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1. UvVoD

Zhoubné novotvary slinivky bfi$ni ziistavaji pfes ohromny pokrok v poznani molekularné-
biologickych procesii ucastnych jejich patogeneze a navzdory novym diagnostickym
moznostem nejobavangj$i chorobou v oboru gastroenterologie a spolu s tumory podjaterni
krajiny i v oboru samotné onkologie. Naznacend skepse odrdzi nemohoucnost moderni
mediciny v lé€bé tohoto onemocnéni, kterd je v naprosté vétSiné spojena s infaustni
prognoézou nemocnych. Pfi¢inou je predev§im pozdni nastup piiznakd, a tudiz i pozdni
diagnostika vedouci k zdchytu onemocnéni v pokrocilych, jiz inoperabilnich stadiich.
Pankreas je Zlazou s funkci endokrinni i exokrinni; pojmem karcinom pankreatu
oznacujeme vyhradné tumory vychézejici z exokrinnich struktur slinivky bfisni. V naprosté
vétsing€ piipadil se jednd o solidni adenokarcinom, cystické tumory predstavuji méné nez 5%
diagnostikovanych novotvari. Plivod malignich elementi je odvozovdn z epitelu
pankreatickych vyvodi, pouhé jedno procento karcinomil vychédzi z bunék acinii. Ostatni
nadorové formy se vyskytuji raritné, znich nejcastéjsSi jsou karcinomy adenoskvamozni,

obrovskobunééné a sarkomatoidni.



1.1. EPIDEMIOLOGIE

Incidence

Incidence nadorG pankreatu jevi neustaly nartst, pficemz maxima dosahuje na
severoamerickém kontinenté, v Evropé a Japonsku, zatimco v zemich Afriky, Stfedni a Jizni
Ameriky, Asie a Oceanie nabyva vyznamné nizSich hodnot. Standardizovana incidence
karcinomu pankreatu v USA se udava u muza 10,2 / 100.000, u zen 7,8 / 100.000 a jevi
pomaly pokles (1). V Ceské republice dosahuji posledni publikovana data piepoétena na
svétovy standard vyse 11,3 / 100.000 u muzt a 7,5 / 100.000 u zen, coz odpovida vice nez
1800 nové diagnostikovanym piipadim za rok (tab. 1, obr. 1) (2). Muzi vykazuji 1,3-krat
vys$si incidenci nez zeny, avSak hodnota incidence u nich stagnuje, respektive mirné klesa,
zatimco vzestupny trend u Zen trva. Tento trend je vysvétlovan zvysujicim se zastoupenim

zen—kutacek v populaci a o¢ekava se, ze diky nému se rozdily ve vyskytu onemocnéni mezi

Obr. 1: Grafické zndzornéni rGstu hrubé incidence nadort slinivky bfisni na Gizemi dne$ni
Ceské republiky v druhé poloving 20. stoleti (absolutni data a komentar viz tab. 1)
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Tab. 1: Vyvoj incidence karcinomu pankreatu v Ceské republice (resp. CSR) v letech 1956—
2005 podle pohlavi.

Muzi Zeny

absolutni hruba absolutni hruba

incidence incidence incidence incidence
1959 186 3.97 173 3.51
1960 271 5.76 210 4.24
1961 264 5.69 202 4.08
1962 285 6.12 226 4.56
1963 346 7.38 254 5.10
1964 351 7.44 250 4.99
1965 345 7.29 264 5.26
1966 397 8.33 272 5.38
1967 431 9.02 339 6.68
1968 413 8.26 316 6.21
1969 434 9.04 351 6.89
1970 469 9.72 307 6.01
1971 439 9.2 338 6.7
1972 463 9.7 428 8.4
1973 445 9.2 385 7.5
1974 538 11.1 425 8.3
1975 573 11.0 453 8.7
1976 515 10.5 399 7.6
1977 530 10.7 426 8.1
1978 547 11.0 485 9.2
1979 571 11.4 488 9.2
1980 570 114 470 8.8
1981 586 11.7 523 9.9
1982 614 12.3 482 9.1
1983 605 12.1 481 9.0
1984 695 13.9 512 9.6
1985 636 12.7 549 10.3
1986 642 12.8 542 10.2
1987 719 14.3 599 11.3
1988 649 12.9 545 10.2
1989 721 14.3 638 12.0
1990 786 15.6 643 12.1
1991 746 14.9 694 13.1
1992 775 15.5 679 12.8
1993 766 15.3 709 13.3
1994 748 14.9 739 13.9
1995 708 14.1 692 13.0
1996 806 16.1 750 14.1
1997 803 16.0 787 14.9
1998 803 16.0 797 15.1
1999 751 15.0 740 14.0
2000 800 16.0 772 14.6
2001 784 15.7 796 15.2
2002 857 17.3 806 15.4
2003 876 17.6 820 15.7
2004 847 17.0 805 15.4
2005 901 18.1 876 16.7

Absolutni incidence udava pocet nove hlasenych diagndz v ptislusném roce; hrubé incidence
vyjadiuje absolutni incidenci vztaZzenou na 100.000 osob (muzd, resp. zen) ve sledované
populaci v daném roce.

Poznamka: Udaje z let pfedchéazejicich vzniku Néarodniho onkologického registru (1976) je
tteba interpretovat jako podhodnocené.



obéma pohlavimi prospektivné vyrovnaji. V roce 1998 dokonce pocet umrti na sledovanou
diagnozu v ¢eské zenské populaci prevysil tyz ukazatel v populaci muzské, a tento jev byl
znovu potvrzen v nasledujicich letech. Posledni zvetejnéné udaje jsou z roku 2005, kdy na

pojednavanou diagnozu zemielo 935 muzi a 873 Zen.

Mortalita

Karcinom pankreatu je ¢tvrtou nejcastéjsi pfi¢inou smrti na nddorové onemocnéni v USA (po
bronchogennim karcinomu, nadorech prostaty u muzii a prsu u Zen a kolorektalnim
karcinomu) (3), v CR se v mortalité na nadorova onemocnéni dlouhodobé fadil na paté misto
za nadory plic, tlustého stfeva a konecniku, prsu a zaludku; v roce 2000 se ve statistikach

poprvé umistil na ¢tvrtém misté pied karcinomem zaludku (viz tab. 2). Mortalita na zhoubné

Tab. 2: Nejcastéjsi pii¢iny umrti na nadorova onemocnéni v CR v roce 2000 (absolutni
hodnoty).

muZi Zeny celkem
1. | plice 4467 | prs 1939 | plice 5706
2. | KRCA 2474 | KRCA 1862 | KRCA 4336
3. | prostata 1327 | plice 1242 | prs 1957
4. | zaludek 905 | pankreas 789 | pankreas 1566
5. | pankreas 777 | ovarium 719 | Zaludek 1565

Zdroj: Novotvary 2000 CR. Zdravotnicka statistika. UZIS, Praha, 2004.

novotvary slinivky bfis$ni je téméf identickd s jejich incidenci; letalita této diagndzy je vyssi
neZ u jakéhokoliv jiného onkologického onemocnéni. Prognostické odhady ve Spojenych
statech predpokladaji v roce 2003 30.700 novych ptipadd (z toho 14.900 u muzi a 15.800
u zen) a 30.000 tmrti (z toho 14.700 u muzl a 15.300 u zen). Ackoliv nové diagnostikované
ptipady €ini jen 2 % ze vSech hlaSenych onemocnéni novotvary za rok, pfedstavuji zemfteli

muzi s karcinomem pankreatu 5 % a zeny 6 % vSech nadorovych Umrti. V pribéhu




devadesatych let minulého stoleti doslo v USA k poklesu timrtnosti na nadory pankreatu,
prognoza vSak zistava i nadéle infaustni. Péti let od stanoveni diagnézy se doZivaji jen 4 %
nemocnych, respektive 17 % s tumorem ohraniCenym na vlastni pankreatickou tkan, 7 %
s lokalné pokrocilym nédlezem a méné nez 1% s diseminovanym onemocnénim. Pfitom jen
8 % ptipadil je diagnostikovano v lokalizovaném stadiu, 25-26 % v lokalné pokrocilém
a 46-50 % v diseminovaném stadiu (3). Primérna délka zivota od urCeni diagndzy se
u neoperovanych nemocnych nebo nemocnych po paliativnich resekénich vykonech udava
v rozmezi 4 az 6 mésicli, po resekénich vykonech 11 az 18 mésicti. Median rekurence po

resekénim vykonu je 8 az 9 mésict (4).

Vékova zavislost

VEék je nejsiln€jSim rizikovym faktorem pro vznik zhoubného novotvaru pankreatu.
Onemocnéni je raritni v prvnich tfech dekadach Zivota, poté jeho incidence prudce nartsta
a dosahuje maxima v sedmé a osmé zivotni dekad¢. Diky této zavislosti l1ze v nasi republice
ocekavat dalsi narlst jeho incidence v zavislosti na prodluzovani sttedni délky zivota ceské
populace. Stiedni veék pii stanoveni diagnozy ¢ini 65 let, 80 % diagnostikovanych doséahlo
véku 60 a vice let. Kumulativni riziko onemocnéni karcinomem pankreatu pro osobu
zavr$ivsi 75. rok zivota ¢ini az 1 % (5). Manifestace onemocnéni v mlad$im véku s sebou

vzdy nese podezieni na primarni genetickou pricinu (viz dale).

Rasova specifika

Nejvyssi incidence karcinomu slinivky bfisni byla identifikovana u Afroameri¢anti v USA,
obyvatel severni Evropy, Polynésani na Havaji a Maorti na Novém Zélandu. Mortalita
v americké cernosské populaci je 1,4-krat vyssi nez u tamni bélosské populace (muzi 16,2

contra 12,0; zeny 13,0 contra 9,0 — vSe na 100.000 c¢lenti pfislusné skupiny). K vyssimu




vyskytu onemocnéni u afroamerickych muza pfispiva silnéjsi kutactvi, dlouhodobé;si
anamnéza diabetu a rodinna zaté¢z zhoubnym onemocnénim slinivky bfis$ni; u zen jsou pficiny
spatiovany v ¢etnéji se vyskytujicim stfedné tézkém az tézkém abusu alkoholu a enormnim
zastoupenim osob se zvySenym BMI (6). Studovana je také hypotéza rasové podminénych
odlisnosti ve schopnosti detoxifikovat kancerogeny z cigaretového koufe. U Afroameri¢anti
byl dale popsan signifikantné vyssi vyskyt mutaci v onkogenu KRAS nez u bélosské
populace, Castéjsi exprese onkogenu HER2 a postizeni okraji chirurgickych resekat; méné
¢asto navic spliiovali indika¢ni kritéria k zahajeni radia¢ni 1é¢by, poptipadé chemoterapie (7).
V asiatské zenské populaci v USA je median pieziti od stanoveni diagnézy malignity
pankreatu vyssi oproti zenské populaci bélosské a ¢ernosské. Popsany jev souvisi s ¢etnéjSim
zastoupenim méné agresivnich forem karcinomu pankreatu — papilarniho karcinomu
a mucindzniho cystadenokarcinomu — u Asiatii obecné. Doba pteziti u nemocnych s témito
variantami nadoru je 3 az 4-krat del$i nez u pacientd s adenokarcinomem (8).
Specifické epidemiologické udaje popisuji také maorskou populaci na Novém Zélandu.
Incidence nadorti pankreatu vni ¢ini 7,3 / 100. 000, coz vyznamn¢ pievySuje vyskyt
onemocnéni v tamni populaci pacifické (6,4 / 100.000) i evropské (5,6 / 100.000),

a nevykazuje o¢ekavanou predominanci v muzské populaci (9).




1.2. RIZIKOVE FAKTORY

1.2.1. Faktory zevniho prostiedi

Koureni

Koufeni cigaret je nejsiln€jSim a zaroven nejsnadnéji ovlivnitelnym rizikovym faktorem
karcinomu pankreatu. Mozny mechanismus puasobeni tabakového koufe je vysvétlovan
organové specifickym efektem tabdkovych N-—nitrosaminti nebo sekreci téchto sloucenin do
zluce a jejich refluxem do pankreatick¢ho vyvodu (10). Aktivni kutactvi je spojovano s dvoj
az trojnadsobnym zvySenim rizika vzniku malignity slinivky bfisni. U muzi s minimalné 35-
letou anamnézou koufeni dvaceti cigaret denné¢ bylo oproti nekurdkiim popséano relativni
riziko onemocnéni 1,46; stejné silné kutacky maji po 23 letech relativni riziko zvySené na
1,84 (11). Karcinogenni efekt zplodin cigaretového koufe na tkan pankreatu u exkufaka
pomiji aZ po patndactileté abstinenci (12). Zdravotnickd politika zaméfend na potlacovani
koufeni jako negativniho socidlniho jevu zGstadva hlavni nédplni primarné preventivnich

programu v boji s rostouci incidenci tohoto onemocnéni.

Alkohol

Rada epidemiologickych studii patrala po mozné souvislosti mezi konzumaci alkoholu a vyssi
nachylnosti k rozvoji karcinomu pankreatu. Dvé velké retrospektivni studie provedené ve
Spojenych statech, které analyzovaly kohorty o celkem 1,9 milionu osob, nepotvrdily asociaci
mezi pitim alkoholu a vys§im rizikem pro vznik nadoru slinivky bfisni (13). Stejné¢ byly
uzavieny i dalsi tfi projekty publikované od roku 2000 — kanadsky, japonsky a americky —
sledujici tutéz hypotetickou souvislost (11, 14, 15). Pokud je mirné zvySeni rizika popisovano,

lze je pricist efektu koincidentniho kutactvi (16). Je tedy mozné tvrdit, Ze souvislost mezi
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pozivanim alkoholu a vznikem karcinomu pankreatu je pouze zprostfedkovana: alkohol je
znamym indukorem chronické pankreatitidy, ktera je uznavadna jako samostatny rizikovy
faktor pro vznik malignity. Konzumace alkoholu v mife, kterd neposkozuje pankreatickou

tkan, tedy nema vliv na zvyseni nadchylnosti k onemocnéni karcinomem pankreatu.

Dietetické faktory

Hodnoceni vlivu dietetickych faktorti na vysi rizika vzniku rakoviny pankreatu je metodicky
velmi problematické a udaje ziskané formou dotaznikovych studii maji nizkou exaktni
relevanci. Presto cCetné studie popisuji pozitivni asociaci vyskytu nadorti pankreatu
s vysokoenergetickou dietou, nadmérnym piijmem masa, cholesterolu a smazenych pokrmii.
Bohaté zastoupeni zeleniny, ovoce, vlakniny, vitaminu C a dal$ich pfirozenych antioxidantd
naopak pusobi protektivné. Byla publikovana studie identifikujici vyssi riziko malignity
slinivky bfisni u osob, které udavaji soucasn¢ zvyseny BMI a nadmérny kaloricky piijem,
zatimco u individui se zvySenim jen jednoho ze jmenovanych faktord, se riziko pohybovalo
kolem populaéniho priméru (15). Zajimava je hypotéza, ktera vysvétluje rostouci incidenci
karcinomu pankreatu vyssi spotfebou N-6 polynenasycenych tukti rostlinného ptivodu (17).
Tyto tuky maji nejvétsi vliv na sekreci cholecystokininu, jez je u zvifecich modeld povazovan
za promotor karcinogeneze (18). Naopak N-3 nenasycené mastné kyseliny vykazuji
protektivni efekt (19). Podobné i pozivatiny bohaté na faktory ovliviujici nabidku
methylovych skupin, napt. folaty, vykazuji protektivni vliv (20). Souvislost s konzumaci kavy
prokazana nebyla; konzumace tii a mén¢ $alk cerné kavy denné zvysSeni rizika pro vznik

karcinomu slinivky bfisni neptedstavuje (13, 14).

11




Obezita a fyzicka aktivita

Studium obezity jako potencialniho rizikového faktoru pro vznik karcinomu slinivky bfisni je
ovlivnéno faktem, Ze toto onemocnéni se manifestuje dramatickym véahovym ubytkem,
a tudiz hmotnost pacienta pfi stanoveni diagnozy je irelevantni. Proto je tfeba hodnotit obezitu
vyhradné prospektivnimi metodami, tedy pred vznikem vlastniho onemocnéni. Dle vysledka
dvou prospektivnich koresponden¢nich studii, do nichz bylo zatfazeno pies 163 000 osob,
které byly sledovany 10-20 let, méli jedinci s BMI 30 kg/m” a vice 1,72-krat vyssi relativni
riziko oproti skuping s BMI pod 23 kg/m*. Mira fyzické aktivity neméla vliv na vysi rizika
u individui s BMI pod 25 kg/m?, byla v§ak nepiimo tmérna riziku u osob s BMI 25 kg/m*
a vysSim (relativni riziko 0,59). Obezita tedy signifikantné zvySuje riziko onemocnéni
malignitou pankreatu, fyzicka aktivita je snizuje u osob s nadvahou (21). Je pravdépodobné,
ze obezita jako stav disponujici k insulinorezistenci, prispiva ke genezi tumorii pankreatu
stejnym mechanismem jako diabetes a snizend glukézova tolerance. Fyzicka aktivita
glukézovou toleranci zvySuje, ¢imz lze vysvétlit jeji protektivni vliv na miru rizika u obéznich

pacientd.

Profesionalni vlivy

Prestoze se uvazuje o expozici polycyklickym uhlovodikiim, aromatickym a heterocyklickym
aminim a chlorovanym nepolarnim rozpoustédlim jako o riziku pro rozvoj nadora slinivky
bfisni, zlstava uloha téchto sloucenin v kancerogenezi tumort pankreatu sporna. Metaanalyza
praci zabyvajicich se vlivy pracovniho prostiedi na sledované riziko nepotvrdila statisticky
zavazné navyseni rizika vzniku karcinomu pankreatu u pracovnikii exponovanych ucinku
chlorovanych uhlovodikl (22). Naopak negativni vliv kadmia byl prokazan. Tento stopovy
kov se ve vysSich koncentracich kumuluje v pankreatické tkéani, kde dosud neznamym

mechanismem facilituje neoplastické procesy. Vys$si expozici kadmiu lze alespon ¢astecné
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v

vysvétlit Cetnéjsi incidenci naddorti pankreatu u pracovnikl v metalurgii, pfi opracovani kovd,
praci s pesticidy, ale také navySené relativni riziko u osob vysS§iho veéku, kurakii nebo
rezidentl n¢kterych geografickych oblasti (23). DalSim kovem suspektnim z kancerogenniho
ucinku na tkan slinivky bfisni je chrom; v zasad¢ se vSak pfi profesionalni expozici jedna jen

o malé navyseni relativniho rizika, podobné¢ jako v piipad¢ diive pojednanych latek.

Radiace

U osob vystavenych ucinkiim radioaktivniho zéafeni pii vybuSich atomovych bomb
v HiroSim¢ a Nagasaki nebo pfi havariich v atomovych elektrarnach nebyl popsan nartst
v incidenci karcinomu pankreatu oproti neexponované populaci. Podobn¢ i gynekologicka

radioterapie jako 1é¢ebnad metoda riziko vzniku novotvari slinivky nezvysuje (24).

1.2.2. Endogenni faktory

Chronicka pankreatitida
Akutni a chronicky zanét slinivky bfis$ni jsou v soucasnosti povazovany za dvé patogeneticky
odli$nd onemocnéni a také jejich vztah ke genezi nadord pankreatu je zcela rozdilny. Zatimco
akutni pankreatitida neni povazovana za rizikovy faktor stran uvazované onkologické
diagnozy, je vsSeobecné piijiman koncept kauzalni asociace mezi alkoholickou,
hyperkalcemickou, tropickou i hereditarni formou chronické pankreatitidy a zvySenou
dispozici pro rozvoj karcinomu pankreatu. Obstrukéni typ chronické pankreatitidy byva jako
rizikovy faktor nékterymi autory zpochybnovan.

Ackoliv jen méné nez 5 % diagnostikovanych zhoubnych novotvart slinivky mize byt
vysvétleno rekurentnimi atakami chronické pankreatitidy, byly tytéz genetické zmény

detekovany v terénu chronického zanétu i karcinomu slinivky bfisni. Piedpoklada se, ze
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chronicky zanét indukuje genetické zmény v tkdni a soucasné€ probihajici hojivy proces
vystavuje defektni buniky rastovym faktorim, ¢imz vznika abnormalni mikroprostiedi, ve
kterém stromalni elementy facilituji neoplasticky proces v buiikach epitelu (tzv. ,,péstitelska
teorie, obr. 2). Za bunécné efektory zanétlivé odpovédi jsou oznaCovany aktivované
makrofagy, jejichz produkty — zejména cytokiny TNF-a, IL-1, IL-6, IL-8, EGF, PDGF,
TGF-a a TGF-B — navozuji bunécnou proliferaci, angiogenezi i desmoplastickou reakci, jez
jsou soucasti patogeneze chronické pankreatitidy 1 karcinomu slinivky biisni. IL-6 podporuje
vyzravani myeloidnich prekurzorti v makrofagy, TGF-a inhibuje procesy vedouci k apoptoze
a stimuluje progresivni fibrozu. Tyz cytokin déle aktivuje transkripéni faktor NF-xB, ktery je
jednim z mediatort inhibice programované bunécné smrti a jehoz exprese byla popséna
v terénu chornického zanétu 1 karcinomu slinivky bfisni. ZvySend exprese NF-kB dale
stimuluje tvorbu reaktivnich forem oxidii dusiku a cyklooxygenazy-2 a indukuje expresi IL-8.
Byl popsan autokrinni rdstové stimulacni efekt IL-8, ktery je zvySené produkovan jako
odpovéd’ na hypoxii, zejména v centru nadorovych lozisek, a ktery tak plsobi
prokarcinogenné a prometastaticky. Isoforma cyklooxygendzy COX-2 odpovida za zvysSenou
produkci prozanétlivych prostaglandinli v terénu zanétu i1 karcinomu, facilituje bunécnou
proliferaci 1 angiogenezi a je silnym inhibitorem apoptézy. Dale piisobi pii preméné
chemickych kancerogenil na jejich mutagenni derivaty, a touto schopnosti se ucastni na
eskalaci rizika vzniku karcinomu pankreatu u kutdkt. Imunohistochemické pokusy prokazaly,
ze exprese COX-2 je vazana na bunky pankreatickych ostrivkl, zvySena exprese tohoto
enzymu tudiZ znali jejich zanét. Jedna z hypotéz popisujicich vznik karcinomu pankreatu
stavi na klicovém vztahu mezi zanétem ostruvkd, inzulinovou rezistenci, rustovou stimulaci
a diabetem. Dal§imi produkty aktivovanych makrofdgi a neutrofilnich granulocytl v terénu
zanétu 1 zhoubného bujeni slinivky bfisni jsou reaktivni formy kysliku a oxidd dusiku, jejichz

pfitomnost je v pfi¢inné souvislosti se strukturnimi defekty DNA (25, 26).
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Obr. 2: »Pé&stitelska teorie« progrese chronické pankreatitidy do karcinomu slinivky bfisni.
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Chronicky zanét indukuje genetické zmény v tkani a soucasné probihajici hojivy proces
vystavuje defektni buniky rGstovym plsobklim. Vznikd tak abnormdalni mikroprostiedi, ve
kterém bunky stromatu svymi produkty »péstuji« defektni populaci epitelidlnich buné¢k, a tim
usnadiiyji jejich transformaci do bunék naddorovych

Riziko onemocnéni karcinomem slinivky bfiSni je u osob s chronickou pankreatitidou
zvySeno az 16-krat oproti zdravé populaci (27). Italskd studie proklamuje u nemocnych
s chronickym zénétem slinivky bfisni zvySenou incidenci jak extrapankreatickych tumort
(relativni riziko 1,5), tak pankreatickych malignit (relativni riziko 18,5). Povazovala-li se za
relevantni jen onemocnéni vznikla po Ctyfech letech trvani chronického zanétu, bylo relativni
riziko zvySené 15,6-krat pro kutdky, zatimco u nekutédkl nartst rizika pozorovan nebyl (28).
Prospektivni studie francouzského onkologického registru, v niz zastoupeni chronické
pankreatitidy alkoholické etiologie citalo 85 %, zjistila vysi sledovaného rizika 19,0 (29).
V ceské studii, kterd hodnotila 213 nemocnych a karcinom prokazala v 11 piipadech, dosahla
prevalence zhoubného novotvaru slinivky bfisni 5,1 %. Interval mezi stanovenim diagnézy
chronické pankreatitidy a karcinomu pankreatu Cinil 6 az 13 let a potvrdilo se, ze kumulativni
riziko zhoubného onemocnéni v terénu chronické pankreatitidy roste linearn¢ s dobou trvani

nemoci — po deseti letech ¢ini 1,8, po dvaceti letech dosahuje jiz 4,0 (30).
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Diabetes mellitus

Problematika vzajemného vztahu diabetu a karcinomu pankreatu byla dlouhodobé zdrojem
protichidnych interpretaci, kdy na jedné stran¢ byl diabetes chépan jako rizikovy faktor pro
nadorové onemocnéni pankreatu, na druhé strané byl povazovan za jeho nésledek ve smyslu
pankreatogenniho diabetu. Dnes se ukazuje, Ze vlastnim rizikovym faktorem je zvySena
postprandialni glykémie, a tedy snizena glukézova tolerance. Jako promotor pankreatické
kancerogeneze je oznacovan produkt B-bun¢k — inzulin. Nadorové bunky totiz exprimuji
inzulinové receptory, jejichz aktivace miize stimulovat mitézu. Riziko vzniku karcinomu
slinivky bfisni dale pozitivné koreluje s dietnim pifijmem zivocisSnych produktid, zatimco
veganska dieta, ktera je asociovdna se snizenou postprandialni sekreci inzulinu, pusobi
preventivné (31). Z uvedeného vyplyva, ze riziko predstavuje predevsim diabetes mellitus
druhého typu. Metaanalyza publikovana v roce 2001 konstatuje, ze péti a viceleté trvani

diabetu dvakrat zvySuje relativni riziko nasledného rozvoje karcinomu pankreatu (32).

Stav po gastrektomii

Néekteré studie popisuji zvysené riziko rozvoje karcinomu pankreatu u osob s anamnézou
pernicidzni anémie, parcialni gastrektomie pro viedovou chorobu a cholecystektomie (33).
Pro pacienty podstoupivsi parcidlni gastrektomii se udava uhrnné relativni riziko 1,8, které
postupn¢ nardsta na 3,6 ve 35. roce po operaci. Pfestoze zhoubné onemocnéni slinivky bfisni i
viedova choroba zaludku a duodena sdileji n€které spole¢né rizikové faktory, jako napf.
koufeni, zda se, ze neoplastickd transformace pankreatické tkdn¢ je urychlena procesy
podminénymi samotnym chirurgickym vykonem (34). Je ziejmé, ze pacient, ktery po

chirurgické resekci zaludku nadale koufi, své riziko oproti nekurakiim potencuje.
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Cholelitiaza a cholecystektomie

Cholelitiaza ani cholecystektomie nejsou v soucasnosti uzndvany jako samostatné rizikové
faktory pro vznik nadorti pankreatu (35),1 kdyz se v odborném tisku stale objevuji nové studie
popisujici vyssi relativni riziko u osob s anamnézou cholelitidzy nebo cholecystitidy (14).
Pti¢iny popsané diskrepance je tfeba spatiovat ve vysSim véku jako spolecném rizikovém
faktoru pro vznik zluCovych konkrementd i karcinomu slinivky bfisni a nedocenéni této
souvislosti nékterymi autory. Dvé recentni retrospektivni studie ukazaly, ze cholecystektomie
provedena v pribéhu dvou let pfed stanovenim diagnozy zhoubného novotvaru pankreatu
nepredstavovala vysSi riziko pro toto onemocnéni (35, 36); cholecystolitidzu
diagnostikovanou v tomto ¢asovém intervalu lze interpretovat jako casny symptom vlastniho

onkologického onemocnéni.

Molekularni epidemiologie

Moderni medicina dospéla diky zavratnému rustu poznatkli molekularni biologie a genetiky
k chapani karcinomu pankreatu jako primarné genetického onemocnéni. Proces nadorové
transformace je morfologicky popsan sekvenci chronické zanétlivé zmény—intraepitelialni
neoplasie—karcinom; na molekularni trovni je sledovan postupnou akumulaci genetickych
zmén v DNA bun¢k slinivky bfisni, jako jsou mutace v kodujicich i regulacnich genech,
zmény ploidity, genové amplifikace, strukturdlni rearrangement, delece nebo ztrata
heterozygozity. Kumulativni efekt ziskanych mutaci v onkogenech KRAS (12pl2.1)
a HER2/neu (17q11.2) a v tumor supresorovych genech pl/6™<**/CDKN2A (9p21), p53
(17p13.1), DPC4/SMAD4 (18q21.1) a BRCA2 (13q12.3) se projevi vznikem nadorového
onemocnéni. Obecné 1ze tvrdit, Ze mutace v onkogenech jsou Casnéj$im jevem v popsaném
procesu, zatimco pritomnost genovych variaci vtumor supresorovych genech je

identifikovana pozdéji. Se sporadickym vyskytem pojednavanych mutaci souvisi i skute¢nost,
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ze tada faktorti zevniho prostfedi, jako napf. koufeni, abusus alkoholu nebo expozice
chlorovanym uhlovodikim, je asociovana s vyssi frekvenci mutaci v onkogenu KRAS (37).
Aktivace tohoto onkogenu je znacné specificka pro onkologické pacienty; je popisovéana az
u90 % osob sadenokarcinomem pankreatu, zatimco jeho pozitivita v tkdni chronické
pankreatitidy dosahuje jen 10 %. Podrobnéji je problematika genovych variaci

v kancerogenezi tumort pankreatu pojednéna v nasledujici kapitole.

Familiarni heredita

Dédiénymi faktory lze wvysvétlit pfiblizné 5 % zhoubnych nadorti pankreatu. Pokud
zohlednime heterogenitu téchto faktor a neuplnou penetranci zarode¢nych mutaci, incidence
podminéna dédiénymi faktory by vSak tento odhad znac¢né pievysila (38, 39). Karcinom
pankreatu byl popsan v ramci celé fady hereditarnich chorob a syndromt, jako napft. cysticka
fibréza, hereditarni pankreatitida (viz dale), hereditarni nepolyp6zni kolorektalni karcinom,
familiarni adenomat6zni polypdza, Li-Fraumeniho syndrom, Peutz-Jeghersiv syndrom,
syndrom atypického familidrniho mnohocetného melanomu a syndrom ataxia-teleangiectasia.
K premalignim stavim s rodinnym vyskytem jsou dale fazeny endokrinni malignity
postihujici pankreas, jako napf. Recklinghausenova choroba a syndrom mnohocetné
endokrinni neoplasie typu 1 (40). Samostatnou nosologickou jednotkou je syndrom
familiarniho karcinomu pankreatu s incidenci zhoubného nadoru slinivky bfisni u ptibuznych
prvniho stupné 76 / 100.000. V rodinach s postizenim tfi a vice ¢lend incidence karcinomu
narista na 301 / 100.000 (41). Nové byl popsan familiarni syndrom s dosud
neidentifikovanym genovym lokusem sdruzujici projevy pankreatitidy, diabetu a karcinomu
slinivky bfi$ni (42). Jako nejcastéjsi vrozend dispozice k malignimu onemocnéni pankreatu
byly identifikovany zarodecné mutace v tumor supresorovém genu BRCA2. Studie

analyzujici vice nez tii a pul tisicovy soubor pacientd s genetickou alteraci BRCA2 nebo
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mnohocetnym vyskytem tumort prsu ¢i ovaria v rodin¢ identifikovala 3,5-krat vétsi riziko pro

vznik karcinomu pankreatu oproti standardni populaci (43).

Hereditarni pankreatitida

Hereditarni pankreatitida se ftadi, obdobné jako cysticka onemocnéni pankreatu, mezi
prekancerozy. Je dnes povazovana za samostatnou nosologickou jednotku, ktera piedstavuje 1
az 2 % ze vSech zanétlivych onemocnéni slinivky bfisni. Jedna se o autosomalné dominantné
vazané onemocnéni s 80% penetranci podminéné defektem genu pro trypsinogen, ktery je
lokalizovan na chromosomu 7q35. Nemocni s touto genovou 1ézi maji oproti bézné populaci
riziko vzniku karcinomu pankreatu zvySené 40 az 60-krat. Zajimavosti je, Ze choroba
vykazuje epigenetické rysy dédi¢nosti: relativni riziko dosahuje az 70 %, pochazi-li mutovana
alela od otce (44). U kurakt s hereditarni pankreatitidou byl popsan az o dvé dekady casnéjsi

nastup nadorového onemocnéni nez u stejné disponovanych nekuraki (45).

Hormonalni vlivy

Pohlavni diference v incidenci karcinomu pankreatu vedly ke studiu moznych vztahi
s gynekologickou anamnézou nemocnych zen. V retrospektivnich studiich byla potvrzena
¢asteCna estrogenova dependence pojedndvaného onemocnéni. Parita a délka hormondlni
expozice byly negativné asociovany s mirou rizika pro vznik karcinomu pankreatu. Zjisténi je
statisticky signifikantni u zen se tfemi a vice donoSenymi téhotenstvimi a u uzivatelek
peroralnich kontraceptiv. Postmenopauzalni hormonalni substituce riziko neovliviiyje.
Naopak nartst rizika byl pozorovan u rodi¢ek s vysSim vékem prvniho donoseného

téhotenstvi (46).
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1.3. MOLEKULARNI GENETIKA

Karcinom pankreatu je geneticky podminéné onemocnéni. Jeho vznik je provazen sekvencni
akumulaci fady genovych mutaci, které davaji potencialni nadorové buiice selekéni vyhodu.
V klonu takto determinovanych bun¢k pak dochdzi k dalSim genovym variacim, az vznikne
invazivni maligni fenotyp. Casna stadia v procesu kancerogeneze jsou charakterizovana
aktivaci onkogenti a ztratou funkce jednoho nebo vice tumor supresorovych genii mutacemi
nebo alelickymi delecemi. Pro karcinom pankreatu je typické, Ze mutace v onkogenu KRAS
casove predchazi dalsim genovym variacim.

Vétsina malignich tumorti vykazuje monoklonalni ptvod. V proliferaéné¢ vysoce
aktivnich lézich dochdzi k akumulaci mutaci simultdnné a nezavisle v fadé bunék; vznikaji tak
subklony s odlisSnym muta¢nim profilem. Ackoliv jeden klon se v procesu kancerogeneze
stane majoritnim, zustdva vysoka geneticka heterogenita jednou ze specifik karcinomu
pankreatu a je jednim z biologickych faktorGi podmiiujicich extrémni rezistenci na lécbu a
Spatnou progndzu onemocnéni.

K akumulaci somatickych mutaci v genech regulujicich bunécny cyklus pfispivaji i
mutace v genech nddorovych oprav (»mismatch repair genes«, MMR). Jejich proteinové
produkty opravuji chyby vzniklé v fetézci DNA pii jeji replikaci. Defekty téchto genti jsou
Casto provazeny mikrosatelitovou nestabilitou, ktera se projevuje zvySenim nebo sniZzenim
poctu repetitivnich sekvenci (mikrosatelit) pii replikaci. K somatické inaktivaci MMR genti
dochazi casto hypermetylaci promotorvé oblasti. MMR geny studované u karcinomu
pankreatu jsou: MLH1, MSH2 a MSH6.

Az v95 % vzorkd karcinomu pankreatu byla zaznamenana aktivita enzymu
telomerazy, ktery je zodpovédny za de novo syntézu repetitivnich sekvenci TTAGGG a

stabilizaci chromosomadlnich konct. Tento ndlez je specificky pro maligni 1éze, nebyl




zaznamenan v tkdni normalni slinivky bfiSni ani chronické pankreatitidy. Zvysena aktivita
telomerazy je pozorovdna az ve fazi invazivniho karcinomu a jeji detekce v pankreatické
Staveé nebo v brushingu z pankreatickych vyvoda je potencialné vyuzitelna jako doplitkovy
diagnosticky test.

Genova exprese u malignich onemocnéni miize byt zasadné¢ ovlivnéna fadou
epigenetickych zmén, jako metylaci DNA, potrankripéni modifikaci histond nebo zménami
v profilu mikroRNA. U karcinomu pankreatu byla podrobnéji studovana role hypermetylace
v inaktivaci tumor supresorového genu pl/6. Recentné byly metodou metylacné-specifické
PCR identifikovany dal$i geny, jejichz exprese je ovlivnéna stupném metylace: APC,
TSLC/IGSF4, SOCS-1, cyklin D2, RASSF1A, RUNX3 a dalsi.

S rozvojem proteomiky a transkriptomiky je v soucasnosti objevovana tada dosud
neznamych gent, které jsou aberantné exprimovany v nddorové tkani pankreatu a jejichz

funkce je zatim neznama.

1.3.1. Genetické zmény v onkogennich signalnich drahich

KRAS

Onkogen KRAS (Kirsten rat sarcoma 2 viral oncogen) je lokalizovan na 12. chromosomu
v pozici 12pl12.1. Jeho aktivujici mutace jsou popisovany v 75-90 % piipadi invazivniho
karcinomu pankreatu (47). Nej€astéji jsou lokalizovany v kodonu 12, postihuji vSak i kodony
13 a 61. Pritomnost konkrétnich mutaci onkogenu KRAS, nejcastéji bodovych substituci,
vykazuje geografické rozdily; nejCastéjsi je zdména glycinu za aspartat (GAT, 50 %), valin
(GTT, 30 %), arginin (CGT, 11 %) a cystein (TGT, 6 %).

Ras je maly membranovy protein o velikosti 21 kDa, m&d GTP-vazici doménu a

uplatituje se v kaskadé ptenosu signdlu do jadra bunky iniciované vazbou rastového faktoru.




Ma zésadni ulohu v regulaci bunécné proliferace a diferenciace. Mutace vedou ke vzniku
konstitutivné aktivni formy proteinu Ras, kdy nedochdzi k uvolnéni GTP z vazby. Vysledkem
je trvalé rtstova stimulace bunky (48). KRAS mutace se Casto vyskytuji v benignich 1ézich
pankreatu 1 v ¢asnych prekurzorovych stadiich (PanIN-1A).

Protein Ras mutZze byt potranslacné modifikovan farnesylaci C-terminalniho konce.
Tento krok je fizen enzymem farnesyl transferazou, jehoz inhibitory jsou v soucasnosti
testovany v klinické praxi (49).

Krom¢ piimé modifikace funkce Ras proteinu byly terapeuticky cileny i procesy
prenosu signdlu v nékterych kaskadach, které mutace onkogenu KRAS spousti. Jednou z nich
je kaskada proteinti Raf-Mek-Erk. Prob¢hlé studie s pouzitim sorafenibu, inhibitoru Raf-1
kindzy a receptoru pro endotelidlni rustovy faktor, v§ak u pokrocilého karcinomu pankreatu

neprokazaly terapeuticky efekt (50).

Riistové faktory a jejich receptory

Receptor pro epidermalni rastovy faktor (EGFR, HER-1) je transmembranovy glykoprotein,
ktery se sklada z extracelularni na cystein bohaté domény pro vazbu ligandu, hydrofobni
transmembranové domény a intracelularni domény s tyrozinkindzovou aktivitou. Oba jeho
hlavni ligandy, epidermalni ristovy faktor (EGF) a transformujici ristovy faktor a (TGF-a),
jsou zvysené exprimovany u karcinomu pankreatu (51). Vazba ligandu vede k homo- ¢i
heterodimerizaci receptoru s dal$imi c¢leny rodiny receptorovych kindz ErbB (napf.
HER-2/neu). Nasleduje fosforylace tyrosinovych zbytkl v kindzové doméné receptoru, které
pak aktivuji intracelularni pfenaSece signalu. K signdlnim draham, které jsou u karcinomu
pankreatu aktivovany cestou pfes EGFR, patii: Ras-Raf- Mek (pfenos rastovych signalt),

PI3K-Akt (ptfenos signalii pro progresi bunééného cyklu a rezistenci k apoptoze) a Jak-STAT




(stimulace bunécného déleni, motility, invazivniho ristu a regulace exprese adhezivnich
molekul) (52).

EGFR-1 predstavuje slibny cil pro biologickou lécbu karcinomu pankreatu. Dosud
byly v klinické praxi zkouSeny dvé€ latky: cetuximab, chimerickd monoklonalni protilatka
proti extracelularni doméné EGFR, zpusobujici internalizaci receptoru a jeho degradaci,
a erlotinib, inhibujici tyrozinovou kinazu receptoru vazbou k intraceluldrni doméné EGFR.
Ob¢ latky v kombinaci s gemcitabinem vykazovaly ve studiich faze III signifikantné lepsi
celkové preziti nez pii terapii samotnym gemcitabinem (53).

Mezi dalsi receptory rustovych faktorti, které jsou zvySen¢ exprimovany v karcinomu
pankreatu, a predstavuji tudiz potencidlni cile biologické 1écby, patii receptor pro insulinu
podobny rastovy faktor (IGFR-1), receptory pro fibroblastovy ristovy faktor, vaskuldrni
endotelialni rustovy faktor (VEGFR) (54). Vysledky studii uZzivajicich monoklonalni
protilatku proti VEGFR bevacizumab v kombinaci s gemcitabinem jsou rozporuplné (55,56).

EGFR-2 je produktem onkogenu HER-2/neu, lokalizovaném na 17. chromosomu
v poloze 17g21.1. Jeho zvysSena exprese, ve vysoké mife detekovand jiz v ¢asnych stadiich
PanIN-1 (>80 %), je dusledkem zvysSené transkripce spiSe nez genové amplifikace (57).

Terapeuticky zatim ovliviiovan nebyl.

1.3.2. Genetické zmény v signalnich drahach ovliviiovanych tumor supresorovymi geny

Tumor supresorové geny koduji proteiny, jez vykonavaji dozor¢i tlohu v pribéhu bunécné
proliferace. K zakladnim mechanismim, kterymi tuto funkci vykondvaji, patfi kontrola
progrese bunécného cyklu, regulace transkripce, iniciace apoptdzy, ovliviiovani funkci
cytoskeletu a signalnimi drahami mediovana suprese bunécného ristu. Ve sporadickém

karcinomu pankreatu byvaji nej€astéji inaktivovany geny p53, pl6 a DPC4. Inaktivace genl




p33 a pl6 je popisovana v fadé dalSich malignich onemocnéni, pro karcinom pankreatu je
typicka soucasna inaktivace nékolika tumor supresorovych genii soucasné. Rozenblum
publikoval sou¢asnou inaktivaci vSech tfi vySe jmenovanych geni v 37 ze 40 analyzovanych
vzorkli karcinomu pankreatu (58). V jednom ptipadé¢ zaznamenal vrozenou mutaci genu
BRCA2 a 8 dalSich ziskanych mutaci. Dalsi charakteristickou typickou pro karcinom
pankreatu je cCastd pritomnost homozygotnich deleci: 40% v ptipadé genu pl6 a 30%
v pripadé genu DPC4.

Tumor supresorové geny, které jsou nejcastéji inaktivovany v karcinomu pankreatu,
jsou: p16 (inaktivovan v 95 % ptipadir), p53 (50-70 %), DPC4 (55 %), BRCA2 (7 %), MKK4

(4 %), STK11/LKBI1 (4 %), ALK (2-4 %) a TGFBR2 (4 %).

p16

Aktivace cyklin dependentnich kinaz (CDK) vede k aktivaci Rb proteinu, jenz stimuluje
transkripci gend regulovanych transkripénim faktorem E2F, a naslednému vstupu burnky do
syntetické faze bunécného cyklu (59). Aktivace CDK je zprvu podminéna mitogenni
stimulaci (cyklin D dependentni kinazy), posléze se stava na této stimulaci nezavislou (cyklin

INK4A
6

E dependentni kinazy). Produkt genu pI , protein pl6, zasahuje do popsaného

signalniho procesu vazbou k CDK4/CDK6, ¢imz brani vzniku aktivnich komplexi cyklinu D
s CDK4 a CDK6. To vede k setrvani Rb proteinu v nefosforylovaném stavu a blokadé¢ vstupu
do S faze bunécného cyklu.

V karcinomu pankreatu dochazi k potladeni vysSe popsané signalni drahy nejcastéji

INK4A
6

funkéni inaktivaci p/ genu, ktera byla popsana v 80-95 % invazivnich karcinomt a je

davana do pricinné souvislosti s nekontrolovanym ristem nadorovych bunck (58). Tumor

INK4A

supresorovy gen pl6 se nachazi na 9. chromosomu v pozici 9p21. Jeho inaktivace byla

identifikovana jiz v prekurzovovych stadiich vyvoje karcinomu na rozhrani fazi PanIN-1B




a PanIN-2 a dochazi k ni bud’ formou delece obou alel (40 %) nebo mutaci jedné alely
a soucasnou ztratou alely druhé (3540 %). Ve zbyvajicich ptipadech je alela inaktivovana
jinym mechanismem, jako je hypermetylace CpG ostrovli v promotorové oblasti (15 %). Mira

metylace je imérna progredujicimu stddiu onemocnéni (60).

p5S3
Vice nez 50 % pripadi karcinomu pankreatu nese mutaci v tumor supresorovém genu p353
(TP53) (12). Jeho produktem je transkripcni faktor p53, jenz se za normalnich okolnosti
v bunce vyskytuje v nizkych koncentracich diky interakci s proteinem HDM2 (human
homologue of MDM2) a nasledné degradaci v proteasomu. Vazba mezi pS3 a HDM2 je
potlacena za podminek bunécného stresu (napi. genotoxické poskozeni, aktivace onkogentl),
coz vede ke stabilizaci proteinu p53, vzestupu jeho plazmatickych hladin a uplatnéni
v regulacnich procesech (59).

Protein p53 za normalnich okolnosti hraje kli¢ovou kontrolni tlohu na ptfechodu mezi
G1 a S fazi bunécného cyklu, je silnym induktorem programované bunééné smrti nebo miize
indukovat do¢asnou zastavu progrese bunécného cyklu a opravu DNA, ¢imz zasadné ptispiva
k udrzeni genomové stability. Normalni protein p53 je schopen reagovat na potencialné
onkogenni stimulaci (napf. pii poruse DNA) a iniciovat v buiice arest bunééného cyklu,
termindlni diferenciaci nebo apoptoézu. Disledkem jeho inaktivace je poskozeni regulacnich
mechanismi bunky, neschopnost zastavit progresi bunééného cyklu v G1/S fazi, neschopnost
navodit apoptézu a genomova instabilita charakterizovand amplifikaci genovych sekvenci,
aneuploidii nebo delecemi celych chromosomovych oblasti.

Gen p53 je lokalizovan na 17. chromosomu v poloze 17p13.1. Jeho inaktivace je
pozorovana az ve stadiich karcinomu in situ a invazivnich forem onemocnéni. Pfi¢inou ztraty

funkce genu je nejcastéji mutace jedné a nasledné ztraty druhé alely. Mutace jsou zpravidla




lokalizovany do oblasti koédujici konzervativni doménu proteinu p53, jde nejCastéji
o nesmyslné (»missense«) mutace, byly popsany i1 posuny Ccteciho ramce. Procento
nesmyslnych mutaci je u genu p353 vysSsi nez u jinych tumor supresorovych gend, je proto

opravnénd hypotéza, ze ma v procesu karcinogeneze selekcni vyhodu.

DPC4/SMAD4
DPC4 (deleted in pancreatic carcinoma) byl ptivodné izolovan jako tumor supresorovy gen
specificky pro karcinom pankreatu (61). Ackoliv jeho mutace v karcinomech obecné Casté
nejsou, pro karcinom pankreatu jsou genové alterace na 18. chromosomu v lokusu MADH4
(18g21.1), ktery koduje Smad4 protein, typické. Ztrata heterozygozity DPC4/SMAD4 genu
byla detekovana v 90 % karcinomli pankreatu, kompletni absence Smad4 produktu byla
zjisténa u 55 % ptipadd (62). V prekurzorovych 1ézich je popisovana az v pokrocilych
stadiich (PanIN-3) (63). Ztrata funkéniho Smad4 proteinu zasadné ovlivituje vlastnosti
nadorového mikroprostiedi a facilituje invazivni rust (64).

Smad4 protein patii do rodiny transkripénich faktori Smad. Ma zésadni ulohu
v kaskadé prenosu signalu zprostfedkovanym cytokiny z rodiny transformujiciho ristového
faktoru B (TGF-B) (65). TGF- ligand za normalnich okolnosti plisobi antionkogenné¢ vazbou
na TGF-B receptor II (TGFBR2), ktera umozni tvorbu heterodimeru TGFBR2 s ALK-5
(TGFBR1). ALK-5 spousti signalni kaskadu Smad proteind, kterd vede k translokaci Smad4
do jadra, kde se vaze k DNA a aktivuje transkripci fady genti. Smad4 neni pfimo substratem
TGF-B receptoru, tvoii komplex s dalsimi fosforylovanymi Smad proteiny a po translokaci do
jadra se vaze s proteiny, které jsou specifické pro urcity typ buiiky a konkrétni podminky,
v nichZ se bunika nachazi. Tyto partnerské proteiny urcuji, k jaké sekvenci DNA se komplex
Smad proteinli navaze a sjakymi koaktivatnimi ¢i korepresivnimi molekulami bude

interagovat. Smad4 se ucastni vazby koaktiva¢niho proteinu p300.CBF. Ztrata jeho funkce




vede k neschopnosti bunky odpovidat na bunécné signaly zprostfedkované fadou signalnich
molekul z TGF-8 rodiny.

Vysoka exprese TGF-f ligandu i receptoru je pro karcinom pankreatu typicka. TGF-f3
ligandy jsou silnymi regulatory nadorového rustu, diferenciace a migrace. Bylo prokazano, ze
po ztrat¢ produktu DPC4/SMAD4 genu v bunéénych liniich nedochazi k TGF-B indukované
zastaveé bunécného cyklu a migraci, schopnost epitelo-mesenchymalni transdiferenciace vSak
zustava zachovana (66). Je proto ziejmé, ze ztrata Smad4 proteinu vede k potlaceni TGF-
zprostiedkované nadorové suprese za soucasného zachovani nékterych TGF- mediovanych
prokancerogennich funkci.

Imunohistochemické studie prokdzaly, ze ztrata exprese Smad4 proteinu koreluje
s vy$si resekabilitou a délkou pteziti po resekci, zatimco u pacienttl, jejichz tumor exprimuje
Smad4, resekce délku preziti neovliviiuje. Terapeutické postupy ovliviujici TGF- signalizaci

jsou ve vyvoji.




1.4, HISTOLOGICKA KLASIFIKACE

V pankreatické tkani ¢loveka rozliSujeme tfi epitelidlni bunééné linie: bunky vyvodi, acin6zni
buiiky a buiiky endokrinni. V prvni skupiné se buiiky velkych pankreatickych vyvoda svou
schopnosti produkovat mucin fenotypicky odliSuji od bunék vystylajicich vyvody niz$iho
fadu, vcetné bunck centroacindznich. Bunéény fenotyp riznych forem nédorti pankreatu
odrazi pivod v jedné ze tii vySe jmenovanych linii. Aktualni WHO klasifikace malignich
epitelovych nadori pankreatu z roku 2000 je uvedena v tabulce 3 (67). Skladba konkrétnich
imunohistologickych markert odpovidé ptitomnosti nddorovych bunék k duktdlni, acindzni

nebo endokrinni linii (tab. 4).

Tab. 3: Klasifikace malignich epitelovych nadort pankreatu dle WHO

Dysplazie téZkého stupné / karcinom in situ

Duktalni adenokarcinom

e karcinom z bun¢k pecetniho prstene

¢ adenoskvamozni karcinom

e pleomorfni (nediferencovany, anaplasticky) karcinom
e mucinozni necysticky karcinom

e smiSeny karcinom z duktalnich a endokrinnich bun¢k

Karcinom z obrovskych bunék (osteoklasticky typ)

Sero6zni cystadenokarcinom

Mucindzni cystadenokarcinom
e neinvazivni varianta
e invazivni varianta

Intraduktalni papilarni mucinézni nador
e neinvazivni varianta
e invazivni varianta

Papilarni cysticky nador (solidni pseudopapilarni karcinom)

Karcinom z acinéznich bunék
e cystadenokarcinom z acin6znich bunék
e smiSeny karcinom z acindznich a endokrinnich bunék

Pankreatoblastom

Ostatni nadory




Tab. 4: Diferencialni imunohistologie epitelialnich nadorti pankreatu

Druh nadoru CK8, CK7, CEA M; TRYP NSE!Y SYN! CG®' AAT

CKI18 CK19
serozni + + - - — - — — _
cystadenom
duktalni + + + + _ - — _ _
adenokarcinom
mucindézné + + + + - — — _ _
cysticky
karcinom
intraduktalni + + + + — — — _ _
papilarni
mucindézni nador
karcinom + +b - — + _ _ _ _a
z acinOznich
bunek
pankreatoblastom + + — —/+ + - — _ _
papilarni -2 _8 - — _ + _ _ +
cysticky nador
endokrinni + +¢ - - - + + + _
tumory

Vysvétilvky: CK — cytokeratin, CEA — karcinoembryonalni antigen, M, — antigen peptidového jadra mucinu
v povrchovych foveolarnich buiikdch zaludku, TRYP — trypsinogen, NSE — neuron specifickd enolaza, SYN —
synaptofyzin, CG — chromogranin A, AAT — alfa-1-antitrypsin; * obvykle negativni; ° negativni ve 20-30 %
piipadii; © vétsina negativni pro CK 7; ¢ fokalni pozitivita mozna v duktilnim adenokarcinomu, mucinéznim
cystickém karcinomu, intraduktalnim papilarnim mucinéznim karcinomu, karcinomu z acindznich bun¢k
a pankreatoblastomu.

V dal$im popisu se omezime pouze na duktilni adenokarcinom, ktery je pfedmétem studia

predkladaného projektu.

1.4.1. Duktalni adenokarcinom

Adenokarcinom z bunék pankreatickych vyvodu piedstavuje 90 % vsSech pankreatickych
malignit. Je nejcastéji lokalizovan v hlavé pankreatu, makroskopicky dosahuje velikosti
nékolik centimetri, ma Zlutobilou az Sedou barvu, je skirhoticky. Roste vétSinou infiltrativné
do okolni pankreatické tkané, prortuistd do duodena a invaduje do mezenterickych a slezinnych

M v

cév. Pii lokalizaci v kaud¢ pankreatu prorustd do sleziny levé nadledviny, pfi¢ného tra¢niku



a mékkych tkéani retroperitonea. Metastazuje predevSim do regionalnich lymfatickych uzlin
(72-84 %), jater (64—80 %), plic (27-50 %) a nadledvin (12-26 %). V pokrocilém stadiu
onemocnéni vznikéa karcinomatoza peritonea.

V mikroskopickém obraze se sklada z invazivné rostoucich duktalnich a tubuldrnich
struktur zasazenych do hojného desmoplastického stromatu. Typické je perineurdlni Sifeni.
Stupen diferenciace se muze zna¢né liSit v riznych okrscich téhoz tumoru. Nékdy jsou
zlazové struktury natolik dobte diferencovany, ze je lze jen velmi obtizné odlisit od benignich
1ézi. Mikroskopickd podoba bunék duktalniho adenokarcinou pak muize napadné ptripominat
vyvodové epitelie pankreatu: pritomny jsou mikroklky na luminalnim povrchu, granula
obsahujici mucin jsou nahromadéna v apikalni ¢asti cytoplasmy a jadra se zfetelnym malym
jadérkem jsou uloZena pti bazi (68).

Nadorové buinky zpravidla produkuji mucin, jehoz fenotyp je blizky mucinu
intralobuldrnich duktuli. Je to zejména pfitomnost MUCI1 (fyziologicky marker
intralobularnich duktuli) a chybéni MUC2. MUCH4 je detekovatelny na nadorovych buiikach,
ve zdravé pankreatické tkani vSak exprimovan neni (69). DalSimi markery typickymi pro
duktalni adenokarcinom pankreatu jsou cytokeratiny 7, 8, 18 a 19, méné Casto cytokeratin 20,
CA19-9, DUPAN-2, SPanl a CEA (67,68).

Analyza genovych mutaci umoziuje odlisit duktalni adenokarcinom od dalSich typt
epitelovych nadorti pankreatu stejné jako identifikovat a klasifikovat prekurzorové
intraduktalni 1éze (viz dale) (70). Nejcasteji popisované genové variace charakteristické pro
karcinom pankreatu jsou: aktivace onkogenu KRAS a inaktivatni mutace v tumor
supresorovych genech pl6™<*/CDKN2A, p53 a DPC4/SMAD4. Frekvence vyskytu
jednotlivych variaci se li§i v zavislosti na definici cilové skupiny, vySetfovaném materidlu
i pouzité laboratorni technice; je uvedena v tabulce 5 (71). Aktivita telomerdzy byla

detekovana v 95 % piipadi. Velmi Casté jsou alelické ztraty na chromosomech 9p, 17p a 18q.




Ke geniim, jez jsou alterovany s vyrazné nizsi frekvenci, patii MKK4, gen pro R1 a R2

receptory TGFB, BRCA2 a LKB1/STK11. Korelace mezi mutacemi v »mismatch repair«

Tab. 5: Frekvence nejcastéjSich genovych variaci u karcinomu pankreatu

Mutovany gen incidence v karcinomu incidence v chronické
pankreatu pankeratitidé

KRAS 75-90 % 0-40%

HER-2/neu 10 - 60 % 15-55%

pl6™HA 80 — 95 % 0-25%

p33 50-75% 0-20%

DPC4/SMAD4 45 -55% 0-58%

genech hMLH1 a hMSH2 a vys$§im vyskytem karcinomu pankreatu nebyla prokazéana.
Naopak vrozené mutace BRCA2 genu byly detekovany u 20 % familidrnich karcinomt

pankreatu.

1.4.2. Prekurzorové intraduktalni léze

Proces nadorové transformace je morfologicky popsan sekvenci normalni epitel —
intraepitelidlni dysplastické zmény — karcinom. Premaligni 1éze jsou klasifikovany podle
konsenzu z roku 1999, ktery byl publikovan v American Journal of Surgical Pathology v roce
2001 (72). Tento systém vyuzivd nomenklaturu pankreatickych intraepitelidlnich neoplazii
(PanIN) navrzenou Klimstrou a Longneckerem (73); je zaloZzen na histomorfologickém
popisu 1ézi, soucasn¢ vSak odrazi i jejich klinicky korelat a frekvenci molekularnégenetickych
alteraci (obr. 3). Histopatologicky grading konkrétni 1éze je uréen komponentou, kterad

vykazuje nejvyssi stupen atypie.




e Normalni epitel: normalni duktalni a duktulédrni epitel je kubicky az nizce cylindricky
s amfofilni cytoplazmou. Intracytoplazmaticky hlen, t€snani jader ani bunécné atypie nejsou
pfitomny.

e Skvamézni (prechodni) metaplazie: béhem metaplastického procesu jsou normalni
kubické epitelie vyvodi nahrazeny bud’ zralym vrstevnatym dlazdicovym epitelem, nebo
pseudovrstevnatym piechodnim epitelem bez bunécnych atypii.

e PanIN-1A (pankreaticka intraepitelialni neoplazie 1-A): ploché epitelialni 1éze tvoiené
vysokymi cylindrickymi bunikami s bazéln¢ ulozenymi jadry a hojnym supranukledrnim
mucinem. Jadra jsou mald, kulatd az ovalna. Ovaln4 jadra jsou orientovana kolmo na bazalni
membranu. V nékterych piipadech neni mozné jednoznacné histologicky odlisSit benigni
ploché hyperplastické 1éze od plochych neoplastickych 1ézi bez bunéénych atypii. Proto se
nckdy takto klasifikované jednotky dopliiuji terminem »léze« (PanIN/L-1A), ktery implikuje,
ze neoplastické povaha nalezu neni jednoznacné urcena.

e PanIN-1B (pankreaticka intraepitelialni neoplazie 1-B): epitelidlni 1éze s papilarni,
mikropapilarni nebo pfi bazi pseudostratifikovanou architektonikou, které se jinak nelisi od
PanIN-1A.

e PanIN-2 (pankreaticka intraepitelialni neoplazie 2): ploché nebo papilarné usporadané
mucindzni epitelidlni 1éze, které vykazuji nekteré jaderné abnormality: jadra jsou zvétSena,
hyperchromni, ztraceji polaritu a jsou nakupena tésné vedle sebe. Tyto atypie vSak nedosahuji
miry popisované v PanIN-3. Mit6zy jsou vzacné; pokud jsou pfitomny, pak jsou lokalizovany
pfi bazi (nikoliv luminaln€) a nikdy nejsou atypické. Kribriformni struktury s nekrézami pfti
luminalnim poélu a nadpadné cytologické abnormality nejsou pro toto stadium typické
a poukazuji k diagnoze PanIN-3.

e PanIN-3 (pankreaticka intraepitelidlni neoplazie 3): papilarni nebo mikropapildrni 1éze,

vzacné vSak mohou byt i ploché. Typické je kribriformni uspotradani, odlucovani malych




»pupenti« epitelovych bunék do lumen a luminalni nekrozy. V cytologickém obraze je
popisovana ztrata jaderné polarity, Cetné nuklearni atypie a vyrazna zvétSena jadérka, jsou
pritomny mitozy, které mohou byt ojedin€le atypické. Dale jsou zastizeny dystrofické
poharkové bunky s jadry orientovanymi k luminadlnimu polu a intracelularnim hlenem pfi
bazalnim polu buiiky. Na cytonukledrni trovni nalez ptipomina karcinom, neni vSak pfitomna

invaze ptes bazalni membranu.

Obr. 3: Schématické zndzornéni morfologickych a molekularnégenetickych zmén
v jednotlivych fazich vyvoje karcinomu pankreatu.
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Vyse uvedeny systém byl vytvofen pro klasifikaci duktdlnich 1€ézi, které postihuji
pankreatické vyvody o niz§im kalibru (sekundarni vyvody a mensi). Jestlize 1éze postihuje
hlavni pankreaticky vyvod nebo je detekovatelnd makroskopicky ¢i pii radiologickém

zobrazeni, méla by byt popsana jako intraduktalni papilarni mucindzni nador.




Na molekularni Grovni je sledovany proces charakterizovan postupnou akumulaci
genetickych zmén v DNA bunék slinivky bfisni: mutacemi v kddujicich i regulacnich genech,
zménami ploidity, genovymi amplifikacemi, strukturalnim rearrangement, delecemi nebo
ztratou heterozygozity (tab. 6) (74). Obecné lze tvrdit, Ze mutace v onkogenech se objevuji
diive nez genové variace v tumor supresorovych genech. Aktivovana forma onkogenu KRAS
je detekovatelnd jiz v asném stadiu vyvoje karcinomu PanIN-1A, v invazivnim karcinomu
byla nalezena az v 90 % piipadd. Podobn¢ i mutace onkogenu HER-2/neu byly zachyceny
v 1ézich s mirnou bunéénou atypii. Z tumor supresorovych genti dochézi nejdiive k variacim
v genu pl6**/CDKN2A, a to jiz na rozmezi fazi PanIN-1B a PanIN-2. U invazivnich
karcinomtl je tento gen inaktivovan az v 95 %. Detekce mutovanych forem geni p353
a DPC4/SMAD4 je znamkou pokrocilého procesu (stadium PanIN-3). Kumulativni efekt

popsanych ziskanych mutaci se projevi vznikem nadorového onemocnéni.

Tab. 6: Genetické odchylky nalézané v raznych stadiich pankreatické intraepitelidlni
neoplasie (PanIN)

PanIN-1 PanIN-2 PanIN-3
zkracovani telomer cyklin D1 p33
p21 (WAF1/CIP1) cyklooxygendza 2 (COX-2)  DPC4 (SMAD4)
HER-2/neu Hesl BRCA2
MUCI Notch 1 S100P
MUC6 pepsinogen C SHH
TFF1 KLF4 sialyT
pl6™*HA HOXAS maspin
S100A11 GATAS MUC4
MUCS5AC gastrin TSLC-1
S100A6 villin-1 a villin-2 FAP
CRABP1

Vysvétlivky: HER2/neu = human epidermal growth factor receptor 2; MUC1 = mucin 1; TFF1 = trefoil factor 1;
Hes1 = hair and enchancer of split 1; KLF4 = Kruppel-like factor 4; CRABP1 = cellular retinoic acid binding
protein 1; sialyT = mucin-associated carbohydrate antigen; TSLC-1 = tumour suppressor in lung cancer 1; FAP
= familial adenomatous polyposis




¢ Intraduktalni papilarni mucinézni nador (IPMN):

IPMN jsou papilarné usporddané mucin produkujici epitelové nadory, které byly popsany ve
Skale od benignich adenoml az k invazivnimu karcinomu. Rostou pomalu a asi 30 %
malignizuje a zakldd4d vzdalené metastazy. Podle lokalizace mohou byt déleny na IPMN
hlavniho pankreatického vyvodu a IPMN postrannich vétvi. V soucasnosti jim je v€énovana
velké pozornost jako zfejmym premalignim 1ézim duktalniho adenokarcinomu slinivky bfisni.

Na rozdil od pankreatickych intraepitelidlnich neoplézii (PanIN 1ézi) jsou viditelné
makroskopicky 1 na klasickych zobrazovacich metodach (CT, ERCP, EUS). Produkce mucinu
a intraduktélni riist tumoru mohou zptsobit cystickou dilataci vyvodného systému pankreatu.
Dilatace Wirsungova vyvodu nad 1 cm budi podezieni na IPMN v této lokalizaci, zatimco
pfitomnost mucinoézni cysty komunikujici s hlavnim pankreatickym vyvodem bez jeho
dilatace je vysoce suspektni z IPMN postrannich vétvi vyvodného systému (75).

Rozliseni mezi IPMN Wirsungova vyvodu a IPMN postrannich vétvi vyvodného
systému pankreatu ma i prognosticky vyznam z divodu odlisného biologického chovani:
zatimco v prvni skupiné byla progrese do maligniho karcinomu popsana v 57-92 %, ve druhé
skupiné byla zaznamenana jen v 646 % (75). Imunuhistochemicky I1ze IPMN rozdé¢lit do tii
skupin podle exprese MUC1 a MUC2 proteint. MUC1'/MUC2" varianta je povaZzovana za
prekurzor duktalniho adenokarcinomu pankreatu (76).

IPMN se vyskytuji o néco &ast&ji u muzi (pomér M : Z = 1,5 : 1), stiedni vék &ini 64
(35-85) let. V74 % jsou lokalizovany v oblasti hlavy pankreatu. Klinicky se manifestuji
nejcastéji projevy akutni nebo chronické pankreatitidy, zbylé jsou incidentalomy. Prognéza je
pfi v€asné diagnodze piizniva az v 70 % piipadi. Pacienty po resekénim vykonu je nutno

dlouhodobé sledovat pro moZnost vyskytu synchronnich 1ézi a az 10% rekurenci tumoru (77).




e Mucinézni cysticky nador (MCN):

MCN jsou mucin produkujici cystické naddory pankreatu vyskytujici se podobné¢ jako IPMN
v benigni, hrani¢ni i maligni varianté. Na rozdil od IPMN vSak nekomunikuji s vyvodnym
systémem pankreatu, a nezplsobuji tudiz jeho dilataci, byvaji lokalizovany v oblasti t¢la
a kaudy pankreatu (>90 %) a jsou typické pro Zenské pohlavi (pomér Z : M = 9: 1). Mohou se
vyskytovat solitdirn¢ i multilokularné. Velikost cystickych lozisek kolisd od 3 do 23 cm.
Tekutina z cystické dutiny je bohatd na antigeny CEA a CA 19-9. Stfedni veék pfi diagnoze
¢ini 47 (23-78) let.

Histologicky jsou MCN tvofeny epitelovou vystelkou produkujici mucin a stromatem
napadné pfipominajicim ovaridlni stroma. Na builkdch stromatu lze imunohistochemicky
prokazat pfitomnost estrogenového a progesteronového receptoru. Tato skute¢nost podporuje
hypotézu, ze MCN vznikaji zrezidui genitalni liSty, které vcestovaly do dorzélniho listu
slinivky béhem embryonalniho vyvoje. Vysvétluje se tak predominance MCN v zenské
populaci i moznost vzniku tohoto tumoru také u postmenopauzélnich zen a u muza (78).

Pfitomnost stromatu ovarialniho typu je na zakladé mezindrodniho konsensu z roku
2004 podminkou pro diagnézu MCN a jeho odliSeni od IPMN (75). RozliSeni obou typli ma
zasadni vyznam pro kliniku. Zatimco vétSina MCN se vyskytuje solitarné a po resekci
nerekuruje, pacienti po chirurgickém odstranéni IPMN profituji z dlouhodobého sledovani
pro moznost vyskytu synchronnich 1€ézi a rekurence onemocnéni.

Klinicky se MCN manifestuji nejcastéji nespecifickymi dyspeptickymi obtizemi,
bfiSnim dyskomfortem, nebo hmatnym loZiskem v epigastriu. Ostatni ptipady jsou klinicky
némé. Kompletni resekce MCN je moZna ve vice nez 90 % ptipadl, prognodza je pak
vyborna. Prevalence invazivniho karcinomu kolisd mezi 6 a 27 %. Multilokularni MCN,
lokalizace v hlavé pankreatu a pfitomnost papildrnich vyb&ézkti do dutiny tumoru jsou

nepfimymi znaky invazivity tumoru (78).
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2. CILE PRACE

o Cetnost, senzitivita a specificita genovych variaci

Cilem préce je popis frekvence mutaci v onkogenu KRAS, tumor supresorovém genu p53
a alelickych ztrat na chromosomech 9p (lokus genu p/6) a 18q (lokus genu DPC4) v DNA
ziskané z materialu EUS-navigované tenkojehlové biopsie (EUS-FNA) tkané karcinomu
pankreatu. Ziskané cCetnosti mutaci budou porovnany se zjiSténym vyskytem ptislusnych
genovych variaci ve vzorcich pacientl s chronickou pankreatitidou za Ucelem odhadu
specificity vyskytu jednotlivych mutaci v karcinomu pankreatu. Soucasn€ budou srovnany

s publikovanymi frekvencemi vyskytu jednotlivych mutaci v pankreatické stave.

e optimalizace molekulirnégenetickych metod pro zpresnéni diagnostiky karcinomu
pankreatu

Bude optimalizovana a do klinické praxe zavedena metodika detekce relevantnich genovych

variaci pfimo v pankreatické tkani, ziskané aspiraci tenkou jehlou pod endosonografickou

kontrolou (EUS-FNA). Data budou vyhodnocena se zamérem vytipovat dostate¢né senzitivni

a specificky test pro diferenciaci maligni léze, vyuzitelny zejména v piipadech, kdy

endoskopicka ultrasonografie (EUS) a cytologie samy nejsou schopny rozlisit mezi benigni

a maligni diagn6zou.

e zhodnoceni prognostického vyznamu sledovanych mutaci

Vedlejsim cilem préace je zhodnoceni dat ziskanych molekuldrnégenetickou analyzou vzork
tenkojehlovych aspiratl karcinomu pankreatu a korelovat spektrum jednotlivych mutaci se
statistikami pfeziti. Zamérem je vytipovat molekuldrné geneticky test, ktery by mohl byt

klinicky vyuzitelny jako prognosticky marker.
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ABSTRACT

Background and aims. Somatic mutations in KRAS oncogene are widely considered as early
events in pancreatic cancerogenesis, with frequencies of close to 90 % in developed pancreatic
cancers. Their occurrence in premalignant intraepithelial stages suggests potential for diagnostic
and screening purposes of risk individuals by means of diagnostic testing based on fine needle
aspiration biopsy. Recently, several groups have demonstrated detection of KRAS mutations in
pancreatic resection tissue. This paper presents a report on sensitive detection of KRAS mutations
directly in biopsy tissue from pancreatic cancer patients.

Methods. Fine needle aspiration biopsy samples were taken from a total of 35 individuals
diagnosed with primary suspicious pancreatic mass during endoscopic ultrasonography
examination. The aspirates were evaluated cytologically and were subjected to molecular-genetic
analysis of KRAS mutations. The definite malignant status of the tumours was subsequently
confirmed from resections following a surgery and/or a long-term follow-up.

Results. Of 30 patients with confirmed pancreatic cancer status, 21 (70 %) exhibited malignant
positivity for both, cytology and KRAS mutation test, 2 patients (6.7 %) had negative cytology
tests while carrying a KRAS mutation and 3 patients (10 %) had positive cytology with no KRAS
mutations. In 4 patients (13.3 %) with subsequently confirmed pancreatic cancer, neither of the
two tests were positive. Sensitivity of single cytologic evaluation was 80 %, sensitivity of
cytology combined with KRAS mutation test reached 90 %. As a result of cases with positive
cytology and no KRAS mutations, the original technique of parallel examination of dissected
bioptic tissue by the two tests was modified to a tumour-targeting approach, in which KRAS
mutations are detected directly from cytology smears.

Conclusion. The results obtained from this initial study confirmed a high frequency of KRAS
mutations in bioptic tissue samples from pancreatic tumours. Fine needle aspiration biopsy was
confirmed as a suitable method of sampling for purposes of molecular diagnostics testing in

addition to classic cytology test.



Introduction

Despite significant progress in research and a generally better understanding of the molecular
and genetic basis of malignant diseases acquired over the past decade, pancreatic cancer
remains a mostly fatal disease (14). Late diagnosis of advanced stages of pancreatic cancer is
the major cause of its extremely negative prognosis. The most critical issue for a surgical
resection, which represents the only method of treatment, is uncovering the very early stages
of pancreatic cancer or better yet, detecting premalignant lesions referred to as PanIN -
pancreatic intraepithelial neoplasia (8). Most currently applied diagnostic approaches rely on
evaluation of morphological changes in pancreatic tissue in combination with
histology/cytology examination of samples obtained by fine-needle aspiration (FNA) (5). The
development of pancreatic cancer follows a distinct path from normal ductal epithelia,
inflammatory tissue, PanIN phase I - III up to the carcinoma (7). This path is accompanied by
sequential accumulation of genetic changes (mostly point mutations, gene amplifications and
allelic deletions). In order to increase diagnostic sensitivity of the FNA cytology, several
papers have demonstrated detection of selected genetic changes in DNA material obtained
from pancreatic duct brushings, percutaneous biopsies, or plasma as potential molecular
markers for PC (4,11,18,19,23).

An early event in pancreatic carcinogenesis is activation of KRAS oncogene by
somatic point substitution (1). This alteration can already be detected already in PanIN-1A
lesions as well as in chronic pancreatitis and therefore represents an independent risk factor
for pancreatic cancer. In advanced pancreatic cancer, KRAS mutation is found in nearly to
90 % of cases, therefore considered as a potential molecular marker for early detection of
pancreatic cancer (15). Following the initial KRAS activation, a number of other genetic
abnormalities take place. PanIN-1A and PanIN-1B phases are characterized by

overexpression of HER-2/neu oncogene, which is found in 50 % of pancreatic neoplasms (5).




Increased HER-2/neu expression, however, is a result of higher transcription rate rather than
gene amplification, rendering HER-2/neu not a good therapeutic target (6). Aside from the
above-mentioned oncogenes, there are a number of tumour suppressor genes affected by
genetic alterations during the pancreatic cancer transformation process. Among them,
p16™* tumour-suppressor is already inactivated in transition from PanIN-1B to PanIN-2
phases (3). The pl6 is inactivated in almost 95 % of cases of invasive pancreatic cancer,
therefore also represents a suitable molecular marker.

The most important goal is to uncover patients with chronic pancreatitis that are at a
higher risk of developing pancreatic cancer. KRAS mutation is detected in about one third of
chronic pancreatitis aspirates (2,16), and patients with mutated KRAS oncogene and loss of
p16 expression are considered to be carriers of independent risk factors for development of
pancreatic cancer (17,21). Other tumour-suppressor genes from the pancreatic cancerogenesis
such as p53, DPC4 and BRCA2 become inactivated in a later, PanIN-3, phase with overall
lower frequency, hence, their potential for screening of high-risk individuals is lower (20).

In the current paper, we describe initial results, discuss experimental issues and share

some experience acquired with detecting KRAS mutations in samples obtained by FNA.

Methods

The thirty-five patients with pancreatic mass (21 males, 14 females, aged 39 - 76, median 63)
underwent initial examination with endoscopic ultrasonography guided FNA in order to
confirm malignant diagnosis or to differentiate between cancer and inflammatory pseudo-
tumour status. FNA biopsies were taken from pancreatic mass, mostly located in the head of
the pancreas, a minority of lesions originated in the body of the gland. The ultimate diagnosis

was determined based on subsequent surgery or a continuing follow-up. The acquired




aspirates were divided into two parts where the first part was evaluated by standard
cytopathology and the second part was immediately frozen for molecular-genetic analysis.

Results from cytopathology were classified into three groups: 1) positive findings
where the smears were diagnostic of malignant or benign disease; 2) inconclusive or
borderline findings where not enough ductal epithelia was present to state diagnosis, or where
epithelial atypia did not allow to distinguish cytologically pancreatic cancer from severe
chronic pancreatitis; 3) negative findings where no ductal epithelia was detected.

During molecular-genetic analysis, KRAS hotspot codons 12 and 13 of exon 1 were
examined for the presence of mutations. Genomic DNA was isolated from the frozen bioptic
tissue using JetQuick isolation kit (Genomed GmbH, Loehne, Germany). Extracted DNA was
subjected to PCR amplification with fluorescently labeled PCR primers using optimized
conditions for amplification of KRAS target sequence (see Table 1). Mutant controls were
prepared by PCR mutagenesis by amplification of a wildtype DNA with a special extension
on one of the PCR primers. The extension included the mutated base in place of the wildtype
base. Following PCR amplification, mutant heteroduplexes were formed by heating and
reannealing and analyzed on a multi-capillary array analyzer (MegaBACE 1000, Amersham
Biosciences, Sunnyvale, California, USA) using periodically cycling temperature gradient
(12). The genetic analyzer was equipped with a Caddy plate loading robot (Watrex Praha,
Czech Republic) for unattended operation. The separation took place in a standard denaturing
gel matrix (MegaBACE long-range matrix, Amersham Biosciences) containing 7M urea. The
running conditions included injection for 120 seconds at 3 kV and running at 6 kV for 90
minutes. The cycling gradient temperature profiles were created using MBCS software
version 2.0 (Genomac International, Praha, Czech Republic). CGCE running conditions used

in this work are listed in Table 1.




Target Primer sequence Theoretical melting | CGCE
temperature temperature range
5'-atgactgaatataaactigtg-3'
K-ras 5'-FL-[GC]- 70°C 52 -50°C
CCTCTATTGTTGGATCATATTC-3'

[GC] denotes a high-melting clamp:

CGCCCGCCGCGCCCCGCGCCCGTCCCGCCGCCCCCGLOCaG

FL denotes labelling by fluorescein

Table 1: Optimized conditions for PCR amplification of KRAS sequence and mutation
detection by CGCE technique (13).

The ethical committee of the Institute for postgraduate medical education has
approved this study and all patients enrolled have signed informed consent to genetic tests

performed on their samples.

Results

Genomic DNA was extracted from 34 out of the 35 originally collected samples. One patient
with negative cytology was excluded from the study for high probability of no ductal epithelia
in the tissue aspirate. Of the remaining 34 patients a decisive diagnosis of pancreatic
adenocarcinoma was confirmed in 30 cases, chronic pancreatitis in 2 cases, 1 case was a
benign pancreatic tumour and 1 mesenchymal tumour (malignant fibrous histiocytoma). The
results are summarized in Table 2. In the group of 30 patients with confirmed PC status, 21
patients (70 %) showed positivity for both FNA cytology test as well as KRAS mutation test.
A positive cytopathology without positive KRAS test was obtained from 3 patients (10 %),
while 2 patients (7 %) exhibited presence of KRAS mutation with negative results from
cytology. For the remaining 4 pancreatic cancer patients (13 %), neither of the two tests was
positive and the malignancy was only confirmed at the surgery. All detected KRAS mutations

were located in codon 12 of exon 1. In one patient the original positive KRAS mutation status




from the FNA biopsy was later confirmed in an autopsy sample. The same codon 12 mutation

was found in both, biopsy as well as autopsy samples.

Ec;rséi‘gve rr'n(é;aaiive Total
Cytology positive 21 (70 %) 3 (10| %) 24 (80 %)
Cytology negative 2 (7 %) 4 (13 %) 6 (20 %)
Total 23 (77 %) 7 (23 %) 30 (100%)

Table 2: Summary of results of cytology test with KRAS mutation detection test.

Sensitivity of cytology evaluation was 80 %, sensitivity of cytology combined with
evaluation of KRAS mutation status increased to 90 %. However, the difference between both
methods was not statistically significant for difference of only two patients between the two

groups.

Discussion

The overall frequency of KRAS mutations found in pancreatic cancer aspirates was 76.7 %,
confirming the widely acknowledged significant incidence. The frequencies reported in
literature were mostly within a range from 75 to 100 %, with frequency between 61 % and 80
% in pancreatic juice (4,15), 70-73 % in pancreatic duct brushings (11), and 80—-100 % in
FNA aspirates (22). Compared to those values, FNA frequency found in this work was
slightly lower. This was most likely due to suboptimal processing of the samples. The
originally applied method of splitting the bioptic tissue in two parts and examining the parts
by the two separate methods (cytology vs. molecular-genetics) clearly introduces a possibility
of inconsistence in results in case of sample heterogeneity. Similarly, the absence of KRAS
mutations in the 3 cases of positive cytology leads to a need of examining DNA from the
same material, which was evaluated by a pathologist. Therefore, in the next phase, DNA will

be isolated directly from cellular smears stained by May-Griinwald-Giemsa technique on




which cytopathological diagnosis is stated. This technique avoids genotoxic liquids during
staining procedure so samples are optimal for subsequent genetic analysis. With such
a tumour-targeting approach, we expect to increase the current frequencies of positive KRAS
detection, but more importantly, to increase the potential for detecting other prospective
molecular markers such as p/6 mutations or DPC allelic deletions, which naturally occur with
lower frequencies.

In contrast to the tumour-targeting approach, mutation detection sensitivity is the most
important factor for applying the molecular marker screening in pancreatic cancer diagnostic
screening. The issue of mutations detection sensitivity is the key in finding small populations
of mutated cells in an excess of normal cells (10). This is a legitimate concern in bioptic tissue
samples, where often only a fraction of mutated cells is captured in a surrounding of normal
unaltered tissue or blood cells. An example of the difference in the fraction of mutated cells is
shown in Figure 1. The normal tissue with no detection of mutated DNA (Figure 1A) shows a
single PCR product for the wildtype KRAS sequence. A sample containing a large portion of
mutated cells (clean cancerous tumour) produces a heteroduplex pattern with the most
significant peak of the mutated PCR sequence (Figure 1B). The most common scenario is the
one with a low fraction of mutated DNA copies. Such a sample also produces a pattern of
heteroduplexes with the most significant peak from the wildtype PCR sequence followed by
lower intensity mutant PCR sequences (Figure 1C). With a sufficient level of sensitivity the
mutation pattern from Figure 1B is already distinguishable from the single peak pattern
representing normal tissue in Figure 1A. Based on our previous experience, we estimate the
current sensitivity limit of our technique (heteroduplex separation in temperature gradients) at
5-10 % of mutated DNA copies (cancer cells) in an excess of 95 % of normal DNA copies
(normal cells) (13). Although this part of our study was not specifically directed at diagnosis

of premalignant lesions, as an initial positive sign for this approach, KRAS mutations were
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Figure 1: Illustration of result from mutation detection analysis in case of different fractions
of mutated DNA copies in the tissue material. Normal tissue without mutations (A),
cancerous tissue with large fraction of mutated cells (B), most common case with low fraction
of mutated cells (C).
clearly visible in the 2 cases of ultimate malignancy, where the initial cytology was
inconclusive and the clinical finding nonspecific. However, for more universal application it
is expected that the required sensitivity is still below the current level. Therefore, for future
diagnostic purposes it will be necessary to further increase the mutation detection sensitivity
by alternative approaches such as pre-amplification and selective enrichment of mutants (9).
Finally, it is expected that the 4 cases with inconclusive biopsy and no KRAS mutations were
a result of the absence of ductal epithelia in the punctuate.

With the tumour-targeting, we expect to increase likelihood of finding also the less

frequent mutations, thus broaden the range of potential diagnostic molecular markers to

tumour-suppressor genes pl/6 and DPC4. Naturally the genetic profiling of fine needle




aspirates represents a significant diagnostic potential for patients with chronic pancreatitis,
who would profit from regular dispensatory examination (laboratory, CT, endoscopic
ultrasonography) and early surgery (21). A large control group of patients with chronic

pancreatitis is necessary in order to evaluate the test specificity.

Conclusion

We have demonstrated a pilot study on detecting KRAS mutations in FNA biopsy samples.
The initial mutation frequencies were comparable to data published on mutation frequency
found in pancreatic juice or pancreatic duct brushings, but lower when compared to
equivalent FNA biopsy data. As a result, the methodology is to be modified, where instead of
dissecting the biopsy sample for cytology and molecular-genetic evaluation, a tumour-
targeting approach was applied in which DNA mutations were detected directly from
cytology smears. We expect to broaden the current extent of the study to more patients and to

add other prognostic markers in an ongoing continuation of this work.
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ABSTRACT

EUS-guided fine needle aspiration cytology (FNA) is standard diagnostic procedure for
evaluation of suspicious panceratic mass. Somatic mutations in DNA extracted from
pancreatic FNAs have long been studied as potential molecular markers of malignancy. In this
work, we examine some of the most characteristic genetic changes occurring in pancreatic
neoplasia from patients undergoing FNA biopsy to reveal their usefulness in routine clinical

diagnostic testing.

Aim: To establish an optimum combination of molecular markers resulting in best overall

diagnostic sensitivity and specificity.

Methods: EUS-guided FNA was performed on 101 consecutive patients (63 males, 38
females, 60 + 12 years; 81 with subsequently diagnosed pancreatic cancer, 20 with chronic
pancreatitis) with focal pancreatic mass. Samples were evaluated by rapid H&E staining
followed by more detailed assessment using Giemsa staining method. DNA was extracted
from Giemsa stained cells selected by laser microdissection and the presence of KRAS, p53
and pl6 somatic mutations was tested by CGCE and SSCP techniques. In addition, allelic
losses of tumor suppressor genes p/6 (INK4, CDKN2A) and DPC4 (MADH4, SMAD4) were

detected by monitoring the loss of heterozygosity (LOH) at 9p and 18q, respectively.

Results: Sensitivity and specificity of EUS-guided FNA were 75% and 85%, positive and
negative predictive value reached 100%. The remaining 26% samples were assigned as
inconclusive. Testing of molecular markers revealed sensitivity and specificity of 70% and

100% for KRAS mutations (P<0.001), 24% and 90% for p53 mutations (NS), 13% and 100%




for p16 mutations (NS), 85% and 64% for allelic losses at 9p (P <0.001) and 78% and 57%
for allelic losses at 18q (P<0.05). When tests for different molecular markers were combined,
the best results were obtained with KRAS + LOH at 9p (92% and 64%, P<0.001), KRAS +
LOH at 18q (92% and 57%, P <0.001), and KRAS + LOH 9q + LOH 18q (96% and 43%,
P <0.001). When the molecular markers were used as complements to FNA cytology to
evaluate inconclusive samples only, the overall sensitivity of cancer detection was 100% in all

patients enrolled in the study.

Conclusion: EUS-guided FNA cytology combined with screening of KRAS mutations and
allelic losses of tumor suppressors p/6 and DPC4 represents a very sensitive approach in
screening for pancreatic malignancy. Molecular markers may find be useful particularly in

cases where FNA cytology has been inconclusive.

Key words: Pancreatic cancer; Chronic pancreatitis; EUS-guided FNA; Molecular markers;

LOH




INTRODUCTION

Enormous progress in diagnostic and therapeutic approaches in the last decade had very
limited impact on generally poor survival rates of patients diagnosed with pancreatic cancer
(PO, Mortality of the disease is almost at the level of its incidence as the majority of cases
is diagnosed in advanced, not resectable stage!”. Since the fundamental molecular-genetic
mechanisms of PC have already been recognized, there is a great expectation that molecular
tests could substantially assist in early diagnosis as well as open new therapeutic possibilities
for this serious disease™*],

The development of pancreatic cancer follows a distinct path from normal ductal
epithelia, pancreatic intraepithelial neoplasia (PanIN I-III) up to the carcinomal™®\. This path
is accompanied by sequential accumulation of genetic defects (mostly point mutations, gene
amplifications and allelic deletions). Activation of KRAS oncogene by somatic point
substitution is seen as an initial event in pancreatic carcinogenesis is'"\. This alteration can be
detected already in PanIN-1A lesions as well as in chronic pancreatitis (CP) and therefore
represents an independent risk factor for pancreatic cancer. In advanced pancreatic cancer,
KRAS mutations are found in close to 90% of cases, therefore considered as a potential
molecular marker for early detection of developing cancer. Following the initial KRAS
activation, a number of other genetic abnormalities take place. PanIN-1A and PanIN-1B
phases are characterized by overexpression of HER-2/neu oncogene, which is found in 50%
of pancreatic neoplasms. Increased HER-2/neu expression, however, is a result of higher
transcription rate rather than gene amplification, rendering HER-2/neu an unusable
therapeutic target'®!. Aside from the above oncogenes, there is a number of tumor suppressor
genes affected by genetic alterations during the transformation process. Among them, p/6
tumor-suppressor (also referred to as CDKN2 or INK4), located at chromosome 9p21 is

inactivated already during transition from PanIN-1B to PanIN-2 phases”). Furthermore, loss




of another important tumor-suppressor gene, SMAD4 (known also as deleted in pancreatic
carcinoma, DPC4), located at chromosome 18q21 has also been observed!'”. Consequently,
the p/6 and DPC4 are inactivated in almost 95% (55% respectively) of cases of invasive
pancreatic cancers, therefore, potentially useable as molecular markers. All of the genetic
mutation events adversely affect control of the cell cycle, thus enabling defected cells to
proliferate. Oncogene KRAS encodes for GTP-binding protein responsible for signaling in
MAP-kinase pathway of intracellular signal transduction''"). Tumor suppressor gene p53 is
translated into a product that regulates transcription of other regulatory proteins, such as p21,
inhibitory protein of cyclinD/CDK2 family!'?. The product of p/6 tumor suppressor binds to
the complex of cyclinD/CDK4 or CDK6, and thus regulates progression of cell cycle at the
G1 control point!”!. Finally, the DPC4 tumor suppressor is a member of SMAD protein
family which play crucial role in intracellular signaling of TGF-beta!'*l.

Current diagnostic approaches mostly rely on evaluation of morphological changes in
pancreatic tissue in combination with histology/cytology examination of samples obtained by
fine-needle aspiration (FNA)!"”). EUS-guided FNA typically delivers sensitivity of 80% and
and specificity of 99%, while its positive and negative predictive values are at 99%, and 73%
levels!'®. In order to increase diagnostic sensitivity of the FNA cytology, several papers have
demonstrated detection of somatic aberrations as potential markers for early pancreatic cancer
in DNA material from pancreatic juice, pancreatic ductal brushings, peroperative or
percutaneous biopsies, plasma, duodenal aspirate, bile or stool. Among the various molecular
markers in pancreatic cancer, KRAS is the most frequently studied. Its prevalence is
estimated to reach 90%-95%. The reported rates of positivity, however, depend on
experimental method of KRAS mutation detection as well as on the source material in which
presence of KRAS mutations is to be detected. The capture rates range from 78%—100% in

pancreatic tissue!'”, 61%-89% in pancreatic juice!'®'”, 72%-83% in pancreatic ductal




brushing™**"!, 35% in plasma'®, 33% in bile!*’), and 25% in duodenal aspirate*”. Detection
of KRAS in stool gives better sensitivity than in bile, however specificity drops
singificantly®). Acceptable specificity was reported only in pancreatic ductal brushings and
pancreatic juice (77%—100%).

Because of the high sensitivity of genetic testing in pancreatic juice, numerous
mutations in other genes have been reported in this material. Sensitivity and specificity of
genetic tests in pancreatic juice is 40%-89% and 33%-96% for KRAS***7 11%-43% and
70%-100% for p16!"****1 14%-47 % and 88%—100% for p353*°*°% 36%—-70% and 39%—
100% for DPC4"**!). The combination of several molecular markers in pancreatic juice is
believed to improve sensitivity of genetic testing, giving best results for combination KRAS
plus p53 which resulted in 100% sensitivity”. In contrast to pancreatic juice analysis there is
only a limited number of publication on frequency of gene mutations in EUS-guided FNA
samples. Takahashi’s study which included 62 consecutive patients with focal pancreatic
mass is the largest. The authors screened for KRAS mutations and gave 74% sensitivity with
100% specificity?.

From the original PC progression model it is clear that the pancreatic malignant
conversion comes from a combination of multiple genetic events rather than originating from

a single mutation™"’

. Given the inherent heterogeneity of the carcinogenic pathways,
simultaneous examination of multiple markers should lead to improved testing efficacy. The
aim of the presented work was to evaluate a possibility of examining several somatic genetic
events as potential molecular markers for early detection of pancreatic cancer in risk groups,
such as in chronic pancreatitis patients. The main emphasis was on finding an ideal

combination of markers bringing the optimum results when used in combination with

commonly used cytology readings.




MATERIALS AND METHODS

Subjects

106 consecutive patients with focal pancreatic mass undergoing EUS-guided fine needle
aspiration (FNA) were enrolled into the study. Patients were divided into pancreatic cancer
group and the control group of patients with chronic pancreatitis based on histology of
surgical specimen or long term follow-up. Five patients were excluded due to other diagnosis
(adenoma, malignant fibrous histiocytoma, endocrine tumor, cholangiogenic carcinoma), or
for malignant duplicity (patient with a breast carcinoma).

Of 101 patients in the final group a total of 63 (62%) were males and 38 (38%)
females. The mean age in the group was 60+12 years, range 32-84 years (+2,01/-2,21
standard deviation). There were 81 (80%) patients with pancreatic cancer, and 20 (20%)
patients with chronic pancreatitis. All patients signed informed consent with participation in

the study as well as with genetic analysis of their tissue material.

Methods

EUS was performed by a single experienced endoscopist using GFUM-20 radial and GFUCT-
140 linear array scanning echoendoscopes (Olympus Europe). Quality of FNA samples was
evaluated by on-site cytologist after quick staining by hematoxylin-eosin. Definitive FNA
diagnosis was stated by a single pathologist, blinded to the EUS, after staining additional
slides by Giemsa. The same samples were subsequently submitted for genetic analysis.
Furthermore, in a subset of 18 patients the genetic analysis of FNA sample was extended to
genetic analysis of tissue acquired during subsequent peroperation biopsy. Laser
microdissection of Giemsa-positive cells was performed on P.A.L.M. Microlaser instrument

(Carl Zeiss, Germany). Normally, between 100 and 200 cells were dissected from each slide.




Genomic DNA was extracted from the dissected cells by a standard spin-column extraction
protocol using GMC tissue DNA isolation kit (Genomac, Czech Republic).

Presence of somatic point mutations in codons 12 and 13 of KRAS and in exons 5-8
of p53 was detected by cycling-gradient capillary electrophoresis (CGCE), a high-sensitivity
mutation detection technique based on heteroduplex analysis in temperature gradient”*. The
experimental details of the KRAS and p53 mutation assay were described previously™***.
Briefly, a PCR amplification of the target sequence containing the mutation hotspots was
performed with one of the primers fluorescently labeled and the other primer extended by
a 40bp artificial high-melting domain (GC-clamp). Following PCR, the 140 bp fragment was
heated and slowly cooled to allow formation of homo- and heteroduplex forms upon re-
annealing of wildtype and mutant sequences. The resulting double-stranded fragments were

subjected to capillary-electrophoretic separation at cycling temporal temperature gradient.

A typical result is shown in Figure 1.
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Figure 1 An example of the KRAS mutation analysis by CGCE method. A: sample without
mutation; B: sample with KRAS mutation in codon 12.

Mutations in pl/6 gene were analyzed by standard single-strand conformation
polymorphism (SSCP) using amplification conditions previously described in literature*®="]
followed by capillary electrophoresis analysis of the resulting fragments in non-denaturing gel

matrix (GMC-SSCP, Genomac, Czech Republic).




Allelic losses at chromosomal positions 9p and 18q were monitored by the loss of
heterozygosity analysis (LOH) using a total of 3 microsatellite (STR) markers for 9p
(D9S157, D9S171 and D9S1748) and 2 markers for 18q (D18S363, D18S474)***]. Detected

LOH at chromosomal site 9p is shown in Figure 2.

allele loss
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Figure 2 An example of LOH at chromosome 9p, analysis by CGCE method. A: tumor
sample with allelic loss; B: blood sample with both alleles present.

All capillary electrophoretic experiments including previously described temperature-
gradient, SSCP and fragment analysis were performed on capillary-array DNA sequencer
(MegaBACE™ 1000, GE Healthcare, Piscataway, NJ) equipped with Caddy™ 1000 robotic

sample loader (Watrex Praha, Prague, Czech Republic) for unattended overnight operation.

Statistical analysis
Statistical analysis was based on two-way and multiway contingency tables, sensitivity and

specificity of tests and on 95% confidence interval of relative frequencies with use of BMDP

PC90 and MedCalc software.

RESULTS

The data in the study represent patients collected within a 2-year-period from 2003 to 2005.

Due to a dismal nature of the disease the total project time period exceeded by far the mean




survival rate of pancreatic cancer patients enrolled in this study. The ultimate diagnosis of the
malignant disease could, therefore, be unequivocal assigned based on clinical follow-up.
During the final statistical analysis and evaluation, sensitivity and specificity of various
diagnostic approaches performed during the patients dispensarisation could later be accurately

determined.

Clinical examinations

Endoscopic ultrasonography: Endoscopic ultrasonography (EUS) is considered the most
sensitive method for visualising focal pancreatic lesions and staging of locoregional
progression of the pancreatic disease!*”. All patients in our group were subjected to EUS for
initial evaluation of pancreatic lesions. The EUS differentiation between malignant or benign
nature of the lesions resulted in 79% sensitivity and 77% specificity. The overall rate of false
negatives was 5% and false positives 4%. In 11% of cases endoscopist was not able to

reliably state the diagnosis.

Fine-needle aspiration cytology (FNA-cytology): EUS-guided FNA cytology has been
adopted as a routine method for all patients admitted to our gastroenterology department with
a suspicion of pancreatic cancer. The main benefit of this safe method is in its sensitivity. At
the same time, the acquired morphological information (TN staging) removes a need for
additional diagnostic testing and/or surgery, surpassing CT or MR imaging'*"). Following the
initial test for specimen quality by a “quick-test” using hematoxylin-eosin staining
immediately following the puncture, samples were stained by Giemsa and thoroughly
evaluated by an experienced cytologist. In the present study the overall sensitivity and
specificity for FNA cytology evaluation was 75% and 85% respectively; the positive and

negative predictive value reached 100% with no malignant specimens assigned as benign or




vice versa.. In FNA testing, however, a 26% of smears were assigned as inconclusive. This
mostly owing to the fact that the cellular atypia found in ductal epithelia did not allow clear

differentiation between both diagnoses.

Histology of surgical resection tissue: Finally, in a subset of 18 patients, surgery was
performed and collected pancreatic tissue was evaluated by pathologist. Histological
evaluation of surgical resecate resulted ultimately in 100% specificity, but 95% sensitivity

due to the fact that one resection sample was falsely evaluated as cancer-negative.

Molecular marker examination

Activating mutations in KRAS oncogene were found in 57 out of the total 101 samples.
Comparison with the final diagnosis revealed that all KRAS positives were subsequently
confirmed with malignancy, while none of the chronic pancreatitis samples exhibited KRAS
mutation (Table 1). Hence, the resulting specificity was 100% and the sensitivity 70% with
95% CI (60%—80%). There were 24 (30%) cancerous specimens without KRAS mutation.
Detecting mutations in tumor suppressor gene p353 uncovered only 19 positive cases (total of
81 cases) with a sensitivity of 24% with 95% CI (14%—-32%) and specificity of 90% with
95% CI (85%—-95%) (Table 2). Similarly, low mutation rates were obtained for p/6 gene with
10 of 100 cases leading to only 13% sensitivity (95% CI 5%—9%), specificity was 100%
(Table 3). 44 of the total of 66 samples exhibited allelic loss at 9p with the sensitivity of 85%
with 95% CI (75%-94%) and specificity of 64% with 95% CI (53%-75%) (Table 4).
Although 9p harbors p/6 tumor-suppressor gene, no correlation was found between
occurrence of p/6 mutations and 9p allelic deletions. A combination of the two tests (p/6
mutations and losses at 9p) yielded overall sensitivity of 84% with the specificity of 64%,

95% CI (75%-94%) and (53%—75%) respectively. Sole LOH test at chromosomal position




18q, corresponding to a loss of tumor suppressor gene DPC4, was detected in 38 of 63 cases
with sensitivity of 78% (95% CI 66%—-89%) and specificity of 57% (95% CI 45%—69%)
(Table 5).

When combining tests for independent molecular markers, the best results were
obtained with a combination of KRAS and LOH 9p. Sensitivity and specificity of this
combination were 92% with 95% CI (86%—-99%) and 64% with 95% CI (53%-75%),
respectively. Another promising combination was KRAS and LOH 18q resulting in sensitivity
of 92% with 95% CI (85%—-99%) and specificity of 57% with 95% CI (45%—69%). By
combining two markers with high specificity KRAS and low-sensitivity p53 a reasonable
values were obtained: sensitivity of 74% with 95% CI (65%—83%) and specificity of 90%
with 95% CI (85%—95%). This, however, does not significantly improve the sole KRAS test
showing 70% sensitivity and 100% specificity as noted above. Similarly, a combination of the
LOH tests performed on the two chromosomal loci (9p and 18q) resulted in the sensitivity of
92% with 95% CI (84%—-99%) and specificity of 43% with 95% CI (31%—55%), which does
not surpass combination of the relatively simpler KRAS mutation test with either of the
individual LOH tests.

If three markers are taken in account, a combination of KRAS with both LOH (18q
and 9p) show the highest sensitivity of 96% with 95% CI (91%—-100%) and specificity of
43% with CI (31%—-55%). The combination of p53 with LOH 18q and 9p gives comparable
results: sensitivity of 92% with 95% CI (85%-99%) and specificity of 43% with 95% CI
(31%—55%). Combination of KRAS with both methods for detecting genetic variations in p/6
(SSCP and LOH 9p) results in sensitivity of 92% with 95% CI (85%—-99%) and specificity of
64% with 95% CI (53%—75%) (Table 6).

Finally, fidelity of genetic testing in FNA-cytology smears versus resection tissue was

evaluated in case of 18 patients where both sample types were obtained. There was no




Table 1. Test for KRAS mutations.

chronic panceratitis,  pancreatic cancer, total, n(%)
n(%) n(%)
negative 20 (100) 24 (29.6) 44 (43.6)
positive 0 (0) 57 (70.4) 57 (56.4)
total 20 (100) 81 (100) 101 (100)
sensitivity: 70% 95% CI (60% — 80%)
specificity: 100%
Youden’s Index: 70%
P<0.001
Table 2. Test for p5S3 mutations.
chronic panceratitis,  pancreatic cancer, total, n(%)
n(%) n(%)
negative 18 (90) 62 (76.5) 80 (79.2
positive 2 (10) 19 (23.5) 21 (20.8)
total 20 (100) 81 (100) 101 (100)
sensitivity: 24% 95% CI (14% — 34%)
specificity: 90% 95% CI (85% — 95%)
Youden’s Index: 14%
P =0.18 (NS)
Table 3. Test for p16 mutations.
chronic panceratitis,  pancreatic cancer, total, n(%)
n(%) n(%)
negative 20 (100) 70 (87.5) 90 (90)
positive 0 (0) 10 (12.5) 10 (10)
total 20 (100) 80 (100) 100 (100)

sensitivity: 13%
specificity: 100%
Youden's Index: 13%
P=0.096 (NS)

95% CI (7% —19%)




Table 4. Test for LOH at chromosome 9p (site of p16 gene).

chronic panceratitis,  pancreatic cancer, total, n(%)
n(%) n(%)
negative 9(64.3) 8 (15.4) 17 (25.8)
positive 5(35.7) 44 (84.6) 49 (74.2)
total 14 (100) 52 (100) 66 (100)
sensitivity: 85% 95% CI (75% — 95%)
specificity: 64% 95% CI (53% — 75%)
Youden’s Index: 49%
P<0.001
Table 5. Test for LOH at chromosome 18q (site of DPC4 gene).
chronic panceratitis,  pancreatic cancer, total, n(%)
n(%) n(%)
negative 8 (57.1) 11 (22.4) 19 (30.2)
positive 6 (42.9) 38 (77.6) 44 (69.8)
total 14 (100) 49 (100) 63 (100)

sensitivity: 78%
specificity: 57%
Youden’s Index: 35%
P<0.05

95% CI (67% — 89%)
95% CI (45% — 69%)

Table 6. Combination of tests for various molecular markers.

combination of tests 95% confidence | P value | Youden's
interval Index

KRAS + LOH 9p sensitivity 92% 85% — 99% <0.001 57%
specificity 64% | 53% — 75%

KRAS + LOH 18q sensitivity 92% 85% — 99% <0.001 49%
specificity 57%|  45% — 69%

LOH 9p + LOH 18q sensitivity 92% 85% —99% <0.01 34%
specificity 43% |  31% — 55%

pl6+LOH 9p sensitivity | 84% 74% — 94% <0.001 49%
specificity 64% | 53% — 75%

KRAS + p53 sensitivity 74% 65% — 83% <0.001 64%
specificity 90% | 85% —95%

KRAS + LOH 9p + LOH sensitivity 96% 92% — 100% <0.001 39%

18q specificity 43% |  31% — 55%

KRAS + pl6 + LOH 9p sensitivity 92% 85% — 99% <0.001 57%
specificity 64% | 53% — 75%

p53+LOH 9p + LOH 18q |sensitivity 92% 85% — 99% <0.001 35%
specificity 43% |  31% — 55%




discrepancy in KRAS, p53 or p/6 mutation rates as the results were identical in both sample
types. In contrary, however, FNA-cytology specimens proved to be more suitable for
detection of allelic losses at 9p by LOH test (P <0.001); higher sensitivity of FNA specimens

for detection of LOH 18q was close to statistical significance (P <0.10).

DISCUSSION

EUS-guided FNA-cytology is widely regarded as the “golden standard” in morphological
diagnosis of the pancreatic neoplasms. In agreement with this common perception, our own
experience also confirms a high diagnostic value of the technique with positive and negative
predictive value reaching 100% over the course of the presented study. These results mirror
high efficacy of the protocol if FNA biopsy is first evaluated on-site by the cytologist, and
then conclusively interpreted by a skilled pathologist with proper experience in pancreatic
cytology. This encouraging result, however, is reduced by the fact that in addition to the
unequivocally assigned samples a remaining total of 26% of FNA smears are marked as
inconclusive. This mirrors the fact that distincion between reactive changes in chronic
pancreatitis and well differentiated adenocarcinoma may be problematic and cause
underdiagnosis of pancreatic cancer'*. Hence, the resulting 74% success rate of FNA-
cytology clearly opens a need for additional diagnostic tools.

Molecular diagnosis of early pancreatic cancer has been studied since several years.
Although many molecular markers have been identified, it is evident that diagnostic and/or
screening should be based on a set of tests rather than relying on one universal molecular
indicator. In our study, we have obtained reproducible results indicating a notable capture rate
of pancreatic cancers by using a combination of multiple highly specific markers. As shown

in Table 1, test for KRAS mutation exhibited the highest possible specificity. Our finding is in

agreement with reports of KRAS testing in pancreatic juice (sensitivity of 40%—89% and




specificity 33%—-96%). With regard to KRAS testing in FNA samples, our sensitivity was
similar to a recent study (70% vs 74%), moreover, at the same time we have confirmed 100%
specificity of KRAS test in FNA reported in the same study?. The fidelity of KRAS test in
our work was followed by LOH analysis for the detection of allelic losses at 9p and 18q
chromosomal positions (Tables 2 and 3). Satisfactory sensitivity with relatively low
specificity of all above mentioned genetic tests make them suitable for screening purposes
rather than for differential diagnosis of pancreatic masses.

As expected, the LOH analysis greatly profitted from laser microdissection of tumor
cells from FNA-cytology specimens. In comparison to manual dissection from resected tissue,
the sensitivity for detection of allelic loss was higher for laser-microdissected FNA samples.
Low diagnostic value of p53 and p/6 point mutations is in agreement with the overall limits
of sensitivity and specificity intervals for these markers being previously tested in pancreatic

(182528301 ‘Similarly in FNA samples, p53 or p/6 mutations seem suitable for differential

juice
diagnosis or screening in FNA samples.

Based on the observations from this study, a diagnostic algorithm reflecting the most
efficient approach to distinguish pancreatic cancer from chronic pancreatitis in FNA samples
can be constructed (Figure 3). As the EUS-guided FNA-cytology still has the highest
diagnostic relevance reaching 100% both predictive values while showing acceptable
sensitivity and specificity, it should always remain a preferred method of choice for
examination of a focal pancreatic mass (Figure 3, step 1). Only a subset of FNA-inconclusive
samples should be further examined by genetic analyses. The size of such sample set will
undoubtedly depend on the pathologist’s level of expertise. Of the various markers, KRAS is
a prime candidate for first-level genetic analysis as the KRAS positivity showed to reliable

differentiate patients with malignancy (Figure 3, step 2). Because of a lower sensitivity of

KRAS test, samples negative for KRAS mutation should, consequently, be examined for




allelic losses by LOH tests. Due to its higher sensitivity, LOH on the chromosome 9p, should
be tested first (Figure 3, step 3), followed by a final testing of the LOH 18q performed on the
remaining samples showing negativity for all previous tests (Figure 3, step 4). Such a set of
four subsequent testing steps delivers satisfactory results. When using to process data
acquired in our study, malignancy was correctly assigned to all patients with ultimately
confirmed cancer status with no false negatives. One patient with chronic pancreatitis was

incorrectly assigned with pancreatic cancer, a false positive, due to positivity of both 9p and

18q LOH tests.
FNA sample
Chromie | megaive | 1y vtology |P20e,|  Fancreatic
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Figure 3 Four-step diagnostic algorithm evaluatin FNA cytology and genetic changes for
differentiation benign and malignant lesions of the pancreas.




In conclusion, the most sensitive genetic test for screening for malignancy in EUS-
guided FNA samples from pancreatic mass seems a combination of KRAS mutation analysis
with detection of p/6 gene loss by LOH at 9p. Combination of KRAS with LOH analysis at
both p/6 and DPC4 genes further improves the sensitivity to 96%. The best compromise of
sensitivity and specificity according to the Youden's index is single KRAS (70%) or
combination of KRAS with LOH 9p (57%). Based on our observations it seems that due to
relatively high specificity of the used markers, malignancy is usually indicated already by
a single positive test. Therefore, only negative samples are subsequently tested by further

markers, increasing the cost effectivity of such diagnostic testing.
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ABSTRACT

Background: KRAS mutations and allelic losses of tumor suppressors p/6 and DPC4 are
perceived as potential markers for screening of pancreatic malignancy. In this study, we compare
molecular data with survival statistics of the patients and question whether they correlate with
patients” prognosis.

Patients and Methods: 53 consecutive patients with advanced pancreatic cancer (stage III and
IV) who underwent EUS-guided fine needle aspiration (FNA) were enrolled into the study (28
males, 25 females, 63+10.5 years). Samples were evaluated on-site for presence of malignant
cells. DNA was extracted from Giemsa stained smears using laser microdissection, and mutation
status of KRAS and p53 was tested by cycling-gradient capillary electrophoresis (CGCE). In
addition, allelic losses of tumor suppressor genes p/6 (INK4, CDKN2A) and DPC4 (MADHA4,
SMAD4) were detected by monitoring the loss of heterozygosity (LOH) at 9p and 18q loci.
Molecular data were compared with survival statistics using Kaplan-Meier method.

Results: The median survival in KRAS positive group was 7.0+2.4 months (95% CI 2.3-11.7), in
KRAS negatives was 10.0+0.6 months (95% CI 8.7-11.3). The median survival in p53 positive
group was 10.0+£2.2 months (95% CI 5.6-14.4), in p53 negatives was 6.0+2.5 months (95% CI
1.1-10.9). The median survival in LOH 9p positive group was 9.0+5.1 months (95% CI 0-18.9),
in LOH 9p negatives was 10.0+5.0 months (95% CI 0.2—-19.8). The median survival in LOH 18q
positive group was 10.0+4.2 months (95% CI 1.8-18.2), in LOH 18q negatives was 3.0+1.3
months (95% CI 0.5-5.5). After the adjustment for age using Cox proportional hazards model,
none of the evaluated molecular markers has shown to be independent prognostic marker for
survival of patients with pancreatic cancer.

Conclusions: None of the studied molecular markers was identified as an independent factor

determining survival prognosis.




Introduction:
Pancreatic cancer (PC) is considered one of the most lethal tumors of human digestive
system. Despite a considerable progress in understanding molecular background of pancreatic
carcinogenesis in the last decade as well as novel diagnostic and therapeutic approaches,
survival rates of patients remains generally poor [1]. Mortality of the disease is almost at the
level of its incidence as the majority of cases is diagnosed in advanced, unresectable stage [2].
The development of pancreatic cancer follows a distinct path from normal ductal
epithelia, pancreatic intraepithelial neoplasia (PanIN I-III) up to the carcinoma [3,4]. This
path is accompanied by sequential accumulation of genetic changes (mostly point mutations,
gene amplifications and allelic deletions). An early event in pancreatic carcinogenesis is
activation of KRAS oncogene by somatic point substitution [5]. This alteration can be
detected already in PanIN-1A lesions as well as in chronic pancreatitis and therefore
represents an independent risk factor for pancreatic cancer. In advanced pancreatic cancer,
KRAS mutation is found in close to 90% of cases, therefore considered as a potential
molecular marker for early detection of PC. Following the initial KRAS activation, a number
of other genetic abnormalities take place. PanIN-1A and PanIN-1B phases are characterized
by overexpression of HER-2/neu oncogene, which is found in 50% of pancreatic neoplasms.
Increased HER-2/neu expression, however, is a result of higher transcription rate rather than
gene amplification, rendering HER-2/neu not a good therapeutic target [6]. Aside from the
above oncogenes, there is a number of tumor suppressor genes affected by genetic alterations
during the PC transformation process. Among them, p/6 tumor-suppressor (also referred to as
CDKN2 or INK4), located at chromosome 9p21 is inactivated already in transition from
PanIN-1B to PanIN-2 phases [7]. Furthermore deletion of another important tumor-suppressor
gene, SMAD4 (known also as deleted in pancreatic carcinoma, DPC4), located at

chromosome 18g21 has also been observed [8]. Consequently, the p/6 and DPC4 are




inactivated in almost 95% (55% respectively) of cases of invasive PC, therefore also represent
a suitable molecular markers.

The above mentioned genetic changes substantially affect control of the cell cycle,
thus enabling defected cells to proliferate. Oncogene KRAS encodes for GTP-binding protein
responsible for signaling in MAP-kinase pathway of intracellular signal transduction [9].
Tumor suppressor gene p53 is translated into a product that regulates transcription of other
regulatory proteins, such as p21, that are potent inductors of apoptosis in response to severe
DNA damage. It exerts its regulatory activity at the G1/S interface of the cell cycle [10]. The
product p/6 tumor suppressor binds to the complex of cyclinD/CDK4 or CDK6, and thus
regulates progression of cell cycle at the G1 control point [11]. Finally, the DPC4 tumor
suppressor, a member of SMAD protein family, exerts its function via TGF-B signalling
pathway and inhibits cell cycle progression by introducing G1 arrest [12]; it also regulates
angiogenesis [13].

From the above progression model it is clear that the pancreatic malignant conversion
comes from a combination of multiple genetic events rather than originating from a single
mutation [14]. Accordingly, no single molecular marker useable for diagnosis of early stage
of the disease was identified. Given the inherent heterogeneity of the carcinogenic pathways,
simultaneous examination of multiple markers should lead to improved testing efficacy.
Therefore, it is gene microarray and protein profiling techniques that are in hope to unveil
significant genetic key for early diagnosis, prediction of prognosis, and estimate of the
responsiveness to chemotherapy [15].

In our recent study [16], we have attempted to determine diagnostic potential of
molecular changes in KRAS, p53, p/6 and DPC4. We have examined 101 patients with
chronic pancreatitis and pancreatic cancer who underwent endoscopic ultrasound guided fine

needle aspiration biopsy (FNA). Sensitivity and specificity of separate molecular markers was




70% and 100% for KRAS (P<0.001), 24% and 90% for p53 (NS), 85% and 64% for LOH at
9p (P<0.001), and 78% and 57% for LOH at 18q respectively (P<0.05). In search for an
optimum combination of molecular markers of pancreatic malignancy we found that
screening for KRAS mutations along with loss of heterozygosity (LOH) at chromosomes 9p
and 18q (sites of tumor suppressor genes p/6 and DPC4) is a sensitive test of PC in patients
with inconclusive finding on FNA cytology.

In this paper, we extend the scope further to question the relevance of KRAS and p53
mutation status as well as LOH at 9p and 18q as prognostic factors for disease survival. In
addition, we evaluate correlation of the above molecular factors to the appearance of the
tumor in endoscopic ultrasound (EUS) and/or serum levels of tumor markers CA 19-9 and

CEA.

Patients and Methods:
Subjects
A total of 57 consecutive patients with advanced pancreatic cancer (stage III and I'V according
to WHO classification [17]) who underwent EUS-guided fine needle aspiration (FNA) were
enrolled into the study. The diagnosis was proven by FNA cytology and histology of surgical
specimen and/or long term follow-up. Five patients were excluded due to other diagnosis
(adenoma, malignant fibrous histiocytoma, endocrine tumor, cholangiogenic carcinoma), or
for malignant duplicity (a patient with breast carcinoma).

Of the 53 patients there was a total of 28 (53%) males and 25 (47%) females. The
mean age in the group was 63+10.5 years, range 40-84 years (+1.95/-2.25 standard
deviation). All patients signed informed consent with participation in the study as well as with

genetic analysis of their tissue material.




Methods

Evaluation of CA 19-9 and CEA serum levels was undertaken prior to invasive endoscopy
(Table 1). EUS was performed by single experienced endoscopist using GFUM-20 radial and
GFUCT-140 linear array scanning echoendoscopes (Olympus Europe) (Table 2). FNA
samples were stained using the rapid Hematoxylin and Eosin (H&E) staining technique, and
evaluated by on-site cytologist to ensure that the potential tumor cells are present in the
smears. Definitive FNA diagnosis was stated by a single pathologist, blinded to the EUS, after
staining remaining samples by Giemsa. The same samples were subsequently submitted for
genetic analysis. Laser microdissection of Giemsa-stained cells was performed on P.A.L.M.
Microlaser instrument (Carl Zeiss, Germany). Normally, between 100 and 200 cells were
dissected from each slide. Genomic DNA was extracted from the dissected cells by a spin-
column extraction protocol using JetQuick Tissue DNA Isolation Kit (GENOMED GmbH,

Loehne, Germany).

Table 1. Serum Tumor Markers

CA 199
normal 9 (26 %)
high 26 (74 %)
TOTAL 35 (100 %)
CEA
normal 27 (82 %)
high 6 (18 %)
TOTAL 33 (100 %)

Note: normal serum level for CA 19-9 is 0—37 U/ml; normal serum level for CEA is 0-5.1 pg/I.

Presence of somatic point mutations in codons 12 and 13 of KRAS and in exons 5-8
of p53 was detected by GenoScan (Genomac, Prague, CZ), a high-sensitivity mutation
detection kit based on heteroduplex analysis in temperature gradient (Table 3) [18]. Briefly,

a PCR amplification of the target sequence containing the mutation hotspots was performed




Table 2. EUS Characteristics of the Tumors

tumor location

head 43 (81 %)

body 7 (13 %)

tail 3(6%)
tumor size

mean 33+ 11 cm

range 5-60 cm (+2.4/-2.5 standard deviation)
infiltrative growth

yes 44 (83 %)

no 9 (17 %)
cystic component

yes 8 (15 %)

no 45 (85 %)
duct dilatation

yes 41 (77 %)

no 12 (23 %)
angioinvasion

yes 24 (45 %)

no 29 (55 %)
pathological lymph nodes

yes 51 (96 %)

no 2 (4 %)
EUS signs of chronic pancreatitis

yes 6 (11 %)

no 47 (89 %)
TOTAL 53 (100 %)

Table 3. Molecular Status

KRAS
mutated 36 (68 %)
non-mutated 17 (32 %)
TOTAL 53 (100 %)
p53
mutated 13 (25 %)
non-mutated 40 (75 %)
TOTAL 53 (100 %)
LOH 9p
LOH found 27 (79 %)
LOH not found 7 (21 %)
TOTAL 34 (100 %)
LOH 18q
LOH found 24 (75 %)
LOH not found 8 (25 %)
TOTAL 32 (100 %)




with one of the primers fluorescently labeled and the other primer extended by a 40 bp
artificial high-melting domain (GC-clamp). Following PCR, the 100-140 bp fragment was
heated and slowly cooled to allow formation of homo- and heteroduplex forms upon re-
annealing of wildtype and mutant sequences. The resulting double-stranded fragments were
subjected to capillary-electrophoretic separation at a cycling temporal temperature gradient.

Allelic losses at chromosomal positions 9p and 18q were uncovered by the loss of
heterozygosity (LOH) analysis using a total of 3 microsatellite (STR) markers for 9q
(D9S157, D9S171 and D9S1748) and 2 markers for 18q (D18S363 and D18S474) (Table 3)
[19,20].

All capillary electrophoretic experiments including previously described temperature-
gradient and fragment analysis were performed on a capillary-array DNA sequencer
(MegaBACE™ 1000, GE Healthcare, Piscataway, NJ) equipped with Caddy™ 1000 robotic

sample loader (Watrex Praha, Prague, Czech Republic) for unattended overnight operation.

Statistical analysis

Survival statistics was calculated by estimation of Kaplan-Meier survival function and
Mantel-Cox test for testing the equality of survival curves. Molecular data were compared
with survival statistics by chi-square test in two-way frequency tables with Yate's correction,

where appropriate.

Results:
The mean survival in KRAS positive group was 8.4+1.3 months (95% CI 5.9-10.9), in KRAS
negative group 8.3+1.2 months (95% CI 5.9—-10.7). The median survival was 7.0£2.4 months

(95% CI 2.3-11.7) in KRAS positives and 10.0+0.6 months (95% CI 8.7-11.3) in KRAS




negatives. There was no statistically significant difference in survival of the two groups
(P=0.636).

The mean survival in p53 positive group was 11.5+2.6 months (95% CI 6.4-16.7), in
p353 negative group 7.5+0.9 months (95% CI 5.6-9.3). The median survival was 10.0+2.2
months (95% CI 5.6-14.4) in p53 positives and 6.0+2.5 months (95% CI 1.1-10.9) in p53
negatives. The difference was statistically significant (P<0.05).

The mean survival in LOH 9p positive group was 8.8+1.5 months (95% CI 5.9-11.8),
in LOH 9p negative group 7.4+2.4 months (95% CI 2.8-12.1). The median survival was
9.0£5.1 months (95% CI 0-18.9) in LOH 9p positives and 10.0+5.0 months (95% CI 0.2—
19.8) in LOH 9p negatives. There was no statistically significant difference in survival of the
two groups (P=0.509).

The mean survival in LOH 18q positive group was 9.6+1.6 months (95% CI 6.4—12.7),
in LOH 18q negative group 6.6+2.2 months (95% CI 2.2-10.9). The median survival was
10.0+4.2 months (95% CI 1.8-18.2) in LOH 18q positives and 3.0+1.3 months (95% CI 0.5—
5.5) in LOH 18q negatives. There was no statistically significant difference in survival of the
two groups (P=0.311).

After the adjustment for age using Cox proportional hazards model, none of the
evaluated molecular markers has shown to be independent prognostic marker for survival of

patients suffering from pancreatic cancer (Table 4, Figure 1-4).
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Figure 1. Kaplan-Meier curves of the
overall survival based on KRAS mutation
status.

Figure 2. Kaplan-Meier curves of the
overall survival based on p53 mutation
status.

Figure 3. Kaplan-Meier curves of the
overall survival with regard to LOH at
chromosome 9p (site of p16).

Figure 4. Kaplan-Meier curves of the
overall survival with regard to LOH at
chromosome 18q (site of DPC4).



Table 4. Survival Analysis According to the Molecular Status

mean survival median survival P Cox
months standard months standard regression
error error P

KRAS
positive 8.4 +1.3 7.0 +2.4
negative 8.3 +1.2 10.0 + (0.6 0.636 (NS) | 0.941 (NS)
TOTAL 8.5 +1.0 8.0 + 2.0
p53
positive 11.5 +2.6 10.0 +2.2
negative 7.5 +0.9 6.0 +2.5 0.045 0.132 (NS)
TOTAL 8.5 +1.0 8.0 +2.0
LOH 9p
positive 8.8 + 1.5 9.0 +5.1
negative 7.4 +2.4 10.0 + 5.0 0.509 (NS) | 0.830 (NS)
TOTAL 8.5 +1.3 9.0 +4.9
LOH 18q
positive 9.6 + 1.6 10.0 +4.2
negative 6.6 +2.2 3.0 +1.3 0.311 (NS) | 0.616 (NS)
TOTAL 8.8 +1.3 10.0 + 5.4

As a secondary aim, possible correlation between occurance of gene mutations and
EUS image of tumors and/or levels of serum tumor markers CA 19-9 and CEA was
questioned (Table 5). There was no difference in overall survival of patients with tumors
< 30 mm and > 30 mm. No correlation between tumor size and frequency of gene mutations
and/or serum levels of CA 19-9 and CEA was found. EUS signs of angioinvasion, infiltrative
growth pattern and cystic component were not independent prognostic factors regarding
overall survival, neither they correlated with frequency of gene mutations and/or serum levels
of CA 19-9 and CEA was found. No difference in overall survival of patients with and
without EUS signs of chronic pancreatitis was observed. However, absence of chronic
inflammatory changes in EUS correlated with high frequency of LOH at 18q (site of DPC4)
(P<0.05). Statistically significant correlation between EUS signs of chronic pancreatitis and
high serum CEA was detected (P<0.05). All patients with EUS signs of chronic pancreatitis

passed within 10 months (NS).




Table 5. Correlation of EUS Characteristics with Molecular Status and Serum Levels of
CA 19-9 and CEA

tumor size <30mm |[>30mm |P
mean survival (months) |7.7 8.5 NS
KRAS mutated 73 % 66 % NS
not mutated |27 % 34 %
p33 mutated 33 % 21 % NS
not mutated |67 % 79 %
LOH 9p yes 80 % 79 % NS
no 20 % 21 %
LOH 18q |yes 60 % 78 % NS
no 40 % 22 %
CA 199  |normal 44 % 19 % NS
high 56 % 81 %
CEA normal 78 % 83 % NS
high 22 % 17 %
angioinvasion yes no P
mean survival (months) |7.8 8.7 NS
KRAS mutated 67 % 69 % NS
not mutated |33 % 31 %
p53 mutated 21 % 28 % NS
not mutated |79 % 72 %
LOH 9p yes 82 % 77 % NS
no 18 % 23 %
LOH 18q |yes 75 % 75 % NS
no 25 % 25%
CA 19-9 normal 33 % 20 % NS
high 67 % 80 %
CEA normal 79 % 84 % NS
high 21 % 16 %
infiltrative growth yes no P
mean survival (months) |8.3 8.9 NS
KRAS mutated 66 % 78 % NS
not mutated |34 % 22 %
p33 mutated 23 % 33 % NS
not mutated |77 % 67 %
LOH 9p yes 79 % 83 % NS
no 21 % 17 %
LOH 18q |[yes 77 % 67 % NS
no 23 % 33 %
CA 199 |normal 28 % 17 % NS
high 72 % 83 %
CEA normal 86 % 60 % NS
high 14 % 40 %




cystic component yes no P
mean survival (months) |7.7 8.4 NS
KRAS mutated 75 % 68 % NS
not mutated |25 % 32 %
pS33 mutated 0 % 29 % NS
not mutated | 100 % 71 %
LOH 9p yes 80 % 82 % NS
no 20 % 18 %
LOH 18q |yes 75 % 78 % NS
no 25 % 22 %
CA 199  |normal 0% 29 % NS
high 100 % 71 %
CEA normal 60 % 85 % NS
high 40 % 15 %
EUS signs of chronic pancreatitis |yes no P
mean survival (months) |5.0 8.8 NS
KRAS mutated 67 % 68 % NS
not mutated |33 % 32 %
p53 mutated 17 % 25 % NS
not mutated |83 % 75 %
LOH 9p yes 60 % 83 % NS
no 40 % 17 %
LOH 18q |yes 40 % 82 % <0.05
no 60 % 18 %
CA 19-9 normal 0 % 30 % NS
high 100 % 70 %
CEA normal 40 % 89 % <0.05
high 60 % 11 %
Discussion:

KRAS is a specific marker of PC with prevalence estimated to reach 90%-95% [3,5]. Its
activation by somatic point mutation occurs early in pancreatic carcinogenesis, however, most
papers published in recent years failed to proove its association with pacient prognosis.
Kawecha did not find any overall association with surivival in the group of 157 patients
following resection, however, there was a significant difference in survival according to the

type of KRAS mutation [21]. The clinical potential of KRAS consists in differentiating




benign from malignant lesions in EUS-FNA samples rather than in estimating patients’
prognosis [22].

Although majority of studies prooved that there is no association between p53
mutation status and patient survival, some scholars found significant correlation of p353
mutation with decreased survival [23-27]. Surprisingly, our results initially indicated an
opposite correlation when the group with mutated p53 demonstrated significantly higher
survival than the non-mutated group. After adjustment for age, however, no significant

correlation between p53 mutation status and survival was found.

Loss of p16 expression appears to be an early event in pancreatic carcinogenesis; it is
described in up to 98% of PC [28]. Genetic mechanisms underlying defected expression of
pl16 are not only point mutations and allelic deletions, but also aberrant promoter methylation
by which epigenetic mechanisms may contribute to pancreatic oncogenesis [29,30]. Majority
of published papers have proven its association with decreased survival as well as advanced
stage of the disease [31]. In our study, however, in none of the cases LOH at particular
chromosomal site correlated with the survival, neither did additional testing of p/6 somatic
mutations (data not shown). It appears that other mechanisms, e.g. epigenetic inactivation,

may play a more significant role in case of the p/6 gene.

Aberrant expression of DPC4 gene was described in 55% of PC. As noted above, it is
a late event in the process of PC developement. Results published on DPC4 as a potential
prognostic marker in PC are conflicting. It seems logical that preserved DPC4 expression
would correlate with longer survival, as Tascilar has shown in patients after surgical resection
[32], however, other papers failed to confirm this. Yatsuoka studied LOH at selected

chromosomal loci in association with clinicopathological features of patients; LOH 18q was




identified as a marker of poor prognosis [33]. In our cohort, no correlation between LOH at
site of DPC4 gene and patient survival was found. It has been shown that LOH at the DPC4
locus may not be an obligatory event in SMAD4-dependent tumorigenesis [34]. The
prognostic relevance of loss of DPC4 function is equivocal, on the other hand, preserved

DPC4 expression is correlated with better prognosis of the patients with PC [35].

Serum glycosylation marker CA 19-9 is commonly accepted antigen to assess
prognosis and monitor response to therapy [36]. However, it is not recommended for
diagnostic purposes [37]. In our cohort, no correlation between value of CA 19-9 at time of
diagnosis and survival was observed. The fact that elevation of CA 19-9 is dependant on
tumor differentiation and extent of PC makes this marker unsuitable for detecting small and
early tumors [38,39,40]. Its prognostic significance was examined by the following cut off
values: preoperative value of less than 200 U/ml, decrease in CA 19-9 level after surgery, or
significant reduction in CA 19-9 levels after chemotherapy [41,42]. The problematic use of
CA 19-9 in clinical praxis is also potentiated by the fact that 5-14% of the population is

unable to synthetise CA 19-9 as they lack the Lewis antigen glycosyltransferase [43].

Spotlights in biomarkers are now directed on other molecules, such as previously
known mucines. Using novel immunoassay, MUC-1 was shown to be superior to CA 19-9 in
distinguishing cancer from normal and even from pancreatitis [44]. MUC-4, abnormally
glycosylated tumor-associated mucin, was detected in tumor samples and cell lines, whereas it
was negative in chronic pancreatitis and normal pancreas tissues [45]. Its value in clinical

settings is, however, to be questioned.




In conclusion, none of the studied molecular markers was identified as a prognostic marker in
our study. In light of conflicting results reported in the literature, such finding only further
highlights a complexity of the pancreatic carcinogenesis, its interaction with cytostatic
therapy agents as well as other exogenous effects yet to be uncovered. The genetic
predetermination of the pancreatic cancer susceptibility on one hand and the therapy response
on the other define the patients' overall survival. In the era of expression profiling techniques
and whole genom scans, new biomarkers complementary to the existing DNA variations are
to be unveiled. Only reliable markers (or multiple marker combinations) based on interactions
between various signaling pathways will enable development of sensitive diagnostic tests for
patients with suspicious pancreatic malignancy. In addition, such tools may also be applied to
accurately estimate prognosis, and to identify candidates for chemotherapeutic agents as well

as targeted biological or gene therapies.
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4. SHRNUTI A ZHODNOCENI CiLU PRACE

Hlavni zavéry:

Vysledky screenningu mutaci v onkogenu KRAS detekovanych v materidlu FNA jsou
srovnatelné s dfive publikovanymi frekvencemi zachytu mutaci v pankreatické Stave.
Senzitivita testu dosahla 70 %, studie potvrdila 100 % specificitu mutaci KRAS pro karciom

pankreatu v diferencialni diagnostice od zanétlivych 1ézi.

Sledovani alelickych ztrat na chromosomech 9p a 18q pfineslo velmi slibné vysledky,
problematicka je vSak nedostate¢na specificita testll. Senztivita a specificita pro test LOH v 9p
lokusu jsou 85 % a 64 %, pro LOH v lokusu 18q jsou 78 % a 57%. Aplikace této metody na

materidl FNA nebyl dosud v odborné literatute publikovan.

Z dosavadniho stavu znalosti frekvence znamych mutaci v karcinomu pankreatu je ziejmé, ze
k diagnostickym ¢elim neni samostatné dostacujici zddny ze zndmych gent.
Z kombinancich testil v na$i studii vySlo nejlépe spojeni testu na pfitomnost mutaci
v onkogenu KRAS spolu s testem LOH v lokusu 9p (senzitivita 92 %, specificita 64 %).
Rozsifenim této kombinace o dalsi geneticky marker dojde o malé navySeni senztivity, tento

zisk je vSak vyznamné kompromitovan poklesem specificity.

Po zhodnoceni vysledkli této studie byl navrzen diagnosticky algoritmus, ktery kombinuje
cytologick¢ zhodnoceni FNA natéru s molekularnégenetickymi testy tak, aby byla
miniminalizovana moznost faleSné¢ negativniho nalezu pii zachované senzitivité. V prvnim
kroku navrhujeme hodnotit FNA natéry ziskané EUS navigovanou punkci loZiska (100%

pozitivni 1 negativni prediktivni hodnota), k hodnoceni molekularnégenetickych testli pak




navrhujeme podstoupit jen nekonkluzivni natéry, znichZ izoluyjeme DNA a hodnotime
v druhém kroku pfitomnost aktivujicich mutaci onkogenu KRAS (100% specificita). KRAS
negativni vzorky pak testujeme na pritomnost alelickych ztrat v lokusech 9p a 18q. Po
aplikaci tohoto algoritmu na soubor sledovanych 101 pacientd byla malignita spravné uréena
u vSech pacientil s potvrzenym karcinomem pankreatu, zadny pacient nebyl faleSné negativni,

jeden byl faleSn¢ pozitivni (pro pozitivitu testll na ztraty heterozygozity).

Z4dny ze sledovanych molekularndgenetickych testi (mutace KRAS, mutace p53, LOH 9p
a LOH 18q) neni nezavislym prognostickym faktorem pro délku preziti pacientli s pokro¢ilym

karcinomem pankreatu.

Vedlejsi zjisténi:

Izolace DNA piimo z cytologickych natérti zvysila zachytnost genetickych odchylek (mutaci
KRAS a zejména alelickych deleci v lokusech 9p a 18q). Osvedcil se tak postup navrzeny po
skonceni pilotni studie, kdy vSechny natéry byly barveny metodou dle Giemsy, vysetieny
patologem a nasledn¢ podstoupeny do molekularnégenetické laboratoie. DNA byla izolovana

piimo ze suspektnich bunék separovanych metodou laserové mikrodisekce.

Cytologické vySetfeni aspirdtu pankreatu ziskaného technikou tenkojehlové punkce pod
endosonografickou kontrolou dosdhlo sensitivity 75 % a specificity 85 %. Pozitivni
a negativni prediktivni hodnota byly 100 %. Paklize patolog shledal bunétny natér jako
hodnotitelny, neuzaviel zadny nalez vzorku z maligni 1éze jako benigni a naopak. Podminkou
je predbézné zhodnoceni aspiratu on-site cytologem bezprostiedné¢ po odbéru materidlu na
endoskopickém oddé¢leni a zkuSenost patologa, ktery se pravidelné vénuje pankreatické

cytodiagnostice.




Histologické vysSetfeni chirurgického resekatu dosdhlo ocekavané nejvyssi senzitivity

a specificity: 100 % a 95 %.

Schopnost endoskopické ultrasonografie jakozto nejsenzitivnéjsi metody k posouzeni
lokoregionalniho stagingu karcinomu pankreatu rozlisit mezi zanétlivou a maligni loziskovou
1ézi pouze na zékladé¢ endosonografického nalezu je limitovand. V nasem souboru bylo
endosonografické vysetfeni provadéno jednim zkuSenym endoskopistou, senzitivita byla
79 %, specificita 77%, v 11 % ptipadid se na zakladé endosonografického obrazu nebylo

mozné k pravdépodobnému ptivodu 1éze vyjadrit.

Nebyla  prokdzana  korelace = mezi  charakteristikami  karcinomu  pankreatu
v endosonografickém obraze (velikost tumoru, znamky angioinvaze, infiltrativni rist,
pritomnost cystické slozky, endosongrafické zndmky chronické pankreatitidy) a spektrem
genovych mutaci. Absence chronickych zanétlivych zmén v EUS obraze v korelaci s vyssi
frekvenci alelickych ztrat na 18. chromosomu v lokusu pro gen DPC4 byla na hranici
statistické vyznamnosti. Vyznam tohoto zjiSténi neni jednoznacny, na délku preziti pacientil

vliv nema.

oo ofo fo

Diskrepance mezi objemem novych poznatkii o molekularnébiologické podstaté karcinomu
pankreatu a rychlym klinickym pribéhem s neblahou prognézou se prohlubuje celych 15 let
od okamziku, kdy D. S. Klimstra v American Journal of Pathology prohlasil adenokarcinom
slinivky bfisni za geneticky podminéné onemocnéni. Identifikace prekurzorovych 1ézi, jejich
morfologickd definice a zjisténi, ze jednotliva stadia panreatické intraepitelidlni neoplazie

jsou doprovazena sekvenéni akumulaci genovych variaci, vedly na pfelomu XX. a XXI.




stoleti k optimistickému ptedpokladu, ze genetické metody umozni diagnostikovat karcinom
pankreatu v ¢asnych stadiich choroby, kdy bude mozné radikalné terapeuticky zasdhnout,
a tim zlepsSit nepfiznivé statistiky pfeziti nemocnych. Bohuzel, biologickd povaha
onemocnéni, zprvu asymptomaticky pribéh, jeho rychla progrese a vcasné zakladani
mikrometastdaz neumoznuji  Casny karcinom pankreatu klinicky definovat. Ani
molekularnégenetické metody dosud neptinesly zasadni prulom v chapani casného karcinomu
pankreatu. Studium PanIN 1€zi je z tohoto hlediska nedostate¢né, nebot” se zpravidla vyskytuji
i na periferii invazivniho karcinomu pankreatu a jejich identifikace v tkani rizikovych
pacientil (naptiklad s chronickou pankeratitidou) je mozna jen po resekénim vykonu.

profill tisict genli v tumordzni tkdni a k nasledné identifikaci vhodnych biomarker na bazi
cirkulujici mRNA a proteini. Vyznamné jsou i pokroky v oblasti epigenetiky zahrnujici
predevsim sledovani specifické metylace promotorii ¢i potlaceni genové exprese na principu
RNA interference. Recené publikovany popis kmenové buiniky karcinomu pankreatu dale
roz§ifuje prostor k pochopeni patofyziologickych mechanismi vyvoje tohoto fatdlniho
onemocnéni. Klinicky vyzkum se zaméfuje na moznosti biologické 1écby. Prvni vysledky

z této nové éry studia karcinomu slinivky bfisni jiz pronikly do klinické praxe.




5. SUMMARY

Background: EUS-guided fine needle aspiration cytology (FNA) is standard diagnostic
procedure for evaluation of suspicious panceratic mass. Somatic mutations in DNA extracted
from pancreatic FNAs have long been studied as potential molecular markers of malignancy.
In this work, some of the most characteristic genetic changes occurring in pancreatic
neoplasia from patients undergoing FNA biopsy are examined to reveal their usefulness in

routine clinical diagnostic testing.

Aims: To establish an optimum combination of molecular markers resulting in best overall
diagnostic sensitivity and specificity. As a secondary aim, molecular data are comperd with

survival statistics of the patients and their correlation with patients” prognosis is questioned.

Methods: EUS-guided FNA was performed on 101 consecutive patients (63 males, 38
females, 60 + 12 years; 81 with subsequently diagnosed pancreatic cancer, 20 with chronic
pancreatitis) with focal pancreatic mass. Samples were evaluated by rapid H&E staining
followed by more detailed assessment using Giemsa staining method. DNA was extracted
from Giemsa stained cells selected by laser microdissection and the presence of KRAS and
p353 somatic mutations was tested by CGCE and SSCP techniques. In addition, allelic losses
of tumor suppressor genes p/6 (INK4, CDKN2A) and DPC4 (MADH4, SMAD4) were
detected by monitoring the loss of heterozygosity (LOH) at 9p and 18q, respectively.
Molecular data of a subset of 53 consecutive patients (28 males, 25 females, 63+£10.5
years) with advanced pancreatic cancer (stage III and IV according to WHO classification)
who underwent EUS-guided FNA were compared with survival statistics using Kaplan-Meier

method.




Results: Sensitivity and specificity of EUS-guided FNA were 75% and 85%, positive and
negative predictive value reached 100%. The remaining 26% samples were assigned as
inconclusive. Testing of molecular markers revealed sensitivity and specificity of 70% and
100% for KRAS mutations (p<0.001), 24% and 90% for p53 mutations (NS), 85% and 64%
for allelic losses at 9p (»p<0.001) and 78% and 57% for allelic losses at 18q (p<0.05). When
tests for different molecular markers were combined, the best results were obtained with
KRAS + LOH at 9p (92% and 64%, p<0.001), KRAS + LOH at 18q (92% and 57%,
p<0.001), and KRAS + LOH 9q + LOH 18q (96% and 43%, p<0.001). When the molecular
markers were used as complements to FNA cytology to evaluate inconclusive samples only,
the overall sensitivity of cancer detection was 100% in all patients enrolled in the study.

The median survival in KRAS positive group was 7.0+2.4 months (95% CI 2.3-11.7),
in KRAS negatives was 10.0£0.6 months (95% CI 8.7-11.3). The median survival in p53
positive group was 10.0£2.2 months (95% CI 5.6—14.4), in p53 negatives was 6.0£2.5 months
(95% CI 1.1-10.9). The median survival in LOH 9p positive group was 9.0+5.1 months (95%
CI 0-18.9), in LOH 9p negatives was 10.0+£5.0 months (95% CI 0.2-19.8). The median
survival in LOH 18q positive group was 10.0+4.2 months (95% CI 1.8-18.2), in LOH 18q
negatives was 3.0=1.3 months (95% CI 0.5-5.5). After the adjustment for age using Cox
proportional hazards model, none of the evaluated molecular markers has shown to be

independent prognostic marker for survival of patients with pancreatic cancer.

Conclusions: EUS-guided FNA cytology combined with screening of KRAS mutations and
allelic losses of tumor suppressors p/6 and DPC4 represents a very sensitive approach in
screening for pancreatic malignancy. Molecular markers may find be useful particularly in
cases where FNA cytology has been inconclusive. None of the studied molecular markers was

identified as an independent factor determining survival prognosis.
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