jen
u 7 % pacientd, nedoslo k zadnému umrti
v souvislosti s Ié¢bou [21].

Ipilimumab

Tato protilatka proti CTLA-4 recep-
toru pfinesla prilom v [é¢bé disemino-
vaného MM. U pacientl s mRCC se tak-
téZ zkousela, ve studii faze Il vak byl RR
pfi ,plné” davce 3mg/kg jen pfiblizné
10 %, u davky 3mg/kg s naslednou dav-
kou 1mg/kg pak PR doséhl jen jeden
pacient z celkem 21 pacientl. Pokud
pacienti méli imunitné podminéné ne-
zadouci Gcinky (immune-related adverse
events - irAE), byla i vétsi pravdépodob-
nost vyssiho RR (s irAE byl RR 30 %, bez
irAE 0 %) [22]. Jina je situace u kombi-
nace ipilimumab + nivolumab, ktera
bude zminéna nize. Pro prehlednost
jesté zminime jinou anti-CTLA-4 proti-
latku - tremelimumab, ktery se ve stu-
dii faze | zkousel v kombinaci se suniti-
nibem u pacientd s mRCC. Studie vsak
byla pfedcasné zastavena pro casné vy-
skyty renalnich selhani, RR vsak byl az
43 % [23]. Nové se zkousi tremelimumab
v neoadjuvantnim podéni v kombinaci
s anti-PD-L1 protilatkou - durvaluma-
bem (studie faze |, NCT02762006).

Kombinace

nivolumab + ipilimumab
Kombinace anti-CTLA-4 protilatky s anti-
-PD-1 protilatkou predstavuje raciondIni
snahu o ovlivnéni imunitni odpovédi na
razné Urovni. Pomérné nedavno pre-
zentoval Hammers et al vysledky stu-
die faze | (CheckMate 016), Slo pomérné
o slozitou studii, kde se rdzné kombi-
noval nivolumab + ipilimumab v rlz-
nych davkach, kromé toho se zde jesté
zkousela kombinace nivolumab + TKI
(pazopanib nebo sunitinib). Pacienti
s predléc¢enym ¢i nepredlé¢enym mRCC
dostéavali nivolumab 3mg/kg + ipili-
mumab 1 mg/kg (N3I1), nebo nivolu-
mab 1mg/kg + ipilimumab 3 mg/kg
(N113) anebo nivolumab 3 mg/kg + ipi-
limumab 3mg/kg — prvni Ctyfi cykly
a 3 tydny, poté pokracovali jiz jen
v monoterapii nivolumabem 3 mg/kg
a 2 tydny do progrese onemocnéni ¢i
toxicity. Dluzno podotknout, Ze rameno
s kombinaci nivolumab 3 mg/kg + ipi-
limumab 3 mg/kg bylo pfed¢asné uza-
vieno pro toxicitu. Primarnim cilem stu-
die byla bezpecnost, sekundarnimi cili
pak RR, nejlepsi [é¢ebna odpovéd (best
overal response - BOR) (dle RECIST
1.1), trvani |é¢ebné odpovédi (dura-
tion of response - DOR), doba do odpo-
védi a PFS. V rameni N3I1 bylo celkem
25 nepredlécenych pacient(, v rameni
N1I3 pak 21 pacientd. S Ié¢bou spo-
jené AE viech stupn( toxicity nastaly
u 93,6 % studiovych pacient(, z toho
stupné 3 + 4 se vyskytly u 50 % pacientd.
V rameni N3I1 se s |é¢bou spojena toxi-
cita vSech stupn(, resp. stupné 3 + 4, ob-
jevila zatim u 91,5 % pacientUd (nejcas-
té&ji Unava, kozni toxicita), resp. 38,3 %
pacientl (elevace lipaz, hepatotoxi-
cita), v rameni s N113 to bylo u 95,7 %
pacientd (Unava, koZni toxicita), resp.
61,7 % (elevace lipaz, gastrointestinalni
toxicita — prGjem). Pokud se hodno-
tily zavazné, s 1é¢bou spojené AE viech
stupna (SAEs), v rameni N3I1 se vyskytly
u 23,4 % pacientl (nejcastéji prdjem
a pyrexie), z toho stupné 3 + 4 byly pfi-
tomny u 19,1 % (prajmy 4,3 % pacienta),
v rameni N1I3 to pak bylo u 34 %
pacient(, nejcastéji kolitida, prajmy, he-
patopatie (vse stupné 3 + 4, kromé je-
diného pacienta s prGjmem stupné 2).
Ze studiové populace pacientd dostalo
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Graf 1. Doba trvani lé¢ebné odpovédi ve studii CheckMate 016 [9].

NR — nedosazeno

61,7 % pacient v rameni N3I1 imuno-
modula¢ni [é¢bu (nejcastéji kortikoidy)
ke zvladnuti AE, v rameni N113 to bylo
83 % pacientd. V ramci medianu follow-
-up 22,3 mésice pak RR byly v obou ra-
menech 40,4 %, kontroly onemocnéni
(to je CR + PR + SD - DCR) byly 80,8 %,
resp. 76,6 %. Pravdépodobnost 2le-
tého OS byla v rameni N3I1, resp. N113,
67,3 %, resp. 69,6 %, pokracujici odpo-
védi pak jsou pfitomny u 42,1 %, resp.
36,8 % pacientd (tab. 1, graf 1). Mediany
PFS jsou v rameni s N3I1 7,7 mésice,
u N113 9,4 mésice [9].

S napétim pak ocekavame vysledky
studie faze Il srovnavajici kombinaci
nivolumab + ipilimumab vs. suniti-
nib (CheckMate 214, NCT02231749),
jejiz prvni vysledky budou zverejnény
ke konci roku 2017 ¢i za¢atkem roku
2018.

Kombinace

bevacizumab + atezolizumab
Bevacizumab je humanizovana proti-
latka proti VEGF, atezolizumab je huma-
nizovana protilatka proti PD-L1 ligandu.
Bevacizumab je indikovén u pacientd
s mRCC v ramci 1. linie 1é¢by v kombi-
naci s IFN-a. Dle naseho nazoru se jedna
o pfinejmensim stejné Ucinnou 1é¢bu
v porovnani s TKI (sunitinib, pazopanib)
pouzivanymi v rdmci 1. linie. Cena této
Ié¢by v porovnani s jinymi TKI a nutnost
intravendzniho podavani bevacizumabu
(resp. podkozniho u IFN-a) jsou pfici-
nami omezené indikace. O imunogen-
nim efektu bevacizumabu (resp. inhibi-
torech VEGF kaskady) jsme se jiz zminili
v Uvodu, zde jen doplnime, Ze bevaci-
zumab zvysuje pocty perifernich CD8+
T lymfocytd, intratumorovych CD8+
T lymfocytd i Th1 lymfocytd a déle zvy-

Suje produkci IL-2 [24]. Spole¢né s anti-
-PD-L1 protilatkou tak predstavuji kom-
binaci, kdy kromé zablokovani drahy
VEGF ocekdvame téZz augmentaci pro-
tinddorové imunitni odpovédi. Ve stu-
dii faze Il (IMMOTION 150) doslo ke
srovnani atezolizumabu v monoterapii
(1 200mg a 3 tydny) vs. atezolizumab
(1 200mg a 3 tydny) + bevacizumab
(15mg/kg a 3 tydny) vs. sunitinib (50 mg
denné, rezim 4 + 2) u 305 nepredléce-
nych pacientd s mRCC. V roce 2017 byla
publikovéna data v medianu follow-up
20,7 mésice. Mediény PFS byly u kom-
binace atezolizumab + bevacizumab vs.
sunitinib 11,7 vs. 8,4 mésice (HR 1,00;
95% Cl 0,69-1,45; p = 0,982 - tedy statis-
ticky nevyznamny rozdil), RR 32 vs. 29 %.
U pacientli s expresi PD-L1 > 1 % pak byly
mediany PFS 14,7 vs. 7,8 mésice (HR 0,64;
95% Cl 0,38-1,08; p = 0,095, tedy opét
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statisticky nevyznamny rozdil), RR 46 vs.
27 %. P¥i srovnani pacientl s expresi
PD-L1 = 10 % bylo HR pro PFS v rame-
nech s kombinaci bevacizumab + ate-
zolizumab vs. sunitinib 0,23. Toxicita
stupné 3 + 4 byla v rameni s kombinaci
atezolizumab + bevacizumab pfitomna
u 63 % pacientd (proteinurie, prdjmy).
Crossover je v této studii dovolen (78 %
pacientl se sunitinibem jiz dostalo ate-
zolizumab + bevacizumab) [25]. Kombi-
nace atezolizumab + bevacizumab vs.
sunitinib je nyni zkoumana ve studii faze
Il u nepredlécenych pacientd s mRCC
(IMMOTION 151, NCT02420821).

Kombinace

bevacizumab + pembrolizumab
Pembrolizumab je humanizovana proti-
latka proti PD-1 receptoru, ktery se nyni
zkousi jak v monoterapii (KEYNOTE 427,
NCT02853344), tak i v kombinaci s riz-
nymi léky u pacientll s mRCC. Ve studii
faze Ib se poddavala kombinace bevaci-
zumab + pembrolizumab predlé¢enym
pacientdm s mRCC, zatim zde nebyla za-
znamenana toxicita stupné 3 nebo 4, RR
byl 71 % [26]. Nyni probiha studie faze II
se stejnou kombinaci €kl (bevacizumab
15mg/kg + pembrolizumab 200mg a
3 tydny, NCT02348008).

Kombinace nivolumab +
pazopanib/sunitinib

Standardné pouzivané Iéky v 1. linii byly
zkouseny ve studii faze | u predlécenych
pacienttl s mRCC v kombinaci s nivolu-
mabem. Davky nivolumabu byly 2 mg/kg
(s eskalaci na 5 mg/kg), sunitinib byl po-
davan ve vstupni ddvce 50 mg (rezim
4 + 2) a pazopanib v davce 800 mg. Ra-
meno s pazopanibem muselo byt pred-
Casné zastaveno pro jaterni toxicitu. Nic-
méné RR v rameni se sunitinibem, resp.
pazopanibem byl 52, resp. 45 %, SD pak
byla zaznamendna u 35 %, resp. 33 %
pacientd. Toxicita stupné 3 + 4 byla za-
znamendna u 73 % pacientl se suniti-
nibem (elevace ALT, hypertenze), resp.
u 60 % v rameni s pazopanibem (elevace
ALT/AST, Unava). Je tfeba podotknout, Zze
autofi studie nyni testuji podobnou stu-
dii s nizs$i davkou pazopanibu [27]. Pro
Uplnost jen uvedeme, Ze byla téz testo-
véana kombinace pazopanib (v rdznych
davkach, studie faze I/Il) + pembroli-

zumab u pacientll s mRCC - i pies po-
vzbudivé vysledky v poctu odpovédi
dochézelo i v této studii k zavaznym AE
(hepatotoxicita), které zfejmé neumozni
dalsi testovani pazopanibu v kombinaci
s checkpoint inhibitory v budoucnu [28].

Kombinace

axitinib + pembrolizumab/
avelumab

Axitinib je TKI druhé generace uzivany
u pacientl s mRCC ve 2. linii paliativni
Ié¢by. Kombinace axitinib + pembrolizu-
mab (axitinib 5mg 2x denné, pembro-
lizumab 2mg/kg a 3 tydny) byla testo-
vana ve studii faze | u 52 nepredlécenych
pacienti s mRCC. Kompletni remise byla
dosazena u 5,8 % pacientl, PR mélo
65,4 % pacientd, SD pak 19,2 % pacientd,
kontrola onemocnéni byla tedy pfiblizné
90 %. Nejcastéjsimi AE viech stupnu byly
prdjem (80,8 % pacientd), Unava (76,9 %
pacientu) a chrapot (76,9 % pacient(),
z AE stupné 3 se nejcastéji vyskytly hy-
pertenze (17,3 % pacientl), prajem
(9,6 % pacientu) a inava (5,8 % pacient().
Pfi zohlednéni irAE méli pacienti nejcas-
t&ji prajem — 26,9 % pacientt (stuper 3 -
7,7 % pacientq) a elevaci ALT - 13,5 %
pacientt (stupen 3 - 3,8 % pacientl). Jen
dva pacienti méli toxicitu stupné 4 (hy-
perurikemie a dusnost), Umrti souvise-
jici s 1é¢bou nebylo ve studii zazname-
nano. Lé¢bu muselo prerusit jen devét
pacientd z ddvodu AE Ié¢by, nebyl po-
zorovan vyraznéjsi narlist hepatopa-
tie [29]. V soucasné dobé probiha studie
faze Ill porovnavajici i¢innost sunitinibu
vs. kombinace axitinib + pembrolizu-
mab u nepfedlécenych pacientd s mRCC
(KEYNOTE-426, NCT02853331).

Ve druhé studii faze | byl axitinib
kombinovan s avelumabem (humanni
anti-PD-L1 protilatka) — studie JAVE-
LIN Renal 100 (NCT02493751). Do stu-
die bylo zafazeno 55 nepredlécenych
pacienti s mRCC (axitinib 5mg 2x denné,
avelumab 10 mg/kg a 2 tydny). Na ASCO
2017 byly prezentovény pfedbézné vy-
sledky studie — CR byla dosazena u 5,5 %
pacient(l, PR u 52,7 % pacient(, SD pak
u 20 % pacientll, progrese onemocnéni
byla pfitomna u 18,2 % pacientll (od-
povéd u dvou pacientld nebylo mozné
zhodnotit). Tedy kontroly onemoc-
néni dosahlo 78,2 % pacientl. Odpo-

védi jsou opét dlouhodobé, zvysend
exprese PD-L1 = 1 % nebo = 5 % nemd
vliv na pocet odpovédi. Nejcastéjsimi
AE byly prljem (vSechny stupné 56,4 %
pacient(l, stupen 3 - 3,6 % pacient()
a hypertenze (viechny stupné 47,3 %
pacientd, stupen 3 - 29,1 % pacientq).
Toxicitu stupné 4 mélo 9,1 % pacientq,
nejcastéji se jednalo o elevace lipaz
(5,5 % pacientl), jeden pacient ze-
mfiel na myokarditidu. Z irAE (vSechny
stupné - 30,9 % pacientll) byla nej-
castéjsi porucha stitné zlazy (21,8 %
pacientQ), vyrazka (5,5 % pacient(l) a he-
patopatie (3,6 % pacientu), stupen 3 to-
xicity byl zaznamenan u 5,5 % pacient(
(nejcastéji hepatopatie), zadny pacient
nemél toxicitu stupné 4, jiz zminéna
myokarditida s Umrtim se taktéZ po-
vazuje za irAE [30]. Na zadkladé téchto
dat nyni taktéz probiha studie faze Ill,
srovnava se sunitinib s kombinaci ave-
lumab + axitinib (JAVELIN Renal 101,
NCT02684006).

Dalsi kombinace

Velmi nadéjné se jevi téz studie kombi-
nujici kabozantinib + nivolumab s/bez
ipilimumabu (NCT02496208), dale len-
vatinib + pembrolizumab. Lenvati-
nib + pembrolizumab ve studii faze 1b/Il
doséhly u pacientli s predlécenym mRCC
100% kontroly onemocnéni, z toho 50 %
pacientd mélo PR [31]. Nyni bézi stu-
die faze lll testujici kombinaci lenvati-
nib + pembrolizumab vs. sunitinib vs.
lenvatinib + everolimus u nepredléce-
nych pacientd s mRCC (NCT02811861).
Konec¢né posledni kombinaci, kterou
bychom chtéli predstavit, je pembro-
lizumab + ipilimumab (studie faze |,
KEYNOTE-029). Vyzkum probiha u pred-
[é¢enych pacientd s mRCC (pembrolizu-
mab 2mg/kg a 3 tydny - 1 davka, ipili-
mumab 1mg/kg a 3 tydny - 4 davky)
ve studii faze I. Do studie bylo zafazeno
10 pacientd, 2 pacienti méli PR, 3 pak
SD. S lé¢bou spojené AE vsech stupna
se vyskytly u 7 pacientd, z toho stupné
3 + 4 byly pfitomny u 5 pacienta (ele-
vace lipaz). Median DOR zatim nebyl
dosazen [32].

Zavér
V tomto stru¢ném prehledu jsme se po-
kusili nastinit, jak dynamicky se rozviji
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|écba imunoterapii u pacientd s mRCC.

Po 10 letech od pfichodu TKI jsme

svédky nastupu dalsi vysoce Gcinné te-

rapie. Dochazi k vyvoji novych check-
point inhibitord, zkousi se kombinace

s mnoha TKI v r(izné slozitych schéma-

tech. Bude zcela jisté nutné (uz kvali fi-

nancni nakladnosti, resp. nednosnosti)
pacienty stratifikovat (Casto zkoumana
exprese PD-L1 zatim nepfindsi oceka-
vané vysledky), nalezeni prediktivnich
faktoru se stavd nutnosti. Podobné jako

u pacientd s MM stojime pred fadou ota-

zek, napf.:

1. Je lepsi podévat konkomitantni Iécbu
imunoterapii s TKI, nebo je lepsi 1é¢ba
sekvencni?

2. Jak |écit starsi pacienty, ktefi nam
pribyvaji?

3. Co pacienti s mozkovymi
metastazami?

4. M4 stale jesté smysl prova-

dét paliativni nefrektomii nebo
metastazektomie?

. Pokud ano, kdy?

6. Ma smysl provadét jiné lokalni palia-
tivni metody - radioterapii, kryotera-
pii (abskopalni efekt)?

7. Ma smysl adjuvantni lé¢ba
imunoterapii?

8. Co pacienti s nesvétlobunécnym
mRCC?

(9]

Podobnych otazek by se jisté naslo
vice, na fadu z nich snad odpovi pravé
probihajici studie, jejichz vysledky s na-
pétim ocekavame.
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Abstract

Background: There is no standard serum biomarker used for diagnosis or early detection of recurrence for renal
cell carcinoma (RCC) patients. MicroRNAs (miRNAs) are abundant and highly stable in blood serum, and have been
recently described as powerful circulating biomarkers in a wide range of solid cancers. Our aim was to identify
miRNA signature that can distinguish the blood serum of RCC patients and matched healthy controls and validate
identified miRNAs as potential biomarkers for RCC.

Methods: In the screening phase of the study, blood serum of 15 RCC patients and 12 matched healthy controls
were analyzed by use of the TagMan Low-Density Arrays enabling parallel identification of expression levels of 667
miRNAs through gRT-PCR-based approach. In the validation phase, identified miRNAs were further evaluated on
the independent group of 90 RCC patients and 35 matched healthy controls by use of individual gRT-PCR assays
and statistically evaluated.

Results: We identified 30 miRNAs differentially expressed between serum of RCC patients and healthy controls: 19
miRNAs were up-regulated and 11 miRNAs were down-regulated in RCC patients. MiR-378, miR-451 and miR-150
were further evaluated in the independent group of patients, and two of them were successfully validated: levels

sensitivity of 81%, specificity 83% and AUC = 0.86.

of miR-378 were increased (p = 0.0003, AUC = 0.71), miR-451 levels were decreased (p < 0.0001, AUC = 0.77) in
serum of RCC patients. Combination of miR-378 and miR-451 enable identification of RCC serum with the

Conclusions: Circulating miRNAs in serum are promising biomarkers in RCC.

Keywords: Renal cell carcinoma, MicroRNA, Serum, Biomarker

Background

Renal cell carcinoma (RCC) is the most common neo-
plasm of adult kidney accounting for about 3% of adult
malignancies and having the highest mortality rate at
over 40% [1,2]. Renal tumors are commonly asympto-
matic in early stages and although surgical resection
remains the best therapy for RCC, after the curative
nephrectomy, 20-40% patients will develop recurrence.
Unfortunately, there is no standard serum biomarker
used for diagnosis or early detection of recurrence for
RCC patients. Although several serum proteins that
might be useful to detect the presence of advanced or
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recurrent RCC have been reported [3], none indicated
analytical sensitivity efficient enough for translation into
standard of care management for RCC patients.
MicroRNAs (miRNAs) are a novel class of naturally
occurring, short non-coding, single stranded RNAs, that
regulate gene expression at the post-transcriptional level
by binding to the untranslated region (3’'UTR) of target
mRNAs and causing translational inhibition and/or
mRNA degradation [4]. Specific expression profiles of
miRNAs have been shown in a variety of cancers,
including RCC [4-6]. MiRNAs are highly stable and
abundant in plasma, serum and other body fluids. More-
over, miRNA signatures in blood are similar in men and
women, as well as individuals of different age [7]. These
circulating miRNAs had shown great potential to serve
as a novel biomarker for non-invasive diagnosis and

© 2012 Redova et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
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prognosis of plenty kinds of diseases, such as cancer,
and even physiological conditions such as prenatal
screening. Following the release from cells, circulating
miRNAs originate from (i) microvesicles (released by
exocytosis), (ii) exosomes (formed via invagination of
the early endosome and released upon fusion of late
endosome with plasma membrane), and (iii) apoptotic
vesicles and/or senescent bodies [7-9].

Expression profiles of circulating miRNAs were exten-
sively studied in (i) colorectal cancer (CRC) where
authors found miR-29a and miR-92 plasma levels to dif-
ferentiate between CRC patients and controls with sen-
sitivity of 89% and specificity of 70% and also to be
associated with clinical stage [10], (ii) in ovarian cancer
where levels of miR-21, miR-92 and miR-93 were higher
in 3 patients with normal CA-125 levels, a clinical bio-
marker of ovarian cancer [11], (iii) in breast cancer
where it has been described that changes in the level of
total RNA, miR-10b, miR-34a, and miR-155 correlated
with the presence of overt metastases [12], (iv) in pros-
tate cancer where serum miR-141 levels were found to
distinguish metastatic prostate patients from age-
matched controls [13]. Such studies have clearly proved
the potential of circulating miRNAs in primary diagnos-
tics as well as in follow-up for the early detection of dis-
ease progression. In case of RCC the only study was
performed and circulating miR-1233 identified, but the
analytical characteristics of this biomarker in the valida-
tion study were not convincing [14]. In our study we
focused on the circulating miRNAs expression profiles
in the serum samples of RCC patients aiming identifica-
tion of new biomarkers for RCC.

Materials and methods

Study population

We collected serum samples from the group of patients
diagnosed for RCC and undergoing radical nephrectomy
at Masaryk Memorial Cancer Institute (MMCI; Brno,
Czech Republic) between 2003 and 2008, and matched
cancer-free blood donor volunteers recruited from the
same institute with no previous history of any cancer.
All subjects were of the same ethnicity (Caucasian).
Clinical and pathological characteristics including age,
gender, stage, and grade were recorded and they are
summarized in Table 1. RCC serum samples were col-
lected after signing an informed consent prior to surgery
and stored at MMCI Bank of Biological Material. The
study has been approved by the local Ethical Committee
at Masaryk Memorial Cancer Institute (MMCI; Brno,
Czech Republic).

RNA isolation
Total RNA enriched for small RNAs was isolated using
Qiagen miRNeasy Mini Kit (Qiagen, GmbH, Germany)
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Table 1 Patient characteristics

Exploratory phase Validation phase

RCC HC RCC HC
N 15 12 90 35
Sex
male 10 10 56 26
female 5 2 34 9
Age
median 62 61 66 63
range 53-73 54-69 36-85 51-70
Histology
ccRCC 15 73
pRCC 0
chRCC 0
Pathological stage
pT1 6 50
pT2 0 14
pT3 9 23
pT4 0 3
vascular invasion 5 16
lymph nodes metastatis 0 6
distant metastasis 3 18
Fuhrman grade
G1 3 20
G2 7 39
G3 4 23
G4 1 8

Abbreviatons: RCC, renal cell carcinoma; ccRCC, clear cell RCC; pRCC, papillary
RCC; chRCC, chromophobe RCC

from 200 pL serum according to modified manufac-
turers’ protocol. For each sample, to the 800 ul of QIA-
zol solution was added 1.25 pl 0.8 pg/pl MS2 RNA
carrier (Roche, cat. No. 10165948001). The extracted
RNA was eluted in 50 pL of preheated Elution Solution,
and concentration and purity of RNA were determined
spectrofotometrically by measuring its optical density
(A260/280 > 2.0; A260/230 > 1.8) using NanoDrop ND-
1000 Spectrophotometer (Thermo Scientific, Wilming-
ton, DE, USA). The samples were either stored at -80°C
or further processed.

TaqMan low density arrays - screening phase

In the screening phase, we performed TagMan Low
Density Arrays (TLDA) analysis to identify differentially
expressed miRNAs from the two pooled serum samples
(15 ccRCC patients vs. 12 healthy controls). In brief, 35
ng of total RNA was reverse-transcribed into cDNA by
the TagMan MicroRNA Reverse Transcription Kit and
Megaplex RT set pool A and B version 2.0 (Applied Bio-
systems, CA, USA). To obtain sufficient amount of
c¢DNA for TLDA analysis, pre-amplification step using
TagMan PreAmp MasterMix was added. The pre-ampli-
fied product was loaded into TagMan Array Human
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MicroRNA A + B Cards Set v2.0 (Applied Biosystems,
CA, USA) enabling simultaneous quantitation of 667
human miRNAs. TagMan MicroRNA Assays and analy-
sis were performed on the ABI 7900HT Instrument
(Applied Biosystems, CA, USA). All reactions were per-
formed according to the standard manufacturers’ proto-
cols. Quantitative miRNAs expression data were
acquired and normalized by use of ABI 7900HT SDS
software (Applied Biosystems, CA, USA).

gRT-PCR - Validation phase

In validation phase of the study, candidate miRNAs
identified by TLDA technology were further character-
ized. Complementary DNA (cDNA) was synthetised
from total RNA using miRNA-specific primers accord-
ing to the TagMan MicroRNA Assay protocol (Applied
Biosystems). For RT reactions 10 ng of RNA sample, 50
nM of stem-loop RT primer, 1 x RT buffer, 0.25 mM
each of ANTPs, 3.33 U ul™* MultiScribe reverse tran-
scriptase and 0.25 U pl™ RNase inhibitor (all from Tagq-
Man MicroRNA Reverse Transcription kit, Applied
Biosystems) was used. Reaction mixtures (15 ul) were
incubated for 30 min at 16°C, 30 min at 42°C, 5 min at
85°C and then held at 4°C. qRT-PCR was performed
using the Applied Biosystems 7500 instrument. The 20-
ul PCR reaction mixture included 1.33 pl of RT product,
1 x TagMan (AmpErase UNG) Universal PCR Master
Mix and 1 pl of primer and probe mix of the TagMan
MicroRNA Assay kit (Applied Biosystems). Reactions
were incubated in a 96-well optical plate at 50°C for 2
min, 95°C for 10 min, followed by 40 cycles at 95°C for
15 s and 60°C for 10 min. All reactions were run in
duplicate and average threshold cycle and SD values
were calculated.

Statistical methods

In both phases, analysis of the qRT-PCR data was per-
formed using the SDS 2.0.1 software (Applied Biosys-
tems) (settings: automatic baseline, threshold 0.2).
According to manufacturer’s recommendations, miR-16
has been chosen as reference for normalization of miR-
NAs expression levels. The relative expression levels of
target miRNAs were determined by the equation 247,
in which ACt were calculated as follows: ACt = Cr mir-
of-interest -~ CT mir-16- Relative miRNA levels were then
calculated with the RQ Manager 1.2. Normalized
expression data from screening phase of the study were
statistically evaluated in environment of statistical lan-
guage R by use of Bioconductor package and LIMMA
approach combined with hierarchical clustering (HCL)
[15]. Normalized expression data in validation phase
were statistically analyzed with MedCalc software ver-
sion 11.2.1. P-values of less than 0.05 were considered
statistically significant. Statistical differences between

Page 3 of 8

expression levels in RCC patients’ and healthy controls’
samples were evaluated by non-parametric Mann-Whit-
ney U test. Sensitivity, specificity and area under curve
(AUC) for serum microRNA levels were determined
using Receiver Operator Characteristic (ROC) analysis.

Results

Screening phase

In this biomarker discovery phase, a strategy for effec-
tive identification of RCC-associated miRNAs in serum
was performed using qRT-PCR-based miRNAs expres-
sion profiling arrays. We determined the miRNA expres-
sion profile of 667 miRNAs in serum from ccRCC
patients (n = 15) using TagMan Low Density Arrays
technology, and compared to the expression profile of
healthy individuals (n = 12); the miRNA expression
levels were normalized to miR-16, the mean expression
levels were calculated and data analyzed by use of the
microarray biostatistical approaches. We observed 30
miRNAs differentially expressed between serum of
ccRCC patients and healthy controls: 19 miRNAs were
up-regulated in ccRCC patients and 11 miRNAs were
down-regulated (Figure 1, Table 2). Among them, up-
regulated miR-378 (FC = 37.6, p < 0.000001), and
down-regulated miR-150 (FC = 0.02, p < 0.000001) and
miR-451 (FC = 0.2, p < 0.000001) were proposed as
putative biomarkers to the validation phase of the study,
as significance of the difference (fold change, p-value),
previous observations and biological plausibility (based
on the PubMed hits when particular miRNA is com-
bined with keyword “cancer”), and miRNAs with favor-
able expression levels (Ct > 30) were taken into account.

Validation phase

To validate the 3 promising biomarkers identified in the
screening phase, miR-378, miR-451 and miR-150, qRT-
PCR assays were developed to quantify miRNAs in
serum of RCC patients and healthy controls. The qRT-
PCR was performed in the independent cohort of 90
RCC patients’ and 35 healthy controls’ serum samples.
As the difference in miR-150 expression level between
RCC and healthy controls serum did not reach statistical
significance (p = 0.222), miR-150 was excluded from
further analysis. The expression of miR-378 serum level
was significantly increased in patients with RCC com-
pared to healthy controls (p = 0.0003), and the expres-
sion level of miR-451 was significantly decreased in
patients with RCC compared to healthy controls (p <
0.0001), confirming the results of screening phase (Fig-
ure 2A-B, Table 3). Receiver operating characteristics
(ROCQ) curve analysis revealed that the serum levels of
both miR-378 and miR-451 might serve as useful bio-
markers for differentiating serum of patients with RCC
from controls with AUC of 0.71 (95% CI, 0.62 to 0.79),
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Figure 1 Hierarchical clustergram iscriminating blood serum of RCC patients and healthy controls according to diferentially expressed
miRNAs (yellow color indicate serum samples of RCC patients, blue healthy controls, p < 0.0001).
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and 0.77 (95% CI, 0.69 to 0.84), respectively (Figure 2C-
D). At the cut-off value of 0.02 for relative expression of
miR-378 normalized to miR-16 levels, the sensitivity was
70% and the specificity was 60%. At the cut-off value of
2.0 for relative expression of miR-451 normalized to
miR-16 levels, the sensitivity was 81% and the specificity
was 77%. Multivariate logistic regression analysis showed
that both miR-378 and miR-451 could serve as potential
biomarkers for distinguishing between RCC and healthy
controls, and even that their combination could improve
the stratification power characterized with AUC of 0.86
and the sensitivity of 81% and specificity 83% (Figure 3).

Receiver operating characteristics (ROC) curve analy-
sis using (C) serum miR-451 yielded an AUC of 0.77,
sensitivity of 81%, and specificity of 77% in discriminat-
ing RCC and (D) serum miR-378 yielded AUC of 0.71,
sensitivity of 70%, and specificity of 60% in discriminat-
ing RCC

Discussion
Many recent studies have described miRNAs expression
profile in RCC and adjacent non-tumoral tissue

confirming the different pattern. Although significant
overlap between miRNAs identified by independent stu-
dies exist, regarding the number and type of up-/down-
regulated miRNAs, data are in part conflicting
[1,2,24,25]. Circulating miRNAs may possibly serve as a
new class of powerful and non-invasive biomarkers for
RCC patients. Regarding this hypothesis, we compared
the miRNAs expression profiles of RCC patients’ and
healthy controls’ serum samples. Based on the qRT-PCR
arrays approach we were able to describe 30 differen-
tially expressed miRNAs, 19 of these miRNAs were up-
regulated and 11 were down-regulated. Such expression
profile is a bit controversial, as the global miRNA
down-regulation in RCC tissue samples has been repeat-
edly described [1-4]. The possible relation of miRNA
levels between tissue and corresponding serum is still
not clearly understood - some researchers postulate that
circulating miRNAs may not always be directly asso-
ciated with the changes occuring in tumor tissues but
may also reflect indirect effects and could be secreted by
non-tumoral cells. Also mechanisms were described how
extracellular miRNAs can potentially interact with
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Table 2 MiRNAs diferentially expressed between serum of ccRCC patients and healthy controls

miRNA Fold change P-value Probability, that gene is differentially expressed
hsa-miR-760 169.628 < 0.000001 100.000%
hsa-miR-381 0.002 < 0.000001 100.000%
hsa-miR-378 37.596 < 0.000001 100.000%
hsa-miR-151-3p 35734 < 0.000001 100.000%
hsa-miR-629 45.790 < 0.000001 100.000%
hsa-miR-150 0.020 < 0.000001 100.000%
hsa-miR-219-5p 0.032 < 0.000001 99.999%
hsa-miR-26b* 41.191 < 0.000001 99.999%
hsa-miR-302b 0.057 < 0.000001 99.997%
hsa-miR-19b-1* 36432 < 0.000001 99.994%
hsa-miR-126* 9.317 < 0.000001 99.972%
hsa-let-7f 0.011 < 0.000001 99.968%
hsa-miR-571 30.947 < 0.000001 99.978%
hsa-miR-29c* 23.842 < 0.000001 99.976%
hsa-miR-625* 13.286 < 0.000001 99.938%
hsa-let-7a 0.014 < 0.000001 99.922%
hsa-miR-134 40.828 < 0.000001 99.846%
hsa-miR-320 4533 < 0.000001 99.811%
hsa-miR-451 0.225 < 0.000001 99.723%
hsa-miR-19a 0.261 < 0.000001 99.651%
hsa-miR-365 16.768 < 0.000001 99.642%
hsa-miR-339-3p 10.606 < 0.000001 99.524%
hsa-miR-203 79.565 < 0.000001 98.908%
hsa-miR-302c 0.044 < 0.000001 98.729%
hsa-miR-454* 11.965 < 0.000001 97.193%
hsa-miR-144* 6425 < 0.00001 92.206%
hsa-miR-655 10.716 < 0.00001 84.080%
hsa-miR-367 0.133 < 0.00001 81.739%
hsa-miR-425* 6.6660 < 0.0001 79.234%
hsa-miR-142-5p 0.136 < 0.0001 74.933%

Abbreviations: miR, microRNA/miRNA; ccRCC, clear cell renal cell carcinoma

recipient cells via a number of different processes,
including: direct fusion, internalization or receptor-
mediated interactions. There are likely to be other
mechanisms, especially for vesicle-free miRNAs, but all
await further investigation to provide convincing evi-
dence of their involvement in inter-cellular miRNA
exchange [26,27]. However, this proposed potential of
tumor cells to actively uptake miRNAs from circulation
can partly explain the opposite trends of miRNA expres-
sion levels in tissue compared to blood serum. Several
dysregulated miRNAs identified in our study have been
described to have altered expression levels in plasma or
serum of various cancers recently: up-regulated mir-
425* [28,29], let-7a [30] or let-7f [31].

In the validation phase of this study, we tested 3 can-
didate miRNAs (miR-378, miR-451, miR-150) in the
independent cohort of RCC patients. The up-regulation
of miR-378 and down-regulation of miR-451 expression
levels between serum of RCC patients and healthy

controls reached statistical significance in validation
study. Analytical characteristics of miR-378 (sensitivity
of 70%, specificity of 60%) and miR-451 (sensitivity of
81%, specificity of 77%) proved that both miR-378 and
miR-451 are potent in discriminating RCC from healthy
control serum. Furthermore, combination of serum
miR-378 and miR-451 levels, yielded sensitivity of 81%
and specificity 83%, proved to be even more powerful
discrimination tool. To our knowledge, the only study
concerning circulating miRNAs in renal cell carcinoma
identified circulating miR-1233 as a potential biomarker
for RCC patients, but although they performed the vali-
dation phase on a large cohort of RCC patients from
three different study centers, the diagnostic information
was below their expectations (AUC of 0.588, sensitivity
of 77%, specificity of 37.6%) [14].

Although our observations are promising, and miR-
378/miR-451 analytical characteristics reached values for
clinical utility, large-scale prospective studies aiming
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Figure 2 Validation phase of miR-378, miR-451 and miR-150 in an independent group of serum samples (n = 125). Scatter plots of
serum levels of (A) miR-378 and (B) miR-451 in healthy control (HC) samples (n = 35) and patients with RCC (n = 90). Expression levels of the
miRNAs (log10 scale on the y-axis) are normalized to miR-16. The line represents the mean value. Statistically significant differences were
determined using Mann-Whitney tests.

Table 3 MiRNAs evaluated in the validation phase of study

miRNA HC* RCC* p-value Cancer association Experimentaly validated target
miR-378 0.004 0.008 0.0003 colorectal SUFU, TUSC2,
0.002-0.006 0.004-0.037 carcinoma [16,17], oral TOB2, CYP2ET
squamous cell
carcinoma [18],
laryngeal
carcinoma [19]
miR-451 2.067 0.802 0.0001 renal cell carcinoma [1], MMP2, MMP9,
1.250-3.480 0.055-1.091 colorectal BCL2
carcinoma [20],
gastric cancer [20]
miR-150 0.011 0.008 0.2222 gastric cancer [21], HTT, MYB,
0.009-0.016 0.005-0.020 chronic myeloid EGFR2

leukemia [22],
colorectal
carcinoma [23]

Abbreviations: HC, healthy controls; RCC, renal cell carcinoma

*expression levels are presented as medians and interquartile range
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Figure 3 ROC curve for combination of serum miR-378 and miR-451 yielded AUC of 0.86, the sensitivity of 81% and specificity of 83%

their evaluation in the renal benign neoplasms and early
stages of the RCC are necessary to validate them as bio-
markers for early diagnosis, and the analysis of blood
serum collections from each patient to evaluate miRNA
biomarker dynamics are needed to prove their potential
for early detection of relapse in RCC patients.

Conclusions

There is no standard serum biomarker used for diagno-
sis or early detection of recurrence for renal cell carci-
noma (RCC) patients. In our study, we identified 30
miRNAs differentially expressed between serum of RCC
patients and healthy controls. MiR-378, miR-451 and
miR-150 were further evaluated in the independent
group of patients, and two of them were successfully
validated: levels of miR-378 were increased, miR-451
levels were decreased in serum of RCC patients. Combi-
nation of miR-378 and miR-451 enable identification of
RCC serum with the sensitivity of 81%, specificity 83%
and AUC = 0.86. We believe, that circulating miRNAs
in serum are promising biomarkers in RCC.
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approach in non-metastatic clear-cell renal cell carcinoma

Michal Fedorko', Jaroslav Juracek?, Michal Stanik3, Marek Svoboda*, Alexandr Poprach*, Tomas Buchler®, Dalibor Pacik’, Jan Dolezel’,
Ondrej Slaby*24

'Department of Urology, University Hospital Brno and Masaryk University Brno, Brno, Czech Republic

2Masaryk University, Central European Institute of Technology, Brno, Czech Republic

3Masaryk Memorial Cancer Institute, Department of Urologic Oncology, Brno, Czech Republic

4Masaryk Memorial Cancer Institute, Department of Comprehensive Cancer Care, Brno, Czech Republic

>Department of Oncology, Thomayer Hospital and Charles University First Faculty of Medicine, Prague, Czech Republic

*Corresponding author: on.slaby@gmail.com

Abstract

Introduction: Urinary microRNAs (miRNAs) are emerging as a clinically useful tool for early and non-invasive detection of various types of cancer.
The aim of this study was to evaluate whether let-7 family miRNAs differ in their urinary concentrations between renal cell carcinoma (RCC) cases
and healthy controls.

Materials and methods: In the case-control study, 69 non-metastatic clear-cell RCC patients and 36 gender/age-matched healthy controls were
prospectively enrolled. Total RNA was purified from cell-free supernatant of the 105 first morning urine specimens. Let-7 family miRNAs were deter-
mined in cell-free supernatant using quantitative miRNA real-time reverse-transcription PCR and absolute quantification approach.

Results: Concentrations of all let-7 miRNAs (let-7a, let-7b, let-7¢, let-7d, let-7e and let-7g) were significantly higher in urine samples obtained from
RCC patients compared to healthy controls (P < 0.001; P < 0.001; P = 0.005; P = 0.006; P = 0.015 and P = 0.002, respectively). Subsequent ROC
analysis has shown that let-7a concentration possesses good ability to differentiate between cases and controls with area under curve being 0.8307
(sensitivity 71%, specificity 81%).

Condlusions: We have shown that let-7 miRNAs are abundant in the urine samples of patients with clear-cell RCC, and out of six let-7 family mem-

bers, let-7a outperforms the others and presents promising non-invasive biomarker for the detection of RCC.

Key words: renal cell carcinoma; urine microRNAs; let-7; diagnostic biomarker
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Introduction

Renal cell carcinoma (RCC) accounts for 2-3% of all
malignant tumours. There are several histological
subtypes of RCC, with clear-cell (or conventional)
histological type being the most frequent, pre-
senting 70% - 80% of RCC cases (1). Despite a
steady decrease in mortality rates, RCC remains
one of the most lethal urological malignancies,
with 5-year relative survival 72% (1). For advanced
and metastatic RCCs (32% of all diagnosed cases),
5-year relative survival descends to 66% and 12%,
respectively. Biomarkers for early detection of RCC

https://doi.org/10.11613/BM.2017.043

are therefore necessary as there is no reliable diag-
nostic modality other than radiological imaging.

MicroRNAs (miRNAs) are short noncoding RNAs
that regulate gene expression at the posttranscrip-
tional level. They are involved in the number of
critical biological processes including carcinogen-
esis. Besides tumour tissues, they are also present
in different body fluids (e.g. serum, plasma, urine)
with a high degree of stability indicating their ex-
tensive biomarker potential (2). Although variety
of circulating miRNAs has been proposed as bio-
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markers of RCC, urinary miRNAs have been mostly
studied in bladder and prostate cancer (3).

The miRNA let-7 family is widely accepted as a tu-
mour suppressor miRNA with important role in
the regulation of cell cycle, cell differentiation and
apoptosis (4). Downregulation of the members of
let-7 family has been observed in various types of
tumour tissue including RCC (5). Less frequent, up-
regulation of certain let-7 family members has also
been observed, suggesting that let-7 does not
play a tumour suppressor function under all cir-
cumstances and in all tissues (6). Higher levels of
let-7 miRNAs in urine has been reported in bladder
cancer (7). There are no data about urinary let-7
miRNAs in RCC, but increased urinary levels of
some of the let-7 family members were found in
patients with autosomal dominant polycystic kid-
ney disease suggesting their abundance in urine
and therefore also potential utility in other renal
diseases such as cancer (8).

Based on that, we hypothesize, that let-7 family
miRNAs differ in their concentrations in urine sam-
ples of RCC patients and heathy individuals, and
could be potentially useful as diagnostic biomark-
ers of RCC. To this end, the aim of our study was to
determine concentration of let-7 miRNAs in cell-
free supernatant in group of prospectively en-
rolled patients with non-metastatic clear cell RCC
and group of healthy controls, statistically evalu-
ate the differences in concentrations between the
groups and their ability to distinguish between
RCC cases and healthy controls.

Material and methods
Study design and subjects

Between May 2015 and December 2016, adults un-
dergoing partial or radical nephrectomy for RCC at
Department of Urology, University Hospital Brno
(UHB) were prospectively screened for participa-
tion in this observational case-control study. Inclu-
sion criteria included: histologically proven clear-
cell RCC, no distant metastasis or nodal involve-
ment. Exclusion criteria included: active malignan-
cy other than RCC, history of any malignancy, uri-
nary tract infection, foreign bodies in urinary tract

Biochemia Medica 2017;27(2): 411-7

and urolithiasis. Urine samples of the cases were
collected prior to surgically treatment. In the same
time period participants of the control group were
enrolled. Healthy controls included patients surgi-
cally treated at UHB for benign urological condi-
tions like urethral stricture, phimosis, undescend-
ed testicle, stress urinary incontinence, hydrocele,
benign prostatic hyperplasia, urethral caruncula,
vesical neck sclerosis, simple renal cyst. Patients
with active malignancy or history of any cancer,
urinary tract infection, and foreign bodies in uri-
nary tract or urolithiasis were excluded from con-
trol group. Urine samples of the control group
were collected during regular post-operative fol-
low-up visits. Study was approved by the Ethic
committee at UHB and all participants signed in-
formed consent before entering the study.

Out of 76 RCC patients approached, 2 declined to
participate in the study, 15 patients were not in-
cluded due to papillary or chromophobe histolog-
ical type of RCC proved after surgery. Since we
were not focused on the follow-up of patients,
there was no additional drop-out from our study.
All 36 healthy controls approached, agreed to par-
ticipate on our study. Finally, 69 patients diag-
nosed with non-metastatic clear-cell RCC and 36
healthy controls were enrolled. Epidemiological
and clinical characteristics of the cases and con-
trols groups are summarized in Table 1.

Urine sampling and RNA isolation

The first morning urine samples were collected in
15 mL tubes (Sarstedt AG & Co., Numbrecht, Ger-
many) with EDTA used for nucleic acid preserva-
tion and kept at 4 °C till further processing. As the
next step, urine samples were centrifuged at 4 °C
at 2000g for 15 minutes, and the cell-free superna-
tant was then collected and stored at — 80 °C until
analysis. Before RNA isolation another centrifuga-
tion of urine sample was performed at 4 °C at
12,0009 for 15 minutes. Total RNA from 1 mL of
cell-free supernatant was isolated using manual
column-based method, Urine microRNA Purifica-
tion Kit (Norgen Biotek, Thorold, Ontario, Canada)
according to the manufacturer’s instructions. RNA
concentration and purity was evaluated using Na-
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TasLe 1. Epidemiological and clinical characteristics of study
subjects.

ccRCC patients Healthy controls

N=69 N=36

Male (N, proportion) 50(0.72) 24 (0.67)
Age (years) 66 (33-87) 65 (40-79)
pT stage*

pT1 54 NA

pT2 4 NA

pT3 1 NA

pT4 0 NA
pN stage*

pNO 69 NA

pN1 0 NA
pM stage*

pMoO 69 NA

pM1 0 NA
Fuhrman gradet

Gl 1 NA

G2 40 NA

G3 13 NA

G4 5 NA

*pT,N,M stages accordingly to American Joint Committee
on Cancer Staging Manual. TThe grading scheme used in
RCC. RCC - renal cell carcinoma, ccRCC - clear-cell renal cell
carcinoma, NA - not applicable.

nodrop 2000 Spectrophotometer (Thermo Fisher
Scientific, Waltham, MA, USA). Only the samples
with concentration higher than 5 ng/uL and A260/
A280 higher than 1.3 were further analysed in the
study.

Quantitative miRNA real-time
reverse-transcription PCR

Concentrations of let-7a, let-7b, let-7¢, let-7d, let-7e,
and let-7g were determined by quantitative miR-
NA real-time reverse-transcription PCR (qRT-PCR)
accordingly to TagMan MicroRNA assay protocol
(Thermo Fisher Scientific, Waltham, MA, USA).
Complementary DNA was synthesized from 10 ng
of total RNA in 15-uL reverse transcription (RT) re-
action using microRNA-specific stem-loop RT

https://doi.org/10.11613/BM.2017.043

primer and the TagMan® MicroRNA Reverse Tran-
scription Kit (Thermo Fisher Scientific) accordingly
to manufacturer’s recommendations. Real-time
PCR was performed in 20-uL PCR reaction with
1.33 uL of RT product using specific TagMan® Mi-
croRNA assays (let-7a: ID000377, let-7b: 1D002619,
let-7c: ID000379, let-7d: ID002283, let-7e: ID002406,
let-7g: 1D002282; Thermo Fisher Scientific) on
Roche LightCycler 480 PCR system (Roche, Basel,
Switzerland) accordingly to manufacturer’s recom-
mendations. The reactions were carried out in a
96-well optical plate at 95 °C for 10 minutes, fol-
lowed by 40 cycles of 95 °C for 15 seconds and 60
°C for 1 minute. All reactions were run in dupli-
cates. After the reaction, the treshold cycle (Ct) val-
ues were determined using the fixed threshold
settings, and the mean Ct values were calculated
from duplicates. For each miRNA assay, a dilution
series of synthetic miRNA oligo (IDT, Coralville,
lowa, USA) were carried out in parallel with qRT-
PCR of biological samples to generate an absolute
standard curve for quantification of let-7 concen-
trations. We also included inter-plate calibrator on
each plate for each assay enabling us to correct for
inter-plate variability. Quantitatively all measure-
ments were standardized by use of the same
amount of total RNA (10 ng) entering the reverse
transcription and PCR reaction. Ct values of bio-
logical samples were converted to absolute con-
centration of miRNAs in the cell-free supernatant
of the urine (fmol/L) based on relevant calibration
curve equation (Figure 1) based on the recently
described approach (9).

Statistical analysis

Statistical analysis was performed with GraphPad
Prism version 6.00 for Windows (GraphPad Soft-
ware, La Jolla California USA, www.graphpad.com).
To compare urinary concentrations of miRNAs be-
tween RCC cases and healthy controls non-para-
metric Mann-Whitney U test was used since our
experimental data do not follow a normal distribu-
tion. A P-value < 0.01 was considered statistically
significant. The ROC analysis was performed to
evaluate the ability of studied miRNAs to distin-
guish between urine of RCC patients and healthy
controls.
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FiGure 1. Absolute standard curves for let-7a (A), let-7b (B), let-7c (C), let-7d (D), let-7e (E) and let-7g (F) used for calculation of let-7 mi-
croRNAs concentrations (fmol/L) in the urine samples. E - qPCR reaction efficiency.

Results
centration of RNA ranged from 5.1 to 17.3 with a

median of 6.7 ng/uL and the purity (A260/A280)
ranged from 1.3 to 2.0 with a median of 1.5.

We successfully purified RNA from urine samples
of 105 subjects enrolled into our study. The con-
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The concentrations of all 6 miRNAs (let-7a, let-7b,
let-7¢, let-7d, let-7e, and let-7g) were significantly
higher in urine samples obtained from RCC cases
compared to healthy controls (P < 0.001; P < 0.001;
P = 0.005; P = 0.006; P = 0.015 and P = 0.002, re-
spectively; Table 2). Subsequent ROC analysis was
performed to evaluate ability of urinary miRNAs to
distinguish between RCC cases and controls. ROC
curves indicated that urine concentration of let-7a
possess satisfactory ability to differentiate be-
tween patients and controls with the AUC being
0.8307 (Figure 2A,B). The remaining let-7 miRNAs
showed inferior analytical performance (AUC <
0.75; summarized in Table 2). We further evaluated
analytical performance of combination of all let-7
miRNAs with AUC being 0.83.

Discussion

Noninvasive biomarker of RCC in urine presents a
significant unmet medical need of urologic oncol-
ogy. To prove our hypothesis that let-7 miRNAs
concentrations in urine differ between RCC cases
and healthy controls, we used the case-control de-
sign performed prospectively enabling us to con-
trol pre-analytical conditions, sample handling
and processing. Common approaches to miRNA
clinical testing include small RNA sequencing, qRT-
PCR, miRNA microarray, multiplexed miRNA detec-
tion with color-coded probe pairs, and miRNA in
situ hybridization. We decided to use qRT-PCR,
since our approach is targeted and this method
has several advantages in comparison to others:

TABLE 2. MiRNA concentrations in urine of RCC patients and healthy controls.

miRNA RCC patients Healthy controls P-value AUC Sens. (%) Spec. (%)
let-7a, fmol/L 7.510 (2.668-14.250) 1.525 (0.673-3.368) < 0.001 0.83 71 81
let-7b, fmol/L 3.500 (1.835-6.160) 1.350 (0.1400-2.880) < 0.001 0.75 73 67
let-7c, fmol/L 9.390 (4.090-18.82) 5.115 (2.180-9.253) 0.005 0.67 65 62
let-7d, fmol/L 5.540 (2.450-11.88) 3.505 (1.705-5.145) 0.006 0.66 66 61
let-7e, fmol/L 58.9 (25.03-106.6) 32.35(15.33-63.60) 0.015 0.65 62 61
let-7g, fmol/L 22.48 (11.46-35.19) 12.89 (5.72-19.64) 0.002 0.69 70 60

Values of MiRNA concentrations are presented as median (interquartile range). AUC - Area under curve; Sens. - Sensitivity; Spec. -

Specificity.
let-7a P <0.001
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FiGURE 2. Differences of let-7a concentration between RCC patients and controls.
(A) Absolute concentrations of let-7a was determined by gRT-PCR in urine of RCC patients (N = 69) and healthy individuals (N = 36).
(B) ROC analysis of let-7a to evaluate the ability to distinguish RCC patients and healthy controls. AUC — area under curve.
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high dynamic range, high sensitivity and specifici-
ty, small requests on RNA input, it is widely used in
clinical diagnostics and comparatively inexpen-
sive.

In our study, we confirmed our hypothesis, and
found that urinary concentrations of let-7 miRNAs
in RCC patients are significantly higher compared
to healthy controls. Let-7a concentrations enabled
to discriminate urine of the RCC patients and con-
trols with a sensitivity of 71% and specificity of
81%, suggesting its diagnostic value for detection
of RCC. We further evaluated analytical perfor-
mance of combination of all let-7 miRNAs and
there was no notable increase in AUC values ob-
served in comparison to let-7a used as the only bi-
omarker.

In contrast to bladder or prostate cancer, data
about urinary miRNAs in RCC are sparse. In the pi-
lot study of von Brandenstein et al. (23 RCC pa-
tients, 5 controls), higher levels of miR-15a were
found in urine of RCC patients but was undetecta-
ble in oncocytoma, other tumours or urinary in-
fection (10). In the recent study of Guorong et al.,,
urinary levels of miR-210 were found to be signifi-
cantly higher in patients with clear-cell RCC (N =
75) compared to healthy controls (N = 45), with
sensitivity, specificity and the area under ROC
curve 57.8%, 80% and 0.76, respectively. In addi-
tion, the expression levels of urinary miR-210 sig-
nificantly decreased one week after surgery (11).
Based on our results, urinary let-7a indicates supe-
rior analytical performance to urinary miR-210
studied by Guorong et al. (AUC 0.83 vs. 0.76). Al-
though analytical characteristics of urinary let-7a
seem to be promising, there are not sufficient for
clinical application of let-7a as the only biomarker.
However, we believe, that urinary let-7a could add
significant diagnostic value if combined with oth-
er emerging biomarkers in RCC or for monitoring
of the RCC patients with initially increased levels of
this biomarker. Analogically to other biomarkers in
various cancers (e.g. carcinoembryonic antigen in
colorectal cancer), we suppose, that in RCC, secre-

Biochemia Medica 2017;27(2): 411-7

tion of the let-7a presents biological feature of the
subset and not all RCC cases.

Our study has several limitations, which should be
discussed. The main limitation is the small group
of RCC cases and controls and absence of the inde-
pendent validation set. To this end, our study is a
pilot study showing diagnostic potential of urinary
let-7a concentrations in detection of RCC, but fur-
ther independent studies are needed to confirm
our results. Another limitation is absolute quantifi-
cation approach, which we used for determination
of studied urinary miRNAs disabling to eliminate
methodical inaccuracies, which could occur in pro-
cessing of every sample and, finally, could bias
comparisons of different groups of samples. There
were some transcripts used for normalization of
urinary miRNAs (e.g. RNU6B or RNU48) (3), but to
our knowledge there is no consensual reference
gene. Therefore, we decided to use absolute quan-
tification and to overcome this potential techno-
logical variability or bias, we implemented stand-
ardized protocols for urine samples collection,
handling and storage.

In conclusion, we showed that let-7 miRNA family
members are abundant in the urine cell-free su-
pernatant of patients with clear-cell RCC, and con-
firmed our hypothesis, that let-7 miRNAs have dif-
ferent concentrations in the urine of RCC cases and
healthy controls. Out of six let-7 members ana-
lysed, let-7a outperforms the others and may be
considered as a promising noninvasive biomarker
for the detection of clear-cell RCC.
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Skin toxicity and efficacy of sunitinib and sorafenib
in metastatic renal cell carcinoma: a national
registry-based study
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Background: A retrospective, registry-based analysis to assess the outcomes of metastatic renal cell cancer (MRCC)
patients treated with sunitinib and sorafenib who developed dermatologic adverse events was performed.

Patients and Methods: Data on mRCC patients treated with sunitinib or sorafenib were obtained from the Czech
Clinical Registry of Renal Cell Cancer Patients. Outcomes of patients who developed hand-foot syndrome (HFS) of any
grade and/or grade 3/4 rash during the treatment were compared with patients without HFS and no, mild, or moderate
rash.

Results: The cohort included 705 patients treated with sunitinib and 365 patients treated with sorafenib. For sunitinib,
the median overall survival (OS) was 43.0 months versus 31.0 months (P = 0.027) and median progression-free survival
(PFS) 20.8 months versus 11.1 months (P =0.007) for patients with versus without dermatologic toxicity, respectively.
For sorafenib, the median OS and PFS were 27.9 and 24.6 months (P = 0.244), and 12.2 and 8.8 months (P = 0.050),
respectively. In multivariable Cox regression, the skin toxicity was significantly associated with longer OS in the sunitinib
cohort.

Conclusion: The presence of skin toxicity is associated with improved OS and PFS in patients with mRCC treated
with sunitinib.

Key words: hand—foot syndrome, rash, renal cell cancer, sorafenib, sunitinib, survival

introduction patients and favourable overall response rate, progression-free
survival (PFS), and overall survival (OS) [4].

The aim of this retrospective analysis was to evaluate the
predictive significance of dermatologic toxicity in patients with
mRCC treated with sorafenib or sunitinib in a national registry.

Tyrosine kinase inhibitors (TKIs) represent a standard
therapeutic option in the first-line therapy of metastatic renal
cell cancer (mRCC) patients with good or intermediate
prognosis. Skin toxicity manifesting as hand-foot syndrome
(HFS) or skin rash commonly accompanies TKI therapy. HES .
has been reported in ~20% of patients treated with sunitinib patients and methods
and 35% of patients treated with sorafenib, and the incidence
of skin rash is ~40% and 20% for sorafenib and sunitinib,
respectively [1, 2].

It has been known for some time that the presence of skin
toxicity is associated with tumour response to targeted agents,
especially to drugs targeting the epidermal growth factor
receptor [3]. Recent retrospective analysis of patients with
mRCC found an association between HFS in sunitinib-treated

patients and treatment

Data on mRCC patients treated with sunitinib or sorafenib were obtained
from the Czech Clinical Registry of Renal Cell Cancer Patients (RENIS),

a database of patients treated with targeted agents in 13 Czech
comprehensive cancer centres. The patient records in the database are
updated quarterly and include information on baseline patient and disease
characteristics, restaging results, treatment dose and duration, adverse
events, and survival. We have retrospectively analysed the outcome and
TKI toxicity for all patients in the registry treated between May 2006 and
May 2011. Patients with follow-up shorter than 1 month after the start of
TKI therapy and those who were treated with TKIs for <1 month were

*Correspondence to: Dr T. Buchler, Department of Oncology, Thomayer University o R ) .
Hospital, Videnska 800, 140 59 Prague, Gzech Republic. Tel: +420-261-082-637; excluded from the statistical analysis as the period was considered
Fax: +420-261-082-522; E-mail: tomas.buchler@ftn.cz insufficient to detect any dermatologic toxicity. The standard dose of

© The Author 2012. Published by Oxford University Press on behalf of the European Society for Medical Oncology.
All rights reserved. For permissions, please email: journals.permissions@oup.com.
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Table 1. Overview of characteristics of patients in the sunitinib and sorafenib cohorts. Full baseline characteristics are available as supplementary material,
available at Annals of Oncology online.

Males, N (%) 482 (73.7) 35 (68.6) 0.416 193 (68.4) 55 (66.3) 0.789
Age at the TKI treatment initiation (years) 62 (45-75) 60 (46-74) 0.147 62 (47-75) 63 (47-74) 0.806
median (5-95th percentile range)
Clear cell histology, N (%) 628 (96.3) 49 (96.1) 0.712 274 (97.2) 78 (94.0) 0.182
Previous nephrectomy, N (%) 574 (87.8) 45 (88.2) 0.999 240 (85.1) 77 (92.8) 0.095
Previous cytokine therapy, N (%) 404 (61.8) 33 (64.7) 0.765 246 (87.2) 77 (92.8) 0.239
Time from treatment initiation to HES and/or - 3.0 (0.5-16.2) - - 1.6 (0.3-5.8)
severe rash occurrence (months) median,
(5-95th percentile range)
MSKCC score, N (%)
0 127 (19.5) 10 (19.6) 0.953 50 (17.7) 18 (22.2)
1-2 425 (65.2) 34 (66.7) 193 (68.4) 59 (72.8) 0.080
3 and more 100 (15.3) 7 (13.7) 39 (13.8) 4(4.9)

“*Continuous variables were assessed using Mann-Whitney test, categorical variables were assessed using either Fisher exact test or chi-square dependent on

number of categories.

sorafenib was 800 mg daily orally in two divided doses administered
continuously, and sunitinib was administered orally in a single dose of

50 mg daily for 28 days of a 42-day cycle. There was no predefined number
of cycles and the treatments were continued until progression or severe
toxicity as determined by the attending medical oncologist. Dose
modifications were also at the discretion of the attending medical
oncologist. Disease response was assessed according to Response
Evaluation Criteria in Solid Tumours (RECIST).

toxicity assessment

Dermatologic toxicities were assessed using the Common Terminology
Criteria for Adverse Events-(CTCAE) version 3.0 criteria. The severity of
skin rash was classified by the attending medical oncologist as ‘mild to
moderate’ corresponding to grade 1 to 2 toxicity or ‘severe’ corresponding
to grade 3 to 4 toxicity. HFS was reported separately from other skin
toxicities. In the present analysis, patients who developed HFS of any grade
and/or severe rash on treatment with sunitinib or sorafenib were compared
with those without HFS and no, mild, or moderate rash. Only toxicities
occurring during the administration of the first TKI were considered in
patients who received the two TKIs sequentially.

statistical analysis

Standard frequency tables and summary statistics, i.e. median and
percentiles, were used to describe the sample dataset. Statistical significance
of differences in initial categorical parameters was assessed using the Fisher
exact test; the Pearson chi-square test was applied for more than two
categories. Comparisons of the treatment groups in continuous variables
were based on the Mann-Whitney test. Both OS and PFS were calculated
since the start of first TKI treatment and estimated using the standard
Kaplan-Meier method. PFS was defined as the time from the onset of TKI
therapy to the progression on the first TKI or death due to any cause.
Statistical significance of the differences in survival between the two groups
was assessed using the log-rank test. Moreover, multivariable Cox
proportional hazards model with HFS and/or severe skin rash as a
time-dependent covariate was used to evaluate influence of all potential
predictive and prognostic factors on survival. Model optimization was
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Figure 1. Manifestation of skin toxicity (defined as hand-foot syndrome
of any grade and/or grade 3 to 4 rash) during treatment with sunitinib (a)
and sorafenib (b).

performed via analysis of deviance and model residuals. Random effects
were used to adjust for the influence of individual cancer centres. Hazard
ratios were accompanied with 95% confidence interval and supported by
calculating the significance level. Association between the occurrence of
different toxicities was analysed using the Fisher’s exact test.

2102 “p1 2unf uo ssadoe OINSH Ie /310 s[euinolpioyxo-ououue/;:d)y wolj papeo[umo(]


http://annonc.oxfordjournals.org/lookup/suppl/doi:10.1093/annonc/mds145/-/DC1
http://annonc.oxfordjournals.org/lookup/suppl/doi:10.1093/annonc/mds145/-/DC1
http://annonc.oxfordjournals.org/

Annals of Oncology

results

patient characteristics and skin toxicity

Eight-hundred and eleven mRCC patients treated with
sunitinib as the first TKI and 444 patients receiving sorafenib
as their first TKI were identified (Table 1 and Supplementary
material, available at Annals of Oncology online). Most patients
in both sunitinib and sorafenib cohorts received prior
immunotherapy. Of the patients treated with sunitinib,

705 patients had treatment time and follow-up longer than

1 month and a total of 51 patients (7.2%) had significant
dermatologic toxicity, including 43 patients (6.1%) with HFS
and 8 patients (1.1%) with severe skin rash other than HFS. Of
the patients treated with sorafenib, 365 patients had had
treatment time and follow-up longer than 1 month and

83 (22.7%) developed significant skin toxicity, including HFS
in 69 patients (18.9%) and severe rash in 14 patients (3.8%).

(a)
1.0

-——- WithDT

091 % — Without DT

0.8
0.7 A P=0.007
0.6
0.5 4
0.4 A
0.3 -

0.2

Proportion of patients without progression

0.1

0.0 y T T T T T T T T T )
0 6 12 18 24 30 36 42 48 54 60 66

Time (months)
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1.0 4
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0.9 { o —— Without DT

0.8 1

(I P=0.027
0.7
0.6

0.5 1
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0.3

Proportion of surviving patients

0.2

0.1 |

0.0 T T T T T T T - T v |

0 6 12 18 24 30 36 42 48 54 60 66
Time (months)

Figure 2. Progression-free survival (a) and overall survival (b) of patients

treated with sunitinib according to the occurrence of dermatologic toxicity
(DT).

We have analysed the possible association between the skin
toxicity and the occurrence of diarrhoea, another potential
dose-related toxicity of TKIs. For patients treated with
sunitinib, there was no statistically significant association
between the occurrence of these two types of toxicity
(P =0.15). However, dermatologic toxicity significantly
correlated with the manifestation of diarrhoea in the sorafenib
cohort (P =0.004).

In contrast, there was no significant association between
body weight and skin toxicity for either cohort.

survival according to skin toxicity

Dermatologic toxicity as defined above was first noted mostly
in the first 3 months of therapy for both TKI inhibitors
(Figure 1). In patients treated with sunitinib, the manifestation
of skin toxicity strongly correlated with both OS and PFS
(Figure 2). The median OS was 43.0 months (95% confidence
interval [CI] 25.8 to 60.3 months) for the cohort with

_—
Q
~
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0.6 A
0.5 A
0.4 -
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Figure 3. Progression-free survival (a) and overall survival (b) of patients
treated with sorafenib according to the manifestation of skin toxicity.
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significant dermatologic toxicity versus 31.0 months

(95% CI 25.0 to 37.0 months) for other patients (P = 0.027).
The median PFS for patients with significant skin toxicity
was 20.8 months (95% CI 13.9 to 27.6 months) versus

11.1 months (95% CI 9.6 to 12.5 months) for others

(P = 0.007).

The association between the manifestation of skin toxicity
and response was less pronounced in patients who received
sorafenib as their first TKI and was not statistically significant
for OS (Figure 3). The median OS for sorafenib was
27.9 months (95% CI 24.0 to 31.9 months) in patients with

Table 2. Cox model for progression-free and overall survival of patients
treated with sunitinib

Risk factor® Grouping HR 95% CI P-value
Progression-free survival
HES or severe skin ~ No/yes 1.33  0.89 to 1.98 0.170
toxicity
Age >60/<60 years 0.96 0.80 to 1.17 0.700
Number of metastatic More than one/ 1.66 1.36t02.01 <0.001
sites only one
Time from diagnosis  <1/>1 year 1.78 148t02.16 <0.001
to TKI
Calcium >2.5/<2.5 mmol/l 1.48 1.05 to 2.08 0.026
Overall survival
HEFS or severe skin No/yes 1.82 1.02 to 3.24 0.043
toxicity
Age >60/<60 years 1.12 0.87 to 1.45 0.390
Number of metastatic More than one/ 1.82 1.38t02.40 <0.001
sites only one
Time from diagnosis <1/>1 year 2.04 1.58t02.64 <0.001
to TKI
Calcium >2.5/<2.5mmol/l 227 149to3.46 <0.001
Haemoglobin Low/normal 1.31 0.93 to 1.83 0.130

*Due to nonproportionality of hazards, the Karnofsky performance status
score was incorporated to the model as a stratification factor. The clinical
centre was incorporated to the model as a random effect.

Annals of Oncology

dermatologic toxicity versus 24.6 months (95% CI 18.4 to
30.9 months) in others (P = 0.244). The median PFS for
patients with skin toxicity was 12.2 months (95% CI 8.5 to
16.0 months) versus 8.8 months (95% CI 7.3 to 10.2 months)
for others (P =0.050).

The multivariable Cox model was calculated regarding HFS
and/or severe skin rash as a time-dependent covariate and the
results are shown in Tables 2 and 3 for sunitinib- and
sorafenib-treated cohorts, respectively. In the Cox model,
dermatologic toxicity was significantly associated with OS in
the sunitinib cohort.

In order to detect the possible impact of subsequent
therapies on OS, we have analysed the proportion of patients
treated with everolimus after failure of TKI therapy. Of the
705 patients in the sunitinib cohort and the 365 patients in the
sorafenib cohort, only 44 (6.2%) and 24 (6.6%) patients,
respectively, received subsequent therapy with everolimus by
the cut-off date; therefore, the influence of everolimus therapy
on OS would be small if any.

discussion

The results of the present analysis of a large, national registry-
based cohort suggest that significant skin toxicity is a
predictive factor in mRCC patients treated with TKI. The
association between PFS or OS and skin toxicity was evident in
the larger cohort of patients treated with sunitinib as the first
TKI. For sorafenib, only an association of borderline
significance has been observed for PFS, and no effect of skin
toxicity on OS was evident. PES and OS rather than the
response rate were used as parameters of efficacy in this setting
because the response rate is generally low for targeted agents
used in mRCC, and disease control rate is more important. In
clinical practice, disease progression is not uncommonly
defined at the discretion of attending medical oncologist, so it
was important to corroborate the association between
improved PFS and dermatologic toxicity by analysing the
relationship of this type of toxicity with OS. Although

Table 3. The Cox model for progression-free survival and overall survival of patients treated with sorafenib

Risk factor® Grouping HR 95% CI P-value

Progression-free survival
HES or severe skin toxicity Nol/yes 1.23 0.93 to 1.62 0.140
Age >60/<60 years 0.97 0.77 to 1.22 0.760
Number of metastatic sites More than one/only one 1.59 1.25 to 2.02 <0.001
Time from diagnosis to TKI <1/>1 year 1.52 1.19 to 1.94 0.001
Calcium >2.5/<2.5 mmol/l 1.66 1.03 to 2.68 0.037
Karnofsky score <80/>80% 1.48 1.06 to 2.07 0.021

Overall survival
HES or severe skin toxicity Nol/yes 1.20 0.83 to 1.71 0.330
Age >60/<60 years 1.06 0.78 to 1.44 0.720
Number of metastatic sites More than one/only one 1.87 1.35 to 2.60 <0.001
Time from diagnosis to TKI <1/>1 year 2.16 1.57 to 2.97 <0.001
Calcium >2.5/<2.5 mmol/l 1.85 1.03 to 3.33 0.040
LDH >1.5x upper limit of norm/<1.5x upper limit of norm 1.70 1.11 to 2.60 0.014
Karnofsky score <80/>80% 1.77 1.16 to 2.69 0.008

*The clinical centre was incorporated to the model as a random effect.
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therapies administered sequentially after TKI failure may
obviously influence OS, the effect of sequential therapy is
limited in the present cohort as the access to the new targeted
agents was restricted in the Czech Republic. The present
analysis evaluated patients treated during a 5-year period
between 2006 and 2011, but only for the last 18 months was
everolimus, the only agent with proven efficacy after TKI
failure, available, still under a number of restrictions. Thus, in
the present cohort, the number of patients treated with
everolimus and, consequently, the effect of subsequent lines of
treatment were very limited.

Sunitinib and sorafenib are TKIs with antiproliferative and
antiangiogenic activity that have shown activity in randomized
phase III studies in patients with mRCC [1, 2]. The selection of
optimal therapeutic algorithm using the several drugs active in
mRCC currently is of paramount importance because of
toxicity and cost associated with the treatment. Molecular or
clinical predictors of successful response to these agents have
yet to be identified.

Rash and HFS occur frequently during treatment with
sunitinib and sorafenib or BRAF inhibitors [1, 2, 4, 5].
However, cutaneous toxicity is not only a common side-effect
of the treatment, but may also identify patients with potentially
long-term treatment benefit [4]. Early and aggressive therapy
of skin toxicity often allows continuation of potentially
effective therapy, with no need for treatment discontinuation
or dose reduction. HFS has a markedly more profound effect
on the daily activities of the patient than skin rash classified as
of the same severity. The present analysis is retrospective and
unplanned, and there could have been a bias for reporting
more severe symptomatic episodes of cutaneous toxicities.
Therefore, it was decided to include only patients with
significant (i.e. grade 3 or 4) rash. Moreover, HFS is more
specifically associated with TKI treatment and therefore less
likely to be misclassified by physicians reporting patients
for the RENIS registry. Therefore, in the present study,
significant skin toxicity comprised HFS of any grade and
severe (grade 3 or 4) skin rash.

Recently, a US collaborative group has had reported on 770
patients with mRCC and 416 gastrointestinal stromal tumour
patients treated with single-agent sunitinib in various regimens
within clinical trials. The median OS was doubled in 22%
mRCC patients who developed any-grade HFS [4].

The association between skin toxicity of sorafenib and
treatment outcomes in mRCC has only been suggested by
anecdotal reports [6, 7], but an association between OS and the
presence of HES and other adverse drug effects has been
reported in patients with hepatocellular carcinoma treated with
this agent [8]. The association between skin toxicity and
treatment efficacy could be caused by variations in
pharmacokinetics as both the toxicity and the response may be
dose-dependent.

The incidence of all-grade sunitinib-induced HFS ranged
from 14% to 41% in different studies with severe (i.e. grade 3)
HES occurring in 4% to 11% of patients [1, 9-11]. A meta-
analysis of 5005 sunitinib-treated patients reported the
incidence of all-grade and severe HES in 18.9% and 5.5% of
patients, respectively. It is noteworthy that the incidence of
HFS in sunitinib-treated mRCC patients appears to be lower

than that in patients with non-mRCC tumours [12]. There
seems to be no significant difference in the incidence of HFS
during continuous (i.e. 37.5 mg daily) or intermittent (i.e.

50 mg over 4 weeks, than a 2-week treatment-free period,
6-week cycle) sunitinib administration [13]. The first signs of
HES occur after a median of 32.4 days (range 5-82 days), but
HES may develop after several months of treatment [14, 15].

The incidence of HFS in sorafenib-treated patients is
somewhat higher than that for sunitinib and has been
estimated at 21%-40% for all-grade HFS and 8%-11% for
severe HFS [2, 12, 16-18]. The incidence of HFS in another
meta-analysis of sorafenib-treated patients (4883 patients) was
33.8% for all-grade and 8.9% for severe HES. In contrast to
sunitinib, all-grade HFS (although not severe HFS) was more
frequent in patients with mRCC than in non-mRCC patients
[16]. The incidence of HFS increased when sorafenib was
combined with bevacizumab, another antiangiogenic agent
[19]. HFS usually occurs during the first weeks of treatment
with sorafenib and the median time from the treatment
initiation to the first symptoms of HES for sorafenib was
18.4 days (range 3-56 days) [14, 15].

The pathogenesis of HES has not been fully elucidated. It
has been speculated that HFS is triggered by the inhibition of
the vascular endothelial growth factor tyrosine kinase, platelet-
derived growth factor tyrosine kinase, the RET-encoded proto-
oncogene receptor (RET) tyrosine kinase and Fms-like tyrosine
kinase-3 (Flt-3) [12, 14, 16, 19-21]. It is therefore possible that
the occurrence of dermatologic or other side effects is
associated with the same polymorphisms as treatment response
to TKIs in mRCC. Interestingly, it has been noted that when
sorafenib and sunitinib are given in sequence, skin toxicity of
the drug administered as second appears to be attenuated by
pre-treatment with the other TKI [22].

The main weakness of the present study is the retrospective
and registry-based design where selection bias cannot be
excluded. The incidence of dermatologic adverse events in our
database seems to be at the lower range of other reports,
specifically for HES [1, 2]. In addition, heterogeneity was
noted in reported incidences of dermatologic adverse events
between some centres. These findings suggest underreporting
of skin toxicity in the present study. Underreporting
represents a problem inherent to retrospective studies. Data on
ethnicity are not routinely collected because of scarcity of
patients with non-Caucasian ethnicity. On the other hand,
with the regard to potential ethnic differences in skin toxicity,
more than 99% of cancer patients in the Czech Republic are
Caucasians, as were patients included in the present dataset.
The incidence of RCC in the Czech Republic is the highest in
the world (almost double the US and EU-27 incidence,
respectively) for as yet unexplained reasons and differences in
population or environmental factors cannot be excluded [23].

The question of subsequent therapies influencing OS in the
studied cohort has been addressed but is likely to be negligible.
We found that <7% of patients received further therapy with
everolimus by the cut-off date due to the relatively late
approval of reimbursement for everolimus therapy in the
Czech Republic.

There is also a possible bias resulting from the association
between the length of treatment and skin toxicity, especially for
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the sunitinib cohort (Figure 1). To counter this bias, patients
treated for less than a month were excluded from the analysis.
Moreover, this time-course bias is less likely in the present
cohort as the skin toxicity manifested during the first 3 months
of therapy. Clearly, the question of skin toxicity as a predictive
marker of response will need to be addressed prospectively,
perhaps in a dose-escalation trial.

In conclusion, the presence of significant skin toxicity
including any-grade HFS and/or severe rash correlates with OS
and PFS of patients with mRCC treated with sunitinib as the
first TKI in univariate analysis as well as an independent
predictive factor only for OS in sunitinib-treated patients if
analysed in a Cox regression model.
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Background. Sunitinib is a tyrosine kinase inhibitor used in the treatment of metastatic renal cell carcinoma. The main difficulty
related to the treatment is the development of drug resistance followed by rapid progression of the disease. We analyzed tumor
tissue of sunitinib treated patients in order to find miRNAs associated with therapeutic response. Methods. A total of 79 patients with
metastatic renal cell carcinoma were included in our study. miRNA profiling in tumor tissue samples was performed by TagMan Low
Density Arrays and a group of selected miRNAs (miR-155, miR-374-5p, miR-324-3p, miR-484, miR-302c, and miR-888) was further
validated by qRT-PCR. Normalized data were subjected to ROC and Kaplan-Meier analysis. Results. We reported decreased tissue
levels of miR-155 and miR-484 as significantly associated with increased time to progression (miR-155: median TTP 5.8 versus 12.8
months, miR-484: median TTP 5.8 versus 8.9 months). Conclusion. miR-155 and miR-484 are potentially connected with sunitinib
resistance and failure of the therapy. miR-155 is a known oncogene with direct influence on neovascularization. Biological role of
miR-484 has to be clarified. Stratification of patients based on miRNA analysis would allow more personalized approach in therapy

of metastatic renal cell carcinoma.

1. Introduction

Targeted therapy with tyrosine kinase inhibitors (TKIs) is
used in the first line of metastatic renal cell carcinoma
(mRCC) treatment. TKIs inhibit multiple receptor tyrosine
kinases needed for the activation of intracellular signaling
pathways controlling cell proliferation, survival, or angiogen-
esis. Almost all treated patients will eventually develop sec-
ondary resistance to TKIs [1]. Other therapeutic alternatives,
such as TKIs pazopanib or sorafenib, mTOR inhibitor tem-
sirolimus, VEGFR antibody bevacizumab, cytokine therapy
with interferon-a, or clinical trials [2], could be provided, if
there would be a possibility to distinguish individuals with
and without benefit from sunitinib therapy.

Emerging evidence suggests that microRNAs (miRNAs)
could be suitable biomarkers with diagnostic, prognostic, and
predictive potential [3-6]. These small (18-25 nt) noncoding

RNAs are posttranscriptional regulators of gene expression.
miRNAs affect most cellular processes and the dysregulation
of their network has been linked to various malignant
diseases including RCC [7]. miRNAs as biomarkers could be
measured in tissues and body fluids and are relatively resistant
to decay. The aim of our study was to find tissue miRNAs
associated with the time to progression of mRCC in patients
treated with sunitinib. To have an effective tool for distinguish
patients according to the expected therapy outcome would
contribute to more personalized mRCC therapy.

2. Materials and Methods

2.1. Study Design, Patients, and Tissue Samples. The study
protocol was approved by the local ethical committee and
written informed consent was obtained from all patients.
Metastatic RCC patients included in the study were from
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TaBLE 1: Clinicopathological characteristics of patients.
Screening cohort Validation cohort
Responders Nonresponders Responders Nonresponders
N=38 N=8 N =44 N=19

Gender

Male 6 (75%) 8 (100%) 34 (77.3%) 11 (57.9%)

Female 2 (15%) 0 (0%) 10 (22.7%) 8 (42.1%)
Age

Median 64 64 66 66

Range 40-80 53-73 41-84 45-84
Histology

Papillary carcinoma 1(12.5%) 1(12.5%) 3 (6.8%) 3 (5.8%)

Clear cell carcinoma 7 (87.5%) 7 (87.5%) 41 (93.2%) 16 (84.2%)
Grade

1 0 (0%) 0 (0%) 6 (13.6%) 0 (0%)

2 2 (25%) 3 (37.5%) 11 (25%) 5 (26.4%)

3 5 (62.5%) 3 (37.5%) 13 (29.5%) 7 (36.8%)

4 1(12.5%) 2 (25%) 5 (11.4%) 7 (36.8%)

Unknown 0 (0%) 0 (0%) 9 (20.5%) 0 (0%)
Response to sunitinib according to RECIST criteria

Complete response 0 (0%) 0 (0%) 1(2.3%) 0 (0%)

Partial response 6 (75%) 0 (0%) 19 (43.2%) 0 (0%)

Stable disease 2 (25%) 0 (0%) 24 (54.5%) 0 (0%)

Progressive disease 0 (0%) 8 (100%) 0 (0%) 19 (100%)

South Moravian region of Czech Republic with uniform
exposure to the environmental factors. Hereditary cases of
RCC were excluded from the study. Two cohorts of patients
with mRCC treated with sunitinib in a standard regimen
were set up retrospectively. The screening group included
16 patients from Masaryk Memorial Cancer Institute, Brno,
Czech Republic (MMCI). Response to the treatment was
assessed according to RECIST criteria after 9 months and
patients were divided into two groups: (a) responders to the
treatment (complete, or partial response, and stable disease)
and (b) nonresponders with rapid progression. A group
of candidate miRNAs was chosen and the expression was
analyzed by qRT-PCR in the validation cohort of 63 mRCC
patients from MMCI. Clinicopathological characteristics of
both cohorts are summarized in Table 1.

2.2. Tissue Samples and RNA Isolation. Tumor tissue was
provided as formalin-fixed paraffin embedded (FFPE) sam-
ples. Total RNA enriched with small RNA was isolated using
mirVana miRNA Isolation Kit (Ambion, Austin, USA). Con-
centration and purity of the isolated RNA were determined
spectrophotometrically using Nanodrop ND-1000 (Thermo
Scientific, Rockford, USA).

2.3. Microarray Profiling. miRNAs profiling was conducted
using TagMan Low Density Array (TLDA) technology.
Megaplex miRNA RT primers set (pools A and B, version
3.0, Applied Biosystems, Foster City, USA) and TagMan
MicroRNA Reverse Transcription kit (Applied Biosystems)

were used for reverse transcription. Reactions were carried
out according to the manufacturer’s protocol. 667 miRNAs
were simultaneously quantified using ABI 7900 HT Instru-
ment (Applied Biosystems).

2.4. RT-PCR Quantification. Gene-specific primers were
used in reverse transcription according to the TagMan
MicroRNA Assay protocol (Applied Biosystems). QRT-PCR
was performed on ABI 7500 HT Instrument (Applied Biosys-
tems) using the Applied Biosystems 7500 Sequence Detection
System. TagMan (NoUmpErase UNG) Universal PCR Master
Mix and specific primer and probe mix (Applied Biosystems)
for each miRNA were used. PCR reactions were run in
duplicates, and average threshold cycles and SD values were
calculated.

2.5. Data Normalization and Statistical Analysis. Expression
data from TLDA profiling were normalized using miR-625%,
which was uniformly expressed in all samples from screening
cohort. Normalized miRNA expression data were evaluated
using Bioconductor Limma differential expression analysis. P
value lower than 0.01 was selected according to the potential
of identified miRNAs to accurately discriminate responders
and nonresponders in consequent HCL analysis. In valida-
tion phase of the study, average expression levels of miRNAs
in RT-PCR quantification were normalized using miR-1233
as a reference gene. miR-1233 was selected according to
our previous experience with normalization of renal cell
carcinoma FFPE samples. Normalized expression data were
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FIGURE 1: Hierarchical clustergram of miRNAs differentially expressed in sunitinib responding and nonresponding patients. Cluster analysis
groups samples and miRNAs according to the expression similarity. miRNAs are in rows and samples in columns. Upregulated miRNAs are
marked as red and downregulated miRNAs as green. Blue color indicates responders, yellow color indicates nonresponders. P < 0.01.

evaluated by ROC analysis (MedCalc 14.12.0) and Kaplan-
Meier analysis followed by log-rank test (GraphPad Prism
5.03). P values lower than 0.05 were considered statistically
significant.

3. Results

3.1. Microarray Profiling Revealed 19 Differentially Expressed
miRNAs between the Responders and Nonresponders Group.
High-throughput miRNA analysis of tumor tissue of 16
patients treated with sunitinib belonging to either responding
(N = 8) or nonresponding (N = 8) group was performed.
Limma analysis of normalized expression data identified
19 miRNAs differentially expressed (Figure1). Six miRNAs
(miR-155, miR-374-5p, miR-324-3p, miR-484, miR-302c, and
miR-888) were chosen as candidates for the verification using
qRT-PCR (P value < 0.01, Cy < 35).

3.2. Association between miR-155 and miR-484 Expression and
Time to Progression in mRCC Treated with Sunitinib. The
results obtained from the screening cohort were verified on
the independent cohort (N = 63) by qRT-PCR. Normalized
data were analyzed by ROC analysis and patients were sepa-
rated into two groups according to the calculated criterion.
Kaplan-Meier analysis revealed that lower level of miR-155

is associated with increased time to progression in patients
on sunitinib treatment (Table 2 and Figure 2(a), median TTP
5.8 versus 12.8 months). Similar result was obtained for
miR-484 (Table 2 and Figure 2(b), median TTP 5.8 versus
8.9 months). Kaplan-Meier plots of other miRNAs did not
reach statistical significance, although some of them indicate
potentially interesting trends (data not shown).

4. Discussion

Our findings suggest a link between two miRNAs (miR-155
and miR-484) and disease progression in mRCC patients
treated with sunitinib. Tyrosine kinase inhibitors inhibit
tyrosine kinase domains of growth factor receptors, albeit
their main activity is promoted by the inhibition of VEGF
receptor cascade, which leads to the decrease in blood tumor
perfusion and to the inhibition of neovascularization. Tumors
of TKI treatment-refractory patients are able to escape from
the VEGFR blockade [1]. miR-155 is a potent oncomiR upreg-
ulated in diverse types of cancer including renal cancer [8, 9],
which is in accordance with our findings. The role of miR-155
in angiogenesis is well described. Positive feedback loop
between VEGF and miR-155 exists, and miR-155 decreases the
expression of VHL tumor suppressor, a protein with ubiquitin
ligase activity sequestrating, for example, hypoxia-induced
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TaBLE 2: Validation of miR-155 and miR-484 on the independent cohort (N = 63) and their correlation with TTP (months).

Number of patients (N = 63) Median TTP (months) Log-rank P HR 95% CI
miR-155
Low, <0.2381 42 128 0.0092 2.412 1.243-4.680
High, >0.2381 21 5.8
miR-484
Low, <1.4408 >2 8.9 0.0296 2.623 1.100-6.254
High, >1.4408 1 5.8
100 — miR-155 100 - miR-484
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FIGURE 2: Kaplan-Meier survival curves estimating TTP in sunitinib treated mRCC patients (N = 63) according to miR-155 ((a); P value <
0.01) and miR-484 ((b); P value < 0.05) tumor tissue expression levels. Patients with low expression of the relevant miRNA are illustrated by

dashed line.

factors (HIFs). Higher levels of HIFs promote expression
of genes involved in angiogenesis, proliferation, and other
aspects of the tumorigenesis, even in the condition of VEGFR
blockade [10, 11].

Our data imply that patients with higher tissue expres-
sion of miR-155 have decreased time to progression on
sunitinib treatment and thus limited benefit from the ther-
apy. However, we have detected a discrepancy between the
results obtained from the screening and independent cohort.
TLDA screening indicated that the nonresponders from the
screening group have lower expression of miR-155 than the
responders. Opposite result was achieved by qRT-PCR in the
independent cohort (data not shown). We suppose that a bias
might occur due to a small number of the specimens analyzed
by TLDA, which is also significant limitation of our study.

The expression of miR-484 in mRCC patients treated with
sunitinib has already been noticed. Prior et al. described high
tumor tissue levels of miR-484 as significantly associated with
decreased TTP and overall survival [12]. Our findings are in
agreement with this study.

Research in ovarian cancer proved that miR-484 is
excreted from tumor cells as a paracrine regulator of tumor
microenvironment [13] and it is also measurable in plasma
[14, 15]. Therefore, it was found decreased in the tumor tissue
[13] and increased in plasma [16]. However, adrenocortical
cancer is typical with high tissue expression of miR-484 [17].
The role of this miRNA is probably diverse and depends
on the tumor type and miRNA localization. Up to date,
there are no reports of possible targets of miR-484 in renal
cell carcinoma. Its paracrine function was described in
ovarian cancer, where miR-484 targets VEGF B in tumor
cellsand VEGFR2 in adjacent endothelial cells [13]. Increased
levels of miR-484 attenuate the intrinsic apoptotic pathway
rising from mitochondria in anoxia, which was unveiled in
experiments with myocardial infarction [18].

Independent validation of our results in responders and
nonresponders to the sunitinib treatment on larger cohorts
of patients and functional analysis of miR-155/miR-484
regulatory involvement in VEGFR signaling might help to
understand the underlying mechanism of sunitinib resistance
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and also prove the potential of these miRNAs to serve as a
suitable predictive biomarkers in mRCC patients treated with
sunitinib.
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