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1 Uvod a piehled dané problematiky

Karcinom pankreatu patii mezi nadory s nejvyssi mortalitou a v pfistich letech bude dle odhadii
dale nartstat. (Siegel RL 2020, Pourshams A 2019) Proto je dulezit¢ hledani novych
diagnostickych metod s potencidlem ptesnéj$i selekce kandidatl definitivni chirurgické
resekéni 1écby. Pro ucely presnéjsi diagnostiky je mozné vyuzit modernich aplikaci zavedenych
zobrazovacich metod a dalsi technologicky pokrocilé metody vysetieni odebiraného materialu
- plazmy a samotnych vzorki nadoru. Dosahnout vys$i piesnosti Ize pomoci kontrastni
endosonografie. Kromé& samotného zobrazeni je dulezitd adekvatni analyza odebirané¢ho
materialu, jak genetickd, tak molekularni, s pfihlédnutim k faktu, Ze je prokdzan rast a vyvoj
maligniho karcinomu fadu let pfed objevenim symptomu. (Yachida S 2010 ) Cilem moderni
diagnostiky by mé¢la byt definice metod, které jsou mnohem citlivéjsi k diskrétnim zménam
v procesu karcinogeneze nez doposud pouzivané metody.

V této kapitole je souhrnem popsan soucasny stav diagnostiky karcinomu pankreatu, nejcastéji
pouzivanych modalit a dale novych a potencialnich vysetfovacich moznosti, které zatim
nenasly uplatnéni v praxi, ale maji potencial stat se soucasti dalSiho vyzkumu a moderniho

diagnosticko-terapeutického algoritmu.

1.1 Epidemiologie karcinomu pankreatu

Karcinom pankreatu (KP) se vyznacuje neptiznivou mortalitou téméft srovnatelnou s incidenci.
Incidence KP dosahuje v Ceské republice 9,25, prevalence 12,7 a mortalita 8,3 na 100 000
obyvatel (Bray F 2018). V soucasnosti je KP na 11. misté¢ mezi nddory, pficemz celosvétove
bylo zaznamenéano 458 918 novych piipadl a 432 242 timrti za rok 2018, coz znamena 4,5 %
vsech umrti z divodu malignity. Prognéza podle GLOBOCAN (Bray F 2018) ukazuje i nadéle
na pokracujici rist incidence a mortality. (Rahib L 2014) Karcinom pankreatu je velmi vzacny
pfed dosazenym 45. rokem zivota, mirn¢ vysSi incidence a prevalence je pozorovana

s narustajicim vékem a u muzl nez u Zen. (Bray F 2018)



1.2 Vznik a vyvoj karcinomu pankreatu

Karcinom pankreatu se vyviji fadu let skrz postupnou transformaci pankreatické buiky a
vétSinou prostiednictvim prekurzorovych 1¢ézi. (Fri¢ P 2017) Razné prekurzory maji odlisny
maligni potencidl. Postupna transformace je spojena s ¢etnymi mutacemi a lze ji rozd¢lit na fazi
vzniku a transformace prekurzorové léze po invazivni karcinom, dale fazi, kdy vznika
metastaticky klon pivodniho karcinomu, a posledni faze generalizace malignich bunék. Prvni
dvé faze jsou jist¢ dostate¢né¢ dlouhé k detekci operabilnich stadii karcinomu. Yachida
napiiklad provedl kalkulaci trvani jednotlivych fazi na 11,7 roku, 6,8roku a 2,7 roku. (Yachida
S 2010) Z toho plyne moznost aplikace diagnostickych metod mnohem diiv nez v soucasnosti,
nejlépe s pouzitim molekularnich metod jejichz potencidl je zndmy. (Stolzenberg-Solomon R

2020, Sah RP 2019)

1.3 Diagnostika a prognéza karcinomu pankreatu

V diagnostice karcinomu pankreatu se krom¢ anamnézy a laboratornich metod v kazdodenni
praxi uplatiiuji zejména zobrazovaci diagnostické metody: abdominalni ultrasonografie,
endoskopickd ultrasonografie (EUS), vypocetni tomografie (CT) a magnetickd rezonance

(MR).

Lokalizované neinvazivni stadium onemocnéni je diagnostikovdno pouze u 9,7 % pacientil
s KP s celkovym piezitim 32 %. (Siegel RL 2021) V praxi jsou vSak nej¢astéji diagnostikovana
pokrocila stadia invazivniho karcinomu stupné II a IV. Ztéto skupiny je obvykle
k chirurgickému vykonu s cilem kurativni resekce indikovano méné nez 15 % pacientd
s prezitim 23 %, u pokrocilého stadia IV je preziti méné nez 3 %. (Siegel R 2013) Tyto

statistické Uidaje se za poslednich 40 let zménily jen minimalné. (NCI 2018)

Jednim zhlavnich davodi nepfiznivé prognézy je neefektivni diagnostika casného
neinvazivniho karcinomu, tedy klinickych stadii 0 a I. Neinvazivni karcinom pankreatu je ¢asto
asymptomaticky ¢i oligosymptomaticky, navic nejsou znamy specifické rizikové faktory,
vyjma koufeni (Bosetti C 2012) a rodinné anamnézy (Klein AP 2004), i proto je Casna
diagnostika a potazmo skrining KP tak narocnym a stale nedokonc¢enym ukolem. (Poruk KE

2013, Singhi AD 2019)



1.4 Klinické projevy karcinomu pankreatu

Karcinom pankreatu se svymi symptomy li§i zejména v zavislosti na stadiu a lokalizaci tumoru.
Na zéklad¢ téchto rozdili lze rozdélit symptomy na Casné, jimZ je vénovana stale vétsi

pozornost a pozdni, které jsou ve vétsin€ ptipadu jiz znamkou invazivniho KP.
1.4.1 Casné symptomy

Dlouhotrvajici porucha glukézové tolerance (IGT) je sice rizikovym faktorem KP, ale recentné
vznikld IGT, jez trvd méné neZ 3 roky, je jeho ¢asnym symptomem. Prevalence poruchy
glukézové tolerance u KP je mnohem cetnéjsi nez u bézné populace (Muniraj T 2012), a to
nejcastéji v rozmezi pres 75-80 %. (Warshaw AL 1992, Singhi AD 2019, Pannala R 2008)

Asi pétina pacientit s KP nema v ¢ase stanoveni IGT zadny symptom typicky pro KP.
Diagnostikovany podtyp diabetu (IGT) ma velmi podobné rysy s diabetem mellitem 2. typu
(T2DM), ale neni s nim totozny. Porucha glukézové tolerance klasifikovana jako diabetes typu
3¢ (T3cDM) tvoii asi 10 % ze vSech nemocnych s diabetem a jeji vyvoj je podle Americké
diabetické asociace pozvolny (ADA 2010). Nejprve se objevi zvySena inzulinova rezistence
perifernich tkani a hyperinzulinémie u normoglykemickych pacienti s KP. U nemocnych
dochazi k rozvoji poruchy gluk6zové tolerance a k tomu ptistupuje funkéni porucha beta bun¢k
pankreatu; pozdé€ji dochéazi k dalSimu vyznamnému zvySeni periferni tkanové rezistence.
Takova porucha glukézové tolerance je potom klasifikovana jako T3¢cDM a je mimo jiné
spojena s deficitem glukoregula¢nich hormont. (Cui YF 2012) U KP se navic vyskytuji rtizné
poruchy glukozové tolerance, z nichZ nejcastéjsi je pravé recentné vznikly DM. (Singhi AD

2019)

1.4.2 Pozdni symptomy

Bezbolestny ikterus je typicky pro tumory lokalizované v hlavé pankreatu v souvislosti
s infiltraci intrapankreatické ¢asti choledochu. Kachexie, horni dyspepsie a bolesti bficha a zad
jsou typické pro tumory lokalizované v oblasti téla a kaudy pankreatu. Zminéné symptomy jsou
patognomickeé pro pozdni stadium, kdy je onemocnéni jiz invazivni a systémové. Lze pozorovat
urcité rozdily v symptomech u pacientti, kteti podstoupili paliativni a resekéni 1écbu (Tab. 1),
kdy po resekci naptiklad dochézi ke snizeni Cetnosti bolesti bficha, zad ¢i nauzey a zvraceni.

(Sohn TA 1999)



Tab. 1 Demograficka data a symptomy operovanych a neoperovanych pacientit s KP (Sohn
TA 1999)

Paliativni 1écba (n = 256) Resekéni 1écba (n = 512)
Demograficka data
Vék (pramér, roky) 64,0 65,8
Muzi / Zeny (%) 57/43 55/45
Symptomy (%)
Bolesti bficha 64 36
Ikterus 57 72
Ztrata hmotnosti 48 43
Nauzea a zvraceni 30 18
Bolesti zad 26 2

1.5 Laboratorni diagnostika

1.5.1 Karbohydrat antigen 19-9

U symptomatickych pacientd s karcinomem pankreatu je senzitivita karbohydrat antigenu 19-
9 (CA 19-9) 79-81 % a specificita 82-90 %. (Molina V 2012) Vyzkum casného KP bez
typickych symptomt prokazal, ze CA 19-9 neni vhodny detekcni nastroj casného KP, zejména
pro jeho nizkou pozitivni prediktivni hodnotu (PPV) 0,5-0,9 %. (Kim JE 2004, Ballehaninna
UK 2012) V rozsahlém retrospektivnim hodnoceni 37 studii s 1882 ptipadli KP a kontrolni
skupiny byla specificita CA 19-9 na urovni 82,8 %. (Poruk KE 2013) Bohuzel se v praxi také
Casto setkavame s faleSné negativni hodnotou CA 19-9. Jednim z diivodi ¢asté chybovosti je,
ze protilatka je vazdna na oligosacharid, krevni antigen Lewis A, tudiZ u 5-10 % pacientl
s krevni skupinou A a antigenem Lewis A-/B- je hladina CA 19-9 u KP nizs8i nez 1,0 U/ml.
(Itzkowitz SH 1986 ) Ptic¢inou falesné negativity CA 19-9 mohou byt i jiné patologické stavy,
naptiklad jaterni cirhdza, cholangitida, chronicka pankreatitida a dal§i gastrointestinalni

tumory. (Duftfy MJ 2010)
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1.5.2 Dalsi molekularni markery

Recentn¢ bylo testovano mnoho kandidatl, zejména ze skupiny molekul, které souvisi
s poruchou glukézové tolerance, pfi¢emz jsou posuzovany jejich vzijemné vztahy:
proinzulin/C-peptid, amylin/inzulin, glukagon/inzulin a cytokiny adiponektin/leptin. VéEtSina
znich vSak i nadale ziistdva nevysvétlena ¢i nedostateéné prozkoumana. (Fri¢ P 2016) Na
zaklad¢ zjiSténi vyssi aktivity povrchovych protedz v nddorovém prostiedi dochazi ke vzniku
mnoha aberantnich peptidi, které by mohly slouzit jako ¢asné biomarkery KP. (Busek P 2016)
V soucasnosti je také vénovana velka pozornost mikroRNA (miRNA). Molekuly miRNA jsou
velmi stabilni ve tkani i v télesnych tekutindch ve srovnani s jinymi proteiny a mRNA, a jsou
pro jednotlivé lokalizace specifické. Pro kvantifikaci navic postacuje malé mnozstvi

biologického materialu (sérum, plazma, biopsie, pankreaticky sekret a sliny). (Ishige F 2020)

1.6 Moderni molekularni diagnostické metody

1.6.1 Polarizované a nepolarizované spektroskopické metody

Obecnou podstatou spektroskopickych metod je interakce elektromagnetického zafeni a
studované latky s cilem vyuzit pozorovanych jevi (absorpce, emise a rozptylu) za ucelem jeji
identifikace, studia jeji struktury a konformace nebo stanoveni jeji koncentrace. (Berova N
2012, Baker MJ 2018)

Podle pouzitého typu interagujiciho zéfeni jsou spektroskopické metody klasifikovany na
metody pracujici s nepolarizovanym ¢i polarizovanym zafenim. Z nepolarizovanych metod se
jedna naptiklad o Ramanovu a infraervenou spektroskopii. Ob¢ tyto metody umoziiuji
sledovat strukturu a konformaci molekul prostfednictvim specifickych funkénich skupin.
Naproti tomu metody elektronového cirkularniho dichroismus (ECD) a Ramanovy optické
aktivity (ROA), jakozto polarizované techniky, vyuzivaji kruhové polarizovaného zareni a
umoznuji tak sledovat projevy optické aktivity chiralnich molekul v zéavislosti na jejich
prostorové struktufe. Zatimco ECD umoziuje studium konformace chirdlnich molekul
prostfednictvim projevi chromoforti, ROA se zamétuje na konkrétni vazby jednotlivych

funk¢nich skupin a strukturni detaily. (Tatarkovic M 2015)
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1.6.2 Metabolomické studie

Metabolomika je definovdna jako komplexni méfeni celé¢ sady metabolitl, pfitomnych
v urcitém biologickém systému, naptiklad ve tkéni ¢i plazmé. (Wishart DS 2018)

Metabolom je dynamicka entita, kterou Ize povazovat za nasledny kone¢ny produkt interakce
genetické exprese, transkripnich zmén, posttranslaéni modifikace proteinil a dalSich vnéjSich
faktorti. (Nannini G 2020) V rdmci metabolomiky existuji dvé zakladni analytické techniky, a
to hmotnostni spektrometrie (MS) a nuklearni magneticka rezonance (NMR). Ob¢ techniky se
vzajemn¢ doplnuji, obé maji své vyhody 1 omezeni. MS je v metabolomické analyze dobie
zavedenou technikou, hlavné diky své vysoké citlivosti, zatimco méné¢ citliva spektroskopie
NMR poskytuje vysokou reprodukovatelnost, je kvantitativni a nendro¢nd na piipravu a
naslednou analyzu vzorkli. Metabolomika zalozend na NMR byla pouzita v mnoha oblastech
biomedicinského vyzkumu (Nannini G 2020), naptiklad k charakterizaci matabolomického
profilu pro diagnostické a prognostické ucely anebo k odhaleni konkrétnich biomarkert. (Xie

G 2015)

1.7 Zobrazovaci metody

1.7.1 Abdominalni ultrasonografie

Abdominalni ultrasonografie (USG) je nejcastéji jednou z prvnich diagnostickych metod ve
vySetfovacim procesu bolesti bficha ¢i nevolnosti a dalSich symptomi typickych u KP.
Vysetieni je provadéno po adekvatni ptipravé, optimaln€¢ po Shodinovém laénéni. Ptfinos
vySetieni zavisi na zkuSenosti vySettujiciho, kvalité ptistrojového vybaveni, ptipravenosti ale i
na télesné konstituci pacienta. V ptipadé nedostatecné piehlednosti je mozné pouZit specidlni
pozice (Fowlerova pozice v polosed¢€) s vodni kontrastni latkou peroralné, coz diky vzniklému
akustickému oknu umoziuje detailnéjsi vysetfeni celého parenchymu. (Nakao M 2017) U
pacienti s mirnou dilataci pankreatického vyvodu (> 2,5 mm), anebo se zachytem
pankreatickych cyst (= 5 mm) je riziko vzniku KP vys$§i, proto je nutnd dikladnd
dispenzarizace. Dispenzarizace téchto rizikovych pacientli pomoci specidlni USG je ptfesna a

efektivni. (Tanaka S 2010)

V ultrasonografickém obraze ma karcinom pankreatu vzhled hypoechogenni neostie
ohranicené 1éze (Obr.1) s nizkou vaskularizaci, ale pfesnost béZzného USG je niZsi ve srovnani

s pokrocilejsimi zobrazovacimi metodami.
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Obr. 1 Sonograficky obraz karcinomu hlavy pankreatu (viastni zdroj, UVN)

1.7.2 Endoskopicka ultrasonografie

Od zavedeni do praxe v r. 1980 byla endoskopicka ultrasonografie (EUS) akceptovana a dnes
je Siroce vyuzivana v diagnostice pankreatickych 1ézi. (Gonzalo-Marin J 2014) EUS ma
vysokou senzitivitu, median dosahuje 94 %, za maligni je povaZzovan tumor hypoechogenni a
nepstie ohraniceny. (Obr. 2) V diagnostice pankreatickych solidnich 1ézi a ve srovnani 20
komparativnich studii t¢éméf u 1000 pacientl bylo srovnani EUS a CT senzitivity 98 % vs. 74
%. (Kitano M 2019) Obdobné vysledky plati pro vysokou NPV ve prospéch EUS. (Saftoiu A
2009 ) Endosonografie méa podobnou senzitivitu v hodnoceni uzlinového postizeni jako CT, tj.
80 %. (Yasuda K 1993) Zaroven je presnéjsi v posuzovani peripankreatické a periceliakalni
lymfadenopatie, kdy dosahuje spravnosti 87,5 %, resp. 90 %. (Kala Z 2007) V hodnoceni cévni
a zejména pak arteridlni invaze je potom PPV rovna 100 %. (Tellez-Avila FI 2012) EUS je
idealni néstroj 1 pro diagnostiku malych pankreatickych nadort s dilataci pankreatického
vyvodu zachycenych jinou modalitou. (Yasuda I 2011) Naptiklad u tumorti mensich nez 10

mm dosahuje senzitivity ptes 90 %. (Uehara H 2011) Diky témto vysledkiim byla EUS
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doporucena japonskou pankreatickou spolecnosti jako vySetfovaci modalita pii podezieni na

KP spolu s MR a CT. (Yamaguchi K 2017)

Rt
" KONFLUENS

Obr. 2 EUS obraz karcinomu pankreatu s invazi do splenomesenterického konfluens (viastni
zdroj, UVN)

1.7.3 Endosonograficky navigovana tenkojehlova aspirace

Jednou z dalsich vyhod endosonografie je moznost provedeni tenkojehlové aspirace (FNA)
umoznujici pii pouziti linedrniho pfistroje odbér materidlu k cytologickému vysSetfeni. Zcela
nahradila dfive provadénou kartackovou biopsii v prib&hu endoskopické retrogradni
cholangiopankreatikografie (ERCP). Pfi EUS FNA je dosaZeno vyS$§i pfesnosti a méné
komplikaci nez pii ERCP. (Wang KX 2011) Senzitivita EUS FNA obvykle piesahuje 90 %.
(Chen J 2012), coz znaci, ze EUS a zejména EUS FNA v poslednich letech vyrazné zvysila
piesnost diagnostiky a je poklddana za metodu ,,zlatého standardu®. (Fusaroli P 2010) Pouziti
FNA ma zcela zasadni vyznam, protoze EUS samotnd, mlZe rozliSovat jednotlivé typy
hypoechogennich tumort jen s nizkou senzitivitou. (N. B. Fusaroli P 2016 ) K provedeni EUS
FNA je k dispozici cela tada jehel, nejéastéji v rozsahu 19 G az 25 G. Moderni jehly umoziuji
odbér tkane, ktery vyhovuje pozadavkim kladenym na kvalitni histologické vySetfeni. Material
mize byt fadné vySetfen a vzorky je mozné podrobit imunohistochemickému a taktéz

genetickému vySetfeni. Metoda EUS FNA nicméné neni zatim rutinn€ pouzivana k molekularni
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genetické analyze ziskanych vzorkl. V ramci vyzkumu byla EUS FNA vyuzita pro ziskani
vzorki pro genetické testovani mutace KRAS. To se spolu s dal§imi genetickymi testy uplatiiuje
v diagnostice jiz fadu let. (Tada M 2002) Specificita samotného KRAS testu je natolik vysoka,
ze pozitivita s vysokou presnosti signalizuje malignitu. (Salek C 2007) Mutace KRAS byla
opakované detekovdna u 74 - 92 % karcinomil pankreatu. (Khalid A 2011 ) Prognosticky
vyznam KRAS byl hodnocen v nékolika recentnich studiich, avsak vysledky jsou znacné
rozporuplné. Mutace KRAS je prokazatelné asociovana s hor§im prezivanim ve srovnani s wt
KRAS, nicméné se jedna o statisticky hranicné vyznamnou asociaci. Prace, které hodnotily
prognosticky vyznam mutace KRAS z EUS FNA, neidentifikovaly studované molekularni
markery jako prognostické ukazatele. Naproti tomu jsou znamé zavéry studii genetické analyzy
resekati karcinomu pankreatu, které naznacuji, ze obzvlast’ nékteré typy mutaci KRAS, napf.
G12D jsou asociovany s horSim pfezivanim. (Rachakonda PS 2013) Pravdépodobné proto jsou
v soucasnosti vétSinou geneticky vySetfovany zejména tkdné tumoru z resekatd, i pies to, ze

jsou k dispozici jen u omezeného mnozstvi pacienti.

1.7.4 Kontrastni endosonografie

Technicky rozvoj hardwarového vybaveni endosonografie umoznil vznik a rozvoj nové
koncepce s podanim kontrastu v pribéhu vySetfeni — kontrastni endosonografie (CEH EUS).
Pii CEH EUS je intravenozn¢ aplikovana echokontrastni latka a v pfipadé maligni etiologie
1éze dochazi k ubytku syceni (hypoenhancementu) po jeji aplikaci. (Obr. 3) PPV tak z 88,1 %
pii konvencni EUS roste na 90,3 % pti uziti CEH EUS. Kontrast pouzivany pii CEH EUS je
tvofeny mikrobublinami fluoridu sirového smichaného s fyziologickym roztokem.
Mikroblubliny osciluji a zvyraziuji ultrazvukovy signal, pficemz nasledkem je vylepSeni
obrazu bez artefaktii Casto pritomnych pti Dopplerovském vySetieni. (Dietrich CF 2005)
V soucasnosti se pouzivaji latky Sonovue dostupny v Evrop¢ a Sonazoid a Definity dostupné v
USA. (Teoh AY 2015, Hirooka Y 2012) Mikrovaskularni vzorec a jeho hodnoceni pomoci
CEH EUS u karcinomu pankreatu a chronické pankreatitidy (CHP), ma zcela odliSny charakter,
kdy u chronické pankreatitidy jsou cévy cetné, a naopak u KP zfidkavé. RozliSeni téchto dvou
chorob pankreatu ale i tak ¢ini diferencialné¢ diagnostické potize. (Hocke M 2007) Vyse
uvedené kontrastni latky nové generace po aplikaci difunduji do parenchymu pankreatu a
pankreaticky vyvod a spolecny Zlucovod zlstava nezvyraznény, proto 1épe viditelny. Pomoci
moderniho softwaru je mozné po aplikaci kontrastu provadét kvantitativni analyzu perfuze

kontrastni latky, poté dle charakteru konstruované kiivky intenzity zavislé na cCase (TIC) lze
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rozliSovat rizné typy postizeni, minimalné urcit maligni a benigni etiologii loZiska. (Gheonea
DI 2013) Stupen vaskularizace tumoru navic koreluje s diferenciaci karcinomu. (Yamashita Y
2015) CEH EUS vysetfeni se pouziva i v ¢asné diagnostice KP napfiklad pfi hodnoceni
nodularnich struktur v IPMN. Ve srovnani je senzitivita pii EUS 98 % proti senzitivité u CT 72
%. (Yamamoto N 2016, Harima H 2015) Kromé jinych vyhod je kombinaci CEH EUS a FNA
je mozné jesté vylepsit detekci a hodnoceni pankreatickych tumort ve véasnéjsim stadiu. (Hou

X 2015)

Biww, w5 wuf
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Obr. 3 Heterogenni hypoechogenni loZisko maligniho vzhledu zobrazeno pomoci EUS
(vlevo), hypoenhancement v arterialni fazi po aplikaci kontrastni latky pfi CEH EUS (vpravo).
(lastni zdroj, UVN)

1.7.5 Vypocetni tomografie

Multidetektorova vypocetni tomografie (CT) je metoda volby v diagnostice KP. M¢la by byt
provadéna preferencné¢ s pouzitim novéjSich pristrojti, které umoznuji konstrukci
submilimetrovych obrazl a naslednych podrobnych rekonstrukci nutnych k presnému stagingu
KP. Senzitivita CT v detekci tumoru pankreatu mensiho nez 20 mm je 70-80 %, NPV pro
hodnoceni resekability je 87 % a celkova presnost 85-90 %. (Shin EJ 2012) Karcinom

pankreatu ma totiz pii vySetteni CT odliSny vzhled v ¢asné a pozdni fazi diky rozdilné distribuci
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intravendzn€ podané jodované kontrastni latky. CT je tak jako komplexni diagnostickd metoda
nejvhodnéjsi k provedeni kompletniho pfedoperaéniho stagingu KP - k posouzeni vaskularni
invaze tumoru i k predikci resekability. (Hijioka S 2007, Zamboni GA 2007) Specialni
pankreaticky protokol zahrnuje 3 faze: prekontrastni vySetfeni a Casnd arteridlni faze,
pankreatickd fdze a portalni venozni faze. (Tempero MA 2010) Pankreatickd faze je dana
maximalnim zesilenim pankreatického parenchymu. Portalni fize je nutnd na srovnani
s arteridlni fazi a umoziuje tak odliSit etiologii jaternich lozisek a posoudit zilni postizeni.
(Tamm EP 2009) Karcinom pankreatu ma v CT obraze vzhled hypoatenuujici masy. Pfiblizné
10 % vsSech KP vykazuje isoatenuaci ve srovnani s okolnim parenchymem. Proto jsou
v diagnostice diilezité 1 nepfimé znamky KP, jako naptiklad dilatace pankreatick¢ho vyvodu
smérem do kaudy, pifiznak dvoji infiltrace vyvodi neboli tzv. double duct sign a atrofie
parenchymu pankreatu distaln€ od tumoru. (Francis IR 2007) V poslednich letech je pfesnost
CT stechnickym pokrokem vy$$i a objevuji se tak nové moZnosti diagnostiky casného
karcinomu pomoci sledovani nepiimych znamek KP, jako jsou stendza pankreatického vyvodu

a fokalni atrofie parenchymu. (Miura S 2020)

1.7.6 Magneticka rezonance

Kombinované vysSetfeni MR pankreatu a MR cholangiopankreatikografie (MRCP) je
pokladano za metodu piesnosti srovnatelnou s CT. (Koelblinger C 2011) La¢néni alespon 4
hodiny pied vySetfenim mize zvyraznit distenzi zlucniku a potlacit signal z duodena a Zaludku.
Diagnosticky efekt zaroven zavisi na protokolu, ktery je aplikovan. Karcinom pankreatu ma
hypointenzivni vzhled v T1 vazeném obraze a rizné podoby v T2 vazeném obraze. Existuji
casove odlozené sekvence k detailn€jSimu zobrazeni zluCovych cest a je mozné vyuzit stimulaci
sekretinem k detailnéjSimu zobrazeni komunikace l1éze s pankreatickym vyvodem. (Rastegar N
2015) MR pankreatu a MRCP nachézeji nejvétsi uplatnéni v detekci a sledovani malych
cystickych prekurzorovych 1ézi. (Fukukura Y 2012) Senzitivita detekce tumoru pomoci CT
vySetieni je 90 %, pro TNM staging 60—90 %. (Schima W 2007) Vysetfeni CT ma 100%
negativni prediktivni hodnotu pro stanoveni vaskularni invaze a 87% negativni prediktivni
hodnotu v hodnoceni resekability; podobné vysledky byly dosazeny u MR. (Vargas R 2004)
Senzitivita a specificita 64fadého CT a 3.0T MR pro detekci KP byly 95 %, resp. 96 %, a pro
CT i MR byla dosazena stejna specificita 96 % (Koelblinger C 2011)
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2 Cile

V praci byl nejvétsi diraz kladen na diagnostiku karcinomu pankreatu pomoci zavedenych
zobrazovacich metod a jejich modernich alternativ, a dale na genetickou a molekularni
diagnostiku s ohledem na jejich potencidl do budoucnosti. Zde je uveden vycet hlavnich cili

diserta¢ni prace:

1. Diagnostika karcinomu pankreatu pomoci endosonografie

Tato ¢ast disertacni prace poskytuje pohled na srovnani diagnostické presnosti pii EUS,
CEH EUS a EUS FNA a rovnéz na vyznam interobservacni shody mezi riznymi

endoskopujicimi lIékaii pti provadéni EUS a CEH EUS.

2. Diagnostika KP a vyuziti materidlu ziskaného pomoci EUS FNA

V dalsi ¢asti disertacni prace bylo cilem hodnoceni senzitivity KRAS testu s pouzitim
riznych typt vzorki pacientl s tumory pankreatu a testovani vlivu pfitomnosti mutace
KRAS na progndzu preziti téchto pacientd. Déle byla prace doplnéna o analyzu exprese
miR-21 u pacientli s KP ve vzorcich EUS FNA a o zhodnoceni prognostické role miR-
21 vyjadiené délkou celkového preziti pacientd s KP, rovnéz o hodnoceni rozdild

exprese miR-21 mezi dvéma zplisoby zpracovani EUS jehlou aspirované tkané.

3. Diagnostika KP na zikladé analyzy biomolekul krevni plazmy

Posledni ¢ast ptinasi vysledky prace ztestovani novych molekuldrnich metod
diagnostiky KP, kde hlavnim cilem bylo srovnani senzitivity a specificity jediného
klinicky dostupného biomarkeru CA19-9 a nového spektralniho sérového biomarkeru.
Jako navazujici projekt byla analyza menSich molekul s pomoci metabolomického

vySetteni.
Disertaéni prace pfinasi pohled na souc¢asné metody diagnostiky a jejich alternativy a rovnéz

na zcela moderni a zatim nezavedené metody s potencidlem diagnostiky ¢asného karcinomu

pankreatu.
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3 Vlastni prace

3.1 Bungani¢ B, Laclav M, Dvorakova T et al.: Accuracy of EUS and CEH EUS
for the diagnosis of pancreatic tumours. Scand J Gastroenterol. 2018; 53(10—
11):1411-1417.

3.1.1 Cile

Porovnani diagnostické ptesnosti EUS, CEH EUS a EUS FNA v diagnostice karcinomu
pankreatu a miry interobservacni shody mezi riznymi endoskopujicimi 1ékafi u EUS a CEH

EUS.
3.1.2 Metodika

Do studie bylo podle inkluznich kritérii zatazeno 116 pacientd s tumorem detekovanym a
popsanym na CT vySetfeni. Medidn véku byl 67.5 let (minimum 38 a maximum 86 let), 54
z celkového poctu bylo zen a 62 muza. Z celkového poctu bylo detekovano a potvrzeno 73

pacientil s karcinomem pankreatu, 14 s neuroendokrinnim tumorem, 20 s jinymi tumory.

Finalni diagnéza byla stanovena na zéklad¢ pozitivniho cytologického vySetfeni anebo
z resekatu. K samotnému vysetieni byl pouzit linearni echoendoskop (GF UCT 180 Olympus,
Japonsko) a sonograficky systém Aloka (Pro Sound alfa 10, Japonsko) vybaveny softwarem
umoziujicim specialni rezim CEH EUS ExPHD (Hitachi Medical Systems Europe, Némecko).
Endosonografické vySetfeni a zaroven inicialni hodnoceni bylo provedeno jedinym
endoskopistou, druhy endosonografista provadél hodnoceni nezavisle na primarnim, ,,na slepo*

bez znalosti finalni diagndzy, anamnézy a klinického stavu pacienta.

Prvni ¢ést vySetteni probihala ve standardnim B-mode, kdy byl dodrzen zavedeny protokol
s cilem detekce lozZiska, urceni jeho velikosti a zejména posouzeni echogenity tumoru. LozZisko
bylo popséano jako anechogenni, hypoechogenni, isoechogenni a hyperechogenni. Dale byla
hodnocena pravidelnost okraji tumoru. Jako karcinom byl tumor popsan v ptipad¢, ze byl
hypoechogenni a soucasné mél nepravidelné okraje (EUS marker pro karcinom). Tumor s okraji
pravidelnymi, navic hypervaskularizovany byl oznacen jako neuroendokrinni (EUS marker pro

neuroendokrinni tumor (NET)).

Druhd cast vySetieni probihala ve specidlnim rezimu ureném pro kontrastni vysetieni
s frekvenci 4,7 MHz a mechanickym indexem 0,38. Nahrdvand 120vtefinova sekvence byla
rozdélena na Casnou a pozdni fazi. Inicidlni arteridlni faze trva v rozmezi 15-30 vtefin od

aplikace kontrastniho média do cirkulace pacienta, zZilni pozdni faze trvala 60—120 vtefin.
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Kvalitativni hodnoceni rozdilu vnitini struktury tumoru ve srovnéani s okolnim parenchymem
bylo popsano jako hyperenhacement, isoenhancement a hypoenhancement. Diagndza
karcinomu byla stanovena, pokud byl zaznamenéan hypoenhancement v obou fazich (CEH EUS
marker pro karcinom). Za neuroendokrinni tumor byl povazovan tumor, kde byl zaznamenéan
iso- ¢i hyperenhancement v arteridlni ¢i venozni fazi (EUS marker pro NET). Kontrast Sono

Vue (Bracco, Italie) byl aplikovan nitroziln¢ v davce 2,4 ml na kazdé vysetieni.

Jako posledni cast vySetieni byla provedena punkce tumoru pomoci tenké jehly 22 anebo 25 G
(EZ shot 2 Olympus a Boston, Echo tip pro core, Cook medical). Kazdé vySetfeni bylo
zaznamenano a s ohledem k cilim studie bylo prostfednictvim nezaujatého endosonografistu

provedeno hodnoceni a popis 1. a 2. faze vySetieni, tedy s kontrastem i bez.
3.1.3 Statistické zpracovani a hodnoceni vysledka

Byla pouzita deskriptivni statistika k hodnoceni populace pacientii. Senzitivita, specificita, PPV
a NPV EUS a CEH EUS pro diagnézu karcinomu a neuroendokrinniho tumoru byly vypocteny
spolu s binomickymi konfiden¢ni intervaly. Stupenn korelace mezi EUS a CEH EUS byl
hodnocen s pouzitim kappa statistiky a Spearmanova korela¢niho koeficientu. Mira shody
hodnoceni jednotlivych endosonografisti byla hodnocena s vyuzitim kappa statistiky, v

softwarovém prosttedi STATISTICA 13.2 (TIBCO Software, USA).

3.1.4 Vysledky
3.1.4.1 Diagnoza karcinomu pankreatu pomoci EUS

Senzitivita, specificita, negativni prediktivni hodnota a pozitivni prediktivni hodnota a pfesnost
EUS pro diagnézu karcinomu pankreatu byla 83,1 % (CI 72,34-90,95 %), 62,5 % (CI 43,69—
78,90 %), 83,1 % (CI 75,64-88,62 %), 70,7 % (CI 48,24-74,88 %) a 78,6 % (CI 67,34-84,46
%). (p <0,001, x = 0,45, Spearman R = 0,45)

3.1.4.2 Diagnéza karcinomu pankreatu pomoci CEH EUS

Senzitivita, specificita, NPV, PPV a piesnost CEH EUS pro diagnézu karcinomu pankreatu
byla 94,5 % (CI 86,56-98,49 %), 61,7% (CI 43,56-77,83), 84,1 % (CI 77,53-89,09 %), 84 %
(CI 66,14-93,38 %) a 84,1 % (CI 75,79-90,46 %), (p<0,001, k = 0,60, Spearman R = 0,62)

3.1.4.3 Diagndza karcinomu pankreatu pomoci EUS FNA
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Senzitivita, specificita, NPV, PPV a pfesnost pro EUS FNA a karcinom pankreatu byla 87,6%
(CI 77,88-94,2%), 91,2% (CI 76,32-98,14%), 95,5% (CI 87,83-98,44%), 77,5% (CI 64,93—
86,50%) a 88,8% (CI 81,23-94,07%), (p<0,001, « = 0,75, Spearman R = 0,76)

3.1.4.4 Interobservacni shoda

Interobservacni shoda mezi pozorovateli pro EUS marker KP byla dobra (x = 0,75) a ta pro
CEH EUS byla primérna (x = 0,59 pro arteridlni fazi a k = 0,68 pro ,,wash out™ ve venozni
fazi).

3.1.5 Diskuze

Celkové bylo ze 73 piipadi karcinomu spravné identifikovano 69 pacientii. Nespravné
identifikované 4 ptipady byly ozna¢eny markerem jako negativni pro popsany isoenhancement
v arteridlni fazi. Falesné pozitivita CEH EUS markeru byla pozorovana u 13 ptipadt. Byly to
ptipady duodendlniho karcinomu, zalude¢niho karcinomu, metastaza plicniho karcinomu, a
metastaza rendlniho karcinomu, u kterych je CEH EUS jen relativné falesné pozitivni. Dalsi
fale$na pozitivita byla zachycena u ptipadu NET, pficemz divodem by mohl byt jeho maligni
potencial. Mezi dalsi relativné faleSné pozitivni patii plasmocytom a solitarni papilarni
neoplazie (SPN), které mohou mit také maligni potencial, coz vysvétluje zatazeni mezi maligni
1éze. Vysoka hodnota NPV kolem 85 % pro CEH EUS je z praktického hlediska velmi dileZita.
I kdyZ nemtize CEH EUS marker nahradit cytologii pfed aplikaci chemoterapie, mizZe urychlit
indika¢ni rozhodovani o operaci ve skupiné resekabilnich tumort. Dal$i moznost praktického
vyuziti CEH EUS je opét u skupiny kandidati chirurgického vykonu, kde FNA je
kontraindikovana anebo se piedpoklada jeji nizsi vytéznost a operatér pozaduje blizsi informace
o charakteru tumoru, nez jsou dostupné na zékladé EUS. Hodnoceni interobservacni shody je
u CEH EUS ve prospéch venozni faze, kde dosahuje vysoké shody mezi dvéma vySetiujicimi.
Z praktického hlediska se jednd o dostateCnou eliminaci klinického ,bias“, kdy je
endosonografista v kontaktu s pacientem a je ovlivnén typickymi projevy maligniho

onemocnéni.

3.1.5.1 Zavér a zhodnoceni cilti a hypotéz

v

CEH EUS je metoda umoznujici presn¢jsi identifikaci karcinomu pankreatu s vyS$si piesnosti
nez konvencni EUS. Zejména pokud se objevi hypoecnhancement v priabéhu venodzni faze,
nazyvané ,,wash out“, maligni etiologie tumoru je vysoce pravdépodobna. V uréeni diagndzy

NET mé EUS a CEH EUS niZ3i pfesnost, vEetné statistické vyznamnosti. Nejvyssi pfesnost ma
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v diagnostice karcinomu pankreatu EUS FNA, ktera je pravem pokladané za metodu ,,zlatého
standardu®. V ptipadé, ze EUS FNA neni indikovana ¢i je kontraindikovana, ptinasi aplikace
CEH EUS v diagnostice KP vyssi presnost nez EUS samotnd. Interobservacni shoda
v hodnoceni nalezit EUS a CEH EUS je pfijatelnd, navic u CEH EUS panuje nejlepsi shoda ve

vendzni fazi v piipadé odplaveni kontrastni latky (wash out).
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3.2 Bungani¢ B, Hilkova T, BeneSova L et al. VySetfeni mutace KRAS v EUS-
FNA preparatech pacientii s tumorem pankreatu [KRAS mutation assay on
EUS-FNA specimens from pacients with pancreatic mass]. Cas Lek Cesk.
2016;155(1):48-51.

3.2.1 Cile

Stanoveni senzitivity KRAS testu s pouzitim vzorkl ziskanych EUS FNA a odbérem krve u
pacientli s tumory pankreatu a testovani vlivu pfitomnosti mutace KRAS na prognozu preziti
téchto pacientd. VedlejSim cilem byl vypocet senzitivity, specificity, pozitivni prediktivni

hodnoty a negativni prediktivni hodnoty EUS a EUS FNA.

3.2.2 Material a metody

Do studie bylo zahrnuto celkem 147 pacientt s tumorem pankreatu, ktefi podstoupili vySetfeni
EUS s FNA a nasledny odbér krve. V souboru bylo 118 pacientt s karcinomem pankreatu, 26
pacientll s chronickou pankreatitidou a 3 pacienti s neuroendokrinnim tumorem. Skupinu
pacientli s karcinomem tvofilo 64 muza ve veéku primérné 69 £ 9 let (rozmezi 44 az 92 let) a
54 Zen ve v&ku primérné 66 + 9 let (rozmezi 44 az 87 let) s KP ve stadiu Il (n = 3), III (n = 53)
a IV (n=158). Studie byla provedena ve spolupraci s genetickou laboratoti Genomac vyzkumny

ustav, s.r.o., Praha.

K vySetieni byl pouzit linearni echoendoskop GF-UCT 180 (Olympus, Némecko) a
ultrazvukovy pfistroj Prosound Alpha 10 (Aloka Co., Ltd., USA). K EUS FNA byly pouzity
jehly Pro-Core 19G a 22G (Cook Medical, USA), Expect 19G a 22G (Boston Scientific, USA)
a standardni jehly Olympus 22G (Olympus, Némecko). Cast bioptického vzorku byla uchovéana
nativni ve stabilizacnim roztoku pfi -20 °C, Cast byla zpracovana do cytologického natéru.
Suché cytologické natéry byly doruceny na patologii, kde byly vzorky fixovany a barveny
roztokem Giemsa Romanovski (Penta, CR). Na cytologickych preparatech byla cytopatologem
vyznacena oblast s majoritnim vyskytem naddorovych bunék (minimalné 80 %) a vzorky byly

poté odeslany na genetickou analyzu.

Z cytologickych preparat byl mikrodisekovan materidl z vyznacené oblasti naddorovych bunék
a prenesen do mikrozkumavky. DNA pak byla zobou typid materidlu izolovana kitem
RecoverAll Total Nucleic Acid Isolation (Ambion, USA). Ze vzorku krve byla nejprve dvoji
centrifugaci separovana plazma a bezprostfedn¢ zmrazena na -20 °C. Ve zmraZzeném stavu byla

dopravena do genetické laboratote, kde byla z plazmy izolovana cirkulujici tumorova DNA
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(ctDNA) kitem NucleoSpin Plasma XS (Macherey-Nagel, Némecko). Detekce somatickych
mutaci genu KRAS byla ve vSech tfech typech vzorkti provedena metodou polymerazové
fetézové reakce (PCR) sndaslednou heteroduplexni analyzou pomoci kapilarni gelové
elektroforézy pfi teplotnim gradientu na pfistroji ABI Prism 3100 (Applied Biosciences, USA),
stejn¢ jako v predchozich studiich. (Salek C 2007, Salek C 2009) Vysledky heteroduplexni

analyzy byly vizualizovany pomoci softwaru Gene Marker v2.4.2.

K testu prognostické role mutace KRAS byly vyuzity pouze cytologické preparaty, u kterych
byla dosaZena nejvyssi senzitivita. Pacienti byli rozdéleny do skupiny s KRAS mutaci a bez
KRAS mutace. Byla stanovena korelace pfitomnosti KRAS mutace s prognézou (celkovym
prezitim) pomoci Kaplan-Meierovy metody a kiivky preziti obou skupin pacientii byly

porovnany pomoci log-rank testu. Za statisticky vyznamné byly povazovany hodnoty P < 0,05.

3.2.3 Vysledky
3.2.3.1 Diagnostika pomoci endosonografie
Byla vypoctena senzitivita, specificita, pozitivni prediktivni hodnota a negativni prediktivni

hodnota pro EUS, které dosahovaly 82,9 %, 45,5 %, 82,9 % a 45,5 %.

3.2.3.2 Diagnostika pomoci EUS FNA

Celkova senzitivita FNA pro karcinom pankreatu ¢inila 88 %, specificita 100 %, PPV 100 %,

NPV 20 %. Jako nekonkluzivnich bylo patologem oznaceno 13 % vzorkd.

3.2.3.3 Geneticka analyza

Celkem bylo na pfitomnost KRAS mutace testovano 147 nativnich aspirati vSech pacientl
podstupujicich EUS FNA, 118 cytologickych preparati a 94 vzorkdi plazmy pacient
s karcinomem pankreatu. U pacientl s NET a CHP byly ke KRAS testu pouzity pouze nativni
bunécné aspiraty se zachytem 0/3 (0 %) respektive 4/26 (15 %). Pro skupinu pacientil s
karcinomem pankreatu byly k dispozici vSechny 3 typy vzorkt, pfi¢emz nejvyssi senzitivity
detekce KRAS mutace bylo dosaZzeno pii pouZiti cytologickych preparati (90 %, Tab. 2). V
nativnich aspiratech, byla mutace detekovana pouze v 78 %, tedy vysledky vySetfeni v téchto
(Tab. 2), kde byva DNA pochézejici z nadoru (ctDNA) obecné pfitomna ve velmi nizkych
koncentracich. Vysledny zachyt KRAS mutace v ctDNA byl pouze 27 %. U 4 z 28 pacientl s
CHP detekovana mutace KRAS. U zadného nebyl karcinom inicidlné cytologicky
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diagnostikovan. V prab¢hu klinického sledovani byl potvrzen karcinom pankreatu u 2 pacientd,

1 pacient predCasné zemiel pro komplikace alkoholového deliria, 1 pacient byl aktualné

indikovan k resekénimu vykonu, ktery vSak odmitl. Srovnani pfeziti pacientii s mutovanym

KRAS oproti nemutovanému (wt KRAS) nepfineslo statisticky vyznamny rozdil v prognéze.

Tab. 2 Usp&snost stanoveni a senzitivita detekce KRAS mutace

Typ vzorku Uspé&snost stanoveni KRAS Senzitivita detekce KRAS
Nativni aspiraty 100 % 78 %
Cytologicka skla 100 % 90 %
Plazma 96 % 27 %

3.2.4 Diskuze

Samotny fakt, Ze v terénu chronické pankreatitidy byl v nasi studii detekovan KRAS bez nalezité

cytopatologické verifikace, je velmi zajimavy. V doposud publikovanych pracich byl

zaznamenan pouze jeden piipad pozitivity KRAS mutace v terénu chronického zanétu pankreatu

(Tab. 3).

Tab. 3 Prehled studii vySetfeni KRAS mutace vzorkl ziskanych EUS FNA v rdmci diferencialni
diagnozy karcinomu pankreatu a chronické pankreatitidy

Studie/rok Pocet Karcinom pankreatu | Chronicka pankreatitida
pacienti % (pocet pac.) % (pocet pac.)
(Tada M 2002) 34 77 (20/26) 0 (0/8)
(Pellis¢ M 2003) 57 73 (24/33) 0 (0/5)
(Zheng M 2003 ) 66 83 (45/54) 0 (0/5)
(Takahashi K 2005) 77 74 (46/62) 0 (0/15)
(Khalid A 2011) 21 73 (11/15) 0(0/2)
(Maluf-Filho F 2007 ) 74 63 (34/57) 9(1/11)
(Bournet B 2009 ) 178 67 (86/129) 0 (0/27)
Celkovy pocet pacientil 507 71 (266/376) 1(1/73)
v publikovanych studiich
Nase studie 118 90 (106/118) 14 (4/28)
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V publikaci (Bournet B 2014) autoifi doporucuji zapojit do vySetiovaciho procesu nejasné
pankreatické masy testovani KRAS mutace. V piipad€ klinické ¢i radiologické prezentace
pseudotumordzni formy chronické pankreatitidy, mtize identifikace KRAS bez mutace vyloucit
maligni transformaci. (Bournet B 2014) V praxi miiZze indikace resekéniho vykonu pouze na
podkladé¢ mutace KRAS ¢Cinit jisté potize, proto je vhodné pfed definitivnim rozhodnutim o

chirurgické 1é¢bé opakovat EUS FNA. (Bournet B 2014)

Prognosticky vyznam KRAS byl hodnocen v nékolika recentnich studiich (Buscail L 2020),
avSak vysledky jsou znaéné rozporuplné. Mutace KRAS je prokazatelné asociovand s hor§im
pfezivanim ve srovnani s wt KRAS, nicméné se jednd o statisticky hrani¢né vyznamnou
asociaci. Prace, které hodnotily prognosticky vyznam mutace KRAS z EUS FNA,
neidentifikovaly studované molekularni markery jako prognostické ukazatele. Naproti tomu
jsou znamé zaveéry studii genetické analyzy resekatii KP, které¢ naznacuji, Ze obzvlast’ nckteré
typy mutaci KRAS, napt. G12D, jsou asociovany s hor§im prezitim. (Rachakonda PS 2013)
Pravdépodobné proto jsou v soucasnosti vétSinou geneticky vysetfovany zejména tkané tumoru
z resekati, a to i ptes to, ze jsou k dispozici jen u omezeného mnozstvi pacientti. V nasi studii
srovnani pfeziti pacientd s mutovanym KRAS oproti nemutovanému wt KRAS nepftineslo
vyznamny rozdil v prognoéze. Do hodnoceni vSak nebyly zahrnuty vysledky mutaci

jednotlivych typi KRAS, které vyzaduji podrobnéjsi analyzu.

3.2.5 Zavér a zhodnoceni cilii a hypotéz prace

Vysetfovani KRAS mutace z EUS FNA preparata je dostateCné senzitivni. Specificita KRAS
testu je natolik vysokd, ze pozitivita s vysokou pfesnosti signalizuje malignitu, naproti tomu
negativni vysledek svédci spiSe pro benigni etiologii. Pfinos je pfedevSim u pacientl s
chronickou pankreatitidou, kde nebyla na zakladé ostatnich klinickych faktori indikovana
resekce. V ptipadé prikazu pfitomnosti mutace KRAS by méla byt resekce znovu zvazena
vzhledem k vysokému riziku skrytého karcinomu pankreatu. Pro vyuZiti KRAS jako

prediktivniho markeru ovSem prozatim nejsou dostatecné klinické dikazy.
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3.3 Benesova L, Halkova T, Bunganic B et al. Comparison of Native Aspirates
and Cytological Smears Obtained by EUS-Guided Biopsies for Effective
DNA/RNA Marker Testing in Pancreatic Cancer. Pathol Oncol Res. 2020
Jan;26(1):379-385.

3.3.1 Cile

Cilem této prace byla analyza exprese miR-21 u pacientti s KP ve vzorcich ziskanych pomoci
EUS-tenkojehlové biopsie a zhodnoceni prognostické role miR-21 vyjadiené délkou celkového
pteziti pacientll s KP. Mezi sekundarni cile patfilo hodnoceni rozdili exprese miR-21 mezi 2
zpisoby zpracovani EUS jehlou aspirované tkan¢, a to standardni EUS FNA, kdy jsou odebrané
vzorky ulozeny do nativniho stabiliza¢niho roztoku, a déale cytologickymi stéry odebranymi

pod EUS navigaci (EUS FNC).

3.3.2 Metodika

Pacienti a material pouzity ve studii odpovida metodice popsané v predchozi publikaci, pti¢emz
ve vysledku bylo zpracovano 91 vzork pomoci EUS FNC. Patologem byly po fixaci Giemsa
Romanovski oznaceny nadorové buiiky. Pti hodnoceni exprese miR-21 se postupovalo dle
specidlniho protokolu. Na reverzni transkripci miRNA na cDNA bylo pouzito 5 ul RNA
pomoci qScript micro RNA cDNA syntetického kitu (Quanta Biosciences, USA) dle
doporuceni vyrobce. Amplifikace a kvantifikace exprese miR-21 pomoci qRT-PCR byla
provedena diky systému Stratagene Mx3000P (Agilent Technologies, USA), PerfeCTa SYBR
green SuperMix (Quanta Biosciences, USA), a specifického univerzalniho a miRNA primeru
(Quanta Biosciences, USA). Udaje qRT-PCR byly analyzovany pomoci softwaru MxPro
(Agilent Technologies, USA) s automatickym zakladnim nastavenim s prahovou hodnotou 0,4.
Kalkulace relativni exprese miR-21 byla ziskdna z priméru Ct hodnot.Studie byla provedena

ve spolupraci s genetickou laboratofi Genomac vyzkumny ustav, s.r.o., Praha.
3.3.3 Statistickd analyza

Prognostické role miR-21 byla testovana ve smyslu celkového ptezivani s pouzitim Kaplan-
Meierovy metody. Nejprve byl vypocitin medidn relativni exprese miR-21 ve vSech 118
vzorcich s KP. Kazdd hodnota vyssi, nez median byla povazovana za nadmérnou expresi a
hodnoty niZsi neZ median za nizkou expresi. Celkové pieziti pacienti bylo pocitano od doby
stanoveni diagnézy KP. Aby bylo mozné hodnotit vzorek pacientli jako homogenni skupinu,

ty, ktefi zemfteli z divodu jiné pti¢iny (n = 7) anebo byli operovani (n = 13), byli ze studie
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exkludovani. Ve zbyvajici skupiné (n = 91) byla posuzovéna souvislost pieziti mirou exprese
miR-21. Celkové preziti pro vysoké i nizké hodnoty exprese miR-21 bylo vyhodnoceno
Kaplan-Meierovou analyzou s pouzitim statistického softwaru MedCalc (MedCalc Software
Ltd., Belgie). Kfivky ptezivani byly srovnadvany pomoci long-run testu na 5% statistické

hladin¢ vyznamnosti (p>0.5).

3.3.4 Vysledky
3.3.4.1 Prediktivni role exprese miR-21
Byla potvrzena negativni prediktivni hodnota exprese miR-21, vysledky jsou srovnatelné

s experimenty s materiadlem z resekatu.

3.3.4.2 EUSFNC

Z materialu ziskaného pfi vySetfeni EUS FNC byla nizkéd exprese miR-21 zaznamendna u 48
pacientd, celkové pieziti v této skupiné bylo 200 dni, u 43 pacientii byla zaznamenana vysoka
exprese miR-21 s celkovym ptezitim 128 dni. Kaplan-Meierova analyza ukazala na statisticky

vyznamny rozdil v pfezivani mezi nizkou a vysokou expresi miR-21 (p = 0.02).

3.3.43 EUS FNA

Z materialu ziskaného pii vySetfeni EUS FNA, byla nizk4 exprese miR-21 zaznamenéna u 43
pacientli s medidnem preziti 208 dni a u 48 pacientli byla zaznamendna vysoka exprese miR-

21 s celkovym ptezitim 117 dni (p = 0.06).

3.3.5 Diskuze, zavér a zhodnoceni vysledku cilti a hypotéz prace

Metoda EUS FNC neni zatim rutinné pouzivana k molekularni genetické analyze ziskanych
vzorki, ale dle dosazenych vysledkll je dostatecné piesnd a do budoucna bude vhodnou
metodou k odbéru testovaného materialu. Mohla by poslouzit v§em jedincim s KP, obzvlast
skuping inoperabilnich pacientli. Ve FNA je specidlni médium, ale s malou frakci malignich
buné¢k a excesivnim mnozstvim bunék stromatu (90 % celého materialu). (Neesse A 2011) Pro
tuto konkrétni analyzu exprese miR-21 se vSak zda, ze dilezitéjsi je primarni zpracovani a
oznaceni konkrétni nddorové populace ,,na skle®, které umoziuje provedeni mikrodisekce, jak

je tomu pii FNC. Z divodu, ze bylo doposud hodnoceni molekuldrnich markerd provadéno
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pouze z resekatl, byly hodnocené vysledky efektu molekularni diagnostiky u KP sporné. Diky
FNC je nyni prikazné dodavan selektovany materidl zcela vhodny k dalsi podrobné genetické
a molekularni analyze. Podrobné&;jsi studium genetického pozadi stromatu je dalSim vyhledem

do budoucna.
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3.4 Bungani¢ B, Stovitkova L, Tatarkovi¢ M et al. Molekularné spektroskopicka
analyza krevni plasmy: cesta k diagnostice karcinomu pankreatu? Gastroent
Hepatol 2015, 69(6): 518-524.

3.4.1 Cile

Cilem pilotni studie je srovnani senzitivity a specificity jediného klinicky dostupného

biomarkeru CA19-9 a nového spektralniho sérového biomarkeru.

3.4.2 Material a metody

Do této pilotni studie bylo zatazeno 10 pacientti s KP a 23 kontrolnich jedincti v primérném
veéku 66 = 7, resp. 61 £ 8 let. Ve vSech ptipadech se jednalo o pokrocila stadia Il a IV. V ramci
odbéru krve bylo provedeno zikladni biochemické vySetfeni, véetné stanoveni hladiny
sérového albuminu, celkové bilkoviny, glykémie a hladiny CA 19-9.

Prace byla provedena ve spolupraci s Ustavem analytické chemie, VSCHT Praha.

Po punkci zily a odbéru krve byla provedena centrifugace vzorka pii 1500 x g po dobu 10
minut; nasledné byly ziskané frakce krevni plazmy zamrazeny, transportovany v termoboxu pfi
teploté¢ suchého ledu (-78 °C) na VSCHT Praha, kde byly nadale skladovany
v hlubokomrazicim boxu pfi teploté -80 °C. Rozmrazené vzorky byly analyzovany kombinaci
ruznych spektroskopickych metod. Ramanova spektra a spektra Ramanovy optické aktivity
byla zaznamenavana simultanné na spektrometru ChiraRAMAN-2X (BioTools, Inc., USA),
ktery je vybaven systétmem Opus 2W/mpc6000 (Laser Quantum, VB) s excita¢ni vlnovou
délkou 532 nm. Metodika méfeni byla podrobné popsana (Tatarkovi¢ M 2015).Analyzy ECD
byly provedeny na spektrometru J-815 (Jasco, Japonsko) pracujicim v UV/VIS oblasti za
podminek popsanych v ptedchozi publikaci. (Tatarkovi¢ M 2012)

3.4.3 Statistické zpracovani

Pro odliseni pacientl s karcinomem pankreatu a kontrolni skupiny, byla ziskana spektralni data
vyhodnocena linearni diskriminacni analyzou (LDA) v programu XLSTAT (Addinsoft,
Francie). Pro vybrané oblasti spekter, ve kterych jsou obsazeny informace o struktuie
plazmatickych biomolekul a jejich mozné zmény, byl vytvofen statisticky model, u néjz byla
zaroven stanovena senzitivita a specificita. K ovéteni jeho platnosti a vypovidaci schopnosti
byla rovnéZ provedena kiizova validace typu leave-one-out (LOOCV) a vypocet hodnot pro

ktivku receiver operating characteristics (ROC).
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3.44 Vysledky

3.4.4.1 Ramanova spektroskopie

V primérnych Ramanovych spektrech pacientli s KP a kontrolnich jedinct (Obr. 4) jsou patrné
tfi intenzivni pasy nalezici predevsim vibracim karotenoidi (1006, 1156 a 1517 cm™"), které
jsou piitomny v plamé v nizkych koncentracich. Vysoka intenzita téchto pastt v Ramanové
(Parker SF 1999) U skupiny kontrolnich jedincti byla pozorovana nékolikandsobné vyssi
intenzita téchto pasl v porovnani s pacienty, coz naznacuje moznou roli karotenoidl v procesu
kancerogeneze. Ve spektrech je zaroven mozné pozorovat zménu intenzity pasu typickych pro
proteiny s vysokym obsahem alfa-helikalni struktury, a to pfedevsim u 1270 cm™ v oblasti
roz$itené¢ho amidu III, ktery odpovida vibracim peptidové vazby. (Synytsya A 2013) V krvi
rovnéz piitomné sacharidy a lipidy jsou zastoupeny pasy 960 a 1450 cm-1 (Synytsya A 2013),

jejichz intenzita byla niz$i v ptipadé pacientti s KP.
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Obr. 1 Primérnd Ramanova spektra krevni plazmy pacientti s KP (¢ervena c¢arkovana ¢ara) a
kontrolnich jedinct (modra plna ¢ara)

3.4.4.2 Ramanova opticka aktivita

Ve spektrech Ramanovy optické aktivity (Obr. 5) byla zaznamenana skupina past proteinti

v oblastech amidu I (1645, 1674 cm™) a amidu III (1248, 1311, 1345 cm™). Spektralni priib&h
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v téchto oblastech je opét typicky pro proteiny s vysokym obsahem alfa-helikalnich struktur
(Synytsya A 2013, Zhu F 2005, Barron LD 2007). Vyrazné pozitivni pasy 1156 a 1517 cm’!
vyskytujici se ve spektrech kontrolnich jedinci mohou byt piifazeny karotenoidiim, pficemz

nékteré z nich se prekryvaji s pasy aromatickych aminokyselin. (Synytsya A 2013)
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Obr. 2 Primérnéd spektra ROA krevni plazmy pacientll s KP (Cervena carkovana cara) a
kontrolnich jedincii (modra plna ¢éara)

3.4.4.3 Elektronovy cirkularni dichroismus

Ve spektrech ECD (Obr. 6) dominuji tfi pasy charakteristické pro sekundarni strukturu
proteint. (Withnall R 2003, Berova N 2012) Pozitivni pas 192 nm a dva ¢astecné se piekryvajici
negativni pasy 209 a 222 nm jsou vysledkem elektronovych pirechodl v ramci peptidové vazby.
Intenzita a tvar téchto past se méni v zavislosti na sekundéarni struktufe peptidového fetézce.
(Synytsya A 2013, Whitmore L 2008) Priibéh spekter odpovida proteinim s vysokym obsahem
alfa-helikalni struktury (Berova N 2012, Hirst JD 2003), které jsou v krvi zastoupeny pievazné
lidskym sérovym albuminem. Je patrné, ze v piipad¢ pacientii s KP maji vSechny tfi uvedené

pasy nizs§i intenzitu nez ve spektrech kontrolnich jedinc.
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Obr. 3 Primérna spektra ECD krevni plazmy pacient s KP (¢arkovana cara) a kontrolnich
jedinct (plna ¢éra)

3.4.4.4 Statistické vyhodnoceni spektralnich dat

Jelikoz byly nékteré zmény ve spektrech pacienti s KP a kontrolnich jedincti obtizné
pozorovatelné, byla ziskana spektralni data vyhodnocena vicerozmérnymi statistickymi
metodami. Cilem bylo odliSit pacienty od kontrolnich jedincii na zékladé¢ rozpoznani
charakteristickych  spektralnich  vzori, uréit senzitivitu a specificitu  vyuzitych
spektroskopickych metod a zaroven prokazat spolehlivost matematického modelu vytvoreného
pro kombinaci vSech tfi pouzitych metod. Byla pozorovana plna separace skupiny pacienta
s KP a kontrolnich jedinct (Obr. 7), pfi¢emz celkova spravnost pfifazeni jednotlivych vzorkt
do prislusnych skupin ¢inila 100 %. Specificita a senzitivita vytvofeného modelu dosahovaly
vysokych hodnot i po provedeni kiizové validace, a to 90 %, resp. 87 %. Zaroven byly z kiizové
validace vypocteny hodnoty pro kiivku ROC, kde plocha pod kiivkou (AUC) dosahovala
hodnoty 0,907 (Obr. 8).
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Obr. 5 Kftivka ROC po kitizové validaci LDA modelu pro diskriminaci vzorkl krevni plazmy
pacientd s KP a kontrolnich jedincti; AUC = 0,907

3.4.5 Diskuze
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V pilotni studii byl pomoci kombinace pokrocilych spektroskopickych metod vytvotren
klasifikaéni model, ktery dosahuje hodnot senzitivity a specificity ~ 90 %. Pti predbézném
hodnoceni se zda, ze spektralni biomarkery sledované v naSem pilotnim projektu nejsou
zatizeny chybovosti, a to bez ohledu na hladinu bilirubinu, CRP ¢i krevni skupinu. V
soucasnosti bylo publikovano nékolik studii zabyvajicich se detekci prekurzorii a premaligniho
stadia KP. Ze skupiny glykoproteinovych mucinti, dosédhl vysoké senzitivity a specificity
MUCSAC u prekurzorovych Pan-IN-1 1ézi na mySich modelech. (Kaur S 2013) MUC je v séru
pacienti s KP jen v omezeném mnozstvi a snaha o jejich detekci pomoci klasické
immunoanalyzy nepostacuje. Proto jsou testovany dalsi techniky vhodné pro upravy a méfeni
vzorki (naptiklad povrchem zesilend Ramanova spektroskopie), které jsou 100 az 1000krat
citlivéjsi nez konven¢ni metody. (Baine 2009, Wang G 2011) Mezi dalsi aberantné
exprimované muciny patii CA-50, CA-19-5, CA-125/MUC 16, CA-242, CAM 17.1, MUCA4,
MUCSAC, DUPAN 2, PAM4 a SPan-1. Pro sporné vysledky vSak zatim nejsou v klinické praxi
vyuzivany. (Horn A 2013, Carrara S 2011) V nasem pilotnim projektu byly potvrzeny
predpokladané rozdily v signalech charakterizujicich odlisnosti 3D struktury plazmatickych
bilkovin a dalSich plazmatickych biomolekul. Hlavni rozdily byly zjistény nejen v sekundarni
struktute proteinti krevni plazmy, ale 1 dalSich molekul, jako lipidi, sacharidii, aromatickych
aminokyselin a karotenoidd. Zejména posledni zminovana molekula byla v riiznych intenzitach
zachycena v Ramanovych spektrech i pomoci ROA. V plazmé¢ pacientd s KP byla pozorovana
nizka intenzita karotenoidtl. U¢ast karotenoidii v procesu onkogeneze zfejmé souvisi se zménou
mikroprostiedi a navozenim desmoplastické reakce aktivaci stellate cells. (Louvet C 2008) Tyto
buriky jsou schopné se transformovat z klidového stadia do stadia aktivniho, kdy se podileji na
fibroprodukci. Retinoidy na modelech KP u transgennich mysi indukovaly vznik klidového
stadia stellate cells a tim navodily inhibici ristu KP. (Tollefsbol TO 2009) Karotenoidy jsou
tésné propojeny s nadorovou progresi KP a jak se ve fazi pilotniho projektu zd4, jsou dobie

definovatelné pomoci citlivych spektroskopickych metod.

3.4.6 Zavér a zhodnoceni cilt a hypotéz prace

Casna diagnostika KP s cilem detekce operabilniho stadia vyzaduje identifikaci efektivniho
biomarkeru. Je testovano nékolik kandidati ze skupiny biomarkert ¢asného karcinomu
pankreatu, ale zatim nejsou dostupné pro béznou klinickou praxi. CA 19-9 je sice klinicky
dostupny, ale jako marker ¢asného karcinomu neni vyhovujici. V této studii byla testovana

specificita a senzitivita nového spektralniho biomarkeru, charakterizovaného vybranymi
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zménami vSech biomolekul krevni plazmy. Pro obé sledované charakteristiky bylo dosazeno
hodnot ~ 90 %, coz je vice nez doposud publikované vysledky pro CA 19-9. Ziskané vysledky
koresponduji s patogenezi KP. Karotenoidy, jako tstfedni regulacni prvek funkce stelate cells,
které se prokazateln¢ podili na patogenezi KP, se jevi se jako pfislib do budoucna vhodny
k dal$imu testovani na vétSim souboru pacientli. Jednim z dalSich ukoli je spektroskopické
vySetfeni rizikovych pacientd s recentné diagnostikovanou poruchou glukézové tolerance,

pacientli s premalignim stddiem karcinomu a familiarnimi rizikovymi syndromy.
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3.5 Habartova L, Bungani¢ B, Tatarkovi¢ M et al. Chiroptical spectroscopy and
metabolomics for blood-based sensing of pancreatic cancer. Chirality. 2018
May;30(5):581-591.

3.5.1 Cile

V této praci byla krom¢ analyzy vétSich molekul (jako v pfedchozi publikaci) provedena
analyza mens$ich molekul s pomoci metabolomického vysetieni. Byly provedeny dvé analyzy,
prvni k detekci a kvantifikaci klinicky relevantnich markert oxidativniho stresu popisovaného
u nadorovych onemocnéni a druhd, tzv. multimarker screening, slouzici k identifikaci

potencidlnich markerd, které by mohly mit realny klinicky vyznam.

3.5.2 Metodika

Vzorky krevni plazmy byly odebrané ndhodné 5 subjektim s KP a 5 zdravym kontrolam k obou
zminénym metabolomickym analyzam. K detekci markerii oxidativniho stresu byl pouzit
spektrometricky systém slozeny z pumpy Accela 1250, automatického vzorkovace Open
Accela a hmotnostniho spektrometru TSQ Vantage (Thermo Scientific, USA). Analyty byl
separovany na kolon¢ Gemini C18-NX s mobilni fazi tvofenou octanem amonnym a
acetonitrilem. Nasledn¢ byla provedena kapalinova chromatografie a ke kvantifikaci byla
pouzita hmotnostni spektrometrie. Ziskand data byla zpracovana v softwaru Xcalibur 2.2.0
(Thermo Scientific, USA). Detekované markery byly kvantifikovany za pouziti komercné
dostupnych standardi zakoupenych od Cayman Chemicals, USA a od Sigma-Aldrich,
Némecko. Pro ucely identifikace potencidlnich markeri KP byla vyuzita databdze Human
Metabolome Database. (Wishart DS 2018)

Prace byla provedena ve spolupraci s Ustavem analytické chemie a Ustavem organické

technologie, VSCHT Praha.
3.5.3 Vysledky a diskuze
3.5.3.1 Klinicky znamé markery spojované s karcinogenezi

Prvnim krokem metabolomické studie bylo stanoveni hodnot klinicky znamych markert
oxidativniho stresu spojovanych s karcinogenezi (Syslovd K 2014), které nebyly doposud

vyuzity v diagnostice KP (Tab. 4).
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Tab. 4 Primérné hodnoty metabolomickych markert

Marker

Klinicky vyznam

Pacient

pg mL!

Zdrava kontrola

pg mL!

Ortho-tyrosin

Oxidativni
poskozeni

aminokyselin

120+ 9

95+ 8

3-chlorotyrosin

Myeloperoxidazou
indukované
poskozeni

proteind

87+ 8

62+6

3-nitrotyrosin

Nitrosativni stres
(NOe radikalem
indukované
poskozeni

proteintl)

89+9

49+ 5

8-1so-prostaglandin Faq

Oxidativni stres,
poskozeni
fosfolipidovych

membran

54+5

34+4

8-hydroxy-2°-

deoxyguanosin

Poskozeni
genetické

informace v DNA

54+5

49 £5

8-hydroxyguanosin

Poskozeni
genetické

informace v RNA

59+£5

48 + 4

Kaskada leukotrienu

C/D/E4

Alergické reakce

41+4

45+ 4

Leukotrien B4

Zanét

52+6

34+2

Vyznamné zvyseni hladin derivatl tyrosinu, tj. ortho-, chloro a nitro-tyrosinu, demonstruje

podil oxidativniho a nitrosativniho stresu (Syslova K 2014), nejpravdépodobnéji zptisobeného
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vznikem vysoce reaktivnich radikald v pribéhu rlstu tumoru. Oxidativni stres spolu
s narusenim fosfolipidovych membran je také reflektovan vys$simi hodnotami 8-isoprostanu
(Liou SH 2017, Loeffler DA 2017 ) u pacienti s KP. Navic jsme ve skupiné¢ KP pozorovali
mozné poskozeni genetické informace indikované mirnym zvySenim hladin 8-
hydroxyguanosinu a 8-hydroxy-2‘-deoxyguanosinu. (Dabrowska N 2017 ) I kdyz byly rozdily
v ramci leukotrienové kaskady nevyrazné, aktivace imunitniho systému (Coussens LM 2002 )
pacientli byla zfejma z vyznamné vysSich hladin leukorienu Bs, primdrniho markeru zanétu.

(Kim YR 2016)

3.5.3.2 Identifikace novych metabolita typickych pro KP

Druhym cilem metabolomické studie bylo identifikovat slouceniny, jejichz pozménéné hladiny
by byly typickym znakem KP. Zatim nebyly detekované metabolity kvantifikovany, pouze byly
srovnavany intenzity jejich signalti. Pfevazna vétSina identifikovanych metabolitl je zapojena
do procesit bunécné signalizace, spravovani energetického metabolismu bunék a zajiSténi
integrity a stabilitu bunéénych membran, (Wishart DS 2013 ) tedy do procest, které jsou pfi
nadorovém rustu poskozené. Lysofosfatidylcholin je zndmy protinddorovou aktivitou (Ross T
2016), pricemz u pacienti s KP byl pozorovan enormni pokles intenzity signalu ziejmeé
z ditvodu nekontrolované bunééné proliferace a riistu tumoru. (Akita H 2016) Navic milize tento
pokles reflektovat zasadni naruSeni lipidového metabolismu priméarné lecitin-cholesterol
acetyltransferazovy enzymaticky systém v jatrech. Az 20nasobny nariist intenzity kyseliny
chenodeoxycholové u pacienti s KP potvrzuje zmény metabolického stavu, zejména
vyznamnou poruchu transportniho mechanismu steroli a modulace sekrece lipidi.

ZvySeni intenzit kyseliny docosahexaenové a jejich metaboliti, kyseliny arachidonové,
linolenové a gamma-linolenové, které bylo detekovano u pacient s KP, miize odrazet poruchu
funkce bunéné membrany vedouci k zdn€tu a aktivaci imunitni odpovédi. Kyselina
docosahexaenova se podili na redukci inzulinové rezistence, (Wishart DS 2013) jednoho
z hlavnich faktorti vzniku diabetu, ktery je tésn¢ propojen z patogenezi KP. Kyselina
arachidonova, linoleova a gamma-linoleova ptsobi jako soucasti prostaglandinového
metabolismu a maji prozanétlivé a imunoaktivni vlastnosti. Produkce prostaglandinovych a
leukotrienovych metabolitli skrz cytochrom p-450 je naruSenda u diabetu mellitu a je
nejpravdépodobnéji reflektovana zménami hladin kyseliny arachidonové. (Wishart DS 2013)
Zanétliva odpoveéd’ u pacientd s KP byla také potvrzena diky vyskytu sfingosi-1-fosfatu, ktery
reguluje produkci eikosanoidl a indukci cyklooxygendzy-2. Sfingosin-1-fosfat je zapojen do

metabolismu kalciové signdlni dréhy, kterd je pfimo zodpovédné za bunécné prezivani, rlst a
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proliferaci. (Wishart DS 2013) Ptiblizn€¢ 3ndsobn¢ vyssi intenzity signalu byly pozorovany u
dekanoyl-karnitin a hexadec-2-enoyl-karnitinu ve skupiné nemocnych. To Ize vysvétlit tim, ze
u KP je poSkozen metabolismus mastnych kyselin, karnitiny tak nemohou plnit svou
biologickou funkei, proto zlstavaji ve vysSich koncentracich v plazmé. Naproti tomu byly u
pacientl s KP pozorovany vice nez 10nasobné nizsi hladiny intenzit signalu acetyl-L-karnitinu,
dalsiho z moduléatord metabolismu mastnych kyselin. Ve skute¢nosti byla dramaticka deplece
acetyl-L-karnitinu prokazana u diabetikli (Thorne Research Inc 1999), coz podporuje koncepci

poruchy gluk6zového metabolismu, asociovanou s KP. (Andersen DK 2017)

3.5.4 Zavér a zhodnoceni cilii a hypotéz prace

Metabolomickéd analyza potvrdila signifikantni zmény na celuldrni / molekuldrni urovni
vedouci pfedevsim k oxidativnimu stresu a k naruseni lipidového metabolismu a energetického
fizeni v prib¢hu procesu karcinogeneze KP. Kromé detekce klinicky uznavanych markert
oxidativniho stresu (derivaty 8-isoprostanu a tyrosinu), jejichz propojeni s karcinomy bylo
prokézano u jinych malignit, jako naptiklad karcinomy prsu ¢i plic, byly také identifikovany
molekuly (lysofosfatidylcholin, dekanoyl-karnitin atd.), které doposud nebyly s KP spojovany

a mohly by se tak stat vhodnymi kandidatnimi markery.
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4 Souhrn

Karcinom pankreatu je maligni onemocnéni s nepiiznivou progndézou. V soucasnosti se
diagnostika karcinomu pankreatu opird zejména o zobrazovaci metody CT, MR a EUS, protoZe
spolehlivy biomarker karcinomu pankreatu neni dostupny. Za uspéch je v soucasné klinické
praxi povazovano, pokud se podafi selektovat pacienty vhodné k chirurgické resekci, v této
skuping je celkové preziti mirné lepsi nez ve skuping€, kde chirurgicky vykon neni technicky
mozny.

Predkladanad disertacni prace se v prvni ¢asti zabyva testovanim jiz zavedenych zobrazovacich
diagnostickych metod pouzivanych v bézné praxi EUS a EUS FNA a navic modernimi
vySetfovacimi moznostmi s vyuzitim kontrastni endosonografie a srovnani presnosti
zminovanych metod. Byla potvrzena dominantni role EUS FNA.

V dalsi fazi prace byl testovan metodicky postup EUS FNA odbéru a predipravy vzorku
pankreatické tkané s ohledem na mnozstvi a kvalitu pro epigenetickd vySetfeni a rovnéz
testovanim prognostické role KRAS a miR-21. Bylo zjisténo, ze nejvhodnéjSim zdrojem
biologického materidlu pro DNA a miRNA analyzy jsou cytologické natéry, kde je
kontaminace nenaddorovou tkani nizka, a i kdyZ prognosticka role KRAS je zanedbatelna, miR-
21 vykazuje zna¢né rozdily v prezivani pacientl v zavislosti na mife exprese.

V posledni ¢asti prace byl kladen dliraz na vyvoj a testovani novych metod vhodnych k detekci
karcinomu pomoci vySetfeni krevni plazmy. Jedna se o kombinaci spektroskopickych metod
a metabolomické analyzy. Ve spektrech byly identifikovany oblasti, které ukazuji na
patologické zmény asociované s KP, zejména kolisajici hladiny karotenoidd a aromatickych
aminokyselin, strukturni alterace proteint a lipidi. Metabolomickd analyza umoZznila urcit
molekuly se specifickou vazbou ke kancerogenezi — tyrosin a guanosin a jejich derivaty, dale
napf. 8-isoprostan nebo derivaty karnitinu, jeZ uzce souviseji s oxidacni stresem a poskozenim
bunéénych membran ¢i genetické informace indukovanymi pfitomnosti karcinomu. Testovana
metodika vykézala vyssi vykonnostni charakteristiky nez soucasné vyuzivany klinicky marker

CA 19-9.
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5 Summary

Pancreatic cancer is a malignant disease with an unfavorable prognosis. Currently, the diagnosis
of pancreatic cancer is based mainly on CT, MR and EUS imaging methods, because a reliable
biomarker of pancreatic cancer is not available. It is considered a success in the current clinical
practice if patients suitable for surgical resection can be selected, because in this group the
overall survival is slightly better than in the group where surgery is not technically possible.
In the first part, the presented dissertation focuses on testing of already established imaging
diagnostic methods used in common practice, i.e. EUS and EUS FNA, as well as modern
examination possibilities, such as contrast endosonography, and the comparison of the accuracy
of the methods used. The dominant role of the EUS FNA was confirmed.

In the next phase of the work, the methodological procedure of EUS FNA collection and the
preprocessing of pancreatic tissue samples was tested with regard to the quantity and quality
for epigenetic examination and further testing using the prognostic role of KRAS and miR-21.
It has been suggested that cytological smears are the most suitable source of biological material
for DNA and miRNA analysis, where non-tumor tissue contamination is low. Although the
prognostic role of KRAS is negligible, miR-21 showed differences in patient survival depending
on its expression levels.

In the last part of the work, emphasis was placed on the development and testing of new
methods for cancer detection using blood plasma testing via a combination of spectroscopic
methods and metabolomics. Specific areas have been identified in the spectrum, which
determine pathological changes associated with pancreatic cancer, especially fluctuating levels
of carotenoids and aromatics, structural alterations in proteins and lipids. Metabolomics
allowed for the identification of certain molecules with specific connenction to carcinogenesis
- tyrosine and guanosine and their derivatives, 8-isoprostane, or carnitine derivatives - which
are closely related to oxidative stress, cell membrane or genetic information damage induced
by the presence of cancer. The tested methodology showed higher performance characteristics

than the currently employed clinical marker CA 19-9.
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6 Seznam zkratek

ADA

AUC

CA 19-9

CRP

CT

ctDNA

DNA

ECD

ERCP

EUS

FNA

CHP

IGT

IPMN

KP

KRAS

LDA

LOOCV

miRNA

MR

MRCP

mRNA

NET

Americka diabetologické asociace

area under curve (plocha pod ktivkou)
Karbohydrat antigen 19-9

C reaktivni protein

multidetektorova vypocetni tomografie
cirkulujici nddorova DNA
deoxyribonukleova kyselina

elektronovy cirkulérni dichroismus
endoskopicka retrogradni cholangiopankreatikografie
endoskopicka ultrasonografie

tenkojehlova aspirace

gauge

chronicka pankreatitida

porucha gluk6zové tolerance

intraduktalni papilarni mucin6zni neoplazie
karcinom pankreatu

KRAS onkogen

linearni diskriminacni analyza

kiizovéa validace typu leave-one-out
mikro-ribonukleova kyselina

magnetickd rezonance

magnetickd rezonan¢ni cholangiopankreatikografie
messenger ribonukleova kyselina

neuroendokrinni tumor
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NMR

NPV

PCR

PPV

ROA

ROC

SPN

T2DM

T3cDM

USG

wt KRAS

nukledrni magnetické resonance
negativni prediktivni hodnota
polymerazova fetézova reakce
pozitivni prediktivni hodnota
Ramanova opticka aktivita
receiver operating characteristics
solidni pseudopapilarni neoplazie
diabetes mellitus 2. typu

diabetes mellitus typu 3c
abdomindlni ultrasonografie

nemutovand forma KRAS onkogenu
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ABSTRACT

Objectives: The main objective is to compare the accuracy of EUS and CEH EUS for the diagnosis of
pancreatic cancer (PC). The secondary objective is to evaluate the accuracy of EUS FNA and to deter-
mine to what extent EUS and CEH EUS findings are affected by endosonographer subjectivity.
Methods: A prospective single-centre study was conducted in patients with pancreatic lesions

detected on CT. The patients were examined by EUS, CEH EUS and EUS FNA. The obtined results mmg-mhm'ned
were compared with the final diagnosis that was based on cytology and further clinical findings and  avconagraphy; FNA;

on histopathological findings from subjects who underwent surgery. A second reading of the EUS and
CEH EUS images was performed by the endosonographer, who was blinded to dinical data of patients.
Results: We examined 116 patients, 73 had a final diagnosis of PC, 14 had NETs and 20 had other
tumours. The sensitivity, specificity, NPV, PPV, and accuracy of EUS for diagnosis of PC were 83.1, 62.5,
83.1, 70.7 and 78.6%, for CEH EUS 94.5, 61.7, 84.1, 84 and 84.1% and for EUS FNA 875, 91.2, 955, 775
and 888, respectively. The i agreement for EUS marker of PC was good (x =0.75), and
that for CEH EUS was average (x =0.59 for arteral phase and x =068 for washout in venous phase).
Conclusion: CEH EUS i a non-invasive method that allows more accurate identification of PC than
EUS. The subjectivity of CEH EUS evaluation is worse than that of EUS but acceptable.

pancreatic cancer

Introduction (CEH EUS) has been shown to be a useful minimally invasive
diagnostic method [12-17]. The aims of the study are to com-
pare the accuracy of EUS, EUS FNA and CEH EUS for the diag-
nosis of pancreatic tumours and to evaluate the inter-
observer agreement among individual endosonographers in

the interpretation of findings on EUS and CEH EUS.

Pancreatic cancer has an unfavourable prognosis in patients
who are diagnosed during later stages [1], even though the
long-term development of this cancer seems to offer a large
diagnostic window (2]. At present, the main effort is diagnos-
ing pancreatic cancer during early and curable stages [3L
therefore, it is necessary to introduce and test a new diagnos-

tic method, Endoscopic ultrasonography (EUS) is a well-esab-
lished, reliable and safe method that provides a detailed view
of pancreatic tumours with comparable or better accuracy
than other diagnostic modalities [4,5). One of the drawbacks
of EUS is that without the use of an invasive cytological
examination (EUS FNA), it cannot distinguish between the car-
cinoma and other aetiologies because the majority of the
pancreatic tumours, even those with benign aetiologies, have
a hypoechogenic appearance [6]. In addition, EUS FNA has
limitations as well as significant diagnostic benefits [5]. The
rate of complications is as low as 1% (7] but some complica-
tions, such as acute pancreatitis may have fatal consequences.
Implementing FMNA in patients with coagulopathies, unfavour-
able tumour locations in the uncinate protrusion or inter-
posed vessels is risky [B]. The accuracy of FMA is significantly
influenced by the evaluation of cytopathological specimens
[9]. In addition, 10% of the patients must have the sampling
procedure repeated [10] for a variety of reasons [11]. The
development of non-invasive alternatives to EUS FNA is
necessary. In recent years, contrast-enhanced endosonography

Patients and methods

The study induded 116 consecutive patients with pancreatic
tumours, who were evaluated from January 2013 to February
2017. The patients underwent EUS examinations based on
the finding of a solid tumour on CT, see flow chart.

116 patients nduded in
the study based an 7
finding oft e zolid umar
of pancreas

[ELES, ELS FNA and CEH ELS performad

107 solid lesgiare keft in the study 9 non-pancreatic and cystic besgion s eschude d
= 73 panoeatic cancer

= 14 panceatic MET

= Hother

Second reading of EUE and CEH EUS recardings performed by trained endozonographer
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All patients signed informed consent to participate in the
study, which was approved by the ethics committee of the
Military University Hospital — UVN Praha. The final diagnosis
was based on positive cytology after EUS or on histology of
specimens obtained during surgical resection. All patients
were followed up in a gastroenterclogical cutpatient clinic
for at least six months with repeated EUS examinations to
rule cut a false-negative diagnosis. A linear echo-endoscope
{GF UCT 180 Olympus, Tokyo, Japan) and sonographic sys-
tem (Aloka Pro Sound alpha 10, Tokyo, Japan) equipped with
CEH EUS ExPHD (Hitachi Medical Systems Europe 1994) was
used to perform EUS and CEH EUS examinations. EUS exami-
nations were performed by single endosonographer, the
second one was reviewing videos of the procedure without
the knowledge of the final diagnosis or patient history.
Patients were sedated with a combination of small doses of
midazolam and fentanyl, and Buscopan was administered to
relieve peristalsis. Throughout the examination, the patient
was positioned in lateral recumbency on the left hip.

EUS standard mode

The EUS examination was initiated in B-mode and a standard
investigation protocol was performed including a description
of the tumour location and size, an assessment of the echo-
genicity (anechoic, hypoechogenic, isoechogenic or hypere-
chogenic) and an evaluation of the tumour margins (regular,
irregular). A diagnosis of cancer was made if the tumour was
hypoechogenic and had irregular margins [Figure 1]. A diag-
nosis of a NET was made if the tumour was highly vascular
with regular tumor margins on B-mode EUS. Any echogenicity
could be present in the case of NET tumours.

EUS FNA

EUS FNA was performed using 25-gauge (EchoTip ProCaore,
Cook Medical, Bloomington, IN, USA) and standard 22-Gauge

Figure 1. EUS definition of malignancy. A positive EUS marker for cancer diag-
nosis was if the tumor had imegular margins and was hypoechogenous at the
same time. The picture shows venous and biliary duct infitration of a malig-
nant tumaur.
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needles (EZ Shot 2, Olympus, Tokyo, lapan and Expect nee-
dle, Boston Scientific, Natick, MA, USA). Samples were pre-
pared by the endosonographer immediately following the
EUS procedure and send to the pathology department for
further processing. Samples were evaluated by a single cyto-
pathologist expert in pancreatobiliary cytopathology. A
standard protocol was used during FNA. The capillary tech-
nigue with at least 7 passes of the needle through a hole in
the tumour and so-called “fanning technique’ was used. The
samples were prepared as smears, right after each procedure
and within an hour sent for cytological processing. There
was no cytopathologist present on site. Gathered samples
were evaluated as invalid, partially valid or fully valid accord-
ing to their quality, so samples were considered as positive
only when the certain grade of atypia was observed and a
smear was sufficiently valid.

CEH EUS

B-mode mode was changed to a special mode for CEH EUS
with a frequency of 47MHz and a mechanical index of 0.38.
Each examination was recorded for 1205 after the adminis-
tration of a contrast agent. Based on the differences between
the internal appearance of a tumour and the surrounding
pancreatic tissue, the pattern of contrast was classified as
hyperenhancement, isoenhancement or hypoenhancement.
Two phases were evaluated: the arterial phase between 15
and 30s after contrast administration and the wvenous
between 60 and 1205 after contrast administration. A diag-
nosis of cancer was made if hypoenhancement was observed
during the arterial and venous phases of the examination
[Figure 2]. A diagnosis of a NET was made if isoenhancement
or hyperenhancement was observed during the arterial or
venous phases of the examination [Figure 3].

Contrast agent

The contrast agents used are microbubbles of special gases
with a diameter of less than 10pm. They are administered
into the systemic circulation, travel from the pulmonary
capillaries into the arterial system and eventually remain
within the capillaries in the organ parenchyma. These agents
are non-emollient and non-toxic substances and side effects
are uncommon if the contraindications for their use are
appropriately respected. For CEH EUS, a second generation
Sono Vue Contrast (Bracco, Italy) contrast agent was used. It
was administered intravenously at a dose of 24ml per
patient. The use of this contrast agent was approved by the
State Institute for Drug Control {SUKL}.

Video record review

Every examination was recorded. A video record was then
reviewed by a second endosonographer without the know-
ledge of the final diagnosis or patient history. The secondary
aim was to assess the inter-observer agreement in assessing
the image obtained after the administration of the contrast
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Figure 2. CEH EUS definition of malignancy. The CEH EUS marker was considered as positive if hypoenhancement of contrast flow during the arterial (A) and ven-
ous (V) phase was detected. Figure 2{a) shows arterial hypoenhancement. Figure 2{b) shows venous hypoenhancement.

medium. This was performed by another endosonographer,
who was blinded to the clinical data of the patients.

Statistical analysis

Descriptive statistics were used to analyse the patient popu-
lation. The sensitivity, specificity, positive predictive wvalue
and negative predictive value of EUS and CEH EUS for diag-
nosing pancreatic cardnoma and neurcendocrine tumaours
were calculated along with their exact binomial confidence
intervals. The degree of correlation between EUS and CEH
EUS was performed using kappa statistics and Spearman’s r.
The agreement between the endosonographers was esti-
mated with kappa statistics. The statistical analysis was
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performed with the software tool STATISTICA 13.2 (TIBCO
Software, PaloAlto, CA, LISA).

Results

The study included 116 patients, with a median age of
67.5 years (minimum of 38 years, a maximum of 86 years), of
which 54 were women and 62 were men. Of the 116
patients, 73 patients had a final diagnosis of pancreatic can-
cer, 14 patients had neurcendocrine tumours, and 20 had
other tumours (pancreatitis 9, gastric and duodenal cancer
infiltrating pancreas 2, metastatic lesions: renal conventional
carcinoma 2, colorectal cancer 1 and pulmonary cancer 1,
solid pseudopapillary neoplasia 1 and plasmacytoma 1L
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Figure 3. MET with typical hyperenhancement during the arterial phase.

Table 1. EUS marker for diagnosis of pancreatic cancer.
Pancreatic cancer

{final diagnosis) EUS marker negative EUS marker positive Total
No 2 12 32
Yes 12 59 T

Total 32 71 103

The result was significant, k=045, Spearman Rank R=045 and p < 001.
In total 4 patients were excleded because of incomplete EUS wvideo
documentation.

Table 2. CEH EUS marker for diagnosis of pancreatic cancer.

Pancreatic camcer

{final diagnosish  CEH EUS marker negative CEH EUS marker positive Total
L] 21 13 34
Yes 4 &9 73
Tatal 25 82 107

The result was significant, k=060, Spearman Rank R= 0,62 and p < 001,

Table 3. EUS FNA marker for diagnosis of pancreatic cancer.

Pamcreatic cancer

{final diagnosis)  EUS FNA marker negative EUS FNA marker positive Total
] n 3 34
Yes 9 64 i3
Taotal 40 &7 107

The result was significant, x =0.75, Speaman Rank R=0.76 and p< 001.

Owerall, @ non-pancreatic lessions and cystic lessions were
excluded from the study. Among the group of pancreatic
cancer the lession was located in the head of the pancreas
{including the uncinate process) in 40 patients, in the neck
of the pancreas in 1 patient, in the body of the pancreas in
21 patients and in the tail of the pancreas in 11 patients.
The tumour was less than 15mm big only in 10 patients
with pancreatic cancer.
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The sensitivity, specificity, NPV, PPV and accuracy of EUS
marker for diagnosis of pancreatic cancer were 83.1% (QI
7234-8095%), 625% (CI 4369-78.590%), B31% (Cl
7564-B862%), 707% (C| 4B.24-74.88%) and 7B.6% (Cl
6734-84.46%) [Table 1). The result was significant (p<.001).
Even that accumcy was 7B6%, k=045 and Spearman Rank
R=045 is showing only limited capability of EUS in the dif
ferential diagnosis. The sensitivity, specificity, NPV, PPV and
accuracy of CEH EUS marker for diagnosis of pancreatic can-
cer were 94.5% (Cl 86.56-98.49%), 61.7% (Cl 43.56-77.83%),
84.1% (C 77.53-B9.0%%), B4% (Cl 66.14-93.38%) and 84.1%
(Cl 75.79-90.46%). [Table 2] The result was significant
{p<.001), k=060 and Spearman Rank A=062 suggest
greater accuracy then EUS alone. At last, the sensitivity, sped-
ficity, NPV, PPV and accuracy of FNA marker for diagnosis of
pancreatic cancer were 87.6% (Cl 77.88-94.20%), 91.2% (QI
7632-08.14%), 955% (CI 8783-98.44%), 775% (Q
6493-86.50%) and 88.8% (C| 8123-94.07%). [Table 3] The
result was significant (p < .001), again x =0.75 and Spearman
Rank R =0.76 confirms the superiority of EUS FNA.

The sensitivity, specificity, NPV, PPV and accuracy of EUS
marker for the diagnosis of NET were 64.3, 852, 409, 93.8
and 82 4% for CEH EUS marker 78.6, 84.9, 44, 96.3 and 84.1%
and EUS FMNA marker 714, 978 B33, 957 and 944%,
respectively. Although the results look promising for MET,
they are less statistically significant considering a small num-
ber of patients.

The interobserver agreement (lA) for EUS marker of pan-
creatic cancer was good (for assessment of solid or cystic
lesion k=10.91, for echogenity k=075 and for regularity of
tumor borders k =0.74), and that for CEH EUS |A was aver-
age (k=059 for arterial phase and k=068 for washout in
venous phase).



Discussion

Throughout the last several decades, the use of EUS, particu-
larly EUS FMNA, has generally improved the ability to diagnose
pancreatic cancer. Therefore, it is considered the gold stand-
ard for the diagnosis of pancreatic cancer [12].

EUS alone can distinguish between the individual types of
tumours with low sensitivity [13]. In our study, the sensitivity
of EUS for the diagnosis of PC was rather good at 83.1%, but
when used to diagnose METs, sensitivity was as less
as 64.3%.

In our study, EUS FNA had a sensitivity of 87.6% with a
high kappa statistic of 0.75 indicating that 64 out of 73 can-
cer samples were correctly diagnosed. According to these
results, EUS FNA is the perfect tool for the diagnosis of PC
Since the cytopathologists failed to confirm cancer in nine
patients, repeated FNAs were necessary to obtain a diagno-
sis. In all of the three falsely negative cases, the cytological
changes were highlighted as possible pancreatic cancer. It
was the case of chronic pancreatitis and two cases of mets
of pulmonary and duocdenal cancer infiltrating pancre-
atic parenchyma.

Even CEH EUS is more accurate then EUS alone, the CEH
EUS procedure seems to be useless in clinical medicine
because FMA is still so precise and highly accurate. Even
then, there are some possible implementations.

Among the cases in which cytology failed to confirm PC,
CEH EUS was positive in 91.6%. Among 14 patients with
MNETs, EUS FMA failed to make a diagnosis in four patients.
The sensitivity and specificity of CEH EUS markers were satis-
factory at 786 and B4.9%. These results are in accordance
with a study published by Leem et al. and others [5,18].
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EUS and CEH EUS markers for cancer must be discussed
before the statistical analysis. Different selections may modify
the results to some extent. However, there are no standard
recommendations for the setup of EUS or CEH EUS and
those that have been reported vary in different works. For
example, in Fusaroli's work [12], cancer is defined only by
hypoechogenicity alone on EUS images. Similarly, Kamatu's
work [16] defined cancer on EUS on the basis of hypoecho-
genicity alone, resulting in a sensitivity of B6%. With these
different settings, the results may be significantly altered. In
our study, the criteria for malignancy on EUS images
included ‘hypoechogenicity or heterogenicity and uneven
tumour margins'. The criteria for malignancy on CEH EUS
images were 'hypoenhancement during the wvenous and
arterial phases’. The criteria or ‘positive markers' for cancer
diagnosis were similar to those used in Kitano's study [15].

A typical pattern for PC on CEH EUS images is hypoen-
hancement of a tumour during the arterial and wvenous
phases. The sensitivity and specificity of this criterion for can-
cer are B9-96% and 64-BB%, respectively. In addition, hyper-
enhancement has a high-negative predictive wvalue of
90-100% [12,14]. In our study, similar results for CEH EUS
were obtained. The sensitivity of the composite markers for
cancer was 945% with a PPV of B4%. Out of a total of 73
cases of pancreatic cancer, the CEH EUS markers identified
true positives in 69 cases. Four cases were missed because of
isoenhancement during the arterial phase. On the other
hand, CEH EUS marker was falsely positive in 13 cases.

In cases of post-acute pancreatitis or chronic pancreatitis,
EUS and CEH EUS markers do not work well. Usually, the
main problem is the number of artefacts. False-positive CEH

Figure 4. Solid psewdopapillary tumour with hypoenhancement and a hypervasoular rim.
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EUS markers found in cases of METs may be due to the pos-
sible malignant potential of METs, Metastatic pulmonary can-
cer, gastric cancer, duodenal cancer, and metastatic renal
conventional cancer (Grawitz cancer) are malignant lesions,
so CEH EUS has relatively few false positives. Plasmacytomas
and SPNs can also potentially be malignant, so CEH EUS
markers may sometimes be positive.

Published studies have reported a relatively high NPV
of approximately B5% for identifying cancer with CEH EUS
[12,14,15,20], suggesting that f a tumour appears hypovas-
cular on CEH EUS but an FNA is negative, it is still likely
that it is a malignant tumour. From a practical point of
view, this is wery important. Although CEH EUS cannot
replace positive cytological findings before chemotherapy,
it may at least facilitate decision-making in disputed cases.
If a megative FNA is obtained but hypoenhancement is
observed on CEH EUS, surgical revision or at least a repeat
EUS FNA should be considered. In contrast, in cases with
a negative EUS FNA with isoenhancement or hyperen-
hancement on CEH EUS, a more consenative approach
should be taken [15].

The possibility of implementing CEH EUS seems to be
meaningful in a subgroup of surgery candidates, who do not
need to have FNA but the information about a tumour need
to be more accurate before surgical resection with regards
to a type of surgical procedure.

A rare finding in cur study was a 42mm SPN a tumour in
a M-year-old woman. EUS and CEH EUS images were false-
positive for cancer. O'Onofrio also reported hyperenhance-
ment of the outer margin in these tumours, which was also
observed in our case [Figure 4], but only during the setting
of the second reading [21].

A very rare case of plasmacytoma was alo detected in
our study. The EUS appearance of a heterogeneous predom-
inantly hypoechogenic tumour was previously described in
the literature [22, 23). The EUS image of the tumour corre-
sponds to the above-mentioned publication; it was hypoe-
chogenic and highly heterogeneous. After the administration
of the contrast agent, hypoenhancement was evident during
both phases.

Bias in this study may have occurred due to the contact
of the patient and doctor before the procedure; thus, the
doctor may have been influenced by the clinical status of
the patient and by the patient's clinical history. These facts
partially explain the significant differences in the reported
accuracy of the EUS examinations. This problem was partially
eliminated by evaluation by a second endosonographer, who
was blinded to the clinical data of the patients. Inter-obser-
wer agreement showed that the best result of CEH EUS is
reached in case of evaluation of late venous phase, where
k=068, meaning if washout in late phase is present, one
should consider cancer is present.

Conclusion

CEH EUS is a non-invasive method that allows more accurate
identification of pancreatic cancer than conventional EUS.
Mainly if hypoenhancement during the venous phase so-
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called ‘wash out' is present, a malignant aeticlogy of solid
pancreatic lesions is highly suspicious. EUS and CEH EUS
markers for NETs are less statistically significant. The highest
accuracy reached EUS FNA, which should still be considered
as a gold standard. In case where FNA is not indicated
before a surgical resection, the CEH EUS could better specify
the aetiology of the pancreatic lesion with higher accuracy
then EUS alone. The inter-observer agreement and subjectiv-
ity for EUS alone were good and were acceptable for CEH
EUS, mainly for late venous phase.
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Ciferenclini diagnostka pan-
kreatickych salidnich turmard
pomoch ELS-FMA e sl v 10-15
% pfipadd ndrocna. Slibnou me-
todou, kierd v tachto pripadech
pomdha rozlist chronickau pan-
kreatitidu a karcirom, je vyset-
reni bodové mutace prato-on-
kogenu KRAS. Doposud viak
neni Zavedeana do klinkcke praxe.
Cilern zkouménl bylo stanoveni
senzitivity testu KRAS s po-
uzitim rdznych typd vzorkd
paclentd s tumory pankreatu
a testovani vivu pritemnost!
mutace KRAS na prognozu
preziti tachto pacientl, 147 pacl-
entd podstouplio ELS-FRA vy-
Sotreni pankreatického tumoru
dopingné o odber vzorku krve
5 nadslednou separaci plazmy
pro detakel Cirkulujicl tumonove
DMA. st biopticksho vzorku
byla porechana nativni ve sta-
bilizatnim roztoku a c3st byla
Zpracovdna do cybologického
natery. Wzorky (nativni aspira-
by, cytologicks ndtery, plazma)
byly vysetrany na pritermnost
mutace genu KRAS metodou
heteroduplexni analyzy pomoci
denaturacni kaplldrni elektro-
forazy.

W soubory 147 packenti 5 o2is-
kionymn procesemn pankreaty byl
diagrostikovan T8x karcirom,
26w chronicka pankreatitida, 3x
neuroendokrinni tumer. Calkem
byl vysetrena 147 nativrich as-
plrdbd, N8 cytologickych natard
394 vzorkd plazmy. Ve skuping

20%, B5,£.1

paclentd s karcinamam pankre-
atu bylo nejwySsi serzitivity wy-
Setfeni mutace KRAS dosateno
pH pouziti cytologickych prepa-
ratl, kdy byl mutace dateko-
vana v 90 % (106,M8) vzorkld.
Pl powziti nativaich bunacnych
aspiratd byl mutace detakowi-
na v 78 % (92/M8&) a vysetreni
plazmy byky poatvni ve 27 %
{24,590 pripadd. U Ctyr paclen-
0 s chrenickou pankreatitidou
byladetekovana mutace KRAS,
aCkollv u z3dného z nich nebyl
karcinom patwrzen cytologlc-
ky. U dvou z techbo pacienhi
byl v dalsim pribahu potvrzen
karcinom, jeden pacient zemral
predcasne na komplikace alko-
halowéha delina a poshedni byl
Indikowan k radikainimu chirar-
glckému zakraku.

Wysetrani mutace KRAS [ze pro-
vadet uvsech packentl podstu-
pujicich EUS-FMA, pRitemz ne|-
vhiodng)sim typem vzorkd pro
toto wySetreni |sou cytologicke
prepardty. Vysetfenl KRAS |e
vhodné aplikovat we skuping
paclentd s nefasmou dHerancl-
aini dizagnostikou, zvidste pak
u nemacrych s chronickou pan-
kreatiidou, kde metoda umoz-
fiuje Identifikovat casmy karcl-
nom pankreatu v nepfehlednam
tarénu z@retivych zmen.

KLICOVA SLOVA
karcimom pankreatu,

chronicka pankreatiticia,
mutace KRAS, EUS-FNA
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SUMMARY

Bunganlé B., Hilkova T,
Benefovd L., Belinova
B., Laclav M., Hrizovd M.,
Trabouls| E., Fri€ P., Suchanek
5., Minarlk M., Zavoral M.
KRAS mutatlon assay on EUS-
FNA specimens from paclents
with pancreatic mass
Differential diagrosis of solid
pancreatic masses using EUS
FMA I5 In 10-15 % of cases stil
challenging. Promising mathod,
which helps to distinguish be-
bween chronic pancreatitis and
cancer, Is point mutations of
the proto-oncogena KRAS tast.
This methed Is not established
In routine clinical practice yet
Objectives were the deter-
minatlen of the sensitivity of
the KRAS assay using varous
kinds of samples of patients
with pancreatic mass and test-
Ing the effect of the presence
of KRAS mutations on the prog-
nosls of survival. 147 patients
underwent EUS-FNA exami-
nation of pancreatic mass, ac-
companied by blocd samipling
with subsequent separation
of plasma for the detection of
circulzting tumor DMA Part of
biopsy sample was left native
Ina stabllizing solubion and part
as cytological smear. Samples
(native asplrates, cytological
smears, plasma’) weara examined
fior the presence of KRAS muta-
Haon by heteroduplex analysis,
denaturing caplliary electro-
phoresis.

Among 147 patients with pan-
craatic massas, 18 wera diag-
nosed a5 a3 @ncer, 26 chronic

pancraatits, 3 neuroendocring
burner. In tofal 147 native aspl-
rates, 12 cytological smears and
54 plasma samples were gx-
amined. The highest sersitivity
of KRAS mutation was reached
Irthe group of pancreatic can-
cer patlents using cytology,
I which 90 % of KRAS muta-
tion was detected (106/M& of
the samples). When using the
native cellular asplrates, mu-
tation was detected In 78 %
(92/Me samples), and exami-
nation of plasma was positive
In 27 % (24,90 samples). In
four patients with chronic pan-
creatitlis KRAS mutations was
detected, although nore has
been cytologically confirmed
a3s 3 cancer. Two of these four
patients were cenfirmed In the
course of the disesse as a can-
cer,one patient died because of
alccholic delirium and the last
one was Indicated for surgery
recanthy.

Examination of KRAS mutations
can be performed In all patients
urdergoing EUS-FMA, with the:
cytology belng the most rell-
able typa of sample for genetic
tests. KRAS examination would
be reasonable to Introduce
Into routine clinical practica In
a group of patients with unclear
differential diagnosis of chronkc
pancreatitls, especially In those
with suspkcion of cancer In In-
flammiatary terrain.

KEYWORDS
pancreatic cancer, chronic

pancreatitis, KRAS mutation,
EUS-FNA
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Tumory pankreatn plestavujl diagnostické dilema asi
v 10-15% pfipadfi (1-4), Zejména rozlifeni benigni a maligni
etiologie je pro dal&i 1&¢bu pacientf zcela z&sadni, Pacient
sfasné diagnostikovany m karcinomem pankreat maji nej-
wirE fanci na vyléfenilabl,) (5, &), Piibliind v 90% piipadi,
je diagnéza stanovena v pozdnim stadiu, a tedy s minimaln{
Banci na pfegiti (7). Hlavnim divodem pozdni diagnézy je
absence éasnych piiznaki tohoto onemocnéni (8),

V fasné fazi procesu karcinogeneze, jesté pfed morfolo-
gickymizménami pankreatického duktilniho epitalu, bylo
zjiéténo nékolik genetickych alterac véemé mutace proto-
onkogenu KRAS (9), kterd je nalézdna aZ v 93% karcinomd
pankreatu (10}, zatimco v thini chronické pankretitidy pfi-
tomna nebyva (11), Stanoveni mutace KRAS tedy miiZe tedy
vdiagnostickém procesu pankreatickych 16zi pomoci odlisit
chronickow pankreatitidu a karcinom, [ pfes znaény pokrok
v genetickém testovani viak nadile neni vySetfeni KRAS
mutacezavedeno do béZné klinicke praxe, Obevlast testovand
KRAS zevzorki ziskanych endosonograficky tenkojehlovon
aspiraci (EUS-ENA) jevyjimaéné, cof je dané pravdépodobné
obavou  nedostateéné velikosti EUS-FNA vzorkfl pro gene-
tické analyzy, Z tohoto dfivodu jeme se rozhodli v rdmci této
studia otestovat vyuZitelnost dvou typil bioptickych vzorkf,
nativnich aspirdnd a cytologickych preparitii, pro rutinni
stanoveni KRAS mutace, Nowé se nabizi také moZnost vySet-
fovani molekulimich marker(iz cirkulujici tumorové DNA
(ctDMA) (8, 12), proto jsme moZnost radnntho vySetfovini
ERAS mutace testovali také ve vzorcich plazmy, Serzitivitu
ERAS testu jsme stanovili ve v3ech tfech typech ponZitych
vzorkfi azaméfili jsme se také na provéfeni fastodiskutovans
prognostické role KRAS mutace,

MATERIAL A METODY
PACIENTI

Do studie bylozahrouto celkem 147 pacientfi s tumorem
pankreatu, ktefi podstoupili vySetfeni EUS s FNA a ndsled-
ny odbér kve, V souboru bylo 118 pacientfi s karcinomem
pankreatu, 2& pacientfi s chronickou pankreatitidow a 3
pacient s neuroendokrinnim tumorem, Skupinu pacienti
5 karcinomem tvofilo 64 muZfi ve véku primé&rné 69 + 9
let (rozmezi 44-92 let) a 54 Zen ve véku primémsa 66 + 9 let
(rozmezd 4487 lat) s PDACve stadin Il (n=3), OI(n =53)a IV
(n=58), u &yt pacienth nebylo stadium onemocnéni uréeno,
Studie byla provedena v souladu se zisadami uvedenymi
v Halsinské deklaraci a schvilena Etickou komisi Ustfedni
vojenské nemocnice- Vojenské fakulmi nemocnice v Praze,
WVEichni jedinci zafazen{ do studie podepsali informovany
souhlas svySetfenim,

Tab. 1 PheZiti paclentd s karcinomem pankreatu podle stadla TNM

Klinické stadium THM stadium | Sleté plediti (%)
Casny neinvazivni ’
karcinorm pankraatu [0 EbifiEes
Casny invazivni karcinom
pankreatu 44 =k
P\-::k.mtlly irvazivni Mal 23
karcinom pankreatu
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METODY

Endosonograficks vysetfeni provadél dvaendoskopisté,
K wyBetfeni byl poufit linedrni elekitonicky echoendoskop
GEFUCT 180 Olympus a ultrazvukowy piistroj Aloka Prosound
Alpha 10, KEUS-FNA byly pouZity jehly Pro-Core19Ga22 G
(Cook Medical), Expect 19 Ca 2 G (Boston Scientific) a stan-
dardnijehly Olympus 22 G, Piikorwenfnim EUS byla u kaZdé
léze popsdna lokalizace, velikost, homogenita, echogenita
aokraje, Jako karcinom bylo cznaenologisko hy poechogen-
ni a nehomogenni a/nebo s nepravidelnymi ckraji (13). Pro
diagndzu chronické pankreatitidy byla pouZita Rosemnontski
kritéria (14),

Cist bioptického vzorku byla uchovina nadvni ve sta-
bilizaénim roztoku pii-20 °C, ¢ist bylazpracovdna do cyto-
logického natémi, Suché cytologické natéry byly dorufeny
na patologii, kde byly vzorky fixowvany a barveny roztokermn
Ciemesa Romanovski a cytolopatolog se spedalizaci v pankre-
atobilidmi diagnostice ndsledné provedl jejich zhodnoceni,
Na cytologickych prepardatech byla cytopatologem vyznadena
oblast s majori tmim vfskytem nidorovych bundk (minimilngé
80 %) a vzorky byly poté odasliny na genetickou analyzu,

IZOLACE DNA A DETEKCE MUTACE KRAS

V pfipadé aspirdth byl materifl ve stabilizafnim rozto-
ku rozmraZen, centrifugovan pro vytvofen! pelety a peleta
bylavyuZita pro izolaci DNA, Z cytologickfch prepariti byl
mikrodisekovan materiil z vyznacdené oblast nadorovych
bunék a pfenesen do mikrozkumavky, DNA pak bylaz obou
typil materidlu izolowina kitern Recower All Total Nucleic
Addisclation (Ambion) podle pokynfi wrobce, pouzal, krok
izolace (deparafinizace) byl vynechin, Ze vzorku krve byla
nejprve dvoji centrifugaci separovdana plazma a bezprostied-
nézmraZena na-20"C, Ve zmraZeném stavu byla dopravena
do genetické laboratofe, kde byla z plazmy izolovina ctDNA
kitemn MucleoSpin Flasma XS (Macherey-Magel, Dueren,
Némecko),

Detekce somatickych mutaci genu KRAS byla ve viech
tfech typech vzorkfi provedena metodou PCR s nislednon
heteroduplexni analyzou pomoc] kapilami gelové elektro-
forézy pii teplomim gradientu na pfistroji ABL Prism 3100
(Applied Biosciences), stejné jako v pfedchozich studiich
(15, 1), Vysledky heteroduplexni analyzy byly vizualizovany
pomoci softwaru Cene Marker v2, 4, 2,

TEST PROGNOSTICKE ROLE MUTACE KRAS

K této analyze byly vyuZity pouze cytologické preparity,
ve kterych bylo dosaZeno nejvyssi senzitivity, Pacient byl
rozdéleni do skupiny s mutaci KRAS a bez této mutace, Byla
stanovena korelace pfitomnosti mutace KRAS s progndzou
(celkovym pfeZitim) pomod Kaplanovy-Melerovy metody
a kfivky piegiti obou skupin pacientf byly porovnany pormoci
log-rank testu, Za statisticky vfznamné byly povafoviny
hodnoty p < 0,05,

VYSLEDKY
ENDOSONOGRAFIE

Endosonografie je povaZovina za metodu s nejvy 31
senzirivitou pro stanoveni diagndzy fokdlni pankreaticks
léze i pro staging pankreatického karcinomu (13), Viichni
pacienti podstoupili EUS vy Setfeni, Byla vypoftena senziti-
vita, specificita, pozidvnd predikdvni hodnota a negativnd
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prediktivni hodnota proEUS, které dosahowvali 82, 9%, 45,5%,
B2,0% a 45,5%,

TENKOJEHLOVA ASPIRACE (FNA)

Tenkojehlovd aspirace je bezpeénd metoda zavedend pro
vy&etfeni vach pacienti s podezfenim na karcinom pfiEUS
vyBetfeni, V této studii dosahovala celkovi setzitvita FNA,
bez piitomnosti patologa pfi EUS wySetfeni, pro karcinom
pankreatu 88 %, specificita 100 %, PFV 100 %, NFV 20 %,
Jako nekonkluzivnich bylo patologem cenafeno 13 % vzorkf,

GENETICKA ANALYZA

Celkem bylo na pfitomnost mutace ERAS testovano 147
natiwnich aspiratii viach pacienti podstupujicich EUS-ENA,
118 cytologickych prepariti a 94 vzorkd plazmy pacient
skarcinomearm pankreatu, Usp&&nost stanoveni mutace KRAS
jeshrnutav tab, 2, U pacientti s NET a CHP byly k testu KRAS
poufity pouze nativni bunéfné aspirity se zichytem 0/3 (D
%), respekrive 4/26 (15 %),

Tab. 2 UspéEnost stanoveni mutace KRAS

Typ vzorku Uspdinost stanoveni KRAS
Mativri aspirdty 147147 (100%)
Cytologicka skla N8/ ME (100%)
Plazma 90,94 (96%)

Pro skupinu padentfi s karcinomem pankreatu byly k dis-
pozid viechny 3 typy vzorkl, pfifem? nejvyssi senzitivity
detekee FZachytu) mutace KRAS bylo dosaZeno pil pouZitd
cytologickych preparath (90 %), V nativnich aspiritech byla
mutace detekovina pouze v78 % pifipadfi, vwwsledky vysatfeni
v téchtovzorcich tedy bylywe 12 % pfipadi faleinéd negativni,
NejniZitho zdachyta bylo dosaZeno pii detekei z plazmy, kde
bywa DNA pochazejiciz nddom (ctDMA) obacné pitomna ve

RRAS natimi aspirdly
T °

obr.1 Zachyt mutace genu KRAS ve tfech typech vzorkd

KAAS cyiniogick sk KRAS plasma

w

velminizkych koncentracich, Vysledny zichyt mutace KRAS
v ctDMA ¢inil pouze F % (obr,1),

U4z 26 pacienti s CHP byla detekovina mutace KRAS,
U ZEdného nebyl karcinom iniciilng cytologicky diagnos-
tikovdn, V pribéhu klinického sledovini byl potwrzen kar-
cinom pankreatu u 2 pacientfi, 1 pacient pfedZasné zemiel
pro komplikace alkoholového deliria, 1pacient byl aktudlné
indikowin k resekénimu vy konu, ktery odmitl, Srovnini pfe-
#itd pacientd s mutovamym KRAS oprot nemutovandrmu (wt)
nepfineslo statisticky wznamny rozdil v prognéze (obr, 2),

DISKUSE
Vdiagnoestice se geneticks testovani mutace ERAS adalsich
tostll vEatné jejich kombinace uplatfinje jiZ fadu lat, Specificita
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samotného testn KRAS je natolik vysokd, Ze jeho pozitivita
swysokou plesnost signalizujemalignim (15, I7), Mutace KRAS
byla opakované detakovina u74 % kardnomi pankreatu (18),
77 %(17), 70 % (16, 77-84 % (19) 292 % (20), V naSem soubor bylo
nejvy 881 sergitvity EUS-FNA detekce mutace KRAS dosaZeno
pii pougiti cytologickych prepardmi (90 %); byla dokonce vyasi,
net jedoposud uwwedeno ve vESing recenmich publikaci, Kromé
toho, Ze byly nidorové bufiky na cytologickych vzorcich pied
genetickou analfzou cznafeny cytopatologem, se na vyscké
serzidvitd podili jisté i metodika zpracovani popeand jiZ v dit-
vij&ich pradch publikovanych na&m pracowiZtém (15, 16),

Samoiny fakt, Ze v terénu chronické pankreatitidy byl
v nasi studii detekovan ERAS bez nadleZité cytopatologické
verifikace, je velmi zajimavy, V doposud publikovanych pra-
cich byl zaznamenan pouze jeden piipad pozitivity mutace
KRAS v terénu chronického zanétu pankreatn, Boumst et
al, (2014) doporuéuji zapojit do vyEetfovaciho procesu ne-
jasné pankreatické masy testovani mutace KRAS, Vpfipadé
klinické & radiologické prezentace pseudotimordzni formy
chronické pankreatiidy (mebo nejistého zdvém cytopato-
loga) miZe identifikace KRAS bez mutace vyloudit maligni
transformaci (21), ¥ praxi mfiZe indikace resekéniho vikonu
pouze na podklads mutace KRAS Einit jisté potiZe, proto je
doporaovino pfed definitivnim rozhodnutim o chimurgické
166bE opakovat EUS s ENA (21,

Fiehled studiivySetfioni mutace KRAS uvzorkf ziskanych
pomoci EUS-FMA v rdmci diferencidlni diagnostiky karcino-
mu pankreatu a chronické pankreatitidy uvadi tab, 3,

Tab. 3 Piehled vySetfeni mutace KRAS u vzorkl ziskanyeh EUS-
-FNA v ramel diferencldini diagnostiky karcinomu pankreatu
a chronické pankreatitidy

Poset Karcinom Chronicka
Studie/rok aclenti | PANKreatu % | pankreatitida
2 (pofet pac.) | % (pofet pac.)
Tada et all7
(2002) L 77(20/26) 040/9)
Pellise et
al.23 (2003) o B[
Zheng et
324 £2003) bk B3 (45/54) 0(0/5)
Takahashi et
al18 (2005) 2L 74 (46/62) 0 (0/15)
Khalid et
| al.20(2005) el 7215 | @ (©/2)
Maluf-Filho et
al.25 (2007 5 B3 (34/57) aq/m
EBournet et al 26
(2009) 178 E7(85/129) 00427
Celkovy pofet
pacient(
v publikovanych 507 71(266/376) 101/73)
studiich
Nase studie g 90(106/18) 1404/28)

Prognosticky vyznam KRAS byl hodnocen v nékolika re-
centnich studiich, avEak wysladky jsou znaéné roz poruplng,
Mutace KRAS je prokazatelné asociovana s horsim pfeZiva-
nim ve srovnidn{s namutovanym KRAS (wtKRAS), nicménd sa
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Obr.2 PreZitl paclentd v zavislostl na plitomnostl mutace KRAS

jednd o statisticky hraniénévyznamnéasodace, Price, které
hodnotily prognosticky vyznam mutace KRAS z EUS-FNA,
neidentifikovaly studované molekulirni markery jako pro-
gnostckéukazatele, Naprod tomu jsou mémé zivéry studif
genetické analfzy resekiti karcinomu pankreatu, které na-
znacuji, #2 obzv 145t nékterd typy mutaci KRAS, napf, G12D,
json asociovdny s horiim pfefivinim (22), Pravdépodobné
proto jeou v soufasnosti vétsinou geneticky vygetfoviny
zejména thaAné tumoeru 2 resekitii, plestode jsou k dispozici
jen u omezeného mnoEstvl pacientd. ¥ nafem zkoumani
korelaci pfefit pacientfi s mutovanym KRAS a witKRAS nebyl
zjistén vyznamny rozdil v progndze, Do hodnocen{ oviem
nebyly zahrnuty vysledky mutaci jednotlivich typli KRAS,
ktoré vyZaduji podrobnéjgi analyzu.

ZAVER

VySetfovini mutace KRAS z EUS-FMA prepardtd je dosta-
tefné senzidvni, Specificita testu KRAS jenatolik vysoki, Ze
jeho pozitivita s vysokou pfesnost signalizuje malignitu,
naproti tomu negativid vysledek svédEl spife pro benigni
etiologli, Fiinos je zazmamenin pfedeviim u pacientfi s chro-
nickou pankreatitidon, kde nebyla na zakladé ostatnich
klinickych faktorfi indikovina resekce, V piipadé prikazu
piitomnost KRAS by méla byt resekceznovil zvazena vzhle-
dem k vysokému riziku skrytého karcinomu pankreatu,

Pro wyuZiti KRAS jakoZto prediktivniho markeru nejsou
dostareéné klinicks dikazy,

Tato price byla pedpofena granty Ministerstva zdravotnlctvi
R, projekty NT 13638 a NT 14 254-3, 3 Grantové agentury
Minlsterstva obrany €R - projekt MO 1012
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Abstract

We compare two types of pancreatic carcinoma samples obtained by ELUS- guided fine needle biopsy (EUJS-FNB) in terms of the
success rates and climical validity of analysis of two most commonly investigated DNA/RINA pancreatic cancer markers, KRAS
mutations and miR-21 expression. 118 patients with pancreatic ductal adenocarcinoma underwent EUS-FNB. The collected
sample was divided, one part was stored in a stabilizing solution as native aspirate (EUS-FWNA) and second part was processed
into the cytological smear (EUS-FNC). DNA/RNA extraction was followed by analysis of KRAS mutations and miR-21
expression. For both sample types, the vields of DNA/RNA extraction and success rates of KRAS mutation and miRNA
expression were evaluated. Finally, the resulting ARAS mutation frequency and miR-21 prognostic role were compared to
literature data from tissue resections. The overall amount of isolated DNA/RNA from EUS-FNC was lower compared to the
EUS-FMNA, average yield 10ngvs 147 ng for DNA and average vield 164 vs. 642 ng for RN A, but the success rates for KRAS and
miR-21 analysis was 100% for both sample types. The KRAS-mutant detection frequency in EUS-FNC was 12% higher than in
EUS-FNA (90 vs T8%). The prognostic role of miR-21 was confirmed in EUS-FNC (p = 0.02), but did not reach statistical
significance in EUS-FNA (p =0.06). Although both types of EUS-FNB samples are suitable for DNA/RNA extraction and
subsequent DINA mutation and miR.NA expression anal ysis, reliable results with clinical validity were only obtained for EUS-FNC,

Keywords EUS-FWNA - Pancreatic cancer - KRAS - miR-21

Introduction

Pancreatic cancer with its most common subtype, the pancre-
atic ductal adenocarcinoma (FDAC), is one of the most feared
cancers because of its dismal survival prognosis of just several
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months in most cases. Due to the absence of clinical symp-
toms in its early phase, FPDAC is typically diagnosed in ad-
vanced moperable stages, which are characterized by a very
rapid progression. Currently, there is a lack of reliable hio-
chemical markers useable in diagnosis and/or management
of the disease. The only tumor marker used in clinical practice,
the CA19-9 (cabohydrate antigen 19-9), has a limited use in
the diagnosis of PDAC with its relatively low sensitivity and
specificity (79-81% and 82-90%, respectively) [1].

In the field of molecular markers based on DNA or RN A, a
proto-oncogens KRAS has been widely investigated in PDAC.
Mutation-activated KRAS is a well-known driver of initiation
and progression of PDAC. Determination of the presence of
point mutations in the KRAS can mainly be used in a differ-
ential diagnosis of focal lesions (chronic pancreatitis vs. car-
cinoma), as KRAS mutation occur in up to 93% of pancreatic
cancers [2], while they are virtually absent in the tissue of
chronic pancreatitis [3, 4]. KRAS mutation status could poten-
tially have a predictive role in a targeted biclogical therapy,
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but no inhibitors of KRAS signaling pathway have yet been
demonstrated to have any effects in PDAC treatment [5].
Therefore, attention is now put on key effectors downstream
of KRAS signaling, particularly phosphoinositide 3 - kinase
(PI3K) and mitogen - activated protein kinase (MAPK) path-
ways, through which it would be possible to target the KRAS
indirectly [5, 6]. Currently, more than 40 PI3K and more than
20 MAPK inhibitors are included in clinical trials, so it is
likely that in the future will the mutation status of the KRAS
gene have a predictive role [6]. Most recently, we found thata
certain type of ARAS mutations is an important prognostic
marker [7]. It is therefore clear that KRAS is in PDAC key
marker with great fisture potential.

Micro RNAs (miRNAs) present another promising class of
biomarkers. An aberrant expression of miRNAs that induce
silencing of key signaling pathway genes has been described
m a variety of cancers, including PDAC. Increased or de-
creased levels of these miRNA can then cause incorrect cell
signaling, and thus contribute to malignant ransformation. In
arecent review [8], we have listed miRNAs that are involved
in carcinogenesis of pancreatic tissue. Expression of the most
prominent, miR-21, is significantly increased in PDAC com-
pared to non-malignant tissue [9-15] and in addition, its high
levels comrelate with shorter overall survival [9, 11, 13-16].
Hence, miR-21 represents not only a promising diagnostic but
also prognostic marker for clinical practice,

Amnalysis of above mentioned molecular markers, KRAS
and mikNA, are currently mainly performed on the resected
tissue of pancreatic tumors. This, however, is relevant only for
a small subgroup of PDAC patients (ca.1 5%) as the advanced
disease typically prevents undergoing of surgical treatment.
The endoscopic ultrasound-guided fine-needle biopsy (EUS-
FNB) remains the main source oftumaor tissue applicable toall
patients as other altemative sample processing approaches
{such as cell-blocks) inherently suffer from DNA degradation
and chemical modification due to the formalin fixation. At the
same time with other sample types tumor DNA vield is re-
duced due to the high content of wildtype DNA coming from
Iymphocytes. Hence EUS-FNB with subsequent cytological
evaluation is currently a standard diagnostic procedure for
PDAC [17].

However, use of EUS-FNB samples for molecular analysis
is still rare. This is probably due to the low content of repre-
sentative material with sufficient quality compared to the re-
section samples. Development of reliable analysis methodol-
ogy of the molecular markers from EUS-FNB samples is
therefore crucial for their introduction to the clinical use.

EUS-FNB samples of pancreatic tissue are processed into
smears for cytological diagnosis. In the past, we and others
have demonstrated feasibility of the cytological smears (EUS-
FNC) for KRAS mutation detection [3, 18, 19]. However most
pathologists performing KRAS testing from EUS-FNB sam-
ples prefer native cellular aspirate (EUS-FNA) as the source
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material [20-23]. Although EUS-FNA allows the extraction
of a sufficient amount of high quality DNA/RN A, the sample
is not evaluated by a cytologist and accurate representation of
the tumor cells is uncertain. Confirmation of the presence of
tumor cells is then done indirectly by parallel evaluation of
EUS-FNC prepared from a different part of the collected as-
pirate. It seems, therefore, that a better approach is to perform
ERAS analysis of cellular material directly from EUS-FNC
only on selected tumor cells to prevent contamination by leu-
kocytes, stroma and other non-malignant cells.

The use of EUS-FINB samples for analysis of miRNA ex-
pression is also rare. Existing EUS-FNB studies of miRNA
mainly utilized the EUS-FNA [24-26] as a source material.
Compared to mutations, determining miRNA levels requires
more precise information of the amount of tumor cells within
the sample (cellularity), as the contaminating elements may
exhibit significantly different miRNA expression resulting in
false results, Therefore, analysis of EUS-FNC is a better ap-
proach for determination of miRNA levels than of EUS-FNA.
Surprisingly, miRNA analysis from EUS-FNC in PDAC has
not yet been described unlike other cancers [27].

Building on our previous studies of somatic mutations in
PDAC cytological smears [3, 18], the aim of this study was to
investigate the feasibility of miRNA analysis and to compare
the wtility of two common EUS-FNB sample types - EUS-
FNC and EUS-FNA commonly acquired in clinical practice.
Both specimen types were evaluated in terms of the DNAS
RNA extraction yields and subsequently, detecting KRAS mu-
tations and miR21 expression, by the ouicome and clinical
validity of the molecular genetic testing.

Materials and Methods
Patients

The stdy design was reviewed and certified by the Scientific
and Ethics boards of the Military University Hospital. All
patients admitted into the study have signed an informed con-
sent. The study prospectively recruited a total of 120 patients
who were diagnosed with PDAC based on the EUS examina-
tion, supplemented by EUS-FNC evaluation. Two patients
were subsequently excluded becanse of tumor duplicity. The
characteristics of the final group of 118 patients are listed in
Table 1.

EUS-FNB Sampling

EUS was performed using a linear echo endoscope GF 180
UCT (Olympus), and the tumor was collected by a standard
22G FNA needle. The resulting sample types evaluated in this
work are shown in Fig. 1.
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Table 1 Patient chameteristics

Total patients 118 {100%:)

Gender Male 64 (54%)
Femalk 54 (46%)

Location of PDAC Head £1 (69%)
Body 28 24%)
Tail 9 {R%)

Disease stage I 3(3%)
m 54 (@6%)
w S8 (49%)
unkmown 3(3%)

In all cases, part of the obtained material (Fig. 1a) was
smeared onto a slide and submitted to cytological evahia-
tion for final confirmation of PDAC diagnosis. In order to
preserve DN A there was no fixation, cytology slides were
air dried and them May-Griinwald-Giemsa staining was
used upon examination, areas of tumor cells (at least
80%) were marked by the cytologist for subsequent genetic
analysis as shown in Fig. 1b. The remaining fresh aspirate
was placed into a stabilizing solution (RWNAlater, Ambion
ThermoFisher Scientific, Grand Island, New York, USA)
at room temperature and the next day put at —20 *C until
processing for genetic testing. A total of 118 EUS-FNA
and 118 EUS-FNC were processed.

Extraction of Nucleic Acids from Native Aspirates
and Cytological Specimens

Material from the cytological slides in the marked areas of
tumor cells was dissected and transferred into a tube. The
remaining parts from the original native aspirates (Fig. 1a)
placed in stabilization solition were first slowly thawed,
then centrifuged to create a pellet and, finally, the super-
natant stabilizer solution was removed. From both sample
types, the total RNA and DNA was isolated using the
RecoverAll™ Total Nucleic Acid Isolation Kit (Ambion

Fig. 1 Sample types acquired by
endoscopic ultrasmmd-guided
fine-needle biopsy procedure
(ELIS-FMNB ). A native fine-needle
aspirate {FNA) (a), a fine-needle

eytalogy specimen (b)
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ThermoFisher), which is primarily designed for the extrac-
tion of nucleic acids from formalin fixed paraffin embed-
ded (FFPE) blocks. Nucleic acids were isolated according
to the manufacturer’s instructions; only the initial step {de-
paraffinization) was omitted. The concentration of nucleic
acid was measured with a fluorimeter (Qubit 2.0,
Invitrogen, Carlebad, California, UUSA) using a RNA HS
Assay Kit with a detection limit of 20 ng/ml and a dsDNA
HS Assay kit with a detection limit of 0.5 ng/ml (both
from Invitrogen).

Evaluation of KRAS Mutations

Detection of somatic KRAS mutations covering hotspot in
exon 2 (codons 12 and 13) was performed by PCR. followed
by denaturing capillary electrophoresis (DCE) on an ABI
Prism 3100 genetic analyzer (Applied Biosciences, Foster
City, California, USA). The technique is based on a principle
of differential denaturation of wild-type and mutant alleles,
similar to the high-resolution melting technique. It has previ-
ously been applied for KRAS testing in PDAC and all exper-
imental conditions have been detailed [3, 18]. The analytical
sensitivity of the technique has been experimentally evaluated
having a limit of detection at 1% minor allele fraction {MAF)
The fragment analysis data evaluation was done using Gene
Marker v2.4.2. (Softgenetics LLC, State College,
Pennsylvania, USA). Detection limit of the method corre-
sponds to a fluorescence intensity of 700 RFU for the wild-
type homoduplex peak (Supplementary materials, Fig. S1).
The software enables determination of the fluorescence inten-
sity of the resolved fragment peaks and the fraction of KRAS
mutated cells in the sample could be calculated from the ratio
of peak intensities (see Supplementary materials for more
information)).

Evaluation of miR-21 Expression

5 pl of total RNA was used for reverse transcription
from miENA to cDNA by the gScript micro RNA
cDNA Synthesis kit (Quanta Biosciences, Gaithersburg,
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Maryland, UUSA) according to the manufacturer’s instruc-
tions. At first, miENA was polyadenylated by poly(A)
polymerase, then the adenylated miRNA was transcribed
o cDNA by reverse transcriptase and oligo dT primer
with adaptor sequence. The adaptor sequence allowed
for hybridization of a universal primer during the subse-
quent Real-Time (gRT) PCR.

Amplification and gquantification of miR-21 expression
by gRT-PCR was performed on a Stratagene Mx3000P
(Agilent Technologies, Santa Clara, Califomia, USA)
real-time cycler using the PerfeCta micro RNA Assay
kit (CQuanta Biosciences), PerfeCta Sybr green SuperMix
{Quanta Biosciences), a universal primer and a miRNA-
specific primer (Quanta Biosciences). Amplification of
each sample was done on 2 parallels using the following
cycling conditions: initial denaturation at 95 “C /15 min
followed by 40 cycles consisting of 94 *C/15 s, 60 *C/
30 s and 70 ®*C/30 5 and a final extension at 7210 min.
Specificity of the PCR products was confirmed by a
melting curve analysis of PCR products.

gRT-PCR. data was analyzed by MxPro software
(Agilent Technologies) with antomated baseline setting
and 0.4 threshold value. Calculation of relative miR-21
expression was done using an average of Ct values from
both parallels. Relative expression of miR-21 was caleu-
lated as 2°*"* [28), using RNUGB as a reference gene
(ACt=Ct mepoaor = Ct pusn). G]]]}' results with Ct= 35
were considered valid.

Statistical Analyses

Fisher's exact test was applied to compare percentages of
KRAS mutant cells in EUS-FNA and EUS-FNC. P < 0.05
was considered statistically significant.

The prognostic value of miR-21 was tested by means of
overall survival analysis using Kaplan-Meier method. At
first, a median of relative miR-21 expression from all 118
PDAC samples was determined. Then, any value greater
than the median was considered as “high expression”,
while values lower than the median were assigned as “low
expression”. Overall survival was calculated from the time
of diagnosis. In order to evaluate a homogeneous group,
patients with unconfirmed survival status (n=7), those
who died due to causes unrelated to the PDAC diagnosis
(n="7) and those who underwent surgical treatment (n=
13) were excluded from survival analysis. In the resulting
group of 91 patients, the overall survival for high and low
values of miR-21 expression were evaluated by Kaplan-
Meier analysis using the Medcalc statistical software
{Medecalc, Oostende, Belgium). Survival curves were com-
pared using a logrank test at 5% statistical sipnificance
(P = 0.05).
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Results

DNA/RNA Yields and Success Rates for KRAS
and miR-21 Analysis

Due to the smaller amounts of input materialin EUS-FNC, the
DNA/RN A extraction yields were approximately an order of
magnitude below the yields from EUS-FNA. For DNA, the
average vield was 10 ng per specimen (ranging from 1.5 to
58.5 ng) with 19% (22/118) below the fluorimeter detection
limit. For RNA, 81% (21/26) of specimens were below the
detection limit with the rest containing on average 164 ng of
RNA (ranging from 92 to 294 ng).

In EUS-FNA, the yields reflected input amounts of collect-
ed pancreatic tissue that was processed as a whole and there-
fore exhibited considerable variability. For DNA, the average
vield was 147 ng (ranging from 6.5 to 1930 ng) with 5%
(6/118) of samples below the fluorimeter detection threshold.
For RNA, the average was 642 ng (ranging from 138 to
45,000 ng) with 15% (18/118) of samples below the
detection limit.

Despite the generally low DNA/RNA vields from both
types of EUS-FNB collected specimens, there was a 100%
suceess rate for the detection of KRAS mutations and 100%
success rate for the analysis of miR-21 expression. At KRAS
assay, none of the samples produced fluorescence intensity of
the wild-type homoduplex below 1200 RFU. For miR-21
expression analysis, the Ct values were in the range of
20.37-33.47 for EUS-FNC and in the range of 17.9-
2043 for EUS-FNA.

KRAS Mutation Detection Rates and the Mutant Cell
Fraction

The rate of KRAS-mutant positives in EUS-FNC was 90%
{106/118), while only 78% (92/118) in EUS-FNA . KRAS mu-
tant detection resulis from both specimen types are compared
in Table 2.

Next, the KRAS-mutant cell fraction in samples was eval-
uated (see Supplementary materials for details). The results
are illustrated in Fig. 2. As expected, EUS-FNC, where the
DNA was extracted only from an area of predominantly tumor

Table 2 Companson of KRAS status determined from both types of
EUS-FMB samples

KRAS st determined from native % (o total)
aspimate / cytological smear

mutant / mutant TR (9X118)
wild type / wild type 10% (12/118)
mmutant / wild type 0% ((¥118)
wild type / rutant 12% (14118}
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Fig. 2 KRAS-mutant cell fraction
in EUS-FNC vs EUS-FNA =
samples

HUMREE OF FATHNTS.

cells marked by an experienced cytologist, contained more
KRAS mutant cells than in EUS-FNA. The average fraction
of KRAS-mutant cells in EUS-FNC was 56% compared to
31% in EUS-FNA. Two thirds of EUS-FNC (78/118)
contained more than 40% of KRAS mutant cells, the same
percentage of KRAS mutant cells was present only in less than
half (53/118) of EUS-FNA (p = 0.0016, Fisher’s exact test).

miR-21 Expression Analysis and Confirmation of its
Prognostic Role

The validity of results obtained from miR-21 expression ex-
periments was assessed by confirming its negative prognostic
role as reported by multiple studies done on resected PDAC
tissue. The results of Kaplan-Meier survival analysis are
shown in Fig. 3a and b. In EUS-FNC a total of 42 patients
displayed tumors with low levels of miR-2 1 expression with a
median of overall survival of 200 days, while 43 patients had
tumors with high miR-21 expression and a median of overll
survival of 128 days. The Kaplan-Meier analysis showed a
statistically significant difference confirming the negative
prognostic value of miR-21 expression (P=0.02), Fig. 3a.
In EUS-FNA, there were 43 patients with tumors showing
low miR-21 expression with a median of survival of 208 days
and 48 patients with tumors showing high miR-21 expression
with a median of survival of 117 days. Despite the difference
of almost 100 days between the groups, this result is not sta-
tistically significant (P =0.06), see Fig. 3b.

Discussion

Molecular analysis performed from pancreatic tissue collected
by EUS-FNB is not routinely used, particularly due to the
minute amount o f material obtained. The approach, ifadopted,
would open possibility for molecular testing of virually all
PDAC patients, especially those in inoperable status.
Compared to resected tissue, analysis of molecular markers
from biopsy specimens is considerably more challenging. The
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Bath, collection of cells by dissection from EUS-FNC and
the direct processing of EUS-FINA, have potential limitations.
In the case of EUS-FNC, the fixation process and limited cell
amount in sample could decreased quality and quantity of
extracted DNA/RNA, while in case of EUS-FN A the indeter-
minate fraction and representation of tumor cells may leadtoa
false interpretation of results.

Yet, our results indicate that despite the low amounts of DNA/
RMNA extmacted from EUS-FNC, the ultimate success and reliabil-
ity was comparable to the EUS-FNA for both DNA and miRNA
tests { 100% in both cases). Similarly to other cancers preparation
of cytological sample has no noticeable impact on the outcome of
DMNA or miFEMNA anatyses [30]. This is most likely due to very
short DN A/miRN As segments studied (about 100 bp in the
case of DNA and 20 bp in case of miENA), that do not
undergo degradation during sample fixation.

Our overall rates of mutant KRAS in EUS-FMNC samples in
PDAC patients was similar to result of Biankin et al. obtained
for homogeneous resected tumor mass [2]. In contrast rate of
only 78% was obtained for mutant KRAS in EUS-FNA sam-
ples from the same patients. The 12% of presumably falsely
negative EUS-FNA samples were most likely a result of ab-
sence of cancer cells in the sample. In addition, the average
fraction of tumor cells (tumor cellularity), derived from the
KRAS mutated DNA fraction within the sample, was close
to double in EUS-FNC than EUS-FNA (56 vs 31%). Hence,
the knowledge of the tumor cellularity is key for comrect data

Apparently, EUS-FN C samples seem also more suitable for
miRMN A analysis. This conclusion can be drawn from the re-
sults of the miR-21 expression, where its negative prognostic
role kmown from previous studies [9, 11, 13-16] was con-
firmed only for EUS-FNC samples (p=0.02). In the EUS -
FNA samples the presence of non-tumorous mass obviously
mfluenced the final expression value.

In summary, EUJS-FNC samples are a perspective source
for molecular markers analysis. Although exhibits much low-
er yields of nucleic acids, clinical validity of the data obtained
is significantly higher.
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Molekularne spektroskopicka analyza krevni
plazmy — cesta k diagnostice karcinomu
pankreatu?

Molecular spectroscopy of blood plasma — towards
the diagnostics of pancreatic cancer?
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Souhm: Karcinom pankreatu je naddorové onemocnéni s nepfiznivou progndzou. Odhaduje se, Ze se do konce desetileti stane jednou
z hlavnich pfidin dmrtl na nddorovd onemocnéni vibec. Pouze asnd diagnostika miZe tento nepfiznivy trend zménit. K selekei rizi-
kové skupiny pacientd je potfeba efektivniho biomarkeru. Cllem pilotni studie je nalezeni novych specifickych spektralnich markerd
karcinomu pankreatu poukitim nepolarizevanych metod molekulové spektroskopie (Ramanova spektroskopie) v kombinaci s chirop-
tickymi metodami citlvipmi ke strukturnim zméndm chirdlnich molekul (elektronovy cirkuldrni dichrolsmus a Ramanova opticka akti-
vita). Metody: U 10 pacientd s karcinomem pankreatu a 23 zdravych kontrol byl proveden odbér krve s ndslednou separaci a konzer-
vaci ziskaného materidlu. Kombinaci metod chiroptické a vibradni spektroskopie byly vyietfeny vzorky pacientd i kontrol. Vysledky:
W pilatni studii s omezenym poltem vzorkd byle pouZitim statistického modelu dosateno po kiffové validaci B5-90% senzitivity,
tedy lepdi ve srovndni s doposud jedingm klinicky dostupnym biomarkerem CA 19-9. Zdwér: Ziskané vysledky jsou vhodné k dallinmu
testovani na vétiim souboru pacientd. Spektroskopické vyletfen! rizikovych pacientd by mohlo byt sowlasti screeningového procesu.
Klicova slova: nadory slinivky bfisni — krevni plazma — biologickeé markery — spektroskopie — cirkulami dichroismus — Ramanova
opticka aktivita —chiralita

Summary: Pancreatic cancer is a malignancy with a poor prognosis and is estimated to become one of the leading causes of death
from cancer by the end of the decade. Only early diagnosis may alter this adverse trend. To select a group of patients at risk of
pancreatic cancer, an effective biomarker is required. The main objective of the pilot study is to identify a new specific spectral
biomarker of pancreatic cancer using unpolarized methods of molecular spectroscopy (Raman spectroscopy) in combination with
chiroptical methods that are inherently sensitive to structural changes of chiral melecules (electronic circular dichroism and Raman
optical activity). Methods: Blood samples were collected from 10 patients with pancreatic cancer and 23 healthy controls. Subse-
quently, blood plasma was separated and preserved. The obtained samples were analysed using a combination of chiroptical and
vibrational spectroscopies. Results: In a pilot study with a limited number of samples, the sensitivity of the established statistical
madel reached 85-90% after cross-validation. The results are better in comparison with so far the only clinically available bic-
marker CA-19-9. Conclusion: The obtained results are suitable for further testing in a larger group of patients. The spectroscopic
examination of high-risk patients may form part of a screening process.

Key words: pancreatic cancer — blood plasma — biomarkers — spectroscopy — circular dichroism — Raman optical activity — chirality

Uvod

Incidence a mortalita karcinomu pan-
kreatu (KP) v CR i ve svété narista.
Podle odhadd se do roku 2020 stane
KP druhou nejfastéjéi pricinow omrti
na nadorova onemocnéni [1]. Z di-
vodu, e aZ B0 % pacientd s KP jev ase
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diagnozy ve stadiu generalizace, bliEi
se mortalita KP ke 100 % a je téméf
shodna s incidenci [2]. Bez moZnosti
chirurgické |&écby, jediné efektivni te-
rapie KP, je progndza nepfizniva [3].
Pacienti s ¢asnym neinvazivnim KP
dosahuji po operaci vyznamné lep-
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Siho preiti ve srovnani z pozdnim sta-
diem (85,7 % pro stadium 0; 68,7 % pro
stadium la; 23,8 % v pripadé stadia Ib
a 2,3 % pro pozdni stadia) (tab. 1) [1,4].

Moderni diagnostické postupy —
zobrazovaci metody a biomarkery —
jsou neefektivni, nebot byvaji apli-
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Tab. 1. Pétileté preZiti v karcinomu pankreatu podie klinickych stadii.
Tab. 1. Five-year survival rate for pancreatic cancer according to clinical stages.

Klinické stadium UICE THM stadium PEtileté presiti (%4)
Zasni neinvazivni KP ola B85,7/68,7
Zasny invazivni KP Ib, I 23,8
pokroéily invazivni KP Malv 23

KP — karcinom pankreatu

kovany pozdé, teprve aZ po objeveni
klasickych symptomil KP —ikteru, cho-
langitidy, kachexie i bolesti bficha
azad [5].

Ma druhouw stranu jsou znamy i Casné
symptomy KP, které viak zatim ne-
nachazeji klinické vyuZiti. U vét-
giny pacientd s KP se pfitom objevuji
2-3 roky pred diagndzou [6-9]. | pFes
dostatecné dlouhé diagnostické okno
je detekce fasného KP nedostateéna
a odrazi se v malém poctu zachyce-
mych Casnych klimickych stadii. V roce
2012 bylo v CR evidovano pouze 4,7 %4
pacientl ve stadiu | a 11,3 % ve stadiu
Il [%]. Diagnostika KP tedy nadale spo-
leha pouze na sérove biomarkery s niz-
kouw efektivitou a zobrazovaci metody.
ProtoZe Zadny z biomarkerd nedosa-
huje dostateéné senzitivity a specifi-
city, nemuZe byt poufit ve screenin-
govém programu ani u pacientd
5 vysokym rizikem KP. Mapf. karbo-
hydrat antigen 19-9 (CA 19-9) ze sku-
piny glykoproteinovych biomarkerd
EP (MUC — mucin core proteins) je dle
doporuceni European Society for Me-
dical Oncology z roku 2015 vhodny
pouze k odhadu prognozy a sledovani
odpovédi na lécbu a ne k Casné dia-
gnostice KP [10]. Hledani biomarkerd
ze skupiny MUC, miRMA (inhibitor
messengerave ribonukleavé kyseliny)
a cirkulujicich mnadorovych bunék je
predmétem celé fady soucasnych pre-
klinickych i klinickych studii [11-14].
Soub&iné nachazeji znacné uplat-
néni genomické a proteomicke dia-
gnostické metody [15-18]. Nedavné
proteomicke studie se zamé&fily na hle-
dani séroveho biomarkeru Casného sta-
dia KP. Od zdravé populace je moZng

nemacné s casnym karcinomem odli-
iit napf. na zaklad® sledovani rozdild
signald a zmén 3D struktury plazma-
tickych biomolekul [19,20]. Analyza
krevni plazmy jako celku {(viech obsa-
Fenych biomolekul, ne pouze jednoho
biomarkeru) je metoda s velkym po-
tencialem pro diagndzu KP na mole-
kularni Orovni. Cilem nadi pilotni studie
je nalezeni novych specifickych spek-
tralnich markerd KP pouZitim nepola-
rizovanych metod molekulove spek-
troskopie (Ramanova spektroskopie)
v kombinaci s chiroptickymi metodami
citlivimi ke strukturnim zménam chi-
ralnich molekul {elektronowy cirkularni
dichroismus a Ramanova opticka akti-
vita) [17]. Kombinaci téchto metod lze
pozorovat stereochemické a konfor-
madni zmény nejen plazmatickych, ale
i jinych cirkulujicich biomolekul a jejich
metabolitd [20].

Material a metody

Pacienti

Do této pilotni studie bylo zarazeno
10 pacientd 5 KP a 23 kontrolnich je-
dincd, jejichZ vybér byl proveden na
Interni klinice 1. LF UK a UVN — VFN
v Praze. Promérny vék pacientl s KP
a kontrol byl 66 + 7 let, resp. 61 + & let.
Pacienti s KF byli vy3etieni dle doporu-
fenych postupd, vi. cytologicke verifi-
kace karcinomu [21]. v ramci staginguw
bylo doplnéno CT bficha s intravendzni
a peroralni kontrastni latkou s pouZFi-
tim tfifazového pankreatického proto-
kolu [22]. Hodnoceni bylo provadéno
zkuienym cytopatologem a radiolo-
gem. Ve viech pfipadech se jednalo
o pokrodila stadia Ill a IV dle THM kla-
sifikace. V ramci odbéru krve bylo pro-
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vedeno zakladni biochemické vyget-
feni, v&. stanoveni hladiny sérového
albuminu, celkové bilkoviny, glykemie
a hladiny CA 19-9. Kontrolni skupinu
tvofili zdravi darci, s vyrovnanou dis-
tribuci obou pohlavi. Viem kontrolnim
jedinciim byla rovnéZ provedena za-
kladni klinicka vysetreni vé. podrobné
anamnézy a laboratorni analyzy krve.
Ma zakladé vysledkd téchto vysetfeni
nebylo shledano podezieni na KP ani
diabetes. Studie byla provedena v sou-
ladu se zasadami uvedenymi v Helsin-
ské deklaraci a schvalena Etickou ko-
misi UVM —WFN v Praze. Viichni jedingi
zafazeni do studie podepsali informo-
vany souhlas.

Krevni plazma

Po endosonografickém vySetfenl byla
viem pacientlm odebrana Zilni krev do
sterilnich, antikoagulantem ofetfenych
odbérovych zkumavek (BD Vacutainer
Systems, Velka Britdnie). Po odbéru
byla provedena centrifugace vzorkd pfi
1 5009 po dobu 10 min; nasledné byly
ziskané frakce krevni plazmy zamra-
zeny, transportovany v termoboxu pfi
teploté suchého ledu (-78 °C) na Ustav
analytické chemie, VSCHT v Praze, kde
byly nadale skladovany v hlubokomra-
zicim boxu pfi teploté <80 *C. Pred
kaZdou analyzou byly vzorky plazmy
volné rozmrazeny pfi pokojové teploté
a pro odstranéni rezidualnich éastic fil-
trovany pres PVDF membranovy filtr
s porozitou 0,45 pm (Grace, USA) pfi
13 000 g po dobu 10 min.

Ramanova opticka aktivita

a Ramanova spektroskopie

Ramanova spekira a spektra Rama-
novy optické aktivity byla zazname-
navana simultanné na spektrometru
Chiral RAMANM-2X™ (BioTools, Inc.,
UsA), ktery je vybaven systémem
Opus 2Wimpce000 (Laser Quantum,
Welka Britanie) s excitacni vinovou dél-
kou 532 nm. Zfiltrované vzorky krevni
plazmy (100 ul) byly méfeny v ky-
vetd o rozmérech & x 4 x 10mm oset-
fené antireflexni vrstvou (BioTools,
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Inc., USA). Teplota analyzovaného
vzorku (15 °C) byla kontrolovana po-
moci Peltierova clanku viastni wyroby.
Pro ziskani kvalitnich spekter s rozli-
genim ~ 7 cm™ ve spektralnim rozsahu
2 500-90cm™? jsme vyvinuli metodiku
méfeni [19] sestavaijici z pridavku zha-
sedla fluorescence, vysvEécaovani vzorku
laserem pro urychleni zhaSeni fluo-
rescence a zaznamu spekter. Pro elimi-
naci zbytkové distorze pozadi bylo vy-
ufito Fourierova fittru.

Elektronovy cirkularni dichroismus
Analyzy elektronoveho cirkularniho
dichroismu (ECD) byly provedeny na
spektrometru 1-815 (Jasco, Japon-
sko), ktery umoZfivje kontrolu teploty
vzorkld. Pro mé&feni pfi kratSich vino-
vych délkach byly zfiltrované vzorky
naredény v poméru 1 - 3 wiv sterilnim
fosfatovym pufrem o pH = 7,4 Zredéné
vzorky (20 ul) byly analyzovany v kie-
menné kyveté s délkou optické drahy
0,01 mm (Hellma, Mémecko) v ab-
lasti 185-260 nm. Pro kazdy vzorek
bylo zaznamenano sest spekter s roz-
lizenim 0,1 nm; spektra byla nasledné
zpromérovana v modulu Spectra Ana-
lysis programu Spectra Manager, verze
2.6.0.1 (Jasco, Japonsko).

Pred spektralnim méfenim a po ném
byly viechny poufité kyvety wylistény
roztokem Starna CellClean (Starna
Scientific Ltd., Velka Britanie), opako-
vané proplachnuty demineralizova-
nou vodou a metanolem a nasledné
VysUEeny.

Statistické zpracovani

Pro odliSeni pacientd s KP a kontrolni
skupiny byla ziskana spektralni data
vyhodnocena s pouZitim linearni dis-
kriminacni analyzy v programu XL-
STAT (Addinsoft, Francie). Pro vybrané
oblasti spekter, ve kterych jsou obsa-
Zeny informace o strukture plazmatic-
kych biomolekul ajejich moZné zmény,
byl wytvofen statisticky model. Zaro-
ven byla stanovena senzitivita a speci-
ficita pouZitého klasifikatnino modelu.
K. ovéfeni jeho platnosti a vypovidaci
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Obr. 1. Promérna Ramanova spektra krevni plazmy pacienti s karcinomem
pankreatu (¢arkovana £ara) a kontrolnich jedincd (plna cara).

Fig. 1. The average Raman spectra of blood plasma from patients with pancreatic
cancer (dashed line) and control subjects (solid line).

schopnosti byla rovnéZ provedena kii-
fova validace typu leave-one-out a vy-
podet hodnot pro kfivku ROC (receiver
operating characteristics).

Vysledky

Ramanova spektroskopie

V primérnych Ramanowych spekt-
rech pacientd s KP a kontralnich je-
dincd {obr. 1) jsou patrné tfi intenzivni
pasy nalezici predeviim vibracim ka-
rotenoidd (1 006, 1 156 a 1 517 crmY),
které jsou pifitomny v plazmé v nizkych
koncentracich. Vysoka intenzita téchto
pash v Ramanové spektru je zapfici-
nénarezonancnim zesilenim po excitaci
ve viditelné oblasti [23,24]. U skupiny
kontrolnich jedincd byla pozerovana
nékolikandsobné vyisi intenzita téchto
pasi v porovndni s pacienty, coZ nazna-
£uje moznou roli karotenoid( v procesu
kancerogeneze. Ve spektrech je zaro-
vefi moZné pozorovat zmény intenzity
pasd typickych pro proteiny s vysokym
obsahem a-helikdlni struktury, a to
predeviim u 1 270cm™ v oblasti rozsi-
feného amidu I, ktery odpovida vib-
racim peptidové vazby [20,25]. V krvi
rovnéi pfitornné sacharidy a lipidy jsou

73

zastoupeny pasy 960 a 1 450cm™ [20],
jejichz intenzita byla nizél v pfipadé
pacient( s KP.

Ramanova opticka aktivita

Ve spektrech Ramanowy optické ak-
tivity {obr. 2) byla zaznamenana sku-
pina pasi proteind v oblastech amidu
1{1 645, 1 674cm™) a amidu 11l (1 248,
1311, 1 345cm?). Spektralni pribéh
v téchto oblastech je opét typicky pro
proteiny s vysokym obsahem a-helikal-
nich struktur [15,16,20]. Vyrazné pozi-
tivni pasy 1156 a 1 517 crm? wyskytu-
jici se we spektrech kontrolnich jedincd
mohou byt pfifazeny karotenoidim,
pfitemZ nékteré z nich se prekryvaji
5 pasy aromatickych aminokyselin [20].

Elektronovy cirkulamni dichroismus
Ve spektrech ECD (obr. 3) dominuji
tii pasy charakteristické pro sekun-
darni strukturu proteind [17,23]. Pozi-
tivni pas 192 nm a dva astedné se pre-
kryvajici negativni pasy 209 a 222 nm
jsou vysledkem elektronovych pre-
chodd v réamci peptidove vazby. Inten-
zita a tvar téchto pasd se méni v za-
vislosti na konformaci peptidového
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Obr. 2. Promérma spekira ROA krevni plazmy pacient( s karcinomem pankre-
atu (Carkovana ¢ara) a kontrolnich jedinch (plna ¢ara).

Fig. 2. The average ROA spectra of blood plasma from patients with pancreatic
cancer (dashed line) and control subjects (solid line).
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Obr. 3. Promérma spektra ECD krevni plazmy pacientl s karcinomem pankre-
atu (Carkovana éara) a kontrolnich jedinci (plna cara).

Fig. 3. The average ECD spectra of blood plasma from patients with pancreatic
cancer (dashed line) and control subjects (solid line).

fetézce [20,26]. Pribéh spekter odpo-
vida proteiniim s vysokym obsahem
a-helikalni struktury [17,27], které jsou
v krvi zastoupeny prevazné lidskym sé-
rovym albuminem. Je patrné, e v pfi-
padé pacientd s KP maji vSechny tfi

uvvedené pasy nizs intenzitu nei ve
spektrech kontrolnich jedincd.
Linearni diskriminacni analyza
lelikoZ byly nékteré zmény ve spek-
trech pacientd s KP a kontrolnich je-
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dinct obtizné pozorovatelng, byla zis-
kana spektralni data vyhodnocena
vicerozmérnymi statistickymi meto-
dami. Cilem bylo odlisit pacienty od
kontrolnich jedincd na zékladé rozpo-
znani charakteristickych spektralnich
vzory, urfit senzitivitu a specificitu
wyuZitych spektroskopickych metod
a raroven prokazat spolehlivost kla-
sifikacniho modelu vytvofeného pro
kombinaci viech th pouZitych metod.
Byla pozorovana 0Oplna separace
skupiny pacientd s KP a kontrolnich je-
dincO (obr. &), pfitem# celkova sprav-
nost prirazeni jednotlivich vzorkd do
prisluinych skupin Cinila 100 %. Spe-
cificita a senzitivita vytvofeného mo-
delu dosahovaly vysokych hodnot i po
provedeni kiiZove validace, a to 90 %,
resp. 87 % (tab. 2). Zaroven byly z kii-
Zové validace vypocteny hodnoty pro
kfivku ROC, kde plocha pod kfivkou
dosahovala hodnoty 0,907 (obr. 5).

Diskuze

W naéi pilotni studii byl pomoci kom-
binace pokrofilych spektroskopickych
metod vytvofen klasifikacni model,
ktery dosahuje hodnot senzitivity
a specificity ~ 90 Y4,

U symptomatickych pacientd s KP je
senzitivita CA 19-9 79-81 % a specifi-
cita 82-90 % [28]. Vyzkumem ¢asného
KP bez typickych symptomd bylo po-
tvrzeno, Ze CA 19-9 neni vhodny de-
tekini nastroj casného KP, zejména pro
jeho nizkou pozitivni prediktivni hod-
notu (PPV) 0,5-0,9 % [29,30]. V roz-
sahlém retrospektivnim hodnoceni
37 studii s 1 882 pfipadl KP a kontrolni
skupiny byla specificita CA 19-9 na
urovni 82,8 % [9]. BohuZel se v praxi
také asto setkavame s falesné nega-
tivni hodnotow CA 19-9. Jednim z di-
vodl £asté chybovosti je, 7e protilatka
je vazana na oligosacharid — krevni
antigen Lewis A. U 5-10 % pacientd
s krevmi skupinou A a antigenem Lewis
A-B- je hladina CA 19-9 u KP niZsi ned
1,0 Wiml [31]. Piiginou faleiné negati-
vity CA 19-9 mohou byt i jiné patolo-
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gické stavy, napf. jaterni cirhdza, cho-
langitida, chronicka pankreatitida
a dalii gastrointestinalni tumory [32].
Ve fazi pilotniho projektu byl sledo-
vany soubor pacientd maly a zarovef
nameérené hodnoty CA 19-9 vykazo-
valy znacny rozptyl (28,5-14 250 kU1
bez korelace se stadiem onemocnéni.
Kromeé toho plati, Ze CA 19-9 neni
doporufen jako diagnosticky bio-
marker [10]. Pfi predbéZném hodno-
ceni se viak zda, Ze naproti tomu spek-
tralni biomarkery sledované v nasem
pilotnim projektu nejsow zatizeny chy-
bovosti, a to bez ohledu na hladinu bili-
rubinu, CRP &i krevni skupinu, a je tedy
mozné je k diagnostice poufit.

' sputasnosti bylo publikovano né-
kolik studii zabyvajicich se detekci pre-
kurzord a premaligniho stadia KP. Ze
skupiny glykoproteinovich mucind do-
sahlvysoké senzitivity a specificity MU-
CSAC v prekurzorovych Pan-IM-1 lézi
ma mysich modelech [12]. MUC je v séru
pacientd s KP jen v omezeném mnoz-
stvi a snaha o jejich detekci pomoci kla-
sickeé immunoassay nepostacuje. Proto
jsou testovany dalgi techniky vhodné
pro Opravy a méfeni vzorkl {napf. po-
wrchem zesilena Ramanova spektro-
skopie), které jsou 1001 000x= citlivéjsi
neZ konvencni metody [11,33]. Mezi
dal5i aberantné exprimované muciny
patfi CA 50, CA 19-5, CA 125/MUCLE,
CA 242, CAM 17.1, MUCS, MUCSAC,
DUPAM 2, PAM4 a SPan-1. Pro sporme
vysledky viak zatim nejsou v klinické
praxi vyuZivany [13,14].

Dalsi prace zabyvajici se asnou de-
tekci KP studovaly efektivity miRNA.
Rodinu miRMA tvofl asi 2 000 molelul,
jejichz hlavni funkce spofiva v inhibici
translace messengerové RNA (mRMNA)
adegradaci transkriptu. Byla prokazana
exprese riznych forem miRNA v plazmé
jedincd s KP [18]. Kombinace nékterych
miRMNA 5 CA19-9 dosahuje wyEsi senziti-
vity neZ pro CA 19-9 samotné [34].

Zajimavé je zjisténi, Ze jif v Easnych
fazich nadorove onkogeneze jsou v cir-
kulaci pfitomné pankreatické bufiky.
Diseminace pankreatickych bunék
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Obr. &, Graficke znazornéni vysledku LDA pro kombinaci chiroptickych metod

(ECD, ROA) a konvencni Ramanovy spektroskopie v analyze krevni plazmy pa-
cientl s karcinomem pankreatu () a kontrolnich jedinch (&),

Fig. &. Graph representation of the LDA result for the combination of chiropti-

cal methods (ECD, ROA) and conventional Raman spectroscopy in the analysis of

blood plasma from patients with pancreatic cancer (#) and control subjects ().

Tab. 2. Konfuzni matice vysledkd kfizové validace modelu LDA pro diskriminaci
vzorkd krevni plazmy pacientl s karcinomem pankreatu a kontrolnich jedincd.
Tab. 2. Confusion matrix of the LDA cross-validation results for the discrimina-
tion between blood plasma samples of patients with pancreatic cancer and con-

trol subjects.

z/do KP
Karcinom pankreatw (KP) 9
Kontrolni skupina 3
Celkem 1z

v prostiedi €asného KP je oznatovana
jako cirkulujici pankreatické bufiky
(CPCs). Cirkulujici prednadorové bunky
se objevuji v PaniM-1 a PaniM-2 a do-
konce i u BRCA mutace. Rhim etal [35]
overili sledovane zmény klinicky a pro-
kazali CPCs asi u 30 % pacientd s intra-
duktalni papilarni mucindzni neopla-
zii (IPMM) zatim bez morfologickych
zmén typickych pro KP. Detekce CPCs
v séru je také jednim z potencialnich
biomarkerd £asného stadia KP [36].

W nagem pilotnim projektu byly po-
tvrzeny predpokladané rozdily v sig-
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Kontrolni

g Celkem  Sprawvné (%)
1 10 a0
20 2 87
n 33 88

nalech charakterizujicich odliznosti 3D
struktury plazmatickych bilkovin a dal-
ich plazmatickych biomolekul. Hlavni
rozdily byly zjistény nejen v sekundarni
struktufe proteind krevni plazmy, ale
i dalSich molekul jako lipidd, sacharidd,
aromatickych aminokyselin a karote-
noidd. Zejména posledni zminovana
molekula byla v riznych intenzitach
zachycena v Ramanovych spektrech
i pomoci ROA. V plazmé pacientl s KP
byla pozorovana nizka intenzita karo-
teneidd. UZast karotenoidd v procesu
onkogeneze ziejmé souvisi se zmé-
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Obr. 5. Kfivka ROC po kiizové validad LDA modelu pro diskriminaci vzorkd
krevni plazmy pacientd s KP a kontrolnich jedincl; AUC = 0,907.

Fig. 5. ROC curve after cross-validation of the LDA model for the discrimination of
blood plasma samples in patients with pancreatic cancer and control subjects;

AUC=0.5907.

nou mikroprostiedi a navozenim dez-
moplastické reakce aktivaci stellate
cells [37]. Tyto bufiky jsou schopné se
transformovat z klidového stadia do
stadia aktivniho, kdy se podileji na fib-
roprodukci. Retinoidy na modelech KP
u transgennich mysi indukovaly vznik
klidového stadia stellate cells, a tim
navodily inhibici ristu KP [3B]. Ka-
rotenoidy jsou tésné propojeny s na-
dorovou progresi KP a jak se ve fazi
pilotniho projektu zda, jsou dobfe de-
finovatelné pomoci citlivich spekt-
roskopickych metod. Zjisténi rozdild
v intenzitach spektralnich past karote-
noidd mezi pacienty s KP a kontrolami
ma v tuto chvili informativni charakter.
Tento nalez a jeho pripadnou korelaci
5 KP bude tfeba fadné prozkoumat.
Hlavnim limitem vétsiny studii zaby-
vajicich se biomarkery KP je samotné
testovani vyuZivanych meted a po-
stupl ma detekci £asného karcinomu
u pokrocilych stadii nadord. | v této
studii byl spektroskopicky biomarker
testovan pouze u pozdnich stadii KP,

protoZe Casna stadia se v diagnosticke
praxi vyskytuji extrémné vzacné a do
této pilotni studie nebylo moZno ta-
kové pacienty zahrnout. Prislibem do
budoucna by jisté mohl byt navazu-
jici projekt testovani pacientd s IPMN,
které jsou pokladany za prekurzory KP.

Zaver

Casna diagnostika KP s cilem detekce
operabilniho stadia vyZaduje identifi-
kaci efektivniho biomarkeru. le testo-
vano nékolik kandidatl ze skupiny bio-
marker( £asného KP, ale zatim nejsou
dostupné pro béZnou klinickou praxi.
CA 19-9 je sice klinicky dostupny, ale
jako marker casného karcinomu neni
vyhovujici. V této studii byla testo-
vana specificita a senzitivita nového
spektralnino biomarkeru charakteri-
zovaného vybranymi zménami vEech
biomolekul krevni plazmy. Pro obé sle-
dované charakteristiky bylo dosaZeno
hodnot ~ 90 %, cof je vice neZ dopo-
sud publikované viysledky pro CA 19-9.
lednim z daliich Okold je spektrosko-
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pické vySetfeni rizikowvych pacientd
5 recentné diagnostikovanou poru-
chou glukozové tolerance, s premalig-
nim stadiem karcinomu a familiarnimi
rizikowymi syndromy.

Literatura

1. Trends in SEER incidence and U.5. mor-
tality wsing the Joinpoint Regression Pro-
gram, 1975-2011 with up to five loinpoints,
15%2-2011 with up to three Joinpoints,
both sexes by racefathnicity. [online]. Avail-
able from: http:/iseer.cancer.gow/csrf1975_
2011/results_merged/sect_22 pancreas.
pdf#search=pancreatic_

2. Katz MH, Hwang R, Fleming 18 et al_ Tu-
mor-node-metastasis staging of pancreatic
adenocarcinoma. CA Cancer J Clin 2008;
58(2):111-125_doi: 10.3322/CA 2007 .0012.
3. Gobbi PG, Bergonzi M, Comelli M et al.
The prognostic role of time to diagnosis and
presenting symptoms in patients with pan-
creatic cancer. Cancer Epidemniol 2013; 37(2):
186-190. doi: 10.1016{).canep. 2012.12.002.
4. Dudek L, MuZik J, Kubasek M et al. Epide-
miclogie zhoubmych nadort v Ceské repub-
lice. [online]. Dostupné z: www swod.cz.

5. Gangi 5, Fletcher JG, Mathan MA et al.
Time interval between abnomalities sean
on CT and the clinical diagnosis of pan-
creatic cancer: retrospective review of CT
scans obtained before diagnosis. AIR Am
J Roentgenocl 200%; 182(4): 897-203.

6. Bungani B, Fric P, Zavoral M. Pan-
creatic adenocarcinoma — early symptoms
and screening. Cas Lek Cesk 2014%; 153(6):
267-270.

7. 5ah RPF, Magpal 5J, Mukhopadhyay D
et al. Mew insights into pancreatic can-
cer-induced paraneoplastic diabetes. Mat
Rev Gastroenterol Hepatol 2013; 10{7):
423—433. doi: 10.1038/nrgastro. 2013 49,
8. Aggarwal G, Kamada P, Chari 5T. Preva-
lence of diabetes mellitus in pancreatic can-
cercomparedto common cancers. Pancreas
2013; &2{2): 138-201. doi: 10.1057/MPA.
0b013e3182552c596.

9. Poruk KE, Firpo MA, Adler DG et al.
Screening for pancreatic cancer: why, how,
and who? Annal Surg 2013; 257(1): 17-26.
doi: 10.1057/5LA.0b013e31825fbib.

10. Dwcreux M, Cuohna AS, Caramella C.
Cancer of the pancreas: ESMO clinical
practice guidelines for diagnosis, treatment
and follow-up. Ann Oncol 2015. 26 (Suppl
5): vhe—vEB. doi: 10.1093/annonc/mdwv255.
11. Wang G, Lipert RJ, Jain M et al. Detec-
tion of the potential pancreatic cancer mar-
ker MUC% in serum using surface-enhancad
Raman scattering. Anal Chermn 2011; 83(7):
25542561 doi: 10.1021/ac102B259b.

12. Kavur 5, Kumar 5, Momi M et al. Mu-
cins in pancreatic cancer and its mic-

Gastroent Hepatol 2oac; 6g(6): 518524 523



Meolekularné spektroskopicka analyza krevni plazmy — cesta k diagns‘til:e karcinomu pankreatu?

roenvironment. Mat Rev Gastroente-
rol Hepatel 2013; 10{10): 607-620. doi:
10.103B/nrgastro. 2013 120,

13. Hom A, Chakraborty S5, Dey P et al.
Immunacytochemistry for MUCS and
MUCL6 is a useful adjunct in the diagnosis
of pancreatic adenocarcinoma on fine-
-neadle aspiration cytology. Arch Pathol
Lab Med 2013; 137(%): 546-551. doi:
10.5858farpa. 2011-0229-04.

1% Carrara 5, Cangi MG, Arcidiacono PG et
al. Mucin expression pattern in pancreatic
diseases: findings from EUS-guided fine-
-needle aspiration biopsies. Am J Gast-
roentercl 2011; 106(7): 135%-1363. doi:
10.1038fajg.2011.22.

15. Zhu F, lsaacs NW, Hecht L et al. Raman
optical activity: a tool for protein structure
analysis, Structure 2005; 13(10): 1605-1419.
16. Barron LD, Zhw F, Hecht L et al. Raman
optical activity: an incisive probe of mole-
cular chirality and biomolecular structure.
JMol Struct 2007; 835-836(1): 7-16.

17. Berova M, Makanishi K, Polava-
rapu PL et al. Comprehensive Chiroptical
Spectroscopy. 2nd ed. Mew Jersay: John
Wiley & Sons Inc 2012

18. Schultz MA, Dehlendorff C, Jensen BV
et al. MicroRMA biomarkers in whole blood
for detection of pancreatic cancer. JAMA
2014; 311(%): 392504, doi: 10.1001jama.
2013.2B4664%.

19. Tatarkovié M, Synytsya A, Sfovitkova L
et al. The minimizing of fluorescence back-
ground in Raman optical activity and Ra-
man spectra of human blocd plasma. Anal
Bioanal Chern 2015; 407(5): 1335-1342.
doi: 10.1007/s00216-014-8358-7.

20. Synytsya A, Judexova M, Hruby T et
al. Analysis of human blocd plasma and
hen egg white by chiroptical spectroscopic
methods (ECD, WCD, ROA). Anal Bioanal
Chemn 2013; 405(16): 54%1-5453. doi:
10.1007/=00216-013-6946-6.

21. Seufferlein T, Bachet B, Van Cutsem E
et al. Pancreatic adenocarcinoma: ESMO-
-ESDO clinical practice guidelines for diag-
nosis, treatment and follow-up. Ann Oncol
20132; 23 (Suppl 7): wiid3—viit0.

22, Tempera MA, Amoletti JP, Behrman S et
al. Pancreatic adenocarcinama. Journal Natl
Compr Canc Metw 2010; 8(9): 972-1017.
23. Withnall R, Chowdhry BZ, Silver J et al.
Raman spectra of carotenoids in natural
products. Spectrochim Acta, Part A 2003;
59(10): 2207-2212.

2% Parker SF, Tavender S, Dizon MM et
al. Raman spectrum of beta-carotene using
laser lines from green {51%.5 nm} to near-
-infrared (1064 nm): implications for the
characterization of conjugated polyenes.
Appl Spectrosc 1939; 53(1): B6-91.

25. Kinalwa MM, Blanch EW, Doig Al. Accu-
rate determination of protein secondary
structure content from Raman and Raman
optical activity spectra. Anal Chem 2010;
B2(15): 63476349, doi: 10.2021/ac101334h,
26. Whitmore L, Wallace BA. Protein se-
condary structure analyses from circular di-
chroism spectroscopy: methods and refe-
rence databases. Biopolymers 2008; 83(5):
392-400.

27. Hirst JD, Colella, K, Gilbert AT. Electro-
nic circular dichroism of proteins from first
-principles calculations. | Phys Chem B
2003; 107- 11813-11815.

28. MolinaV, Visa L, Conill Cetal. CA13-9in
pancreatic cancer: retrospective evaluation
of patients with suspicion of pancreatic
cancer. Tumour Biol 2012; 33(3): 795-807.
doi: 10.1007/s13277-011-02597-8.

29 Kim JE, Lee KT, Lee JK et al. Clinical
usefulness of carbohydrate antigen 19-9 as
a screening test for pancreatic cancer inan
asymptomatic population. ] Gastroenterol
Hepatol 2004; 19(2): 182-186.

30. Ballehaninna UE, Chamberlain RS.
The clinical wtility of serum CA 15-% in
the diagnosis, prognosis and manage-
ment of pancreatic adenocarcinoma: an
evidence-based appraisal. ] Gastrointest
Oncol 2012; 3(2): 105-119. doi: 10.3978j.
issn.2078-6891.2011.021.

31. hzkowitz 5H, Kim ¥'5. New carbohyd-
rate tumor markers. Gastroenterology
1986; 90(2): 491494

32. Duffy MJ, Sturgeon C, Lamerz R et al.
Tumor markers in pancreatic cancer: a Eu-
ropean Group on Tumor Markers (EGTM)
status report. Ann Oncol 2010; 21(3):
541447 doi: 10.1093/annoncimdp332.
33. Baine M. Pancreatic cancer biomarkers.
In: Encyclopedia of Cancer. Heidelberg:
Springer 2009: 720805,

34. Gao L, He 5B, Li DC. Effects of miR-
16 plus CA 15-9 detections on pancreatic
cancer diagnostic performance. Clin Lab
2014%; 60(1): 73-77.

35. Rhim AD, Mirek ET, Aiello NM et al.
EMT and dissemination precede pancrea-
tic tumor formation. Cell 2012; 158(1-2):
349-361. doi: 10.1016/).cell. 2011.11.025.

77

36. Rhim AD, Thege Fl, Santana SM et al.
Detection of circulating pancreas epithe-
lial cells in patients with pancreatic cys-
tic lesions. Gastroenterology 201%; 156(3):
647-651. doi: 10.1053fj.gastro.2013.
12.007.

37. Apte MV, Wilson 15, Lugea A et
al. A starring role for stellate cells in
the pancreatic cancer microenviron-
ment. Gastroenterology 2013; 14%(6):
1210-1215.

38 He XY, Yuan¥Z. Advances in pancreatic
cancer research: moving towards early
detection. World ] Gastroenterol 2014%;
20(32): 11241-11248. doi: 10.3748/wjg.
v20.i32.11241.

Tate studie byla realizovana v ramci pro-
jektd Interni grantove agentwry Minis-
terstva zdravotnictvi CR (MT 13638, NT
142553 a NT 13255-3), Grantové agentury
Ministerstva obrany CR (MO 1012} a Gran-
tové agentury CR (P20B/11/0105). Prace
byla dale podperena Operacnimi programy
Praha — Konkurenceschopnost (CZ2.2.16/3.
1.00/221597 a C2.2.16/3.1.00/21537), Ma-
rodnim programem udrZitelnosti (NPU
MSMT - LO1215; 34807/2013) a Uelovou
podporou na specificky vysokoSkolsky vy-
zhkum [MSMT 20/2015).

Autori deklaruji, Ze v souvislosti s predme-
tem studie nemaji Zadne komertni zajmy.
The authors declare they have no poten-
tial conflicts of imterast concerning drugs,

products, or services used in the study.

Redakeni rada potwrzuje, Ze rukopis prace
spinil ICMUE kritéria pro publikace zasilang
do biomedicinskych Casopisd.
The Editorial Board declares that the ma-
nuscript met the ICMUE  uniform reguire-
ments® for biomedical papers.

Dorueno/Submitted: 5. 11. 2015
PrijatofAccepted: 30. 11. 2015

MUDr. Bohus Bungani

fnterni klinika 1. LF UK a UVN - VFN
U Vajenske nemocnice 1200

16902 Praha &

bohus. bunganic@uvn.cz

E24 Gastroent Hepatol 20ag; 6g(6): saB—gag



Rece fved: 2 November 2017 | Accepied: 23 msry X185

DOE: 10,1002 chir 2834

SPECIAL ISSUE ARTICLE

WILEY

Chiroptical spectroscopy and metabolomics for blood-based
sensing of pancreatic cancer

Lucie Habartovd' @ | Bohug Bungani¢® ® | Michal Tatarkovi¢' | Miroslav Zavoral®> @ |
Jana Vondrou$ovd® | Kamila Syslova® @ | Vladimir Setni¢ka' ©

! Department of Analytical Chemistry,
University of Chemistry and Technology
Prague, Prague 6, Czech Republic
*Department of Internal Medicine, First
Faculty of Medicine, Military University
Hospital, Charles University, Prague 6,
Czech Republic

3DEPBIDII£’1‘H of Organic Technology,
University of Chemistry and Technology
Prague, Prague 6, Ceech Republic

Correspondence

Lucie Habartowi, Department of
Analytical Chemistry, University of
Chemistry and Technology Frague,
Technickd 5, 166 28 Prague 6, Czech
Republic.

Email: lucie. habartova@vschtcz

Funding information

Ministry of Defence and Armed Forces of
the Czech Republic, Grant/Award Num-
ber: MO1012; National Program of Sus-
tainability, Grant/Award Number:
LO1601-43760/201 5; Operational Frogram
Frague-Competitiveness, Gmnt/dward
Number: CZ.2.16/3.1.00/24503 and
CZ.216/3.1.00/21537; Spec:.ﬁc University
Research MSMT, Grant/Award Number:
20-5VV/2017; Ministry of Health of the
Czech Republic, Grant/Award Mumber:
16-310284

1 | INTRODUCTION

Abstract

To enable the early diagnosis of pancreatic cancer, the search for and definition
of reliable biomarkers remain a subject of great interest, with the specificity and
sensitivity of the currently used biomarkers being below the required values.
We tested a novel diagnostic approach for pancreatic cancer based on the
specific molecular signature of blood plasma components. To acquire more
detailed structural information, structure-sensitive chiroptical methods (elec-
tronic circular dichroism and Raman optical activity) were supplemented by
conventional Raman and infrared spectroscopies. The obtained spectra were
subsequently processed by linear discriminant analysis yielding high values of
specificity and sensitivity. In addition, to monitor not only large biomolecules
as potential biomarkers but also those of low molecular weight, we conducted
an analysis of blood plasma samples by using metabolomics. The achieved
results sugpest a panel of promising biomarkers for a reliable detection of
pancreatic cancer,

KEYWORDS

blood plasma, chiroptical spectroscopy, metabolomics, pancreatic cancer, Raman spectmoacopy,
spectral biomarker

conductive to a reliable early-stage diagnosis.™* Although
modern imaging methods enable a more accurate diagno-

In terms of mortality, pancreatic cancer (PC) is one of the
five most lethal cancers, with a plobally reported increas-
ing incidence® Local symptoms (pain, jaundice,
cholangitis, and cachexia) appear late and are thus not
[This article is part of the Special Tssue: Proceedings 16th Intemational
Conference on Chiroptical Spectmscopy, Rennes France 2017, See the first
articles for this special issue previously published in Volume 3004, More
special articles will be found in this issue as well asin those to come. ]

sis and new treatment options have improved the overall
survival rate in recent decades, the prognosis is extremely
unfavorable, with the 5-year survival rate still only 3 to
5%.%% Thus, the search for early symptoms and specific bio-
markers of PC remains a subject of intense research.”®
Without an effective biomarker, it is not possible to pro-
pose a screening program for PC with the aim of the posi-
tive diagnosis before local, late symptoms occur.

Chimliry. 2018 30:581-591.
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There are thought to be at least 3 groups of patients
who could benefit from a screening program for early
PC. The first consists of subjects identified by hereditary
factors.'! The second, nonhereditary group involves those
at danger because of certain specific sk factors (smoking,
aleohol consumption, obesity, and chronic pancreatitis),"
The third group of patients comprises those with new-
onset pancreatogenic type 3 diabetes. This group is partie-
ularly interesting because these patients can exhibit early
PC symptoms, such as changes in glucose homeostasis
and weight loss, 2 to 3 years before any local symptoms
oceur, which represents a large diagnostic window,"*

However, until a reliable biomarker is successfully
identified, it is not possible to propose, for any patient
group, an effective screening program for eardy-stage PC
that would facilitate the diagnosis before local, late symp-
toms appear. Although the tumor markers carbohydrmate
antipen 19-9 (Ca 19-9) and carcinoembryonic antipen
{CEA) have been employed, they are nonspecific for PC,
Moreover, the elevated level of Ca 19-9 can be observed
only in the late stages of PC.'® Nevertheless, regardless
of the stage of PC, this tumor marker is not expressed in
the blood of patients, who lack the Lewis antigen.'” Cur-
rently, most biomarker research is based on proteomics/
metabalomics'® and is primarily focused on single pep-
tides and proteins, such as islet amyloid polypeptide
(IAPP),'** adrenomedullin® 5100 A8 protein?' or
connexin 26** Other researchers have compared the
ratios of different hormones and peptides, for example,
adiponectin/leptin,® proinsulin/C-peptide,® TAPP/insu-
lin,® and glucagon finsulin** Despite this extensive effort,
the most promising candidate biomarkers exhibit sensitiv-
ity and/or specificity that is unsatisfactory for clinical use.

Recently, attention has been focused on PC at the
genetic level, with the inspection of micro-RNAs™ show-
ing a promising diagnostic potential, as well as suggesting
that a reliable biomarker panel might emerge from
biofluids if innovative approaches are applied®™
Because biomolecules in human biofluids are already rou-
tinely used to determine the biomarkers of several dis-
eases,” blood plasma seems to be a useful probe also for
the screening of PC. Blood plasma is easy to obtain, with
minimal invasiveness and simple sample preparation.
Combining these features with relatively cheap, fast and
reagent-free spectroscopic methods may enable the identi-
fication of disease-specific molecular signatures based on
spectral pattern recognition®* Changes in spectral
patterns are usually caused by variations in molecular
structure, In the case of plasmatic biomolecules, these
structural alterations are triggered by several pathological
processes that occur during the pathogenesis of a dis-
ease.”® Unfortunately, few of the currently used diagnostic
tools are able to provide information about the structure
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of plasmatic biomolecules. Similarly, the use of conven-
tional spectroscopic methods, such as Raman or infrared
spectroscopy, has many limitations, The high number of
fluorescing entities and low concentrations of molecules
of interest represent major drawbacks in the spectroscopic
analysis of biofluids*

Nevertheless, many bodily biomolecules and potential
biomarkers are chiral. Thus, their structure and behavior
is suited to being monitored by chiroptical spectroscopy,
which is inherently sensitive to the 3D arranpement
of chiral molecules and, thus, better able to identify
any subtle conformational changes.™* In our previous
studies, ™ we developed a methodology for the smooth
spectroscopic analysis of human blood plasma that
combines both conventional and chiroptical forms of
spectroscopy.>® We have also successfully applied our
methodology to the identification of differences between
the blood plasma of healthy subjects and that of patients
suffering from type 1 diabetes™ and colon cancer,”®

In this siudy, we combine the structure-sensitive
methods of chiroptical and vibrational spectroscopy,
specifically Raman optical activity (ROA) and electronic cir-
cular dichroism (ECD) with Raman and Fourler transform
infrared (FTIR) spectroscopies, to compare the spectral pat-
tems of plasma peptides/proteins and other biomolecules of
patients suffering from PC with those of subjectsin a control
group. We believe that this approach allows us to identify
alterations that may be synonymous with PC. In addition
to cover a wider range of inspected molecules and to possibly
correlate the observed spectral differences with biochemical
changes that may oceur within blood plasma during PC, we
also perform a metabolomic analysis.

2 | MATERIALS AND METHODS

2.1 | Subjects

For this pilot study, 34 PC patients and 23 healthy control
subjects were recruited from the Department of Gastroin-
testinal Endoscopy at the Internal Clinic of the Military
University Hospital and the Fimst Faculty of Medicine,
Chares University in Prague, Czech Republic. The aver-
ape ape of PC patients and controls was 66 + 9 and
61 + 8 years, respectively. The patients with PC wene
included in the study after the examination according to
established diagnostic  standards using  endoscopic
ultrasound, computed tomography, and/or magnetic reso-
nance imaging. Their biopsy samples were evaluated, and
the final diagnosis was established by a histopathologist.
All patients with PC met the clinical criteria™ for stages
Il and IV, with the average survival rate of ~200 days.
A proup of healthy controls was selected based on
repeated clinical follow-up in the outpatient clinic, where
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mainly preventive examinations were indicated. The
healthy subjects were included in the study after a thor-
ough evaluation of their medical record history, clinical
examination, and the outcome of imaging methods
{abdominal sonography and thoracic examination of the
chest). Blood samples were collected from both studied
groups and subjected to a routine biochemical test along
with the assessment of human serum albumin, total pro-
tein, fasting plasma plucese, and glycated hemoglobin.
Cancer biomarker levels (Ca 19-9 and CEA) were mea-
sured for the patient group (Table 1).

The study was carried out according to the principles
expressed in the Declaration of Helsinki and approved
by the Ethics Committee of the Military University
Hospital Prague. A signed informed consent was secured
from all subjects.

2.2 | Blood plasma

Venous blood (9 mL) from the studied subjects was
collected using sterle, anticoagulant-treated blood
collection tubes {BD WVacutainer Systems, UK) at the
Department of Gastrointestinal Endoscopy at the Internal
Clinic of the Military University Hospital and the First
Faculty of Medicine, Charles Univemity in Prague. The
plasma fractions were obtained by centrifugation at
1500xg for 10 minutes and frozen immediately (—=80°C).
Pror to each analysis at the Department of Analytical
Chemistry, University of Chemistry and Technology,
Prapue, the plasma samples were thawed at room temper-
ature and filtered through a polyvinylidene difluoride
membrane filter with 0.45-um sized pores (Grace, USA)
at 13000xg for 10 minutes to remove any residual
particulates,

2.3 | Raman optical activity and Raman
spectroscopy

The ROA and Raman spectra were acquired simulta-
neously using the ChirallRAMAN-2X" spectrometer
(BioTools Inc., USA) equipped with an Opus 2W/
mpe600D system (Laser Quantum, UK) with a 532-nm
excitation. The filtered plasma samples (100 pL) were
measured in a 4 ¥ 4 x 10 mm optical cell with an antire-
flective coating (BioTools Inc., USA), which was placed in

a home-made Peltier cell holder to contml sample
temperature {15°C). To obtain reliable spectra with a res-
alution of ~7 em™" in the 2500 to 90 cm ™" spectral region,
we have developed a measurement procedure® consisting
of the addition of a fluorescence quencher (10 mg Nal
per 100 pL of plasma), 12-hour laser irradiation of the sam-
ple (280 mW of real laser power on the sample) to expedite
fluorescence quenching, and spectra acquisition (250 mW,
24 h). The illumination period for the measurements was
set according to the optimal working range of the CCD
detector (1-2.5 s depending on individual samples).” The
laser power on the sample was monitored by using a
1916-R optical power meter with an 818-P sensor (Newport
Caorparation, USA). To correct the raw ROA/Raman spec-
tra for residual baseline distortion, we used fast Fourier
transform filter’® and a modified procedure described in
the literature.*

2.4 | Electronic circular dichroism

The ECD analyses were performed on the J-815 spectrom-
eter (Jasco, Japan) with Peltier-controlled sample temper-
ature (23°C). To facilitate measurements at lower
wavelengths, the filtered samples were diluted (1:3 vol/
vol) with a sterile phosphate buffer (pH = 7.4). The
diluted samples (20 uL) were placed into a 00l-mm
Suprasil quartz cell (Hellma, Germany) and measured in
the 185- to 280-nm spectral region. Six scans with a data
pitch of 0.1 nm were accumulated for each sample and
averaged in the Spectra Analysis module of the Spectra
Manager program, ver. 2.6,0.1 (Jasco, Japan).

2.5 | Infrared spectroscopy

The FTIR spectra were acquired on the Nicolet 6700 FTIR
spectrometer (Thermo Scientificc, USA) with a ZnSe
crystal as ATR accessory. The filtered samples (10 pL)
were analyzed without any additional pretreatment. Five
hundred and twelve scans were collected to create each
individual spectrum with a resolution of 4 cm™ in the
mid-IR region (4000400 cm™ '), Water and water vapor
spectra measured under identical conditions were
subtracted from all sample spectra. Linear baseline
correction was performed in the OMNIC 32 program,
ver, 8.2 (Thermo Scientific, USA).

TABLE 1 Selected biochemical parameters assessed from blood of patients with pancreatic cancer and healthy controls

HSA Total Protein HbA,, FPG Ca 19-9 CEA

gL L] [mmol mol™"] [mmol L™ [ku L™ kg L™
Patient 216457 £21-77.0 28.0-97.0 4.6-24.6 0.8-64,310.0 0.6-118.0
Contral 36.6-48.9 60.8-74.9 33.0-380 4.9-59 N/A NiA

Ca indicates carbohydrate s.ntken; CEA, caminoembryonic sm:lgm: FrG, fasthg plasma g]mme: Hba, .., g];cated huncg]ub:ln; HSA, human serum albumin.
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All optical cells were cleaned prior to and after the
spectral measurements with a Starna CellClean solution
(Starna Scientific Ltd., UK), repeatedly rinsed with
demineralized water and methanol, and dried

2.6 | Statistical data evaluation

To discriminate between the PC patients and healthy con-
trols, the obtained spectral data sets were evaluated by
linear discriminant analysis (LDA) in the XLSTAT soft-
ware { Addinsoft, France). A statistical model was created
for selected spectral regions that include significant infor-
mation about the structure of plasmatic proteins and other
biomolecules Sensitivity and specificity of the mathemati-
cal model were determined. To verify the reliability
thereof, leave-one-out cmss-validation®**® was performed
and receiver operator characteristics™ was calculated.

2.7 | Metabolomic analysis

The blood plasma samples of 5 randomly selected PC
patients and 5 healthy controls were subjected to metabo-
lomics. Two sets of analyses were performed: (i) the detec-
tion and quantification of clinically recognized markers of
oxidative stress related to cancerous diseases™™ and (if)
the identification of other metabolites (multimarker
screening) that may be newly considered clinically signif-
icant for PC.

For both sets of experiments, the samples were pre-
pared using the following pretreatment procedure: An
extraction solution (200 pL of acetonitrile) was added
to the plasma (100 pL). After homogenization and
sonication (10 min, mom temperature), the resulting
solution was centrifuged at 6500xg and 4°C. While the
supernatant was analyzed without further processing in
the case of multimarker screening, the sample for
the detection of oxidative stress markers was
stripped out with nitrogen to dryness and dissolved in
450 pL of borate buffer (pH = 8.9). Subsequently,
50 pL of a derivatization reagent (3-aminopyridyl-N-
hydroxysuccinimidyl carbamate in acetonitrile at a con-
centration of 1 mg mL™") was added to the sample,
and the mixture was incubated for 10 minutes at room
temperature.

For the detection of oxidative stress markers, we used
a liguid chromatography-electrospray ionization-tandem
mass spectrometry system consisting of an Accela 1250
pump, Open Accela autosampler, and a TSQ Vantage
mass spectrometer (Thermo Scientificc, USA). The
analytes were separated on a Gemini C18NX column
(150 % 2 mm x 5 pm; Phenomenex, USA) with a mobile
phase containing a 10-mM agueous solution of ammo-
nium acetate (solvent A) and acetonitrile (solvent B) in a
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gradient elution. The high-performance liguid chroma-
tography (HPLC) elution program was as follows: 70% A
(10 min) followed by 30% A (linear decrease over
15 min, held for 5 min) and 70% A (linear increase over
2 min, held for 8 min). The flow rate on the column was
200 uL min™", The column and sample temperatures were
maintained at 25 and 4°C, respectively. The injection vol-
ume was 10 pL. For the quantification of substances of
interest, the mass spectrometer was used in a negative
electrospray ionization mode (ESI™) and the triple quad-
rupole was set to a highly selective single reaction moni-
toring mode. The optimal conditions for the analysis
comprised a spray voltage of —3000 V, ion transfer tube
and HESI vaporizer temperatures of 350°C, a sheath gas
(nitrogen) pressure of 35 psi, and nitrogen as auxiliary
gas. The data were acquired and processed using the
Xealibur 2.20 software (Thermo Scientific. USA). The
detected markers were quantified using commercially
available standards thereof, ie, 8-iso-prostaglandin Fy,
(8-isoprostane); leukotriene By; Cysteinyl Leukotriene
HPLC Mixture I containing lenkotrienes Cy, Dy, and Ey;
8-hydroxy-2'-deoxyguanosine; 8-hydroxyguanosine; and
F-nitrotyrosine purchased from Cayman Chemical, USA
and 3-chlorotyrosine and ortho-tyrosine (o-Tyr) from
Sigma-Aldrich, Germany.

The multimarker screening was performed using a lig-
uid chromatography electrospray ionization-high-resolu-
Hon mass spectrometry system consisting of an Accela
600 pump, Accela autosampler, and an LTQ Orbitrap
Velos mass spectrometer (Thermo Scientific, USA). The
analytes were separated on a Gemini C18-NX column
(150 % 2 mm x 5 pm; Phenomenex, USA) with a mobile
phase containing a 10-mM aqueous solution of ammo-
nium acetate (solvent A) and acetonitrile (solvent B)in a
gradient elution. The HPLC elution was programmed as
90% A (5 min) followed by 10% A (linear decrease over
15 min, held for 10 min) and 90% A (linear increase over
5 min, held for 10 min). The flow rate on the column was
200 L min~", The column temperature was maintained
at 25°C and the sample temperature at 4°C, The injection
volume was 10 pL. The mass spectrometer was operated
in negative (ESI) or positive (ESI™) ionization modes
and in a full scan mode (100-2000 Da) with high resolu-
ton (>30000). The experimental conditions were as fol-
lows: a spray voltage of 2500 V/3000 V, ion transfer tube
and HESI vaporizer temperatures of 350°C, a sheath gas
(nitrogen) pressure of 35 psi, and nitrogen as auxiliary
gas. The data were acquired with the Xcalibur 2.2.0 soft-
ware (Thermo Scientific, USA). Using a control method
to compare the trend, the obtained chromatograms were
evaluated by the SIEVE 2.1 software (Thermo Scientific,
USA) set to the following parameters: a framing of 0 to
30 minutes, an m'z of 80 to 1000 Da, a frame time width
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of 0.5 to 1.5 minutes, an m/z width of 10 ppm, a threshold
of 10 to 100 k counts, and a frame maximum of 5 to
50 k counts. To identify molecules (metabolites) in the
selected frames, Human Metabolome Database® was
used.

3 | RESULTS AND DISCUSSION

3.1 | Raman optical activity

The ROA spectra of blood plasma (Figure 1) showed several
bands in the amide T (1630-1680 cm™; C=0 sretch of the
peptide bond) and extended amide 11T (1230-1350 em
in-phase combination of in-plane N—H and C.—H bends
with a small contribution of C,~N stretch of the peptide
bond) regions.*** The extended amide 11T region is of par-
ticular importance in ROA due to its very high sensitivity
to molecule geometry provided by the coupling between
N—H and C,—H vibrations.*® The negative-positive amide
I couplet at (—)1645 and (+)1674 cmi™* is characteristic of
proteins with prevailing a-helical conformation. With the
progression of the disease, we observed an intensity
increase within the negative 164 s-cm ' band. On the other
hand, extended amide NI bands at 1311 and 1345 cm™
exhibited lower intensities, as well as a change of relative
intensities. These vardations might be connected with the
destruction of pancreatic cells during different stages of
PC. Intensity and/or pattern changes of other spectral
bands were also observed, for example, within positive
bands at 898 and 945 cm ! that confirm the prevailing a-
helical conformation of plasmatic proteins,®® a negative
1248 e~ band reflecting more f-components,® or a neg-
ative band at 1442 em™" indicating aliphatic side chains,
The variations of these bands may demonstrate the disrup-
tion of serum albumin folding mechanism and/or
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FIGURE 1 Average Raman optical activity spectra of blood
plasma of patients with pancreatic cancer (red; n = 34) and
healthy controls (blue; n = 23)
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structure. The prominent positive bands at 1156 and
1517 em™" can be assigned to plasma carotencids, which
overlap with the bands of aromatic amino-acid residues.*”
In the case of PC patients, the significant intensity decrease
within these bands suggests enormous utilization of carot-
enoids to resist oxidative stress within the tumor-affected
tissue. The presence of oxidative stress during PC was
proved by metabolomics (see Section 3.6), in which signif-
fcantly elevated levels of oxidative stress markers were
detected, ie, 8-isoprostan and o-Tyr.

3.2 | Electronic circular dichroism

The average ECD spectra (Figure 2) are dominated by a
single positive band (192 nm) and 2 partially overlapping
negative bands (209, 222 nm), the slightly decreased
intensities of which were observed in the case of the PC
patients. These bands represent electronic transitions
of the peptide bond in proteins,™ and their intensities
and band shapes vary depending on the peptide back-
bone geometry.”™' The overall spectral pattern of the
ECD spectra is typical for proteins with a predominant
c-helical conformation®**” probably due to a high con-
tent of albumin, as an a-helical protein, in blood plasma
(~60% of total protein).®® Thus, lower band intensities
may correspond with partial albumin misfolding or the
decrease in albumin level during the development of PC
(Table 1).

3.3 | Raman spectroscopy

The average Raman spectma (Figure 3) show 3 pro-
nounced bands cormesponding primarily to the C—=C
and C=C vibrations of carotenoids (1006, 1156, and
1517 em™"). "% Although carotenoids are only present
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FIGURE 2 Awverage electronic circular dichroism spectra of blood
plasma of patients with pancreatic cancer (red; n = 34} and healthy
controls (blue; n = 23)
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FIGURE 3 Awverapge Raman spectra of blood plasma of patients
with pancreatic cancer (red; n = 34) and healthy controls (blue;
n=23)

in blood plasma at low mmentrarims;“ A4 resonance
enhancement of their band intensities oceurs with excita-
tion in the visible spectral range (532 nm)*** We
observed significant changes within the carotenoid bands,
lower Raman intensities of which were typical for the PC
patients. Moreover, in some stage IV samples, very low
intensity or even no carotenold bands were observed.
These findings supgest that carotenoids may play a role
in the development and progress of PC. Exhibiting strong
antioxidant properties, carotenoids are apparently used to
diminish the destructive impact of oxidative stress build-
ing up in the close proximity to the growing tumor. Other
spectral differences between the PC patients and healthy
controls were detected in the extended amide IIT region
(1230-1350 em™ ), arising from the combination of N—H
and C,~H bending vibrations of the peptide bond.**
The bands at 1270 and 1285 em ™" significantly decreased
in intensity within the patient spectra, which indicates a
major change in protein secondary structure and may
point to partial protein misfolding and the loss of their
correct biological function in the case of PC. Variatons
were also observed in the relative intensities of the 878/
855 em ™ and 758/747 cm™" bands that are connected
with the vibrations of protein side chains and also C—C
and C—N groups of the peptide backbone. As expected,
neither intensity nor shape variations were observed at
the 1657 cm ' band in the amide [ region representing
the C=0 stretch of the peptide bond. Further spectral
bands can be assigned to vibrations of glycoprotein moie-
ties (960 cm "), side chain CH, and CH, groups overlap-
ping with phospholipids (1450 cm™), tryptophan and
phenylalanine residues (1588, 1196, and 1006 cm ™" over-
lapping with carotencids).*” Changes within most of these
bands most likely reflect the differences between the
metabolic status of the PC patients and that of the healthy
controls.
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3.4 | Infrared spectroscopy

Figure 4 shows the average FTIR spectra dominated by
2 intense bands with their maxima at -1649 and
1547 em™". The intensity and shape of the 1649 cm™
band localized in the amide I region are significantly
influenced by the type and content of protein secondary
structure.® The second band at 1547 cm™ arises from
out-of-phase N=H in-plane bending and C,~N stretching
of the peptide bond, the so-called amide T1.°%*7 Slightly
lower intensities of both bands in the spectra of PC
patients may again indicate variations in the secondary
structure of plasmatic proteins. However, differences in
the spectral pattern were observed primarily within the
amide [ region. With the progression of PC, the band at
1649 cm™" with a shoulder at 1639 cm ™" broadened, gen-
erating a single band with a maximum at 1645 em™", Such
band shifting /broadening is evidence of a possible varia-
tion in the secondary structure and, thus, of the increas-
ing level of unordered or B-sheet segments in PC patient
plasma. Similar observations were made in the case of
other spectroscopies, which supgpests structural alterations
of plasmatic proteins connected with the pathological
processes during PC.

The spectra of patients and controls overlap in other
studied regions, eg, 1448 em~! (CH, and CH, bend of
phospholipids and protein side chains) and 1260 to
1390 cm™" (phospholipids overlapping with cholesterol
and COO™ stretch of proteins).*™

3.5 | Linear discriminant analysis

To detect all differences included in the spectra, some of
which could not be easily observed by the naked eye,
the obtained data sets were processed by means of

1649 1639
\;‘ 1547

002 -

Absorpance

] n 1 n
2000 1800 1600 1400 1200

Wavenumber | cm”

FIGURE 4 Average Fourler transform infrared spectra of blood
plasma from patients with pancreatic cancer (red; n = 34) and
healthy controls (blue; n= 23)
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statistical evaluation. Linear discriminant analysis was
performed using spectral bands (Table 2) that reflect pri-
marily protein secondary structure. The band selection
was based on the evaluation of correlation and covadance
matrces. The main aims of LDA were to differentiate the
PC patients from healthy controls by spectral pattern rec-
ognition, to assess the sensitivity and specificity of the
spectroscopic methods used, and to establish the reliabil-
ity of our statistical model.

Because the highly structure-sensitive chiroptical
spectroscopy provides additional information to the con-
ventional vibrational spectroscopy, we created a statistical
model that combines spectral data of all techniques used
{ROA, ECD, Raman, and FTIR). Prior to the combination,
statistical evaluation was carred out also for individual
spectroscopies (Figure 51 and Table 51) but provided
unsatisfactory results. The studied groups overlapped sig-
nificantly, causing inaccurate sample discrimination.
Although the highest sensitivity (~91%) was reached for
Raman spectroscopy, specificities for all individual
methods were rather low (~48-74%), which is insufficient
for clinical applications. In the combined model, the dif-
ferences in the FTIR spectra represented rather a draw-
back. We even found that the FTIR data acted merely as
an extra load in the statistical model, which caused a
slightly lower classification accuracy if compared to a
model excluding FTIR (Table S2). Therefore, the final
combined statistical model comprised only spectral data
acquired in ROA, ECD, and Raman.

Sample discrimination according to the clinical diag-
nosis is shown in Figure 5. To emphasize the differences
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ﬁ m“; * . g @
= = ] - ¥
cg; ‘l. h -
g -l?.
a i i i A
L] 20 40 &0 a0

{Mahalanobis distance)’ from patients

FIGURES Graphical representation of results of linear discriminant
analysis for the combination of Raman optical activity, electronic
ciroular dichroism, and Raman spectroscopies showing the
differentiation betwesn patients with pancreatic cancer (&; red,

= M) and healthy controls (@; blue, n = 23)

LDA results are plotted in squared Mahalanobis dis-
tances.™ The combined statistical model leads to signifi-
cant classification improvement in comparison with
individual technigues, and we observed good separation
ofthe PC patients from the control group, with the overall
accuracy exceeding 90%. The achieved results were
verified by leave-one-out cross-validation (Table 3), using
which 2 healthy controls were misclassified, vielding a
specificity of 91%. Three patients from the total of 34 were
not classified correctly (91% sensitivity), and thus, the
overall accuracy after cross-validation reached 91%. In

between individual samples and groups of samples, the  fact, the receiver operator characteristics curve
TABLE 2 Positions and assignment of spectral bands selected for LDA
Method Band Position Assignment
ROA 898 em™ WCC), WCN) Peptide backbone in proteins
1248 em™" &MN—H}, 8C—H) Amide II1 in proteins: unhydrated §-sheet
1311 em™! &CH) Proteins: hydrated a-helix
1345 em™ 1(CH,), S(CH) Proteins: unhydrated a-helix
1442 em™" CH,/CH, Protein side chains (overlap with phospholipids)
1645 em™! wWC=0) Amide [ in proteins
ECD 192 nm -t Peptide bond in proteins
209 nm et Peptide bond in proteins
222 nm nemt Peptide bond in proteins
Raman 758 cm™ & CH Jring Peptide backbone in protei ns/Trp
&78 em™" Skeletal Co—C, C—N Peptide backbone in proteins/Trp, Arg side chaing
1194 em™ & CH) Trp, Fhe
1270 em™ &N—H}, &C—H) Amide II1 in proteins
1285 em™" &MN—H}, 8C—H) Amide II1 in proteins
1588 em™! wWoC) Tyr, Tep, Phe
FTIR 1547 em™" WC,—N), SN—H) Amide 11 in proteins
1645 em™ wWC=0) Amide I in proteins

ECD indicates electromic circular dichmizm; FTTR, Fourer transform infrared; LIDA, linear discriminant analysis; ROA, Raman optical activity.
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TABLE 3 Confusion matrix from linear discriminant analysis
cross-validation for patients with pancreatic cancer and healthy
controls

From/ to Patient Control Total Correct
Patient 31 3 £y 91.2%
Control 2 21 23 913%
Total 33 24 57 91.2%
10 -
o
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FIGURE 6 Receiver operator characteristics curve (blue) for
linear discriminant analysis model after leave-one-out cross-
validation differentiating patients with pancreatic cancer and
healthy controls; area under the curve = (L985

(Figure 6) with an area under the curve of 0.985 con-
firmed a high reliability of the propesed statistical model.

3.6 | Metabolomic analysis

In the first step of metabolomics, we evaluated the levels
of clinically recognized markers,* which have not yet

been utilized in PC diagnostics (Table 4). The significantly
increased levels of tyrosine derivatives in PC patients, fe,
ortho-, chloro-, and nitro-tyrosine, demonstrated the pres-
ence of axidative and/or nitrosative stress,*® which is most
likely caused by plasmatic protein damage due to the
formation of highly reactive species during tumor growth,
Oxidative stress along with the disruption of phospho-
lipid membranes were also reflected by a higher level of
8-isoprostane®™*! in PC patients. In addition, we observed
a possible damage to penetic information, which was
indicated by a slight increase of 8-hydroxyguanosine
and 8hydroxydeoxyguanosine®™® in PC patients.
Although the differences within the leukotriene C/DVE,
cascade were negligible, the activation of the patient
immune s_',l-stem“3 was expressed by the considerably
increased level of leukotriene By, the primary inflamma-
tion marker**

The second aim of the metabolomic analysis was to
identify compounds, the presence or absence of which
may be regarded as a unique and typical sign of PC. The
detected metabolites were not quantified, yet we com-
pared the intensities of their corresponding m/z signals
(Figure 7). The vast majority of the identified metabolites
are involved in cell signaling, enerpy management, and
maintaining the integrity and/or stability of cell mem-
branes,** all of which are often impaired due to patholog-
ical states.

As lysophosphatidylcholine(20:5) is known for its
anticancer abilities,® the enormous m/z signal decrease
thereof in the PC patients indicated uncontrolled cell
proliferation, and tumor grcm.rlh.“ Furthermore, this
decrease may also reflect a major disruption of lipid
metabolism affecting primarily the lecithin-cholesterol
acyltransferase enzyme system in the liver. The almost
20-fold increased intensity of chenodeoxycholic acid in
patients confirmed a change in their metabolic status,
especially severe disturbances in sterol transport/

TABLE 4 Mean values of clinically recognized metabolomic markers assessed from blood plasma of patients with pancreatic cancer (n =5}

and healthy controls (n = 5)

Patient Control
Marker Clinical Significance [pg mL™" [pg mL™"]
Ortho-tyrosine Oxidative damage to amino acids 1209 95+ 8
3-Chlorotyrosine Myeloperoxidase-induced damage to proteins 87+ 8 62+ 6
3-Nitrotyrosine Mitrosative stress (NOs radical-induced protein damage) 9+9 49+ 5
&-Iso-prostaglandin Fy, Onddative stress, damage to phospholipid membranes S4%5 344
& Hydr gy -2 -deoxy guanosine Damage to genetic information in DNA 4%x5 49+ 5
B-Hydr oy guanosine Damage to genetic information in RNA 59+5 48+ 4
Leukotriene C/DJEs cascade Allergic reaction 41+ 4 45+ 4
Leukotriene By Inflammation 52+6 3442
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FIGURE 7 Awverapge intensities of the m/z signal of metabolites
identified in the blood plasma of patients with pancreatic cancer
(red) and healthy controls (blue). The error bars indicate standard
deviation

metabolism and in the modulation of lipid secretion, as
well as the presence of icterus (jaundice). Given the
potent toxic properties of this bile acid,*® the observed
signal intensities may also suggest a significant contribu-
tion to membrane disintegration in the case of PC.

The disruption of cell membrane function leading to
inflammation and immune activation was reflected by
docosahexaenoic acid and metabolites thereof (arachi-
donic, linoleic, and gamma-linolenic acids). Their
elevated intensities were detected in the blood plasma of
PC patients. Docosahexaenoic acid itself takes part in
the reduction of insulin resistance,* one of the main fac-
tors contributing to diabetes mellitus, which is closely
connected with PC. The arachidonic, linoleic, and
gamma-inolenic acids act as components of prostaglandin
metabolism, therefore having proinflimmatory  and
immunoactive properties. The production of prostaglandin
and leukotriene metabolites via cytochrome P450 pathway
is altered in diabetes and may be reflected for the most part
by changes in arachidonic acid levels.*® The inflammatory
response in PC patients was also confirmed by the presence
of sphingosine-1-phosphate, which regulates the produc-
tion of efcosanoids and the induction of cyclooxygenase-2.
Moreover, sphingosine-1-phosphate is involved in the
calcium signaling pathway, which i responsible for cell
survival, growth and praliferation.*®

The approximately 3-fold higher intensity of the m/z
signal was observed for decanoyl carnitine and hexadec-
2-enoyl carnitine within the patient group. As the fatty
acid metabolism may be disrupted during PC, these carni-
tines are unable to fulfill their biological function therein
and thus remain in blood plasma. However, acetyl-L-car-
nitine, another modulator of fatty acid metabolism,
showed more than 10-fold lower intensity in the case of
PC than in the control group. In fact, a dramatic depletion
of acetyl-L-carnitine was shown in diabetic individuals,®
which is in correlation with the basic idea of impaired
glucase tolerance in most PC patients.'*
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4 | CONCLUSION

Using a unique combination of chiroptical and vibrational
spectroscopies for the analysis of blood plasma, we have suc-
cessfully identified the spectral regions that are most likely
affected by the pathological processes of PC. According to
our cbservations, the most significant spectral differences
between the blood plasma of PC patients and healthy con-
trols occur in spectral regions primarily reflecting the
changes in protein secondary structure. In addition, we
found obvious spectral signs of the disruption of lipid metab-
olism that are presumably related to diabetes accompanying
and/or preceding PC. Moreover, the very low intensities of
carotenoid bands in the Raman spectra of PC patients might
be related to progression of the disease and thus considered
a spectral biomarker of PC. Statistical data analysis showed
good discrimination between the studied groups and con-
firmed the quality and reliability of the proposed model
(specificity and sensitivity exceeding 90%). The metabolo-
mics analyses confirmed significant changes on the cellu-
lar/molecular level leading especially to oxidative stress
and the disruption of lipid metabolism and energetic man-
apement during PC. Apart from the detection of dinically
recognized oxidative stress markers (8-soprostane and tyro-
sine derivatives), whose connection o cancer was proven in
several cases of lung or breast carcinomas, we also identified
molecules (lysophosphatidylcholine, decanoyl carnitine efc)
that have not yet been linked to PC. The achieved results
suggest that the uncommon combination of spectroscopy
and metabolomics has strong potential to establish a bio-
marker panel that would facilitate the diagnosis of PC.
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