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Abstrakt

Doktorska disertacni prace se zabyva korelaci morfologického,
imunohistochemického a molekuldrné-genetického nalezu v malignich nadorech slinnych
Z1az. V prvni ¢asti jsou shrnuty soucasné poznatky tykajici se salivarnich malignit. V druhé
Casti je prezentovan vlastni vyzkum.

Druha polovina disertacni prace se tykd primo vysledk( vlastniho vyzkumu a je
rozdélena do tfi ¢asti. V prvni ¢asti je predstavena metoda , dvoustupriového screeningu”
malignich ndador(, ktery ma za cil nalézt nové, doposud nepopsané genové aberace se
zamérenim na zhoubné ndadory slinnych Zlaz. Tato metoda probihd ve dvou na sebe
navazujicich krocich, kdy je material nejdfive vySetfen imunohistochemicky smési protilatek
nespecificky detekujici aberace v genech NTRK1-3, ALK a ROS1. Pozitivni pfipady jsou dale

podrobeny vysoce senzitivnimu i specifickému molekularné-genetickému vysetfeni metodou

masivniho paralelniho sekvenovani s pouzitim Archer kitu.

V druhé ¢asti vysledku je vypracovan postup pro cytologickou diagnostiku sekreé¢niho
karcinomu slinnych 7laz z tenkojehlové aspirace (FNA). V této casti je detailné popsana
cytomorfologie sekre¢niho karcinomu v natérech obarvenych dle Papanicolaoua i
v cytobloku, ze kterého jsou nasledné provedena dopliikovd imunocytochemickd a geneticka
vySetfeni. Vysledky dostupnych vySetfeni jsou dany do kontextu s kategorizaci dle
Milanského systému. Dale byl navrzen zakladni vySetfovaci panel protilatek, jehoz vysledky

podporuji diagndzu sekreéniho karcinomu.

V posledni casti jsou pak kratce komentovany tfi publikované ¢lanky, které se primo
tykaji tématu prdce. Jeden prvoautorsky ¢lanek publikovany v recenzovaném casopise
pojednava o pfinosu Milanského systému reportovani do rutinni cytologické praxe. Dale jsou
komentovany dva spoluautorské ¢lanky. Prvni se tyka dvou pripad( sekrecniho karcinomu
dutiny nosni. Druhy ¢lanek popisuje tfi pfipady svétlobunééného karcinomu, u kterych byla

objevena nova genova translokace EWSR1-CREM.



Summary

This doctoral thesis is dealing with the correlation of morphological,
immunohistochemical and genetical findings in malignant tumors of salivary glands. The first
half of the thesis comprises the summary of current knowledge about salivary malignancies.
The second half is presenting the research itself.

The research results are divided into three parts. The first part is presenting the
method of “2-step diagnostic test” of malignant tumors. This screening test aims to find
new, so far not described gene aberrations with a focus on malignant tumors of salivary
glands. This method takes place in two consecutive steps. In the first step the material is
examined by an immunohistochemical mixture of antibodies, which non-specifically detects
aberration in the genes NTRK1-3, ALK and ROSI1. In the second step all positive cases are
subjected to highly sensitive and specific molecular-genetic examination by the method of
next generation sequencing (NGS) using the Archer kit.

In the second part of the work there has been designed the approach to the
cytological diagnosis of salivary secretory carcinoma by the fine-needle aspiration (FNA). This
part is describing to the details the cytomorphology of secretory carcinoma in both, Pap
smears and cell blocks, from which additional immunocytochemical and genetic
examinations are performed. The results of available examinations are put into context with
the categorization according to the Milan system. Furthermore, we have designed a basic
antibody screening panel. Its results support the diagnosis of secretory carcinoma.

The last part comprises shortly commented three articles, which are directly related
to the topic of the thesis. One first-authored article published in a reviewed journal is
describing the contribution of the Milan reporting system to the routine cytology practice.
There are another two co-authorial articles. The first one is concerning two cases of
secretory carcinoma of the nasal cavity. Second article is describing three cases of clear cell

carcinoma harboring a newly discovered EWSR1-CREM gene translocation.
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Cile disertacni prace

Pomoci dvoustupriové screeningové metody hledat nové genové aberace
v karcinomech slinnych Zlaz.

Korelovat cytomorfologii sekrecniho karcinomu slinnych Zlaz s histomorfologii a
molekuldrné-genetickym profilem.

Nalézt vhodny zakladni imunocytochemicky panel protildtek podporujici diagnézu
sekre¢niho karcinomu z tenkojehlové aspiracni cytologie.

Aplikovat molekularné-genetické metody v cytologii slinnych Zl3z.

Kategorizovat vysledky tenkojehlové aspiracni cytologie sekreéniho karcinomu
slinnych Zlaz podle nového Milanského systému v zavislosti na dostupnych

pomocnych vysetfenich.



1. Uvod

Nadory slinnych zlaz jsou vzacné, predstavuji méné nez 1 % vSech malignit a na

vevys

Zebticku incidence nejcastéjsich malignit jsou celosvétové na 25. misté u muzl a na 24. misté
u Zen. Tento Zebfi¢ek kopiruje i stav v Ceské republice, kde jak u Zen, tak u muzi jsou
malignity slinnych Zlaz na 24. misté (obrazek 1) (1). PfestoZe jsou ndadory slinnych Zlaz
vzacné, predstavuji velmi problematickou skupinu nadorovych jednotek. Jednd se o velmi
heterogenni skupinu onemocnéni se znacné variabilnim histologickym nalezem.
Histomorfologické a imunohistochemické znaky se totiz v ¢etnych nddorovych jednotkach
vzajemné prekryvaji, coz komplikuje jejich diagnostiku. Nadory slinnych Zlaz jsou
charakteristické predevsim svou morfologickou variabilitou, kterd se miize projevovat i
v ramci jednoho tumoru, kdy se rliznd mista novotvaru strukturalné lisi, coZz znesnadnuje

diagnostiku predevsim z probatornich excizi.
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Obrazek 1 — Incidence a poradi jednotlivych onkologickych diagnéz u ¢eskych zen a muzl za

rok 2018. (Zdroj: Global Cancer Observatory)
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Vétsina nadorl vychazi z velkych slinnych Zlaz (obrazek 2): AZ 80 % vznikd v priusni
Zlaze, 15 % v podcelistni Zlaze a zbylych 5 % v podjazykové a v malych slinnych Zlazach, které
jsou rozptyleny v dutiné uUstni a hornim aerodigestivnim traktu (2). Az v75 % pripadl se
jednd o nadory benigni. Se snizujici se velikosti Zlazy, se zvysuje riziko vzniku malignity, které
s velikosti zZlazy obracené koreluje. To znamend, Ze zatimco u nador( vznikajicich z malych
slinnych Zlaz a sublingvalni Zlazy je riziko malignity 50-81 %, u submandibularni Zlazy je to
40-50 % a u nadorl vychdzejicich v priusni Zlazy je riziko malignity pouze 20-25 % nadoru

(3).

Parotid .,
Accessory gland gLt
parotid
gland: ™
Duct S

Sublingual

gland
5% Submandibular
gland
15%

Obrazek 2 — Topograficka anatomie velkych slinnych Zlaz a procentualni vyjadreni vyskytu

nadoru v jednotlivych slinnych Zlazach.

Naprosta vétSina nadorl se vyskytuje unilaterdlné a unilokuldrné. Bilaterdlni a
multicentricky vyskyt je Casty pro benigni Warthin(v tumor, ktery predstavuje az 70 % vsech
bilateralit slinnych Zlaz. Z malignich nador0 byly popsany pfipady oboustranného acinického

karcinomu (4).

Primarni nadory slinnych Zlaz jsou v naprosté vétsiné epitelidlniho pdvodu. Jen velmi
raritné jsou diagnostikovany nadory mezenchymdlni a hematologické. Z benignich
mékkotkanovych nadorli se vyskytuji predevsim hemangiomy, lipomy a schwannomy.
Sarkomy a jiné maligni mékkotkarnové tumory jsou pak extrémné vzacné a je nutné je odlisit

od jinych sarkomatoidné vyhlizejicich malignit (5). Z hematologickych malignit se pak
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setkavame cCastéji s primarnim postizenim nehodgkinskymi lymfomy z B-bunék. Konkrétné se
pak nejcastéji vyskytuje extranodalni lymfom z B-bunék marginalni zény, tzv. MALT lymfom,
ktery vznikd predevsim vterénu Sjogrenova syndromu (6, 7). Metastatické sekundarni
nadory slinnych Zlaz predstavuji zhruba 5 %. Naprosta vétSina metastdz je lokalizovana
v pfiusni Zlaze a az v 80 % je primarni nador nalezen v oblasti hlavy a krku. Opacné je tomu
v pfipadé submandibuldrni Zlazy, kde az 85 % metastaz pochazi odjinud neZ z oblasti hlavy a
metastazovat prakticky kazdy nador tvofici vzdalené metastdzy. Nejcastéji jsou pritomny
metastazy dlazdicobunéénych karcinomu klize a z oblasti horniho aerodigestivniho traktu,
dale pak maligniho melanomu ¢i nddory majici primarni origo v prsu, plicich nebo ledvinach
(8, 9, 10, 11). Urceni primarniho origa bez pouziti imunohistochemického vysetreni je
v nékterych pripadech prakticky nemozné, coz plati dvojndsob predevsim pfi cytologickém

vySetfeni nadoru (12).

Pric¢iny vzniku nadoru slinnych Zlaz nejsou zcela presné objasnény. Jednoznacné byl
prokdzan pouze vliv ioniza¢niho zareni na vznik malignity obecné a koureni tabakovych
vyrobk(l na vznik benigniho Warthinova tumoru (13). Ddle byl popsan endemicky vyskyt
lymfoepitelialniho karcinomu slinnych Zlaz v souvislosti s infekci Epstein-Barrové virem (EBV),
kterd je rozSifena predevsim v Asii (14, 15). Jinak se mezi rizikové faktory vzniku nador( této
lokality uvadéji noxy majici kauzalni souvislost obecné se vznikem vSech nador(. Jsou jimi
vyssi vék, Zivotni styl, strava i expozice nejriznéjSim chemikdliim. Pomérné hojné
debatovand byla i souvislost vzniku  zhoubného nadoru slinnych  Zlaz

s dlouhodobym pouZivanim mobilnich telefond, ani to se viak neprokazalo (16).

Z hlediska prognézy, jsou urcujicimi faktory predevsSim klinické stadium, dale
lokalizace a histologicky typ nadoru a pfitomnost ¢i nepfitomnost rliznych genovych aberaci.
Obecné maiji horsi progndzu malignity lokalizované v submandibularni Zlaze, nebot je zde
vySsi incidence recidiv a metastaz nez pro histologicky stejné nadory lokalizované v pfiusni
Zlaze (17). Pétileté preziti od doby prvni diagnézy maligniho nadoru slinnych Zlaz je 72 %.
Toto Cislo se vSak méni v zavislosti na histologickém typu a pokrocilosti nadoru v dobé
diagndzy. Pro stage | je pétileté preziti az 91 %, pro stage Il 75 % a pro pokrocila stadia stage
Il a IV je pétileté preZiti v rozmezi 39-65 % (18). Méné neZ polovina (43 %) pfipadud je

diagnostikovana ve stadiu | nebo Il, tedy v asném stadiu, kdy se nador nesifi mimo
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parenchym zlazy. Z histologického hlediska se maligni naddory dale déli do tfi zakladnich
kategorii: low-grade (LG), intermediate-grade (IG) a high-grade (HG). Progndza pro LG
maligni nadory je excelentni a az 93 % pacient( preziva 10 let od prvni diagndzy. Naproti
tomu 10 let od prvni diagnézy HG malignity pfeZzivd méné nez polovina pacient(l. Pro nadory

z kategorie |G je desetileté preziti 61 %.
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2. Obecna specifikace nadori slinnych zlaz

2.1. Epidemiologie

Zhoubné nadory slinnych Zlaz jsou velmi vzacné. Podle nejnovéjsich statistik Global
Cancer Observatory (GCO) (1) bylo v roce 2018 nové diagnostikovano 18 078 957 zhoubnych
nadoru, z toho 52 799 pochazelo ze slinnych Zlaz (ICD-O kédy CO7 a C08), coz predstavuje
pouze 0,3 % a v podskupiné malignit oblasti hlavy a krku je to 3-5 %. Vice nez polovina
malignich nadorl (51,8 %) byla diagnostikovdna v Asii, v Evropé to byla téméf pétina
pfipadl (18 %). V dusledku tohoto onemocnéni zemrelo celosvétové 22 176 (42 %), opét
nejvice v Asii (56,3 %). Bez ohledu na pohlavi a vék bylo vramci Evropy za rok 2018
diagnostikovdano 9 487 novych pfipadd ZN slinnych Zlaz, v disledku této nemoci zemrelo
5 let. Nejvyssi incidence ZN slinnych 713z je ve Svédsku, kde dosahuje aZ 4,9 novych piipadd
na 100 000 obyvatel. Nadory slinnych Zldz se mohou vyskytovat v kazdém véku vcetné
détského, avsak nejvice jsou diagnostikovany pacientlim ve vysSich vékovych kategoriich.
Benigni nddory jsou nejcastéji diagnostikovany v 5. a 6. dekddé, zatimco maligni nadory jsou
Castéjsi ve vyssi vékové kategorii, mezi 6. a 7. dekadou (obrazek 3). Primérny vék, kdy je

malignita slinnych Zlaz diagnostikovana, je 64 let (18).

16
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10+

Incidence per 100,000

1 1
-14 15-24 25-34 35-44 45-54 55-64 65-74 75+
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M Benign + Malignant

go. ™ » @ @
T

Obrazek 3 — Graf incidence benignich a malignich nadora slinnych Zlaz v souvislosti s vékem.

Celkové bylo v Ceské republice podle GCO v roce 2018 diagnostikovdno 65 456
novych zhoubnych onemocnéni rdznych lokalizaci, coz odpovida incidenci 616 novych

pfipadd na 100 000 obyvatel (684 na 100 000 muz{i, 550 na 100 000 Zen). Tato ¢isla fadi CR
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na 19. misto na svété z hlediska incidence vyskytu vSech malignich novotvar(i vietné
nemelanomovych zhoubnych nadord kize. Mortalita v roce 2018 ¢inila 26 980 umrti, coz

odpovida 253 zemFelym na 100 000 obyvatel CR (284 na 100 000 muz(, 224 na 100 000 Zen)
(1).

Incidence zhoubnych novotvarG slinnych #laz je v Ceské republice 17. nejvy3si ve
svété a 8. v Evropé (obrazek 4). V CR bylo za minuly rok 2018 podle GCO diagnostikovano
148 novych pfipadd ZN slinnych Zlaz, pficemz 84 pripad( byli muzi a 64 pfipadl byly Zeny.
Incidence se souhrnné pohybuje okolo 1,4 novych pfipadd na 100 000 obyvatel za rok (1,6 na
100 000 muzl, 1,2 na 100000 Zen). Zhoubné novotvary slinnych Zlaz se lehce castéji
vyskytuji u muzd nez u Zen. Incidence prepocitana na celosvétovy vékovy standard (ASR-W)
je 0,66 na 100 000 obyvatel a mortalita prepocitana na celosvétovy primér je 0,24 na

100 000 obyvatel (1).

Estimated crude incidence rates in 2018, salivary glands, both sexes, all ages

Sweden

Finland

Cuba

Dominican Republic
Jamaica

France, New Caledonia
Canada

Hungary

Italy

Belgium

France

Latvia

United States of America
Rwanda

Japan

Puerto Rico

Czechia
Haiti Incidence 1.4

Czechia

Bosnia and Herzegovina
Spain

0 110 ZjO 3?0 4‘.0 5‘.0
Crude rate
Obrézek 4 — Zebtitek statli s nejvyssi incidenci malignich nador( slinnych #laz. (Zdroj: Global

Cancer Observatory)

Z poslednich udaji Ustavu zdravotnickych informaci a statistiky CR (UZIS), které jsou
dostupné z roku 2016, je patrné, Ze incidence ani mortalita nezaznamenala vétSich vykyvu
v Casové ose (19). Data jsou dostupna pro ZN parotické slinné Zlazy (C07) a ostatnich slinnych
714z (CO8) separatné. Podle nejaktudlngjsich udajd UZIS byla za rok 2016 incidence pro
diagnézu ZN parotické Zlazy (CO7) 0,98 na 100 000 obyvatel a mortalita cinila 0,44 na
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100 000 obyvatel. Pro ZN jinych a neurcenych slinnych Zlaz (CO8) byla incidence 0,38 na
100 000 obyvatel a mortalita ¢inila 0,17 umrti na 100 000 obyvatel (obrazek 5). V absolutnich
Cislech to reprezentuje 104 pripadl ZN parotické Zlazy a 40 pripadl ZN jinych a neurcenych

slinnych Zlaz (19).
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Obrazek 5 — Incidence a mortalita ZN slinnych #I4z v CR mezi lety 1977 a 2016. (Zdroj: UZIS)

Vékova struktura pacientll se ZN parotické Zlazy i ostatnich slinnych Zlaz je témér
identicka (obrazek 6). Riziko vzniku ZN slinnych Zlaz stoupa s vékem. Vice nez polovina
pripadl se vyskytuje ve vékové skupiné 60 az 84 let pro ZN parotis (CO7). Pro ZN jinych

slinnych Zlaz (C08) se vice neZ polovina pfipadu vyskytuje ve vékové skupiné o 5 let mladsich

16



pacient(, tedy 55 az 79 let. Maximum vyskytu je u obou diagnoz ve véku 65-69 let, kdy je
diagnostikovano témér 14 % vSech pripadu, poté incidence opét klesa. V détském véku je
vyskyt ZN slinnych 7laz vzacny. V CR bylo zaznamenano 6 pFipad maligniho novotvaru
parotické 7lazy u déti mladsich 10 let. V této vékové kategorii nebyl v CR zaznamendan adny

ptipad ZN ostatnich slinnych (19).
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Obrazek 6 — V&kova struktura pacient( se ZN slinnych #laz v CR. (Zdroj: UZIS)
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Souhrnna epidemiologicka data tykajici se zhoubnych novotvarl slinnych Zlaz jsou

uvedena v tabulce 1 (tabulka 1).

Parametr

Incidence
Celkovy pocet salivarnich ZN diagnostikovanych v roce 2018 52 799
Pocet ZN na 100 000 obyvatel ve svété 0,69
Pocet ZN na 100 000 obyvatel v Evropé 1,3
Pocet ZN na 100 000 obyvatel v CR 1,4
Poradi CR z hlediska vyskytu ZN slinnych ?laz: celosvétové/v Evropé 17./8.
ASR (World) 0,66
Poradi ZN slinnych Zlaz mezi vsemi ZN 30.

Mortalita
Celkovy pocet zemrelych v souvislosti s ZN slinnych Zlaz v roce 2018 22176
Pocet Umrti na 100 000 ve svéte 0,29
Pocet umrti na 100 000 v Evropé 0,54
Pocet Umrti na 100 000 v CR 0,56
Poradi CR z hlediska mortality: celosvétové/v Evropé 20./15.
ASR (World) 0,24
Poradi mezi ZN jako pfic¢ina umrti v roce 2018 30.

Prevalence (pacienti Zijici 5 let od diagndzy ZN slinnych Zlaz)
Celkovy pocet pacient( Zijicich s diagnézou ZN slinnych Zlaz v roce 2018 123 460
Pocet pacientt Zijicich s diagndzou ZN slinnych 71az v roce 2018 v Evropé 24 890
Pocet pacientd Zijicich s diagnézou ZN slinnych #1az v roce 2018 v CR 393

Tabulka 1 — Souhrnna epidemiologicka data tykajici se ZN slinnych Zlaz. (Zdroj: Global Cancer

Observatory)

Incidenci jednotlivych histologickych typl nadorl slinnych Zlaz je obtizné stanovit
presné, protoze vysledky rlznych studii ptichazeji s odliSnymi Udaji v zavislosti na zemépisné
poloze a rase (tabulka 2). Dle WHO 2017 je nejcastéjsim zhoubnym novotvarem velkych i
malych slinnych Zlaz mukoepidermoidni karcinom, ktery predstavuje 30-35 % vsech
zhoubnych nador( slinnych Zlaz. Mukoepidermoidni karcinom je téZ nejcastéjsim malignim
nadorem détského véku a vyskytuje se nej¢astéji ve skupiné nemocnych, ktefi byli v détském
véku vystaveni kombinaci chemoterapie a radioterapie (20, 21). Na dalSich pozicich je

z hlediska vyskytu zhoubnych novotvar( slinnych Zlaz adenoidné cysticky karcinom (20 %),
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karcinom ex pleomorfni adenom (10-15 %), polymorfni adenokarcinom (10-15 %) a acinicky

karcinom (10 %), pficemZ pokud jsou brany v Uvahu pouze velké slinné Zlazy, acinicky

karcinom je druhym nejcastéjSim zhoubnym nadorem.

Studie Stat Pocet pripadut Obdobi Nejcastéjsi | Vyskyt | Vyskyt

ve studii/pocet ZN ve studii | MEC ADC
ZN (%) (%)

Vuhahula EA, Uganda 268/125 1979-1988 ADC 20,3 29,3

2004 (22)

Toida M, Japonsko 82/27 1979-2003 ADC 37 29,6

2005 (23)*

Subhashraj K, Indie 684/262 1991-2006 ADC 19 25

2008 (24)

Bjgrndal K, Dansko 871/871 1990-2005 ADC 15,7 25,6

2011 (25)

Buchner A, USA 380/156 1986-2005 MEC 35 15,4

2007 (26)*

Jones AV, Velka 741/260 1974-2005 MEC 32,7 23,8

2008 (27) Britanie

Abrahdo AC, Brazilie 170/81 1942-2012 MEC 28,8 24

2016 (28)*

Gao M, Cina 7190/2536 1963-2012 MEC 29,6 28,9

2017 (29)

Tabulka 2 — Vybrané pocetné studie nadord slinnych Zlaz z rlznych kontinent(, které

demonstruji odliSnosti ve vyskytu nejcastéjsich zhoubnych nador( slinnych Zlaz. *Intraoralni

tumory malych slinnych Zlaz.
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https://www.ncbi.nlm.nih.gov/pubmed/?term=Vuhahula%20EA%5BAuthor%5D&cauthor=true&cauthor_uid=15126188

2.2. Klinické ptriznaky

Klinické pfiznaky jsou rozdilné podle lokalizace a povahy tumoru. Nachazi-li se nador
ve velkych slinnych Zlazach, projevuji se jak benigni, tak maligni nddory nejcastéji
nebolestivou hmatnou rezistenci, eventualné i viditelnym jednostrannym zdufenim v oblasti
postizené Zlazy (obrazek 7A). Benigni nadory se takto mohou projevovat i nékolik let a
pacientovi prakticky necini vétsi obtize az do doby, neZ expanzivné rostouci nador preroste
do rozmér(l. Objevi-li se paréza licniho nervu periferniho typu, je to témér vidy znamkou
zhoubného nadoru, ktery se perineuralné propaguje, coz mize zpUsobovat bolest. Tento
symptom je vyznamnym negativnim prognostickym faktorem. Klze v oblasti tumoru muze
byt téZ zarudla a fixovand k nadoru. Diagnostické obtize Casto zpUsobuji LG malignity jako je
acinicky a LG mukoepidermoidni karcinom, které se klinicky manifestuji pravé jako
nezhoubné nadory. Nejcastéjsim priznakem nador( malych slinnych Zlaz, které jsou vétsinou

maligni povahy, jsou ulcerace sliznice rizné velikosti (obrazek 7B).

Obrazek 7 — A: Tumordzni zdureni v oblasti Uhlu mandibuly; B: Rozsahla ulcerace sliznice

patra zplsobenda malignim nddorem malych slinnych Zlaz.
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2.3. Diagnostika

Zakladem diagnostiky je odebrani peclivé osobni anamnézy, ve které je dllezitym
udajem délka trvani obtizi a zda pacient pocituje bolest ¢i zmény citlivosti v postiZzené oblasti.
Z délky trvani symptom0 se lze jiz domnivat, zda se jednd o zhoubny &i nezhoubny nador,
nebot pravé nezhoubné nadory maji tento Udaj mnohem delsi neZ nadory zhoubné. Z
fyzikdlnich vysetfeni je pak pohledem moZno zhodnotit stranovou asymetrii a pohmatem
konzistenci tumoru, jeho orientacni velikost, pohyblivost v(ci spodiné a kiZi, eventudlné i
pfitomnost fluktuujiccho obsahu. Nutno neopomenout palpacéné vysSetfit i spadové
lymfatické uzliny, které jsou predevSim preaurikularné, podél juguldrnich Zil a

supraklaviklarné (obrazek 8).

pamtid nodes

ocoipital

nodes
parotid gland

cervical
nodes
submental nodes

submandibular nodes

supraclavicular nodes

clavicle

Obrazek 8 — Spadové lymfatické uzliny hlavy a krku.

2.3.1. Zobrazovaci metody

Ultrasonografické vysetieni (USG) (obrazek 9A) je vzhledem ke své dostupnosti
nejvyuzivanéjsi zobrazovaci metodou v diagnostice nadort slinnych zZlaz. Vzhledem k tomu,
Ze je vySetieni nebolestivé a pacient neni vystaven radiacni zatézi, je toto vySetreni pro
pacienta témér nezatézujici. USG vysetfeni ma vysokou senzitivitu, avSak nizkou specificitu
pro diagnostiku konkrétniho typu nadoru. Dobfe odlisi Iézi cystickou od solidni, 1ézi dobre
ohrani¢enou od infiltrativné rostouci a s uzitim Dopplerovského zobrazeni je mozino
zhodnotit prokrveni léze. Sonograficky lze obdobnym zplsobem téz zhodnotit eventudlni
postizeni spadovych lymfatickych uzlin. Sonograficka kontrola je dale hojné vyuzivana pfi
odbéru diagnostického materidlu k cytologickému (FNA), eventudlné bioptickému vysetreni
(CcB).
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Az v dalSim kroku, kdy neni jasny rozsah tumoru ¢i vztah k okolnim strukturam, se
pfistupuje k sofistikovanéjSim zobrazovacim metodam, jako je pocitatova tomografie (CT),
nebo magneticka rezonance (MRI) (obrazek 9B a 9C). | pfes ¢asovou i financni narocnost se
zpravidla ddva prednost MRI a k CT vySetfeni se pro nizky kontrast mékkych tkani pfistupuje
az u pacientd, kde nelze MRI provést, nebo je nutno zhodnotit ptipadnou infiltraci kosti (30).
Obé metody jsou vhodné k urceni lokalni pokrocilosti a zhodnoceni pritomnosti regionalnich
i vzddlenych metastaz, k éemuz se vyuzivaji predevsim v kombinaci s pozitronovou emisni
tomografie PET/CT, eventudlné PET/MRI, pfi které je nitrozilné podan radioaktivni zafic,

nejéastéji se vyuziva fluorodeoxyglukdza (FDG) znadend radioizotopem 8F (obrazek 9D).
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Obrazek 9 — A: Ultrasonografické vySetfeni Warthinova tumoru parotis; B: MRI vysetfeni
Warthinova tumoru parotis; C: CT vySetfeni oboustranného Warthinova tumoru parotis; D:

PET/CT vysetfeni Warthinova tumoru parotis.
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2.3.2. Cytologické vysetreni

Nedilnou soucasti pfedoperacéni diagnostiky je dnes jiz rutinné zavedené cytologické
vySetfeni salivarni léze. Jednd se o vySetfeni provadéné metodou tzv. tenkojehlové aspiracni
cytologie/biopsie (FNAB/FNAC). Principem FNA je proniknuti jehly celou tloustkou tumoru a
nasati dostacujictho mnoZstvi nadorovych bunék do sttikacky a jejich ndsledné zpracovani
k cytologickému vysetreni (obrazek 10A). Idedlné se k aspiraci uzivad jehla (22-25 gauge)

pfipojena ke stfikacce s drzakem, ktery usnadnuje aspiraci (obrazek 10B).
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Obrazek 10 — A: Schematické znazornéni priniku jehly do patologického loZiska; B: 25G silna

jehla pFipojena ke stfikaéce o objemu 10 cm? s drzdkem usnadfiujici aspiraci bunék. (Zdroj:

The Milan System for Reporting Salivary Gland Cytopathology)

Vlastni postup pfi odbéru materialu se lehce lisi u 1ézi, které jsou dobre palpovatelné
a u lézi, které jsou malych rozméra nebo hluboko uloZené, a proto nehmatné. V téchto
pfipadech se uzZiva ultrazvukem navadénd FNA, ktera umoZni presné zaméreni léze.
Vzhledem k histologické heterogenité nadord slinnych Zlaz je na misté, aby po proniknuti
jehly do centra léze byl materidl aspirovan z vice punkénich kanal(i a byla tak zajiSténa
maximalni diagnosticka vytéZnost vysetreni. Tento postup je dllezZity predevsim pfi vySetreni

cystickych lézi, u kterych je riziko nediagnostického vzorku nejvyssi.

Hodnoty senzitivity a specificity vySetfeni FNA vySetfeni jsou velmi vysoké. Senzitivita

a specificita vztahuijici se k odliSeni nddorové od nenddorové léze ¢ini 79-100 %, respektive
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71-100 %. Stejné tak odliseni benigni od maligni léze dosahuje vysokych cisel 81-100 %.
Naproti tomu urceni specifického histologického typu nddoru kolisd mezi 48 % a 94 %.
Takovyto rozptyl je dan predevSim tim, Ze nejCastéjsi diagndzou, kterou cytopatolog
diagnostikuje, je pleomorfni adenom a Warthinlv tumor, s jejichz rozpoznanim nebyva
vétsich problému a specificita tedy dosahuje az 100 %. Naproti tomu specificita urceni typu
tumoru vyrazné klesda pfi diagnostice jinych histologickych typl neZ je pleomorfni adenom a
WarthinGv tumor (31). To je dano predevSim vyraznym morfologickym prekryvem

jednotlivych histologickych typt malignich nadoru slinnych Zlaz.

2.3.2.1. Interpretace cytologickych ndlezu: The Milan System for Reporting Salivary Gland

Cytopathology

Pocdtkem roku 2018 byl publikovdn novy klasifikacni systém stanovujici jednotna
pravidla cytologické diagnostiky lézi slinnych Zlaz. Prace na tomto klasifikacnim systému
zapocaly vroce 2015 na Evropském cytologickém kongresu v Milané. Proto dostala tato
klasifikace nazev The Milan System for Reporting Salivary Gland Cytopathology (MSRSGC),
v ¢estiné pak Milansky systém reportovani cytologii slinnych Zlaz. Tento systém navazuje na
jiz zavedené Bethesda systémy pro cytologickou diagnostiku stitné Zlazy ¢i délozniho Cipku a
na Pafizskou klasifikaci pro cytologie moce. Pred prijetim Mildnského systému nebyla v
béZné praxi pouzivand jednotna klasifikace ani nomenklatura cytologickych ndlez(i u lézi
slinnych Zlaz. Jednotliva pracovisté a nékdy dokonce i lékati v ramci oddéleni, méli vlastni
zpUsob reportovani ndlez(. Néktera oddéleni uzivala zastaralou Papanicolaouovu klasifikaci,
nebo byl protokol pouze deskriptivni bez kategorizace nalezu, coz bylo pro klinika ¢asto
matouci. Nomenklatura téZ nebyla sjednocena a ¢asto byla pouzivana nevhodna histologicka
terminologie. Tyto nesrovnalosti a nesourodosti feSi pravé Milanskd klasifikace, kterd

prichazi s jednotnou nomenklaturou a strukturou reportovani cytologickych naleza.
Milanska klasifikace popisuje Sest diagnostickych kategorii: nediagnosticka,
nenadorova, atypie nejistého vyznamu (AUS — Atypia of Undetermined Significance), benigni

nadory, suspektni z malignity a maligni (tabulka 3) (32).V ndvaznosti na jiz zavedené

cytologické klasifikacni systémy vydava i Milanskd klasifikace klinickd doporuceni dalSiho
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postupu pro kazdou kategorii a procentudlni vyjadieni miry rizika malignity pro jednotlivé
kategorie systému. Tyto aspekty délaji z Milanské klasifikace ucinny diagnosticky nastroj,

ktery je vhodné zaclenit do rutinni diagnostiky |ézi slinnych Zlaz na vSech pracovistich.

Diagnosticka kategorie Riziko Doporuceny klinicky postup
malignity (%)

I. Nediagnosticka 25 Nutna klinicko-patologicka a
radiologicka korelace nebo opakovat
FNA
Il. Nenadorova 10 Sledovani a radiologicka korelace
lll. Atypie nejistého vyznamu (AUS) 20 Opakovat FNA nebo operovat
IV. Nadory
A. Benigni <5 Sledovat nebo operovat
B. Salivarni nadory s nejistym 35 Vidy operovat

malignim potencidlem (SUMP)

V. Podezfeni z malignity (SM) 60 Vidy operovat

VI. Maligni 90 Vidy operovat

Tabulka 3 — Diagnostické kategorie MSRSGC spolecné s procentudlnim vyjadienim miry rizika

malignizace a doporucenym klinickym postupem (32).

2.3.3. Bioptické vysetreni

Vedle FNA Ize vramci predoperacniho vysetfeni patologickych loZisek nador(
slinnych Zlaz vyuzit téZ metodu core-cut biopsie (CCB/CNB), kterou je mozZno ziskat
dostatecny materidl pro histologické, imunohistochemické ¢i genetické vysetfeni. Tato
metoda je sice diagnosticky vytézinéjsi, ale ve srovnani s FNA je vétsi riziko komplikaci
spojenych s odbérem (33). Mezi tyto komplikace patfi predevsim riziko poranéni licniho
nervu, implementace malignich nddorovych bunék podél punkéniho kanalu, riziko zaneseni
infekce, eventualné iatrogenné indukovana nekréza nadoru (32). Tyto komplikace se u FNA
vyskytuji v mnohem mensi mife. Dal$i metodou pro ziskdni tkané k bioptickému vysSetieni je

probatorni excize, ktera je z hlediska mnozstvi tkané jesté prinosnéjsi nez CCB.
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Po evaluaci predoperacnich vysetfeni je v pfipadé prokdzané neopldzie pacient
indikovan k chirurgickému zakroku rlizného rozsahu podle charakteru léze, tzn. enukleace,
excize, Ci resekce tumoru. Vyoperovany material je standardné fixovan v pufrovaném 4%
formaldehydu po dobu minimalné 24 hodin, makroskopicky popsan a rutinné zpracovan k
histologickému vysSetreni. Bézné jsou vzorky barveny hematoxylinem-eosinem (HE), az
vdals$im kroku lze do diagnostického postupu zahrnout i doplikové vySetieni

imunohistochemické ¢i molekularné-genetické.
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2.4. Histologické typy nadoru slinnych zlaz

Nadory slinnych Zlaz jsou velmi rozmanitou a komplikovanou skupinou neoplazii,
nebot jejich morfologie je znacné variabilni a nékteré, predevsim maligni nddorové jednotky
se do jisté miry vzajemné prekryvaji jak v histologickém, tam imunohistochemickém obraze.
To v praxi znamena, Ze nékteré histomorfologické a imunohistochemické charakteristiky jsou

sdileny rdznymi nadorovymi jednotkami.

Svétova zdravotnickd organizace (WHO) rozliSuje v nejaktudlnéjsim vydani Klasifikace
nadord hlavy a krku 21 histologickych typl malignich salivarnich nadort, které maiji

specificky onkologicky ICD-O kéd (tabulka 4) (34).

Maligni tumor ICD-0
Mukoepidermoidni karcinom (MEC) 8430/3
Adenoidné cysticky karcinom (ADC) 8200/3
Acinicky karcinom (ACC) 8550/3
Polymorfni adenokarcinom (PAC) 8525/3
Svétlobunécny karcinom (CCC) 8310/3
Basocelularni karcinom (BC) 8147/3
Intraduktalni karcinom (IC) 8500/2
Adenokarcinom, NOS 8140/3
Salivarni duktalni karcinom (SDC) 8500/3
Myoepitelidlni karcinom 8982/3
Epitelialné myoepitelidlni karcinom 8562/3
Karcinom ex pleomorfni adenom (CaexPA) 8941/3
Sekrecni karcinom (SC) 8502/3
Sebacedzni adenokarcinom 8410/3
Karcinosarkom 8980/3
Spatné diferencovany karcinom

Dediferencovany karcinom 8020/3

Velkobunéény neuroendokrinni karcinom 8013/3

Malobunéény neuroendokrinni karcinom 8041/3
Lymfoepitelidlni karcinom 8082/3
Skvamocelularni (dlazdicobunécény) karcinom 8070/3
Onkocyticky karcinom 8290/3

Tabulka 4 — WHO histologicka klasifikace nador slinnych zlaz 2017 (34).

NejcastéjsSim malignim ndadorem slinnych zldz je dle WHO mukoepidermoidni
karcinom (MEC) (8430/3) (35). MEC vychazi z pfiusni zlazy a malych slinnych Zlazek sliznice

patra a bukalni sliznice a je nejcastéjsi intraordlni salivarni malignitou. MEC je téz
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nejcastéjsim malignim nadorem déti a pacientd, ktefi byli v détském véku lé¢eni kombinaci
chemoterapie a radioterapie (20, 21). Histologicky se tumor sklada ze tfech typl bunék:
epidermoidnich, mucindznich a intermedidrnich. Pro diagnézu MEC je nutny prikaz extra- a
intracelularniho mucinu, ktery je prokazatelny specidlnim barvenim, napf. mucikarminem,

alcidnovou modfi ¢i metodou PAS (periodic acid Schiff).

Dle soucasné klasifikace WHO 2017 je MEC histologicky variabilni a dle prevladajiciho
bunécného typu se déli do tfi stupnt diferenciace (grade) (35). Nizce maligni (low-grade, LG)
MEC je definovan jako dobfe ohrani¢eny cysticky tumor s pfevahou mucindznich bunék a jen
s lehkymi bunécnymi atypiemi (obrazek 11). Stfedné diferencovany (intermediate-grade, 1G)
MEC je hlre ohranicen, méné cysticky s vétsSim podilem solidni komponenty a mensim
poctem mucindznich bunék. Nizce diferencovany (high grade, HG) MEC je charakterizovan
solidni strukturou s prevahou epidermoidnich a intermediarnich bunék, které mohou byt
vyrazné polymorfni a vykazuji vysokou mitotickou i prolifera¢ni aktivitu (36). Pfitomnost
nekréz, perineurdini a lymfovaskuldrni invaze ¢i invaze do prilehlé kosti je podle
modifikovaného systému dlvodem pro upgradovani nadoru (37, 38). Histologicky grade je
jednim z dualezZitych prognostickych ukazatell, nebot vice neZ polovina pacientll s HG MEC

neprezije 5 let od prvni diagndzy (39).

Obrazek 11 — Low-grade MEC sloZzen prevainé z mucindznich bunék utvarejici tubuldrni
struktury a bunék intermedialnich a epidermoidnich.
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V praxi se pro grading MEC uplatniuje predevsim skdérovaci systém dle AFIP (37) a jeho
modifikace podle Brandweinové (38), které jsou porovnany v tabulce 5 (tabulka 5). Oba
systémy se lehce lisi interpretaci celkového skére. Podle AFIP systému jsou jako low-grade
tumory povazovany ty MEC, které v konec¢ném souctu dosahuji 0—4 bodd, jako intermediate-
grade tumory dosahujici 5-6 bod( a jako high-grade tumory jsou hodnoceny MEC, které
dosahnou vice nez 7 bod(. V modifikovaném systému dle Brandweinové je bodové rozmezi 0

bodl pro low-grade MEC, 2—-3 body pro intermediate-grade MEC a vice nez 4 body pro high-

grade MEC.
AFIP systém Body | Systém dle Brandweinové Body
Intracysticka komponenta < 20 % 2 Intracysticka komponenta < 25 % 2
Neuralni invaze 2 Perineuralni Siteni 3
Nekroza 3 Nekroza 3
>4 mitdzy na 10 HPF 3 > 4 mitdzy na 10 HPF 3
Pleomorfie bunék a jader 4 Nuklearni atypie 2
Invaze tumoru v malych hnizdech 2
Kostni invaze 3
Tabulka 5 — Porovnani nejcastéji pouzivanych skoérovacich systém( pro grading

mukoepidermoidniho karcinomu. Grading dle AFIP: Low-grade: 0—4 b., Intermediate-grade:
5-6 b., High-grade: 7-14 b. Grading dle Brandweinové: Low-grade: Ob., Intermediate-grade:
2-3 b. High-grade: 4-18 b. (40)

Vzhledem k tomu, Ze terapeuticky pristup k pacientim s intermediate-grade a high-
grade MEC je totoiny, pfiklani se stdle néktefi autofi ke dvoustupriovému skdérovacimu

systému (tabulka 6) (41).
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Low-grade MEC High-grade MEC

<4cm >4 cm
Dobfre ohrani¢eny, neopouzdieny Spatné ohrani¢eny, infiltrativni
Pfevaineé cysticky (> 20 %) Pfevainé solidni (cystické prostory zaujimaji <20 %)

> 50 % bunék je mucindzniho typu < 10 % bunék je mucindzniho typu

Expanzivni rast (,,pushing margins“) | Infiltrativni okraje

Vyrazny lymfoidni infiltrat Fibrotizace azZ skleréza stromatu
< 1-2 mitéz/HPF > 3—-4 mitézy/HPF
Lehké atypie Tézké atypie

Bez nekrdz, krvaceni ¢i vaskuldrni | Nekrdzy, krvaceni a perineurdlni invaze, vaskularni
invaze invaze méneé casta

Tabulka 6 — Histologicka kritéria pro alternativni dvoustuprnovy grading MEC (41).

Imunohistochemické vysetieni neni pro diagnézu MEC ve vétsiné ptipadl nezbytné.
MEC vykazuje expresi cytokeratind (CK7, CK14 a dalSich) a marker(i p63 a p40, kterd je dana
plivodem MEC v bazdlnich bunkach Zihanych vyvod(. Myoepitelidini markery jako je

calponin, hladkosvalovy aktin jsou negativni stejné jako SOX10 a S100 protein.

Molekuldrné-genetickymi metodami Ize prokdzat translokaci t(11;19)(q21;p13)
vedouci kfuzi genl CRTCI-MAML2, az v80 % pripadl MEC (42, 43, 44, 45). Vmalé
podskupiné MEC predstavujici zhruba5 % pripadd byla objevena translokace
t(11;15)(g21;926) vedouci k fuzi geni CRTC3-MAML2 (46). PGvodné byla pfitomnost téchto
translokaci povazovana za pozitivni prognosticky faktor, nebot translokované MEC se
chovaly klinicky indolentné, s mensim procentem recidiv a metastdz. Histologicky se jednalo
predevsim o low-grade MEC. Vzacné pripady MEC s high-grade morfologii a pfisluSnou
translokaci, byly v puUvodnich studiich spojeny s pfiznivym klinickym pribéhem i
v pokrocilych stadiich onemocnéni (47, 48). Novéji se vsak ukazuje, Ze translokace CRTC1/3-
MAML2 se mUzie vyskytovat také v klinicky agresivnich HG MEC. Pfitomnost CRTC1/3-
MAML2 neni tedy zarukou indolentni povahy nadoru a detekce translokaci je tedy dle
Seethaly a spol. spiSe diagnostickym, neZ prognostickym markerem (49). Naproti tomu v
rozsahlé molekuldrné-genetické analyze MEC navrhuji autofi podle pfitomnosti, C¢i
nepfitomnosti translokace CRTC1/3-MAML2 a poctu kopii genovych alteraci rozdélit MEC do
3 odlisnych prognostickych skupin (50). Lze uzavfit, Ze pfitomnost translokace CRTC1/3-

MAML2 je vyznamnym diagnostickym nalezem, ktery je stéZejni v diferencidlné diagnostické
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rozvaze obtiznych nadorl. Prognosticky vyznam translokace je ale tfeba ovérfit v dalSich
studiich. Mutacni profil MEC je dosud jen caste¢né objasnén a byly zaznamendny i jiné
mutované geny, napf. TP53 a v mensi mife pak alterace genl PI3KCA, BAP1, BRCA1/2, ERBB2
¢i CDKN2A typicky se vyskytujici v HG MEC (51).

Druhym nejéastéjsSim malignim salivdrnim nddorem po MEC je vdutiné astni
adenoidné cysticky karcinom (ADC) (8200/3) (52). Tento karcinom je také nejCastéjsi
malignitou postihujici submandibuldrni a sublingvalni slinnou Zldzu a je nejcastéjsim
salivdrnim nddorem postihujici horni respiracni trakt (53, 54, 55). | pfes pomaly rust se
v dlouhodobém horizontu jedna o prognosticky velmi zdvaznou malignitu, kterd ma vyrazné
tendence k infiltrativnimu rlstu s perineurdlnim Sifenim, k lokalnim recidivdm a k pozdnimu
zakladani vzdalenych metastdz. ADC je charakterizovdn vysokou mortalitou. P¥i postizeni
bazaloidné vyhliZejici nddor s bifazickou strukturou. Je sloZen ze dvou typU bunék, z tzv.
modifikovanych myoepitelidlnich bunék tvofici abluminalni vrstvu a z duktalnich bunék
tvorici lumindlni vrstvu. Tyto dva typy bunék jsou usporadany do tfi rlstovych struktur:
kribriformni, tubuldrni a solidni (obrazek 12), které se v rdzné mire vyskytuji v ramci jednoho
tumoru. Podil solidni komponenty urcuje miru diferenciace tumoru a do urcité miry i
predikuje progndézu (56, 57). Nadory, které se skladaji prevdiné z kribriformnich a
tubularnich struktur a neobsahuji solidni komponentu, jsou hodnoceny jako grade 1. Jsou-li
solidni okrsky pfitomny v méné nez 30 % tumoru, klasifikuje se jako grade 2, a pokud ve vice
nez v30 %, jednd se o ADC grade 3 (58). Perineurdlni a intraneuralni propagace je v ADC

bézné pritomna, ptfiCemz pouze intraneurdlni invaze je nepfiznivy prognosticky faktor (59).
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Obrazek 12 — Kribriformni (*), tubularni (@) i solidni (#) rGstova varianta ADC.

Imunohistochemické vysSetfeni je v pfipadé adenoidné cystického karcinomu
nespecifické a morfologie je vidy stéZejni pro findIni diagndézu. Napomocnou muze byt
pozitivita CD117 (C-kit) (60, 61) a EMA v luminalini vrstvé bunék a myoepitelidlnich markert
S$100 proteinu, p63 a SMA v ablumindlni vrstvé bunék. Zaroven je v obou vrstvach pritomna
difuzni silnd pozitivita cytokeratin CK7 a markeru SOX10. CK14 je silné pozitivni v tubularnich

a kribriformnich strukturdch, naopak v solidni komponenté je negativni (58).

V diagnosticky nejasnych pripadech je moZzno vyuZzit pfFitomnosti rekurentni
translokace t(6;9)(q22-23;p23-24) vedouci ke vzniku fuzniho genu MYB-NFIB, kterou lze
detekovat aZz v 86 % pripadl ADC (62, 63). Tim dochazi ke zvySené expresi proteinu MYB,
ktery mlZe byt imunohistochemicky detekovan (64). Silna nukledrni pozitivita predevsim
ablumindlnich bunék je senzitivni pro diagnézu ADC (obrazek 13) (65). Podle studie Poling a
spol. je imunohistochemicka detekce proteinu MYB dokonce senzitivnéjsi i specifictéjsi nez
cytogenetickd detekce pomoci FISH (66). DalSim vySetfovanim bylo zjisténo, Ze az v35 %
MYB-NFIB negativnich pfipadld ADC je pritomna odlisnd rekurentni translokace t(8;9) vedouci

k fuzi geni MYBL1-NFIB (67). Tyto translokace nebyly doposud popsany v zadném jiném

salivarnim karcinomu. Nékolik dalSich studii popisuje pomérné rozsahly repertoar
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somatickych mutaci (68, 69). V centru zajmu je vSak predevsim vyznam lokusu 1p36, na
kterém se nachazi fada tumor supresorovych gend, jejichZz delece byla popsana vedle ADC i
vfadé jinych nddorl vcetné prsu, plic, pankreatu ¢i kolorektdlniho karcinomu (70).
Z vysledkll dvou rozsahlych studii, které hodnotily vztah pfitomnosti delece lokus 1p36 a
progndzy jasné vyplyva, ze ADC obsahujici tuto deleci maji signifikantné horsi progndzu (71,
72). Zaroven bylo zjisténo, Ze Zadny ze studovanych pripadd, ktery byl pozitivni na
pritomnost delece lokusu 1p36, neobsahoval zlom v genu MYBL1, a proto se lze domnivat, ze

se tyto dva nalezy vzajemné vylucuji (72).

-
-

-
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Obrazek 13 — Difuzni silnd nuklearni pozitivita protilatky MYB v tubuldrni komponenté ADC.

Dalsi low-grade salivarni malignitou, podle nékterych autor(l ¢tvrtou nejcastéjsi, je
acinicky karcinom (ACC) (8550/3) (73), ktery je dokonce druhou nejcastéjsi malignitou
slinnych Zlaz v détském véku (21, 74). Klinicky se jednd o pomalu rostouci, dlouhou dobu
asymptomaticky nador a jen velmi vzacné se muze objevit bolest i paréza licniho nervu.
Lokalni recidivy se vyskytuji az v jedné tretiné pripad(. Vzdalené metastazy ACC vznikaji sice
pouze v 13 % pripadl, avSsak mohou se objevit i mnoho let po prvni diagndze. Pro morfologii

ACC jsou charakteristické ¢tyfi typy rdstovych struktur, microcysticka, cystopapildrni, solidni
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a folikuldrni, jejichz pomér zastoupeni v tumoru rizné kolisa. NejcharakteristictéjsSim typem
bunék jsou acinarni bunky, které jsou podobné normalnim acindrnim burnkdm serdzni slinné
Zlazy a stejné tak obsahuji i PAS-pozitivni zymogenni granula (obrazek 14). Dale se vyskytuji
vakuolizované bunky obsahujici v cytoplasmé PAS-negativni mukopolysacharidy, nadorové
buriky se svétlou vodojasnou cytoplasmou a nespecifické buriky podobné duktalnim
epiteliim vmezerenych vyvodu. V nékterych pripadech muze byt ve stromatu hojna lymfoidni
infiltrace s proliferaci aktivovanych zarodecnych center lymfatickych folikulll. Dobre
diferencovany ACC slymfoidnim stromatem je charakterizovan klinicky indolentnim

prabéhem (75).

Obrazek 14 — Acindrni buriky s tmavou bazofilni cytoplasmou obsahujici zymogenni granula.

V diferencialni diagndze ACC je na prvnim misté sekrecni karcinom (SC) slinnych Zlaz.
V obdobi pred objevem SC, jakoZzto samostatné nadorové jednotky v roce 2010, byl zpravidla
klasifikovany jako tzv. ,na zymogenni granula chudy acinicky karcinom” (76). Tyto nadory
byly pozdéji preklasifikovany jako SC (77). SC a ACC se lisi nejenom morfologicky, ale i svym

imunoprofilem (tabulka 7).
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Protilatka Acinicky karcinom Sekrecni karcinom

DOG1 + (obrdazek 15) -

SOX10 + (obrazek 15) -

P63 - /+

CK7 +

$100 protein -

"
MGA - +
+
+

EMA - (luminalné +)

Vimentin - +

Tabulka 7 — Porovnani imunoprofilu acinického a sekre¢niho karcinomu slinnych Zlaz.

Obrazek 15 — Difuzni silnd nuklearni pozitivita SOX10 a membranova pozitivita DOG1 v ACC.

ACC mUze byt vzacné spojen s tzv. high-grade transformaci (HGT). Tento vzacny
fenomén, znamy téz jako ,dediferenciace”, byl poprvé popsan u sarkoml (78). HGT
pfedstavuje zvrat plvodné nizce maligniho nadoru ve vysoce maligni a agresivni formu, ktera
postrada svou plvodni histomorfologickou diferenciaci (obrazek 16) (79, 80). Pritomnost
nekréz a vysoka proliferacni aktivita jsou charakteristickymi znaky HGT (obrazek 17). Vedle
ACC (81), byla HGT popsana i u jinych salivarnich karcinom(, napt. u adenoidné cystického
karcinomu (82, 83), epithelidlné-myoepithelidlniho karcinomu (84, 85), polymorfniho
adenokarcinomu (86, 87) ¢i u sekre¢niho karcinomu (88, 89). Podminkou diagndzy HGT je
pritomnost okrskl plvodniho low-grade karcinomu i okrskd dediferencovaného high-grade
karcinomu vramci jednoho nadoru (80). Tyto dvé komponenty se liSi u ACC nejen

histomorfologicky, ale téZ imunohistochemicky (tabulka 8).
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Obrazek 16 — High-grade transformace ACC, v levé ¢asti (*) je patrnd low-grade komponenta

a v pravé Casti (#) dediferencovana, high-grade komponenta.

Protilatka Low-grade komponenta High-grade komponenta
SOX10 + -

DOG1 + -

CK7 + -

GATA3 - +

CK14 i +

P63 -

$100 - -

Ki-67 Nizka Vysoka

Tabulka 8 — Porovnani imunoprofilu low-grade a high-grade komponenty HGT acinického

karcinomu.
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Obrazek 17 — Porovnani vysoké proliferaéni aktivity HG komponenty (#) a ojedinélych MIB1
pozitivnich jader LG komponenty (*) ACC. Silna jaderna exprese bunék zarodec¢ného centra

lymfatickych folikulu ve stromatu ACC slouzi jako pozitivni vnitini kontrola.

Jen velmi malo je zndmo o molekuldrné-genetickém pozadi ACC. Na mySim modelu
byla demonstrovana situace, kdy inaktivaci tumor supresorovych gent APC a PTEN doslo
k aktivaci signalnich drah mTOR a Wnt, cozZ zanedlouho vedlo ke vzniku nadoru slinnych Zlaz,
ktery se morfologicky velmi podoba lidskému ACC. Po aplikaci mTOR inhibitoru rapamycin
doslo ke kompletni regresi tumoru (90). V jiné studii zabyvajici se analyzou signdlnich drah ve
272 pripadech raznych ZN slinnych Zlaz byla imunohistochemicky prokazana souvislost ACC
se zvySenou aktivaci signdlnich drah mTOR, PI3K a AKT (91). Pfinos téchto poznatk(l je vsak

prozatim nejasny.

Polymorfni nizce maligni adenokarcinom (PLGA) (92) byl v novém, ¢tvrtém vydani
WHO klasifikace nador( hlavy a krku preklasifikovan jako polymorfni adenokarcinom (PAC)
(8525/3) (93). Vyskrtnutim terminu ,nizce maligni“ z ndzvu tumoru, chtéji autofi WHO

zdlraznit skutec¢nost, Ze se nador ne vidy chova jako low-grade karcinom a muze vykazovat
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klinicky agresivnéjsi rlst, recidivy i high-grade transformaci (86, 87). Po adenoidné cystickém
karcinomu je PAC druhym nejcastéjSim salivarnim karcinomem postihujici malé slinné Zlazy
patra, ve velkych slinnych Zlazdch se vyskytuje velmi zfidka (94). Charakteristickym
histologickym znakem je vyraznd heterogenita rlstovych struktur v ramci jednoho tumoru
(obrazek 18A). Tyto rozmanité ristové varianty byly definovany jako tubuldrni, trabekularni,
solidni, kribriformni, pseudocystické, papilarni a jiné (92, 95, 96, 97). Typickym znakem PAC
je perineurdlni infiltrativni propagace nadorovych bunék a koncentrické ,tercovité”
struktury. Cytologické znaky odpovidaji svou uniformitou vzhledu témér benignimu nadoru,
nebot jsou typicky pfitomny malé az stfedné velké buriky s ovalnym blandné vyhliZejicim
jddrem a jen necetnymi jadérky. Mitézy a nekrdzy jsou raritni a jejich pfitomnost je spiSe

spojena s high-grade transformaci, ktera je velmi vzacna (86, 87).

V nejnovéjsi edice WHO ,,modré knizky” je zarazena tzv. kribriformni varianta PAC
(93). Vzhledem k odlisnostem od klasické varianty PAC ji néktefi patologové pokladaji za
samostatnou nadorovou jednotku, tzv. kribriformni adenokarcinom jazyka a malych
slinnych Zlaz (CATS/CAMSG) (98). Od klasického PAC se lisi predilekéni lokalizaci, zplsobem
rastu, biologickym chovanim i molekularné-genetickym pozadim. V prvni publikované praci
byly vSechny nadory lokalizované vyluéné do oblasti jazyka, a proto byl tumor pojmenovan
jako cribriform adenocarcinoma of the tongue (CAT) (98, 99, 100, 101, 102, 103). Publikace
popisovala soubor 8 pfipadli adenokarcinom jazyka, plivodné diagnostikovanych jako PLGA,
které vykazovaly vyraznou morfologickou podobnost se solidni a folikularni variantou
papilarniho karcinomu Sstitné zldzy (obrazek 18B), mozina metastaza vSak byla vyloucena.
Vsichni pacienti méli v dobé diagndézy metastazy v cervikdlnich lymfatickych uzlinach.
Postupem c¢asu a s pribyvajicimi nalezy se vSak ukdzalo, Ze totozny ndador se solidné-
kribriformni a papilarni architekturou pripominajici papilarni karcinom stitné zlazy se muize
vyskytnout i jinde v dutiné Ustni mimo bazi jazyka, coz vedlo ke zméné nazvu na cribriform
adenocarcinoma of minor salivary gland origin (CAMSG) (99). Prestoze ma velkd vétsSina
pacientl v dobé diagndzy jiz rozvinuté metastdzy v regionalnich lymfatickych uzlinadch, radi
se vzhledem ke své radiosenzitivité stale jesté mezi nizce maligni karcinomy s dobrou

progndzou (100).

Do diferencialni diagnostiky PAC spadaji salivarni nadory vyskytujici se predilekéné

v dutiné ustni. Nejkomplikované;jsi se mlze zdat odliSeni adenoidné cystického karcinomu
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(ADC), se kterym sdili predevsim variabilni architektoniku. K odliseni ADC a PAC je moZno
pouzit imunohistochemické barveni s protilatkou CD117 (C-kit). Tato protilatka je pomérné
hojné uzivana v diagnostice ADC, kde je popisovana difuzni silnd pozitivita, zatimco pro PAC
je pfipadna pozitivita tohoto imunomarkeru vyrazné slabsi (60, 61). Pro diagnézu PAC bude
dale svédcit nizké Ki-67 (104). Dale je nezbytné odlisit PAC od benignich nadord jako je
pleomorfni, kanalikularni a jiné adenomy slinnych ZIaz. Ackoli jsou obé varianty PAC dobfe
diagnostikovatelné z hematoxylinu-eosinu, v pomocném imunohistochemickém barveni
muZe byt napomocna pozitivita s cytokeratiny (AE1/3, CK7, CK8), S100 proteinem, p63, bcl2
¢i MGA. K vylouceni metastazy papildrniho karcinomu slouzi negativita thyreoglobulinu a

TTF1 a positivita S100 proteinu.

Obrazek 18 — A: Klasicka varianta polymorfniho adenokarcinomu pfi malém zvétSeni, ze

kterého je patrny infiltrativni rast do stromatu a architektonicka rozmanitost. Okolni matrix
je hojné hyalinizovana. V pravém hornim rohu jsou patrné jednotradé sloupce bunék na
periferii tumoru; B: Papilarni usporadani kribriformni varianty PAC, kde nukledrni rysy

pfipominaji papildrni karcinom stitné zlazy.

Molekularné-genetické pozadi konvencni (klasické) a kribriformni varianty PAC je
odlisné. PfestoZe v obou variantach byly popsany molekuldrni alterace v genové rodiné PRKD
leZici na 14. chromozomu, tyto alterace se liSi. AZ v 75 % pripadl klasického PAC (dfive PLGA)
byla nalezena aktivaéni bodovd mutace E710D genu PRKD1 (105). V kribriformni varianté
PAC (dfive CAMGS) byly aZz v poloviné pfipadl nalezeny rekurentni translokace tykajici se

jednoho z genli PRKD1-3 s fuznimi partnery ARIDIA a DDX3X. V klasické varianté PAC vsak
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doposud nebyly zaznamenany mutace genl PRKD2 ¢i PRDK3 (106). Kompletni porovnani

obou variant PAC je uvedeno v tabulce 9 (tabulka 9).

Kribriformni varianta PAC

Klasicka varianta PAC

Lokalizace Malé slinné zZlazy predevsim pfi Malé slinné Zlazy hlavné patra a
bazi jazyka tvare
Rast Pfedevsim kribriformni a Proudici jednoradé sloupce bunék

glomeruloidni struktury, dale
tubularni a solidni

nebo uzké trabekuly formujici
koncentrické spiraly tercovitého
vzhledu. Pfitomny jsou tubularni,
trabekuldrni, papilarni, solidni i
kribriformni struktury

Jaderné znaky

Opticky prazdna, vesikuldrni jadra
vzhledu jader papilarniho
karcinomu 57

Vesikularni ovoidni jadra

Klinické znaky

Casné metastazuje do krénich LU

Vzacné metastazuje do krénich LU

Molekularni
alterace

Translokace genli PRDK1-3
s fuznimi partnery ARID1A a DDX3X

Hot spot aktivace PRKD1, somaticka
bodova mutace

ZpUsob invaze

Sklon k lymfatické invazi

Perineurdlni invaze

Tabulka 9 — Porovnani kribriformni a klasické varianty PAC (107).

Svétlobunécny karcinom (CCC) (8310/3) je nové pojmenovani pro jednotku
uvadénou v predchozi WHO Kklasifikaci jako ,hyalinizujici svétlobunécny karcinom® (108).
Vzhledem k tomu, Ze hyalinizace je variabilnim znakem a nemusi byt vibec pfitomna, bylo
slovo ,hyalinizujici z ndzvu karcinomu v nejnové;jsi WHO klasifikaci vypusténo. CCC vykazuje
predilekci pro Zenské pohlavi (109). Jedna se o nizce maligni karcinom vychdzejici hlavné
z malych slinnych Zlaz orofaryngu, patra a bukalni sliznice. Klinicky se manifestuje nékdy jako
bolestivé fixované zdureni Ci ulcerace a muizZe infiltrovat prilehlou kost. Mikroskopicky je
tumor Spatné ohraniceny s Sirokou infiltraci okolnich struktur véetné kosti a s ¢astou intra- a
perineuralni propagaci. Solidni hnizda a trabekuldarné uspotradané nadorové pruhy byvaji
obklopeny hyalinizovanym az sklerotizovanym stromatem (obrazek 19). Nadorové buriky
jsou jen s mirnymi atypiemi, dobfe ohranicené a s eosinofilni cytoplasmou, kterd je misty az

vodojasna (109, 110).
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Obrazek 19 — Solidni hnizda nadorovych bunék s eosinofilni az vodojasnou cytoplasmou,

ktera jsou oddélena pruhy hyalinizovaného stromatu.

Diferencialni diagnostika CCC zahrnuje nadory se svétlobunéénou diferenciaci, véetné
odontogennich nadord. Do tohoto spektra lézi spadd mukoepidermoidni karcinom,
svétlobunécnd varianta skvamédzniho, epitelidlné-myoepitelidiniho a myoepitelidiniho
karcinomu (111). Zodontogennich karcinoml pak pfipadaji v uvahu predevsim
svétlobunécény odontogenni karcinom, se kterym sdili téZ identickou genovou translokaci, a
svétlobunécny kalcifikujici epitelialni odontogenni karcinom (112). V neposledni fadé je
nutno myslet i na moznost metastazy svétlobunééného renalniho karcinomu. Diagnostické
obtize vyvstdvaji predevSsim u karcinomU s vyjadienymi skvamdznimi rysy, absenci
hyalinizace, nizkym procentem svétlych bunék a u nadoru zaujimajici povrchovy epitel (113).
Ty mohou byt chybné diagnostikovany jako high-grade skvamodzni dlazdicobunécné
karcinomy (SqCC) a pacient by mohl byt poskozen zbytecné extenzivnim chirurgickym
zakrokem, radioterapii eventualné i chemoterapii (114). VSechny tyto nadory vsSak lze
podrobnym vysetfenim morfologie, pouzitim imunohistochemickych a predevsim
molekuldrné-genetickych metod dobre rozliSit. Donedavna byla diagnéza CCC povazovana
jesté jako ,diagndza per exclusionem®, pfi selhani diagnostickych kritérii pro vySe popsané

karcinomy. Toto tvrzeni vSak bylo opusténo po objeveni specifické rekurentni genové

41



translokace EWSR1-ATF1, které podpofilo tvrzeni, Ze CCC je samostatna nadorova jednotka

(115).

V imunohistochemickém barveni je patrna pozitivita s cytokeratiny CK7, CK17, CK14 a
p63. Ostatni myoepitelidlni markery jako jsou S100 protein, SMA, &i calponin jsou negativni.
Intracytoplasmaticky materidl je PAS a mucikarmin pozitivni, coZ svédc¢i pro pritomnost
glykogenu. Hyalinizované stroma je pozitivni pro priikaz kolagenu | a negativni pro kolagen IV
(116). CCC mohou byt i difuzné silné nukleo-cytoplazmaticky pozitivni s protilatkou proti p16
proteinu, coz maze byt velmi zavadéjici predevsim u karcinom( s vyraznymi skvamdznimi
rysy a mohlo by dojit kchybné diagnéze SqCC (113). Na rozdil od p16 pozitivnich
dlazdicobunéénych karcinomi hlavy a krku, je vSak CCC negativni pfi nasledné HPV testaci

(117, 118).

CCC je az v 90 % pripadll spojen s rekurentni translokaci t(12;22) (q13;q12) vedouci ke
vzniku fazniho transkriptu EWSR1-ATF1 (115). Tato translokace byla plvodné objevena ve
svétlobunécném sarkomu meékkych tkani (119). Dale se tato translokace typicka pro
svétlobunéény odontogenni karcinom, coZ potvrzuje teorii, Ze tyto dva tumory spolu
souviseji (120). Autofi prvni prace se domnivali, Ze zlom genu EWSR1 je pro salivarni CCC
specificka, avSak nedavno byl identicky nalez objeven ve velkém souboru 94 myoepitelidlnich
karcinomu se svétlobunécnou diferenciaci (121). Zlom v genu EWSR1 byl nalezen kromé CCC
téz ve 39 % de novo vzniklych svétlobunécnych myoepitelidlnich karcinoml, ve 24 %
svétlobunécnych myoepitelidlnich karcinomd vzniklych v pleomorfnim adenomu a v jednom
pfipadu (9 %) epitelio-myoepitelidiniho karcinomu. V této studii bylo dale prokazano, Ze
pacienti se svétlobunécnou variantou myoepitelialniho karcinomu se zlomem EWSR1 maji
vyrazné horsi progndézu. Vedle typické translokace EWSR1-ATF1 byla neddvno ve 3 pfipadech
svétlobunécnych karcinomU s vyraznou mucinozni komponentou popsana nova, méné casta

translokace EWSR1-CREM (122).

Sekrec¢ni karcinom mamadrniho typu (mammary analogue secretory carcinoma -
MASC) je nové popsany salivarni karcinom (76). Jako jedina nova nadorova jednotka byl SC

zarazen do nové WHO klasifikace nadoru slinnych Zlaz z roku 2017 (123), a to pod ndzvem
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sekrecni karcinom (SC) (8502/3). Jde o low-grade salivarni karcinom, ktery se svou
histomorfologii, imunoprofilem a genetickym pozadim podoba sekre¢nimu karcinomu prsu
v malych slinnych Zlazach dutiny Ustni a sinonasalniho traktu (126, 127, 128). Z extrasalivarni
lokalizace byl sekre¢ni karcinom kromé prsu popsan ve Stitné Zlaze (129, 130), slzné zlaze
(131), ¢i v kazi (132, 133). Pfed prvnim popsanim tohoto karcinomu vroce 2010, byl SC
zpravidla klasifikovan jako acinicky karcinom, adenokarcinom NOS, LG mukoepidermoidni

karcinom ¢i jako LG salivarni duktalni karcinom (134).

SC je ve vétsiné pripad( dobfe ohraniceny, ale neopouzdieny tumor s infiltrativnim
charakterem rlstu. Tumor mikroskopicky utvafi razné velké lobuly oddélené vazivovymi
septy a formuje mikrocystické a tubuldrni struktury, uvnitf kterych je pfitomen PAS pozitivni
eosinofilni sekre¢ni materidl (obrdzek 20). Buriky jsou uniformni a maji pravidelnd jadra
kulatého aZz ovalného tvaru sjemné granulovanym chromatinem a zfetelnym centralné
ulozenym jadérkem. Cytoplasma nadorovych bunék je objemnd, bledd a misty maze byt
granuldarni a vakuolizovana. Proliferacni aktivita je vétSinou nizkd a nekrdzy nejsou pfitomny.
Nékdy muzZe byt pfitomna i perineurdlni invaze. Doposud bylo publikovano Sest pfipadu
s prokdzanou high-grade transformaci s velice agresivnim chovanim, invazi do okolnich
organu, vyraznou jadernou pleomorfii, vysokou mitotickou aktivitou a komedo nekrézami

(88, 89, 135, 136).

Imunohistochemicky je SC difuzné pozitivni s cytokeratiny CK7, CK8, CK 18, CK 19,
S100 proteinem, vimentinem a STAT5a, pfiznacna je difizni pozitivita s mammaglobinem
(MGA), SOX10 a GATAS3 a negativita s markerem DOG1, jehoz pozitivita se typicky vyskytuje u
acinického karcinomu (obrdzek 15) (137). Myoepitelidlni markery calponin, SMA, CK14, ¢i
CK5/6 jsou negativni. Nadorové buriky SC jsou negativni na prikaz p63 a p40, ale nékteré
pfipady vykazuji fokalni ablumindlni p63 pozitivitu in situ komponenty SC (138, 139).
Charakteristicky imunoprofil v kombinaci s popsanou histomorfologii jsou stézejni pro

diagndzu SC (tabulka 7).
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Obrazek 20 — A: Lobularné usporadané solidni nddorové ¢epy oddélené vazivovymi septy; B:

Detail mikrocystickych a tubularnich struktur obsahujici sekre¢ni materidl a fokalni

vakuolizace cytoplasmy v SC.

Pro potvrzeni diagndzy sekrec¢niho karcinomu v nejistych a variantnich pripadech je
nutny prlikaz nékteré z rekurentnich genovych translokaci. V drtivé vétsiné pfipad( je SC
spojen s onkogenni translokaci t(12;15) (q13;p25) vedouci k fuzi mezi geny ETV6-NTRK3 (76).
V minoritni skupiné ma SC zlom genu ETV6- , avSak fuzni partner je jiny nez NTRK3 (140,
141). Novy fuzni partner byl nalezen aZ spouZitim metody masivniho paralelniho
sekvenovani (NGS), kterd objevila fuzi genu ETV6-RET (142). Tato translokace je vsak
mnohem vzacnéjsi a vyskytuje se v méné nei 5 % pfipadll SC. Po zavedeni NGS do béiné
vysSetfovaci praxe byla recentné objevena v jednom pripadu SC translokace ETV6-MET (143).
SC, které obsahuji atypické translokace, se vétSinou chovaji agresivnéji nez SC s klasickou

ETV6-NTRK3 translokaci. S rozvojem molekuldarné-genetickych metod se rozsifuje i spektrum

genovych aberaci SC.

Po objeveni a publikovani morfologickych, imunohistochemickych a molekularné-
genetickych znakd SC byly ve velkém prohledavany registry patologickych oddéleni.
Patologové patrali po atypicky vyhliZejicich acinickych karcinomech, mukoepidermoidnich
karcinomech, adenokarcinomech NOS ¢i jinych salivarnich nadorovych jednotkach, které by

mohly byt na podkladé prokdzané specifické translokace preklasifikovdny na SC. Timto
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zpUsobem byly preklasifikovany desitky karcinoml, které byly vétSinou plvodné
diagnostikovany jako acinické karcinomy (144, 145). V soucasné dobé panuje mezi patology
konsenzus, Ze diagndza klasického SC miZze byt stanovena na zdkladé histomorfologie a
imunoprofilu bez nutnosti molekuldarné-genetického vysetfeni. Pokud je vSak pritomna
jakdkoli odchylka od typickych histomorfologickych znakl ¢&i imunoprofilu, je molekularné-

genetické vySetieni nezbytné k potvrzeni diagndzy.

Intraduktalni karcinom (IC) (8500/2) je nové pfrijaty nazev pro nadory, které byly
dfive oznacovné jako low-grade intraduktalni karcinom, kribriformni cystadenokarcinom ¢i
low-grade salivarni duktdlni karcinom (146). Jde o nizce maligni, zpravidla intraduktdlné ci
intracysticky rostouci karcinom. Jedna se o ponékud kontroverzni jednotku, ne jenom kvdli
terminologii, ale také kvlli jejimu nejasnému vztahu k salivdrnimu duktalnimu karcinomu
(SDC) (147). SDC je morfologicky high-grade (HG), agresivné se chovaijici, invazivni a
metastazujici karcinom, prestoZe byly popsany vzacné pfipady cCisté in situ SDC (148).
Na druhou stranu byly reportovany ptipady invazivnich IC s pozdnim metastazovanim (149).
Klinicky se v naprosté vétSiné pripadl IC jednd o dobre ohranieny, expanzivné rostouci
nador, ktery je nizce maligni a ma vétSinou dobrou progndzu. Histologicky ma IC blandni
vzhled a podoba se prekanceréznim lézim prsu, jako jsou duktdlni karcinom in situ (DCIS), i
atypickd duktdini hyperplazie (147). Pfi malém zvétseni je v IC patrna rozmanita architektura
s fadou rastovych variant. Popisovany jsou solidni, cystické a kribriformni ostravky
nadorovych bunék, které maji na svém okraji zachovalou vrstvu myoepitelidlnich bunék,
které je moZno imunohistochemicky ozfejmit barvenim myoepitelidinimi markery. Vlastni
nadorové burky jsou vsak s myoepitelidlnimi markery negativni. Pfi vétSim zvétSeni jsou
patrna uniformni ovalnd jadra sjemnym chromatinem a eosinofilni cytoplasmou, vétsi
nukledrni polymorfie vétSinou chybi. Méné casto mulze byt patrna apokrinni diferenciace

(obrazek 19) (149).
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Obrazek 21 — V horni ¢asti obrazku je patrna apokrinni diferenciace v IC.

V imunohistochemickém barveni je vedle pozitivity myoepitelidlnich markert (CK14,
p63, calponin, SMA) na okraji neinvazivnich nadorovych ostrlivkl, patrnd pozitivita pro
cytokeratiny (AE1/3, CK7, CK8, CK18), mamaglobin, S100 protein, SOX10 ¢i EMA v duktélnich
burikdch. Partie s apokrinni diferenciaci jsou pozitivni na pfitomnost androgennich receptord
(AR). Pozitivita myoepitelialnich marker( vSak v invazivnich ¢astech tumoru zcela chybi (150).
Imunoprofil IC véetné nizké proliferacni aktivity, je tedy velmi podobny imunoprofilu SC.
Navic v nékterych pfipadech je velmi podobnd i histomorfologie. V takovych to pfipadech je

findIni diagndza mozna az na zakladé vysledk(i molekularné-genetického testovani.

Molekularné-genetickym vySetfenim se v neddvné dobé podafilo objevit témér
v poloviné (47 %) ptipadd IC zlom genu RET a vjednom pfipadu dokonce translokaci
NCOA4-RET (151). Oba geny lezi pomérné blizko sebe na stejném chromozomu 10, coz
znesnadniuje jejich detekci metodou FISH. Pfitomnost translokace NCOA4-RET v IC byla
pomoci NGS potvrzena v navazujici studii skupiny prof. Skalové, kterd objevila ve dvou
pfipadech vysetifovanych IC novou rekurentni translokaci TRIM27-RET v nddorech s apokrinni

diferenciaci (152). V Zadném IC nebyl zatim nalezen zlom genu ETV6, a tim jej lze spolehlivé
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odlisit od sekrecniho karcinomu, se kterym muze sdilet jak histomorfologii, tak imunoprofil,

coz je prinosné napfiklad pfi FNA (153).

Salivarni duktalni karcinom (SDC) (8500/3) (154) je vysoce maligni karcinom, ktery se
svou morfologii podoba duktdlnimu karcinomu prsu (155). Tento agresivni karcinom vznika
bud" de novo, nebo malignim zvratem puUvodné benigniho pleomorfniho adenomu, tzv.
karcinom ex pleomorfni adenom (156, 157). Pacienti jsou typicky star$i muzi s anamnézou
rychle rostouci rezistence predevsim v priusni Zlaze, kterd muaze byt i bolestivd a
doprovazena periferni obrnou licniho nervu (158). Za predpokladu, Ze SDC vyrUsta
z preexistujictho pleomorfniho adenomu, je ¢asto vanamnéze dlouhotrvajici nebolestiva
rezistence, ktera se promptné zvétSila. SDC ma ze vsSech salivarnich malignit nejhorsi
kratkodobou progndzu, kdy 65 % pacientli umira do 4 let od prvni diagndzy, lokalni recidivy
se vyskytuji az v 1/3 pfipadl a vzdalené metastazy az v poloviné pripadl (159). Histologicky
Ize od sebe odlisit intraduktalni komponentu napodobuijici IC, avSak s komedo nekrézami,
high-grade cytologickymi znaky a s papilarné kribriformnim zplsobem ristu, od invazivni
komponenty tvorené pruhy bunék infiltrujici stroma a indukujici vyraznou desmoplastickou
reakci (obrazek 22). Nadorové bunky jsou apokrinniho a onkocytoidniho vzhledu
s abundantni eosinofilni cytoplasmou a velkymi pleomorfnimi jadry s hrubym chromatinem,
prominujicim jadérkem a vysokou mitotickou aktivitou. Hojné je ptitomna lymfovaskularni a
perineuralni invaze (obrdzek 22). Najdou-li se v materidlu okrsky vzhledu pleomorfniho
adenomu, je ziejmé, Ze se jednd o karcinom ex pleomorfni adenom, ze kterého vyrista

zhruba polovina pripadt SDC (160).
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Obrazek 22 — Trabekuldrni formace infiltrujici stroma s vyraznou desmoplastickou reakci.

V pravém dolnim rohu je perineurdlni invaze, ktera je v SDC velmi ¢asta.

V imunohistochemii je typicky vysoky Ki-67 a pozitivita androgennich receptor( (AR)
(obrazek 23) a overexprese Her-2/neu genu, jehoz amplifikace je pfitomna az u 30 % pfipadu
SDC a potvrzuje tak podobnost s duktalnim karcinomem prsu (161, 162, 163). Geneticky
potvrzena overexprese genu Her-2/neu je neptiznivym prognostickym markerem, avsak je
|écebné ovlivnitelnd latkou bevacizumab (164, 165). Déle je pfitomna pozitivita cytokeratint

(CK7, CK19) a EMA a negativita myoepitelidlnich marker( S100, p63, CK14, SMA ¢i calponinu.
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Obrazek 23 - Difuzni silnd nuklearni pozitivita androgennich receptor( v nadorovych

¢epech SDC.

Molekularné-genetické pozadi SDC je velmi heterogenni. Vedle amplifikace genu Her-
2/neu bylo v literatufe popsano Siroké spektrum molekuldrnich onkogennich aberaci
v genech TP53, PIK3CA, HRAS, PTEN (166, 167, 168). Méné casto pak byly detekovany
mutace v genech BRAF, FBXW7, ATF1 ¢i NF1. Recentné byly popsany solitarni pripady
obsahujici translokace ETV6-NTRK3, BCL6-TRADD a ABL1-PPP2R2C (169). Jak jiz bylo
zminéno, zhruba polovina SDC vychazi z preexistujictho pleomorfniho adenomu, ktery je
z molekularné-genetického hlediska charakterizovan az v 60 % pfitomnosti zlomu v genu
PLAG1 a v 30 % zlom v genu HMGAZ2 (170, 171). Fuze zaujimajici jeden z téchto dvou gen( se
tedy vyskytuje ve vice jak 90 % pleomorfnich adenom( a stejné tak i karcinoml z néj
vznikajicich. Tento ndlez je pro diagndzu specificky a mulzZe prispét v diferencidlné
diagnostické rozvaze, kdy je v ivahu carcinoma ex pleomorfic adenoma, nebo jiny de novo
vznikly karcinom (172, 173). Mutace genli PLAG1 i HMGA2 mohou byt vysoce specificky

detekovan téz imunohistochemicky (174, 175).
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2.5. Genetické profily vybranych nadora slinnych zlaz

Vzhledem k histomorfologické variabilité malignich nador0 slinnych ZIaz se jako slibny
diagnosticky nastroj jevi uziti molekularné-genetickych metod ke stanoveni rekurentnich
nadorovych mutaci. V poslednich letech doslo k objeveni mnoha vyznamnych genetickych
translokaci, které jsou specifické pro urcité typy salivarnich nadord (107). Tyto nové
objevené rekurentni translokace postupné zcela méni pohled na diferencialni diagnostiku a
dostavaji se do popredi pfi utvareni taxonomie nador(. Nadorové mutace obecné mohou
v nékterych pfipadech slouzit i jako prognosticky marker, kdy pfitomnost nebo nepfitomnost
uréuje agresivitu onemocnéni (73,121), nebo naopak mohou byt Cisté diagnostickym
nastrojem bez prognostického vyznamu (49,76). V neposledni fadé je nutno zminit nadory
s translokacemi, které jsou potencialné |écebné ovlivnitelné modernimi terapeutiky (76, 124,

152). Doposud nalezené vyznamné molekularni alterace v malignich nddorech slinnych zlaz

jsou prehledné uvedeny v tabulce 10.

Typ nadoru Chromozomalni Fazni partnefi/ Prevalence
alterace molekularni alterace (%)
Mukoepidermoidni t(11;19)(g21;p13) CRTC1-MAML2 (43) 40-80
karcinom (MEC) t(11;15)(g21;926) CRTC3-MAML2 (46) 5
Adenoidné cysticky t(6;9)(g22-23;p23-24) | MYB-NFIB (62) 25-80
karcinom (ADC) t(8;9) MYBL1-NFIB (67) 10-20
Polymorfni
adenokarcinom (PAC)
Klasicka varianta 14q12 Hotspot activating 20
(,PLGA") PRKD1 somatic point
mutation (E710D) (105)
Kribriformni varianta | t(1;14)(p36.11;912) ARID1A-PRKD1 24
(CAMGS) t(X;14)(p11.4;q12) DDX3X-PRKD1, 13
PRKD2 a PRKD3 16
translokace (106)
Svétlobunécny karcinom | t(12;22)(gq21;912) EWSR1-ATF1 (115) 8090
(cca) EWSR1-CREM (122) 1
Sekrec¢ni karcinom (SC) t(12;15)(p13;925) ETV6-NTRK3 (76) 95-98
t(12;X) ETV6-RET (142) 2-5
ETV6-MET (143) 1
Intraduktdlni karcinom inv(10)(q11.21q11.22) | NCOA4-RET (151) <5
(IC) TRIM27-RET (152) 1
Salivarni duktalni 17qg21.1 amplifikace genu Her2 20-40
karcinom (SDC) 3026.32 mutace genu PIK3CA 20

Tabulka 10 — Prokazané

slinnych Zlaz.

klicové molekularni alterace ve vybranych malignich nadorech
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2.6. WHO klasifikace & staging

Vroce 2017 vysla 4. WHO klasifikace nadord hlavy a krku, ktera v kapitole nadoru
slinnych Zlaz doznala jen malych zmén (34). AC jsou tendence autorl ,modré knihy“
v poslednich letech spiSe ve smyslu redukce poctu nadorovych jednotek, jeden objev se preci
jen zaslouzil o zvySeni po¢tu malignich nadorovych jednotek na 21. Jedinou nové pridanou
maligni nadorovou jednotkou ve 4. edici WHO klasifikace nddor( hlavy a krku je tumor
znamy jako MASC (Mammary Analogue Secretory Carcinoma), ktery byl do klasifikace

zarazen pod ndzvem sekrecni karcinom slinnych Zlaz (123).

Dalsi zmény ve WHO jsou uz mensich rozsahl a tykaji se pfedevsim nomenklatury
(176). Hyalizujici svétlobunécény karcinom byl prejmenovdn pouze jiz na svétlobunéény
karcinom vzhledem k mozné absenci hyalinizace stromatu (108). Polymorfni nizce maligni
karcinom byl prejmenovan na polymorfni adenokarcinom (PAC), pod ktery byla zahrnuta i
kontroverzni podjednotka, tzv. kribriformni varianta, téZ znamda jako kribriformni
adenokarcinom jazyka a malych slinnych zlaz (Cribriform adenocarcinoma of minor salivary
gland origin - CAMSG) (93). Nazev nadorové jednotky intraduktalni karcinom byl sice poprvé
pouzit v roce 1983 (177), avSak do WHO klasifikace se dostal aZz nyni a sdruzuje pod sebe
terminologicky nesourodou jednotku, pro kterou bylo v minulosti vyhrazeno nékolik nazva,
jako napfiklad low-grade intraduktdlni karcinom, kribriformni cystadenokarcinom ¢i low-

grade salivarni duktdlni karcinom (146).

2.6.1. Staging nadordu slinnych Zlaz

Pro urceni pokrocilosti nador( slinnych Zlaz se uzivd klasické TNM klasifikace
navrzené v 8. vydani UICC (Union for International Cancer Control) z roku 2017 (178).
Pooperacni patologickd TNM se vyuzivd k urceni dalSiho terapeutického postupu a ma i
prognosticky vyznam. Stejné jako k patologické evaluaci primarniho nadoru (pT) je nutna
jeho resekce, tak k hodnoceni metastatického postizeni regionalnich miznich uzlin (pN) je
nutnd kréni disekce. Stejné to plati i pro ohodnoceni vzdalenych metastaz (pM), které musi
byt mikroskopicky vysetreny. Klasifikace pokrocilosti onemocnéni, kterd byla vytvorena bez
histologického vysetreni, na podkladé klinického nalezu, zobrazovacich metod ¢i jinak, je

povazovana za klinickou klasifikaci (cTNM). Uréeni primarniho tumoru (pT) (obrazek 24),
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regionalnich miznich uzlin (pN) a vzdalenych metastaz (pM) je uvedeno v tabulkach 11a, 11b

allc.

Tx Primarni nador nelze hodnotit

TO Bez zndmek primarniho nadoru

Tl Nador do velikosti 2 cm v nejvétsim rozméru, bez Sifeni mimo parenchym

T2 Nador vétsi nez 2 cm, ne viak vice nez 4 cm v nejvétSim rozméru. Bez Sifeni
mimo parenchym

T3 Nador vétsi nez 4 cm a/nebo nador se Siti mimo parenchym

T4a Nador invaduje kazi, mandibulu, zevni zvukovod a/nebo n. facialis

T4b Nador invaduje bazi lebni a/nebo pterygoidni vybézky kosti klinové a/nebo
obrUsta a. carotis

Tabulka 11la — Patologicka evaluace primdrniho nadoru (pT). Grafické zobrazeni pT

(obrazek 22).

(2-4cm) T3

(>4cm)

Obrazek 24 — Grafické vyobrazeni pT. (Zdroj: Head and Neck Cancer Guide)

NX Regionalni mizni uzliny nelze hodnotit
NO Regionalni mizni uzliny bez metastaz
N1 Metastaza v jedné stejnostranné mizni uzliné, do 3 cm v nejvétsim rozméru

N2 Metastazy podle nasledujiciho popisu:

N2a | Metastaza v jedné stejnostranné mizni uzliné vétsi nez 3 cm, ne vsak vice nez 6
cm v nejvétsim rozméru

N2b | Metastazy ve vice stejnostrannych miznich uzlinach, zadna neni vétsi nez 6 cm
v nejvétsim rozméru

N2c | Metastazy v oboustrannych ¢i druhostrannych miznich uzlinach, zadna neni vétsi
nez 6 cm v nejvétsim rozméru

N3 Metastaza/metastazy v mizni uzliné vétsi nez 6 cm v nejvétsim rozméru
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Tabulka 11b — Patologickda evaluace regionalnich miznich uzlin (pN). Pro histologické
hodnoceni vzorkl ze selektivni kréni disekce je nezbytné hodnotit minimdalné 6 miznich uzlin.
Pro hodnoceni vzork(l z radikalni, ¢i modifikované kréni disekce je za potfebi minimalné 10

miznich uzlin.

MX Vzddalené metastdzy nelze hodnotit
MO Bez vzdalenych metastaz
M1 Vzdalené metastazy

Tabulka 11c — Patologicka evaluace vzdalenych metastaz (pM).

Dle vysledk pTNM se dale stanovi pokrocilost onemocnéni malignim nadorem

slinnych Zlaz. Kritéria pro uréeni stadia jsou uvedena v tabulce 12.

Stadium T N M
I T1 NO MO
] T2 NO MO
]l T3 NO MO
T1/T2/73 N1 MO
IVA T4a NO/N1 MO
T1/T2/T3/T4a N2 MO
IVB T4b Jakékoliv N MO
Jakékoliv T N3 MO
IvC Jakékoliv T Jakékoliv N M1

Tabulka 12 — Uréeni stddia onemocnéni na zakladé vysledkl pTNM.
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2.7. Lécba

VSechny nddory slinnych Zlaz, benigni i maligni, jsou indikovany k chirurgickému
odstranéni. V pfipadé postizeni velkych slinnych Zlaz se provadi uUplné nebo ¢&astecné
odstranéni Zlazy, eventualné odstranéni povrchového listu parotis. U jasné benignich a dobre
ohrani¢enych nadorl jako jsou monomorfni adenomy (bazoceluldrni adenom, onkocytom) a
Warthindv tumor casto postaci prostda enukleace léze. Ta se vsak nedoporucuje pro
odstranéni pleomorfniho adenomu vzhledem kjeho tendencim klokdlnim recidivam.
V pripadé operabilniho maligniho nddoru se po odstranéni primarniho nadoru pfistupuje
k provedeni kréni disekce vidy, kdyZ jsou klinicky pfitomny uzlinové metastdzy (cN+). Pfi
primarnim postiZeni pfiusni Zlazy je indikovand kréni disekce v rozsahu oblasti I-V (obrazek
25A) na postiZzené strané, pricemz nejcastéji je postizena oblast Il. Pfi postiZzeni podcelistni a
podjazykové Zldzy se provadi odstranéni cervikalnich struktur mensiho rozsahu, tzv.
selektivni kréni disekce, ktera je v rozsahu oblasti -1l (obrazek 25B). Komplikovanéjsi situace
nastava pfi klinické nepfitomnosti metastaz v krénich lymfatickych uzlindch (cNO). Pfistup
k témto pacientlm neni jednotny, a proto je v soucasné dobé nejCastéji pfistupovano k
elektivni kréni direkci za predpokladu pritomnosti rizikovych faktorl, mezi které patfi high-
grade malignita, perineurdlni a perivaskuldrni Siteni ¢i pozitivni resekéni okraje primarniho
tumoru. V téchto pripadech je provadéna disekce v rozsahu drovni Il, Ill a Va pfi primarnich

karcinomech parotis a v Urovnich I-lll pfi postizeni submandibuldrni a sublingualni zlazy (30).

N

it

Obrazek 25 — A: Radikalni kréni disekce oblasti [-V; B: Selektivni kréni disekce véetné oblasti

IV pfi primarnim postiZzeni jazyka. (Zdroj: Medscape)
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Vzhledem ktomu, Ze nadory slinnych Zlaz jsou radiosenzitivni, je radioterapie
metodou volby u inoperabilnich nadord z divodu lokalni pokrocilosti, ¢i celkovych pficin.
Samotna radioterapie vSak zdaleka nedosahuje takovych vysledk( jako v pfipadech, kdy je
kombinovdna s operaénim feSenim. Adjuvantni terapie je vidy indikovana u high-grade
karcinomU a pokrocilych stadii (T3 a T4). Pro ¢asna stadia malignity (T1 a T2) a low-grade
karcinomy, je k ozafovani pfistupovano v pfipadé mikroskopického dosahu do resekéniho
okraje, pfitomnosti cervikdlnich metastaz, lymfovaskuldrni invaze a perineurdlni propagace
nadorovych bunék. Chemoterapie je indikovdna pouze v ramci paliativni péce pokrocilych

stadii a ma jen velmi omezeny ucinek.

Zvysena pozornost se v poslednich letech vénuje molekuldrnimu pozadi nador( a
tomu, jak tyto poznatky vyuZit ne jenom k diagnostickym, ale i k terapeutickym ucelim.
ZvysSend exprese nékterych receptor( Ci pritomnost specifickych genovych translokaci je
potenciondlnim terapeutickym cilem biologické l1é¢by. Zatimco napftiklad v terapii karcinomu
prsu je biologickd Iécba jiz dlouhd léta neodmyslitelnou soucasti komplexni onkologické
péce, v terapii nadorl slinnych Zlaz se jedna o novinku. To je dano nejenom nesrovnatelné
zazivd ,boom“ az v poslednich letech (107). Potencial hleddni novych genovych aberaci
podpofil pravé neddvny objev translokace ETV6-NTRK3 (76) v sekrecnim karcinomu
mamarniho typu, kterd se vSak nachazi i v jinych lokalizacich (124, 128-132). Gen NTRK3 patfi
spolecné s geny NTRK1 a NTRK2 do rodiny protoonkogend NTRK (Neurotrophic Tyrosine
Kinase), které kéduji transmembranové receptory s tyrosinkinazovou aktivitou TrkA, TrkB a
TrkC. Tyto receptory se od sebe lisi pouze ve strukture extracelularni komponenty, na které
se vazi lehce odliSné proteinové ligandy patfici mezi tzv. neurotrofiny (obrazek 26).
Vysledkem fuze genu ETV6 na chromozomu 12 a genu NTRK3 na chromozomu 15 dochazi
v nadorovych burikdch k onkogenni  aktivaci transmembranového receptoru
autonomni proliferaci a nesmrtelnosti nadorovych bunék (obrazek 27). V soucasné dobé se
blizi ke konci klinickd studie selektivniho inhibitoru tyrozinkindzové aktivity jménem
Entrectinib, ktery navazanim na intracelularni doménu receptoru ma potenciadl cilené
zastavit proliferace nadorovych bunék. Vedle genli NTRK1, 2 a 3 tento |ék cilené inhibuje i

geny kdduijici tyrozinkindzové receptory ALK a ROS1. Lék je uzivan peroralné a prochazi skrz
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hematoencefalickou bariéru, proto jsou klécbé indikovani pravé pacienti v pokrocilych

stadiich onemocnéni véetné téch s mozkovymi metastdzami (179, 180).

TrkA receptor TrkB receptor TrkC receptor

Obrazek 26 — Zndzornéni struktury Trk receptord, které se od sebe lisi pouze vazebnym
mistem pro neurotrofinovy ligandy, zatimco intraceluldrni komponenta je u vSech tfi

receptor(l shodna. (Zdroj: NTRK fusions)
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Obrazek 27 — Aktivace signalnich drah vedouci ke zvySené proliferaci, diferenciaci a prezivani

bunék, ke které je za normalnich okolnosti nutnd aktivace transmembranového receptoru

TrkA, TrkB nebo TrkC navazanim ligandu ze skupiny neurotrofin. (Zdroj: NTRK fusions)
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Vedle klasické translokace genl ETV6-NTRK3 byla mezi sekre¢nimi karcinomy
objevena podskupina sodliSnymi fuznimi partnery (142, 143). Mald cast sekrecnich
karcinomU obsahuje specifickou translokaci ETV6-RET (142). Genové translokace, kde je gen
RET jednim z fuznich partner(, byly nové popsdny i v intraduktalnim karcinomu slinnych Zlaz,
kde témér polovina pfipadl obsahuje translokace genti NCOA4-RET, a nové byly popsany dva
pfipady s translokaci genl TRIM27-RET (151, 152). Aberace tykajici se genu RET byly
doposud objeveny minimalné v souvislosti se dvéma histologickymi typy karcinomu slinnych
213z, coz z néj déld potencionalni cil biologické Iécby (181). Stejné jako geny NTRK1-3 i gen
RET kéduje transmembrdnovy receptor s tyrosin kindzovou aktivitou. | tento receptor je
potenciondlné |écebné ovlivnitelny inhibitory tyrosinkindzové aktivity jménem Loxo 292,

kterému byla na podzim roku 2018 udélena licence americké FDA.

DalSim moZnym terapeutickym postupem je vyuZziti hormonalnich receptori u
nadoru, u kterych byla prokazdna jejich pfitomnost vimunohistochemickém vysetfeni. Mezi
nadory slinnych Zldz ma z tohoto hlediska zasadni postaveni salivarni duktdlni karcinom,
jehoz nadorové buriky na svém povrchu zvySené exprimuji androgenni receptory (AR) a jsou
tedy hormon dependentnim nadorem. Cilem hormondlni terapie je navazani molekuly
antiandrogenu (Bicalutamid) na povrchové androgenni receptory, spustit jejich degeneraci a
tim zabranit jejich dalsi vazbé s androgeny. Tim se zamezi dalsi stimulaci rlstu nddorovych
bunék. Tato terapie je rezervovana pro pacienty s lokdlné pokrocilymi nebo diseminovanymi

karcinomy.

Vedle hormonalnich receptorl je SDC spojen jako jediny nddor slinnych Zzlaz
s amplifikaci genu Her-2/neu (human epidermal growth fastor receptor-2), téz znamého jako
c-erB-2. Jeho amplifikace je znama predevsim v souvislosti s karcinomem prsu, kde se
vyskytuje az ve 30 % invazivnich lézi (182). Jedna se o protoonkogen, ktery je lokalizovan na
dlouhém raménku chromozomu 17 (q11.2-g12) a spada do rodiny genu kédujicich receptory
pro epidermalni rastové faktory. Her-2/neu gen kdéduje transmembranovy protein s
tyrosinkindzovou aktivitou a ndsledkem jeho amplifikace dochdzi pres rfadu regulacnich
kaskad ke zvysené proliferaci a prezivani nddorovych bunék. Vznikly protein je exprimovany
ve zvysené mire na membrdnach nadorovych bunék a lze jej imunohistochemicky i
cytogeneticky detekovat (183). Prestoze je amplifikace genu Her-2/neu nepftiznivym

prognostickym markerem (184, 185), mGze byt cilené terapeuticky ovlivnén monoklonalnimi
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protilatkami. Trastuzumab, prodavany pod jménem Herceptin, je rekombinantni
humanizovana 1gG1l protildtka cilend proti extraceluldrni doméné transmembranového
receptoru HER. Vazbou na subdoménu IV brani utvafeni homodimerl s dalSim HER2
receptorem a takto inhibuje intraceluldrni signalizaci zprostfedkovanou HER2 a stimuluje na
protildtkdch dependentni bunécnou cytotoxicitu. Lécba Trastuzumabem v kombinaci
s chemoterapii (pacitaxel, carboplatina) pfinasi zna¢ny benefit a zvySuje pacientovo celkové

preziti (165).
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3. Vlastni vyzkum

Vlastni vyzkum je rozdélen do tfi ¢asti. Prvni ¢ast se zabyva diagnostikou nadorf
slinnych Zlaz s vyuZitim tzv. ,dvoustupniové screeningové metody”, kterd ve dvou na sebe
navazujicich krocich detekuje translokace v genech NTRK1, NTRK2, NTRK3, ALK a ROS1.
Tento vyzkum stavi na znalostech z odvétvi molekularni patologie, kterd v soucasné dobé
prodélava obrovsky rozvoj, a na objeveni velkého mnozZstvi nddorové specifickych mutaci
(107), predevsim pak na objevu sekre¢niho karcinomu slinnych Zlaz (76). Druha cast je
zamérena na cytologickou diagnostiku nador( slinnych Zlaz, konkrétné pak na diagnostiku
sekrec¢niho karcinomu metodou tenkojehlové aspirace a na jeho kategorizaci podle Mildnské
klasifikace pro reportovani salivarnich cytologii. Ve treti ¢asti jsou pak kratce komentovany

dalsi spoluautorské publikace pfimo se tykajici tématu disertacni prace.
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3.1. Specificky dvoustupnovy screening rekurentnich translokaci karcinomu

slinnych zlaz

3.1.1. Cile

Ve svétle nedavnych objevl rekurentné se vyskytujicich onkogennich translokaci
nejen v nadorech slinnych Z1az doslo i k velkému rozvoji v odvétvi cilené terapie. Na zakladé
objevu translokace ETV6-NTRK3, kterd se ukazala byt diagnostickda pro sekrec¢ni karcinom
slinnych 7Zlaz, zapocal v Bioptické laboratofi s.r.o. plosny screening malignich nadoru
raznéjSich lokalizaci. Cilem tohoto prospektivniho screeningu je vyhledat ndadory, které
obsahuji doposud nepopsané translokace a které by mohly byt potencialné lécitelné
inhibitory tyrosin-kindzové aktivity. Screening byl zacilen na translokace genli NTRK1, NTRK2,
NTRK3, ALK nebo ROS1, jejichz onkogenni aktivace je pravé terapeuticky ovlivnitelnad lékem
Entrectinib. Jejich hledani je vSak velmi naro¢né a Sance, Ze néktery nador obsahuje
konkrétni hledanou translokaci genli NTRK1, NTRK2, NTRK3, ALK nebo ROSI1 je velmi
nepatrna. Podrobit vSechny nadory molekuldarné-genetickému testovani by vSak bylo
extrémné narocné, a to jak z ekonomického, tak persondlniho hlediska. Z téchto dlivodu se
jako nejvhodnéjsi jevi tzv. dvoustupriovy screening, ktery vychazi z metodiky navrzené
Murphyho pracovni skupinou (186). Tento screening probihd v Bioptické laboratofi od

listopadu 2016.

3.1.2. Materidl a metodika

Do dvoustupnového screeningu byly zarazeny vsechny invazivni maligni ndadory
z rutinni bioptické prace s vyjimkou kolorektalni karcinomu, basoceluldrniho karcinomu klze
a lymfomu. Zvlastni dliraz byl dan na vysetfeni malignit z oblasti slinnych Zlaz, Stitné zlazy,
plic, pankreatu, mékkych tkani a glioblastomu mozku, nebot v téchto lokalizacich byly
v literatufe svétsi Cetnosti popisovany nddory podminéné onkogenni translokaci genu

NTRK1, NTRK2 nebo NTRK3 (obrazek 28).
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Table 1 Reported gene fusions involving NTRK genes along with the corresponding tumour

Gene fusion Cancer type Authors (year)
NTRK1
LMNA-NTRK1 Colorectal Sartore-Bianchi et al (2016)
Soft tissue sarcoma Doebele et al (2015)
Spitzoid melanomas Wiesner et al (2014)
AYA sarcoma Morosini et al (2015)
Congenital infantile fibrosarcoma Wong et al (2015)
TPM3-NTRK1 Colorectal Lee et al (2015), Créancier ef al (2015), Ardini et al (2014)

SQSTM1-NTRK1
NTRK1-SQSTM1
NFASC-NTRK1
BCAN-NTRK1
PPL-NTRK1
RFWD2-NTRK1

CD74-NTRK1
MPRIP-NTRK1
RABGAP1L-NTRK1
TFG-NTRK1
TP53-NTRKA1
NTRK2
Unknown-NTRK1
AFAP1-NTRK2
AGBL4-NTRK2
NACC2-NTRK2
PAN3-NTRK2

QKI-NTRK2
TRIM24-NTRK2
VCL-NTRK2
NTRK3
ETV6-NTRK3

BTBD1-NTRK3

Papillary thyroid carcinomas
Glioblastoma

NSCLC

NSCLC

Glioblastoma muiltiforme
Glioblastoma multiforme
Thyroid carcinoma

Large cell neuroendocrine tumour
(lung)

Lung adenocarcinomas
Lung adenocarcinomas

ICC

Thyroid carcinomas
Spitzoid melanomas

Appendiceal adenocarcinoma
Low-grade glioma
Glioblastoma

Pilocytic astrocytomas

Head and neck squamous cell
carcinoma

Pilocytic astrocytomas

Lung adenocarcinoma
Glioblastoma

Glioblastoma
Glioblastoma
MASC

Ductal carcinoma

Fibrosarcoma
Congenital mesoblastic nephroma

Radiation-associated thyroid cancer

AML

GIST

MASC of salivary gland
Papillary thyroid cancer
Colorectal
Glioblastoma

Bongarzone et al (1989), Butti et al (1995)
Wu et al (2014)

Farago et al (2015)

Siena et al (2015)

Frattini et al (2013). Kim et al (2014)

Kim et al (2014), Frattini et al (2013)
Farago et al (2015)

Fernandez-Cuesta et al (2014)

Vaishnavi et al (2013)
Vaishnavi et al (2013)
Ross et al (2014)
Greco et al (1995)
Wiesner et al (2014)

Braghiroli et al (2016)
Stransky et al (2014)
Wu et al (2014)
Jones et al (2013)
Wu et al (2014)

Jones et al (2013)
Wu et al (2014)
Wu et al (2014)

Zhang et al (2013)

Wu et al (2014)

Tognon et al (2002), Ito et al (2015), Del Castillo et al (2015)
Makretsov et al (2004), Arce et al (2005), Lagree et al (2011),
Pinto et al (2014)

Morerio et al (2004), Punnett et al (2000)

Watanabe et al (2002)

Leeman-Neill et al (2014)

Kralik et al (2011), Eguchi et al (1999), Knezevich et al (1998)
Brenca et al (2015)

Urano et al (2015), Skalova et al (2015)

Leeman-Neill et al (2014), Seungbok Lee et al (2014)
Hechtman et al (2015)

Wu et al (2014)

AFAP1, actin filament-associated protein 1; AGBL4, ATP/GTP-binding protein-like 4; AML, acute myeloid leukaemia; AYA, adolescents and
young adults; BCAN, brevican; BTBD1, BTB (POZ) domain containing 1; CD74, CD74 molecule; ETV6, ets variant 6; GIST, gastrointestinal
stromal tumor; ICC, intrahepatic cholangiocarcinoma; LMNA, lamin A/C; MASC, mammary secretory breast carcinoma; MPRIP, myosin
phosphatase Rho interacting protein; NACC2, NACC family member 2, BEN and BTB (POZ) domain containing: NFASC, neurofascin;
NSCLC, non-small cell lung cancer; PAN3, PAN3 poly(A) specific ribonuclease subunit; PPL, periplakin; QKI, KH domain containing RNA
binding; RABGAP1L, RAB GTPase activating protein 1-like;: RFWD2, ring finger and WD repeat domain 2, E3 ubiquitin protein ligase:
SQSTM1, sequestosome 1; TFG, TRK-fused gene; TP53, tumour protein p53; TPM3, tropomyosin 3; TRIM24, tripartite motif containing 24;
VCL, vinculin.

Obrazek 28 — Doposud reportované onkogenni flze tykajici se NTRK gena v konkrétnich

nadorech (187).

Principem dvoustupriové metody screeningu terapeuticky relevantnich genovych
aberaci je vySetfovani nddorové tkané ve dvou na sebe navazujicich krocich. V prvnim kroku
se vSechny nadory, spliujici vySe popsana kritéria, imunohistochemicky testuji smési
protildtek. Tento imunohistochemicky koktejl nespecificky detekuje aberace v genech

kddujicich  NTRK1, NTRK2, NTRK3, ALK a ROS1. Pfipadna imunopozitivita

imunohistochemického vysetreni je vSak znaéné nespecifickd a neni vidy dana pfitomnosti
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hledané translokace. Proto je nezbytné vSechny imunopozitivni pfipady v druhém kroku
screeningu podrobit vysoce specifickému i vysoce senzitivnimu vySetfeni metodou masivniho
paralelniho sekvenovani (NGS), kterd spolehlivé ozifejmi eventudlni pritomnost hledané
genové aberace. Pokud je vysledek NGS pozitivni ve smyslu nalezu translokace v nékterém
zgenU NTRK1, NTRK2, NTRK3 ¢i ROS1 a ALK, musi tento ndlez byt jesté potvrzen jinou

molekuldrné-genetickou metodou, coz je FISH nebo RT-PCR.

Imunohistochemicka analyza uZitim koktejlu protilatek byla provedena na tkani,
kterd byla fixovand 10% formalinem a zalita do parafinovych blok(. Z blok( byly ukrojeny
fezy o sile 2 um a pfeneseny na pozitivné nabita skla (TOMO, Matsunami Glass IND, Japan).
Rezy byly deparafinizovany xylenem a zavodnény v sestupné fadé etanolu. Demaskovani
antigennich epitopt bylo provedeno ponofenim do CC1 roztoku (EDTA pufr) o pH 8,6 a
zahratim na teplotu 95°C po dobu 64 minut. Endogenni aktivita peroxidazy byla zablokovéna
ponofenim fezl do 3% roztoku peroxidu vodiku v absolutnim methanolu na dobu 5 minut.
Nasledné byly pridany primarni protilatky, jejichz vlastnosti jsou uvedeny v tabulce 13 a
inkubovany v autosteineru Ventana BenchMark ULTRA (Ventana Mediclas System, Tucson,
AZ, USA) pfi teploté 37°C na dobu 40 minut. Pro vizualizaci primdrnich protilatek byla pouZita
alkalickd fosfatdza (Ventana Medical Systems). Rezy byly nakonec dobarveny Mayerovym

hematoxylinem. Pro kazdé vysSetfeni byly pouZzity vhodné pozitivni vnéjsi kontroly.

Protilatka Klon Redéni Zdroj

Pan-Trk A7H6R 1:20 Cell Signaling, Danvers, MA, USA
ALK D5F3 1:50 Cell Signaling, Danvers, MA, USA
ROS1 D4D6 1:50 Cell Signaling, Danvers, MA, USA

Tabulka 13 — Imunohistochemicka smés protilatek pouZzitd v prvnim kroku dvoustupriové

screeningové metody.

Pro hodnoceni vysledku imunohistochemického vysetfeni byl vytvoren dvou az
tfistupnovy skorovaci systém, ktery zohledriuje jednak intenzitu barveni, jednak lokalizaci
vySetfovaného nadoru vzhledem k preferen¢nim lokalizacim uvedenym vyse. Jako skdre 0O,
tedy negativni, byly vyhodnoceny pfipady, které nevykazovali Zddnou imunoreaktivitu. Skére

1+ popisuje imunoreaktivitu nadorovych bunék, ve kterych je patrnd pouze slaba granularni
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cytoplasmaticka pozitivita alespon v 70 % nadorovych bunék (obrdzek 29A). Jako skére 2+
byly vyhodnoceny vzorky, které vykazovaly silnou jadernou pozitivitu alespon v5 %
nadorovych bunék (obrazek 29B). V ptipadé, Ze vzorky pochazeji z preferenénich lokalizaci
(slinné a stitna Zlaza, mékké tkané, plice, slinivka bfisni a glioblastom mozku) je jim v pfipadé
pozitivity automaticky pfidélen 1 skérovaci bod navic, takze slabé se barvici vzorky odebrané
z preferencni lokalizace jsou ohodnoceny jako 2+ a silné se barvici vzorky jako 3+. VSechny
pripady, které byly jakkoli vyhodnoceny jako pozitivni vimunohistochemickém barveni
koktejlem protilatek, byly naskenovany do registru ndadord, vcéetné pfislusného

hematoxylinu-eosinu.

Obr 29 — A: Slaba granularni cytoplasmaticka pozitivita nddorovych bunék; B: silna jadernd

pozitivita nddorovych bunék.

V druhém kroku dvoustupriového screeningu byly vSsechny imunopozitivni pfipady
podrobeny molekuldrné-genetickému testovani vysoce senzitivni a specifickou metodou
masivniho paralelniho sekvenovani (NGS):

Priprava vzorku pro NGS

Z parafinového bloku byly ukrojeny 2 az 3 fezy o tloustce 10 um, a z nich byla
makrodisekci odebrana do mikrozkumavky oblast nadoru. Ze vzork( byly extrahovany
nukleové kyseliny (DNA i RNA) s pouZitim Agencourt Forma Pure Kitu (Beckman Coulter,
Brea, CA) dle standardizovaného protokolu. Lyza probihala pres noc a byla pfidana inkubace

pfi 80°C po dobu 1 hodiny dle modifikace protokolu firmy ArcherDX (ArcherDX Inc., Boulder,
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CO). Nukleové kyseliny byly kvantifikovany s pouzitim Qubit Broad Range RNA Kitu (Thermo
Fisher Scientific).

Hodnoceni integrity RNA a ptiprava sekvenacni knihovny

Pro pripravu knihovny bylo pouZito 250ng RNA. Aby byla generovana mira pro
integritu RNA, kontrola kvality RNA byla provedena pomoci PreSeq RNA QC Assay pouzitim
iTaq Universal SYBR Green Supermix (Biorad, Hercules, CA) u vSech vySetfovanych vzorka.
byla stanovena na 30 cykl(. Pfiprava knihovny a kontrola kvality RNA byla provedena podle
Archer Fusion Plex protokolu pro platformu Illumina (ArcherDX Inc.). Finalni knihovna byla
zfedéna v poméru 1:100 000 a kvantifikovana v 10 pL smési podle protokolu Library
Quantification pro Illlumina knihovny, kdy byla predpokladana délka fragment( 200 parG bazi
(KAPA, Wilmington, MA). Koncentrace finalni knihovny by se méla pohybovat kolem 200nM.
Limit minimalni koncentrace, pfi které mulzie byt sekvenovani uUspésné provedeno byl

stanoven na 50nM.

NGS sekvenovani a analyza

Knihovny byly sekvenovany na sekvenatoru Nextseq 500 (llumina, San Diego, CA).
Knihovny byly fedény na 4nM a stejné mnozstvi vSech knihoven bylo smichano a vloZeno do
jednoho sekvenacniho béhu. Doporucené minimalni mnozstvi klastr(i na jeden vzorek bylo
stanoveno na 500 000. Sekvenacni knihovna byla poté fedéna na 1,8 pM a byly pridany 2%
kontrolni knihovny PhiX a smés byla naloZzena do sekvenacni cartridge. Analyza vysledku
sekvenace byla provedena pomoci Archer Analysis softwaru (v5; ArcherDX Inc.). Parametry
pro vyhodnoceni validni pozitivity detekce fuzniho produktu byly nastaveny na minimalné na

5 ¢teni s fuznim transkriptem s minimalné 3 rliznymi pocatecnimi misty.

V ptipadé potvrzeni genové translokace vjednom z hledanych gen(, je obratem
kontaktovan klinik odesilajici biopsii, kterému je sdélena informace, Ze nador jeho pacienta
obsahuje terapeuticky ovlivnitelnou nadorovou translokaci a je pozadan o sdéleni klinickych
dat ve smyslu klinického stadia onemocnéni, podané terapie, ¢i mozné recidivy. Po obdrzeni

relevantnich klinickych informaci o stavu pacienta se zhodnoti, zda je vhodny pro zafazeni do
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klinické studie STARTRK2. Je-li pacient vhodny k zarazeni do studie, je mu nabidnuta mozZnost

|éCby peroranim inhibitorem tyrosin-kindzové aktivity, Entrectinib (188).

3.1.3. Vysledky

Prospektivni dvoustupriovy screening terapeuticky relevantnich genovych aberaci
probiha v Bioptické laboratofi s.r.o. od listopadu 2016. K 22.12.2018 bylo v tomto ¢asovém
obdobi vysetfeno imunohistochemickym koktejlem protilatek detekujici aberace v genech
NTRK1, NTRK2, NTRK3, ROS1 a ALK, 7151 pfipad(l z rutinni bioptické prace i konzultacnich
biopsii. Imunohistochemické vysetireni bylo pozitivni bez ohledu na skére v 1379 pfipadech
(obrazek 30A). Po provedeni molekuldrné-genetické analyzy bylo objeveno 109 rlznych
genovych aberaci v raznych lokalizacich a z nich bylo 44 terapeuticky relevantnich translokaci

(obrazek 30B).

Vysetieno 7151 pripadu 1379 pripadu vySetienych NGS
B Genova aberace
nenalezena

5772 IHC-
® 1379 IHC+

= Nalezena genova
aberace jina nez NTRK,
ROS1 a ALK

» Nalezena terapeuticky
relevantni translokace
NTRK, ROS1 nebo ALK

A B

Obrazek 30 — A: Graf vyjadfujici pomér imunoreaktivnich a imunonegativnich vysetfeni
z celkového poctu 7151 vysetieni. Imunorektivnch pfipad( bylo 1379 (19 %); B: Z celkového
poctu 1379 imunoreaktivnich vySetfeni, které byly podrobeny molekulagné-genetické
analyze metodou NGS, bylo 92 % pfipadl bez nalezu genové aberace. Ve 109 pripadech (8
%), byla nalezena genova aberace, avSak pouze v 44 pfipadech (3 %) z celkového poctu
molekuldrné-geneticky vysetfenych pripadd, byla nalezena terapeuticky relevantni

translokace.
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Nalezené aberace se nejvice vyskytovaly ve slinnych Zlazach a v kdzi, kde bylo
objeveno 32, respektive 25 rlznych mutaci. V téchto lokalizacich bylo nalezeno shodné 18
nador( obsahujici terapeuticky ovlivnitelnou translokaci. Dale ndsledovala prostata s 18
nalezenymi mutacemi, avSak Zaddna z nich nepredstavovala hledané translokace. Stejné tak
tomu bylo u vzorkd mozku, kde bylo nalezeno 13 mutaci, ve stfevé, déloinim cipku i
mékkych tkanich, kde bylo nalezeno shodné po jedné mutaci. V prsu bylo nalezeno 8 rliznych
mutaci a z toho 3 byly terapeuticky relevantni. Ve vzorcich z plic bylo nalezeno 6 genovych
aberaci a z toho 2 byly terapeuticky relevantni. Ve stitné Zlaze byly detekovany 2 genové
aberace a ztoho 1 byla terapeuticky ovlivnitelnou translokaci. Obé nalezené translokace
v ledvinach spadaly mezi terapeuticky ovlivnitelné genové fuze. Vysledky podle lokalizace a
relevantnosti nalezené mutace jsou shrnuty v tabulce 14 a obrdzku 31 (tabulka 14, obrazek
31). VSechny nalezené genové aberace vcetné lokalizace, a diagndzy jsou sepsany v pfiloze

(tabulka 19).

Lokalizace Nalezené genové aberace | Terapeuticky relevantni translokace %
Slinné zlazy 32 18 56
Kaze 25 18 72
Prostata 18 0 0
Mozek 13 0 0
Prs 8 3 37,5
Plice 6 2 33,3
Stitna 7ldza | 2 1 50
Ledvina 2 2 100
Stfevo 1 0 0
Mékké tkané | 1 0 0
Délozni cipek | 1 0 0

Tabulka 14 — Mnozstvi nalezenych genovych aberaci v rliznych lokalizacich.

66



35
30 -+
M Terapeutick
25 - y
ovlivnitelné
20 - translokace
15
m Vsechny
10 - nalezené
genové
5 aberace
0 . - T - T -_\
D a2 > N & N2 S o) @ &
D NS A QW e (& &
e SR\ » ¢ S
Q ¢ o< N N
QO N\ A
2 X ¥

Obrazek 31 — Graf znazornujici celkové pocty nalezenych genovych aberaci v poméru k

aberacim spadajicim do terapeuticky ovlivnitelnych.

Pomoci dvoustupriové screeningové metody bylo vySetfeno 185 pripadl malignich
nadorG slinnych Zlaz rlznych lokalizaci. 102 (55,1 %) pfipadl vykazovalo imunopozitivitu
rdzného stupné a bylo podrobeno v druhém kroku molekuldrné-genetickému vysetreni
metodou NGS. Zbylych 83 (43,9 %) pfipadd bylo imunohistochemicky negativnich a nebyly
proto dale vysetfovany. Provedenim molekuldrné-genetické analyzy 102 imunoreaktivnich
nadorG slinnych Zlaz bylo objeveno 32 (31,4 %) rGznych genovych translokaci, z nichz 18
(17,6 %) je povaziovano za terapeuticky ovlivnitelné. Konkrétné se jednalo o translokaci
ETV6-NTRK3, kterd je specifickd pro sekrecni karcinom a timto zplsobem byla i potvrzena
diagndéza. 24 (75 %) nddoru pochdzelo z pfiusni Zlazy a shodné 4 (12,5 %) pripady vychazely
ze submandibularni zldzy a malych slinnych Zlaz, pti¢emz 2 z dutiny Ustni, 1 z dutiny nosnia 1

ptipad pochazel z malych slinnych Zlaz orofaryngu (obrazek 32).
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Lokalizace translokovanych nadort slinnych zlaz

m Pfiusni Zlaza
m Submandibularni zlaza

m Malé slinné Zlazy

Obrazek 32 — Graf znazornujici lokalizace translokovanych nador( slinnych Zlaz.

V drtivé vétsiné translokovanych nadord se jednalo o sekrecni karcinom, ktery byl
diagnostikovan ve 25 (78,1 %) pripadech. Z tohoto poctu byly 4 (16 %) SC diagnostikovany
jako high-grade varianty a 2 z nich byly vySetfovany jiz jako recidiva. Ddle byly nalezeny 2
(6,3 %) intraduktalni karcinomy a 2 (6,3 %) acinické karcinomy, jeden dokonce s high-grade
transformaci. Dale pak byl shodné po 1 (3,1 %) pfipadu diagnostikovdn svétlobunécény

karcinom, onkocyticky cystadenokarcinom a adenoidné cysticky karcinom (obrazek 33).

Spektrum diagnoz malignit slinnych zlaz

H Sekrec¢ni karcinom

M Intraduktalni karcinom

m Acinicky karcinom

1 Svétlobunécény karcinom

B Onkocyticky cystadenokarcinom

B Adenoidné cysticky karcinom

Obrdazek 33 — Graf znazornujici spektrum diagndz ZN slinnych Zlaz, ve kterych byly nalezeny
translokace riznych gend.

68



Sekrecni karcinomy obsahovaly typickou, terapeuticky ovlivnitelnou translokaci ETV6-
NTRK3 v 18 (72 %) pfipadech, v 6 (24 %) pfipadech byla prokdzdana méné Castéjsi fuze genl
ETV6-RET a v jednom (4 %) pfipadu byla objevena doposud nepopsana fuze gent VIM-RET.
V jednom pfipadu recidivujiciho high-grade SC submandibuldrni Zlazy byla nalezena vedle
klasické translokace ETV6-NTRK3 jesté MYB-SMR3B. ldenticka koexprese byla nalezena i v
jednom ptipadu intraduktalniho karcinomu, kde byla vedle typické translokace NCOA4-RET
nalezena pravé nizkofrekvencéni fuze gend MYB-SMR3B. Druhy pftipad intraduktalniho
karcinomu obsahoval jiz pouze klasickou fuzi NCOA4-RET, avsak tento ptipad byl unikatni
tim, Ze byla nalezena metastaza v lymfatické uzliné, coZ pro IC neni bézné. Dalsi onkogenni
translokaci, ktera byla pomoci dvoustupriového screeningu nalezena je EWSR1-ATF1, ktera
definuje svétlobunéény karcinom a MYB-NFIB, ktera je specifickd pro adenoidné cysticky
karcinom. Vedle téchto do zna¢né miry tradi¢nich translokaci, které se rekurentné v danych
karcinomech nachdzeji, byly objeveny i ponékud netradi¢ni fuzni partnefi. SYN2-PPARG
translokace byla nalezena v klasickém low-grade acinickém karcinomu a v onkocytickém low-
grade cystadenokarcinomu, ktery by vSak podle nejnovéjsi, 4. Edice WHO klasifikace spadal
do kategorie adenokarcinom NOS. Vjednom pfipadu high-grade transformovaného
acinického karcinomu byla zastizena velmi atypickd translokace EWSR1-HYOU1. Tyto dvé
atypické translokace nebyly doposud v salivarni patologii publikovany a jejich vyznam bude
dale zkouman. Kompletni seznam salivarnich karcinom( vcetné lokalizace a nalezené

translokace je uveden v tabulce 15 (tabulka 15).
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No. Lokalizace Diagnéza Nalezena Fuzni partnefi
relevantni
translokace

1 Malé slinné zlazy dutiny nosni | Sekrecni karcinom Ano ETV6-NTRK3

2 Priusni Zlaza Sekrecni karcinom Ano ETV6-NTRK3

3 Priusni Zlaza Sekrecni karcinom Ano ETV6-NTRK3

4 Priusni Zlaza Sekrecni karcinom Ano ETV6-NTRK3

5 Priusni Zlaza Sekrecni karcinom Ano ETV6-NTRK3

6 Priusni Zlaza Sekrecni karcinom Ano ETV6-NTRK3

7 Priusni Zlaza Sekrecni karcinom Ano ETV6-NTRK3

8 Priusni Zlaza Sekrecni karcinom Ano ETV6-NTRK3

9 Priusni Zlaza Sekrecni karcinom Ano ETV6-NTRK3
10 Priusni Zlaza Sekrecni karcinom Ano ETV6-NTRK3
11 PFiusni Zlaza Sekrecni karcinom Ano ETV6-NTRK3
12 Priusni Zlaza Sekrecni karcinom Ano ETV6-NTRK3
13 Submandibularni zlaza Sekrecni karcinom Ano ETV6-NTRK3
14 Submandibularni Zlaza Sekrecni karcinom Ano ETV6-NTRK3
15 PFiusni Zlaza Sekrecni karcinom HG Ano ETV6-NTRK3
16 Submandibularni zlaza Sekrec¢ni karcinom HG Ano ETV6-NTRK3
17 Malé slinné Zlazy dutiny ustni | Recidivujici HG Sekrecni karcinom Ano ETV6-NTRK3
18 Submandibularni Zlaza Recidivujici HG Sekrecni karcinom Ano ETV6-NTRK3, MYB-SMR3B
19 PFiusni Zlaza Sekrecni karcinom Ne ETV6-RET

20 PFiusni Zlaza Sekrecni karcinom Ne ETV6-RET

21 Priusni Zlaza Sekrecni karcinom Ne ETV6-RET

22 PFiusni Zlaza Sekrecni karcinom Ne ETV6-RET

23 Priusni Zlaza Sekrecni karcinom Ne ETV6-RET

24 Priusni Zlaza Sekrecni karcinom Ne ETV6-RET

25 Priusni Zlaza Sekrecni karcinom Ne VIM-RET

26 PFiusni Zlaza LG intraduktalnicas metav1lu Ne NCOA4-RET
27 Priusni Zlaza LG intraduktalni karcinom Ne NCOA4-RET, MYB-SMR3B
28 Malé slinné Zlazy orofaryngu Svétlobunéény karcinom Ne EWSRI1-ATF1
29 Pfiusni zlaza HGT acinického karcinomu Ne EWSR1-HYOU1
30 Ptiusni Zlaza Acinicky karcinom Ne SYN2-PPARG
31 Priusni Zlaza Onkocyticky cystadenokarcinom Ne SYN2-PPARG
32 Malé slinné Zlazy dutiny Ustni | Adenoidné cysticky karcinom Ne MYB-NFIB

Tabulka 15 — Seznam vSech nalezenych translokaci v karcinomech slinnych Zlaz.

* lu: lymfaticka uzlina, ca: karcinom, meta: metastaza, HGT: high-grade transformace.

3.1.4. Diskuze

Nové objevené rekurentni genové translokace zcela méni souéasny pfistup ne jenom

k diagnostice a klasifikaci nadord, ale i k terapii. V soucasné dobé jsou jiz k terapeutickym

ucellm schvdlené inhibitory tyrosin-kindzové aktivity cilené proti mutacim v genech NTRK1,

NTRK2, NTRK3, ALK a ROS1. Vyhledavanim onkogennich translokaci vtéchto genech se

zabyvala i tato studie vyuZivajici metodu dvoustupriového screening, kterd vySetfuje tkan ve

dvou na sebe navazujicich krocich (186). V prvnim kroku je tkan nespecificky testovana

imunohistochemickym koktejlem protilatek detekujici aberace ve vySe zminénych genech.

Prestoze studie Hechtmena a spol. a Rudzinské a spol. uvadi IHC vysetfeni uzitim pan-Trk
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protilatky jako vysoce senzitivni (95 %, resp. 97 %) i specifické (100 %, resp. 98 %) (189, 190),
nase zkuSenosti jsou odlisné. Z vysledkd nasi studie vyplyva, Ze samostatné IHC vysetfeni je
nespecifické, nebot se do urcité miry pribarvuji nenadorové i nadorové buriky v tumorech,
které nejsou podminény mutacemi v hledanych genech (191, 192). Proto je nezbytné, aby
vSechny imunoreaktivni vzorky byly v druhém kroku podrobeny vysoce specifické i senzitivni
metodé NGS, ktera s jistotou tyto aberace detekuje. Negativni vysledek IHC s jistotou potvrdi
pouze to, Ze nami hledané translokace nejsou ve tkani pfitomny. IHC vysSetfeni ma tedy spiSe
negativni prediktivni hodnotu. K totoZznému zavéru dosla i pracovni skupina Murphy a spol.,
ktera dokonce hodnotila jako imunopozitivitu jakoukoliv pozitivitu ve vice nez 5 %
nadorovych bunék (186). Vzhledem ktomu, Ze z pfipadl, které byly v nasem souboru
imunoreaktivni a byly vySetfovany NGS (1379 pripadl), byla pouze 3 % (44 pfripadd)
pozitivnich na jednu z hledanych genovych aberaci (obrazek 30B), je nemozné, aby byla
indikovana terapie inhibitory tyrozin-kindzové aktivity pouze na podkladé vysledk( IHC.
Aplikace dvoustupriové screeningové metody je znacné vyhodnd, nebot s jistotou a velmi
rychle eliminuje pfipady neobsahujici relevantni translokace. Podrobit vSechny nadory
molekuldrné-genetickému vysSetreni a ,naslepo” patrat po genovych aberacich, které by byly

terapeuticky ovlivnitelné, by bylo finan¢né, ¢asové i personalné narocné.

Pomoci NGS bylo nalezeno v nasi laboratofi znaéné mnoiZstvi genovych aberaci
v nddorech slinnych Zlaz, které potvrzuji vyskyt konkrétni rekurentné se objevujici mutace,
ale byly nalezeny i zcela nové, doposud nepopsané onkogenni fuze, které byly publikovany

v mezindrodnich ¢asopisech s impact factorem:

Sekrecni karcinom mamarniho typu nazalni dutiny: Charakteristika 2 pfipadi a jejich
odliseni od ostatnich nizce malignich sinonazalnich adenokarcinomu

V této studii ,Mammary Analog Secretory Carcinoma of the Nasal Cavity:
Characterization of 2 Cases and Their Distinction From Other Low-grade Sinonasal
Adenocarcinomas” byly popsany 2 unikatni pripady sekre¢niho karcinomu mamarniho typu
lokalizované v dutiné nosni (128). Bylo analyzovdno 17 pfipad(i low-grade sinonasalnich
adenokarcinomU non-intestinalniho typu (SNAC), které svou morfologii napodobovaly
sekre¢ni karcinom slinnych Zldz. Byla provedena imunohistochemickd a molekuldrné-

geneticka analyza metodou NGS, FISH a RT-PCR. Molekularné-genetickymi metodami byla ve
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dvou pfipadech nalezena translokace ETV6-NTRK3 specifickd pro sekrecni karcinom. Jeden
z téchto dvou pripadu (pfipad €. 1) byl vySetfen i imunohistochemickym koktejlem protilatek
detekujici aberace v genech NTRK1-3, ALK a ROS1 s pozitivnim vysledkem (obrazek 34). Dva
pfipady tohoto studovaného souboru byly nasledné reklasifikovany jako SC. Studie se zabyva
predevsim diferencidlni diagnostikou SNAC a SC. Oba pfipady SC vykazovaly typické
histomorfologické i imunohistochemické znaky, tzn. imunopozitivitu v markerech CK7, MGA,
GATA3, S100 proteinu, STAT5, SOX10 a negativitu v p63 a DOG1. Naproti tomu zbylych 15
pripadd low-grade SNAC tubulopapilarni architektura a IHC bylo ve 14 pfipadech negativni
pro prikaz MGA. V jednom ptipadé byla nalezena jen fokalni pozitivita MGA, S100 proteinu,
GATA3 a SOX10. Cely soubor byl negativni na prikaz CDX2, CK20 a SATB2, ¢imZ byla
vyloucena diagndza intestindlniho typu adenokarcinomu (ITAC). Studie ddle varuje pred
diagnostickym pitfallem, ktery predstavuje zaména tzv. ETV6-rearanzovaného low-grade
SNAC (193) za sinonazdlni SC. Tyto dvé jednotky je nutno odlisit vzhledem k rozdilnému
klinickému chovani. Zatimco ETV6-rearanzovany SNAC se chova spiSe jako benigni nador, SC
je jiz plnohodnotna malignita, kterd je potencidlné lécitelnd a pacienti mohou profitovat
z |é¢by tyrosin-kindzovymi inhibitory. Tato publikace tak odhalila dalsi lokalizaci vedle

slinnych Zlaz, kGze a stitné Zlazy, ve které se mliZe vyskytovat sekrecni karcinom.

Obrazek 34 — A: Obraz sinonazalniho SC v barveni HE; B: Difuzni silnd jaderna pozitivita v IHC

barveni koktejlem protilatek na priikaz pfitomnosti aberaci v genech NTRK1-3, ALK a ROS1.
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Mammary Analog Secretory Carcinoma of the Nasal Cavity

Characterization of 2 Cases and Their Distinction from Other Low-grade
Sinonasal Adenocarcinomas
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Abstract: Secretory carcinoma, originally described as mammary
analog secretory carcinoma (MASC), is a low-grade salivary
gland tumor characterized by a t(12;15)(p13:q25) translocation,
resulting in an ETV6-NTRK3 gene fusion. Most MASCs are
localized to the parotid gland and intraoral minor salivary
glands. Moreover, ETV6-rearranged carcinomas with secretory
features have been reported recently in the thyroid (with and
without a history of radiation exposure), skin, and in very rare
instances in the sinonasal tract. Here, we describe 2 cases of
primary MASC in the sinonasal tract and provide a detailed
clinical and histopathologic characterization of their morphol-
ogy, immunchistochemical profile, and genetic background and
highlight features allowing for its separation from its recently
described molecular mimicker, ETV6-rearranged low-grade si-
nonasal adenocarcinoma.

Key Words: nasal cavity, mammary analog secretory carcinoma,
MASC, low-grade sinonasal adenocarcinoma, ETV6-NTRK3

(Am J Surg Parhol 2018:42:735-743)

ecretory carcinoma (SC), originally described as
mammary analog secretory carcinoma (MASC), is a
low-grade salivary gland tumor characterized by a t(12;15)
(pl13:q25) translocation, resulting in an ETV6-NTRK3
gene fusion.! In addition to having identical genetics with
SC, MASC expresses S100 and mammaglobin while being
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negative for DOG-1 and p63, thus highly resembling SC
of the breast.”> However, these features are unique among
tumors of the salivary gland.

Most MASCs are localized in the parotid gland, sub-
mandibular gland, and minor salivary glands of the oral
cavity, such as soft palate, lips, base of the tongue, and buccal
mucosa. Since its description in the major and minor salivary
glands,! MASC has been described in several other locations,
such as skin,>® thyroid,% ® and the sinonasal tract*'0 The
first case of MASC of the sinonasal tract was reported by
Lurquin et al.? and, very recently, another case with high-
erade transformation was reported in the maxillary sinus.1®

Primary sinonasal adenocarcinomas (SNACs) are
uncommon and morphologically heterogenous.'! These tu-
mors are divided into nonsalivary and salivary types. Non—
salivary-type SNACs are further classified into 2 broad
categories: intestinal-type adenocarcinoma (ITAC) and the
non-intestinal-type adenocarcinoma (non-ITAC).'> The
non-intestinal-type SNAC is of presumed surface epi-
thelium/seromucinous gland origin and accounts for <1% of
head and neck cancers.!"'* It is morphologically a very
diverse group, as it can show high-grade or low-grade fea-
tures, as determined by the proliferative activity and pattern
of growth.'* 17 An increasing number of distinct types of
non-ITAC has been recognized recently, including a subset
with rearrangement of the ETV6 gene, the so-called ETV6
gene-rearranged sinonasal low-grade SNAC. '8

By screening a series of low-grade SNACs with fluo-
rescence in situ hybridization (FISH) and/or reverse tran-
scription polymerase chain reaction (RT-PCR), we identified
2 cases of primary MASC arising in the nasal cavity, and
herein we provide a detailed clinical, histopathologic, and
molecular characterization. Recognizing MASC in the sino-
nasal tract among other SNACs of the salivary type, as well
as ETV6-rearranged low-grade SNAC, is important, as the
correct diagnosis is prognostically relevant, and E7V6-related
fusions serve as therapeutic targets.!??

MATERIALS AND METHODS

Patient Material

Fifteen cases of low-grade non-intestinal-type SNAC
with secretory features resembling MASC were identified in
a review of the Salivary Gland Tumor Registry, at the

www.ajsp.com | 735

Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.

73



Baneckova et al

Am | Surg Pathol * Volume 42, Number 6, June 2018

TABLE 1. Antibodies Used for Immunohistochemical Study

Antibody Specificity Clone Dilution Antigen Retrieval/Time (min) Source

S100 protein Polyclonal RTU CCl20 Ventana Medical Systems
Mammaglobin 304-1A5 RTU CCl/36 DakoCytomation

CK7 OV-TL 12/30 1:200 CCl/36 DakoCytomation

CK20 Ks20.8 1:100 CCl/36 DakoCytomation

CDX2 EPR2764Y RTU CCl/e4 Cell Marque

GCDFP-15 EP1582y RTU CCl/64 Cell Marque

po3 4A4 RTU CCl/64 Ventana Medical Systems
DOG-1 SP31 RTU CCl/36 Cell Marque

GATA-3 L50-823 1:200 CCl/s2 BioCareMedical

SOX10 Polyclonal 1:100 CCl/64 Cell Marque

Pan-TRK ATH6R 1:20 CCl/64 Cell Signaling

SATB2 Polyclonal 1:100 CC2/68 Sigma Aldrich

STAT5a Polyclonal 1:400 CCl/36 AssayDesigns Inc.

MIBI1 309 RTU CCl/e4 Ventana Medical Systems

CCl1 indicates EDTA buffer, pH 8.6; RTU, ready to use.

Department of Pathology, Faculty of Medicine in Plzen,
and Biopticka Laboratory Ltd, Plzen, Czech Republic. Two
additional cases with features mimicking MASC were re-
trieved from the files of the Institute of Pathology, Friedrich-
Alexander University, Erlangen, Germany, thus amounting
to a total of 17 cases. Clinical follow-up was obtained from
the patients, their physicians, or from referring pathologists.

Histology and Immunohistochemistry

For conventional microscopy, tissues were fixed in
formalin, routinely processed, embedded in paraffin
(FFPE), cut, and stained with hematoxylin and eosin. In
most cases, additional stains were also performed, in-
cluding periodic acid-Schiff with and without diastase,
mucicarmine, and alcian blue at pH 2.5.

For immunohistochemistry, 4-pum-thick sections
were cut from paraffin blocks and mounted on positively
charged slides (TOMO; Matsunami Glass Ind., Japan).
Sections were processed on a BenchMark ULTRA (Ven-
tana Medical Systems, Tucson, AZ), deparaffinized, and
subjected to heat-induced epitope retrieval by immersion
in a CC1 solution (pH 8.6) at 95°C. Following antigen
retrieval, sections were stained with a pan-TRK antibody
cocktail consisting of rabbit monoclonal antibodies, all
obtained from Cell Signaling (Danvers, MA), targeting
pan-TRK (clone ATH6R, active against TrkA, TrkB, and
TrkC, 1:50 dilution), ROSI (clone D4D6, 1:50), and ALK
(clone D5F3, 1:50), as described elsewhere.”!

All other primary antibodies used are summarized in
Table L. Visualization was performed using the ultraView
Universal DAB Detection Kit (Roche Diagnostics,
Mannheim, Germany) and ultraView Universal Alkaline

Phosphatase Red Detection Kit (Roche Diagnostics). The
slides were counterstained with Mayer hematoxylin.
Appropriate positive and negative controls were used.

Molecular Genetic Study

Detection of ETV6-NTRK3 Fusion Transcript by
RT-PCR

RNA was extracted using the RecoverAll Total
Nucleic Acid Isolation Kit (Ambion, Austin, TX). cDNA
was synthesized using the Transcriptor First Strand cDNA
Synthesis Kit (RNA input 500ng) (Roche Diagnostics).
All procedures were performed according to the manu-
facturer’s protocols. Amplification of a 105 bp product and
a 133 bp product of the p2-microglobulin gene, and a 247
bp product of the PGK gene was used to test the quality of
the extracted RNA, as previously described. 22 This re-
sulted in the detection of the classic fusion transcript of
exon 5 of the ETV6 gene and exon 15 of the NTRK3
gene.

For PCR, 2 pL of cDNA was added to the reaction,
which consisted of 12.5 pL of HotStar Taq PCR Master Mix
(Qiagen, Hilden, Germany), 10 pmol of each primer (Table 2),
and distilled water up to 25pL.26?7 The amplification
program comprised denaturation at 95°C for 14 minutes
followed by 45 cycles of denaturation at 95°C for 1 minute;
annealing at temperatures shown in Table 2 was carried
out for 1 minute and extension at 72°C for 1 minute.
The procedure was completed by incubation at 72°C for
7 minutes.

Successfully amplified PCR product was purified with
magnetic particles using Agencourt AMPure (Agencourt

TABLE 2. Primers for Detection of ETV6-NTRK3 Fusion Transcripts

Original Primer Name Sequence

Annealing Tempearture (°C) Localization

TEL971* (ETV6AT)
TRKC1059* (NTRK3A)

ACCACATCATGGTCTCTGTCTCCC
CAGTTCTCGCTTCAGCACGATG

65
65

ETV6 exon 5 outer
NTRK3 exon 15 outer

*Bourgeois et al.” .
1to et al,® Skalova et al.’
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Bioscience Corporation, A Beckman Coulter Company,
Beverly, MA). The product was then bidirectionally se-
quenced using Big Dye Terminator Sequencing Kit (PE/
Applied Biosystems, Foster City, CA) and purified with
magnetic particles using Agencourt CleanSEQ (Agencourt
Bioscience Corporation); all this was carried out according
to the manufacturer’s protocols and run on an automated
sequencer ABI Prism 3130x] (Applied Biosystems) at a
constant voltage of 13.2kV for 11 minutes.

Detection of ETV6 and NTRK3 by FISH Method

Four-pm-thick FFPE sections were placed onto
positively charged slides. Hematoxylin and eosin-stained
slides were examined for determination of areas for cell
counting.

The unstained slides were routinely deparaffinized
and incubated in the 1% Target Retrieval Solution Citrate
pH 6 (Dako, Glostrup, Denmark) at 95°C/40 minutes and
subsequently cooled for 20 minutes at room temperature in
the same solution. The slides were washed in deionized
water for 5 minutes and digested in protease solution with
Pepsin (0.5 mg/mL) (Sigma Aldrich, St Louis, MO)in 0.01
M HCI at 37°C/25 to 60 minutes according to the sample
conditions. The slides were then placed in deionized water
for 5 minutes, dehydrated in a series of ethanol solution
(70%, 85%, 96% for 2min each), and air-dried.

For the detection of ETV6 rearrangement, a com-
mercial probe, Vysis ETT6 Break Apart FISH Probe Kit
(Vysis/Abbott Molecular, Illinois), was used. The ETV6
probe was mixed with water and LSYWCP (Locus-
Specific 1dentifier/Whole Chromosome Painting) Hybrid-
ization buffer (Vysis/Abbott Molecular) in a 1:2:7 ratio,
respectively.

The probe for the detection of the rearrangement of
the NTRK3 gene region was mixed from custom-designed
SureFISH probes (Agilent Technologies Inc., Santa Clara,
CA). Chromosomal regions for NTRK3 break-apart probe
oligos are chr15:87501469-88501628 and chrl5:88701444-
89700343. The probe mixture was prepared from corre-
sponding probes (each color was delivered in a separated
well), deionized water, and LSI Buffer (Vysis/Abbott
Molecular) in a 1:1:1:7 ratio, respectively.

An appropriate amount of mixed probe was applied
on specimens, covered with a glass coverslip, and sealed
with rubber cement. The slides were incubated in the
ThermoBrite instrument (StatSpin/Iris Sample Processing,
Westwood, MA) with codenaturation at 85°C/8 minutes
and hybridization at 37°C/16 hours. The rubber-cemented
coverslip was then removed, and the slide was placed
in posthybridization wash solution (2x SSC/0.3% NP-40)
at 72°C/2 minutes. The slide was air-dried in the
dark. counterstained with 4', 6'-diamidino-2-phenylindole
(DAPL; Vysis/Abbott Molecular), coverslipped, and im-
mediately examined.

FISH Interpretation

The sections were examined with an Olympus BX51
fluorescence microscope (Olympus Corporation, Tokyo,
Japan) using a x100 objective and filter sets Triple Band Pass

Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.

(DAPY/SpectrumGreen/SpectrumOrange), Dual Band Pass
(SpectrumGreen/SpectrumOrange), and Single Band Pass
(SpectrumGreen or SpectrumOrange).

For each probe, 100 randomly selected non-
overlapping tumor cell nuclei were examined for the
presence of yellow or green and orange fluorescent signals.
Yellow signals were considered negative, and separate
orange and green signals were considered as positive.

Cutoff values were set to > 10% of nuclei with
chromosomal breakpoint signals (mean, +3 SD in normal
non-neoplastic control tissues).

Sample Preparation for Next-generation Sequencing

For next-generation sequencing (NGS) studies, 2-3
FFPE sections (10 pm thick) were macrodissected to iso-
late tumor-rich regions. The samples were extracted for
total nucleic acid using Agencourt FormaPure Kit
(Beckman Coulter, Brea, CA), following the correspond-
ing protocol with overnight digestion and an additional
80°C incubation, as described in the modification of the
protocol by ArcherDX (ArcherDX Inc., Boulder, CO).
Total nucleic acid was quantified using the Qubit Broad
Range RNA Assay Kit (Thermo Fisher Scientific) and 2 pL
of sample.

RNA Integrity Assessment and Library Preparation
for NGS

Unless otherwise indicated, 250 ng of FFPE RNA
was used as an input for NGS studies. To assess RNA
quality, the PreSeq RNA QC Assay using iTaq Universal
SYBR Green Supermix (Biorad, Hercules, CA) was per-
formed on all samples during library preparation to gen-
erate a measure for the integrity of RNA (in the form of a
cycle threshold value). Library preparation and RNA QC
were performed following the Archer Fusion Plex Proto-
col for Mumina (ArcherDX Inc.). A custom primer set
with 28 primers spanning regions on 3 specific genes of
interest including E7F6 was used. Final libraries were
diluted 1:100,000 and quantified in a 10 pL reaction fol-
lowing the Library Quantification for Illumina Libraries
protocol and assuming a 200 bp fragment length (KAPA,
Wilmington, MA). The concentration of the final libraries
was around 200 n. The threshold representing the mini-
mum molar concentration for which sequencing can be
robustly performed was set at 50nM.

NGS and Analysis (Archer)

The libraries were sequenced on an MiSeq sequencer
(Hlumina, San Diego, CA). The libraries were diluted to
4 nM, and equal amounts of up to 16 libraries were pooled
per run. The recommended number of raw reads per
sample was set to 500,000. Library pools were diluted to
16 pM library stock with 10% 12.5 pM PhiX and loaded in
the MiSeq cartridge. Analysis of sequencing results was
performed using the Archer Analysis software (version 5;
ArcherDX Ine.). Fusion parameters were set to a mini-
mum of 5 valid fusion reads with a minimum of 3 unique
start sites within the valid fusion reads.
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FIGURE 1. Representative imaging of case 2. A, Coronal computed tomography of case 2 demonstrating a right-sided nasal mass.
B, The mass extends into the nasopharynx. There was no involvement of the maxillary sinus.

RESULTS the patient was staged as T2NxMO. The patient received

£ = adjuvant radiotherapy and is alive with no evidence of

Case Histories disease after 4 years of follow-up (Figs. 1A, B).

Case 1 Detailed clinicopathologic findings in these 2 pa-
A 5l-year-old woman, nonsmoker without a prior  tients are presented in Table 3.

history of breast cancer, presented with intermittent ten-

derness or pain behind the right eye and occasional fore-  Histopathology and Immunohistochemical

head discomfort. A mass was identified on the right side of Findings

the nasal septum, and the patient was referred to surgical Cases | and 2 had histologic features and im-

resection. The resected specimen measured 1.5X1.5%0.4  munoprofiles identical to salivary gland MASC. The

cm, and the patient was staged as TINOMO. The patient  umors were unencapsulated and composed of tubular,

was alive and showed no evidence of recurrent disease papillary, and microcystic growth patterns with invasive

after > 10 years of follow-up. margins (Fig. 2A). The tumor cells had low-grade vesicular
and round to oval nuclei with fine, granular chromatin.
Case 2 Abundant eosinophilic homogenous extracellular periodic

A 65-year-old woman, nonsmoker without prior  acid-Schiff with diastase—positive material (Fig. 2B) was
history of breast cancer, presented with right-sided nasal ~ present in both cases. The tumors were composed of solid
obstruction, nasopharyngeal secretion, and occasional — microcystic growth patterns, in places divided by thick
retrobulbar pain. Past medical history was unremarkable  hyalinized fibrous septa (Fig. 2C). Focal necrotic areas were
except for a pleomorphic adenoma of the palate 5 years  present in case 2 (Fig. 2D). In contrast to acinic cell
previously. Computed tomography identified a mass in the ~ carcinoma (AciCC), both tumors lacked cytoplasmic
right nasal cavity extending into the nasopharynx. The  periodic acid-Schiff with diastase positive zymogen gran-
patient underwent surgical excision of the mass including  ules. Mitoses were few, and there was no lymphovascular
the middle turbinate along with maxillary sinus an-  invasion or perineural growth.
trostomy, right ethmoidectomy, and partial resection of In contrast, cases 3 to 17 displayed histologic fea-
the nasal septum. The tumor measured 4x4x1.5cm, and  tures of low-grade tubulopapillary adenocarcinomas or

TABLE 3. Clinical Findings in 2 MASCs of the Nasal Cavity

Duration of

Cases Age (y)/Sex Site Size (em) Stage (TNM) Local Recurrence Symptoms (y) Treatment Follow-up (y) Outcome
1 SUF Right nasal septum 1.5x1.5x04  TINOMO No 12 Surgery 14 Alive NED
2 65/F Right nasal cavity — 4x4x1.5 pT2pNxMO No 1 Surgery+RT 4 Alive NED

F indicates female; NED, no evidence of disease; RT, radiotherapy.
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I

4"

FIGURE 2. Histologic findings of sinonasal MASC. A, MASC shows admixed tubular, papillary, and microcystic growth patterns. B,
Abundant periodic acid-Schiff with diastase—positive extracellular material within tubular and cystic spaces. C, The tumors were
composed of solid, microcystic growth patterns, occasionally divided by thick hyalinized fibrous septa. D, Focal necrosis was

present in case 2.

low-grade non-intestinal-type SNAC, not otherwise
sl:)ecil‘ied.'3"5‘IT
The immunohistochemical findings are summarized

in Tables 4 and 5. Both MASCs were positive for CK7,

TABLE 4. Immunohistochemical Results of 2 Cases of MASC
in the Nasal Cavity

Antibody Case 1 Case 2
CK7 +(D) +D)
S100 +(D) +)
Mammaglobin +(D) +(F)
GATA3 +D) +(D)
SOX10 +(D) +(D)
Pan-TRK + +
Stat5 & +
po3 Neg Neg
CK20 Neg Neg
CDX2 Neg Neg
DOG-1 Neg Neg
GCDFP* +()* +E)*
MIBI 5% 40%

*Immunochemistry performed at Department of Otorhinolaryngology and
Maxillofacial Surgery, Koge University Hospital, and Department of Otolar-
yngology Head & Neck Surgery Rigshospitalet.

D indicates diffuse staining; E, staining of extracellular material; F, focal
staining.

Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.

SOX10, GATA3, STATS, and S100 (diffuse and strong
staining in all tumor cells). Immunohistochemical staining
for mammaglobin was diffusely positive in case 1 and
focally positive in case 2 (Figs. 3A-D). Both cases were
negative for p63 protein, CK20, CDX2, SATB2, and
DOG-1 (Table 4). The remaining 15 cases, except for case
13, were negative for mammaglobin. Case 13 was S100
protein/SOX10/GATA3-positive with focal staining for
mammaglobin in <5% of the tumor cells. Data from all 17
cases are summarized in Table 5.

Genetic Findings

After histologic and immunohistochemical charac-
terization, all 17 cases were characterized for the presence
of the ETV6-NTRK3 fusion transcript and/or rearrange-
ment of ETF6. These findings are summarized in Table 6.
Two cases, cases | and 2, showed ETV6 gene
rearrangement by FISH. Case 1 was negative with RT-
PCR, but a product was identified with RT-PCR in case 2,
and sequencing confirmed an exon 5 to 15 junction. In
case 1, NGS identified an atypical exon 5-13 fusion. Cases
3 to 17 were negative or not analyzable with either
RT-PCR or FISH, or were negative for both methods
(Table 6 and Figs. 4A-C).
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TABLE 5. Immunohistochemical Results of All 17 Cases

Case No. Final Diagnosis CK7 CK20 DOG-1 GATA3 SOXI0 SI100 MGA p63 STATS MIBI CDX2 SATB2
1 MASC + Neg Neg + + + + Neg + 5% Neg Neg
2 MASC + Neg Neg + + + + Neg + 40% Neg Neg
3 LG SNAC + Neg Neg + + + Neg Neg ND ND Neg ND
4 LG SNAC Neg Neg Neg + + + Neg Neg ND ND Neg ND
5 LG SNAC + Neg Neg Neg Neg Neg Neg Neg ND 20% Neg Neg
6 LG SNAC + Neg Neg Neg Neg Neg Neg Neg + 3% Neg Neg
7 LG SNAC + Neg Neg + + Neg Neg Neg + 3% Neg Neg
8 LG SNAC % Neg Neg ND + + Neg Neg ND 5% Neg ND
9 LG SNAC o+ Neg Neg Neg + + Neg Neg + 3% Neg Neg
10 LG SNAC + Neg NA NA NA Neg NA NA NA NA NA Neg
11 LG SNAC % Neg Neg Neg Neg Neg Neg Neg ND 90% Neg ND
12 LG SNAC + Neg Neg Neg Neg + Neg + + 5% Neg ND
13 LG SNAC + Neg Neg + + + +(F) 5%  Neg + 10% Neg ND
14 LG SNAC W Neg Neg Neg Neg +(F) Neg ¥ +(F) 2% Neg Neg
15 LG SNAC + Neg Neg Neg Neg + Neg Neg Neg 2% Neg Neg
16 LG SNAC + Neg Neg ND +HI) + Neg Neg ND 2% Neg Neg
17 LG SNAC * Neg Neg Neg ¥ Neg Neg Neg ND 0% ND Neg

F indicates focally; LG, low grade; NA, not analyzable; ND, not done; Neg, negative.

DISCUSSION

In contrast to the sinonasal tract, diagnosing MASC
in the major salivary glands as well as the oral minor
glands is not difficult in most cases. MASC is well char-
acterized not only by histologic and immunohistochemical
features but also by the ETV6-NTRK3 gene fusion.!
However, if MASC is present in unexpected locations, the
differential diagnosis is more challenging. MASC can be
confused with other salivary gland tumors, includin%
AciCC and adenocarcinoma not otherwise specified.

More than half of cases previously diagnosed as zymogen
granule—poor AciCC were positive for ET'V6 translocation
on rereview and therefore classified as MASC, and most
tumors previously diagnosed as AciCC of the minor sali-
vary glands also represent MASC.2%3 In contrast to
AciCC, MASC shows no basophilic granularity in the
cytoplasm of any of the constituent cells, this being the
hallmark of the serous acinar cells of AciCC. Morcover,
MASC has a completely different immunohistochemical
profile than AciCC, almost always strongly expressing

FIGURE 3. Immunohistochemical characteristics of MASC in the sinonasal tract. In both MASCs, tumor cells were intensely and

diffusely positive for mammaglobin (A), S100 (B), and CK7 (C).
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TABLE 6. Results of Molecular Analysis of 17 Cases of Sinonasal Carcinomas

FISH RT-PCR
Cases Final Diagnosis ETV6 NTRK3 Exons 5-15 Fusion Transcript Archer NGS Gene Status
1 MASC Break NA Neg ETV6-NTRK3 exons 5-13 ETV6-NTRK3
2 MASC Break Break + ETV6-NTRK3
3 LG SNAC NA Intact NA ND Neg
4 LG SNAC Intact Intact Neg ND Neg
5 LG SNAC Intact ND Neg ND Neg
6 LG SNAC Intact ND Neg ND Neg
7 LG SNAC Intact ND Neg ND Neg
8§ LG SNAC NA ND Neg ND Neg
9 LG SNAC Intact ND ND ND Neg
10 LG SNAC Intact ND ND ND Neg
11 LG SNAC Intact ND Neg ND Neg
12 LG SNAC NA ND NA ND NA
13 LG SNAC NA ND Neg ND Neg
14 LG SNAC Intact ND Neg ND Neg
15 LG SNAC Intact ND Neg ND Neg
16 LG SNAC NA ND NA ND NA
17 LG SNAC Intact ND Neg ND Neg

LG indicates low grade; NA, not analyzable; ND, not done.

$100 protein and mammaglobin, 3132 and lacking DOG-
1 expression.*

Low-grade SNACs represent a histologically het-
erogenous group of tumors, including non-ITAC and
ITAC subtypes.'? In recent years, an increasing number of
distinct types of SNACs have been recognized, including
HPV-related multiphenotypic sinonasal carcinoma,
SMARCB | -deficient sinonasal carcinoma, and tubulopa-
pillary Tow-grade SNAC.'®337 Recently, Andreasen
et al'® reviewed a series of low-grade SNACs of non-ITAC

A

tel - — 12p13

ETV6

S 3

gap
~140 kb
C

~486 kb

type with tubulopapillary growth pattern and found a
subset of tumors harboring ETV6 rearrangements and
the ETV6-NTRK3 fusion in 2 of 3 cases. From a strictly
genetic perspective, ETV6-rearranged low-grade SNAC
represents a pitfall for identifying true sinonasal MASC.
However, despite the identical genetic features of sinonasal
MASC and ETV6-rearranged low-grade SNAC, the fol-
lowing features allow for accurate separation. First, all 3
ETV6-rearranged low-grade SNACs reported were pre-
dominantly tubular, composed of cylindrical to cuboidal

» cen

~632kb

FIGURE 4. FISH. A, Design of the ETV6 break-apart probe. B, Case 1 showing separate green and orange signals for ETV6. C, NTRK3

indicating concomitant rearrangement of both genes.
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tumor cells with occasional apocrine features and focal
trabecular areas, which were not prominent features of
sinonasal MASC. Second, tumor cells in ETV6-rearranged
low-grade SNAC were arranged back-to-back with little
intervening stroma with minimal or absent secretory fea-
tures (Fig. 5A).'% In contrast, both our MASCs showed
abundant hyalinized septac and pronounced secretory
features. Third, ETV6-rearranged low-grade SNAC is
positive for DOG-1, negative for mammaglobin, and
negative or patchy positive for S100, with the opposite
being the case in MASC (Fig. 5B). Fourth, both MASCs
presented here were invasive, whereas this was not seen in
ETV6-rearranged low-grade SNAC.

The most important reason for separating these 2
entities is the difference in clinical behavior. While low-
grade non-ITAC, including ETV6-rearranged low-grade
SNAC, behaves in an essentially benign manner, MASCisa
bona fide malignancy. Awareness of the existence of MASC
within this anatomic region is important not only for sep-
arating these from the recently described ETV6-rearranged
low-grade SNAC but also for separating MASC from more
aggressive SNACs of non-ITAC and ITAC types.

In conclusion, we report 2 cases of sinonasal MASC and
describe its unique features, which are valuable in its separa-
tion from ETV6-rearranged low-grade SNAC and other low-
grade SNACs. Importantly, this separation is merited not only
for academic reasons, as the more aggressive nature of MASC
could necessitate treatment with TRK inhibitors. '
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Molekularni profilovani intraduktalniho karcinomu slinnych zlaz odhalilo podskupinu

tumort nesouci fuze NCOA4-RET a novou fuzi TRIM27-RET: Report 17 pFipadu.

V této publikaci  ,Molecular  Profiling  of  Salivary  Gland Intraductal
Carcinoma Revealed a Subset of Tumors Harboring NCOA4-RET and Novel TRIM27-RET
Fusions: A Report of 17 cases”, byla vénovana pozornost nové zavedené entité v salivarni
patologii, a to intraduktalnimu karcinomu, ktery aZz v poloviné pfipadl nese translokaci
NCOA4-RET (151). Tato studie, kterd je se svymi 17 pfipady doposud nejrozsahlejsi, méla za
cil pomoci molekuldrné-genetické analyzy detekovat nejéastéji se vyskytujici genové fuze
v intraduktdlnim karcinomu, eventualné objevit fuze nové. Ze salivarnich registri bylo
vybrdno 17 ptipadd intraduktdlnich karcinoml, ztoho 7 pfipadd bylo zasldano ke
konzultaénimu vySetfeni s pavodni diagndézou sekre¢niho karcinomu, se kterym sdili ne
jenom velmi podobnou histomorfologii, ale i imunoprofil, ktery se liSi prakticky pouze
v expresi p63/CK14/calponinu na periferii neinvazivni komponenty nadoru. Pomoci NGS bylo
objeveno 8 (47 %) pripadl nesouci fuzi v genu RET. U 6 pfipadl byla prokazana typicka
translokace NCOA4-RET a ve 2 pfipadech s vyraznymi apokrinnimi rysy byl nalezen novy,
doposud nepopsany fuzni partner TRIM27. Tyto nalezy byly potvrzeny i pomoci FISH a RT-
PCR a byla tak vyloucena pritomnost translokace ETV6-NTRK3. K tomuto souboru byl pomoci
dvoustupriové metody screeningu pfifazen jesté 1 pfipad tumoru parotis 35letého muze,
ktery je unikatni pfitomnosti metastazy v regionalni lymfatické uzliné (pfipad ¢. 26). Tento
tumor vykazoval granuldrni cytoplasmatickou pozitivitu v IHC koktejlu protilatek detekujici
aberace v genech NTRK1-3, ALK a ROS1 a byl proto indikovan k molekuldarné-genetické
analyze metodou NGS, kde byla objevena typicka translokace NCOA4-RET. Tento rozsahly
soubor IC byl prezentovan na Kongresu americkych a kanadskych patologli USCAP 2019 ve

formé posteru.
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Molecular Profiling of Salivary Gland Intraductal
Carcinoma Revealed a Subset of Tumors Harboring
NCOA4-RET and Novel TRIM27-RET Fusions

A Report of 17 cases
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Abstract: Intraductal carcinoma (IC) is the new World Health
Organization designation for tumors previously called “low-
grade cribriform cystadenocarcinoma™ and “low-grade salivary
duct carcinoma.” The relationship of IC to salivary duct carci-
noma is controversial, but they now are considered to be distinct
entities. IC is a rare low-grade malignant salivary gland neo-
plasm with features similar to mammary atypical ductal hyper-
plasia or ductal carcinoma in situ, that shows diffuse S100
protein and mammaglobin positivity and is only partially defined
genetically. (Mammary analogue) secretory carcinoma harboring
ETV6-NTRK3, and in rare cases ETV6-RET fusion, shares
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histomorphologic and immunophenotypical features with IC.
Recently, RET rearrangements and NCOA4-RET have been
described in IC, suggesting a partial genetic overlap with mam-
mary analogue secretory carcinoma. Here, we genetically char-
acterize the largest cohort of IC to date to further explore
this relationship. Seventeen cases of IC were analyzed by next-
generation sequencing using the FusionPlex Solid Tumor kit
(ArcherDX). Identified fusions were confirmed using fluo-
rescence in situ hybridization break apart and, in some cases,
fusion probes, and a reverse transcription polymerase chain
reaction designed specifically to the detected breakpoints. All
analyzed cases were known to be negative for ETV6 rearrange-
ment by fluorescence in situ hybridization and for ETV6-NTRK3
fusion by reverse transcription polymerase chain reaction. Next-
generation sequencing analysis detected a NCOA4-RET fusion
transcript joining exon 7 or 8 of NCOA4 gene and exon 12 of
RET gene in 6 cases of intercalated duct type IC; and a novel
TRIM27-RET fusion transcript between exons 3 and 12 in
2 cases of salivary gland tumors displaying histologic and
immunohistochemical features typical of apocrine IC. A total of
47% of IC harbored a fusion involving RET. In conclusion, we
have confirmed the presence of NCOA4-RET as the dominant
fusion in intercalated duct type IC. A novel finding in our study
has been a discovery of a subset of IC patients with apocrine
variant IC harboring a novel TRIM27-RET.

Key Words: salivary gland neoplasm, intraductal carcinoma,
cystadenocarcinoma, mammary analogue secretory carcinoma,
MASC, NCOA4-RET, TRIM27-RET. RET-targeted therapy

(Am J Surg Pathol 2018;42:1445-1455)

Secretory carcinoma of the salivary glands, also known
as mammary analogue secretory carcinoma (MASC),
was originally described by Skalova et al, in 2010.! Most
of these tumors were previously categorized as acinic cell
carcinoma,”* adenocarcinoma not otherwise specified or
low-grade cystadenocarcinoma, but were recognized as a
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distinct entity based on their morphologic and molecular
resemblance to secretory carcinoma of the breast,! and
subsequently adopted by the World Health Organization
(WHO) Classification of Head and Neck Tumours in 2017
as secretory carcinoma of salivary glands.®> MASCs are
characterized by abundant eosinophilic cytoplasm and
secretions, consistent immunohistochemical positivity for
5100 and mammaglobin, and recurrent ETV6-NTRK3
gene fusions. Increasing experience with MASCs, how-
ever, has also highlighted a small subset of cases that
demonstrate divergent molecular findings.%” Most nota-
bly, Skilova et al,” recently characterized 10 cases with
alternate ETV6-RET fusion.

Intraductal carcinoma (IC) is the new WHO desig-
nation for tumors previously called “low-grade cribriform
cystadenocarcinoma” and “low-grade salivary duct car-
cinoma.” The relationship of IC to salivary duct carci-
noma (SDC) has been controversial, but recently they are
considered to be distinct entities. IC is a rare low-grade
malignant salivary gland neoplasm with features similar to
mammary atypical ductal hyperplasia or ductal carcinoma
in situ, that shows diffuse S100 protein and mammaglobin
positivity and an intact myoepithelial cell layer decorated
by p63 protein, calponin, and cytokeratin 14.

MASC has many architectural and immunopheno-
typic features similar to, or identical with IC. Both tumors
may share diffuse S100 protein and mammaglobin positivity
and similar architectural features, such as cribriform-like se-
cretory spaces, multicystic architecture and papillary growth
pattern,! These 2 morphologically similar entities should be,
however, strictly separated. Pure IC is an in situ lesion with
no capacity for metastasizing while MASC does not have any
significant intraductal component and may metastasize. Most
importantly, the neoplastic nests and cysts of IC are com-
pletely surrounded by a rim of non-neoplastic myoepithelial
cells, which are positive for p63 protein, and other my-
oepithelial cell-related markers such as smooth muscle actin,
CK 14, and calponin. Thus, immunohistochemistry is helpful
in differential diagnosis between IC and MASC; with p63
protein expression providing evidence of intact myoepithelial
layer in 1C while virtually negative in MASC.

Weinreb et al,' recently demonstrated recurrent
rearrangements involving RET in 47% of ICs with an in-
tercalated duct phenotype and confirmed NCOA4-RET
fusion in one such case using next-generation sequencing
(NGS) and direct sequencing. Dogan et al,' presented,
however, at the USCAP Annual Meeting on March 6th
2017 as a poster, NCOA4-RET fusion in one of 4 tumors
morphologically and immunophenotypically compatible
with MASC using the NGS assay. The proposed novel
finding of NCOA4-RET fusion in MASC attracted our
attention as it was in contrast with our experience. So far,
we have tested > 300 cases of MASC and never found any
other fusion than ETV6-NTRK3 or ETV6-RET.!#

There have been only limited genomic and immuno-
histochemical comparative studies of pure IC and MASC, so
far. One case of “low-grade cribriform cystadenocarcinoma”
tested as part of the control group in the original description
of MASC was ETV6 negative by fluorescence in situ

1446 | www.ajsp.com

hybridization (FISH).! A second study found one case of
“low-grade cribriform cystadenocarcinoma” to be ETV6
negative by FISH.!? A recent third study also showed
ETV6 negativity by FISH in 5 cases of IC tested.!3 In the
study by Shah et al,!* there was a single case originally
classified as MASC that was negative to ETF6 break by
FISH, and positive for S100 and mammaglobin by im-
munohistochemistry, re-classified as 1C on review. The
study by Weinreb et al,'? also found no evidence of ETV6
rearrangement in any of their I1C cases tested, and did not
confirm the partner gene for RET in the majority of the
tumors. Therefore, we used a comprehensive genetic
analysis to examine the largest cohort of IC to date, with
the goal of defining the most common gene fusions and
potentially identifying novel fusions.

MATERIALS AND METHODS

Among more than 6200 cases of primary salivary
gland tumors, 16 cases of IC were retrieved from the
consultation files of the Salivary Gland Tumor Registry,
at the Department of Pathology, Faculty of Medicine in
Plzen, and Biopticka Laboratory Ltd, Plzen, Czech Re-
public (A.S. and M.M.). Interestingly, 7 cases were orig-
inally diagnosed as MASCs by referring pathologists, and
sent as consults for molecular confirmation. One addi-
tional case of predominantly apocrine IC was added which
was originally reported as case no. 15 in Weinreb et al,'”
and tested by NGS.

The histopathologic features of all tumors and the
immunohistochemical stains, when available, were reviewed
by 2 pathologists (A.S. and M.B.). A diagnosis of IC was
confirmed in cases that displayed histologic features con-
sistent with original deseription in conjunction with the
appropriate immunohistochemical profile, that is, co-ex-
pression of S100 protein, cytokeratin CK7, and mamma-
globin in the absence of DOGI staining. Morcover, an
intact myoepithelial layer decorated by p63 and/or CK 14
and calponin provided evidence of intraductal component.
Widely invasive carcinomas were excluded. Tumors were
classified further into 2 groups, according to criteria pub-
lished recently'®: those that showed an intercalated duct
phenotype and those with an apocrine phenotype. This was
determined both histologically and immunohistochemically.
Thus, a total number of 17 IC cases were studied by NGS
using ArcherDX FusionPlex kit.

For conventional microscopy, the excised tissues
were fixed in formalin, routinely processed, embedded in
paraffin (FFPE), cut, and stained with hematoxylin and
eosin. In most cases, additional stains were also per-
formed, including periodic acid-Schiff with and without
diastase, mucicarmine, and Alcian blue at pH 2.5.

For immunohistochemical analysis, 4-um-thick sec-
tions were cut from paraffin blocks and mounted on
positively charged slides (TOMO, Matsunami Glass IND,
Japan). Sections were processed on a BenchMark UL-
TRA (Ventana Medical System, Tucson, AZ), deparaffi-
nized and then subjected to heat-induced epitope retrieval
by immersion in a CCl solution at pH 8.6 at 95°C. All

Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 1. Antibodies Used for Immunohistochemical Study

Antigen

Retrieval/
Antibody Time
Specificity Clone Dilution  (min) Source
S100 protein Polyclonal RTU CCl1/20 Ventana
Mammaglobin 304-1A5 RTU CC1/36  DakoCytomation
CK7 OV-TL 12/30  1:200 CCL1/36  DakoCytomation
po3 4A4 RTU CCl/ed Ventana
DOGI SP31 RTU CCl/36 Cell Marque
GATA-3 L50-823 1:200 CC1/52  BioCareMedical
SOX-10 Polyclonal 1:100 CCl/ed Cell Marque
MIB1 RTU CCl/64 Ventana
Androgen SP107 RTU CCl/64 Cell Marque

receptor

Calponin EP798Y RTU CCl1/36 Cell Marque
CK 14 SP53 RTU CCl/64 Cell Marque

CCl1—EDTA buffer, pH 8.6.
RTU indicates ready to use.

other primary antibodies used are summarized in Table L.
The bound antibodies were visualized using the ultraView
Universal DAB Detection Kit (Roche) and ultraView
Universal Alkaline Phosphatase Red Detection Kit
(Roche). The slides were counterstained with Mayer's
hematoxylin. Appropriate positive and negative controls
were employed.

Where available, clinical follow-up was obtained
from the patients, their physicians, or from referring
pathologists.

Molecular Genetic Study

Sample Preparation for NGS and Reverse
Transcriptase Polymerase Chain Reaction

For NGS and reverse transcriptase polymerase
chain reaction (RT-PCR) analysis, 2 to 3 FFPE sections
(10 pm thick) were macrodissected to isolate tumor-rich
regions. Samples were extracted for total nucleic acid using
Agencourt FormaPure Kit (Beckman Coulter, Brea, CA)
following the corresponding protocol with an overnight
digest and an additional 80°C incubation as described in
modification of the protocol by ArcherDX (ArcherDX Inc.,
Boulder, CO). RNA component of the total nucleic acid was
quantified using the Qubit Broad Range RNA Assay Kit
(Thermo Fisher Scientific) and 2 pL of sample.

RNA Integrity Assessment and Library Preparation
for NGS

Unless otherwise indicated, 250 ng of FFPE RNA
was used as input for NGS library construction. To assess
RNA quality, the PreSeq RNA QC Assay using iTaq
Universal SYBR Green Supermix (Biorad, Hercules, CA)
was performed on all samples during library preparation
to generate a measure of the integrity of RNA (in the form
of a cycle threshold [Ct] value). Library preparation and
RNA QC were performed following the Archer Fusion-
Plex Protocol for Illumina (ArcherDX Inc.). The Archer
FusionPlex Solid Tumor Kit was used. Final libraries were
diluted 1:100,000 and quantified in a 10 pL reaction following

Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.

the Library Quantification for lllumina Libraries protocol and
assuming a 200 bp fragment length (KAPA, Wilmington,
MA). The concentration of final libraries was around 200 nM.
Threshold representing the minimum molar concentration
for which sequencing can be robustly performed was set at
50 nM.

NGS Sequencing and Analysis

Libraries were sequenced on a NextSeq. 500 sequencer
(Hlumina, San Diego, CA). They were diluted to 4nM and
equal amounts of up to 16 libraries were pooled per run. The
optimal number of raw reads per sample was set to 3,000,000.
Library pools were diluted to 1.8 pM library stock spiked with
20% PhiX and loaded in the NextSeq MID cartridge. Analysis
of sequencing results was performed using the Archer Analysis
software (v5; ArcherDX Inc.). Fusion parameters were set to a
minimum of 5 valid fusion reads with a minimum of 3 unique
start sites within the valid fusion reads.

FISH Analysis of RET Break and TRIM27-RET
Fusion

Four micrometer thick FFPE sections were placed
onto positively charged slides. Hematoxylin and eosin—
stained slides were examined for determination of arcas
for cell counting.

The unstained slides were routinely deparaffinized
and incubated in the X1 Target Retrieval Solution Citrate
pH 6 (Dako, Glostrup, Denmark) at 95°C for 40 minutes
and subsequently cooled for 20 minutes at room temper-
ature in the same solution. Slides were washed in deionized
water for 5 minutes and digested in protease solution with
Pepsin (0.5 mg/mL) (Sigma Aldrich, St. Louis, MO) in 0.01
M HCl at 37°C for 35 to 60 minutes according the sample
conditions. Slides were then placed into deionized water for
5 minutes, dehydrated in a series of ethanol solution (70%,
85%. 96% for 2 min each) and air-dried.

For the detection of RET rearrangement, factory pre-
mixed commercial probe ZytoLight SPEC RET Dual Color
Break Apart Probe (ZytoVision GmbH, Bremerhaven,
Germany) have been used. For the TRIM27-RET dual-
fusion detection custom designed SureFISH probe (Agilent
Technologies Inc.. Santa Clara with chromosomal regions
chr6:28631476-29131075 and chrl0:43354893-43849282 have
been used. Probe-mixture for the fusion detection was pre-
pared from corresponding probes (each color was delivered in
separated well), deionized water and LSI Buffer (Vysis/Abbott
Molecular) in a 1:1:1:7 ratio, respectively.

An appropriate amount of mixed and premixed
probes was applied on specimens, covered with a glass
coverslip and sealed with rubber cement. Slides were in-
cubated in the ThermoBrite instrument (StatSpin/Iris
Sample Processing, Westwood, MA) with codenaturation
at 85°C/8 minutes and hybridization at 37°C/16 hours.
Rubber cemented coverslip was then removed and the
slide was placed in post-hybridization wash solution
(2xS8C/0.3% NP-40) at 72°C/2 minutes. The slide was
air-dried in the dark, counterstained with 4', 6’-diamidino-
2-phenylindole DAP1 (Vysis/Abbott Molecular), cover
slipped and immediately examined.
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TABLE 2. Primers for RT-PCR Analysis

Primer Name Sequence 5'-3
NCOA4-RET-7-12-F CCCTTCCTGGAGAAGAGAGG
NCOA4-RET-7-12-R GTACCCTGCTCTGCCTTTCA

NCOA4-RET-8-12-F
NCOA4-RET-8-12-R
TRIM27-RET-3-12-F
TRIM27-RET-3-12-R

TACCCAAAAGCAGACCTTGG
CGCCTTCTCCTAGAGTTTTTCC
TGATCGCTCAGCTAGAAGAGAA
CCAAGTTCTTCCGAGGGAAT

FISH Interpretation

The sections were examined with an Olympus BX51
fluorescence microscope (Olympus Corporation, Tokyo,
Japan) using a X100 objective and filter sets Triple Band
Pass (DAPL/SpectrumGreen/SpectrumQOrange), Dual Band
Pass (SpectrumGreen/SpectrumOrange) and Single Band Pass
(SpectrumGreen or SpectrumOrange).

For cach probe, 100 randomly selected nonoverlapping
tumor cell nuclei were examined for the presence of yellow or
green and orange fluorescent signals. Regarding break-apart
probe, yellow signals were considered negative, separate orange

and green signals were considered as positive; conversely for
fusion probe, yellow signals were considered positive, separate
orange and green signals were considered as negative. Cut-off
values for break apart and fusion probes were set to <10/ and
20% of nuclei with chromosomal breakpoint and fusion signals,
respectively (mean+3 SD in normal non-neoplastic control
tissues).

RT-PCR Analysis of NCOA4-RET
and TRIM27-RET Fusion Transcripts

Two microliter of cDNA prepared by standard RT
procedure using Transcriptor First Strand ¢cDNA Synthesis
Kit (RNA input 500ng) (Roche Diagnostics, Mannheim,
Germany) was added to reaction consisted of 12.5puL of
HotStar Tagq PCR Master Mix (QlAgen, Hilden, Germany),
10 pmol of each fusion specific primer (Table 2) and distilled
water up to 25pl. The amplification program comprised
denaturation at 95°C for 14 minutes and then 45 cycles of
denaturation at 95°C for | minute, annealing at temperature
55°C for | minute and extension at 72°C for | minute. The
program was finished by incubation at 72°C for 7 minutes.

TABLE 3. Detailed Molecular Findings of 17 Cases of Salivary Gland ICs

FISH RT-PCR FISH
Agel Exons FISH TRIM27RET Fusion ETV6 RT-PCR

No. Sex Diagnosis NGS Joining RET ba Fusion Specific ba ETV6-NTRK3

1 38M Pure IC intercalated duct type, solid NCOA4-RET  8-12  Positive* ND Positive Negative Negative
microcystic, rich lymphoid stroma

2 47M Pure IC intercalated duct type, solid NCOA4-RET  7-12  Positive* ND Positive Negative Negative
multicystic, “MASC-like”

3 54M IC with apocrine features, TRIM27-RET  3-12  Positive Positive Positive Negative Negative
micropapillary, minimal invasion

4 50/M Pare IC intercalated duct type, solid NA — NA ND Negative ~ Negative Negative
multicystic, “MASC-like”

5 58M Pure IC intercalated duct type, solid NA — NA ND ND NA Negative
microcystic, apocrine, papillary

6  81/M Pure IC intercalated duct type, “roman NA —  Negative ND Negative  Negative Negative
bridges™

I[nvasive component of epithelial-

myoepithelial carcinoma

7t 30/F Pure IC intercalated duct type, unicystic Negative —  Negative ND ND Negative Negative

8  74M Pure IC intercalated duct type, papillary, NCOA4-RET  8-12  Positive* ND Positive Negative Negative
multicystic

9 36/F Pure IC intercalated duct type, few Negative —  Negative ND ND Negative Negative
apocrine cells

10 53/F IC intercalated duct type. minimal Negative —  Negative ND ND Negative Negative
invasion

11 75[F 1IC with apocrine features, papillary, Negative —  Negative ND ND Negative Negative
thick fibrous capsule

12 69M IC with apocrine features, unicystic Negative — ND ND ND ND Negative

13 42/F Pure IC intercalated duct type, unicystic Negative — ND ND ND Negative Negative

14 6UF Pure IC intercalated duct type, solid, NCOA4-RET  7-12  Positive* ND Positive Negative Negative
microcystic, “MASC-like”

15 36/M Pure IC intercalated duct type, solid, NCOA4-RET  8-12  Positive*® ND Positive NA Negative
microcystic, “MASC-like”

16 50/M Pure IC intercalated duct type, solid, NCOA4-RET  8-12 Positive ND Positive ND ND
microcystic, “MASC-like”

171 66/M IC with widespread apocrine features, ~ TRIM27-RET  3-12  Positive Positive Positive ND ND

and hybrid intercalated duct pattern

*Cases | to 2, 8, and 14 to 16 showed a RET FISH signal pattern indicative of an inversion/rearrangement (in one allele a gap between orange and green signals was
observed, hovewer this gap didnot reach internal cut-off (> 2 signal diameters apart).

+Published in Laco et al.?
+Published as case no.15 in Weinreb et al.'
F indicates female; M, male; NA, not analyzable; ND, not done.
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Successfully amplified PCR products were purified with
magnetic particles Agencourt AMPure (Agencourt Bio-
science Corporation, A Beckman Coulter Company,
Beverly, MA). Products were then bi-directionally se-
quenced using Big Dye Terminator Sequencing kit (Ap-
plied Biosystems, Foster City, CA), purified with magnetic
particles Agencourt CleanSEQ (Agencourt Bioscience
Corporation), all according to manufacturer’s protocol
and run on an automated sequencer ABI Prism 3130x]1
(Applied Biosystems) at a constant voltage of 13.2kV for
11 minutes.

RESULTS

Molecular Genetic Findings

The 17 cases of IC were analyzed by NGS using the
ArcherDX analysis platform. This analysis detected a
NCOA4-RET fusion transcript joining exon 7 or 8 of
NCOA4 gene and exon 12 of RET gene in 6 cases and a
novel TRIM27-RET fusion transcript between exons 3
and 12 in 2 cases of salivary gland tumors displaying
histologic and immunohistochemical features typical of

-

E NCOA4 J

A

e A & A 8 £ A C 0

exon:12

apocrine 1C (Table 3). The fusion transeripts were confirmed
by RT-PCR and sequencing (Figs. 1A-C). FISH analysis
using RET break-apart probe showed 2 different patterns,
one “negative” when distance criteria was used according to
the interpretation rules, but still showing small separation of
signals (cases | to 2, 8, and 14 to 16) (Fig. 2A), and a regular
break (classic positive pattern) with apparent separation of
signals demonstrated in 2 cases (cases 3 and 17) (Fig. 2B).
Confirmation using FISH TRIM27-RET fusion probe
displayed fusion signals with amplification (Fig. 2C).
Localization of RET, NCOA4, and TRIM27 genes for an
explanation of 2 different patterns of FISH break-apart
results is shown in the figure (Fig. 2D).

All analyzed cases were negative for ETV6-NTRK3 gene
fusion by the FusionPlex kit, RT-PCR, and ETV6 gene was
found intact by FISH (Table 3). No other fusion transcripts
different from NCOA4-RET or TRIM27-RET were found by
NGS in any analyzable case of IC. A total of 47% of analyzed
cases harbored a RET fusion by NGS, an identical finding to
that found by Weinreb et al'® By RT-PCR, the fusions
NCOA4-RET and TRIM27-RET were confirmed in all NGS
positive cases. The RET FISH break-apart probe and

| Mo on an ot
JJJ H,L A A | ‘2{ I":. /\J.‘" \".‘ :,7 "{ ,

[

exon:12

n KT €& ®§ & ® N G vy ® B 6
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FIGURE 1. Schematic representation of the fusion transcripts with Sanger sequence of RT-PCR. NCOA4-RET exons 7 and 12 (A),

NCOA4-RET exons 8 and 12 (B), TRIM27-RET exons 3 and 12 (C).

Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.

www.ajsp.com | 1449

Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.

87



Skdlovd et al

Am | Surg Pathol * Volume 42, Number 11, November 2018

TRIM27
Chré

FIGURE 2. FISH analysis. A, Seemingly negative RET break-apart probe with small separation of signals (red-green arrow). B, Regular
RET break-apart probe positivity (red and green arrows); yellow arrows show intact gene in both cases. C, TRIM27-RET fusion probe
positivity with signal amplification (yellow arrows). D, Scheme of chromosomal localization of RET, NCOA4, and TRIM27 genes.

TRIM27-RET fusion probe successfully detected the RET
rearrangement in both cases with TRIM27-RET. “False”
negative FISH results were obtained in all NCOA4-RET cases
for RET rearrangement owing to this fusion being the result of
an intrachromosomal rearrangement with inversion. Although
a narrow separation of the FISH signals was noted in each
case. The molecular findings are summarized in Table 3.

Clinical and Histologic Characteristics of the
Study Group

The study cohort consisted of 15 pure ICs and 2 1Cs
with limited microinvasion. The patients with available
clinical information included 11 males and 6 females, with a
wide age-range at diagnosis of 36 to 81 years (mean, 55.3 y).
The most common anatomic site of involvement was the
parotid gland (no. = 16 patients), with one case in the buccal
mucosa. The tumors ranged from 0.6 to 4.6 cm (mean, 1.64
cm). Detailed clinical, follow-up, and histologic findings in
17 patients with 1C are summarized in Table 4.

Grossly, the tumors were entirely circumscribed and
encapsulated in most cases, although infiltrative edges were
seen in 2 cases. All tumors were treated by surgical excision
with clear surgical margins. Five patients underwent subtotal

1450 | www.ajsp.com

conservative parotidectomy (cases 2, 8, 14 and 15), followed by
radiation therapy (case 8), and cervical lymph node dissection
(case 2), respectively. Clinical follow-up data were obtained
from 15 patients, and ranged from 8 months to 15 years
(mean, 5y and 5mo); 2 patients were lost to follow-up.

Microscopic and Immunohistochemical Features

Histologically, at low power magnification, most
cases were well-circumseribed and encapsulated. Focal
areas with microinvasion were seen in 2 cases of 1C (case 3
and 10). In addition, in case 6 the tumor of parotid gland
was a hybrid lesion composed of 2 separate components,
one was invasive epithelial-myoepithelial carcinoma and
the other pure IC without invasion. Lymphovascular and
perineural invasion was absent in all cases. All tumors
were characterized by luminal epithelial proliferations
with ductal phenotype arranged mainly in multiple cystic
patterns, besides solid and cribriform islands (Fig. 3A).
Intracystic growth often formed micropapillary structures
with anastomosing and filigreed epithelial tufts, comprising
the so called Roman-bridges pattern (Fig. 3B). Eosinophilic
proteinaceous secretion and hemorrhagic areas were
occasionally observed in some cystic spaces, as well as

Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 4. Clinicopathologic Features of 16 Cases of Salivary Gland Intraductal Carcinomas

S100
Age/ Size Nuclear Protein/ Outcome

No. Sex Site (cm) Diagnosis Grade MGA AR Treatment (in months)

1 38/M  Parotid 4.0 PureC intercalated duct type, solid microcystic. Low i —  Superficial 20 NED
rich lymphoid stroma parotidectomy

2 47M Parotid 14 Pure IC intercalated duct type, solid multicystic, Low +i+ —  Parotidectomy and 36 NED
*MASC-like” neck dissection

3 54 Parotid 2.2 IC with apocrine features, micropapillary, High +i+ +  Superficial 8§ NED
minimal invasion parotidectomy

4 50/M  Parotid 1.0 Pure IC intercalated duct type, solid multicystic, Low e 2 = Partial 57 NED
“MASC-like” parotidectomy

5 58/M  Parotid 1.5 PurelC intercalated duct type, solid microcystic. Low +i+ +  Wide excision 144 NED
apocrine, papillary

6  81/M Parotid NA Pure IC intercalated duct type, “roman-bridges” Low +/ND - NA NA

Invasive component of epithelial-myoepithelial

carcinoma*

7 50/F  Parotid 1.5 Pure IC intercalated duct type, unicystic Low +i+ - Wide excision 72 NED

8 74 Parotid 1.5 Pure IC intercalated duct type, papillary, Low +i+ — Parotidectomy and 62 NED
multicystic radiotherapy

9  36/F Buccal 0.6 PurelC intercalated duct type. few apocrine cells Low +i+ ND Wide excision 180 NED

mucosa

10 53/F Parotid 2.0 IC intercalated duct type. minimal invasion Low ++ — Parotidectomy 180 NED

11 75/F Parotid 4.6 IC with apocrine features, papillary, thick Intermediate +/+ ND Parotidectomy 72 NED
fibrous capsule

12 69M  Parotid 0.9 IC with apocrine features, unicystic Low +ND ND Parotidectomy 60 NED

13 42/F  Parotid 0.7 Pure IC intercalated duct type, unicystic Low +ND ND Parotidectomy 60 NED

14 61/F  Parotid 1.5 Pure IC intercalated duct type, solid, Low +i+ —  Partial 8§ NED
microcystic, *MASC-like” parotidectomy

Focal necrosis (deep lobe)

15 36/M  Parotid 1.0 Pure IC intercalated duct type. solid, Low +i+ = Partial 8§ NED
microcystic, “MASC-like” parotidectomy

16 50/  Parotid 2.5 Pure IC intercalated duct type, solid. Low +i+ —  Partial 12 NED
microcystic, “MASC-like” parotidectomy

17% 66/M Parotid 1.3 IC with widespread apocrine features, and Intermediate ++ + A NA

hybrid intercalated duct pattern

*Published as case no.15 in Weinreb et al.'”

F indicates female; MGA, mammaglobin; M, male; NA, not available; ND, not done; NED, no evidence of disease.

cholesterol clefts and foamy histiocytes. Tumor stroma was
densely collagenized in 3 cases, while in one case there was
rich lymphoid stroma with a growth pattern similar to
Warthin tumor (case 1) (Fig. 3C).

On high-power magnification, all cases showed bland
cytology, with tumor cells ranging from small to medium
size, with indistinet cell borders, showing round or ovoid
nuclei with dark condensed or finely dispersed chromatin
and large pale to eosinophilic cytoplasm. Mitoses were in-
conspicuous and only in one case there were focal comedo
necrosis (case 14). Tumor cells showed lipofuscin-like brown
pigment within cells intracytoplasmic vacuoles in most cases
(Fig. 3D). Six cases showed focal (cases 5, 9) or extensive
apocrine differentiation (cases 3, 11, 12, 17) (Fig. 4A).

In ICs with apocrine and mixed hybrid growth patterns
(6/17), most tumor cells were positive for androgen receptor
(AR) (Fig. 4B). All examined IC cases were positive for S100
protein (Fig. 5A), mammaglobin (Fig. 5B), and SOX-10
(Fig. 5C), typically in a strong and diffuse manner. An intact
myoepithelial cell layer surrounding tumor islands was
evidenced by p63 immunohistochemical expression (which
was negative in other tumor cells) (Fig. 5D). Calponin, and
CK 14 decorated an intact peripheral myoepithelial cell layer

Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.

in all examined cases, as well. Staining for DOGl was
negative in most cases, with limited areas of positive cells in
one case. Proliferative activity was generally low, with a mean
MIBI index <5% (range 1% to 10%).

DISCUSSION

The term “intraductal carcinoma”™ of the salivary
gland was first introduced in 1983 by Chen!? in a description
of a single case arising in minor salivary gland of the oral
cavity. Subsequently, several case reports and small series of
the same tumor entity were published with various names,
including “low-grade salivary duct carcinoma,”'®!7 and
“low-grade cribriform cystadenocarcinoma.”!® These all re-
ferred to a combination of cystic and solid structures of
varying size formed by intraductal epithelial proliferation
composed of cells resembling intercalated ductal cells and
structures similar to atypical ductal hyperplasia and ductal
carcinoma in situ of breast. In the current WHO classi-
fication, this tumor is now again regarded as an 1C.%

IC has been surrounded by controversy since its
discovery not only because of variable terminologies, but
mainly because of its uncertain relationship to SDC.!61?
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FIGURE 3. IC, intercalated duct type. A, All tumors were characterized by luminal epithelial proliferations with ductal phenotype
arranged mainly in multiple cystic pattems, besides solid and cribriform islands. B, Intracystic growth often formed micropapillary
structures with anastomosing and filigreed epithelial tufts, comprising the so called Roman-bridges pattern. C, There was rich
lymphoid stroma with growth pattern similar to Warthin tumor in case 1. D, Tumor cells showed lipofuscin-like brown pigment
within cells intracytoplasmic vacuoles in most cases.
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FIGURE 4. IC, apocrine variant. IC with widespread apocrine differentiation (A). Most tumor cells were positive for AR (B).
1452 | www.ajsp.com Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.
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and diffuse manner. An intact myoepithelial cell layer surrounding tumor islands was evidenced by p63 immunchistochemical
expression (which was negative in other tumor cells) (D). Calponin, and CK 14 (D) decorated an intact peripheral myoepithelial
cell layer.

In typical cases, 1C is noninvasive low-grade carcinoma
composed of bland neoplastic cells positive for S100,
which is in sharp contrast to SDC. SDC is defined by the
recent WHO classification as an aggressive epithelial ma-
lignancy resembling high-grade mammary ductal carci-
noma; and it is composed of polymorphic cells with S100
negative and AR positive immunoprofile.® Therefore
these 2 lesions are generally accepted as distinct and sep-
arate entities. %2l Despite this, there are, in the liter-
ature, occasional well documented low-grade ICs with
subsequent widespread invasion.!%?3 Even more confusing
are rarc cases of true high-grade SDC reported as purely
“in situ lesions.”?*

In recent years, many salivary gland low-grade
carcinomas have been found to have pathognomonic
translocations and characteristic chromosomal re-
arrangements. These include ETV6-NTRK3 and
ETV6-RET in MASC,'® MYB-NFIB and MYBLI-N-
FIB in adenoid cystic carcinoma,? EWSRI-ATFI in
(hyalinizing) clear cell carcinoma,’® CRTCI/CRTC3-

Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.

MAMEL2 in mucoepidermoid carcinoma,”” and PRKDI-
3 rearrangements in cribriform adenocarcinoma of
tongue and other minor salivary glands.?® These alterations are
tumor-specific and are present in majority of the cases of the
given tumor entity. Therefore they may serve as diagnostic
markers useful for improvement of salivary gland tumor clas-
sification and taxonomy. There have been very few genomic
studies to investigate the relationship of carcinomas with pre-
vailing intraductal growth pattern and their morphologies and
mimics, In particular, recently Weinreb et al,'® reported a series
of intraductal and invasive carcinomas of intercalated salivary
duct origin. They categorized 1C into intercalated duct and
apocrine phenotype. IC with intercalated duct differentiation
harbored a NCOA4-RET fusion in one index case and an
inversion pattern of RET rearrangement by FISH in a subset
of cases suggested this may represent a dominant fusion.!” Only
one case in this study showed a classic break-apart pattern
with RET FISH, suggesting an alternate fusion.!” In contrast,
IC with apocrine phenotype were shown to be negative for
NCOA4-RET N
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In the current study, which is the largest genomic
study of IC to date, the NCOA4-RET was confirmed to be
the dominant fusion in IC, and likely represented all the
RET positive cases previously reported with an inversion
pattern of rearrangement by FISH. A new finding in our
study has been a discovery of a subset of IC patients with
apocrine variant IC harboring a novel TRIM27-RET. The
single case with a classic break-apart for RET reported by
Weinreb et al.!? was retested in this study and confirmed
to harbor TRIM27-RET. To our knowledge, TRIM27--
RET has not been recognized in any other salivary gland
tumor so far. A total of 8 of 17 cases (47%) were confirmed
to harbor a RET fusion. Interestingly, recent studies using
RNA sequencing have revealed that SDC may also be
added to the growing list of gene fusion-positive salivary
carcinomas, with NCOA4-RET fusions having been found
in 2 SDCs.? Both NCOA4-RET translocated SDC were
positive for AR, and the tumors progressed in spite of
undergoing concurrent chemoradiation, combination
chemotherapy, and dual androgen deprivation therapy.
Both patients with NCOA4-RET translocation, however,
benefited from RET-largeted therapy.??

IC has a generally identical immunoprofile with
MASC (S100 protein/mammaglobin positive and DOGL/
p63 negative in tumor ductal cells with p63 protein im-
munostaining only in abluminal myoepithelial layer); in-
terestingly MASC (particularly those with ETV6-RET
gene fusions) seem to closely resemble NCOA4-RET
translocated ICs by histomorphology as well. Therefore, it
is possible that the NCOA4-RET gene fusion reported in
one case of “MASC” actually represented a case of IC,
possibly with invasion concealing its intraductal origin.''

In conclusion, NGS analysis of 17 cases of IC detected a
NCOA4-RET fusion transcript joining exon 7 or 8 of NCOA4
gene and exon 12 of RET gene in 6 cases of intercalated duct
type IC; and a novel TRIM27-RET fusion transcript between
exons 3 and 12 in 2 cases of salivary gland tumors displaying
histologic and immunohistochemical features typical of apoc-
rine IC for a total of 47% of IC cases. All analyzed cases were
negative for ETV6-NTRK3 gene fusion by the FusionPlex kit,
RT-PCR, and ETV6 gene was found intact by FISH. A novel
finding in our study has been a discovery of a subset of 1C
patients with apocrine variant I1C harboring a novel
TRIM27-RET. The RET negative cases seen in this study and
by Weinreb and colleagues, account for half of all ICs. There is
likely a non-RET fusion or other finding that is not detectable
using our current NGS platform and requires further study.
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V souboru pripadd salivarnich karcinomt, které byly vySetfovany dvoustupriovou
screeningovou metodou, byly dale objeveny 2 sekrecni karcinomy, které obsahovaly
doposud nepopsané fuzni partnery. V prvnim pripadu sekreéniho karcinomu typické
morfologie i imunoprofilu u 56leté Zeny v pfiusni Zlaze nebyla nalezena ani fuze ETV6-NTRK3,
ani ETV6-RET, avSak pomoci NGS byla nalezena doposud nepopsand translokace VIM-RET
(pfipad €. 25). Tento tumor vykazoval jen granularni cytoplasmatickou pozitivitu v IHC
vySetifeni koktejlem protildtek. V druhém pfipadé se jednalo o metastazujici HG sekrecni
karcinom submandibularni Zldzy u 56letého muze, kde byla nalezena zvlastni koexprese
tradi¢ni translokace ETV6-NTRK3 a MYB-SMR3B (pfipad ¢. 18). Témito ndlezy se opét
rozsifuje spektrum molekuldrnich aberaci pfitomnych v SC slinnych Zlaz a tim i pohled na

diagnostiku této nadorové entity.

94



3.2. Imunocytochemicka a molekularné geneticka korelace v cytologické
diagnostice sekrecniho karcinomu slinnych Zlaz a jeji vliv na interpretaci

nalezt v souvislosti s Milanskou klasifikaci

3.2.1. Cile

Cilem prace bylo korelovat cytomorfologické charakteristiky sekreénho karcinomu
slinnych Zlaz s jeho histomorfologii. Tyto ndlezy byly dale porovnany s poznatky, které byly
doposud na toto téma publikovany. Na souboru 3Sesti pfipad( jsme vyzdvihli dulezZitost
pomocnych imunocytochemickych a molekuldarné-genetickych metod v interpretaci
cytologickych ndlez(, které jsou v diagnostice sekrec¢niho karcinomu slinnych Zlaz esencidlni.
Vzhledem k tomu, Ze materidl ziskany tenkojehlovou aspiracni cytologii je ¢asto bunécné
chudy pro dalsi pomocna vysetreni, je nutné s materidlem maximadlné setfit. Hlavnim cilem
této studie bylo sestavit zakladni imunocytochemicky panel, jehoZ vysledky podporuji
diagnézu sekre¢niho karcinomu a tyto ndlezy uvést v souvislosti snové zavedenym
Milanskym systémem reportovani cytologii slinnych Zlaz (32). Kategorizace nalezl je totiz do

znacné miry ovlivnéna dostupnosti a vysledky pomocnych vySetifovacich metod.

3.2.2. Materidl a metodika

Ze salivarniho registru nadord slinnych #laz Siklova Ustavu patologie a Bioptické
laboratofe s.r.o. byly vkooperaci s Univerzitni nemocnici v Tampere retrospektivné
vyhleddny vsechny potvrzené pfipady sekrecnich karcinom( slinnych zlaz, u kterych byla
v pfedoperaénim obdobi provedena tenkojehlova aspiracni cytologie (FNAC). Mezi léty 2011
a 2018 bylo timto zpUsobem vysSetieno 6 pripadl, u kterych byla posléze v definitivni biopsii
prokdzana diagnosticka translokace genl ETV6-NTRK3 pomoci fluorescentni in situ
hybridizace (FISH). Pét pfipadl pochdzelo z archivu a externich konzultaci Univerzitni
nemocnice v Tampere a jeden pfipad z plzefiského salivarniho registru Siklova Ustavu
patologie. U vSech Sesti pfipadl byly dohleddny klinicko-patologicka data (pohlavi, vék,
lokalizace, klinickd manifestace a velikost l|éze), stanoveny cytomorfologické znaky

podle Milanské klasifikace pro reportovani cytopatologie slinnych Zlaz a doplnéna

95



imunocytochemicka data a molekularné-genetickd vysetifeni aspirovaného materidlu pfi

FNA.

Vsechny FNA odbéry byly provadény klinikem pod ultrazvukovou navigaci s pouzitim
aspiracni jehly o priiméru 22G. Aspirovany materidl byl rutinné zpracovan dvéma zpUsoby.
Cast byla zpracovéna v natérech na podloini skla, které byly susené vzduchem, fixované
alkoholem a obarveny dle Papanicolaoua podle standardizovaného protokolu. Druha ¢ast
aspirovaného materidlu byla odstfedéna v cytocentrifuze a opét obarvena dle
Papanicolaoua. Zbytek materidalu byl vysraien pfidanim plazmy a trombinu a vznikld
srazenina byla nasledné standardné fixovdna ve 4% formaldehydu (formol), zalita do
parafinu a rutinné zpracovana k histologickému vySetieni v tzv. cytobloku. Z cytobloku se pak
na mikrotomu ukrojily fezy o sile 4 um a byly obarveny zdkladnim barvenim heomatoxylin-
eosin (HE). Dale byly ukrojeny fezy, které byly obarveny specidlnim Schiffovym cinidlem

(Periodic acid-Schiff, PAS) s a bez natraveni.

Pro imunocytochemickou analyzu byly ukrojeny fezy zcytobloku o sile 2 um,
natazeny na pozitivné nabita skla (TOMO, Matsunami Glass IND, Japan). Tyto fezy byly
v dalSim kroku deprafinizovany xylenem, zavodnény sestupnou fadou roztokd ethanolu.
Demaskovani antigennich epitopl bylo provedeno ponorfenim do CC1 roztoku (EDTA pufr) o
pH 8,6 a zahfatim na teplotu 95°C na dobu 64 minut. Endogenni aktivita peroxidazy byla
zablokovana ponofenim fezl do 3% roztoku peroxidu vodiku v absolutnim methanolu na
dobu 5 minut. Nasledné byly prfidany primarni protilatky, jejichz vlastnosti jsou uvedeny
v tabulce 16 a inkubovany v autosteineru Ventana BenchMark ULTRA (Ventana Mediclas
System, Tucson, AZ, USA) pfi teploté 37°C na dobu 40 minut (tabulka 16). Jako detekéni
systém byl pouzit streptavidin-biotin-peroxidaza komplex. Rezy byly nakonec dobarveny

Mayerovym hematoxylinem. Pro kazdé vySetieni byly pouZity vhodné pozitivni vnéjsi

kontroly.
Protilatka Klon Redéni | Zdroj
$100 protein Polyklonalni | 1:5000 Ventana Medical system, Tucson, AZ, USA
mammaglobin | 31A5 RTU Ventana Medical system, Tucson, AZ, USA
vimentin V9 RTU Ventana Medical system, Tucson, AZ, USA
Ki-67 30-9 RTU Ventana Medical system, Tucson, AZ, USA

Tabulka 16 — Imunocytochemické markery pouzité pro cytologickou diagnézu SC. *RTU:
ready to use.
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Jako pozitivni vysledek byla interpretovana nuklearni pozitivita pro S100 protein a
nukledrné-cytoplazmatickd pozitivita pro mammaglobin, kterd byla jakékoli intenzity ve vice
nez 5 % nadorovych bunék. Proliferacni aktivita (MIB-1 index) byla vyjaddifena procentem
pozitivnich bunék v barveni Ki-67.

V dalSim kroku byla provedena detekce translokace genl ETV6-NTRK3 na zbytkovém
materidlu cytobloku molekularné-genetickymi metodami. PouZita byla flurescencni in situ
hybridizace (FISH), polymerazova retézova reakce spojena s reverzni transkripci (RT-PCR) a
masivni paralelni sekvenovani (NGS).

Pro ucely FISH byly z parafinového bloku ukrojeny 4 um silné fezy na pozitivné nabytd
podlozni skla. Rezy byly deparafinizovany ve dvou laznich xylenu po péti minutach, dvou
laznich 96% etanolu po dvou minutach a vloZzeny do destilované vody po dobu péti minut.
Rezy byly poté inkubovany v Target Retrieval Solution (pH 6) (DAKO, Glostrup, Denmark) pfi
95°C po dobu 40 minut, nasledné 20 minut chlazeny v témze roztoku a promyty destilovanou
vodou na 5 minut. Poté byly fezy natraveny pfi 37°C po dobu 45—60 minut (dle stavu tkané)
v roztoku v 0,01M HCl s 0,5 mg/ml pepsinu (Sigma Aldrich, St. Louis, MO, USA) a poté
promyty v destilované vodé po 5 minut. Odvodnéni bylo provedeno vzestupnou fadou
etanold (70 %, 85 % a 96 %) po dvou minutach a dosuseny na vzduchu. Na takto pfipraveny
fez bylo pfidano dostatecné mnozZstvi komeréné vyrabéné sondy pro detekci zlomu genu
ETV6- Vysis ETV6 Break Apart FISH Probe Kit (Vysis/Abbott Molecular, lllinois) a sondy
vlastniho designu CustomDesign SureFISH NTRK3 break apart (Agilent Technologies Inc.,
Santa Clara, CA) pro detekci zZlomu genu NTRK3. Rezy se sondami byly prekryty krycimi skly,
uzavieny rubber cementem a inkubovany v ThermoBrite instrument (StatSpin/Iris Sample
Processing, Westwood, MA). Kodenaturace probihala pfi 85°C na 8 minut a hybridizace pfi
37°C na 16 hodin. Po vyjmuti z ThermoBrite pfistroje byly fezy, po odstranéni rubber
cementu a kryciho sklicka, promyty v posthybridizaénim roztoku 2xSSC/0.3%NP-40
(VYSIS/Abbott) pti 72°C po dobu dvou minut. Skla byla po oschnuti ve tmé obarvena DAPI Il
(VYSIS/Abbott), prekryta krycim sklem a okamzité odecitana.

Pro interpretaci vysledk( byl pouzit fluorescenéni mikroskop Olympus BX51 (Olympus
Corporation, Tokyo, Japan) pfi 100x zvétSeni s pouZitim filtrG Triple Band Pass
(DAPI/SpectrumGreen/SpectrumOrange), Dual Band Pass (FITC/Texas Red) a SingleBand Pass
(SpectrumGreen or SpectrumOrange). Bylo vybrano 100 neprekryvajicich se jader

nadorovych bunék a vyhodnocena pfitomnost Zlutych, zelenych a oranZovych
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fluorescenénich signald. Zluté signaly byly hodnoceny jako negativni, zatimco oddélené
zelené a oranzové signaly byly vyhodnoceny jako pozitivni. Cut-off pro positivitu vzorku byl
nastaven na 10 % (pramér + 3 smérodatné odchylky v normalni nenddorové tkani).

Pro detekci fuzniho genu ETV6-NTRK3 byla ndsledné uzita metoda RT-PCR. RNA byla
z parafinovych fezl extrahovana pomoci the RecoverAll Total Nucleic Acid Isolation Kit
(Ambion, Austin, TX). V dalSim kroku byla mRNA prevedena do cDNA uZitim Transcriptor First
Strand cDNA Synthesis Kitu (RNA input 500 ng) (Roche Diagnostics). VSechny metody byly
provedeny podle standardizovanych protokol(i. Detekce 110 par( bazi dlouhého fragmentu
fuzniho transkriptuETV6-NTRK3 byla provedena podle Bourgeois et al. (194). Do reakéni
smési bylo pfidano 2uL cDNA, 12,5 pL HotStar Tag PCR Master Mix (Qiagen, Hilden,
Germany), 10 pmol kazdého primeru (tabulka 17) a destilovana voda doplnéna do findlniho
objemu 25 pL. Amplifikace je zahajena v prvnim kroku Uvodni denaturaci cDNA pfti teploté
95°C po dobu 14 minut, dalSich 45 cykl( pak probihd denaturace jiz pouze po dobu 1 minuty.
V druhém kroku cyklu dochazi tzv. annealingem, tedy prudkym ochlazenim na teplotu 65°C
po dobu 1 minuty k nasednuti primera. V posledni kroku cyklu pak dochazi ke zvySeni teploty
na 72 °C na 1 minutu, béhem které dochazi k syntéze DNA. Proces je zakoncen inkubaci
reakce pfi 72 °C na dobu 7 minut. Uspé&$né amplifikovany produkt fizniho transkriptu ETV6-
NTRK3 byl vycistén pomoci magnetickych castic z Agencourt AMPure Kitu (Agencourt
Bioscience Corporation, A Beckman Coulter Company, Beverly, MA), obousmérné
sekvenovan pomoci Big Dye Terminator Sequencing Kitu (PE/Applied Biosystems, Foster City,
CA), znovu vycistén magnetickymi ¢asticemi Agencourt CleanSEQ Kitu (Agencourt Bioscience
Corporation) a analyzovdan na automatickém sekvenatoru ABI Prism 3130x| (Applied

Biosystems) pfi konstantnim napéti 13,2 kV po dobu 11 minut.

Primer Sekvence primeru Lokalizace
TEL971 (ETV6A) ACCACATCATGGTCTCTGTCTCCC ETV6 exon 5
TRKC1059 (NTRK3A) CAGTTCTCGCTTCAGCACGATG NTRK3 exon 15

Tabulka 17 — pouzité primery pfi detekci fuzniho transkriptu ETV6-NTRK3.

Poslednim molekularné genetickym vySetfenim, které bylo pouZito pro

detekci translokace ETV6-NTRK3 v cytobloku, byla metoda NGS. Viz. Vysledky 3.1.
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3.2.3. Vysledky

Nas retrospektivné vysetfovany soubor obsahoval 4 muze a 2 Zeny ve véku 20 az 76
let (primér 44,3 let). Klinicky se vSech 6 pfipadl prezentovalo jako hmatnd, dobre
ohranic¢ena rezistence, pricemz nejmensi popisovand masa dosahovala na USG praméru 1
cm a nejvétsi 4 cm. 5 pripadld (83,3 %) bylo lokalizovano do oblasti parotidy a pouze
vjednom pripadé se jednalo o postizeni submandibularni Zzlazy. VSechny pripady byly
vySetieny predoperacné FNA a nasledné byla provedena chirurgickd resekce tumoru, ktery
byl histomorfologicky, imunohistochemicky a molekularné geneticky vySetfen s konecnou

diagnozou sekrecni karcinom slinnych Zlaz.

K vyhledanym 6 pripadim bylo k dispozici 7 vySetfeni FNA, nebot pro jeden pfipad
(No. 4) bylo vysetreni provedeno dvakrat s rozdilnym zdvérem. U ¢tyr pripadd (No. 1, 3,4 a
5) z Sesti byl zavér FNA reportovan v té doby uzivanou Papanicolaouovou klasifikaci a ve
vSech pfipadech byl nalez vyhodnocen jako PAP class Il — atypie suspektni z malignity.
V diferencialni diagnostice pak bylo uvedeno Siroké spektrum lézi spadajici predevsim do
benignich neoplazii: pleomorfni adenom, myoepiteliom, ¢i bazoceluldrni adenom. Pouze
v jednom pfipadé (No. 5) bylo vysloveno podezieni na acinicky nebo sekrecni karcinom. Pro
pripad cislo 4, kde byla FNA provedena dvakrat, spadal zavér pro prvni vysetfeni do
kategorie PAP class Il odpovidajici benignimu adenomu ¢i onkocytomu. Zbylé dva pfipady
(No. 2 a 6), které byly reportovany bez uziti jakékoli klasifikace, pouze deskriptivné,
zahrnovaly v diferencialni diagnostice pleomorfni adenom, myoepiteliom, ¢i monomorfni

adenom.

Histomorfologie sekreé¢niho karcinomu je pomérné variabilni, v cytomorfologickém
vysSetfeni tomu tak Uplné neni. Z cytologickych znakd, které byly vSem pripadim spolecné,
patfi uspokojiva celularita stérd, aspirované buriky byly organizovany do kohezivnich klastru
utvarejicich papilarni struktury (obrdzek 35A) s prebihajicimi cévami (obrazek 35B) a ve dvou
pripadech (No. 1 a 2) az kribriformni formace. V jejich okoli byly vzdy pfitomny i izolované
buriky. Jadra ve vSech stérech byla uniformni, pouze s velmi mirnymi atypiemi a bez mitéz.
Jaderny chromatin je jen jemné granulovany a je dobfe patrné jadérko. Vzhled cytoplasmy
byl ponékud variabilni. V péti pfipadech byla cytoplasma hojna s jemnym granulovanim,
pouze v jednom pripadé (No. 2) byla cytoplasma nepatrna a buriky zde nabyvaly az vzhledu

myoepitelii (obrdzek 35C). Ve ¢tyfech pripadech (No. 1, 4, 5 a 6) byla cytoplasma
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vakuolizovand, v pfipadech 1 a 4 dokonce aZ vzhledu bunék tvaru pecetniho prstenu

(obrazek 35D).

Obrazek 35 — Natéry na sklech barvené dle Papanicolaoua; A: papilarni struktury; B:
prebihajici cévy, tzv. transgrassing vessels; C: myoepitelidlni diferenciace bunék; D:

vakuolizace cytoplasmy vzhledu aZ bunék pecetniho prstenu.

V péti pripadech byl vedle natérl na sklo dostupny téZz cytoblok (No. 1-5).
V porovnani s natéry bylo na cytobloku moziné v mnohem vétsi mite ohodnotit architekturu
tkanovych fragmentl. Kvidéni byly papildrni, kribriformni az pseudoglandularni formace
(obrazek 36A), v nékterych pripadech vsak byla vidét i solidni hnizda nadorovych bunék. Tato
architektonicka variabilita byla pfitomna dokonce i v ramci jednoho vzorku. Nuklearni rysy se
prakticky neliSily od téch popsanych v natérech. Cytoplasmatické znaky vSak byly mnohem
lépe hodnotitelné, a to predevsim hojna vakuolizace misty az vzhledu bunék pecetniho

prstenu (obrdzek 36B) a v jednom ptipadé (No. 2) dokonce azZ vzhledu koloidu.
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Obrazek 36 — Nadlezy v cytobloku barvené hematoxylinem-eosinem; A: Pseudoglanduldrni

struktury v cytobloku ; B: Burniky vzhledu pecetniho prstenu.

U téchto péti pripadl, kde byl kdispozici cytoblok (No. 1-5), byla provedena
imunocytochemicka studie pouzitim specidlniho barveni PAS a 4 zakladnich protilatek: S100
protein, mammaglobin, vimentin a Ki-67. Sekretoricky material uvnitf mikrocystickych
struktur byl PAS pozitivni, ve vSech pfipadech byla prokazana difuzni silnd pozitivita pro
mammaglobin a vimentin, fokalni pozitivita S100 proteinu a prolifera¢ni aktivita byla nizk3,

méné nez 5 % (obrdazek 37).

Obrdzek 37 — A: Hematoxylin-eosin; B: Periodic Acid Schiff (PAS); C: S100 protein; D:

mammaglobin A; E: Ki-67; F: vimentin.
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V dalsim kroku byla provedena molekularni analyza zbylého materidlu v cytolobloku.
Ten byl vsak dostupny uZ pouze ve Ctyfech pripadech ze Sesti, a to pro pfipady 1-4,
v pfipadech 5 a 6 byl jiz cytoblok vykrajen. Dale se z genetické analyzy musel vyfadit ptipad
Cislo 2, jehoZ kvalita DNA byla nizka, a proto nevhodna k analyze. Ve zbylych testovanych
tfech pripadech (No. 1, 2 a 4) byl prokdzan zlom v genu ETV6 a NTRK3 metodou FISH
(obrazek 38). Fuzni transkript byl nasledné prokdzan bud RT-PCR nebo NGS.

Obrazek 38 — Cytogeneticka analyza metodou FISH zndzornujici vySetfeni genu ETV6
komercné vyrabénou break-apart sondou (Vysis/Abbott Molecular). Jadra majici separovany

oranzovy a zeleny signal obsahuji zlom v genu ETV6.

3.2.4. Diskuze

Sekrec¢ni karcinom slinnych Zlaz je ve vétsiné pripadl popisovan jako nizce maligni
karcinom, ktery se vSak svou pomérné blandni cytomorfologii miZe snadno zaménit za
benigni nador. Tento pitfall v hodnoceni FNA mize vést k nevhodné zvolenému operacnimu
reseni. Proto je nutnd co nejpresnéjsi kategorizace nalezl podle Milanského klasifikacniho
systému, kterd poskytuje klinikim i doporuceny terapeuticky postup.

Spravna diagndza sekrecniho karcinomu je vsak dulezita mimo jiné i proto, Ze pacienti
s agresivné se chovajicimi nadory, pokrocilym ndlezem ¢i inoperabilnimi tumory maji od
podzimu 2018 mozZnost byt |éCeni biologickou |é¢bou inhibitory tyrosin-kindzové aktivity,

které jsou vhodné pro karcinomy obsahujici translokace genli NTRK3 a RET (180, 181).
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Cytomorfologie SC je bohuzel nespecifickd a pro presnou diagnézu je nezbytné
provést doplikova pomocna vysSetfeni, jinak je prakticky nemoZné vytvofit spravnou
diagnozu, vzhledem kpomérné rozsahlé diferencidlni diagnostice SC. Doposud byly
publikovany pouze malé série a pripadové studie tykajici se cytologie SC (195-208) a vSechny
retrospektivné popisovaly SC jen s velmi limitovanymi imunocytochemickymi vysledky a az
na jednu studii (206) byly vSechny diagnostické translokace potvrzeny az z finalni histologie.
Pouze Pisharodi et al. (195) ve své publikaci predkldda dostate¢né Siroky
imunocytochemicky panel, avSak genetické vySetieni na pfitomnost translokace gen(i ETV6-
NTRK3 bylo provedeno az z finalni histologie. Griffith et al. jako jediny provedl molekuldrné-
genetické testovani z cytobloku u dvou pfipadd ze Sesti (206). Imunocytochemicky panel
v této studii byl vSak nedostacujici pro diagnézu SC. NaSe studie pfichdzi jako prvni se
suficientnim imunocytochemickym panelem protildtek a genetickym vySetfenim
provadénym na cytobloku pro tfi pfipady ze Sesti vySetfovanych.

Vzhledem k obtiZznosti cytologické diagnostiky SC byl podle vysledk( této studie
navrzen panel zakladniho barveni vhodny k potvrzeni, ¢i vyvraceni diagndzy SC. Jednd se o
specidlni barveni PAS a protildtky S100 protein, mamaglobin, vimentin a prolifera¢ni index
Ki-67. 1zolované pozitivity téchto marker( jsou pfitomny i v fadé jinych salivarnich nadord,
proto je nutné, aby nadorové bunky vykazovaly pozitivitu ve vice markerech. Vimentin je
vysoce senzitivni, avSak nespecifickou protildtkou, ktera je indikatorem myoepitelialni
diferenciace. Silnd difuzni pozitivita muaze odliSit myoepitelidlni a acinarni diferenciaci
smérem k acinickému karcinomu, se kterym je SC nejéastéji zaménovan. | kdyzZ je pro prikaz
acinarni diferenciace mnohem vice specificky marker DOG1 (137), neni vidy dostupny na
mensich patologickych oddélenich. Velmi dobra dostupnost vimentinu na vétsiné
patologickych oddéleni je nespornou vyhodou této protilatky oproti DOG1, ktery je v SC vidy
negativni.

Po provedeni imunocytochemického vysetfeni z cytobloku by mélo dale ndsledovat
molekuldrné-genetické testovani metodou FISH, RT-PCR nebo v idedlnim pripadé NGS. Pfi
nalezu specifické translokace ETV6-NTRK3, ¢i méné castych ETV6-RET ¢&i ETV6-MET je
diagndza SC potvrzena.

Kategorizace cytologickych nalezi dle Milanské klasifikace je do znacéné miry
ovlivnéno moinostmi pomocnych vysetfeni. Pokud jsou dostupné pouze natéry na sklech,

nalez by mél byt klasifikovan jako kategorie IVB: Salivarni nddory s nejistym malignim
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potencidlem (Salivary gland neoplasm of Uncertain Malignant Potential - SUMP). Pokud jsou
dostupné kvalitni cytobloky pro provedeni navrhovaného imunocytochemického panelu
protildtek a genetického vysetfeni, které potvrdi pfitomnost minimdlné zlomu v genu ETV6,
v tom pripadé by FNA méla byt reportovana jako kategorie VI: Maligni nddory. V ptipadé, Ze
genetické vysetfeni neni dostupné a je potvrzena pozitivita PAS a protildatek MGA, S100 a
vimentinu, eventudlné negativita DOG1, vietné nizké proliferac¢ni aktivity, ndlez Ize

interpretovat jako kategorii V: Suspektni z malignity.

Na souboru Sesti pacientd jsme potvrdily vysledky predchozich cytomorfologickych
studii tykajici se FNA diagnostiky sekrec¢niho karcinomu. Uvedené cytomorfologické znaky
jsou vsak znacné nespecifické a pro presnou diagndzu jsou nezbytna dopliikova vysetreni,
ktera vSak nejsou vzidy uspésnd vzhledem k limitovanému mnozstvi materidlu. Za Gcelem
Setfit cytologicky materidl jsme vytvofili zakladni panel protilatek, jejichz vysledek
podpofi diagnézu sekre¢niho karcinomu. Ta je vSak vidy definitivni az po provedeni
genetického testovani, které potvrdi pfitomnost hledané translokace. Na tomto souboru
jsme jako prvni prezentovali cytologickou diagnostiku sekre¢niho karcinomu slinnych zlaz
v kontextu s Milanskym systémem reportovani cytologii slinnych Zlaz a zaroven se jednalo o
nejvétsi soubor pfipadd se suficientnim imunocytochemickym i genetickym vysetfenim

provadéném na cytobloku.
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3.3. Dalsi publikované prace primo se tykajici tématu

3.3.1. Novy systém pro sjednocené hodnoceni tenkojehlovych aspiracnich cytologii slinnych
Zlaz: Co nového prinesl tzv. ,,Milansky systém reportovdni” do cytodiagnostiky lézi slinnych

Zlaz?

Tenkojehlova aspiracni cytologie/biopsie (FNA/FNAC/FNAB) je predoperacni
diagnosticka metoda, kterd v dnesni dobé je jiz nedilnou soucasti rutinniho diagnostického
postupu. Jednd se o vysoce specializované odvétvi cytopatologie vyZzadujici zkuSenosti
s diagnostikou ndador( slinnych Zlaz, které jsou charakteristické svou heterogenni
histomorfologii a komplexnim imunoprofilem. Jesté donedavna v reportovani FNA vladl
chaos a nebyla ustanovena Zadna konkrétni jednotnd podoba reportu. Po vzoru jiz
zavedenych klasifikaci Bethesda ¢&i Paris systému byla vroce 2015 zapocata tvorba
klasifikacnich kritérii pro reportovani cytologii salivarnich lézi. Po¢atkem roku 2018 vychazi
novy Milansky systém pro reportovani cytologii salivarnich lézi, ktery vedle pevné danych
kritérii pro kategorizaci nalez(i vydavd i klinickd doporuceni dalSiho postupu a riziko
malignizace pro kazdou ze Sesti diagnostickych kategorii. Milansky systém ma za ukol
sjednotit reportovani nalez(i salivarnich |ézi, kterému dostatecné porozumi jak klinicti
pracovnici, tak patologové z jinych patologickych oddéleni nejenom v ramci republiky, ale i

celého svéta.
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RESIDENT 'S SHORT
REVIEW

Novy systém pro sjednocené hodnoceni
tenkojehlovych aspirac¢nich cytologii slinnych

ZIaz: Co nového prinesl ,tzv. Milansky systém
reportovani” do cytodiagnostiky lézi slinnych zlaz?

Markéta Miesbauerova'?, Ivana Kholova?®, Alena Skalova'?

' Sikliv tistav patologie, Univerzita Karlova, LékaFskd fakulta v Plzni, Plzer, Ceskd republika

2 Bioptickd laboratof. 5.r.o,, Plzer, Ceskd republika

3 Department of Pathology, Fimlab Laboratories, Tampere University Hospital and Faculty of Medicine and Life Sciences, Tampere University,
Tampere, Finland

SOUHRN

Nové publikovana klasifikace tenkoje hlovych aspiracnich cytologii slinnych zlaz, tzv. Milansky systém reportovani, je prispévkem k mezindrodni standardizaci
cytodiagnostickych postup(. Minireview podava preklad zékladnich cytodiagnostickych kategorii do ¢eské terminologie, pfinasi stru¢nou definici a prehled
obsahu diagnostickych kategorii navrzenych Milanskym systé mem reportovani salivarich cytologickych nalez( s rizikem malignity v jednotlivych kategeriich,
a doporucuje prijeti Milanskeé klasifikace jako narodniho standardu.

Kli¢ova slova: tenkojehlova aspiracni cytologie - FNA - nadory slinnych zlaz - cytoblok — Milansky systém reportovani cytologie

Minireview: The new system of unified evaluation of fine needle aspiration cytology of salivary
glands: What is new in the Milan system for reporting of salivary glands lesions?

SUMMARY

The recently published Milan system for reporting salivary gland cytopathology represents an important contribution to the international standardisation of
cytodiagnostic reports. The minireview provides translation of the diagnostic categories into Czech terminology and it discusses briefly the definition and ex-
planatory notes of given diagnostic categories in correlation with risk of malignancy. The adopting of the Milan system as a national standard is recommended.

Keywords: fine-needle aspiration cytology - FNA - salivary gland tumors - cell block - Milan System for reporting salivary cytopathology

Nadory slinnych 24z patii mezi nejvice heterogenni a varia-
bilni nadorovou skupinu a zvlaété cytologicka diagnostika lézi
slinnych 23z je pro patology velkou vyzvou. Zatimco vétsinu sa-
livarnich nadorti Ize v excizi a resekatu dobie urcit, interpretace
jehlové biopsie (core cut biopsy) a tenkojehlové aspiraéni cyto-
logie (FNA) vyzaduje velkou opatrnost, erudici a uvédomeni si
limith diagnostické metody. Nadory slinnych Zlaz se vyskytuji
velmi vzacné s incidenci 5-10 novych pfipad (/100 tis. obyvatel,
predstavuji asi 6 % nadord z oblasti hlavy a krku a kolem 0,3 %
viech malignit. Jsou castéjsi u starsich lidi a nejvice je postizend
pfiudni Z1aza. Pfiblizné 75 % nador slinnych zlaz je benignich;
riziko malignity koreluje obracené s velikosti Zldzy. Zatimco az
80 % nadort malych slinnych Zlaz dutiny ustni je malignich,
v submandibuldrni zlaze jde o polovinu piipadd a v pfiusni Zldze
jen asi kolem 20 % nadord odpovidd malignité.

1 Adresa pro korespondenci:

MUDr. Markéta Miesbauerovd

Sikliv astav patologie LF UK v Plzni

Fakultni nemocnice Bory

Ed. Benese 13, 305 99 Plzen, Ceskd republika
tel.: +420723 102 662

fax: +420377 402634

e-mail: Marketa.Miesbauerova@outlook.com
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Obecné se postizeni slinnych Zlaz nejtastéji projevuje jejich
zdutenim, které je bud'lokalizované nebo difizné zaujima celou
Zlazu. Ve vétsiné piipadl tumord slinnych Zlaz je 1éze dobfe pfi-
stupna nejen palpacnimu a sonografickému vysetfeni, ale i vy-
setfeni cytologickému.

Jaka je role cytologie v diagnostickém algoritmu pacientl
s lézemi slinnych ZlIaz? FNA je vieobecné vnimana jako efek-
tivni primarné diagnosticky test vhodny pro pfedbézné urceni
terapie |ézi slinnych Zlaz. Nejroziifenéjsi diagnostickou meto-
dou vysetieni 1ézi slinnych Zlaz je tenkojehlova aspiracni bi-
opsie (FNA - fine needle aspiration). Pfi spravné provedeném
odbéru materidlu, bud za sonografické nebo palpacni kontroly,
je FNA zdrojem uréujicim nejenom piedbéznou diagndzu, ale
i dalsi terapeuticky postup spole¢né s ur¢enim miry radikality
zakroku, pokud je indikovan.V tomto ohledu je pfi evaluaci cy-
tologického néatéru velice dileZitd i mezioborova spoluprace
s radiologem, jehoz popis mize byt téz voditkem pfi vyhodno-
covani vysetfeni. Zkuseny cytodiagnostik dokaze ve vétsiné pfi-
padd urcit diagnozu béznych benignich nadord, jako je Warthi-
nidv tumor nebo pleomorfni adenom a odlisit nenadorové léze,
které nevyzaduji chirurgickou lé¢bu (1). V mnoha pfipadech lze
s pfijatelnou mirou specificity odlisit low-grade a high-grade
karcinomy. Zatimco nadory slinnych Zlaz je vétiinou potieba
chirurgicky odstranit, vétdinu nenddorovych lézi bude klinik
pravdépodobné fesit konzervativné. FNA také mlze efektivné
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pfispét k volbé vhodné operacni techniky, véetné rozhodnuti
o mife radikality.

Celkové hodnoty senzitivity a specificity FNA cytologie jsou
podle udaja v literatuie vysoké a pohybuji se v rozmezi 86-100 %,
ale mira pfesnosti diferenciace mezi jednotlivymi nadorovymi
jednotkami je velmi rozdilna a kolisé v rozmezi 48-94 % v zavis-
losti na typu nadoru, kvalité cytologického odbéru, zkusenosti
cytopatologa a mnoha dalsich okolnostech (2). Takovy rozptyl
je dan predevsim tim, Ze patolog sice nema vétsich problémt
pfi uréovéni benigni/nizce maligni tumor versus vysoce maligni
nador, ale komplikace nastavaji pfi uréovani konkrétniho typu
nadoru. Nejéastéjsi diagnézou, kterou cytopatolog provadi je
pleomorfni adenom a Warthintv tumor, s jejichz diagnostikou
neni vétsinou problém, tudiz specificita je v téchto pfipadech
vysoka. Na druhou stranu vsak specificita vyrazné klesa pfi ur-
covani konkrétniho typu nadoru mimo WarthinGv tumor a pleo-
morfni adenom. To je dano pravé morfologickym piesahem
a diverzitou mezi jednotlivymi typy salivamich nadorua.

Mildnsky systém reportovani cytologii slinnych Zlaz byl vy-
tvofen za ucelem sjednoceni terminologie a zlep3eni stratifi-
kace rizika malignity v jednotlivych diagnostickych kategoriich
(tab. 1) (3). Jde o prakticky a diagnosticky zaméfeny atlas, ktery
neméni dosavadni diagnosticka kriteria, ale navrhuje standar-
dizovany postup reportovani nélezd takovym zptsobem, aby
byly srozumitelné v klinické praxi a vyuzitelné pro planovani
lé¢by pacientll. Systém zlepsuje komunikaci mezi patology
a kliniky a umozni srovnani diagnostiky mezi riznymi pracovi-
3ti (4).

Diagnostické kategorie navrzené Milanskym systémem re-
portovani cytologickych nalezi

1. Kategorie nediagnostickd

Tato kategorie by neméla byt pouZita ve vice nez 10 % vyset-
fovanych vzorkl. Hlavnim, ale ne jedinym kriteriem adekvéatnos-
ti vzorku, je jeho bunécénost. Milansky systém doporucuje pouzit
jako minimum celkem 6 skupin bunék sestavajicich minimalné
z 10 bunék v kazdé skupiné. Nélez izolovanych atypickych nebo
jasné malignich bunék cytologii posunuje z kategorie ,nedia-
gnostické” do kategorie ,suspektni z malignity” nebo,maligni®.

II. Kategorie nenddorovd

Kategorie ,nenadorova” se pouziva pro vzorky, které vykazuji
zmény asociované s akutnim nebo chronickym zénétem slinné
Zlazy, regresivnimi zménami nebo sialolithidzou. Cytologické
vzorky jsou dostatecné bunécné, ale neobsahuji Zzddné nadoro-
vé burky. Buniky nevykazuji atypickou morfologii a terapeuticky
postup se odviji od klinickych symptomu pacienta. Doporucuje
se pouZivat tuto kategorii v korelaci s klinickym a radiologickym
nalezem.

IIl. Atypie nejistého vyznamu (AUS)

Cilem salivarni FNA cytopatologie je odlidit nddorové a nena-
dorové aspiraty, protoze to mé bezprostfedni dopad na klinické
rozhodovani. Pokud cytologicky vzorek neumoziiuje toto roz-
lisent, je kategorizovén jako ,atypie nejistého vyznamu (AUS)"
Tato kategorie redukuje pocet falesné negativnich diagnoéz
v kategorii ,nenadorovéd” a pocet faleiné pozitivnich v kategorii
Jhéadorova“. Vétiinou tato kategorie obsahuje léze s reaktivnimi
atypiemi nebo suboptimalné odebrané vzorky z nadord.

VI A. Nddory: Benigni

Kategorie,nadory benigni“ se pouziva jen, pokud cytologicky
vzorek vykazuje cytomorfologické znaky specifické pro nékte-
ry benigni nador slinnych Zlaz, zpravidla obsahuje diagnostické
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znaky pleomorfniho adenomu nebo Warthinova tumoru. Méné
¢asto je na zdkladé FNA diagnostikovan jiny benigni nador.

IV B. Nddory: Salivdrni nddory s nejistym malignim potencid-
lem (Salivary gland neoplasm of Uncertain Malignant Poten-
tial - SUMP)

Diagnoza SUMP je rezervovéana pro FNA vzorky, které obsahuji
cytomorfologické jednoznacné zndmky nadoru, ale neumozriuji
5 jistotou stanovit diagndzu nebo s urditosti rozlisit mezi benig-
nim a malignim nadorem. Vétsina pfipadd je nasledné v histolo-
gickém vysetteni klasifikovana jako low-grade malignita.

V. Podezieni z malignity (suspicious for malignancy - SM)

Kategorie SM umoznuje stratifikovat riziko malignity a infor-
movat klinika, Ze pfislusny FNA vzorek splfiuje néktera, ale ne
visechna kriteria malignity. Velké procento pfipadl s diagndzou
SM pfedstavuji suboptimalni a méalo bunécné vzorky, které ob-
sahuji atypické buriky, ale také artefakty nebo zanétlivou ci krev-
ni pfimés znemoziujici jasnou diagnozu.

VI. Maligni

Salivari aspiraty kategorizované jako ,maligni” obsahuji
cytomorfologické znaky diagnostické pro maligni nédor, bud
samostatné nebo v kombinaci s molekuldmimi nebo imuno-
histochemickymi testy. Pokud je to moZné, v téchto vzorcich
Milansky systém doporucuje urcit grade a specifickou diagnézu
karcinomu (napt. low-grade mukoepidermoidni karcinom®).

Specialni metody v cytopatologii slinnych Zlaz: immunohis-
tochemické a molekularni testy.

Dostupnost imunohistochemickych a molekulamich metod
v diferencialni diagnostice salivarnich nadora vyrazné zefektiv-
fiuje Milansky systém, ale musi byt k dispozici adekvatni mate-
ridl, zpracovatelny v cytobloku. Metody molekularni diagnosti-
ky maji v patologii slinnych zlaz jak diferencidlné diagnosticky
vyznam, tak slouzi ke klasifikaci nékterych karcinomd, protoze
mnohé translokace jsou specifické pro urcitou nddorovou jed-
notku a pfislusné zlomy geni lze detekovat metodou fluores-
cencniin situ hybridizace (FISH) (tab. 2) (5). Nej¢astéji pouzivané
imunochistochemické markery, které lze s vyhodou vyuZit v cyto-
patologické diagnostice jsou uvedeny v tab. 3 (6).

Doporuceny formdt zprdvy o cytopatologickém vysetfenislin-
né Zldzy.

Doporucuje se, aby zpréava zacinala obecnou diagnostickou
kategorii (1.-VI.) - viz tabulka ¢. 1, vzdy véetné slovniho vyjadieni
a posouzeni adekvatnosti odbéru. Napf. cytologie diagnosticka
pro pleomorfni adenom by méla mit ndsledujici format:

Dostatecny vzorek pro hodnoceni

Interpretace: diagnostickd kategorie IV. A - benigni nador

Diagnéza: pleomorfni adenom

U nékterych kategorii mlze byt uvedena dalsi specifikace, ale
neni to Uidaj povinny a ¢asto neni ani mozny. Mira pfesnosti cyto-
logické diagndzy zavisi na vice okolnostech, pfedeviim na povaze
odebraného vzorku, diagnostickych kritériich, ktera nejsou patr-
né v cytologii, ale také na zkusenosti hodnoticiho cytopatologa.
Pfifazenim cytologického vzorku do diagnostické kategorie sou-
¢asné klinikovi sdélujeme pfedpokladané riziko malignity (tab. 1).

ZAVERY

Rozmanitost struktury a cytomorfologie nadord slinnych
Zlaz, prekryvani a sdileni struktur mezi jednotlivymi nadorovy-
mi jednotkami, spolecné s nizkou incidenci, pfedstavuji hlavni
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Tabulka 1. Doporucené diagnostické kategorie Mildnského systému reportovéni cytopatologickych nélezil u lézi a nddord slinnych 23z,

Nutné klinicko-patologicka

1. Nediagnosticky nebo

s Nedostatecna bunécnost odbéru 25 aradiologicka korelace nebo
nedostatecny vzorek
opakovat FNA
Benigni léze bez nalezu jasnych nadorovych bunék, zahmuje . e
1. Nenadorova zanétlive, metaplastické nebo reaktivni zmény a nenddorové 10 SjsHovanlaiod iolodlecs
cralti korelace
lymfoidniinfiltraty*
CLLRGTOE LT <10% viech FNA vzorkd, pritomny izolované atypické buriky, ale 20 opakovat FNA nebo operovat

nalez nesvéddi pro nador

Zahrnuje benigni nddory podle jasnych cytologickych kriterii,

A Nadery; Benign: nejcastéji Warthindv tumor a pleomorfni adenom =2 Siedeucoooperyat
CHLVE LB DTG T BT LI Vzorky, které jsou diagnostické pro nadorovou lézi, ale diagnoza

s nejistym malignim presné nadorové jednotky je nemozna. Zpravidla zahmuje celularni 35 Vidy operovat

potencialem (SUMP) benigni nadory, nadory s atypickymi rysy a low-grade karcinomy

S A Tato kategorie vykazuje cytologické znaky velmi suspektni .
i-Rotlsztani.< mallgnity (SM) zmalignity, ale presné urceni nadoroveé jednotky je nemozné % Vahioperovas
Jde o vzorky jednoznaéné obsahujici maligni bunky. Mél by byt

V1. Maligni ucinén pokus subklasifikovat a urcit specifickou diagndzu, pfipadné 20 Vzdy operovat

odlidit metastazu. Kategorie zahrnuje také lymfomy a sarkomy.
*Doparucena priitokovd cytometrie k vylouceni nebo potvizeni klonality

Tabulka 2. Molekularni markery v cytopatologické diferencidini diagnostice.

Se karcinom (mamarniho typu) MASC t(12;15)(p13;925) ETV6-NTRK3
ETV6-RET
Mukoepidermoidni karcinom t{11;19)(g21;p13) CRTC1-MAML2
t(11;15)(q21;926) CRTC3-MAML2
Svétlobunécny karcinom t(12,22)(q21;912) EWSR1-ATF1
EWSR1-CREM
Adenoidné cysticky karcinom t(6;9)(q22-23;p23-24) MYB-NFIB
t(8;9) MYBLI-NFIB

Polymorfni adenokarcinom (dfive PLGA) 14g12 Hotspot activating PRKDT somaticka bodova mutace
(E710D)
iformni adenokarcinom malych slinnych zlaz t(1;14)(p36.11;912) ARID1A-PRKD1
t(X;14)(p11.4912) DDX3X-PRKD1
PRKD2 and PRKD3 zlomy
Salivarni duktélni karcinom 17g21.1 HER2 amplifikace
392632 PIK3CA mutace
inv(10)(q11.21g11.22) NCOA4-RET
Pleomorfniadenom (PA) a karcinom ex PA (3:8) PLAGI
HMGA2
cria

Tabulka 3. Vybrané imunohistochemické markery v cytopatologické diferencidlni diagnostice.

MGA- mammaglobin; AR- androgenni receptor
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Adenoidné cysticky karcinom MYB, S100, SOX10 MGA, AR, GATA3
e
i inom 5100, p63, CK14, 50X10 MGA, DOG1
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divody diagnostickych rozpaki pfi hodnoceni FNA salivarnich
cytologii. Mildnsky systém doporucuje efektivni kategorizaci
nélez( pro klinické pouziti. VZdy spole¢né s klinickym vysetie-
nim a radiologickymi nalezy ma FNA cytologie nezastupitelnou
roli v pfedoperaéni diagnostice ézi slinnych Zlaz. Po Bethesda
systémech pro cytologii délozniho ipku a stitné zlazy (7), Pa-
panicolaou Society systému pro cytologie slinivky a Zlucovych
cest, Pafizském systému reportovani mocové cytologie je zda
tak dalsi (a ne posledni) systém, ktery pfinasi organové/systé-

move specifickou terminologii pro cytologickou diagnostiku. Na
internetové strance https://milansystem.org/ bude k dispozici
prednéska o systému rovnéz v ceském jazyce.

PROHLASENI

Autor prace prohlasuje, Zze v souvislosti s tématem, vznikem a publika-
ci tohoto clanku neni ve stietu zajma a vznik ani publikace danku nebyly
podporeny Zadnou farmaceutickou firmou. Toto prohlaseni se tyka i véech
spoluautord.

Obr. 1. Pleomorfni adenom p¥iusni zlazy (PA).

A) Vetenité az plazmocytoidni myoepitelialni bunky ,vystrelujici” z centra
do periferie. Shluky bunék jsou obklopeny hojnou vlaknitou chondromy-
xoidni matrix. Hodnoceni dle Milanského systému: kategorie IVA, benigni
nador, pravdépodobné pleomorfni adenom. Cytologicky natér, barveno dle
Papanicolaoua (zvétseni 300x).

B) V levé ¢asti obrazku je predominujici chondromyxoidni matrix, zatimco
v pravé ¢asti prevlada epitelidIni epitelio-myoepiteliaini komponenta utva-
tejici tubuldrni struktury. V pravém hornim rohu je pak patmé dobie utvare-
né vazivové pouzdro s naléhajicimi lalicky pfiusni zlazy. Barveno hematoxy-
linem eosinem (zvétieni 140x).

Obr. 2. Warthiniv tumor pfiusni zlazy (WT).

A) Na lymfocyty hojné infiltrovaném pozadi se nachazeji bunky s vyraznymi
onkocytarnimi rysy, které se nachdzeji samostatné i ve shlucich. Hodnoceni
dle Milanského systému: kategorie IVA, benigni nador, pravdépodobné
Warthintiv tumor. Cytologicky natér, barveno dle Papanicolaoua (zvétseni
300x).

B) Konvencni WT s denznim lymfocytarnim stromatem lemovanym dvou-
fadym epitelem s onkocytarni diferenciaci luminaini vrstvy bunék. V cys-
tickych prostorach je pritomen bunéény detritus. Barveno hematoxylinem
eosinem (zvétseni 160x).

Obr. 3. Salivarni duktalni karcinom pfiusni zlazy (SDC).
A) Malobunécny materidl s necetnymi shluky bunék s vyraznou pleomorfii jader a zvysenym nukleocytoplasmatickym pomérem. Hodnoceni dle Milanského
systému: kategorie V, podezieniz malignity. Cytospin, barveno dle Papanicolaoua (zvétseni 300x).

B) V hyalinizovaném stromatu jsou pfitomny solidni okrsky bunék s hojnou eosinofilni cytoplasmou, pleomorfnimi jadry s prominujicim jadérkem a necetnymi
mitézami. Perineuraini invaze je pro salivami duktaini karcinom charakteristicka. Barveno hematoxylinem eosinem (zvétseni 200x).

C) Imunohistochemicky prikaz jaderné pozitivity androgennich receptortl (zvétieni 300x).
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3.3.2. Significance of 1p36 locus deletion in adenoid cystic carcinoma of the salivary

glands.

Tato studie vychdazi ze skutecnosti, Ze molekuldrni pozadi adenoidné cystického
karcinomu slinnych Zlaz je pomérné heterogenni a vykazuje Siroké spektrum somatickych
mutaci. Vedle standardné reportovanych translokaci MYB-NFIB (62)a MYBL1-NFIB (67), které
jsou dnes jiz hojné vyuzivany pro diagnostiku ADC, byly nalezeny i jiné somatické mutace a
zvlastni pozornost je vénovana deleci lokusu 1p36. Na lokusu 1p36 se nachazi fada tumor
supresorovych gen(, jejichz delece byla popsand vedle ADC i vtadé jinych nadord (70).
Pritomnost delece lokusu 1p36 vyznamné koreluje se signifikantné horsi progndzou (71).
Cilem této studie proto bylo vysetfit molekuldrné-genetické pozadi ADC a stanovit deleci
1p36 lokusu jako negativni prediktivni marker na velkém souboru ¢itajici 85 pacientll s ADC

v rliznych lokalizacich a stadiu onemocnéni.

Na zakladé histomorfologického vysSetfeni byl stanoven grade a sumarizovana
klinicko-patologicka data vcetné follow-upu. Imunohistochemické vysettfeni bylo v souladu
s charakteristickym imunoprofilem ADC. Navic bylo provedeno ve vSech 85 pfipadech
barveni protilatkou MYB, kterd byla pozitivni v 45 pfipadech (51,1 %) a tato pozitivita byla
predilekéni v abluminalni vrstvé bunék. V dalsSim kroku bylo provedeno molekularné-

genetické vySetfeni metodou FISH, jehoz vysledky jsou v tabulce.

Pouzita sonda Pozitivni pfipady/pocet testovanych pfipadli | Pozitivni pfipady (%)
MYB ba 60/85 70,59
NFIB ba 69/85 81,18
MYB-NFIB DF 57/79 72,15
MYBL1 ba 16/28 57,14
1p36/1g25 13/85 15,29

Tabulka 18 — Vysledky FISH analyzy testovanych ADC. ba: break apart; DF: dual fusion

Z vysledk( statistické analyzy vyplyvd, Ze delece lokusu 1p36 je vyznamné asociovana
s pokrocilymi klinickymi stadii 3 a 4 vdobé diagnéz a histologicky s grade 3. V téchto
pfipadech bylo signifikantné nizsi celkové preziti (overall survival), pro nemoc specifické

preziti (disease-specific survival), obdobi bez recidivy (recurrence-free interval) i preziti bez
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recidivy (recurrence-free survival). Tyto pripady s prokazanou deleci lokusu 1p36 vsak nikdy
neobsahovaly zlom vgenu MYBL1, ktery byl nalezen vyhradné v pripadech méné
pokrocilych, tedy ve stadiich 1 a 2. VSechny tyto pfipady s prokdazanym zlomem MYBL1 byly

negativni v IHC barveni protildtkou MYB.

Na souboru 85 ADC bylo potvrzeno, Ze pfitomnost delece lokusu 1p36 je nepfiznivym
prognostickym markerem. Vzhledem k tomu, Ze Zadny z téchto pfipadd neobsahoval zlom
vgenu MYBL1, lze predpokladat, Ze se tyto dva nadlezy vzajemné vylucuji. Translokace
zahrnujici geny MYB, NFIB, ¢i MYBL1 byly nalezeny v 79 pfipadech z celkem 85 testovanych

vzorkuU, coz potvrzuje jeho dlleZitost, jakoZto diagnostického markeru.
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Abstract

Adenoid cystic carcinoma (AdCC) of the salivary glands is characterized by MYB-NFIB or MYBLI-NFIB fusion, prolonged but
relentlessly progressive clinical course with frequent recurrences, and development of distant metastasis resulting in high long-term
mortality. Currently, no effective therapy is available for patients with advanced non-resectable and/or metastatic disease. Complicating
the clinical management of this patient group is the lack of prognostic markers. The purpose of this study is to investigate the prognostic
value of 1p36 loss in patients with AAJCC. The presence of 1p36 deletion and gene fusions involving the MYB, NFIB, and MYBLI
genes in a cohort of 93 salivary gland AdCCs was studied using fluorescence in situ hybridization. These results were statistically
correlated with clinical data and outcome, Deletion of 1p36 in AdCC was identified in 13 of 85 analyzable cases (15.29%). MYB-NFIB
fusion was detected in 57/85 (67.1%), MYBLI-NFIB fusion in 12/85 (14.1%), MYB-X fusion in 4/85 (4.7%), MYBLI-X'in 4/85 (4.7%),
and NFIB-X in 2/85 (24%) of AACC cases. None of the 1p36-deleted samples showed MYBL! rearrangement. Statistical analysis
demonstrated a significant correlation between 1p36 deletion and advanced tumor stage and solid histology (p = 0.0061 and 0.0007,
respectively). Kaplan-Meier survival curves showed statistically significant correlations between 1p36 deletion and decreased overall
survival, disease-specific survival, recurrence-free interval, and recurrence-free survival, all of which were maintained in multivariate
analysis. We demonstrate that 1p36 deletion can serve as an indicator of unfavorable outcome of patients with salivary gland AdCC.

Keywords Salivary gland - Adenoid cystic carcinoma - 1 p36 locus deletion - MYB-NFIB - Prognosis

Introduction diagnostically challenging [1]. In recent years, the taxonomy

of salivary gland carcinomas has improved dramatically by
Salivary gland carcinomas are rare and constitute a morpho-  the discovery of type-specific fusion oncogenes generated
logically heterogeneous group of lesions that are often by chromosomal translocations [2].

The preliminary results of the study were presented as a poster at USCAP Meeting 2018, Vancouver, Canada.
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Adenoid cystic carcinoma (AdCC) is among the most fie-
quent carcinomas of the salivary gland and sinonasal tract [1].
Following surgical resection, AdCC is characterized by a slow
but relentlessly progressive clinical course due to frequent
local and distant recurrences and fatal outcome in 40% of
patients after 10 years [3]. This ranks AdCC as one of the
most-aggressive and least-predictable malignancy among
head and neck cancers [4]. Histologically, AACC is a highly
infiltrative and morphologically bland biphasic tumor com-
posed of abluminal myoepithelial and luminal ductal cells
arranged in tubular, cribriform, and solid growth pattems.
The carcinoma cells tend to have scant cytoplasm and
angulated hyperchromatic nuclei. Perineural invasion is al-
most invariably present [5].

The discovery of the MYB-NFIB gene fusion is the most
significant advance in understanding the molecular pathology
of AACC [6]. The MYB-NFIB fusion is unique for AdCC
among salivary gland malignancies and can be detected in
up to 86% of cases, making it an important diagnostic tool
in histopathologically equivocal cases [7-10]. Recently, a sub-
set of MYB-NFIB-negative cases was shown to harbor an al-
temative MYBLI-NFIB gene fusion along with more rare var-
iants including MYBLI fusions with YTHDF3 and RAD5 1B
and NFIB fusions with XRCC4, NKAIN2, PTPRD, and AIG1
[11, 12].

Several studies of the mutational landscape in AdCC have
shown a heterogeneous repertoire of somatic mutations, with
solid variants showing a higher number of copy number alter-
ations, including chromosomal losses involving 1p and 6q
[13-21]. The 1p36 locus contains several tumor suppressor
genes (e.g., TP73, CHDS5, SPEN), and its deletion has been
reported in various types of cancer, including breast, cervical,
pancreatic, pheochromocytoma, hepatocellular, lung, colorec-
tal, and melanoma [22-28]. In addition, 1p36 deletion has
been shown to have prognostic value in patients with
oligodendrogliomas, where concurrent deletion of 19q13 pre-
dicts for better treatment response [29].

Although deletions including 1p36 has been studied and
identified in various proportions of AdCC cases [13-16], only
one study has shown some evidence suggesting that 1p36
deletion correlates with poor prognosis [30]. Therefore, the
aim of the present study was to investigate the prognostic
value of 1p36 deletion in a large cohort of AdCCs.

Materials and methods

Material

The consultation files of the Salivary Gland Tumor Registry,
at the Department of Pathology, Faculty of Medicine in Plzen,

Biopticka Laborator, Ltd., Plzen, Czech Republic (AS),
and Copenhagen University Hospital (KK and SA)

4 Springer

harvested 93 cases of AACC of major and minor salivary
glands, for which complete clinical follow-up data were
available. Five cases were excluded from the further anal-
ysis because of poor tissue quality and three due to incom-
plete follow-up.

The histopathological features of all tumors and the immu-
nohistochemical stains, when available, were reviewed by two
experienced head and neck pathologists (AS and KK).
Sinonasal AdCCs were investigated for HPV in order to ex-
clude HPV-related multiphenotypic carcinoma as previously
described [31]. Grading and staging of AdCCs were per-
formed based on criteria published recently by WHO
Classification of Head and Neck Tumors [1].

Immunchistochemistry

For conventional microscopy, the excised tissues were fixed in
formalin, routinely processed, embedded in paraffin (FFPE),
cut, and stained with hematoxylin and eosin. For immunohis-
tochemical studies, 4-pm-thick sections were cut from paraf-
fin blocks and mounted on positively charged slides (TOMO,
Matsunami Glass IND, Japan). Sections were processed on a
BenchMark ULTRA (Ventana Medical System, Tucson,
AZ), deparaffinized, and then subjected to heat-induced
epitope retrieval by immersion in a CCl solution at pH
8.6at95°C.

Primary antibodies used are summarized in Table 1. The
bound antibodies were visualized using the ultraView
Universal DAB Detection Kit (Roche) and ultraView
Universal Alkaline Phosphatase Red Detection Kit (Roche).
The slides were counterstained with Mayer’s hematoxylin.
Appropriate positive and negative controls were employed.
Cut-off value for MYB positivity was defined as 5% of positive
carcinoma cells.

Fish

Four-micrometer-thick FFPE sections were placed onto posi-
tively charged slides. The unstained slides were routinely
deparaffinized and incubated in 1x Target Retrieval Solution
Citrate at pH 6 (Dako, Glostrup, Denmark) at 95 °C for 40 min
and subsequently cooled for 20 min at room temperature in the
same solution. Slides were washed in deionized water for
5 min and digested in protease solution with pepsin (0.5 mg/
ml, Sigma Aldrich, St. Louis, MO, USA) in 0.01 M HCI at
37 °C for 25 to 60 min, according to the sample conditions.
Slides were then placed into deionized water for 5 min,
dehydrated in a series of ethanol solution (70, 85, and 96%
for 2 min each), and air dried.

For detection of rearrangement of MYB, MYBL{, and NFIB,
ZytoLight SPEC MYB Dual Color Break Apart Probe
(ZytoVision GmbH, Bremerhaven, Germany), custom-
designed SureFish NFIB Break Apart probe, SureFish
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Table 1 Antibodies used for

immunohistochemical study Antibody specificity Clone Dilution Antigen retrieval (time) Source
S-100 protein Polyclonal RTU CC1 (20 min) Ventana
CK? OV-TL 12/30 1:200 CC1 (36 min) Dako Cytomation
MYB EP769Y 1:100 CC1 (64 min) Abcam
Ki-67 30-9 RTU CC1 (64 min) Ventana
P63 4A4 RTU CC1 (64 min) Ventana
SOX10 Polyclonal 1:100 CC1 (64 min) Cell Marque

RTU, ready to use (prediluted); CC1, EDTA buffer (pH 8.6)

MYBLI Break Apart probe, and SureFish MYB-NFIB Dual
Fusion probe (Agilent Technologies, Santa Clara, Califomia,
USA) were used. Chromosomal locations (build Human
Genome version 19) used for custom NFIB break-apart probe
oligos were chr9:13740671-14140560 and chr9:14340306-
14740560, for MYBLI break-apart probe were
chr8:67076230-67474559 and chr8:67526335-68426199, and
for custom-designed MYB-NFIB dual-fusion probe were
chr6:135271234-135771043 and chi9:13990266-14490285.
For the detection of 1p36 locus deletion by FISH,
ZytoLight® SPEC 1p36/1q25 Dual Color Probe (ZytoVision
Gmbh) was used. For the SureFish custom designed probe,
0.5 pl of both green and orange probe 0.5 ul of deionized water
and 3.5 pl of LSI Buffer (Vysis/Abbott Molecular, IL, USA)
were mixed before applying onto specimen. MYB Dual Color
Break Apart and 1p36/125 probes were factory premixed.

Probe was applied onto the specimen, covered with a
glass coverslip, and sealed with rubber cement. Slides were
incubated in the ThermoBrite instrument (StatSpin/Iris
Sample Processing, Westwood, MA, USA) with co-
denaturation at 85 °C for 8 min and hybridization at
37 °C for 16 h. Rubber-cemented coverslip was then re-
moved, and the slide was placed in post-hybridization
wash solution (2xSSC + 0.3% NP-40) at 72 °C for 2 min.
The slides were air dried in the dark, counterstained with
4',6'-diamidino-2-phenylindole (DAPI; Vysis/Abbott
Molecular, IL, USA), coverslipped, and immediately ex-
amined. Appropriate positive and negative controls for
each FISH probe were employed.

FISH interpretation

The sections were examined with an Olympus BX51 fluores-
cence microscope (Olympus Corporation, Tokyo, Japan)
using a x100 objective and filter sets triple-band pass
(DAPI/SpectrumGreen/SpectrumOrange), dual-band pass
(SpectrumGreen/SpectrumOrange), and single-band pass
(SpectrumGreen or SpectrumOrange).

A minimum of 100 randomly selected, non-overlapping
tumor cell nuclei were evaluated for the presence of yellow,
orange, and green fluorescent signals. For break-apart probes,
yellow signals were considered negative, whereas separate
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orange and green signals were considered positive. For the
fusion probe, yellow signals were considered positive, while
separate orange and green signals were considered negative.
Cut-off values were set to more than 10 and 20% of the nuclei
for break-apart and fusion probes, respectively, showing split
or break fused signals (mean + 3 standard deviation in normal
non-neoplastic control tissues). For 1p36, sample was consid-
ered positive when the ratio between orange and green signal
sums was equal/bellow 0.7 [32]. Nuclei presenting only one
color were excluded from the analysis.

Statistical analysis

Statistical analysis was performed using SW SAS (SAS
Institute Inc., Cary, NC, USA). The descriptive statistics such
as mean, standard deviation, variance, median, Q1. Q3, min-
imum, and maximum were calculated for each group and sub-
group. Categorical variables were described using frequency
tables (age variable cut-off value = 55Y). Box & Whisker plot
diagrams and Pie Charts were performed to geta view on the
data. Non-parametric tests (Wilcoxon two-sample test or
Kruskal-Wallis test) were used for the comparison of differ-
ences between investigated parameters. The statistical signif-
icance of observed differences in proportions was tested using
the x~ test and Fisher’s exact test when data were sparse.
Relations between variables were analyzed using Spearman
correlation coefficients.

Overall survival (OS), disease-specific survival (DSS),
recurrence-free interval (RFI), and recurrence-free survival
(RFS) were estimated using the Kaplan-Meier survival
method. Univariate analyses to evaluate differences in sur-
vival between investigated groups were performed using
the Log-Rank Test and Gehan Wilcoxon Test. The Cox
proportional hazard model was used to specify the role of
the independent prognostic value of individual parameters
(1p36 deletion, age, stage, histological grade, and sex) for
OS, DSS, RFI, and RFS. The multivariate analyses were
performed using Cox stepwise regression and Cox hazard
model “score procedure™ (best achieved score of prognos-
tic factor combinations). Level of statistical significance
was set to p=0.05.

£} Springer
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Table 2 Summary of clinical and

follow-up data in 1p36-positive/ Variables Age Follow-up Follow-up—DOD]1 Recurrence Recurrence—DOD1
negative groups, part 1
Total
Min 14 0 0 1 1
Max 85 322 155 182 127
Mean 56.54 92.73 5033 51.33 2825
Median 56 758 36 32 19
1p36 positive
Min 44 0 0 7 7
Max 84 192 64 172 38
Mean 63.23 51.83 27.75 47.88 21.67
Median 57 31 17 32 22
1p36 negative
Min 14 4 1 1
Max 85 322 155 182 127
Mean 55.33 99.54 64.23 52.59 3220
Median 551 92 58 32 19

DODI, died of disease
Results
Clinical characteristics of the study group

From 93 cases, 85 were analyzable with complete follow-up (46
females and 39 males). Age ranged from 14 to 85 years, with
mean of 56.54 years. The most frequent site was the subman-
dibular gland (36 cases), followed by parotid gland (17 cases).
minor salivary glands of oral cavity (15 cases), sinonasal tract
(12 cases), sublingual gland (4 cases), and larynx (1 case).
Thirty-five patients (41.18%) had stage 3 or 4 disease.

Follow-up data

Follow-up data was available for all patients and ranged from
2 to 322 months (mean 93 months). Recurrences occurred in
30/85 (35.29%) patients. Interval to recurrence ranged from 1
to 182 months (mean 52 mo).

Eighty patients underwent surgical resection of the primary
tumor, in the remaining five cases, one patient underwent
surgery after the study closure, two patients had inoperable
disease, for two patients the information on surgery was not
available. In the resected specimens, 16 patients (18.82%) had
clear surgical margin whereas the remaining 64 cases
(75.29%) had close/positive margins. Five cases did not have
available data on margin status. Seventy-six patients (89.41%)
received adjuvant radiotherapy. Thirty patients (35.29%) died
during the follow-up period and 21 (24.71%) died of AdCC
(Tables 2 and 3).

Molecular genetic findings

Thirteen of 85 analyzed tumors (15.29%) showed 1p36 loss
(Fig. 1; Tables 2 and 3). Sixty of 85 analyzable tumors
(70.59%) had were positive for break in MYB gene (Fig. 2a),
69/85 (81.18%) for NFIB gene break, 57/79 (72.15%) for the

Table 3 Summary of clinical and
follow-up data in 1p36-positive/
negative groups, part 2

Stage 3 or 4 Clear Received Death DOD1
Margins radiotherapy
Total 5 16 76 30 21
Number of 1p36 positive 10 1 11 9 8
Number of 1p36 negative 25 15 65 21 13
Uninformative results 0 5 3 0 55
Uninformative in 1p36-positive group ] 2 1 0 4
Uninformative in 1p36-negative group 0 3 2 0 51

DODI. died of disease

4 Springer
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Fig. 1 Pictures showing example of FISH analysis of 1p36 locus
deletion. Positivity of 1p36 locus deletion is represented by loss of one
locus-specific (orange) signal with two control (green) signals

MYB-NFIB dual fusion (Fig. 2b) and 16/28 (57.14%) for
MYBLI gene break (Tables 4 and 5).

Histological findings

All cases showed the histological hallmarks of AdCC (Fig. 3).
AdCC is typically composed ofall growth patterns in variable
proportions and is graded based on the extent of any solid
growth component; more than 30% of solid component con-
stitutes grade 3 [33, 34]. In the present series, 27/85 cases
(31.76%) were mostly solid and represented grade 3 AdCC,
40/85 cases (47.06%) had a predominantly cribriform pattern
(grade 2), and 18/85 cases (21.18%) were predominantly tu-
bular (grade 1).

Among the 13 cases that showed 1p36 deletion, 9 (69.23%)
were classified as grade 3, while 4 (30.77%) were grade 1.

Immunohistochemical findings

All examined AdCCs were strongly and diffusely positive for
CK7 in both the ductal and the modified myoepithelial cells.
Staining for S100 protein and SOX 10 showed variable, patchy
positivity. The outer myoepithelial cells were decorated by
p63 immunoexpression. Proliferative activity was generally
low to moderate, with a mean MIB1 index of 25% (range 5—
60%).

Fig. 2 Pictures showing
examples of (MY B) break apart
(BA) probes and (MYB-NFIB)
dual-fusion (DF) probes. Positive
BA probe is represented by one
orange-yellow-green complex
signal from normal allele and one
separated orange and one green
signal from allele with break (a).
Positive DF probe is represented
by one separated orange and one
green signal from nommal alleles
and one or two orange-yellow-
green fused signals (b)
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Table 4  Results of FISH testing of adenoid cystic carcinomas

Used FISH probe Positive/all tested Positive in percent {%)

MYB ba 60/85 70.59
NFIB ba 69/85 81.18
MYB-NFIB DF 57/79 72.15
MYBLI ba 16/28 57.14
1p36/1g25 13/85 15.29

ba, break apart; DF, dual fusion

MYB immunohistochemical staining was performed on all
cases, of which 45 cases (51.14%) were positive. Most cases
exhibited focal nuclear MYB expression in tumor cells, pre-
dominantly in abluminal myoepithelial cells. Only six cases
showed diffuse nuclear expression in 70-90% of tumor cells,
including abluminal and luminal cells. Forty-three cases
(48.86%) were negative for MYB.

Survival analysis

Using univariate analysis, 1p36 deletion was significantly as-
sociated with tumor stage 3/4 (p value = 0.0061) and histolog-
ical grade 3 (p value =0.0007) and negatively correlated with
MYBLI break (p value =0.0349) as no 1p36-deleted sample
had MYBL/ break. Break of MYBLI was associated with tumor
stage 1/2 (p value= 0.0219) and MYB-NFIB dual-fusion with
grade 2 (p value =0.0280). Immunohistochemical MYB ex-
pression correlated with 1p36 deletion (p value =0.0141), clear
surgical margins (p value =0.0482) and grade 2 (p value=
0.0238). All cases that showed MYBLI break (16/85) were
negative for MYB THC (p value < 0.0001).

Kaplan-Meier analysis identified decreased overall surviv-
al, disease-specific survival, recurrence-free interval, and
recurrence-free survival with higher age, tumor stage (stage
3 or4), grade 3. solid component, and 1p36 deletion (Fig. 4).
Decreased OS and DSS correlated with MYB break.
Decreased DSS correlated with MYB immunohistochemical
positivity (p value = 0.0238). Lower RFI value correlated with
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Table 5 Predicted fusion based on FISH testing results

Predicted fusion  Frequency Predicted fusion Frequency
MYB-NFIB 57 (67.06%)  NFIB-X 2(2.35%)
MYBLI-NFIB 12(14.12%)  Negative 3 (3.53%)
MYB-X 4 4.71%) Incomplete results 3 (3.53%)
MYBLI-X 4 (4.71%) Fusions together 79 (92.94%)

X. unknown fusion partner

closed/involved surgical margins. All data with respective p-
values are presented in Table 6.

Multivariate analysis (MA) demonstrated decreased OS
with increased age, male sex, higher tumor stage, and 1p36
deletion (p values = 0.0005, 0.0239, 0.0422, and 0.0054, re-
spectively). Decreased DSS and RFI both correlated with
higher age, high tumor stage, and 1p36 deletion (p values =
0.0294, 0.0154, and 0.0100 and p value=0.0037, 0.0123, and
0.0055, respectively). Recurrence-free survival correlated
negatively with age, male sex, high tumor stage, and 1p36
deletion (p values < 0.0001, 0.0359, 0.0532, and 0.049, re-
spectively). The results are summarized in Fig. 5.

Univariate statistical analysis did not show significant cor-
relation between 1p36 deletion and age (p value=0.1866),
gender (p value =0.7636), site of origin (p value = 0.4830),
surgical margins (p value=0.4480), MYB break (p value=
0.0630), NFIB break (p value = 0.6744), and MYB-NFIB dual
fusion (p value = 0.6793).

Discussion

The discovery of the t(6;9)(q22-23;p23-24) translocation in
AdCC and its characterization by Persson et al. in 2009 was
one of the most significant events in understanding of

3 T . '»'
&’vtw{ “%5?'

g LN

SR

Fig. 3 Adenoid cystic carcinoma is biphasic invasive carcinoma
composed of abluminal myoepithelial and luminal ductal cells arranged
in tubular, cribriform, and solid growth pattems. The cells tend to have
scant cytoplasm and angulated hyperchromatic nuclei. Perineural
invasion is a common finding
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molecular pathology of AdCC, and is present in AdCC irre-
spective of site of origin [6, 35-39]. MYB-NFIB drives prolif-
eration in AdCC through activation of downstream targets
involved in cell cycle control, DNA replication and repair,
and RNA processing [35]. Activation of the transcription fac-
tor MYB by gene fusion, mutation, or other mechanisms (e.g.,
deletion of the 3' UTR of the MYB gene) has been shown inup
to 80% of AdCCs [7-9, 40]. Interestingly, in the MYB-
NFIB-negative subset of AdCC, another gene fusion between
NFIB and MYBL 1, a gene closely related to MYB, was recently
described [11, 12].

We identified gene fusions involving MYB, NFIB, and
MYBLI genes in 79/85 (92.94%) of AdCCs. This confirms
the fusion of MYB-NFIB, MYBL [-NFIB, and their variants as
involved in the vast majority of AdCC, although involvement
of NFIB has been reported in other types of salivary gland
tumors [41, 42]. Despite their apparently fundamental role
in AdCC biology, the value of these gene fusions as prog-
nostic markers has been a topic of debate [9, 11, 43-46].
Herein, we demonstrate the presence of MYB rearrange-
ment to correlate with decreased OS and DSS. Moreover,
we provide the evidence that MYBL/ rearrangement corre-
lates with lower stage.

Studies using array comparative genome hybridization has
identified various copy number alteration in AdCC, e.g., chro-
mosomal losses involving 1p32-36, 6q, and 8p and gains of
chromosome 8, 6p, 22q13, and 16p [13-16, 30]. 1p36 locus is
non-randomly deleted in various human malignancies,
supporting its important role in carcinogenesis [24-26, 28].
Moreover, 1p36 deletion seems to serve as a favorable
prognostic factor in oligodendrogliomas [29]. 1p36 locus
deletion has been found in various proportions (0—44%) of
AdCC by comparative genome hybridization or loss of het-
erozygosity methods [15, 16, 18, 20, 21, 30, 47]. In our
study, we identified heterozygous loss of 1p36 in 13/85
(15.29%) AACC. This is a relatively low number as com-
pared with results of Rao et al. [30], who found 1p32-36
locus deletions in 23/53 (44%) of cases and correlated the
deletion with clinical data. Rao et al. found that deletion of
1p32-36 correlated with reduced OS and solid histology,
which we were able to confirm in an even larger cohort.
In addition, in our cohort, the 1p36 deletion also correlated
with lower DSS, RFI, RFS, high tumor stage, solid histol-
ogy, and absence of MYBLI break.

Absence of MYBLI break in all 1p36-deleted samples was
another interesting finding. Hence, as 1p36 deletion correlates
with advanced tumor stage and solid histology while MYBL/
rearrangement correlated with low tumor stage, these two ge-
netic alterations in AJCC could be mutually exclusive and
indicators of the biological potential of AACC.

Many genes, including several tumor suppressors, have
been identified at the 1p36 locus [23]. Probably the most
important gene located in 1p36 region, associated with
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Fig. 4 Graphs representing comelation of 1p36 locus deletion with overall survival (a), discase-specific survival (b). recurrence-free interval (e), and
recurrence-free survival (d)

Table 6 Kaplan-Meier analysis

summarization in our cohort Variable 08 (p value) DSS (p value) RFI1 (p value) RFS (p value)
Age Neg. (< 0.0001) Neg. (0.0082) Neg. (0.0004) Neg. (<0.0001)
Sex NO (0.1126) NO (0.3623) NO (0.4052) NO (0.1923)
Site NO (0.0626) NO (0.3657) NO (0.4352) NO (0.2164)
Stage Neg. (0.0011) Neg. (0.0002) Neg. (0.0004) Neg. (0.0020)
Margins NO (0.6055) NO (0.1299) Neg. (0.0172) NO (0.1241)
Radiotherapy NO (0.8774) NO (0.7891) NO (0.1849) NO (0.3516)
Histological grade Neg. (0.0348) Neg. (0.0110) Neg. (0.0101) Neg. (0.0163)
Solid component Neg. (0.0215) Neg. (0.0032) Neg. (0.0025) Neg. (0.0067)
MYB IHC NO (0.1237) Neg. (0.0238) NO (0.0903) NO (0.1487)
MYB ba Neg. (0.0168) Neg. (0.0189) NO (0.0983) NO (0.0709)
NFIB ba NO (0.5104) NO (0.8355) NO (0.6603) NO (0.4931)
MYB-NFIB DF NO (0.3490) NO (0.1582) NO (0.2820) NO (0.4207)
MYBLI ba NO (0.3189) NO (0.3262) NO (0.8559) NO (0.8266)
1p36 deletion Neg. (0.0001) Neg. (< 0.0001) Neg. (<0.0001) Neg. (0.0001)

OS. ovenll survival; DSS, disease-specific survival; RFI, recumrence-free interval; RFS, recurrence-free survival:
NO, no statistical significant correlation; Neg, decreased survival with higher clinical value
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Fig. 5 Multivariate analysis: overall survival (a), disease-specific survival (b), recurrence-free interval (c), and recurrence-free survival (d) with

cumulative proportion surviving

AdCC is SPEN, whose truncating mutations have been
found in 20.8% of analyzed AdCC patients [19].
Interestingly, some evidence suggests that the SPEN muta-
tions correlate with solid histology and therefore poor prog-
nosis [19]. SPEN functions as a negative regulator of the
NOTCH pathway, one of the main signaling pathways to be
affected in AdCC [17, 19, 38]. Activation of the NOTCH
pathway in AdCCs can also occur through NOTCHI gene
mutations. These mutations correlate with solid histology,
advanced stage, higher propensity to bone and liver metas-
tasis, and significantly decreased OS and RFS [48, 49]. In
our study, we found significant correlation of Ip36 deletion
with solid histology. Our data support that 1p36 deletion,
possibly due to loss of SPEN, is involved in especially
AdCC with solid histology.

In conclusion, we confirm that [p36 deletion is an indepen-
dent predictor of adverse outcome in salivary gland AdCC.
Interestingly, 1p36 deletion correlated with advanced tumor
stage and solid histology and negatively correlated with

4 Springer

MYBLI break. To the best of our knowledge, this study rep-
resents the largest cohort of AdCC in which 1p36 aberrations
are correlated with clinical outcomes. Further molecular char-
acterization of specific aberrations in genes at 1p36 could be
useful for better understanding of AdCC and to identify po-
tential therapeutic targets.
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3.3.3. Molecular profiling of hyalinizing clear cell carcinomas revealed a subset of tumors

harboring a novel EWSR1-CREM fusion: report of three cases

Svétlobunécny karcinom slinnych Zlaz, podle prfedchozi WHO znamy jako hyalinizujici
svétlobunécny karcinom je low-grade maligni karcinom, ktery je ve své klasické podobé
spojen s translokaci gend EWSR1-ATF1, a to az v 80 % pfipadl (115). Tf¥i pfipady nadorl se

svétlobunécénou diferenciaci pochazely z baze jazyka, dolniho laloku plice a nasofaryngu.

Vzhledem k histomorfologii a imunoprofilu byly vSechny plvodné diagnostikovany
jako mukoepidermoidni karcinomy s netradi¢ni morfologii. Pomoci FISH byl diagnostikovan
zlom v genu EWSR1, avsak gen ATF1 byl intaktni. RT-PCR byla negativni pro prikaz fuze
EWSR1-ATF1 i CRTC1/3-MAML2. Az na podkladé vysledkl metodou NGS byla identifikovana
doposud nepopsand fuze genll EWSR1-CREM, ktera byla potvrzena metodou FISH a ve dvou
pfipadech i RT-PCR.

Translokace EWSR1-CREM doposud nebyla popsdna vzadném jiném karcinomu
slinnych Zlaz, a proto tento objev opét rozsifil spektrum genovych aberaci, které jsou
asociované s konkrétnim typem ndadoru. Diferencidlni diagnostika svétlobunécéného
karcinomu je totiz velmi Sirokd a zdména s high-grade tumorem mizZe mit pro pacienta
mutilujici ddsledky, prestoZze je CCC ve své podstaté low-grade tumor, ac¢ byly popsany
pfipady high-grade transformace (209). Zatim se nepodafilo jasné oziejmit, zda ma tato

translokace néjaky prognosticky vyznam, ¢i zda je pouze diagnosticka.
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Abstract: We describe a novel gene fusion, EWSRI-CREM,
identified in 3 cases of dear cell carcinoma (CCC) using anchored
multiplex polymerase chain reaction, a next-generation sequencing—
based technique. CCC is a low-grade salivary tumor recently
characterized to have EWSRI-ATF! fusions in the majority of
cases. Three cases of malignant tumor presenting in the base of
tongue, lung, and nasopharynx were studied. All cases shared a
clear cell morphology with hyalinized stroma, presence of mucin
and p63 positivity and were initially diagnosed as mucoepidermoid
carcinoma but were negative for evidence of any of the expected
gene fusions. Anchored multiplex polymerase chain reaction dem-
onstrated a EWSRI-CREM fusion in all 3 cases to confirm a di-
agnosis of CCC. This finding is biologically justified as CREM and
ATFI both belong to the CREB family of transcription factors.
EWSRI-CREM fusions have not been previously reported in CCC
and have only rarely been reported in other tumors. We show that
the ability to discover novel gene variants with next-generation
sequencing-based assays has clinical utility in the pathologic clas-
sification of fusion gene-associated tumors.
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he importance of recurrent chromosomal trans-

locations as uniquely diagnostic and as oncogenic
drivers for sarcomas has been well established.! Recently
fusion events have also become central to the character-
ization of many salivary gland tumors, including clear cell
carcinoma (CCC, also referred to as hyalinizing clear cell
carcinoma).2

CCC is a low-grade malignant tumor, with the ma-
jority arising in minor salivary glands of the head and
neck but also reported in association with other sub-
mucosal glands.® ¥ Histologically CCC shows nests and
cords of clear cells with monomorphic basophilic nuclei in
a background of heavily hyalinized stroma. Im-
munophenotypically it has similarities to squamous cell
carcinoma and mucoepidermoid carcinoma (MEC), with
positive immunostaining for high-molecular-weight kera-
tins and p63 and negative immunostaining for markers of
myoepithelial differentiation. The distinction from other
tumors of salivary gland with clear cell morphology can be
challenging. particularly MEC. However, expression of an
EWSRI-ATFI fusion oncogene has recently been char-
acterized in over 80% of cases of CCC, and the diagnosis
can rely upon identification of the same.®
Partner genes involved in recurrent chromosomal

translocations are known to be promiscuous, particularly
fusion genes involving EWSRI and related TET gene
family members."'?> We describe 3 tumors with unusual
clear cell morphology originally diagnosed as MEC. A
commercially available anchored multiplex polymerase
chain reaction (AMP) targeted panel was utilized to un-
cover a novel EWSRI-CREM gene fusion in all 3 cases,
confirming a diagnosis of CCC of salivary gland.'?

Am | Surg Pathol » Volume 42, Number 9, September 2018
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Hyalinizing CCC With EWSR1-CREM Fusion

TABLE 1. Clinical and Pathologic Characteristics

Case 1 Case 2 Case 3
Age (y)sex 68/ 75/F 62/M
Tumor location Left base of tongue Lower lobe of lung Nasopharynx
Tumor size (mm) 30 10

Initial treatment Excisional biopsy with positive margins

Original diagnosis of submitting
pathologist

Histochemistry

Immunohistochemistry

Mucoepidermoid carcinoma

Focal positive for PAS-D

Initial FISH MAML2 break negative
EWSRI rearrangement, ATFI intact
CRTCI-MAML2™

CRTC3-MAML2™

Initial RT-PCR

Follow-up

CK35, p63 positive (S-100, SMA negative)

Transoral robotic surgery tumor bed reexcision and
left level II-111 lymph node dissection, all negative

Resection of the lower lobe of
lung, with clear margins
Mucoepidermoid carcinoma

Excisional biopsy with
positive margins
Mucoepidermoid carcinoma

Focal positive for PAS-D
CK7. p63, CK14 positive
(8-100, SOX10 negative)

Focal positive for PAS-D

CK7, p63, CK14 positive
(8-100, SOX10, DOGI
negative)

MAML2 break negative

EWSRI rearrangement

CRTCI-MAML2™ CRTCI-MAMI2™

CRTC3-MAML2™ CRTCI-MAML2™

No evidence of disease at 8 mo No evidence of disease at
postsurgery 5mo postsurgery

MAML?2 break negative
EWSRI rearrangement

for residual tumor; no evidence of discase at 18 mo

postsurgery

F indicates female; M, male; PAS-D, Periodic-acid-SchifffDiastase.

MATERIALS AND METHODS

Case Selection

Three cases encountered by the authors (T.L.N,
M.M.H., AS) in subspecialty consult practice which were
originally classified as MEC but with unusual morphology
were tested for EWSRI-ATF] and CRTCI/3-MAMI2 fu-
sions by cither fluorescence in situ hybridization (FISH) or
reverse transcriptase polymerase chain reaction (RT-PCR).
All 3 cases were negative for these fusions by RT-PCR or
showed only an EWSRI rearrangement by FISH with neg-
ative ATF! break-apart FISH. The histories were retrieved
from medical records and all available pathologic material
was reviewed. The clinical and pathologic results are sum-
marized in Table 1, including immunohistochemistry, FISH,
and RT-PCR. Surgical pathology specimens were routinely
processed by the originating hospital laboratories.

Immunohistochemistry

For case 1, 4-pym-thick thick sections were cut from
formalin-fixed paraffin-embedded (FFPE) blocks and
mounted on positively charged slides (FLEX IHC micro-
scopic slides; Dako, Agilent, Santa Clara, CA). Sections
were processed on a BenchMark XT (Ventana Medical
System, Tucson, AZ), deparaffinized and then subjected to
heat-induced epitope retrieval by immersion in a CCl sol-
ution at pH 8.6 at 95°C. The bound antibodies were
visualized using the ultraView Universal DAB Detection Kit
(Roche). The slides were counterstained with Mayer’s hem-
atoxylin. For cases 2 and 3, 4-um-thick sections were cut
from paraffin blocks and mounted on positively charged
slides (TOMO; Matsunami Glass IND, Japan). Sections
were processed on a BenchMark ULTRA (Ventana), de-
paraffinized and then subjected to heat-induced epitope re-
trieval by immersion in a CCl solution at pH 8.6 at 95°C.
The bound antibodies were visualized using the ultraView
Universal DAB Detection Kit (Roche) and ultraView

Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.

Universal Alkaline Phosphatase Red Detection Kit (Roche).
The slides were counterstained with Mayer’s hematoxylin.
For all immunohistochemistry appropriate positive and
negative controls were employed. All primary antibodies
used are summarized in Table 2.

Nucleic Acid Extraction

For case | total RNA was purified from two 30-um-
thick sections from a FFPE tissue block of tumor with the
ReliaPrep FFPE Total RNA Miniprep system (Promega)
according to the manufacturer’s instructions, and without
DNAse treatment. For cases 2 and 3 total RNA was pu-
rified from two 10-um-thick FFPE sections using For-
mapure kit (Beckman Coulter, Brea, CA) according to the
manufacturer’s instructions. RNA quantity and quality
was determined by Qubit RNA HS assay (ThermoFisher
Scientific, Waltham, MA) and Agilent RNA Nano assay
(Agilent Technologies), respectively.

AMP Assay

For case 1, a cDNA library targeted for sarcoma fusion-
containing genes (Archer Sarcoma Panel; ArcherDX Inc.,

TABLE 2. Antibodies Used for Immunohistochemical Study

Antibody Specificity Clone Dilution Source
S-100 (case 1) Polyclonal 1:8000 Dako
S-100 (cases 2, 3) Polyclonal RTU Ventana
CK7 OV-TL 12/30 1:200 Dako Cytomation
CKS XM86 1:100 Novocastra
SMA 1A4 1:400 Dako
Ki-67 30-9 RTU Ventana
p63 (case 1) EPR5701 1:2000 Epitomics
p63 (cases 2, 3) 4A4 RTU Ventana
DOGI SP31 RTU Cell Marque
SOX10 Polyelonal 1:100 Cell Marque

CCl indicates EDTA buffer, pH 8.6; RTU, ready to use (prediluted).
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Boulder, CO) was prepared according to Archer Universal
RNA Reagent Kit version 2 for llumina-8 protocol (revision
C). Briefly, double-stranded cDNA was prepared from 150 ng
of total RNA with random hexamer oligonucleotides. After
end repair/dA-tailing, the cDNA was barcoded by ligation
with Archer MBC Adapters for Illumina (ArcherDX Inc.).
The barcoded ¢cDNA library was enriched with 2 rounds of
nested PCR. 20 cycles each at 65°C annealing temperature,
with Archer FusionPlex Sarcoma gene panel-specific primers
and nested universal primers to the Archer MBC Adapter for
Mumina (ArcherDX Inc). The cDNA was purified with
AMPure XP Beads (Beckman Coulter, Brea, CA) between
cach step starting from the end repair/dA-tailing to after the
second round of targeted PCR. The barcoded, enriched Li-
braries were quantified and diluted according to the KAPA
Biosystems Library Quantification kit for Illumina (catalogue
number KK4824, D-Mark Biosciences). Eight barcoded li-
braries (10pM each) were pooled and combined with PhiX for
a final loading pool of 10pM library+10%% PhiX. The libraries
were analyzed on an [llumina MiSeq using a MiSeq version 2
300 cycle reagent kit (Illumina) according to the manu-
facturer’s instructions. The resulting FASTQ files were up-
loaded to the Archer Analysis Pipeline (http://archer.archerdx.
com) and analyzed for RNA SNP/InDel and RNA fusions
with FusionFlex Sarcoma Panel version | targets on an Illu-
mina paired platform. For case 2 and 3 an equivalent assay
(Fusion Plex Solid Tumor kit, ArcherDX Inc.) was used ac-
cording to the manufacturer’s instructions (version of the
protocol LA135.F).

RT-PCR and Sanger Sequencing

The AMP assay results were validated by RT-PCR to
detect EWSRI-CREM fusion products. For case 1| first
strand cDNA was prepared from 500 ng of total RNA with
250 ng random hexamer oligonucleotides and 200 units su-
perseript 1V reverse transcriptase (Life Technologies, Grand
Island, NY) in a 20 pL reaction as per the standard Super-
seript IV protocol. PCR reaction for case 1 was 20 pl re-
action with 2 pL first strand ¢cDNA, 35 cycles at a 57°C
annealing temperature with Platinum DNA Taq Polymerase
(ThermoFisher Scientific) and the primers listed in Table 3
under normal PCR conditions (1x PCR buffer, 1.5mM
MgCl). The resulting RT-PCR amplicons were gel purified

TABLE 3. Primers Used for RT-PCR in This Study

Primers Sequence
Case 1 EWSRI exon 14 5-AAGAAGCCTCCAAT
(NM_013986.3) GAACAGTA-3
CREM exon 5 5-CTGATTGTGCTGC
(NM_001267562.1) GTACTGTA-3'
Case 2 EWSRI exon 14 5-ACAGTATGCGG
(NM_013980.3) GGTGGTCT-¥
CREM exon 6 5-CTGTGGCAAAGCA
(NM_001267562.1) GCAGTAG-3
Case 3 EWSRI exon 11 5'-CCATGGATGAAG
(NM_013986.3) GACCAGAT-3

CREM exon 6
(NM_001267562.1)

S-TITGCGTGTT
GCTTCTTCTG-3

1184 | www.ajsp.com

(QlAquick Gel Extraction Kit; Qiagen). The purified RT-
PCR amplicons (15nM) were confirmed by Sanger
sequencing. Case 2 and 3 were validated similarly by RT-
PCR using Trancriptor First Strand cDNA Synthesis Kit
(Roche, Pleasonton, CA). PCR was performed using
HotStarTaq Master Mix (Qiagen, Germantown, MD), the
primers listed in Table 3 and the reaction was run at an
annealing temperature of 60°C for 40 cycles. PCR products
were confirmed by Sanger sequencing.

Fluorescence In Situ Hybridization

Fluorescent in situ hybridization (FISH) was
performed on unstained formalin-fixed and paraffin-
embedded tissue sections from relevant tissue sections with
the area for analysis identified by a pathologist and pre-
pared by standard protocol for probe application. Dual
color, break-apart probes to EWSRI (22ql2, Vysis),
CREM (10p11.21, SureFISH Agilent), and ATFI (12ql3,
in-house BC Cancer Agency) were used under standard
conditions. Analysis was performed on ~200 nuclei on a
fluorescence microscope and scored independently in the
targeted region by 2 technicians.

RESULTS

Clinical Features and Histopathology

The clinical characteristics of the three cases pre-
senting in the base of tongue (case 1), lower lobe of lung
(case 2) and nasopharynx (case 3) are presented in Table 1.
In cases | and 3, the surgical margins were positive due to
fragmented tissue material provided by probatory excision.
For the lung tumor (case 2) clinical examination and
investigations at the time of diagnosis excluded the
possibility of other primary sites (including head and
neck) with metastasis to the lung and it was resected with
clear surgical margins.

Histologically, all 3 cases showed similar features of
an infiltrative tumor with cells arranged in sheets, nests,
cords and trabeculac with intervening hyalinized eosino-
philic stroma and lymphocytie infiltrate (Fig. 1). The cells
were low-grade with variably clear to lightly eosinophilic
cytoplasm and monomorphic basophilic nuclei. There were
no glandular areas, epidermoid areas, or keratinization.
Focal necrosis (Fig. |H) and lymphovascular invasion was
seen in case 3. Perineural invasion was not present in any
case. In all cases, focal mucinous differentiation was
demonstrated with Periodic-acid-Schiff/Diastase staining
(Figs. 1C, D inset, G). Immunohistochemistry in all 3
cases was positive for p63 (Fig. 1A inset) and negative for
S-100. Case 2, the lung tumor, was also tested with a large
immunohistochemistry panel (details not included) to
exclude other possible primary and metastatic tumors. In
all cases, a primary diagnosis of MEC was suspected based
on histomorphology and immunoprofile.

Fluorescence In Situ Hybridization

In case 1, the base of tongue tumor, the EWSRI probe
showed 2 abnormal patterns. In 62% of the nuclei there was
a typical EWSRI rearranged pattern with one fused EWSRI

Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 1. Histologic and immunohistochemical features of clear cell carcinoma. A, Case 1 shows infiltrating tumor in hyalinized
stroma with associated lymphocytic reaction; tumor cells are p63 positive (inset). B, Case 1, sheets and nests of tumor cells in
hyalinized stroma. C, Case 1, focal cells with cytoplasmic PAS-D positivity. D, Case 2 shows sheets of cells in a hyalinized stroma
with focal clear cells; focal cytoplasmic PAS-D positivity (inset). E, Case 2, sheets of monomorphic cells with focal cystic change. F,
Case 3 shows cords and nests of tumor cells in hyalinized stroma. G, Case 3 with focal cells with cytoplasmic PAS-D positivity;
monomorphic variably clear cells in hyaline stroma (inset). H, Case 3 shows tumor with focal necrosis.
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FIGURE 2. FISH results of clear cell carcinoma cases. A, Case 1, positive EWSR1 break-apart. B, Case 1, negative ATF] break-apart.
C, Case 2, positive CREM break-apart. D, Case 3, positive CREM break-apart.

signal and one signal each for the 3* and 5EWSRI probes
(Fig. 2A). An additional 11% of nuclei showed an unusual
pattern, with one fused signal and a 3’EWSR 1 signal but loss
of the 5 EWSRI signal. The ATF! probe was negative for
rearrangement (Fig. 2B). Cases 2 and 3 were positive for
rearrangement break-apart probe analyses in both EW/SR/
(84% and 82% of positive nuclei, respectively) (data not
shown) and CREM (80% and 82% of positive nuclei,
respectively) (Figs. 2C, D).

AMP Assay and Archer Pipeline Analysis

In each case the AMP assay analysis provided strong
evidence of an in-frame fusion between EWSR1 and CREM
(Figs. 3A-C). Case 1 showed fusion of EWSRI exon 14
(NM_013986.3) with CREM exon 6 (NM_001267562.1)
and fusion of EWSR/ exon 14 (NM_013986.3) with CREM
exon 5 (NM_001267562.1). Case 2 also showed fusion of
EWSRI exon 14 (NM_013986.3) with CREM exon 6
(NM_001267562.1). Case 3 showed fusion in EWSR/I exon
11 (NM_013986.3) with CREM exon 6 (NM_001267562.1).
All 3 fusions were in-frame, and contained the complete
EWSRI transcription activating domain. No other gene
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alterations relating to the targeted genes in the panels were
detected in any of the 3 cases.

RT-PCR and Sanger Sequencing

In Case | the fusion of the end of EWSRI exon 14 to
the start of CREM exon 5 and in Case 3 the fusion of the
end of EWSRI exon 11 to the start of CREM exon 6 were
confirmed with RT-PCR and Sanger sequencing (Fig. 3D).
In case 2 we were not able to produce a specific PCR
product for subsequent sequencing.

DISCUSSION

Three cases of clear cell tumors which were negative for
CRTCI-MAML2/CRTC3-MAML?2 fusions by RT-PCR or
negative for ATF1 rearrangement with FISH were tested using
AMP. We have identified a novel EWSRI-CREM fusion gene
in all 3 of these cases of CCC of salivary gland. The fusions
were confirmed by at least one different method (case 2—
FISH), or 2 methods (case 1 and Case 3—FISH and RT-
PCR). To date, EWSRI-ATF! has been the only fusion
identified in all reported fusion-positive cases of CCC.>!! In
the subspecialty consult practice of one of the authors (A.S.)

Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 3. Archer AMP Assay Pipeline Analysis and Sanger sequenci

ng. A, Case 1, strong evidence of fusion of EWSRT exon 14 with

CREM exon 6 and EWSRT exon 14 with CREM exon 5. B, Case 2, strong evidence of fusion of EWSRT exon 14 with CREM exon 6. C,
Case 3, strong evidence of fusion of EWSRT exon 11 with CREM exon 6. D, Cases 1 and 3, Sanger sequencing.

these 3 cases are the only ones identified to have the alternative
EWSRI-CREM fusion, with all 19 other cases of hyalinizing
clear cell carcinoma diagnosed between the years 2000 and
2017 having EWSRI-ATFI. EWSRI-ATFI fusions also occur
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in an interesting spectrum of tumors including clear cell
odontogenic carcinoma, angiomatoid fibrous histiocytoma,
primary pulmonary myxoid sarcoma, clear cell sarcoma and
clear cell sarcoma-like tumor of the GI tract."+17
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Fusion genes are known to be promiscuous and the
finding of variant fusions within a tumor type is clinically
important when genes are members of the same families
and yield variant fusion transcriPts closely resembling the
prototypical fusion transcript.!!? In our 3 cases CREM is
substituted for ATF!. The cAMP response element bind-
ing protein (CREB) family of transcription factors is ac-
tivated by serine threonine kinases and binds to cAMP
response element sequences in target gene promoters. It
includes CREB itself, activating transcription factor 1
(ATFI), and the gene involved in our novel fusions: cAMP
response element modulator (CREM).!®1?

To our knowledge there are no other reports of CCC
with EWSRI-CREM or alternate fusions reported. In fact
there are few reports of this specific fusion pair in any
tumors to date. Recently a group of myxoid mesenchymal
tumors with EWSRI and CREB-family fusions have been
described with one perirectal tumor showing an
EWSRI-CREM.®2! There is also a single report of an
EWSRI-CREM fusion in a case classified as melanoma,
but the presence of this fusion raises the possibility that
this would be better classified as a clear cell sarcoma of
soft tissue.”?

Identification of this CREM fusion with homology
to the characteristic A7F/ fusion was important in accu-
rately classifying these lesions with direct impact on clin-
ical decision making. In all three of these cases the original
proposed diagnosis was MEC (MEC) and certainly a wide
spectrum of salivary/glandular neoplasms was considered.
The differential diagnosis is a challenging one and cases of
CCC may be mischaracterized as the more familiar MEC
as they can both have similar clinical presentation, ar-
chitecture, clear cells, presence of mucinous differentiation
and immunoprofile 22 This is a critical distinction as a
solid nested MEC would be classified as high-grade with
an expected worse prognosis and more aggressive treat-
ment. CCC is considered a low-grade tumor. The identi-
fication of the EWSRI-CREM fusion in each of these
three cases confirmed the diagnosis of CCC. Mucin is
known to occur in up to 50% of cases of CCC.5? Lack of
myoepithelial differentiation by immunohistochemistry
excluded clear cell myoepithelial tumors which can also
show EWSRI translocations.?’

CCC is considered a low-grade tumor with good
prognosis but there are reports of high-grade trans-
formation and late recurrences.”®27 All 3 of our cases have
shown clinical behavior in keeping with their low-grade
classification with patients well at 18 (case 1), 8 (case 2),
and 5 months (case 3) (Table 1). At this time there have
been no reports of prognosis with respect to molecular
factors.?

In cases where the differential diagnosis includes tu-
mors known to harbor recurrent fusions, lack of a tool to
identify variant fusions may lead to misdiagnosis and lost
opportunity to expand on the spectrum of known recurrent
translocations in these tumors., Currently diagnosis of these
fusions in the clinical setting largely relies on the well-
established methods of FISH or RT-PCR.'7?¥ Novel or
unexpected fusion variants may be interpreted as negative
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by these methods as they are designed to detect either one
partner gene or one specific fusion isoform.' AMP is a
next-generation sequencing based technique which both
detects and identifies fusions associated with neoplasms
without requiring knowledge of fusion partners or break-
points, with the capability of discovering these novel or
unexpected fusion gene variants.'> AMP has proven value
in both gene fusion detection for diagnosis and to uncover
fusions involving unknown gene partners.?® *

We have identified 3 cases of CCC where identi-
fication of the EWSRI-CREM gene fusion was central to
separating this entity from its mimics, especially MEC.
When morphology suggests that a fusion associated neo-
plasm is a possibility we have shown that a targeted next-
generation sequencing-based assay such as AMP has the
capability of discovering novel gene fusions which con-
ventional FISH or RT-PCR may fail to identify. Although
EWSRI-ATF! remains the most common fusion gene in
CCC, these 3 cases with EWSRI-CREM fusion highlight
the fact that similar to other translocation-associated tu-
mors a subset of CCC cases will express variant fusion
genes. Molecular diagnostic assays which allow for de-
tection of such alternative fusions will be important in the
ongoing characterization of these tumors.
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6. Prilohy

Nalezena Typ
Pripad Lokalizace Diagnodza relevantni | mutace/fazni
translokace partnefi
1 SZ - dutina nosnf Sekreéni karcinom Ano ETV6-NTRK3
2 SZ — priudni Sekreéni karcinom Ano ETV6-NTRK3
3 SZ — pFiudni Sekrecni karcinom Ano ETV6-NTRK3
4 SZ — pFiudni Sekrecni karcinom Ano ETV6-NTRK3
5 SZ — pFiudni Sekrecni karcinom Ano ETV6-NTRK3
6 SZ — pFiudni Sekrecni karcinom Ano ETV6-NTRK3
7 SZ — pFiudni Sekrecni karcinom Ano ETV6-NTRK3
8 SZ - pFiudni Sekrecni karcinom Ano ETV6-NTRK3
9 SZ — priudni Sekrecni karcinom Ano ETV6-NTRK3
10 | SZ— ptiudni Sekrecni karcinom Ano ETV6-NTRK3
11 | SZ - p¥iudni Sekrecni karcinom Ano ETV6-NTRK3
12 | SZ - ptFiudni Sekrecni karcinom Ano ETV6-NTRK3
13 | SZ - submandibularni | Sekre¢ni karcinom Ano ETV6-NTRK3
14 | SZ - submandibularni | Sekre¢ni karcinom Ano ETV6-NTRK3
15 | SZ - ptiudni Sekrecni karcinom HG Ano ETV6-NTRK3
16 | SZ - submandibularni | Sekreéni karcinom HG Ano ETV6-NTRK3
17 |SZ—-dutina Ustni Recidivujici HG sekrecni karcinom Ano ETV6-NTRK3
ETV6-NTRK3,
18 |SZ - submandibularni | Recidivujici HG sekreéni karcinom Ano MYB-SMR3B
19 |SZ - ptiudni Sekre¢ni karcinom Ne ETV6-RET
20 |SZ - pfFiudni Sekre¢ni karcinom Ne ETV6-RET
21 | SZ - pFiudni Sekre¢ni karcinom Ne ETV6-RET
22 |57 - pfFiudni Sekreéni karcinom Ne ETV6-RET
23 |57 - pfFiudni Sekreéni karcinom Ne ETV6-RET
24 |87 - pFiudni Sekreéni karcinom Ne ETV6-RET
25 | SZ - pfFiudni Sekreéni karcinom Ne VIM-RET
26 | SZ - pfiudni LG intraduktalni s metastazou v 1 LU Ne NCOA4-RET
NCOA4-RET,
27 |57 - pfFiudni LG intraduktalni karcinom Ne MYB-SMR3B
28 | SZ - orofarynx Svétlobunéény karcinom Ne EWSR1-ATF1
29 |57 - pFiudni HGT Acinicky karcinom Ne EWSR1-HYOU1
30 |SZ-pfiugni Acinicky karcinom Ne SYN2-PPARG
31 |SZ-pfiugni Onkocyticky cystadenokarcinom Ne SYN2-PPARG
32 | SZ-dutina Ustni Adenoidné cysticky karcinom Ne MYB-NFIB
33 | Khze Sekrecni karcinom klze Ano ETV6-NTRK3
34 | Kaze Lentigo maligna melanoma Ano LMNA-NTRK1
35 |Kize Nodularni melanom Ano LMNA-NTRK1
36 |Kuze Povrchoveé se $ifici melanom Ano LMNA-NTRK1
37 |Kize Povrchoveé se $ifici melanom Ano SQSTM1-NTRK2
38 |Kuze Povrchoveé se $ifici melanom Ano SQSTM1-NTRK2
39 |Kize Povrchoveé se $ifici melanom Ano SQSTM1-NTRK2
40 |Kuaze Povrchoveé se $ifici melanom Ano TPM3-NTRK1
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41 |KdzZe Povrchové se Sifici melanom Ano MYOS5A-NTRK3
42 |KOze Povrchové se Sifici melanom Ano MYO5A-NTRK3
43 | KOze Povrchové se Sifici melanom Ano KIAA1598-ROS1
44 | KOze Povrchové se Sifici melanom Ne TMPRSS2-AXL
45 | Klze Atypicky tumor Spitzové Ano LMNA-NTRK1
46 | Klze Atypicky tumor Spitzové Ano ZCCHC8-ROS1
47 |KGze Atypicky tumor Spitzové Ano PWWP2A-ROS1
48 |KizZe Atypicky tumor Spitzové Ano PWWP2A-ROS1
49 |KizZe Atypicky tumor Spitzové Ano FIP1L1-ROS1
50 |Klze Atypicky tumor Spitzové Ne CLIP2-BRAF
51 |Klze Basocelularni karcinom Ano PTCH1-ALK
Malobunéény karcinom, dif.dg.
52 | Klze Merkellv karcinom Ne SDCCAGS8-AKT3
53 | Klze Merkellv karcinom Ne SYN2-PPARG
54 | Klze Merkellv karcinom Ne SYN2-PPARG
55 |Kdze Spatné diferencovany karcinom Ne DUSP14-PRKCA
56 |Klze Nevoidni melanom Ano CAPRIN1-ROS1
57 | Klze Basoskvamodzni karcinom Ne ETV5-EGFR
58 |Prostata Acindrni adenokarcinom Ne EWSRI1-TFE3
59 | Prostata Acindrni adenokarcinom Ne TMPRSS2-ERG
60 |Prostata Mikroacindrni adenokarcinom Ne TMPRSS2-ERG
61 |Prostata Acinarni adenokarcinom Ne TMPRSS2-ERG
62 |Prostata Acinarni adenokarcinom Ne TMPRSS2-ERG
63 |Prostata Acinarni adenokarcinom Ne TMPRSS2-ERG
64 |Prostata Acinarni adenokarcinom Ne TMPRSS2-ERG
65 |Prostata Mikroacindrni adenokarcinom Ne TMPRSS2-ERG
66 |Prostata Acinarni adenokarcinom Ne TMPRSS2-ERG
67 |Prostata Acindrni adenokarcinom Ne TMPRSS2-ERG
68 |Prostata Acindrni adenokarcinom Ne TMPRSS2-ERG
69 |Prostata Acindrni adenokarcinom Ne TMPRSS2-ERG
70 | Prostata Acindrni adenokarcinom Ne TMPRSS2-ERG
71 | Prostata Acindrni adenokarcinom Ne TMPRSS2-ERG
72 | Prostata Acindrni adenokarcinom Ne TMPRSS2-ERG
RBM33-BRAF
73 | Prostata Mikroacinézni adenokarcinom Ne out of frame
74 | Prostata Urachalni karcinom Ne ESRP1-RSPO2
75 | Prostata Acinarni adenokarcinom Ne NDRG1-ETV4
76 | Mozek Oligodendroglion grade |l Ne FGFR2-CTNNA3
77 | Mozek Gioblastoma grade IV, IDH-wild type Ne EGFR-SEPT14
78 | Mozek Gioblastoma grade 1V, IDH-wild type Ne EGFR-SEPT14
79 | Mozek Gioblastoma grade 1V, IDH-wild type Ne EGFR del ex 2-7
80 | Mozek Gioblastoma grade IV, IDH-wild type Ne EGFR del ex2-7
81 |Mozek Gioblastoma grade 1V, IDH-wild type Ne EGFR del ex 2-7
82 | Mozek Gioblastoma grade 1V, IDH-wild type Ne EGFR del ex 2-7
83 | Mozek Gioblastoma grade 1V, IDH-wild type Ne EGFR del ex 2-7
84 | Mozek Gioblastoma grade 1V, IDH-wild type Ne FGFR3-TACC3
85 | Mozek Anaplasticky astrocytom, IDH-wild type Ne FGFR3-TACC3
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86 | Mozek Glioblastom grade IV Ne FGFR3-TACC3

87 | Mozek Glioblastom grade IV Ne FGFR3-CKAP5

88 | Mozek Anaplasticky oligodendrogliom Ne FGFR3-AMBRA1

89 |Prs Sekrecni karcinom Ano ETV6-NTRK3

90 |Prs IDC grade 2, Nottingham score 7 Ano SMG7-ALK

91 |Prs IDC grade 1, Nottingham score 5 Ano ETV6-NTRK3

92 |Prs IDC grade 3, Nottingham score 8 Ne FGFR3-TACC3

93 |Prs IDC grade 3, Nottingham score 8 Ne C21orf33-ERG

94 | Prs IDC grade 3, Nottingham score 8 Ne CTBP2-ERG

95 |Prs IDC grade 3, Nottingham score 9 Ne MED27-RSPO2
Metastaza svétlobunééného

96 |Prs karcinomu ledviny Ne EWSRI1-TFE3

97 | Plice Adenokarcinom Ano EML4-ALK

98 | Plice Adenokarcinom Ano EML4-ALK

99 | Plice Svétlobunécny karcinom Ne EWSRI1-CREM

100 |Plice Adenokarcinom Ne MET

101 |Plice Adenokarcinom Ne KIF5B-RET
Nizce diferencovany nemalobunéény

102 | Plice karcinom Ne MET del ex14

103 | Stitna zlaza Papilarni karcinom Ano TPM3-NTRK1

104 | Stitna 7laza Folikuldrni karcinom Ne PAX8-PPARG

105 | Ledvina Metanefricky adenom Ano STRN-ALK
Mucindzni tubuldrni vietenobunécny

106 |Ledvina karcinom Ano KIF5B-ALK
Metastdza prostatického

107 |Stfevo adenokarcinomu Ne TMPRSS2-ERG
Inflamatorni myofibroblasticky

108 | Paranazdini dutiny tumor/sarkom Ne ETVI1-ERG

109 | Cervix Adenoidné bazalni ca klenby posevni Ne FGFR2-SORBS1

Tabulka 19 — Seznam vsech nalezenych genovych aberaci pomoci dvoustuprfiové screeningové

metody. * SZ: slinna ?laza, ca: karcinom, IDC: invazivni duktalni karcinom.
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