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Predmluva

Nadory slinnych zlaz jsou morfologicky velmi heterogenni a variabilni nadorovou
skupinou s ¢astym strukturalnim a cytologickym ptekryvem mezi jednotlivymi nadorovymi
jednotkami. Nadory slinnych zlaz se vyskytuji velmi vzacné s incidenci 5-10 novych ptipadt/
100 tis. obyvatel, pfedstavuji asi 6 % nadorti v oblasti hlavy a krku a kolem 0,3 % vSech
malignit. Nadory slinnych zlaz postihuji jak velké slinné zlazy (ptiusni, podcelistni a
podjazykovou), tak malé slizni¢ni zlazy dutiny Gstni, sinonasalniho a zazivaciho traktu [1, 2].
Mnohé salivarni karcinomy jsou nizce maligni, a 1ze je vylécit chirurgicky, ale vyskytuji se i
velmi agresivni primarni nadory jako je salivarni duktalni karcinom, karcinom ex pleomorfni
adenom nebo adenoidné cysticky karcinom. Vzhledem k morfologické variabilité a vzacnosti
nadort slinnych Zzlaz byla diferencidlni diagnostika zalozena piedev§im na histologické
klasifikaci vzdy velkym dilematem.

Metody molekularni diagnostiky maji v patologii slinnych zlaz jak diferencialné
diagnosticky vyznam, tak slouzi v klasifikaci nékterych karcinomi, protoze mnohé
translokace jsou specifické pro urcitou nadorovou jednotku. Objevy translokaci a fGznich
onkogentl, které jsou jejich produktem, zménily ptistup ke klasifikaci salivarnich karcinomt a
do znaéné miry i diagnostické a interpretacni postupy. Nékteré translokace byly nalezeny
predev§im v low-grade primarnich karcinomech slinnych Zlaz na zakladé morfologické
analogie s nadory nesalivarniho ptivodu nesoucimi identické translokace. Timto zpisobem
byla objevena napftiklad translokace t(12;15)(p13;925) s fuznim transkriptem ETV6-NTRK3 u
sekre¢niho karcinomu mamarniho typu (mammary analogue secretory carcinoma, MASC)
[3], ktera je identicka u morfologicky blizkého sekre¢niho karcinomu prsu [4] a EWSR1-
ATF1 t(12;22) u hyalinizujiciho svétlobunééného karcinomu shodna s nékterymi nadory
mékkych tkani [5].

Pouziti riznych zlomovych sond z chromosomové oblasti, ve které byla pozorovana
prestavba pomoci cytologickych metod, vedla k identifikaci konkrétnich faznich gent, ¢ehoz
bylo vyuzito k charakterizaci fize MYB-NFIB u translokace t(6;9)(q22-23;p23-24) adenoidné
cystického karcinomu (AdCC) [6] nebo CRTC1-MAML2 u t(11;19)(g21;p13)
mukoepidermoidniho karcinomu [7, 8].

Mezi metody, které umoziuji detekci specifickych translokaci, patii piedev§im rutinné
pouzivané RT-PCR a FISH. V posledni dobé¢ stale vyraznéji také varianty sekvenovani nové
generace (next generation sequencing - NGS). RT-PCR je zkratkou pro ,,reverse transcription-
polymerase chain reaction®. RNA je zpétné piepsana do komplementarni cDNA, ktera je pak
amplifikovana za pouziti primerti nasedajicich okolo piedpoklddaného zlomového mista.
Nevyhodou metody je nutnd znalost pfesné sekvence mista zlomu pro spravny design
primertd. FISH — flouorescenc¢ni in-situ hybridizace slouzi k identifikaci specifickych useka
DNA pomoci in-situ hybridizace s fluorescencné znacenou sondou. K detekci translokaci 1ze
vyuzit tzv. ,break apart“ sond, kdy je jedna Cast sondy cilena k 5" ¢asti (znaCena napf.
oranzovou barvou) genu, druhd k 3" Casti genu (znacCena napft. zelenou barvou). Takto lze
nepiimo usuzovat na translokaci zjisténim pravé zlomi v zicastnénych genech. V negativnim
ptipad¢€ jsou v mikroskopu vidét 2 slozené oranzovo-zluto-zelené signaly na jadro (obr. 1A),
Vv pozitivnim ptipadé jeden sloZeny signal ze zdravé alely a jeden oranZovy a zeleny signal ze
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Obrazek 1 — A. Negativni ,,break apart™ sonda reprezentovana dvéva slozenymi oranzovo-zluto-
zelenymi signaly. B. Pozitivni ,,break apart* sonda reprezentovana jednim sloZzenym oranZovo-Zluto-zelenym
signalem ze zdravé alely a separatnim oranZzovym a zelenym signalem ze zlomené alely.

zlomené alely (obr. 1B). Pifimy prukaz translokace pomoci FISH je mozny za uziti fazni
sondy, kdy jedna c¢ast sondy ptekryva jednoho fuzniho partnera a druhd druhého.
V negativnim pftipadé lze pozorovat 2 separatni oranzové a 2 zelené signaly (obr. 2A),
V pozitivnim ptipadé pak lze vidét 1-2 komplexni oranzovo-zluto-zelené signély v pozitivnich

jadrech (obr. 2B).
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Obrazek 2 — A. Negativni ,,dual fusion“ sonda reprezentovana dvéva slozenymi oranzovo-Zluto-
zelenymi signaly. B. Pozitivni ,,dual fusion sonda reprezentovana jednim separatnim oranzovym a zelenym
signalem ze zdravych alel a 1-2 slozenymi oranzovo-Zluto-zelenymi signaly jako prikaz fuze.

Nové moznosti v soucasnosti pfinas§i NGS, které umoznuje detekci kompletni
sekvence studované nukleové kyseliny véetné uréeni miry kvantifikace nukleovych kyselin.
NGS tim svym zpisobem nahrazuje jak klasické Sangerovo sekvenovéni, tak array-
komparativni genomovou hybridizaci (array-comparrative genome hybridization — aCGH),



ktera slouzi k urceni pocetnich chromosomalnich zmén ve studovaném genomu z DNA, tak
v piipadé¢ vyuziti cDNA (reverzné-transkribovana RNA) vcetné detekce miry exprese
studovanych RNA a detekci fuznich gentl. Mezi dals§i vyhody NGS patii téZ moznost cilené
studovat pouze konkrétni geny, coz je oproti sekvenovani celych genomi a transkriptomi
finan¢né Usporngjsi varianta, které 1ze dosdhnout po izolaci nukleové kyseliny, a ptipadném
ptepsani RNA do cDNA, obohacenim oblasti zajmu amplifikaci ¢i vychytavanim pomoci
hybridizace.

Cilenym RNA sekvenovanim byla v nasi laboratofi v nedavné dobé nalezena vzacné
se vyskytujici fuze ETV6-RET u piipadi MASC negativnich na fuzi ETV6-NTRKS3, ale
pozitivnich na zlom ETV6 [9], dale napiiklad fize NCOA4-RET a TRIM27-RET u
intraduktalniho karcinomu slinnych zlaz, coz bylo zatim publikovano jako predbézné sd€leni
na Kongresu americkych a kanadskych patologi USCAP 2018 ve formé abstraktu [10].

Ptedlozena doktorskd dizertaéni prace se zabyva predev§im ,translokacnimi
karcinomy slinnych zlaz*“ a je ¢lenéna do Ctyf casti. V prvni ¢asti bude diskutovana
problematika adenoidné cystického karcinomu, v druhé casti se prace zabyva sekre¢nim
karcinomem mamarniho typu (MASC), tieti ¢ast shrnuje publikované piehledové ¢lanky a ve
¢tvrté Casti uvadime publikaci studujici vyznam EWSR1 rearanze u vybranych salivarnich
karcinomi.

Adenoidné cysticky karcinom (AdCC) je se svoji 10% ¢etnosti u nadora slinnych zlaz
2. nejcastéjsim salivarnim karcinomem. AdCC je charakteristicky svym intra- a perineuralnim
Sifenim vyskytujicim se az v 80% piipadi [11] a svym pomalym ristem. Pfestoze je Casto
fazen mezi low-grade karcinomy, je jeho typickym projevem dlouhy klinicky pribéh,
opakované recidivy a vysokeé riziko rozvoje pozdnich vzdalenych metastdz. Z dlouhodobého
hlediska se jedna o jeden z nejagresivnéjSich a nejméné predvidatelnych nadori hlavy a krku,
vyznacujici se vysokou mortalitou ve stfednédobém horizontu [2]. Dulezitym meznikem pro
diagnostiku AdCC bylo objeveni a identifikace translokace t(6;9)(q22-23;p23-24) vyustujici
ve fuzi transkripénich faktort MYB a NFIB [6, 12]. V principu diky této fuzi dochazi ke
stabilni expresi MYB. T¢ je nej€astéji dosazeno ztratou jeho 3" nepiekladané oblasti, kterd je
fyziologicky cilena riznymi miRNA pro umlceni jeho exprese [6]. Diky rozvoji NGS
metodik, byla u MYB-NFIB negativnich pfipadi nalezena faze gentt MYBL1-NFIB a to hned
dvéma skupinami v témze roce a dale minoritni fize genit YTHDF3 a RADS1B s MYBL1
genem, gen XRCC4, NKAIN2, PTPRD a AIG1 s genem NFIB [13, 14]. Muta¢ni analyzy
zjistily nizkou frekvenci mutaci u AdCC. Nalezené mutace se tykaly pifedev§im genu SPEN,
jehoz mutace byly nazeleny u 21 % analyzovanych AdCC a dale mutace zasahujici NOTCH
signalni drahu patfily mezi nejcastéji pozorované [15].

Sekrecni karcinom mamdrniho typu (mammary analogue secretory carcinoma —
MASC) byl v nasi laboratofi identifikovan jako novy typ salivarniho karcinomu v roce 2010
[3] a prijat novou WHO Kklasifikaci v roce 2017 [2]. Pro MASC je typicka translokace
t(12;15)(p13;925) vedouci k fuzi gentt ETV6 a NTRK3 [16, 17]. MASC je obvykle indolentni,
ale lokoregionalni recidivy a vzdalené metastazy byly téZ pozorovany. Dilezity je pfedevSim
vzacny vyskyt high-grade transformace, ktery mize vyuGstit ve smrt v souvislosti o
onemocnénim [18, 19]. Spravna diagnostika MASC a uréeni fuze ETV6-NTRKS3, eventualné
ETV6-RET jsou nutné k potencialni indikaci cilené biologické 1é¢by inhibitory NTRK3 (napf.
entrectinib) u agresivnich nebo neresekovatelnych forem karcinomu [20-22].



Piedlozena doktorska dizertaéni prace je komentovanym souhrnem dvou
prvoautorskych c¢lankt, které jsou piijaté do tisku [23, 24], z nichz jeden c¢lanek bude
publikovan Vv impaktovaném c¢asopise a 12 spoluautorskych publikaci tykajicich se tématu
nadoru slinnych Zlaz, z ¢ehoz 9 bylo publikovano ¢i pfijato v impaktovanych ¢asopisech [9,
25-32], zbylé tii jsou publikovany v neimpaktovanych ¢asopisech [33-35]. Autor doktorské
dizertace se dale podilel na vzniku dalSich osmi publikaci [36-43] nesouvisejicich s tématem
doktorandského studia.



Abstrakt

Doktorska dizertaéni prace se zabyva vztahem mezi histomorfologickymi a
molekularn¢ genetickymi nalezy u vybranych nadort slinnych zlaz. Autor se jako
molekularné-cytogeneticky pracovnik ve své praci zaméfoval predev§im na vyuzivani detekce
translokaci jako diferencidlné diagnostickych marker u karcinomu slinnych zlaz. Dizerta¢ni
prace je komentovanym souborem vlastnich publikaci autora a je rozdélena do 4 Casti.

V prvni casti jsou publikace prohlubujici znalosti o adenoidné cystickém karcinomu.
Bylo prokazano, ze translokace t(6;9)(q22-23;p23-24) vyustujici ve flazi transkripénich
faktortt MYB-NFIB, nebo translokace t(8;9) vyustujici ve fizi MYBL1-NFIB piedstavuji
robustni diferencialné diagnosticky marker adenoidné cystického karcinomu. Dale bylo
prokazano, Ze vzhledem Kk statisticky vyznamné niz§imu piezivani pacientu se ztratou lokusu
1p36, muze tato delece slouzit jako marker neptiznivé prognozy onemocnéni.

Druha cast shrnuje prace zabyvajici se sekreénim karcinomem mamarniho typu
(MASC), ktery byl v nasi laboratofi prioritné popsan jako nova jednotka, vyznacujici se
vyskytem translokace t(12;15)(p13;q25) s fuzi geni ETV6-NTRK3. Dalsim prioritnim
pozorovanim je popis nové fuze ETV6-RET u mensi casti piipadd MASC. Novée byly popsany
prvni dva piipady MASC vychazejici ze zlazek v nosni sliznici.

Treti Cast tvori prehledové ¢lanky, z nichz jeden prvoautorsky se zabyva detailnim
popisem molekularné-genetickych metod pouzivanych ke studiu salivarniho adenoidné
cystického karcinomu. Dalsi dva spoluautorské shrnuji poznatky o biologickém chovani,
morfologii, prognostice a molekularni-genetice vybranych salivarnich karcinomi, predevsim
u jednotek vykazujicich charakteristické translokace.

Ve Ctvrté Casti je komentovana prace zabyvajici se vztahem mezi zlomem EWSR1
genu a histomorfologii vybranych salivarnich néadorG s pfevazujici svétlobunécnou
komponentou. Zlom EWSR1 se vyskytuje ve spektru nadorovych jednotek a neni specificky
pro hyalinizujici svétlobunéény karcinom malych slinnych z1az.



Summary

Thesis deals with relationship between histomorphological and molecular-genetic
findings of selected salivary gland tumors. Author, as a molecular-cytogeneticist mainly
focused on detection of tumor-specific translocations of the salivary gland tumors which can
serve as differential diagnostic markers. The thesis is composed as a commented files of
authors own publications, and it is divided into four parts.

First part deepens the knowledge of salivary adenoid cystic carcinoma. It was proved,
that t(6;9)(g22-23;p23-24) resulting in fusion of transcription factors MYB-NFIB, or more
rarely t(8;9) resulting in MYBL1-NFIB fusion represent robust differential diagnostic marker
of adenoid cystic carcinoma. Further it was proved, that the 1p36 deletion can serve as an
unfavorable prognostic indicator of adenoid cystic carcinoma, as the patients with 1p36
deletion had significantly lower survival.

Second part summarizes new developments about mammary analogue secretory
carcinoma (MASC), which was described by our group as a new salivary tumor entity
characterized by translocation t(12;15)(p13;q25) resulting in ETV6-NTRK3 fusion. Another
novel observation is a discovery of ETV6-RET fusion in a subset of MASC cases. Further, the
first two MASCs of nasal mucosa origin have been described.

Third part consists of review articles. One of them deals with the description of
molecular-genetic methods used to study adenoid cystic carcinoma. The latter two articles
summarize the knowledge of biological behavior, morphology, prognostics and molecular-
genetic of salivary gland carcinomas carrying diagnostic translocations.

In the last section, we comment the paper dealing with relationship of EWSR1 gene
break and histomorphology of selected salivary gland carcinomas with predominant clear cell
component. EWSR1 break occurs in a spectrum of tumor entities, and it is not specific for
hyalinizing clear cell carcinoma of small oral salivary gland origin as originally expected.
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Seznam pouzitych zkratek

AdCC
cDNA
CCMC

DNA

EMK

FISH

ITAC

MASC

MCC

miRNA

MC ex PA

NGS
non-ITAC

PCR
RNA
RT-PCR

adenoidné¢ cysticky karcinom

komplementarni DNA

clear  cell  myoepithelial  carcinoma  (svétlobunécény
myoepitelialni karcinom)

deoxyribonukleova kyselina

epitelidlné-myoepitelialni karcinom

fluorescen¢ni in-situ hybridizace

intestinal-type adenocarcinoma (adenokarcinom intestinalniho
typu)

mammary analogue secretory carcinoma (sekre¢ni karcinom
mamarniho typu)

myoepitelidlni karcinom slinnych Zlaz (myoepithelial cell
carcinoma

kratké ~22 nukleotidd dlouhé RNA slouzici predevsSim
k regulaci genové exprese

myoepithelial ~ carcinoma ex  pleomorphic  adenoma
(myoepitelialni karcinom vznikajici z pleomorfniho adenomu
next-generation sequencing (sekvenovani nové generace)
non-intestinal type adenocarcinoma (sinonasalni adenokarcinom
neintestinalniho typu)

polymerazova fetézova reakce

ribonukleova kyselina

reverzné transkripéni polymerdzova fetézova reakce
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Souhrn komentovanych publikaci
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1. ¢ast - Adenoidné cysticky karcinom

V prvni ¢asti shrnujeme nové poznatky ze studia adenoidné cystického karcinomu
(AdCC) slinnych zlaz. AACC je low-grade bazaloidni nador sestavajici z epitelialnich a
myoepitelialnich bun¢k ve variabilnich morfologickych strukturach [2]. Jedna se o nejcastéjsi
karcinom hlavy a krku infiltrujici nervy, s peri- a intraneuralnim Sifenim ve 20 - 80 % ptipadi
[11]. AdCC je vétSinou ohranieny, ale neopouzdieny nador, hluboce infiltrujici okolni tkané
predevsim progresi kolem nervil. Je tvoien dvéma hlavnimi typy bunék, a to duktalnimi a
modifikovanymi myoepitelidlnimi. Jadra jsou hranatd a hyperchromni, cytoplazma casto
vodojasnd. V AdCC se rozliSuji tfi ristové struktury: tubuldrni, kribriformni a solidni
V rizném procentualnim zastoupeni [2].

Pro AdCC slinnych 7laz je typicka chromozomalni translokace t(6;9)(q22-23;p23-24),
ktera generuje fizni transkript MYB-NFIB. MYB-NFIB fazni onkogen byl poprvé popsan u
AdCC Martou Perssonovou et al. v roce 2009 [6]. MYB-NFIB fuze nebo piestavba MYB genu,
které vedou k jeho aktivaci, a tim ke zvySené expresi MYB-NFIB fazniho proteinu nebo
MYB onkoproteinu, byly dosud ze salivarnich karcinomt i jinych karcinomut hlavy a krku
prokazany pouze u AdCC, a to ve vice jak v 80 % ptipadi [17]. Jedna se tak o
charakteristicky znak téchto malignich sialomti, ktery se da vyuzit jako diagnosticky marker, s
vyhodou ptedevsim u vzdalenych metastaz nebo diagnosticky obtiznych variant AdCC.

V prvnim ¢lanku této Casti ,,Adenoidné cysticky karcinom slinnych Zlaz. Soubor 27
pacientii* [34] je teSen piedevsim klinicky charakter tohoto onemocnéni u 27 pacienti
1écenych v letech 1986 — 2016 ve FN Plzen, ke kterym byla dostupna klinicka data. Soubor je
doplnén o vysledky FISH analyzy, konkrétn€ zloml gent MYB a NFIB, fuze MYB-NFIB a
nakonec ztraty lokusu 1p36. Z vysledki vyplynulo, ze AdCC vznikl nejcastéji v malych
slinnych zlazach ve 41 % ptipadl, metastazy v regiondlnich uzlinach byly objeveny u 26 %
pfipadi a imrtnost v souvislosti s onemocnénim ¢inila 22 %. Molekularni analyza odhalila
79% c&etnost fize MYB-NFIB, heterozygotni delece lokusu 1p36 se vyskytovala u 3/23
analyzovatelnych pacienti.

V publikaci ,,Adenoid cystic carcinoma of the salivary gland, lacrimal gland, and
breast are morphologically and genetically similar but have distinct microRNA expression
profiles” [31] jsou porovnavany rozdily v miRNA profilu s vyskytem fuzi zahrnujicich geny
MYB, NFIB a MYBL1 mezi AdCC slinnych Zlaz, slznych Zl4z a prsu. Klastrova analyza
miRNA spolehlivé odlisila salivarni a slzné AdCC od jejich nenadorovych tkani a také
odlisila AdCC dle ptivodu (salivarni, slzné, prsu), ale ne AdCC prsu od jejich nenddorovych
tkani. Fize MYB-NFIB se vyskytovala u 55 % pacientl ve vSech studovanych lokalizacich.
Translokace zahrnujici MYBL1 gen se omezovala jen na salivarni AdCC.

V dalsi publikaci ,,MicroRNA dysregulation in adenoid cystic carcinoma of the
salivary gland in relation to prognosis and gene fusion status: A cohort study* [29] studujici
miRNA profil v souboru celkem 184 pacientii s AACC byly identifikovany naptiklad vysoké
exprese hsa-mir-21, hsa-mir-181a-2 a hsa-mir-152 jako asociované se snizenym celkovym
prezitim a vysoka exprese hsa-miR-374c naopak s lep$im piezitim do recidivy. Dale byla u
nékterych miRNA nalezena shoda s jiz dfive publikovanymi vysledky [44]. Tyto vysledky
mohou vyrazn€ pomoci k nalezeni prognostickych faktorh i1 u vzorklh s wvyrazné
degradovanym materidlem, kde miRNA, narozdil od DNA a RNA, zlstdva casto dobie
zachovana [45, 46].
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Tteti, prvoautorsky, ¢lanek ,,Prognostic signifikance of 1p36 locus deletion in adenoid
cystic carcinoma of the salivary glands [24] se detailn¢ zabyva deleci lokusu 1p36 a jejiho
prognostického vyznamu a moznostem flzi zahrnujici geny MYB, NFIB a MYBL1 u celkem
85 analyzovatelnych piipadd salivarnich AdCC. Z téchto pochézi 23 z registru nadort Siklova
ustavu a FN Plzen a dalSich 62 z registru nadorit Rigshospitalet v Kodani v Dansku. Delece
lokusu 1p36 byla detekovana u 13/85 (15,29 %) pacientt, signifikantné korelovala s vys$$im
stadiem (3/4) onemocnéni V dob¢ diagnézy, niz§im celkovym pfezitim, pro nemoc
specifickym pfezitim, intervalem do recidivy a ptezitim do recidivy. Toto ¢ini z delece 1p36
marker nepfiznivé progndzy onemocnéni. Translokace zahrnujici MYB, NFIB a MYBL1 byly
identifikovany u celkem 79/85 (92,94 %) pacientti, coZ z nich ¢ini silny diagnosticky nastroj,
s vyhodou vyuzitelny zvlasté u pozdnich vzdéalenych metastaz. Zajimavé bylo téz objeveni
korelace mezi zlomem MYBLL1 a niz8im stadiem (1 a 2) onemocnéni a zlomu MYB s niz§im
celkovym pfeZitim a pro nemoc specifickym piezitim. Zadny z 1p36 pozitivnich piipadi
nevykazoval rearanzi MYBL1, které mohou byt vzajemné vylucujici.

V nasledujici publikaci ,, Small subset of adenoid cystic carcinoma of the skin is
associated with alterations of the MYBL1 gene similar to their extracutaneous counterparts*
[32] byly opét studovany flze zahrnujici geny MYB, NFIB a MYBL1 u deseti pacientd
s koznim AdCC pomoci metody FISH. Dale byla studovana ptfitomnost MYB-NFIB
transkriptu pomoci RT-PCR. Fuze MYB-NFIB byla nalezena u 4 pacienti, MYB-X u 2
pacientii a poprvé u koznich AdCC byly téz nalezeny rearanze MYBL1 u dvou pacientt. Fuzni
transkript se podarilo prokazat pouze u 1 z 8 studovanych pacienti.

V posledni publikaci této ¢asti ,,The incidence of MYB gene breaks in adenoid cystic
carcinoma of the salivary glands and its prognostic signifikance* [33] byl studovan vztah
mezi zlomem MYB a prognézou onemocnéni u 23 pacientti s AdCC slinnych zlaz. Zlom MYB
byl detekovan u 15/23 ptipada (65,22 %). Nepodafilo se vSak prokazat vztah mezi zlomem
MYB a zddnym ze studovanych klinickych parametrii (véku, pohlavi, velikosti nadoru,
pfitomnosti metastaz, histologického gradingu a perineurdlni invaze). Zavérem lze fici, Ze
v diferencialni diagnostice AACC neni vhodné detekovat pouze zlom MYB, ale je tfeba vyuzit
1 dalSich gend, které se taktéz vyskytuji u AdCC (NFIB, MYBL1). Podatilo se identifikovat
prvni potencidlni prognosticky marker AdCC a sice deleci lokusu 1p36.
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SOUHRN

Uvod a cil prace: Adenoidné cysticky karcinom (AdCC) je druhym nejéastéjsim salivarnim karcinomem.
Tento maligni sialom je charakteristicky svym pomalym ristem, a pfestoze se histologicky jedna o low-
-grade nador, typickym jevem je ¢asty prolongovany klinicky pribéh trvajici zpravidla roky, opakované
recidivy, vznik pfedevsim vzdalenych metastaz a vysoka smrtnost onemocnéni. V poslednich nékolika
letech byly zjistény nejen nové skutecnosti chledné biologického chovani AdCC, ale byly objeveny
i molekularné genetické znaky, které jsou pravdépodobné zodpovédné za jeho kancerogenezi. S ohledem
na tato fakta autofi v predkladané praci vyhodnocuiji vlastni soubor pacientl s AdCC.

Metody: Do retrospektivni klinické studie bylo zahrnuto 27 pacientll s AdCC, ktefi byli 1é¢eni ve FN
v Plzni v poslednich 30 letech (01/1986 az 01/2016). Byly sledovany klinické i demografické parametry.
Soubor byl navic vysetfen pomoci fluorescencni in situ hybridizace na prikaz nadorové specifického
MYB-NFIB fuzniho onkogenu a na deleci 1p36.

Vysledky: AdCC vznikl ve 41 % v malych slinnych zlazach, v 26 % ve Zlaze podéelistni, v 22 % v Zlaze
priusni a v 11% v zlaze podjazykové. Prvni stadium bylo zaznamenano v 26 % pripadd, 2. stadium v 18 %,
3. stadium v 26 % a 4. stadium v 30 % pfipadu. Metastdzy v regionalnich lymfatickych uzlinach byly
diagnostikovany u 26 %, vzdalené metastazy pak u 30 % pacientd (podle lokalizace - plice 55 %, jatra
27 %, kosti 9 %, peritoneum 9 %). Primérny follow-up byl 76,4 £ 67,0 mésict (v rozmezi 7-287 mésicl).
Za dobu dispenzarizace bylo 59 % pacient( bez jakychkoli pfiznak( choroby, 22 % zemfelo v disledku
AdCC a19 % Zilo s timto onemocnénim, at jiz v podobé recidivy ¢i metastaz. Fuzni onkogen MYB-NFIB
byl prokazan v 79 % pfipadd (19/24) a 1036 delece pak ve 13 % pripadl (3/23).

Zaveér: AdCC slinnych Zlaz vykazuje vyssi tendenci k zakladani regionalnich uzlinovych metastaz, nez
se drive soudilo. MYB-NFIB fuze je hlavni nadorové specifickou onkogenni udalosti u AdCC s vysokou
uspésnosti detekce. Tento fuzni onkogen je mozné v soucasné dobé potencidlné vyuzit pouze jako
pomocny diagnosticky nastroj u histopatologicky spornych pripadl, pfedevsim pak u pozdnich vzda-
lenych metastaz.

Klicova slova: adenoidné cysticky karcinom - fuzni onkogen - biomarker - MYB-NFIB

SUMMARY
Aim of the study: Adenoid cystic carcinoma (AdCC) is the second most common salivary gland cancer.

This malignant tumor is characterized by its slow growth and in spite of the fact that it has a histologi-
cal low - grade appearance, a prolonged clinical course usually lasting for years, repeated recurrences,
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CESKA
?Z?:,‘.??.'é development of distant metastases and high mortality rate are typical signs. New facts of its biological
2016.3, behavior as well as new fusion oncogenes probably responsible for its carcinogenesis were described
s 5785 in the last few years. In light of these facts, the authors evaluate their own case series of patients suf-
fering from AdCC in this manuscript.
Methods: The retrospective case series included 27 patients with AdCC, who were treated at the
University Hospital in Pilsen in the last 30 years (01/1986-01/2016). Clinical and demographic para-
meters were identified and evaluated. Detection of the 1p36 deletion and the tumor-specific MYB-NFIB
fusion oncogene by fluorescence in situ hybridization were performed.
Results: The incidence of AdCC in minor salivary glands, submandibular gland, parotid gland and sublin-
gual gland was 41%, 26%, 22 % and 11% respectively. The following staging was observed: the 1st stage
in 26%, the 2nd stage in 18%, the 3rd stage in 26% and the 4th stage in 30% of cases. Metastases to
regional lymph nodes were diagnosed in 26% and distant metastases in 30% of patients (55% to lung,
27% to liver, 9% to bones and 9% of peritoneal metastases). The average follow-up was 76.4 = 67.0
months (range 7-287 months). An outcome of the treatment during follow-up was as follows: 59% of
patients were with no evidence of the disease, 22% of patients died because of the disease and 19%
of patients were alive with a recurrence or metastases of AdCC. The MYB-NFIB fusion transcript was
detected in 79% of cases (19/24) and the 1p36 deletion in 13% of cases (3/23).
Conclusion: The AdCC of salivary glands shows a greater tendency to development of regional lymph
node metastases than previously thought. The MYB-NFIB gene fusion is the major tumor-specific on-
cogenic event in AdCC with high detection rate. The MYB-NFIB fusion oncogene could currently only
be used as a potential diagnostic tool in difficult histopathological cases of AdCC, especially in late
distant metastases.
Keywords: adenoid cystic carcinoma - fusion oncogene - biomarker - MYB-NFIB
Ces. Stomat., roé. 116, 2016, ¢. 3, 5. 57-65
uvop Incidence salivirniho AdCC se uvadi 3-4,5 pfi-
padii/1 milion obyvatel/rok (pro zdpadni Evropu se
Adenoidné cysticky karcinom (AdCC) jebazaloidni uvadirozmezi 0,14-0,64/100 000 obyvatel/rok) [8, 9].
nador sestavajici se z epitelidlnich a myoepitelial- Predstavuje asi 1 % vSech malignit hlavy a krku [9]
nich bunék v riznych morfologickych konfiguracich, a tvoii 10 % vSech sialomt a 20 % vsech salivarnich
tvoficich tubularni, kribriformni a solidni struktu- karcinomi [28]. Je tak po mukoepidermoidnim karci-
ry [6]. Jedna se o nejcasté&jsi karcinom hlavy a krku nomu druhou nejéastéjsi salivirni malignitou, AdCC
s peri- a intraneurdlnim Sifenim (20-80 % pfipadi), je nejcastéj$im malignim sialomem Zlizy podCelistni
a to i diskontinualnim zptisobem (skip lesions), coz a pravdépodobné i jazyka [23]. Je také povazovan
je pricinou zasahovani tumoru za klinické a radiolo-  za nejcastéjsi karcinom malych slinnych Zlaz, kde
gické hranice s vysokym rizikem pro recidivy nidoru pfedstavuje asi 30 % ze vSech nadoril postihujicich
(i za predpokladu dosaZeni negativnich resekénich tyto Zlazy (nékdy se uvadi aZ na druhém misté po
okrajit) [4, 23]. Ve srovnani s ostatnimi salivairnimi mukoepidermoidnim karcinomu) [28]. Vznika pfe-
karcinomy je u AACC popsano v lidském téle nejvice devsim na patfe, druhou nejcastéjsi lokalizaci jsou
moznych lokalizaci, kde miiZe tento nador primarné Zlazy sliznice vedlej$ich nosnich dutin (obr. 1). Tvoii
vznikat. Kromé slinnych 713z postihuje i Z1dzu slznou,  12-15 % salivarnich karcinom pfiudni Z1azy, 30-60 %
zvukovod a 7Z1azy v hornim aerodigestivnim traktu Zlazy podcelistni a 32-71 % karcinomut malych slin-
(hrtan, nos a paranazalni dutiny). Miize ale vzicné nych 714z [28].
vznikat i ve vzdalengjsich organech, jako je trachea, AdCC postihuje viechny vékové skupiny, nejvyssi
bronchy, prsni Zldza, prostata, kiiZe, ovaria, délozni incidence je ale u pacientd ve véku 40 az 60 let, Z hle-
hrdlo nebo Bartoliniho Zlazy [19, 28]. Biologické cho- diska vyskytu u jednotlivych pohlavi neni popsana
vani a prognéza AdCC se v jednotlivych lokalizacich vyznamnéjsi predilekce kromé AdCC podcelistnich
1i81 [19, 20, 22], AACC slinnych Zlaz je charakteristicky  Zlaz, ktery vznika téméf vyhradné u Zen [23].
svym pomalym riistem, a prestoze se histologicky V poslednich nékolika letech byly zjistény ne-
jedna o low-grade nador, typickym jevem je Casty jen nové skutecnosti ohledné biologického chovani
prolongovany klinicky pribéh trvajicizpravidlaroky, AdCC, ale byly objeveny i molekuldrné genetické
opakované recidivy, vznik pfedevsim vzdilenych me- znaky, které jsou pravdépodobné zodpovédné za jeho
tastaz a vysoka smrtnost onemocnéni. kancerogenezi.
58
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Obr. 1 Adenoidné cysticky karcinom malé slinné zldzy tvrdého
patra vpravo

Lymfogenni metastazovani do regionalnich
lymfatickych uzlin se u AACC tradi¢né povazuje
za vzacné (6-10 %), vznikajici jen pifi nekontrolo-
vaném pokrocilém ¢i recidivujicim onemocnéni
[2]. Jedna se ale pravdépodobné o nespravny udaj.
Podle recentni multicentrické studie se ukazuje, Ze
regionalni uzlinové postizeni je u tohoto karcinomu
CastéjSim jevem, nez se dfive soudilo, a to v29 %
pripadt (79/270). Pfedevsim u ordlnich AdCC malych
slinnych Z1az jsou metastazy v krénich lymfatickych
uzlindch relativné casté (37 %, 55/148 pacientil) oproti
AdCC velkych slinnych z1az (19 %, 18/95 pacientd) [2].
Metastazy nejcastéji vznikaji v uzlinovych oblastech
1 az 111, nehledé na lokalizaci primarniho nadoru
(85 % pacientl s metastazami ordlnich AdCC, 55 %
s metastazami AdCC velkych slinnych z13z). Pti elek-
tivnich krénich disekcich byly prokazovany okultni
mikrometastazy v 15-44 % piipadi [34]. Nejcastéjsi
postiZeni klinicky nedetekovatelnymi metastazami
v lymfatickych uzlindch bylo zaznamendano u AdCC
malych slinnych z1az (22 % u oralnich tumorti a 16 %
u karcinomii paranazdlnich dutin) [2]. U AdCC
s high-grade transformaci se vyskytuji metastazy
v regionalnich lymfatickych uzlinach ve vice nez 50 %
pripadi [13, 29]. Vyssi incidence nodalnich metastaz
se udava i u solidni varianty AdCC (grade 3).

Pro AdCC slinnych z1az je typickd chromozomalni
translokace t(6;9)(q22-23;p23-24), poprvé popsana
vroce 2009, kterad generuje fuzni onkogen MYB-NFIB
[33]. Jedna se o recidivujici a nendhodnou translokaci

a hlavni genetickou udalost AACC, velmi pravdépo-
dobné zodpovédnou za jeho kancerogenezi, MYB-
NFIB faze nebo rearanze MYB genu, které vedou
k jeho aktivaci, a tim ke zvySené expresi MYB-NFIB
flizniho proteinu nebo MYB onkoproteinu, byly do-
sud ze salivarnich karcinomu i jinych karcinomu
hlavy a krku prokdzany pouze u AdCC, a to ve vi-
ce nez v 80 % pripadd [33]. Jednd se tak o charak-
teristicky znak téchto malignich sialomt, Ze se
u néj v soucasnosti zkoumaji moznosti vyuziti jako
diagnostického, prognostického a terapeutického
biomarkeru. Zcela recentné byl u AACC popsan i novy
fzni onkogen MYBLI-NFIB jako ndsledek translokace
t(8;9) [26]. Translokace t(8;9) a jiné rearanze genu
MYBLI byly zjistény u 35 % AdCC negativnich na
translokaci t(6;9) [26].

S ohledem na tato fakta autofi v predkladané
praci vyhodnocuji vlastni soubor pacientt s AACC.

MATERIAL A METODY

Pomoci klinickych informacnich systémut PC
DENT (CompuGroup Medical Ceska republikas.r.o.,
verze 3.1.1, revize:6), WinMedicalc (Medicalc soft-
ware s.r.0., Ceska republika, verze 2.10.8.46)
a WinZis (Prodata Praha s.r. o., Ceska Republika)
byli vyhledani vSichni pacienti s diagnézou AdCC,
ktefi byli 1é¢eni ve FN v Plzni (Stomatologicka a ORL
Kklinika) a u kterych byly dohledatelné klinické uda-
je o dispenzarizaci trvajici nejméné Sest mésici.
Bylo identifikovano 27 pacientl za obdobi 01/1986 az
01/2016, tedy za 30 let. Ve stanoveném souboru byly
sledovany tyto ukazatele: vék, pohlavi, lokalizace
nadoru, klinické stadium v dobé diagnézy podle
7. vydani TNM Klasifikace, pfitomnost metastaz
v regionalnich lymfatickych uzlinach a vzdalenych
metastaz, grading, prumeérna doba dispenzarizace,
1écba a jeji vysledky.

Metodika detekce MYB-NFIB fiize pomoci FISH
Ctyfi mikromilimetry silné fezy tkané formali-
nem fixované, v parafinu zalité (FFPE) byly nane-
seny na povrch pozitivné nabitych podloznich skel.
Neobarvené standardné deparafinizované prepara-
ty byly inkubovany v 1x Target Retrieval Solution
Citrate pH 6 (Dako, Glostrup, Némecko) pti 95 °C/40
minut a ve stejném roztoku chlazeny po dobu 20 mi-
nut pii pokojové teploté. Skla byla nasledné omyta
v destilované vodé po dobu péti minut pfi pokojové
teploté, natravena v roztoku pepsinu (Sigma Aldrich,
St. Louis, MO, USA) o koncentraci 0,5 mg/mlv 0,01M
HCl pfi 37 °C/25 minut a omyvana v destilované vodé
po dobu péti minut pii pokojové teploté. Nasledovala
dehydratace vzestupnou alkoholovou fadou (70 %,
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85 % a 96 % a dvé minuty) a vysuSeni preparatu na
vzduchu.

Pro detekci flize MYB-NFIB byla pouZita komerc-
né dostupna break-apart FISH sonda ZytoLight®
SPEC MYB Dual Color Break Apart Probe (ZytoVision
GmbH, Bremerhaven, Némecko) a dile sondy vlast-
niho designu, break-apart sonda SureFish NFIB
Break Apart Probe a fizni sonda SureFish MYB-NFIB
Fusion Probe (Agilent Technologies, Santa Clara,
California, USA). Oligonukleotidy NFIB break-apart
sondy byly lokalizovany v oblasti chromozomu 9 na
pozici 13740671-14140560 a 14340306-14740560. U MYB-
NFIB fuzni sondy byly oligonukleotidy v oblasti chro-
mozomu 6 lokalizovany na pozici 135271234-135771043
a v oblasti chromozomu devét na pozici 13990266-
-14490285 (vSe Build GRCh37).

Hybridiza¢ni smés SureFish sond byla pfipravena
zjednoho pl oranzové a jednoho pl zelené znacenych
¢asti sond, jednoho pl destilované vody a sedmi pl
LSI pufru (Vysis/Abbott Molecular, IL, USA). Sonda
MYB Dual Color Break Apart Probe byla jiz z vyroby
piipravena k pfimé aplikaci.

Podle velikosti fezu bylo na preparaty aplikovano
potfebné mnozstvi sondy a prikryto krycim sklem,
jehoz okraje byly zalepeny lepidlem. Pak byla skla
inkubovana v pfistroji ThermoBrite™ (StatSpin/Iris
Sample Processing, Westwood, MA, USA) s nasledu-
jicim programem: kodenaturace pii 85 °C/8 minut
a hybridizace pii 37 °C/16 hodin. Po vyjmuti skel
z pristroje byla odstranéna kryci sklicka a preparaty
byly omyty v post-hybridizacnim roztoku 2xSSC +
0,3% NP-40 pfi 72 °C/2 minuty. Po oschnuti skel ve
tmé byly preparaty podbarveny 4 ’, 6 ' -diamidino-
2-phenylindolem - DAPI (Vysis/Abbott Molecular)
a ptikryty novym krycim sklickem.

Interpretace FISH

Preparaty byly prohlédnuty v epifluorescencnim
mikroskopu Olympus BX51 (Olympus Corporation,
Tokyo, Japonsko) pii stonasobném zvétSeni se se-
ty filtra Triple Band Pass (DAPI/SpectrumGreen/
SpectrumOrange), Dual Band Pass (SpectrumGreen/
SpectrumOrange) a Single Band Pass (SpectrumCreen
nebo SpectrumOrange).

V kazdém preparatu bylo hodnoceno 100 nahodné
vybranych nepfekryvajicich se jader v cilové oblasti,
Jako pozitivni byl u break-apart sond hodnocen na-
lez separatniho zeleného nebo oranZového signalu
v jadfe, u fuzni sondy byl pozitivni nalez znacen
pfitomnosti filzniho oranzovo-zZluto-zeleného sig-
ndlu v jadre.

Cut-off hodnoty byly urceny u vlastni kontrolni
skupiny s normalnim histologickym nalezem, kde
byla hodnocena jadra s abnormalnim nalezem, sta-

noven jejich primér a smérodatné odchylka, Cut-off
byla definovana jako hodnota souctu primeéru + tfi
standardni odchylky. Pro obé break-apart sondy
byla cut-off hodnota 10 % pozitivnich jader, u fizni
sondy 20 %.

VYSLEDKY

Soubor 27 pacient(i s AdCC a sledované parametry
shrnuje tabulka 1. Primérny vék pacientl byl 55,8
+ 17,4 let (v rozmezi 24 - 84 let). Pomér zastoupeni
muzi a Zen byl 1 : 1,7. AdCC vznikl v malych slin-
nych Zlazach (nebo v jim podobnych Zlazach horniho
aerodigestivniho traktu) v 41 %, v podcelistn{ Zlaze
v 26 %, v piiusni Zlaze v 22 % a v podjazykové Zlaze
pak v 1l % pfipadii.

V dobé diagndzy bylo zaznamendno prvni kli-
nické stadium v 26 %, druhé stadium v 18 %, tfeti
stadium v 26 % a Ctvrté stadium v 30 % pfipadi.
Metastazy v regionalnich lymfatickych uzlinach
byly v dobé diagnézy detekovany u Sesti pacienti,
z toho u jednoho nemocného se jednalo o pfimé
prorustani karcinomu z podcelistni Zlazy do uzli-
ny. U jednoho pacienta s AACC pfiusni Zlazy byla
diagnostikoviana metastaza v intraglandularni pa-
rotické uzliné, ktera ale podle pravidel TNM kla-
sifikace nebyla zapocitana. Celkem se metastazy
v regionalnich lymfatickych uzlinich vyskytovaly
u 26 % pacient (7/27). Vzdalené metastizy byly
diagnostikovany u 30 % pacientil, u tfi nemoc-
nych v dobé diagnézy. Nejdelsi obdobi od diagnézy
AdCC do diagndzy vzdalenych metastaz (plicnich)
bylo 11 let u pacientky bez lokoregionalni recidivy.
Nejcasté&jsi lokalizaci vzdilenych metastaz byly
plice (55 %), jatra (27 %), kosti (9 %) a peritoneum
(9 %). U dvou pacientil byly diagnostikovany vzda-
lené metastazy ve vice lokalizacich. Grading byl
popsan jen u 21 pacienti, a to grade 1v 5 % pripa-
dnh, grade 2 v 67 % pfipadl a grade 3 v 28 % piipadil.
Prumérna doba dispenzarizace byla 76,4 + 67,0 mé-
sicl (v rozmezi 7-287 mésicii).

Vsichni pacienti kromé jednoho (pacient se syn-
chronni nadorovou triplicitou s generalizaci - karci-
nom ledviny, tra¢niku a AACC) byli primdrné 1éceni
chirurgicky, u jedné pacientky byl proveden pouze
debulking. Celkem 61 % chirurgickych vykoni s ci-
lem radikalniho odstranéni AACC mélo histologicky
blizké nebo pozitivni okraje resekatu. Vsichni pa-
cienti (kromé ¢tyf - nemocn{ se vzddlenymi me-
tastazami v dobé diagnodzy a jedna nemocna, ktera
odmitla 1é¢bu) poté podstoupili adjuvantni radio-
terapii nebo chemoradioterapii. V pfipadé jinak
neléc¢itelného progresivniho onemocnéni pak byla
indikovana paliativni chemoterapie.
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Tab. 1 Soubor pacient(i s AdCC lé¢enych ve FN v Plzni v letech 1986 aZ 2016

C. | Vék/ Pohlavi Lokalizace Staging/ Grading Chirurgicka terapie Onkol. Vysledky, | Follow-up
(misto vzniku) terapie | dalsi vyvoj (m)
1 57/¢ pfiusni zlaza T3NOMO/Gx, 3. st. superficialni RT NED 48
parotidektomie
2 32/M podcelistni Zlaza TINOMO/G2, 1.st. ND Ib RT NED 62
3 84/M dolni vestibulum | T4N2bMI/Gx, 4. st. - (triplicita) DOD e
4 58/7 mékké patro T2NOMx/G3, 2. st. excize CHRT NED 135
5 60/7 horni vestibulum TINOMO/G2, 1. st. excize rTANOMO, 91
odmitla Th
AWD
6 48/7 mékke patro T2NOMO/G3, 2. st. excize CHRT NED 15
7 57/M priusni zldza T4N2bMO/G3, totalni parotidektomie RND RT, CHT rT3NOMI, 18
4. st. DOD
8 48/7 podcelistni Zldza | T3INOMO/G2, 3. st. ND Ib CHRT, rT4NOMI, 137
CHT DOD
9 47/7 podcelistnf Z14za TINOMO/G2, 1.st. | exstirpace, RND - TON2bMO CHRT, TONOMI, 44
CHT DOD
10 28/7 priusni zlaza TINOMO/G2, 1. st. exstirpace CHRT NED 92
1 65/M podjazyk. Zlaza TINOMx/G2, 1. st. excize, ND | RT NED 80
12 45/M priusni zlaza T3NOMO/G2, 3.st. | totaIni parotidektomie RND RT NED 75
13 56/7 pfiusni zldza T3NOMx/G2, 3. st. totdlni parotidektomie RT rTANOMI, 190
AWD
14 79/7 patrova tonzila T4NIMO/G2, 4. st. debulking RT DoD 7
15 28/7 celistni dutina T4NOMO/G2, 4. st. etmoidektomie, subtotalni CHRT rT4NOMO, 63
maxillektomie DoD
16 77/2 priuéni zlaza T2NOMO/G3, 2. st. totalni parotidektomie RT NED 55
17 49/7 podcelistni Zldza T3NOMO/G2, 3. st. ND Ib, rT2NOMO - ND la RT, CHT NED 193
18 76/7 podjazyk. zlaza T3INIMO/G3, 3. st. excize, ND Ib RT NED 29
19 54/7 podcelistni Zlaza TINOMO/Gx, 1. st. exstirpace RT TONOMI, 130
AWD
20 82/7 podjazyk. Zlaza T2NOMO/Gx, 2. St excize RT NED 48
21 51/M ¢elistni dutina TAN2bMO/Gx, 4. st. - rTANOMO - subtotalnf RT NED 86
maxillektomie
22 24/M podcelistni Zlaza TINOMO/Gx, 1. st. ND | RT NED 287
23 63/M dolni vestibulum T3NOMO/G3, 3. st. excize RT NED 26
24 77/Z nosni dutina T4NOMI/GI, 4. st. subtotdlni maxillektomie TONOM], 10
AWD
25 32/Z tvrde patro T4ANOMO/G2, 4.st. | alveolo-palatindini resekce RT NED 15
26 79/M podeéelistni Zlaza T3NIMI/GZ, 4. st. ND Ib CHT TONOM], 12
AWD
27 50/M Celistni dutina T2NOMO/G2, 2.st etmoidektomie, subtotalni RT NED 7
maxillektomie

(R)ND - (radical) neck dissection, (radikalni) kréni disekce, Th - terapie, RT - radioterapie, CHT - chemoterapie, CHRT - chemoradioterapie,

NED - no evidence of disease, bez pfiznakii onemocnéni, AWD - alive with disease, Zije s onemocné&nim, DOD - dead of disease, smrt v diisledku

onemocnéni
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Tab. 2 Genetické vySetieni souboru pacientd s AACC lécenych ve
FN v Plzni v letech 1986 aZ 2016

C. 1p36 delece MYBba NFIBba | MYB/NFIB flize
1 Neg. + + +
2 Neg. + + +
3 + + + o
4 Neg. + + +
5 Neg + + +
6 Neg. T + aF
7 + + + +
8 Neg + + +
9 + + + +
10 Neg. + + >
n Neg. + + ki
12 Neg. Neg. @ Neg.
13 Neg. + + +
14 Neg. + + >
15 1/ s " H
16 Neg. + + +
17 Neg. Neg. + Neg.
18 Neg. Neg. Neg. 11/
19 N/A N/A N/A i
20 Neg. Neg. Neg. i
21 N/A Neg. N/A N/A
22 Neg.(NH) + + +
23 N/A N/A N/A N/A
24 Neg. Neg. Neg. 3
25 Neg. + + +
26 Neg. + i u
27 Neg. + + +

Neg. - negativni, + pozitivni, /// - nevy3etfeno, NH - nerovnomérna
hybridi: N/A - nelze

Za dobu dispenzarizace bylo 59 % pacientli bez
jakychkoliv pfiznakii choroby, 22 % zemfelo v dii-
sledku AACC a 19 % Zilo s timto onemocnénim, at jiz
v podobé recidivy, ¢i metastaz.

Genetické vySetfeni souboru 26 pacientti s AACC
shrnuje tabulka 2, Pfi FISH vySetfeni pomoci MYB
break-apart sondy byla pozitivita zaznamenana v75 %
(18/24), pomoci NFIB break-apart sondy byla v 87 %
(20/23) a pomoci MYB/NFIB flizni sondy pak v 90 %
pripadii (19/21). Souhrnnd detekce flizniho onkogenu
MYB-NFIB byla zaznamendana v 79 % piipadii (19/24)
a 1p36 delece pak ve 13 % pripadd (3/23). U jedné pa-
cientky bylo FISH vySetieni pomoci MYB break-apart
a NFIB break-apart sond negativni, ale pfesto byla
potvrzena MYB- NFIB fuze. U dvou pacientll bylo

vySetifeni pomoci MYB break-apart sond negativni,
ale NFIB break-apart pozitivni, s negativnimi MYB-
NFIB fizemi u obou z nich,

DISKUSE

Na vétsiné pracovist je u operabilnich AdCC ,zla-
tym standardem* 1é¢by primarné chirurgicka terapie
s adjuvantni radioterapii nebo chemoradioterapii
s cilem zlep§it lokoregiondlni kontrolu onemocnéni.
Efekt této adjuvantni onkologické 1é¢by je vSak v od-
borné literatufe popisovan kontroverzné, pfedeviim
z diivodu minimélniho vlivu na celkové nebo nado-
rové specifické pfeZiti pacientii, coZ je zplisobeno
neovlivnénim éastych vzdalenych metastaz [35]. Pfi
samostatné radioterapii (vét§inou u inoperabilnich
nadort) neni AdCC kurabilni [24].

Paliativni chemoterapie (pfedevsim monoterapie
mitoxantronem, vinorelbinem nebo antracyklinovy-
mi cytostatiky) by méla byt vyhrazena jen pro mino-
ritn{ ¢ast pacientd s jinak nefesitelnym pokrocilym
onemocnénim, které je rychle progredujici a/nebo
symptomatické, a to pozvazeni vech rizikovych fak-
tori (komorbidity, toxicita 1éka, preference pacienta
aj.), eventualnéijinych zplisobi terapie (paliativni
radioterapie, metastatektomie solitarnich 1ézi) [18].

Vznik lokalnich recidiv AACC je povazovan za za-
vaznou znamku nevylécitelnosti tohoto karcinomu
audava se v 16-85 % piipadi, a to i pét let po terapii
[3, 6]. V prezentovaném souboru jsme v souladu s re-
centni literaturou (3, 9] potvrdili vysokou tendenci
AdCC k lokdlnim recidivam (26 %, 7/27), ktera je zpQ-
sobena predevsim obtiznou radikalni chirurgickou
lé¢bou vzhledem k casté peri- a intraneuralni invazi
(61 % resekatit AACC s histologicky blizkym nebo
pozitivnim okrajem). Podle jedné studie 80 % AdCC
v oblasti baze lebni mélo po excizi pozitivni resekéni
okraje, i pfes to, Ze tyto karcinomy byly preoperacné
oznaceny zkuSenym chirurgem za radikalné opera-
bilni [7]. Pozitivni resekéni okraje jsou prokazovany
v 5,9-29,4 % ptipadi a blizké okraje (< 5 mm) pak
v1,4-74,3 % piipada [10].

Metastazovani hematogenni cestou jsme zazna-
menali jako ¢asny (11 % pacienti v dobé diagnozy)
i pozdni projev AdCC, ktery je nezavisly na loko-
regionalni kontrole onemocnéni (plicni metastazy
az 11 let od stanoveni diagnézy pti lokoregionalni
remisi). Obecné jsou vzdilené metastdzy u AdCC
Castym jevem (20-60 % piipadii) [28]. Relativné ¢asto
jsou detekovany jiZ v dobé diagnézy, a to i v piipa-
dé karcinomi malych rozmérdl (podle jedné studie
nejméné 20 % pripadd Casnych stadii AdCC, které
nebyly recidivami) [11, 23]. U AdCC se tak ukazuje, ze
potenciil k nddorovému riistu a schopnost metasta-
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zovat jsou dvé nezavislé vlastnosti nadoru [23], Ani
pozdni vzdalené metastazy AACC nejsou ojedinélé.
U 20 % pacientl vznikaji mezi osmym az 20. rokem
po stanoveni diagnézy [11], Nejcastéj§im mistem he-
matogenniho rozesevu AACC jsou plice (v jedné studii
74,5 % ze 145 pacientil se vzdalenymi metastizami),
kam se nador §ifi cestou vnitini juguldrni zily. Méné
Casté je pak postiZzeni skeletu (6,9 %), jater (3,4 %)
nebo mozku (2,1 %). Vice nez jedna lokalizace byla
diagnostikovana u 13,1 % pacienti [11].
tili vysokou incidenci metastaz do regionalnich lym-
fatickych uzlin (26 %, 7/27), ¢imz jsme potvrdili i vy-
sledky jinych soucasnych praci [2, 25]. Podhodnoceni
vyskytu regiondlnich nodilnich metastidz je nejspise
zpiisobeno relativné ¢astym okultnim postiZzenim
a také z dlivodu nepfili§ obvyklého provadéni krénich
disekci (elektivni nejsou standardné doporucovany),
a tim i absenci histopatologického vySetfeni [9].
Elektivni blokové disekce jsou obecné u spinaliomu
hlavy a krku provadény z diivodu odstranéni okult-
nich uzlinovych mikrometastaz, a to pii riziku vy-
skytu vice nez 15-20 % [12]. Pfi recentné prokazované
vysoké incidenci okultnich mikrometastdz u AdCC
by jiz elektivni kréni disekce, a to ipsilateralni v roz-
sahu I-1II (okultni nodalni metastazy byly zjistény
pouze v téchto lokalizacich), byly ospravedlnitelné
a mohly by byt indikovany. Podle studie s 457 pa-
cienty s AdCC slinnych 713z, kdy 226 pacientii (49 %)
podstoupilo kromé odstranéni primarniho nadoru
ielektivni kréni disekei a u 231 nemocnych (51 %) byl
pouze resekovan primarni tumor, se zjistilo, Ze péti-
leté celkové preziti je u prvni skupiny 72 % a u druhé
79 % a pétileté nadorové specifické pfeziti pak 74 %
resp. 81 % [5]. TakZe statisticka analyza neukdzala
Zadné vyhody z hlediska pfeZiti u pacientii podstu-
pujicich elektivni kréni disekci. Vzhledem k tomu,
Ze tyto preventivni vykony by mély byt indikovany
nejen podle rizika incidence okultnich metastaz
v lymfatickych uzlinach, ale i podle ofekavaného
vlivu 1é¢by na preziti, nejsou podle vysledkl dosud
prezentovanych studif elektivni kréni disekce u AdCC
slinnych Z1az nadale standardné indikovany [5].
U AdCC s high-grade transformaci nebo histologic-
ky verifikovanou angio-/lymfangioinvazi a u AACC
v rizikovych lokalizacich (baze jazyka), pokud neni
planovana adjuvantni radioterapie, by ale mély byt
tyto vykony zvazovany [13, 34]. U NO pacienti, kde
je pooperacni radioterapie indikovana napriklad
z dlivodu pokrocilého nadoru (T3/T4), se zda byt
ucelna ipsilateralni elektivni iradiace krku, bez kréni
disekce [34].

V prameéru po vice nez Sesti letech dispenzarizace
bylo v nasem souboru 59 % pacientli v kompletni

remisi a 41 % nemocnych zemfelo v diisledku AdCC
nebo Zije s pokrocilym, jinak nefeSitelnym one-
mocnénim, coz odpovida vysledkiim 1é¢by v jinych
studiich i prognéze tohoto novotvaru, piestoze v fadé
pripadd chirurgicka 1é¢ba v nasem souboru neodpo-
vidala soucasnym doporucenim (napt. kréni disekce
v rozsahu I-1II pro AdCC submandibularni Z1azy) [23,
28]. Pétileté preziti se u AACC udava 75 %, desetileté
preziti 20-40 % a patnactileté preziti pak 10-25 % [23,
28]. Mezi hlavni nezavislé negativni prognostické
faktory patfi: klinické stadium onemocnéni, které
jenadfazené gradingu, primarni lokalizace nadoru,
grading, pozitivita resek¢nich okrajii, intraneuralni
invaze a vék =70 let [3, 4, 6].

V pripadé vyskytu vzdalenych metastiz maji vy-
razné horsi progndzu pacienti s postizenim mozku
a kosti oproti nemocnym s metastazami plic nebo
jater [3]. Primérné preziti nemocného se vzdile-
nymi metastazami AdCC jsou tfi roky, pouze 20 %
pacientt prezije pét let [6, 18]. Obecné lze Tici, Ze
vice nez polovina pacienti se vzdidlenymi metasté-
zami zemie v pribéhu deseti let po stanoveni dia-
gnozy (tfetina pacienti umira do dvou let od vzniku
metastaz), AZ 10 % pacientil ale pfeZiva vice nez
deset let pfi pomalém rastu napf. plicnich meta-
staz [11, 18], coz stavi klinického lékafe pfed
otazku, zda tyto pacienty lokoregiondlné 1é¢it chi-
rurgicky.

Naopak vice nez polovina pacientl bez vzdale-
nych metastaz pak pfeziva vice nez 20 let [11].

Fazni onkogen MYB-NFIB byl v nasem souboru
detekovan u79 % pacientii s AACC (19/24). V soucasné
dobé se v zahrani¢nich studiich dosahuje vétdinou
vysledkii 50-80 % [26, 27, 30, 32]. U dvou nemocnych,
u kterych bylo vySetfeni pomoci MYB break-apart
sondy negativni a NFIB break-apart sondy pozitivni
soucasné s negativnimi MYB-NFIB fuzemi, lze pfed-
pokladat jiného fuzniho partnera, pravdépodobné
MYBLI, coz bude pfedmétem dalsiho vyzkumu. Deleci
1p36 jsme zaznamenali ve 13 % pfipadf (3/23). V praci
z roku 2008 byla zjisténa incidence této genetické
zmeény 44 % u 53 vySetfenych AACC se zavérem, Ze se
jedna o nejcastéjsi genetickou zménu signifikantné
spojenou s horsi prognézou pacientd [31]. VSichni tfi
pacienti z naseho souboru s diagnostikovanou deleci
1p36 zemfieli v dlisledku AACC v obdobi 9-44 mésich
od stanoveni diagnézy a 1é¢by. Vzhledem k malému
soubou pacientll a nizké incidenci delece 1p36, navic
pfi nadorové triplicité jednoho z nemocnych, nelze
bliZe statisticky hodnotit klinicko-patologickou ko-
relaci tohoto markeru.

Na zdkladé soufasnych znalosti zatim nemiiZe
MYB-NFIB flize a/nebo MYB aktivace slouzit jako
prognosticky ani terapeuticky biomarker [33]. U sali-
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varnich AdCC dosud neexistuje i¢inna cilena lécba,
ktera by poskytovala vétsi benefit pro pacienta nez
klasicka chemoterapie. Nejperspektivnéji by se jevily
léky cilené proti MYB a MYB-NFIB, které ale dosud
nebyly vyvinuty (velmi obtiZné vzhledem k tomu,
Ze se jednd o transkripéni faktory).

Pii probihajicich studiich vyuzivajicich prepa-
raty inhibujici nékteré signalni drahy zapojené do
regulace MYB a MYB-NFIB bylo zatim nejlepsich vy-
sledkil cilené terapie dosazeno pfi 1é¢bé dovitini-
bem, lapatinibem, cetuximabem, sunitinibem,
everolimem a nebo axitinibem (1, 14, 15, 16, 17, 21].
MYB-NFIB fazni onkogen lze u AdCC v soucasnosti vy-
uzit pouze jako diagnosticky biomarker, a to hlavné
u pozdnich vzdalenych metastaz pii lokoregionalni
remisi onemocnéni. Ty jiZ Casto nebyvaji divany do
souvislosti s AdCC a mohou byt mylné povazovany
za primarni nadory danych lokalizaci (napf. ade-
nokarcinomy plic) nebo za metastazy nezniamého
origa (napf. vjatrech), coZ pak muze vést klinického
lékare k dalsim chybam v diagnosticko-lééebném
postupu. Problémem v téchto pfipadech byva i to,
Ze se biopsie z téchto organi primarné nedostavaji
k patologlim specializujicim se na diagnostiku NSZ.

ZAVER

AdCC slinnych zlaz vykazuje vyssi tendenci k za-
kladani regionalnich uzlinovych metastiz, nez se
dfive soudilo. MYB-NFIB fuze je hlavni nadorové
specifickou onkogenni udalosti u AdCC s vysokou
tspésnosti detekce. Tento fizni onkogen je moz-
né v soucasné dobé potencialné vyuzit pouze jako
pomocny diagnosticky nastroj u histopatologicky
spornych pfipadil, pfedevsim pak u pozdnich vzda-
lenych metastaz,
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Abstract

Adenoid cystic carcinoma is among the most frequent malignancies in the salivary and lacrimal glands and has a grave prognosis
characterized by frequent local recurrences, distant metastases, and tumor-related mortality. Conversely, adenoid cystic carcinoma
of the breast is a rare type of triple-negative (estrogen and progesterone receptor, HER2) and basal-like carcinoma, which in
contrast to other triple-negative and basal-like breast carcinomas has a very favorable prognosis. Irrespective of site, adenoid cystic
carcinoma is characterized by gene fusions involving MYB, MYBLI, and NFIB, and the reason for the different clinical outcomes is
unknown. In order to identify the molecular mechanisms underlying the discrepancy in clinical outcome, we characterized the
phenotypic profiles, pattern of gene rearrangements, and global microRNA expression profiles of 64 salivary gland, 9 lacrimal
gland, and 11 breast adenoid cystic carcinomas. All breast and lacrimal gland adenoid cystic carcinomas had triple-negative and
basal-like phenotypes, while salivary gland tumors were indeterminate in 13% of cases. Aberrations in MYB and/or NFIB were
found in the majority of cases in all three locations, whereas M¥BL! involvement was restricted to tumors in the salivary gland.
Global microRNA expression profiling separated salivary and lacrimal gland adenoid cystic carcinoma from their respective normal
glands but could not distinguish normal breast adenoid cystic carcinoma from normal breast tissue. Hierarchical clustering
separated adenoid cystic carcinomas of salivary gland origin from those of the breast and placed lacrimal gland carcinomas in
between these. Functional annotation of the microRNAs differentially expressed between salivary gland and breast adenoid cystic
carcinoma showed these as regulating genes involved in metabolism, signal transduction, and genes involved in other cancers. In

conclusion, microRNA dysregulation is the first class of
molecules separating adenoid cystic carcinoma according to
the site of origin. This highlights a novel venue for exploring
the biology of adenoid cystic carcinoma.

Electronic supplementary material The online version of this article
(https://doi.org/10.1038/541379-018-0005-y) contains supplementary
material, which is available to authorized users.
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Introduction

Adenoid cystic carcinoma is among the most frequent
malignancies in the salivary and lacrimal gland, and is
clinically characterized by frequent local invasion, distant
metastatic spread, and a dismal prognosis, with 10-year
disease-specific survival rates of 75% and 52%, respectively
[1, 2]. In the breast, adenoid cystic carcinoma is rare and
belongs to the basal-like (estrogen receptor and human
epidermal growth factor receptor 2 (HER2) negative, CK5/6
and/or epidermal growth factor receptor (EGFR) positive)
and triple-negative (negative for estrogen receptor, proges-
terone receptor, and HER2) subtypes [3]. The phenotypic
classification of breast carcinoma (i.e., luminal, basal-like,
and HER2 phenotypes) carries significant prognostic and
therapeutic implications in breast cancer and has been
shown to apply to at least a subset of salivary and lacrimal
gland carcinomas [3—-6]. The phenotypic profile of adenoid
cystic carcinoma has not been characterized, which con-
stitutes a significant gap in the context of phenotypic cor-
relations between tumors of the salivary gland, lacrimal
gland, and breast. Triple-negative breast carcinoma is gen-
erally regarded as a clinically aggressive group of malig-
nancies without available targeted therapies, but in contrast
to this and the behavior of adenoid cystic carcinoma in
salivary and lacrimal gland, adenoid cystic carcinoma in the
breast is a notable exception since recurrences and tumor-
related deaths are exceptionally rare for these tumors [7, 8].
In addition to having morphology in common, the genetic
landscape is highly similar in adenoid cystic carcinoma
regardless of site, including pattern of copy-number
alterations, low mutational burden, and the MYB-NFIB
gene fusion [9-16]. This phenomenon of similarities in
morphology and genetics but discrepancy in clinical beha-
vior has eamed adenoid cystic carcinoma the title as the Dr.
Jekyll and Mr. Hyde of exocrine gland carcinomas [3].

The occurrence of salivary-like carcinomas in the lacri-
mal gland and breast is well known and includes several
entities besides adenoid cystic carcinoma, namely, acinic
cell carcinoma, mucoepidermoid carcinoma, secretory car-
cinoma, ductal carcinoma, and other more rare types, which
collectively is highly suggestive of a common pathogenesis
irrespective of site [5, 17-19]. Indeed, it is firmly estab-
lished that histologically identical tumors are genetically
similar in all three sites and that, despite the rarity of some
type of salivary-like breast carcinomas, the aggressiveness
is largely similar, with the notable exception of adenoid
cystic carcinoma [5, 9-11, 15, 19-21].

Despite the inadequacy of genetic studies to explain the
differences in clinical course of adenoid cystic carcinoma
according to site, intrinsic differences in tumor biology
remain the most likely explanations. Epigenetic mechan-
isms have been shown to be potent regulators of gene
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expression and involved in numerous malignancies of dif-
ferent organs [22, 23]. Among these, microRNAs (miR-
NAs) are short non-coding RNAs ~22 nucleotides in length,
functioning as potent post-transcriptional regulators of gene
expression by causing either degradation or translational
blockage of target mRNAs [24, 25]. MicroRNAs have been
demonstrated as prognostic markers in salivary gland ade-
noid cystic carcinoma, whereas the involvement in lacrimal
gland and breast adenoid cystic carcinoma is unknown [26,
27].

Searching for molecular mechanisms to explain the dif-
ferences in clinical behavior between adenoid cystic carci-
noma of the salivary gland, lacrimal gland, and breast, we
characterize their phenotypic profile, distribution of genetic
rearrangements, and global miRNA expression profile. For
the first time, these findings shed light on the molecular
background for this discordance in clinical behavior.

Materials and methods
Patient material

The Biospecimen Reporting for Improved Study Quality
(BRISQ) was used as a guideline for this study [28].
Patients diagnosed with adenoid cystic carcinoma of the
salivary gland, lacrimal gland, or breast were identified by
searching the Danish Pathology Registry and the Eye
Pathology Institute files [29]. Material was fixed in 10%
neutral-buffered formalin immediately following surgery
and subsequently embedded in paraffin. Material from
64 salivary gland adenoid cystic carcinomas (13 from par-
otid, 28 from submandibular, 3 from sublingual, nine from
sinonasal tract, and 11 from oral, pharyngeal, and laryngeal
minor salivary/ glands), nine lacrimal gland adenoid cystic
carcinomas, and 11 breast adenoid cystic carcinomas stored
at room temperature were sectioned and reviewed for
diagnostic accuracy [30]. Sinonasal carcinomas were tested
for presence of human papillomavirus (HPV) to exclude
HPV-related multiphenotypic carcinoma and palatal carci-
nomas and tested for PRKDJ ¢.2130 mutation to exclude
polymorphous  adenocarcinoma, respectively [31, 32].
Adjacent normal gland from 10, seven, and six salivary
gland, breast, and lacrimal gland adenoid cystic carcinomas,
respectively, were included for miRNA expression profil-
ing. Clinicopathologic details and outcomes were collected
from patient files and from the Danish Patient Registry, the
Danish Cancer Registry, and the Danish Pathology Reg-
istry, as previously described [1]. Staging was performed
according to the American Joint Committee on Cancer
(AJCC), 8th edition [33]. The Regional Ethics Committee
(H-6-2014-086) and the Danish Data Protection Agency
(Journal no. REG-94-2014) approved this protocol.
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Histology, immunohistochemistry, phenotypic
profiling, and survival statistics

From all cases, 4-pm-thick formalin-fixed and paraffin-
embedded sections were cut and stained with hematoxylin
and eosin (H&E) according to standard protocols, or sub-
jected to immunohistochemical staining on the Ventana
Benchmark Ultra platform (Ventana Medical Systems,
Tucson, AZ) as previously described [34]. Primary anti-
bodies included androgen receptor (clone AR441, 1:400,
Dako (Glostrup, Denmark)), CK5/6 (clone D5/16, 1:20,
Dako), EGFR (clone E30, 1:200, Dako), estrogen receptor
(clone SP1, ready-to-use (RTU), Roche (Basel, Switzer-
land)), HER2 (clone 4B5, RTU, Roche), ki-67 (clone
MIBI, 1:100, Dako), MYB (clone ER769Y, 1:150, AbCam
(Cambridge, UK)), and progesterone receptor (clone 1E2,
RTU, Roche). Positive controls as suggested on datasheets
were used on each slide, and the expected reaction was
confirmed. Negative controls were included on all slides.
HER2 and EGFR was evaluated according to ASCO
guidelines [35]. MYB positivity was defined as nuclear
reaction in at least 5% of tumor cells [36]. CK 5/6 was
regarded as positive when >10% of cells were positive
while androgen receptor, estrogen receptor, and proges-
terone receptor were regarded as positive when Allred
score was >2 as previously described [37, 38]. The HER2
phenotype was defined as membranous HER2 positivity of
3+ or 2+ with concurrent HER2 gene amplification
regardless of other markers. Luminal phenotype was
defined as HER2-negativity but with expression of estrogen
receptor and/or progesterone receptor. Luminal androgen
receptor-positive was defined as negativity for HER2,
estrogen receptor, and progesterone receptor and positivity
for androgen receptor. Basal-like phenotype was defined as
negativity for HER2, estrogen receptor, progesterone
receptor, and androgen receptor along with either 1) EGFR
at 3+ or 2+ with concurrent EGFR gene amplification and/
or 2) positivity for CK5/6. Cases negative for all markers
were categorized as indeterminate [6, 39]. Nottingham
grade was determined for breast carcinomas and archi-
tectural grade as described by Ro et al. on H&E-stained
sections [40, 41]. Comparison of overall survival between
basal-like and indeterminate phenotypes was performed
using the Kaplan—Meier method and compared by the log-
rank testin SPSS v.22.0 (SPSS, Chicago, IL) with a p value
of £0.05 considered significant.

Fluorescence in situ hybridization

The 4-pm-thick formalin-fixed and paraffin-embedded sec-
tions from each case were placed onto positively charged
slides. Hematoxylin and eosin stained slides were examined
for determination of areas for counting. Fluorescence in situ

hybridization (FISH) on all salivary gland cases and lacri-
mal gland and breast cases was performed using break-apart
probes for MYB (ZytoVision GmbH, Bremerhaven, Ger-
many), MVYBLI (custom probe oligonucleotides
chr8:67076230-67474559 and chr8:67526335-68426199
(Agilent Technologies, Santa Clara, CA)/[Empire Geno-
mics, Buffalo, NY]), and NFIB (custom probe oligonu-
cleotides chr9:13740671-14140560 and chr9:14340306-
14740560 (Agilent Technologies)/(Empire Genomics)) and
an MYB-NFIB fusion probe (custom probe oligonucleotides
chr6:135271234-135771043 and chr9:13990266-14490285
(Agilent Technologies)/(Cytotest, Rockville, MD), accord-
ing to the manufacturers’ protocol as previously described
[20, 31]. Nuclei were counterstained with 4',6-diamidino-2-
phenylindole (DAPI) II (ZytoVision). Break-apart signal in
210% of cells was considered to represent rearrangement
and fused signals in 220% of cells was considered to
represent fusion [42]. Amplification was defined as 23 sig-
nals/cell in 210% of cells. In case of equivocal (2+) EGFR
immunohistochemistry, the EGFR (ZytoVision) numeric
probe was employed according to ASCO guidelines as
previously described [5, 35]. One hundred nuclei were
counted, and only nuclei where the entire nuclear membrane
could be visualized were scored.

RNA extraction

To maximize tumor content, a one 1 mm core was obtained
from each tumor after identification of a representative
tumor area from an H&E slide. The QiaCube (Qiagen,
Valencia, CA) was used for automated isolation of miRNA
with the miRNeasy FFPE Kit (Qiagen) according to the
manufacturer’s instructions [43]. Total RNA concentration
was measured using the NanoDrop ND-1000 (Thermo
Scientific, Wilmington, DE), and ranged from 294 to 1648
ng/pl with A260/A280 ratio ranging from 1.7 to 2.7, indi-
cating high nucleic acid purity. RNA quality, as estimated
by RNA integrity number (RIN), was measured on the 10
oldest samples using the Agilent 2100 Bioanalyzer platform
(Agilent Technologies, Santa Clara, CA) using the Agilent
RNA 6000 Nano Kit (Agilent) with RIN ranging from 0.9
to 1.6 (median 1.1).

MicroRNA array

The Affymetrix miRNA 4.1 array platform (Affymetrix,
Santa Clara, CA) was used, covering all entries in Sanger
miRbase database v.20, including 2,578 mature and 2,025
immature human miRNAs with a dynamic range of 4 logs.
For miRNA analysis, 300 pg of total RNA was labeled with
the FlashTag Biotin HSR RNA Labeling kit (Affymetrix)
according to the manufacturer’s instructions. To eliminate
batch variation, all cases were run in a single batch. Array
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Table 1 Demographics, clinicopathologic —characteristics, and
phenotypic profiling of patients with adenoid cystic carcinoma of the
salivary gland, lacrimal gland, and breast

Salivary Lacrimal Breast
gland gland
n 64 9 11
Sex (male/female) 31433 4/5 0711
Median age (range, 55 (14-83) 41 (23-67) 63 (53-81)
years)
Stage (%)"
I 28% T2a: 33% 73%
I 36% T2b: 11% 18%
I 16% T3a:l1% 9%
v 20% T4c: 44% 0%
Treatment and outcome
Surgery”
RO 22G° 0% 73%

R1 73% 89% 27%

R2 5% 11% 0%
Lymph node excision! 67% 0% 90%
Radiotherapy 94% 89% 82%°
Local recurrence or 39% 89% 0%

distant metastasis
Median follow-up 92 (1-322) 123 81 (47-146)

(range, months) (36-334)

Histopathological characteristics and immunohistochemistry
Perineural invasion 85% 100% 30%
Architectural grade'

I 68% 11% 27%/27%

I 21% 67% 64%/55%

i 11% 22% 9%/18%
Estrogen receptor 2% 0% 0%
Progesterone receptor 0% 0% 0%
Androgen receptor 0% 0% 0%
Cytokeratin 5/6 84% 100% 100%
EGFR 9% 0% 0%
HER2 0% 0% 0%

Phenotypic profile

Basal-like 86% 100% 100%

Luminal 2% 0% 0%

Indeterminate 13% 0% 0%

“TNM is listed for lacrimal gland ACC as no staging system exists. All
patients were without nodal or distant involvement at diagnosis

"R0 = complete resection, R1 = only microscopic residual tumor, R2
= macroscopic residual tumor

“Radicality was not possible to assess in two patients with sinonasal
tumors and were considered involved.

9Lymph nodes had micrometastases in 11/43 salivary gland ACC and
in 1/10 breast ACC. Lymph nodes were not excised in patients with
lacrimal gland ACC

“Eight received combined chemoradiation

fArchitectural grade/Nottingham grade is stated for breast adenoid
cystic carcinoma

SPRINGER NATURE

plates were washed, stained, and scanned on the GeneTitan
Instrument (Affymetrix).

MicroRNA data analysis

Raw global miRNA expression data were normalized by
using the quantile normalization method implemented in the
free R package preprocessCore [44]. The normalized data
were then log-transformed with base 2 to ensure normal or
approximately normal distribution before statistical analysis.
For each miRNA, linear regression models were fitted,
regressing the log-transformed miRNA expression level on
the tumor indicator variable (tumor =1, normal =0) for
each of the three tissue types, or on tumor type variable
(salivary, lacrimal, breast, with breast as reference). Cor-
rection for multiple testing was done by estimating the
Benjamini-Hochberg adjusted p values (false discovery
rate, FDR). MiRNAs with FDR < 0.05 were considered to
be statistically significant. All statistical analysis were per-
formed using the free R software (https://cran.r-project.org/).

Pathway analysis and functional annotation

Pathway analysis of miRNAs was performed with DIANA-
miRPath v3.0 software available from http://snf-515788.
vm.okeanos.grnet.gr/. [45] The DIANA-TarBase v7.0 was
selected as miRNA target prediction algorithm [46]. For
functional annotation, the Kyoto Encyclopedia of Genes
and Genomes (KEGG) pathways were used and enrichment
score for KEGG pathways presented by —In (p value) [47].

Results

Patient demographics and clinicopathologic
characteristics

Stage at diagnosis in salivary gland adenoid cystic carci-
noma ranged from I to IV, and all lacrimal gland cases
presented with NOMO disease with T-stage ranging from
2a to 4¢ (Table 1). In the breast, all cases were stage I or
II, except in one patient with stage III (case 7) due to
multiple ipsilateral axillary lymph node metastases
(pN2a). Radical surgery was performed in the majority of
patients with breast adenoid cystic carcinoma, while this
was the case in 23% and 0% of salivary gland and lacrimal
gland adenoid cystic carcinoma, respectively. Median
follow-up was 81, 92, and 123 months for breast, salivary
gland, and lacrimal gland cases, respectively (Table 1).
Perineural invasion (PNI) was identified in 30%, 85%,
and 100% of breast, salivary gland, and lacrimal gland
carcinomas, respectively. In the salivary gland, 9/64
(14%) experienced local recurrence, 16/64 (25%) distant
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Fig. 1 Histological features of fusion-positive adenoid cystic carci-
noma of the salivary gland, lacrimal gland, and breast. a Adenoid
cystic carcinoma of the submandibular gland with tubular and cribri-
form areas with accumulation of basal membrane material in pseu-
doluminae. Normal ducts and acinar cells are seen in the upper right
corner (asterisk). b Adenoid cystic carcinoma of the lacrimal gland

Fig. 2 Phenotypic profiling of adenoid cystic carcinoma of the salivary
gland, lacrimal gland, and breast. a Androgen receptor was uniformly
negative in adenoid cystic carcinoma irrespective of site (a salivary
gland specimen is shown). b Estrogen receptor was negative in all
cases irrespective of site (a breast specimen is shown), with the
exception of one salivary gland case (inset) with intense expression in
60% of tumor cells. ¢ Progesterone receptor was uniformly negative in

metastases, and 27/64 (42%) died of disease. In patients
with lacrimal gland adenoid cystic carcinoma, 5/9 (56%)
experienced each of these events. None of the breast
carcinomas recurred.

with normal ducts and acinar cells in the lower left corner (asterisk)
and ¢ adenoid cystic carcinoma of the breast surrounding a normal
duct (asterisk). d Cytokeratin 5/6 in salivary gland and e breast ade-
noid cystic carcinoma with intense cytoplasmic reaction in luminal
cells, and f nuclear p63 reaction in abluminal cells lining
pseudoluminae

tumors of all three sites (a salivary gland specimen is shown). d
Membranous EGFR expression (3+) was identified exclusively in a
subset of salivary gland carcinomas, and (inset) all cases with 2+
scores showed intact EGFR copy number status with fluorescent in situ
hybridization. e HER2 was consistently negative in adenoid cystic
carcinoma at all three sites, with a salivary gland (f) and breast spe-
cimen shown

Histology and phenotypic profiling

Irrespective of site, all tumors displayed the histological
hallmark features of adenoid cystic carcinoma with
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Table 2 Rearrangements, fusions, and copy-number status of the
MYB, NFIB, and MYBLI genes in adenoid cystic carcinoma of the
salivary gland, lacrimal gland, and breast

Split probe Fusion probe Amplification Wild
type

n  MYB NFIB MYBL! MYB-NFIB MYB
Salivary gland adenoid cystic carcinoma

63 39 49 13 37 3 7
Lacrimal gland adenoid cystic carcinoma

9 5 5 0 5 1 3
Breast adenoid cystic carcinoma

11 4 6 0 4 0 4

Summary of fluorescent in situ hybridization in adenoid cystic
carcinoma using break apart and fusion probes. MYB and NFIB
demonstrated split signals in the majority of cases, and the majority of
these had fused MYB-NFIB signals. MYBL! split signals were
exclusively found in salivary gland carcinomas. Amplification of
MYB was arare event. Only a minority of cases were wild type

combinations of tubular, cribriform, and solid areas
(Fig. la—). Architectural grade ranged from I to III at all
three sites, with grade III (i.e., “solid histology”) in 1/11
(9%), 7/62 (11%), and 2/9 (22%) of breast, salivary gland,
and lacrimal gland tumors, respectively (Table 1). Immu-
nohistochemistry identified dual populations of luminal and
abluminal cells in varying proportions in tumors at all three
sites (Fig. 1d—f). The results of phenotypic profiling are
summarized in Table 1 and further specified in Table SI.
The majority of cases at all sites were CK5/6 positive, most
intensely in the luminal cells (Fig. 1d, ). Androgen receptor
and progesterone receptor were consistently negative, while
1/64 (2%) carcinomas from the salivary gland expressed
estrogen receptor (Fig. 2a—¢). EGFR was positive (3+) in 6/
64 (9%) of salivary gland tumors and in none of the lacrimal
gland or breast tumors (Fig. 2d). All EGFR 2+ cases (five
in the salivary gland) had intact EGFR copy number by
FISH (Fig. 2d, insert). HER2 was consistently negative
(Fig. 2e, f). This categorized 55/64 (86%) of salivary gland
adenoid cystic carcinomas as basal-like, 8/64 (13%) as
indeterminate, and 1/64 (2%) as luminal type due to estro-
gen receptor expression (Case 32, Fig. 2b insert). There was
no difference in overall survival between basal-like and
indeterminate phenotypes (p =0.59) (Figure S2). All
lacrimal gland and breast adenoid cystic carcinomas were
basal-like.

MYB, MYBL1, and NFIB gene status in adenoid cystic
carcinoma of the salivary gland, lacrimal gland, and
breast

Concurrent rearrangement of MYB and NFIB was the most
frequent finding in tumors at all sites, with MYB-NFIB
fusion found in all of these (Table 2, Fig. 3a—c). The
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second most frequent finding was concurrent rearrange-
ment of MYBLI and NFIB, which was seen exclusively in
salivary gland adenoid cystic carcinoma (Table 2, Fig. 3d).
More rare events included MYB amplification and isolated
rearrangements of MYB (MYB-X), NFIB (NFIB-X), and
MYBLI (MYBLI-X) (Table 2, Fig. 3e, g). There was no
difference in overall survival between patients with MYB
and MYBL/I involvement (p = 0.92) (Figure S3). Among
non-salivary sites, one lacrimal gland case had MYB
amplification and two breast cases had isolated NFIB
rearrangement (NFIB-X). All cases without detectable
genetic abnormalities were intensely positive for MYB
protein (Fig. 3f, Table 2).

MicroRNA expression profiling of adenoid cystic
carcinoma of the salivary gland, lacrimal gland, and
breast

After establishing morphological and genetic similarities
between adenoid cystic carcinoma irrespective of site, the
miRNA expression profiles of the tumor and normal tissue
were compared. This identified 22 upregulated and 25
downregulated miRNAs in salivary gland adenoid cystic
carcinoma (Table S2), and eight upregulated miRNAs in
lacrimal gland adenoid cystic carcinoma. Among these
differentially expressed miRNAs, hsa-miR-455-5p and hsa-
miR-181d-5p were upregulated in carcinomas of both sali-
vary and lacrimal gland (Fig. 4, Table S2, and Table S3). In
contrast, adenoid cystic carcinoma of the breast did not
separate from normal breast until increasing FDR to <0.27
(Fig. 4, Table S4). Comparing adenoid cystic carcinoma
from the salivary gland and breast identified 31 upregulated
and 62 downregulated miRNAs (Table 3). Hierarchical
clustering identified two main clusters, with the largest
cluster being composed exclusively of salivary gland car-
cinomas (51/64, 80%) (Fig. 5). The other main cluster
divided into two subclusters, with one being composed
exclusively of 8 breast adenoid cystic carcinomas (8/11,
73%) and the other harboring all 9 (9/9, 100%) lacrimal
gland carcinomas, plus the remaining 13 (13/64, 20%)
salivary gland carcinomas and 3 (3/11, 27%) breast carci-
nomas (Fig. 5). Among the miRNAs identified by hier-
archical clustering as being differentially expressed between
salivary gland and breast adenoid cystic carcinoma, none
were differentially expressed between the corresponding
normal glands, excluding tissue-specific differences as the
cause for the differences found. Functional annotation of
miRNAs differentially expressed between salivary gland
and breast adenoid cystic carcinoma identified their invol-
vement in several different biological processes, including
the Kyoto Encyclopedia of Genes and Genomes (KEGG)
categories: metabolism, signal transduction, and cancers
(Table S5).
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Fig. 3 Genetic characterization of adenoid cystic carcinoma of the
salivary gland, lacrimal gland, and breast. a Fluorescent in situ
hybridization using break-apart probes for MYB and b NFIB showing
separate red (arrows) and green (arrowheads) signals, indicating
rearrangement in a breast adenoid cystic carcinoma. ¢ The fusion
probe demonstrates the presence of the MYB-NFIB fusion in the same
specimen. d Break-apart probe demonstrating MYBLI rearrangement
that was identified exclusively in a subset of salivary gland

Discussion

While being by far most common in the salivary gland,
adenoid cystic carcinoma is found at other sites including
the lacrimal gland, lung, breast, and skin [9, 10, 48]. Ade-
noid cystic carcinoma of the salivary gland, lacrimal gland,
and lung has a protracted but relentless clinical course,
contrasting with cutaneous and breast adenoid cystic car-
cinoma which are indolent neoplasms [1, 3, 9, 48]. The
contrast in clinical outcome between adenoid cystic carci-
noma of the salivary and lacrimal gland on one side and
breast on the other is confirmed in the present series
(Table 1). While it could be speculated that this paradox is
simply due to a morphological overlap of different entities,
combined immunohistochemical phenotyping and pattem
of genetic rearrangements uniformly rejects this theory.

carcinomas. e In a subset of non-rearranged cases, numerous green
signals were found which is consistent with amplification of the 5 part
of the MYB gene. f In the non-rearranged carcinomas, all cases over-
expressed MYB protein. g Overview of the genetic spectrum in sali-
vary gland, lacrimal gland, and breast adenoid cystic carcinoma. MYB
and NFIB involvement was seen in adenoid cystic carcinoma of all
three organs, while MYBL! was exclusively found in the salivary
gland

Hence, the genetic cause of the majority of adenoid cystic
carcinoma irrespective of site is unquestioned, but does not
explain the site-dependent difference in clinical behavior.
Through recent years, several studies on the genetics of
especially salivary gland adenoid cystic carcinoma have
demonstrated a low mutational burden as compared to other
cancers [12, 14, 49-52]. However, none of these have been
shown to be independent prognostic factors, nor do they
apply to the majority of patients with this malignancy.
The indolent nature of breast adenoid cystic carcinoma
not only stand out in this type of malignancy across dif-
ferent anatomical sites but also among triple-negative and
basal-like breast carcinomas, which are otherwise known to
be associated with an aggressive clinical course [4, 7]. In
the breast, phenotypic classification places adenoid cystic
carcinoma in the basal-like and triple-negative categories,

SPRINGER NATURE
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Fig. 4 Venn diagram illustrating the number of microRNAs differentially expressed in adenoid cystic carcinoma of each site compared with their
normal tissue counterpart and how they overlap with each other (FDR < 0.05)

and gene expression profiling is in accordance with adenoid
cystic carcinoma being similar to other basal-like carcino-
mas [15, 53, 54]. Our results are in agreement with the
exclusively basal-like and triple-negative phenotype of
breast adenoid cystic carcinoma, and this finding also
applied to lacrimal gland tumors. However, salivary gland
tmors were triple negative in all cases, but despite being
basal-like in the majority of these, a substantial proportion
was negative for all markers and thereby of indeterminate
phenotype (Fig. 5, Table S4). In the breast, indeterminate
phenotypes are more aggressive than basal-like phenotypes,
but this was not the case between these two groups of
salivary gland adenoid cystic carcinomas (Figure SI) [4].
Hence, the significance of phenotypic profiling in salivary
gland tumors, if any, is not straightforward and deserves
further investigation.

While gene fusions in salivary gland adenoid cystic
carcinoma have been studied in great detail, the fusion
status of much fewer cases from the lacrimal gland and
breast have been reported [9, 10, 15, 55, 56]. In agreement
with previous studies, we identified a spectrum of genetic
abnormalities in salivary gland carcinomas, including two
cases with isolated MYB rearrangement of which one was
estrogen receptor-positive [57]. To the best of our knowl-
edge, an estrogen receptor-positive salivary gland adenoid
cystic carcinoma has not previously been described. In
contrast, a much narrower selection of genetic rearrange-
ments was found in lacrimal gland and breast adenoid
cystic carcinomas. Lacrimal gland abnormalities were
restricted to MYB-NFIB fusions and MYB amplification,
while a somewhat larger proportion of breast adenoid

SPRINGER NATURE

cystic carcinomas had normal MYB and NFIB genes or had
isolated NFIB rearrangement (NFIB-X). To our knowledge,
isolated NFIB rearrangement have not previously been
described in breast adenoid cystic carcinoma [10, 15, 56].
Also, MYBLI rearrangements seem to be unique to salivary
gland adenoid cystic carcinoma, and, in agreement with the
literature, we did not find a difference in overall survival
between cases with MYB and MYBLI involvement (Fig-
ure S2) [58]. An intriguing observation is that, among the
different genetic aberrations identified, NFIB was the most
consistently involved (Figs. 3 and 5). The function of NFIB
is poorly characterized but is crucial for salivary gland
embryonic development and paradoxically serves as a
metastatic driver in some cancers while having a tumor
suppressor function others [59-63]. It is interesting that the
salivary gland and breast are the two tissues in which NFIB
is expressed in the highest level among a large selection of
human tissues in the Genotype-Tissue Expression project
(GTEx) (Figure S3) [64]. Although shown to be involved
in other types of salivary gland malignancies, further
clarification of NFIB function in these organs is warranted
[65].

Post-transcriptional regulation of gene expression by
miRNAs is known to be involved in a number of human
malignancies, but the two previous studies comparing
miRNA expressions in salivary gland adenoid cystic car-
cinoma and normal salivary gland have identified widely
different patterns of miRNA dysregulation [26, 66, 67].
Also, only little agreement is found between these studies
and our findings, and the general discrepancy in miRNA
expression between studies is well known [68]. To improve

30



Adenoid cystic carcinomas of the salivary gland, lacrimal...

47ai zerdel 990  8£0°0 98§9-1Mu-esy €ELTTOOTIN TONES 1€72bT1 0T'T 10000>  TLOS-{MW-BSY  66G0E00LVININ
uagIag T e1b6I 990  TOO'O SLOL-IMU-sy 1SLETOOTN [HSS 11%2bz1 ITT  LE00 dS-GT9-¥U-esy  ZZ99ZDOLYININ
Il Das TeThLr 90 6t0°0 91 S9--usy £ 1652001 16104 geebrl I oo terr-diw-esy  LZ06100LVININ
dg
Sluagiaju Teibx P90 P00'0  -APLE-MMI-RSY  SOAPOOOLVININ - Stuasion] TTIbs1 S 1000 S809-{iw-esy  QLETO0LVININ
SruagIajug €Lebg €90 1100 FS66100LVINIA ISIdV 1'gehL 9T'T  6£00 18TLI00IN
TAMNH zTT1dx 090 9100 9600000LVINIIN  dMuaziau] 1'eghbz 8TT  1#00 LSB9TO0IN
NOAYD 1'9¢be LSO 9100 LOGE-MM-TSy  GLISIOOLVININ - 8EMOSTD 1'1ebgt 8I'L 8€00 qLy|-n-usy TrSSO00IN
dg
TAWTT 1'gEby TS0 BI00  -qsyi-yiu-usy  869P000LVINIIN 94 VA IAN 1'gebg 6l'l  6t00  qoSTE-T-esy 9Tr9100IN
TITHAN 7'1ghg £C0 1800 STleyu-esy  [66F100LVINIIN 5010 (SIS TR 0L 9700 68STTOOIN
dg dg
rADL z'1zhsl €50 T00°0> -6TSYM-Bsy 89061 00.LVINIIN 944V €1¢be TTL P00 -TeRg-ynu-esy €96/ TO0.LVININ
dg
ﬁ_zn_oc?:u_m a(dnnpy VN €60 100°0> -9sreyu-esy  OEOSTIOOLVININ - §0C0d0D T1ibg vTL 8800 AoFp-w-esy £TRE000IN
dg
CITHAN z1gbg 0 1000 STIg-w-usy SFIFIOOIN  dtuasion] TITbl YOI 00 -Trl9-diu-esy  £8ELTO0.LVININ
1dSdiD cebg 050 6000 de-qoz-ymu-esy  £SO0000LYININ - Stuasioug 12+ebs 9Tl F00 90T | -mu-esy 6E£9000IN
Suagiaju £97bx 8F0 1200 de-gos-MM-esy  LRTO00LVINIIN FIGNT ebg 9TT 8100  TI8pS-Tw-Bsy SLEYO00TN
PIXOH 1'1€bg 80 1000 dg-q0I-YMU-BSy  FSTOOOOLVININ - OTuasiau] 1'91dg LT 0F00 TLLOTOOIN
ISTW TTebL LFO T000> de-GEE-qmu-esy  G9/0000LYININ £hiogD 7e'TThe 8TT  LFOO 1809-Iu-esy RSLOTOOIN
HHIVO 8Tbx LFO 1000> depTT-ymu-esy  [STO000LVINIA - Oruasiou] T9gbg1 9t 00 Lo [-Tw-usy 9S99000IN
HHIVO 8zbx 6v'0 L1000 de-pzr-ymu-usy  8616000LVININ - Stuasionu] zre1bel o'l 9100 6LTE000IN
dg dg
Sluag1aju T11bLl LFD 9200 BEAI-YMI-BSY  GSHONO0LYININ - Stuadionu] £g1dgr OF 1 €00 -LL9t-diu-esy  [OISTO0.LVININ
HHGVD gebx LF0 2000 de-zetymu-esy  SEQIN00LYINIIN dIf zeoed] A A 6TLY-T-Bsy FLSTTOOOLOIN
dg
Suagiaju £97bx SO TI00  derTiMM-Rsy  GRLFO00LVINIIN SLVOW T1ehg 6F T 0E00  -6L9E-¥nu-esy  COISTOO.LVININ
dg
FIXOH cenhbal FFO 1000 dg-eQI-ynu-usy  €CTO000LYININ Tovr zz1dog TSI O100°0>  -OL89-{iw-esy  OF9LT00LVININ
dg
SOXOH creibzl TH0 100°0> de-Cr9-ynu-esy  8TEOOOLYININ - Stuadianug TrIbel 8CL TIO0  -el9e-fiw-esy  O66L100.LVININ
odg dg
Suagiajug Tede 8E0 T00°0> -q96I-ymu-esy  OBOTOO0LVINIIN EdVOV £eoed] oLt 00 -9TLG-¥nw-esy  £6ELTO0LVININ
uoneso] adueyo uonedo] 280 ToquIAs
auad 1s0H amuoan plod M@ [OqUS ASEEYMU  UOISSA00r asegyu  auad 1Sof JMIouan plod M@ ASEIYIW  UOISSIOOT ISBG YU

paensatumogg

paeniaidn

BUIOUIIIED IMSAD Proudpe 1sealq pue pue(s AIRAles usamiaq YN passaidxa Lenuaiapig € 3jqeL

SPRINGER NATURE

31



S. Andreasen et al.

dg
EXVI £v1bzI 180  T1€0°0  -TOSO-UM-BSY  O9FSTOOLVINIA
oruaBug Ts1dL 180 TI00 TR I-mu-usy £5T0000IN
- - 080 600  £L9t-Yw-Esy 2VN
X019 £e1dg 080  TI0D0 $908-1mu-esy 1065TO0IN
TEIAAW 1z reber 080 0100 Ozo-ymu-Esy  ARTENOOLVINIIA
dg
psdoouiars ardnyapy VN 80 T00°0>  BOGI-UYM-BSY  GTTO000LVINIA
ANISIMNI rigde 6L0 6000 OFTEdW-Esy  STOSTOOLVINTA
dg
SIVIOV 1'€7dg 8L0 T€0°0  POSHFAMI-ESY  GTLOTOOLVINIA
oruaBug 1£7€by1 8L0  L10O GES-TM-Esy F1SE000IA
Hd 1AV r1dg 8L0 1100 veEFPFE-esy  OS68100LVINIA
SINdVD £e1dg LLO T000>  SLTE|-esy  £COSTO0LVININ
SOXOH £rerber 9L0  TH0 ST9-amu-esy 8TYLO00IN
dVHAL rzebe 9L0 6000 609E-TM-Bsy 6665TO0TIN
TEraiIn 17 eber PLO  TE00 0TY-mu-esy FE9L000TIN
IAINOY bl YLO  TE00  LTHPPAMW-ESY TEESTO0LVIANIA
o8Iy 1€°€2bo1 ¥LO  010°0  T-6L9¢-1w-esy OTELTO0IN
auagiaug ceerbee €L0 1100 10Tg-1mu-esy 0STFTO0IN
504N 1'12bsI Lo 0100 OTe-mu-esy 6F8STOOIN
;sdooquials spdnmiy VN TLO  €00°0 dEIRPSAMI-BSY  CGRSDOOLYINTIN
I12dW egzidor TLO  TOO0  dE-TISMMU-BSY  909GTOOLYINIIN IaxXoH 1'1€bg W01 SFO0 FOLLAMWRSY  GTO0E00LVINIIA
de
auagiaug £e1dg IL0  LTO0  -LTLFMMW-USy  Og86I00LVININ - Omuosmu] 11¥ebet PO LE00  LoVPHIWESY  TEO6T00LVININ
LIWOIW reebL IL0 LT0O ST-nw-esy 8000001 ZIVND 1e1ede 90T LIO0  LBLSHMW-ESY  TETETOOLVININ
dg
viaad FEIbIT 690  SHO'0  dE-6EI-MMI-BSY  TCCHINOLVININ - FY YIS rerbrr 90T 9100 -LETI-UMW-BSY  OF6TTOOLYINIIN
dg
Sruagiajuy 1€ThLT 690 8T0°0 [g-Tu-esy LLODOOOTIN 1SAvd 80T TOO0  -806T-UMU-BSY  TRBLOOOLVINIIN
dg
[SHOT £9zbo1 69°0 0100  -Froe-dM-Bsy  TET6I00LYINIA 1amaT 1'7TbL 60°'T 6000  LOVAIW-ESY  p668TO0LYININ
dg
uagiajuy 1€°2EbpI L9D 9100 dS-899-MU-USY  9EGGTOOLVINIIN Id¥1 €EIbzI 60’1 SO00  -STTI-{MW-BSY  TRECOOOLVINIIN
uoneso] adueyo uoneEIo] 23wy ToquIAs
auad 50l amuouan plod M [OqUAS ASEEYNU USSR ey auad 1Sof] Jmouan plod  ¥ad ISR UOISSIO ISBG YU

pae[namumoq

paendaxdn

(panunuod) £ ajqel

SPRINGER NATURE

32



Adenoid cystic carcinomas of the salivary gland, lacrimal...

ASREYIW WO PIAOWY,

TE96[-INL-BSY PUE [-BGE|-ITU-BSY,

SIRPE-TIUI-BSY PUR *p-JQpG-TUI-uSY ‘E-JgpS-TIUI-BSY ‘Z-J8pS-TU-BSY ‘T-J]p§-mu-usy,

£-9STE-TIU-EST PUE “T-9G ] ¢-11UI-E:

[-9€ [ g-amu-usy,

(£00°0 = Y@ 6£°0 23ueyd ploy dg-g19-yrw-esy pue (1000 > 1) T+'0 dBueyd proj dg-qoeT-Yru-vsy 1searq o) paedwiod se ewounes o1s£a proudpe puel [ewLde] ul pawm3ammop osy,

veaad FEIbIT 060  $20°0 dS-6EI-YMI-USy  OSTONOOLYININ

- - €80 900 £L9E- M-Sy LO9TOOTIA

Sruagiajuy stby ¥80  TH0 LOT-Mu-Bsy SLLEODOTIN
dg

opuagIaug TrIbgl Y80 TIO0  -€19e{M-Esy  166LT00LYINIA
dg

90911 £1¢be P80 0100 -89 {W-Esy  SPL6IO0LVINIA

o8y 1¢zbzl €80 L0 SeFrEu-Esy  0£06100LVINIA

IV61dAD [areS €80 L0 ELOLMWESY  GLTTE00LVINIA

CHIrgy 1914y €80 0RO dg-Geymu-sy  ¢/F9TOOLYININ

T96ERBLOTDOT €1edp 80 L100 1L9edw-Esy F608100LYINIA
dg

o8 1£27ebyl T80 LO00  -99Ledlw-Esy  TLITOOOLVINIA

L1194 £7Ebo 180 €100 9T T-mu-esy 1 LY0000IN

uagiajuy by 180 €00 PSi-anu-esy DOS9TOOIN

uoneso] adueyo uoneEIo] 23wy ToquIAs
auad 50l amuouan plod M [OqUAS ASEEYNU USSR ey auad 1Sof] Jmouan plod  ¥ad ISR UOISSIO ISBG YU

pae[namumoq

paendaxdn

(panunuod) £ ajqel

SPRINGER NATURE

33



S. Andreasen et al.

Color Key

-4 -2 0 2 4
Value
Site ==
Salivary gland = Lacrimal gland Il Breast Il Solid histologym
Phenotypic profile
Basal-like i Indeterminate Luminal B
Gene status [N (8 B§ N
MYBLI-NFIBM  MYB-NFIB H Wild-type Il Failed [[] MYB amplified B
MYBLI-X W NFIB-X MYB-X

Fig. 5 MicroRNA expression profiling separates most breast from
salivary gland adenoid cystic carcinoma irrespective of phenotypic
profile and genetic status. Unsupervised hierarchical clustering of
adenoid cystic carcinoma of the salivary gland, lacrimal gland, and
breast clustered the majority of salivary gland carcinomas (51/64) and
breast carcinomas (8/11) at each end of the spectrum. All lacrimal

transparency, we conducted this study according to BRISQ
guidelines and sought to minimize the influence of external
factors by sampling pure tumor tissue, assuring the quality
of extracted miRNA, use of a comprehensive and validated
array, and inclusion of a large number of samples. The fact
that miRNA expression could not distinguish between
breast adenoid cystic carcinoma and normal breast tissue,
while pronounced dysregulation was found between tumor
tissue and normal tissue from both salivary and lacrimal
gland, goes well in hand with the differences in malignant
potential (Fig. 4). Indeed, despite characterizing only nine
cases from the lacrimal gland, an overlap in tumor-specific
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gland cases (9/9) clustered between the pure salivary gland and breast
clusters. The lacrimal gland cluster included the remaining subset of
salivary gland (11/64) and breast carcinomas (3/11). Clustering of
cases occurred irrespective of architectural grade (solid), phenotypic
profile, and gene status

miRNA expression was found between lacrimal and sali-
vary gland adenoid cystic carcinoma. These two miRNAs
(hsa-miR-455-5p, hsa-miR-181d-5p) have been repeatedly
found to be overexpressed in other malignancies [69-71]. In
unsupervised hierarchical clustering, global miRNA
expression profiling separated salivary gland from breast
adenoid cystic carcinoma with high accuracy and placed
lacrimal gland tumors in between these two (Fig. 5).
Importantly, this separation was not caused by tissue-
specific expression but by differences between the tumors,
and the plausibility of these differentially expressed miR-
NAs as being responsible for the difference in clinical
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behavior is strengthened by their involvement in the reg-
ulation of genes in several KEGG orthology categories
frequently involved in cancer (Table S5). In addition to
being the first class of molecules able to separate adenoid
cystic carcinoma according to site of origin, this lends
support to miRNA as having a role in the clinical behavior
of these tumors. The mechanism for this miRNA dysregu-
lation is currently unknown, as none of these are located to
chromosomal regions involved in recurrent copy number
alterations in adenoid cystic carcinoma, and needs to be
further studied (Table 3) [72].

In conclusion, we present a comparative study of adenoid
cystic carcinoma of the salivary gland, lacrimal gland, and
breast and corroborate the histological and genetic similar-
ity between these lesions despite the large variations in
clinical behavior. We show that global miRNA expression
profiling separates these tumors according to site of origin,
and that differentially expressed miRNAs are involved in
regulation of cellular processes that could be responsible for
a more aggressive clinical course in salivary gland adenoid
cystic carcinoma as compared to those in the breast. These
findings are helpful in directing studies for prognostication,
intensity of treatment and monitoring of patients with sali-
vary gland adenoid cystic carcinoma.
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salivary gland, and is notorious for its prolonged clinical course characterized by
frequent recurrences often years after initial treatment. No molecular marker has been
shown to have independent prognostic value in ACC, including characteristic gene
fusions involving MYB, MYBL1, and NFIB. MicroRNA has been shown to be
associated with clinical outcome in numerous malignancies, including one study of
ACC, warranting further validation of this class of markers in this disease. Here, we
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cohort, multivariate analysis of microarray data found high expression of hsa-miR-
6835-3p to be associated with reduced recurrence-free survival (RFS) (p=0.016).
Measuring the highest ranking microRNAs identified in survival analysis in the same
cohort, gPCR identified high expression of hsa-miR-4676 to be associated with
reduced overall survival (OS) and high expression of hsa-mir-1180 to be associated
with improved RFS. This was not confirmed in the validation cohort, in which gPCR
identified high expression of hsa-mir-21, hsa-mir-181a-2, and hsa-mir-152 to be
associated with reduced OS and high expression of hsa-miR-374c to be associated
with improved RFS. Interestingly, two distinct subsets of ACC separated in microRNA
expression irrespective of gene fusion status, but without significant difference in
outcome. Collectively, gPCR identified several microRNAs associated with OS and
RFS, and different subsets of ACC separated according to microRNA expression,
suggestive of ACC being a heterogeneous group of malignancies in its microRNA
profile.
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Abstract
Adenoid cystic carcinoma (ACC) is among the most frequent malignancies of the salivary gland,
and is notorious for its prolonged clinical course characterized by frequent recurrences often years
after initial treatment. No molecular marker has been shown to have independent prognostic value
in ACC, including characteristic gene fusions involving MYB, MYBL1, and NFIB. MicroRNA has
been shown to be associated with clinical outcome in numerous malignancies, including one study
of ACC, warranting further validation of this class of markers in this disease. Here, we investigate
the prognostic value of microRNA in two ACC cohorts: a training cohort (r=64) and a validation
cohort (n=120) with microarray and qPCR. In the training cohort, multivariate analysis of
microarray data found high expression of hsa-miR-6835-3p to be associated with reduced
recurrence-free survival (RFS) (p=0.016). Measuring the highest ranking microRNAs identified in
survival analysis in the same cohort, gPCR identified high expression of hsa-miR-4676 to be
associated with reduced overall survival (OS) and high expression of hsa-mir-1180 to be associated
with improved RFS. This was not confirmed in the validation cohort, in which qPCR identified
high expression of hsa-mir-21, hsa-mir-181a-2, and hsa-mir-152 to be associated with reduced OS
and high expression of hsa-miR-374c to be associated with improved RFS. Interestingly, two
distinct subsets of ACC separated in microRNA expression irrespective of gene fusion status, but
without significant difference in outcome. Collectively, qPCR identified several microRNAs
associated with OS and RFS, and different subsets of ACC separated according to microRNA
expression, suggestive of ACC being a heterogeneous group of malignancies in its microRNA

profile.

Key words: Adenoid cystic carcinoma; Salivary gland; microRNA; Prognosis; MYB; MYBLI1
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Introduction
Adenoid cystic carcinoma (ACC) is among the most frequent salivary gland carcinomas and is
enigmatic among head and neck malignancies for its unpredictable clinical course [1]. Clinically,
the most challenging feature of ACC is its ability to recur both locally and with distant metastases
often many years after primary treatment. The treatment is surgical resection while the use of
adjuvant radiotherapy (RT) is an area of controversy [ 1-3]. Despite adjuvant RT being administered
in most cases, more than one third of patients experience local or distant recurrence [1].
Importantly, local recurrences lead to repeated surgeries with significant associated morbidity, and
non-resectable recurrences and distant metastases are usually fatal as conventional chemotherapy is
largely ineffective [1,6,7].

The biologically most prominent feature of ACC are mutually-exclusive gene fusions
involving the MYB or MYBLI [8,9]. Besides structural genetic abnormalities, mutations in ACC are
few and diverse but with a predilection for NOTCH pathway genes [10,11]. Involvement of the
NOTCH pathway is especially prevalent in the 10% of ACCs with solid histology, which has a
particularly aggressive clinical course [12,13]. However, despite the scrutinization of the molecular
background of ACC over recent years, a major deficit is the lack of findings with independent
prognostic value. Recently, a subgroup of ACC with poor overall-survival was found to have a
distinct gene expression profile, lending hope to improvements in prognostication and treatment
based on studies of ACC biology [14]. Currently, clinicopathological variables such as stage,
margins, solid histology, and vascular invasion are the classic clinicopathological characteristics
with prognostic value used in clinical practice [1]. Still, ACCs with apparently favorable
characteristics can have fulminant clinical courses, which makes reliable prognostic markers highly

warranted for tailoring individual follow-up programs [15].
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MicroRNA (miRNA) is a class of short non-coding RNAs ~22 nucleotides in length,
functioning as potent post-transcriptional regulators of gene expression by causing either
degradation or translational blockage of target mRNAs [16,17]. MiRNA has been shown to be
involved in numerous human malignancies and to be of prognostic value in several tumor types
[18-20]. Making miRNA especially interesting in the context of ACC is that binding sites for
miRNAs are lost with the formation of fusion genes, thereby relieving miRNA-mediated inhibition
of especially MYB [8]. Previously, one study on salivary gland ACC has shown a large number of
miRNAs to be associated with adverse outcome, but currently this finding stands unchallenged and
needs further confirmation [21].

In order to provide an understanding of the value of miRNA in prognostication of salivary
gland ACC as well as the correlation between miRNA expression and gene fusion status, we
perform global miRNA expression profiling of a large material with long-term follow-up and

validate candidate prognostic miRNAs in a large external cohort.
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Materials and methods

Patient material and clinicopathological variables
The study adheres to the REporting recommendations for tumor MARKer prognostic studies
(REMARK) and Biospecimen Reporting for Improved Study Quality (BRISQ) guidelines as
specified in supplementary materials and methods [22,23]. Patients with ACC in the period 1
January 1990 — 31 December 2014 were identified in the Danish Pathology Registry (Patobank)
with codes for ACC combined with topographical codes for the major and minor salivary glands
[24]. Only patients treated with curative intent were included. Formalin-fixed paraffin-embedded
(FFPE) specimens from cases not previously revised in a previous study on salivary gland
carcinomas were retrieved for central histological revision by an experienced head and neck
pathologist (TKA) according to the current WHO classification [25-27]. To exclude potential
mimics, sinonasal cases were screened for human papillomavirus to exclude HPV-related
multiphenotypic sinonasal carcinoma, and palatal cases underwent PRKD/ hotspot sequencing to
exclude polymorphous adenocarcinoma [28-30]. All Danish residents have a unique personal
identification number (CPR number), and this number was cross-referenced with the Danish Cancer
Registry, the Danish Patient Registry, and the Danish Register of Causes of Death to identify date
and cause of death [31,32]. Clinicopathologic data from a subset of patients have been collected for
a previous study, and data on the remaining patients were collected in the same way from the
Danish Pathology Data Bank, the Danish Cancer Registry, the Danish Patient Registry, and hospital
registries [25]. Sample size for this hypothesis was based on using all available samples, and 184
ACCs with clinical information were available for inclusion. Sixty-four patients were randomly
selected to constitute the training cohort and the remaining 120 cases comprised the validation
cohort. The study was approved by the Regional Ethics Committee (H-6-2014-086) and the Danish

Data Protection Agency (REG-94-2014).
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RNA extraction
To avoid admixture of normal cells, one 1mm core was obtained from each tumor block after
identification of a representative tumor area from a H&E-stained slide [33]. The QiaCube (Qiagen,
Valencia, CA) was used for automated isolation of miRNA with the miRNeasy FFPE Kit (Qiagen)
according to the manufacturer’s instructions [33]. Total RNA concentration was measured using the
NanoDrop ND-1000 (Thermo Scientific, Wilmington, DE) (range: 300-1536 ng/ul) and nucleic
acid content (A260/A280, range: 1.7-2.7), indicating high nucleic acid purity. In the training
cohort, RNA integrity number (RIN) was measured in 10 samples >15 years old using the Agilent
2100 Bioanalyzer platform (Agilent Technologies, Santa Clara, CA) and the RNA 6000 Nano Kit
(Agilent) with RIN ranging from 0.9—-1.6 (median 1.1), which is suitable for miRNA profiling.
MicroRNA microarray
The Affymetrix miRNA 4.1 microarray platform (Affymetrix, Santa Clara, CA) was used, covering
all entries in Sanger miRbase v.20, including 2,578 mature and 2,025 immature human miRNAs.
For miRNA analysis, 300 pg of total RNA was labelled with the FlashTag Biotin HSR RNA
Labelling kit (Affymetrix) according to the manufacturer’s instructions. Microarrays from the same
batch were used to avoid batch variation. Microarray plates were washed, stained, and scanned on
the GeneTitan Instrument (Affymetrix). Raw data are available as Table S1.
MicroRNA data analysis
Following background correction, raw data were first normalized using the quantile
normalization function implemented in the free R package preprocessCore [34]. A linear
regression model was applied by regressing the log-transformed miRNA expression on group
membership, and correction for multiple testing was done by estimating the false discovery rate

(FDR), with FDR £0.05 defined as statistically significant. Hierarchical clustering was

46



0 -1 o U0 W N

performed with the significant miRNAs using the clustering function in the R package gplots
(https://cran.r-project.org/web/packages/ggplot2s) by calculating the Euclidean distance.
Survival curves were constructed by the Kaplan—Meier method and compared with the log-rank
test, with significance defined as p < 0.05. High expression was defined as above the median and
low expression as below the median. Hazard ratios were calculated in the Cox regression analysis
after adjusting for clinical variables. Significant miRNAs were validated by comparing microarray
and gPCR data using Pearson’s correlation. Statistical analyses were done using R (https://www.r-

project.org) and SPSS 20 (SPSS Inc., Chicago, IL, USA).

Quantitative polymerase chain reaction
Briefly, complementary DNA (¢cDNA) was made using 3.3ng miRNA as template. For pri-
miRNAs, the High-Capacity cDNA Reverse Transcription Kit (Thermo Fisher Scientific, Waltham,
MA) was used. For mature miRNAs, cDNA was prepared with the TagMan MicroRNA Reverse
Transcription Kit (Thermo Fisher). Preamplification was performed using the TagMan PreAmp
Master Mix (Thermo Fisher). Quantitative PCR (qPCR) was performed in triplicates on the
Fluidigm Dynamic Array Chips (Fluidigm, San Francisco, CA) platform with the TagMan Gene
Expression Master Mix (Thermo Fisher Scientific) on the Fluidigm BioMark platform (Fluidigm)
according to the manufacturer’s instructions. Mean values were used for subsequent analysis.
Arrays from the same batch were used to avoid batch variation. Non-enzyme controls (negative
controls) and ath-miR-159a (positive controls) were included for all reactions. Data were analyzed
in the Fluidigm Real-Time PCR analysis program v. 4.1.3 with baseline settings at linear
(derivative) and Ct threshold methods at detectors. Detailed descriptions of PCR conditions are

available in supplementary materials and methods.
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Fluorescence in situ hybridization
Four-um-thick FFPE sections from each case of the training cohort were placed onto positively-
charged slides, and hematoxylin and eosin-stained slides were examined for determination of areas
for counting. Fluorescence in situ hybridization was performed using break-apart probes for M¥YB
(ZytoVision GmbH, Bremerhaven, Germany), MYBLI (Agilent Technologies, Santa Clara,
CA/Empire Genomics, Buffalo, NY), and NFIB (Agilent Technologies/Empire Genomics) and an
MYB-NFIB fusion probe (Agilent Technologies/Cytotest, Rockville, MD) according to the
manufacturers’ protocol as previously described and stated in detail in supplementary materials and
methods [28,35]. Nuclei were counterstained with DAPI II (ZytoVision). Break-apart signals in >
10% of cells was considered to represent rearrangement and fused signals in >20% of cells was

considered to represent fusion [36].
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Results
Clinicopathological characteristics of the two cohorts

A total of 184 patients were included; 64 in the training cohort and 120 in the validation cohort with
median follow-up 0f 92 and 71 months, respectively (Table 1). In the training cohort, there was a
larger proportion of female patients, submandibular gland tumors, tumors with tubulocribriform
histology, tumors without vascular invasion, and patients receiving radiotherapy as compared to the
validation cohort (Table 1). By comparison, the validation cohort had more males and tumors in the
parotid gland and oral minor salivary glands.

Thirty-six (56%) of the patients had recurrence (25 [39%]) and/or died (27 [42%]) during
follow-up in the training cohort. Eighty-eight (73.3%) of patients had recurrence (63 [53%]) and/or
died (59 [49%]) during follow-up in the validation cohort. There was no difference in overall or

recurrence-free survival between the training and validation cohorts (p=0.11 and 0.17, respectively)

(Fig. 1).

Prognostic value of clinicopathological parameters
High stage and vascular invasion were associated with decreased overall and recurrence-free
survival in both cohorts (Table 2). Solid histology was associated with reduced overall survival in
the validation cohort only but with reduced recurrence-free survival in both cohorts. Close or
involved surgical margins were associated with reduced recurrence-free survival in both cohorts,
whereas radiotherapy and perineural invasion was not associated with overall or recurrence-free

survival in any of the cohorts (Table 2).

microRNA as a prognostic marker in ACC
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ACC and normal salivary gland tissue separated with 47 differentially expressed miRNA (Table
S$2). A multivariate Cox regression model incorporating the significant variables listed in Table 2
for overall and recurrence-free survival was performed with microarray data from the training
cohort. No miRNA was associated with overall survival but high levels of hsa-miR-6835-3p was
associated with reduced recurrence-free survival (p=0.016). In order to validate this, qPCR was
performed on the 32 highest-ranking miRNAs in survival analysis despite the majority of these not
reaching significance (Table S3). Positive controls worked in all cases but 14/32 candidate miRNAs
had an insufficient number of cases with measureable levels to perform statistical analysis, and no
correlation was found between the expression levels of the remaining 18 miRNAs measured with
microarray and qPCR (R=-0.72 — 0.28)(Table S4). However, in multivariate analysis gPCR
identified high expression of hsa-miR-4676 as being associated with reduced overall survival and
high expression of hsa-mir-1180 to be associated with improved recurrence-free survival in the
training cohort, but not in the validation cohort (Fig 2, Table 3). In contrast, among the 18 miRNAs
measured with qPCR, high expression of three miRNAs (hsa-mir-21, hsa-mir-181a-2, and hsa-mir-
152) were associated with reduced overall survival, and high expression of hsa-miR-374c was
associated with improved recurrence-free survival in the validation cohort in multivariate analysis
(Fig. 2, Table 3). There were no differentially expressed miRNAs between solid and

tubulocribriform ACCs.

microRNA expression signatures separate ACC into two groups
Unsupervised hierarchical clustering was performed in order to identify groups with differences in
outcome. This identified two distinct groups composed of 11 (Group 1) and 53 (Group 2) tumors,
which separated due to differential expression of 1,658 miRNAs (Fig. 3A, 3B, Table S5).

Comparing the outcome of these two groups showed no difference between the groups for overall
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survival (p=0.17) or recurrence-free survival (p=0.32) (Fig. 4). Interestingly, the clusters consisted
of tumors with aberrations of MYB, MYBL I, as well as tumors without involvement of either of the
two genes. The similarities in miRNA expression regardless of rearrangement status is further
illustrated by a complete overlap in principal component analysis (Fig. 5). None of the miRNAs
known to target MY B (hsa-miR-150, hsa-miR-16, hsa-miR-15a) or MYBL/ (hsa-miR-223) were
differentially expressed in MYB- and MYBL I-rearranged ACCs compared to tumors without these

aberrations.
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Discussion
While there is a direct therapeutic benefit in discovering directly targetable molecular alterations,
markers able to identify high-risk patients can be transferred into clinical practice by initiating more
intensive and/or prolonged follow-up programs for high-risk patient groups. Due to the lack of
effective alternatives to surgery in ACC patients, early detection is of paramount importance for
successful treatment. However, studying the biology of ACC is complicated by its relative rarity
and the lack of validated cell lines. In addition, prognostic studies require studying relatively old
samples due to the protracted clinical course of ACC, which is complicated by degradation of DNA
and long RNA molecules in archival FFPE material [37]. However, shorter RNA molecules such as
miRNA are well-preserved in FFPE samples for many years, and are therefore well-suited for this
purpose [38,39].

Numerous miRNAs have been shown to be predictive for increased risk of recurrence in
several types of carcinoma including lung, prostate, colorectal, and breast [40-42]. Similar findings
have been made in one study of ACC, but this has stood alone until now [21]. In the present study
of the largest molecularly profiled cohort of ACC reported to date, we found the classic
clinicopathological parameters stage, solid growth, and vascular invasion to be associated with
reduced overall survival, and these along with close/involved resection margins to be associated
with reduced disease-specific survival (Table 2). This is in agreement with previous studies, and
makes the material well-suited for further analysis [1]. Interestingly, we did not find any association
between RT and outcome in neither of the cohorts. A very high proportion of patients received this
treatment, and we found the majority of the patients who did not to have completely resected low-
stage disease in the majority of cases. Based on these considerations, it cannot be excluded that the
influence of RT on prognosis would have been different if a similar material of RT non-receivers

was available for comparison. Ideally, a randomized controlled trial is needed in order to elute this
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controversial area, but also a case-control study could contribute valuable information on this topic.
Also, we find perineural invasion to be without prognostic value. Together with the same findings
in two other major ACC cohorts, this lends strong support to abandoning this as being indicative of
particular aggressive discase [1,44,45].

ACC separated from normal salivary gland tissue in miRNA expression, and comparing
these findings with those previously obtained by Mitani et al. revealed that hsa-miR-455-5p and
three closely-related miRNAs were upregulated in both our materials (hsa-miR-25-5p, hsa-miR-
181d-5p, and hsa-miR-181c-3p) [21]. Similarly, five closely-related miRNAs were found to be
downregulated in both our studies (hsa-miR-148a-5p, hsa-miR-138-5p, hsa-miR-885-5p, hsa-miR-
29c¢-3p, and hsa-miR-329-3p) (Table S2). However, in contrast to the findings by Mitani et al., we
did not find differences between solid and tubulocribriform ACCs [21]. As the particularly
aggressive clinical course of solid ACC is apparent from our material, this finding suggests that at
least this feature occurs unrelated to miRNA (Table 2).

As measured by microarray in the training cohort, high expression of one miRNA, hsa-miR-
6835-3p, was found to be associated with reduced recurrence-free survival. In in vitro studies, this
otherwise poorly-characterized miRNA has been found to be downregulated in lung carcinoma in
response to IGFR silencing, which was recently shown to result in reduced MYB-NFIB
transcription and reduced proliferation in ACC [46,47]. However, qPCR did not confirm this
finding in either of the two cohorts (Table 3). Rather, qPCR and microarray did not correlate in any
of the 18 miRNAs measured, which disrupts the concept of using microarray data in directing
further exploration by qPCR. Others have made a head-to-head comparison between miRNA
expression levels in FFPE samples measured with the two platforms used in the present study, and
each platform was found to produce highly reproducible results, whereas the correlation between

platforms was only moderate [48]. We performed qPCR in triplicates and found only miniscule
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variation in measurements from individual samples. Although known to increase sensitivity, some
bias could be introduced by the preamplification step preceding qPCR which is an especially
vulnerable step for miRNAs expressed in low levels [49]. Another possibility could be the
fundamentally different principles for gene expression measurements in the two methods [49,50].
While the measurements of microarrays rely on complete labeling and high specificity of
hybridization between plate and labeled targets, the TagMan-based method of gPCR depends on the
specificity of the primer to discriminate among highly-conserved miRNA target sequences. Despite
these discrepancies between methods, high expression of three miRNAs (hsa-mir-21, hsa-mir-181a-
2, hsa-mir-152) were associated with reduced overall survival, whereas high expression of hsa-miR-
374c was associated with improved recurrence-free survival in the validation cohort (Fig 2, Table
3). Notably, none of these were found in the other microarray-based study of miRNA in ACC [21].
However, hsa-mir-21 is among the most well-characterized miRNAs in human cancer and is known
to be involved in malignancies of the breast, lung, colon, and glioblastoma [18]. This lends support
to the involvement of miRNAs showing prognostic value in the validation cohort.

Interestingly, we found that ACC separated into two major groups based on miRNA
expression (Fig. 3). There was no statistically significant difference in outcome between these two
groups, but the smaller of these (Group 1) was composed of only 11 cases and the survival of this
subgroup of ACC with distinctly different miRNA expression needs further study including
additional cases. Also, we noted that several larger subgroups formed within Group 2 regardless of
gene fusion status and solid histology, which suggests that several molecularly separate subtypes
are present within the ACC category of tumors. The difference in miRNA expression between
Group | and Group 2 was substantial, caused by no less than 1,658 miRNAs expressed in
significantly different levels, which corresponds well with findings in transcriptomic studies of

ACC [14]. In agreement with numerous genomic studies demonstrating a diverse mutational
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landscape of this disease, these findings imply that the ACC diagnosis encompass a variety of
different molecular subtypes with only few mutual gene fusions in the majority of cases [ 10]. The
biological significance of many of these rest on reports of a very limited number of cases in several
different reports [8—11]. This illustrates two challenges in the current state of knowledge in ACC, as
i) data from relatively few cases are available, i1) no studies employing more than one or two
different molecular methods have been performed on the same material (i.e. investigating
mutations, mRNA expression, miRNA expression, methylation patterns, protein expression on
tumor and matched normal tissue) which is important to gain further insight into, what now appears
to be a diverse group of tumors. Yet another consideration for these studies would be to take
intratumoral heterogeneity into account [11].

In conclusion, we found several miRNAs to be associated with outcome in salivary gland
ACC collected from nation-wide registries with up to 25 years of follow-up. Also, distinct groups of
ACC formed based on global miRNA expression but irrespective of gene fusion status and growth
pattern. At present, the most unifying feature of ACC remains the involvement of MYB, which
makes the efforts in development of MYB-targeted therapies, directly or indirectly, ever more

important [47].
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Figure legends

Figure 1

Comparison of clinical outcome of patients with adenoid cystic carcinoma in the training cohort and

the validation cohort.
(A) Overall survival and (B) recurrence-free survival was similar in the training and validation

cohorts (log-rank, p=0.11 and 0.17, respectively).

Figure 2

MicroRNA with independent prognostic value in the training cohort and validation cohort of
adenoid cystic carcinoma.

In the training cohort, (A) high expression of hsa-mir-4676 is associated with reduced overall
survival (OS) (p=0.04) and (B) low expression of hsa-miR-1180 is associated with reduced
recurrence-free survival (RFS) (p=0.03). In the validation cohort, high expression of (C) hsa-mir-
21, (D) hsa-mir-181a-2, and (E) hsa-mir-152 is associated with reduced OS (p=0.04, <0.01, and
0.03, respectively) whereas low expression of hsa-miR-374c is associated with reduced RFS

(p=0.01).

Figure 3

Clustering of adenoid cystic carcinoma according to miRNA expression.

(A) Unsupervised hierarchical clustering separated adenoid cystic carcinoma in two separate
clusters, a small group 1 and large group 2. Note that clusters formed irrespective of solid

histological growth pattern and involvement of MYB, MYBLI, or either of these genes. One case

placed separately from these groups, a parotid gland tumor in a 14-year-old female with MYB-NFIB

fusion. (B) Supervised hierarchical clustering of group 1 and 2 carcinomas identified 1,658
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differentially expressed miRNAs. Note that several clusters formed within group 2 especially.

Figure 4
Comparison of overall survival between group 1 and 2.

Comparison of group | and 2 did not identify a difference in overall survival (log-rank, p=0.17).

Figure 5

Principal component analysis (PCA) of adenoid cystic carcinoma according to miRNA signature.
PCA demonstrating a complete overlap of adenoid cystic carcinoma in microRNA expression
irrespective of gene status. Note that the non-rearranged carcinomas are similar to those with MYB
and MYBLI involvement. The MYB-rearranged case in the upper left corner is the outlier described

in Figure 2A.
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Table 1

Baseline clinicopathological characteristics of the training cohort and validation

cohort characterized for prognostic microRNAs.

Training cohort

Validation cohort

(n=64) (n=120)
Age at diagnosis Median (range, years) 55 (14-83) 61 (22-88)
Follow-up Median (IQR, months) 92 (117) 71 (85)
n % n %
Site Parotid gland 13 20.3 29 242
Submandibular gland 28 437 35 292
Sublingual gland 3 4.7 7 5.8
Sinonasal tract 9 14.1 16 13.3
Oral minor salivary 8 12.5 25 20.8
glands*
Other® 3 4.7 8 6.7
Sex Female 33 51.6 52 433
Male 31 48.4 68 56.7
Stage I 41 64.1 72 60
v 23 359 48 40
Missing 0 0 0 0
Tumor margins Free 14 219 25 20.8
Close™/Involved 48 75 92 76.7
Missing 2 3.1 3 25
Histological growth Solid 7 10.9 24 20
pattern
Tubulocribriform 55 85.9 94 78.3
Missing 2 3.2 2 1.7
Radiotherapy Yes 60 93.8 103 85.9
No 4 6.2 16 13.3
Missing 0 0 1 0.8
Vascular invasion Yes 11 17.2 18 15
No 45 70.3 77 64.2
Missing 12 18.75 25 20.8
Perineural invasion Yes 54 84.4 97 80.8
No 7 10.9 15 12.5
Missing 3 4.7 8 6.7

IQR= Interquartile range. *Training cohort: three from the palate, three from buccal
mucosa, two from oral tongue; validation cohort: eighteen from the palate, seven from
buccal mucosa. *Training cohort: one larynx, two base of tongue; validation cohort:
three larynx, five base of tongue. *Close defined as <Smm.
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Table 2

Prognostic value of clinicopathological parameters in overall and recurrence-free survival in

salivary gland adenoid cystic carcinoma.

Training cohort (n=64)

Validation cohort (n=120)

HR (95% CI) p-value HR (95% CI) p-value
Overall survival
Stage: Il or IV vs [ or II* 3.00 (1.37-6.56) 0.006 2.21 (1.32-3.69) 0.002
Tumor margins: Close or involved vs free” 1.71 (0.64-4.59) 0.290 1.20 (0.64-2.21) 0.575
Histological growth pattern: Solid vs tubulocribriform® 2.42 (0.89-6.54) 0.072 2.61 (1.47-4.63) 0.001
Vascular invasion: No vs yes" 0.32 (0.13-0.82) 0.017 0.29 (0.16-0.74) <0.001
Radiotherapy No vs yes® 1.03 (0.24-437) 0.970 1.14 (0.57-2.27) 0.718
Perineural invasion No vs yes” 0.83 (0.26-5.33) 0.141 0.84 (0.34-4.94) 0.100
Recurrence-free survival

Stage: Ul or IV vs [ or 1I* 3.30(1.45-7.52) 0.005 3.70 (2.05-6.67) <0.001
Tumor margins: Close or involved vs free” 4.87 (1.14-8.60) 0.033 2.33 (1.06-5.13) 0.036
Histological growth pattern: Solid vs tubulocribriform® 2.91 (1.05-8.06) 0.040 3.60 (1.99-6.53) <0.001
Vascular invasion: No vs yes® 0.30 (0.11-0.81) 0.020 0.26 (0.17-0.76) 0.001
Radiotherapy No vs yes® 1.75 (0.52-5.89) 0.369 1.16 (0.54-2.50) 0.709
Perineural invasion No vs yes® 0.72 (0.20-4.71) 0.119 0.65 (0.20-4.34) 0.943

“Reference group.
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Table 3

Correlation between miRNA expression and overall and recurrence-free survival in salivary gland

adenoid cystic carcinoma as measured with qPCR.

Ovenall survival

Recurrence-free survival

Training cohort Validation cohort

miRNA HR (95%CT) p-value miRNA HR

Training cohort Validation cohort

pevalue ID miRNA HR

p-value miRNA HR pvalue
(95%CD (95%CD (95%C1)
hsa-miR-4676 15 0.04 hisa-mir-21 1.26 0.04 hsa-mir-1180 053 0.03 hsa-miR-374¢ 0.64 0.01
(1.06-16.96) (1.01-1.57) (0.29-0.95) (0.46-0.90)
hsa-mir-181a-2 178 <001
(1.21-2.60)
hsa-mir- 152 1.60 0.03
(1.05-2.43)
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Figure 2
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Figure 3
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Figure 4
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Figure 5
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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 AJCC. The presence of 1p36 deletion and gene fusions involving the MYB, NFIB, and MYBLI
genes in a cohort of 93 salivary gland AJCCs was studied using fluorescence in situ hybridization. These results were statistically
correlated with clinical data and outcome. Deletion of 1p36 in AACC 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-Xin 4/85 (4.7%),
and NFIB-X in 2/85 (2.4%) of AACC cases. None of the 1p36-deleted samples showed MYBLI rearrangement. Statistical analysis
demonstrated a significant correlation between 1p36 deletion and advanced tumor stage and solid histology (»=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 - 1p36 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 fre-
quent carcinomas of the salivary gland and sinonasal tract [1].
Following surgical resection, AACC 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 patterns.
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-
ternative MYBLI-NFIB gene fusion along with more rare var-
iants including MYBL! fusions with ¥YTHDF3 and RAD51B
and NFIB fusions with XRCC4, NKAIN2, PTPRD, and AIG1
[11,12].

Several studies of the mutational landscape in AACC 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, Ip36 deletion has
been shown to have prognostic value in patients with
oligodendrogliomas, where concurrent deletion of 19913 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)
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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].

Immunohistochemistry

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-um-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 CC1 solution at pH
8.6 at 95 °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, MYBLI, 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
$-100 protein Polyclonal RTU CCI (20 min) Ventana
CK7 OV-TL 12/30 1:200 CC1 (36 min) Dako Cytomation
MYB EP769Y 1:100 CCl1 (64 min) Abcam
Ki-67 30-9 RTU CCl1 (64 min) Ventana
P63 4A4 RTU CC1 (64 min) Ventana
SOX10 Polyclonal 1:100 CCl1 (64 min) Cell Marque

RTU. ready to use (prediluted); CC 1, EDTA buffer (pH 8.6)

MYBLI Break Apart probe, and SureFish MYB-NFIB Dual
Fusion probe (Agilent Technologies, Santa Clara, California,
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 chr9:13990266-14490285.
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 ul of both green and orange probe 0.5 pl 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 1p36/1q25 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

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 get a 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.
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Table 2 Summary of clinical and

follow-up data in 1p36-positive/ Variables Age Follow-up Follow-up—DOD1 Recurrence Recumrence—DOD]1
negative groups, part 1
Total
Min 14 0 0 1 1
Max 85 322 155 182 127
Mean 56.54 92.73 50.33 51.33 28.25
Median 56 77.5 36 32 19
1p36 positive
Min 44 0 0 7 7
Max 84 192 172 38
Mean 63.23 51.83 2175 47.88 21.67
Median 57 31 17 32 22
1p36 negative
Min 14 3 4 1 1
Max 85 322 155 182 127
Mean 5533 99.54 64.23 52.59 3220
Median 55.1 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 discase.

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 |
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 or4 Clear Received Death DODI1
Margins radiotherapy
Total 35 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 0 2 1 0 4
Uninformative in 1p36-negative group 0 3 2 0 51

DODI, died of discase
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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
MYBL]I gene break (Tables 4 and 5).

Histological findings

All cases showed the histological hallmarks of AdCC (Fig. 3).
AdCC is typically composed of all growth pattems 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
CKZ7 in both the ductal and the modified myoepithelial cells.
Staining for S100 protein and SOX10 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 (MYB) 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 normal alleles
and one or two orange-yellow-
green fused signals (b)

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
1p36/1925 13/85 15.29

ba, break apart; DF, dual fusion

MY B 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 MYBLI 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 or 4), 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

st

2

TR
F{bl e “;\ ""
Flg. 3 Adenoid cystic carcinoma is bxphas;c 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. Perincural
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 in up
to 80% of AdCCs [7-9, 40]. Interestingly, in the MYB-
NFIB-negative subset of AdCC, another gene fusion between
NFIB and MYBLI, 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, MYBLI-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%) AdCC. 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 AdCC could be mutually exclusive and
indicators of the biological potential of AdCC.

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 correlation of 1p36 locus deletion with overall survival (a), disease-specific survival (b), recurrence-free interval (c), and

recurrence-free survival (d)

Table 6 Kaplan-Meier analysis
summarization in our cohort

Variable OS (p value) DSS (p value) RFI (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
Solid component
MYB [HC

MYB ba

NFIB ba
MYB-NFIB DF
MYBLI ba

1p36 deletion

Neg. (0.0348)
Neg. (0.0215)
NO (0.1237)
Neg (0.0168)
NO (0.5104)
NO (0.3490)
NO (0.3189)
Neg. (0.0001)

Neg. (0.0110)
Neg. (0.0032)

Neg. (0.0238) NO (0.0903)
Neg. (0.0189) NO (0.0983)
NO (0.8355) NO (0.6603)
NO (0.1582) NO (0.2820)
NO (0.3262) NO (0.8559)

Neg. (<0.0001)

Neg. (0.0101)
Neg. (0.0025)

Neg. (<0.0001)

Neg. (0.0163)
Neg. (0.0067)
NO (0.1487)
NO (0.0709)
NO (0.4931)
NO (0.4207)
NO (0.8266)
Neg. (0.0001)

08, overall survival; DSS, disease-specific survival; RFI, recurrence-free interval; RFS, recurrence-free survival:
NO, no statistical significant correlation; Neg, decreased survival with higher clinical value

@ Springer

80



Virchows Arch

Overall Survival Disease Specific Survival
Cumulative Proportion Surviving (Kaplan-Meler) Cumulative Proportion Surviving (Kaplan-Meier)
a RISK FACTORS: Age (>55 years) + Sex (M) + Stage (3+4) + 1p36 deletion (pos.) b RISK FACTORS : Age (>55 years) + Stage (3+44) + 1p36 deletion (pos.)

Cumulative Proportion Surviving
=
&

Cumulative Proportion Surviving
-
i

number of positive RISK FACTORS: number of positive RISK FACTORS:

—0 —1 —2 —3 —a —0 —1 —2 —3

Recurrence Free Interval Recurrence Free Survival
‘Cumulative Proportion Surviving (Kaplan-Melar) Cumulative Proportion Surviving (Kaplan-Meler)
c RISK FACTORS: Age (>55years) + Stage(3+4) + 1p36 deletion (pos.) d RISK FACTORS: Age (>55 years) + Sex (M) + Stage (3+4) + 1p36 deletion (pos.)

e o =
& © ©
e -
v B

e o
& 2

Cumulative Proportion Surviving
s & s =
I
Cumulative Proportion Surviving
=
&

=
=

number of positive RISK FACTORS: number of positive RISK FACTORS:

—0 —1 —2 —3 —0 —1 —2 —3 —4
Fig. 5 Multivariate analysis: overall survival (a), disease-specific survival (b), recurrence-free interval (¢), and recurrence-free survival (d) with
cumulative proportion surviving

AdCC 1s SPEN, whose truncating mutations have been ~ MYBL] break. To the best of our knowledge, this study rep-
found in 20.8% of analyzed AdCC patients [19]. resents the largest cohort of AdCC in which 1p36 aberrations
Interestingly, some evidence suggests that the SPEN muta-  are correlated with clinical outcomes. Further molecular char-
tions correlate with solid histology and therefore poor prog-  acterization of specific aberrations in genes at 1p36 could be
nosis [19]. SPEN functions as a negative regulator of the  useful for better understanding of AdCC and to identify po-
NOTCH pathway. one of the main signaling pathwaystobe  tential therapeutic targets.

affected in AJCC [17, 19, 38]. Activation of the NOTCH

pathway in AdCCs can also occur through NOTCH! gene Acklnuwledggmenq We wish to thank Stanislav Kormunda for valuable
mutations. These .mumtions cor_rclatc with SOlid_ histology, 2:::?:;3’?;?: ztta::;m»\a’la:n:::;;zrred by the Ministry of Education,
advanced stage, higher propensity to bone and liver metas- .4, Republic (grant SVV-2017-260 391).

tasis, and significantly decreased OS and RFS [48, 49]. In

our study. we found significant correlation of 1p36 dclc;ion Compliance with ethical standards

with solid histology. Our data support that 1p36 deletion,

possibly due to loss of SPEN, is involved in especially Study design has been approved by Danish Regional Ethics Committee

AdCC with solid histology. (H-6-2014-086), the Danish Data Protection Agency (REG-94-2014),
In conclusion, we confirm that 1p36 deletion is an indepen- and local ethical committee of Charles University, Faculty of Medicine
’ Plzen.

dent predictor of adverse outcome in salivary gland AdCC.

Interestingly, 17p367 deletion COHC]amdrwnh advanced tumor Conflicts of interest The authors declare that they have no conflict of
stage and solid histology and negatively correlated with interest.

@ Springer

81



Virchows Arch

References

Stenman G, Licitra L, Said-Al-Naief N, van Zante A, Yarborough
W. Adenoid cystic carcinoma. In: EI-Naggar A, Chan J, 2017
Grandis J, Takata T, Slootweg P (eds) World Health Organization
classification of tumours. IARC Press, Lyon, 164-165

Skalova A, Stenman G, Simpson RHW, Hellquist H, Slouka D,
Svoboda T, Bishop JA, Hunt JL, Nibu KI, Rinaldo A, Vander
Poorten V, Devaney KO, Steiner P. Ferlito A (2017) The role of
molecular testing in the differential diagnosis of salivary gland car-
cinomas. Am J Surg Pathol. https://doi.org/10.1097/PAS.
0000000000000980

Bjemdal K, Krogdahl A, Therkildsen MH, Charabi B, Kristensen
CA, Andersen E, Schytte S, Primdahl H, Johansen J, Pedersen HB,
Andersen LJ, Godballe C (2015) Salivary adenoid cystic carcinoma
in Denmark 1990-2005: outcome and independent prognostic fac-
tors including the benefit of radiotherapy. Results of the Danish
Head and Neck Cancer Group (DAHANCA). Oral Oncol 51:
1138-1142. https://doi.org/10.1016/j.oraloncology.2015.10.002
Godge P, Sharma S, Yadav M (2012) Adenoid cystic carcinoma of
the parotid gland. Contemp Clin Dent 3:223-226. https://doi.org/
10.4103/0976-237X.96838

Coca-Pelaz A, Rodrigo JP, Bradley PJ, Vander Poorten V,
Triantafyllou A, Hunt JL, Strojan P, Rinaldo A, Haigentz M,
Takes RP, Mondin V, Teymoortash A, Thompson LD, Ferlito A
(2015) Adenoid cystic carcinoma of the head and neck—an update.
Oral Oncol 51:652-661. https://doi.org/10.1016/j.oraloncology.
2015.04.005

Persson M., Andrén Y, Mark J, Horlings HM, Persson F, Stenman G
(2009) Recurrent fusion of MYB and NFIB transcription factor
genes in carcinomas of the breast and head and neck. Proc Natl
Acad Sci U § A 106:18740-18744. https://doi.org/10.1073/pnas.
0909114106

Brill LB. Kanner WA, Fehr A, Andrén Y, Moskaluk CA, Loning T,
Stenman G, Frierson HF (2011) Analysis of MYB expression and
MYB-NFIB gene fusions in adenoid cystic carcinoma and other
salivary neoplasms. Mod Pathol 24:1169-1176. https:/doi.org/10.
1038/modpathol.2011.86

Mitani Y, LiJ, Rao PH, Zhao YJ, Bell D, Lippman SM, Weber RS,
Caulin C, El-Naggar AK (2010) Comprehensive analysis of the
MY B-NFIB gene fusion in salivary adenoid cystic carcinoma: in-
cidence, variability, and clinicopathelogic significance. Clin Cancer
Res 16:4722-4731. https://doi.org/10.1158/1078-0432.CCR-10-
0463

West RB, Kong C, Clarke N, Gilks T, Lipsick JS, Cao H. Kwok S,
Montgomery KD, Varma 8, Le QT (2011) MYB expression and
translocation in adenoid cystic carcinomas and other salivary gland
tumors with clinicopathologic comrelation. Am J Surg Pathol 35:92—
99. https://doi.org/10.1097/PAS.0b013e3 182002777

XuB, Drill E, Ho A, Dunn L, Prieto-Granada CN, Chan T, Ganly 1.
Ghossein R, Katabi N (2017) Predictors of outcome in adenoid
cystic carcinoma of salivary glands: a clinicopathologic study with
correlation between MYB fusion and protein expression. Am J
Surg Pathol 41:1422-1432. https:/doi.org/10.1097/PAS.
0000000000000918

Brayer KJ, Frerich CA, Kang H. Ness SA (2016) Recurrent fusions
inMYB and MYBL1 define a common, transcription factor-driven
oncogenic pathway in salivary gland adenoid cystic carcinoma.
Cancer Discov 6:176-187. https://doi.org/10.1158/2159-8290.CD-
15-0859

Mitani Y, Liu B, Rao PH, Borra VI, Zaferco M, Weber RS, Kies M,
Lozano G, Futreal PA, Caulin C, El-Naggar AK (2016) Novel
MYBLI gene rearrangements with recurrent MYBLI-NFIB fu-
sions in salivary adenoid cystic carcinomas lacking t(6:9)

20.

21.

22

23.

24,

translocations. Clin Cancer Res 22:725-733. https://doi.org/10.
1158/1078-0432.CCR-15-2867-T

Bernheim A, Toujani S, Saulnier P, Robert T, Casiraghi O, Validire
P, Temam S, Menard P, Dessen P, Fouret P (2008) High-resolution
array comparative genomic hybridization analysis of human bron-
chial and salivary adenoid cystic carcinoma. Lab Investig 88:464-
473. https://doiorg/10.1038/labinvest.2008.18

Freier K, Flechtenmacher C, Walch A, Ohl S, Devens F, Burke B,
Hassfeld S, Lichter P, Joos S, Hofele C (2005) Copy number gains
on 22q13 in adenoid cystic carcinoma of the salivary gland revealed
by comparative genomic hybridization and tissue microarray anal-
ysis. Cancer Genet Cytogenet 159:89-95. https://doi.org/10.1016/.
cancergencyto.2004.09.007

Oga A, Uchida K. Nakao M, Kawauchi 8, Furuya T, Chochi Y.
Ikemoto K, Okada T, Ueyama Y. Sasaki K. Yousefpour F (2011)
Loss of6q or 8p23 is associated with the total number of DNA copy
number aberrations in adenoid cystic carcinoma. Oncol Rep 26:
1393-1398. https://doi.org/10.3892/0r.2011.1446

Persson M, Andrén Y, Moskaluk CA, Frerson HF, Cooke SL,
Futreal PA, Kling T, Nelander 8, Nordkvist A, Persson F,
Stenman G (2012) Clinically significant copy number alterations
and complex rearrangements of MY B and NFIB in head and neck
adenoid cystic carcinoma. Genes Chromosom Cancer 51:805-817.
https://doi.org/10.1002/gce. 21965

Rettig EM. Talbot CC, Sausen M, Jones S, Bishop JA, Wood LD.
Tokheim C. Niknafs N, Karchin R, Fertig EJ, Wheelan 81,
Marchionni L, Considine M. Fakhry C. Papadopoulos N. Kinzler
KW, Vogelstein B, Ha PK, Agrawal N (2016) Whole-genome se-
quencing of salivary gland adenoid cystic carcinoma. Cancer Prev
Res (Phila) 9:265-274. https://doi.org/10.1158/1940-6207.CAPR-
15-0316

Seethala RR, Cieply K, Bames EL, Dacic S (2011) Progressive
genctic alterations of adenoid cystic carcinoma with high-grade
transformation. Arch Pathol Lab Med 135:123-130. https://doi.
org/10.1043/2010-0048-0OAR.1

Stephens PJ, Davies HR, Mitani Y. Van Loo P. Shlien A, Tarpey PS.
Papacmmanuil E, Cheverton A, Bignell GR. Butler AP, Gamble J.
Gamble S, Hardy C, Hinton J, Jia M. Jayakumar A, Jones D,
Latimer C, McLaren S, McBride DJ, Menzies A, Mudie L,
Maddison M, Raine K, Nik-Zainal S, O'Meara S, Teague JW,
Varela I, Wedge DC, Whitmore 1, Lippman SM, McDermott U,
Stratton MR, Campbell PJ, El-Naggar AK. Futreal PA (2013)
Whole exome sequencing of adenoid cystic carcinoma. J Clin
Invest 123:2965-2968. hitps:/doi.org/10.1172/JC167201

Tse DT. Finkelstein SD, Benedetto P, Dubovy S, Schiffiman J. Feuer
W1J (2006) Microdissection genotyping analysis of the effect of
intraarterial cytoreductive chemotherapy in the treatment of lacri-
mal gland adenoid cystic carcinoma. AmJ Ophthalmol 141:54-61.
https://doi.org/10.1016/1.aj0.2005.09.002

Zhang L, Mitani Y, Caulin C, Rao PH, Kies MS, Saintigny P, Zhang
N. Weber RS, Lippman SM, El-Naggar AK (2013) Detailed
genome-wide SNP analysis of major salivary carcinomas localizes
subtype-specific chromosome sites and oncogenes of potential clin-
ical significance. Am | Pathol 182:2048-2057. https:/doi.org/10.
1016/).ajpath.2013.02.020

Bagchi A, Mills AA (2008) The quest for the 1p36 tumor suppres-
sor. Cancer Res 68:2551-2556. https://dot. org/10.1158/0008-5472.
CAN-07-2095

Henrich KO, Schwab M, Westermann F (2012) 1p36 tumor sup-
pression—a matter of dosage? Cancer Res 72:6079-6088. https://
doi.org/10.1158/0008-5472.CAN-12-2230

Koshikawa K, Nomoto S, Yamashita K, Ishigure K, Takeda S,
Nakao A (2004) Allelic imbalance at 1p36 in the pathogenesis of
human hepatocellular carcinoma. Hepato-Gastroenterology 51:
186-191

@ Springer

82



Virchows Arch

25.

26.

27.

28.

29.

30.

3L

32,

33.

34.

35.

36.

37.

38.

Kuroda N, Toi M, Hiroi M, Shuin T, Enzan H (2003) Review of
renal oncocytoma with focus on clinical and pathobiological as-
pects. Histol Histopathol 18:935-942. https://doi.org/10. 14670/
HH-18.935

Lefeuvre M, Gunduz M, Nagatsuka H, Gunduz E, Al Sheikh Ali M,
Beder L, Fukushima K, Yamanaka N, Shimizu K, Nagai N (2009)
Fine deletion analysis of 1p36 chromosomal region in oral squa-
mous cell carcinomas. J Oral Pathol Med 38:94-98, https:/doi.org/
10.1111/.1600-0714.2008.00666.x

Leonard JH, Cook AL, Nancarrow D, Hayward N, Van Gele M,
Van Roy N, Speleman F (2000) Deletion mapping on the short arm
of chromosome 1 in Merkel cell carcinoma. Cancer Detect Prev 24:
620-627

Midorikawa Y, Yamamoto S, Tsuji S, Kamimura N, Ishikawa S,
Igarashi H, Makuuchi M, Kokudo N, Sugimura H, Aburatani H
(2009) Allelic imbalances and homozygous deletion on 8p23.2
for stepwise progression of hepatocarcinogenesis. Hepatology 49:
513-522. https://doi.org/10.1002/hep.22698

van den Bent MJ (2000) Chemotherapy of oligodendroglial tu-
mours: current developments. Forum (Genova) 10:108-118

Rao PH, Roberts D, Zhao YJ, Bell D, Harris CP, Weber RS, El-
Naggar AK (2008) Deletion of 1p32-p36 is the most frequent ge-
netic change and poor prognostic marker in adenoid cystic carcino-
ma of the salivary glands. Clin Cancer Res 14:5181-5187. https://
doi.org/10.1158/1078-0432.CCR-08-0158

Andreasen S, Bishop JA, Hansen TV, Westra WH, Bilde A, von
Buchwald C. Kiss K (2017) Human papillomavirus-related carci-
noma with adenoid cystic-like features of the sinonasal tract: clin-
ical and morphological characterization of six new cases.
Histopathology 70:880-888. https://doi.org/10.1111/his. 13162
Mohapatra G, Betensky RA, Miller ER. Carey B, Gaumont LD,
Engler DA, Louis DN (2006) Glioma test array for use with forma-
lin-fixed, paraffin-embedded tissue: array comparative genomic hy-
bridization correlates with loss of heterozygosity and fluorescence
in situ hybridization. J] Mol Diagn 8:268-276. https://doi.org/10.
2353/jmoldx.2006.050109

Perzin KH, Gullane P, Clairmont AC (1978) Adenoid cystic carci-
nomas arising in salivary-glands - correlation of histologic features
and clinical course. Cancer 42:265-282. https://doi.org/10.1002/
1097-0142(197807)42:1<265::aid-cner2820420141>3.0.c0:2-2
Szanto PA, Luna MA, Tortoledo ME, White RA (1984) Histologic
grading of adenoid cystic carcinoma of the salivary glands. Cancer
54:1062-1069

Andersson MK, Afshari MK, Andrén Y, Wick MJ, Stenman G
(2017) Targeting the oncogenic transcriptional regulator MY B in
adenoid cystic carcinoma by inhibition of IGF1R/AKT signaling. J
Natl Cancer Inst 109. https://doi.org/10.1093/inci'djx017
Andersson MK, Stenman G (2016) The landscape of gene fusions
and somatic mutations in salivary gland neoplasms—implications
for diagnosis and therapy. Oral Oncol 57:63-69. https:/doi.org/10.
1016/j.oraloncology.2016.04.002

Andreasen S, Tan ), Agander TK, Steiner P, Bjorndal K, Hegdall
E, Larsen SR, Erentaite D, Olsen CH, Ulhai BP, von Holstein SL,
Wessel I, Heegaard S, Homee P (2018) Adenoid cystic carcinomas
of'the salivary gland, lacrimal gland, and breast are morphologically
and genetically similar but have distinct microRNA expression pro-
files. Mod Pathol. https://doi.org/10.1038/541379-018-0005-y

Ho AS, Kannan K, Roy DM, Morris LG, Ganly I, Katabi N,
Ramaswami D, Walsh LA, Eng S, Huse JT, Zhang J, Dolgalev 1,
Huberman K, Heguy A. Viale A, Drobnjak M, Leversha MA, Rice
CE, Singh B, Iyer NG, Leemans CR, Bloemena E, Ferris RL,
Seethala RR, Gross BE, Liang Y, Sinha R, Peng L, Raphael BJ,

@ Springer

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Turcan S, Gong Y, Schultz N, Kim S, Chiosea S, Shah JP, Sander C,
Lee W, Chan TA (2013) The mutational landscape ofadenoid cystic
carcinoma. Nat Genet 45:791-798. https://doi.org/10.1038/ng.
2643

Nordkvist A, Mark J, Gustafsson H. Bang G. Stenman G (1994)
Non-random chromosome rearrangements in adenoid cystic carci-
noma of the salivary glands. Genes Chromosom Cancer 10:115-
121

Stenman G (2013) Fusion oncogenes in salivary gland tumors:
molecular and clinical consequences. Head Neck Pathol 7(Suppl
1):512-819. https://doi.org/10.1007/512105-013-0462-z
Andreasen S, Persson M, Kiss K, Homee P, Heegaard S, Stenman
G (2016) Genomic profiling of a combined large cell neuroendo-
crine carcinoma of the submandibular gland. Oncol Rep 35:2177-
2182, https://doiorg/10.3892/0r.2016.4621

Geurts JM, Schoenmakers EF, Roijer E, Astrom AK, Stenman G.
van de Ven W (1998) Identification of NFIB as recurrent translo-
cation partner gene of HMGIC in pleomorphic adenomas.
Oncogene 16:865-872. hitps://doi.org/10. 1038/sj.0onc. 1201609
Chen TY, Keeney MG, Chintakuntlawar AV, Knutson DL, Kloft-
Nelson 8, Greipp PT, Garrity JA, Salomao DR, Garcia JJ (2017)
Adenoid cystic carcinoma of the lacrimal gland is frequently char-
acterized by MY B rearangement. Eye (Lond) 31:720-725. https://
doi.org/10.1038/eye.2016.307

D'Alfonso TM., Mosquera JM. MacDonald TY. Padilla J, Liu YF.
Rubin MA, Shin SJ (2014) MYB-NFIB gene fusion in adenoid
cystic carcinoma of the breast with special focus paid to the solid
variant with basaloid features. Hum Pathol 45:2270-2280. https://
doi.org/10.1016/.humpath.2014.07.013

Mitani Y, Rao PH, Futreal PA, Roberts DB, Stephens PJ, Zhao Y,
Zhang L, Mitani M, Weber RS, Lippman SM, Caulin C, EI-Naggar
AK (2011) Novel chromosomal rearrangements and break points at
the t(6:9) in salivary adenoid cystic carcinoma: association with
MYB-NFIB chimeric fusion, MYB expression, and clinical out-
come. Clin Cancer Res 17:7003-7014. https://dot.org/10. 1158/
1078-0432.CCR-11-1870

Roden AC, Greipp PT, Knutson DL, Kloft-Nelson SM. Jenkins
SM, Marks RS, Aubry MC, Garcia JJ (2015) Histopathologic and
cytogenetic features of pulmonary adenoid cystic carcinoma. J
Thorac Oncol 10:1570-1575. https://doi.org/10.1097/JTO.
0000000000000656

Costa AF, Altemani A, Vékony H, Bloemena E, Fresno F, Sudrez
C, Llorente JL, Hermsen M (2010) Genetic profile ofadenoid cystic
carcinomas (ACC) with high-grade transformation versus solid
type. Anal Cell Pathol (Amst) 33:217-228. https://doi.org/10.
3233/ACP-CLO-2010-0547

Ferrarotto R, Mitani Y, Diao L, Guijarro I, Wang J, Zweidler-
McKay P, Bell D, William WN, Glisson BS, Wick MJ, Kapoun
AM, Patnaik A, Eckhardt G, Munster P, Faoro L, Dupont J, Lee JJ,
Futreal A, EI-Naggar AK, Heymach JV (2017) Activating
NOTCH!1 mutations define a distinct subgroup of patients with
adenoid cystic carcinoma who have poor prognosis, propensity to
bone and liver metastasis, and potential responsiveness to Notchl
inhibitors. J Clin Oncol 35:352-360. https://doi.org/10.1200/JCO.
2016.67.5264

Sajed DP, Faquin WC, Carey C, Severson EA, Afrogheh A,
Johnson CA, Blacklow SC, Chau NG, Lin DT, Krane JF, Jo VY,
Garcia JJ, Sholl LM, Aster JC (2017) Diffuse staining for activated
notchl correlates with notch1 mutation status and is associated with
worse outcome in adenoid cystic carcinoma. Am J Surg Pathol 41:
14731482, https://doi.org/10.1097/PAS.0000000000000945

83



ORIGINAL STUDY

Small Subset of Adenoid Cystic Carcinoma of the Skin Is
Associated With Alterations of the MYBLT Gene Similar to
Their Extracutaneous Counterparts

Liubov Kyrpychova, MD,* Tomas Vanecek, PhD,*1 Petr Grossmann, PhD,*# Petr Martinek, PhD,*f
Petr Steiner,*1 Ladislav Hadravsky, MD, PhD,} Irena E. Belousova, MD, PhD,§
Ksenya V. Shelekhova, MD, PhD,¥| Marian Svajdier,*} Pavol Dubinsky, PhD, MHA,**
Michal Michal, MD,*7 and Dmitry V. Kazakov, MD, PhD*f

Abstract: Adenoid cystic carcinoma (ACC) of the skin is a rare
malignant neoplasm histologically identical to homonymous tumors
in other organs. Cutaneous ACC has been found to harbor MYB gene
activations, either through MYB chromosomal abnormalities or by
generation of the MYB-NFIB fusion. In salivary gland ACC, in
addition to the MYB gene, alterations in MYBLI, the gene closely
related to MYB, have been reported. We studied 10 cases of cutane-
ous ACC (6 women, 4 men; and age range 41-83 years) for alter-
ations in the MYB. NFIB, and MYBLI genes, using FISH and PCR.
MYB break-apart and NFIB break-apart tests were positive in 4 and 5
cases, respectively. MYB-NFIB fusions were found in 4 cases. The
break of MYBLI was found in 2 cases, and in one of them, the NFIB
break-apart probe was positive, strongly indicating a MYBLI-NFIB
fusion. In 2 cases, the MYB break-apart test was positive, whereas no
MYB-NFIB was detected, strongly suggesting another fusion part-
net. It is concluded that MYBLI alterations are detected in primary
cutaneous ACC but are apparently less common compared with
MYB and NFIB alterations.

Key Words: adenoid cystic carcinoma, skin, adnexal neoplasms,
MYB, MYBL1, NFIB
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INTRODUCTION
Adenoid cystic carcinoma (ACC) of the skin is a rare
malignant neoplasm histologically identical to homonymous
tumors in other organs, including salivary glands, respiratory
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tract, ear, lacrimal gland, ceruminous gland, Bartholin gland,
and breast ™ Approximately 60% of the studied cases of
cutancous ACC have been found to harbor MYE gene activa-
tions, either through MYEB chromosomal abnormalities or by
generation of the MYB-NFIB fusion ™™ [n the latter case,
a recurrent t(6, 9) translocation fuses the myeloblastosis
(MYB) proto-oncogene on chromosome 6q22-23 to the NFIB
gene on chromosome 9p23-24. The MYB-NFIB fusion
oncogene activates transcription of genes involved in cell
cycle control, DNA repair, and apoptosis. The translocation
(6, 9) appears a tumor-type specific because it has been
detected in ACC in different organs and anatomical struc-
tures, including salivary glands, lacrimal glands, breast, upper
respiratory tract, ear, and Bartholin glands. In addition
to the MYB gene, alterations in MYBLI, the gene closely
related to MYB, have been reported in salivary gland
ACCS91 Reciprocal MYB and MYBLI expression was con-
sistently found in ACC.™ Because we are not aware of any
studies on cutaneous ACC studying alterations in MYBL{, our
main goal was to find out whether this gene is involved in
cutaneous ACC.

MATERIAL AND METHODS

Case Selection

Ten cases of cutancous ACC with available paraffin
blocks were randomly selected from our consultation files.
The HE slides were reviewed together with the clinical infor-
mation to confirm the diagnosis. Clinical data and follow-up
information were obtained from the attending clinicians. In all
cases, MYB immunostaining (clone EP769Y, diluation
1:100, ABCAM) was performed either at the time of the
diagnosis or retrospectively.

Detection of MYB-NFIB Fusions and MYBL1
Rearrangements by FISH

Four micrometre thick formalin-fixed paraffin-
embedded (FFPE) sections were placed onto positively
charged slides. Corresponding HE-stained slides were
examined to determine the areas for cell counting. The
unstained slides were routinely deparaffinized and incu-
bated in the 1x Target Retrieval Solution Citrate pH 6
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(Dako, Glostrup, Denmark) at 95°C/40 minutes and sub-
sequently cooled for 20 minutes at room temperature in the
same solution. The slides were washed in deionized water
for 5 minutes and digested in a protease solution with
Pepsin (0.5 mg/mL) (Sigma Aldrich, St. Louis, MO) in
0.01 M HCI at 37°C/25-60 minutes according to the sam-
ple conditions. The slides were then placed into deionized
water for 5 minutes, dehydrated in a series of an ethanol
solution (70%, 85%, 96% for 2 minutes each), and air-
dried.

The MYB-NFIB fusions were detected by FISH using
one commercial probe, ZytoLight SPEC MYB Dual Color
Break-Apart Probe (ZytoVision GmbH, Bremerhaven,
Germany) and custom-designed SureFish probes, namely
a NFIB Break-Apart probe, a MYB-NFIB dual-fusion probe,
and a MYBL2 break-apart probe (Agilent Technologies,
Santa Clara, CA). Chromosomal regions for the NFIB
break-apart probe oligos are chr9:13740671-14140560 and
chr9:14340306-14740560, for the MYB-NFIB fusion probe
chr6:135271234-135771043 and chr9:13990266-14490285,
and for the MYBLI1 probe chr8:67076230-67474559 and
chr8:67526335-68426199.

For the SureFish designed probes, 0.5 pL of each
probe (each color was delivered in a separated well), 0.5
rL of deionized water, and 3.5 pL of LSI buffer (Vysis/
Abbott Molecular, IL) were mixed before applying onto the
specimen, whereas the MYB Dual Color Break-Apart Probe
was factory premixed. An appropriate amount of the pre-
mixed probe was applied on the specimen, 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 codenatura-
tion 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 a posthybridization wash solution
(2% SSC/0.3% NP-40) at 72°C for 2 minutes. The slide
was air-dried in the dark, counterstained with 4, 6 -dia-
midino-2-phenylindole (DAPI) (Vysis/Abbott Molecular),
coverslipped, and immediately examined.

FISH Interpretation

The sections were examined with an Olympus BX51
fluorescence microscope (Olympus Corporation, Tokyo,
Japan) using a 100x objective and filter sets triple band pass
(DAPI/SpectrumGreen/SpectrumOrange), dual band pass
(SpectrumGreen/SpectrumOrange), and single band pass
(SpectrumGreen or SpectrumOrange). For each probe, 100
randomly selected nonoverlapping tumor cell nuclei were
examined for the presence of yellow or green and orange
fluorescent signals. Regarding break-apart probes, the
yellow signals were considered negative, whereas the

separate orange and green signals were considered positive.
Conversely, for the fusion probe, the yellow signals were
considered positive, whereas the separate orange and green
signals were considered negative. The cut off values were
set to more than 10% and 20% of the nuclet (break-apart and
fusion probes, respectively) with chromosomal breakpoint/
fusion signals (mean + 3 SD in normal non-neoplastic con-
trol tissues).

Detection of MYB-NFIB Fusions by RT-PCR

RNA from FFPE tissue samples was extracted using
a QIASymphony RNA Kit (QIAGEN, Hilden, Germany) on
the QIASymphony SP instrument (QIAGEN). RNA quantity
and quality were measured using a Nanodrop 1000 Spectro-
photometer (Thermo Scientific, Waltham, MA) and reverse
transcribed using a Transcriptor First Strand cDNA Synthesis
Kit (Roche, Basel, Switzerland) according to the manufac-
turer instructions. RNA integrity was determined by a control
PCR comprising 2 pL of ¢cDNA, 12.5 pL of HotStar Taq
PCR Master Mix (QIAGEN), 10 pM of each primer, and
distilled water up to 25 pL. The primers are showed in Table
1. The amplification program comprised 95°C/14 minutes,
then 40 cycles of denaturation at 95°C/1 minute, annealing
at 60°C/0.5 minutes, extension at 72°C/l1 minute, and final
extension at 72°C/7 minutes. Samples with RNA integrity
below 133 bp were excluded from further analysis.

For the own fusion detection, 2 pL of cDNA was added
to the reaction consisting of 12.5 pnL of HotStar Taq PCR
Master Mix (QIAGEN), 10 pM of each primer, and distilled
water up to 25 pL. The amplification program comprises
initial denaturation at 95°C/14 minutes, then 40 cycles of
denaturation at 95°C/1 minute, annealing at 55°C/] minute,
and extension at 72°C/1.5 minutes. The program was finished
by incubation at 72°C/7 minutes. The primers used for the
PCR were described elsewhere™®

Successfully amplified PCR products of the MYB-NFIB
fusion gene were purified, using a Montage PCR Centrifugal
Filter Devices (Millipore, Billerica, MA). Then, the PCR
products were both sides sequenced using a Big Dye Termi-
nator Sequencing kit (Applied Biosystems, Carlsbad, CA),
run on an automated genetic analyzer ABI Prism 3130xl1
(Applied Biosystems) at a constant voltage of 13.2 kV for
20 minutes and compared with the GenBank sequence.

RESULTS

Clinical Data

There were 6 female and 4 male patients, ranging in age
at the diagnosis from 51 to 83 years (mean 68.5 years and
median 67 years). Locations included the head (n = 4), thigh
(n = 2), back (n = 2), and vulva (n = 2). All patients presented

TABLE 1. Primer Sequences With Respective Amplicon Lengths Used for RNA Integrity Testing

Primer Name Amplicon Length, bp

Forward Primer Sequence

Reverse Primer Sequence

BZM 105 GAAAAAGATGAGTATGCCTG ATCTTCAAACCTCCATGATG
B2M—133 133 CTCGCGCTACTCTCTCTITCT TGTCGGATTGATGAAACCCAG
PGK 247 CAG GGAGCTCCTGGAAG TGCAAATCCAGGGTGCAGTG
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with a solitary neoplasm, varying in size from 5 to 50 mm in
largest dimension (mean 18.6 mm). Two patients (case 7 and
9) presented with a recurrent tumor. In case 7, a small ACC
had been removed at the same site 2 years earlier, whereas in
case 9, the recurrence of vulvar ACC occurred 12 years after
initial surgery. One patient (case 3) had been diagnosed with
polycythemia 2 years before the occurrence of cutaneous ACC.

In 7 cases, the lesions were surgically removed, whereas
in both patients with vulvar neoplasms, a vulvectomy with
unilateral lymphadenectomy was performed, and in the remain-
ing patient, surgery was combined with radiation therapy.
Follow-up was available for 9 patients. In 7 patients, there was
no evidence of disease at 6, 9, 37, 39, 40, 42, and 82 months.
Two of them (cases 6, 10) later died, one of an unknown cause
and the other patient because of an ovarian carcinoma. The
patient (case 9) with the recurrent vulvar neoplasm developed
pulmonary metastasis 1 year after the vulvectomy and then she
was lost to follow-up. In the remaining patient (case 5), the
tumor recurred within the scar 7 years afier the initial diagnosis,
and a year later, multiple pulmonary, rib, and liver metastases
were detected; the patient died (Table 2).

Histopathologic and Immunohistochemical
Features

In all but one case, there was a mixture of cribriform,
tubular, and solid patterns forming variably shaped nodules in

the dermis. In the remaining case, solid areas were lacking.
The cribriform and tubular pattems dominated in 5 and 3
neoplasms, respectively, whereas in the remaining 2 cases,
the solid pattemn prevailed (>50% of the tumor volume). In
all cases, both true small bilayered ducts and pscudocysts
were recognized. The true ductal structures had small round
lumina and were composed of inner epithelial cells with uni-
form round nuclei an outer layer of basal/myoepithelial cells.
The pseudocystic structures were larger than the ducts and
contained abundant basophilic mucinous material positive for
Alcian blue at pH 2.5 and/or hyalinized PAS-positive eosin-
ophilic material. The solid areas were composed of small
basaloid cells with hyperchromatic, slightly angulated
nucleus, and scant cytoplasm. Mitotic activity was low. Peri-
neural invasion was seen in 4 cases. The stroma varied from
hyalinized and paucicellular to focally fibrotic and myxoid.
Of the 10 tumors studied, 5 mneoplasms exhibited
immunopositivity for MYB (>50% cells) (Fig. 1).

FISH Findings

MYB break-apart and NFIB break-apart tests were pos-
itive in 4 and 5 cases, respectively (Figs. 2 and 3). MYB
NFIB fusions were found in 4 cases (Fig. 4). The break of
MYBLI was found in 2 cases, and in one of them, the NFIB
break-apart probe was positive, strongly indicating a MYBL/
NFIB fusion (Fig. 5). In 2 cases, the MYB break-apart test was

TABLE 2. Main Clinicopathologic and Molecular Biologic Features

Predominent Pattern/Perineural

Case N Sex/Age Location/Size Invasion IHC (MYB) MYB ba NFIB ba

1 Fi58 Scalp Cribriform/no - Neg +

2 Mi65 Thigh Tubular/no - Neg +

3 F/83 Scalp Tubular/yes + Neg Neg

4 M/51 Back Cribriform'no + + Neg

5 M/74 Shin Solid/no + NA NA

6 FI78 Head Cribroform/yes - Neg +

7 M/62 Face Cribriform/no - Neg Neg

8 Fi69 Vulva Tubular/yes + + +

9 Fios Vulva Cribroform/yes - + +

10 F/i80 Sacral Solid/no + + Neg

MYB-NFIB

Case N MYB-NFIB Fusion MVYBLI RT-PCR Treatment Follow-up

1 + Neg NA Excision Lost to follow-up

2 Neg + Neg Excision NED at 37 mo

3 Neg Neg NA Excision NED at 39 mo

4 Neg Neg Neg Excision NED at 40 mo

5 NA Neg Neg Excision Local recurrence in 87 mo, then
pulmonary, liver and rib metastases

13 mo later and DOD

6 + Neg Neg Excision DUC at 82 mo

7 Neg + Neg Excision NED at 9 mo

8 + Neg + Vulvectomy with lymphadenectomy NED at 6 mo

9 + Neg Neg Vulvectomy with lymphadenectomy Pulmonary metastases in | y, then

lost to follow-up
10 Neg Neg Neg Excision + RT (51GY) NED at 42 mo, then DUC 2 y later

DOD. death of disease; DUC, death of unknown or unrelated course; NA, not analyzable; NED, no evidence of disease; RT, radiation therapy.
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FIGURE 1. Adenoid cystic carci-
noma of the skin with a pre-
dominant cribriform (A), tubular (B),
and solid (C) patterns. Positive
immunohistochemical staining for
MYB protein (D).

positive, whereas no MYB-NFIB was detected, strongly sug-
gesting another fusion partner. In case 3, all 4 FISH tests were
negative, and in the remaining case, both MYB and NFIB
break-apart samples were nonanalyzable, as were samples
for MYB-NFIB fusions.

RT-PCR Findings
Of the 8 cases analyzed, MYB-NFIB fusions were de-
tected in one neoplasm.

FIGURE 2. Interphase FISH analysis using break-apart probe Zy-
toLight SPEC MYB dual color break-apart probe (6¢q23.3). Positive
nuclei contains separate (split) orange and (or) green signals
indicating a rearrangement (break) of one copy of the MYB gene
region and also one orange-yellow-green fusion signal repre-
senting one normal (intact) copy of the homolog MYB locus.

4 | www.amjdermatopathology.com

DISCUSSION

MYB is one of the earliest identified proto-oncogenes
discovered as a cellular homologue of the viral oncogene
(v-MYB) carried by 2 different avian leukemia retroviruses and
plays a vital functional role in the establishment of definitive
hematopoiesis. The MYB protein is a founding member of
¢-MYB transcription factor family that also encompasses
MYBL1 (AMYB) and MYBL2 (BMYB) proteins. MYB
plays a key role in the control of cell proliferation, survival,

FIGURE 3. Interphase FISH analysis using custom-designed
SureFISH NFIB break-apart probe (9p22.3). Positive nuclei
contains separate (split) orange and (or) green signals indi-
cating a rearrangement (break) of one copy of the NFIB gene
region and also one orange-yellow-green fusion signal repre-
senting one normal (intact) copy of the homolog NFIB locus.
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FIGURE 4. Interphase FISH analysis using custom-designed
SureFISH MYB-NFIB dual fusion probe. Positive nuclei shows
orange-yellow-green fusion signals representing reciprocal
translocation t(6, 9) (q22-23; p23-24) and also separate
orange and green signals showing the normal homolog.

differentiation, and angiogenesis. ™2 MYB expression has been
found a potent driver of some animal and human neoplasms. In
humans, MYB overexpression is detected in most myeloid and
acute lymphoid leukemia.®™#8 Recent evidence showed that MYB
alterations are common in ACC, as are changes involving
NFIB® NFIB, located on chromosome 9, is one of the 4 genes
comprising the Nuclear Factor One family of transcription factors
(NFIA, NFIB, NFIC, and NFIX). NFIB is essential for the devel-
opment of various organ system, including salivary glands.®
Involvement of MYB and/or NFIB in ACC in a variety of organs
has been well documented, often as MYB-NFIB fusions. ™%

FIGURE 5. Interphase FISH analysis using custom-designed
SureFISH MYBL1 (8q13.1) break-apart probe positive nuclei
contains separate (split) orange and (or) green signals indi-
cating a rearrangement (break) of one copy of the MYBL1
gene region and also one orange-yellow-green fusion signal
representing one normal (intact) copy of the MYBL1 locus.

Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.

Apart from MYB-NFIB gene fusions, alterations
involving MYBLI have recently been identified in a subset
of salivary gland ACC. Mitani et al described a novel
MYBLI-NFIB gene fusion as a result of t(§8, 9) trans-
location and multiple rearrangements in the MYBLI gene in
35% of ACC (12 cases) negative for the t(6, 9). All MYBLI
alterations involved deletion of the C-terminal negative reg-
ulatory domain and were associated with high MYBLI
expression. The authors also found reciprocal MYB and
MYBLI expression. In addition, the authors identified 2 t(8, 9)
negative cases that were characterized by MYBLI-YTHDF3
fusions. In addition, there were 2 cases negative for t(8, 9) and
showing no fusion of MYBLI but exhibiting MYBL trunca-
tion. Lastly, in one case, a MYBLI-RADSIB fusion was
found.™ A case showing a similar fusion of MYBLI to an
intron of the RAD51B gene on chromosome 14q23-q24.2,
leading to antisense transcription of part of the RADS51B
intron was found by Brayer et al. ™ The authors showed that
the A-MYB protein is truncated, but no part of the RADSIB
protein is included in the predicted fusion protein®™ Among
33 of ACC, Drier et al® found a case with MYB translocation
to the TGFBR3 locus. Among 33 cases of salivary gland ACC
studied by Fujii et al ™ MYBL I-NFIB fusions were seen in 2
cases, and in one case, the fusion partner for MYBLI re-
mained unknown (labeled MYBLI-X), as for 4 and 6 cases
with MYB and NFIB, respectively (labeled MYB-X and NFIB-
X). MYBLI-NFIB fusions were also detected by Rettig et al
who additionally identified (6, 9) (q23.3; p22.3) fusions
involving MAP3KS5-NFIB 5. They also demonstrated that
NFIB also recombined with 3 other genes on chromosome 64,
namely RPS6KA2, MYO6, and RIMSI. By contrast, MYB
recombined with only one gene other than NFIB.2

In our series of cutaneous ACC, MYB-NFIB fusions
were found in 4 cases. Remarkably, in 2 of these cases (cases
1 and 6), the MYB break-apart probe was negative. The dis-
crepancies between break-apart and fusion probes in these
cases be explained by several mechanisms including (1) an
insertion of an NFIB gene segment immediately centromeric
to the MYB gene outside the target region of the MYB break-
apart probe, (2) breakpoints distal to the MYB gene (both
reviewed in detail in Ref. 1), and (3) or by another yet un-
described mechanism. A similar pattern has been found in one
of 9 vulvar ACC in a recent study.®

The break of MYBL I was found in our cohort in 2 cases
(cases 2 and 7). In one of them (case 2), the NFIB break-apart
probe was positive, strongly indicating a MYBLI-NFIB
fusion, whereas in the second case (case 7), the fusion partner
remained unknown.

In 2 cases (cases 4 and 10), the MYB break-apart test
was positive, whereas no MYB-NFIB was detected, strongly
suggesting another fusion partner. In one case (case 3), all 4
FISH tests were negative. In the remaining case (case 5), both
MYB and NFIB break-apart samples were nonanalyzable, as
were samples for MYB-NFIB fusions, whereas the remaining
2 investigations proved negative (Table 2).

Noteworthy is also the discrepancy between the results
of FISH and RT-PCR for MYB-NFIB fusions. Of the 4 cases
(cases 1, 6, 8, 9) where MYB-NFIB fusions were detected by
FISH, only in one case was the fusion detected by RT-PCR.
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Similar findings have previously been reported by North et al.
In their series, MYB-NFIB fusion transcripts were identified
in 2 of the 9 studied cases. All RT-PCR negative cases were
immunohistochemically positive for MYB, and 4 showed
various MYB rearrangements by FISH. The discrepancy can
probably be explained by use of FFPE samples with degraded
RNA and/or incapability of RT-PCR primes to detect all
fusion transcript variants.

In our series, only 5 tumors manifested positivity for
MYB (>50% cells), which is lower than previously reported.
Among the 5 MYB-negative cases, there were 2 cases with
MYBLI alterations, which is a likely explanation for the im-
munonegativity. For the remaining 3 cases, the immunoneg-
ative reaction for MYB oncoprotein is unclear. For
comparison, in the series of North, 8 of the 9 cases stained
for MYB were positive, but the authors used a different anti-
body. ™ [t has recently been shown that MYB labeling by
immunohistochemistry is more sensitive and more specific
for mammary ACC than MYB labeling by FISH.2 Obviously,
this statement cannot be applied to primary ACC of the skin,
nonetheless larger more studies are needed.

In conclusion, MYBLI alterations are detected in pri-
mary cutaneous ACC but are apparently less common com-
pared with M¥B and NFIB alterations. Our study suggests the
occurrence of MYBLI-NFIB fusions but also existence of
another fusion partner.
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The incidence of MYB gene breaks in adenoid cystic carcinoma of the salivary
glands and its prognostic significance

Martin Broz?, Petr Steiner®, Richard Salzman?, Lukas Hauer, Ivo Starek®

Aims. To detect MYB gene breaks in adenoid cystic carcinoma (ACC) of the salivary glands and its correlation with
prognosis and selected clinical parameters

Methods. MYB gene break was detected by FISH assay in 23 adenoid cystic carcinomas using formalin-fixed paraffin-
embedded blocks. The Kaplan-Meier survival analysis was used to estimate prognosis.

Results. Fifteen of 23 evaluated tumours were MYB positive and 8 MYB negative. The 10-year cumulative survival,
respectively disease free interval, was 60.0%, respectively 59.3%, in MYB positive patients and 88.5%, respectively
80.0%, in MYB negative patients (long rank test, P=0.23). There were no significant differences in age, gender, perineu-
ral invasion, the presence of hematogenic or nodal metastases or degree of histopathological grading between MYB
positive and MYB negative patients.

Conclusion. A tendency to differences in the survival of patients with ACC, depending on their MYB status. MYB nega-

tive patients were predisposed to better prognosis.

Key words: adenoid cystic carcinoma, MYB gene, salivary gland, prognosis

Received: November 27, 2015; Accepted with revision: April 27, 2016; Available online: May 12, 2016

http://dx.doi.org/10.5507/bp.2016.027

“Department of Otorhinolaryngology, University Hospital Olomouc and Faculty of Medicine and Dentistry, Palacky University Olomouc,

Czech Republic

®Bioptic Laboratory Ltd, Molecular Pathology Laboratory, Pilsen and Department of Pathology, Faculty of Medicine in Plzen, Charles

University in Prague, Pilsen, Czech Republic

‘Department of Maxillofacial Surgery, Faculty of Medicine in Pilsen, Charles University in Prague, Pilsen, Czech Republic

Corresponding author: Martin Broz, e-mail: Martin.Broz@fnol.cz

INTRODUCTION

Salivary gland tumours only account for about 1% of
all human tumours. However, they represent a very specif-
ic cancer group characterized by great histomorphologi-
cal diversity and variability of biological behavior, even
within the same pathological entity, causing difficulties
in determining prognosis. The severity of some salivary
gland tumours is primarily given by their histopathologic
diagnosis which is suggested by their grading (e.g. highly
malignant small cell carcinoma vs. low-malignant acinic
cell carcinoma). For other tumours (e.g. adenoid cystic
carcinoma and mucoepidermoid carcinoma), special cri-
teria were developed to determine their differentiation.
For rare tumours without clinical-histopathologic correla-
tions, there are no grading classifications established yet.
In individual cases, however, the clinical course of the
disease often does not match the specified histopatho-
logic grade of malignancy. Therefore there is a tendency
to divide salivary carcinomas into tumours with low- and
high-risk rather than into lesions of low and high grade
of malignancy. To predict local or regional recurrences
of parotid carcinomas only, a score has been developed
based solely on clinical data, without regard to histologi-
cal type of tumour'.

However, this is complex and time-consuming and
thus not used in routine practice.
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Adenoid cystic carcinoma (ACC), the second or third
most common cancer of major salivary glands and the
prevailing malignancy of minor salivary glands>?, is a le-
sion with poorly predictable prognosis. It affects patients
of any age, but mostly those in their fifth or sixth decade
of life*. The poor prognosis results from often very dif-
ficult, and sometimes even impossible, resection of the
entire tumour. Perineural spread is commonly responsible
for difficulties in surgical removal. Incomplete resection
frequently leads to a pronounced tendency to local, re-
gional or distant recurrences. Moreover, a chronic course
is typical with development of late hematogenic metasta-
ses, primarily affecting the lungs, liver or skeleton. These
sometimes act indolently and patients often live for long
time with confirmed recurrence®. In pathomorphologi-
cal terms, this tumour is characterized by the presence
of tubular, cribriform and solid structures. The relative
proportion of the latter component has become a basis for
the later modified histopathological grading®®. Seethala’
points out, however, that its prognostic importance has
not been clearly demonstrated and clinical stage contin-
ues to be the decisive prognostic factor for ACC (as with
other cancers of the salivary glands). ACC that have un-
dergone high-grade transformation are characterized by
a rapid fatal course®.

Difficulties in predicting the clinical course of sali-
vary cancers led to intensive search for new prognostic
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and predictive molecular markers. This mainly concerns
identification of genes, or their products, responsible for
the initiation, progression and metastasizing of various
types of tumours. In addition, it is expected that their
targeted biological blockade could improve the survival in
prognostically severe, high-risk salivary tumours.

Genetic abnormalities in salivary tumours

Oncogenic alterations are caused by a variety of mech-
anisms. One of these is fusion translocation, leading to
a generation of new genes. Genetic changes are assumed
to be responsible for the development of up to 20% of all
human neoplasms’. Of the broad histopathological spec-
trum of salivary tumours, genetic alterations have only
been identified in 5 tumours.

Pleomorphic adenoma is initiated by a unique (and
therefore important for histopathological differential diag-
nosis) fusion translocation of genes PLAG1 and HMGA?2
(ref.'®). Cancerization of this tumour is caused by ampli-
fication of MDM2, HMGA2-WIF1 and HER2 genes®.
Translocation of CRTC1 and MAML?2 genes is typical
for mucoepidermoid carcinoma''. It has also prognos-
tic importance, since it has been associated with longer
survival time, fewer local recurrences, and a decreased
tendency to metastasize'>. Detection of the fusion genes
ETV6 and NTRK3 (ref."") has enabled the identification
of mammary analogue secretory carcinoma (MASC)
of the salivary glands, which was previously incorrectly
diagnosed as biologically more favorable acinic cell car-
cinoma. Hyalising clear cell carcinoma is characterized
by translocation between the ESWR1 and ATF1 genes™.

Adenoid cystic carcinoma is a salivary tumour in
which genetic abnormalities were studied. Jian Fen He"
and Sasahira'® found a negative correlation between the
expression of the RUNX3 suppressor gene and its prog-
nosis. This tumour, like some other salivary carcinomas,
is associated with increased but prognostically irrelevant
expression of the c-kit oncoprotein and EGFR (ref.'"”"*).

Recent studies confirm that most ACCs are associated
with an alteration of the MYB gene. The MYB gene is lo-
cated in the g22-q23 region of chromosome 6. Its protein
product is a key transcription factor for the physiological
regulation of stem cells in the bone marrow and in the
intestinal crypts. Deregulation and aberrant function of
this gene leads to the development of several malignant
diseases. For instance in pediatric acute basophilic and
lymphocytic leukemia, MYB-GATA translocation®2%?
and recurrent chromosomal translocations and duplica-
tions in the MYB locus® were identified.

The MYB gene alteration (MYB-NFIB transloca-
tion) is specific for ACC and has not been found in other
salivary tumours or normal salivary glands**?*. Tt is note-
worthy that opinions on the prognostic importance of
this gene, and its expression, remain inconsistent. While
Mitani** and West** found a significant relationship to the
survival and certain clinical parameters, other authors
refute these relationships®. Therefore, we analyzed the
presence of MYB gene breaks using FISH technique and
evaluated their prognostic importance.

MATERIALS AND METHODS

Clinical features of patients

In the salivary gland tumour archive at the Sikl's
Institute of Pathology in Pilsen, archived materials of 31
patients treated for ACC in the period from 1989 through
2014 were retrieved. Samples where relevant clinical data
were not available or those where FISH assay was not
interpretable were excluded from study. A total of 23 sam-
ples were analyzed.

The group included 9 males and 14 females. The age of
the patients ranged from 24 to 84 (mean 55.7+16.1) years.
In total, 7 carcinomas were localized in parotid glands,
7 in submandibular glands, 2 in sublingual glands and 7 in
minor salivary glands.

At the time of diagnosis, seven patients were at stage
T1, 5 at stage T2, 6 at stage T3 and 5 at stage T4. Cervical
lymph nodes were involved as follows: stage N1 metas-
tases were found in 3, and stage N2b metastases in two
patients. Distant metastases were found in 1 patient. Two
tumours were found to be well, 12 cases moderately, and
9 poorly differentiated. Clinical characteristics are shown
in Table 1.

Six submandibular and 2 sublingual tumours were
completely removed with the glands. Of the 7 parotid
tumours, 6 were removed by total, and 1 by conserva-
tive parotidectomy. Two tumours of the 7 minor salivary
glands were completely removed. In 10, respectively 4, out
of 17 patients, the surgery was followed by adjuvant radia-
tion therapy and/or chemoradiotherapy. Three patients
were treated by surgery only. Of the remaining 5 patients,
2 were indicated for chemoradiotherapy, one for curative
radiotherapy, one for palliative radiotherapy, and one pa-
tient received symptomatic treatment only.

The follow up interval ranged from 5.0 to 286.1 (mean
71.4 £ 64.1) months. Of the total 23 patients, 21 achieved
complete remission. Sixteen patients were alive at the con-
clusion of the study. One of them lived with signs of the
disease. Six patients died. . The last died from cardiovas-
cular disease.

Detection of MYB break by FISH

Four um thick section was placed onto positively
charged slide. Hematoxylin and eosin stained slides were
examined for determination of areas for cell counting.
The unstained slide was routinely deparaffinized and incu-
bated in 1x Target Retrieval Solution Citrate pH 6 (Dako,
Glostrup, Denmark) for 40 min at 95°C and subsequently
cooled for 20 min at room temperature in the same solu-
tion. The slide was 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 30 min. The slide was then placed in deion-
ized water for 5 min, dehydrated in a series of ethanol
solution (70%, 85%, 96% for 2 min each) and air-dried.
Detection of the rearrangement of the MYB gene was
performed using ZytoLight® SPEC MYB Dual Color
Break Apart Probe (ZytoVision GmbH, Bremerhaven,
Germany). An appropriate amount of factory premixed
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Table 1. Clinical characteristics of patients with ACC and their MYB status.

Patient Age Primary tumour site Sex Stage Grade

48 submandibular
47  submandibular
65  sublingual

9. 45 parotid
10. 79 minor

11. 77 parotid
12 49 submandibular
13. 76  sublingual

14. 51 minor
15. 24 submandibular
16. 65  parotid

17. 33 submandibular
18. 61  submandibular
19. 57  minor
20. 54 parotid
21. 34 parotid
22. 71  parotid
23. 64 parotid

1. 32 submandibular
2. 84  minor

3. 58 minor

4. 60 minor

5. 48  minor

6.

7.

8.

- =B B -3 B8 w88 BB
S S S S FC I VC T G Y S UE R VE T S R S
LB o R R R W RO ) R B2 B W R W B R W b

—
3%}

0OAS DFI Death Recurrence (:;;Ig )
335 322 0 0 1
9.1 X 1 0 1
97.4 95.4 0 0 1
59.8 20.1 0 1 1
85.2 80.1 0 0 1
141.1 42.6 1 1 1
38.6 31.0 1 1 1
81.2 79.2 0 0 1
46.7 41.6 0 0 1]
5.1 X 1 0 1
22.4 21.1 0 0 1
164.3 163.6 0 0 0
5.0 3.5 0 0 ]
87.3 83.7 0 0 0
286.1 285.8 0 0 1
73.2 70.2 0 0 0
65.3 65.1 0 0 0
274 26.8 0 0 1
239 7 1 1 1
66.9 50.1 0 1 0
39.6 36.5 0 0 1
152 79.3 1 1 1
34.8 32.2 1 0 0

x- remission not achieved, DFI - disease free interval, OAS - overall survival.

probe was applied to the specimen, covered with a glass
coverslip and sealed with rubber cement. The slide was
incubated in the ThermoBrite™ instrument (StatSpin/
Iris Sample Processing, Westwood, MA, USA) with co-
denaturation parameters 85 °C for 8 min and hybridiza-
tion parameters 37 °C for 16 h. The rubber cemented
coverslip was then removed and the slide was placed in
post-hybridization wash solution (2xSSC/0.3% NP-40)
at 72 °C for 2 min. The slide was air-dried in the dark,
counterstained with 4',6'-diamidino-2-phenylindole DAPI
(Vysis/Abbott Molecular, IL, USA), coverslipped and im-
mediately examined.

The section was examined with an Olympus BX51
fluorescence microscope (Olympus Corporation, Tokyo,
Japan) using a 100x objective and filter sets Triple Band
Pass (DAPI / SpectrumGreen / SpectrumOrange), Dual
Band Pass (SpectrumGreen / SpectrumOrange) and
Single Band Pass (SpectrumGreen or SpectrumOrange).
One hundred randomly selected nonoverlapping tumour
cell nuclei were examined for yellow (normal) or green
and orange (chromosomal breakpoint) fluorescent signals
(Fig. 1). The cut off value was set to more than 10% of
nuclei with chromosomal breakpoint signals (mean + 3
standard deviation in normal non-neoplastic control tis-
sues).

Statistical methods of assessment

Kaplan-Meier survival analysis was performed. Sur-
vivors were referred to as “censored”. The difference
between the overall survival and disease free interval in
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patients with MYB-positive and MYB-negative tumours
was evaluated using the log-rank test. The status of this
gene was correlated with age and gender of patients, the
presence of nodal or distant metastases, perineural inva-
sion and histopathological grading using the chi square
test. The statistical significance was set at P = 0.05.

RESULTS

Of the total of 23 examined patients with ACC, MYB
gene breaks were identified in 15 (i.e. 65%) of patients.

The study showed no statistically significant differ-
ences between MYB positive and MYB negative patients
for age, gender, tumour extent, presence of nodal or hema-
togenic metastases, histopathological grading, perineural
invasion (P > 0.05, chi square test, see Table 2).

The overall survival ranged from 5.1 to 286.1 (mean
73.5+74.1, median 39.6) months in MYB-positive patients,
and from 5.0 to 164.3 (mean 67.9+46.6, median 66.1)
in MYB negative patients. The 10-year cumulative over
allsurvival rate was 60.0% for MYB-positive and 88.5%
for MYB-negative patients (log rank test, 7 =0.23, Fig. 2).

The disease free interval ranged from 7.0 to 285.8
(mean 64.4+72.2, median 36.5) months in MYB-positive
patients, and from 3.5 to 163.6 (mean 63.7£47.7, median
57.6) in MYB negative patients. The 10-year cumulative
overall survival rate was 59.3% for MYB-positive (and
80.0% for MYB-negative patients (log rank test, P=0.21,
Fig. 3).
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Table 2. Correlation of the MYB status with selected clinical
and histopathological parameters of ACC.

MYB+ MYB - P

Age
under 50 9 5 0.63
up 50 6 3

Sex
males 6 3 0.63
females 9 )

Primary site
minor 6 1 0.18
major 9 7

Stage
1+2 2 6 0.12
3+4 9 6

Nodal status
positive 2 B 0.28
negative 12 6

Distant spread
yes 1 0 0.65
no 14 8

Grade
I+11 8 6 0.29
11 7 2

PNI
yes 3 1 0.60
no 1 1

PNI - perineural invasion.

DISCUSSION

In ACC, an alteration of the MYB was first described
in 2009 by Persson®® in 6 patients in whom tumours origi-
nated in major and minor salivary glands, lacrimal glands
and breast. All these cases involved a translocation of the
MYB gene and its fusion with a small portion NFIB gene
which is located on chromosome 9 in the p23-p24 region.
The author therefore believed that this fusion transloca-
tion, which is known to increase the MYB transcription
activity of tumour cells?, is the sole mechanism of ACC.

Other studies®***, examining MYB-NFIB fusion and
the immunohistochemical expression of this fusion gene,
demonstrated that the immunohistochemical expres-
sion is not always increased. Thus, it is assumed that the
MYB gene is also activated by other, not yet completely
explained mechanisms®*. Using the FISH technique,
West* found abnormal condition of the MYB gene in
16% of cases in his group of patients with ACC. The au-
thors believed a duplication was involved, which was not
associated with the NFIB gene. Similar findings were
observed in patients with acute T cell lymphocytic leuke-
mia®. Another possibility of the MYB gene alteration is
the break demonstrated by us, which occurred in 65% of
the analyzed samples. Such gene anomaly has not been
described to date.

Our study suggests the prognostic relevance of the
MYB gene break. A tendency to prolonged survival was
seen in MYB-negative patients. A larger cohort might
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Fig. 1. FISH MYB positive reactions in ACC patients.
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Fig. 2. The overall survival and MYB status in patients with
ACC.
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Fig. 3. Disease free interval and MYB status in patients with
ACC.

provide a statistically significant difference. West** and
Mitani**** examined the prognostic importance of the
MYB-NFIB fusion . In their group of ACC patients, this
occurred in 49 % and 28% of the examined samples, re-
spectively. The first author found a lower survival rate
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in patients with this alteration. However, the result did
not reach the statistical significance possibly due to small
sample. The second author studied the prognostic impact
of the presence of the MYB-NFIB fusion translocation
in ACC patients in two consecutive trials. The first study
involving 72 subjects showed a noticeable, however in-
significant difference in OAS between patients with
MYB-NFIB positive and negative tumours. Statistical
relevance® was achieved in the second study involving
103 cases.

Distant metastases were found only in one out of 23
patients. In this patient, we demonstrated break of the
MYB gene. On the other hand, 14 patients with this al-
teration remained free of any evidence of tumour gener-
alization. In the West's group*, hematogenous metastasis
occurred only in two out of 37 patients with ACC. No
MYB/NFIB fusion was demonstrated in either of the two
above-mentioned patients, but it was present in 24 out of
35 metastasis-free patients.

Nodal metastases were detected in 5 of our patients, of
whom 2 were MYB FISH positive. Of the total of 15 pa-
tients with this alteration, carcinoma was detected in the
nodes only in 2 cases. West's study® included 7 patients
with nodular involvement, 4 of whom were MYB/NFIB
positive. Four out of 18 patients in his cohort had nodal
metastases. The results of both studies suggest that neither
of these gene alterations is related to the lymphogenic or
hematogenous spread of the tumour.

In this study, 3 out of 4 patients with perineural inva-
sion (PNI) were MYB FISH positive. These 3 patients
accounted for 20% of the total number of 15 patients with
positive MYB gene break. In contrast, West” reported on
PNI invasion in 15 of 18 patients in his group i.e. 83% of
MYB FISH positive patients. Our study, unlike the West's
study, suggests a trend to perineural invasion in patients
with the reported changes in this gene.

Our study revealed that 6 patients with minor salivary
gland tumours were MYB positive. These six patients ac-
counted for 84% of the total 7 tumours originating in mi-
nor salivary glands. Similarly in his study, West** reported
on 17 MYB-NFIB positive out of the total 24 patients with
ACC of minor salivary glands.

NFIB is still the only identified partner for the MYB
gene. We can therefore assume that the MYB positive
patients have NFIB fusion at the same time. However,
we cannot rule out that the MYB gene has yet unknown
additional fusion partners, which may have a significant
prognostic or predictive relevance.

CONCLUSION

The study showed a MYB gene break in 65% of ACC
cases. MYB status very likely plays a role in the biological
nature of ACC. A tendency to different prognosis (both
over all survival and disease free interval) was apparent,
unfortunately, without significant possibly due to low fig-
ures resulting from scarcity of this pathological entity. The
MYB gene appears not to effect traditional prognostic
factors such as TNM classification or tumour differen-
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tiation. Subsequent studies are required to elucidate its
involvement in ACC.

ABBREVIATIONS

ACC, adenoid cystic carcinoma; PNI, perineural inva-
sion.
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2. ¢ast - Sekrecni karcinom mamarniho typu (MASC)

Nové popsany sekrecni karcinom slinnych zlaz mamdarniho typu (mammary analogue
secretory carcinoma - MASC) byl definovan na =zakladé detekce translokace
t(12;15)(p13;925), ktera vede ke vzniku fuzniho genu ETV6-NTRKS3 [3]. Identicky flzni
transkript ETV6-NTRK3 byl sice jiz davno pfed objevem MASC identifikovan v fadé
mesenchymalnich [47-51], hematologickych [52] a epitelialnich malignit [4, 53], ale v
onkologii slinnych zlaz je specificky pro MASC a nebyl nalezen v zadné jiné nadorové
jednotce slinnych zlaz.

V piilozené studii ,,Mammary analogue secretory carcinoma of salivary glands: a new
entity associated with ETV6 gene rearrangement [26] bylo zrevidovano 183 primarnich
karcinomti velkych a malych slinnych Zlaz pro vyskyt histologickych a
imunohistochemickych znakl typickych pro MASC. V retrospektivnim souboru salivarnich
karcinomu bylo identifikovano 7 (3,83 %) ptipadt, které spliiovaly kritéria MASC. Nasledné
bylo téchto 7 vzorkl testovano metodou FISH na prikaz zlomu genu ETV6 a metodou RT-
PCR na prikaz fazniho transkriptu ETV6-NTRKS3. Tyto nadory byly ptivodné hodnoceny jako
adenokarcinom/cystadenokarcinom (3 pfipady), acinicky karcinom (2 pfipady), a
mukoepidermoidni a salivarni duktalni karcinom (kazdy v jednom piipad¢).

Imunohistochemicky vsechny MASC vykazovaly expresi CK7, CKS8, S100,
mammaglobinu, STAT5a a vimentinu, a byly negativni na p63 a DOG1 protein. Molekularné-
geneticky bylo 6 ze 7 (85,71 %) studovanych ptipadd pozitivnich na zlom ETV6, sedmy
ptipad byl neanalyzovatelny pro nedostatek materialu. Fuzni transkript ETV6-NTRK3 byl
detekovan u 3 ze 7 (42,86 %) ptipadi.

V retrospektivni studii ,,Mammary Analogue Secretory Carcinoma of Salivary Glands:
Molecular Analysis of 25 ETV6 Rearranged Tumors With Lack of Detection of Classical
ETV6-NTRK3 Fusion Transcript by Standard PCR: Report of 4 Cases Harboring ETV6-X
gene fusion“ [27] bylo identifikovano 25 ptipadd MASC se zlomem genu ETV6 prokazanym
pomoci FISH, kde v§ak RT-PCR neprokazala pfitomnost fizniho transkriptu ETV6-NTRKS.
RT-PCR detekujici klasické spojeni mezi exony 5-15 u ETV6 a NTRK3 byla doplnéna o
citlivéjsi nested RT-PCR, jak pro klasické spojeni 5-15, tak i pro atypické spojeni exontl 4 a
14 a jejich kombinace. FISH vysetieni bylo doplnéno o vySetfeni zlomu NTRK3 genu. Timto
postupem bylo identifikovano 16 ptipadi nesoucich klasickou variantu s ETV6-NTRK3 fuzi a
vzacnou a neznamou variantu MASC s fuzi ETV6 s neznamym fiznim partnerem. MASC
s fuzi ETV6-X pfi korelaci vysledkil s dostupnymi klinickymi udaji vykazovaly agresivng;jsi
chovani.

Identifikovat fuzniho partnera u ETV6-X ptfipadii se ndm podafilo pozd€ji vyuzitim
NGS s Archer DX kitem. Vysledky studie byly publikovany v posledni ptiloZzené praci této
¢asti ,,Molecular profiling of mammary analogue secretory carcinoma revealed a subset of
tumors harboring a novel ETV6-RET translocation: report of 10 cases* [9]. V této studii byla
celkem v 10 piipadech MASC nalezena nova fuze ETV6-RET a nasledné potvrzena metodami
RT-PCR se specifickymi primery a FISH pro identifikaci zlomu RET a fuze ETV6-RET.
Spravna identifikace ETV6-RET nebo ETV6-NTRK3 fuze u MASC je potencialné dilezita pro
moznou biologickou lé¢bu pacientl S recidivujicimi nebo metastazujicimi nadory, protoze
pacienti pozitivni na ETV6-RET by mohli profitovat zjiné cilené 1écby (RXDX105 a
LOX0292) [20, 21, 54, 55] nez pacienti s ETV6-NTRK3 (entrectinib) [22, 56].
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V posledni praci této ¢asti, ,,Mammary analogue secretory carcinoma of the sinonasal
tract [30] jako prvni popisujeme dva piipady MASC vznikajici v nosni sliznici. Diagndza
MASC byla potvrzena prikazem ETV6-NTRK3 translokace pomoci FISH i RT-PCR v obou
ptipadech.
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Abstract Mammary analogue secretory carcinoma (MASC)
is a recently described salivary gland tumour that harbours the
recurrent £7V6-NTRK3 translocation. This is the first series of
MASC cases identified in the historic cohort of carcinomas of
salivary glands with clinical/pathological correlation and
follow-up data. We reviewed 183 primary carcinomas of
major and minor salivary glands resected at the Medical
University of Gdansk, Poland, between 1992 and 2012. Based
on morphology and immunohistochemistry, cases suspicious
for MASC were selected, and the diagnosis was confirmed by
fluorescence in situ hybridization (FISH) for ETV6 rearrange-
ment and by RT-PCR for the ETV6-NTRK3 fusion transcript.
Seven carcinomas met the criteria of MASC, as they exhibited
a typical appearance with solid/microcystic and papillary ar-
chitecture and intraluminal secretions, and cells completely
devoid of basophilic cytoplasmic zymogen granules indica-
tive of true acinar differentiation. The only paediatric case was
an unencapsulated tumour composed of macrocystic
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structures covered by a mostly single but, focally, double layer
of cells with apocrine morphology. In all cases, the neoplastic
cells revealed immunoreactivity for S100, mammaglobin,
cytokeratin CK7, CK8, STAT5a and vimentin. FISH for
ETV6 gene rearrangement was positive in six out of seven
cases, and RT-PCR was positive in three cases. MASC is a
new entity of malignant epithelial salivary gland tumours not
included in the 2005 WHO Classification of Head and Neck
Tumours. There is a growing body of evidence that it is not as
rare as was assumed, as is also indicated by our series (3.8 %).
In most cases, MASC shares some microscopic features with
AciCC, adenocarcinoma/cystadenocarcinoma NOS and low-
grade MEC. In rare cases, MASC with high-grade transfor-
mation may mimic the morphological appearances of high-
grade salivary gland malignancies, such as salivary duct
carcinoma.

Keywords Mammary analogue secretory carcinoma -
MASC - Salivary gland - ETV6-NTRK 3 fusion -
Translocation t(12;15)

Introduction

Mammary analogue secretory carcinoma (MASC) is a new
tumour entity described by Skalova et al. in 2010 [26] that
harbours the recurrent translocation t(12;15)(p13:q25)
resulting in the ETV6-NTRK3 gene fusion, the same cytoge-
netic abnormality is described earlier in secretory breast car-
cinoma [26, 27]. The fusion gene ETV6-NTRK3 encodes a
chimeric tyrosine kinase, which has potential transforming
activity and plays a major role in oncogenesis [8]. Conceiv-
ably, a small molecular tyrosine kinase inhibitor might be a
potential treatment for patients of whom the tumour carries
this fusion gene [8]. The resultant fusion protein ETV6-
NTRK3 has transforming activity, not only in epithelial but
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also in mesenchymal and blood cell lineages. Earlier, the
ETV6-NTRK3 translocation has been described in infantile
fibrosarcoma [16], congenital mesoblastic nephroma and
acute myelogenous leukaemia [8, 16]. ETV6 is genetically
unstable and fuses not only with NTRK3 but also with other
genes such as ABLI, EGFR3, PAX5, SYK and JAK2 in leu-
kaemia, myelodysplastic syndromes and sarcomas [8, 27].

Since the seminal paper of Skalova et al. [26], a number of
retrospective studies and case reports have been published.
They further characterized the tumour in terms of histopathol-
ogy and immunohistochemistries [3, 9, 13, 15, 18, 22] as well
as cytology [6, 14, 19]. However, the number of large clinico-
pathological studies with long follow-up data describing the
full spectrum of salivary gland tumours that may mimic
MASC is very limited. Single studies have re-evaluated his-
torical files of acinic cell carcinomas (AciCC) [13, 18] or other
classical mimickers in the light of this newly emerging
entity [10]. Only a single study of a historical retrospective
cohort of the whole spectrum of salivary gland tumours has
been published so far [15].

Histomorphologically, MASC is a distinctive entity [26],
and histology in conjunction with an appropriate immunohis-
tochemical profile is sufficient for a diagnosis in most cases.
However, several histomorphological features of MASC over-
lap with those of other salivary gland tumours [24, 26, 29].
AciCC and adenocarcinomas/cystadenocarcinomas NOS are
the most frequent MASC mimics, followed by low-grade
mucoepidermoid carcinoma [3, 24]. The aim of our study is
to describe the morphological and clinical features of MASC
in seven patients identified retrospectively from a variety of
low- and high-grade malignant epithelial salivary gland
tumours.

Materials and methods

We reviewed all the primary carcinomas of major and minor
salivary glands (183) resected at the Medical University of
Gdansk (Departments of Otolaryngology and Maxillofacial
Surgery) between 1992 and 2012 and reclassified them ac-
cording to the criteria published by WHO 2005 (HM and AS)
[2] based on histomorphology and immunohistochemistry. In
cases suspicious for MASC, fluorescence in situ hybridization
(FISH) for detection of ETV6 rearrangement was performed.
The salivary gland tumour material included adenoid cystic
carcinoma, (AdCC, n=61), mucoepidermoid carcinoma
(MEC, n=25), carcinoma ex pleomorphic adenoma (CXPA,
n=24), acinic cell carcinoma (AciCC, n=17), adenocarcino-
ma (n=14), salivary duct carcinoma (SDC, n=11), polymor-
phous low-grade adenocarcinoma (PLGA, n=7), epithelial-
myoepithelial carcinoma (n=6), basal cell carcinoma (n=4),
undifferentiated carcinoma (1#=3), squamous cell carcinoma
(n=3), myoepithelial carcinoma (n=2), neuroendocrine
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carcinoma (n=2), papillary cystadenocarcinoma (n=2),
lymphoepithelial carcinoma (n=1) and one case of newly
recognized entity of cribriform adenocarcinoma of the tongue
and other minor salivary glands (CATS). Based on
histomorphology and expression of immunohistochemical
markers, seven cases of mammary analogue secretory carci-
noma (MASC) were retrieved. The original diagnoses in these
cases include AciCC (two cases), adenocarcinoma (two
cases), cystadenocarcinoma, MEC and SDC (one case each).

Paraffin blocks and recuts were available for histological
and immunohistochemical analysis for all the studied cases.
Clinical data and follow-up were obtained from the patients or
their physicians (DS, CS).

Immunohistochemical study

For conventional microscopy, resected tissues were cut and
stained with haematoxylin and eosin. For immunohistochem-
istry, 4-pm-thick sections were cut from paraffin blocks,
mounted on silanized slides, deparaffinized in xylene and
rehydrated in descending grades (100-70 %) of ethanol. Sec-
tions were then subjected to heat-induced epitope retrieval by
immersion in a 0.01 citrate buffer at pH 6 at 95 °C in a
microwave oven (Micromed TTmega) for 20 min. Endoge-
nous peroxidase was blocked by a 5-min treatment with 3 %
hydrogen peroxide in absolute methanol. The slides were then
stained by immunostainer BenchMark ULTRA (Roche). The
primary antibodies employed in the study are listed in Table 1.
The bound antibodies were visualized using the Histofine
Simple Stain MAX PO (Multi) Universal Immuno-
peroxidase Polymer, Anti-Mouse and Rabbit (Nichirei Bio-
sciences inc., Tokyo, Japan), and 3-3’-diaminobenzidine
(Sigma) as chromogen. The slides were counterstained with
Mayer’s haematoxylin. Appropriate positive and negative
controls were employed.

Table 1 Antibodics used and sources

Antibody Clone Dilution Source

CK7 OV-TL 12/30 1:200 Dako

CK8 35 BHII RTU Dako

S-100 protein Polyclonal 1:2000 Dako
Mammaglobin 304-1A5 RTU Dako

STATS Polyclonal 1:400 Assay designs
P63 4A4 RTU Ventana

P40 N/A RTU Roche
Vimentin V9 RTU Dako

DOGI Polyclonal RTU Roche

VENTANA at pH 8 and at 95 °C
RTU ready to use
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Molecular genetic study
Detection of the ETV6-NTRK3 fusion transcript by RT-PCR

RNA from all cases of MASCs was extracted using the
RecoverAll Total Nucleic Acid Isolation Kit (Ambion, Austin,
TX, USA). Synthesis of complementary DNA (cDNA) was
performed using the Transcriptor First Strand cDNA Synthe-
sis Kit (RNA input 1 pg) (Roche Diagnostics, Mannheim,
Germany). All procedures were performed according to the
manufacturer’s protocols. Amplification of the 105 and
133 bp product of the two-microglobulin gene and the 247-
bp product of the PGK gene was used to test the quality of the
extracted RNA, as previously described [1, 11, 28].

Detection of 110 bp fragments of ETV6-NTRK3 fusion
transcripts was performed by RT-PCR, as follows [7]. Two
microliters of cDNA was added to a reaction mixture contain-
ing 12.5 ul of Hot Star Tag PCR Master Mix (QIAgen,
Hilden, Germany), 10 pmol of each primer TRKC1059 com-
plementary to NTRK3 with sequence (5'-CAGTTCTCGCTT
CAGCACGATG-3") and TEL971 complementary to ETV6
with sequence (5-ACCACATCATGGTCTCTGTCTCCC-
3") and distilled water up to 25 pl. The amplification program
comprised of denaturation at 95 °C for 14 min and 45 cycles
of denaturation at 95 °C for 1 min, annealing at 65 °C for
1 min and extension at 72 °C for 1 min. The program was
finished by incubation at 72 °C for 7 min.

Successfully amplified PCR products were purified with
magnetic beads Agencourt® AMPure® (Agencourt Biosci-
ence Corporation, A Beckman Coulter Company, Beverly,
MA, USA). The products were then bi-directionally se-
quenced using the Big Dye Terminator Sequencing kit (PE/
Applied Biosystems, Foster City, CA, USA) purified with
magnetic particles Agencourt® CleanSEQ® (Agencourt Bio-
science Corporation), all according to the manufacturer’s pro-
tocol and run on an automated sequencer ABI Prism 3130x]
(Applied Biosystems, Foster City, CA, USA) at a constant
voltage of 13.2kV for 11 min.

Detection of ETV6-NTRK3 gene break by FISH
FISH method

For the FISH study, the LSI ETV6 (TEL) Dual Color, Break
Apart Rearrangement Probe (VYSIS/Abott, Abott Park, IL)
was used. The specimen, a 4-um-thick FFPE section, was
placed onto a positively charged slide. Tissues were
deparaffinized in xylene three times for 5 min and then
washed twice in 100 % ethanol once in 95 % ethanol and
once in deionized water for 5 min. The slides were then heated
in the 1x Target Retrieval Solution (pH 6) (DAKO, Glostrup,

Denmark) for 40 min at 95 °C and subsequently cooled for
20 min at room temperature in the same solution. The slides
were washed in deionized water for 5 min and covered with
the Proteinase K (20 mg/ml) (SERVA, Heidelberg, Germany)
for 10 min at room temperature. The slides were then placed
mto deionized water for 5 min, dehydrated in a series of
ethanol solution (70, 85 and 96 % for 2 min each) and air-
dried. An appropriate amount of FISH probe was applied onto
each specimen, which was then covered with a glass cover slip
and sealed with rubber cement. The slides were incubated in
the ThermoBrite™ instrument (StatSpin/Iris Sample Process-
ing, Westwood, MA, USA) with co-denaturation parameters
at 85 °C for 8 min and hybridization parameters 37 °C for
16 h. The rubber cemented cover slips were then removed,
and the slides were placed in a post-hybridization wash solu-
tion (2xSSC/0.3 % NP-40) at 72 °C for 2 min. The slides were
air-dried in the dark, counterstained with DAPI II (VYSIS/
Abbott), cover slipped and immediately examined.

FISH interpretation

Hybridized slides were examined with an Olympus BX51
fluorescence microscope using a 100 objective and as filter
sets triple band pass (DAPI/Spectrum Green/Spectrum Or-
ange), dual band pass (FITC/Texas Red) and single band pass
(Spectrum Green or Spectrum Orange) filters. One hundred
randomly selected non-overlapping tumour cell nuclei were
examined for the presence of yellow (normal) or green and red
(chromosomal breakpoint) fluorescent signals. The sample
was considered positive if more than 10 % of nuclei showed
a breakpoint signal. Molecular genetic analysis (RT-PCR and
FISH) was performed in Biopticka Laboratory in Plzen, Czech
Republic (AK, PS).

Results
Clinical and follow-up data

The seven patients with MASC concerned two females and
five males ranging in age between 17 and 73 years (median
51.4 years). One tumour was located in the hard palate; the
other six were in the parotid gland. The duration of symptoms
was known for five of seven patients, on the average
16.2 months (range 3-38 months). For four patients, the
clinical course was indolent with a non-tender slowly growing
mass covered by intact skin (three tumours in the parotid
gland) or mucous membrane (one tumour in the palate). The
other three patients presented with symptoms suggesting ma-
lignancy, such as accelerated growth, pain, skin infiltration,
neck lymphadenopathy or ulceration of the skin or a
mucous membrane. Four patients presented in early
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clinical stage (I or IT), and three patients were in stages ITI
and IVa. The clinical features are summarized in Table 2.

Fine needle aspiration biopsy (FNAB) results are summa-
rized in Table 3. In two cases, the tumours were preoperatively
diagnosed as benign lesions (cyst and adenoma) and in three
cases as malignancy. All patients underwent surgical treat-
ment: partial conservative parotidectomy (PCP, with facial
nerve preservation) was performed in five patients and semi-
conservative (PSCP, with preservation of some facial nerve
branches) in one patient. In one case, partial resection of the
hard palate was performed. In two cases, the neck lymph
nodes were dissected. In three of seven cases, patients re-
ceived supplementary radiotherapy due to metastases to the
regional lymph nodes and/or positive or uncertain surgical
resection margins. One patient was treated by chemotherapy
(no. 5).

Four of seven patients (cases 1-4) remained without evi-
dence of disease during 67-120 months follow-up (median
93 months). In one case (no. 7), loco-regional recurrence
occurred 48 months after excision of the hard palate tumour.
This patient remained disease-free after combined treatment
(lateral rhinotomy with neck dissection and radiation therapy)
for 31 months. Two patients (cases five and six), who were
also described elsewhere [25], died of disease progression 20
and 79 months after diagnosis.

Histopathological and immunohistochemical findings

On low power magnification, MASC displayed three major
growth patterns. Firstly, some tumours were well
circumscribed and surrounded by a thick, uninterrupted fi-
brous capsule (cases 1 and 3) with predominating papillary
and microcystic structures (Fig. 1a). In the second pattern, the
tumour revealed a solid and lobular growth pattern character-
ized by a multilobular structure divided by hyalinized or
fibrous septa with local infiltrative borders, unencapsulated
or only partially encapsulated (cases 2 and 5-7). These cases
were predominantly composed of microcystic and slightly
dilated glandular spaces filled with an eosinophilic homoge-
nous secretory material (Fig. 1b). A minor component was
represented by some papillary structures (Fig. 1¢). The third
pattern in the only paediatric case (no. 4) was macrocystic
(Fig. 1d). The tumour appeared unencapsulated and was com-
posed of cystic structures lined mostly by a single and focally
a double layer of cells with focal apocrine differentiation
(Fig. le). The cysts contained abundant protein-like eosino-
philic material. The tumour cells revealed abundant pale pink
vacuolated and foamy cytoplasm with vesicular, bland-
looking nuclei and prominent nucleoli (Fig. 1 ).

In two cases (cases 5 and 6), the tumours were composed of
two distinct carcinomatous components (Fig. 2). One compo-
nent was a conventional MASC composed of uniform neo-
plastic cells arranged in solid, tubular and microcystic
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structures divided by fibrous septa that were partly hyalinized.
The tumour cells had typical low-grade morphology with
vesicular round to oval nuclei with finely granular chromatin
and distinet centrally located nucleoli (Fig. 2a). The other
component, sharply delineated from the conventional MASC,
was of high grade (HG) and composed of anaplastic cells with
abundant cytoplasm and large pleomorphic nuclei. Solid tu-
mour islands revealed areas of large geographical comedo-like
necrosis (Fig. 2b). Desmoplastic stroma was indicative of
invasion. Tumour cells of the HG component had high mitotic
activity and nuclear polymorphism and failed to produce
secretory material in contrast to the low-grade component of
MASC. Perineural invasion was observed in both cases.

Immunohistochemically, all MASCs showed diffuse and
strong staining for CK7, CK8, S100, mammaglobin (secretory
material was also positive), STATSa (signal transducer and
activator of transcription 5a) and vimentin (Fig. 2 g, h). Stains
for p63 protein and DOG1 were negative in all cases.

Molecular genetic findings

The samples of all seven cases of MASC were analyzed by
FISH, and six of seven cases showed ETV6 rearrangement
(Fig. 3). In case 1, the cellular material was very limited
(cystic tumour with delicate cellular lining) and insuffi-
cient for analysis. However, the tumour revealed morpho-
logical and immunohistochemical features typical of
MASC, and hence, it was finally included in the study.
Five AciCC served as negative controls and did not show
ETV6 gene rearrangement (data not shown). The positive
control, breast secretory carcinoma, demonstrated ETV6
gene rearrangement (data not shown).

In all seven cases of MASC, RT-PCR was performed, and
in three cases, as well as in the positive control (breast secre-
tory carcinoma, data not shown), ETV6-NTRK3 fusion tran-
scripts were found (Fig. 3).

Discussion

According to the 2005 WHO Classification of Head and Neck
Tumours [2], the group of malignant epithelial salivary gland
tumours contains many heterogeneous entities. The
histomorphological classification of these tumours is com-
plex, and their clinical behaviour is not completely elucidated,
partly because they are so rare. Some entities, such as
adenocarcinoma/cystadenocarcinoma NOS, might encompass
subtypes still to be discovered by molecular analysis. Careful
histomorphological examination of cases that did not entirely
fulfil the criteria of one given entity, in conjunction with a
typical pattern of expression of immunohistochemical
markers, enabled Skalova et al. [26] to define mammary
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Table 3  Results of fine needle aspiration biopsy, original histological diagnosis of patients, RT-PCR and FISH results

Scxfage Original cytopathologic Original histologic RT-PCR FISH Final diagnosis
diagnosis diagnosis

1 Fra2 Cyst Low-grade cystadenocarcinoma NOS Negative Not diagnostic MASC

2 M/62 Adenocarcinoma Adenocarcinoma NOS, grade 2 Negative Positive [38/100] MASC

3 F/51 Adenoma AciCC /papillary cystic variant Positive Positive [81/100] MASC

4 M/17 - AciCC Negative Positive [39/100] MASC

5 M/73 - SDC grade 2 Positive Positive [80/100] MASC with high-grade
transformation

6 M/60 Adenocarcinoma MEC grade 2 Negative Positive [89/100] MASC with high-grade
transformation

7 M/54 LG carcinoma of Adenocarcinoma NOS, grade 2 Positive Positive [74/100] MASC

salivary gland

secretory analogue carcinoma (MASC) as a new entity. As a
consequence, the recognition and differentiation of MASC
from other primary salivary gland tumours are essential in
order to clarify its histomorphological features and biological
behaviour,

Inspired by the original report and reports from other
groups [9, 13,15, 18, 26], we reviewed primary salivary gland
tumours diagnosed in our department and identified seven
tumours which met the criteria for MASC. We collected all
available clinico-pathological and follow-up data. All cases
diagnosed upon revision as MASCs had been diagnosed
histologically as malignancy, as adenocarcinoma/
cystadenocarcinoma NOS (in three cases), AciCC (two cases)
and MEC and SDC (one case each). Fine needle aspiration
biopsy (FNAB) results were available in five of seven cases.
Two cases had been diagnosed as benign (cyst and adenoma)
and in three as malignant lesion.

On cytological smears, MASCs have been reported as
variably cellular and with two different architectural patterns:
1) tissue fragments with isomorphic cells arranged in a sheet-
like or papillary configuration and 2) dispersed and dissociat-
ed cells. Cells contained abundant vacuolated granular and
sometimes vacuolated cytoplasm [6, 14, 22, 23]. Nuclear
atypia was mild to moderate. Mucin was present, sometimes
abundant or absent. MASC cytology represents considerable
overlap with other tumours such as AciCC, MEC, SDC and
oncocytoma [14] and in the differential diagnosis of low-grade
salivary gland neoplasms MASC should be included.

The differential diagnosis of MASC should include AciCC,
adenocarcinoma NOS, cystadenocarcinoma and low-grade
mucoepidermoid carcinoma. One of our cases (no. 5) was
originally diagnosed as salivary duct carcinoma (SDC) due
to high-grade transformation prevalent in its morphology [25].
SDC as MASC mimic has not been reported before. Morpho-
logically, the HG component of MASC in both our cases was
composed of anaplastic cells with abundant cytoplasm and
large polymorphous nuclei arranged in solid structures with
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focal comedo-like necrosis. In addition, the tumours showed
high mitotic activity and invasion of stroma and of peripheral
nerves. The high-grade component did not contain colloid- or
protein-like material, but the presence of ETV6 rearrangement
was confirmed. Immunohistochemistry may be useful to dif-
ferentiate MASC with high-grade transformation from SDC,
which, in contrast to MASC, typically shows expression of
androgen receptor or HER-2/neu but not of S100 protein.

The other MASC case was previously diagnosed as
mucoepidermoid carcinoma (MEC) with intermediate differ-
entiation, mostly due to focal but unequivocal PAS-positive
mucinous differentiation. This feature and variable expression
of myoepithelial markers (HMWCK, p63 and CD10) make
MEC an important differential diagnosis from MASC [10,
17]. However, the basal/myoepithelial markers (calponin,
p63 and CD10) are usually diffusely and strongly expressed
in MEC, while weak and focal in MASC [17]. Additionally,
lack of squamoid areas with intercellular bridges and/or basal-
like intermediate cells supports a diagnosis of MASC. More-
over, MEC often (in 38 to 81 % of cases) harbours a t(11;19)
translocation resulting in CRTCI-MAML2 fusion transcript
[12, 20]. This differs from MASC, which tends to have the
t(12;15)(p13;q25) translocation resulting in the ETV6-NTRK3
fusion transcript.

The most common mimic of MASC is zymogen granule-
poor AciCC [13, 18]. We also found two cases (out of 17,
12 %) formerly diagnosed as AciCC: one with papillary cystic
(case 3) and the other with macrocystic (case 4) growth
pattern. AciCC is characterized by a wide variety of architec-
tural patterns, some of which (microcystic, follicular and
papillary cystic) need to be differentiated from MASC. Strong
and diffuse S100 protein expression and positive
mammaglobin staining should favour a diagnosis of MASC
[4, 21].

Adenocarcinoma/cystadenocarcinoma not otherwise spec-
ified (ANOS) is a poorly defined entity of otherwise unclas-
sifiable salivary gland carcinoma. Tts diagnosis should be
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Fig. 1 Histopathological features
of MASC: a the tumour is well
circumscribed and surrounded by
a thick, not interrupted fibrous
capsule (H&E; x40); b
microcystic and slightly dilated
glandular spaces filled with an
cosinophilic homogenous
secretory material (H&E; x100); ¢
minor component is represented
by papillary structures (H&E;
*100); d a macrocystic growth
pattern (H&E; x¥100); e cystic
structures lined mostly by a single
and, focally, a double layer of
cells with focal apocrine
differentiation (H&E; x200); £
cells with abundant pale pink
vacuolated and foamy cytoplasm
and vesicular, bland looking
nuclei with prominent nucleoli
(H&E: x200); g a diffuse and
strong staining for S100 and h
mammaglobin (x100)

made by exclusion of other salivary gland carcinoma types.
The differentiation from MASC requires evidence of the
ETV6-NTRK3 translocation through which many cases diag-
nosed as ANOS were reclassified as MASC [3, 5, 9, 13, 15,
24, 29]. Our series contained 14 cases of ANOS, three of
which (21 %) were reclassified as MASC.

We performed both FISH and RT-PCR for molecular
genetic analysis. In our study, on FISH, all but one case
(6/7) was positive for ETV6 gene rearrangement. In the
cystic tumour with delicate cellular lining (case 1), the
neoplastic material was very limited and, thus, insufficient
for analysis. By RT-PCR, only three out of seven cases

@_ Springer
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contains two distinct carcinomatous components. One represents
conventional MASC composed of uniform ncoplastic cells arranged in
solid, tubular and microcystic growth structures divided by fibrous septa
that were partly hyalinized. The tumour cells show typical low-grade
morphology: vesicular round to oval nuclei with finely granular

were positive for the t(12,15) (ETV6-NTRK3) fusion tran-
script. Petersson et al. proposed as possible explanation for
negative RT-PCR results a different fusion partner for the
ETV6 gene [22]. In haematopoietic malignant disorders,

chromatin and distinct centrally located nucleoli (/eft). The HG
component is composed of anaplastic cells with abundant cytoplasm
and large pleomorphic nuclei (right) (H&E; »40); b solid tumour
islands of MASC high-grade component with arcas of large
geographical comedo-like necrosis (H&E; ¥200)

ETV6 fusions other than with NTRK3 have been described
with ABLI, RUNXI or FLT3 [9]. Moreover, the ETV6-
NTRK3 fusion is not found in 100 % of secretory carcino-
mas of the breast [22].

b

YA A
/\ AR BN ‘il { /A
/\/\ A vV A/ A

Fig.3 a Fluorescent in situ hybridization with ETV6 (12p13) break apart
probe. Nuclei with split red and green signals indicate ETV6 break.
Chromosomes with normal ETV6 gene show yellow signal

@ Springer

(overlapping green and red); b expression of the ETV6-NTRK3 fusion
transcript by reverse transcription PCR; ¢ sequence analysis of the ETV6-
NTRK3 fusion transcript. Arrows indicate translocation break point
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The majority of MASC arose in the parotid gland, followed
by the oral cavity (lip, soft palate and buccal mucosa) and
submandibular gland [5, 26]. Of our cases, all but one (85 %)
developed in the parotid gland. The remaining tumour arose in
a small salivary gland of the hard palate. The male predomi-
nance in our series (2.5:1) is more prominent than in other
reports which found MASC to be only slightly more common
in males (53 %) [3]. Age varied widely in our cases from 17 to
73 years (median 51.4) corresponding to earlier data (range
from 14 to 78 years) [3]. The size of MASC ranged from 0.2 to
55cm[3,6,9, 13-15, 18, 19, 22, 26, 29]. In our series, the
smallest tumour (2.0 cm) was located in the hard palate (case
7), whereas others ranged from 2.2 to 4 em. This is consistent
with data from the literature in that MASC in the oral cavity
tends to be smaller (mean 0,9 ¢cm) than in the parotid gland
(mean 2, 2 cm) [3].

The limited number of cases of MASC with full clinical
correlation and follow-up data precludes assessment of its
prognosis and response to treatment. Although MASC is
currently treated as a low-grade carcinoma with overall
favourable prognosis, it has potential for regional lymph node
metastasis. In cases with positive surgical margins [9, 26], the
tumour often recurs locally, and therefore, adjuvant radiother-
apy is recommended. Two of our patients with MASC with
high-grade transformation (cases 5 and 6) died of neoplastic
disease, one with distant metastasis 20 and 79 months after
primary surgery. MASC has a capacity for an aggressive
course, and the ETV6-NTRK3 translocation might provide a
potential therapeutic target [9].

In conclusion, MASC is a morphologically and molecular-
ly well-defined salivary gland neoplasm. MASC may share
microscopic features with AciCC, adenocarcinoma/
cystadenocarcinoma NOS and low-grade MEC, In rare cases,
MASC with high-grade transformation may morphologically
mimic high-grade salivary gland malignancies, such as sali-
vary duct carcinoma.
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Mammary Analogue Secretory Carcinoma
of Salivary Glands

Molecular Analysis of 25 ETV6 Gene Rearranged Tumors With
Lack of Detection of Classical ETV6-NTRK3 Fusion Transcript by
Standard RT-PCR: Report of 4 Cases Harboring ETV6-X Gene Fusion
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Abstract: ETV6 gene abnormalities are well described in tumor
pathology. Many fusion partners of ETV6 have been reported in
a variety of epithelial and hematological malignancies. In sali-
vary gland tumor pathology, however, the ETV6-NTRK3
translocation is specific for mammary analogue secretory car-
cinoma (MASC), and has not been documented in any other
salivary tumor type. The present study comprised a clinical and
molecular analysis of 25 cases morphologically and im-
munohistochemically typical of MASC. They all also displayed
the ETV6 rearrangement as visualized by fluorescent in situ
hybridization but lacked the classical ETV6-NTRK3 fusion
transcript by standard reverse-transcriptase-polymerase chain
reaction. In 4 cases, the classical fusion transcript was found by
more sensitive, nested reverse-transcription-polymerase chain
reaction. Five other cases harbored atypical fusion transcripts as
detected by both standard and nested reverse-transcription-
polymerase chain reaction. In addition, fluorescent in situ
hybridization with an NTRK3 break-apart probe was also per-
formed; rearrangement of NTRK3 gene was detected in 16 of 25
cases. In 3 other cases. the tissue was not analyzable, and in 2
further cases analysis could not be performed because of a lack
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of appropriate tissue material. Finally, in the 4 remaining cases
whose profile was NTRK3 split-negative and ETV6 split-pos-
itive, unknown (non-NTRK) genes appeared to fuse with ETV6
(ETV6-X fusion). In looking for possible fusion partners, anal-
ysis of rearrangement of other kinase genes known to fuse with
ETV6 was also performed, but without positive results. Al-
though numbers were small, correlating the clinico-pathologic
features of the 4 ETV6-X fusion tumors and 5 MASC cases with
atypical fusion transcripts raises the possibility of that they may
behave more aggressively.

Key Words: mammary analogue secretory carcinoma, MASC,
ETV6-NTRK3, ETV6-X fusion transcript, clinicopathologic
analysis

(Am J Surg Pathol 2016;40:3-13)

M ammary analogue secretory carcinoma (MASC) of
salivary gland origin is a recently described tumor
that harbors a characteristic balanced chromosomal
translocation, t(12;15) (p13;q25) resulting in an ETV6-
NTRKS3 fusion' identical to that in secretory carcinoma of
the breast.> Histologically, MASC is composed of uni-
form cells with bland-looking vesicular nuclei and eosi-
nophilic vacuolated cytoplasm, arranged in tubular,
microcystic and solid growth patterns with abundant
periodic acid-Schifl —positive secretions. MASC may
histologically resemble zymogen granule-poor acinic cell
carcinoma, low-grade cribriform cystadenocarcinoma,
and adenocarcinoma not otherwise specified.! However,
the diagnosis of MASC in most cases is not difficult based
on histologic, immunohistochemical, and molecular fea-
tures. Detection of ETV6 by fluorescent in situ hybrid-
ization (FISH) is technically feasible and more than 150
cases of MASC have been published in the last 4 years
since its original description in 2010.

There have been several studies extending the de-
scription of the clinical, histologic, and immuno-
histochemical features of MASC*!'2 and the number of

www.ajsp.com | 3

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

108



Skalova et al

Am | Surg Pathol * Volume 40, Number 1, January 2016

reported MASCs has grown considerably.!* 15 However,
the molecular genetic and epigenetic background of
MASC has not been completely studied, except for the
ETV6-NTRK3 fusion. Therefore, a recent paper by Ito
et al'® describing 2 MASC cases with ETV6 fused with an
unknown gene partner immediately attracted our atten-
tion; the authors hypothesized that such tumors may have
unique clinicopathologic features.

Up until then, in all cases of MASC where the fu-
sion was known, this was ETV6 with NTRK3, and no
other fusion partners have been reported so far. Never-
theless, for several years, we have been aware of a number
of MASC cases positive for the ETV6 gene split as vi-
sualized by FISH, but in which the classical ETV6-
NTRK3 fusion transcript (exon 5-exon 15 junction) was
not detected by standard reverse-transcriptase polymerase
chain reaction (RT-PCR). Twenty-five such MASC cases
were retrieved from our consultation files and further
analyzed.

MATERIALS AND METHODS

Among more than 4300 cases of primary salivary
gland tumors, 121 cases of the newly recognized entity
MASCs were retrieved from the consultation files of the
Salivary Gland Tumor Registry, at the Department of
Pathology, Faculty of Medicine in Plzen, Czech Republic
(AS). The histopathologic features of all tumors and the
immunohistochemical stains when available were re-
viewed by 2 pathologists (A.S. and M.B.). A diagnosis
of MASC was confirmed in cases that displayed, if at
least focally, histologic features consistent with original
description! in  conjunction with appropriate im-
munohistochemical profile, that is coexpression of S-100
protein, cytokeratin CK7, and mammaglobin with
absence of p63 and DOGH staining. For the purpose of
this particular study, we have included only unequivocal
cases of MASC positive for ETVF6 rearrangement by
FISH. Twenty-five tumors harboring ETV6 gene re-
arrangement as visualized by FISH but without detection
of the classical ETV6-NTRK3 fusion transcript by
standard RT-PCR were further analyzed.

For conventional microscopy, the excised tissues
were fixed in formalin, routinely processed, embedded in
paraffin, cut, and stained with hematoxylin-cosin. In most
cases, additional stains were also performed, including
periodic acid-Schiff with and without diastase, muci-
carmin, and alcian blue at pH 2.5.

For immunohistochemical studies, 4-um-thick sec-
tions were cut from paraffin blocks, mounted on slides
coated with 3-aminopropyltriethoxy-silane (Sigma, St.
Louis), deparaffinized in xylene, and rehydrated in de-
scending grades (100% to 70%) of ethanol. Sections were
then subjected to heat-induced epitope retrieval by im-
mersion in a CCI solution at pH 8, at 95°C. Endogenous
peroxidase was blocked by a S5-minute treatment with 3%
hydrogen peroxide in absolute methanol. The slides were
then stained by immunostainer BenchMark ULTRA
(Roche). The primary antibodies used are summarized

4 | www.ajsp.com

in Table 1. The bound antibodies were visualized using
the Histofine Simple Stain MAX PO (Multi) Universal
Immuno-peroxidase Polymer, anti-mouse and rabbit
(Nichirei Biosciences Inc., Tokyo, Japan), and 3-3'-di-
aminobenzidine (Sigma) as chromogen. The slides were
counterstained with Mayer hematoxylin. Appropriate
positive and negative controls were employed.

Clinical follow-up was obtained from the patients,
their physicians, or from referring pathologists.

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 500 ng) (Roche Diag-
nostics, Mannheim, Germany). All procedures were per-
formed according to the manufacturer’s protocols.
Amplification of a 105 and 133bp product of the p2-
microglobulin gene and 247 bp product of PGK gene was
used to test the (iluality of the extracted RNA as pre-
viously described.!”!¥ A detection of classical, exon 5 of
ETV6 gene and exon 15 of NTRK3 gene,?® as well as
atypical, exon 4 of the ETV6 gene and exon 14 of the
NTRK3 gene (and their combinatorial variants), fusion
transcript was performed by RT-PCR. In addition, more
sensitive, nested RT-PCR was performed for detection
classical'® as well as selected atypical junction of tran-
scripts.

For single-round PCR, 2 uL of cDNA was added to
reaction consisted of 12.5 uL of HotStar Taq PCR Master
Mix (Qiagen, Hilden, Germany), 10 pmol of each primer
(Table 2) and distilled water up to 25uL. The amplifica-
tion program comprised denaturation at 95°C for 14 mi-
nutes and then 45 cycles of denaturation at 95°C for
1 minute, annealing at temperature seen in Table 2 for
1 minute, and extension at 72°C for | minute. The pro-
gram was finished by incubation at 72°C for 7 minutes.
For nested PCR, the same reaction conditions were set.
One microliter of PCR product from the first round was
used as a template.

Successfully amplified PCR products were purified
with magnetic particles Agencourt AMPure (Agencourt
Bioscience Corporation, A Beckman Coulter Company,
Beverly, MA). Products were then bidirectionally se-
quenced using Big Dye Terminator Sequencing kit (PE/
Applied Biosystems, Foster City, CA), purified with
magnetic particules Agencourt CleanSEQ (Agencourt
Bioscience Corporation), all according to the manu-
facturer’s protocol and run on an automated sequencer
ABI Prism 3130xl (Applied Biosystems) at a constant
voltage of 13.2kV for 11 minutes.

Detection of ETV6, NTRK3, and Other 13 Genes
Break by FISH Method

From each tumor, 4-um-thick sections were cut
from formalin-fixed paraffin-embedded blocks and placed
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Mammary Analogue Secretory Carcinoma With ETV6-X Fusion

TABLE 1. Antibodies Used for Immunohistochemical Study

Antibody Specificity Clone Dilution Antigen Retrieval/Time Source
S-100 protein Polyclonal 1:2000 CCl1/20min DakoCytomation
CK7 OV-TL 12/30 1:200 CC1/36min DakoCytomation
GCDFP-15 EP1582y RTU CC1/64 min Cell Marque
Mammaglobin 304-1A5 RTU CCl/36min DakoCytomation
STAT Sa Polyclonal 1:400 CCl1/36min Assay Designs Inc.
Ki-67 30-9 RTU CCl1/64 min Ventana

P63 4A4 RTU CC1/64min Ventana

DOGI K9 RTU CCl/36min Leica

GATA3 L50-823 1:250 CC1/52min BioCare Medical
SOX10 Polyclonal 1:50 CC1/64 min Cell Marque

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

on positively charged slides. The slides were routinely
deparaffinized in xylen 3 times for 5 minutes and then
washed twice in 100% ethanol, once in 95% ethanol and
once in deionized water for 5 minutes. Then, the slides
were heated in the 1 x Target Retrieval Solution (pH 6)
(Dako, Glostrup, Denmark) for 40 minutes at 95°C and
subsequently cooled for 20 minutes at room temperature
in the same solution. The slides were washed in deionized
water for 5 minutes and tissues were covered with the
Proteinase K (20mg/mL) (SERVA, Heidelberg, Ger-
many) for 10 minutes at room temperature. The slides
were then placed into deionized water for 5 minutes, de-
hydrated in a series of ethanol solution (70%, 85%, 96%
for 2min each) and air-dried.

An appropriate amount of mixed break-apart probe
(Table 3) was applied on each specimen and was

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

Original
Primer Name Sequence Localization
ETV6-ex4-F3 AGCCGGAGGTCATACTGCAT ETV6 exon 4
inner
ETV6-ex4-F4 CATTCTTCCACCCTGGAAAC ETV6 exon 4
outer
ETVeB* ACATCATGGTCTCTGTCTCCCCGC ETV6 exon 5
mner
TEL9711 ACCACATCATGGTCTCTGTCTCCC ETV6exon 5
(ETV6A™) outer
NTRK3- GTGATGCCGTGGTTGATGT NTRK3
exl4-R1 exon 14
inner
NTRK3 AGTCATGCCAATGACCACAG NTRK3
ex14-R2 exon 14
outer
NTRK3B* TTCTCGCTTCAGCACGATGTCT NTRK3
exon 15
inner
TRKC1059% CAGTTCTCGCTTCAGCACGATG NTRK3
(NTRK3A*) exon 15
outer

*to et al.'®
+Bourgeois et al.>"

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

incubated in the ThermoBrite instrument (StatSpin/Iris
Sample Processing, Westwood, MA) at 85°C for 8 mi-
nutes and then at 37°C for 16 hours. Subsequently, the
slide was washed in 2 x SSC/0.3% NP-40 solution at 72°C
for 2 minutes and counterstained with DAPI.

FISH Interpretation

Each specimen was examined with an Olympus
BXS51 fluorescence microscope using a 100 x objective
and filter sets Triple Band Pass (DAPI/SpectrumGreen/
SpectrumOrange), Dual Band Pass (FITC/Texas Red),
and Single Band Pass (SpectrumGreen or SpectrumOr-
ange). Scoring was performed by counting the number of
fluorescent signals in 100 randomly selected non-
overlapping tumor cell nuclei. The slides were in-
dependently enumerated by 2 observers (T.V. and P.S.).
The cut-off value for gene break was set at 10%.!

RESULTS

Molecular Genetic Findings

After making the histologic diagnosis of MASC and
confirming the ETV6 split, 25 cases with the absence of
classical, exon 5-exon 15, ETV6-NTRK3 fusion transcript
as detected by standard RT-PCR were analyzed in greater
detail (Table 4). The classical fusion transcript was ana-
lyzed by potentially more sensitive nested RT-PCR.M In
addition, atypical, exon 4-exon 14, ETV6-NTRK3 fusion
transcript, and also possible combinations of exons in-
volved in classical and atypical junction were analyzed by
nested RT-PCR and/or RT-PCR. In 4 cases, the classical
fusion transcript was found by nested RT-PCR. Five
other cases harbored atypical, exon 4-exon 14 or exon 3-
exon 14, ETV6-NTRK3 fusion transcript as detected by
both, nested and/or standard RT-PCR (Fig. 1). The rest
of the cases remained negative on RT-PCR. In addition
to RT-PCR studies, FISH with NTRK3 break-apart
probe was performed. The NTRK3 gene split was de-
tected in 16 of 25 cases. In 3 cases, the tissue was not
analyzable, and in 2 other cases analysis could not be
performed because of lack of formalin-fixed paraffin-
embedded tissue material.
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TABLE 3. Probes Used in Study

Reaction Mixture

Gene Name BAC Clone/Localization of Probe Producer (Probe-Probe:Water:Buffer)
ETV6 Commercial Abbott/Vysis
NTRK3 RP11-97012 BlueGnome
RP11-96B23
NTRKI chrl:156188056-156785595 Agilent
chrl:156851496-157451790
NTRK2 chr9:86361009-87360838 Agilent
chr9:87560839-88561053
ABLI RPI1-17L7 BlueGnome
RP11-143H20
ABL2 chrl:178664366-179063610 Agilent
chrl:179203866-180203965
FGFR3 RP11-386115 BlueGnome
RP11-262P20
FLT3 RP11-438F9 BlueGnome
RP11-502P18
FRK chr6:115762599-116262838 Agilent 1-1::74
chr6:116381774-116882068
JAK2 Commercial KREATECH Diagnostics Ready to use
LYN chr8:56192225-56792519 Agilent 1-1:1:74 7
chr8:56925305-57525154
PDGFRA RPI11-367N1 BlueGnome 1-1:1:77 7
RP11-116G9
PDGFRB Commercial CYTOCELL Technologie Ready to use
PERI RP11-298H4 BlueGnome 111707
RPI1-89A15
SYK RPI1-6IN16 BlueGnome 1-1:0:7% 7
RP11-367F23

TABLE 4. Results of Molecular Genetic Analysis of ETV6 and NTRK3 Genes Rearrangement and ETV6-NTRK3 Fusion Transcripts

Case Number

FISH

ETV6 Break NTRK3 Break

Nested RT-PCR

RT-PCR
Atypical 4-14"
Classical 5-15 or 5-147

Nested RT-PCR RT-PCR
Atypical Control Genes
4-14' 105/133/247

Case |
Case 2
Case 3
Case 4
Case 5
Case 6
Case 7
Case 8
Case 9
Case 10
Case 11
Case 12
Case 13
Case 14
Case 15
Case 16
Case 17
Case 18
Case 19
Case 20
Case 21
Case 22
Case 23
Case 24
Case 25

L i i i S S A S S R R

NA
+
+

NA

NP

NP

e e S A R o

+ 11

I+ + |

At
P+l +++++++ 1

\
*
R e T e e e A T e
+

4, 5—numbers of exons of ETF6 gene: 14, 15—numbers of exons of NTRK3 gene.

*Only 4-14 junction was analyzed by nested RT-PCR.
NA indicates not analyzable; NP, not performed.
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FIGURE 1. Sequence analysis of ETV6-NTRK3 fusion tran-
scripts. The most common exon 5-exon 15 (5-15) as well as 2
other atypical (4-14 and 5-14) fusions are shown. Arrows show
point of fusion.

In the 4 remaining cases with the profile of NTRK3
split-negative and ETV6 split-positive, the fusion of
ETV6 gene to a non-NTRK3 gene was suggested. To
pursue possible fusion partners in these cases, we exam-
ined involvement of NTRK! and NTRK2 genes, both
members of the NTRK family. However, neither an
NTRKI nor NTRK2 gene split was detected (Fig. 2).
Other kinase genes known to be possible partners of
ETV6, such as ABLI, ABL2, FGFR3, FLT3, FRK, JAK2,
LYN, PDGFRA, PDGFRB, PERI, and SYK were ana-
lyzed in cases, in which a sufficient formalin-fixed paraf-
fin-embedded tissue was available (cases 17, 20). In case
17, no break of these genes was detected. In case 20, all
genes except unanalyzable FLT3, PDGFRA, and SYK
were negative, too.

Clinical and Histologic Characteristics of the Study
Group

The clinical and follow-up data are summarized
in Table 5. There were 9 female and 16 male patients. The
median patient age was 47 years, with a range between 15
and 77 years. The most common anatomic site of in-
volvement was the parotid gland, occurring in 12 patients
(48%). Other sites of origin were the submandibular
gland in 6 patients (24%), minor salivary gland of buccal
mucosa, and retromolar gingiva in 2 patients each (8%)
and 3 tumors arose in the upper lip (12%).

Follow-up Data

Clinical follow-up data were obtained from 22 pa-
tients, and ranged from 9 months to 19 years (mean 3y
and 11mo), 3 patients were lost to follow-up. Detailed
clinical, follow-up, and histologic findings in 25 patients
with MASC are summarized in Table 6.

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

Five of the 22 patients experienced locally recurrent
tumor 1 month to 19 years after the primary diagnosis
(mean 55mo). Cervical lymph node metastases developed
in 6 patients, one of whom died of disseminated cancer 20
months after diagnosis with nodal (4 mo after diagnosis of
primary tumor) and multiple distant metastases to lungs,
liver, and bones at 10 months (case 9). Fourteen of 22
patients were alive with no evidence of recurrent or
metastatic disease at last follow-up.

All tumors were treated by surgical excision; in 9
cases the excision was radical with clear surgical margins,
but in 11 cases the surgical margins were positive and in
4 cases the tumor infiltration was close (< 0.5mm) to
the surgical margins. One patient underwent subtotal
conservative parotidectomy in combination with radio-
therapy (case 5). Recurrences were treated by radical re-
excision with clear surgical margins in all 5 patients,
radiotherapy was used in 4 of these 5 patients with
recurrent disease.

Macroscopic Features

The median tumor size was 2.1 cm, with a range of
0.5 to 5.0cm. Grossly, most tumors were variably in-
vasive: 4 were entirely circumscribed, 6 had focally in-
filtrative edges, and 15 were predominantly infiltrative.

Microscopic and Immunohistochemical
Features

On low-power magnification, 3 major growth pat-
terns of MASC were identified in our material. Firstly,
some tumors were well circumscribed and surrounded by
a thick, focally uninterrupted, fibrous capsule enclosing
predominantly papillary and macrocystic structures
(Fig. 3). The second pattern was characterized by solid
and lobular growth with a multilobular structure divided
by thick hyalinized or thin fibrous septa (Fig. 4). These
tumors either lacked a capsule or were only partially en-
capsulated with prominent infiltrative borders. These
cases were predominantly composed of microcystic and
slightly dilated glandular spaces filled with variable
amount of cosinophilic homogenous secretory material.
A prominent fibrosclerotic stroma with isolated tumor
cells in small islands or trabeculac were seen in central
part of the tumor in 12/25 (48%) cases (Fig. 5). The third
pattern comprised a macrocystic growth pattern, in which
larger cystic structures were lined mostly by a single, and
focally a double layer of cells with prominent or focal
apocrine differentiation including hobnail cells (Fig. 6).
The cysts contained abundant proteinaceous eosinophilic
material. However, most tumors demonstrated 2 or more
architectural patterns with microcystic, tubular, solid,
and papillary patterns often occurring together.

Regardless of the growth pattern of MASC, the
tumor cells were often bland looking with abundant pale
pink vacuolated and foamy cytoplasm and with vesicular
oval nuclei with a single small but prominent nucleolus.
The cytologic features were similar from cases to case.
Range of nuclear atypia was assessed as grades 1 to 3.
Mitotic figures were rare and necrosis was absent.
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FIGURE 2. FISH analysis reveal rearranged ETV6 gene (A), and intact genes NTRK1 (B), NTRK2 (C), and NTRK3 (D) respectively,
using break-apart probes. Yellow (red/green fusion) signal demonstrates intact chromosome, separated red and green signals

mean gene break.

Lymphovascular invasion was present in 2 cases (8%),
and perineural invasion was seen in 12 tumors (48%)
(Table 5).

Histologic Findings in 4 MASC Cases NTRK3 Split-
negative ETV6 Split-positive (ETV6-X Fusion)

Invasive growth into fibroadipose tissue adjacent to
salivary glands was seen in 3 of the 4 (cases 15, 17, 20),
and the remaining tumor was received as multiple frag-
ments, and thus invasion could not be assessed (case 6). In
detail: skeletal muscle was involved in 1 case (case 15),
lymphovascular invasion in 1 (case 15), and perineural
invasion seen in 2 (cases 17, 15). A capsule was not
present in any of these tumors. The fibrosclerotic stroma
and thick hyalinized fibrous septa were particularly
prominent in 2 of 4 cases. Nuclei were assessed as grade 1
in 3 tumors, and nuclear grade 2 in the remaining 1 (case
20) (Tables 4 and 6).

8 | www.ajsp.com

Histologic Findings in 5 MASC Cases With
Atypical Profile of ETV6-NTRK3 Fusion Transcript
Except for 1 patient (case 25), all the other 4 tumors
were invasive and nonencapsulated with infiltration of
periglandular tissue and positive surgical margins. Peri-
neural (2/5) and lymphovascular (1/5) invasion were ob-
served. Four cases showed thick fibrous septa with focal
hyalinization, and in each of 3 cases, trabeculae and nests
of neoplastic cells were embedded in a completely hyali-
nized central part of the tumor (Fig. 7). Nuclei were as-
sessed as grade 1 in 3 tumors (cases 14, 19, 25), and nuclear
grade 3 in the remaining 1 (case 9) (Tables 4 and 6).
High-grade morphology was seen in 1 patient (case
9). The tumor was composed of 2 distinct carcinomatous
components (Fig. 8). One component was a conventional
MASC made of uniform neoplastic cells arranged in
solid, tubular, and microcystic growth structures, divided
by fibrous septa that were thick and partly hyalinized.
The tumor cells had typical low-grade morphology;
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TABLE 5. Clinical and Histologic Findings in 25 MASC Cases
With ETV6-Split and Absence of ETV6-NTRK3 Fusion Transcript
by Standard RT-PCR

N/Total (%)

Age
Median age (y) 47
Range (y) 15-77
Sex
Female 9/25 (36)
Male 16/25 (64)
Anatomic location
Parotid gland 12/25 (48)
Submandibular gland 6/25 (24)
Minor gland 7/25 (28)
Size (cm)

Median 2.1
Range 0.5-5.0
Follow-up data available 22/25 (88)

Median follow-up period 3y Il mo

Range 9-228mo
Metastatic disease

Cervical LN metastasis 6/22 (28)

Distant metastasis 1/22 (4)
Local recurrent disease 5/22(23)
Histologic findings

Invasive growth 15/25 (60)

Perineural invasion 12/25 (48)

LVI 2/25 (8)

Prominent hyalinized stroma 12/25 (48)

LN indicates lymph node: LVI, lymphovascular invasion.

vesicular round to oval nuclei with finely granular chro-
matin and distinct centrally located nucleoli. The other
component was sharply delineated from the conventional
MASC. It was composed of anaplastic cells with abun-
dant cytoplasm and large pleomorphic nuclei. Solid
tumor islands revealed areas of large geographical com-
edo-like necrosis and desmoplastic stroma indicated in-
vasion. The tumor cells of the high-grade component had
significantly increased mitotic activity and nuclear poly-
morphism and failed to produce secretory material, in
contrast to the low-grade component.

Immunohistochemical Findings

By immunohistochemistry, all examined MASC
cases were positive for S100 protein (25/25), mamma-
globin (17/17), typically in strong and diffuse fashion
(secretory material was also positive), and cytokeratin
CK7 (17/17). GATA-3, SOX-10, and STAT5a staining
was detected in most analyzed cases, respectively (17/17),
(5/10), and (5/5). P63 protein was completely negative in
most cases, with limited areas of positive peripheral my-
oepithelial cell staining suggestive of a focal intraductal
component in 3 cases. DOGI was negative in all cases
(16/16). Proliferative activity was generally low, with
mean MIBI index 17% (range 5% to 40%).

DISCUSSION
MASC is a relatively newly described neoplasm of
minor and major salivary glands characterized in most
cases by a distinctive molecular alteration: a balanced

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

t(12;15) (p13;925) chromosomal rearrangement resulting
in the fusion of the ETV6 and NTRK3 genes.! Interest-
ingly, the same translocation, ETV6-NTRK3, can be seen
not only in secretory carcinoma of breast,> but also in
infantile fibrosarcoma,”! congenital mesoblastic neph-
roma,?? some hematopoietic malignancies,”> ALK-neg-
ative inflammatory myofibroblastic tumors,>* and in
radiation-induced papillary thyroid carcinoma.?

The ETV6-NTRK3 fusion gene encodes a chimeric
oncoprotein tyrosine kinase that activates the Ras-MAP
kinase and phosphatidylinositol-3-kinase-Akt pathways.
An ETV6 rearrangement may be detected from paraffin-
embedded tissue by break-apart FISH or alternatively,
the fusion transcript can be identified by RT-PCR. De-
tection of ETV6 rearrangement from paraffin-embedded
tissue is technically feasible, relatively widely available
and is considered the gold standard for the diagnosis of
MASC. However, in some of our MASC cases previously
reported, RT-PCR failed to demonstrate the ETV6-
NTRKS3 fusion transcript, even though they were FISH
positive, 11126

Recently, Tto et al'® reported 2 cases of MASC with
the ETV6 gene split detected by FISH but in which the
ETV6 gene appeared to be fused with a gene partner
other than NTRK3. They further demonstrated that nei-
ther NTRKI nor NTRK2 genes were involved.'® In
hematopoietic malignancies, =30 ETV6 partner genes
have been molecularly characterized,”” but in MASC
ETV6 usually fuses with NTRK3, and no other fusion
partners have been reported so far.''® However, the 2
cases reported by Ito et al'® plus several examples of
MASC in our previous studies"!'2% that failed to dem-
onstrate ETV6-NTRK3 fusion transcript by classical RT-
PCR together suggested that E7'V6 may on occasions fuse
with an unknown non-NTRK gene partner (ETV6-X fu-
sion). Therefore, we retrieved from our consultation files
25 such MASC cases all ETV6 split by FISH but negative
for ETV6-NTRK3 fusion transcript as detected by
standard RT-PCR.? This reaction analyzes the most
common fusion in MASC, which is the junction of exon 5
of ETV6 and exon 15 of NTRK3 genes by single-round
RT-PCR. In the present study, we used the more sensi-
tive, nested RT-PCR,'% and consequently we revealed the
presence of the classical transcript in another 4 cases. In
addition, we found 5 cases with atypical junctions. These
junctions have not been described in MASC but are rel-
atively common in radiation-induced papillary thyroid
carcinoma.?

Simultaneously with the RT-PCR study, we per-
formed FISH analysis of our tumors with various break-
apart probes. Firstly, we investigated splits in the NTRK3
gene. This analysis revealed, as in the study of Ito et al,'®
the presence of ETV6-positive/ NTRK3-negative cases. On
2 available samples, we then performed analysis for re-
arrangement of NTRK3 homologs NTRK/ and NTRK2
but these were negative, similar to the findings of Ito
et al'® In addition to these NTRK homologs, we analyzed
several kinase genes commonly fused with ETV6 1n
hematological malignancies,”” but we were unable to
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TABLE 6. Clinical and Histologic Findings of 25 MASC Cases

Age/ Invasion Hyalinized

Case Number Sex Primary Site Tumor Size (mm) Capsule (LVI, PN) Septa Sclerosis
| Buccal mucosa 10 Complete No No No
2 Buccal mucosa 10 Invasive No No No
3 Parotid 30 Invasive PN+ ++ +
4 Upper lip 10 Invasive No ++ +
5 Parotid, deep lobe 503015 Invasive PN+ ++ + +
6 Lip 15 Invasive No No No
7 Parotid 8 Complete No No No
8 Parotid 40x35x25 Invasive No No No
9 Parotid 40%x35% 25 Invasive PN+ LVI+ ++ +++
10 Parotid 14 Incomplete PN+ + +
11 Retromolar 6 Complete No No No

gingiva
12 35/F Parotid 27x15x 10 Incomplete PN+ ++ No
13 15/M Submandibular 18 Invasive PN+ + + +
14 44/M Submandibular 15 Incomplete PN+ ++ +
15 29/M Parotid 23 Invasive PN+ LVI+ + ++
16 74/M Parotid 30%x30x25 Invasive PN+ + No
17 31/M Submandibular 30 Invasive PN+ ++ ++
18 73/M Retromolar 15%20x 25 Invasive No + No

gingiva
19 35/M Submandibular 25 Invasive No + No
20 T7/F Submandibular 25 Invasive No ++ ++
21 02/F Lip 10 Complete PN+ + +
22 25/M Parotid 13 Incomplete No + No
23 62/M Parotid 23x20x20 Incomplete No + No
24 52/M Submandibular 20 Invasive No + No
25 48/F Parotid 10 Incomplete PN+ ++ +

*PE—sublotal conservative parotidectomy.
7Close margins means distance from tumor <0,5mm.

CHT indicates chemotherapy; LN, lymph node; LVI. lymphovascular invasion; NA, not available; NED. no evidence of disease: PN, perineural invasion; RD, residual

disease: RT, radiotherapy: SP, superficial parotidectomy.

1dentify any possible ETV6 fusion partner. The remainder
of our cases fell either firstly into a group with a different
exon junction to that tested, or secondly into a group with
expression below the detection limit of the methods used,
or thirdly into a group with low quality of RNA.

The novel finding in our study is the identification
of 5 MASC cases with atypical junctions, exon 4 of ETV6
with exon 14 of NTRK3 and exon 5 of ETV6 with exon 14
of NTRK3 that have not been described in MASC so far.
Morcover, we confirmed the observation of Ito et all®
that a subset of MASC cases very likely harbors ETV6
fused with non-NTRK genes (ETV6-X fusion).

What was a particularly interesting finding of our
study is that in both these groups of MASC with atypical
junctions and ETV6-X fusion, we observed a more ag-
gressive invasive growth pattern in 6/9 (67%) together
with more frequent perineural invasion in 5/9 (55%), and
lymphovascular invasion in 2/9 (22%) than in the cases
with classical ETV6-NTRK3 fusion. In addition, lymph
node metastases were seen in 2 patients, and 1 patient
even died of disseminated discase with multiple distant
metastases. This is in accordance with recent observation
of Tto et al,'® who published 2 cases of ETV6-X fusion
MASC with invasive histologic features including peri-
neural or vascular involvement—this is in contrast with

10 | www.ajsp.com

the generally low-grade behavior of MASC. Nevertheless,
in our series, even MASC cases with the classical ETV6-
NTRK3 fusion often displayed an invasive growth pattern
(12/16) as well as perineural invasion (6/16) but lym-
phovascular invasion was not seen.

Ito et al'® have also suggested that MASC cases
with ETV6-X fusion may have distinctive histomorphol-
ogy, in particular, thick fibrous septa and abundant hy-
alinized stroma. We have found extensive hyalinized
stromal fibrosis in 4/16 cases of MASC with classical
ETV6-NTRK3 fusion transcript, remaining 12 cases were
devoid of extensive central fibrosclerotic foci. Thick fi-
brous septa were observed in most cases of MASC with
classical fusion (11/16). The MASC cases with atypical
exon junctions ETV6-NRTK3 and ETV6-X fusions dis-
played more often central hyalinized fibrosis in 6/9 (66%)
and thick fibrous septa in 7/9 (77%) than MASC with
classical ETV6-NTRK3 fusion.

In conclusion, the present study indicates that ETV6
may fuse with genes other than NTRK3, or a subset
of MASC cases may display atypical exon junctions
ETV6-NTRK3. Our preliminary results also suggest that
these atypical molecular features may be associated
with more infiltrative histologic features of MASC, and
less favorable clinical outcomes in patients, though the

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 6. (Continued)

Local Recurrence

Surgical Margins TNM Metastasis (y, mo) (y, mo) Treatment Foll p (y,mo) O
Clear TINOMO No No Excision 11 mo NED
Positive TINIMO LN 2y Multiple 2y Excision 2y, 4mo RD
Positive pT2/cNO/cMO rpT3 (19y) Excision, RT 19y NED
Positive TINOMO No rpT2 (2mo) Excision, re-excision margins clear 9mo NED
Positive T3NOMO No No *PE, RT 11 mo NED
Positive NA NA NA NA NA NA
Clear TINOMO No No Excision, SP ly, 6mo NED
Clear T2NOMO No (0/0) No Excision 12y NED
Positive T4aN2bM 1 LN 4mo lung, 4mo excision Excision, RT ly, 8mo DOD
liver, bones 10 mo
Closet T2NOMO No No SP 3y, Imo NED
Clear TINOMO No No Excision 2y NED
Clear pT2NxMx No No Excision 4y NED
Closet T3N2bMO LN + No Excision, RT 4y NED
Positive TINOMO No No Resection 4y, Il mo NED
Positive T2NIMO LN+ No Local excision, RT no neck dissection 2y. 10mo NED
Positive T2NOMO No No Excision RT, CHT 8y NED
Positive pT3pNOMO No Residual tumor Excision, radical resection (1 mo) 2y NED
Positive T2N2MO LN+ NA NA NA
Clear T2N2MO LN+ (3/36) No Excision, RT 4y, 2mo NED
Clear T2NOMO No No Excision 1y, 6mo NED
Clear TINOMO No No Wide local excision 3y NED
Clear TINOMO No No Excision ly, 3mo NED
Closet T3NIMO No (0/2) No Excision 7y. 6mo NED
TINOMO NA NA Excision NA NA
Closef pTINOMO No No Excision 1y, 3mo NED

numbers of published cases are low so far. Currently,
molecular confirmation is considered the gold standard
for the diagnosis of MASC, but there is growing body of
evidence that the majority of tumors (up to 95%) can be
accurately classified as MASC based solely on morphol-
ogy and immunohistochemistry.?® Recognizing MASC
and testing for ETV6 rearrangement may be, however, of
potential value in patient treatment, because the presence
of the ETV6-NTRK3 translocation may represent a
therapeutic target in MASC. Recent studies suggested

FIGURE 3. MASC (case 20, ETV6-X fusion) was composed of
predominantly papillary and macrocystic structures.

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

that the inhibition of ETV6-NTRK3 activation could
serve as a therapeutic target for the treatment of patients
with this fusion at other sites.””

FIGURE 4. MASC composed of multilobular structure divided
by thick hyalinized fibrous septa with microcystic and slightly

dilated glandular spaces filled with variable amount of eosi-
nophilic homogenous secretory material.
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FIGURE 5. MASC (case 15, ETV6-X fusion) shows a prominent
fibrosclerotic stroma with isolated tumor cells in small islands
or trabeculae.

3 : < L

FIGURE 6. MASC with macrocystic growth pattern, in which
larger cystic structures were lined mostly by a single, and fo-
cally a double layer of cells with prominent or focal apocrine
differentiation including hobnail cells.

FIGURE 7. Thick fibrous septa with prominent hyalinization
and trabeculae of neoplastic cells embedded in a completely

hyalinized central part of the tumor were typical for ETV6-X
fusion (case 17).

12 | www.ajsp.com

FIGURE 8. MASC with high-grade transformation was seen in
1 patient (case 9, atypical ETV6/NTRK3 fusion). The tumor was
composed of 2 distinct carcinomatous components.
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Molecular Profiling of Mammary Analog Secretory
Carcinoma Revealed a Subset of Tumors Harboring a Novel
ETV6-RET Translocation

Report of 10 Cases
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Abstract: ETV6 gene abnormalities are well described in tumor
pathology. Many fusion partners of ETV6 have been reported in
a variety of epithelial, mesenchymal, and hematological malig-
nancies. In salivary gland tumor pathology, however, the
ETV6-NTRK3 translocation is specific for (mammary analog)
secretory carcinoma, and has not been documented in any other
salivary tumor type. The present study comprised a clinical,
histologic, and molecular analysis of 10 cases of secretory
carcinoma, with typical morphology and immunoprofile har-
boring a novel ETV6-RET translocation.
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M ammary analog) secretory carcinoma of salivary
gland origin is a recently described tumor that
harbors a characteristic balanced t(12;15)(p13:q25) chro-
mosomal translocation resulting in an ETV6-NTRK3
fusion! identical to that commonly found in secretory
carcinoma (SC) of the breast.2 The ETV6-NTRK3 fusion
gene encodes a chimeric tyrosine kinase with transforming
activity in epithelial and myoepithelial cells in the mouse
mammary gland.?

Over many years, Skalova et al! began to identify
a distinctive, hitherto unrecognized neoplasm arising in
the salivary glands characterized by morphologic and
immunohistochemical features strongly reminiscent of
those of SC of the breast. These salivary carcinomas are
composed of microcystic and solid areas with abundant
vacuolated colloid-like periodic acid-Schiff-positive secre-
tory material within the microcystic spaces. These tumors
had previously been categorized as either unusual variants
of salivary acinic cell carcinoma (AciCC) or ad-
enocarcinoma not otherwise specified. !

Salivary SC was initially recognized as an entity
different from AciCC on the basis of 3 major findings.!
First, SC showed no basophilia in the cytoplasm of any of
the constituent cells, which is the hallmark of the serous
acinar cells of AciCC resulting from the presence of cy-
toplasmic zymogen granules. Second, these neoplasms had
a completely different immunohistochemical profile, al-
most always expressing S100 protein, mammaglobin,
vimentin, STATS, and MUC4, all of which are rarely
expressed in AciCC. Finally, SCs were found to harbor an

Am | Surg Pathol  Volume 42, Number 2, February 2018
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TABLE 1. Antibodies Used for Immunohistochemical Study

Antibody Specificity Clone Dilution Antigen Retrieval/Time (min) Source
S100 protein Polyclonal RTU CC1/20 Ventana
CK7 OV-TL 12/30 1:200 CC1/36 Dako Cytomation
GCDFP-15 EP1582y RTU CCl/64 Cell Marque
Mammaglobin 304-1A5 RTU CCl1/36 Dako Cytomation
STAT 3a Polyclonal 1:400 CCl1/36 Assay Designs Inc.
Ki-67 30-9 RTU CCl/64 Ventana

P63 4A4 RTU CCl/64 Ventana
DOGI SP31 RTU CC1/36 Cell Marque
GATA3 L50-823 1:200 CCl1/52 BioCare Medical
SOX10 Polyclonal 1:100 CCl/64 Cell Marque

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

ETV6-NTRK3 fusion gene due to a t(12; 15)(pl3,q25)
translocation, a finding identical to SC of the breast®
and absent in AciCCs.! Because of the morphologic
similarities and identical ETV6-NTRK3 fusion transcripts,
the designation “mammary analog secretory carcinoma of
salivary gland” has been proposed,! and the name was
widely accepted and used in the literature. The most recent
version of the World Health Organization Classification of
Head and Neck Tumors, however, utilizes the terminology
“secretory carcinoma™ for consistency, and because SCs
have been recently described at other extrasalivary and
extramammary sites, such as thyroid gland,>® skin,>!10 and
sinonasal mucosa.!!

The presence of the ET'V6-NTRK3 fusion gene has not
been demonstrated in any other salivary gland tumor, but
the same translocation can be seen not only in SC of breast,
but also in infantile fibrosarcoma,!? congenital mesoblastic
nephroma,'® certain hematopoietic malignancies,'* ALK-
negative inflammatory myofibroblastic tumors,'> a small
subset of gastrointestinal stromal tumors,'® and in radia-
tion-induced papillary thyroid carcinomas.!” Moreover,
ETV6-NTRK3 translocated papillary thyroid cancers have
been recently described in adult patients with no history of
radiation exposure.'8

The near 100% rate of ET'V6 gene rearrangement in SC
has been subsequently confirmed by many other studies.!¥23
Detection of ETV6 rearrangements by fluorescent in situ

hybridization (FISH) or the ETV6-NTRK3 fusion by reverse-
transcriptase polymerase chain reaction (RT-PCR) in for-
malin-fixed paraffin-embedded (FFPE) material is technically
relatively straightforward and > 300 cases of SC have been
published since its original description.

Up until now, in all published cases of SC where the
fusion partner is identified, ETV6 is fused with NTRK3,
and no other fusion partners have been reported so
far. Nevertheless, for several years, we have been aware of
several SC cases positive for the ETV6 gene split as
visualized by FISH, but in which the classic ETV6-NTRK3
fusion transcript (exon 5-exon 15 junction) was not
detected by standard RT-PCR. A subset of SCs showing
ETV6 rearrangements with so far unknown partners have
been recently reported and provisionally called ETV6-X
translocated SCs,*® in agreement with a study of Ito
et al,>” who found 2 such cases. In the present study using
the next-generation sequencing (NGS) as a diagnostic
platform, we describe 10 cases morphologically and
immunohistochemically typical of SC, harboring a novel
ETV6-RET translocation.

MATERIALS AND METHODS
Among >4500 cases of primary salivary gland tu-
mors, 194 cases of SCs were retrieved from the con-
sultation files of the Salivary Gland Tumor Registry, at

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

Original Primer Name Sequence Annealing Temperature (°C) Localization
ETV6-ex4-F3 AGCCGGAGGTCATACTGCAT 55 ETV6 exon 4 inner
ETV6-ex4-F4 CATTCTTCCACCCTGGAAAC 55 ETV6 exon 4 outer
ETV6BT ACATCATGGTCTCTGTCTCCCCGC 55 ETV6 exon 5 inner
TEL971* (ETV6AT) ACCACATCATGGTCTCTGTCTCCC 65 ETV6 exon 5 outer
NTRK3-ex14-R1 GTGATGCCGTGGTTGATGT 55 NTRK3 exon 14 inner
NTRK3 ex14-R2 AGTCATGCCAATGACCACAG 55 NTRK3 exon 14 outer
NTRK3Bf} TTCTCGCTTCAGCACGATGTCT 55 NTRK3 exon 15 inner
TRKC1059* (NTRK3ATY) CAGTTCTCGCTTCAGCACGATG 65 NTRK3 exon 15 outer
ETV6-Archerl-F1 CGATGGGAGGACAAAGAATC 55 ETV6 exon 6
RET-Archerl-R1 AACCAAGTTCTTCCGAGGGA 55 RET exon 12
ETV6-Archerl-F2 CAACGGACTGGCTCGACTG 55 ETV6 exon 6
RET-Archerl-R2 GACCACTTTTCCAAATTCGCCT 55 RET exon 12

*Bourgeois et al2
+1to et al,2” Skalova et al*®
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FIGURE 1. A, The result of analysis by NGS with custom-designed ArcherDX Kit of case 3 (case 17 in Skalova et al?6). Analysis
revealed the presence of fusion transcript ETV6-RET joining exons 6 and 12, respectively. The red arrows represent position of
primers. B, The confirmation of the presence of ETV6-RET fusion transcript by RT-PCR followed by Sanger sequencing. The black

arrow indicates area of fusion.

the Department of Pathology, Faculty of Medicine in
Plzen, and Biopticka Laborator Ltd, Plzen, Czech Re-
public (A.S. and M.M.).

The histopathologic features of all tumors and the
immunohistochemical stains, when available, were re-
viewed by 2 pathologists (A.S. and M.B.). A diagnosis of
SC was confirmed in cases that displayed, at least focally,
histologic features consistent with original description! in
conjunction with the appropriate immunohistochemical
profile, that is, coexpression of S100 protein, cytokeratin
CK7, and mammaglobin with the absence of p63 and
DOGT staining. For the purpose of this particular study,
we have included 4 cases of SC with ETV6-X profile from
study Skalova et al?® and 26 cases of SC with ETV6 gene
break found by FISH or with morphologic and im-
munohistochemical pattern of SC but without analyzable
ETV6 gene break by FISH due to low quality or lack of
material. Thus, a total of 30 SC cases were studied by
NGS using ArcherDX Fusion Plex 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 studies, 4 pm 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 CC1 solution at pH 8.6 at 95°C. After
antigen retrieval, sections were stained with a pan-
RTK antibody cocktail consisting of rabbit monoclonal
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antibodies, all obtained from Cell Signaling (Danvers,
MA), targeting pan-Trk (A7H6R, active against TrkA,
TrkB, and TrkC, 1:50 dilution), ROS1 (D4D6, 1:50), and
ALK (D5F3, 1:50), as described previously.?

All other 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 the
Mayer hematoxylin. Appropriate positive and negative
controls were used.

Clinical follow-up was obtained from the patients,
their physicians, or from referring pathologists.

Molecular Genetic Study

Detection of ETV6-NTRK3 and ETV6-RET Fusion
Transcripts 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 500 ng; Roche Diagnostics,
Mannheim, Germany). All procedures were performed
according to the manufacturer’s protocols. Amplification
of a 105 and 133 bp product of the p2-microglobulin gene
and 247 bp product of the PGK gene was used to test the
quality of the extracted RNA as previously described.??!
A detection of classic exon 5 of ET'V6 gene and exon 15 of
NTRK3 gene,’? as well as atypical exon 4 of the ETV6
gene and exon 14 of the NTRK3 gene (and their combi-
natorial variants) fusion transcript was performed by
RT-PCR. In addition, more sensitive, nested RT-PCR
was performed for the detection of classic>®?7 as well
as selected atypical junction of transcripts. Except that,

Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 2. Interphase FISH analysis using break-apart probes (A-C) and dual-fusion probe (D). Positive cells with break-apart ETV6
(A) and RET (C) probes contain nucleus with separate (split) orange and (or) green signals indicating a rearrangement (break) of 1
copy of the gene region and also 1 orange/green (yellow) fusion signal representing 1 normal (intact) copy of homolog locus.
Negative cells with break-apart NTRK3 (B) probe contain only normal (not split) yellow signal. Positive cells using fusion probe
ETV6-RET (D) show orange/green (yellow) fusion signals representing translocation ETV6-RET and also separate orange and green

signals showing the intact genes.

RT-PCR for ETV6-RET fusion transcript detection was
also carried out after receiving of the NGS results.

For single-round PCR, 2L of ¢cDNA was added
to reaction consisting of 12.5uL of HotStar Taq PCR
Master Mix (QIAgen, Hilden, Germany), 10 pmol of each
primer (Table 2), and distilled water up to 25puL. The
amplification program comprised denaturation at 95°C
for 14 minutes and then 45 cycles of denaturation at 95°C
for 1 minute, annealing at temperature seen in Table 2 for
1 minute and extension at 72°C for 1 minute. The program
was finished by incubation at 72°C for 7 minutes. For
nested PCR, the same reaction conditions were utilized.
One microliter of PCR product from the first round was
used as a template.

Successfully amplified PCR products were purified
with magnetic particles of Agencourt AMPure (Agencourt

Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.

Bioscience Corporation, A Beckman Coulter Company,
Beverly, MA). Products were then bidirectionally
sequenced using Big Dye Terminator Sequencing Kit
(Applied Biosystems, Foster City, CA), and purified with
magnetic particles of Agencourt CleanSEQ (Agencourt
Bioscience Corporation), all according to the manufacturer’s
protocol, and run on an automated sequencer ABI Prism
3130xI (Applied Biosystems) at a constant voltage of 13.2kV
for 11 minutes.

Detection of Alteration of ETV6, NTRK3, and RET
Genes by FISH Method

Four-micrometer-thick FFPE sections were placed
onto positively charged slides. Hematoxylin and eosin—
stained slides were examined for determination of areas
for cell counting.
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TABLE 3. Molecular Genetics Findings in 10 Cases of SC With ETV6-RET Fusion

NGS FISH FISH RT-PCR FISH FISH RT-PCR
Case # Case#  Results Fusion ETV6ba NTRK3ba ETV6-NTRK3 RETba ETV6-RET ETV6-RET
1 6* + ETV6-RET + - - + + +
2 15% + ETV6-RET + - - + ND +
3 17* + ETV6-RET + - - + + +
4 20%* + ETV6-RET + + + -
5 + ETV6-RET + - - + + +
6 + ETV6-RET ND ND - ND + +
7 + ETV6-RET + - - + + +
8 + ETV6-RET NA NA - NA + +
9 + ETV6-RET ND ND - ND ND -
10 121 + ETV6-RET + - - + + +

*Skalova et al?® (Table 6).
+Stevens et al® (Table 2).
NA indicates not analyzable; ND, not done due to lack of material.

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 de-
ionized water for 5 minutes and digested in protease
solution with Pepsin (0.5 mg/mL; Sigma Aldrich, St Louis,
MO) in 0.01M HCI at 37°C for 25 to 60 minutes,
according to the sample conditions. Slides were then
placed into deionized water for 5 minutes, dehydrated in a
series of ethanol solutions (70%, 85%, 96% for 2min
each), and air dried.

Two commercial probes were used for the detection
of rearrangement of ETV6 and RET genes, Vysis ETV6
Break Apart FISH Probe Kit (Vysis/Abbott Molecular,
IL) and ZytoLight SPEC RET Dual Color Break Apart
Probe (ZytoVision GmbH, Bremerhaven, Germany).
ETV6 probe was mixed with water and LS/WCP (Locus-
Specific Identifier/Whole Chromosome Painting) Hybrid-
ization buffer (Vysis/Abbott Molecular) in a 1:2:7 ratio,
respectively. RET probe was factory premixed.

Probes for detection of rearrangement of NTRK3 gene
region and ETV6-RET genes fusion were mixed from cus-
tom designed SureFISH probes (Agilent Technologies Inc.,
Santa Clara, CA). Chromosomal regions for NTRK3
break-apart probe oligos are chr15:87501469-88501628 and

chr15:88701444-89700343; for ETV6-RET fusion probe,
chr12:11675872-12175711 and chr10:43354893-43849282.
Probe mixture was prepared from corresponding probes
(each color was delivered in a separate 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
incubated in the ThermoBrite instrument (StatSpin/Iris
Sample Processing, Westwood, MA) with codenaturation
at 85°C for minutes and hybridization at 37°C for hours.
Rubber cemented coverslip was then removed and the
slide was placed in posthybridization wash solution
(2xSSC/0.3% NP-40) at 72°C for 2 minutes. The slide was
air dried in the dark, counterstained with 4’,6’-diamidino-
2-phenylindole DAPI (Vysis/Abbott Molecular), cover-
slipped, and immediately 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 (DAPI/SpectrumGreen/SpectrumOrange),
Dual Band Pass (SpectrumGreen/SpectrumOrange), and
Single Band Pass (SpectrumGreen or SpectrumOrange).

TABLE 4. Details of NGS Analysis by the Archer Platform in 10 Cases of SC With ETV6-RET Translocation

NGS Exons Included in No. Valid Fusion % of Reads Supporting No. Unique Start
Case # Case # Results Fusion Fusion Read Fusion Sites
1 Case 6* + ETV6-RET 6-12 51 100 17
2 Case 15* + ETV6-RET 6-12 84 20.1 33
3 Case 17* + ETV6-RET 6-12 1126 235 183
4 Case 20* + ETV6-RET 6-12 15 1.8 10
5 + ETV6-RET 6-12 163 114 63
6 + ETV6-RET 6-12 21 100 11
7 + ETV6-RET 6-12 49 14 32
8 + ETV6-RET 6-12 100 86.2 51
9 + ETV6-RET 6-12 41 60.3 14
10 Case 121 + ETV6-RET 6-12 24 14.8 17

*Skalova et al?® (Table 6).
FStevens et al® (Table 2).
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TABLE 5. Clinical Findings in 10 SCs With ETV6-RET Fusion Transcript

Agel Local Length of Metastasis Follow-
Case #  Sex Case #  Stadium TNM  Recurrence Symptoms (v, mo) Treatment up Outcome
1 50/M Case 6% NA NA NA NA NA NA
2 29/M  Case 15% pT2pNIMO No 6y LN+ SP and RT, no neck 4y 6 Alive NED
dissection mo
3 31/M  Case 17* pT3pNOMO Residual Ty No Excision radical 4y Alive NED
tumor resection (1 mo)
4 7IF  Case 20* pT2NOMO No ly No Excision, RT 3y DOC
5 51/M pT3NOMO Residual 15mo No Excision SP after 8 mo Alive NED
tumor 3mo
6 20/F pT3NOMO No NA No PE NA NA
7 55/M pT3NOM3 No 3y Multiple bonemeta PP, RT, and CHT 2y DOD
(pelvic, scapula)
at 15mo
8 28/F pTINOMO No I mo No Parotid resection and 2y Alive NED
lymphadenectomy
level 1I: 12 lymph
nodes negative
9 33/M pT1pNO (0/2) No 6 mo No PP 3y9 Alive NED
mo
10 34/M  Case 12§ pT2NOMO (0/1) No Several months, No SP 4y 2 Alive NED
very slow mo
enlargement

*Skalova et al?® (Table 6).
fStevens et al® (Table 2).

CHT indicates chemotherapy; DOC, dead of other causes; DOD, dead of disease; LN, lymph nodes; NA, not available; NED, no evidence of disease; PE, parotidectomy;

PP, partial parotidectomy; RT, radiotherapy; SP, superficial parotidectomy.

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

Cutoff values were set to > 10% and 20% of nuclei
(break-apart and fusion probes, respectively) with chro-
mosomal breakpoint signals (mean, +3 SD rounded up in
normal non-neoplastic control tissues).

Sample Preparation for NGS

For NGS studies, 2 to 3 FFPE sections (10 pm thick)
were macrodissected to isolate tumor-rich regions. Sam-
ples 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 mod-
ification 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 uL of sample.

RNA Integrity Assessment and Library Preparation
for NGS

Unless otherwise indicated, 250 ng of FFPE RNA was
used as input for NGS studies. 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

Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.

the integrity of RNA (in the form of a cycle threshold
value). Library preparation and RNA QC were performed
following the Archer Fusion Plex Protocol for Illumina
(ArcherDX 1Inc.). A custom primer set with 28 primers
spanning regions on 3 specific genes of interest, including all
8 exons of ETV6 gene in 3’ direction, was designed and
used. Final libraries were diluted 1:100,000 and quantified
in a 10uL reaction following the Library Quantification
for Ilumina Libraries protocol and assuming a 200 bp
fragment length (KAPA, Wilmington, MA). The concen-
tration of final libraries was around 200 nM. The threshold
representing the minimum molar concentration for which
sequencing can be robustly performed was set at 50 nM.

NGS and Analysis

Libraries were sequenced on a MiSeq sequencer
(Illumina, San Diego, CA). They were diluted to 4 nM and
equal amounts of up to 16 libraries were pooled per
run. The optimal number of raw reads per sample was set
to 500,000. Library pools were diluted to 16 pM library
stock with 5% 12.5pM PhiX and loaded into the MiSeq
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.

RESULTS

Molecular Genetic Findings

Selected 30 cases of SC (as described earlier) were
analyzed by NGS using the ArcherDX analysis platform.
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TABLE 6. Clinical and Histologic Findings in 10 SCs With ETV6-RET Fusion Transcript

Tumor Thick
Case Agel Case Size Surgical Fibrous Hyalinized Invasion Cystic
# Sex # Location (mm) Capsule Margins Septa  Sclerosis (LVL, PN) Pattern  Necrosis C )
1 50/M  Case Lip 15 NA 2 No No NA No - Fragmented
6* tissue
2 29/M  Case Parotid 23 No 1 + ++ PN+, LVI No - Hyalinized,
15* +Extraglandular, multilobular,
muscle invasion microeystic,
and solid
growth pattern
3 31/M  Case Submand 30 No 2 ++ ++ PN+ No - Hyalinized,
17* multilobular,
microcystic
4 77/F  Case  Submand 70 Focal + + No + - Multicystic,
20* papillary with
apocrine cells
5 S51/M Parotid 10 No 1 ++ ++ PN+ No + Central
hyalinized
sclerosis,
invasive growth
pattern
6 20/F Parotid 40 No 2 + + Extraglandular No - Lobular,
microcystic
7 55/M Parotid 70 No 2 + + PN+, + + High grade
perivascular component
8 28/F Parotid 12 No 1 + + Intraglandular No - Predominantly
solid and
microcystic
9 33/M Parotid 17 + 1 No No No + - Predominantly
cystic
10 34/M  Case Parotid 19 + 0 No No No + - Multicystic with
121 mural nodules
*Skalova et al*® (Table 6).
+Stevens et al® (Table 2).
Surgical margins: free-0; close (means distance from the tumor <0.5mm ) -1; positive-2.

F indicates female; LVI, lymphovascular invasion; M, male: NA, not available; PN, perineural invasion.

This analysis detected a novel ETV6-RET fusion tran-
script joining exon 6 of ETV6 gene and exon 12 of RET
gene in 10 cases of salivary gland tumors displaying
histologic and immunohistochemical features typical of
SC (Fig. 1). All but 1| ETV6-RET positive SC case were
then tested by at least 1 FISH probe for the presence
of ETV6-RET rearrangements (Fig. 2). In case 9, there
was no residual tissue material for confirmation of
the NGS analysis by FISH tests. In addition, RT-PCR
for the confirmation of the presence of ETV6-RET fusion
transcript followed by Sanger sequencing on positive
samples was performed in all 10 cases (Fig. 1). The results
of the NGS tests, details of the analysis, and results of
confirmatory genetic tests are summarized in Tables 3 and
4. In addition, NGS analysis resulted in detection of the
ETV6-NTRK3 fusion in 15 SC cases. In 4 cases, NGS
revealed negative results, and 1 case was unanalyzable
(detailed data not shown). No other fusion transcripts
different from ETV6-NTRK3 or ETV6-RET were found
by NGS in any analyzable case of SC.

Clinical and Histologic Characteristics of the
Study Group

The clinical and follow-up data of 10 patients
with ETV6-RET translocated SC of salivary glands are
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summarized in Table 5. There were 3 female and 7 male
patients. The median patient age was 40.8 years, with a range
between 20 and 77 years. The most common anatomic site of
involvement was the parotid gland, occurring in 7 patients.
Other primary sites of the origin included the submandibular
gland and minor salivary gland of the upper lip in 2 patients
and | patient, respectively.

Follow-up Data

Clinical follow-up data were obtained from 8 patients,
and ranged from 6 to 50 months (mean, 36 mo); 2 patients
were lost to follow-up. Detailed clinical, follow-up, and
histologic findings in 10 patients with E7V6-RET trans-
located SC are summarized in Table 5.

All tumors were treated by surgical excision; in
1 patient the excision was radical with clear surgical
margins, in 4 cases the surgical margins were positive, and
in 4 additional patients, the tumor infiltration was close
(<0.5mm) to the surgical margins. Five patients under-
went subtotal conservative parotidectomy, in 3 of them
in combination with radiotherapy (cases 2, 4, and 7).
Residual tumors were treated by radical reexcision
with clear surgical margins in 2 patients. Concomitant
chemotherapy and radiotherapy was used in 1 patient with
high-grade transformed SC complicated by metastatic
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A

FIGURE 3. A, SC is well circumscribed and surrounded by a thick fibrous capsule enclosing predominantly multicystic growth
pattern with multiple mural nodules. The cysts were lined mostly by a single or focally by a double layer of cells with prominent
apocrine differentiation including hobnail (B) and vacuolated foamy cells (C). The fibrous capsule and septa comprised psammoma

bodies in places (D).

disease at 15 months after surgery (case 7). Clinical and
follow-up findings are summarized in Table 5.

Macroscopic Features

Detailed clinical and morphologic findings in 10
patients with ET'V6-RET translocated SC are summarized
in Table 6. The median tumor size was 3.6 cm, with a
range of 1.0 to 7.0 cm. Grossly, most tumors were variably
invasive: 2 were entirely circumscribed and encapsulated,
1 had focally infiltrative edges, and 7 were predominantly
infiltrative.

Microscopic and Immunohistochemical Features

On low power magnification, 3 major growth
patterns of SC were identified in our material. First, 3
tumors were well circumscribed and surrounded by a
thick, focally uninterrupted, fibrous capsule enclosing a
predominantly multicystic growth pattern with multiple
mural nodules (Fig. 3A). The cysts were lined mostly by a
single or focally by a double layer of cells with prominent
apocrine differentiation including hobnail and vacuolated
foamy cells (Figs. 3B, C), and contained abundant

Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.

proteinaceous eosinophilic material. The fibrous capsule
and septa comprised psammomatoid calcifications in some
places (Fig. 3D). The second pattern was characterized by
solid and microcystic growth with a multilobular structure
divided by thin fibrous septa (Fig. 4A). The tumors either
lacked a capsule or were only partially encapsulated with
prominent infiltrative borders (Fig. 4B). These cases were
predominantly composed of microcystic and slightly
dilated glandular spaces filled with a variable amount of
eosinophilic homogenous secretory material (Fig. 4C).
The third pattern, prevailing in 3 cases, comprised a
prominent fibrosclerotic stroma with isolated tumor cells
in small islands or trabeculae, which were seen in the
central part of the tumor (Fig. SA). In case 7, 2 different
growth patterns were seen, in particular low-grade
components arranged in multiple macrocystic and
microcystic lobules with comedo-like necroses, and high-
grade components with limited secretory material and
high proliferative activity (Fig. 5B).

However, most tumors demonstrated 2 or more ar-
chitectural patterns, with microcystic, tubular, solid, and
papillary patterns often occurring together. Regardless of
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FIGURE 4. A, SCis characterized by solid and microcystic growth with a multilobular structure divided by thin fibrous septa. B, The
tumor has a prominent infiltrative border. C, The tumor is predominantly composed of microcystic and slightly dilated glandular
spaces filled with a variable amount of eosinophilic homogenous secretory material.

the growth pattern of SC, the tumor cells were often bland
looking, with abundant pale pink vacuolated and foamy
cytoplasm and with vesicular oval nuclei with a single
small but prominent nucleolus. The cytologic features
were similar from case to case. The range of nuclear atypia
was assessed as grades 1 to 3. Mitotic figures were rare and
necrosis was absent. Prominent perineural and intraneural
invasion was seen in case 7 (Fig. 5C). Only | patient
(case 2) presented with a single periparotideal lymph node
metastasis at the time of diagnosis.

Immunohistochemical Findings

By immunohistochemistry, all examined SC cases
were positive for S100 protein (Fig. 6A), mammaglobin
(Fig. 6B), typically in strong and diffuse fashion (secretory
material was also positive), and cytokeratin CK7
(Fig. 6C). GATA-3, SOX-10 (Fig. 6D), and STATS5a
expression was detected in 3/6, 5/6, and 2/3 cases,
respectively. P63 protein was completely negative in most
cases, with limited areas of positive peripheral myoepithelial
cell staining suggestive of a focal intraductal component
in 3 cases. DOGI was negative in all examined cases.
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Proliferative activity was generally low, with a mean MIBI
index of 15% (range, 5% to 40%).

DISCUSSION

Salivary gland tumors are increasingly being found
to have characteristic chromosomal rearrangements. SC
is a salivary gland tumor that recapitulates the histology
and genetics of a rare malignancy of the breast SC.
These tumors are defined by the t(12;15)(q13;ql5) trans-
location, a fusion of the ETV6 gene from chromosome
12 and the NTRK3 gene from chromosome 15. The
same translocation has been detected in most cases
of the infantile fibrosarcomas, congenital mesoblastic
nephromas,' chronic eosinophilic leukemias,>® acute
myeloid leukemia,'® and some papillary carcinomas
of the thyroid with and without previous irradiation.'$
These groups of tumors are the focus of interest,
because tumors with ETV6-NTRK3 fusion translocation
respond well to treatment by entrectinib, which is a potent
inhibitor of tyrosine kinases TRKA/B/C, ROSI, and
ALK. The drug entrectinib is administered orally, is safe
and well tolerated, and can cross the blood-brain barrier,
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FIGURE 5. A, The third pattern of SC has a prominent fibrosclerotic stroma with isolated tumor cells in small islands or trabeculae
were seen in the central part of the tumor. B, High-grade component of SC with limited secretory material and high proliferative
activity. C, Prominent perineural and intraneural invasion was seen in 1 tumor.

so that it can be effective for treatment of brain
metastases.>*3

Originally it appeared that all cases of SC share
the same ETV6-NTRK3 fusion translocation. However, in
recent years Ito et al*’ and Skalova et al*® described alto-
gether 6 cases of SC with the ETV6 gene split detected by
FISH, but in which the ETV6 gene appeared to be fused
with a gene different to NTRK3. These cases were marked
as SCs with ETV6-X fusion.

Herein, we describe a novel ETV6-RET fusion in 10
cases of salivary gland carcinomas with histologic features
and THC profile typical of SC, including the 4 ETV6-X SC
cases published previously.2® The presence of ETV6-RET
fusion in SC was proven by at least 3 independent tests
(NGS, FISH, RT-PCR), in all but 2 cases (Table 3, cases 4
and 9). In case 4, NGS and FISH confirmed ETV6-RET
fusion but RT-PCR was negative, probably due to low or
focal expression of fusion transcript (Table 4). Case 9 was
the only sample unconfirmed by independent analysis.
There was a lack of material for FISH analysis and
RT-PCR for ETV6-RET fusion transcript detection was

Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.

negative. In this case, low quality of RNA rather than low
or focal expression is responsible for this result.

The alternative ETV6-RET transcription will be
important for treatment of those SCs with uncontrolled
regional growth or SCs with metastatic foci, as treatment
with entrectinib and similar drugs with the same target
specificity will probably be ineffective in these SCs with
alternative fusion transcript different from ETV6-NTRK3.
The alternative fusion partner different from ETV6-NTRK3
in SC should not be of great surprise, because infantile
fibrosarcoma with ETV6-NTRK3 translocation may
have alternative EML4-NTRK3 translocation,® and there
are descriptions of acute myeloid leukemias in which the
ETV6 gene fuses with many alternative fusion partners,
including ETV6-ABLI " ETV6-LPXN.*® ETV6-RUNXI1,%
ETV6-NCOA2,* and many others.

To our knowledge, ETV6-RET fusions have not
been reported in salivary gland tumors so far. Notably,
however, recent studies using RNA sequencing have
revealed that salivary duct carcinoma (SDC) may also be
added to the growing list of gene fusion-positive salivary
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FIGURE 6. SC cases were all positive for S1T00 protein (A), mammaglobin (B), typically in strong and diffuse fashion (secretory
material was also positive), and cytokeratin CK7 (C). SOX-10 positive nuclear expression is present (D).

carcinomas. NCOA4-RET fusions have been found in
2 SDCs*' Both NCOA4-RET translocated SDCs were
positive for androgen receptors, and the tumors progressed
in spite of undergoing concurrent chemoradiation, com-
bination chemotherapy, and dual androgen deprivation
therapy. Both patients with NCOA4-RET translocation,
however, benefited from RET-targeted therapy.*!

The treatment of SC has varied, ranging from simple
excision to radical resection, neck dissection, adjuvant ra-
diotherapy, and/or adjuvant systemic chemotherapy.!4>43
For patients presenting with a locally advanced, recurrent,
or metastatic disease, the treatment options are currently
limited and mainly palliative.*>** Therefore, SCs with
ETV6-RET fusion translocation must be clearly dis-
tinguished from SCs with ETV6-NTRK3 translocation,
because the drugs RXDXI105 and LOXO 292, effective
with various tumors driven with RET gene alterations, are
being tested for the treatment. SCs with ETV6-RET
translocation might respond much better to these drugs,
whereas entrectinib and similar inhibitors of mosine kin-
ases TRKA/B/C will probably be ineffective #*47
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In summary, a novel finding in our study has been
the discovery of a subset of SC patients with ETV6-RET
fusions who may benefit from RET-targeted therapy.
Many salivary gland malignancies are still included in
the group of adenocarcinomas not otherwise specified.
We believe that detailed genomic profiling and NGS of a
large cohort of these unspecified neoplasms may lead to the
identification of novel gene fusions and driver mutations
characterizing new clinically relevant subgroups of salivary
gland carcinomas. This study highlights that further
molecular analyses of salivary gland tumors are warranted
and deserve special attention to identify new tumor types
with possible therapeutic implications.

ACKNOWLEDGMENTS
The authors thank Alos Lucia. MD (Barcelona, Spain),
Rychly B MD, PhD (Bratislava, Slovac Republic), Vazmitel
M, MD, PhD (USA), Dana Cempirkova, MD (Jindfichitv
Hradec, Czech Republic), lan Cook, MD (Salisbury, UK),
and Tiziana Salviati MD (Italy) for submitting the cases and
clinical information about the patients.

Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.

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

129



Am | Surg Pathol = Volume 42, Number 2, February 2018

Mammary Analog Secretory Carcinoma

20.

21.

Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.

REFERENCES

. Skalova A, Vanecek T, Sima R, et al. Mammary analogue secretory

carcinoma of salivary glands, containing the ETV6-NTRK3 fusion
gene: a hitherto undescribed salivary gland tumor entity. Am J Surg
Pathol. 2010;34:599-608.

. Tognon C, Knezevich SR, Huntsman D, et al. Expression of the

ETV6-NTRK3 gene fusion as a primary event in human secretory
breast carcinoma. Cancer Cell. 2002;2:367-376.

. LiZ, Tognon CE, Godinho FJ, et al. ETV6-NTRK3 fusion oncogene

initiates breast cancer from committed mammary progenitors via
activation of AP1 complex. Cancer Cell. 2007;12:542-558.

. Skilova A, Bell D, Bishop JA, et al. Secretory carcinoma. In: El-

Naggar A, Chan JKC, Grandis JR, Takata T, Slootweg PJ, eds.
World Health Organization (WHO) Classification of Head and Neck
Tumours, 4th ed. Lyon, France: IARC Press; 2017:177-178.

. Dogan S, Wang L, Ptashkin RN, et al. Mammary analog secretory

carcinoma of the thyroid gland: a primary thyroid adenocarcinoma
harboring ETV6-NTRK3 fusion. Mod Pathol. 2016;29:985-995.

. Reynolds S, Shaheen M, Olson G, et al. A case of primary mammary

analog secretory carcinoma (MASC) of the thyroid masquerading as
papillary thyroid carcinoma: potentially more than a one off. Head
Neck Pathol. 2016;10:405-413.

. Dettloff J, Seethala RR, Stevens TM., et al. Mammary analog

secretory carcinoma (MASC) involving the thyroid gland: a report of
the first 3 cases. Head Neck Pathol. 2007;11:266-267.

. Stevens TM, Kovalovsky AO, Velosa C, et al. Mammary analog

secretory carcinoma, low-grade salivary duct carcinoma, and
mimickers: a comparative study. Mod Pathol. 2015;28:1084-1100.

. Hyrcza MD. Ng T, Crawford RI. Detection of the ETV6-NTRK3

translocation in cutaneous mammary-analogue secretory carcinoma.
Diagn Histopathol. 2015;21:481-484.

. Bishop JA, Taube JM, Su A, et al. Secretory carcinoma of the skin

harboring ETV6 gene fusions. A cutaneous analogue to secretory
carcinomas of the breast and salivary glands. Am J Surg Pathol.
2017:41:62-66.

. Lurquin E, Jorissen M, Debiec-Rychter M, et al. Mammary

analogue secretory carcinoma of the sinus ethmoidalis. Histopathol-
ogy. 2015,67:749-751.

. Rubin BP, Chen CJ, Morgan TW, et al. Congenital mesoblastic

nephroma t(12:15) is associated with ETV6-NTRK3 gene fusion:
cytogenetic and molecular relationship to congenital (infantile)
fibrosarcoma. Am J Pathol. 1998;153:1451-1458.

. Knezevich SR, Garnett MJ, Pysher TJ, et al. ETV6- NTRK3 gene

fusions and trisomy 11 establish a histogenetic link between
mesoblastic nephroma and congenital fibrosarcoma. Cancer Res.
1998:15:5046-5048.

. Kralik JM, Kranewitter W, Boesmueller H, et al. Characterization of

a newly identified ETV6-NTRKS3 fusion transcript in acute myeloid
leukemia. Diagn Pathol. 2011;6:19.

. Alassiri AH, Ali RH, Shen Y, et al. ETV6-NTRK3 is expressed in a

subset of ALK-negative inflammatory myofibroblastic tumor. Am J
Surg Pathol. 2016;40:1051-1061.

. Brenca M. Rossi S, Polano M, et al. Transcriptome sequencing

identifies ETV6-NTRK3 as a gene fusion involved in GIST.
J Pathol. 2016;238:543-549.

. Leeman-Neill RJ, Kelly LM, Liu P, et al. ETV6-NTRK3 is a

common chromosomal rearrangement in radiation-associated thy-
roid cancer. Cancer. 2014;120:799-807.

. Seethala RR, Chiosea SI, Liu CZ, et al. Clinical and morphological

features of ETV6-NTRK3 translocated papillary thyroid carcinoma
in an adult population without radiation exposure. Am J Surg
Pathol. 2017:41:446-457.

. Griffith C, Seethala R, Chiosea SI. Mammary analogue secretory

carcinoma: a new twist to the diagnostic dilemma of zymogen
granule poor acinic cell carcinoma. Virchows Arch. 2011:459:
117-118.

Fehr A, Loning T, Stenman G. Mammary analogue secretory
carcinoma of the salivary glands with ETV6-NTRK3 gene fusion.
Letter to the editor. Am J Surg Pathol. 2011;35:1600-1602.
Connor A, Perez-Ordofiez B, Shago M, et al. Mammary analog
secretory carcinoma of salivary gland origin with the ETV6 gene

22.

23.

24,

25.

26.

27.

28.

29,

30.

31

32.

33.

34.

35,

36.

37.

38.

39.

rearrangement by FISH: expanded morphologic and immunohisto-
chemical spectrum of a recently described entity. Am J Surg Pathol.
2012;36:27-34.

Chiosea SI, Griffith C, Assad A, et al. The profile of acinic cell
carcinoma after recognition of mammary analog secretory carcino-
ma. Am J Surg Pathol. 2012;36:343-350.

Majewska H, Skalova A, Stodulski D, et al. Mammary analogue
secretory carcinoma of salivary glands: first retrospective study of a
new entity in Poland with special reference to ETV6 gene rearrange-
ment. Virchows Arch. 2015;466:245-254.,

Pinto A, Nosé V. Rojas C. et al. Searching for mammary analogue
secretory carcinoma among their mimicks. Mod Pathol. 2014;27:30-37.
Bishop JA. Unmasking MASC: bringing to light the unique
morphologic, immunohistochemical and genetic features of the
newly recognized mammary analogue secretory carcinoma of
salivary glands. Head Neck Pathol. 2013;7:35-39.

Skalova A, Vanecek T, Simpson RHW, et al. Mammary analogue
secretory carcinoma of salivary glands. Molecular analysis of 25
ETV6 gene rearranged tumors with lack of detection of classical
ETV6-NTRKS3 fusion transcript by standard rt-per: report of 4 cases
harboring ETV6-X gene fusion. Am J Surg Pathol. 2016:40:3-13.
Ito Y, Ishibashi K, Masaki A, et al. Mammary analogue secretory
carcinoma of salivary glands: a clinicopathological and molecular
study including 2 cases harboring ETV6-X fusion. Am J Surg Pathol.
2015;39:602-610.

Murphy DA, Ely HA, Shoemaker R, et al. Detecting gene rearrange-
ments in patient populations through a 2-step diagnostic test comprised
of rapid IHC enrichment followed by sensitive next-generation
sequencing. Appl Immunohistochem Mol Morphol. 2017;25:513-523.
Viswanatha DS, Foucar K, Berry BR, et al. Blastic mantle cell
leukemia: an unusual presentation of blastic mantle cell lymphoma.
Mod Pathol. 2000;13:825-833,

Gaffney R, Chakerian A, O'Connell JX, et al. Novel fluorescent
ligase detection reaction and flow cytometric analysis of SYT-SSX
fusions in synovial sarcoma. J Mol Diagn. 2003;5:127-135.
Antonescu CR, Kawai A, Leung DH, et al. Strong association of
SYT-SSX fusion type and morphologic epithelial differentiation in
synovial sarcoma. Diagn Mol Pathol. 2000;9:1-8.

Bourgeois JM, Knezevich SR, Mathers JA, et al. Molecular
detection of the ETV6-NTRK3 gene fusion differentiates congenital
fibrosarcoma from other childhood spindle cell tumors. Am J Surg
Pathol. 2000;24:937-946.

Su RJ, Jonas BA, Welborn J, et al. Chronic eosinophilic leukemia,
NOS with t(5;12)(q31;p13)/ETV6-ACSL6 gene fusion: a novel
variant of myeloid proliferative neoplasm with eosinophilia. Hum
Pathol. 2016;5:6-9.

Drilon A, Siena S, Ou SI, et al. Safety and antitumor activity of the
multitargeted Pan-TRK, ROSI, and ALK inhibitor Entrectinib:
Combined results from two phase I trials ALKA-372-001 and
STARTRK-1. Cancer Discov. 2017;7:400-407,

Drilon A, Li G, Dogan S, et al. What hides behind the MASC:
clinical response and acquired resistance to entrectinib after
ETV6-NTRK3 identification in a mammary analogue secretory
carcinoma (MASC). Ann Oncol. 2016;27:920-926.
Tannenbaum-Dvir S, Glade Bender JL, Church AJ, et al. Character-
ization of a novel fusion gene EML4-NTRK3 in a case of recurrent
congenital fibrosarcoma. Cold Spring Harb Mol Case Stud. 2015;1:
a000471.

Tirado CA, Siangchin K, Shabsovich DS, et al. A novel three-way
rearrangement involving ETV6 (12p13) and ABLI (9q34) with an
unknown partner on 3p25 resulting in a possible ETV6-ABLI fusion
in a patient with acute myeloid leukemia: a case report and a review
of the literature. Biomark Rescarch. 2016;4:16.

Abe A, Yamamoto Y, Iba S, et al. ETV6-LPXN fusion transcript
generated by t(11:12)(q12.1;pl3) in a patient with relapsing acute
myeloid leukemia with NUP98-HOXAS. Genes Chromosomes Cancer.
2016:55:242-250.

Garcia DR, Arancibia AM, Ribeiro RC, et al. Intrachromosomal
amplification of chromosome 21 (IAMP21) detected by ETV6/RUNX1
FISH screening in childhood acute lymphoblastic leukemia: a case
report. Rev Bras Hematol Hemoter. 2013;35:369-371.

www.ajsp.com | 245

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

130



Skalova et al

Am | Surg Pathol = Volume 42, Number 2, February 2018

40.

41.

42

43.

Strehl S, Nebral K, Kénig M, et al. ETV6-NCOA2: a novel fusion
gene in acute leukemia associated with coexpression of T-lymphoid
and myeloid markers and frequent NOTCH1 mutations. Clin Cancer
Res. 2008;14:977-983.

Wang K, Russell JS, McDermott JD, et al. Profiling of 149 salivary
duct carcinomas, carcinoma ex pleomorphic adenomas, and
adenocarcinomas, not otherwise specified reveals actionable genomic
alterations. Clin Cancer Res. 2016;22:6061-6068.

Skalova A, Vanecek T, Majewska H, et al. Mammary analogue secretory
carcinoma of salivary glands with high-grade transformation: report of 3
cases with the ETV6-NTRK3 gene fusion and analysis of TP53, beta-
catenin, EGFR, and CCNDI genes. Am J Surg Pathol. 2014;38:23-33.
Luo W, Lindley SW, Lindley PH, et al. Mammary analog secretory
carcinoma of salivary gland with high-grade histology arising in

246 | www.ajsp.com

45.

46.

47.

palate, report of a case and review of literature. Intz J Clin Exp
Pathol. 2014;7:9008-9022.

. Li GG, Somwar R, Joseph J, et al. Antitumor activity of RXDX-105

in multiple cancer types with RET rearrangements or mutations. Clin
Cancer Res. 2017;23:2981-2990.

Sabari JK, Siau ED, Drilon A. Targeting RET-rearranged lung
cancers with multikinase inhibitors. Oncoscience. 2017:4:23-24.

Chi HT, Ly BT, Kano Y, et al. ETV6-NTRK3 as a therapeutic target
of small molecule inhibitor PKC412. Biochem Biophys Res Commun.
2012;429:87-92.

Tognon CE, Somasiri AM, Evdokimova VE, et al. ETV6-NTRK3-
mediated breast epithelial cell transformation is blocked by
targeting the IGFIR signaling pathway. Cancer Res. 2011;71:
1060-1070.

Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.

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

131



ORIGINAL ARTICLE

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 ETF6-NTRK3 gene fusion. Most MASCs are
localized to the parotid gland and intraoral minor salivary
glands. Moreover, ETVo-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, immunohistochemical 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 Pathol 2018:00:000-000)

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:g25) 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.2 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.®1® The
first case of MASC of the sinonasal tract was reported by
Lurquin et al,? and, very recently, another case with hi%h-
grade transformation was reported in the maxillary sinus,°

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).!2 The
non-intestinal-type SNAC is of presumed surface epi-
theliunyseromucinous gland origin and accounts for <1% of
head and neck cancers.!™'3 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.'*!7 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.'®

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 ETVo6-rearranged low-grade SNAC, is important, as the
correct diagnosis is prognostically relevant, and ETV6-related
fusions serve as therapeutic targets.'*2

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
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TABLE 1. Antibodies Used for Immunohistochemical Study

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

S100 protein Polyclonal RTU CCl1/20 Ventana Medical Systems
Mammaglobin 304-1A5 RTU CCl/36 DakoCytomation

CK7 OV-TL 12/30 1:200 CC1/36 DakoCytomation

CK20 Ks20.8 1:100 CCl/36 DakoCytomation

CDX2 EPR2764Y RTU CCl/o4 Cell Marque

GCDFP-15 EP1582y RTU CCl/e4 Cell Marque

po3 4A4 RTU CCl/o4 Ventana Medical Systems
DOG-1 SP31 RTU CC1/36 Cell Marque

GATA-3 L50-823 1:200 CCl1/52 BioCareMedical

SOX10 Polyclonal 1:100 CCl/o4 Cell Marque

Pan-TRK ATH6R 1:20 CC1/64 Cell Signaling

SATB2 Polyclonal 1:100 CC2/68 Sigma Aldrich

STAT3a Polyclonal 1:400 CC1/36 AssayDesigns Inc.

MIBL 309 RTU CCl/e4 Ventana Medical Systems

CC1 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-pm-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 CCl1 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), ROS1 (clone D4D6, 1:50), and ALK
(clone D5F3, 1:30), as described elsewhere.?!

All other primary antibodies used are summarized in
Table 1. 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 2>* This re-
sulted in the detection of the classic fusion transcript of
exong of the ETV6 gene and exon 15 of the NTRK3
gene.”

For PCR, 2 uL of cDNA was added to the reaction,
which consisted of 12.5pL of HotStar Taq PCR Master Mix
(Qiagen, Hilden, Germany), 10 pmol of each primer (Table 2),
and distilled water up to 25pL.2627 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 carred
out for | 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) ACCACATCATGGTCTCTGTCTCCC 65 ETV6 exon 5 outer
TRKC1059* (NTRK3AtT)  CAGTTCTCGCTTCAGCACGATG 635 NTRK3 exon 15 outer

*Bourgeois et al®
tlto et al 2% Skalova et al. 27
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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-um-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 2 min each), and air-dried.

For the detection of ETV6 rearrangement, a com-
mercial probe, Vysis ETV6 Break Apart FISH Probe Kit
(Vysis/Abbott Molecular, Illinois), was used. The ETT6
probe was mixed with water and LSIY/WCP (Locus-
Specific Identifier/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 chrl5:87501469-88501628 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
(DAPI; 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.

(DAPL/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 [llumina (ArcherDX Inc.). A custom primer set
with 28 primers spanning regions on 3 specific genes of
interest including E7V6 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 200n. The threshold representing the mini-
mum molar concentration for which sequencing can be
robustly performed was set at 50 nM.

NGS and Analysis (Archer)

The libraries were sequenced on an MiSeq sequencer
(Illumina, San Diego, CA). The libraries were diluted to
4nM, 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 Inc.). 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

Case Histories

Case 1

A 5l-year-old woman, nonsmoker without a prior
history of breast cancer, presented with intermittent ten-
derness or pain behind the right eye and occasional fore-
head discomfort. A mass was identified on the right side of
the nasal septum, and the patient was referred to surgical
resection. The resected specimen measured 1.5%1.5x0.4
cm, and the patient was staged as TINOMO. The patient
was alive and showed no evidence of recurrent disease
after > 10 years of follow-up.

Case 2

A 65-year-old woman, nonsmoker without prior
history of breast cancer, presented with right-sided nasal
obstruction, nasopharyngeal secretion, and occasional
retrobulbar pain. Past medical history was unremarkable
except for a pleomorphic adenoma of the palate 5 years
previously. Computed tomography identified a mass in the
right nasal cavity extending into the nasopharynx. The
patient underwent surgical excision of the mass including
the middle turbinate along with maxillary sinus an-
trostomy, right ethmoidectomy, and partial resection of
the nasal septum. The tumor measured 4x4x1.5 cm, and

the patient was staged as T2NxMO. The patient received
adjuvant radiotherapy and is alive with no evidence of
disease after 4 years of follow-up (Figs. 1A, B).

Detailed clinicopathologic findings in these 2 pa-
tients are presented in Table 3.

Histopathology and Immunohistochemical
Findings

Cases 1 and 2 had histologic features and im-
munoprofiles identical to salivary gland MASC. The
tumors were unencapsulated and composed of tubular,
papillary, and microcystic growth patterns with invasive
margins (Fig. 2A). The tumor cells had low-grade vesicular
and round to oval nuclei with fine, granular chromatin.
Abundant eosinophilic homogenous extracellular periodic
acid-Schiff with diastase-positive material (Fig. 2B) was
present in both cases. The tumors were composed of solid
microcystic growth patterns, in places divided by thick
hyalinized fibrous septa (Fig. 2C). Focal necrotic areas were
present in case 2 (Fig. 2D). In contrast to acinic cell
carcinoma (AciCC), both tumors lacked cytoplasmic
periodic acid-Schiff with diastase—positive zymogen gran-
ules. Mitoses were few, and there was no lymphovascular
invasion or perineural growth.

In contrast, cases 3 to 17 displayed histologic fea-
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 (cm) Stage (TNM) Local Recurrence Symptoms (y) Treatment Follow-up (y) Outcome
1 SUF Right nasal septum 1.5x1.5x04  TINOMO No 1-2 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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'

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
specified.!16:17

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) +(F)
Mammaglobin +(D) +(F)
GATA3 +(D) +(D)
SOX10 +(D) +(D)
Pan-TRK + +
Stat5 sk +
p63 Neg Neg
CK20 Neg Neg
CDX2 Neg Neg
DOG-1 Neg Neg
GCDFP* +(F)* +(E)*
MIB1 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 ETV6. These findings are summarized in Table 6.
Two cases, cases | and 2, showed ETV6 gene
rearrangement by FISH. Case | 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 SOX10 S1000 MGA p63 STATS MIB1I CDX2 SATB2
1 MASC + Neg Neg + + + + Neg + 5% Neg Neg
2 MASC + Neg Neg 4 4 + + Neg 4 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 + 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 + 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 +(F) + Neg Neg ND 2% Neg Neg
17 LG SNAC + Neg Neg Neg 4 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 ETV6 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%¥ 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. Moreover,
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), 100 (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 + ND ETV6-NTRK3
3 5 SNAC NA Intact NA ND Neg
4 Intact Intact Neg ND Neg
5 Intact ND Neg ND Neg
6 Intact ND Neg ND Neg
7 Intact ND Neg ND Neg
8 NA ND Neg ND Neg
9 Intact ND ND ND Neg
10 Intact ND ND ND Neg
11 Intact ND Neg ND Neg
12 NA ND NA ND NA
13 NA ND Neg ND Neg
14 Intact ND Neg ND Neg
15 S ® 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.

S100 protein and mammaglobin,!*!32 and lacking DOG-
1 expression.®

Low-grade SNACs represent a histologically het-
erogenous group of tumors, including non-ITAC and
ITAC subtypes.!3 In recent years, an increasing number of
distinct types of SNACs have been recognized, including
HPV-related multiphenotypic sinonasal carcinoma,
SMARCBI-deficient sinonasal carcinoma, and tubulopa-
pillary low-grade SNAC.!6337 Recently, Andreasen
et al'® reviewed a series of low-grade SNACs of non-ITAC

A

tel < - 12p13

ETV6

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

S5'— 3°

gap
~140 kb
C

~486 kb

~632 kb

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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FIGURE 5. Hlstologlc and immunohistochemical fi ndlngs in ETV6-rearranged low-grade SNACs. A, ETV6-rearranged low-grade
SNACs are composed of glands arranged back-to-back with little intervening stroma and minimal to absent secretory features.

B, Tumors are focally DOG-1 positive.

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 E7V6-rearranged low-grade
SNAC, behaves in an essentially benign manner, MASC is a
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.!20

REFERENCES

1. Skalova A, Vanecek T, Sima R, et al. Mammary analogue secretory
carcinoma of salivary glands, containing the ETV6-NTRK3 fusion
gene: a hitherto undescribed salivary gland tumor entity. Am J Surg
Pathol. 2010;34:599-608.

2. Tognon C, Knezevich SR, Huntsman D, et al. Expression of the
ETV6-NTRK3 gene fusion as a primary event in human secretory
breast carcinoma. Cancer Cell. 2002;2:367-376.

8 | www.ajsp.com

3. Amin SM, Beattic A, Ling X, et al. Primary cutancous mammary
analog secretory carcinoma with ETV6-NTRK3 translocation. Am J
Dermatopathol. 2016;38:842-845.

. Bishop JA, Taube JM, Su A, et al. Secretory carcinoma of the skin
harboring ETV6 gene fusions: a cutaneous analogue to secretory
carcinomas of the breast and salivary glands. Am J Surg Pathol.
2017:41:62-66.

. Hyrcza MD, Ng T, Crawford RI. Detection of the ETV6-NTRK3
translocation in cutancous mammary-analogue secretory carcinoma.
Diagn Histopathol. 2015;21:481-484.

. Dogan S, Wang L, Ptashkin RN, et al. Mammary analog secretory
carcinoma of the thyroid gland: a primary thyroid adenocarcinoma
harboring ETV6-NTRK3 fusion. Modern Pathol. 2016;29:985-995.

7. Dettloff J, Seethala RR, Stevens TM, et al. Mammary analog
secretory carcinoma (MASC) involving the thyroid gland: a report of
the first 3 cases. Head Neck Pathol. 2017;11:124-130.

. Stevens TM, Kovalovsky AO, Velosa C, et al. Mammary analog
secretory carcinoma, low-grade salivary duct carcinoma, and
mimickers: a comparative study. Mod Pathol. 2015;28:1084-1100.

. Lurquin E, Jorissen M, Debiec-Rychter M, et al. Mammary analogue
secretory carcinoma of the sinus ethmoidalis. Histopathology. 2015;
67:749-751.

10. Xu B, Aryeequaye R, Wang L, et al. Sinonasal secretory carcinoma
of salivary gland with high grade transformation: a case report of this
under-recognized diagnostic entity with prognostic and therapeutic
implications. Head Neck Pathol. 2017; DOI:10.1007/s12105-017-
0855-5.

11. Slootweg PJ, Chan JKC, Stelow EB, et al. Tumours of the nasal
cavity, paranasal sinuses and skull base. In: El-Naggar AK, Chan
JKC, Grandis JR, Takata T, Slootweg PJ, eds. WHO Classification
of Head and Neck Tumours, 4th ed. Lyon: IARC Press; 2017:11-76.

12. Leivo I. Sinonasal adenocarcinoma: update on classification,
immunophenotype and molecular features. Head Neck Pathol.
2016;10:68-74.

13. Skalova A, Bell D, Bishop JA, et al. Secretory carcinoma. In: El-
Naggar AK, Chan JKC, Grandis JR, Takata T, Slootweg PJ, eds.
WHO Classification of Head and Neck Tumours, 4th ed. Lyon: IARC
Press; 2017:177-178.

14. Heffner DK, Hyams VJ, Hauck KW, et al. Low-grade adenocarci-
noma of the nasal cavity and paranasal sinuses. Cancer. 1982:50:
312-322.

15. Wenig B, Hyams VI, Heffner DK. Nasopharyngeal papillary
adenocarcinoma. A clinicopathologic study of a low-grade carcino-
ma. Am J Surg Pathol. 1988;12:946-953.

~

v

>

-

o

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

Copyright © 2018 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

139



Am | Surg Pathol = Volume 00, Number 00, Il 2018

MASC of the Nasal Cavity

. Skalova A, Cardesa A, Leivo I, et al. Sinonasal tubulopapillary low-

grade adenocarcinoma. Histopathological, immunohistochemical
and ultrastructural features of poorly recognised entity. Virchows
Arch. 2003;443:152-158.

. Luna MA. Sinonasal tubulopapillary low-grade adenocarcinoma. A

specific diagnosis or just another seromucous adenocarcinoma? Adv
Anat Pathel. 2015;12:109-113.

. Andreasen S, Skalova A, Agaimy A, et al. ETV6 Gene rearrange-

ments characterize a morphologically distinct subset of sinonasal
low-grade non-intestinal-type adenocarcinoma. A novel transloca-
tion-associated carcinoma restricted to the sinonasal tract. Am J Swrg
Pathol. 2017:41:1552-1560.

. Drilon A, Li G, Dogan S, et al. What hides behind the MASC:

clinical response and acquired resistance to entrectinib after
ETV6-NTRK3 identification in a mammary analogue secretory
carcinoma (MASC). Anmn Oncol. 2016;27:920-926.

. Skalova A, Stenman G, Simpson RHW, et al. The role of molecular

testing in the differential diagnosis of salivary gland carcinomas. Am
J Surg Pathol. 2018;42:¢11-¢27.

. Murphy DA, Ely HA, Shoemaker R, et al. Detecting gene rearrange-

ments in patient populations through a 2-step diagnostic test comprised
of rapid ihc enrichment followed by sensitive next-generation
sequencing. Appl Imnmnohistochem Mol Morphol. 2017;,25:513-523.

. Viswanatha DS, Foucar K, Berry BR, et al. Blastic mantle cell

leukemia: an unusual presentation of blastic mantle cell lymphoma.
Mod Pathol. 2000;13:825-833,

. Gaffney R, Chakerian A, O'Connell JX, et al. Novel fluorescent

ligase detection reaction and flow cytometric analysis of SYT-SSX
fusions in synovial sarcoma. J Mol Diagn. 2003;5:127-135.

24. Antonescu CR, Kawai A, Leung DH, et al. Strong association of

SYT-88X fusion type and morphologic epithelial differentiation in
synovial sarcoma. Diagn Mol Pathel. 2000:9:1-8.

. Bourgeois JM, Knezevich SR, Mathers JA, et al. Molecular

detection of the ETV6-NTRK3 gene fusion differentiates congenital
fibrosarcoma from other childhood spindle cell tumors. Am J Surg
Pathol. 2000;24:937-946.

. Ito Y, Ishibashi K, Masaki A, et al. Mammary analogue secretory

carcinoma of salivary glands: a clinicopathological and molecular
study including 2 cases harboring ETV6-X fusion. Am J Surg Pathol.
2015;39:602-610.

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

. Skalova A, Vanecek T, Simpson RHW, et al. Mammary Analogue

Secretory Carcinoma of Salivary Glands. Molecular Analysis of 25
ETV6 Gene Rearranged Tumors With Lack of Detection of Classical
ETV6-NTRK3 Fusion Transcript by Standard RT-PCR: Report of 4
Cases Harboring ETV6-X Gene Fusion. Am J Surg Pathol. 2016;
40:3-13.

. Chiosea SI, Griffith C, Assaad A, et al. Clinicopathological character-

ization of mammary analogue secretory carcinoma of salivary glands.
Histopathology. 2012;61:387-394.

. Chiosea SI, Griffith C, Assaad A, et al. The profile of acinic cell

carcinoma after recognition of mammary analog secretory carcino-
ma. Am J Surg Pathol. 2012;36:343-350.

. Bishop JA, Yonescu R, Batista D, et al. Most nonparotid “acinic cell

carcinomas” represent mammary analog secretory carcinomas. Am J
Surg Pathel. 2013;37:1053-1057.

. Skalova A. Mammary analogue secretory carcinoma of salivary gland

origin: an update and expanded morphologic and immunohistochemical
spectrum of recently described entity. Head Neck Pathol. 2013;7:
$30-836.

. Bishop JA. Unmasking MASC: bringing to light the unique morphologic,

immunohistochemical and genetic features of the newly recognized
mammary analogue secretory carcinoma of salivary glands. Head Neck
Pathol. 2013;7:35-39.

. Chenevert J, Duvvuri U, Chiosea S, et al. DOGI: a novel marker of

salivary acinar and intercalated duct differentiation. Mod Pathol.
2012;25:919-929.

. Bishop JA. Newly described tumor entities in sinonasal tract

pathology. Head Neck Pathol. 2016;10:23-31.

35. Bishop JA, Andreasen S, Hang JF, et al. HPV-related multiphenotypic

sinonasal carcinoma: an expanded series of 49 Cases of the tumor
formerly known as HPV-related carcinoma with adenoid cystic
carcinoma-like features. Am J Surg Pathol. 2017:41:1690-1701.

. Andreasen S, Bishop JA, Hansen TV, et al. Human papillomavirus-

related carcinoma with adenoid cystic-like features of the sinonasal
tract: clinical and morphological characterization of six new cases.
Histopathology. 2017;70:880-888.

37. Agaimy A, Hartmann A, Antonescu CR, et al. SMARCBI (INI-1)-

deficient sinonasal carcinoma: a series of 39 cases expanding the
morphologic and clinicopathologic spectrum of a recently described
entity. Am J Surg Pathol. 2017:41:458 471,

www.ajsp.com | 9

Copyright @© 2018 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

140



3. éast - Prehledové ¢lanky

Pichledovy ¢lanek ,,The role of molecular testing in the differencial diagnosis of
Salivary Gland Carcinomas‘ [25] obsahle komentuje translokac¢ni salivarni karcinomy spolu s
nejagresivnéjSim  salivarnim  duktalnim karcinomem a polymorfnim a kribriformnim
adenokarcinomem. Karcinomy jsou detailn¢ histologicky popsany, vcetné diferencialni
diagnozy, progndzy onemocnéni a poznatkii z molekuldrni genetiky.

Druhy ¢lanek ,,Novinky Vv molekularni diagnostice karcinomit slinnych Zldz:
,, translokacni karcinomy “““ [35] pojednava o translokacich diagnostického ¢i prognostického
vyznamu nalezenych u salivarnich karcinomi. Konkrétné¢ se jedna o t(11;19)(q21;p13) a
t(11;15)(g21;926) neboli CRTC1-MAML2 a CRTC3-MAML2 vyskytujici se u pfevazné low-
grade mukoepidermoidniho karcinomu, dale t(6;9)(q22-23;p23-24) neboli MYB-NFIB u
adenoidn¢ cystického karcinomu, t(12;15)(p13;q25) neboli ETV6-NTRK3 u sekrecniho
karcinomu mamarniho typu a koneéné t(12;22)(q13;q12) neboli EWSR1-ATF1 u
hyalinizujiciho svétlobunééného karcinomu malych slinnych zlaz.

Posledni ptehledovy clanek ,, Metody detekce molekularnich prognostickych a
prediktivnich markerit v diagnostice adenoidné cystického karcinomu slinnych zlaz* [23] se
zaobird predevsim popisem principti molekuldrné-genetickych metodik a poznatkt, jez bylo
vyuzitim danych metodik dosazeno u adenoidné cystického karcinomu slinnych zlaz. Mezi
tyto metodiky patii reverzné-transkripéni PCR, fluorescenéni in-situ hybridizace,
komparativni genomova hybridizace, expresni ¢ipova analyza, sekvenovani nové generace,
epigenetické metody pro detekci metylace promotort genid a imunohistochemie.
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Abstract: Salivary gland neoplasms are a morphologically
heterogenous group of lesions that are often diagnostically
challenging. In recent years, considerable progress in salivary
gland taxonomy has been reached by the discovery of tumor
type-specific fusion oncogenes generated by chromosome trans-
locations. This review describes the clinicopathologic features of
a selected group of salivary gland carcinomas with a focus
on their distinctive genomic characteristics, Mammary analog
secretory carcinoma is a recently described entity characte-
rized by a t(12;15)(p13;q25) translocation resulting in an
ETV6-NTRK3 fusion. Hyalinizing clear cell carcinoma is a
low-grade tumor with infrequent nodal and distant metastasis,
recently shown to harbor an EWSRI-ATFI gene fusion. The
CRTCI-MAML2 fusion gene resulting from a t(11;19)(g21:p13)
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translocation, is now known to be a feature of both low-grade
and high-grade mucoepidermoid carcinomas associated with
improved survival. A t(6;9)(q22-23;p23-34) translocation result-
ing in a MYB-NFIB gene fusion has been identified in the ma-
jority of adenoid cystic carcinomas. Polymorphous (low-grade)
adenocarcinoma and cribriform adenocarcinoma of (minor)
salivary gland origin are related entities with partly differing
clinicopathologic and genomic profiles; they are the subject of an
ongoing taxonomic debate. Polymorphous (low-grade) ad-
enocarcinomas are characterized by hot spot point E710D mu-
tations in the PRKD! gene, whereas cribriform adenocarcinoma
of (minor) salivary glands origin are characterized by trans-
locations involving the PRKDI-3 genes. Salivary duct carcinoma
(SDC) is a high-grade adenocarcinoma with morphologic and
molecular features akin to invasive ductal carcinoma of the
breast, including HER2 gene amplification, mutations of TP53,
PIK3CA, and HRAS and loss or mutation of PTEN. Notably, a
recurrent NCOA4-RET fusion has also been found in SDC. A
subset of SDC with apocrine morphology is associated with
overexpression of androgen receptors. As these genetic aberra-
tions are recurrent they serve as powerful diagnostic tools in
salivary gland tumor diagnosis, and therefore also in refinement
of salivary gland cancer classification. Moreover, they are
promising as prognostic biomarkers and targets of therapy.

Key Words: salivary gland carcinoma, mammary analog secretory
carcinoma, mucoepidermoid carcinoma, hyalinizing clear cell
carcinoma, adenoid cystic carcinoma, salivary duct carcinoma,
polymorphous adenocarcinoma, cribriform adenocarcinoma,
fusion oncogenes, molecular testing

(Am J Surg Pathol 2017;00:000-000)

Salivury gland tumors are relatively uncommon and
morphologically highly diverse. Thus, the significant
histologic overlap between tumor types with different bi-
ological behavior not only poses diagnostic challenges, but
also continues to stimulate pathologists to look for new
ancillary tests using immunohistochemistry (IHC) and
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molecular techniques. IHC markers are useful supple-
mentary aides for visualization of cell compartments and
cell populations, thus contributing to improved salivary
gland tumor classification.!> Moreover, IHC also has
an expandin4g role as surrogate markers of molecular
alterations.™

Until recently, translocations and their resulting fusion
oncogenes were thought to be rare in epithelial tumors.
Typically, these somatic genetic aberrations were found in
hematological and soft tissue neoplasms and thought to be
rare or even absent in other tumor lineages.” Recently,
however, the discovery of key molecular alterations in a
variety of salivary gland tumors has significantly increased
our knowledge about their molecular pathology and im-
proved the classification of salivary gland neoplasms and
also changed the way diagnoses are made.®'! Consequently,
some existing tumor types have become more refined, and a
few new salivary tumor entities have been characterized,'?!?
some of which have already been adopted in the new World
Health Organization (WHO) Classification of Head and
Neck Tumors.'

These genomic aberrations are recurrent and tumor
type specific and may serve as powerful diagnostic tools in
salivary gland diagnosis and classification. They also show
promise as prognostic biomarkers and as new targets for
therapy.!® Some of these fusions have been found also in
other tumor types that show little or no overlap with their
salivary gland counterparts, but effectively they are spe-
cific within the salivary gland.'®-1?

In this review salivary carcinomas currently known
to harbor translocations will be discussed, namely secre-
tory carcinoma (SC) (also known as mammary analog
secretory carcinoma [MASC)), hyalinizing clear cell car-
cinoma (HCCC), mucoepidermoid carcinoma (MEC),
adenoid cystic carcinoma (AdCC), and 2 related low-
grade salivary gland adenocarcinomas, namely poly-
morphous (low-grade) adenocarcinoma (PLGA/PAC) and
cribriform adenocarcinoma of (minor) salivary gland ori-
gin (CASG). Finally, we will also discuss salivary duct
carcinoma (SDC) (Table 1).

MAMMARY ANALOG SECRETORY CARCINOMA

MASC of salivary gland origin is a recently
described tumor that harbors a characteristic balanced
t(12;15)(p13:925) chromosomal translocation resulting in
an ETV6-NTRK3 fusion?’ identical to that commonly
found in SC of the breast.2! The Erv6-NTRK3 fusion gene
encodes a chimeric tyrosine kinase with transforming ac-
tivity in epithelial and myoepithelial cells in the mouse
mammary gland.??

Over many years Skalova et al’® began to identify
a distinctive hitherto unrecognized neoplasm arising in
the salivary glands characterized by morphologic and
immunohistochemical features strongly reminiscent of those
of SC of the breast. These salivary carcinomas are composed
of microcystic and solid areas with abundant vacuolated
colloid-like periodic acid Schiff-positive secretory material
within the microcystic spaces (Fig. 1A). They had previously

2 | www.ajsp.com

TABLE 1. Key Molecular Alterations in Selected Salivary Gland
Carcinomas

Tumor Chromosomal Gene Fusion/ Prevalence
Type Alteration Rearrangement (%)
MASC  t(12;15)(p13:q25) ETV6-NTRK3 95-98
(12:X) ETV6-RET 2-5
MEC  t(11;19)q21:p13) CRTCI-MAML2 40-80
t(11:15)(q21:q26) CRTC3-MAML2 5
HCCC  (12:22)(q21:q12) EWSRI-ATFI 80-90
AdCC  1(6;9)(q22-23;p23-24) MYB-NFIB 25-80
1(8:9) MYBLI-NFIB 10-20
PLGA 14ql2 Hotspot activating 20
PRKDI somatic
point mutation
(E710D)
CAS- 1(1:14)(p36.11:q12) ARIDIA-PRKDI 24
Gs t(X;14)(pl1.4:q12) DDX3X-PRKD! 13
PRKD2 and PRKD3 16
rearrangements
SDC 17q21.1 HER2 amplification 2040
3q26.32 PIK3CA mutation 20

inv(10)q11.21q11.22)  NCOA4-RET <5

been categorized as either unusual variants of salivary acinic
cell carcinoma (AciCC) or cystadenocarcinoma not otherwise
specified 20

Skalova et al?® initially recognized MASC as an
entity different from AciCC on the basis of 3 major find-
ings. First, MASC showed no basophilia in the cytoplasm
in any of the constituent cells, which is the hallmark of the
serous acinar cells of AciCC resulting from the presence of
cytoplasmic zymogen granules. Second, these neoplasms
had a completely different immunohistochemical profile,
almost always expressing S100 protein, mammaglobin,
vimentin, STATS, and MUC4, all of which were rarely
expressed in AciCC. Finally, unlike AciCC, most cases
were found to harbor an ETV6-NTRK3 fusion gene due to
a t(12;15)pl3;q25), a finding identical to SC of the
breast.© Because of the morphologic and genomic sim-
ilarities, Skalova et al?® proposed the designation
“mammary analog secretory carcinoma (MASC) of sali-
vary gland.” The most recent version of the WHO Clas-
sification of Head and Neck Tumors, however, utilizes the
terminology “secretory carcinoma,”?® for consistency and
because SCs have been recently described at other sites,
such as thyroid gland and skin.?*-26

The near 100% rate of ETV6 gene rearrangements
in MASC has been subsequently confirmed by many other
studies.?” 3" Detection of ETV6 rearrangements by fluo-
rescence in situ hybridization (Fig. 1B) or ETV6-NTRK3
fusion by reverse transcription polymerase chain reaction
in formalin-fixed paraffin-embedded material (Fig. 1C) is
technically straightforward, and >250 cases of MASC
have been published since its original description in 2010.20

The presence of the ETV6-NTRK3 fusion gene has
not been demonstrated in any other salivary gland
tumor. However, the same fusion is found not only in SC
of the breast.?! but also in infantile fibrosarcoma,’!
congenital mesoblastic nephroma,? certain hematopoietic
malignancies,’> ALK-negative inflammatory myofibroblastic

Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2017 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

143



Am | Surg Pathol * Volume 00, Number 00, Il M 2017

Molecular Testing in Salivary Gland Carcinomas

FIGURE 1. MASC of salivary gland. A, MASC is composed of microcystic and solid areas with abundant vacuolated colloid-like PAS-positive
secretory material within the microcystic spaces. B, FISH analysis of ETV6 gene. C, Part of the ETV6-NTRK3 fusion transcript sequence. FISH

indicates fluorescence in situ hybridization; PAS, periodic acid Schiff.

tumors, and in radiation-induced papillary thyroid
carcinomas.®®> MASCs of the thyroid gland have recently
been reported also in patients without history of radiation
exposure.’* 3 Moreover, ETV6-rearranged carcinomas with
secretory features have been reported in the skin?®* and
sinonasal mucosa.

A small subset of MASCs show ETV6 rearrange-
ments with an as yet unknown partner(s) or may have
atypical ETV6-NTRK3 exon fusion junctions.*! These
atypical molecular features may be associated with more
infiltrative histologic characteristics of MASC, and less

Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.

favorable clinical outcomes.*!*2 In addition, MASCs with
ETV6-X gene fusion and other atypical fusion transcripts
often demonstrate abundant fibrosclerotic stroma and
particularly prominent, thick hyalinized fibrous septa.*!#?
The neoplastic cells may be embedded in a completely
hyalinized central part of the tumor. Recently, next-generation
sequencing using the ArcherDX analysis platform detected a
novel ETV6-RET fusion transcript joining exon 6 of ETV6
gene and exon 12 of RET gene in 10 cases of salivary gland
tumors displaying histologic and immunohistochemical
features typical of SC (Figs. 2A-C).#

www.ajsp.com | 3

Copyright © 2017 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

144



Skalova et al

Am | Surg Pathol * Volume 00, Number 00, Il H 2017

FIGURE 2. MASC of salivary gland. A, MASC has a prominent fibrosclerotic stroma with isolated tumor cells in small islands or
trabeculae were seen in central part of the tumor. B, MASC is characterized by solid and microcystic growth with a multilobular
structure. The cysts are lined by a double layer of cells with prominent apocrine features. C, MASC is well circumscribed and
surrounded by a thick fibrous capsule enclosing predominantly multicystic growth pattern with multiple mural nodules.

Differential Diagnosis

The major differential diagnostic consideration is
AciCC. The architectural patterns of MASC (ie, micro-
cystic, papillary-cystic, follicular, and solid) overlap with
those of AciCC. However, the large serous acinar cells
with cytoplasmic periodic acid Schiff-positive zymogen-
like granules typical of AciCC are completely absent
in MASC.?" Intraductal carcinoma, previously called
“low-grade salivary duct carcinoma” is characterized by a
prominent cystic tumor component associated with pro-
liferation of bland cosinophilic ductal cells, frequent in-
traluminal secretions, and expression of S100 protein and
mammaglobin, features that overlap with MASC.36-4445
In contrast to MASC, the epithelial structures of intra-
ductal carcinoma are characteristically surrounded by an
intact layer of p63-positive myoepithelial cells. Low-grade
MEUC is another potential consideration in the differential
diagnosis of MASC because both tumor types can have a
prominent cystic component, variable mucicarmine pos-
itivity together with cytologically bland cells that can be
eosinophilic, clear, or vacuolated.? In contrast to MASC,
MEC is consistently positive for p63 in the epidermoid
foci and is negative for S100 and mammaglobin. In ad-
dition, low-grade MECs harbor a different chromosomal
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translocation, that is a t(11;19) resulting in a CRTCI-
MAML?2 fusion.*647

Clinical Features and Prognosis

MASC usually behaves indolently, but like other
low-grade salivary gland carcinomas, there is some
capacity for aggressive behavior including locoregional
recurrence and distant metastasis. Particularly important
is the rare occurrence of high-grade transformation (HGT)
that may result in tumor-related death.48:4°

The treatment of MASC has varied, ranging from
simple excision to radical resection, neck dissection, adjuvant
radiotherapy, and/or adjuvant systemic chemotherapy.20:43-3
Recognizing MASC and testing for ETV6 rearrangements
may be of potential value in treatment decisions, because the
ETV6-NTRK3 fusion may serve as a target for treatment of
tumors with this fusion at multiple anatomic sites, including
the parotid gland.>'-33

Application of Molecular Testing

For patients presenting with a locally advanced, re-
current, or metastatic MASC cases, the treatment options
are currently limited and mainly palliative. Therefore,
testing for E7V6 rearrangements may be of potential
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FIGURE 3. HCCC. A, The tumor is composed of cords and nests of clear cells in a hyalinized and myxoid stroma. B, Part of

EWSR1-ATF1 transcript fusion sequence.

value in treatment decisions, because the ETV6-NTRK3
and ETV6-RET fusions may serve as a target for therapy.
MASC with ETV6-RET fusion must be clearly dis-
tinguished from MASCs with ETV6-NTRK3 trans-
location, because drugs effective with various tumors
driven with RET gene alterations, are being tested for the
treatment. MASCs with ETV6-RET translocation might
respond much better to these drugs, whereas entrectinib
and similar inhibitors of tyrosine kinases TRKA/B/C will
probably be ineffective.

HYALINIZING CLEAR CELL CARCINOMA

HCCC is a rare salivary gland malignancy with
squamous differentiation and prominent clear cell mor-
phology (Fig. 3A). Recently, it was discovered that most
HCCCs have a recurrent t(12;22)(q13;q12) chromosomal
translocation, leading to fusion of the EWSRI and ATFI
genes (Fig. 3B). Notably, this rearrangement was not

Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.

detected in myoepithelioma, PLGA, MEC, or epithelial-
myoepithelial carcinoma (EMCA).5433

EWSRI rearrangements are also seen in a variety of
epithelial and soft tissue tumors, including soft tissue
myoepithelioma; however, the fusion partner genes that
are common in myoepithelioma (FUS, POUS5FI, PBX1,
and ZNF444) does not seem to be involved in HCCC.>*3¢
EWSRI-ATFI, which originally was identified in soft
tissue clear cell sarcomas,’’ has also been described in 1
case of soft tissue myoepithelioma of the pelvis®® and in
angiomatoid fibrous histiocytoma.®

Initial studies failed to identify EWSRI rearrange-
ments in other classic salivary gland tumors,> but more
recently, Skalova et al®” reported EWSRI rearrangements
in 25 of 72 (34.7%) clear cell myoepithelial carcinomas (de
novo and ex-pleomorphic adenoma [PA]) as well as in 1 of
11 (9%) EMCAs. Cases of EWSRI-rearranged my-
oepithelial carcinoma commonly had at least focal areas
of necrosis, squamous pearls, and significant nuclear
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pleomorphism. In cases where the differential diagnosis
includes EWSRI-rearranged myoepithelial carcinoma and
HCCC, the diagnosis depends more heavily on morphol-
ogy and immunophenotypic markers because HCCC only
infrequently shows focal myoepithelial differentiation with
S100 positivity.

Differential Diagnosis

Although the finding of infiltrative nests of low-
grade clear tumor cells with hyalinized and cellular fibrous
stroma is quite characteristic of HCCC, several other tu-
mor types, such as myoepithelial carcinoma, EMCA, and
MEQC, can enter into the differential diagnosis. In most
instances the diagnosis is readily apparent, but cases with
limited biopsy material or with only focal clear cell dif-
ferentiation often require additional ancillary testing. In
such cases, EWSRI FISH testing may be of great value.
The current recommendation is that EWSRI FISH is not
necessary in classic mucin-negative cases of HCCC.
However, when abundant mucin is present or when there
is minimal clear cell differentiation or hyalinization, con-
firmation can be useful. MECs showing similar features
will generally have a higher gradc than HCCC and po-
tentially different treatment.**®! This is because most
HCCCs lack cystic features, have highly infiltrative tumor
fronts, and often show perineural invasion. With muci-
nous differentiation, these would be considered at least
intermediate-grade, or even high-grade when using most
traditional MEC grading schemes. ¢!

Clinical Features and Prognosis

Although often indolent, HCCC shows occasional
recurrences and/or metastases to lymph nodes in the
neck.562 They have a tendency to invade bone and show
prominent perineural invasion in about half of the cases™*
and this can occasionally lead to pain or muscle atrophy.®!
Very rare examples of distant metastasis have been re-
ported and occasional deaths due to the disease have been
described. 336163 These rates of morbidity and mortality
are probably comparable with most other low-grade sali-
vary gland carcinomas.

Application of Molecular Testing

Detection of EWSRI rearrangements in salivary
gland tumors currently has no prognostic or predictive
value but serves as good differential diagnostic tool and in
refining classification criteria.

MUCOEPIDERMOID CARCINOMA

MEC is the most common salivary gland carcinoma
and occurs approximately equally at major and minor
salivary gland sites.** MEC is composed of 3 cell types:
mucinous cells, often large and goblet like, which often
line cystic spaces, epidermoid cells that are non-
keratinizing and may even look frankly squamous, and
finally intermediate cells which are more basal or cuboidal
(Fig. 4A). Atypia is unusual and the epidermoid/squamoid
cells tend to be very bland akin to normal mucosal
epithelium.%
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MEC is associated with one of the most clinically
useful translocations, involving the MAML2 and CRTCI or
CRTC3 genes (Fig. 4B). A recurrent (11;19)(g21;p13)
translocation, resulting in a CRTCI-MAMIL2 fusion, was
first described in MEC in 2003.%5% Later studies revealed
that a small subset of MECs instead has t(11;15)(q21;q26)
translocations generating molecularly similar CRTC3-
MAML2 fusions.™® The use of MAML2 FISH has been
proposed as a useful ancillary test in the routine clinical
diagnosis of salivary gland tumors in which MEC enters the
differential diagnosis.” Recently, detection of AREG
expression (downstream target of the CRTCI-MAML2
fusion) has been reported to be useful for identifying
CRTCI-MAMI 2-positive MECs and as a marker of
favorable prognosis.”

The mutational profile of MEC is only partly
known. TP53 was the most commonly mutated gene in a
whole-exome study of 18 MECs.”" Other recurrently
mutated genes were POUGF2 (only seen in low-grade tu-
mors), IRAKI, MAP3KY9, ITGAL, ERBB4, OTOGL,
KMT2C, and OBSCN. These observations were partly
confirmed in a targeted resequencing study of 315 genes in
48 MECs identifying TP53 as the most frequently mutated
gene (41.7%). Recurrent genomic alterations were also
found in PI3KCA, BAPI, BRCAI/2, and ERBB2 (gene
amplification).”> Recurrent deletions of the tumor sup-
pressor gene CDKN2A is also a characteristic feature of
high-grade MECs.™7?

Differential Diagnosis

Clinically, detection of a MAML2 rearrangement
using break-apart FISH probes is helpful in several sit-
uations. In cases of low-grade MEC, differential diag-
nostic considerations can often include benign entities,
such as metaplastic variant of Warthin tumor (WT),74 or
more rare lesions such as lymphadenoma. In such cases,
detection of MAML2 rearrangement confirms the diag-
nosis of MEC. Although some authors have reported
MAML?2 translocations in WT73 some even suggest that
MEC can arise from WT,”® others argue these cases may
represent low-grade MEC mimicking WT, and most
consider the finding of a MAML?2 rearrangement to
strongly favor a diagnosis of MEC over WT.7-53

A particular scenario in which MAML2 FISH can
be extremely useful is the oncocytic variant of MEC, in
which the prominent oncocytic morphology can mask the
epidermoid phenotype, and mimic WT, oncocytic cys-
tadenoma, or AciCC. Although p63 reactivity can be
useful in many cases to suggest a diagnosis of MEC, de-
tection of MAML2 rearrangements confirms a diagnosis
of MEC.™8485 Although many of the oncocytic MECs
that enter the differential diagnosis with benign mimickers
(WT and oncocytic cystadenoma) will be low grade and
unlikely to metastasize, the diagnosis of malignancy may
nevertheless be important in highlighting the potential for
more frequent recurrence.

At the other end of the spectrum, high-grade MEC
can mimic a variety of other high-grade cancers, including
metastatic squamous cell carcinoma, adenosquamous
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FIGURE 4. MEC. A, MEC is composed of large mucinous cells, epidermoid, and intermediate cells. B, Part of CRTC1-MAML2 and

CRTC3-MAML2 transcript fusion sequence.

carcinoma, and SDC. In these instances, identification of a
MAMIL2-rearrangement is diagnostic for MEC, which
can be important because, in the parotid gland, this ex-
cludes the possibility of a metastasis. High-grade MECs
are less likely to have MAML2 rearrangements, hence the
absence of a rearrangement does not rule out a diagnosis
of MEC .8086.87 Differential diagnostic considerations for

Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.

such tumors include SDC, adenosquamous carcinoma,
and even squamous cell carcinoma; all of which, in gen-
eral, have a poorer prognosis than high-grade MEC. SDC
frequently stains positive for androgen receptor (AR) and
is p63 negative, which contrasts with MEC, which is
usually AR-negative and has at least focal reactivity for
p63. Adenosquamous and squamous cell carcinoma are
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generally considered to arise from surface epithelium, in
contrast to MEC, which does not have a surface in situ
component. The presence of more than just focal kerati-
nization favors a diagnosis of squamous cell carcinoma
over MEC.

In addition to salivary gland MEC, MAML2 re-
arrangement can also be detected in central (intraosseous)
MEC®* and MEC of the lacrimal gland,® thyroid,”
thymus,”! lung,”%* and cervix.** CRTCI-MAMTL2 fusion
has also been identified in cases of cutaneous clear cell
hidradenoma.” MAML2 can fuse with KMT2A4 (pre-
viously MLL) in some cases of acute myelogenous
leukemia.®® MAML2-rearrangements are not detected in
glandular odontogenic cysts, which can enter the differ-
ential diagnosis, especially for a central (intraosseous)
MEC.”

Clinical Features and Prognosis

The presence of MAML?2 rearrangement correlates
with prognosis and stage because tumors with this re-
arrangement tend to be less aggressive and of lower his-
tologic grade.”>76:8098 This statement only seems to hold
in the absence of deletions inactivating the tumor sup-
pressor gene CDKN2A4.9% MAML? rearrangements have
been detected in up to three quarters of low-grade and
intermediate-grade MECs, but fewer than one half of
high-grade MECs seem to be fusion-positive. Among
high-grade MECs there is recent evidence that fusion-
negative tumors behave much more aggressively than fu-
sion-positive ones. It has been proposed that
CRTCI-MAML?2 fusion-negative high-grade carcinomas
with MEC-like morphologic features and scanty mucin
content actually represent a heterogenous group of other
high-grade carcinomas which could relate to their more
aggressive behavior.”

Application of Molecular Testing

The CRTCI and CRTC3-MAML2 were originally
considered prognostic markers in MEC,%7398 however,
more recent studies fail to show this, and in fact the
original prognostic value may have been an artifact of
misclassification of high-grade tumors. Detection of a
MAML2 rearrangement using break-apart FISH probes is
helpful in differential diagnosis.

ADENOID CYSTIC CARCINOMA

AdCC is a common salivary gland carcinoma of
both minor and major glands and the sinonasal mucosa.
AdCC is characterized by its slow but relentless clinical
progression. It is a morphologically bland but highly in-
filtrative and aggressive biphasic basaloid tumor com-
posed of abluminal myoepithelial and luminal ductal cells
arranged in tubular, cribriform, and solid growth patterns.
The cells tend to have scant cytoplasm and angulated
hyperchromatic nuclei (Figs. 5A, B). Perineural invasion is
almost invariably present with adequate sampling.!®
Conventional AdCC is typically composed of all growth
patterns in variable proportions, and is graded based on
the extent of any solid growth component; > 30% to 50%
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solid component constitute grade 3.9 AdCC with HGT is
characterized by an overgrowth of the ductal component
into a p]eomorghic high-grade or undifferentiated
adenocarcinoma. 02104

The most significant advance in the understanding of
the molecular pathology of AdCC is the discovery and
characterization of the t(6;9)(q22-23;p23-24) translocation
(Fig. 5C).105.106 The (ranslocation results in an M ¥B-
NFIB gene fusion which is the main genomic hallmark of
AdCCI1I5.107 The fusion is an oncogenic driver which
activates several critical downstream targets with
transforming potential.'> Activation of the MYB
oncogene by gene fusion or other mechanisms (eg,
enhancer hijacking) has been shown by break-apart or
fusion FISH or fusion transcript reverse transcription
polymerase chain reaction in up to 80% of AdCCs.!08-110
Recently, a small subset of MYB-NFIB negative cases
were shown to have t(8;9) translocations resulting in
closely related M YBLI-NFIB fusions. 11112

Other genomic alterations in AACC are variable with
solid tumors showing a higher number of copy number
alterations, including chromosomal losses involving 1p and
6q.M3 Interestingly, there is some evidence to suggest that
1p deletion correlates with poor prognosis.!!* Studies of the
mutational landscape of > 100 AdCCs have revealed a
low exonic mutation rate and a wide mutational
spectrum. 9114115 Although the frequency of mutations in
individual genes seems to be very low, the mutations
preferentially cluster in certain pathways, including those
involved in chromatin regulation, DNA-damage/check-
point signaling, FGF-IGF-PI3K-signaling and NOTCH-
signaling, and axonal guidance. Interestingly, several
of these are actionable mutations, calling for genetic testing
of patients with AdCC to individualize and optimize the
treatment.

Differential Diagnosis

AdCC is a biphasic salivary gland neoplasm con-
sisting of a variety of architectural patterns. The ablumi-
nal myoepithelial cells often secrete a basement
membrane-like material which is deposited in character-
istic extracellular pseudocystic/cribriform myxoid and
hyalinized extracellular matrix deposits. Although this
might be a useful diagnostic clue, identical extracellular
matrix deposits can be produced also by other biphasic
salivary gland neoplasms, including PA, EMCA, basal cell
adenoma/adenocarcinoma, and PLGA/PAC.'* Dis-
tinguishing AdCC from its histomorphologic mimics is
crucial for optimal treatment decisions.

The tumor border is important as pleomorphic and
basal cell adenomas have well demarcated or even en-
capsulated edges, whereas basal cell adenocarcinoma and
EMCA are multinodular, in sharp contrast to AJdCC
which is almost always frankly invasive. However, tumor
borders are not apparent in small biopsies. In such cases,
important clues to the diagnosis of AACC are angulated
hyperchromatic nuclei, as well as frequent mitotic figures
and a Ki-67 index usually above 10%.!1® In addition,
MYB protein expression by IHC shows strong nuclear
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FIGURE 5. AdCC. A, AdCC is morphologically bland but highly infiltrative biphasic basaloid tumor, composed of abluminal
myoepithelial and luminal ductal cells arranged in tubular, cribriform, and solid growth patterns. B, Nuclear expression of MYB
antibody is seen in most cells of AdCC. C, Part of MYB-NFIB transcript fusion sequence.

staining in ~#90% of AdCCs irrespective of the mechanism
of activation of MYB.'% Although focal weak staining
may occasionally be seen in other salivary gland tumors,
MYB protein expression may still have utility in the
diagnosis of difficult cases of AdCC.

Clinical Features and Prognosis

AdCC is characterized by its slow but relentless clin-
ical progression with ultimate poor clinical outcome in most

Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.

patients. Local recurrences and distant metastases are
common but nodal disease is relatively rare in conventional
AdCC,'® especially for parotid gland primaries. The risk
for nodal disease in AdCC is, however, distinctly higher in
cases of AdCC with HGT.'9!1% HGT is an uncommon
phenomenon among salivary carcinomas and is associated
with increased tumor aggressiveness.!”” In AdCC with
HGT, the clinical course tends to be accelerated, with a high
propensity for lymph node metastasis.'*
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Because of the historically low incidence of occult
nodal metastasis, neck dissection is only performed in case
of clinically positive lymph nodes. Clinically obvious
lymph node metastasis is not frequent in AdCC, especially
not for parotid gland primaries.!'” However, for minor
salivary gland subsites the incidence of lymph node in-
volvement seems to be higher. Min et al''® described a
general incidence of lymph node metastases in AdCCs of
the head and neck of almost 10%, which was mainly at-
tributed to tumor sites such as base of tongue, mobile
tongue, and floor of the mouth.!'8 They also noted that
primary tumor site and peritumoral lymphovascular in-
vasion were significantly associated with cervical lymph
node metastasis.

Recent rigorous reviews of the world literature by
the International Head and Neck Scientific Group re-
vealed high prevalence of lymph node metastasis in AdCC
originating in the parotid (14.5%) the submandibular
(23%), the sublingual glands (25%),'” as well as in over
20% of AdCC arising in the minor salivary glands of the
oral cavity and oropharynx.'?

Treatment of AdCC includes surgery as well as ra-
diation. Selective neck dissection should be considered for
AdCC arising in minor salivary glands showing lympho-
vascular invasion. AdCCs are usually resistent to chemo-
therapy and targeted therapies.'?!

Application of Molecular Testing

MYB-status has not been shown consistently to
correlate with prognosis or other clinicopathologic fea-
tures, but the use of M YB-testing serves as robust ancil-
lary test in the routine clinical diagnosis of salivary gland
tumors in which AdCC enters the differential diagnosis.

POLYMORPHOUS (LOW-GRADE)
ADENOCARCINOMA AND CRIBRIFORM
ADENOCARCINOMA OF (MINOR) SALIVARY
GLAND ORIGIN

PAC occurs most commonly in minor salivary
glands, particularly in the palate, and displays a diversity
of architectural growth patterns composed of monotonous
tumor cells (Fig. 6). Recently, a similar tumor termed
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FIGURE 6. PLGA/PAC. PLGA displays a diversity of architectural
growth patterns composed of monotonous tumor cells.
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FIGURE 7. CASGs has a prominent solid growth often divided
by fibrous septa into irregularly shaped and sized nodules
composed of solid, cribriform, microcystic, and especially glo-
meruloid structures in variable proportions. The nuclei often
overlap with one another, and are optically clear and vesicular
with a ground glass appearance, strongly resembling those in
papillary thyroid carcinoma.

CASG was described (Fig. 7).122123 There is currently an
ongoing taxonomic debate as to whether these 2 are
distinct entities or represent different ends of a
morphologic spectrum. The most recent edition of the
WHO Classification of Head and Neck Tumors prefers a
designation “polymorphous adenocarcinoma” (PAC) for
both tumor entities, referring to CASG as the “cribriform
variant of PAC.”124

However, CASG does have differences both mor-
phologically and behaviorally from classic PAC. Unlike
classic PAC, CASGs are more frequently extrapalatal,
commonly at base of tongue, and have a higher propensity
for nodal metastasis. Histologically they have more pro-
nounced vesicular nuclei and tend to have a papillary,
glomeruloid, and cribriform growth rather than a targe-
toid fascicular pattern seen in classic PAC.'?3 They tend to
demonstrate translocations involving the PRKD family of
genes,'? rather than the PRKDI point mutations 20127
seen in classic PAC. Table 2 shows the key distinguishing
features of PLGA/PAC and CASG.

Differential Diagnosis

The most important entity in the differential diag-
nosis of CASG is classic PAC.'2* PAC typically has a wide
range of architectural appearances, including tubule and
fascicle formation, as well as solid, cribriform, and
sometimes small papillary structures. A prominent feature
of PAC is the occurrence of streaming columns of single
file or narrow trabeculae of cells forming concentric
whorls, thereby creating a target-like (or “eye of storm™)
appearance. Perineural invasion is often seen, but does not
indicate more aggressive behavior. The most striking
feature of CASG is pronounced nuclear similarity to
papillary carcinoma of the thyroid, and this is not seen to
any great extent in PAC.

The main controversy in differentiating classic PAC
(originally PLGA) from CASG has been stimulated by the
approach of the editors of the recent issue of the WHO
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TABLE 2. Comparison of PAC, Classic Variant (Originally Called PLGA) and CASGs

PAC Classic Variant

CASG
Site Minor salivary glands, base of tongue predominant
Growth Cribriform and glomeruloid structures predominant,

tubular, solid
Nuclear features Optically clear and vesicular with a ground glass
appearance, papillary thyroid cancer-like nuclei
Early cervical lymph node metastasis very common,
occasionally bilaterally, no distant metastasis
PRKDI-3 translocations, ARIDIA and DDX3X
partner genes
Higher propensity for lymphatic invasion

Clinical features

Molecular
alterations
Tissue invasion

Minor salivary glands, palate, and buccal mucosa predominant

Streaming columns of single file or narrow trabeculae of cells forming
concentric whorls, target-like appearance, predominant, tubular,
trabecular, papillary, solid, and cribriform

Vesicular and ovoid nuclet

Cervical lymph node metastasis only very rarely
Hotspot activating PRKDJ somatic point mutation (E710D)

Perineural invasion

Blue book who merged both entities to 1 single tumor type
designated as PAC.!>* On the basis of clinical, morpho-
logic, and molecular differences, however, many pathol-
ogists and clinicians still advocate for separation of CASG
into a distinct entity.'22123:128-136 There is, however, an
ongoing discussion and controversy related to the
morphologic and immunophenotypic overlap between
these entities indicating that, the ultimate decision on
separation of CASG and classic PAC will likely require
additional studies > 1213124137

Clinical Features and Prognosis

CASG is a rare tumor; about 60 cases have been
reported in the literature so far. Most CASGs are indolent
neoplasms, but the local recurrence rates is 10% to 30%.
Most importantly, about 70% of patients experience
regional lymph node metastases often at the time of
diagnosis. Nevertheless, there are no reported distant
metastases and the only tumor-related deaths were due to
late presentation and extensive local disease.!?!37

Application of Molecular Testing

Although CASG and classic PAC have molecular
alterations affecting the same gene loci, there are notable
differences.!127 Molecular alterations of the PRKD
gene family have been described in both entities. Weinreb
et al'®® discovered recurrent translocations involving the
PRKD genes in a series of 60 PAC and CASG cases, of
which nearly one half showed a rearrangement of one of
these genes, most commonly PRKD!. The fusion partner
genes included ARIDIA and DDX3X. Most cases with
rearrangements were blindly classified as CASG or were
judged to have indeterminate morphology, whereas only 1
case categorized as PAC showed rearrangement of
PRKD2.'% Hotspot activating E710D point mutations in
PRKDI were also recently reported in nearly 3 quarters of
PAC cases.'2° Mutations in PRKD2 and PRKD3 were not
found in PAC.'?7

SALIVARY DUCT CARCINOMA
SDC is a primary, high-grade salivary gland ad-
enocarcinoma, characterized by morphologic features
akin to high-grade ductal carcinoma of the breast
(Fig. 8A). SDCs are most commonly encountered in older

Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.

men and about half of the cases arise from preexisting
PAs.’®  Morphologic variants are rare, including
sarcomatoid, colloid (mucinous), basaloid, papillary, and
micropapillary.!®!3 There is no role for grading in SDC
because aggressive behavior is seen in most cases. When
defined as a high-grade adenocarcinoma with apocrine
phenotype, SDC almost uniformly expresses ARs,!
although other large studies allow a broader
morphologic phenotype in which AR positivity is seen in
67% to 83%.'41144 The similarities between SDC and
ductal breast carcinoma also include HER2 (ERBB?2) gene
amplification. Amplification determined by FISH is found
in 20% to 30% of SDCs. 141143145

Additional common molecular alterations in SDC
include mutations in TP53, PIK3CA, and HRAS, and loss
or mutation of PTEN.*146-148 BRAF, FBXW7, ATM, and
NFI mutations are also found in a small number of
cases 4149151 The majority of SDCs (74%) have alter-
ations in either the MAPK pathway (BRAF, HRAS, and
NFI) or in ERBB2, indicating that MAPK pathway
activation and ERBB2 amplification are the major
oncogenic drivers in SDC.!* Notably, recent studies using
RNA sequencing have revealed that also SDC may be
added to the growing list of gene fusion-positive salivary
carcinomas. Thus, NCOA4-RET fusions have been found
in 2 SDCs'*" and there are also single cases of SDCs
reported with ETV6-NTRK3, BCL6-TRADD, and
ABLI-PPP2R2C gene fusions.'*

Gene fusions involving the PLAGI and HMGA2
oncogenes are specific for benign PAs®132 and as such
have been used in differentiating PA from AdCC in fine
needle aspiration cytology!>? and in differentiating carcino-
ma ex-PA from other de novo carcinomas.'>*!55 Recently,
PLAGI and HMGA2 alterations have been described also
in SDC (SDC-ex-PA) (Fig. 8B).!*1% PLAGI positivity,
as determined by IHC, has also been encountered in
2 PLGAs.'"" The significance of this observation is
unclear.

Differential Diagnosis

The histopathologic differential diagnosis of SDC
includes primary oncocytic carcinoma, MEC, and my-
oepithelial carcinomas as well as metastatic melanoma,
squamous, breast, and prostate carcinomas.!3®
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FIGURE 8. SDC. A, SDC is high-grade salivary gland carcinoma, characterized by morphologic features akin to high-grade ductal
carcinoma of the breast. B, PLAG1 is expressed in residual structures of original PA and absent in most tumor cells of SDC. C, Strong

nuclear expression of AR in SDC.

The oncocytic variant of SDC probably accounts for
many cases previously diagnosed as oncocytic carcinoma,
which is a rare and usually high-grade malignancy, un-
likely to represent a single entity. High-grade MEC is also
invasive and displays nuclear pleomorphism and increased
mitotic activity. It is composed of mucinous goblet cells
and cells with epidermoid and intermediate differ-
entiation. In myoepithelial carcinoma, neoplastic lobules
with central necrosis can bear a superficial resemblance to
the ductal carcinoma in situ lesions of SDC, but these
areas usually contain increased amounts of hyaline stro-
mal material. The THC profile is also very different.
Metastatic melanoma with an epithelioid pattern can
mimic a predominantly solid SDC, but can be excluded by
appropriate immunomarkers. Metastatic squamous
(poorly differentiated, nonkeratinizing), prostate or breast
carcinoma all have the appearance of a high-grade sali-
vary carcinoma. Squamous carcinoma lacks an infiltrating
cribriform pattern and displays evidence of epidermoid
differentiation such as intercellular bridges. Metastatic
breast carcinoma is microscopically very similar to in-
vasive SDC and differentiation can only be made on
clinical grounds, although estrogen/progesterone receptor
positivity would strongly favor a metastasis, particularly
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in the absence of sialodochodysplasia, the presence of
which would support a primary salivary malignancy.
Detection of AR expression by IHC is a useful diagnostic
aid in resolving the differential diagnosis with other high-
grade carcinomas (Fig. 8C).'%

Clinical Features and Prognosis

SDC is one of the most aggressive salivary malig-
nancies. At present, death occurs in 60% to 80% of the
cases, usually within 5 years, with patients often devel-
oping distant metastases to the lungs, bone, liver, brain,
and skin. The current standard treatment is complete
surgical excision with radical neck dissection followed
by radiotheralpsx to the tumor bed and possibly
chemotherapy.'~® Several studies have shown benefit with
androgen-deprivation therapy alone or in combination
with conventional radiotherapy in some patients.!3%:160
Because of the rarity of this carcinoma and the limited
experience with androgen-deprivation therapy, correlation
between the intensity of AR expression and response has
not been determined and there is currently no accepted
threshold to define AR positivity.

Treatment with anti-HER2 therapy in combination
with bevacizumab and chemoradiation has resulted in

Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.
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objective tumor response in some patlents.”’"'(" However,

complete response to anti-HER2 therapy is rare in SDC
and there is evidence that additional mutations involving
TP53, HRAS, or loss of PTEN may decrease the efficacy
of HER2 blockade.®146-148

Application of Molecular Testing

SDC is a high-grade adenocarcinoma with mor-
phologic and molecular features akin to invasive ductal
carcinoma of the breast, including HER2 gene amplifica-
tion, mutations in TP353, PIK3CA, and HRAS and loss or
mutation of PTEN. A subset of SDC with apocrine
morphology is associated with overexpression of ARs.
Molecular testing of SDC might provide information that
leads to advances in personalized therapy for SDC.

CONCLUSIONS

Molecular examination in salivary gland pathology
is becoming more common and can provide differential
diagnostic, therapeutic, and prognostic information im-
portant not only for the purpose of classification of tumors
but also for the management of patients with salivary
gland carcinomas. The primary treatment of salivary
gland neoplasms is surgical resection with or without
postoperative radiotherapy. For patients presenting with
locally advanced, recurrent, or metastatic disease the
treatment options are currently limited and mainly pal-
liative. However, the recent discovery of key molecular
alterations in a variety of salivary gland tumor types has
significantly increased our knowledge about their molec-
ular pathology and improved the classification of salivary
gland tumors. As these genetic alterations are recurrent
they serve not only as powerful diagnostic tools, but also
as promising prognostic biomarkers and new targets of
therapy.

In this review we describe the clinicopathologic
features of a selected group of salivary gland carcinomas
with a focus on their distinctive molecular genetic char-
acteristics. Importantly, we summarize the evidence and
clinical utility of a tumor type-specific network of chro-
mosome translocations and gene fusions in this group of
diagnostically challenging carcinomas. We also discuss the
clinical significance of the emerging landscape of onco-
genic driver mutations in these carcinomas. Thus, MASC
is characterized by ETV6-NTRK3 fusions, HCCC by
EWSRI-ATFI fusions, MEC by CRTCI-MAML2 fu-
sions, and AACC by M YB-NFIB fusions. PLGA/PAC and
CASG are related entities with partly differing clin-
icopathologic and genomic profiles; they are the subject of
an ongoing taxonomic debate. PLGA/PACs are charac-
terized by hot spot point E710D PRKDI mutations,
whereas CASGs have translocations involving the
PRKDI-3 genes. SDC is a high-grade adenocarcinoma
with morphologic and molecular features akin to invasive
ductal carcinoma of the breast, including HER2 gene
amplification, mutations in 7P53, PIK3CA, and HRAS
and loss or mutation of PTEN. A subset of SDC with
apocrine morphology is associated with overexpression
of ARs.

Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.

Notably, an important number of salivary gland
malignancies are still included in the group of ad-
enocarcinomas not otherwise specified. We believe that
detailed genomic and proteomic profiling and next-gen-
eration sequencing of a large cohort of these unspecified
neoplasms may lead to the identification of novel gene
fusions and driver mutations characterizing new clinically
relevant subgroups of salivary gland carcinomas. There-
fore, further molecular analyses of salivary gland tumors
are warranted and deserve special attention.
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SOUHRN

Objevy translokaci a ftiznich onkogen, které jsou jejich produktem, zménily pfistup ke klasifikaci salivarnich karcinomti a do zna¢né miry i diagnostické a in-
terpretacni postupy. Metody molekularni diagnostiky maji v patologii slinnych zlaz jak diferencialné diagnosticky vyznam, tak slouzi v klasifikaci nékterych kar-
cinom, protoze mnohé translokace jsou specifické pro urcitou nadorovou jednotku. Pritkaz fizniho transkriptu mize mit také prognosticky vyznam. V tomto
prehledovém ¢lanku budou predstaveny 4 salivérni karcinomy, u nichz byly dosud identifikovany onkogenni translokace, a to mukoepidermoidni karcinom,
adenoidné cysticky karcinom, sekre¢ni karcinom mamarniho typu, a hyalinizujici svétlobunéény karcinom malych slinnych zlaz.

Klicova slova: salivarni karcinomy - fuzni onkogeny — CRTC1/3-MAML2 — MYB-NFIB - ETV6-NTRK3 - EWSR1-ATF1

New developments in molecular diagnostics of carcinomas of the salivary glands:
“translocation carcinomas”

SUMMARY

In recent years the discovery of translocations and the fusion oncogenes that they result in has changed the way diagnoses are made in salivary gland patho-
logy. These genetic aberrations are recurrent; and at the very least serve as powerful diagnostic tools in salivary gland tumors diagnosis and classification. They
also show promise as prognostic markers and hopefully as targets of therapy. In this review the 4 carcinomas currently known to harbor translocations will be
discussed, namely mucoepidermoid carcinoma, adenoid cystic carcinoma, mammary analogue secretory carcinoma, and hyalinizing clear cell carcinoma. The

discovery and implications of each fusion will be highlighted and how they have helped to reshape the current classification of salivary gland tumors.

Keywords: salivary gland carcinoma - fusion oncogenes — CRTC1/3-MAML2 — MYB-NFIB — ETV6-NTRK3 — EWSR1-ATF1

Chromozomalni aberace ve formé translokaci maji ve vétsiné
ptipadu za nasledek vznik fuznich gena, které mohou vykazovat
onkogenni transformacni a aktivacni vlivy v riznych bunécnych
liniich. V lidskych nadorech bylo dosud identifikovano vice nez
800 fuznich onkogenti a mnohé z nich slouzi jako vhodné dia-
gnostické a prognostické biomarkery a potenciélni cile biologic-
ké léchy (1-3). Vétsina fuznich onkogend byla nalezena v hema-
tologickych malignitdch a sarkomech, naproti tomu v karcino-
mech jde o jev relativné vzacny (1,4).

Molekularni diagnostika pronikla v poslednich nékolika le-
tech i do onkopatologie slinnych zlaz (5-8). Objevy translokaci
a fuznich onkogent, které jsou jejich produktem, zménily na-
sledné piistup ke klasifikaci salivarnich karcinomu a do zna¢né
miry i diagnostické a interpretacni postupy. Metody molekular-
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ni diagnostiky maji v patologii slinnych zlaz jak diferencidiné
diagnosticky vyznam, tak slouzi v klasifikaci nékterych karci-
nom, protoze mnohé translokace jsou specifické pro urcitou
nadorovou jednotku. Nové popsany sekrecni karcinom slin-
nych zlaz mamarniho typu (mammary analogue secretory car-
cinoma) (MASC) byl definovan na zékladé detekce translokace
t(12;15)(p13;925) rezultujici v genovou fuzi ETV6-NTRK3 (9).
Identicky fuznf transkript ETV6-NTRK3 byl sice jiz davno pied
objevem MASC identifikovdn v fadé mesenchymdlnich (10-
14), hematologickych (15) a epitelidlnich malignit (16-17), ale
vonkologii slinnych zlaz je specificky pro MASC a nebyl nalezen
v zadné jiné nadorové jednotce slinnych zlaz. Prikaz fuzniho
transkriptu mize mit také prognosticky vyznam. Piikladem je
mukoepidermoidni karcinom malych a velkych slinnych Zlaz.
Pfitomnost fizniho onkogenu CRTC1-MAML2 ktery vznika tran-
slokaci t(11;19)(q14-21;p12-13) je spojena jednoznacné s pfiz-
nivou prognoézou (18).

V tomto piehledovém ¢lanku budou predstaveny 4 salivarni
karcinomy, u nichz byly dosud identifikovany onkogenni tran-
slokace, a to mukoepidermoidni karcinom s translokaci t(11;19)
(q21;p13) CRTCI-MAML2 nebo translokaci t(11;15) (q21;q26)
CRTC3-MAML 2, adenoidné cysticky karcinom s translokaci t(6;9)
(q22-23;p23-24) generujici fuzni transkript MYB-NFIB, sekrecni
karcinom mamdrniho typu s translokaci t(12;15)(p13;q25) ETV-
6-NTRK3 a hyalinizujici svétlobunéény karcinom malych slinnych
Zldz vykazujici charakteristickou translokaci t(12;22)(q13;q12)
s fuznim onkogenem EWSR1-ATF1.
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METODY DETEKCE ZLOMU A TRANSLOKACI

Pro detekci néddorové specifickych fuznich onkogend u sali-
varnich karcinom se vyuzivaji predevsim hybridizacni techni-
ky, zejména tzv. hybridizace in situ. Hybridizace in situ je metoda
DNA analyzy, ktera je zalozena na specifickém spojeni komple-
mentarnich nukleotidovych sekvenci pochazejicich z vysetio-
vané jednoretézcové denaturované DNA a uméle piipravené
jednoretézcové DNA nebo oligo/poly- nukleotidového fetézce
se znamou sekvenci, tzv. sondy (préby), to vie pfimo v jadrech
bunék histologickych fezt. Z davodu vizualizace hybridiza¢niho
signaluje nutné,abysondabylaznacenaatobudpfimo, zejména
fluorescencnim barvivem - fluorochromem, nebo nepfimo, napf.
haptenem s naslednou detekci flourochromem znacenou proti-
latkounebo pomociprotilatek sprazenych senzymatickoureakci.
V soucasné dobé se k vysetieni specifickych translokaci u sa-
livarnich karcinomu pouziva v drtivé vétsiné pfipada fluores-
cencni in situ hybridizace (FISH) s lokus specifickymi sondami.
Jedna se bud o sondy fuizni, kdy dochéazi po translokaci k fyzic-
kému priblizeni dvou riznobarevnych sond komplementarnich
k dvéma konkrétnim fiznim partnerim a tim vzniku signalu jiné
barvy (obr. 1), nebo tzv. “break-apart” sondy, u kterych se riz-
nobarevné sondy komplementarni k 5° a 3" konci jednoho kon-
krétniho fizniho partnera po zlomu tohoto genu fyzicky oddéli
za vzniku dvou rGznobarevnych signall (obr. 2). Detekce sond
je pak provedena ve fluorescenc¢nim mikroskopu s excitacnim
a emisnim filtrem odpovidajici vinové délky.

V molekulérné biologické diagnostice salivarnich karcinomu
se déle vyuzivaji amplifikaé¢ni techniky, zejména polymerazova
fetézova reakce (PCR), v téchto pfipadech casto spfazend s re-
verzni transkripci (RT). PCR je metoda enzymatické syntézy spe-
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Obr. 1. Schematické zobrazeni fuzni FISH sondy, principu detekce translo-
kace mezi dvéma geny (Gen1 a Gen 2) a jejich projev v jadfe burky po FISH
analyze.
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Obr. 2. Schematické zobrazeni,break-apart” sondy, principu detekce zZiomu
urcitého genu (Gen 1) a jejich projev v jadfe buriky po FISH analyze.
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Obr. 3. Schematické zobrazeni principu detekce fuzniho transkriptu gent
1 a 2 pomoci RT-PCR. Zobrazena flize mezi exonem 4 Genu 1 a exonem 14
Genu 2.

M 1 PK NK NTK 1
“ ETV6 NTRK3

Obr. 4. A. Priklad agarézové elektroforézy a sekvenéni analy-
zy fuzniho transkriptu ETV6-NTRK3 u vzorku MASC. 1 - vzorek
(v duplikatu), PK - pozitivni kontrola, NK - negativni kontrola,
NTK - non-templatova kontrola. B. Priklad analyzy metodou
fluorescencni in situ hybridizace s komer¢né dostupnou break-
-apart sondou Vysis ETV6 Break Apart FISH Probe (Vysis/Abbott
Molecular) u vzorku MASC. Intaktni gen dava zluty, zZlomeny
pak cerveny a zeleny signal.

cifickych sekvenci DNA, kdy je diky mnohondasobné replikaci vy-
tvofen dostatek materialu pro dalsi molekuldrné genetické ana-
lyzy. RT-PCR pak umoziuje amplifikaci cDNA z vychoziho RNA
templdtu, kdy se vyuziva reverzni transkripce RNA do prvniho
vldkna cDNA pomoci enzymu reverzni transkriptazy. RT - PCR
slouzi jako metoda k prokazovani transkripta faznich onkogenti
(obr. 3).

Aplikace téchto metodik pak tvofi silny nastroj pomahajici
patologovi pfi vlastni diferenciélni diagnostice. Detekce pfislus-
nych translokaci a faznich transkriptl v mnoha pfipadech de-
finuje pfislusnost k ur¢itym nadorovym jednotkam (obr. 4A, B)

FUZNi ONKOGENY V KARCINOMECH SLINNYCH ZLAZ

CRTC1-MAML2 a CRTC3-MAML2 fuzni geny v mukoepider-
moidnim karcinomu

Mukoepidermoidni karcinom (MEC) patfi k nejc¢astéjsim kar-
cinomdm slinnych Zlaz; predstavuje asi 20% vsech salivarnich
malignit (19). Mikroskopicka struktura MEC je znacné variabilni
a diagndéza neni vzdy jednoducha. MEC je vétsinou histologicky
low-grade karcinom sestavajici ze ti typt nadorovych bunék,
a to poharkovych bunék produkujicich hlen (mucinoznich), epi-
dermoidnich nekeratinizujicich bunék a bunék intermedialniho
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Obr. 5. Mukoepidermoidni karcinom (low-grade) konvenéni
struktury sestavajici ze tii typt nadorovych bunék, mucinéz-
nich, epidermoidnich a bunék intermedialniho typu (hema-
toxylin-eozin).

Obr. 6. Svétlobunécnd varianta mukoepidermoidniho karcino-
mu: nadorové burky s vodojasnou cytoplasmou tvofi vétsinu
néadoru (Hematoxylin-eosin).

typu, zastoupenych v riiznych proporcich (obr. 5). Onkocytarni
a svétlobunécna varianta MEC mohou byt diagnosticky vel-
mi obtizné, protoze nadorové bunky s onkocytarni metaplazii
nebo vodojasnou cytoplasmou mohou tvofit vétsinu nadoru
(obr. 6). MEC mohou byt pfevazné solidni, nebo mohou sestévat
predevsim z cystickych lozisek vystlanych cylindrickymi nebo
kubickymi mucinéznimi (poharkovymi) burikami, které maji
vodojasnou, eosinofilni nebo pénitou cytoplasmu. V typickych
pfipadech neni diagnéza MEC problematickd, ale vzhledem
k variabilité morfologie ma MEC velky rozptyl diferenciélné dia-
gnostickych moznosti (20). Na low-grade strané histomorfolo-
gického spektra jsou multicystické nadory sestavajici v prevaze
z mucinéznich a intermedidlnich bunék s velkym mnozstvim
hlenu. Tyto nadory je tieba odlisit od benigniho mucinozniho
cystadenomu a duktektazii. MEC se stfednim (intermedidlnim)
stupném diferenciace (grade 2) mGze napodobovat MASC, aci-
nicky karcinom, celularni pleomorfni adenom nebo hyalinizujici
svétlobunécny karcinom malych slinnych Zlaz. High-grade MEC
je naopak tfeba odlisit od metastatického squamozniho (dlaz-
dicového), salivarniho duktélniho karcinomu nebo vzacného
adenosquamozniho karcinomu slinnych zlaz (20).

Predikce prognozy pacientl s MEC je obtizna, nebot neni
dosud shoda na presnych kriteriich pro grading. Pro mukoepi-
dermoidni karcinom bylo navrzeno nékolik odlisnych schémat
a systému, které nebudou v detailu diskutovany, ale viechny vy-
uzivaji procentudlni zastoupeni cystické komponenty, anapla-
zie, mitotické aktivity, pfitomnosti nekroz, perineuralni a lym-
fovaskuldrni invaze a nékterych dalSich znaka (19), ale jejich
poufziti je predmétem diskuzi. Teprve objev translokaci t(11;19)
(q21;p13) CRTCI-MAML2 a t(11;15) (q21;926) CRTC3-MAML2 ve
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Obr. 7. Sekvenogram fuzniho transkriptu CRTC1-MAML2. Sipky vyznacuji
misto flze.

vétsiné pripadi MEC predstavuje slibny diferencidlné diagnos-
ticky a prognosticky indikator. Fizni transkript CRTC1-MAML2
byl prvné popsén po mnoha letech cytogenetickych studii,
kdy Tonon et al. jako prvni identifikovali rekurentni transloka-
ci t(11;19)(q14-21;p12-13) CRTC1-MAML2 (syn. MECT1-MAML2)
(obr. 7) ve skupiné mukoepidermoidnich karcinomu (21). Sku-
te¢nym prelomem se staly nésledujici publikace, v nichz byla
prokazana necekané pfizniva prognoza u pacientt s MEC s pozi-
tivnim fuznim transkriptem (18). Klinicko-patologické retrospek-
tivni studie, prokazaly, ze MEC s pozitivni fuzi maji nizsi riziko re-
cidiva metastdz nez MEC bez flze (18, 22-23). Seethala et al. pro-
kézali pfitomnost CRTC1-MAML2 translokace v 75 % viech MEC
s nizkym a stfedné vysokym gradem, zatimco high-grade MEC
byly pozitivni pouze ve 46 % (23). Dulezité je viak pfipomenout,
Ze pfiznivou progndzu maji viechny translokované MEC, véetné
pokrocilych karcinomu s high-grade morfologii (23-24). Novy
fazni partner pro MAML2 gen z rodiny CRTC byl popsan pozdéji
(24). CRTC3 je lokalizovany na chromozomu 15q26.1 a jeho fuze
sgenem MAML2 se vyskytuje velmi vzacné u mladych lidi a déti.
Podobné jako CRTC1-MAML2 je také flize CRTC3-MAML2 spojena
s excelentni prognézou (24,26).

Pfi zminéné translokaci je u fuzniho proteinu CRTC1-MAML2
nahrazena N-termindlni bazicka doména genu MAML2 CREB-
binding (cAMP response element-binding) doménou genu
CRTCI1. Molekularni konsekvence této zamény nejsou dosud
zcela objasnéné, ale z dosavadnich zjisténi vyplyva, ze fuzni
protein nezavisle na vstupnich signalech aktivuje jak CREB za-
vislé geny, tak i Notch signalni drahu. Aktivace dvou nezavislych
drah, zejména viak CREB, pak vyznamné pfispiva k vlastnimu
neoplastickému procesu (2). Obdobny mechanismus se pak
zfejmé uplatiuje i u sesterského fuzniho genu CRTC3-MAML2.

V literatufe pretrvavaji urcité kontroverze ohledné translokace
CRTC1-MAML2 ve Warthinovu tumoru (27-28), velmi pravdépo-
dobné je viak detekovana translokace i v téchto vzacnych pfipa-
dech specifickd pro MEC vznikajici ve Warthinové tumoru (minéni
autort textu) (29). Nepochybné maji obé translokace CRTC1-MA-
ML2 a CRTC3-MAML2 pozitivni prognosticky vyznam, transloko-
vané MEC se chovaji pfiznivé. Translokaci nebo prestavbu genu
MAML2 |ze také vyuzit v diagnosticky obtiznych pfipadech, jako
jsou onkocytarni a svétlobunéénd varianta MEC (30) nebo v neob-
vyklych lokalizacich, nap. intraosedini (centralni) MEC (31).

MYB-NFIB fazni gen v adenoidné cystickém karcinomu
Adenoidné cysticky karcinom (AdCC) je low-grade bazaloid-
ni nador sestavajici z epitelidlnich a myoepitelidlnich bunék ve
variabilnich morfologickych strukturdch (32). Jednda se o nej-
castéjsi karcinom hlavy a krku infiltrujici nervy, s peri- a intra-
neuralnim sifenim ve 20 - 80 % pfipadl (33). AdCC je vétsinou
ohraniceny, ale neopouzdieny nador, hluboce infiltrujici okolni
tkané predevsim progresi kolem nervu. Je tvofen dvéma hlav-
nimi typy bunék, a to duktalnimi a modifikovanymi myoepite-
lidInimi. Jadra jsou hranata a hyperchromni a cytoplazma casto
vodojasnd. V AdCC se rozlisuji se t¥i rustové struktury: tubular-
ni, kribriformni a solidni (32) (obr. 8). Nejcastéjsi kribriformni
struktura je charakterizovana hnizdy bunék s pseudocystickymi
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Obr. 8. Adenoidné cysticky karcinom s typickou kribriformni
strukturou a invazivnim riistem (hematoxylin-eozin).

Obr. 9. Sekvenogram fiizniho transkriptu MYB-NFIB. Sipky vyznaéuji misto fiize.

prostory, které jsou vyplnény hyalinni nebo bazofilni mukoidni
extraceluldrni matrix. Tubuldmi struktura je tvofena dobre for-
movanymi vyvody a tubuly s centralnimi luminy, které jsou le-
movany uvniti epitelidinimi a zevné myoepitelidInimi burikami.
Solidni (bazaloidni) struktura je formovéana uniformnimi malymi
bazaloidnimi burikami s minimalni cytoplazmou, které netvo-
fi ani tubularni ani mikrocystické struktury (32). V kribriformni
a solidni varianté nadoru se vyskytuji i malé pravé vyvody, které
nemuseji byt ihned patrné. Kazda ze tfi vyse popsanych struktur
muze byt v nadoru vyrazné dominantni nebo ¢astéji je jen jed-
nou z komponent kompozitniho tumoru. Nadorové stroma je
obvykle hyalinizované (nékdy i pomérné extenzivné s Gtlumem
epitelidlni komponenty) a mize vykazovat i mucinézni nebo
myxoidni rysy. Castym nalezem je perineuralni a intraneuréini
invaze, ktera mlze dosahovat do znacné vzdalenosti od klinic-
kych ale i radiologickych hranic karcinomu.

Pro AdCC slinnych zlaz je typicka chromozomalni translokace
1(6;9)(q22-23;p23-24), ktera generuje fuzni transkript MYB-NFIB
(obr. 9) (34-36). MYB-NFIB fuzni onkogen byl poprvé popsan
u AdCC Martou Perssonovou et al. v roce 2009 (37). Gen MYB,
lokalizovany v oblasti 6q22-23, kéduje transkripéni faktor kte-
ry hraje zasadni roli v regulaci bunééné proliferace, diferenci-
ace a apoptozy, a tim pravdépodobné i v tumorogenezi. MYB
je vysoce exprimovan v nezralych a proliferujicich epitelidlnich,
endotelidlnich a hematopoetickych burkach a naopak down-
-regulovan v dobé, kdy se tyto burky stanou diferencovanymi
(34,36). Gen NFIB (Nuclear Factor I/B), lokalizovany v oblasti
9p23-24, patii do rodiny dimernich DNA-vazebnych protei-
nu fungujicich jako bunéény transkripéni faktor. Vznik fazniho
onkogenu MYB-NFIB vede ke ztraté 3" konce MYB genu (exonu
15), mista, kde dochazi k negativni regulaci MYB exprese (34,36).
Nasledna zvysena exprese fuzniho transkriptu a proteinu pak
aktivuje transkripci MYB cilovych gen(, které maji zasadni roli
v onkogenni transformaci. MYB-NFIB fuze nebo prestavba MYB
genu, které vedou k jeho aktivaci, a tim ke zvysené expresi MYB-
NFIB fuzniho proteinu nebo MYB onkoproteinu, byly dosud ze
salivarnich karcinom( i jinych karcinom( hlavy a krku prokazany
pouze u AdCC, a to ve vice jak v 80 % pfipadu (34,38). Jedna se
tak o charakteristicky znak téchto malignich sialom, ktery se da
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vyuzit jako diagnosticky marker, s vyhodou predevsim u vzdale-
nych metastaz.

ETV6-NTRK3 fazni gen v sekreénim karcinomu mammarni-
ho typu / Mammary analogue secretory carcinoma

Sekre¢ni karcinom mamarniho typu (MASC) je nové popsa-
ny nador slinnych zlaz, ktery vykazuje histologickou a imuno-
histochemickou podobnost se sekre¢nim karcinomem prsu
(9). Podobné jako prsni sekre¢ni karcinom, exprimuje MASC
difuzné cytokeratiny, S-100 protein a mammaglobin, a je cha-
rakterizovan translokaci t(12;15) (p13;q25), ktera generuje fuzni
transkript ETV6-NTRK3 (9,16). Histologicky, jak sekre¢ni karci-
nom salivarni tak mamarni, jsou vétsinou low-grade malignity,
a jsou dobie ohranicené ale neopouzdiené s loziskovym inva-
zivnim rGstem. Nadorové buiiky MASC jsou vétsinou uniformni,
blandniho vzhledu, s pravidelnymi vesikularnimi jadry, jednim
centralné lokalizovanym zietelnym jadérkem a eosinofilni va-
kuolizovanou nebo vodojasnou cytoplasmou (obr. 10A). Mikro-
cysticka struktura je pro MASC typickd, ale nador je strukturdlné
variabilni, takze tubulérni, solidni, makrocysticka a kribriformni
loZiska v rGznych proporcich nejsou vyjimkou (obr. 10B). Velmi
dulezitym diferencidlné diagnostickym znakem je absence se-
kre¢nich zymogennich granul v cytoplasmé nadorovych bunék,
ktera MASC odliSuje od strukturdlné podobného acinického
karcinomu (9). MASC je karcinom, ktery typicky obsahuje tubu-
larni a mikrocystické struktury s hojnym homogennim nebo va-
kuolizovanym sekretem v lumen. Sekre¢ni material je pozitivni
pfi barveni mucikarminem a PAS pfed i po natraveni diastdzou.

Obr. 10. Sekre¢ni karcinom mamarniho typu (MASC): typicka
mikrocysticka struktura s uniformnimi nadorovymi burikami,
blandniho vzhledu, s pravidelnymi vesikulamimi jadry, jed-
nim centréalné lokalizovanym zietelnym jadérkem a eosinofilni
vakuolizovanou nebo vodojasnou cytoplasmou (A). MASC je
nador strukturalné variabilni, takze tubularni, solidni, makrocy-
sticka a kribriformni loziska v riiznych proporcich nejsou vyjim-
kou (B) (hematoxylin-eozin).
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Imunoprofil MASC je charakterizovdn ko-expresi cytokerati-
n (CK7, CK8, CK18), S-100 proteinu, SOX10, mammaglobinu
a GATA3 (9). MASC nevykazuje na rozdil od acinického karcino-
mu expresi markeru DOGT, ktery byl ptivodné pouzit v diagnos-
tice gastrointestinalniho stroméalniho tumoruy, ale v diagnostice
karcinom( slinnych Zlaz se vyuziva jeho exprese v normalnich
i nadorovych bunkéch s acinarni diferenciaci (39). Prikaz GCDFP
15 (gross cystic disease fluid protein) a EMA (epitelidlni mem-
branovy protein) jsou velmi ¢asto v MASC pozitivni, zatimco p63
protein je zpravidla v nadorovych bunkach negativni (9). Lozis-
kové a jen v nékterych pfipadech, mGze jaderna exprese p63 de-
korovat vrstvu bazalnich bunék, a svéd¢i tak pro in situ lézi nebo
fokalni intraduktalni komponentu MASC (40).

Pro MASC je typicka rekurentni chromosomalni translokace
t(12;15)(p13;928) generujici fuzni transkript ETV6-NTRK3 (9).
Tato translokace byla popséna v fadé mezenchymaélnich nadori
(10-14), v riznych hematologickych malignitach (15) a dokonce
nedavno v podskupiné radiaci indukovanych papilokarcinoma
stitné zlazy (17), ale nevyskytuje se v zadném jiném nadoru slin-
nych zlaz nez v MASC. Skutecné raritnim je pozorovani primar-
niho sekre¢niho karcinomu mamarniho typu (MASC) ve stitné
Zlaze (41,42) napodobujici papilokarcinom. To je skute¢na dia-
gnosticka “past’, protoze lé¢ba papilokarcinomu stitné zlazy je
diametralné odlisna od lécby MASC (42). Fuzni gen ETV6-NTRK3
kéduje chimericky onkoprotein tyrosin kinazu, kterd aktivuje
Ras-MAP kinazovou dréhu startujici onkogenni transformaci
(16, 43). Vétsi klinicko-patologické studie jsou dosud vzacné, ale
ukazuji, ze MASC je u vétsiny pacientu low-grade malignita s re-
lativné pfiznivou prognézou (44-45). U ¢asti pacientd muaze byt
viak chovani karcinomu velmi agresivni, v¢etné lokalnich reci-
div, vzdalenych metastaz, pripadné s fatalnim klinickym prabé-
hem (46). Pfikladem m(ze byt MASC s high-grade transformaci
(46) nebo MASC oznacovany ETV6-X, u nichz FISH prokazuje
zlom v ETV6 genu nikoliv viak genu NTRK3 a ani zadného dal-
siho genu z NTRK rodiny, konkrétné NTRKT a NTRK2 (47). MASC
s high grade transformaci jsou velmi agresivni karcinomy, které
rychle generalizuji a klinicky priibéh je ¢asto smrtelny, proto se
u pacientl s takto agresivnimi formami MASC a s prokdzanou
translokaci ETV6-NTRK3 nabizi moznost cilené Ié¢by inhibitory
onkogenni tyrosin kindzy (46-48).

EWSR1-ATF1 fuzni gen v hyalinizujicim svétlobunééném
karcinomu malych slinnych zlaz

Hyalinizujici svétlobunécny karcinom malych slinnych Zldz
(HCCCQ) byl prvné rozpoznan v roce 1994 Milchgrubovou et al.
(49) jako samostatna nadorova jednotka odlisnd od monomor-
fni svétlobunécné varianty myoepitelidiniho karcinomu (50,51),
epitelidlniho-myoepitelialniho karcinomu a od svétlobunéénych
variant acinického a mukoepidermoidniho karcinomu (20). Dle
dosud platné WHO klasifikace nador( hlavy a krku z roku 2005
(52) je sice HCCC klasifikovén jako svétlobunéény adenokarcinom
NOS (not otherwise specified), ale to je jisté chybna koncepce
2zvlasté ve svétle novych molekularné genetickych nélezd, které
ukazuji ze HCCC je samostatna nadorova jednotka definovana
specifickou translokaci t(12;22)(q13;q12) zahrnujici geny EWSR1
aATF1 (obr. 11) (53). Pfi této translokaci dochazi k fuzi N-koncové
transaktivacni ¢asti genu EWSR1 s DNA vazebnou doménou tran-
skripéniho faktoru ATF1, coz vede k aktivaci exprese downstream
cilovych gend, které se Gcastni bunééného ristu (53). HCCC je
low-grade karcinom s dobrou prognézou u vétsiny pacientd, ale
vzacné s rizikem recidivy a regionélnich uzlinovych metastaz.

Histologicky je HCCC monofazicky karcinom sestavajici z uni-
formnich bunék s eosinofilni nebo vodojasnou cytoplasmou
typicky usporadanych do malych hnizd, pruht a trabekuldrnich
struktur, oddélenych od sebe hyalinizovanymi vazivovymi septy
(obr. 12). Fokalné mze byt pfitomna hlenotvorba a odliseni od
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Obr. 11. Sekvenogram fuzniho transkriptu EWSR1-ATF1. Sipky vyznacuji
misto fuze.

Obr. 12. Hyalinizujici svétlobunécny karcinom malych slinnych
2laz sestava z uniformnich bunék s eosinofilni nebo vodojas-
nou cytoplasmou typicky uspofadanych do malych hnizd, pru-
hu a trabekularnich struktur, oddélenych od sebe hyalinizova-
nymi vazivovymi septy. (hematoxylin-eozin).

svétlobunééné varianty mukoepidermoidniho karcinomu je tedy
obtizné. Na zakladé absence S-100 proteinu a hladkosvalového
aktinu byl HCCC jiz v pavodni praci definovan jako karcinom, kte-
ry postrada myoepitelialni diferenciaci (49). Ptvodni ¢lanek (49)
a mnoho nésledujicich studii viak prokazaly, ze HCCC vykazuje
squamocelularni diferenciaci s difusni expresi vysokomolekular-
nich cytokeratinCi a markeru p63 (54-56). Nicméné diferencialni
diagnostika svétlobunécnych lézi, predevsim karcinomd, v dutiné
ustni byla vzdy velmi problematicka a zmatecna. Jednotlivé nado-
rové jednotky mohou mit podobné nebo shodné morfologické
znaky, muaze se prolinat imunoprofil, kriteria pro odliseni nebyla
svorné prijimana, a navic pro diagnostiku lézi dutiny Ustni je ¢asto
k dispozici pouze malé mnozstvi tkané v probatorni excizi. Proto
byl nélez specifické a rekurentni translokace t(12;22)(q13;q12),
ktera generuje fuzni onkogen EWSRI1-ATF1 pfijat s velkou nadé-
ji, ze bude spolehlivym diferencidlné diagnostickym markerem
HCCC. Tato nadéje se splnila pouze ¢astecné, protoze prikaz
EWSR1-ATF1 sice slouzi k odliseni vétsiny ostatnich svétlobunéc-
nych néador( v ustni dutiné, které HCCC napodobuiji (53,57), ale
svétlobunécny odontogenni karcinom vykazuje identickou tran-
slokaci EWSR1-ATF1 jako HCCC (58, 59), coz svéd¢i pro biologic-
kou pfibuznost obou nadoru. My jsme nedavno dokonce identifi-
kovali zliom v EWSRT genu u svétlobunécné varianty myoepitelial-
niho karcinomu (51). EWSR1-ATF1 fizni onkogen neni specificky,
jiz drive byla identicka translokace popsana u fady morfologicky
velmi odlisnych nadord, jako jsou svétlobunécny sarkom, angio-
matoidni fibrozni histiocytom, maligni gastrointestinalni neuro-
ektodermalni tumor (60). Nedavno byl dokonce publikovan pii-
pad angiosarkomu parotis s EWSR1-ATF1 fazi (61). Vzato celkové,
prikaz prestavby genu EWSRT musi byt interpretovan vzdy ve
shodé s histomorfologii a imunoprofilem nédoru (62).

ZAVERY

Nedavné objevy specifickych translokaci a fuznich onkogent
u nékolika salivarnich karcinomt vyrazné ovlivnily diagnostické
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a interpretacni postupy v klasifikaci salivarnich karcinom (63).
Metody molekularni diagnostiky maji v onkopatologii slinnych
Zlaz v souc¢asné dobé predevsim diferencialné diagnosticky vy-
znam, protoze mnohé translokace jsou specifické pro uréitou
nadorovou jednotku. Nové popsany sekrecni karcinom slin-
nych Zldz mamarniho typu (MASC) je chakterizovan translokaci
t(12;15) a genovou flzi ETV6-NTRK3, ktera je v onkologii slinnych
Zlaz specifickd pro MASC a nebyla nalezena v zadné jiné nadoro-
vé jednotce slinnych Zlaz. Podobné prikaz translokace t(12;22)
s fuznim onkogenem EWSRT-ATF1 je v kontextu ptislusné his-
tomorfologie diagnosticky pro hyalinizujici svétlobunécny
karcinom malych slinnych zlaz a flzni transkript MYB-NFIB pro
adenoidné cysticky karcinom. Prikaz fuzniho transkriptu u mu-
koepidermoidniho karcinomu ma nejen diagnosticky vyznam,

ale mGze byt vyuzit i v progndze. Pfitomnost fizniho onkogenu
1(11;19) CRTCT-MAML2 a t(11;15) CRTC3-MAML2 je spojena jed-
noznaéné s pfiznivou prognozou. S rozvojem technik moleku-
lami biologie bude nepochybné v salivarni patologii v dal3ich
letech pribyvat objevl translokaci a dalsich aberaci. V nepo-
sledni fadé, je nadéje, Ze tyto nalezy bude mozné v blizké bu-
doucnosti vyuzit k cilené biologické lé¢bé pacientl s karcinomy
slinnych Zlaz.
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SOUHRN

Adenoidné cysticky karcinom slinnych zlaz (AdCC) je druhym nejcastéj$im salivamim
karcinomem charakteristickym cCastymi recidivami, perineuralnim Sifenim a vysokou
mortalitou v dlouhodobém horizontu. V 1éébé AdCC je metodou volby chirurgicka resekce
s adjuvantni radioterapii, ale 1écba velkych, invadujicich a recidivujicich karcinomi je
zpravidla paliativni. AACC charakterizuje vysoka incidence nadoroveé specifického onkogenu
MYB-NFIB, ktery je v souCasné dobé diagnostickym markerem, ale mohl by v budoucnu

slouzit jako cil pro biologickou lécbu.

Ve studiu a diagnostice AJCC je vyuzivana imunohistochemie a mnoho molekularné-
genetickych metod. Nékteré metody, jako napf. reverzné-transkripéni PCR €1 fluorescencni
in-situ hybridizace vyznamnou mérou piispély k identifikaci translokace %(6;9)(q22-23;p23-
24) resultujici ve fuzi transkripénich faktordt MYB a NFIB, kterd je pro AACC mezi
salivarnimi karcinomy unikatni a slouzi pfi diagnostice histopatologicky obtiznych pfipadi.
Komplexnéjsi metody jako napf. masivné paralelni sekvenovani pak detekovaly dalsi zmény
na molekularni urovni a tim umoznily lepSimu pochopeni vzniku a patogeneze tohoto
v dlouhodobém horizontu casto fatalné koné¢iciho onemocnéni.

Tento piehledovy c¢lanek shrnuje zakladni poznatky o tomto onemocnéni, kterych bylo
dosazeno pouzitim pravé imunohistochemickych a molekularné-genetickych metod, to je na

urovni genomu, transkriptomu ¢i epigenomu.

Kli¢ova slova: Adenoidné cysticky karcinom - salivarni karcinom - MYB-NFIB — FISH —

aCGH - NGS
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Molecular methods for detection of prognostic and predictive markers in diagnosis of

adenoid cystic carcinoma of the salivary gland origin.

SUMMARY

Adenoid cystic carcinoma of salivary gland origin (AdCC) 1s second most common salivary
carcinoma characterized by frequent recurrences, perineural invasion and high long-term
mortality rate. The surgical resection of the tumor in combination with adjuvant radiotherapy
is the only method of choice. AACC has been studied, altogether with immunohistochemistry,
by numerous molecular-genetic techniques. Some of them, e.g. reverse-transcription PCR or
fluorescent in situ hybridization contributed to the identification of translocation t(6;9)(q22-
23;p23-24), which results in fusion of two transcription factors MYB-NFIB. For AdCC is this
fusion unique among salivary gland carcinomas and serves as a diagnostical tool in
differential diagnosis of histopathologically difficult cases. More complex methods, such as
next-generation sequencing helped to detect other molecular level changes; and hence
improved understanding of a development, behavior and pathogenesis of this possibly fatal
malignancy.

This review summarizes basic knowledge of AdCC on the genome, transcriptome and

epigenetic level, which were achieved using molecular-genetic and immunohistochemical

methods.

Keywords: adenoid cystic carcinoma - salivary carcinoma - MYB-NFIB — FISH - aCGH -

NGS
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Nadory slinnych zlaz jsou vzéacné, pfedstavuji jen asi 1 % vech lidskych neoplazii. Jsou
velmi variabilni, jak v mikroskopickém obraze a imunoprofilu, tak klinickym chovanim.
Adenoidné cysticky karcinom (AdCC) je druhym nejcastéjsSim malignim nadorem malych i
velkych slinnych Zlaz a predstavuje asi 10 % vSech salivarnich karcinomi. Jedna se o
nejcasté)si karcinom hlavy a krku infiltrujici nervy, s peri- a intraneuralnim Sifenim az v 80 %
piipadf (1). AACC slinnych Zlaz je charakteristicky svym pomalym riistem, a pfestoze se
histologicky jedna u vétSiny pacientt o dobie diferencovany low-grade karcinom, jeho
typickym projevem je prolongovany klinicky pribéh trvajici zpravidla roky, opakované
recidivy, a variabilni riziko vzniku pozdnich vzdalenych metastaz. Klinicky prabéh
onemocnéni u pacientl postizenych AAdCC slinnych zlaz se ¢asto zdanlive jevi indolentni, ale
z dlouhodobé¢ho hlediska se jedna o jeden z nejagresivnéjSich a nejméné piedvidatelnych
nadord hlavy a krku. AdCC je také spojen s vysokou mortalitou (2). V individualnim piipadé
je viak velmi obtizné az nemozné predikovat klinicky pribéh nadorového onemocnéni jen na

zakladé histomorfologickych nalezi.

Pro AdCC slinnych zlaz je typicka chromozomalni translokace t(6;9)(q22-23;p23-24), ktera
generuje fizni transkript MYB-NFIB (3). MYB-NFIB fizni onkogen byl poprvé popsan u
AdCC Martou Persson a kol. v roce 2009 (4). Gen MYB, lokalizovany v oblasti 6q22-23,
kéduje transkripéni  faktor, ktery hraje zasadni roli v regulaci bunééné proliferace,
diferenciace a apoptdézy, a tim pravdépodobné i v tumorigenezi AdCC. MYB je vysoce
exprimovan v nezralych a proliferujicich epitelialnich, endotelialnich a hematopoetickych
buiikach a naopak down-regulovan v dobé, kdy se tyto buiiky stanou diferencovanymi (3, 5).
Gen NFIB (Nuclear Factor I/B), lokalizovany v oblasti 9p23-24, patii do rodiny dimemich
DNA-vazebnych proteini fungujicich jako bunécny transkripéni faktor. Vznik fiizniho
onkogenu MYB-NFIB vede ke ztraté 3" konce MYB genu (od exonu 15 dale), mista, kde

dochazi k negativni regulaci MYB exprese (4). Nasledna zvySena exprese flizniho transkriptu
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a tim proteinu pak aktivuje transkripci MYB cilovych gent, které maji zasadni roli v
onkogenni transformaci. MYB-NFIB fuze nebo piestavba MYB genu, které vedou k jeho
aktivaci, a tim ke zvySené expresi MYB—NFIB fuzniho proteinu nebo M¥B onkoproteinu, byly
dosud ze salivarnich karcinom 1 jinych karcinomi hlavy a krku prokazany pouze u AdCC (3,
6). Jedna se tudiz o charakteristicky znak téchto malignich sialomg, ktery se da vyuzit jako
diagnosticky marker, s vvhodou pfedeviim u vzdalenych metastiz. Zjisténé Cetnosti flize
MYB-NFIB u AdCC se vSak v riznych studiich lisi a zavisi pfedevsim na pouzité metodice

(tab. 1).

V diagnostice AdCC se vyuzivaji imunohistochemické a molekulameé-genetické metody od
relativné jednoduchych, jako jsou karyotypovani, reverzné-transkripéni PCR (RT-PCR),
reverzné-transkripéni PCR v redlném case (Real-Time RT-PCR), fluorescenéni in-situ
hybridizace (FISH) az po ty komplexni, mezi které se fadi napfiklad komparativni genomova
hybridizace na Cipu (array comparative genomic hybridization - aCGH), ¢i masivné paralelni

sekvenovani (Next Generation Sequencing - NGS).

IMUNOHISTOCHEMIE

V diagnostice AdCC lze vyuzit jako nespecifickou skriningovou metodu detekci MYB
proteinu (protilatka firmy AbCam v fedéni 1:100), (obr. 1). Imunopozitivita na prikaz MYB
proteinu se viak vyskytuje i u nékterych AACC ptipadd, u ktervch nebyl detekovan zlom MYB
genu, coz naznacuje 1 jiné mechanismy aktivace MYB signalni drahy. Slaba az stfedni
pozitivita barveni je také detekovana az u 14 % jinych typa salivarnich nadort, coz, na rozdil

od molekularné-genetickych technik, snizuje specifitu metody (7-9).
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REVERZNE-TRANSKRIPCNI PCR

K detekci piitomnosti fuzniho transkriptu v cDNA (reverzné piepsana RNA) je vyuzivana
RT-PCR. Jedna se o metodu, kdy pomoci PCR za pouziti kombinace primerti nasedajicich k
jednomu i druhému fOznimu partnerovi dochazi v piitomnosti fiizniho transkriptu k jeho
amplifikaci a tim moznosti jeho vizualizace, tj. detekce pomoci elektroforézy (obr. 2) (4).
Vzhledem k variabilit¢ zlomovych mist geni MYB a NFIB a faktu, Ze vétSina
identifikovanych AdCC je dostupna ve formé parafinovych blokt obsahujicich vice ¢ méné
degradovanou nukleovou kyselinu, je tato metoda zatizena rizikem fale$né negativnich
vysledk. Studie provedend za pouziti této techniky detekovala pfitomnost MYB-NFIB
fazniho transkriptu v cca 30 % AdCC (10), coz je vyrazné méné nez v piipadé detekce

pomoci FISH metody (tab. 1).

Variantu RT-PCR, tzv. Real Time RT-PCR lze vyuzit k relativni kvantifikaci exprese mRNA
genu MYB. Pomoci této metody bylo zjisténo, Ze overexprese MYB mRNA byla detekovana u
vétiiny piipadd AdCC (89%) s tim, Ze u pfipadd pozitivnich na fizi MYB-NFIB je tato

overexprese signifikantné vyssi, nez u piipadi bez této translokace (8, 10).

FLUORESCENCNI IN-SITU HYBRIDIZACE

V soucasnosti nej¢astéji vyuzivanou metodou v diagnostice AACC je FISH analyza cilena na
translokaci t(6;9)(q22-23;p23-24). Oproti konvenénim RT-PCR metodam neni tfeba znat
piesnou nukleotidovou pozici zlomovych mist, nebot’ FISH proba, zahrnujici kompletni
sekvenci studovanych genii a piilehlych oblasti, obsahne celé Siroké spektrum mozZnych
aberaci. Jako sondy se diive hojné vyuzivaly bakteridlni arteficialni chromosomy (BAC).
Jejich nevvhodou byly velmi ¢asto slabé signaly na hiife fixovaném materialu. V soucasnosti

je dosahovano lepsich vysledkl s pouzitim polynukleotidovych sond certifikovanych pro in-
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vitro diagnostiku ¢i oligonukleotidovych necertifikovanych sond. Pfitomnost fuzniho genu
pak lze prokazovat piimo - pouzitim kombinované fuizni sondy (jedna ¢ast sondy je cilena na
MYB gen a druha na gen NFIB) ¢i nepfimo - detekei zlomi jednotlivych zacastnénych genti s

pouzitim tzv. break-apart sond (obr. 3).

Vedle analyzy translokace MYB-NFIB lze FISH pouzit i ke studiu dalSich zmén nalezenych
v AdCC, jako jsou napf. numerické aberace gent. Takto byly popsany napiiklad relativné

raritni amplifikace genu KIT (9) a genu CCND1 (12).

Vyse zminéné metody jsou vét§inou cilené na jednu konkrétni oblast (napfiklad na fuzi MYB-

NFIB). K detailn¢jsimu studiu nadorh je nutné vyuziti komplexnéjsich analyz.

ARRAY-KOMPARATIVNI GENOMOVA HYBRIDIZACE

V pfipadé studia pocetnich chromosomalnich zmén je metodou volby komparativni
genomova hybridizace na ¢ipu zalozena na kompetitivni hybridizaci rizné fluorescentné
znacené (napt. Cy3 a Cy5) nadorové a nenaddorové DNA jednoho vzorku na Cipu, ktery
obsahuje obvykle 25-70 nt dlouhé oligonukleotidy (sondy) se znamou piesnou genomickou
lokalizaci. Po hybridizaci je Cip skenovan pro zjiiténi intensit fluorescenci, kdy z
piipadné pfevahy intenzity konkrétni barvy lze usuzovat na zisk nebo ztraty jednotlivych

regiont korespondujicich k danym sondam (13).

V praci Bernheima a kol. (14) byly pomoci aCGH detekovany rekurentni numerické aberace
u bronchialnich a salivarnich AdCC. Slo o parcialni ztraty v oblastech 1p35, 6q22-25, &ql2-
13, 9p21, 12q12-13, 17pl1-13 a zisky (gain) v oblastech 7pl15.2, 17q21-25, 22q11-13.
Do minimalnich oblasti vykazujicich deleci se fadily oblasti obsahujici tumor-supresorové

geny CDKN2A/CDKN2B, TP53 a LIMAI. Minimalni oblast s amplifikaci byla oblast HOXA
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genového clusteru (14). V jinych studiich vSak byla nalezena fada dalSich zmén v genomu

(tab. 2).

EXPRESNI ANALYZA

Komplexnégj$i alternativou k meéfeni exprese pomoci Real-Time RT-PCR je cDNA expresni
¢ip schopny analyzy miry exprese mRNA az celého transkriptomu. Jde o variantu aCGH, kdy
jsou na ¢ip, obsahujici oligonukleotidy z kodujicich oblasti genomu, nahybridizovany
fluorescencné znacené ¢DNA tumoru a zdravé tkané k detekci rozdilt exprese (15). Touto
metodou byla u AACC napiiklad potvrzena zvySena exprese genu SOX10 (16, 17) a obecné

upregulace genli ze SOX, NOTCH a WNT genovych rodin (18).

MASIVNE PARALELNI SEKVENOVANI

V soucasnosti ziejmé nejkomplexnéjsi metodou s nejvyssi informacni vytéznosti je masivne
paralelni sekvenovani nebo také sekvenovani nové generace (anglicky next-generation

sequencing — NGS).

NGS je schopna nejen prosté analyzy sekvenci nukleotidd v kompletnim genomu ¢i jeho
vybrané casti, ale mtze detekovat 1 pfipadné strukturalni varianty. Timto v sob& zahrnuje
mimo jiné i jistou nahradu aCGH, Real-Time RT-PCR ¢iexpresnich arrayi. V piipade
celogenomového ¢ RNA (transkriptomového) sekvenovani je izolovana DNA ¢i RNA, ktera
se piepiSe do cDNA. Takto pfipravena DNA je pak rliznymi metodami fragmentovana na
krat8i Giseky vhodné pro dali zpracovani. U cileného sekvenovani vybranych ¢asti genomu ¢i
transkriptomu se po izolaci DNA ¢ RNA (pfepsané do c¢DNA) nejprve vychytavaji

hybridizaci ¢i obohacuji amplifikaci konkrétni oblasti zajmi. Pak jiz, pro oba pfistupy
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spolecné, nasleduje ligace adapterti a amplifikace produktu s pouzitim primert nasedajicich
ke komplementarnim sekvencim na adapterech. Po piecisténi amplifikatu je vznikly produkt —
knihovna pfipraven k vlastnimu sekvenovani a nasledné k analyze dat. V soucasné dobé jsou
nejrozsirengj§imi postupy ,,Sequence-by-synthesis® metody vyuzivajici fluorescenéni znaceni

a metody vyuzivajici analyzu zmény pH (19, 20).

NGS metody se také vyznamné zapsaly do molekularni charakterizace AdCC. V roce 2016
byl celogenomovym sekvenovanim odhalen gen MYBL/ jako alternativni fiizni partner NFIB
u 5 z 12 MYB-NFIB negativnich pfipadt (21). Pfiblizné ve stejné dob& pak Brayer a kol.
ziskali obdobnou informaci pomoci RNA sekvenovani (22). Mimo to bylo témito skupinami
identifikovano nékolik novych vzacné se vyskytujicich fuzi — gena ¥THDF3 a RAD5IB

s MYBLI genem, dale gentt XRCC4, NKAIN2, PTPRD a AIG! genl s genem NFIB.

Tyto studie, stejné jako nckteré dalsi, také potvrdily nizkou frekvenci genovych mutaci
(substituci, kratkych deleci, inzerci apod.) u AACC. Pokud jiz byly mutace nalezeny, jako ve
studii Stephens a kol. (23), zasahovaly pfedev§im geny z NOTCH signalni drahy. Pfikladem
je gen SPEN mutovany u 20,8 % pacientii. Gen SPEN je lokalizovany na lokusu 1p36. Koduje
represor transkripce s RNA SPOC (Spen paralog and ortholog C-terminal) vazebnymi
doménami, regulujici pfedev8im NOTCH signalni drahu. VSechny nalezené mutace vyuastily
ve zkriceny protein s chybégjici regula¢ni SPOC doménou. Ve stejné studii byla v 8,3 %
piipadl také identifikovana aktivujici mutace FGFR2 analogickd k mutacim nalezenym u
ovarialnich a endometrialnich nadort, poukazujici na moznosti lé¢ebného vyuziti u této
podskupiny pacientti (23). Ve studii Ho a kol. (24) byly pouzitim kombinace celogenomového
a exomového sekvenovani na kohorté 60 piipadi detekovany mutace zasahujici chromatin

remodelujici geny, dale i geny z FGF/IGF/PI3K, PKA a NOTCH signalnich drah. V malém
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procentu piipadii negativnich na MYB-NFIB fuzi pak byly pozorovany pravdépodobné

aktivujici mutace genu MYB (24).

Expresni studie vyuzivajici jak c¢ipovou, tak NGS technologii pfinesly dalsi vhled do
karcinogeneze AdCC. Prokazaly napiiklad, ze u tumort s fizemi MYB-NFIB a MYBL1-NFIB
nejsou signifikantni rozdily v expresich analyzovanych genii. Naproti tomu, klastrova analyza
expresnich profila odlisila vzorky s translokacemi zasahujicimi exon 11 nebo vyssi v MYB,
popi. MYBLI genu od vzorku s translokacemi zasahujicimi exony 8 nebo 9 téchto genti (21).
Bell a kol. (25) pak zkoumali transkriptom AdCC se zaméfenim na rozdily mezi epitelialngé
(E-AdCC) a myoepitelialné (M-AdCC) dominantnimi AdCC. Nalezli 430 transkripti
specifickych pro E-AdCC, 392 pro M-AdCC a 424 transkripta, které byly spoleéné pro oba
typy. Jejich detailni analyza pak ukazala na mozné pouziti DLX-6 genu jako biomarkeru pro

E-AdCC a KRT16, SOX11 a MYB genl pro M-AdCC (25).

METODY PRO DETEKCI METYLACI PROMOTORU GENU

Vyse zminén¢ studie se zabyvaly strukturou vlastni nukleové kyseliny, popf. mirou jeji
exprese. Vyznamnou funkei v karcinogenezi ma vsak téz epigenetika, tj. ovlivnéni exprese
genlt beze zmény nukleotidové sekvence. Toto se na trovmi DNA déje nejéastéji
prostiednictvim metylaci promotorovych oblasti genti vyustujicich v potlaceni exprese
danych genli a je tedy logicky dal$im pfedmétem z&jmu pii charakterizaci nadorovych

onemocnéni.

Metylacni status promotori geni lze zjistovat fadou odlisSnych zplsobli. Nejcastéji
pouzivanym zplsobem je metylacné sensitivni PCR, pfi které se metylované cytosiny v DNA
nejprve konvertujyi bisulfidovou reakci na uracil a takto konvertovany templat je pak

amplifikovan pomoci PCR za pouziti primerd specifickych jak k metylované tak
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nemetylované sekvenci (tzv. metylaéné-specificka PCR — MSP). V pozitivnim piipadé vznika
v reakci obsahujici primery pro metylovany promotor elektroforeticky ¢i fluorescencné

detekovatelny produkt amplifikace.

Maruya a kol. (26) pomoci MSP detekovali metylaci promotoru E-cadherinu (CDHI) u 70 %
piipadd AdCC. V obdobné studii Zhang a kol. (27) identifikovali metylovany promotor
CDHI u 57% pacientl, zde vSak, na rozdil od vySe zminéné studie, metylacni status
promotoru CDHI koreloval s pokrocilej§im stadiem tumoru a také perincuralnim Sifenim
AdCC. V dalSich studiich vyuzivajicich MSP pak byla zjisténa zvySena metylace promotor
genll pl16 u 49,1% (28) a 46,7% (29) pacientl, dale gentt RASSF 14 celkem u 33,8% pacientt,
DAPK u 20,9%, MGMT u 5,8% (29, 30), RARS2 u 3,8% (30) a genu RUNX3 u 75% pacientd,
jehoz nizka exprese korelovala s vyssi agresivitou AACC (31). Ve studii Shao a kol. (32) byla
studovana metylace genu MYB s negativnim vysledkem u viech 18-ti analyzovanych piipadi
AdCC. V praci Tan a kol. (33) pak byla detekovana hypometylace Aquaporinu-1 u 75,3 %

AdCC pacientt, av§ak nekorelujici s klinickymi parametry.

Dalsi metodou, pouzitou ke studiu metylacniho profilu AdCC byla Metylated CpG Island
Amplification (MCIA), ktera je zaloZzena na §tépeni DNA 2 riznymi metylaéné sensitivnimi
restrikénimi enzymy s naslednou amplifikaci PCR. Nadorova a kontrolni DNA jsou poté
oznaCeny Cy3 a Cy5 a hybridizovany na c¢ipu. Porovnanim intensity vyslednych barev

(princip aCGH) lze zjistit miru metylace danych promotord.

Ve studiich jez pouzivali MCIA metody pak bylo identifikovano 32 hypermetylovanych genil,
mezi nimi napi. ENI, FOXEI, GBX2, FOXL] a 7 hypometylovanych genl, jako napf.
FBX017, PHKGI, LOXLI, DOCKI a PARVG. Nejvyznamnéj§im z téchto vysledkd byla
hypermetylace ENI — genu ovliviiujicim vyvoj CNS, kterd koreluje se stadiem, lokalizaci a

klinickym chovanim nadoru (34, 35).
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ZAVER

Na zakladé nasich zkuSenosti s detekei translokaci MYB-NFIB, popt. MYBLI-NFIB lze fici, ze
pfedeviim FISH analyza za pouziti break-apart a flznich sond pfedstavuje spolehlivy
diagnosticky nastroj u jinak obtizné diagnostikovatelnych AdCC rtznych tkani. Oproti tomu
RT-PCR dava casto fale$né negativni vysledky kvili vyuzivani parafinovych blo¢kl a tim
degradované RNA, ¢i pro mozny vyskyt alternativnich zlomovych mist. Jako slibny
prognosticky marker AdCC se dle naSich zavéri jevi delece lokusu 1p36, ktera vyrazne
koreluje s niz§im piezivanim pacienti.

Adenoidné cysticky karcinom je druhym nejcastéjSim malignim nadorem slinnych Zlaz, je
diagnosticky obtizny, neuprosné progredujici a v mnoha pfipadech fatilné koncici nador.
Metody molekularni biologie, vedle histopatologie a imunoprofilu, vyznamné pomahaji

lepsimu pochopeni vzniku, chovani a vyvoji tohoto onemocnéni, coz v budoucnu mize
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Tabulka 1: Poéty detekovanych fuzi MYB-NFIB v riznych studiich pouzitim FISH a/nebo

pomoci RT-PCR

Publikace Primarni material FISH RT-PCR
Nordkvist et al. (36) Kult 2/10 (20 %) NP
Persson et al. (4) NFT (6/6) (100 %) T1/11 (100 %)
Mitani et al. (37) NFT 34/82 (41 %) 21/82 (26 %)
Brill et al. (8) FT NP 14/32 (44 %)
Brill et al. (8) NFT NP 2529 (86 %)
Ho et al. (24) FT 34/60 (57 %) NP
Hudson et al. (38) NFT 410 (40 %) ™ NP
Rettig et al. (39) FT 59/91 (65 %) ™ NP
Tian et al. (40) FT 9/20 (45 %) ™ NP
Argyris et al. (41) FT 5/5 (100 %) NP
FT 19/24 (79 %) 5/18 (28 %)

Hauer et al. (42)

(nepublikovano)

Vysvétlivky: ™ — provedena pouze MYB break-apart sonda, FT — fixovana tkaf, Kult. - kultivat primarni tkang,

NFT — nefixovana tkan, NP — neprovedeno.
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Tabulka 2: Nalezené chromosomalni aberace v riznych studiich pomoci aCGH.

Publikace

podet vzorki ve

Lokus se ztratou

Lokus se ziskem

studii (Cetnost v %) (Cetnost v %)
Rao et al. (43) 53 1p32-36 (44 %) chr.8 (38 %)
6q23-27 (32 %) chr.18 (11 %)
12q12-14 (18 %)
Oga et al. (44) 10 6q25 (80 %) 6p (30 %)
8p23 (50 %) 6423 (30 %)
8p23 (30 %)
22q12-3 (30 %)
Freier et al. (45) 27 6q (22 %) 22q13 (33 %)

16p (26 %)

17q (15 %)
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Obrazek 1: A. Typicka histologicka struktura AdCC s pievahou kribriformnich a
pseudocystickych struktur, HE barveni, zvétSeni 200x. B. Imunohistochemicka exprese MYB

s nuklearni pozitivitou, zvétieni 200x.

Obrazek 2: Vysledek sekvenace amplifika¢niho produktu RT-PCR k prikazu fizniho

transkriptu MYB-NFIB.

Obrazek 3: Ukazka pozitivniho FISH preparatu s A. MYB break-apart sondou a B. MYB-

NFIB Dual-Fusion sondou, zvétseni 1000x.

A. Negativni alela je reprezentovana slozenym oranzovo-zluto-zelenym signalem, zlom je
reprezentovan separatnim oranZzovym a zelenym signalem. B. Zdravé alely jsou
reprezentovany separatnimi oranzovymi a zelenymi signaly, fiize je reprezentovana slozenym

oranzovo-zluto-zelenym signalem (viz. Zluté Sipky).
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4. ¢ast - Svétlobunéény myoepitelialni karcinom slinnych Zlaz vykazujici
prestavbu EWSR1: Molekularni analyza 94 Kkarcinomiu slinnych Zzlaz
S napadnou svétlobunécnou komponentou

V této studii ,,Clear Cell Myoepithelial Carcinoma of Salivary Glands Showing
EWSR1 Rearrangement: Molecular Analysis of 94 Salivary Gland Carcinomas With
Prominent Clear Cell Component [28] byl metodou FISH studovan zlom genu EWSR1 u 94
svétlobunécnych myoepitelidlnich salivarnich karcinomid. EWSR1 gen, lokalizovany na
22ql2.2, kéduje RNA vazebny protein ucastnici se rtiznych bunécnych procesi, vcetné
regulace genové exprese, bunétné signalizace, sestiihu a transportu RNA [57]. Jeho zlom byl
prvné popsany u Ewingova sarkomu [58, 59], nicméné bylo zjisténo, ze flzuje u vice typu
tumorti s riznymi fuznimi partnery, napiiklad s geny FLI1, ERG, POU5SF1, ETV1, ETV4,
FEV, NFATc2 a SMARCA5 [60-64], véetné fazi sgeny ATF1l [5] a POUSF1 [65]
identifikovanymi u salivarnich karcinom?.

Nas soubor myoepitelidlnich salivarnich karcinomt vySetfovanych na priikkaz zlomu
genu EWSR1 zahrnoval 51 myoepitelialnich karcinomti de novo, 21 myoepitelidlnich
karcinomi vznikajicich z pleomorfniho karcinomu, 11 epitelidlnich-myoepitelialnich
karcinomt, 6 epitelidlnich-myoepitelidlnich karcinomt s preriistinim solidni svétlobunécné
myoepitelialni komponenty, 5 ptipadi hyalinizujicich svétlobunéénych karcinomit malych
slinnych zlaz, 10 myoepitelidlnich karcinomi bez svétlobunénych zmén a 12 benignich
myoepiteliomd. Celkem u 25 piipadi svétlobunéénych myoepitelidlnich karcinomii byl
metodou FISH detekovan zlom EWSR1 genu. EWSR1-ATF1 fuzni onkogen neni specificky,
jiz dtive byla identicka translokace popsana u hyalinizujiciho svétlobunééného karcinomu
malych slinnych zlaz [5] au svétlobunééného odontogenniho nadoru [66]. Nase prace
ukazala, ze prikaz pirestavby genu EWSR1 musi byt interpretovan vzdy ve shod¢ s
histomorfologii a imunoprofilem nadoru.
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Clear Cell Myoepithelial Carcinoma of Salivary Glands
Showing EWSR1 Rearrangement

Molecular Analysis of 94 Salivary Gland Carcinomas With Prominent
Clear Cell Component
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Abstract: This study examines the presence of the EWSRI re-
arrangement in a variety of clear cell salivary gland carcinomas
with myoepithelial differentiation. A total of 94 salivary gland
carcinomas with a prominent clear cell component included 51
cases of clear cell myoepithelial carcinomas de novo (CCMC),
21 cases of CCMCs ex pleomorphic adenoma (CCMCexPA), 11
cases of epithelial-myoepithelial carcinoma (EMC), 6 cases of
EMC with solid clear cell overgrowth, and 5 cases of hyalinizing
clear cell carcinoma of minor salivary glands. In addition, 10
cases of myoepithelial carcinomas devoid of clear cell change
and 12 cases of benign myoepithelioma were included as well.
All the tumors in this spectrum were reviewed, reclassified, and
tested by fluorescence in situ hybridization (FISH) for the
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EWSRI rearrangement using the Probe Vysis EWSRI Break
Apart FISH Probe Kit. The EWSRI rearrangement was de-
tected in 20 of 51 (39%) cases of CCMC, in 5 of 21 (24%) cases
of CCMCexPA, in | of 11 (9%) cases of EMC, and in 4 of §
(80%) cases of hyalinizing clear cell carcinoma. The 25 EWSRI-
rearranged CCMCs and CCMCexPAs shared similar histo-
morphology. They were arranged in nodules composed of
compact nests of large polyhedral cells with abundant clear
cytoplasm. Necrosis, areas of squamous metaplasia, and hyali-
nization were frequent features. Immunohistochemically, the
tumors expressed p63 (96%), cytokeratin CK14 (96%), and
S100 protein (88%). MIBI index varied from 10% to 100%,
with most cases in the 20% to 40% range. Clinical follow-up
information was available in 21 cases (84%) and ranged from 3
months to 15 years (mean 5.2y); 4 patients were lost to follow-
up. Ten patients are alive with no evidence of recurrent or
metastatic disease in the follow-up period from 3 months to 15
years (mean 5y), 3 patients are alive with recurrent and meta-
static disease, and 8 died of disseminated cancer 9 months to 16
years after diagnosis (mean 6y). Lymph node metastasis ap-
peared in 5 patients within 5 months to 4 years after diagnosis
(mean 22 mo), distant metastases were noted in 7 patients with
invasion of orbit (2 cases), and in | case each metastasis to the
neck soft tissues, liver, lungs, mediastinum, and thoracic verte-
bra was noted. We describe for the first time EWSRI gene re-
arrangement in a subset of myoepithelial carcinomas arising in
minor and major salivary glands. The EWSRI-rearranged
CCMC represents a distinctive aggressive variant composed
predominantly of clear cells with frequent necrosis. Most
EWSRI-rearranged CCMCs of salivary glands are characterized
by poor clinical outcomes.

Key Words: salivary gland, clear cell myoepithelial carcinoma,
EWSRI rearrangement

(Am J Surg Pathol 2015;39:338-348)

he Ewing sarcoma breakpoint region 1 (EWSRI) is
translocated in many sarcomas. As is apparent from
the name, rearrangements involving the EWSRI region
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were first described in Ewing sarcoma.'2 However, there
is a growing body of evidence that EWSRI is a pro-
miscuous gene, with rearrangements involving a number
of partner genes, such as POUSFI, PBX1, ATFI, CREBI,
etc. present in a number of tumor entities. EWSRI
translocations have been identified in such morphologi-
cally distinct soft tissue tumors as extraskeletal myxoid
chondrosarcoma, desmoplastic small round cell tumor,
clear cell sarcoma, angiomatoid malignant fibrous his-
tiocytoma, clear cell sarcoma—like gastrointestinal tumor,
and soft tissue myoepithelial tumors (SMETs), etc.>6

Rarely, EWSRI rearrangements were also identified
in nonmesenchymal tumors. Antonescu et al’ have re-
cently identified a consistent EWSRI-ATFI fusion in
hyalinizing clear cell carcinoma (HCCC) of minor sali-
vary glands. Similar EWSRI and ATFI rearrangements
have been also identified in clear cell odontogenic carci-
noma providing molecular evidence of link between
HCCC and clear cell odontogenic carcinoma.® More re-
cently, EWSRI rearrangements were described in SMET
but not in salivary gland carcinomas with myoepithelial
phenotype.” We decided to investigate whether EWSRI
rearrangement might be present in the rare clear cell
variant of salivary myoepithelial carcinoma we have de-
fined earlier.!”

In this study we have undertaken a systematic
analysis of EWSRI rearrangements using FISH in a large
spectrum of myoepithelial tumors of salivary glands with
clear cell morphology.

MATERIALS AND METHODS

Histopathologic Diagnosis

Cases were retrieved from our consultation files
(A.S. and M.M.) by searching the following key words
“clear cell myoepithelial carcinoma,” “hyalinizing clear
cell carcinoma,” “epithelial-myoepithelial carcinoma,” as
well as all the tumors of salivary glands that contained
combination of words “clear cell” and “myoepithelial
carcinoma.” Ninety-four cases of salivary gland carcino-
mas with available tissue for molecular analysis were re-
trieved from surgical pathology and consultation files of
the authors (A.S., M.M., LW., RHW.S,, M.V,, I.L,
SM., HM., and A.A)). Hematoxylin-cosin and im-
munohistochemistry slides were retrieved for all cases.
Minimum criteria for confirming histologic diagnosis of
myoepithelial carcinoma included coexpression of cyto-
keratins (AEI/AE3, OSCAR, CAM5.2, CK14) and/or
EMA together with S100 protein and/or other myo-
epithelial markers, such as smooth muscle actin, GFAP,
calponin, p63, and CD10.

A total of 116 cases of salivary gland tumors were
studied by FISH for the EWSRI rearrangement; these
included HCCC (N = 5), myoepithelial carcinoma with
predominant clear cell component (CCMC) (N = 51),
clear cell myoepithelial carcinoma ex pleomorphic ad-
enoma (CCMCexPA) (N = 21), epithelial-myoepithelial
carcinoma (EMC) with solid myoepithelial clear cell
overgrowth (N = 6), pure EMC (N = 11), non-CCMC

Copyright © 2014 Wolters Kluwer Health, Inc. All rights reserved.

(N = 10), and benign myoepithelioma (N = 12). All the
tumors in this spectrum were reviewed, reclassified if
necessary (A.S. and M.H.) without the knowledge of
FISH test results, and then tested by FISH for the
EWSRI rearrangement using the Probe Vysis EWSRI
Break Apart FISH Probe Kit.

For conventional microscopy, the excised tissues
were fixed in formalin, routinely processed, embedded in
paraffin, cut, and stained with hematoxylin-eosin.

For immunohistochemical studies, 4-um-thick sec-
tions were cut from paraffin blocks, mounted on slides
coated with 3-aminopropyltricthoxy-silane (Sigma, St
Louis), deparaffinized in xylene, and rehydrated in de-
scending grades (100% to 70%) of ethanol. Sections were
then subjected to heat-induced epitope retrieval by im-
mersion in a CCI solution at pH 8, at 95°C. Endogenous
peroxidase was blocked by a 5-minute treatment with 3%
hydrogen peroxide in absolute methanol. The slides were
then stained by immunostainer BenchMark ULTRA
(Roche). The primary antibodies used are summarized
in Table 1. The bound antibodies were visualized using
the Histofine Simple Stain MAX PO (Multi) Universal
Immuno-peroxidase Polymer, Anti-Mouse and Rabbit
(Nichirei Biosciences Inc., Tokyo, Japan), and 3,3'-dia-
minobenzidine (Sigma) as chromogen. The slides were
counterstained with Mayer hematoxylin. Appropriate
positive and negative controls were used.

Clinical follow-up information was obtained from
the patients, their physicians, or from referring patho-
logists.

FISH Testing

The 4-um-thick formalin-fixed paraffin-embedded sec-
tions were placed onto a positively charged slide. Hemat-
oxylin and ecosin—stained shdes were examined for
determination of areas for cell counting. The unstained slides
were routinely deparaffinized and incubated in the x 1 Tar-
get Retrieval Solution Citrate pH 6 (Dako, Glostrup, Den-
mark) for 40 minutes at 95°C and subsequently cooled for
20 minutes at room temperature in the same solution and
washed in deionized water for 20 minutes. The slides were
digested in protease solution with pepsin (0.5 mg/mL) (Sigma
Aldrich) in 0.01M HCI at 37°C for 15 minutes. The slides
were then rinsed in deionized water for 5 minutes, dehydrated
in a series of ethanol solution (70%, 85%, 96% for 2min
each), and air-dried. Probe Vysis EWSR1 Break Apart FISH
Probe Kit (Abbott Molecular, IL) was mixed with water and
LSI/WCP Hybridization buffer (Abbott) in a 1:2:7 ratio.
Appropriate amounts of this probe mix were applied, cov-
ered with a glass cover slip and sealed with rubber cement.
The slides were incubated in the ThermoBrite instrument
(StatSpin/Iris Sample Processing, Westwood, MA) with co-
denaturation parameters 85°C for 8 minutes and hybrid-
ization parameters 37°C for 16 hours. Rubber cemented
cover slips were then removed, and the slides were placed in
posthybridization wash solution (2 x SSC/0.3% NP-40) at
72°C for 2 minutes. The slides were air-dried in the dark,
counterstained with 4',6'-diamidino-2-phenylindole DAPI
(Abbott), covered with slip and immediately examined.
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TABLE 1. Antibodies Used for Immunohistochemical Study

Antibody Specificity Clone Dilution Source
S100 protein Polyclonal 1:2000 DakoCytomation
AEI-AE3 AEI-AE3+PCK26 RTU Ventana
Cytokeratin OSCAR OSCAR 1:100 Covance
Cytokeratin CAMS.2 CAMS.2 RTU Ventana
CK7 OV-TL 12/30 1:200 DakoCytomation
CKS8 35 beta H11 RTU DakoCytomation
CK19 RCK 108 1:200 DakoCytomation
CKI8 DC10 RTU DakoCytomation
CK14 NCL-LL002 1:40 Novocastra
CK5/6 D5/16B4 1:50 DakoCytomation
EMA E29 1:400 DakoCytomation
SMA 1A4 1:1000 DakoCytomation
Muscle actin HHF35 1:200 DakoCytomation
Ki-67 30-9 RTU Ventana

P63 4A4 RTU Ventana
Calponin EP798y RTU Ventana
GFAP polyclonal RTU DakoCytomation

EMA indicates epithelial membrane antigen; RTU. ready to use: SMA, smooth muscle actin.

FISH Interpretation

The specimens were examined with an Olympus
BX51 fluorescence microscope using a x 100 objective and
filter sets Triple Band Pass (DAPI/Green/Orange), Dual
Band Pass (FITC/Orange), and Single Band Pass (Green
or Orange). One hundred randomly selected non-
overlapping tumor cell nuclei were counted. The presence
of yellow (normal) or separated orange and green (chro-
mosomal breakpoint) fluorescent signals was examined
(Fig. 1). Positivity cutoff value was set to >10% of all
nuclei showing chromosomal breakpoint signals.'!

RESULTS
FISH Findings

A total of 94 salivary gland tumors with prominent
clear cell component and/or myoepithelial differentiation
were analyzed for EWSRI gene break by FISH. The
EWSRI rearrangement was detected in 20 of 51 (39%)
cases of CCMC de novo, in 5 of 21 (24%) cases of
CCMCexPA, in 1 of 11 (9%) cases of EMC, together 26
cases of myoepithelial-derived carcinomas with prom-
inent clear cell change showed rearranged EWSRI. In
addition, 4 of 5 HCCCs of minor salivary glands (80%)
showed EWSRI gene rearrangement as well.

Intact EWSRI was noted in 46 cases of tumors with
prominent clear cell component and/or myoepithelial
differentiation, whereas in 17 cases DNA was not suffi-
cient for analysis; namely 6 EMCs with solid overgrowth
(4 negative, 2 nonanalyzable), 10 pure EMCs (4 negative,
6 nonanalyzable), and 47 cases of CCMC and
CCMCexPA (38 negative, 9 nonanalyzable). In all 12
benign myoepitheliomas and 10 non-CCMCs, and in 1
single case of HCC, the EWSRI gene was intact.

Clinical Findings

The clinical and pathologic data of 25 EWSRI-
positive CCMC cases are summarized in Table 2. The

340 | www.ajsp.com

patients included 15 female and 10 male individuals with
age ranging from 33 to 87 years (mean 60.3y). The ma-
jority of tumors were located in the parotid with a total of
14 cases (56%). The remaining tumors occurred in the
palate (5), submandibular gland (3), sublingual gland (1),
maxillary sinus (1), and lung (1). The tumors ranged in
size from 1.0 to 9.0cm (mean 4.5cm).

The only 1 EWSRI-positive EMC displayed histo-
logic features of conventional biphasic low-grade EMC
with a prominent clear cell myoepithelial layer, and it was
completely devoid of necrosis and squamous metaplasia.

Treatment and Follow-up Period

Data on treatment were available for all 25 patients.
All tumors of the submandibular gland were treated by
resection of the gland (N = 3). All 14 carcinomas of the
parotid gland were removed surgically, in 5 patients by
radical parotidectomy, in 5 cases by subtotal parotidec-
tomy, and the other 4 patients underwent nonradical

FIGURE 1. FISH analysis using EWSRT1 dual-color, break apart
probe. Visualization under Triple Band Pass filter. Yellow sig-
nals indicate intact EWSRT gene region, separated green and
red signals represent rearranged EWSR1 gene region. Several
nuclei positive for EWSRT break are shown.

Copyright © 2014 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 2. Clinical and Pathologic Findings in 25 Cases of CCMC With EWSR1 Rearrangement

Sex/
Age Follow-up Perineural
Case (y) Site Size (cem) TNM Stage Therapy Outcome (y) Margins LVI  Invasion
1 F/51 Parotid S5x4x4.5 pT3pNIMO SP, ND. RT Recur (2y) LN mts (2y) Alive with Yes No
tu(5y)
2 F/43 Palate 3.5x4.0x2.0 pT3NOMO Excision, RT, 1. recur (2y), 2. Recur to orbit Alive with No No
CHT (3¥), tu progression (4y), 3. tu (7y)
recur to orbit (4y), soft tissue
mts (4y)
3 M/ Parotid  7.5x6.5x6.0 pT4a,NOMO  Excision, CP of Recur (4 mo), lung mts (12mo) DOD Pos Yes Yes
60 recurrence, RT, (14mo)
CHT
4 F/35  Parotid 9x6x5 pT4aNIMI RP, CHT Recur (1y), LN mts (ly), mts DOD (3y) Yes Yes
liver (1y)
5 F/14  Parotid 4x3x2 pT2pNIMO RP, ND, RT NED NED (5y) No No
6 M/ Palate S5x4x4 pT4bNOMO PMax, CHT, RT . recur (11 mo), 2. recur (5y) DOD (8y) No No
60 invasion of orbit, 3. multifocal
recur (6y) invasion of ethmoid
sinus, nasal cavity
7 F/67 Parotid 8x4x25  pT2cNOcMO SP, CHT NED NED Neg Yes No
(12y)
8 F/46 Palate 1.0x1.3x1.2 pTIcNOcMO Surgery NED NED Neg No No
(10y)
9 M/ Parotid I1x1.5%1.2 pTleNOcMO Excision, RT Recur (1y) DOD (3y) Pos No No
53
10 F/67 Parotid 4x5%3 pT3cNIcMO SP.RT NED NED No No
(15y)
11 F/81 Parotid 3 PT2cNOcMO SP NA NA NA No No
12 F/34  Parotid 25 pT2cNOcM SP NA NA NA No No
13 F/67  Submand 12x8x7 pT4,pNIcMO Excision of SG, Recur (3y), LN mis (2y) NED (3y) Neg  Yes Yes
refused RT, recur Lost of
cured by radical follow-up
excision + ND
14 F/67 Sublingual 2x08x0.5 pTIcN0OcMO Excision, refused Recur (4y),LN mts (4y) Alive with  Pos No Yes
RT tu (5y)
Lost for
follow-up
15 M/ Parotid 1.5 pTlcNOpMI Excision Recur (10y), mts mediastinum, DOD Neg No No
56 Th skelet (13y) (16y)
16 M/ Palate 10%5.5%5 pT3NxMx BPMa NA NA Pos Yes Yes
73
17 M/ Palate 2 pTINxMx CL, RMa after 2. 1. Recur (6y), 2. recur (9y), 3. DOD No No
70 Recur, RT recur (10y) (10y)
18 F/55 Maxill.sinus 8 pT4bMxMx RMa NED Alive Pos Yes Yes
NED
(3mo)
19 M/ Lung 8x5x5.5 pTINIMO, Surgery NED Alive Neg  Yes No
66 P10 NED
(14mo)
20 F/87 Parotid 55x5%3.5 pT3NOMO RP NED Alive Pos No Yes
NED
(14mo)
21 F/54 Submand 22x1.7x1.5 pT2ZNOMO Excision NED Alive Neg No No
NED
(11 mo)
22 F/33 Parotid 24x%x2x2 pT2pNIMO Excision NED Alive Neg Yes No
NED
(5mo)
23 M/ Parotid 2 pTINOMO Excision Recur (5y) DOD (6y  Pos No Yes
69 4mo)
24 M/ Parotid 2.5 pT3pNIMO RP, RT LN mets (Smo), mts in floor of  DOD Neg Yes Yes
78 mouth and gingiva (50mo) (9mo)
25 M/  Submand 5.6 pT3pN2cMO Excision, RT NA NA Neg  Yes No
63

BPMa indicates bilateral partial maxillectomy: CHT, chemotherapy: CL, Caldwell-Luc procedure: DOD, dead of disease: F, female: LVL lymphovascul
male; NA, not available; ND, neck dissection; NED, no evidence of disease; P10, no infiltration of pleura; PMa, partial maxillectomy: RMa, radical maxillectomy; RP,

radical parotidectomy; RT, radiotherapy; SP, subtotal parotidectomy (conservative, partial, superficial, lateral)

ar invasion: M.

Copyright © 2014 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 2. A, EWSRI-rearranged myoepithelial carcinomas are composed of compact nests of clear neoplastic cells divided by
fibrous septa. B, Large polyhedral cells with abundant water-clear cytoplasm and focal necrotic islands are seen. Necrosis is a
nearly universal feature, although its extent varies widely from large and irregularly shaped necrotic areas (C) to foci in the centers

of tumor islands resembling comedo necrosis (D).

excision of the tumor. The patients with carcinoma of the
palate were treated by partial maxillectomy (N = 2), by
radical excision with clear margins (N = 2), and by the
Caldwell-Luc procedure (N = 1), followed by radical
maxillectomy after second recurrence of the tumor. One
patient with CCMC located in the sublingual gland un-
derwent simple nonradical excision, and the remaining 1
patient with CCMC arising in minor salivary glands of
maxillary sinus underwent radical maxillectomy. Neck
dissection was performed in 2 patients, 10 received ra-
diotherapy postoperatively, and 5 patients were treated
by adjuvant chemotherapy.

Clinical follow-up information was available in 21
cases (84%) and ranged from 3 months to 15 years (mean
5.2y); 4 patients were lost to follow-up. Ten patients of 21
(48%) are alive with no evidence of recurrent or meta-
static disease in the follow-up period from 3 months to 15
years (mean 5y), 3 patients are alive with recurrent and
metastatic disease (14%), and 8 died of disseminated
cancer (38%) 9 months to 16 years after diagnosis (mean
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6y). Lymph node metastasis appeared in S patients (24%)
within 5 months to 4 years after diagnosis (mean 22 mo),
distant metastases occurred in 7 patients (33%) and in-
volved the orbit (2 cases), and in 1 case each metastasis to
the neck soft tissues, the liver, the lungs, the mediastinum,
and the thoracic vertebra was noted.

In our series, a total of 47 cases of CCMC and
CCMCexPA included 38 tumors with intact EWSRI and
9 nonanalyzable cases. Clinical follow-up data of patients
with intact EWSRI were available in 35 of 38 cases (92%)
and ranged from 1 to 14 years (mean 5.7y); 3 patients
were lost to follow-up. Seventeen patients of 35 (49%) are
alive with no evidence of recurrent or metastatic disease,
14 patients are alive with recurrent and metastatic disease
(40%), and 2 died of disseminated cancer (5.5%) 2 years
after diagnosis. Two patients died of other causes without
evidence of tumor.

Ten cases of spindle cell myoepithelial carcinomas
of both minor and major salivary glands devoid of clear
cell component were studied for EWSRI gene break for

Copyright © 2014 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 3. Squamous pearls (A) and/or areas of overt squamous differentiation are seen (B). C, Myxoid stroma was noted at least
focally in all cases. D, Various degrees of hyalinization were observed in most cases.

comparison. Three patients of 10 (30%) experienced lo-
coregional recurrence, 1 of these patients died of dis-
seminated tumor 2 years after diagnosis with multiple
lung metastases. The remaining 7 patients (70%) are free
of disease in the follow-up period between 1 and 10 years
(mean 3.4y).

Histopathologic Findings

The 25 EWSRI-rearranged clear cell carcinomas
shared similar histomorphology. Microscopic examination
showed a complete or partial fibrous capsule in 12 of the 25
cases. Nineteen cases showed either well-delineated or at
least broad pushing borders, whereas the remaining 6 cases
demonstrated infiltrative growth of the tumor islands into
the surrounding tissues. The EWSRI-rearranged my-
oepithelial carcinomas were composed of compact nests of
large polyhedral cells with abundant clear cytoplasm div-
ided by fibrous septa (Fig. 2A). Clear cells were observed as
a prominent component in 23 of the 25 cases examined
(Fig. 2B). The remaining 2 cases showed classical spindle
cell and rhabdoid cytology, respectively, with minor clear
cell component. The extent of clear cell morphology varied

Copyright © 2014 Wolters Kluwer Health, Inc. All rights reserved.

from the entire or nearly the entire tumor in more than half
of the cases to just a few islands constituting <5% of the
tumor (in 2 cases). Necrosis was a nearly universal feature,
present in 22 of the 25 cases, although its extent varied
widely from large necrotic areas (Fig. 2C) to foci in the
centers of tumor islands resembling comedo necrosis
(Fig. 2D), to occasional small foci requiring a careful
search. Squamous pearls and/or areas of overt squamous
differentiation were seen in 14 cases (Figs. 3A, B). The
amount of stroma varied widely among the cases. Myxoid
stroma was noted at least focally in 17 cases including all 5
cases of myoepithelial carcinomas ex pleomorphic adenoma
(Fig. 3C). Various degree of hyalinization was observed in
24 cases (Fig. 3D). This varied from thickened basement
membranes (Fig. 4A), to hyaline stromal deposits accu-
mulating between the cells (in 13 cases) (Fig. 4B), to overt
collagenous spherulosis-like formations (in 7 cases)
(Fig. 4C). In 2 cases well-developed collagenous crystalloids
were observed (Fig. 4D). Tubule formation was noted in 7
cases; however, it was a minor finding in all cases, and, in
1 of those cases, the myoepithelial carcinoma arose in
pleomorphic adenoma, leading to a possibility the tubules
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FIGURE 4. Hyalinized extracellular matrix deposits differs in morphology from thickened basement membranes (A), to hyaline
stromal deposits accumulating between the cells (B), to overt collagenous spherulosis-like formations (C). D, In 2 cases, well-

developed collagenous crystalloids were present.

were found in the PA remnants. In the remaining 5 cases
the tubules were found in high-grade tumors, suggesting a
possibility they represented residual normal structures.
Fifteen cases showed significant nuclear pleomorphism
(Fig. 5A), reflecting the high-grade nature of the tumors.
A spindle cell component was observed in 9 cases, how-
ever, in only a single case was the spindle cell morphology
predominant (Fig. 5B). The above-mentioned distinctive
histomorphology was not generally seen in CCMC with
intact EWSRI. Other findings included: calcification (3
cases), ossification (I case), cartilage formation (1 case),
intratumoral inflammatory component (2 cases), tumor
clefting (5 cases), and pseudocystic structures with pe-
ripheral nuclear palisading (1 case) (Fig. 5C). Perineural
invasion was noted in 9 cases (36%) and lymphovascular
invasion in 11 cases (44%).

Immunohistochemical Findings

A summary of the immunohistochemical profiles of all
EWSRI-rearranged cases is presented in Table 3. For 24 of the
25 cases, we obtained a minimum set of 4 immunostains S100,
p63, CK 14, and MIBI (Ki-67) (Figs. 6A-D). In the remaining
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case, only EMA, S100, and actin were available. Most of the
cases had additional immunostains performed, including: CK7
(21 cases), actin (20 cases), and calponin (15 cases).
Twenty-two of the 25 cases (88%) showed a sub-
stantial degree of nuclear/cytoplasmic S100 immunostain-
ing (Fig. 6A). Twenty-three cases (96% of the 24 examined)
were positive for p63 (Fig. 6C), with a majority of cases
showing diffuse positivity. CK14 was focally or diffusely
positive in 23 cases (Fig. 6D) (96% of 24 examined). CK7
was at least focally positive in 13 of 21 cases examined
(62%). No tumors showed diffuse actin or calponin pos-
itivity; however, weak and/or focal positivity for actin was
noted in 10 of 20 tumors examined (50%) (Fig. 6B) and for
calponin in 7 of 15 tumors (60%). Finally, MIBI (Ki-67)
index ranged from 10% to 100% with a mean of 42%.

DISCUSSION
EWSRI has been identified as a translocation partner
in a wide variety of clinically and histomorphologically di-
verse tumors, such as the Ewing family of tumors,'? des-
moplastic small round cell tumor,' clear cell sarcoma of soft

Copyright © 2014 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 5. A, Significant nuclear pleomorphism reflecting the high-grade nature of the tumors is seen. B, Spindle cell component
was focally observed, in only a single case was the spindle cell morphology predominant. C, Pseudocystic change and palisading

was seen in 1 case.

myxoid

tissue,*!> angiomatoid fibrous histiocytoma,? 1
1

liposarcomas, '® extraskeletal myxoid chondrosarcoma,
primary myoepithelial tumors of skin, soft tissue and
bone®!® and many other soft tissue tumors (for more data
see Fisher®). EWSRI is a highly promiscuous gene with a
propensity for fusing with a great number of different
partners resulting thus in many different gene fusions,
such as EWSRI-WTI, EWSRI-CREBI, EWSRI-ATFI,
EWSRI-DDIT3, EWSRI-POU5FI, EWSRI-PBXI,
EWSRI-ZNF444, etc.5 Interestingly, many of these
translocations in soft tissue sarcomas are associated with
unique tumor entities or/and may be shared between dif-
ferent entities; and the tumors differ considerably in
morphology and clinical behavior. The diversity of the
soft tissue tumor types and their specific EWSRI gene
rearrangements were recently reviewed.® The best exam-
ples of this phenomenon are EWSRI-CREBI and
EWSRI-ATFI gene fusions, 1 or both of which have been
described in histopathologically and behaviorally diverse
mesenchymal neoplasms, such as angiomatoid fibrous
histiocytoma, conventional clear cell sarcoma of tendons

Copyright © 2014 Wolters Kluwer Health, Inc. All rights reserved.

and aponeuroses, clear cell sarcoma-like tumor of gas-
trointestinal tract, and primary pulmonary myxoid sar-
coma.'” Although EWSRI-CREBI and EWSRI-ATFI
fusions are described with increasing frequency in more
soft tissue tumor entities, the mechanisms by which they
contribute to oncogenesis are still not known.
Approximately one third of sarcomas harbor bal-
anced translocations, resulting in new gene fusions. In
contrast, oncogenic translocation is a very rare event in
epithelial malignancies. The EWSRI-ATFI fusion has been
recently described in HCCC of minor salivary glands’2
and in odontogenic clear cell carcinomas.® In contrast
to phenotypically diverse EWSRI-rearranged soft tissue
tumors, most EWSRI-rearranged carcinomas seem to
share in many cases phenotypical features, such as nested
appearance divided by hyalinized fibrous septa, focal ne-
crosis, collagenous spherulosis, foci of squamous meta-
plasia, and particularly clear cell cytomorphology.”-:10:19.21
Recently, the presence of EW.SRI gene rearrangement
has been also demonstrated in 45% of SMET with a variety
of fusion partners.” Interestingly, the tumors harboring
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TABLE 3. Immunohistochemistry and FISH Results of the 25 Myoepithelial Carcinoma Cases Showing EWSRT Rearrangement

S100 p63 CK14 CK7 Actin Calponin MIB1% Positive Nuclei (%) Note
Case 1 + + + + /= + + 40 21
Case 2a + + + - + /= — 30 19
Case 2b + + + + /- ND ND 30 31
Case 3 + - - - - - 90 15
Case 4 + + + + — +/= 50 30
Case § + + + - - - 30 52
Case 6 + + + ND ND +/— 30 29
Case 7 + + —/+ + —/+ ND 15 23
Case & + + + + —/+ —/+ 30 28
Case 9 - + + - +/- - 30 33
Case 10 + -]+ —/+ —/+ - ND 90 24
Case 11 + ND ND ND - ND ND 27
Case 12 + + + /= - - -+ 15 14
Case 13 + +/— + +/— + —/+ 25 35
Case l14a + + +/- +/- —/+ ND 15 95
Case 14b - + + + /= —/+ ND 30 35
Case 15 + + + =]+ —/+ ND 40 12
Case 16 + + + ND ND ND 20 65
Case 17 + + +/— — ND ND 40 12
Case I8 + + + ND ND ND 10 21
Case 19 + + -]+ - - - 90 22
Case 20 — + + + + ND 100 26 Ampl
Case 21 + + + - + + 70 37 Ampl
Case 22 + + + + - - 20 11 Ampl
Case 23 + + —/+ + ND ND 35 24
Case 24 - + + + - - 45 20 Ampl
Case 25 + + + /- - - - 70 22 Ampl
88% 96% 96% 62% 50% 47% 42%

For S100, substantial degree of staining was noted as a positive result (+). For p63, CK 14, CK7, actin, and calponin, cases were scored as diffusely positive, or reported
as positive (+); focally positive in > 50% of cells (+/—); focally positive in < 50% of cells (—/+); and negative (—). MIBI (Ki-67) labeling index is given as a percentage of

positive cells. The lowest line reports the percentage of cases with any positivity, or,
Ampl indicates EWSRI gene amplification; ND, not done.

in the case of MIBI, the average labeling index.

EWSRI-POUSFI fusion were composed predominantly of
clear cells and had a distinctive nested morphology.® Fur-
thermore, a similar EWSRI-POUSFI fusion has also been
reported in cutaneous hidradenoma and a single case of
“poorly differentiated” mucoepidermoid carcinoma.?!
However, a control group of 5 salivary myoepithelial
carcinomas ex pleomorphic adenoma (histologic pictures
were not provided) in their series all showed an intact
EWSRI gene; therefore the authors concluded that there
is no pathogenetic relationship between salivary my-
oepithelial tumors and SMETs.? This paper by Antonescu
et al® immediately attracted our attention as we had carlier
published a short series of S CCMCs of salivary glands
displaying an apparent solid and nested growth pattern,
separated by thin fibrous septa, and predominant clear cell
morphology.!® This raises the question of whether
CCMCs of salivary glands could have similar genetic
aberrations as SMET. Therefore, we decided to test for
EWSRI rearrangements using FISH in a large spectrum
of myoepithelial tumors of salivary glands with clear cell
morphology. A total of 94 salivary gland tumors each with
a prominent clear cell component and evidence of my-
oepithelial differentiation were analyzed for EWSRI gene
break by FISH. The EWSRI rearrangement was detected
in 25 of 72 “monomorphic” CCMCs (35%). The 25
EWSRI-rearranged clear cell carcinomas all shared a
similar histomorphology. Necrosis was a nearly universal
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feature, seen in 22 of the 25 cases, although its extent
varied widely from large necrotic areas, to foci in the
centers of tumor islands resembling comedo necrosis, to
occasional small foci requiring a careful search. Given that
not all sections were available for all the cases, it 1s pos-
sible that the remaining 3 cases might very well have
harbored necrotic foci that were simply absent in the
material available for examination. A nested growth pat-
tern, hyalinized extracellular matrix forming septa, hyaline
droplets, foci of squamous metaplasia, and prominent
clear cell morphology'® were seen in all EWSRI-re-
arranged CCMC. In addition, collagenous spherulosis?2-23
and collagenous crystalloids®* were noted in some cases.
Tissue material from all 5 cases of CCMC previously re-
ported!? was available, but the quality of DNA, however,
was not sufficient, and the cases were nonanalyzable. The
above-mentioned distinctive histomorphology was not
generally seen in CCMC with intact EWSRI. Interest-
ingly, a recently published case report of a rhabdoid var-
iant of soft tissue myoepithelial carcinoma with EWSR]
rearrangement showed focal clear cell change and the
presence of prominent coagulative necrosis>> and in our
opinion could represent the same entity.

Myoepithelial carcinomas of salivary glands are lo-
cally aggressive neoplasms with diverse clinical outcomes.>®
A previous study of 25 salivary myoepithelial carcinomas
found only a weak statistical correlation for outcome with

Copyright © 2014 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 6. Tumor cells are immunoreactive with antibodies to S100 protein (A), smooth muscle actin (B), p63 (C), and CK14 (D).

cytologic atypia (high grade), but other parameters (tumor
size, site, cell type, mitotic rate, presence of benign tumor,
necrosis, perineural and vascular invasion) showed no re-
lationship.2” In our present series, 7 of 21 patients (33%)
with EWRSI-rearranged CCMC developed distant meta-
stases, and lymph node metastasis appeared in 5 patients
(24%). Eight patients died of disseminated cancer (38%),
and 3 patients are alive with recurrent and metastatic
discase (14%). The prognosis of CCMC with EWSRI
rearrangement is rather poor, and it secems that the ac-
quisition of EWSRI rearrangement may be the driver of
the high-grade malignant phenotype and hence aggressive
clinical behavior.

In the differential diagnosis, HCCC must be con-
sidered. Myoepithelial carcinomas in our series, in con-
trast to HCCC, expressed S100 protein, cytokeratins, and
EMA, with varying combination of actin, calponin, p63,
and glial fibrillary acidic protein. Although the im-
munoprofile may vary considerably between cases, the
minimal requirement for the inclusion to the family of
myoepithelial carcinomas of salivary gland origin en-
compassing the coexpression of cytokeratin/EMA, S100

Copyright © 2014 Wolters Kluwer Health, Inc. All rights reserved.

protein, and/or at least 1 other myoepithelial marker was
present in all our cases (Table 3).

In summary, our study has demonstrated that
CCMCs of salivary gland harbor EWSRI rearrangement
in a subset of cases and therefore may be genetically re-
lated to EWSRI-rearranged cutaneous myoepithelial tu-
mors.?® Regarding the partner fusion genes of EWSRI in
salivary CCMC, further investigations are mandatory.
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Z.avér

V pribéhu studia bylo dosazeno nékolika prioritnich pozorovéni a publikacnich
vystupu. V piipad¢ adenoidné cystického karcinomu nase prace prispély K lepsi charakterizaci
translokaci zahrnujicich geny MYB, NFIB a MYBL1, dale kidentifikaci prvniho
prognostického markeru — delece lokusu 1p36, k identifikaci miRNA, které by mohly slouzit
jako diferencialn¢ diagnostické, popi. prognostické markery AdCC a Kk popsani prvnich
ptipadt s prestavbou MYBL1 u koznich adenoidné cystickych karcinomu [24, 29, 31-34].
V ptipad¢ sekreéniho karcinomu mamdérniho typu byly identifikovany nové pftipady
vykazujici klasickou ptestavbu ETV6 genu, byly prioritné popsany piipady, kde ETV6 fazuje
s jinym fiznim partnerem nez NTRKS3, posléze k identifikaci fuzniho partnera - genu RET a
nakonec byly publikovany prvni dva piipady sekre¢niho karcinomu v nosni sliznici [9, 26, 27,
30]. Dale doslo k sepsani celkem tii pfehledovych ¢lanka [23, 25, 35] a nakonec ke zjisténi,
ze detekci prestavby EWSR1 genu nelze pouzit jako specifického diagnostického markeru
hyalinizujiciho svétlobunécného karcinomu slinnych zlaz, ale ze molekularni ndlezy musi byt
interpretovany vzdy v korelaci s histomorfologii daného tumoru [28].

Celkem bylo sepsano 14 publikaci, z toho 2 prvoautorské ¢lanky (jeden v Casopise
s impakt faktorem), 12 spoluautorskych ¢lankt (z toho 9 v ¢asopisech s faktorem impaktu -
IF) a dalsich osm publikaci nesouvisejicich s tématem dizertacni prace.

205



Seznam pouzité literatury

1. Neville BW, Allen CM, Damm DD, Chi AC. Oral and maxillofacial
pathology.3rd edition, Saunders, 2009, 473-477.

2. Stenman G, Licitra L, Said-Al-Naeief N,van Zante A, Yarbrough WG. Adenoid
cystic carcinoma. in World Health Organization Classification of Head and Neck
Tumours Ed. EI-Naggar AK, Chan JKC, Grandis JR, Takata T, Slootweg PJ. IARC
Press, Lyon, 2017, pp. 164-165.

3. Skalova A, Vanecek T, Sima R, Laco J, Weinreb |, Perez-Ordonez B, Starek |,
Geierova M, Simpson RH, Passador-Santos F, Ryska A, Leivo |, Kinkor Z, Michal M.
Mammary analogue secretory carcinoma of salivary glands, containing the ETV6-
NTRK3 fusion gene: a hitherto undescribed salivary gland tumor entity. Am J Surg
Pathol 2010; 34(5): 599-608.

4. Tognon C, Knezevich SR, Huntsman D, Roskelley CD, Melnyk N, Mathers JA,
Becker L, Carneiro F, MacPherson N, Horsman D, Poremba C, Sorensen PH.
Expression of the ETV6-NTRK3 gene fusion as a primary event in human secretory
breast carcinoma. Cancer Cell 2002; 2(5): 367-376.

5. Antonescu CR, Katabi N, Zhang L, Sung YS, Seethala RR, Jordan RC, Perez-
Ordonez B, Have C, Asa SL, Leong IT, Bradley G, Klieb H, Weinreb I. EWSR1-ATF1
fusion is a novel and consistent finding in hyalinizing clear-cell carcinoma of salivary
gland. Genes Chromosomes Cancer 2011; 50(7): 559-570.

6. Persson M, Andrén Y, Mark J, Horlings HM, Persson F, Stenman G. Recurrent
fusion of MYB and NFIB transcription factor genes in carcinomas of the breast and
head and neck. Proc Natl Acad Sci U S A 2009; 106(44): 18740-18744.

7. Tonon G, Modi S, Wu L, Kubo A, Coxon AB, Komiya T, O'Neil K, Stover K, El-
Naggar A, Griffin JD, Kirsch IR, Kaye FJ. t(11;19)(g21;p13) translocation in
mucoepidermoid carcinoma creates a novel fusion product that disrupts a Notch
signaling pathway. Nat Genet 2003; 33(2): 208-213.

8. Martins C, Cavaco B, Tonon G, Kaye FJ, Soares J, Fonseca |. A study of
MECT1-MAML2 in mucoepidermoid carcinoma and Warthin's tumor of salivary
glands. J Mol Diagn 2004; 6(3): 205-210.

9. Skalova A, Vanecek T, Martinek P, Weinreb |, Stevens TM, Simpson RHW,
Hyrcza M, Rupp NJ, Baneckova M, Michal M, Slouka D, Svoboda T, Metelkova A,
Etebarian A, Pavelka J, Potts SJ, Christiansen J, Steiner P. Molecular Profiling of
Mammary Analog Secretory Carcinoma Revealed a Subset of Tumors Harboring a
Novel ETV6-RET Translocation: Report of 10 Cases. Am J Surg Pathol 2018; 42(2):
234-246.

10. Skalova A, Laco J, Uro-Coste E, Martinek P, Thompson LD, R, Badoual C,
Santana T, Miesbauerova M, Vanécek T, Michal M. Molecular profiling of intraductal
carcinoma of parotid gland revealed a subset of tumors harboring a NCOA4-RET and
novel TRIM27-RET fusions: report of 3 cases. USCAP 2018. Vancouver, Canada,
2018.

11. Amit M, Binenbaum Y, Trejo-Leider L, Sharma K, Ramer N, Ramer |,
Agbetoba A, Miles B, Yang X, Lei D, Bjgrndal K, Godballe C, Micke T, Wolff KD,
Eckardt AM, Copelli C, Sesenna E, Palmer F, Ganly I, Patel S, Gil Z. International
collaborative validation of intraneural invasion as a prognostic marker in adenoid
cystic carcinoma of the head and neck. Head Neck 2015; 37(7): 1038-1045.

206



12. Nordkvist A, Mark J, Gustafsson H, Bang G, Stenman G. Non-random
chromosome rearrangements in adenoid cystic carcinoma of the salivary glands.
Genes Chromosomes Cancer 1994; 10(2): 115-121.

13. Mitani Y, Liu B, Rao PH, Borra VJ, Zafereo M, Weber RS, Kies M, Lozano G,
Futreal PA, Caulin C, ElI-Naggar AK. Novel MYBL1 Gene Rearrangements with
Recurrent MYBL1-NFIB Fusions in Salivary Adenoid Cystic Carcinomas Lacking
t(6;9) Translocations. Clin Cancer Res 2016; 22(3): 725-733.

14. Brayer KJ, Frerich CA, Kang H, Ness SA. Recurrent Fusions in MYB and
MYBL1 Define a Common, Transcription Factor-Driven Oncogenic Pathway in
Salivary Gland Adenoid Cystic Carcinoma. Cancer Discov 2016; 6(2): 176-187.

15. Stephens PJ, Davies HR, Mitani Y, Van Loo P, Shlien A, Tarpey PS,
Papaemmanuil E, Cheverton A, Bignell GR, Butler AP, Gamble J, Gamble S, Hardy
C, Hinton J, Jia M, Jayakumar A, Jones D, Latimer C, McLaren S, McBride DJ,
Menzies A, Mudie L, Maddison M, Raine K, Nik-Zainal S, O'Meara S, Teague JW,
Varela |, Wedge DC, Whitmore I, Lippman SM, McDermott U, Stratton MR, Campbell
PJ, El-Naggar AK, Futreal PA. Whole exome sequencing of adenoid cystic
carcinoma. J Clin Invest 2013; 123(7): 2965-2968.

16. Skalova A. Mammary analogue secretory carcinoma of salivary gland origin:
an update and expanded morphologic and immunohistochemical spectrum of
recently described entity. Head Neck Pathol 2013; 7 Suppl 1: S30-36.

17. Stenman G. Fusion oncogenes in salivary gland tumors: molecular and clinical
consequences. Head Neck Pathol 2013; 7 Suppl 1: S12-19.

18. Skalova A, Vanecek T, Majewska H, Laco J, Grossmann P, Simpson RH,
Hauer L, Andrle P, Hosticka L, Branzovsky J, Michal M. Mammary analogue
secretory carcinoma of salivary glands with high-grade transformation: report of 3
cases with the ETV6-NTRK3 gene fusion and analysis of TP53, B-catenin, EGFR,
and CCND1 genes. Am J Surg Pathol 2014; 38(1): 23-33.

19. Luo W, Lindley SW, Lindley PH, Krempl GA, Seethala RR, Fung KM.
Mammary analog secretory carcinoma of salivary gland with high-grade histology
arising in hard palate, report of a case and review of literature. Int J Clin Exp Pathol
2014; 7(12): 9008-9022.

20. Chi HT, Ly BT, Kano Y, Tojo A, Watanabe T, Sato Y. ETV6-NTRK3 as a
therapeutic target of small molecule inhibitor PKC412. Biochem Biophys Res
Commun 2012; 429(1-2): 87-92.

21. Tognon CE, Somasiri AM, Evdokimova VE, Trigo G, Uy EE, Melnyk N,
Carboni JM, Gottardis MM, Roskelley CD, Pollak M, Sorensen PH. ETV6-NTRKS-
mediated breast epithelial cell transformation is blocked by targeting the IGF1R
signaling pathway. Cancer Res 2011; 71(3): 1060-1070.

22. Drilon A, Li G, Dogan S, Gounder M, Shen R, Arcila M, Wang L, Hyman DM,
Hechtman J, Wei G, Cam NR, Christiansen J, Luo D, Maneval EC, Bauer T, Patel M,
Liu SV, Ou SH, Farago A, Shaw A, Shoemaker RF, Lim J, Hornby Z, Multani P,
Ladanyi M, Berger M, Katabi N, Ghossein R, Ho AL. What hides behind the MASC.:
clinical response and acquired resistance to entrectinib after ETV6-NTRK3
identification in a mammary analogue secretory carcinoma (MASC). Ann Oncol 2016;
27(5): 920-926.

23. Steiner P, Pavelka J, Van&¢ek T, Miesbauerova M, Skalova A. Metody
detekce molekularnich prognostickych a prediktivnich markerd v diagnostice
adenoidné cystického karcinomu slinnych Zlaz. Cesk Patol 2018; [v tiskul].

207



24.  Steiner P, Andreasen S, Grossmann P, Hauer L, Vané&&ek T, Miesbauerova M,
Santana T, Kiss K, Slouka D, Skalova A. Prognostic significance of 1p36 locus
deletion in adenoid cystic carcinoma of the salivary glands. Virchows Arch 2018; [v
tiskul].

25. Skalova A, Stenman G, Simpson RHW, Hellquist H, Slouka D, Svoboda T,
Bishop JA, Hunt JL, Nibu KI, Rinaldo A, Vander Poorten V, Devaney KO, Steiner P,
Ferlito A. The Role of Molecular Testing in the Differential Diagnosis of Salivary
Gland Carcinomas. Am J Surg Pathol 2017; 42(2): el1-e27.

26. Majewska H, Skalova A, Stodulski D, Klimkova A, Steiner P, Stankiewicz C,
Biernat W. Mammary analogue secretory carcinoma of salivary glands: a new entity
associated with ETV6 gene rearrangement. Virchows Arch 2015; 466(3): 245-254.
27. Skalova A, Vanecek T, Simpson RH, Laco J, Majewska H, Baneckova M,
Steiner P, Michal M. Mammary Analogue Secretory Carcinoma of Salivary Glands:
Molecular Analysis of 25 ETV6 Gene Rearranged Tumors With Lack of Detection of
Classical ETV6-NTRK3 Fusion Transcript by Standard RT-PCR: Report of 4 Cases
Harboring ETV6-X Gene Fusion. Am J Surg Pathol 2016; 40(1): 3-13.

28. Skalova A, Weinreb |, Hyrcza M, Simpson RH, Laco J, Agaimy A, Vazmitel M,
Majewska H, Vanecek T, Talaréik P, Manajlovic S, Losito SN, Steiner P, Klimkova A,
Michal M. Clear cell myoepithelial carcinoma of salivary glands showing EWSR1
rearrangement: molecular analysis of 94 salivary gland carcinomas with prominent
clear cell component. Am J Surg Pathol 2015; 39(3): 338-348.

29. Andreasen S, Tan Q, Klitmgller Agander T, Hansen van Overeem T, Steiner
P, Bjgrndal K, Hggdall E, Rosenkilde Larsen S, Erentaite D, Holkmann Olsen C,
Parm Ulhgi B, Heegaard S, Wessel |, Homge P. MicroRNA dysregulation in adenoid
cystic carcinoma of the salivary gland in relation to prognosis and gene fusion status:
A cohort study. Virchows Arch 2018; [v tiskul].

30. Baneckova M, Agaimy A, Andreasen S, Vanecek T, Steiner P, Slouka D,
Svoboda T, Miesbauerova M, Michal M, Skalova A. Mammary Analog Secretory
Carcinoma of the Nasal Cavity: Characterization of 2 Cases and Their Distinction
From Other Low-grade Sinonasal Adenocarcinomas. Am J Surg Pathol 2018; [v
tiskul].

31. Andreasen S, Tan Q, Agander TK, Steiner P, Bjgrndal K, Hagdall E, Larsen
SR, Erentaite D, Olsen CH, Ulhgi BP, von Holstein SL, Wessel |, Heegaard S,
Homge P. Adenoid cystic carcinomas of the salivary gland, lacrimal gland, and
breast are morphologically and genetically similar but have distinct microRNA
expression profiles. Mod Pathol 2018; [v tisku].

32. Kyrpychova L, Vanecek T, Grossmann P, Martinek P, Steiner P, Hadravsky L,
Belousova IE, Shelekhova KV, Svajdler M, Dubinsky P, Michal M, Kazakov DV.
Small Subset of Adenoid Cystic Carcinoma of the Skin Is Associated With Alterations
of the MYBL1 Gene Similar to Their Extracutaneous Counterparts. Am J
Dermatopathol 2018; [v tiskul].

33. Broz M, Steiner P, Salzman R, Hauer L, Starek I. The incidence of MYB gene
breaks in adenoid cystic carcinoma of the salivary glands and its prognostic
significance. Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub 2016;
160(3): 417-422.

34. Hauer L, Skalova A, Steiner P, Hrusak D, Andrle P, Hosti¢cka L, Sebera O.
Adenoidné cysticky karcinom slinnych Zlaz. Soubor 27 pacienttl. Ceska Stomatologie
2016; 116(3): 57 - 65.

208



35. Skalova A, Steiner P, Vane&ek T. [New developments in molecular diagnostics
of carcinomas of the salivary glands: "translocation carcinomas”]. Cesk Patol 2016;
52(3): 139-145.

36. Korabecna M, Steiner P, Jirkovska M. DNA from microdissected tissues may
be extracted and stored on microscopic slides. Neoplasma 2016; 63(4), 518-522.

37. Korabecna M, Geryk J, Hora M, Steiner P, Seda O, Tesar V. Genome-wide
methylation analysis of tubulocystic and papillary renal cell carcinomas. Neoplasma
2016; 63(3): 402-410.

38. Michal M, Kazakov DV, Hadravsky L, Michalova K, Grossmann P, Steiner P,
Vanecek T, Renda V, Suster S. Lipoblasts in Spindle Cell and Pleomorphic Lipomas:
a Close Scrutiny. Hum Pathol 2017; 65: 140-146.

39. Michal M, Kazakov DV, Agaimy A, Hosova M, Michalova K, Grossmann P,
Steiner P, Skenderi F, Vranic S. Whorling cellular perineurioma: A previously
undescribed variant closely mimicking monophasic fibrous synovial sarcoma. Ann
Diagn Pathol 2017; 27, 74-78.

40. Kazakov DV, Kyrpychova L, Martinek P, Grossmann P, Steiner P, Vanecek T,
Paviovsky M, Bencik V, Michal M. ALK Gene Fusions in Epithelioid Fibrous
Histiocytoma: A Study of 14 Cases, With New Histopathological Findings. Am J
Dermatopathol 2018; [v tisku].

41. Michalova K, Steiner P, Alaghehbandan R, Trpkov K, Martinek P, Grossmann
P, Perez Montiel D, Sperga M, Suster S, Straka L, Prochazkova K, Cempirkova D,
Horava V, Bulimbasic S, Pivovarcikova K, Daum O, Ondic O, Rotterova P, Michal M,
Hes O. Papillary Renal Cell Carcinoma with Cytologic and Molecular Genetic
Features of Renal Oncocytoma: Analysis of 10 Cases. Ann Diag Pathol 2018; [v
tiskul].

42. Skalova A, Sar A, Laco J, Metelkova A, Miesbauerova M, Steiner P, Svajdler
M, Michal M. The Role of SATB2 as a Diagnostic Marker of Sinonasal Intestinal-type
Adenocarcinoma. Appl Immunohistochem Mol Morphol 2016; 26(2): 140-146.

43. Ronen S, Aguilera-Barrantes |, Giorgadze T, Steiner P, Grossmann P, Suster
S. Polymorphous Sweat Gland Carcinoma: An Immunohistochemical and Molecular
Study. Am J Dermatopathol 2018; [v tisku].

44. Mitani Y, Roberts DB, Fatani H, Weber RS, Kies MS, Lippman SM, El-Naggar
AK. MicroRNA profiling of salivary adenoid cystic carcinoma: association of miR-17-
92 upregulation with poor outcome. PL0S One 2013; 8(6): e66778.

45. Hall JS, Taylor J, Valentine HR, Irlam JJ, Eustace A, Hoskin PJ, Miller CJ,
West CM. Enhanced stability of microRNA expression facilitates classification of
FFPE tumour samples exhibiting near total mMRNA degradation. Br J Cancer 2012;
107(4): 684-694.

46. Xi Y, Nakajima G, Gavin E, Morris CG, Kudo K, Hayashi K, Ju J. Systematic
analysis of microRNA expression of RNA extracted from fresh frozen and formalin-
fixed paraffin-embedded samples. RNA 2007; 13(10): 1668-1674.

47. Knezevich SR, McFadden DE, Tao W, Lim JF, Sorensen PH. A novel ETV6-
NTRKS3 gene fusion in congenital fiborosarcoma. Nat Genet 1998; 18(2): 184-187.

48. Knezevich SR, Garnett MJ, Pysher TJ, Beckwith JB, Grundy PE, Sorensen
PH. ETV6-NTRKS3 gene fusions and trisomy 11 establish a histogenetic link between
mesoblastic nephroma and congenital fibrosarcoma. Cancer Res 1998; 58(22):
5046-5048.

209



49. Bourgeois JM, Knezevich SR, Mathers JA, Sorensen PH. Molecular detection
of the ETV6-NTRK3 gene fusion differentiates congenital fiborosarcoma from other
childhood spindle cell tumors. Am J Surg Pathol 2000; 24(7): 937-946.

50. Rubin BP, Chen CJ, Morgan TW, Xiao S, Grier HE, Kozakewich HP, Perez-
Atayde AR, Fletcher JA. Congenital mesoblastic nephroma t(12;15) is associated
with ETV6-NTRK3 gene fusion: cytogenetic and molecular relationship to congenital
(infantile) fibrosarcoma. Am J Pathol 1998; 153(5): 1451-1458.

51. Alassiri AH, Ali RH, Shen Y, Lum A, Strahlendorf C, Deyell R, Rassekh R,
Sorensen PH, Laskin J, Marra M, Yip S, Lee CH, Ng TL. ETV6-NTRK3 Is Expressed
in a Subset of ALK-Negative Inflammatory Myofibroblastic Tumors. Am J Surg Pathol
2016; 40(8): 1051-1061.

52. Kralik JM, Kranewitter W, Boesmueller H, Marschon R, Tschurtschenthaler G,
Rumpold H, Wiesinger K, Erdel M, Petzer AL, Webersinke G. Characterization of a
newly identified ETV6-NTRK3 fusion transcript in acute myeloid leukemia. Diagn
Pathol 2011; 6, 19.

53. Leeman-Neill RJ, Kelly LM, Liu P, Brenner AV, Little MP, Bogdanova TI,
Evdokimova VN, Hatch M, Zurnadzy LY, Nikiforova MN, Yue NJ, Zhang M, Mabuchi
K, Tronko MD, Nikiforov YE. ETV6-NTRK3 is a common chromosomal
rearrangement in radiation-associated thyroid cancer. Cancer 2014; 120(6): 799-807.
54. Li GG, Somwar R, Joseph J, Smith RS, Hayashi T, Martin L, Franovic A,
Schairer A, Martin E, Riely GJ, Harris J, Yan S, Wei G, Oliver JW, Patel R, Multani P,
Ladanyi M, Drilon A. Antitumor Activity of RXDX-105 in Multiple Cancer Types with
RET Rearrangements or Mutations. Clin Cancer Res 2017; 23(12): 2981-2990.

55. Sabari JK, Siau ED, Drilon A. Targeting RET-rearranged lung cancers with
multikinase inhibitors. Oncoscience 2017; 4(3-4): 23-24.

56. Drilon A, Siena S, Ou SI, Patel M, Ahn MJ, Lee J, Bauer TM, Farago AF,
Wheler JJ, Liu SV, Doebele R, Giannetta L, Cerea G, Marrapese G, Schirru M,
Amatu A, Bencardino K, Palmeri L, Sartore-Bianchi A, Vanzulli A, Cresta S, Damian
S, Duca M, Ardini E, Li G, Christiansen J, Kowalski K, Johnson AD, Patel R, Luo D,
Chow-Maneval E, Hornby Z, Multani PS, Shaw AT, De Braud FG. Safety and
Antitumor Activity of the Multitargeted Pan-TRK, ROS1, and ALK Inhibitor Entrectinib:
Combined Results from Two Phase | Trials (ALKA-372-001 and STARTRK-1).
Cancer Discov 2017; 7(4): 400-409.

57. Cantile M, Marra L, Franco R, Ascierto P, Liguori G, De Chiara A, Botti G.
Molecular detection and targeting of EWSR1 fusion transcripts in soft tissue tumors.
Med Oncol 2013; 30(1): 412.

58. Aurias A, Rimbaut C, Buffe D, Dubousset J, Mazabraud A. [Translocation of
chromosome 22 in Ewing's sarcoma]. C R Seances Acad Sci Ill 1983; 296(296):
1105-1107.

59. Turc-Carel C, Philip I, Berger MP, Philip T, Lenoir GM. Chromosome study of
Ewing's sarcoma (ES) cell lines. Consistency of a reciprocal translocation
t(11;22)(g24;q12). Cancer Genet Cytogenet 1984; 12(1): 1-19.

60. Uren A, Toretsky JA. Ewing's sarcoma oncoprotein EWS-FLI1: the perfect
target without a therapeutic agent. Future Oncol 2005; 1(4): 521-528.

61. Ladanyi M. EWS-FLI1 and Ewing's sarcoma: recent molecular data and new
insights. Cancer Biol Ther 2002; 1(4): 330-336.

62. Deng FM, Galvan K, de la Roza G, Zhang S, Souid AK, Stein CK. Molecular
characterization of an EWSR1-POU5SF1 fusion associated with a t(6;22) in an
undifferentiated soft tissue sarcoma. Cancer Genet 2011; 204(8): 423-429.

210



63. Antonescu CR, Zhang L, Chang NE, Pawel BR, Travis W, Katabi N, Edelman
M, Rosenberg AE, Nielsen GP, Dal Cin P, Fletcher CD. EWSR1-POUS5F1 fusion in
soft tissue myoepithelial tumors. A molecular analysis of sixty-six cases, including
soft tissue, bone, and visceral lesions, showing common involvement of the EWSR1
gene. Genes Chromosomes Cancer 2010; 49(12): 1114-1124.

64. Fisher C. The diversity of soft tissue tumours with EWSR1 gene
rearrangements: a review. Histopathology 2014; 64(1), 134-150.

65. Mdller E, Stenman G, Mandahl N, Hamberg H, Mdlne L, van den Oord JJ,
Brosjo O, Mertens F, Panagopoulos |. POU5F1, encoding a key regulator of stem cell
pluripotency, is fused to EWSR1 in hidradenoma of the skin and mucoepidermoid
carcinoma of the salivary glands. J Pathol 2008; 215(1): 78-86.

66. Bilodeau EA, Weinreb I, Antonescu CR, Zhang L, Dacic S, Muller S, Barker B,
Seethala RR. Clear cell odontogenic carcinomas show EWSR1 rearrangements: a
novel finding and a biological link to salivary clear cell carcinomas. Am J Surg Pathol
2013; 37(7): 1001-1005.

211



