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1. Abstrakt

Pokroky v sou¢asné imunologii vedou k lepSimu porozuméni interakci mezi imunitnim
systémem a nadory, coz vzbuzuje zdjem o vyuziti imunitniho systému v 1é¢be nddorovych
onemocnéni. V uvodni ¢asti prace jsou shrnuty teoretické poznatky o mechanismech
protinadorové imunitni odpovédi a jednotlivych slozkach imunitniho systému podilejicich se
na tomto procesu. Ustiedni ulohu V této interakci reprezentuji dendritické buiiky. Pravé jejich
vyuzitim v klinické medicin¢ se dlouhodobé zabyva nase pracovisté. V této praci se vénuji
nékolika dil¢im cilim. Prvni z nich je analyza zastoupeni jednotlivych subpopulaci
imunokompetentnich bunék v imunoterapeutickém 1é¢ivém piipravku na bazi dendritickych
bunék proti karcinomu prostaty- DCVAC/PCa vyvinutého na Ustavu imunologie, dale
praktickym aspektim pfipravy této formy aktivni bunécné imunoterapie a jeji optimalizaci za
podminek spravné vyrobni praxe. Vysledky této ¢asti byly soucésti farmaceutické
dokumentace, ktera vedla ke schvaleni vyrobniho postupu i zahdjeni klinickych studii u
pacientl s karcinomem prostaty regula¢nimi autoritami. Dal$im krokem bylo nasledné
praktické testovani imunoterapie DCVAC/PCa nejprve v pilotni ,,first-in-men* aplikaci u
pacienta s pokro€ilym metastatickym karcinomem prostaty a nasledné klinické hodnoceni
tohoto preparatu v ramci 2 studii faze I/II jiz u vétsiho souboru 52 pacientl se stejnou
onkologickou diagnézou. Cilem bylo vyhodnoceni bezpe¢nostnich parametrit DCVAC/PCa,
jeho schopnosti indukce imunitni protinadorové odpovédi a hodnoceni klinické odpovédi u
pacientl. Pfiznivy bezpecnostni profil 1é¢ivého piipravku spolu se schopnosti indukce
imunitni odpovédi na nadorové struktury a potvrzenym klinickym efektem pro pacienty vedl
K pokracovani v testovani této formy imunoterapie v dalsich fazich klinického hodnoceni u
celé fady nadorovych chorob.

Klic¢ova slova:

imunitni systém, imunitni dohled nad nadory, imunoterapie, dendritické bunky, karcinom

prostaty



Abstract

Current advances in immunology lead to a better understanding of interactions between the
Immune system and cancer, which raises interest in using the immune system in cancer
treatment. The introductory part summarises theoretical knowledge of mechanisms of anti-
tumour immune responses and the individual components of the immune system participating
in this process. Dendritic cells play a central role in this interaction and we have been working
on the use of these cells in clinical medicine over a long time. In this work | concentrate on
several objectives. First is the analysis of the representation of the various subpopulations of
immunocompetent cells in the immunotherapeutic medical product based on dendritic cells
against prostate cancer, the dendritic cell vaccine against prostate cancer, DCVAC/PCa,
developed at our Department of Immunology. Following is the evaluation of practical aspects
of the preparation of this form of active cellular immunotherapy and its optimisation under
conditions of good manufacturing practice. The results of this work formed part of the
pharmaceutical documentation to regulatory authorities that led to the approval of the
manufacturing process of DCVAC/PCa and the initiation of clinical trials in patients with
prostate cancer. Next step was the subsequent practical testing of immunotherapy of
DCVAC/PCa, initially in a pilot "first-in-men" application in patients with advanced
metastatic prostate cancer followed by a clinical evaluation of this product in Phase /11 trials
with a larger set of 52 patients with the same oncological diagnosis. The aim was to evaluate
safety parameters of DCVAC/ PCa, and its ability to induce an anti-tumour immune response
and a clinical response in patients. Favourable safety profile of DCVAC/PCa together with its
ability of inducing an immune response to prostate cancer structures and a validated clinical
effect led to further testing of this form of immunotherapy in a variety of cancers.

Key words:

immune system, immune surveillance of tumours, immunotherapy, dendritic cells, prostate
cancer



2. Uvod do problematiky
2.1 Role imunitniho systému v obrané proti nadorim

Hlavni funkci imunitniho systému je obrana proti infekcim. Infekéni nemoci byly v historii
lidstva az do objevu u¢innych antimikrobialnich 1ékt nejcastéjsi pricinou smrti. Jesté na
pocatku 20. stoleti se primérna délka Zivota pohybovala mezi tficeti péti a Ctyficeti lety.

Z evoluc¢niho hlediska bylo proto dilezité, aby nés imunitni systém chranil minimalné do
okamziku dosazeni reprodukcni zralosti. S prodluzujici se délkou zivota jsou pied organizmus
stavény 1 dal$i nastrahy, zejména pak boj s nddorovymi onemocnénimi a autoimunitnimi
chorobami. Postupné také pribyvalo mnozstvi ditkazli o tom, Ze imunitni systém nas chrani i
pred vznikem nadorovych onemocnéni, které dominuji postreprodukénimu véku, a ze
antiinfek¢ni a protinddorova obrana je zaloZend na podobném principu fungovani. Nadorové
buiiky exprimuji na svém povrchu antigenni struktury, které se na jinych bunéénych typech
nevyskytuji viibec, nebo pouze ve velmi malé mife. Téchto tzv. nadorové specifickych, resp.
asociovanych antigent je jiz popsano velké mnozstvi. Problémem vsak je, Ze nadorové buiky
disponuji celou fadou schopnosti, jak uniknout kontrolnim mechanismim imunitniho
systému, které vyznamnou méerou znevyhodiiuji organizmus pfi eliminaci nddorovych bunék
(Rosenberg and Dudley 2004). Ke znaénému pokroku v oblasti imunoterapie doslo piedev§im
diky porozuméni molekularnim interakcim nddorovych bunék s imunitnim systémem.
Uplatnéni imunoterapie jakozto 1é¢ebné strategie vychazi z predpokladu, Ze imunitni systém
ma schopnost rozeznat a eliminovat naddorové buiiky zejména v raném stadiu karcinogeneze,
jesté pred klinickou manifestaci onemocnéni. Rada experimentalnich dat vSak ukézala, e u
pokrocilych stadii nemoci jsou imunitni mechanismy ¢asto neucinné nebo utlumené a v
nékterych ptipadech dokonce rist nadoru podporuji. Tato ambivalence imunitniho systému se
zda byt zcela zasadni ve spravném nacasovani imunoterapie.

Cesta k pochopeni protinadorovych imunitnich mechanismi byla slozita. Z historického
hlediska na ptic¢innou souvislost mezi zanétem a nadory poprvé poukazal némecky I¢kar R.
Virchow. Na zédklad¢ nalezu ,,leukoretikularniho infiltratu® v neoplastické tkani predpokladal,
ze puvod rakoviny je v mistech chronického zanétu (Balkwill and Mantovani 2001).
Ptedstava, Ze imunitni systém muze reagovat na nadorovou tkan, byla poprvé vyslovena

v roce 1898 americkym chirurgem W. Coleyem, ktery zaznamenal vzacné regrese solidnich
nadori u pacientd v prib&hu bakterialnich infekci erysipelem (Coley 1910). Jasnéjsi
pfedstavu o ucasti imunitniho systému na obrané proti nadortim vSak pfinesla az série
transplantacnich experiment( na inbrednich mysich. Na studiich ze ¢tyficatych a padesatych

let minulého stoleti se poprvé podatilo demonstrovat, ze inbredni mysi mohou byt
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imunizovany proti nadorim indukovanym karcinogeny a Ze transplantovany nador u nich
navozuje specifickou imunitni odpoveéd’. Na zaklad¢ téchto objevii byla v roce 1957 sirem M.
Burnetem a L. Thomasem formulovana hypotéza o protinadorovém imunitnim dohledu.
Ta ptedpokladala existenci straznych bunék pochézejicich z thymu, které aktivné monitoruji
pfitomnost transformovanych nadorovych bun¢k (Burnet 1970). Teorie imunitniho dohledu
by se méla projevit u imunodeficientnich jedinct, kde se ocekavala zvysena frekvence
nadort, nicméné zasadni evidence stale chybéla. Rozhodujici diikaz o roli imunitniho systému
v obran¢ proti nadorim poskytly az studie na mysich, které nemaji T- a B-lymfocyty

v disledku mutaci genii pro RAG1 a RAG2 rekombinézy, enzymi nutnych pro tvorbu
antigenn¢ specifickych receptorti. V porovnani s imunokompetentnimi kontrolami byly RAG-
/- my8i nachylngjsi ke vzniku chemicky indukovanych, ale i spontanné rostoucich nadort
(Shankaran, Ikeda et al. 2001). Série analogickych studii na mysich knock-out modelech
pomohla objasnit roli dalSich bunéénych slozek imunitniho systému v prevenci nadorového
onemocnéni. Za zminku stoji knock-outy NKT bunék nebo interferonu y (IFN-y) (Smyth,
Thia et al. 2000, Street, Cretney et al. 2001).

2.2 Editace nadoru imunitnim systémem- tzv. ,,Cancer immune editing*

Pvodni hypotéza Thomase a Burneta byla pozdéji komplexné&ji rozvinuta G. P. Dunnem a
kol. v ramci teorie ,,Cancer immune editing™ (tj. editace nadoru imunitnim systémem),
formulované na zaklad¢ analyzy poznatkll ziskanych pii pokusech na RAG deficientnich
mysich (Dunn, Old et al. 2004). Byly odhaleny vyznamné rozdily v imunogenicité nadord

Vv zavislosti na hostiteli, ve kterém rostly. Pokud byl tumor izolovany z RAG2 -/- mysi bez
funkéniho imunitniho systému transplantovany do mysi stejného kmene, rostl se stejnou
kinetikou. Stejné tak pfenos nadoru rostouciho v imunokompetentni mysi do kontrolni mysi
téhoz kmene také vedl k rychlé implantaci a rozvoji vSech tumord. Zajimavé a necekané bylo
ovsem zjisténi, ze témef 50% tumort rostoucich v RAG2 -/- imunokomprimovanych mysi
bylo odvrzeno po pfenosu do imunokompetentniho hostitele. Nadory, které rostly

V nepiitomnosti funkéniho imunitniho systému, byly tedy vice imunogenni nez tumory
vytvofené v imunokompetentnich hostitelich. Vyse uvedené vysledky naznacuji, Ze imunitni
systém se podili jak na eliminaci naddorovych bunék, tak i na postupném tvarovani
imunogenniho fenotypu tumort, ktery vede k selekci variant transformovanych bunék
schopnych uniknout efektorovym mechanizmim imunitniho systému. Dunn navrhuje
rozliSovat ti1 odlisné urovné procesu boje imunitniho systému proti nddorovym bunkéam, a to
- eliminaci transformované bunky (elimination), ustanoveni rovnovahy mezi transformovanou

buiikou a organizmem (equilibrium) a Unik transformované bunky pied kontrolou imunitniho
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systému (escape) (Obr.1). Stadium eliminace se piekryva s imunologickym dohledem a vede
k aktivaci a indukci efektorovych mechanizmi imunitniho systému, které jsou schopny
eradikace nadorov¢ transformovanych bun¢k. Cely proces zde mize skoncit nebo piejit do
dalsich fazi. Stadium equilibria ptedstavuje dynamicky rovnovazny proces, kdy imunitni
systém kontroluje rist nadoru, nicméné se vlastnim selek¢nim tlakem podili na postupné
tvorbé variant nadorovych buné¢k se zvysujici se kapacitou ptezit Gtoky efektovych
mechanizmii. Stadium dniku pfedstavuje jiz termindlni proces editace, kde jsou imunitnim
systémem modelované nadorové bunky pod detekéni a eliminaéni hladinou a zacinaji
nekontrolované expandovat, coz vede ke klinické manifestaci. Faze ustanoveni rovnovahy je
nejdelsi z téchto tii procest a klinicky se shoduje s preneoplastickym onemocnénim, které
nejcastéji zustava nediagnostikované. Vysledkem stadia rovnovahy miiZou byt tfi rizné
situace: 1) kompletni eliminace nadorovych bunék, 2) dlouhodobé, mozna stalé udrzeni
dynamické rovnovahy mezi aktivni imunitni odpovédi a vymezenou populaci nadorovych
bunck, 3) Gnik pfed kontrolou reakce a rozvoj klinického onemocnéni.

Nadorové buriky ale nelze vnimat jen jako izolované protihra¢e imunitniho systému. Vznik
nadorového onemocnéni je mnohastupnovy proces komplexni povahy, v némz samotné
nadorové bunky predstavuji velmi heterogenni populaci zasazenou do kontextu
mikroprostiedi nenddorovych bunék a tkani (cévy, stromalni buiiky, mezibunécnd hmota,
infiltrujici buniky imunitniho systému aj.) a tvofici sloZity nddorovy ,,ekosystém®.

Cilem imunoterapeutickych pfistupti je zvySeni i€innosti a zacileni imunitnych reakci proti
nadorove tkani, které by mohly veést k eradikaci nebo ke kontrole nad ristem perzistujicich
maligné transformovanych bunék. Vzhledem k uvedenym poznatkim o komplexité
nadorového mikroprostiedi je dilezité spravné nacasovani imunoterapie (Finn and Forni
2002, Finn 2003, Forni, Curcio et al. 2003, Spisek and Dhodapkar 2006). V souladu s vyse
uvedenymi fakty je zfejmé, ze v optimalnim ptipad¢é by méla byt protinadorova imunoterapie
zahajena ve fazi, kdy je v organismu pfitomno malé mnozstvi nadorovych bunék (Markman
2004). Jiz vyse zminéna ambivalence imunitniho systému poukazuje na fakt, ze idealni
nacasovani imunoterapie je nejlepsi v Casnéjsich stadiich karcinogeneze, nebo napt. ve stadiu
minimalni rezidualni nemoci- MRD po odstranéni vétsi nadorové masy jinymi terapeutickymi

prostiedky.
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Obrazek 1. Teorie protinadorového dohledu, editace nadoru imunitnim systémem a klinicky

korelat jednotlivych stadii. Prevzato a upraveno dle (Dunn, Old et al. 2004).

2.3 Strategie uniku nadorovych bunék kontrole imunitniho systému

Nadorové bunky disponuji celou fadou strategii, pomoci nichz dokazi uniknout kontrole
imunitniho systému. Rada z nich vykazuje jistou analogii s principy unikovych mechanismi
infek¢nich agens. Piikladem je vysoka variabilita nddorovych buné€k a vznik mutantnich
forem, které nadorovy antigen ztratily. Stejné tak nizka hustota exprese nadorovych antigenti
¢i mutace antigenu pfispiva k heterogenité nadorovych 1ézi a mize vést k tomu, Ze jsou
neoplastické bunky slozkami imunitniho systému ptehlizeny. Dal$im mechanismem, ktery
zabranuje rozpoznani nadorovych bun¢k imunitnim systémem, je snizena exprese MHC I
molekul. Celkova ztrata MHC 1 je zpusobena ptedev$im mutaci 2 mikroglobulinu (Bicknell,
Rowan et al. 1994, Igney and Krammer 2002). Dalsim mechanismem je sialylace povrchu
nadorovych bunégk, kterd mize vést k maskovani nékterych epitopti povrchovych antigenti
nadoru. Produkei cytokint potlacujicich protinddorovou imunitni reakei, jako je
transformujici ristovy faktor (TGF-B) a interleukin 10, dochazi k ptimé inhibici maturace
dendritickych bun¢k ¢i inhibici efektorovych T lymfocyt. Nedostatecnou produkci

kostimulaénich molekul dochdzi k anergii T lymfocytii a zménou v signaliza¢ni apoptotické
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draze také k inhibici indukce apoptdzy (Igney and Krammer 2002). ZvySenou expresi
inhibi¢nich molekul, jako je CTLA-4 nebo PD1 na T lymfocytech dochézi k zastaveni
aktivace T lymfocyti a jejich anergizaci, coz je fyziologicky mechanismus predchazejici
autoimunitnimu poskozeni. Nadorové mikroprostfedi vSak miize indukovat nadmérnou
expresi té€chto inhibi¢nich molekul, ¢imz se zabranuje cytotoxickému ptisobeni T lymfocyti
na nadorovou buiiku. Proto je blokada téchto molekul vyuzivéana k aktivaci protinddorové
imunity. Odolnost nadorovych buné¢k vici efektorovym mechanismim imunitniho systému
vede nejen k tiniku nddord z imunitniho dohledu, ale mize také vyrazné ovlivnit u¢innost

imunoterapie.
3. Uloha jednotlivych druhi imunokompetentnich bunék v protinadorové imunité

Imunitni systém pouziva v boji proti nddorovym onemocnénim své dva hlavni systémy —
systém piirozené (nespecifické) imunity a systém imunity adaptivni (specifické). Slozky
nespecifické imunity, at’ jiz bunécné (makrofagy, NK-buiiky, granulocyty) nebo humoralni
(komplement, antimikrobialni peptidy, cytokiny), jsou schopny rychle patogen v organismu
detekovat a eliminovat jej do ur€ité miry bez nutnosti zapojeni specifické imunity.
Nespecifickd imunita ale nema mechanismy, které by zabezpecily vznik imunologické
paméti. Tu zajist'uji az slozky specifické imunity, T- a B-lymfocyty, diky existenci mnozstvi
(az 10™) riznych receptorti (TCR, resp. BCR) s pfesné definovanou specifitou pro nejrizn&jsi
antigeny. Pro aktivaci specifického lymfocytu musi byt antigen zpracovan v bunikach
prezentujicich antigen— nejcastéji v dendritickych buiikach (DC), poté slozitym systémem
postupnych interakci APC s T-lymfocyty dojde ke klonalni expanzi a teprve po vytvoreni
dostate¢né populace efektorovych bun¢k se rozviji specificka imunitni reakce. Tento proces
vétSinou trva 4—7 dni a po tuto dobu je nutné, aby obranu zajistila nespecificka imunita. Pi
opakovaném setkani se stejnym antigenem je jiz situace odli$na. V organismu jsou jiz
vytvofeny pamét'oveé T- a B-lymfocyty a sekundarni imunitni odpovéd’ je mnohem rychlejsi
(Rosenberg, Yang et al. 2004). Reakce na nadorovou buiiku je v principu obdobna jako na
infek¢ni agens, ale vzhledem k tomu, Ze se jedna o buiiku vychézejici z vlastnich tkéni, je
situace komplikovangjsi, protoZe k vlastnim tkdnim je ustanovena imunologicka tolerance.
Proto se zd4, ze pro udrzeni kontroly nad nadorovym rlistem je potteba podporovat a udrzovat

aktivitu protinadorovych lymfocyt opakovanymi ,,boosty*.
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3.1 Nespecifické slozky imunity

3.1.1 Neutrofily

Neutrofily tvofi nejpocetnéjsi skupinu leukocytl v cirkulujici krvi (50-70%). Tvofi se

z prekurzort v kostni dieni pod vlivem G-CSF, jehoz produkce se zvySuje v zavislosti na IL-
17A, ktery je produkovan Th17 buiikami. Tato bunééna populace se diferencuje z naivnich
CD4+ T bunék pod vlivem IL-23 produkovanym makrofagy a dendritickymi buitkami,
obzvlasté v dobé zanétu. Neutrofily produkuji nékolik typt granul — azurofilni granula
obsahujici myeloperoxidazu, defenziny, specificka granula obsahujici laktoferrin a tercidlni
granula obsahujici matrix metaloproteindzu 9 (MMP9, gelatindza B). Tyto molekuly plni svou
funkci v dobé zanétu, kdy neutrofily fagocytuji cizorodé organismy a uvoliuji do fagozomu ¢i
extracelularné myeloperoxidazu, ¢imz dochdzi k tvorbé reaktivnich kyslikovych radikald,
dale plejadu aktivnich molekul — katepsiny, lysozym, defenziny, ¢i laktoferrin, jejichz tikolem
je cizi mikroorganismus eliminovat. Jako dal§im, neddvno objevenym mechanismem
eliminace patogentll u neutrofill, byla prokézana schopnost vytvaret tzv. extracelularni
neutrofilni sit€¢ NETs (NETs neutrophil extracelular traps). NETs vytvafi aktivované
neutrofily. Hlavni strukturalni soucasti NETs je DNA. Déale NETs obsahuji proteiny z
primarnich granuli, jako jsou neutrofilni elastaza, katepsin G, myeloperoxidaza, a proteiny ze
sekundarnich 1 tercidlnich granuli, jako laktoferin a gerlatinaza. Hlavni roli extracelularnich
neutrofilovych siti je zachyceni mikrobil a zabranéni jejich Sifeni z mista piivodni infekce,
inaktivovani virulentnich patogent a zabijeni mikrobii. Neutrofily hraji dileZitou ulohu

V imunitni reakci proti nddoriim. Spolu s NK buiikami a makrofagy predstavuji zna¢nou ¢ast
bunééné populace tumor infiltrujicich bunék, kterd je zavisla na stadiu nadoru. Influx
neutrofilt do nadori je pod vlivem chemokinti produkovanych nddorovymi buitkami (napft.
CXCLS, IL-8, G-CSF, GM-CSF) (Gijsbers, Gouwy et al. 2005), samotnymi neutrofily
(CXCL1,2,6, CCL3) nebo tumor infiltrujicimi lymfocyty nebo makrofagy (IL-8, CCL3)
(Fridlender and Albelda 2012). Zvysené mnozstvi neutrofili v nékterych nadorech se ukazal
jako nepftiznivy prognosticky faktor pfeziti pacientl s metastatickym a lokalizovanym
onemocnénim (Donskov and von der Maase 2006, Jensen, Donskov et al. 2009). Na druhou
stranu v nékterych nadorech je vyssi influx neutrofili spojen s lepsi prognozou (Caruso,
Bellocco et al. 2002). Tuto diskrepanci miizeme vysvétlit 2 typy neutrofild, které byly

v nadorech prokazany (TAN - tumor asociované neutrofily). N1 TAN maji antitumorozni
efekt, produkuji TNFa, IL-1p, IL-6, IL-12, podporuji influx dal$ich bun¢k imunitniho systém
produkci chemokinti, prezentuji antigen T lymfocytiim, a tim podporuji eliminaci naddorové

buiiky. Na druhou stranu N2 TAN maji protumorozni efekt, dozravaji v prostredi s TGFp,
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produkuji MMP9, ktera usnadiiuje proces metastazovani (Opdenakker and Van Damme 2004)
a soucasn¢ dochazi k uvoliiovani VEGF a FGF-2 z extracelularniho prostoru, dale produku;i
arginazu rozkladajici arginin potiebny ke spravné funkci T-lymfocytt (Piccard, Muschel et al.
2012). Neutrofily také prispivaji k extravazaci cirkulujicich nadorovych bunék a tim
usnadiuji zakladani vzdalenych metastdz. Zprosttedkovavaji adhezi k endotelovym bunkam
pies B2 integrin v ramci interakce s ICAM1 exprimovanym na povrchu endotelovych bunék.
Soucasné vSak cirkulujici nadorové bunky také produkuji ICAMI, pies ktery se navazou na
neutrofily (Liang, Slattery et al. 2005). Jinym zptsobem, kterym nadorové bunky vyuzivaji
neutrofily k zakladani vzdalenych metastaz, jsou dfive zminéné NET, kdy nadorové bunky
jsou zachyceny v siti extracelularné vypusténé DNA (Cools-Lartigue, Spicer et al. 2013).

Téchto poznatki 1ze v budoucnu vyuzit pro zlepSeni uc¢innosti imunoterapeutickych metod.

3.1.2 Makrofagy

Makrofagy ptredstavuji heterogenni populaci buné¢k, které se diferencuji z krevnich monocyti.
Hraji ulohu v regulaci adaptivni imunitni odpovédi, ti€astni se procesti hojeni ran a eliminaci
infek¢nich agens. V prostfedi akutniho zdnétu vyvolané napt. ptitomnosti bakterii dochazi ke
klasické aktivaci makrofagi (M1 makrofagy), jez se vyznacuji vysokou produkei IL.-12 a IL-
23 a soucasn¢ nizkou produkci IL-10, produkuji reaktivni kyslikové radikaly a exprimuji ve
vétsim mnoZzstvi MHC-II. V disledku téchto pochodl dochézi k diferenciaci Th1 lymfocytd,
které svou produkei IFN-y podporuji makrofagy v eliminaci cizorodého agens nebo tumoru.
Opacénym poélem jsou alternativné aktivované makrofagy za ptitomnosti IL-4 nebo IL-13
produkované pii Th2 imunitni odpovédi, napf. pii eliminaci parazitd, makrofagy aktivované
imunokomplexy s TLR ligandy nebo IL-10, TGF ¢i glukokortikoidy. Vyznacuji se snizenou
produkci IL-12, IL-23 a zvySenou produkci IL-10, maji sniZenou schopnost prezentovat
makrofagy (TAM — tumor asociované makrofagy), které svymi fenotypy jsou blizké M2
makrofagim. Jejich koncentrace v nadorech je zptisobena produkci chemokinti nadorovymi
bunikami napt. CCL2, ¢i jinymi cytokiny VEGF, PDGF a M-CSF. Kumuluji se vice

v oblastech s hypoxii, dochazi k vyssi expresi HIF-1a (Talks, Turley et al. 2000), a tim

k podpoie angiogeneze pies VEGF a uvolnénym FGF z extracelularni matrix. Produkuji
riazné typy MMP (napt. MMP9) (Giraudo, Inoue et al. 2004), které piispivaji k remodelaci
extracelularni matrix a usnadnuji podobné jako neutrofily invazi nadorovych bun¢k do
stromatu. TAM také svou produkci IL-10 a TGF spole¢né s MDSC potlacuji lokalni
imunitni reakci v nadorové tkani (preference Th2 odpovédi, potlaceni NK bunék, podpora

diferenciace regulacnich T lymfocyti).
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3.1.3 Myeloidni supresorové buiikky- MDSC

MDSC jsou heterogenni populaci nezralych myeloidnich bun¢k a reprezentuji jeden

Z nejvyznamnéjSich mechanismut uniku imunitnimu dozoru v nadorech. D¢li se na 2 zékladni
skupiny: monocytarni a granulocytarni. Ob¢ skupiny vyrazné infiltruji nadorovou tkan, kde
tvoti 30-70% vsech leukocytti. MDSC potlacuji imunitni odpovéd’ nékolika mechanismy: a)
produkuji reaktivni kyslikové i dusikové radikaly, které zptsobuji disociaci ( fetézce

z receptoru T lymfocytt (Ezernitchi, Vaknin et al. 2006), b) pferusuji signalizaci pies IL-2
receptor, ¢) zabranuji rozeznani komplexu peptid/MHC-I, d) produkuji arginazu, €) brani
migraci T lymfocytti do uzlin produkci ADAM 17, ktery vede ke snizeni exprese L-selektinu
na T-lymfocytech, f) svou produkci IL-10, TGFp preferu;ji influx a lokalni diferenciaci
regulacnich T lymfocyta (Serafini, Mgebroff et al. 2008). MDSC také ptes IL-10 ovliviiuji
TAM smérem k M2 diferenciaci a svymi plsobky se vzdjemné potencuji. MDSC pfispivaji
k dysfunkci dendritickych bunék v nadoru ptes IL-10: omezuji migraci dendritickych bungk,
jejich dozravani, jejich produkci IL-12.

3.1.4 NK buiiky

NK buiiky patii mezi buiiky nespecifické imunity a maji schopnost zabijet nékteré nadorové a
virem infikované bunky. Sviij cytopaticky efekt uplatiiuji pomoci uvolnénych perforint a
granzymt, které poskozuji cilovou bunku. Dale produkuji IFN-y, ktery také potencuje
ucinnost klasicky aktivovanych M1 makrofagl v eliminaci fagocytovanych bunék. NK bunky
exprimuji na svém povrchu receptory, které miiZzeme rozdélit do 2 zakladnich skupin:
aktivacni a inhibi¢ni (Moretta, Bottino et al. 2005). Aktivita NK buné¢k zavisi tom, ktery ze
stimulti v danou chvili pfevazuje. Zakladnim ligandem pro inhibi¢ni receptory (Freud, Yu et
al. 2014) (napt. komplex CD94/NKG2A) jsou molekuly MHC-I tfidy exprimované na kazdé
zdravé bunce v téle. U nékterych virovych ¢i nadorovych onemocnéni dochazi ke snizeni
exprese MHC-I, jakoZzto jednoho z mechanismi uniku detekce cytotoxickymi T lymfocyty.

V téchto ptipadech dojde ke sniZeni inhibice a NK buriky se stanou v danou chvili buiikami
efektorovymi. Souc€asné stresem postizené builky exprimuji na svém povrchu vyssi mnozstvi
ligandli pro aktivaéni receptory a tim je aktivaéni proces NK bunky déale potencovan. Nejlépe
prozkoumanym aktivacnim receptorem je NKG2D, jehoz ligandy jsou MICA (MHC class |
polypeptide-related sequence A) a MICB, jejichz exprese se zvySuje napt. na povrchu bunék,
jejichz DNA byla poskozena (Vivier, Ugolini et al. 2012). Jinymi aktiva¢nimi receptory, které
hraji Glohu v rozeznani nddorové bunky, jsou tzv. NCR (natural cytotoxicity receptor). Mezi
tyto receptory se fadi NKp30, jehoz ligandem je B7-H6 exprimovany na povrchu nékterych

nadorovych bunék (Vivier, Ugolini et al. 2012). Jinym aktivacnim receptorem je také
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FcyRIIIA, ktery ma se vaze na Fc fragmenty imunoglobulinu G na opsonizovanych buiikach a
zprostiedkovava tzv. ADCC (cytotoxicitu zavislou na protilatkach). Tohoto mechanismu se
vyuziva pfi protinadorové imunoterapii pomoci monoklonalnich protilatek (Gross and
Walden 2008). Infiltrace nadoru NK burikami je ve srovnani s T-lymfocyty méné vyznamna a

jejich homing neni pfesné znam.

3.1.5 NK-T bunky

Jedna se o bunécnou subpopulaci stojici na pomezi NK bunék a T-lymfocytd. Tato populace
bun¢k na svém povrchu exprimuje funkéni receptor T-lymfocytt (TCR- off fetézce) a
soucasné receptory NK buné¢k napt. NK 1.1. Je schopna rozpoznéavat glykolipidové antigeny v
kontextu s molekulou CD1d. Dle vzoru T-lymfocytt byly nalezeny dvé subpopulace: typ I
podporujici protinadorovou odpovéd’ zprostitedkovanou CD8+ T-lymfocyty a typ Il se

supresivnimi u¢inky (Terabe and Berzofsky 2007).

3.2 Specifické sloZzky imunity
3.2.1 T lymfocyty

Zasadni ulohu v rozpoznavani a odstranovani bunék infikovanych intracelularnimi parazity
hraji CD8+ T-lymfocyty, oznacované jako cytotoxické (CTL), které jsou zaroven klicovymi
hraci pfi protinadorové odpovédi. CTL rozeznavaji komplex peptid/MHC I a jejich finalni
diferenciace z naivnich lymfocytl probiha v lymfatickych uzlinach pfi interakci s antigen
prezentujicimi bunikami, které prezentuji antigen ve spojeni s MHC 1. Takto jiZ diferencované
cytotoxické T lymfocyty nasledné cestuji krevnim obéhem do nadoru, kde interaguji

s nadorovymi bunkami, ve kterych vyvolavaji apoptézu. Nadorové mikroprostiedi vSak
tomuto pribchu imunitni reakce nenahrava. Pfitomnost vy$§iho mnozstvi TGFf
produkovaného nddorovymi butikami, makrofdgy a MDSC inhibuje v cytotoxickych T
lymfocytech produkci granzymu A i B, IFNy , FasL i signalizaci pfes TCR (Thomas and
Massague 2005). TGFp také indukuje expresi FoxP3 v cytotoxickych T lymfocytech, ¢imz se
stavaji regula¢nimi ve své funkci (Chaput, Louafi et al. 2009). Antigen prezentujici bunky
exprimuji také komplex antigen/MHC II, maji schopnost aktivace naivnich pomocnych T
lymfocytt, které se za ptislusnych podminek (produkce IL-12 dendritickymi butikami)
diferencuji v Th1 lymfocyty. Tyto buniky jsou poté uvolnény do obéhu a organizuji se

v nddorech. Produkuji napt. TNF a IFN-y. Tento interferon zvysuje expresi MHC I na
nadorovych buiikach, soucasné aktivuje makrofagy klasickou cestou. Spole¢né

s cytotoxickymi T lymfocyty pak Thl bunky pfispivaji k eliminaci nddorovych bunék. Tento

scénar lze vSak povazovat za idedlni a odpovida fazi diive zminéné immunosurveilance, ¢i
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immunoediting, kdy je nador s imunitnim systémem v rovnovaze a je klinicky némy.
Postupem casu jsou vSak vyselektovany nadorové bunky, které jsou schopny se imunitnimu
systému ubranit. Takové bunky produkuji napt. TGFp, IL-10 potlacujici imunitni reakci.
Uvoliuji také chemokiny, které ptitahuji leukocyty do nddoru, které vsak ptisobi proristove a
usnadiiuji proces invaze a zakladani metastaz (N2 neutrofily, M2 makrofagy, MDSC). TGFf
ma také pfimy vliv na diferenciaci Th bun¢k (Maeda and Shiraishi 1996), které se preferen¢né
diferencuji smérem k Th2 buikam a za pomoci IL-4, IL-13 i IL-10 podporuji expanzi M2
makrofagt. Pod vlivem TGF, nezralych dendritickych bunék a M2 makrofagh se ¢ast
infiltrujicich CD4+ T lymfocyta diferencuje v regulacni T lymfocyty (tzv. indukované Treg)
(Beyer and Schultze 2006), které v sou¢innosti s pfirozenymi regula¢nimi T lymfocyty
(nTreg) inhibuji lokalni imunitni reakci v nadoru. Regula¢ni T lymfocyty exprimuji na
povrchu CD39 a CD73, jez jsou ektonukleotidazy, které konvertuji ATP na AMP nebo
adenosin (Maeda and Shiraishi 1996). Regula¢ni T lymfocyty produkuji také PDE2, ktery

spole¢n¢ s AMP a adenosinem maji silny imunosupresivni G¢inek na ostatni efektorové T

lymfocyty.

3.2.2 Th17 lymfocyty

Nedavno identifikované Th17 lymfocyty pfedstavuji zvlastni samostatnou skupinu
pomocnych T lymfocyti, které se ucastni pfi ochrané organismu pied extracelularnimi
bakteriemi a plisnémi. Th17 lymfocyty produkuji skupinu cytokint (IL-17, IL-21, 1L-22)
hrajicich klicovou ulohu pfi chemoatrakci neutrofili a navozuji tak prozanétlivou odpoveéd

Vv infikovanych tkanimcha a i¢astni se pfi ochrané organismu pied extracelularnimi
bakteriemi a plisnémi. Pfitomnost Th17 lymfocytl je podporovéana ptsobenim IL-23 (hlavnim
zdrojem jsou antigen prezentujici buiiky), IL-6 a TGF-B (produkovéan zejména naivnimi
CD4+ lymfocyty). Tyto cytokiny pak ptisobi prostfednictvim transkripcnich faktorid RORyT a
nasledné STAT3. Ve vztahu k T-regula¢nim (Foxp3+) lymfocytim jsou pravdépodobné Th17
lymfocyty udrzovany v rovnovaze (Ziegler and Buckner 2009). Nadmérna aktivita Th17
lymfocytl hraje dileZitou ulohu v patogenezi nékterych autoimunitnich onemocnénich, jako
jsou roztrouSena skler6za mozkomisni, revmatoidni artritida, Crohnova choroba, psoriaza ¢i
diabetes I. typu (Iwakura, Ishigame et al. 2011). V né&kterych nadorech mazou mit Th17
buniky pronadorovy efekt a jejich zvysené mnozstvi koreluje s hor$im piezitim (Sfanos, Bruno
et al. 2008). Na druhou stranu pocet Th17 bun¢k v nékterych nadorech nepiimo umérné
koreluje s regulacnimi T lymfocyty (Kryczek, Banerjee et al. 2009) a jejich pocet pozitivné
koreluje s ptezitim (Miyahara, Odunsi et al. 2008). V n¢kterych nadorech byly prokazany IL-
17+FoxP3+ T lymfocyty, které exprimuji CD25 a RORyt (receptor related orphan receptor-yt
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— specificky pro Th17 butiky). Tato populace bunék ma supresivni u¢inek (Beriou, Costantino

et al. 2009, Voo, Wang et al. 2009) na imunitni protinadorovou reakci.

3.2.3 Regulacni T lymfocyty- Treg

Regulac¢ni T-lymfocyty (Treg) jsou schopny potlaovat aktivity jinych efektorovych T
lymfocytt, a proto piedstavuji jeden z diilezitych mechanizm pro zachovani imunologické
tolerance a tlumeni imunitni odpovédi. Tato regulace hraje vyznamnou roli v prevenci
autoimunitnich onemocnéni, na druhou stranu ma vliv na vznik a vyvoj chronickych
infek¢énich onemocnéni nebo nadorovych onemocnéni, kde potlacuje protinddorovou imunitu.
Regulacni T-lymfocyty suprimuji imunitni odpovéd’ bud’ neptimo prosttednictim IL-10 a
TGF-B ¢i kontaktnimi mechanizmy (napt. CTLA-4 indukuje apoptdzu), eventuelné piimym
zabijenim prostfednictvim granzymu a perforint (Piersma, Welters et al. 2008). Vznik, vyvoj
a spravné fungovani Treg je zavislé na expresi klicového transkripéniho faktoru Foxp3, ktery
je vyuzivan jako specificky marker Treg. Jeho mutace vede k IPEX syndromu (imunitni
dysregulace, polyendokrinopatie, enteropatie, vazané na chromozom X) (Barzaghi, Passerini
et al. 2012). Dale na svém povrchu exprimuji napf. GITR - protein ptibuzny s TNFR
indukovany glukokortikoidem (glucocorticoid-induced tumor necrosis factor) ¢i CTLA-4
(cytotoxic T lymphocyte antigen 4, CD 152). V periferni krvi u ¢lovéka jsou regulaéni T-
lymfocyty zastoupeny v 5-12% a vyskytuji ve dvou hlavnich odlisnych subpopulacich. Kazda
tato subpopulace ma jiné misto vzniku a lisi se i z hlediska své funkce. Pfirozeng se
vyskytujici Treg (nTreg) vznikaji v thymu, jsou siln¢€ zavislé na IL-2 a jejich hlavnim tkolem
je udrzovat periferni toleranci. Tyto buniky prezivaji v nezménéné funk¢éni kapacité po dlouhy
¢as a na svém povrchu nesou ,,autoreaktivni TCR. nTreg jsou schopny indukovat v
makrofazich supresivni fenotyp (Perrone, Ruffini et al. 2008). Druhou subpopulaci jsou
indukované Treg (iTreg), které vznikaji v perifernich tkanich po vétSin€ antigenné
specifickych reakci, at’ jiz Th1 nebo Th2 typu, a ptisobi prostiednictvim podobnych
inhibi¢nich mechanismi jako nTreg. Kli¢ovou tlohu zde hraje 1 TGF-f. Indukovat tvorbu,
expanzi i biologickou aktivitu regulac¢nich T lymfocyti jsou schopny i membranové
mikrovezikuly ¢i exosomy uvoliiované ptimo nadorovymi bunkami (Szajnik, Czystowska et
al. 2010). Regula¢ni lymfocyty riznych typti maji schopnost preménovat jiné T-lymfocyty na
sob& podobné bunky (tzv. infekéni tolerance). Pokud se tedy setkd aktivni Treg s jinymi T-
lymfocyty na povrchu stejné dendritické buiiky, vytvati cytokinové prostiedi ptiznivé pro
diferenciaci obdobného typu bunék. Regulacni T lymfocyty hraji s nejvétsi pravdépodobnosti
velmi vyznamnou roli v supresi protinadorové imunitni odpovédi u pacientd s nadorovym

onemocnénim. Nadorové buiiky disponuji fadou dosud znamych mechanismd, s jejichz
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pomoci dokazi unikat imunitnimu systému hostitele. Jednim z téchto mechanismu je také
specificka indukce Treg. Existuji hypotézy, které fikaji, ze je to pravé specificka indukce
Treg, ktera pfimo podporuje progresi rustu tumora (Hermans, Chong et al. 2003, Lutsiak,
Semnani et al. 2005). Bylo prokazano, ze nadorové bunky a makrofagy vyskytujici se v jejich
blizkosti produkuji chemokiny, které ptitahuji Treg ptimo do mista nadoru. Specificka
inhibice tohoto procesu by tudiZz mohla vyrazné napomoci pii 1é¢bé nadorovych onemocnéni.
U pacientd s riznymi typy nadorovych onemocnéni byla v mnoha nedavno provadénych
studiich detekovana zvysena hladina Treg v periferii nebo Treg izolovanych pfimo z nadorové

tkané (Vergati, Cereda et al. 2011).

3.3 Dendritické burky

3.3.1 Obecna charakteristika DC

Dendritické bunky (DC) patii mezi nejuc¢inngjsi antigen prezentujici buniky a reprezentuji
centralni spojku mezi nespecifickou a specifickou imunnitou. DC jako jediné mohou
aktivovat naivni T lymfocyty, a tim zahdjit primarni specifickou imunitni odpovéd’. V
poslednich letech byla objasnéna fada mechanismi, jez buiikdm umozni rozeznat pfitomnost
mikroba nebo jiného nebezpeci véetné nadorovych bunck v perifernich tkénich a zajisti, ze je
zminéna informace ptfenesena do lymfatickych uzlin, kde jsou poté stimulovany specifické T-
lymfocyty (Nouri-Shirazi, Banchereau et al. 2000). Dendritické buriky byly pojmenovany
podle charakteristické morfologie s mnozstvim vybézki, dendriti (Obr. 3) (Steinman and
Cohn 1974). V periferni krvi cirkuluji dendritické buiky ve velmi malém mnozstvi, proto se
obtizné studuji. Zasadni zlom ve studiu dendritickych bun¢k nastal v poloving 90. let, kdy
byly publikovany protokoly popisujici kultivaci dendritickych bun€k z monocyt nebo
kmenovych hematopoetickych bun¢k zdravych darcii za pfitomnosti riznych cytokind,
predevsim GM-CSF a IL-4. Proces, béhem kterého se z nezralé dendritické buiiky stane
profesiondlni APC, je nazyvan maturace (zrani) dendritické buriky. Tento proces je zahdjen
poté, co dendriticka buitka pomoci specifickych receptorti rozpozna hrozici nebezpeci,
nejcasteji prunik infekéniho agens do organismu. Proces maturace je charakterizovan
vymizenim schopnosti fagocytovat antigeny. Dochazi k vyraznému zvySeni exprese HLA
molekul I. a II. tfidy, CD83 a kostimula¢nich molekul CD80, CD86. Na povrchu
dendritickych bunck se objevuje molekula CCR7, ktera je receptorem pro chemokin MIP-38,
ktery se vyskytuje v lymfatickych uzlinach. Zrajici aktivovana dendritick4 bunika migruje do

lymfatickych uzlin, kde ucinné predklada antigeny na svém povrchu T-lymfocyttim, aktivuje
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je a zahajuje imunitni reakci, ktera v optimalnim ptipadé¢ vede k eliminaci patogenu nebo

nadorové buiky.
3.3.2 Subpopulace DC

Mezi dendritickymi buiikami 1ze rozlisit fadu subpopulaci. Plasmocytoidni dendritické bunky
(pDC) byly pojmenovany podle morfologie pfipominajici plazmatické bunky. Lze je
identifikovat dle exprese CD123 (receptoru pro IL-3) a jejich hlavni funkci je rozpoznani
virovych infekci a obrana proti nim (prostiednictvim exprese TLR-7 a TLR-9) (Terabe and
Berzofsky 2007, Szabo and Dolganiuc 2008, Jegalian, Facchetti et al. 2009). IL-3 je
dilezitym rastovym faktorem plazmacytoidnich dendritickych bunék (Shortman and Liu
2002). Myeloidni dendritické buniky (mDC), mezi které patii i Langerhansovy bunky v
epidermis, jsou charakterizovany povrchovou expresi molekuly CD11c a souc¢asné absenci
molekuly CD14, jez je charakteristicka pro monocyty a makrofagy. Langerhansovy buriky se
vyznacuji expresi langerinu (CD207) a molekuly DEC-205 (CD205). Nejpocetnéjsi populaci
myeloidnich dendritickych bunék jsou intersticialni dendritické buiiky, které 1ze nalézt ve
vSech tkanich. Tyto buiiky jsou nejvice podobné dendritickym bunikdm ptipravenym in vitro
diferenciaci z monocytt v ptitomnosti GM-CSF a IL-4, a proto je o nich nejvice informaci
(Romani, Gruner et al. 1994, Sallusto and Lanzavecchia 1994, Hellman and Eriksson 2007).
Jednotlivé subpopulace dendritickych bunék maji riznou vybavu pro rozpoznani patogenti a
kazda je tedy specializovana v obrané proti riznym infekcim. Dendritické bunky rozpoznavaji
pfitomnost ,,nebezpeci* i nepfimym zplsobem, detekci prozanétlivych cytokint (napi. TNF,
IL-1pB, IFNa a IFN) produkovanych riznymi bunikami, které jsou aktivované pfitomnosti
daného patogenu. Tato cesta vSak nevede k plnohodnotné maturaci se schopnosti aktivovat T-
lymfocyty. DC hraji i dtlezitou roli v indukci periferni tolerance, kdy v neptitomnosti
aktivacnich signalti migruje urcité mnozstvi nezralych DC do lymfatickych uzlin a prezentuje
antigeny pochézejici z vlastnich tkani. Tim se Uc€astni 1 na indukci regulaénich T-lymfocytt,
které specificky potlacuji imunitni odpovéd’ proti vlastnim tkanim. Tento proces je

zodpovédny za mechanizmus periferni tolerance. Pfirozené nadorové mikroprostiedi ma na

dendritické bunky imunosupresivni vliv (Bennaceur, Chapman et al. 2008).
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4. Imunoterapie karcinomu prostaty

4.1 Karcinom prostaty

S trendem delSiho primérného véku preziti v populaci se zvysuje incidence onemocnéni,
ktera byla v minulosti vzacnéjsi. Jedna se piedev§im o nadorova onemocnéni. Karcinom
prostaty je jednou z nejéastéjsich malignit u muzd. Podle statistickych tdaju je nejcastéjsim
nadorovym onemocnénim muzl v rozvinutych zemich, kdy v téchto zemich v roce 2013
tvoril 28% vSech nové diagnostikovanych nadort a po karcinomu plic je druhou nejéastéjsi
pfi¢inou umrti z onkologickych diivod. V USA ro¢né onemocni kolem 240 000 muzt a 33
000 jich na tuto diagnézu zemie, v Evropé je roéné novych ptipadi ptres 300 000 s 87 000
umrti. Dle tdaji Narodniho onkologického registru z roku 2012 ¢inil pocet nove zachycenych
karcinomi prostaty v CR 134,5 piipadii na 100 000 muzi a amrtnost 29,9 piipadti na 100 000
muzl. V absolutnich ¢islech to znamenad, Ze v roce 2012 bylo odhaleno 6942 muza s timto
nadorem a 1542 muzl na néj zemielo. Asi 15 % nemocnych ma jiz v dob¢€ stanoveni
diagnozy generalizované onemocnéni (UZIS, 2012). Mezi 1é¢ebné moznosti karcinomu
prostaty patii chirurgicka lécba (prostatektomie), radioterapie, hormonalni 1é¢ba a
chemoterapie (Heidenreich, Bellmunt et al. 2011). Kurativn¢ Ize karcinom prostaty 1é¢it ve
fazi lokalniho postiZeni. Pies dobré dlouhodobé vysledky radikalni prostatektomie nebo
primarni radioterapie ¢ast pacientil recidivuje. Rizikovymi faktory relapsu jsou zejména
Gleasonovo skore, stadium a hodnota PSA v dob¢ diagnézy. Vyznamnym prognostickym
faktorem po biochemickeé recidive je tzv. ¢as do zdvojeni PSA (PSADT, PSA doubling time).
Pacienti s kratkym PSADT (méné neZ 3 mésice) maji vyssi riziko ¢asnéjSiho vzniku metastaz
a zvySenou mortalitu nez pacienti s dlouhym PSADT (nad 12 mésicti) (Antonarakis, Feng et
al. 2012). Proto se PSADT jevi jako vhodny ,,surrogate marker* u klinickych studii, které
hodnoti efekt riiznych 1é¢iv aplikovanych v dob¢€ biochemické recidivy, kdy jiné parametry,
jako jsou €as do progrese nebo celkové pteziti, nemohou byt pro dlouhy ¢asovy interval

k vyhodnoceni studii pouzity. Pacienti s lokalné pokrocilym karcinomem prostaty maji horsi
progndzu. Metodou volby je také operace nebo radioterapie, obvykle v kombinaci s
hormonalni terapii. Pacienti s metastazujicim karcinomem jsou kandidaty pro androgenni
deprivaci, at’ jiz chirurgickou nebo farmakologickou. Androgenni deprivace vede k apoptdze
bunék primarniho tumoru i ptipadnych metastaz. Primérny Cas pieZiti bez progrese u
pacientd 1é¢enych androgenni deprivaci se pohybuje mezi 18—24 mésici a median celkového
preziti je 24-36 mésict (Heidenreich, Bellmunt et al. 2011). Pfi hormonalni 1é¢bé totiz

dochazi k progresi choroby, a to v disledku nekontrolovaného riistu hormon-independentnich
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bunék nadoru. Metastaticky kastraéné-rezistentni karcinom prostaty (MCRPC) je definovan
pritomnosti kostnich nebo jinych vzdalenych metastdz a kontinualnim nariistem PSA, ke
kterému dochazi i ptes androgenni deprivaci (Heidenreich, Bastian et al. 2014). Median
preziti u téchto pacient je bez dalsi 1écby pfiblizné 15-20 mésicti. Posledni 1é¢ebnou
moznosti, kterou Ize pacientim v tomto stadiu onemocnéni nabidnout kromé paliativni
podpurné terapie, je dle standarda urologické spoleénosti chemoterapie (Heidenreich,
Bellmunt et al. 2011). Na zaklad¢ velkych randomizovanych studii je doporu¢enym lé¢ebnym
postupem podavani docetaxelu v tfitydennich intervalech, u kterého byl prokazan statisticky
vyznamny vliv na celkové pteziti (prodlouzeni medidnu pieziti o 2,9 mésice —z 16,3 na 19,2
mésice) (Tannock, de Wit et al. 2004). Po selhani docetaxelu 1ze pouzit nové schvalené 1éky,
které prokazaly ptiznivy vliv na celkové pteziti: 1éky zasahujici do procesu androgenni
deprivace — abirateron (Zytiga®, inhibitor enzymu CYP17A1 dileZitého v procesu syntézy
testosteronu v riznych tkéanich), enzalutamid (Xtandi®, antagonista androgennich receptori),
ev. lokalni radioterapeutika — (Xofigo®, lokalni radiofarmakum obsahujici alfa zafi¢ radium-
223), piipadné chemoterapeutika II. linie — preparat kabazitaxel (Jevtana®, taxanové

chemoterapeutikum).

Zakladni podminkou pro interakci imunitniho systému s nddorovymi buitkami je existence
nadorove specifickych povrchovych antigent, které umoziuji identifikaci nadorovych bunék.
Karcinom prostaty exprimuje vyznamné nadorové asociované antigeny (PSA-prostaticky
specificky antigen, PSMA-prostaticky specificky membranovy antigen, PAP-kysela
prostaticka fosfataza), které 1ze v malé mife nalézt i na zdravych bunkach prostatické tkang.

V dalsi ¢asti je uveden pichled imunoterapeutickych prostredku, které uspésné postoupily do

I11. faze klinického testovani.

4.2 Piehled imunoterapeutickych piipravki klinicky testovanych u karcinomu prostaty
4.2.1 Sipuleucel-T

Autologni imunoterapeuticky ptipravek Sipuleucel-T (Provenge®) je zaloZen na pouziti
vlastnich antigen prezentujicich bunék pacienta, které jsou ex vivo oSetfené pomoci
rekombinantniho fuzniho proteinu PA2024 (Obr.2). Ptiprava produktu je zaloZzena na
provedeni leukaferézy z periferni krve, ze které se pomoci gradientové centrifugace izoluji
monocyty. Monocyty jsou posléze ex vivo inkubovany se specifickym imunogenem PA2024.
Protein PA2024 je tvoren fuzi lidského PAP antigenu (prostatic acid phosphatase) s GM-CSF.
PAP byl zvolen jako cilovy antigen na zakladé preklinickych studii na krysim modelu (Drake
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2010). Imunoterapeuticky piipravek je vyrabén individualné pro kazdého pacienta a je uréen k
1é¢bé pacientt s asymptomatickym ¢i minimalné symptomatickym CRPC (Higano,
Schellhammer et al. 2009). Lécebny cyklus se sklada ze tii intravenoznich infuzi podanych ve
dvoutydennich intervalech. Infuzni davka Sipuleucelu-T obsahuje autologni mononuklearni
bunky periferni krve aktivované fiznim proteinem PAP-GM-CSF o0 obsahu minimalné 50x
10° autolognich bunék CD54+. Bunécné slozeni a pocet bunék v jedné davce piipravku
Provenge zavisi na pacientové leukaferéze a krom¢ aktivovanych monocytt tak preparat
obsahuje i dals$i imunitni bunky periferni krve pacienta (T-lymfocyty, B-lymfocyty, NK
bunky a dal$i bunky). Po aplikaci ex vivo oSetfenych aktivovanych autolognich monocytt do
téla pacienta se ocekava jejich aktivace na zralé APC, jejichz hlavnim tkolem je aktivace
PAP specifickych CD4 a CD8 T lymfocyti. Tyto aktivované T lymfocyty se dostavaji krvi do
nadorového loziska, kde zahaji protinadorovou odpoveéd’ (Small, Fratesi et al. 2000). Klinické
studie faze I a I/II prokazaly, ze podavani Sipuleucelu-T u pacientti s CRPC je obecné dobie
tolerovano a vede k indukci PAP-specifickych T lymfocyti. U n€kterych 1é¢enych pacienti
zaroven dochazelo ke snizeni hladiny PSA v periferni krvi o vice nez 50% (Burch, Breen et
al. 2000, Small, Fratesi et al. 2000). V registra¢ni studii faze III s nazvem IMPACT
(Immunotherapy for Prostate Adenocarcinoma Treatment) bylo v letech 2003-2007 1é¢eno
512 pacientti s metastatickym CRPC oproti 147 pacientiim ve skupiné placebo (Kantoff,
Higano et al. 2010). Primarnim cilem provedené studie bylo celkové pieziti. Béhem stiedni
doby sledovani 34,1 mésicii zemielo 61,6% vakcinovanych pacientt a 70,8% ve skupiné s
placebem. Pacienti, kteti dostavali ptipravek Sipuleucel-T méli o 22% nizs§i riziko imrti, bez
ohledu na celkové nebo nadorové specifické pieziti. Stfedni doba preZiti byla ve sledované
skupiné delsi o 4,1 mésice - 25,8 vs 21,7 mésicu. Na zakladé vysledku této studie byl v dubnu
2010 Sipuleucel-T jako dosud jediny autologni imunoterapeuticky piipravek schvaleny FDA
pro pouziti u pacientll s asymptomatickym ¢i minimalné symptomatickym metastatickym
kastracné-rezistentnim karcinomem prostaty (mCRPC). V soucasné chvili je ptipravek
Sipuleucel-T zkousen v tadé dalsich klinickych studiich. V klinické studii (NCT00715104)
byl Sipuleucel-T testovan ve skupiné pacienti s lokalizovanym karcinomem prostaty pied
radikalni prostatektomii. U té€chto pacientli se imunochemicky hodnoti vzorky nadorové tkané
prostaty na pfitomnost T lymfocytl. Priibézné vysledky prokazaly zvySené procento CD4 ne
vSak CD8 T lymfocytl na rozhrani mezi benigni a maligni tkani u vzorku tkané¢ po radikélni
prostatektomii. Tyto vysledky naznacuji, Ze by 1écba Sipuleucelem-T mohla zvySovat

ptitomnost lymfocytii v misté nadoru prostaty (Geary and Salem 2013).
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Obrazek 2. Imunoterapie Sipuleucelem-T. V prvnim kroku vyroby jsou pacientovy monocyty
obohaceny pomoci gradientové centrifugace a inkubovany s fuiznim proteinem PAP-GM-CSF.
GM-CSF ma za ukol maturovat pritomné APC buiiky, které ndsledné prezentuji PAP antigeny
na MHC molekuldch populaci naivnich CD4 a CD8 T lymfocytii. Prevzato z (Drake 2010).

4.2.2 PROSTVAC

PROSTVAC® vyvinuty firmou BavarianNordic v USA je dalsi forma protinddorové
imunoterapie u karcinomu prostaty zalozena na rekombinantnich atenuovanych virech
nestovic (vakcinie) a ptacich nestovic (fowlpox) (Arlen, Gulley et al. 2006). Tyto viry slouzi
jako vektory, které exprimuji zaroven gen pro PSA a tfi kostimulaéni molekuly— B7.1,
ICAM-1 a LFA-3 (komer¢ni ozna¢eni TRICOM™) (Hodge, Sabzevari et al. 1999).
Mechanizmus ucinku spociva v tom, ze buniky pacienta jsou po aplikaci infikovany timto
modifikovanym virem a stanou se dobrymi antigen prezentujicimi buiikami, které budou
exprimovat jak kostimulaéni molekuly, tak zarovenn nadorovy antigen PSA (Obr.3).
Vzhledem k tomu, Ze proti buitkam infikovanym viry se vyviji cytotoxicka T bunééna reakce,
je zde ptredpoklad, ze se naindukuji cytotoxické T lymfocyty, které posléze budou lyzovat
bunky exprimujici PSA, tedy nddorové buiiky karcinomu prostaty. PouZiti dvou antigenné
odlignych vektort pro prvni a nasledné imunizace by mélo snizit riziko, ze dojde ke snizené
ucinnosti vakciny v disledku tvorby neutralizacnich protilatek navozenych imunizaci virem
vakcinie. Tomuto postupu se fiké heterologni prime/boost strategie. PROSTVAC® prosel v
poslednich deseti letech rozsahlymi studiemi faze I/1I v riznych stadiich ca prostaty i v
riznych kombinacich (Arlen, Gulley et al. 2006). Ptiznivé vysledky randomizované faze Il na
125 pacientech s minimalné symptomatickym mCRPC nedokdazala rozdily mezi pfezitim bez
znamek progrese onemocnéni (PFS), ale median celkového preziti (OS) byl o 8,5 mésice lepsi
nez v kontrolni skupiné (Kantoff, Schuetz et al. 2010). Na zaklad¢ téchto vysledkt byla

Vv listopadu 2011 zah4jena studie faze III u 1200 pacientli s minimalné symptomatickym
CRPC (NCT01322490) (Geary and Salem 2013).
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Obrazek 3. Schéma vyroby piipravku ProstVac: Vakcina ProstVac je slozena z plazmidové
DNA kédujici cilovy antigen TAA (konkrétné PSA) a tii kostimulacnich molekul (LFA3, B7-1
a ICAM]1). Plazmidova kazeta je v nosicové bunécné linii vlozena do poxviru za vzniku
konecného produktu. Virove vektory jsou aplikovany subkutanneé, kde infikuji pacientovy
epitelialni bunky, které prodélaji bunécnou smrt. Nasledné je bunécny debris obsahujici také
cilovy antigen PSA pohlcen populaci APC a poté prezentovan CD4 a CD8 naivnim T
lymfocytiim. Prevzato z (Drake 2010).

4.2.3 Imunoterapie pomoci dendritickych bunék

Dendritické buiiky se vyznacuji jedine¢nou schopnosti indukovat primarni imunitni odpoveéd’
prostfednictvim aktivace naivnich nediferencovanych T lymfocytt (Banchereau, Briere et al.
2000). Prave pochopeni tohoto vyjimeéného postaveni dendritickych bunék v procesu T
bunééné aktivace v kombinaci s rozvojem a optimalizaci metod pro pfipravu DC in vitro
ptispélo k vyuziti DC v 1é¢bé nadorovych onemocnéni (Fucikova, Rozkova et al. 2011,
Vacchelli, Vitale et al. 2013).

Metodické aspekty imunoterapie dendritickymi buniikami

Rozhodujicimi faktory pro i¢innost imunoterapie jsou zejména postup vyroby vakciny z DC a
zpusob a frekvence aplikace v rtiznych fazich onemocnéni. Klasickym postupem ve vyrobé
dendritickych bunck je diferenciace perifernich monocytl v pfitomnosti IL-4 a GM-CSF
(Romani, Gruner et al. 1994, Sallusto and Lanzavecchia 1994). Usp&sné byly i alternativni
piistupy ve vyrobé dendritickych bun¢k s pouzitim IFNa (Santini, Lapenta et al. 2000) a IL-
15 (Mohamadzadeh, Berard et al. 2001). Rovnéz bylo testovano pouziti DC izolovanych

ptimo z periferni krve a pulsovanych ex vivo nadorovym antigenem (Timmerman, Singh et
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al. 2002) nebo pouziti odlisnych populaci vychozich progenitort (CD34+ hematopoetické
progenitory) (Banchereau, Schuler-Thurner et al. 2001).

Typy DC vakcin podle zdroje nadorovych antigenii

K zajisténi spravného imunoterapeutického efektu je dale dulezité vybrat optimalni nadorovy
antigen, kterym budou napulzovany pfipravené namnozené dendritické bunky.

Dendritické buiiky pulzované peptidy

Dendritické buiiky je mozné pulzovat peptidy, které pochdzeji ze znamych nadorovych
antigenti a jsou schopné se vézat na specifické MHC molekuly I. tfidy. Nevyhoda tohoto
postupu spociva v tom, ze zvoleny nddorovy peptid 1ze pouzit pouze u pacientl se specifickou
molekulou HLA. Dalsi nevyhodou je, Ze i pfi malé zmén¢ v expresi nddorového antigenu
muze nastat inik nddorovych bun€k imunitnimu dohledu. Tento postup byl pouzit napt. v
klinické studii faze I/I, ve které byly nezralé dendritické buniky pulzovany HLA-A2
specifickymi peptidy z PSMA (Murphy, Tjoa et al. 1999).

Dendritické buriky pulzované proteiny

V dals$im ptipad¢ se pouziva pro pulzaci dendritickych bunék cely protein. Ten musi byt
dendritickou bunkou pohlcen, rozstépen na jednotlivé fragmenty a ndsledn€ prezentovan na
povrchu DC v kontextu MHC molekul L. a II. tfidy. Tento ptiklad pulzace bun¢k se vyuziva i
ve vySe uvedeném piipravku s oznacenim Provenge firmy Dendreon (Kantoff, Higano et al.
2010).

Dendpritické buiiky pulzované nadorovymi buiitkami

Dalsim zdrojem nadorovych antigenti mohou byt také celé nadorové bunky (Rozkova,
Tiserova et al. 2009). Zdrojem nadorovych bunék mohou byt komeréné dostupné nadorové
linie nebo primarni naddorové buiiky pacienta. Vyhodou tohoto zpisobu je, Ze nemusi byt
ptresné specifikovany nadorové antigeny a pfipravena vakcina mize obsahovat i nadorové
antigeny, které jsou ptimo specifické pro nador pacienta. V tomto ptipadé jsou apoptotické
nebo nekrotické buiiky pohlceny nezralymi dendritickymi bunikami a nddorové antigeny jsou
nasledné prezentovany v kontextu molekul MHC I. i MHC II. tfidy.

Dal8imi klicovymi parametry imunoterapie jsou zpusob aplikace a pocet DC ve vakcing.
NejcastéjSimi zpusoby aplikace je subkutdnni a intravendzni podani. Problémem podéni
zminénou cestou je fakt, ze se do lymfatickych uzlin Casto dostava jen velmi malé procento
injikovanych DC, coz mtze vést k selhdni vakciny. Klicovym parametrem je exprese
chemokinového receptoru CCR7 na povrchu DC, diky kterému jsou buiiky schopné odpovidat
na chemokinové signaly CCL19 a CCL21, jezZ jsou exprimované v sekundarnich lymfatickych

organech.
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Vliv maturaéniho stavu DC na Gcéinnost imunoterapie

Nezralé dendritické buiiky s nizkou expresi kostimula¢nich molekul nejsou schopné dodavat
T bunikam dostate¢né silné aktivacni signaly. Tento stav muze vést k anergii T lymfocytu,
deleci antigen-specifickych T bunék nebo vzniku regulac¢nich T lymfocytd (Steinman,
Hawiger et al. 2003). Pokud podavame vakciny obsahujici nezralé dendritické buriky,
muzeme navodit nezadouci toleranci viici nadorovému antigenu. K maturaci dendritickych
bunék se v klinickych studiich vyuzivd zejména smési prozanétlivych cytokint, napt. IL-1f,
TNF, IL-6, PGE-2 (Jonuleit, Kuhn et al. 1997). Nedostatkem tohoto matura¢niho koktejlu je
indukce lymfocyti s regulacnim fenotypem (Banerjee, Dhodapkar et al. 2006). Dal$im
matura¢nim signdlem pouzivanym v klinickych studiich jsou ligandy TLR. Nékteré z nich
jsou silné aktivatory produkce Th1 polariza¢niho faktoru IL -12 a uc¢inné navozuji
crosprezentaci antigend. Jako vyhodné se ukazuje i pouZiti vice druhit TLR pro zajisténi
rozsahlejsi imunologické reakce (Querec, Bennouna et al. 2006). Timto zplisobem muzeme
dosahnout i synergického uc¢inku TLR ligandl a zndsobeni jejich u€¢inku. Dalsim rizikem pii
aplikaci maturovanych DC je podavani tzv. vycerpanych DC. Maturované DC za¢nou
produkovat velké mnozstvi cytokinti véetné 1L-12-p70, avSak po podédni dalSich maturac¢nich
signall jiz nejsou schopny produkce dalSich cytokinli. Takova buiika pak neni schopna

indukovat antigenné specifickou odpovéd'.

Soucasné trendy v imunoterapii dendritickymi buiikami

Podstata vétsiny imunoterapeutickych postupti v souc¢asné dob¢ spociva v ex-vivo kultivaci
monocytl, ze kterych se stanou dendritické buniky. Monocyty periferni krve pacientt
vybranych pro imunoterapii se ziskavaji v priibéhu leukaferézy. Z monocyti se pak v
laboratofi pfipravi nezralé dendritické buniky. V dalSim kroku jsou DC ,,pulsovany*
nadorovymi antigeny (bud’ definovanymi peptidy, mRNA, apoptotickymi buikami nebo
lyzaty- viz vyse uvedeny ptehled). Po pohlceni nadorovych antigenti jsou nasledné
dendritické bunky aktivovany, maturovany a poté jako protinddorova vakcina podany zpét
pacientovi. Riizné vyzkumné skupiny nebo biotechnologické firmy se ve vyrobnim postupu
li§i a obvykle jsou tyto postupy patentové chranény. Imunoterapie pomoci dendritickych
bunék si ziskava stale siln€jsi postaveni mezi ostatni terapii v 1¢cbé nadorovych onemocnéni a
hodnocené protinadorové DC vakciny vykazuji minimalni nebo zadné vedlejsi G¢inky. Cilem
imunoterapie v pokrocilém naddorovém onemocnéni u pacientli nemusi byt uplné odstranéni
nadorovych bunék, ale obnoveni dynamické rovnovahy mezi nadorovymi bufikami a imunitni

odpovédi. Vzhledem k vySe uvedenym poznatklim je dilezité spravné nacasovani
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imunoterapie (Finn 2003, Forni, Curcio et al. 2003, Spisek and Dhodapkar 2006). V souladu s
vyse uvedenymi fakty je ziejmé, ze v optimalnim ptipad¢ by méla byt protinadorova
imunoterapie zahajena v co nejcasnéjSim stadiu onemocnéni, nebo ve fazi, kdy je v organismu
ptitomno malé mnozstvi nadorovych bun¢k (Markman 2004). V tomto stadiu vsak lze
klinickou t¢innost imunoterapie velmi obtizn¢ hodnotit. Proto vétSina studii probiha u
pacientt v pokrocilejSich stadiich nadorovych chorob. Imunoterapeutické studie ve fazich
pokrocilého onemocnéni prokazaly urcity klinicky benefit a dochazelo k laboratorné
detekovatelné indukci protinddorové imunitni odpovédi, a to i navzdory tomu, ze imunitni
systém takto 1éCenych pacientl byl poskozen jak probéhlou chemoterapii, tak i
imunosupresivnimi mechanismy nadorové tkan¢ (Vacchelli, Vitale et al. 2013). Probihaji
studie, zda lze zvysit celkem nizkou klinickou i¢innost samotné imunoterapie v pokrocilych

stadiich kombinaci s dal§imi 1é¢ebnymi postupy.
5. Cile prace

Predchazejici teoreticka ¢ast této dizertacni prace podava prehled o protinddorovych
imunitnich mechanismech se zamétenim na hlavni bunééné populace podilejici se pii
protinadorové odpovéedi organizmu. Shrnuje soucasny pohled na problematiku moderni
imunoterapie s akcentaci na imunoterapeutické protokoly realizované u karcinomu prostaty.
Cilem této dizertacni prace bylo vyhodnocovani riznych aspektti imunoterapie dendritickymi
bunkami u pacientl s karcinomem prostaty. Jednotlivé konkrétni tikoly byly definovany

nasledovné:
5.1 Analyza imunokompetentnich bunék v imunoterapeutickém p¥ipravku DCVAC/PCa

V ramci preklinického testovani imunoterapeutického piipravku DCVAC/PCa jsme provedli
analyzu imunokompetentnich bunék v kontrolnich SarZzich ptipravkt DCVAC/PCa, které se

poté staly zakladem pro propoustéci kritéria individudlnich imunoterapeutickych ptipravki.

5.2 Vyhodnoceni schopnosti migrace dendritickych bunék obsaZenych v DCVAC/PCa in
Vivo

V ramci tohoto experimentu jsme provedli biodistribu¢ni studii dendritickych bun¢k
oznacenych radiofarmakem in vitro s cilem sledovani jejich migrace in vivo po subkutannim

podani pacientovi.
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5.3 Vyhodnoceni bezpe¢nosti a schopnosti indukce imunitni reakce u pilotni ,,first-in-
men* aplikace imunoterapie DCVAC/PCa in vivo u pacienta s kastra¢né-rezistentnim

metastatickym karcinomem prostaty

Cilem je shrnuti experimentalnich zédkladi chemoimunoterapie aplikované v klinické praxi na
kazuistice pacienta s pokroc¢ilym metastatickym nadorem prostaty spole¢né s analyzou

bezpecnosti, imunologické a klinické ucinnosti.

5.4 Vyhodnoceni bezpe¢nostnich parametria, schopnosti indukce imunitni protinadorové
odpovédi a délky celkového pieziti u pacienti s generalizovanym karcinomem prostaty
lé¢enych pomoci aktivni bunééné imunoterapie preparatem DCVAC/PCa v kombinaci

S chemoterapii ve fazi I/I1 klinického hodnoceni

V obdobi let 2010 az 2014 probihala na Ustavu imunologie 2. LF a FN Motol v Praze
klinicka studie faze I/Il u 25 pacientd s metastatickym kastra¢né-rezistentnim karcinomem
prostaty. Cilem bylo vyhodnoceni bezpe¢nosti, zmén imunitnich parametra a klinické

ucinnosti v pribéhu chemoterapie a soucasné imunoterapie.

5.5 Vyhodnoceni bezpe¢nostnich parametrii, schopnosti indukce imunitni protinadorové
odpovédi a kinetiky PSA u pacienti s lokalizovanym karcinomem prostaty lé¢enych
pomoci aktivni bunééné imunoterapie preparatem DCVAC/PCa ve fazi I/II klinického

hodnoceni

V obdobi let 2010 az 2014 probihala na Ustavu imunologie 2. LF a FN Motol v Praze
klinicka studie faze I/11 u 27 pacientt s biochemickou recidivou karcinomu prostaty po
primarni terapii (radikalni prostatektomii ev po salvage radioterapii). Cilem bylo vyhodnoceni

bezpeénosti, zmén imunitnich parametrt a kinetiky PSA v pribéhu imunoterapie.
6. Material a metodika

Material a metodika jednotlivych experimenttli je podrobné popsana v publikovanych ¢lancich

Vv Casopisech s impact faktorem. Kopie ¢lanki jsou vytiStény v rdmci kapitoly 11 této préace.

7. Vysledky a diskuze

Vysledky této dizertacni prace byly shrnuty do tfech publikaci a jsou rozdéleny do
jednotlivych podkapitol podle tématu. K jednotlivym podkapitoldm je poté ptilozen pivodni

¢lanek publikovany v ¢asopisech s impact faktorem a ¢lanek odeslany do tisku. U prvnich

31



dvou podkapitol tykajicich se analyzy zastoupeni imunokompetentnich bunék v 1é¢ivém
ptipravku DCVAC/PCa a vysledkt provedené biodistibu¢ni studie s DCVAC/PCa jsou

vysledky vypsany pifimo podrobné v textu, nebot’ se jednalo o studie, které byly soucasti
materialti vyzadovanych regula¢nimi ufady (SUKL) pro vydani povoleni k vyrobé a pro

zahajeni faze I klinické studie, neslo tedy primarn¢ o publikovatelné vysledky.

7.1 Analyza imunokompetentnich bunék v imunoterapeutickém piipravku

DCVAC/PCa

Abstrakt

DCVAC je bunééna suspenze, jejiz hlavni slozkou jsou dendritické bunky. V produktu se
vzdy pfirozené v urcitém procentu vyskytuji i dalsi bunécné populace. V této studii byla
provedena multiparametricka cytometricka analyza kone¢ného produktu DCVAC po

rozmrazeni za Gc¢elem zjisténi pfesného zastoupeni bunécnych populaci.

Uvod

Vychozi surovinou pro piipravu DCVAC/PCa je smésna populace leukocytii s pievahou
mononukledrnich bunék. Z leukaferetického produktu jsou izolovany mononuklearni buiiky
pomoci gradientové centrifugace na densitnim médiu Ficoll Paque. Ziskana populace je
pomoci sledu promyvacich kroki ocisténa od krevnich desticek. Finalni suspenze bunck
obsahuje cca 30% monocytl a 70% lymfocytl. Ze smésné populace mononukledrnich bunék
jsou izolovany monocyty, které selektivné adheruji na plastovy povrch kultiva¢ni lahvicky.
Tento krok neposkytuje stoprocentni cCistotu ziskané populace, je zvySeno zastoupeni
monocytl, ale v bunééné suspenzi jsou dale pfitomny bunky nékterych dalSich populaci
(zejména lymfocytl). Tyto bunky se dostavaji az do vysledného produktu. Dale jsou jako

v kazdé bunécné kultufe pfitomny v ur€itém procentu mrtvé buniky a bunécna debris.
Cile

Provést multiparametrickou cytometrickou analyzu kone¢ného produktu DCVAC/PCa po

rozmrazeni za ucelem zjisténi presného zastoupeni bunécnych populaci.

Material a metody

Material: Alikvoty DCVAC/PCa (Sarze KON4, KONS5, KONG6).
Rozmrazeni alikvotu DCVAC:
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Alikvoty byly rozmraZzeny ve vodni 1azni vytemperované na 37°C. Bunky byly pifevedeny do
zkumavky a zkumavka byla pomalu doplnéna kultivacnim médiem. Nasledovala centrifugace
260g (1200 otacek/min) 10 min pii 4°C. Supernatant byl odstranén a peletka bun¢k byla

resuspendovana v 1 ml kultivaéniho média.

Priprava bunék na cytometrické stanoveni:

Objem 100 pl suspenze bun¢k bylo preneseno do FACS analyza¢ni zkumavky a byly pfidany
monoklonalni protilatky znacené riznymi fluorochromy (od kazdé 5 pl):

CD4 pacific blue (BD Biosciences)

CD3 FITC (Exbio)

CD19 PC7 (Immunotech)

EpCAM PE (Biolegend)

CD56 APC (Immunotech)

CD16 Alexa700 (Exbio)

CD8 PE-Alexa610 (Exbio)

CD45 PERCP (Exbio)

Dale byly zkumavky zpracovany dle SOP 1-264 (pritokova cytometrie). Zkumavky byly
inkubovany 20 min pti 4°C ve tmé. Poté byly k suspenzi ptidany 2 ml pufru PBS (Lonza) a
byla provedena centrifugace 260g (1200 ota¢ek/min) 5 min pti 4°C. Supernatant byl
odstranén a peletka bunék byla resuspendovana ve 300 pl pufru PBS. Soubézné byla

pfipravena zkumavka bez pfidanych protilatek — neznacen4 kontrola.

Cytometrické stanoveni
Vzorky byly méfeny na pfistroji FACS Aria (BD Biosciences). Bylo uloZeno minimalné 100

tisic eventd (udalosti).

Analyza dat

Data byla analyzovana v software FlowJo.

Vysledky

Byly rozmraZeny alikvoty od tii kontrolnich Sarzi a byla provedena analyza zastoupeni Zivych
dendritickych bun¢k (Obr. 4) a ostatnich populaci ve vzorku (Obr. 5). Cytometrickou
analyzou rozmrazenych alikvotil ze tfi kontrolnich Sarzi bylo stanoveno, Ze DCVAC obsahuje
prumérné 54,3 % dendritickych buné€k a 2,3 % nadorovych bun¢k. Ostatni populace tvoii

zejména lymfocyty (30,8 %) (Tabulka 1). V populaci lymfocytt jsou ze 68,3 % zastoupeny T
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lymfocyty a z 23,2 % B lymfocyty. T lymfocyty tvofii celkové 20,7 %, B lymfocyty 7 %.
Populaci T lymfocyti tvoii ze 48,9 % CD8+ lymfocyty a ze 46,4 % CD4+ lymfocyty (z
celkového poctu tvoii 10,5 % respektive 9,9 %). Minoritné jsou zastoupeny NK buiiky (0,4 %
vSech bungk). V produktu je ptitomno 6,5 % mrtvych lymfocyta (Tabulka 2).

Obr. 4 : Zastoupeni Zivych dendritickych bunék ve vakciné.

Z gatu bunék bez debris (udalosti s velmi malym SSC a FSC) byl zobrazen znak CD11c.
Pozitivni buniky (dendritické buiky) byly analyzovany na zivotnost (dapi negativni bunky
jsou zivé dendritické buiiky, dapi pozitivni buiiky jsou mrtvé nebo apoptotické dendritické

bunky).
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Obr. 5: Zastoupeni ostatnich populaci ve vakciné

Z gatu bunék s vysokym SSC (dendritické bunky a nadorové buiiky) byla provedena analyza
znaku CD45 (na leukocytech — dendritickych buikach) a EpCAM (na nadorovych bufikach).
(Radek 1)

Z gatu buné€k s nizkymi hodnotami SSC (lymfocyty a NK buriky) byla provedena analyza
znaku CD3 (T lymfocyty) a CD19 (B lymfocyty). V gatu CD3 pozitivnich lymfocytt byl
hodnocen znak CD4 (Th lymfocyty) a CD8 (cytotoxické T lymfocyty). Z bunék negativnich
na znak CD3 a CD19 bylo hodnoceno zastoupeni CD56+CD16+ bunék, které odpovidaji NK

bunkam.
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Tabulka 1: Zastoupeni ziakladnich bunéénych populaci ve vakciné (tfi kontrolni SarZe)

Oznaceni DC Nadorové buiiky | Lymfocyty
SarZe % celkové % celkové % celkové
KON4 58,2% 2,9% 26,5%
KON5 57,7% 1,2% 24,5%
KONG6 47,0% 2,7% 41,3%
Prumér 54,3% 2,3% 30,8%

Tabulka 2: Detailni zastoupeni lymfocytarnich populaci ve vakciné (tfi kontrolni Sarze)

Sarze |T CD3+ B CD19+ T lymfocyty T lymfocyty NKb. |Mrtvé
CD4+ CD8+ lymfo.
% % % % % %zT |%celk. [%zT |%celk. | %
celk. |zlymfo.|celk. |zlymfo. |celk. |lymfo. lymfo. celkové

KON4 |17,9% |67,7% [53% [19,9% |8,4% |47,0% |8,4% 46,6% |0,7% 8,4%
KONS5 [18,2% (743% |4,6% |18,7% |6,6% |36,3% |10,4% |57,5% |0,5% 4,3%
KON6 |[26,09 (63,090 |11,1% |31,1% |14,5% |55,8% |12,8% |42,7% |0,2% 6,8%
Priumér | 20,7% | 68,3% |7,0% |23,2% |9,9% |46,4% [10,5% |48,9% |0,4% 6,5%

Zavér

V ramci preklinického testovani jsme provedli analyzu zastoupeni hlavnich populaci
imunokompetentnich bunék v imunoterapeutickém piipravku DCVAC/PCa a tato validac¢ni
studie se nasledné stala zakladem pro propoustéci kritéria individualnich imunoterapeutickych

ptipravku.
7.2 Vyhodnoceni schopnosti migrace dendritickych bunék obsazenych v DCVAC/PCa in
Vivo

Uvod

Provedli jsme biodistribu¢ni farmakokinetickou studii dendritickych bun¢k obsazenych v
preparatu DCVAC/PCa oznacenych radiofarmakem Indium(***In)-oxin in vitro s jejich

naslednym sledovanim migrace in vivo pomoci zobrazovacich metod.
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Cile

Vyhodnoceni schopnosti migrace dendritickych bunék obsazenych v preparatu DCVAC/PCa v
in vivo podminkach.

Material a metody
Pracovni postup:

1) Dendritické bunky byly ponechany k temperaci na pokojovou teplotu a kvantitativné byly
pteneseny do inkubaéni konické zkumavky (mnozstvi se pohybovalo v fadech 20 az 50 miliond

bunék) a objemu cca 1,5 ml.

2) Byl ptipraven roztok n-oxinu o objemu 1 ml pfidanim 0,4 ml Tris pufru a byla zméfena

jeho aktivita v 1,4 ml celkového objemu.

3) Timto roztokem byly oznaceny dendritické buiiky a byly inkubovany asi 45 — 50 minut pii
pokojoveé teploté (takZe objem byl necelé 3 ml).

4) Po skoncené inkubaci byly ptfidany 3 ml promyvaciho roztoku (fyziologicky roztok), smés

byla protfepana, zmétena aktivita a dana centrifugovat na 10 minut pti 3070 ot./ min.(1000g).

5) Byly odtazeny 3 ml supernatantu a ob¢ ¢asti zméteny Curiementorem 3 ( jak supernatant, tak

znacené buiiky na dné€ zbyvajiciho roztoku).

6 ) Opét byly pfidany 3 ml promyvaciho roztoku (fyziologicky roztok), smés byla protiepana,

zméfena aktivita a ddna centrifugovat na 10 minut pii 3070 ot./ min.(1000g).

7) Toto vSe bylo opakovano jesté jednou — celkem 3x bylo promyvano a toceno a to celé i
jednotlivé ¢asti superrnatantu 1 roztoku se znacenymi dendritickymi buiikami bylo neustéle

promé&fovano ohledné aktivity.

8) Koneény objem znacenych dendritickych bunék byl cca 3 ml, ten byl upraven na

poZadovany objem 4 ml, byla zmétena konecna aktivita a vyrobena 4 ml injekce.

9) Utinnost zna¢eni v % byla vypo&itina jako podil vstupni aktivity, od které se odecetly

vSechny aktivity supernatantli, lomeného celkovou vstupni aktivitou a nasobené 100.

10) V piipadé mnozstvi cca 50 miliont dendritickych bunék byla i¢innost znaceni vice nez
85%.

11) V druhém ptipad€¢ mnozstvi cca 20 miliond dendritickych bun¢k byla G¢innost znaceni asi
77%.
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Takto pfipraveny imunoteraputicky preparat DCVAC/PCa o celkovém objemu 4 ml (aktivita
6MBq) byl podan dvéma pacientlim subkutanné bilaterdln€¢ do podpazni a tiiselné krajiny do
kazdého mista o objemu 1ml. Nasledna vizualizace byla provedena s pouzitim scintigrafie a
jednofotonové emisni pocitatové tomografie (single photon emission computed tomography-
SPECT) ve spojeni s nizkodavkovymi (low dose) CT obrazy. Scintigrafické snimky z téchto
oblasti byly provedeny za 1, 4, 24 a 48 hodin. Za 48 hodin bylo provedeno snimkovani pomoci
SPECT/lowdose CT zamétené nad mista aplikaci. Eticka komise FN v Motole schvalila tuto
studii a pacienti podepsali informovany souhlas. Tato biodistribué¢ni studie byla provedena v
ramci vyvoje preparatu DCVAC/PCa za ti¢elem zhodnoceni schopnosti migrace dendritickych
bunék po podani in vivo a ve shod¢ s jiz diive publikovanymi pracemi (Ridolfi, Riccobon et al.
2004, de Vries, Lesterhuis et al. 2005, Srinivas, Aarntzen et al. 2010)

Vysledky

Farmakokineticka studie s ptipravkem DCVAC/PCa obsahujici DC oznacené radiofarmakem
Indium(***In)-oxin pomoci zobrazovacich metod pro detekci DC migrace in vivo prokazala, Ze
po aplikaci imunoterapie dochazi k migraci radiofarmakem oznac¢enych DC zejména po 48
hodinach do spadovych regionélnich lymfatickych uzlin v podpazni a tfiselné oblasti, coz je
zakladni pfedpoklad pro nédslednou komunikaci téchto DC s T lymfocyty a tim zahéjeni
specifické protinadorové imunitni odpovédi organismu u pacienta s nadorovym onemocnénim

(Obr. 6,7).
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Transverse Sagittal Coronal
Tomo 48 hod axila [- Recon AC CORR], 05.Nov.10 AC Bone 5.0 B30s, 05.Nov.10

. . A . A % 51 HU
right axilla right axilla

right axilla

application site

Obrazek 6
Fazované SPECT/low-dose CT snimky prokazaly in vivo migraci oznacenych DC do spadovych lymfatickych uzlin v
obou axillach za 48 hodin po subkutanni aplikaci DCVAC/PCa.
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Transverse Sagittal Coronal

Tomo INQUINY 48 HOD [- Recon AC CORR], 09.Dec.10 AC Bone 5.0 B30s, 09.Dec.10
A % 41 HU

79

radioactivity in the inguinal

lymph node| -

Obrazek 7
Fuzované SPECT/low-dose CT snimky prokazaly migraci in vivo oznacenych DC do spadovych lymfatickych uzlin v pravé
tiiselné krajin€ za 48 hodin po subkutanni aplikaci DCVAC/PCa.

7.3 Koncept kombinované chemoterapie a imunoterapie pomoci dendritickych bunék u

karcinomu prostaty

V této praci shrnujeme experimentalni zaklady a klicové myslenky konceptu kombinované
chemo—imunoterapie a prezentujeme ji na kazuistice pacienta s metastatickym nadorem
prostaty se Spatnou progndzou léceného pomoci imunoterapie dendritickymi buiikami

v kombinaci s chemoterapii. V publikaci jsme se vénovali optimalizaci piipravy a vyroby
protinadorové vakciny na bazi aktivovanych dendritickych bunék pro pacienty s karcinomem
prostaty v GMP podminkach. Jako nejlepsi medium pro kultivaci dendritickych bun&k

z perifernich mononukleara v téchto podminkach se ukazalo medium Cell Gro. Nezralé
dendritické buiiky byly nejdiive maturovany v piitomnosti poly I:C, lipopolysacharidu nebo
smési IL-1, IL-6, TNF a PGE2. Takto pfipravené zralé dendritické bunky byly néasledné
pulzovany influenza matrix peptidem. Po kokultivaci a nasledné restimulaci s autolognimi T
lymfocyty jsme zjistili, Ze maturace dendritickych bunék pomoci poly I:C vede k nejvyssi

proliferaci specifickych T lymfocyti. Optimalizovana forma vakciny pak byla pouzita u
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pacienta s karcinomem prostaty po selhani dostupnych terapeutickych modalit. Pfed zahdjenim
imunoterapie jsme u naseho pacienta detekovali vys$si podil regula¢nich T lymfocytl v krvi nez
u zdravych kontrol. Pomoci aplikace nizkych davek cyklofosfamidu po dobu 7 dni jsme
dokazali snizit mnozstvi regula¢nich T lymfocyt v Krvi pacienta. V dalsi fazi ptipravy vakciny
jsme nezralé dendritické buiiky pulzovali nddorovymi antigeny pochéazejicimi z apoptotickych
nadorovych linii LNCaP oSetfenych UV zéafenim. Takto pfipravené dendritické buiiky in vitro
zvySovaly 5% detekci specifickych T lymfocyta po restimulaci in vitro. Frekvenci specifickych
T lymfocyti jsme také stanovili u naseho pacienta in vivo po né¢kolika davkach vakciny. Doslo
ke zvySeni zastoupeni specifickych T lymfocyti reagujicich na stimulaci dendritickymi
bunikami pulzovanymi jak celou nadorovou linii LNCaP, tak peptidy odvozenymi z PSA.

V této pilotni ,,first-in-men* aplikaci aktivni formy imunoterapie pomoci dendritickych bun¢k
in vivo jsme prokdzali, Ze aktivni bunéénd imunoterapie pomoci dendritickych bunék
indukovala specifickou protinadorovou odpovéd’. Kombinovana chemo-imunoterapie vedla k
vyznamnému a zejména dlouhodobému zlepseni klinickych a laboratornich hodnot pacienta a
ke sniZzeni hodnot PSA o vice nez 90 %. Podrobny postup piipravy a vysledky jsou uvedeny

v ptilozeném pivodnim &lanku- PRILOHA ¢&. 1.

7.4 Faze I/11 Kklinického hodnoceni imunoterapie DCVAC/PCa v kombinaci

s chemoterapii u pacienti s metastatickym kastra¢né-rezistentnim karcinomem prostaty

Po tvodni pilotni studii (viz 7.3) jsme princip chemo-imunoterapie aplikovali ve fazi I/11
klinické studie u pacientil s metastatickym kastra¢né rezistentnim karcinomem prostaty.
Zrekapitulujeme, Ze pouZitd imunoterapie na bazi dendritickych bun&k vyuziva technologie
Sirokospektré antigenni prezentace (Active Cellular Inmunotherapy-Multiple Antigen
Platform, ACI-MAP). Pti tomto postupu jsou k vyvolani komplexni imunitni odpovédi v téle
pacienta pouzity jeho vlastni dendritické bunky aktivované Sirokym spektrem nadorovych
antigenl pochézejicich z celych usmrcenych bun€k nadorovych linii. Pfipravek je zaloZeny na
podavani velkého mnozZstvi autolognich dendritickych bunék, které se ptipravuji z
pacientovych monocytl izolovanych z leukaferetického produktu. Z monocyti je za
ptitomnosti cytokint IL-4 a GM-CSF po nékolika dnech ptipraveno velké mnozstvi nezralych
dendritickych bunck, které jsou nasledné pulzovany a aktivovany k vyvolani komplexni
imunitni odpovédi v téle pacienta Sirokym spektrem nadorovych antigenli pochézejicich

z celych usmrcenych bunék nadorovych linii oSetfenymi UV zafenim. V ptipad€ karcinomu
prostaty jde o bunky nadorové linie LNCaP, u které mezi nejvice zastoupené nadorové antigeny

patii PSA, PSMA a MAGE-A3. Mezi mén¢ zastoupené, ale kli¢ové a specifické nadorové
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antigeny patii PAP a MAGE-A1 (Fucikova, Moserova et al. 2014). Po pohlceni nadorovych
bunék jsou nasledné dendritické bunky aktivovany matura¢nim ¢inidlem polyl:C
(polyinosinova-polycytidylova kyselina), ligand TLR-3 receptoru (Obr.8) a 1é¢ivy ptipravek
DCVAC/PCa je nasledné aplikovan zpét pacientovi.

Leukaferéza ~t—

Y

Monocyty

Lécivy pripravek
DCVAC/PCa

|

LNCaP

l Pulzace &

n Nédorova linie

Nezralé DC — Zralé DC
Maturace Nwd -
1O [0

Obrazek 8. Obecné schéma protindadorové imunoterapie pomoci lécivého pripravku

DCVAC/PCa zalozeného na bazi dendritickych bunék.

V publikaci prezentujeme vysledky oteviené jednoramenné klinické studie faze I/II s 1€¢ivym
ptipravkem DCVAC/PCa u pacientl s metastatickym kastra¢né-rezistentnim karcinomem
prostaty (mCRPC) progredujicim na standarni androgenni deprivaci (EudraCT 2009-017259-
24). Klinicka studie a vyroba hodnoceného 1é¢ivého ptipravku DCVAC/PCa probihala za
podminek spravné vyrobni praxe (Good Manufacturing Practice -GMP) v super¢istych
laboratofich s povolenim narodnich regula¢nich autorit (Statni ustav pro kontrolu 1é¢iv) a byla
fadné schvalena ptislusnou Etickou komisi. Ve studii probihajici v ¢asovém obdobi od r. 2010
do brezna 2014 jsme méli zatazeno 25 pacientt s karcinomem prostaty 1é¢enych preparatem
DCVCAC/PCa v kombinaci se standardni chemoterapii docetaxelem. Po dobu 7 dni pied
zahajenim aplikace imunoterapie pacieni dostali metronomicky podavany cyklofosfamid(CFA)
50mg denné p.o. Imunoterapie DCVAC/PCa obsahujici 1x10” aktivovanych dendritickych
bunék byla poté aplikovana pacientim do podpazni a tiiselné oblasti do blizkosti lymfatickych
uzlin v ¢asovém intervalu 14 dni mezi prvimi dvéma davkami a nasledné v 6 tydennich
intervalech do celkového pocétu davek vyrobenych pro pacienta z leukaferézy. K imunoterapii
byla konkomitantné podavana chemoterapie docetaxelem ve 3 tydennim rezimu. Vyhodnotili

jsme data vSech 25 zafazenych pacientl a v ¢ase zahdjeni podavani imunoterapie DCVAC/PCa
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byla zakladni charakteristika pacienti- median véku 73 (rozsah 48-82) let, PSA 186 ng/mL (1-
749 ng/mL), laktatdehydrogenaza (LDH) 234 1U/L (129-399 1U/L), alkalicka fosfataza (ALP)
192 IU/L (37-1843 1U/L), hemoglobin (Hgb) 11.9 g/dL (9-14.8 g/dL), C-reaktivni protein
(CRP) 5.6 mg/L. 88% pacientii mélo Gleasonovo skore >7 a Zadny z pacientli nemél vstupné
znamky viscerdlniho postizeni. V prubéhu studie bylo poddno kumulativné vice nez 350 davek
imunoterapie DCVAC/PCa s medianem 12 davek na jednoho pacienta. Primarnim cilem studie
bylo vyhodnoceni bezpecnostniho profilu DCVAC/PCa. Zaznamenali jsme bézné nezaddouci
reakce (adverse event- AE) mirného stupné zavaznosti- charakteru zvysené tnavy, bolesti zad,
parestézii, mirnych infekci, z oblasti gastrointestinalniho traktu- prijmu, zacpy. Ani zadna ze
44 referovanych zavaznych nezadoucich reakci (serious adverse event-SAE) nem¢la pti¢innou
souvislost s aplikovanou imunoterapii DCVAC/PCa, ale pozorované reakce byly ve vztahu

k progresi zakladniho onkologického onemocnéni ¢i podavané chemoterapii. U pacientli nebyl
zaznamenan zvyseny vyskyt autoimunitnich onemocnéni. Terapie preparatem DCVAC/PCa
byla dobfe tolerovana a prokazala ptiznivy bezpecnostni profil. Median pieziti naseho
sledovaného souboru pacientt byl 19 mésict oproti piedpokladanému medidnu preziti 11,8
mésict dle Halabi nomogramu (Halabi, Small et al. 2003) a 13 mé&sicim dle MSKCC
nomogramu (Smaletz, Scher et al. 2002), tj. benefit v medianu pieziti 7.2 a 6 mésict.

V prubéhu podavaného cyklu imunoterapie pii hodnoceni PSA odpovédi mélo 39% pacient
pokles hodnot PSA o vice nez 50% pod vstupni hodnotu. Sekundarnim cilem klinického
hodnoceni byla analyza imunologickych odpovédi na podavanou protinadorovou imunoterapii.
Zde jsme pozorovali signifikantni narist celkového poétu aktivovanych CD3*/HLA-DR*
lymfocytiia CD8" T lymfocyti a signifikantni pokles T regulaénich lymfocytii a hladin
imunoglobulint IgG a IgM v pribéhu cyklu chemo-imunoterapie. Hodnotili jsme procento
antigen specifickych T lymfocytl v periferni krvi reagujicich proti nddorovym antigentim PSA,
MAGE-A1 a MAGE-A3. Sledovali jsme pfitomnost IFN-y produkujicich CD8 cytotoxickych T
lymfocyt v prubéhu terapie. V ¢ase zahdjeni imunoterapie jsme zaznamenali zvySené procento
antigen specifickych T lymfocytl proti antigenim PSA, MAGE-A1 a MAGE-A3 v periferni
krvi pacientl oproti skupiné zdravych darcti. U nadorového antigenu PSA doslo k
signifikantnimu narGstu antigen specifickych T lymfocytt po cyklu chemo-imunoterapie a
pretrvavaly stabilni hodnoty antigen specifickych T lymfocytd proti nddorovym antigenim
MAGE-A1l a MAGE-AS3. V priibéhu terapie jsme zaznamenali piitomnost IgG protilatek proti
nadorovému antigenu PSA u 6 ze 23 pacientl (26%) a pritomnost IgG protilatek proti MAGE-
A3 u 8 ze 23 pacientl (34%), ale neprokazali jsme statisticky signifikantni zavislost mezi

procentem antigen specifickych T lymfocytii a pfitomnosti protilatek proti konkrétnimu
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nadorovému antigenu. Neidentifikovali jsme zZadny ze sledovanych imunologickych parametrd,
ktery by statisticky signifikantné koreloval s lepSim celkovym piezitim U pacientq.

Publikace je piilohou- PRILOHA ¢. 2.

7.5 Faze I/II Kklinického hodnoceni imunoterapie pomoci DCVAC/PCa u pacientu S

biochemickou recidivou karcinomu prostaty

V asovém obdobi let 2010 az 2014 probihala na Ustavu imunologie 2. LF a FN Motol v Praze
oteviena jednoramenna klinicka studie faze I/11 s 1é¢ivym ptipravkem DCVAC/PCa u 27
pacientd s ¢asnou biochemickou recidivou karcinomu prostaty po primarni terapii (po radikalni
prostatektomii-RP nebo salvage radioterapii-SRT, u kterych po dosazeni nadiru dochazelo k
postupnému nardstani hodnot PSA métenych ultrasenzitivnim testem). Hodnocena studijni
medikace DCVAC/PCa obsahujici 1x 10’ aktivovanych autolognich dendritickych bungk
pulzovanych prostatickou nadorovou linii LNCaP byla vyrdbéna a schvalena ptisluSnymi
regulacnimi autoritami za stejnych podminek jako u pfedchozi popsané klinické studie.
Imunoterapie DCVAC/PCa byla pacientim aplikovana do podpazni a tfiselné oblasti do
blizkosti lymfatickych uzlin v ¢asovém intervalu 14 dni mezi prvimi dvéma ddvkami a
nasledné v 4-6 tydennich intervalech do celkového poctu davek vyrobenych pro pacienta

Z leukaferézy. Primarnim cilem bylo vyhodnoceni bezpecnosti a toxicity studovaného preparatu
DCVAC/PCa a sekundarnim cilem bylo sledovani kinetiky PSA a zmén imunitnich parametri
(schopnosti indukce protinadorové odpovédi ) v prubéhu podavané formy imunoterapie.
Vyhodnotili jsme data 27 zafazenych pacientl a v Case zahajeni podavani imunoterapie
DCVAC/PCa jsme méli nasledujici zakladni charakteristiku sledovaného souboru- median
véku 63 (rozsah 49-77) let, PSA 0,153 ng/mL (0,028-0,812 ng/mL), laktatdehydrogenaza
(LDH) 188,4 IU/L (141-340 1U/L), alkalicka fosfataza (ALP) 66 1U/L (41-107 1U/L),
hemoglobin (Hgb) 15,5 g/dL (13,8-17,4 g/dL). V pribéhu studie bylo podano kumulativné 510
davek imunoterapie. Mezi bézné nezadouci reakce (adverse event- AE) mirného stupné
zavaznosti patfily dle Cetnosti: zvySena unava, infekce s mirnym prib&éhem, bolesti svall a
kloubt, reakce v misté vpichu imunoterapie (indurace, erytém, bolest), potize v oblasti
gastrointestindlniho traktu (prijem, zacpa), urtikarie.V prabéhu trvani studie zadny pacient
nezemfel a u zadného pacienta se nerozvinulo detekabilni metastatické onemocnéni. Terapie
lé¢ivym piipravkem DCVAC/PCa ve shod¢ s predchozi popsanou studii potvrdila dobry
bezpecnostni profil bez zavaznych nezadoucich reakcei (serious adverse event-SAE) s pri¢innou
souvislosti s aplikovanou imunoterapii DCVAC/PCa a ani nebyl zaznamenan zvyseny vyskyt

autoimunitnich onemocnéni. V ramci vyhodnoceni klinické uc¢innosti podavané imunoterapie
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DCVAC/PCa jsme sledovali kinetiku hodnot PSA vyjadienou v ¢ase jako tzv. PSA zdvojovaci
¢as (PSADT-PSA doubling time). Parametr PSADT byl vypocitan u 25 pacienti, u kterych
bylo aplikovano minimalné 5 davek DCVAC/PCa a ktefi nem¢li v prab¢hu studie jinou 1é¢bu.
Median PSADT se prodlouzil z 5,67 mésice pied zahdjenim studie na 18,85 mésice po
dokoncenil.cyklu imunoterapie. Identifikovali jsme 17 silnych respondérta (PSADT byl na
imunoterapii delsi nez 15 mésici), 5 respondérti (u kterych se PSADT na imunoterapii
prodlouzil oproti stavu pied zahajenim studie, ale na dobu kratsi 15 mésicti) a 3 nonrespondéry
(PSADT na imunoterapii se nelisil oproti stavu pfed zahdjenim studie). 12 z 25 pacienta, kteti
méli stabilni hodnoty PSA v pribéhu prvniho cyklu imunoterapie (median PSADT 39,79 po
dokonceni 1. cyklu), souhlasili s dal§im cyklem imunoterapie a jejich PSADT zistal stabilni i
Vv prib¢hu druhého cyklu imunoterapie (median PSADT 58,03 mésice po dokonceni 2. cyklu).
3 pacienti dokonce absolvovali tfeti cyklus imunoterapie s medianem PSADT 32,13 mésice po
kompletizaci 3. cyklu. Sekundarnim cilem klinického hodnoceni byla analyza imunologickych
odpovédi na podavanou protinadorovou imunoterapii. Imunononitoring byl proveden v ¢ase
zahajeni podavani imunoterapie a poté pii podani 4. a 12. ev. posledni aplikované davky
DCVAC/PCa. Hodnotili jsme procento antigen specifickych T lymfocyta v periferni krvi
reagujicich proti nadorovym antigenim PSA, MAGE-Al a MAGE-AS3. Sledovali jsme
pritomnost IFN-y produkujicich CD8 cytotoxickych T lymfocytt v pribéhu terapie. Doslo

k signifikantnimu narGistu CD3" T lymfocytd v pribéhu cyklu imunoterapie, ale nedoslo

k signifikantnim zménam v poétu aktivovanych CD3*/HLA-DR" lymfocytti, CD4*, CD8" T
lymfocytl, T regula¢nich lymfocyti ani hladin imunoglobulint IgG a IgM. 12 ze 27 pacientl
mélo pfed imunoterapii statisticky signifikantné zvySené procento antigen specifickych T
lymfocytt proti antigenu PSA v periferni krvi pacientti oproti skupiné zdravych darct a
obdobné 6 z 27 pacientli zvySené procento antigen specifickych T lymfocyta v periferni krvi
reagujicich proti nddorovym antigenim MAGE-A1 a MAGE-AS. Pozorovali jsme, Ze podavani
imunoterapie DCVAC/PCa vedlo k nartstu antigen specifickych T lymfocytt proti antigeniim
PSA po 4. a 12. aplikované davce DVAC/PCa a proti MAGE-AL pouze po 4. davce
DCVAC/PCa. V prub¢hu terapie jsme zaznamenali piitomnost IgG protilatek proti
nadorovému antigenu PSA u 9 ze 27 pacientt (33%) a pritomnost IgG protilatek proti MAGE-
A3 u 9 ze 27 pacientii (33%). Neidentifikovali jsme zadny ze sledovanych imunologickych
parametrt, ktery by koreloval s prodlouzenim PSADT. U pacienti respondéru jsme pied
zahdjenim imunoterapie DCVAC/PCa prokazali zvySenou hladinu genové exprese se vztahem

k CD8/NK cytotoxicité. Tento manuskript je submitovan do ¢asopisu s IF- PRILOHA ¢&. 3.
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Dalsi vyvoj DCVAC jiz zajistuje Ceska biotechnologicka spole¢nost SOTIO a.s., ktera je
sponzorem péti klinickych studii faze 11 a mezinarodni klinické studii faze I1I v indikaci
karcinomu prostaty. Studie faze II jsou randomizované a hodnoti imunoterapii v riznych
stadiich karcinomu prostaty: jako monoterapii u pacienti s lokalizovanym karcinomem prostaty
(T2) v biochemickém relapsu po radikalni primarni terapii a jeji prodlouzeni o dalsi cyklus,
déle v kombinaci s hormonalni 1é¢bou u pacientti s nové diagnostikovanym metastatickym
karcinomem prostaty, potom u pacientd s lokalné pokro¢ilym karcinomem prostaty (T3-T4) a
konec¢n¢ v kombinaci s radioterapii a androgen deprivacni 1écbou. Pacientim po selhani
hormondlni 1é¢by indikovanym k chemoterapii je terapeuticka vakcina podavana v kombinaci s
docetaxelem. Obdobny design ma i rozsahla globalni multicenticka studie faze I11-VIABLE

zah4jend v kvétnu 2014, do které bude zapojena vice nez tisicovka pacient v Evropé i USA.

8. Zavér

Piispévkem mé dizerta¢ni prace do problematiky zabyvajici se oblasti protinadorové
imunologie je komplexni pohled na dlouhodoby vyvoj imunoterapeutického 1é¢ivého ptipravku
moderni terapie vyuzivajiciho aktivované dendritické bunky- DCVAC/PCa, a to od zakladniho
preklinického vyzkumu az po praktické hodnoceni tohoto 1é¢ivého piipravku v Klinickych
studiich u pacientu s karcinomem prostaty. Z rozsahlych preklinickych testi jsem se podilel na
analyze zastoupeni hlavnich populaci imunokompetentnich bunék zastoupenych v ptipravku
DCVAC/PCa. Tato valida¢ni zprava se stala soucasti rozsahlé dokumentace, ktera vedla ke
schvaleni vyrobniho postupu i1 zahdjeni klinickych studii ptislusnymi statnimi regula¢nimi
autoritami. Vénovali jsme se optimalizaci pfipravy a vyroby imunoterapie pomoci
DCVAV/PCa pro pacienty s karcinomem prostaty v GMP podminkach. Nasledovala pilotni
,first-in-men* aplikace 1é¢ivého piipravku spolu s chemoterapii u pacienta s metastatickym
karcinomem prostaty, ve které jsme byli schopni detekovat in vivo specifické T lymfocyty proti
nadorovym antigeniim prostaty a pouzity koncept kombinované chemo-imunoterapie ved! k
vyznamnému a zejména dlouhodobému zlepsSeni klinickych a laboratornich parametrt pacienta
a ke snizeni hodnot PSA o vice nez 90 %. Biodistribu¢ni studie s ptipravkem DCVAC/PCa
prokéazala schopnost migrace radiofarmakem oznacenych DC do spadovych regionalnich
lymfatickych uzlin po aplikaci in vivo, coz je zékladnim piedpokladem k zahajeni
protinddorové imunitni odpovédi.

V nasledujicich letech jsem byl certifikovanym investigatorem klinického hodnoceni preparatu
u skupiny 52 pacienti zafazenych ve 2 klinickych studiich faze I/I1, a to u pacientt

s lokalizovanym karcinomem prostaty a metastatickym kastracné-rezistentnim karcinomem.

Nepozorovali jsme vyskyt zavaznych nezadoucich reakci ve vztahu k hodnocené imunoterapii
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ani zvyseni rizika vzniku autoimunitnich onemocnéni a imunoterapie vykazovala ptiznivy
bezpecnostni profil.

Ove¢rili jsme schopnost DCVAC/PCa indukovat specifickou imunitni protinddorovou odpovéed.
Vyse uvedené faktory spolu s potvrzenou klinickou Gé¢innosti charakterizovanou del$im nez
oc¢ekavanym medidnem prezitim ve skupiné pacientd S metastatickym karcinomem a sledovani
dynamiky vyvoje PSA charakterizované vyraznym prodlouzenim PSA zdvojovaciho ¢asu u
pacietl s lokalizovanym onemocnénim vyustilo v dalsi testovani této formy imunoterapie.
Imunoterapeutické pristupy obecné jsou dnes jiz uznavanou lé¢ebnou modalitou u fady
nadorovych chorob. Probihajici klinické studie postupné ptfinaseji odpovedi na otazky
optimalniho nac¢asovani imunoterapie, vhodnych terapeutickych kombinaci a identifikaci
pacientl, ktefi budou z dané terapie nejvice profitovat. Moderni 1écba s sebou zarovei pfinasi
specifika 1écebnych odpovédi a také nové typy vedlejSich uc€inkli. Neméné diilezitd jsou a
budou farmakoekonomicka hlediska. Pro konkrétni pacienty pak bude tfeba vzdy na zékladé

dostupnych poznatkii 1é¢bu individualizovat.
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metastatic prostate cancer with sinister prognosis. More than four hundred prostate cancer patients have
been treated with DC-based immunotherapy and tumor-specific immune responses have been reported
in two-thirds of them. In half of these patients, DC immunotherapy resulted in transient clinical
responses. Tregs, among other factors, potently inhibit tumor-specific T cells. Prostate cancer patients
have elevated numbers of circulating and tumor infiltrating Tregs and there is evidence that Tregs
increase tumor growth in vivo. Because of the high frequency of circulating Tregs in our patients, we first
administered metronomic cyclophosphamide. After obtaining IRB approval, we started regular
vaccinations with dendritic cells (DCs) loaded with killed prostate cancer cells. In accordance with the
principles of combined immunotherapy, we continued palliative chemotherapy with docetaxel to reduce
the tumor cell burden. DC-based vaccination induced prostate cancer cell-specific immune response.
Combined chemo-immunotherapy consisting of alternate courses of chemotherapy and vaccination with
mature DCs pulsed with LNCap prostate cancer cell line led to the marked improvement in the clinical

and laboratory presentation and to the decrease of PSA levels by more than 90%.
© 2009 Elsevier Inc. All rights reserved.

Introduction
Case presentation

In June 2006, a prostate cancer was detected in a 65-years
old Caucasian male during a routine examination. The
patient presented with a previous history of arterial
hypertension and complained of lower back pain. An elevated
level of prostate-specific antigen (PSA), 332 ng/ml, was
detected.

Subsequently, during an urology examination, an enlarged
rock-hard prostate gland was found with predominance to the
right side. A transrectal ultrasound prostate biopsy revealed
prostatic adenocarcinoma with Gleason score 4+3=7 in the
right lobe and 4+5=9 in the left lobe of the prostate. On CT
scans, enlarged multiple retroperitoneal and paraaortic lymph
nodes over than 2 cm in size were detected together with a
prostate enlargement invading into the seminal vesicles. A
bone scan confirmed generalized metastases in the whole
skeleton. A diagnosis of metastatic adenocarcinoma of the
prostate gland stage T3cN2M1, grade D was made and the
treatment was initiated.

Initially, the patient was treated with a maximal androgen
blockade (MAB), consisting of the combination of luteinizing
hormone-releasing hormone (LHRH) agonists/goserelin
3.6 mg every 28 days and antiandrogens/bicalutamide
50 mg once daily for 12 months. He also underwent 2 months
of external beam radiotherapy in dose 50.4 Gy on the small
pelvic area and 20 Gy on the prostate and seminal vesicles
(from July to September 2006). The therapy had a positive
effect on the painful bone metastases. PSA normalization
and castrate testosterone levels were achieved and patient
remained in remission for several months.

In July 2007, after 1 year of hormone therapy, the
treatment failed and the disease progressed as a hormone-
refractory prostate cancer (HRPC). Patient received 3 cycles
of palliative chemotherapy-docetaxel 75 mg/m? every
3 weeks with a low dose of corticosteroids prednisone 5 mg
twice daily. The chemotherapy was discontinued because of
metabolic failure with hypokalemia, hyponatremia, hypo-
calcemia and pancytopenia. After normalization of biochem-
ical and hematological parameters (Na, K, Ca supplemen-
tation, blood transfusions, Neupogen), we started the first

attempt with immunotherapy by interferon gamma (Imu-
kine®) and symptomatic treatment of bone metastases by
high doses of vitamin D (300 000 IU ergocalciferol every
2 weeks with the monitoring of serum 25-OH D3 levels),
calcium, bisphosphonates and once radioactive Sama-
rium'3. After a short response—drop in PSA levels below
400 in January 2008—disease relapsed and progressed during
the first 5 months of 2008, with PSA levels peaking at
1955 ng/ml and rise in serum alkaline phosphatase (ALP) to
1800 IU/L. Since April 2008, patient was treated with
additional cycles of palliative docetaxel.

At this stage of the disease, based on the Institutional
Review Board (IRB) approval and patient's informed
consent, patient was enrolled into an experimental
combined chemo-immunotherapy protocol. In addition to
the chemotherapy treatment, parameters of the immune
system including frequency of regulatory T cells (Tregs)
were monitored and we started the administration of
cancer vaccine based on dendritic cells (DCs) pulsed with
prostate cancer cell line. Based on the patient clinical
status, parameters of cellular immunity and laboratory
signs of the disease activity, immunotherapy was initiated
in August 2008. After the preliminary treatment with
cyclophosphamide (50 mg daily for 1 week), the first dose
of the vaccine was injected subcutaneously in the inguinal
and brachial area. DC-based vaccine has been then
administered every 3-4 weeks. Continuous chemo-immu-
notherapy stabilized the course of progressive metastatic
disease (X-ray showing marked improvement of bone
metastases, over 90% drop in serum PSA levels and serum
ALP dropped and stabilized at nearly normal levels) and
patient remains well, lives good working and social life. Fig.
5 summarizes the course of the disease and treatment
administered.

Materials and methods
Prostate cancer cell line
PSA positive prostate cancer cell line LNCap was obtained
from the American Type Culture Collection and grown in RPMI

1640 supplemented with 10% FCS/glutamine/gentamicin
under Good Manufacturing Practice (GMP) conditions.
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Frequency of Tregs in the peripheral blood

FoxP3+ expressionin Tcells was assessed at various time points
using the APC-anti-human FoxP3+ Staining Kit (e-Biosciences,
San Diego, CA). Rat IgG2a-APC (BD Biosciences) was used as
isotype control. Samples were also simultaneously stained
with CD25 PE (Miltenyi Biotec, Bergisch Gladbach, Germany),
CD3FITC, CD4FITC, CD4PE, and CD8 PE (BD Biosciences). Cells
were acquired on FACS Aria (Becton Dickinson) and analyzed
using FlowJo software (Tree Star, Ashland, OR).

DCs generation

Immature monocyte-derived DCs were generated from HLA-
A2+ buffy coat monocytes as described [1,2]. Monocytes
were separated by negative selection according to manu-
facturer's instructions (EasySep Human Monocyte Enrich-
ment Kit, StemCell Technologies, Vancouver, Canada) and
were cultured for 5 days in Cell Gro culture medium
(CellGenix, Freiburg, Germany) in the presence of GM-CSF
at 500 IU/ml (Gentaur, Brussel, Belgium) and 15 ng/ml of IL-4
(Gentaur). On day 5, immature DCs were used for subse-
quent experiments.

Expansion of influenza matrix peptide (MP) specific
T lymphocytes, intracellular IFNvy staining and
HLA-A2-MP tetramer staining

Immature DCs were activated for 4 h with tested activation
stimuli: Poly (I:C) (Cayla-InvivoGen Europe, Toulouse, France)
at 25 ug/ml, LPS at 1 ug/ml and a mixture of proinflammatory
cytokines (IL-1, IL-6, TNF and PGE2,maturation cocktail (MC)).
Activated DCs were then pulsed with HLA A2 restricted peptide
from influenza MP (GILGFVFTL, kindly provided by P. Otahal)
for 2 h. Pulsed DCs were then washed and added to autologous
lymphocytes at T cell: DCs ratio of 10:1 for 7 days. 50 U/ml of
IL-2 (PeproTech EC, London, UK) were added on day 3. On day
7, lymphocytes were restimulated with fresh peptide-loaded
DCs and analyzed for IFN+y production by intracellular staining
as described previously [3]. Briefly, 1 h after restimulation,
Brefeldin A (BioLegend, San Diego, CA) was added to block the
extracellular release of IFNvy. After additional 4 h, cells were
fixed using Fixation Buffer, permeabilized with Permeabiliza-
tion Buffer and stained with anti-IFNy-PE (all chemicals
e-Bioscience, San Diego, CA) and CD8 PE-A610 (EXBIO, Prague,
Czech Rep.). Frequency of influenza MP-specific CD8 T cells
was determined by staining with HLA-A2-MP tetramers
(Beckman Coulter, Marseilles, France).

In vitro induction of tumor specific T cells

LNCap cells were detached with 0.05% trypsin (Lonza, Vierviers,
Belgium), washed and killed by UV irradiation (312 nm for
10 min). Immature DCs (day 5) were fed tumor cells at a DC-tumor
cell ratio of 5:1 for 4 h and engulfment of tumor cells was
confirmed by confocal microscopy. Tumor cell-pulsed DCs were
then matured by 25 ug/ml of Poly I:C overnight and used for
stimulation of autologous T cells. LNCap-loaded mature DCs were
added to T cells at a ratio of 1:10. IL-2 (50 IU/ml) was added on
day 3 of culture. On day 7, T cells were restimulated by LNCap-
loaded DCs and analyzed for the production of IFNy.

Generation of DCs under GMP conditions

Leukapheresis was performed using Cobe Spectra separator
(Cobe BCT, Lakewood, CO, USA). All following operations
were performed under GMP conditions in the GMP facility of
University Hospital Motol using protocol for DCs generation
approved by Czech Drug Agency. The leukapheretic product
was diluted in PBS+1 mM EDTA (Lonza, Vierviers, Belgium)
and mononuclear cells separated by Premium Ficoll Paque
(GE Healthcare, Little Chalfont, UK) gradient centrifugation.
Collected mononuclear cells (PBMC) were washed in PBS+
1 mM EDTA (Lonza), resuspended in Cell Gro medium and
plated in triple flasks (NUNC, Roskilde, Denmark) at 1x10°
cells per cm? of surface area. After 2 h, non-adherent cells
were washed with PBS (Lonza). Adherent monocytes were
cultured for 6 days in Cell Gro medium with 20 ng/ml of IL-4
(Gentaur) and 500 U/ml of GM-CSF (Gentaur), fresh cytokines
were added on day 3. Immature DCs were harvested on day 6,
cryopreserved in human serum albumin (Baxter, Czech
Republic) with 10% DMSO (WAK-Chemie, Steinbach, German)
and stored in liquid nitrogen.

Loading of immature DCs with killed prostate cancer
cells

LNCap cells were detached with 0.05% trypsin (Lonza),
washed and killed by UV irradiation (312 nm for 10 min).
Freshly thawed, immature DCs (day 6) were fed tumor cells
at a DC: tumor cell ratio of 5:1 for 4 h. Tumor cell-pulsed DCs
were then matured by 25 pg/ml of Poly I:C overnight. 1x 107
LNCap-pulsed mature DCs were washed in PBS, resuspended
in 5 ml of 0.9% NaCl (Baxter) and injected subcutaneously in
the inguinal and brachial area within 30 min.

Flow cytometry

Monoclonal antibodies (mAbs) against the following mole-
cules were used: HLA-DR Alexa 700, CD14 PE-Dyomics 595
(EXBIO, Prague, Czech Rep.), CD11c-APC (Caltag, Invitrogen,
Carlsbad, CA), CD80 FITC, CD83 PE (Beckman-Coulter,
Marseilles, France) CD86-PC5 (BD Bioscience, San Diego,
CA). DCs were stained for 30 min at 4 °C, washed twice in
PBS, acquired on FACS Aria (BD, San Diego, CA) and analyzed
using FlowJo software (Tree Star, Ashland, OR). DCs were
gated according to their FSC and SSC properties and CD11c
expression to eliminate tumor cells from the gate. Dead cells
were excluded from the analysis based on DAPI staining.
Appropriate isotype controls were included.

Immunomonitoring, detection of prostate cancer-
specific T cells during induced DC-based vaccination

Blood samples were collected pre-vaccination and then before
every administration of DC-based vaccine. Isolated PBMCs
were cryopreserved until the analysis of tumor cell-specific T
lymphocytes. Frequency of prostate cancer specific Tcells was
analyzed by IFNy ELISPOT (GmbH, Germany) [4]. Pre- and
post-vaccination samples were thawed and 2x10° T cells
seeded in 96 well ELISPOT plate with 2x10* LNCap-pulsed or
unpulsed mature DCs or with DCs loaded with recombinant
PSA. After an overnight incubation, the number of IFNy-
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producing T cells was analyzed according to the manufac-
turer's instructions on ELISPOT reader (AID, Germany).

Results

Patient with 1 year history of metastatic prostate carcinoma
was enrolled into IRB approved, experimentally combined
chemo-immunotherapy protocol after he became resistant
to hormonal therapy and was progressing on palliative
chemotherapy. Combined chemo-immunotherapy consisted
of alternate courses of chemotherapy and vaccination with
mature DCs pulsed with LNCap prostate cancer cell line.
Here, we describe the development and optimization of
chemo-immunotherapy treatment.

Optimal conditions for generation of GMP quality
DC-based vaccine

For clinical use, DCs have to be generated using GMP approved
reagents. We thus tested DC generation in several GMP-
certified culture media. Monocytes differentiation in Cell Gro
yielded the highest number of viable immature DCs (data not
shown). To efficiently activate T cells, DCs have to be

A

activated. We tested three maturation signals available
in GMP quality: Poly I:C, LPS (TLR-3 and TLR-4 ligands,
respectively) and the mixture of proinflammatory cytokines
(MC) consisting of IL-1, IL-6, TNF and prostaglandine E2. DCs
activated by tested stimuli were evaluated for their capa-
city to activate and expand HLA-A2 influenza MP specific CD8
T cell response. DCs activated by Poly I:C induced the high-
est frequencies of influenza MP specific T cells producing
IFNvy (Fig. 1A). Poly I:C activated DCs also induced the
lowest number of FoxP3+ Tregs. On the other hand, MC acti-
vated DCs xpanded very high numbers of Tregs, higher than
immature DCs (Fig. 1B). Based on these findings, we chose Cell
Gro as the optimal medium, and Poly I:C as the most efficient
activation stimulus for clinical-grade DC vaccine generation.

Combined chemo-immunotherapy

Reduction of Tregs before initiation of DC-based
vaccination by metronomic cyclophosphamide

We first monitored the frequency of Tregs that are known to
suppress anti-tumor immune response. We detected a
significantly higher frequency of Tregs (>5%) in the peri-
pheral blood of our patient compared to the population of

B

Induction of effector T cells Frequency of Tregs
2,67
Immature DCs  Poly I:C . ]
1 1,42 | 6,99
HLA-A2
flu-MP Poly I:C
CD8
MC
LPS
IFN-y -
CD4
CD8 9
FoxP3
Figure 1 Polyl:Cisasuperior maturational agent for DCs generated in Cell Gro medium. Immature DCs were generated in the Cell Gro

medium. DCs activated with Poly I:C, MC or LPS were tested (A) for their capacity to expand influenza MP specific Tcells. Frequency of
MP-specific CD8 Tcells was determined by HLA-A2-MP tetramers (top) and their function by intracellular staining for IFN+y (bottom). (B)
Frequency of expanded Tregs was determined by staining for CD4+CD25+FoxP3+. MC: Maturation cocktail (IL-1, IL-6, TNF and PGE2).
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healthy controls (2-3%) (Fig. 2). In February 2008, cyclopho-
sphamide (CPM) was thus administered at 50 mg daily for
1 week (metronomic CPM) to reduce the number of
circulating Tregs before the initiation of DC-based immu-
notherapy. CPM treatment significantly reduced Tregs load,
however we had to postpone the initiation of DCs vaccination
because of delay in the approval of protocol for DC-based
cancer vaccine generation by national Drug agency. Fre-
quency and absolute numbers of Tregs went back up by July
2008. Second course of metronomic CPM administered in July
prior to the start of DC vaccination was thus administered
and significantly reduced circulating Tregs.

In vitro expansion of tumor-specific T cells in the prostate
cancer patient

Patient underwent leukapheresis, and 2.7 x 10® of immature
DCs were generated. As a proof of concept that DCs loaded
with killed prostate cancer cell line can induce and expand
tumor specific Tcells, we performed the in vitro experiments
using LNCap-pulsed, Poly I:C activated DCs as stimulators of
patient's autologous lymphocytes. 1 week of in vitro
stimulation of autologous T cells with LNCap-loaded DCs in
the patient heavily pretreated with chemotherapy induced
on average a 5-fold increase in the frequency of T cells
producing IFNv specifically in response to the restimulation
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Figure 2  Relative and absolute numbers of Tregs diminish with
metronomic cyclophosphamide administration. Tregs were
identified as CD4+ CD25+ FoxP3+ cells by flow cytometry. The
effect of CPM administration at 50 mg daily for 1 week on Tregs

frequency (A) and absolute numbers (B) is shown.

with tumor cell loaded DCs (Fig. 3A). Restimulation with
unpulsed DCs induced no significant IFNy production.

We then started subcutaneous vaccinations with 1x107
LNCap-loaded mature DCs injected in the inguinal area.
Second and third doses were administered in 3 weeks interval,
the fourth and subsequent vaccines were given at 4 weeks
intervals. Most (>75%) of the injected cells were CD11c
positive. Viability of injected DCs ranged between 40 and 60%.
Phenotype was comparable to the cells in preliminary in vitro
experiments, discrete upregulation of CD83 and a significant
increase in the expression of CD86, CD80, and HLA-DR (Fig. 3B
and data not shown). In addition to DC-based immunotherapy,
patient has also been treated with palliative chemotherapy
every 4—-8 weeks. Tcell reconstitution was monitored regularly
after the termination of chemotherapy and DCs were given
only after the reconstitution of a T-cell compartment.

4 months after the start of combined chemo-immunotherapy,
we analyzed peripheral blood samples from pre- and post-
vaccination periods and evaluated changes in the frequency of T
cells specific for LNCap cell line and PSA. The frequency of Tcells
specific to LNCap loaded on DCs doubled after the second DC
vaccine and slightly increased after the administration of third
dose. Similarly, the frequency of PSA-specific Tcells significantly
increased after vaccination with DCs loaded with killed LNCap
cells. After the third vaccination, the frequency of PSA-specific
Tcells tripled from pre-vaccination levels (Fig. 4).

On combined chemo-immunotherapy, clinical status and
metabolic parameters, including PSA and ALP, of the patient
with progressive metastatic prostate cancer stabilized and
his quality of life improved substantially. PSA levels and
treatment modalities are summarized on Fig. 5.

Discussion

Treatment of tumors by protocols based on the combination
of surgery, radiotherapy and systemic chemotherapy resulted
in the improved prognosis of many human cancers. Despite
the continuous introduction of new drugs and further
improvements of chemotherapy protocols, it's likely that at
some point chemotherapy will reach its limits and clinical
efficacy will plateau. With recent rapid advances in the
understanding of biology, of the immune response and the
importance of an anti-tumor immune response for a long-
term prognosis of cancer, immunotherapy has emerged as
another treatment modality with the potential to contribute
to further improvements in the survival.

Recent studies in mice and humans have convincingly
documented that the immune system plays a crucial role in
the control of tumorigenesis. Current view on the interaction
between the immune system and transforming tumor cells
has been formulated by R. Schreiber, GP. Dunn and LJ. Old in
the “Cancer immunosurveillance and immunoediting hypoth-
esis” [5-7]. They propose to distinguish three distinct stages
in the process of cancer evolution: elimination, equilibrium
and escape. Most likely, a transformed tumor cell will be
recognized and destroyed and the process will terminate in
the elimination phase. In the equilibrium phase, the host
immune system and any surviving tumor cell variants enter
into the state of dynamic equilibrium. The enormous
plasticity of cancer cell arising from increasing genetic
instability may eventually give rise to new phenotypes that
have reduced immunogenicity and evolved various
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Figure 3  DCs delivered to prostate cancer patient were mature and promoted specific T-cell responses. (A) In vitro expansion of
tumor-specific Tcells in the prostate cancer patient. Immature DCs were loaded with killed LNCap cells, activated by Poly I:C and used
as stimulators of autologous T cells. After 7 days of culture, T cells were restimulated and the frequency of LNCap-specific IFNy
producing T cells analyzed by intracellular flow cytometry. (B) Tumor cells pulsed DCs were activated by Poly I:C and analyzed for the
expression of maturation-associated markers before s.c. injection.
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mechanisms for the evasion from the control of the immune
response. Tumors often induce the expression or production
of factors such as transforming growth factor-beta (TGF-p)

and IL-10 that may suppress or attenuate the antitumor
immune response. Through production of these immuno-
suppresive factors, tumors may condition local DCs to
induce suppressive T cells, such as FoxP3+, Tregs [8] and IL-
13-producing CD4* T cells [9]. Tumors may also escape the
immune system by mutations in the antigen processing
pathway, such as those in p2-microglobulin, TAP or protea-
some components [10]. These mutations are sufficient to
confer a resistance to the CD8 T lymphocytes that is very
difficult to overcome. Tumor then progresses to the escape
phase and this is the stage when most of the tumors are
diagnosed and treated. However, there is now solid evidence
that, in the equilibrium stage, the immune system can
restrain cancer growth for extended periods of time [11]. For
example, a specific immune response against preneoplastic
stem cell antigen SOX2-expressing clonogenic cells predicts
favorable clinical outcome in patients with asymptomatic
plasmaproliferative disorders [12,13]. Thus, there is a hope
that similar to the success of vaccination against infections,
immune response could also be harnessed to protect against
cancer. This enthusiasm has further been fueled by the recent
advances in the understanding of mechanisms controlling the
activation of the anti-tumor immune response, together with
the progress in laboratory techniques that allow detailed
immunomonitoring of patients diagnosed with and treated
for cancer. Furthermore, it is now possible to manipulate
distinct components of the immune system in vitro and in vivo
and design increasingly sophisticated cancer vaccines or
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Figure 5 Serologic response to combined chemo-immunotherapy in patient with hormone-refractory prostate cancer. Summary of PSA
(solid line) and ALP (dotted line) levels and administered treatment during the course of the disease. DCs: Dendritic cell-based
vaccination, HRPC: hormone-refractory prostate cancer, ChT: cycle of palliative chemotherapy, MF: metabolic failure, HT+RT: hormone
and radiotherapy, CPM—cyclophosphamide, IFNy—interferon v (Immukin®).
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other immunointervention strategies. The cancer immunoe-
diting model predicts that patients in the equilibrium phase
would benefit the most from cancer immunotherapy, while in
patients in the escape stage, immu-notherapy should not play
a major role because tumor escaped from the control of the
immune system. Skepticism of clinical immunologists has
been further encouraged by clinical studies of cancer
immunotherapy. Clinical trials attempting to induce an
effective immune response in heavily pretreated patients
with advanced, usually metastatic, disease have only had a
limited success. Although the administration of anti-tumor
vaccines usually induced a detectable anti-tumor specific
immune response, the impact on tumor progression was
limited [14].

One strategy is to develop immunotherapeutic strategies for
patients in the equilibrium stage, i.e. those with preneoplasias.
This, however, excludes the largest group of patients with
advanced tumors, treated by standard protocols. The goal of
immunotherapy in advanced cancer patients, however, does
not have to be the complete eradication of tumor cells but
rather a reversal from the escape phase back to the equilibrium
stage. Appropriate combination of tumor mass reduction (by
surgery and/or chemo/radiotherapy) and neutralization of
tumor-induced immunosuppression might set the right condi-
tions for the induction of anti-tumor immune response by the
active immunotherapy of choice. Immune response could then
keep the residual tumor cells in check and restore the balance
between the host and the population of tumor cells. Therapy
that is applied during the tumor escape phase not only affects
the tumor but also modulates the relationship between the
tumor and the immune system. In contrast to the prevailing
view of chemotherapy as a immunosupressive regimen, there is
now ample evidence of chemotherapy promoting the immune
response. Simple removal of the tumor mass can reverse tumor-
induced immune tolerance, restoring the antibody- and cell-
mediated immune responses, even in animals with metastatic
breast cancer [15]. Certain forms of chemotherapy can cause
immunogenic cancer cell death and thus promote induction of
anticancer immunity [16—18]. Anthracyclines, oxaliplatin, and
ionizing irradiation have been shown to induce immunogenic
cells death characterized by the translocation of calreticulin
from the endoplasmic reticulum to the plasma membrane [19-
22]. Bortezomib, a proteasome inhibitor used in the treatment
of multiple myeloma, induces immunogenic cell death through
translocation of HSP90 to the cell surface [3,18]. Pioneer
studies also suggested that chemotherapy and immunotherapy
can synergize, as prior immunotherapy sensitizes tumor cells to
subsequent immunotherapy. Two clinical studies, in end-stage
small cell lung cancer [23] and glioblastoma multiforme [24,25]
in which DC vaccines were administered before salvage
chemotherapy have reported increased response rates to
chemotherapy administered after DC vaccination.

Rationale combined chemo-immunotherapy should be
accompanied by a close immunomonitoring of key parameters.
Follow-up of the immune reconstitution after chemotherapy
cycles allows precise timing of active immunotherapy. The
presence of tumor induced immunosuppressive mechanisms
(Tregs, myeloid suppressor cells, IL-10, TGFB) is another
parameter to follow in order to tailor immunotherapy. In the
future, patients will also be tested for polymorphisms of genes
that are important for the outcome of cancer. There are
preliminary data on some genes, such as TLR4, IL-10 and IL-18,

and their role in therapeutic response in breast cancer,
lymphoma and ovarian cancer, respectively [26-28]. Effi-
ciency of active tumor immunotherapy can be monitored by
evaluating the existence of tumor specific immunity. Success-
ful cancer immunotherapy should lead to the establishment of
a long-term tumor cell-specific immunological memory.
Immunotherapy itself will without any doubt be further
optimized. For instance, identification of important rejection
antigens in patients with preneoplastic diseases or patients
who experienced significant clinical responses after immu-
notherapy could yield better antigenic targets than studies in
patients with advanced disease [13,29]. Ideally, chemotherapy
used for the reduction of tumor burden should include drugs
inducing immunogenic cell death.

We documented some of the concepts introduced in this
review on the management of patient with hormone refractory
metastatic prostate cancer with sinister prognosis. Radical
prostatectomy for prostate cancer is followed by PSA
recurrence in up to 40% of patients. One third of patients
with biochemical relapse progresses to uncurable metastatic
disease. These data demonstrate the need for alternative
treatment strategies for patients with relapsed or hormone-
refractory prostate cancer [30]. Prostate cancer is thought to
represent a good model for cancer immunotherapy. More than
400 prostate cancer patients have been treated with DC-based
immunotherapy and tumor-specific immune responses have
been reported in two-thirds of these as recently reviewed by
Thomas-Kaskel et al. [31]. In half of these patients, DC
immunotherapy resulted in transient clinical responses. Tregs,
among other factors, potently inhibit tumor-specific T cells.
Prostate cancer patients have elevated numbers of circulating
and tumor infiltrating Tregs and there is evidence that Tregs
increase tumor growth in vivo [32,33].

In our patient, we thus monitored the crucial parameters
of the immune system and developed a tailored chemo-
immunotherapy protocol. Because of the high frequency of
circulating Tregs, we administered metronomic CPM. In
accordance with previous reports, CPM treatment norma-
lized Tregs numbers [34]. After obtaining IRB approval, we
started regular vaccinations with DCs loaded with killed
prostate cancer cells [35-37]. Use of whole cells as the
source of tumor antigens ensures the presentation of the rich
spectrum of tumor antigens, induces a complex CD4 and CD8
T cells responses and limits the risk of formation of tumor
escape variants. In accordance with the principles of
combined immunotherapy, we continued palliative che-
motherapy with docetaxel to reduce the tumor cell burden
to set the right conditions for the induction of anti-tumor
immune response. DC-based vaccination induced prostate
cancer cell specific immune response and PSA was identified
as a target of a large proportion of tumor specific T cells. In
this patient, combined chemo-immunotherapy consisting of
alternate courses of chemotherapy and vaccination with
mature DCs pulsed with LNCap prostate cancer cell line, led
to the marked improvement in the clinical and laboratory
presentation and to the significant decrease of PSA levels
by >90%. Patient remains in a good clinical status for over
18 months after the development of hormone refractory
prostate cancer. Findings in this patient are supported by a
recent study by Arlen et al. In 28 patients with hormone-
resistant metastatic prostate cancer, they reported an
increase in progression-free survival in patients who received
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docetaxel in combination with prostate cancer vaccine
versus patients treated with prostate cancer vaccine alone
(6.1 versus 3.7 months, respectively) [38]. Patients receiving
docetaxel following DC vaccination maintained PSA-specific
T cells that correlated with declining serum levels of PSA.
Taken together, the implementation of modern cancer
immunotherapeutic strategies into the management of
cancer patients is highly desirable as the immune system
has the capacity to recognize and eliminate neoplastic cells.
Based on the above reviewed premises, chemotherapy and
immunotherapy should not be considered as antagonist forms
of therapy. It is conceivable that their rational combination
could substantially improve prognosis of cancer patients.
Researchers, clinical immunologists and oncologists,
together, should make efforts to design combined chemo-
immunotherapy strategies and to determine the optimal time
schedule of such protocols. Rational and evidence-based
combination of chemotherapy and immunotherapy could
further improve prognosis and survival of cancer patients.
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ABSTRACT

Purpose: We conducted an open-label, single-arm Phase I/II clinical trial in
metastatic CRPC (mCRPC) patients eligible for docetaxel combined with treatment
with autologous mature dendritic cells (DCs) pulsed with killed LNCaP prostate
cancer cells (DCVAC/PCa). The primary and secondary endpoints were safety and
immune responses, respectively. Overall survival (0S), followed as a part of the safety
evaluation, was compared to the predicted OS according to the Halabi and MSKCC
nomograms.

Experimental design: Twenty-five patients with progressive mCRPC were
enrolled. Treatment comprised of initial 7 days administration of metronomic
cyclophosphamide 50 mg p.o. DCVAC/PCa treatment consisted of a median twelve
doses of 1 x 107 dendritic cells per dose injected s.c. (Aldara creme was applied at
the site of injection) during a one-year period. The initial 2 doses of DCVAC/PCa
were administered at a 2-week interval, followed by the administration of docetaxel
(75 mg/m2) and prednisone (5 mg twice daily) given every 3 weeks until toxicity or
intolerance was observed. The DCVAC/PCa was then injected every 6 weeks up to
the maximum number of doses manufactured from one leukapheresis.

Results: No serious DCVAC/PCa-related adverse events have been reported.
The median OS was 19 months, whereas the predicted median OS was 11.8 months
with the Halabi nomogram and 13 months with the MSKCC nomogram. Kaplan-
Meier analyses showed that patients had a lower risk of death compared with both
MSKCC (Hazard Ratio 0.26, 95% CI: 0.13-0.51) and Halabi (Hazard Ratio 0.33,
959% CI: 0.17-0.63) predictions. We observed a significant decrease in Tregs in the
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peripheral blood. The long-term administration of DCVAC/PCa led to the induction and
maintenance of PSA specific T cells. We did not identify any immunological parameter
that significantly correlated with better OS.

Conclusions: In patients with mCRPC, the combined chemoimmunotherapy with
DCVAC/PCa and docetaxel was safe and resulted in longer than expected survival.
Concomitant chemotherapy did not preclude the induction of specific anti-tumor

cytotoxic T cells.

INTRODUCTION

Prostate cancer (PCa) is the most frequently
diagnosed noncutaneous malignancy in elderly men and
is the second leading cause of cancer-related death in
Western countries [1]. Localized, ecarly-stage disease is,
in general, successfully treated with surgery or radiation
therapy; however, approximately 30% of patients have
recurrence and require further management. Androgen
deprivation is the standard of care in such situations,
achieving temporary tumor control or regression in up to
85% of cases [2]. Although castration is quite effective,
most patients ultimately develop progressive disease,
which is poorly responsive to traditional therapies and
remains a significant clinical challenge [3]. Since 2004,
docetaxel-based regimens have become the first-line
chemotherapy in metastatic, castration-resistant prostate
cancer (mCRPC) patients [4—6]. Apart from taxanes,
three additional agents that directly target tumor cells
have recently been reported to increase the median OS in
mCRPC patients as well: enzalutamide, an anti-androgen
therapy [7]; abiraterone - an inhibitor of testosterone
synthesis [8]; and Alpharadin, an alpha-emitter that
targets bone metastasis [9]. However, these strategies only
modestly prolong patient survival and are linked to a wide
range of undesirable side effects [10].

Cancer immunotherapy is being tested as an
additional treatment modality in oncology [11].
Sipuleucel-T (Provenge; Dendreon Corporation), a
prostatic acid phosphatase-granulocyte/macrophage-
colony-stimulating factor (PAP-GM-CSF) fusion protein-
loaded autologous blood cell vaccine, was approved by the
US Food and Drug Administration (FDA) for the treatment
of asymptomatic or minimally symptomatic mCRPC [12].

Active cellular immunotherapy (ACI) using
antigen-loaded dendritic cells (DCs) is another
immunotherapeutic approach in the clinical development
[13, 14]. Although many trials reported the induction
of antitumor immune responses after administration
of cancer immunotherapy, the efficacy has been
disappointing. The limited success of ACI in advanced
cancer patients might be due to the establishment
of tumor-induced immunosuppression [15]. In such
situation, immunotherapy alone cannot be expected
to radically reverse the progressive course of the
disease. Experimental evidence supports the fact that
the goal of the immunotherapy in the late stages is not

necessarily complete eradication tumor cells but rather the
establishment of an equilibrium between the host immune
system and the proliferating tumor cells [16]. Therefore,
new directions have focused on combination strategies
that could improve the vaccine efficacy without adding
significant toxicity.

The concept of combined chemoimmunotherapy
explores the fact that the treatment with chemotherapy
might not only decrease the tumor cell load but also
neutralize the tumor induced immunosuppression thus
facilitating the effect of concurrent immunotherapy. In
support of testing docetaxel in combination with a vaccine,
experimental data obtained in mice and humans have
contradicted the traditional thinking that taxanes suppress
immune-cell functions [17, 18]. In vitro assays have
revealed that a cohort of patients with stage II/III breast
cancer had enhanced T cell and NK cell functions when
treated with taxanes [19]. Docetaxel has also been shown to
reverse myeloid derived suppressor cell-mediated immune
suppression and to modulate the tumor microenvironment
in a manner that improves the efficacy of immune-based
therapies [20]. Moreover, patients previously vaccinated
with an anti-cancer vaccine may respond longer to
docetaxel compared with historical controls receiving
docetaxel without prior immunotherapy [21].

In this Phase I/II trial, we tested the combined
chemoimmunotherapy in patients with metastatic
castration resistant prostate cancer. In addition to the
standard chemotherapy, patients cligible for docetaxel
were treated with autologous dendritic cell based vaccine,
DCVAC/PCa. DCVAC/PCa is composed of autologous
Poly I:C activated dendritic cells pulsed with killed
LNCaP prostate cancer cell line.

MATERIALS AND METHODS

Patient eligibility

Eligible patients had prostatic adenocarcinoma and
progression of PSA serum levels and/or radiographic
progression after the failure of second-line hormonal
manipulation in generalized, metastatic disease. Previous
chemotherapy was allowed if the last dose was at least
3 months before the study entry. Other eligibility
requirements were an Eastern Cooperative Oncology
Group performance status (ECOG) of 0-2, adequate
hematologic, hepatic, and renal function, and negative
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status for hepatitis B and C viruses and HIV. Exclusion
criteria included a history of primary immunodeficiency,
a severe allergic or anaphylactic reaction following
vaccination, the presence of pulmonary, cardiac, or other
systemic diseases limiting patient survival.

Study design and treatment

This report includes summary data for 25 patients,
including 15 patients from a single-institution, single-
arm, open-label phase I/II clinical trial (EudraCT 2009-
017295-24) and 10 patients from previous patient’s named
program (approved by University Hospital Motol IRB).
These patients fulfilled the identical inclusion criteria and
were treated by the analogous schedule which was later
applied into the protocol of the clinical trial. The treatment
schedule is summarized in Fig. 1. Briefly, DCVAC/PCa
treatment consisted of a median of twelve doses of 1 x 107
dendritic cells injected s.c. at axillary and inguinal area
(2.5 ml at each site). The initial two doses of DCVAC/PCa
were administered at a 2-week interval, followed by the
administration of docetaxel (75 mg/m2) and prednisone
(5 mg twice daily) given every 3 weeks until toxicity or
intolerance was observed. The vaccine was then injected
every 6 weeks up to the maximum number of doses
manufactured from one leukapheresis. Minimal interval
between chemotherapy administration and immunotherapy
was 7 days. Immune monitoring was performed before
the I** dose of DCVAC/PCa and after the 12" dose or
after last dose if less than 12 doses were manufactured
from the leukapheresis. Before the 1% DCVAC/PCa
dose was administered, patients received metronomic

Hormone
refractory stage

Leukapheresis
D+0

Vaccine
production

cyclophosphamide (Cyclophosphamide Orion® 50 mg
daily for 1 week) [22-24]. To increase the motility of
the injected cells and to support the accumulation of
local dendritic cells in vivo, imiquimod (Aldara® cream
12.5 mg) was applied locally 24 hours before and after
each injection. The primary endpoints were the safety and
feasibility of DCVAC/PCa active cellular immunotherapy
in mCRPC patients; the secondary endpoint was the
immune response. The study protocol was approved
by the Institutional Review Board (IRB) and the State
Institute for Drug Control (SUKL). Written informed
consent was obtained from all patients before any study
procedures were conducted.

Assessment of clinical activity and toxicity

The patients were monitored at each visit by
conducting a patient history and physical examination. The
Medical Dictionary for Regulatory Activities (MedDRA,
Version 15.1) was used for the coding of adverse events
(AEs). All patients underwent relevant radiologic and
laboratory tests, the Halabi and MSKCC predictions of
survival, laboratory and clinical data related to the time of
the 1 DCVAC/PCa administration were used. The real OS
was calculated from the 1®* DCVAC/PCa administration
until death or until the data lock (information about all
surviving patients were available at data lock). Even
if not included in the study protocol as an endpoint, we
evaluated PSA response as a part of laboratory monitoring.
Serum PSA was measured every six weeks and a response
(for patients with a baseline PSA level of at least 20 ng per
milliliter) was defined as a reduction from baseline of at
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Figure 1: Study design. The DCVAC/PCa treatment consisted of a median twelve doses of 1 x 107 dendritic cells injected s.c. The
treatment comprised an initial 7 days of metronomic cyclophosphamide administration 50 mg p.o. and 2 subsequent doses of DCVAC/PCa.
Patients then started docetaxel (75 mg/m?) and prednisone (5 mg twice daily) treatment, which was administered every 3 weeks; DCVAC/
PCa was then given every 6 weeks up to the maximum number of doses manufactured from one leukapheresis. Imiquimod 5% (Aldara®
5% drm cream) was applied locally 24 hours before and after each DCVAC/PCa administration. Immunomonitoring (IM) was evaluated
after the first and twelfth doses of DCVAC/PCa. Clinical evaluation (CE) was performed after every single DCVAC/PCa dose.
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least 50 percent that was maintained for at least six weeks
during the combined chemoimmunotherapy treatment.

DCVAC/PCa production

Generation of DCs under GMP conditions

Leukapheresis was performed using a Cobe Spectra
separator (Cobe BCT, Lakewood, CO, USA). All of
the following operations were performed under Good
Manufacturing Practice (GMP) conditions in the GMP
facility of University Hospital Motol using the protocol
for DC generation that was approved by the State Institute
for Drug Control, as previously described [25, 26]. The
leukapheretic product was diluted in PBS + 1 mM EDTA
(Lonza, Verviers, Belgium), and mononuclear cells were
separated by Ficoll-Paque Premium (GE Healthcare,
Waukesha, WI, USA) gradient centrifugation. Collected
mononuclear cells (PBMC) were washed in PBS +
1 mM EDTA (Lonza), resuspended in CellGro medium
(CellGenix, Freiburg, Germany) and plated in triple flasks
(Thermo Scientific, Waltham, MA, USA) at 1 x 10° cells
per cm? of surface area. After 2 h, non-adherent cells were
washed with PBS (Lonza). Adherent monocytes were
cultured for 6 days in CellGro (CellGenix) medium with
20 ng/ml of IL-4 (Gentaur, Kampenhout, Belgium) and
500 U/ml of GM-CSF (Gentaur); fresh cytokines were
added on day 3. Immature DCs were harvested on day 6,
washed in PBS (Lonza) and resuspended in CellGro
(CellGenix).

Loading of immature DCs with Kkilled prostate cancer
cells and maturation of DCs

The PSA-positive prostate cancer cell line LNCaP
was obtained from the American Type Culture Collection
and grown in UltraCULTURE (Lonza, Verviers, Belgium)
supplemented with GlutaMax (Life Technologies,
Carlsbad, CA) under GMP conditions. LNCaP cells were
detached with 0.05% Trypsin-EDTA (Lonza), washed and
killed by UV irradiation (312 nm for 10 min). Harvested
immature DCs (day 6) were pulsed with tumor cells at a
DC:tumor cell ratio of 5:1 for 4 h. Tumor cell-pulsed DCs
were then matured with 25 pg/ml of Poly I:C (Invivogen)
overnight. Mature DCs were harvested, resuspended in
Cryostor CS10 (BioLife Solutions, Bothell, WA, USA)
and stored in liquid nitrogen.

Assessment of immunological parameters

Routine immunological testing

Serum levels of immunoglobulin G, A, and M and
C-reactive protein (in g/L) were assessed by automated
nephelometry using an Immage 800 Immunochemistry
System (Beckman Coulter). Serum autoantibodies,
ANCA, RF and anti-cardiolipin were detected using the
ANA test (BioRad, Philadelphia, PA), ANCA test (Inova
Diagnostics, San Diego, CA), and ACA test (Orgentec

Diagnostic, Mainz, Germany), respectively. Lymphocyte
subsets were enumerated by flow cytometry using FACS
CANTO II (BD Bioscience, Franklin Lakes, NJ) and were
subsequently analyzed using FlowJo software (Tree Star,
Ashland, OR, USA). Monoclonal antibodies against CD3,
CD4, CD8, CD16, CD19 and HLA-DR were purchased
from BD Biosciences.

Detection of regulatory T cells

Regulatory T cells (Tregs) were identified by
surface staining with anti-CD3 Alexa700 (Exbio, Vestec,
Czech Republic), CD4 PC7 (eBioscience, San Diego,
CA), CD8 PE-Dy590 (Exbio), CD25 PerCPCy5.5 and
CD127 Alexa647 (BioLegend, San Diego, CA) antibodies,
followed by fixation and permeabilization with a FoxP3
staining buffer set (eBioscience) and intracellular staining
with anti-FoxP3 FITC (eBioscience), as previously
described [27, 28]. All samples were processed and
analyzed immediately after blood sampling on FACSAria™
(Becton Dickinson, Heidelberg, Germany) and analyzed
using FlowJo software (Tree Star, Ashland, OR).

Detection of antigen-specific T cells against PSA,
MAGE-A1 and MAGE-A3

For each patient, the frequency of antigen-specific
T cells against tumor antigens (PSA, MAGE-AI,
MAGE-A3) was measured by flow cytometry. Antigens
were included in the testing based on the previous
analysis of the expression of tumor associated antigens
in LNCaP cell line using real-time quantitative PCR.
Peripheral blood mononuclear cells (PBMCs) were
incubated for 10 days in RPMI 1640 medium (Life
Technologies) supplemented with 10% heat-inactivated
pooled human AB serum, 100 U/ml penicillin, 2 mmol/l
L-glutamine, non-essential amino acid mix and sodium
pyruvate (all from Life Technologies), as well as with
mixtures of overlapping peptides (PepMix; JPT Peptide
Technologies, Berlin, Germany) that spanned the whole
sequence of prostate specific antigen (PSA), melanoma-
associated antigen 1 (MAGE-Al) and melanoma
associated antigen 3 (MAGE-A3), each at a concentration
of 1 ug/ml. On days 4 and 7, IL-2 was added (20 Ul/ml;
Gentaur, Kampenhout, Belgium). On day 9, PBMCs
were restimulated for 12 hours with each peptide mixture
mentioned above, and brefeldin (BioLegend, San Diego,
CA, USA) was added after 4 hours of incubation. The
cells were first stained with antibodies against CD3-
PC5, CD4-PC7 (eBioscience), and CDS8-PE-Dy590
(Exbio). Then, the Aqua Blue Live/Dead cell viability
assay (Life Technologies) was used to measure the
population of dead cells. Thereafter, the cells were fixed
with Fixation/Permeabilization buffer (BD Bioscience)
and permeabilized with Permeabilization buffer (BD
Bioscience). Intracellular IFN-y staining was performed
with a FITC-conjugated antibody (BD Bioscience), and
IL-2 staining was performed with an APC-conjugated
antibody (BD Bioscience), according to the manufacturer’s
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instructions. Stained cells were immediately measured
using a BD LSR II flow cytometer (BD Biosciences) and
data analysis was performed using FlowJo software (Tree
Star) after the exclusion of Live/Dead-positive cells. [FN-y
secretion was only considered to be antigen specific if
the frequency of IFN-y-secreting T cells that responded
to peptide-pulsed PBMCs was at least 2 times greater
than the frequency of IFN-y secretion in response to the
negative control (unpulsed PBMCs).

Detection of tumor antigen-specific antibodies

against PSA and MAGE-A3

The recombinant proteins PSA and MAGE-3
(Abnova, Taipei, Taiwan) were diluted in Carbonate
Coating Buffer (Life Technologies) to a final concentration
of 1 pg/ml and were adhered to 96-well plates overnight
at 4°C. The plates were blocked for 1 hour with Assay
Buffer (Life Technologies), and then human sera diluted
to 1:50, 1:100 and 1:200 were incubated in the antigen-
coated wells for 2 h. The plates were then incubated with
secondary antibody (goat polyclonal antibody to human
IgG; Abcam, Cambridge, UK) for 1 hour. TMB substrate
(Life Technologies) was then added and incubated for
20 minutes. The reaction was stopped by adding Stop
Solution (Invitrogen, Prague, Czech Republic), and the
plates were immediately read at an absorbance of 450 nm.
As a positive control, cytomegalovirus glycoprotein B was
used. The cutoff value designating a positive reaction was
assessed as the mean OD of 15 healthy control human sera
(NHS) + 3SD.

Statistical analysis

Group comparisons were performed using the
GraphPad Prism software (GraphPad software, La Jolla,
CA). The effect of the treatment on immune parameters
was assessed using the Wilcoxon signed-rank test.
Scatterplots feature least square linear regressions lines.

Table 1: Patients’ baseline characteristics.

Survival analysis was performed using the R-package
‘survival.” The log-rank test was used to compare the
survival of treated patients to their expected survival
using the Halabi [29] or Memorial Sloan Kettering Cancer
Center (MSKCC) nomograms [30]. Cox proportional
hazards models were used to assess univariate and
multivariate associations between clinical variables
and prognosis. Variables that were significantly associated
with prognosis in the univariate analysis were further
included in the multivariate analysis.

RESULTS

Characteristics of the patients

Between August 2008 and March 2014, twenty-five
patients were treated with DCVAC/PCa. The median age at
the start of immunotherapy was 73 years (age range 48—82
years), 88% of the patients had tumors with Gleason score
> 7 and none of them had signs of visceral disease. The
median entry levels of prostate specific antigen (PSA) were
186 ng/mL (range 1-749 ng/mL), of lactate dehydrogenase
(LDH) were 234 IU/L (range 129-399 IU/L), of alkaline
phosphatase (ALP) were 192 IU/L (range 37-1843 TU/L),
of hemoglobin (Hgb) were 11.9 g/dL (range 9-14.8 g/
dL) and of C-reactive protein (CRP) were 5.6 mg/L.
All patients had experienced progression on androgen
deprivation therapy as an initial or secondary treatment.
Testosterone levels were maintained at castrate levels
during the study. Eight patients had received docetaxel-
based chemotherapy prior to the enrollment (> 3 months
before entering the study), with a median of 8 months
long chemotherapy free period. During the study period,
approximately 350 doses of ACI were administered, with
a median of 12 doses per patient. After chemotherapy
failure, the patients were treated with supportive care.
None received abiraterone, enzalutamide or alpharadin.
The patients’ baseline characteristics are shown in Table 1.

Patient characteristics

Total number of patients 25
Race
Caucasian 25
Age (years)
Median 73
Mean 67
Range 48-82

(Continued)
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Patient characteristics

ECOG performance status
0 8
1 15
2 2
Disease location
Bone only 13
Nodal only 4
Bone and nodal
Gleason score
5 1
6 2
7 10
8 3
9 9
Median 7
PSA, ng/mL
Median 186
Mean 245
Range 1-749
Lactate dehydrogenase, IU/L
Median 234
Mean 248
Range 129-399
Alkaline phosphatase, IU/L
Median 192
Mean 327
Range 37-1843
Hemoglobin, g/dL
Median 11,9
Mean 11,9
Range 9-14, 8

Abbreviations: ECOG, Eastern Cooperative Oncology Group; PSA, prostate specific antigen.

Adverse events

The overall toxicities are summarized in Table 2.
During the administration of cumulative 350 doses, we
recorded following adverse events (AEs): 17x fatigue,
13x back pain, 5x diarrhea, 3x constipation and 13x other
gastrointestinal discomfort, 12x paresthesias, 8x mild

infections, 3x loss of appetite, 1x hypersensitivity-like
reaction and 1x myalgia (number of events). All AEs
were grade 1 or 2, and there were no grade 4 toxicities or
treatment-related deaths. None of the 44 reported serious
adverse events (SAEs) were related to the immunotherapy
but rather were related to the progression of the underlying
disease or the concomitant chemotherapy. In addition, no
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Table 2: Cumulative summary tabulation of serious adverse events (SAEs). The Medical Dictionary
for Regulatory Activities (MedDRA) version 15.1 was used for the coding of adverse events (AEs). The
summary tabulations of SAEs are arranged by the primary System Organ Class (SOC) and Preferred

Term (PT) level.

System organ class

Preferred term

Active study drug (DCVAC/PCa)

Blood and lymphatic system disorders

Anaemia

Bone marrow failure

Febrile neutropenia

Leukopenia

Pancytopenia

Thrombocytopenia

Cardiac disorders

Myocardial infarction

Pulmonary oedema

General disorders and administration site conditions

Death

Immune system disorders

Hypogammaglobulinaemia

Injury, poisoning and procedural complications

Myopathy toxic

Spinal compression fracture

Metabolism and nutrition disorders

Diabetes mellitus

Hypokalaemia

Musculoskeletal and connective tissue disorders

Pain in extremity

Osteonecrosis of jaw

Pathological fracture

Neoplasms benign, malignant and unspecified (incl cysts and polyps)

Choroid melanoma

Meningioma

Neuroendocrine carcinoma

Nervous system disorders

Cognitive disorder

Epilepsy

Hemiparesis

(Continued)
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System organ class

Preferred term

Active study drug (DCVAC/PCa)

Paraparesis

Paraplegia

Renal and urinary disorders

Hydronephrosis

Incontinence

Renal failure

Urinary retention

Urinary tract inflammation

Urinary tract obstruction

Respiratory, thoracic and mediastinal disorders

Pulmonary embolism

Vascular disorders

Circulatory collapse

Hypotension

Thrombosis

TOTAL

44

suspected unexpected serious adverse reactions (SUSARs)
were reported. In summary, DCVAC/PCa therapy was well
tolerated with the favorable safety profile.

Clinical efficacy

PSA response

In patients with PSA response assessed, reduction
by at least 50% on two visits at least 6 weeks apart was
observed in 9 of 23 patients (39, 1%) (8/9 were chemo-
naive). At 6 months (6™ dose of DCVAC/PCa) after the
initiation of chemo/immunotherapy, a > 50% decrease
in PSA was observed in 8 of 23 patients (34, 8%) and
25-50% decrease of PSA in additional 5 patients (21, 7%).

Overall survival

Overall survival, followed as a part of the safety
evaluation, was compared to the predicted values calculated
by the Halabi and MSKCC nomograms. Fig. 2A shows
Kaplan-Meier estimation of the survival distributions. The
estimated median survival for the DCVAC/PCa-treated
group was 19 months compared to 11.8 months in the
Halabi and 13 months in the MSKCC control predictions.
Log-rank tests showed that patients had a significantly
better observed survival than that of the MSKCC (*p =
0.0008) and Halabi (*p = 0.0001) predictions. Univariate
Cox regressions showed that patients had a lower risk of

death compared with both MSKCC (Hazard Ratio 0.26,
95% CI: 0.13-0.51) and Halabi (Hazard Ratio 0.33, 95%
CI: 0.17-0.63) predictions (Fig. 2B).

Immunological response

To evaluate the effect of DCVAC/PCa on the
immune system, PBMCs were isolated pre and post
vaccination and subsequently analyzed for T cell subsets.
We observed no significant changes in the frequency or
absolute numbers of peripheral blood CD3*, CD4" and NK
cells during the course of the trial (Fig. S1). Conversely,
the frequency of activated CD3"/HLA-DR" cells and CD8"
T cells significantly increased (*p > 0.05) (Fig. 3A, 3B).
Additionally, a significant decrease in the frequency of
regulatory T cells was observed (*p = 0.0402) (Fig. 3C).
Furthermore, after the course of treatment, the levels of
IgG and IgM were significantly decreased (Supplemental
Fig. 2A, 2B). There was no significant trend in the
occurrence of autoantibodies (data not shown).

We also assessed the presence of antigen-specific
T cells and antibody response against prostate-specific tumor
antigens. The peripheral blood of the patients was stimulated
by peptide mixes (PSA, MAGE-A1 and MAGE-A3), and the
frequency of IFN-y-secreting T cells was analyzed by flow
cytometry. Eleven out of 23 patients had significantly higher
numbers of antigen-specific T cells against PSA before
treatment compared with healthy controls (data not shown).
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Figure 2: Overall survival of docetaxel and DCVAC/PCa treated patients (n = 25). A. Kaplan-Meier curves for overall
survival and B. the cumulative hazard values of DCVAC/PCa-treated patients and the corresponding expected survival and hazard values
predicted using the Halabi and MSKCC nomograms. The median overall survival was 19 months with DCVAC/PCa vs 11.8 months
(Halabi) or 13 months (MSKCC) predicted by the nomograms, *p = 0.00005.
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Figure 3: Immune parameters in the peripheral blood during DCVAC/PCa/docetaxel treatment. A. The proportions of
CD3"/HLA-DR" and B. CD8" cells were significantly increased after the treatment in the 25 evaluated patients, *p < 0.05. Data are
expressed as the proportion of CD3*/HLA-DR" and CD8" cells among CD45" cells. C. The percentage of regulatory T cells (CD4" CD25*
FoxP3") was significantly decreased after the treatment, *p < 0.05. Data are expressed as the proportion of CD4" CD25" FoxP3" Tregs

among CD4" T cells.

Similar results were obtained for MAGE-A1 and MAGE-A3
antigen-specific T cells, for which 6 out of 23 and 3 out of
23 patients had significantly increased numbers of antigen-
specific T cells compared with the healthy controls (data not
shown). Long-term administration of DCVAC/PCa induced
a statistically significant increase in the PSA-specific T cells
PSA (*p < 0.05) (Fig. 4A). However, we did not observe
significant changes in the frequency of antigen-specific
T cells against MAGE-A1 and MAGE-A3 antigens during
the course of the trial (Fig. 4B, 4C).

Furthermore, we evaluated the induction of
tumor antigen-reactive IgG antibodies by DCVAC/PCa
vaccination. The presence of IgG antibodies against PSA
and MAGE-3 was analyzed in patient sera. We detected

IgG-positive antibodies against PSA in 6 out of 23 (26%)
patients (Supplemental Fig. 2C) and against MAGE-A3 in
8 out of 23 (34%) patients (Supplemental Fig. 2D). There
was no obvious correlation between the presence of PSA
or MAGE-A3 specific antibodies and frequency of tumor
antigen specific T cells (Supplemental Fig. 3A, 3B). We
did not observe any significant correlation between the OS
and the presence of antibody or cellular immunity against
tumor antigens (Supplemental Fig. 3C, 3D, 3E, 3F, 3G).

Cox proportional hazards regression

Cox proportional hazards regression analysis
was performed to determine factors that could predict
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disease progression or death. First, univariate analysis
was performed to evaluate the impact of 24 biological
parameters measured at the beginning of the treatment
(Table 3). Among those, C-reactive protein (CRP) was
associated with a poor outcome after treatment (Hazard
Ratio: 1.01), whereas ECOG and hemoglobin (Hgb)
were associated with a favorable outcome after treatment
(Hazard Ratio: 0.89 and 0.64, respectively). No other
parameters reached significance. Multivariate analysis
indicated that Hgb (Hazard ratio 0.68, 95% CI: 0.48-0.95)
was the only independent prognostic factor associated
with a positive outcome of treated patients, although
the performance status of ECOG was close to being
significantly associated with a good prognosis (Hazard
ratio 0.91, 95% CI 0.99-7.1, p-value 0.052). None of
the routine immunological parameters evaluated before
treatment had any impact on the overall survival of
vaccinated subjects.

DISCUSSION

Prostate cancer represents a relevant candidate
disease for the development of cancer immunotherapy
strategies. Prostate cancer cells express tissue-specific
proteins that could act as therapeutic targets, among
others PSA, PAP, PSMA and prostate cancer usually
progresses at relatively slow pace, which might allow
for the elicitation of an effective immune response [31].
DC-based vaccination strategies have shown promising
results in the past; however, the limitations observed in
late-stage cancer patients led to the idea that combination
strategies might improve the efficacy and long-term
effects of immunotherapy [32, 33]. Experimental evidence
supports the fact that the goal of immunotherapy in
advanced-stage cancer does not have to be the complete
eradication of tumor cells but rather the reversal from the
escape phase back to the equilibrium stage as predicted by
the cancer immunoediting model [34]. A plausible strategy

for testing cancer immunotherapy would be to design
trials in early stages of the disease, with minimal burden
of tumor cells [35, 36]. It is, however, very challenging
to define studies in early stage patients with efficacy
indicating endpoints that could be reached in a realistic
timeframe. Current regulatory environment pushes for the
improved overall survival as the most relevant indicator of
a clinical benefit. Cancer immunotherapy approaches thus
need to be tested in late stage patients, often pretreated
or treated by chemotherapy with large tumor burden
and metastatic disease. It’s very challenging to induce
anti-tumor responses in late stages in the settings of a
profound tumor induced immunosuppression. Possible
strategy how to circumvent these practical concerns
might be the appropriate combination of tumor mass
reduction by surgery or chemo/radiotherapy along with the
neutralization of tumor-induced immunosuppression [17].
This might establish the proper conditions for the
induction of an anti-tumor immune response by active
immunotherapy.

Recent studies indicate that despite the common
view of chemotherapy and immunotherapy as antagonistic,
there are synergies between the two approaches. For
example, certain chemotherapeutics were described to
induce immunogenic cell death [37—40]. Chemotherapy
can also reduce tumor induced immunosuppression by
eliminating suppressive populations of immune cells,
such as Tregs or myeloid derived suppressor cells [37].
Immunotherapy has been reported to sensitize tumor cells
to subsequent chemotherapy in various models, including
small cell lung cancer or glioblastoma [41] [42].

With respect to the concept of combined
chemoimmunotherapy, we performed an open-label,
single-arm clinical trial in patients with metastatic,
castration-resistant prostate cancer (mCRPC) eligible
for first- or second-line docetaxel treatment using
DCVAC/PCa. We did not see any serious anaphylactic
reactions or any evidence of autoimmunity in treated
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Table 3: Cox proportional hazards regression analysis of the association between potential factors
and death after DCVAC/PCa in mCRPC patients.

Univariate

Multivariate

95% Confidence Interval

95% Confidence Interval

Factor Hazard  p-value Lower Upper Hazard  p-value Lower Upper
Ratio bound bound Ratio bound bound
ECOG 0.89 0.0059 0.81 0.96 0.91 0.05 0.99 7.1
Hemoglobin 0.65 0.0046 0.47 0.87 0.68 0.02 0.48 0.95
CRP 1.01 0.04 1.00 1.03 1.00 0.76 0.99 1.02
Pts. age 0.99 0.95 0.92 1.08 - - - -
iPSA 0.99 0.48 0.99 1.00 - - - -
PSA 1.00 0.19 0.99 1.00 - - - -
Gleason score 0.87 0.55 0.54 1.39 - - - -
IgG 1.13 0.21 0.93 1.37 - - - -
IgA 1.54 0.18 0.81 2.92 - - - -
IgM 0.73 0.59 0.23 2.33 - - - -
LE 0.95 0.55 0.79 1.13 - - - -
LY 0.86 0.95 0.004 180.2 - - - -
T lymphocytes (CD3) 1.00 0.73 0.97 1.03 - - - -
CD3* HLADR* 0.98 0.55 0.92 1.04 - - - -
CD3* CDI16" cells 0.99 0.86 0.96 1.03 - - - -
CD4* T cells 1.01 0.6 0.96 1.06 - - - -
CDS8' T cells 1.00 0.9 0.97 1.03 - - - -
B Lymphocytes 0.98 0.64 0,9 1.06 - - - -
Treg 0.84 0.1 0.67 1.03 - - - -
Alkaline phosphatase 1.17 0.07 0.91 1.39 - - - -
LDH 1.77 0.14 0.82 3.77 - - - -
PSA specific T cells 1.06 0.27 0.95 1.17 - - - -
MAGET":HSSpe"iﬁC 1.01 0.48 0.97 1.05 . . . .
MAG]ET'/:jllsspeCiﬁc 1.00 0.97 0.87 1.15 - - - -

Abbreviations: ECOG, Eastern Cooperative Oncology Group; CRP, C-reactive protein; iPSA, initial PSA; LE, leukocytes;
LY, Lymphocytes; Treg, regulatory T cells; LDH, lactate dehydrogenate

subjects. Our data are consistent with the published
reports, showing a favourable safety profile of DC-
based approaches [32]. Moreover, no additional toxicity
of combining chemotherapy with vaccination has been
observed. Importantly, patients receiving combined
treatment with standard docetaxel chemotherapy and
DCVAC/PCa survived significantly longer than predicted
by standard Halabi and MSKCC nomograms. With a
median follow-up of 19 months, combined docetaxel and
DCVAC/PCa resulted in a 7.2- and 6-month improvement

in the median overall survival compared with that of the
Halabi or MSKCC nomogram, respectively. The effect
of on survival was consistently observed across patient
subgroups, including those with prognostic factors known
to be adversely correlated with overall survival such as
increased prostate specific antigen, alkaline phosphatase
and lactate dehydrogenase levels, the Gleason score,
the presence of pain, and an increased number of bone
metastases. Our results showed that factors reflecting
satisfactory clinical condition of the treated patients (good
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performance status, low CRP levels, higher Hgb levels)
were associated with longer overall survival. None of
the assessed routine immunological parameters had an
important predictive value for the outcome of the therapy.
This is in contrast with the data published by Sheikh
Netal [12].

In a pivotal clinical trial with docetaxel (5), rates
of PSA response were detected in 45% of docetaxel
treated patients. In this study, we detected PSA response
in 39, 1% patients. However, 9 patients in our study were
advanced patients who previously failed on docetaxel
before the study entry. When restricting the analysis of the
PSA response to chemo-naive patients, the PSA response
was detected in 60%. This suggests that combined chemo-
immunotherapy might lead to the PSA response in higher
proportion of patients than docetaxel alone. This, however,
needs to be analyzed in larger randomized trials.

Immune responses were evaluated as a secondary
endpoint in our study. We evaluated antigen-specific
CDS8" T cell responses by intracellular staining for IFN-y
following stimulation with tumor antigens and antibody
responses by measuring tumor antigen specific IgGs. We
detected a significant increase in the frequency of PSA-
specific CD8" T cells, with no increase in the number
of antigen-specific T cells against MAGE-A1 and
MAGE-A3. The total number of activated CD3*HLADR"
T cells, as well as of cytotoxic CD8" T cells, was
significantly increased after the treatment cycle.

In accordance with previously published reports,
we detected lower levels of total IgG and IgM in the sera
after the treatment. The decline is most probably linked
to the chemotherapy treatment [43]. In 6 and 8 patients’
sera, we detected the presence of IgG antibodies against
PSA and MAGE-A3, respectively. There was no direct
correlation between patients with antigen-specific T cells
and positive antibodies against the respective tumor
antigen. We did not see any correlation between the
presence of anti-tumor immune response and survival,
although this analysis is preliminary given the small
number of patients. It’s also important to note that although
easily accessible, peripheral blood might not represent the
most relevant compartment for the analysis of anti-tumor
immunity. Analysis of the tumor microenvironment might
provide more pertinent information.

Prostate cancer patients were reported to have
increased numbers of circulating and tumor-infiltrating
Tregs, and there is evidence that Tregs promote tumor
growth in vivo [44]. We detected significantly lower
frequency of Tregs after chemo-immunotherapy.

Taken together, it’s hard to dissect which changes
in immune parameters are attributable to chemo-
immunotherapy and which are caused by the disease
progression. We conclude that chemotherapy does not
preclude the induction and long term maintenance of
PSA-specific T cells and that DCVAC/PCa does not
induce detectable autoimmunity. The observed changes in

immune parameters (reduction of Tregs, increase in CD8"
T cells, HLA DR*CD3" cells and PSA-specific CD8* cells)
fit into the concept that successful cancer immunotherapy
should not increase the percentage of regulatory T cells
and should lead to the establishment of a long-term tumor
cell-specific immunity [45].

Combined chemoimmunotherapy by docetaxel and
DCVAC/PCa was well tolerated and led to an improved
overall survival of mCRPC patients compared with
the predicted survival using the nomograms [29, 30].
Better than predicted survival, favorable safety profile,
augmentation of the antigen-specific immune responses
and decrease in Treg numbers provide rationale for
conducting larger randomized studies, including placebo-
control group, to evaluate the clinical efficacy of this
treatment strategy.
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Abstract

Objective: Immunotherapy of cancer has the potential to be efficient mostly in patients with
low tumor burden. Rising PSA (prostate specific antigen) in patients with prostate cancer after
radical prostatectomy (RP) or salvage radiotherapy (SRT) represents such a situation. We
conducted a clinical study with dendritic cell based vaccine immunotherapy in this patient

population.

Material and methods: A single arm phase I/11 trial registered as EudraCT 2009-017259-91
involved 27 patients with rising PSA after RP or SRT. Study medication containing 1 x 10’
autologous dendritic cells pulsed with killed prostate-cancer cell line LNCap (DCVAC/PCa,
manufactured from a leukapheretic product) was administered s.c. at monthly intervals. The
first cycle contained at least 12 doses. Twelve of the patients with the best PSA-reponse
continued with a second cycle of immunotherapy after a 2nd leukapheresis.

The primary objective of the study was to assess safety. Secondary objectives were PSA
kinetics measured as PSA doubling time (PSADT) and detection of tumor specific T cells in
the peripheral blood.

Results: Twenty five patients were evaluable after the first DCVAC/PCa cycle and 12
patients after the second cycle. No significant side effects were recorded. The median PSADT
in all treated patients increased from 5,67 months prior to immunotherapy to 18,85 months
after 12 doses (p < 0.0018). Twelve patients who continued the immunotherapy with the 2nd
cycle had median PSADT of 58 month which remained stable after the second cycle. In the
peripheral blood, specific PSA- reacting T lymphocytes increased significantly already after
the 4th dosis and sustained frequency was detected after the 1st and 2nd cycle, respectively.
Summary: Long-term immunotherapy of prostate cancer patients experiencing early sign of
PSA recurrence using dendritic cells pulsed by killed LNCAP cell line was safe, induced

immune response and led to significant extension of PSADT. Further long-term follow-up
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may show whether the changes in PSADT could affect the clinical course in patients with

biochemically recurrent prostate cancer.

Introduction:

Prostate cancer (PCa) is the second most common cause of cancer and the fifth leading cause
of cancer death among men worldwide with an estimated 1.1 million new cases and 307 000
new deaths in 2012 (1). The worldwide PCa burden is expected to grow to 1.7 million new
cases and 499 000 new deaths by 2030 simply due to the growth and aging of the global
population (2-4) Prostate cancer can be cured at the stage of localized organ-confined disease
(5, 6). Up to 40% of patients experience an isolated rise of PSA within 10 years after primary
therapy, a so-called biochemical relapse (BCR) (7). Due to improved diagnosis, especially
based on PSA (prostate specific antigen) screening, the patient population with PSA-recurrent
prostate cancer will grow in the near future and will concern younger men. For patients after
radical prostatectomy (RP) with PSA recurrent prostate cancer, salvage radiotherapy (SRT) is
a treatment option. If SRT is administered at early sign of disease progression preferably
before PSA reaches the level of 0,5 ng/ml it may lead to the long-term control of the disease
in patients with presumably local recurrence (8). However, acute as well as chronic side
effects connected with the pelvis irradiation including possible long-term sequelae represents
the limits of this treatment modality, especially in young men with long life expectancy. For
patients with rising PSA after SRT before evidence of metastatic disease, there is no efficient
treatment and no consensus about optimal management which include watchfull waiting and
androgen-deprivation therapies. It has been repeatedly proven that the kinetics of PSA
doubling time (PSADT) determines the further fate of patients, shorter is the time to
metastasis and cancer specific death (9). Any treatment which may stabilize PSA may have a
potential impact on the progression of the disease. However, as this stage of the disease is

asymptomatic, only treatment with minimal toxicity might be considered.
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From an immunological perspective, biochemical recurrence provides a unique opportunity
for immunological intervention in patients with cancer, as the many immunosuppressive
mechanism (such as regulatory T cells, myeloid-derived suppressor cells, etc) associated with
an advanced tumor burden are expected to be at a minimum at this stage (10, 11). Greater
understanding of basic immunologic principles and interactions between the immune system
and tumors led to the development of therapeutic cancer vaccines for PCa. Immune-based
therapies are used prophylactically to boost and harness the immune system and to mount a
beneficial antitumor response to prevent the development of a tumor or therapeutically to
enhance antitumor targeting, leading to destruction of tumor cells (12). The recent U.S. Food
and Drug Administration approval of 2 first-in-class proof-of-concept immunotherapies
(sipuleucel-T and ipilimumab) has stimulated broader interest in manipulating immunity to
fight cancer (13, 14).

Sipuleucel-T was approved as a therapy for patients with advanced castrate resistant
metastatic prostate cancer based on a 4,5 months survival benefit over placebo (15, 16).
Another therapy, ipilimumab, was approved for patients with metastatic melanoma and is now
tested in patients with advanced metastatic prostate cancer (17). Due to serious side-effects of
ipilimumab, its application at early stages of the disease may not be acceptable (18).

Among a wide array of immunotherapeutic strategies developed and successfully tested for
prostate cancer, the vaccination with tumor antigen-loaded dendritic cells (DCs) has been one
of the treatment modalities most extensively studied (19-23). A comprehensive review and
meta-analysis of 29 clinical trials including 906 patients treated with dendritic cell based
immunotherapy including sipuleucel-T for the prostate and renal cancer has been recently
published (20). In this analysis, efficacy measured as a clinical benefit rate (CBR, counted as
the combined percentages of objective responses - OR and stable diseases) has been achieved
in 54% of patients with prostate cancer. On the basis of few side effects reported in these

trials, DC-based immunotherapies are generally considered as a safe approach (12).
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The objectives of the current study were to evaluate DCVAC/PCa using autologous, mature
dendritic cells pulsed with killed LNCaP prostate cancer cells in patients with biochemical
recurrence of prostate cancer who were eligible for the treatment (EudraCT 2009-017259-91).
DCVAC/PCa is an autologous active cellular immunotherapy (ACI) which is classified
according EC No 1394/2007 as an advanced-therapies medicinal product (ATMP).

The primary endpoint of the study was safety, secondary endpoints included monitoring of
immune response and PSA Kkinetics. Furthermore, based on theoretical assuptions, we have
also examined in a suitable cohort of patients the effect of long term immunotherapy
application. We hypothesized that the repeated administration of DCVAC/PCa at an early
stage of the disease may induce an immune response which may control the proliferation of

residual PCa cells reflected as a stabilization of PSA kinetics.

Materials and methods

Patient eligibility

Eligibility required histologically confirmed prostatic adenocarcinoma. Patients after RP and
rising of PSA serum concentration measured by an ultrasensitive test above the nadir within 2
years from RP or patients after SRT for PSA-recurrent prostate cancer who experienced at
least two subsequent increases of serum PSA above the nadir after SRT has been enrolled in
the clinical trial. Other eligibility requirements were a Karnoffsky performance status >80%,
absence of hormonal therapy, normal bone marrow, liver and renal function as defined by a
WBC > 4x10°/L; platelets > 100x10%/L; Hct > 30%. Creatinine up to 1.5 fold of the upper
limit of normal, bilirubin, AST and ALT up to double value of upper limit of normal.
Exclusion criteria included a history of primary immunodeficiency, a severe allergic or
anaphylactic reaction following vaccination, the presence of pulmonary, cardiac, or other
systemic diseases limiting patient survival, or other inappropriate conditions for enrollment as

judged by the clinicians. All patients were also required to have at least 3 serum PSA values
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collected over at least 3 month period prior to study entry, all obtained from the same clinical

laboratory and measured by an ultrasensitive test, to determine a pretreatment PSADT.

Study design and treatment

This report includes summary data from 27 patients treated with DCVAC/PCa in a single-
institution, single-arm, open-label phase I/1l clinical trial (EudraCT 2009-017259-91). The
treatment schedule is summarized in Fig. 1. Briefly, Active Cellular Immunotherapy (ACI,
dendritic cell based vaccine DCVAC/PCa) consisted of, on average, twelve doses of 1x10’
dendritic cells injected s.c. at axillary and inguinal area (2.5 ml at each site). The initial dose
of DCVAC/PCa was applied at 4 weeks after the leukapheresis, then after 2 weeks and then
injected every 4-6 weeks up to the maximum number of doses manufactured from one
leukapheresis. One leukapheresis yields sufficient amount of DCVAC/PCa for approximately
one year of treatment. By a protocol ammendment, a second or third leukapheresis was
performed and a second/third cycle of DCVAC/PCa was administered to those patients in
whom PSADT increased during the 1% cycle immunotherapy and who were not indicated for
other treatment. In the first cycle of immunotherapy, immune monitoring was performed
before the 1% dose of DCVAC/PCa and after the 4™ and 12™ doses or after last dose before
other treatment was introduced during the immunotherapy. During the additional cycles of the
treatment, immune monitoring was performed before the 1% dose and after the last dose of
administered DCVAC/PCa.

Before the 1" DCVAC/PCa dose was administered, the immune system of the patients were
modulated by cyclophosphamide treatment (50 mg daily for 1 week) (24). To increase the
motility of the injected cells and to support the accumulation of local dendritic cells in vivo,
imiquimod (Aldara® cream) was applied locally 24 hours before and after each ACI
administration. The primary endpoint was the safety of DCVAC/PCa active cellular
immunotherapy in patients with BR of prostate cancer; the secondary endpoints included the

immune response and PSA Kkinetics. The study protocol was approved by the Institutional
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Review Board (IRB) and the State Institute for Drug Control (SUKL), Czech republic.
Written informed consent was obtained from all patients before any study procedures were

conducted.

Assesment of clinical activity and toxicity

The patients were monitored at each visit by obtaining patient history and physical
examination. The Medical Dictionary for Regulatory Activities (MedDRA, Version 15.1) was
used for the coding of adverse events (AEs). All patients underwent a relevant radiologic
examination, CT, PET/CT, NMR of the abdomen and pelvis, chest radiography, bone
scintigraphy and laboratory tests. Serum PSA was evaluated before each vaccination by an
ultrasensitive method using a chemiluminiscence analyser Immulite 1000 (Siemens) in the
certified clinical hospital laboratory. PSADT was calculated using all serum PSA values
available from the pre-treatment period using a minimum of four PSA values by the formula
In(2)/b, where b denotes the least square estimator of the linear regression model of the log-
transformed PSA values on time. If PSADT was negative (which means that the curve was
declining), an arbitral value of 150 months was used for further statistical evaluation. For the
pretreatment PSADT, all data available from the nadir were used, or at least values from the
period 6 months prior to treatment, up to and including day 1 of treatment. The treatment
PSADT was determined using all PSA values from the first application of DCVAC/PCa to the
12 dosis or to the last dosis before introduction of another treatment (hormonal therapy or
radiotherapy if indicated), if at least 5 doses of DCVAC were administered. According to the
PSA kinetics, we classified patients as strong responders (their PSADT was longer then 15
months on immunotherapy), responders (whom PSADT increased in the comparison with pre-
treatment period but was shorter then 15 months) and non-responders (PSADT on therapy did
not differ from the pretreatment period or decreased). For statistical correlations of PSA
kinetics to laboratory markers, we classified patients into responders (strong responders and

responders) and non-responders.
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DCVAC/PCa production
Generation of DCs under GMP conditions

Leukapheresis was performed using a Cobe Spectra separator (Cobe BCT, Lakewood, CO,
USA). All of the following operations were performed under Good Manufacturing Practice
(GMP) conditions in the GMP facility of University Hospital Motol using the protocol for DC
generation that was approved by the State Institute for Drug Control, as previously described
(25, 26). The leukapheretic product was diluted in PBS+1 mM EDTA (Lonza, Verviers,
Belgium), and mononuclear cells were separated out by Ficoll-Paque Premium (GE
Healthcare, Waukesha, WI, USA) gradient centrifugation. Collected mononuclear cells
(PBMC) were washed in PBS+1 mM EDTA (Lonza), resuspended in CellGro medium
(CellGenix, Freiburg, Germany) and plated in triple flasks (Thermo Scientific, Waltham, MA,
USA) at 1x10° cells per cm? of surface area. After 2 h, non-adherent cells were washed with
PBS (Lonza). Adherent monocytes were cultured for 6 days in CellGro (CellGenix) medium
with 20 ng/ml of 1L-4 (Gentaur, Kampenhout, Belgium) and 500 U/ml of GM-CSF (Gentaur);
fresh cytokines were added on day 3. Immature DCs were harvested on day 6, washed in PBS
(Lonza) and resuspended in CellGro (CellGenix) and were prepared to be pulsed with the

prostate cancer cell line LNCaP.

Loading of immature DCs with killed prostate cancer cells and maturation of DCs

The PSA-positive prostate cancer cell line LNCaP was obtained from the American Type
Culture Collection and grown in UltraCULTURE (Lonza, Verviers, Belgium) supplemented
with GlutaMax (Life Technologies, Carlsbad, CA) under GMP conditions. LNCaP cells were
detached with 0.05% Trypsin-EDTA (Lonza), washed and killed by UV irradiation (312 nm
for 10 min). Harvested immature DCs (day 6) were fed wtih killed tumor cells at a DC:tumor

cell ratio of 5:1 for 4 h. Tumor cell-pulsed DCs were then matured with 25 pg/ml of Poly I.C
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(InvivoGen) overnight. Mature DCs were harvested, cryopreserved in Cryostor CS10

(BioL.ife Solutions, Bothell, WA, USA) and stored in liquid nitrogen.

Measurement of humoral and T cell response

Basic immunological and laboratory tests

Serum levels of immunoglobulin G, A, and M and C-reactive protein (in g/L) were assessed
by automated nephelometry using an Immage 800 Immunochemistry System (Beckman
Coulter). Serum autoantibodies, ANCA, RF and anti-cardiolipin were detected using the ANA
test (BioRad, Philadelphia, PA), ANCA test (Inova Diagnostics, San Diego, CA), and ACA
test (Orgentec Diagnostic, Mainz, Germany), respectively. Lymphocyte subsets were
enumerated by flow cytometry using a FACS CANTO Il (BD Bioscience, Franklin Lakes,
NJ) and were subsequently analyzed using FlowJo software (Tree Star, Ashland, OR, USA).
Monoclonal antibodies against CD3, CD4, CD8, CD16, CD19 and HLA-DR were purchased

from BD Biosciences.

Detection of T regulatory cells

T Regulatory cells (Tregs) were identified by surface staining with anti-CD3 Alexa700
(Exbio, Vestec, Czech Republic), CD4 PC7 (eBioscience, San Diego, CA), CD8 PE-Dy590
(Exbio), CD25 PerCPCy5.5 and CD127 Alexa647 (BioLegend, San Diego, CA) antibodies,
followed by fixation and permeabilization with a FoxP3 staining buffer set (eBioscience) and
intracellular staining with anti-FoxP3 FITC (eBioscience), as described previously (27). All
samples were processed and analyzed immediately after blood sampling. One million PBMCs
from each sample were acquired using FACSAria™ (Becton Dickinson, Heidelberg,

Germany) and were subsequently analyzed using FlowJo software (Tree Star, Ashland, OR).
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Detection of antigen-specific T cells against PSA, MAGE-A1 and MAGE-A3

For each patient, the frequency of antigen-specific T cells against tumor antigens (PSA,
MAGE-A1, MAGE-A3) was measured by flow cytometric analysis at different time points.
Briefly, peripheral blood mononuclear cells (PBMCs) were incubated for 10 days in RPMI
1640 medium (Life Technologies) supplemented with 10% heat-inactivated pooled human
AB serum, 100 U/ml penicillin, 2 mmol/l L-glutamine, non-essential amino acid mix and
sodium pyruvate (all from Life Technologies), as well as with mixtures of overlapping
peptides (PepMix; JPT Peptide Technologies, Berlin, Germany) that spanned the whole
sequence of prostate specific antigen (PSA), melanoma-associated antigen 1 (MAGE-A1) and
melanoma associated antigen 3 (MAGE-A3), each at a concentration of 1 ug/ml. On days 4
and 7, IL-2 was added (20 Ul/ml; Gentaur, Kampenhout, Belgium). On day 9, PBMCs were
restimulated and incubated for 12 hours with each peptide mixture mentioned above, and
brefeldin (BioLegend, San Diego, CA, USA) was added after 4 hours of incubation. The cells
were first stained with antibodies against CD3-PC5, CD4-PC7 (eBioscience), and CD8-PE-
Dy590 (Exbio). Then, the Aqua Blue Live/Dead cell viability assay (Life Technologies) was
used to measure the population of dead cells. Thereafter, the cells were fixed with
Fixation/Permeabilization buffer (BD Bioscience) and permeabilized with Permeabilization
buffer (BD Bioscience). Intracellular IFN-y staining was performed with a FITC-conjugated
antibody (BD Bioscience), and IL-2 staining was performed with an APC-conjugated
antibody (BD Bioscience), according to the manufacturer’s instructions. The staining was
immediately measured using a BD LSR Il flow cytometer (BD Biosciences). Flow cytometric
data analysis was performed using FlowJo software (Tree Star) after the exclusion of
Live/Dead-positive cells. IFN-y secretion was only considered to be antigen specific if the
frequency of IFN-y-positive T cells that responded to peptide-pulsed PBMCs was at least 2
times greater than the frequency of IFN-y secretion in response to the negative control

(unpulsed PBMCs).
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Detection of tumor antigen-specific antibodies against PSA and MAGE-A3

The recombinant proteins PSA and MAGE-3 (Abnova, Taipei, Taiwan) were diluted in
Carbonate Coating Buffer (Life Technologies) to a final concentration of 1 ug/ml and were
adhered to 96-well plates overnight at 4°C. The plates were blocked for 1 hour with Assay
Buffer (Life Technologies), and then human sera diluted to 1:50, 1:100 and 1:200 were
incubated in the antigen-coated wells for 2 h. The plates were then incubated with secondary
antibody (goat polyclonal antibody to human IgG; Abcam, Cambridge, UK) for 1 hour. TMB
substrate (Life Technologies) was then added and incubated for 20 minutes. The reaction was
stopped by adding Stop Solution (Invitrogen, Prague, Czech Republic), and the plates were
immediately read at an absorbance of 450 nm. As a positive control, cytomegalovirus
glycoprotein B was used. The cutoff value designating a positive reaction was assessed as the

mean OD of 15 healthy control human sera (NHS) + 3SD.

RNA extraction and reverse transcription

Total RNA from frozen PBMC was extracted with the RNeasy Mini Kit (Qiagen) according
to the manufacturer's instructions, and RNA quantity and quality were determined with 2100
Bioanalyzer (Agilent Technologies). Samples with a RNA integrity number 7 were reverse
transcribed into cDNA using the High Capacity cDNA Kit (Life Technologies) according to

the manufacturer's instructions.

Quantitative PCR

Complementary DNA samples were amplified using the Low Density Array System
according to the manufacturer's instructions (Applied Biosystems). The arrays (Human
Immune Array; TagMan) were processed on a TagMan 2900HD (Life Technologies). Four

nanograms of cDNA per gRT-PCR was used. Expression levels of genes were determined
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using threshold cycle (Ct) values normalized to b-actin expression as an endogenous control

(DCt.

Statistical analysis
Group comparisons were performed using the GraphPad Prism software (GraphPad software,
La Jolla, CA). The effect of the treatment on immune parameters was assessed using the

Wilcoxon signed-rank test. Scatterplots feature least square linear regressions lines.

Results

Characteristics of the patients

Between March 2010 and March 2014, twenty-seven patients were treated with DCVAC/PCa.
The median age at the start of immunotherapy was 63 (age range 49-77 years). The median
entry level of initial prostate specific antigen (iPSA) at diagnosis was 7,3 (2,9-19,6 ng/ml),
median PSA at the beginning of immunotherapy was 0,153 ng/ml (range 0, 028 - 0,812
ng/ml), the median of lactate dehydrogenase (LDH) was 188,4 IU/L (range 141-340 1U/L), of
alkaline phosphatase (ALP) was 66 IU/L (range 41-107 IU/L) and of hemoglobin (Hgb) was
15,5 g/dL (range 13,8-17,4 g/dL). The patients” baseline characteristics are shown in Tab. 1.
Twenty six patients received at least 12 DCVAC doses. Two patients were excluded from the
statistical analysis of PSA kinetics. Patient No. 203 underwent salvage radiotherapy as residue
in prostate bed was detected on control CT performed at the beginning of the study, so he
received only 3 dosis of DCVAC/PCa before SRT and patient No. 227 who did not fulfill the
entry criteria of increase of PSA above nadir within 2 years after surgery was classified as
protocol violation. These patients however consented to complete the immunotherapy

protocol so that they all are included in AE reports.
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Adverse events

The overal toxicities are summarized in Tab. 2. During the administration of cumulative 510
doses, the most frequent adverse events (AEs) were: 15x fatigue, 12x mild infections, 8x bone
and muscle pain, 6x injection site reactions (induration, erythema, pain), 4x gastrointestinal
disorders, 3x urticaria, 3x renal and urinary disorders, 1x headache, 1x thrombophlebitis
(number of events). All AEs were grade 1 or 2 and there were no grade 4 toxicities or
treatment-related deaths. None of the 8 reported cumulative serious adverse events (SAES)
were related to the immunotherapy and none of these SAEs were assessed as suspected
unexpected serious adverse reaction (SUSAR) or serious adverse drug reaction (ADR).
Possible induction of autoimmunity is considered in the context of immunotherapy. No
clinical sign of autoimmune disease occured during the clinical trial. One patient had high
titers of rheumatoid factor 1gG, IgA and IgM before and during the immunotherapy without
clinical signs of artritis (anti-CCP was negative). All other autoantibodies detected in a few
patients before or during the trial were in low titer. In summary, DCVAC/PCa therapy was

well tolerated and the overall safety profile remained favorable.

Clinical efficacy

PSA kinetics expessed as PSADT was calculated for 25 patients who received at least 5 doses
of DCVAC without other treatment modalities. Figure 2A and B displays graphs of the
PSADT in these patients. Median PSADT increased from 5,67 months prior to the treatment
to 18,85 months after completing of the 1% cycle of immunotherapy by DCVAC/PCa. There
were 17 strong responders (PSADT was longer then 15 months on immunotherapy, 5
responders (PSADT increased in the comparison with pre-treatment period but was shorter
then 15 months) and 3 non-responders (PSADT on therapy did not differ from the
pretreatment period or decreased). Twelve of 25 patients, who had stable PSA levels during
the treatment duration (median PSADT 39,79 months after the 1% cycle of immunotherapy),

agreed with an additional cycle and their PSADT remained stable during the additional cycle
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of the treatment (Fig. 2C). None of the patients received any other form of treatment (median
PSADT of 58,03 months). Three patients underwent a 3" cycle of immunotherapy with a
median PSADT of 32,13 months after completion. No patient died during the study and
follow-up and none developed detectable metastasis with the exception of patient 202 (GS=9)
who had PSADT about 3 months before and on study. Pelvic nodes metastases were detected

on 18 F-choline-PET-CT (after administered 10 doses of DCVAC/PCa).

Immunological response
To evaluate the effect of DCVAC/PCa on the immune system, PBMCs were isolated pre and
post vaccination and subsequently analyzed for T cell subsets by multicolored flow
cytometry. We observed significant changes in the peripheral CD3" T cells during the course
of the trial, (*p>0.05) (Fig. S2A). Conversely, the percentage of activated CD3*/HLA-DR"
cells as well as CD4" and CD8" were not significantly changed (Fig. S2B, C, D). Additionally,
we haven’t observed any significant decrease in frequencies of regulatory T cells in the
peripheral blood (Fig. S2G). Furthermore, after the course of treatment, the levels of IgG and
IgM were not significantly changed (Fig. S2E, F). No trend in the occurrence of
autoantibodies was observed (data not shown). In 9 patients with stable PSA levels during the
treatment duration and who opted for an additional cycle of DCVAC/PCa treatment we have
observed stable frequencies of monitored immune parameters in peripheral blood CD3",
CD3'HLA-DR", CD4", CD8" (Fig. S3A, B, C, D) and stable levels of IgG and IgM (Fig. S3 E
and F). Only the frequencies of regulatory T cells in the peripheral blood has been
significantly decreased after the second cycle of DCVAC/PCa treatment (*p>0.05) (Fig.
S3G).

In all vaccinated patients, we assessed the antigen-specific T cell and humoral
response against prostate-specific tumor antigens. Peripheral blood mononuclear cells
(PBMCs) of the patients was stimulated by peptide mixes (PSA, MAGE-A1 and MAGE-A3),

and the frequency of IFN-y-producing antigen-specific T cells was determined by intracellular
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staining and analyzed by flow cytometry. Twelve out of 27 patients had significantly higher
numbers of antigen-specific T cells against PSA before treatment compared with healthy
controls (Fig. S4A). Similar results were obtained for MAGE-Al and MAGE-A3 antigen-
specific T cells, for which 6 out of 27 had significantly increased numbers of antigen-specific
T cells compared with the healthy controls (Fig. S4B, C). Long-term administration of
DCVAC/PCa induced a statistically significant increase in the antigen-specific T cells against
PSA in both tested time points (DCVAC-4 and DCVAC-12) (*p<0.05) (Fig. 3A) and against
MAGE-A1 only in first tested time point (DCVAC-4), conversely after the course of
treatment (DCVAC-12) we haven’t observed significant increase in the antigen specific
frequencies. However, we did not observe significant changes in the frequency of antigen-
specific T cells against MAGE-A3 antigen during the course of the trial (Fig. 3B, C).

We also evaluated the induction of tumor-reactive IgG antibodies by DCVAC/PCa
vaccination. The presence of IgG antibodies against PSA and MAGE-3 was analyzed in
patient sera. We detected 1gG-positive antibodies against PSA in 9 out of 27 (33%) patients
(Fig. 3D) and against MAGE-A3 in 9 out of 27 (33%) patients (Fig. 3E). There was no
obvious correlation between IgG and the CTL response against either PSA or MAGE-A3
(Fig. S5A, B). In comparing the immune response with the clinical status, we did not observe
any significant correlations of PSADT with specific humoral IgG responses or cellular CTL
responses (data not shown).

Because the T cell populations may play an important role in patients response to
DCVAC/PCa, we next evaluated the peripheral blood mononuclear cells with a focus on T
lymphocytes. Gene expression levels related to the main immune populations, Thl, CD8 T
cell cytotoxicity, T-cell activation, immunosuppression, inflammation and angiogenesis were
assessed in peripheral blood of 18 patients (4 patients classified as non-responders and 14
classified as responders) (Fig. 4). Only genes related to CD8/NK cytotoxicity (Fas, Fas-L,
granzyme, granulysin, PRF1) were significantly overexpressed among patients classified as

responders compared to non-responders before the DCVAC/PCa vaccination (Fig. 4A). We
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haven’t observed similar significance after the DCVAC/PCa treatment (Fig. 4B). In contrast,
genes involved in Th1l, immunosupression, inflammation, angiogenesis, T cell activation were
not differentially expressed between these two groups of patients either before or after
DCVAC/PCa treatment. Altogether, these results demostrate that up-regulation of genes
associated with immune cell-cytotoxicity in peripheral blood before initiation of treatment

might indicate patients with a subsequent favorable PSA Kinetic.

Discussion:

Patients with early stage biochemical recurrence as determined by rising PSA measured by an
ultrasensitive test represent a population with minimal residual tumor disease which might be
an ideal situation for immunotherapy (11, 28). Low concentration of PSA such as 0,0035
ng/ml, however, still might represent an amount of 10°° tumor cells (29-31). In this phase I/II
trial we tested DC-based immunotherapy in such a patients population. Administration of
DCVAC/PCa was safe. Prolongation of PSADT was recorded in 22 out of 25 evaluable
patients after 1 year of treatment. In twelve patients who underwent a second cycle of
immunotherapy, the median PSADT remained stable. While median pre-treatment PSA
doubling time was about 5,67 months, it more then tripled after approximately one year of
immunotherapy to a median of 18,85 months. In comparison, in a recent study published by
DiPaola in a similar patient population, PSADT has been reported to increase from 5,3 to 7,7
months after 6 months of immunotherapy by PROSTVAC, a viral —vector based PSA
vaccine (32). In 16 our patients PSADT exceeds 15 months after the first cycle of
immunotherapy and in four of them the PSA curve was even declining. The prognosis of
patients with biochemical recurrence of prostate cancer is related to the PSADT as has been
confirmed by several studies (9). If PSADT is less then 3 months, the median metastasis free
survival can be as short as 2 years while if PSADT longer then 15 months, patients can live
without metastasis more then 10 years. As reported by Freedland, if PSADT after biochemical

recurrence exceeds 15 months, the probability for men to die from prostate cancer is
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negligible (9). Although the benefit modulating the rate of PSA rise determined by
ultrasensitive PSA test has not been validated as an end point that will ultimately lead to
improvement in metastasis-free or overall survival, it suggests possible biologic activity of the
DCVAC which is further supported by the increase of PSA-specific T cells in the peripheral
blood. However, the limitation of this study is that it was a single arm study, so the possibility
remains that alteration of PSADT occurred by chance in the absence of treatment effect. It is
not likely that DCVAC altered PSA secretion or elimination as we did not found any
correlation with anti-PSA antibodies and PSADT. The single-arm character of this study also
limits the interpretation of our finding that patients classified as responders have up-regulated
genes associated with T/NK cell cytotoxicity in the peripheral blood before the start of the
immunotherapy. If validated in ongoing trial phase Il with control group, this relatively
simple test could identify patients who are likely to respond to the immunotherapy. However,
no conclusion can be drawn in the reported single arm study as it might also means that
patients with up-regulated cytotoxic markers are likely to control spontaneously their tumor
growth even in the absence of any immunotherapy. Despite these potential limitations, this
study supports the feasibility of immunotherapy with DCVAC/PCa in patients with low-
volume disease which is further justified by its safety profile.

A significant increase of antigen specific T cells against PSA already after the 4th dose
support the immunomodulating effect of DCVAC. Sustained levels of PSA-reacting T cells
were detected through out the study. Changes in other immune parameters evaluated were
insignificant with the exception of a significant decrease in T regulatory cell frequency in
patients with long-term (2nd cycle) immunotherapy. The lack of correlation between PSA
serum kinetic and induction of tumor-specific immune response further highlights the urgent
need of identification of other biomarkers predictive of clinical outcome in immune-based

therapies.

Conclusion:
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This study indicates that continuous cancer immunotherapy with DCVAC/PCa represents a
promising treatment modality for patients with prostate cancer early signs of disease
recurrence. This study supports the use of immunotherapy early in the course of the disease
provided that relevant surrogate endpoints are shown to be predictive of improved prognosis
of early stage disease. Further long-term follow-up may show whether the changes in PSADT

could affect clinical courses in patients with biochemically recurrent prostate cancer.
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Figure legends:

Figure 1. Study design. The DCVAC/PCa treatment consisted of on average twelve doses of
1x10" dendritic cells injected s.c. The treatment comprised an initial 7 days of metronomic
cyclophosphamide administration. DCVAC/PCa was then given every 2-6 weeks up to the
maximum number of doses manufactured from one leukapheresis. Immunomonitoring (IM)
was evaluated after the first, fourth and twelve dose or after last dose DCVAC/PCa if less
then 12 doses were manufactured from 1 leukapheresis. Clinical evaluation (CE) was

performed after every single DCVAC/PCa dose.

Figure 2. PSADT pre- and post-DCVAC/PCa treatment and in subsequent cycles of
treatment for biochemical relapse prostate cancer patients (n=25). The PSADT value for
each patient pre- and post-treatment is plotted. PSADT was significantly prolonged, on
average there was a 3.32-times increase of median PSADT after completion of the treatment.
Median PSADT prior to immunotherapy was 5,67 months and increased to 18,85 months after
completion of the first cycle of immunotherapy (A, B). PSADT remained stable during the

second cycle of the treatment, median PSADT of 58,03 months (C).

Figure 3. Tumor antigen-specific response during DCVAC/PCa treatment in the
peripheral blood. (A) The increase in the frequency of PSA-specific T cells in both tested
time points (DCVAC-4 and DCVAC-12), *p<0.05, as well as the maintenance of stable levels
of T cells specific against MAGE-A1 (B) and MAGE-A3 (C), was detected. Concentrations
of IgG antibodies against PSA (D) and MAGE-A3 (E) were measured in the patients’ sera.
The cutoff value (red line) designating a positive reaction was calculated as the mean OD of
the 15 healthy control human sera + 3SD. (F) The increase in the frequency of PSA-specific T
cells in subsequent DCVAC/PCa cycle, *p<0.05, as well as the maintenance of stable levels

of T cells specific against MAGE-AL (G) and MAGE-A3 (H).

101



Figure 4. Gene expression levels related to Immune populations, Th-orientation,
cytotoxicity, T-cell activation, Immunosuppression, inflammation, and angiogenesis
according to the patients clinical status. Gene expression levels were assessed by gRT-PCR
and determined using threshold cycle values normalized to the actin housekeeping gene in 18
patients (4 classified based on clinical data as non-responders, 14 classified as responders).
The heat maps representation of clusters of genes related to immune populations, Thl and
Th2 orientation, cytotoxicity, T-cell activation, immunosuppression, inflammation, and
angiogenesis before and after treatment with DCVAC/PCa is shown in A and B respectively.
Genes are plotted from the minimal level of expression (green) to the maximal level (red).

The statistical analysis was performed using unpaired T-test.

Supplemental figure 1. PSA levels before and in the course of DCVAC/PCa treatment

Supplemental figure 2. Immunological response in the peripheral blood during
DCVAC/PCa treatment. (A) The proportion of CD3" was significantly increased after the
treatment in the 27 evaluated patients, *p<0.05. The proportions of CD3"HLA-DR*, CD4"
and CD8" were stable during the course of treatment (B, C, D). Data are expressed as the
proportion of CD3" cells among CD45" cells. The serum concentrations of IgG (E) and IgM
(F) were stable during the course of treatment and the frequency of regulatory T cells (CD4"
CD25" FoxP3") was stable after the treatment. Data are expressed as the proportion of CD4"

CD25" FoxP3" Tregs among CD4" T cells.

Supplemental figure 3. Immunological response in the peripheral blood in subsequent
DCVAC/PCa cycle. The proportion of CD3" (A), CD3"HLA-DR" (B), CD4" (C) and CD8"
(D) were stable druing the course of subsequent DCVAC/PCa cycle. (E) The frequency of

regulatory T cells (CD4" CD25" FoxP3") was significantly decreased after the subsequent
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DCVAC/PCa cycle, *p<0.05. Data are expressed as the proportion of CD4" CD25" FoxP3"

Tregs among CD4" T cells.

Supplemental figure 4. Tumor antigen-specific T cell responses during DCVAC/PCa
treatment in the peripheral blood versus those of healthy controls. The frequency of PSA
(A), MAGE-A1l (B) and MAGE-A3 (C) specific T cells before and after the treatment
compared with healthy controls.

Supplemental figure 5. Correlation graph for antigen-specific T cells against PSA (A) and
MAGE-A3 (B) and antibody concentrations (OD) detected in the peripheral blood of 27

patients.

Table 1. Patients’ baseline characteristics. Abbreviations: ECOG, Eastern Cooperative
Oncology Group; PSA, prostate specific antigen; IT, immunotherapy; * values at the start of

immunotherapy

Table 2. Cumulative summary tabulation of serious adverse events (SAES) in the time
period from March 2010 to March 2014. The Medical Dictionary for Regulatory Activities
(MedDRA) version 15.1 was used for the coding of adverse events (AEs). The summary
tabulations of SAEs are arranged by the primary System Organ Class (SOC) and Preferred

Term (PT) level.
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Patient characteristics

Caucasian

ECOG performance status™

0

PSADT before immunotherapy, mo* n=27 pts
Median 5,67
Mean 5,7

Range

1,65-10,81

PSADT after 2™ cycle of IT, mo n=12 pts
Median 58,03
Mean 76,93

Range 8,24-150

Lactate dehydrogenase, 1U/L*
Median 188,4
Mean 190,56
Range 141-340

Initial Gleason score, n (%)
5 5(19)
6 10 (37)
7 8 (30)
8 1(3)
9 3(1Y
Median 6

Prior treatment- surgery, n (%)
Radical prostatectomy 14 (52)
Radical prostatectomy and 13 (48)
pelvic lymphadenectomy
Salvage radiotherapy 8 (30)

Table 1. Patients’ baseline characteristics. Abbreviations: ECOG, Eastern Cooperative
Oncology Group; PSA, prostate specific antigen; IT, immunotherapy; * values at the start of
immunotherapy
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System Organ Class

Preferred Term

Active study drug (DCVAC/PCa)

Study EudraCT number 2009-017259-91

Neoplasms benign, malignant and unspecified (incl cysts and polyps)

Thyroid cancer 1
Cardiac disorders
Angina pectoris 1
Atrial fibrillation 1
Dyspnoea exertional 1
Renal and urinary disorders
Haematuria 1
Urinary retention 1
Nervous system disorders
Cerebrovascular accident 1
Injury, poisoning and procedural complications
Tendon rupture 1
TOTAL 8

Table 2. Cumulative summary tabulation of serious adverse events (SAES) in the time
period from March 2010 to March 2014. The Medical Dictionary for Regulatory Activities
(MedDRA) version 15.1 was used for the coding of adverse events (AEs). The summary

tabulations of SAEs are arranged by the primary System Organ Class (SOC) and Preferred

Term (PT) level.
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