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Pr EDMLUVA

N§dory hlavy a krku jsou morfologicky rTz
l okality na n8§dory dutsiTnya nbo8szne? ,| epaagnga,n arzE8d m
hypofaryngu, laryngu, tracheyapaaaf y nge 8l n2 ch prostor T, n8dory
ary

jazyka, n8dory orof ngu, n8dory a n8dorTm
slinnTch ¢l 8z, odontogenn?2 a maxil ofaci 8l n2
tumory. Ibr @B esdogtoupnost vidDtginy obl ast ?
otorhinolaryngologickIim vygetSen?2m, pSedst a

Mani pul al pré chiprgaz iteo rn e mu s 2 bTt vgdy dostateln
viinTch m2stegbh. bDTvodp®2kmlTad pS2t oeon®wrs2cts ke
svazkT a dalg2ch ¢givotnhD dTlegitilch org8nT.
mutiluj2c?2 n8sledky.

Morfologick§ heterogenita a pSekryvnl i mul
kompl i kuje cestu Ra®z vkoojneemh n@o |deikaugln§-rznkld g ge ne t
vned§v nkd Tdroabzipokeokuv d e f i njoevdsnnc?t | i vich n&§8dor T a n
| ®zoblastvhlavy akrkul e z Sej m®, ge genetickadi ol togrn & ke®
chovg8§n?2 n8dor T.

Doktorskg dizertaln2 pr&8ce se zablTvg§ morf
v§/ry2bmann§ldcohr'[ hlavy a krku. NejvDtg2 pozor
defi nov&Gddrmovi m. j eodé&il k 8etm ppogzZeevonusd k ®

mhkychg se vgechny t1T kbdji2ggn gnd czraJnNiSlea? yn @ ¢
ol ogii slinnTch.Djilz8zr taa |sn 2n opnra8zc8el nj2eh ov ytprraakc
mentovanich publ ikamdést atgreld hlnry§ tpa &8 ceS g dDtus

Prvn2 | 8st se tT k&mm&rkm2eH o 2thyp k)a,r cd mwhmd& |( §
vy brm&idkear yn8dor Tm pho daovbyn ® | kKerzkeu . Pr8ce jsou
pSilemd prvoautorsk® prrskd m.sou pSedSazeny s
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ABSTRAKT

Doktorsk8 dizertaln?z prg&§ce se zablvsg mo r
genetikou a biologickIm chov&n2zm n&8dorT hl a\
slinniTch ¢gl 8z a S|nonaz§1l ork2t hoostatia®bidt. Martinygk t e r ®
BanrJI kov® na UnvératSkato®v Plzaikvo b d B b 2 72020t AutbrRal 7
se ve sv® publikaln?2 |Jinnosti zamRSila na pr.
t S21 et ®ho vizkumu jsou prezent ovmApyu bviei kfaccrzmil
LtySi pr8ce vypracovala autorka jako hl avn?

Prvnz2 puprl v kaowtacndsnk§sz epvr 8icSee k r e mm& r kah @ i hyp pnt
nosn?2 duti ny: Charakteristi kagrad2 sipr5&d p&Idm2 ceh
adenokar c®hompr §¢¥i se autorka zabisekraelviza tad
karcinomu (€£) vnosn?2 duETVen Barsangov-agnhioe | eswnonaz§
adenokarcinomem (LG SN3& . Tyto jednotky je nutn® od

odl i gn®mu bi ol o g-grade @omun tcehsat vi 81n82l .n 2L cawdEETYi6o k ar c i |
rearangovarc®cholv@ikgpid i mizwvwlCjavcdt g3 nmal ngnee
ngdor , ale recidivuj?2cz?, Baev anTige m2ablastp S € ¢ o0
sinonaz§|aphtonoT ghapadbovan e j e n odne fio vETVEr relar ah govan
LGSNAC, almusak®lt diferenci §lagieSivichi ageecht n &k p?
adenokar c Calgmgraddnoni At es ta chheSd kR a&rhcHTAGMP s Ao A

paranaz8l n2ch dutin

|
Ve druh® prs8ci nazvan® Al munohistochemic
epiteli 8l n2ch adenomatoidn2ch hamartomT a sE€
prekurzorem pr-gaksithohwlzgp aFi |l S8orwadtorkahdoednnookt a?r c i
morfol ogick T, i munohi stochemickl a genet i
adenomatoidn?2ho hamartomu (REAH) a seromucin
jsou pakspygeti®@mdemubul opapi |l §rn2ho adenokar

zZjigtNDno, gJge ser:-zn?2 KkongKone MUaC 1R BA Fs OCaX 19H ojbe
je tomu u LjGrddnomamw32xcpadN SH byla geneticky
pS2padhND SH byl azeEGFRZyIF2Bfmat gdoov $ ek senov §n?2 n
(NGS) . SH a REAH | sowe samtékraytwnr®  j neadrnfoa |koy
i munohi st ochd@ilAcNKejdeopraodeélla si ndomh @nn asbwjle®z e,
Ahamari emichdIneg zvwius,| edikk 8 padgh§&§sod potenci §l n?2
ngdor T.

Ve tSet?2 prgci poj menovan® ARevize solit
j 2e0d npRS 2i prided liferaryiie Se@t 86T val i di fere
0 u gemetickoudktackXexornBg enrlVAB2a STAT6u 20 pS2pad
h fibByka?ghigeuMFolT mohrTu) .bTt napoc
pri m8rn2ch [ sekund8rn2chTsntoovwo®& vazd:r
| ypérceld 8% ni2 It yhemamagp opebujcyydc2o)m. Na z 8kl a
rBuli poznatky 5 79 p S2 praBAnISFM Izok al i toblgskady p S2 p a
kKr ku) , kter® obsahovaly molekul 8rnD genet
v translokacNAB2STAT& V1 sl edky studie shrnuj2, gdge met .
jejichg f%ze obsahuj e DNHAllvararye bnou dom®nu, t

Ltvrt8&8 pr8&8ce nazvan§ ASASTiBf2i kjugj 2|c&sctho ae xnper
per i forr&l2imtmethvd b | ast i d8wynBakbal enhckofchbr omat
jinTch struktur dutiny ¥stn2fA pojedn8v§ o p
oblasti, cog jsou nodul 8§rnD utv§Sen&| 6adBr - z
chronick® traumatizace. Centr 8l nhD mTge POF c
je definuj2c?2 pro osifikuj2c?2 varignhgiv®bnt
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obl astigstcro®m jlkeeoavs r s k uj B\EcFamif ilkRzje2npd c bv POB
neosifikuj2c2ch POF gingiv8ln2 oblasti | sme
zat2 m®a2engi ngi v8l n2ch m2st SATB2 exprimovanil
vgingivs8ln2ch osduadukiomh®Oh&louPOBFej pgYt bob®EEnNH.
vazT a t2m se vyswdtilfujkeacii .j eVjlisd he dtkeyags$tirucde ek
hodnocen?2 SATB2 pozitivdaudh nryakadepnebyldtytof ®zec h 8§ z
nadhodnoceny jakma | i g n 2



SUMMARY

Current doctoral thesis is dealing with morphology, immunohistochemistry, molecular
genetics and biological behavior of head and neck tumors with a particular emphasis on salivary
gland and sinonasaésions Dr. Martina Baneckovahas focused on this topic during her
postgradute studesat Charles University, Medical Faculty in Pilsentheyears 2017 2020.

In her publication activity, the author focused on rare tumotisedfead and necld total of 9
publicatiors werepublished over a span of three yeaespresented in a form of a commentary.
Four of them are firshuthor papers and these areoducedbriefly below.

The first study entitled AMammary analog
Characterizaon of 2 cases and their distinction from other {grade sinonasal
adenoc ar ciswit tharslationshg afinewly described entities, secretory carcinoma
(SC) of the nasal cavity anBTV6rearranged lowgrade sinonasal adenocarcinoma (LG
SNAC). Itis important todistinguishthese 2 entities because of different clinical behavior
Low-grade noATAC, including ETV6rearranged LG SNAGnostly behave in anndolent
manner, whereas SC isralignancy with metastatic potentidl.is important to be aware of
the possible occurrenaef SC in the sinonasal regioasin this area SC represents a potential
mimicker of nortintestinaltype adenocarcinomas (nrdRAC) and the more aggressive
intestinaltype adenocarcinomas (ITAC).

In the second papantitledii | mmunohi st ochemi cal and genet
epithelial adenomatoid hamartomas and seromucinous hamartomas: are they precursor lesions
to sinonasal lowgr ad e tubul opapill ary adenodcther ci nom
morphological, immunohistochemical and genetic profile of respiratory epithelial adenomatoid
hamartoma (REAH) and seromucinous hamartoma (SH)tleydcompare these findings
with the morphological and immunohistochemical features of-doade tubulopagéry
adenocarcinoma (LGTA). The serous component of REAH or SH was positively stained with
CK7, MUC1 and SOX10 similarly to LGTA. In addition, one case of SH shol@H#R
ZNF267gene fusiordetectedy next generation sequencing, and one case of SH proed t
clonal using HUMARA assay. Our findingsiggesthat SH andREAH representhe variants
of the saméesion Moreover,SH andserous component of REAH might be precursor lesion
of LGTA.

The third paper was entitl edandifgaklregionar y f
revisited: Asingle nsti tution study of 20 cases and r e
with molecular genetic backgrouraf solitary fibrous tumor (SFT)particularly the exact
participation of the exons included in tNAB2STAT6 genefusion in 20 cases. SFT might be
included in the differential diagnosis afvide spectrunof spindle shape and epitheliedgl|
derived lesions, both primary and secondary malignancies. The literature review summarizes
data from 579 cases of SFDm different location of the bod{200 of them were fim the
head and neck). Based on the described exons participating NABR2STAT6genefusion,
we concluded that the fusion containiadNA-binding domain (STAT@ull variant) has
metastatic poteral.

The faurth studyentittedd SATB2 i s frequentl y eossgymngssed
peripheral oral fiboroma of the gingival region but not in reactive fiboromatous lesions from other
i ntraor al esthe prablendof geiiphecaliosakfibrom@ OF) of the gingival region.
POF are fibrous nodular lesions likely resulting from persistent localized injury. The presence
of centrally located metaplastic woven bone defines the ossifying variant. Ossifying POF and
half of norrossifying POF of the ggival regionfeaturedstrong and diffuse nuclear SATB2
immunoreactiity. SATB2wasnot expressed in other n@mngival locations of the oral cavity.
The described SATB2 positivity is consistent with proposed origin of gingival POFs from
periosteal ligameas and explains their tendency for ossification. This finding musaken
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into considerationvhen evaluating SATB2 positive lesions of the oral cawtgrderto avoid
misdiagnosi®f malignancy.
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SEZNAMPOUGI ThCH ZKRATEK

AR
DBD
ETV6
FISH
FNAC
HPC
HPV
IC
ICC
IHC
ITAC
LG SNAC

LGTA
MS
MYB

NAB2
NCOA4
NGS
Non-ITAC

NOS
NTRK3

POF
REAH
RET
RT-PCR

SC
SDC
SFT
SH

An d r o dreceptoty
DNA Binding
ETS Variant Transcription Factor(6E T S
Fl uor e drcSeurHybndizace

Fine Needle Aspiration Cytologffe nk o j e h|l o w®logees pi r al n2 ¢

dom®r
fakto

Domain (DNA

transkripln?2

v8zaj2c?

Hemangiopericytom
(LidskT
Intraductal Carcinomdift r adukt 8) n?2

Human papill omavirus papi |l oma\
karcinom
Imunocytochemie | munocytochemickTlI
Imunohistochemie | munohi st ochemi ckT

Intestinal Type AdenocarcinonfaAdenokar ci nom i ntestins§

Low-Grade Sinonasal
adenokarcinom

Adenocarcinoma(Low-g r ad e sinonaz

Low-Gr ade Tubul opapil 8rn2 Adenokarcinom
Mi | §nstk@im Sy

MYB ProtacOncogene, Transcription
traneakrfpktor)

NGFI-A Binding Protein ZNHFI-A
Nuclear Receptor CoactivatofldKoa kt i v8t or 4

Factor(MYB  protoonkogen,

v8zaj?2c?2 protein 2)
jader n®ho
Next Generation Sequencif® k venovs8n2 )nov® generace
Non Intestinal Type AdenocarcinomgAdenokaraiom nori nt est i n 8| n 2
typu)

Not Otherwise Specified Bl 2 e nespeci fi kovan®)

Neurotrophic Receptor Tyrosine Kinase @Neur ot r opn?2 rece
tyrozinkin8zu 3)

Pe r i fOe 18 hiBnotn F

Re s pi Epa |tnelAder@mMant20i dn2 Hamartom
RetProtoOncogendRet protoonkogen)

Reverse Transcription Polymerase Chain ReacfRav er z n 2 transk

pol ymer8zovsg§)SethNDzov§ reakce

Secretory Carcinom@gSe kr el n2 kar ci nom)

Salivary Duct Carcinomésa | i v8r n2 du)kt 8l n2 karcinom
So | i 8l rnFumor?

Ser o mu c Hamartenm 2
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SMR3B Submaxillary Gland Androgen Regulated ProteinBBA ndr ogeny r egu
protein 3B submaxil 8&8rn2 gl 8zy)

STAT6 Signal Transducer And Activator Of Transcription(6p Sena g e | sign
aktivs8tor6)transkripce

TRIM27 Tripartite Motif ContainingProtein27( TS2 strannl moti v neso

TrkC Tyrosinkinase receptor C (Tyrozinking§:

VIM Vimentin

WHO World Health Organizatiof Sv Dt ov8 zdravotnick8 orga

11



bvoOoD

1.1 1 nci dencldavyraBrkbo r T
N§dory hl avy aellorskdt gw®m mNS2t ku 9. ne

onemocnihDn2m a maj65(]udt§iv512h©unm\nTc¢hnle[m$4 adT a
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obyvatel), zat2mco nejvikdg?2] yos ktyyt ¢ en 8dEv\g

G
n
ng8dor vyi npcliidcensc2 kolem 50/100 000 obyvatel. \
di agnosti kov8no jako (3l agdicobunhD|l n® karcino

N§dory slinmlazl8l @il darsakna pSedeseavgehnd
i ny n8doirnfcihdleanvcy? ad olsralbhw j 8 c 2 0,59 a
ta je u ns8deoronTovn@amazms&lry2sd i nmaktu g
pad0/ 880p60®0 obyvatel =za rok, respel
republice je incidence n&8dorT slinnlec

na 100000 obyvatel za rok. Mortalita je zde 0,24, respektive a 0,16/1004000
1.2 Kl asi fi kahawakiksdor T

SvDtovs8 zdravotni cdhky§ ao rvgyadnyi zhaychehlagifikdesO) | o u
ngdor T, a to pjrive@rbdld z ipro§ r8a dkru? hi stologick®
(International Histological Classification of Tumoursyvoce 1967 a RDwo¥ akdi
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staging, magreskopi skbpatologick® znaky a poc
j sou histochemie, i munohistochemie, ultrastr

SoulasnhD platn8 WHO kIl asi f iréka20&7(7)nHldeowrn?2 hl
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pat ol ogi ¢k ® ail miudopdibBaonelekul m Yenetick®znaky n 8§ d .oveli
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sinonaz8ln2ho traktu, slinnifch gl 8z a vytvoS
1.3 Novinky ve WHO klasifikaci n8dorT hl
Jednoudi skutovanlch oblast2 ve 4. edici WHC

trak t u, kam byl ydeamSazeéafyi Bonmanwv®,j ednot ky: ser
karcinom a b|fenoty;@'l‘abulkaTl)(g|1®1)onl‘aaz\§2lm2byslaakvoyn
skupina provizor n2dobudstnmok/d’.)vaann:lhka”echr?ectheka |
asociovanl akaenmci chih cy@l), iISMARCBL (INWlysydef i ci en't
sinonaz8l @2 13jaaadiem@mar ci nom napo(lidh b kjtec® 1] sn
zmi Rovadmciv diferenci §kamz i .ulaka§UT- karginonj, @akn T ¢ h

SMARCB1 deficiecewmltmbedkavyd®owmm WHOpEewa§ghDkas
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kl asifi kovan® | ako gpatnD di ferencovan® d |
nedi ferencovan® karci nomy (($2¥13,0%), DhaVigkdu® maj 2
j e histopatol ogi ck§8 rmo tgyepn ectki®hko8 skohmaomkafzi8kl anc?e
samost at nk&t g reld nboy Ik ymg x o dm&| Seme mMtvymerey i £ er n 2
| i fi br@6ar komy
Vobl asti n § d o8rzT dsol gaknmlidac GlgsifidaceTabulka 2) (17).

JedinowaBSaw®nou r &mngodtokroTu svl i nsnelkcrhe | M2 § zk ajr & |
(mamm8&r n2 ho typu), Kktad relgob yle wayl IN&knkRa® hzm§ Kkl aardch]
odl i gn® mor f ol opdSizet,o marwsi émrt o ATV TRK3GemW a ¢ e

fuexharakterizuj?2 i dal gad ennSod odrryRarsciomghtyBicckh ¢ 1
NFIB nebo MYBLXENFIB), mukoepidermal n 2 k a (CRTIC&EMAML2 nebo CRTC3
MAML2) | i pl eomor(fnrey | add MPAGLgenu)o mp a lvg 2 novi nky

skl er - -zuj?2c? pol ycystiverkez eSeéamn chy darkahpip e kp |
z a S a zle WHO Klasifikace jakononn e o p | apmrdcasy (k9® 20) D§ I cko gl o
kpSej menbBbk€eaft§mhch n §etootelonalp ShA k l-garda dleo vk r i br i f
cystadenokarci nomgr addg) szatlS§nMrgZj nkkaadalikmwo m, by |
na intraduk®3I n2 karcinom

1.4 Mol ekul 8rndiggmetst k@aevn8dor T hlavy

Pokroky ve vivoji mol ekul 8rnhD biologickT .
ngdpBTsp2vaj ? k e nslxjggl2e hliesptgo?p ad oldediad K ® i [
(Tabulky 3 a 4. PSestoge chirurgick8 terapie je nep
a krku, |l i mi tovanl prostor spol el nhNDSadusnah

nepS2jemnT cBs IlveMindtzgchovali not nN dTI edpvoluj® stru
vgdy n&8dor procsztdeaniada $adlit, @rShn athiSwzre? emaeoagy |
bi ol ogi (alg8edth®@dpyfae nt o typ terapie je soul 8st?
kdyjek omp | e x n2 ag aanbSatoovr§o v ® pbddladenNSAT b Dru vhodn®
| ® iva a | ® ba nemocnich se zd&nlivD stejnlm

15 Sekrel n2 karcinom slinnlTch ¢l §z

151 Sekr el n2 | chanakteristikac imunohistochemie

Sekrel n2(S®arsdiimonmich ¢l 8§z byl poprv® pops:
vioce 2010 pod n8zvem sekr em8nm2n2 kh gnmatigappum s | i
analogue secretory carcinoma, MASBR), na pmpadkd @msidoonfd o g thak T
identimkmaohi s tcchc hne rmiod kelk ask EprsuTah o jednot ka by
natopotvrzenawd a | ¢ 2 ¢ hn Tscahmosstodbdriodveghj oz h &na | ajo di st
proto bylpadponsgkg@kene|An2 skancifozbamdlehiddna do W
klasifikace 2017422).

Hi st ol o8Gbclkayn dm& mor f ol ogii, | obul 8rn2 rT:
tubul 8rn2ch a foljindm2 c hhosmorgekindm, s eosi nof i
sekreln2zm materi §lbam\\PARBedadit acipseiff) penizsd it amutn& z v
| munohi stochemicky vykazuj ? n § d onarkewy®100 u Rk y
protein,mammaglobira SOXD . DOG1 mar keacijnei cpko&m dl&va8tnc?i nvo mu
jezcelanegatvibu iSCloywl a pTvodnhD diagnosti kovach® | a
na zymoge rprS?2 paardgnaa dystadenokarcinomye bl 2 e S1Beci fi ko

KromhR zm2nNmlB®vplroskuald zaeesl innlch ¢gl §z8ch
dal g2 ch m2 snta piSt2ekK w8, 84) § k&%, e nosn2 sliznice,
sinusy(26), p(RAavelva(28).
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152 GenetickIl profil

SCje charakterizovanl chromozom8l n?2 tran
genov @TVENTRKS l dentick8itks8e po€uzetBywlp@®ciS®g poj
vSadhD jinlch n8dorT a to v inflamatorn2zm f

nefromu(29), vn Dkt éireimat ol ogi c k (30)vp md b k glKinteahoi v n 2
infl amamgoht br dibd Ituamsrt i (LK & podskupi nh gastroin
strom8I n@B,kpapmdbB&8Tind onmk ag 33),t na® dgall 8gz2ya i E mc§dor e
saliv8rn?2 fpaFWeNIRKEree vyglagk gEpnH®mMa jv n®m n8&§dor u
tato translokace p S2 s| mgn®ml ogi ck®m a i munohi st ochem
sl i nnldciha gynl o8FVENTRKStranslokac§ e det edBOW%I@ o1 i nnl ch
gl gbzy,| Tied BS2padT jpegenpn alurue | HERGRET) i

SCve vRNDtginN psSosahdeETVENTRKSransiokadci(34d3p) P S |
poudetdd’r everamsdkiti pl n2 pol ymer PECR)V @b Sled Nmo § ®E
viNkterT chep®kpaddac i EAx6génh atytap & d bylygratom z nal eny
jako ETV6X t r ansl okov.avm@& v 8€u j(2d&I ast udkikiy dost upnc
sekveno®8menenace ( NGB)ht onap SEIMGRERfcYaZ365 C
Vroce 2018 byl publ ETWegengatoMEA ¢4eq(37) JednalaseoCp ar t ne
posti huj2c2nomo dll e8lzius, t nj2ze nsgl ibny | | ® enT chirur
radioterapi 2 a chlem®t erapi 8i voNgalot on ipEs6 patda :
typickou morfologii a imunoprofihigh-gradeSC a obsahoval zlorBTV6genu. Metodou NGS
byla stanovena translokace mezi ineom ETV6genuaintroneml14 genuMET.

Dal g2 m pS2sphygéeet kc k @iyl pore §Ghighette & spol.,
kteS2 poprv® pSedstavil iSCRB8)solidarsal®o Sga2a 2z \(|
s du8ln2 morfologi2 i amupbkarovale@kl dedbBT k
komponent a bydpapiklir§rbrr2i f ar mnbunohi st &0 e mi ¢ k
proteinem imammaglobiem. Zde bylanetodou NGSno | ek ul 8r nD geneti cky
f YaETe/6NTRK3aETV6MAML3 (38).

NejnovDj g? poznatky poukazuj? wRaariot, n 2gceh
pS2padeolz gi ®loddgt y pPopzse nBe z YodieyETVE. Vgewn T2 m
pS2padhN se jednalo o publ i ka®FIX-AKNISftYz8EC ow a a
kTge, ni kol iv @B® sDSInenTSasajkigz8chpol . recent
g1 8§ CINNAIALKT v@B)aSk §8aovs pol . 2 np S2hpja dye dSMiV- ozb s a h «
RETf uzi aSdpa@ddus ETWBNTRKEaMYBSMR3B(41).

153 Progn-za a mognost.i | ®| by

PrognCijzea We vDtm$nNB80mME® padedn2 riziko | ol
nN2zk® riziko vzpé8temwhEhhimekbhmt BEa€CmVno e my ¢ng 2
incidenci posti ¢gej2e |vygmefoabteiccnkll cpuvadeskgrcinam.n 1S z a
Ni cm®nD, kol ekpblbyye mv gk @ wgadda® (42h High-grade £
se chovaj? velice agrneosuitwvnliagmraeagomu:- 7& pacdid
grade £ bylavmi nul osptS2 tkovnhloist i v zpda§ll ieantl Acvimpédhe it ms t §
| ® ebn® posdaulpy ADAmalod utj iz gSCn e tui ctki®chhot op opdakcl iaed
alternadyvnAam®&t obi ol ogickou | ®| bu.

F1zEGV6NTRK3] e povagovsgna za pkotedultumormenezs&?2 d2 ¢ 2
jelikog SC m8 n2ETKGNTRK3fiuizeel n#® & tzeSvtdXxgi. si gn8l n
j menoviMAIP Rasn 8§8AKA. PT$§Ko dr 8&8hy jsou t®g akti
genT, jsoyREK,dETaALKgeny.Vsouvi sl osti se znal ost mi |
n8§sl edn2t t y r iohibitory KRozlyfrek,oWitr@kvi) (43, 44) RET-inhibitory
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(selpercatinib, Blue 66745)] mul t i ki n§zov® inhibit@847) (cabo
vt erapi. pokrolillch SC

16l ntradukt 81 n2 karci nom

1.6.1 Historien 8§ z v u

I ntradukt 8l n2 zk&mbdnomz a]JjaAovpgn®Pand/e sal i v §
dukt 8l nai,kdrsailnowBrn2 du(s), §lpozdikieic2 h®5n b wnl i
editory WHO k| alew-¢ ri skdaec ek roizbnrail feonr2 ni£9). Tentos t a d e n
t er m2n odkazoval na cystick® a solidn? st
proliferacemi pSipom2naj 2c?2mi b u Rk atypickaue z e S e n
dukt 8lrnp2l 8hzyipie, mi kropdpkht 8t m2 & akdii b diofradrems 3 |
apokrinn2NdWEHO Kigsifikeeen 8dor T hl §2914a) km&wr hl a
Alntradukt 8dtner Tk awrgcd kn osii§l e nen2 optiam8l n2 ,
Aintradukt &I ni2nhvaa zki avrn@imdQy nTusit esm
162 Hi st ol ogickl a imunohistochemickl profil

ICje vzSgmladéowgsdbomaesrfol ogickTl mivizgneaky
zmznh elpursazor AVB® olr®7e typicky tvoSenTl i

n® pr

proliferacemi [ umi n 81| nostoadolidn py k k § i bl Fic hpoddpm nl IBKr, n
Il ntradukt 81 n2 in situ komponenta je charakt
bunhDkkt erou | ze prok8zat mar ker\We pwIBt gicnal ppo$h?
j e |1 C nei-gradakaicivom?2aleylyo & g ®p si§ npyS2 p archy hidh)M Lz i

Na z 8§ knurempgidfilul z e  oddal subfypy tC: typzvmezeSenIch duk
apokri.nnPr vny?2p variant a IC,\/rmeasecSLemZIchemlmtky(p'[ b
mal T mi eosinofil n2mi buRK ami S mal T mi j §d
imunohistochemicky exprimuje S100 protein a mammagldgg®). Drun§ apokr i nn2 var i
IC,roste sp2geamekcbpapkt 8rnbpv8na amiokhgd nané m
oddRIl uj e gie&lr.e laBpuoRkmya noeb2shach ulj G aany ca twasopl vyk
highgr ade cytologick® rysy vl et nltV iga pkol kcrhi njnad
variand | C j sou noBwkien e g ®t bruRKkayzwu S100 pmahduei nu a
exprimovat androbg8ampdkrhe cdeCs t¢f cer ya NovAaRo.wan? §n g T <
52.ICmTge vylkwlkzroivaan2 fenotyp m@) %2c58) znaky obou

163 GenetickIl profil

Doposud byly publikov8§ny pkwade8r8NDpgg8oet.
pozadfe2)Ko | ekti vem Wei nr ezlom\eREBgpno btransitkgce p op s
t(10;10)(q11.22;q11.213 NCOA4RET f xp o d s k u p imom f b Ovongei zZe S2nTlch
vivosI C a SC maj2 shodnlT imunohistochemicko¢
vi8§dn®m p Srepbaydila 120 i gBTVBrganu (B0&S2).rVal nSdset i pS2padT
sapokrinn2 morfol ogi #(10lb)pkR2s5;0h24) sGRIM2FRETH ¥aa ns | ok
ve dvou pSkpaadericwhndrm@ srysy pak bBIYTLETVRzaasti ¢ge
KIAA1217RET(51).

164 Di ferenci 8l n2 diagnosti ka

Nejl asmDmgkmy |1 C jsom (s&)r ed ng alkiawv &r m2 du
(SDC) . SC mTge napodobovat | @bamoshtoaw!l sgizd key it
architektonick® rysy, jako jJjsou kribriformn
UuspoS§gasmagaawptiil E@demajrTsshodnls iemPOXERESREF i |
proteiru a mammaglobio. Na druhou stranu exprese AR nen
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DTl edgitim rozligb¥aemmogmakamhean® myoepite
a cyst C, kterou lIze potvrd t myoepiteli 8l n2mi i munohi stoch
hl adkosval ovl akt (50 51) C&KAt4i nydemaltppdni®C n2 vr
p S2t o mAs Genetickbylavo b ou | e B@idd)zkdackhu ment ovRERS r ear
genu. Za€j mc oy s &nRET gesucdeETVEgereem (36), tak vIC byla
Wei nrebem a s NCOAAREHI G a= §hlkas8 If o/ad @aTREM27RRATES0).

SDC je druhTm nAwWao§ emftekwearcli §1l né di agnos

vporovh@nrPoss8hl e H\ig’nrgaadenéxhéhogiskTmi i ar c
kter® wzlarhaannu§ 2j ad®r ka, hrubl chromatin, nekr
atypi ckIBoaRISPCna jz2. oabpvoykkiénetypa2 e x pr i. mBjDC ARG mT
produkovatmama g | obi n, avgak S100 protein je typic
HER2 proteinu(54). SDC je charakterizovanl spektrem
ERBB2 amplifikaci, mutace TP53 a MAP/PI3K ce&bp).

1.7 Respiraln2 epiteli8ln2z | ®ze

171 Respiraln?2 epiteli8ln2 adenomatoi dn? hama

Skupiir espiraln2ch epiteli §ln¥ols?2jdddtky? ve \
respiraln?z epiteli 8| (REAHgd esrea noartuccii cdin(SHNBGE nhaarntaa r
57) REAHaSH mdj§styv pS2padT spodzed & &gehi spdegp 8 &
spektrum jedn® | ®zeB8phe@lHN sla®ost a¢ nPagteldjniot kKys
osob a vyrTJTstaj2 pSev§8§gnhD ze zadn2ho nosn2ho

Je ot8zkou, zda tyto | ®ze -pepmeavtviat k ®,ak
pS2tomnost | §st el rREAHhpodpdruglhyp@k lch gel emTj edn §
tumory(59).

172 Hi st ol ogickl a imunohistochemickl profil
Histologicky j e REAH tvoSenlT ¢l 8zovI mi strukturt
zpovrchov®ho epitelu. Tyto struktury j sou

respiraln2p&2mPpsad Imas i Srukwnyjoe dbklopanysihbu vrstvou
eozinofi2l membaB&lyn

SH mi kroskoplialkTyl ksTe sgr8wl8i fzeruj 2c2ch malTc
jednovrstevnim kubicklm epridrerh&lm 2 niial sTd rkoymubcl

gl 8z kami nosn2 sl ibzlrrizckeosa i | @®t osg domwalt &v ®htoa
respiraln2ho epitelu. Baz8ln2 vrstva obvykle
myoepitelie. Stroma obou | ®z2 mTge blt hutn®
| munohi stochemicky exprimuj? respiraln?
zatcom CK20 j e negativn?z,. Vysokomol ekul 8r n?2 k
myoepiteli 88l n2ch bunhRk. Gl 8zpwv®t islt§tukawr g1l GBH
kter8 je soulasnhD negativn?2 ve (B8/BO)g2ch gl 8zk

173 SHaREAHj ako mo@k®r zorov® | ®ze?

Vsoul asn® dobhD neexistuj? def i niktowindn?rc
seromucin-zn? gl 8z ov o-gradep mom Init feesrt asa2B,b n ZBHS | & 2 |
adenokarcinomem(nen TAC) . Jo a spol . -gpdeacdCACIzav & hig SO®r
byl o asocREAH/(@IpT cGbdoobnhD pak SH prezemBloyan®
obdobn® histologick® a imnohis§becheambep®t !
bunhDk kolem seroB3cin-zn2ch | alTl|lKkT
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NDkt eS2 autoSi pSipodomRkjrdgfhBdavEunprat
(62). Lze spekulovatg e e r m2nyaMadenAadenomin | ®pe vyjad
benign2ch ¢l 8g eazl ncahA lepmrdralr it foerrfia ¢ 2

1.8 Sol i t8rn2 fibr-zn2 tumor hlavy a Kkrk

Solit&rn2 fibr-zn2 tumor (SFT) pat$2 mezi
oznal ovan® | ako mye nfadHPgCi)o pl e r i HPY63). n aPpoopd ovb®u jb2ycl 2
popsanl (&pavpjlacku 30 % jich roste extrathorak§]|
Vter ®nu hl gwyyua skmlonazg8l n?2 trakt a orbita ne

181 Hi st ol ogickl a imunohistochemickIl profil

Mi kroskopicky je SFT pSedstavitelem spek
pSevaguje celul &rn2 |i fibr . znrfa k2 ntpyopnoecnet lau | ¢
a hypercelul 8rn2ch okrskT. Hypocel ul 8§r n2 ob
sviraznou vaskulaturou definovanou parognatD

jsou tvoSen® kulatlTmi ag rovSedkanvittlimih ba Rkraon
formac2ch | i rTstem napodobuj 2c?2 epiteloidn?

SFT jsou imunohistochemickg i f YaznlD @ED2 4t i ERpPprese CD34
smhDremal kgn2mu fenotypu. Navekiov@m3SadlTgg i
meznchym8l n2ch n8dor T napodobuj2c2ch SFT, naj
| i bi fenotypick®m sinonaz8ln2m sar komu. SFT
G8dntiNDczht o marker T vgak nen? zcela spe®i ficl
mezenchym8Il n?2 | ®z e . S¥okerajfing, akbiriem,ydesmieemraesg0@t i v n

proteinem. Vo S2 padhN di ferenci 8l nND diagnosticklch
STAT6 vysoce specifick8 a senzi iNAB2R2BRAT6a odr
genovo8erZiztii.vita STAT6 dosahuje ag 95 % a p
povagovs8§na za pozitivn2. Pouze u 2 % jinlch
desmoi dn2 tumor | i dedi ferencovaslk,!| iapaevamplSa
cytoplasmatick®5).a sl ablD nukl e8r n?2

182 GenetickIl profil

TSi skupiny autorT nez§MNABRSTATOWSET (666N pop s
Oba geny se nach8zej? bl3zkojsebeoppabicbhol o
smRrech. FY%zn2m produkt enmdnde jcehidm®mn®ncahlr eopnrkeo:
v8zaj2c2hdNARWymdinMum a2 z@ t r akadhaexkktoi nvcael ns?i gdno8nt @nr
transduktoru a akS8TAT§SY omiuk ItTr amrska p rpacteeibn (z v
proliferaci. Studi e meni nges8l n2ch SFT a he
hemangiopericytomy jsou ve skut6d) nost i hyper

183 Prognostick® faktory a chovgn?

Neexistuje spojitost | z | mor fologi? a chov8§n2zm SFT. E
kter8 zahrnuj 2: veli kost | @b NDvidcagnegy 50i m
okraj e, hypercel ul 8r n?2 rTst, jader nsg pl eome
dediferenc c e , nekr-zy a mitotick8 aktivit(@). (4 mi
Se gpatnou progn-zou a klinickIimi visledky
extrathorak8l n?2 SFT, kter ® maj? pozitivn? C

mal i gn2 histologi lO® znaky (popsan® vige)
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184 Di ferenci 8l n2 diagn-za

Diferenci 8l n2 diagn-za SFT |2t8&8 Sadu pr.i
mezenchym8l n2Tad up Be@8dndi{ skzaut ovanbak ngdgkazu
iunohistochemickys i | nou j adernou expresi BABRITAT6a gen e
fYlz2 ., Existuje vogakhmal ®epdetekboalt®z3topl az
pozitivitu STAT6. Nejdi slledti 6eaeRNico¥ an@®@mMSTADP®
pS2tomnost | ze vysvRDtlit sekvenSTAT6gWONMZE na 1:
CDK4vt Dsn® bMDM2 & o snTTDKR b T v aj 2 ampdedii fkeovam®o wa r
| i posar ko®TATe izlaad P imc .oSTARBR ¢ omalosuT sl edkee spol e
jednotlivich genT pSi dopl Ruj2c2ch vyget Sen?

19 Reaktivn?2 hyperplastick® | ®ze duti ny

1.9.1 Charakteristkaa k!l asi fi kace reaktivn2ch hyperpl a

Reakti vn?2 hyperplastick® | ®ze jsou skupi:

Yost.n Obvykle vznikaj? v ¥Ystn?2 sliznici j ako
dr §8gddmdvivsl ost i se zubn2zm kamenem, Zubnzmi
iatrogenn2m pogkozen2m. Sliznice reagu ¢ ena
mi kroskopicky tvoSen§ zrallm kol agenem, fibr
obrovskimi v2cejadernTimi buRkami. NejlastDnhji
(72).

Tyto | ®ze sice nejsou povagavan® zaanDn Ba j
Kl asifikace hyperplasticklch | ®zi sliznice d

pyogenn2omgrdanwroznti kpali sebo perifern2 osi
obrovskobuniD(72)® gr anul omy

192 Peri fern2 or8ln2 fibromy

Osi fikuj?2c? | i neosi fi kuj?2cs2i preavz & jrenm Vo
podobna® InG&aze S2tomnost zrallch meitfapkajsz ¢t kVa
Neosi fikuj2c? varianta je vgak na rozd?z2| o]
sostat n? mi nodul 8rn2zmi fibr-zn?2tneir @ ®&z®znei otsriaf
jin® ne, je kontroverzn?2 t ®ma. El aomag&il na

z g&rmi faoke8!l nND reaktivn2ch | ®z2ch
I

gi ngi v§gl n2T ztnk

osifikace (73). Zji sti i jegexpsimopaniiwve vgech osi
domn2vali, ge POF vzni k8 inas tpeoodk laasd Il s(tprroond
osteopontin), kpteerri & djosnot ug8 | ondPvcohz el ni® azme nt .
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1101SEKRELNC KARCI NOIRIRNMAR TYPU DUTI NY N O
CHARAKTERI STI KA 2 Pr¢cPADS A JEJI CH
LOW-GRADE SI NONAZCLNEHO ADENOKARCI NOMU

VpSilogen® publikacv]l g lydeenslienicibd Sdgttay. z ab 1 v
VprvmpSmpadhD se jednalo o 51l etou genu bez p¢
poci Sovala stS2dav® bolesti za pravim okem a
nalezytumorvpr av® stranhDrridodryd ha hs e ptr agdstufuyld lete s e k o
od di dgapazy ent ka oba@igu a&aebeaz uh®m pS2padh s
VOSobn? anampl®e e mprofure2em sadenomem dutiny Vst |

di agn-zy. Pol2tal ovs§ t omogr afiiney zparcohryTtsitlaaj 2
nazofaryngu, kterl byl odsttumpnDhll|l etoze@hdbagdg
bez recidivy.

Hi stologicky byly oba pS2pady obdobn®ho v
| ®ze spatpibwlron2 m rmParireanp ka iNnSvdaozridew@®r b d Bk yna mB |
vezi kul §featdnip 8§granwsl ovanim chromatimamuerSekr
PAS periodic acidShiff byl t ®g§ pS2t omenbyybmanpBPphadyghemi
vbarven2 CK7 mangrb@n, psOXKe&0Ona GATA3. Negativn?
SATB2,CDX2aDOG1Vo bou p $¥lgpa be&Elz a n § ETVENTRIS3Maiddauc e
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Mammary Analog Secretory Carcinoma of the Nasal Cavity

Characterization of 2 Cases and Their Distinction From Other Low-grade
Sinonasal Adenocarcinomas
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Abstract: Secretory carcinoma, originally described as mammary
analog secretory carcinoma (MASC), is a low-grade salivary
gland tumor characterized by a t(12;15)(p13;q25) translocation,
resulting in an ETV6-NTRK3 gene fusion. Most MASCs are
localized to the parotid gland and intraoral minor salivary
glands. Moreover, ETV6-rearranged carcinomas with secretory
features have been reported recently in the thyroid (with and
without a history of radiation exposure), skin, and in very rare
instances in the sinonasal tract. Here, we describe 2 cases of
primary MASC in the sinonasal tract and provide a detailed
clinical and histopathologic characterization of their morphol-
ogy, 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;42:735-743)

ecretory carcinoma (SC), originally described as
mammary analog secretory carcinoma (MASC), is a
low-grade salivary gland tumor characterized by a t(12;15)
(p13:q25) translocation, resulting in an ETV6-NTRK3
gene fusion.! In addition to having identical genetics with
SC, MASC expresses S100 and mammaglobin while being
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negative for DOG-1 and p63, thus highly resembling SC
of the breast.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.'0 The
first case of MASC of the sinonasal tract was reported by
Lurquin et al,” and, very recently, another case with high-
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).'> The
non-intestinal-type SNAC is of presumed surface epi-
thelium/seromucinous 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.!*17 An increasing number of distinct types of
non-ITAC has been recognized recently, including a subset
with rearrangement of the ETV6 gene, the so-called ETV6
gene-rearranged sinonasal low-grade SNAC.!8

By screening a series of low-grade SNACs with fluo-
rescence in situ hybridization (FISH) and/or reverse tran-
scription polymerase chain reaction (RT-PCR), we identified
2 cases of primary MASC arising in the nasal cavity, and
herein we provide a detailed clinical, histopathologic, and
molecular characterization. Recognizing MASC in the sino-
nasal tract among other SNACs of the salivary type, as well
as ETV6-rearranged low-grade SNAC, is important, as the
correct diagnosis is prognostically relevant, and 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 CCl1/36 DakoCytomation

CK7 OV-TL 12/30 1:200 CCl1/36 DakoCytomation

CK20 Ks20.8 1:100 CCl1/36 DakoCytomation

CDX2 EPR2764Y RTU CCl/64 Cell Marque

GCDFP-15 EP1582y RTU CCl/64 Cell Marque

p63 4A4 RTU CCl/64 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/64 Cell Marque

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

SATB2 Polyclonal 1:100 CC2/68 Sigma Aldrich

STATS5a Polyclonal 1:400 CC1/36 AssayDesigns Inc.

MIBI 30-9 RTU CCl/64 Ventana Medical Systems

CCl 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 CCI 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 A7TH6R, active against TrkA, TrkB, and
TrkC, 1:50 dilution), ROSI (clone D4D6, 1:50), and ALK
(clone D5F3, 1:50), as described elsewhere.?!

All other primary antibodies used are summarized in
Table 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 500 ng) (Roche Diagnostics).
All procedures were performed according to the manu-
facturer’s protocols. Amplification of a 105 bp product and
a 133 bp product of the p2-microglobulin gene, and a 247
bp product of the PGK gene was used to test the quality of
the extracted RNA, as previously described.?22* This re-
sulted in the detection of the classic fusion transcript of
exon 72 of the ETV6 gene and exon 15 of the NTRK3
gene.”

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

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

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

Original Primer Name Sequence Annealing Tempearture (°C) Localization
TEL971* (ETV6AY) ACCACATCATGGTCTCTGTCTCCC 65 ETV6 exon 5 outer
TRKC1059* (NTRK3A})  CAGTTCTCGCTTCAGCACGATG 65 NTRK3 exon 15 outer

*Bourgeois et al.>
tlto et al, 26 Skalova et al.2?
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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 3130xl (Applied Biosystems) at a
constant voltage of 13.2kV for 11 minutes.

Detection of ETV6 and NTRK3 by FISH Method

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

The unstained slides were routinely deparaffinized
and incubated in the 1x 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 ETV6
probe was mixed with water and LSI/'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 chr15:88701444-
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.

(DAPI/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 mput 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 Illumina (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 uL reaction fol-
lowing the Library Quantification for Illumina Libraries
protocol and assuming a 200 bp fragment length (KAPA,
Wilmington, MA). The concentration of the final libraries
was around 200 n. The threshold representing the mini-
mum molar concentration for which sequencing can be
robustly performed was set at 50 nM.

NGS and Analysis (Archer)

The libraries were sequenced on an MiSeq sequencer
(Ilumina, San Diego, CA). The libraries were diluted to
4 nM, and equal amounts of up to 16 libraries were pooled
per run. The recommended number of raw reads per
sample was set to 500,000. Library pools were diluted to
16 pM library stock with 10% 12.5 pM PhiX and loaded in
the MiSeq cartridge. Analysis of sequencing results was
performed using the Archer Analysis software (version 5;
ArcherDX 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 5Sl-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 1.5x1.5%0.4
cm, and the patient was staged as TINOMO. The patient
was alive and showed no evidence of recurrent discase
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 4x4x1.5cm, 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) T Follow-up (y) Outc
1 SUF Right nasal septum 1.5%1.5%0.4  TINOMO No 12 Surgery 14 Alive NED
2 65/F Right nasal cavity = 4x4x].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 + ¥
po3 Neg Neg
CK20 Neg Neg
CDX2 Neg Neg
DOG-1 Neg Neg
GCDFP* +H(F)* +(E)*
MIBI 5% 40%

*Immunochemistry performed at Department of Otorhinolaryngology and
Maxillofacial Surgery, Kege 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 | 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/SOX 10/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 1 was negative with RT-
PCR, but a product was identified with RT-PCR in case 2,
and sequencing confirmed an exon 5 to 15 junction. In
case 1, NGS identified an atypical exon 5-13 fusion. Cases
3 to 17 were negative or not analyzable with either
RT-PCR or FISH, or were negative for both methods
(Table 6 and Figs. 4A-C).
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TABLE 5. Immunohistochemical Results of All 17 Cases

Case No. Final Diagnosis CK7 CK20 DOG-1 GATA3 SOXI10 S100 MGA p63 STATS MIB1I CDX2 SATB2
1 MASC + Neg Neg + + + + Neg + 5% Neg Neg
2 MASC + Neg Neg + + + + Neg + 40% Neg Neg
3 LG SNAC + Neg Neg + + + Neg Neg ND ND Neg ND
4 LG SNAC Neg Neg Neg + + + Neg Neg ND ND Neg ND
5 LG SNAC + Neg Neg Neg Neg Neg Neg Neg ND 20% Neg Neg
6 LG SNAC + Neg Neg Neg Neg Neg Neg Neg + 3% Neg Neg
7 LG SNAC + Neg Neg + + Neg Neg Neg + 3% Neg Neg
8 LG SNAC + Neg Neg ND + #* Neg Neg ND 5% Neg ND
9 LG SNAC + 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 + 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 ETF6 translocation
on rereview and therefore classified as MASC, and most
tumors previously diagnosed as AciCC of the minor sali-
vary glands also represent MASC.2*3 In contrast to
AciCC, MASC shows no basophilic granularity in the
cytoplasm of any of the constituent cells, this being the
hallmark of the serous acinar cells of AciCC. 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), S100 (B), and CK7 (C).
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