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Abstrakt

Rozvoj pouziti metod molekularni genetiky piinesl v poslednich desetiletich
moznost presnéji klasifikovat nadory hlavy a krku, rada novych jednotek byla recentné
definovana mimo jiné mezi nadory salivarnimi a mesenchymalnimi ¢1 nadory sinonasalni
oblasti. Zatimco v nekterych piipadech napomaha presna klasifikace predikci prubéhu
onemocneéni a volbé adekvatni intenzity lécby, v jinych pripadech s mutacemi
targetovatelnymi cilenou terapii maji vysledky molekularné-biologickych metod piimou
implikaci v terapii. Zaroven se stavaji dostupnymi nové imunohistochemické markery,
které mohou v nékterych piipadech Cast genetické analyzy spolehlivé nahradit, coz
s sebou piinasi ekonomické vyhody a kratsi dobu potiebnou k provedeni bioptického
vySetieni.

V disertacni praci je shrnuta a komentovana publikacni ¢innost autorky tykajici se
salivarnich a sinonasalnich a mesenchymalnich nadort, diraz je kladen na jejich
molekularné-geneticky podklad a imunohistochemické nalezy.

V oblasti salivarnich nadori je pojednano o moZnostech detekce rearanze gent
NR443 a NR4A42 v acinickém karcinomu, nasledné je diskutovano genetické pozadi
sklerézujiciho polycystického adenomu a jeho implikace v morfologii a imunoprofilu
jednotlivych piipadi. Dale jsou uvedeny ¢tyi1 publikace prezentujici piipady
sinonasalnich tumort, od vzicnych typi sinonasalnich adenokarcinomi s fuzi
ETV6::NTRK3 ¢1 deficienci SMARCBI, pies raritni pripad bifenotypického
sinonasalniho sarkomu transformujiciho do high-grade rhabdomyosarkomu, po soubor
piipadi nové definovaného agresivniho sarkomu s fuzi EWSRI::POU2AF3. Nakonec
jsou diskutovany dalsi mesenchymalni nadory vyskytujici se v oblasti hlavy a krku:
v publikaci o mesenchymalnich tumorech s aberacemi kinazovych geni jsou
prezentovana nova morfologicka, imunohistochemicka a piedevsiim molekularné-
geneticka data véetné vyznamnych poznatkii z metyla¢niho profilovani téchto nador,
dale je v souboru sedmi pripadi popsan unikatni myxoidni fibroblasticky tumor hlasivky
srekurentni fuzi 7IMP3::ALK, jako posledni je uveden vzéacny epiteloidni
mesenchymalni tumor mékkého patra s fuzi PTCHI::GLII.



Abstract

The increasing use of molecular-genetic methods in recent decades has facilitated
precise classification of head and neck tumors. This has led to the identification of new
entities among salivary, mesenchymal, and sinonasal tumors. Accurate classification not
only aids in predicting disease course and determining appropriate treatment intensity but
also holds significance in cases where mutations can be targeted with specific therapy.
Additionally, newly available immunohistochemical markers can in some cases reliably
replace part of the genetic analysis, which brings with it economic advantages and a
shorter time needed to examine the biopsy material.

The dissertation summarizes and comments on the publication activity of the
author regarding salivary, sinonasal and mesenchymal tumors, with a particular focus on
their molecular-genetic background and immunohistochemical findings.

In the field of salivary tumors, the discussion revolves around the detection of
NR443 and NR4A42 gene rearrangements in acinic cell carcinoma, as well as the genetic
background of sclerosing polycystic adenoma and its implications on morphology and
immunoprofile of individual cases. Furthermore, the dissertation lists four publications
presenting various cases of sinonasal tumors, ranging from rare types of sinonasal
adenocarcinomas with E7V6::NTRK3 fusion or SMARCBI deficiency, through a rare
case of biphenotypic sinonasal sarcoma transforming into  high-grade
rhabdomyosarcoma, to a series of cases featuring a newly defined aggressive sarcoma
with EWSR1::POU2AF3 fusion. Lastly, other mesenchymal tumors occurring in the head
and neck region are discussed: in the publication on mesenchymal tumors with kinase
gene aberrations, new morphological, immunohistochemical and, above all, molecular-
genetic data are presented, including significant findings from the methylation profiling
of these tumors; a unique myxoid fibroblastic tumor of the vocal cord with a recurrent
TIMP3::ALK fusion is described in a collection of seven cases, and finally a rare
epithelioid mesenchymal tumor of the soft palate with a PTCH1::GLII fusion is reported.



Predmluva

Konvergence riznych oborti mediciny vede casto k hlubokému poznani a
inovativnimu nahledu na problematiku. V patologii tumort hlavy a krku dochazi
v posledni dobé diky aplikaci molekularné-genetickych metod a dostupnosti novych
protilatek pro imunohistochemii k dynamickému vyvoji diagnostickych 1 terapeutickych
moznosti, zaroven vsak tato nové ziskana data vyzaduji nejen dobrou orientaci
v aspektech medicinskych, ale také pochopeni studovanych molekularné-biologickych
procesii 1 metod uzivanych k jejich analyze. M¢é dualni vzdélani v mediciné a molekularni
biologii umoziuje tuto plodnou symbidzu, o cemz svéd¢i 1 tato disertacni prace.

Mé doktorské studium probihalo na Siklové tstavu patologie Lékaiské fakulty
v Plzni, jez uizce spolupracuje také se vyjimecnou plzeiiskou Bioptickou laboratoii. Prof.
Michal vybudoval v obou institucich nesmirné podporujici prostredi zaméstnavajici
vynikajici patology a akademické pracovniky, coz mi umoznilo od poc¢atku mé védecké
kariéry vést kvalitni projekty s klinickym piesahem. Béhem doktorského studia jsem
meéla prilezitost spolupracovat s prof. Skéalovou, svétovou Spickou v oboru patologie
slinnych Zlaz, ktera mi byla jako vedouci doktorského studia inspiraci a privodcem a
umoznila mi se podilet na védecké praci s mnohymi dal$imi vynikajicimi zahrani¢nimi
odborniky zabyvajicimi se salivarni a sinonasalni patologii.

S doc. Michalem jsem se zaroven ponorila do patologie mékkotkanovych nador,
které nevzacné postihuji oblast hlavy a krku, nékteré jsou dokonce pro tuto lokalizaci
specifické. Vrcholem nasi spoluprace je rozsahla publikace ,,Comprehensive
clinicopathological, molecular, and methylation analysis of mesenchymal tumors with
NTRK and other kinase gene aberrations, v které aplikujeme nejmodernéjsi metody
molekularni genetiky véetné metylacniho profilovani a prokazujeme jednotny geneticky
podklad vsech studovanych 1ézi.

Vyznamnym cilem jsou téZ implikace nasich poznatki v 1éCbé pacienth
postizenych popisovanymi tumory, které jsou v nekolika zde uvedenych piikladech
znacéné agresivni a v soucCasné dobé jen omezené terapeuticky ovlivnitelné. Prvnim
krokem k optimalni 1écbé je zcela presna diagnostika az na uroven jednotlivych
genetickych aberaci hrajicich roli v patogenezi studovanych nadori. Timto zptisobem
jsou v posledni dobé definovany nové, geneticky uniformni jednotky, ¢asto se vyc¢lenujici
ze skupin doposud dale nespecifikovatelnych malignich tumort. V nékterych piipadech
je navic jiz nyni dostupna cilena 1écba, kterou je mozno v pripadé detekce prislusnych
alteraci indikovat, ¢asto s velmi dobrym terapeutickym efektem.
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Seznam zkratek

AciCC Acinicky karcinom

CK Cytokeratin

CNV Copy-number variant

DNA Deoxyribonukleova kyselina
DNA-seq DNA sekvenace

FISH Fluorescen¢ni in-situ hybridizace
HGT High-grade transformace

IMT Inflamatorni myofibroblasticky tumor
ITAC Adenokarcinom intestinalniho typu
MR Magneticka rezonance

Non-ITAC Adenokarcinom non-intestinalniho typu
PAS Periodic acid-Schiff

RNA Kyselina ribonukleova

RNA-seq RNA sekvenace

SMA Hladkosvalovy aktin

SPA Sklerdzujici polycysticky adenom
WHO Svétova zdravotnicka organizace




1 Uvod

1.1  Salivarni nadory

Nadory slinnych zlaz jsou vzacné zhoubné 1 benigni 1éze vyskytujici se v zemich
zapadniho svéta s incidenci priblizné 2,5 — 3/100 000, pricemzZ ve vétsing piipadi se jedna
o tumory benigni — piedevsim Warthiniv tumor a pleomorfni adenom (1,2). Incidence
malignich salivarnich nadori celosvétové nepiesahuje 1/100 000 (standardizovano na
vék). Incidence malignich salivarnich nadora v Ceské republice je 0,67/100 000,
mortalita dosahuje 0,25/100 000. V Evropé je Ceska republika v incidenci na 8. misté,
nejvyssi incidence je v Italii, kde dosahuje 0,9/100 000 (3).

V soucasnosti se pro klasifikaci salivarnich nadort pouziva 5. vydani WHO
klasifikace tumort hlavy a krku vydané v roce 2022 (4). V kapitole salivarnich nadort je
klasifikovano 15 benignich epitelialnich nadort, 21 karcinomii, 1 benigni mesenchymalni
tumor specificky se vyskytujici vslinnych Zlazach — sialolipom, a 2 nenadorové
epitelialni l1éze.

1.1.1 Acinicky karcinom

Acinicky karcinom (AciCC) je castym malignim salivarnim tumorem, piedstavuje
asi 10 % salivarnich karcinomti. Po mukoepidermoidnim karcinomu je druhym
nejcasté)$im pediatrickym malignim nadorem slinnych Zlaz (4), vétSinou vsak postihuje

zlazach je zcela raritni.

V typickych dobie diferencovanych piipadech maji nadorové buiky serozni
acinickou morfologii a obsahuji cytoplazmatickd PAS-pozitivni granula, onkocyticka
nebo svétlobunééna preména vsak neni vyjimkou. Predevsim v téchto piipadech nabyvaji
na vyznamu pomocné imunohistochemické a molekularné-genetické metody, protoze
prosta morfologicka diagnostika muze byt znacné obtizna. Nejcastéjsi ristovy vzor je
solidné-mikrocysticky s bohatym lymfoidnim stromatem 1 s dobfe formovanymi
lymfoidnimi folikly se zarode¢nymi centry, 1ze se ale také setkat s piipady s kribriformni,
makrocystickou, tubularni ¢i papilarni architekturou, mozné jsou také kombinace
nekolika rastovych vzori.

Zatimco prognoza pacienti s klasickym dobre diferencovanym AciCC je
vynikajici, s Sletym a 10letym prezitim 97 % a 94 % (4-5), nékteré pripady vykazuji
takzvanou high-grade transformaci (HGT) v agresivné se chovajici novotvar s vysokou
mortalitou (6), charakterizovany pritomnosti lozisek nizce diferencovaného karcinomu ¢i
adenokarcinomu rostouciho veétSinou v solidnich hnizdech s cenfralni nekrozou,
vykazujiciho vyrazné jaderné atypie a vysokou mitotickou aktivitu, a zaroven pritomnosti
struktur klasického low-grade AciCC. V nékterych pripadech low-grade komponenta jiz
neni zastiZena, tyto piipady jsou oznac¢ovany jako high-grade AciCC.

Nadorové bunky exprimuji marker DOGI, s typickou apikalni/kanalikularni
imunohistochemickou pozitivitou. Zatimco marker SOX10 je imunohistochemicky



pozitivni, S100 protein je negativni, stejné¢ jako markery p40 a p63. Nové je pro
imunohistochemii dostupna protilatka NR4A3.

Geneticky vznikd naprosta vétsSina AciCC na podkladé translokace
t(4:9)(q13:q31), ktera vede k tzv. enhancer hijackingu (inosu enhanceru). Silny enhancer
z oblasti clusteru genit SCPP na dlouhém raménku 4. chromosomu se translokaci dostava
do blizkosti genu NR4A43 (Norl) na dlouhém raménku 9. chromosomu (7). To zptisobuje
nadmérnou expresi genu NR4A43, piicemz produkt tohoto genu Ilze detekovat
imunohistochemicky. Pro potvrzeni pritomnosti translokace je metodou volby FISH
s break-apartovou sondou detekujici zlom genu NR4A43 (7). Jelikoz neni vysledkem
translokace rekurentni patogenni flizni gen, neni RNA sekvenace (RNA-seq) vhodnym
nastrojem pro potvrzeni diagnozy.

1.1.2 Sklerdzujici polycysticky adenom

Tato jednotka byla piivodné pod nazvem sklerézujici polycysticka adendza
povazovana za nenadorovou reaktivni 1ézi. Jiz v roce 2006 vsak byla pomoci assaye
HUMARA, jeZ testuje vzorec inaktivace chromosomu X, prokazana klonalita, respektive
nadorova povaha této jednotky (8). Recentné byly pomoci sekvena¢nich metod navic
ve sklerozujicim polycystickém adenomu (SPA) detekovany rekurentni aberace signalni
kaskady PI3K (9-10).

Jedna se o benigni salivarni tumor postihujici piedevsim dospélé pacienty
sttedniho véku, mirné castéji se vyskytujici u Zen a vétSinou rostouci v priusni zlaze.
Histologicky je typické multilobularni usporadani nadorové proliferace tvorené dukty
vystlanymi luminalnimi bunkami znac¢né variabilni morfologie a aciny tvorenymi
velkymi bunkami s objemnymi eosinofilnimi granuly, pii¢emz ve vSech epitelidlnich
strukturach zistava zachovana abluminalni vrstva myoepitelii. Ve stromatu jsou loZiska
vyrazné hyalinizace a sklerotizace. Imunohistochemicky marker SOX10 je pozitivni ve
vSech epitelalnich strukturach, myoepitelie jsou dale pozitivni v imunohistochemickém
prukazu p40, p63 ¢ SMA (4). Luminalni buiky mohou vykazovat ztratu
imunohistochemické exprese PTEN. V nékterych pripadech 1ze zastihnout exuberantni
intraluminalni mikropapilarni, kribriformni nebo 1 solidni epitelidlni proliferaci a vzacné
byl reportovan vznik karcinomu ze SPA (10).

1.2  Sinonasalni nadory

Mezi sinonasalni nadory fadi WHO Kklasifikace rozmanité epitelialni,
mesenchymalni 1 neuroektodermalni tumory, které spojuje jejich rist v nosni dutiné a
paranasalnich sinusech. Jsou to 1éze extrémné vzacné, spolehlivé udaje o jejich incidenci
proto nejsou dobie dostupné. Maligni sinonasalni nadory maji incidenci piiblizné
0,56/100 000 (11), mortalita je pomérné vysoka, v nékterych evropskych populacich
dosahuje az 0,33/100 000 (12), protoZe se casto jedna o zna¢né agresivni nadoroveé
jednotky.
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Souc¢asna WHO klasifikace sinonasalnich nadori je pomérné komplexni —
jednotky jsou rozdéleny do 4 skupin, a to hamartomy, léze vznikajici z epitelu
respira¢niho traktu, mesenchymalni tumory specificky se vyskytujici v sinonasalni
oblasti a ostatni sinonasalni tumory. Celkem klasifikace popisuje 24 jednotek.

1.2.1 Sinonasalni adenokarcinom

Sinonasalni adenokarcinomy sensu stricto vznikaji z epitelu respiracniho traktu.
V této lokalizaci se mohou raritné vyskytovat rovnéz nadory salivarni, tyto nadory zde
vSak diskutovany nebudou.

Primarni sinonasalni adenokarcinomy jsou velmi vzacné nadory, které se déli do
dvou zakladnich skupin: adenokarcinom intestinalniho typu (ITAC) a adenokarcinom
non-intestinalniho typu (non-ITAC). V nedavné dobé byl dale popsan SMARCBI-
deficientni adenokarcinom, ktery se ve WHO klasifikaci fadi mezi sinonasalni karcinomy
s deficienci SWI/SNF komplexu (4). Sinonasalni adenokarcinomy vétSinou postihuji
starsi dospélé pacienty, ale vékové rozmezi je znaéné $iroké. Cast&ji vznikaji u muzi (4).

ITAC je morfologicky blizky primarnim gastrointestinalnim adenokarcinomiim,
je tvoren hlenotvornymi kolumnarmimi a poharkovymi buikami usporadanymi
v papilarnich a glandularnich strukturach. Zatimco lépe diferencované pripady maji
papilarni a tubularni architekturu, hufe diferencované adenokarcinomy mivaji
kribriformni a solidni upravu, s ¢astymi centralnimi nekrézami. V nekterych pripadech
muze  adenokarcinom  vykazovat  extenzivni  extracelularni  hlenotvorbu.
Imunohistochemicky jsou nadorové bunky pozitivni v prikazu CK20, CDX2 a SATB2,
variabilné je exprimovan CK7 (13-14). Biologickym chovanim se jedna o pomeérné
agresivni, ¢asto rekurujici nadory; pét let pieziva priblizné jedna polovina pacienti (15).
Pokro¢ilost tumoru je pro prognézu vyznamnéjsi nez grade (15).

Morfologické spektrum non-ITAC je velmi Siroké. Na dobre diferencovaném
konci spektra stoji nadory s papilarni ¢i tubuldrni upravou tvorené jen mirné atypickymi
cylindrickymi ¢ kuboidalnimi buiikami. Spatné diferencované tumory rostou spise
v solidnich hnizdech jen s ojedinélymi Zlazovymi strukturami, bézny je vyskyt
centralnich nekroz. Dalsi variantou je disociovany infiltrativni rist mucin-produkujicich
nadorovych  bunék, nékteré pripady vykazuji svétlobunéénou preménu.
Imunohistochemicky profil je nespecificky, neni vsSak piitomna difizni exprese
gastrointestinalnich markeri CDX2 a SATB2. Zatimco vétSina pacienti s dobie
diferencovanymi non-ITAC dlouhodobé pieziva, prognéza pacienti se Spatné
diferencovanymi tumory je zna¢né nepiizniva a vétSina pacienti zemie na komplikace
lokélné pokrocilého tumoru do péti let (16).

SMARCBI1-deficientni sinonasalni adenokarcinom je extrémné vzacny nador
definovany ztratou exprese genu SMARCBI, a tedy deficitem funkce proteinového
komplexu SWI/SNF, a zaroven piitomnosti jednoznaénych glandularnich struktur.
Nadorové bunky maji vétSinou plasmacytoidni, onkocytoidni ¢i rhabdoidni vzhled a
bryskni prolifera¢ni aktivitu. Nevzacné jsou piitomna loziska piipominajici tumor ze
zloutkového vacku 1 s odpovidajicim imunoprofilem. Déle je ve vétsiné piipadi
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imunohistochemicky pozitivni prikaz CK7 a negativni je barveni s protilatkou proti
SMARCBI (17). Pomoci FISH ¢1 DNA sekvenace (DNA-seq) 1ze detekovat delece €1
mutace mensiho rozsahu postihujici gen SMARCBI.

1.2.2 Bifenotypicky sinonasalni sarkom

Bifenotypicky sinonasalni sarkom (BSNS) je indolentni mesenchymalni nador
vykazujici podvojnou neurdlni a myogenni diferenciaci. Vznika u dospélych pacientt,
Castéji postihuje zeny. Roste infiltrativné do piilehlych mékkych tkani 1 do lebeénich kosti
a je mozna 1 intracerebralni extenze, vzdalené metastazy vsak nevznikaji.

Morfologicky je BSNB tvorfen denzni uniformni, nepiili§ mitoticky aktivni
vietenobunécnou proliferaci usporadanou do fascikli, nekdy s architekturou rybi kosti.
Casté jsou invaginace reaktivné zménéného povrchového epitelu. Typicka je koexprese
imunohistochemickych markera SMA a S100 pii negativit¢ SOX10. Az 90 % piipada
vykazuje téZ fokalni expresi markeru kosterni svaloviny MyoD1, vzacné mohou byt
nalezeny rhabdomyoblasty (18-19). Exprese dalSiho markeru kosterni svaloviny
myogeninu je vzacnéjsi (18, 20).

Vétsina pripadi vznika na podkladé patogenni fiize genu P4.X3, jeho nejcastéjSim
fliznim partnerem je gen MAML3, mozna je vsak 1 pritomnost jinych fuznich partnert
(20). Pro detekci aberace a konfirmaci diagnozy lze vyuzit FISH s break-apartovymi
sondami detekujicimi zlomy genti PAX3 a MAML3, pripadné 1ze fizni produkty detekovat
targetovanou RNA-seq.

1.2.3 EWSRI::POU2AF3 sarkom

Vzhledem k tomu, Ze byl EWSR1::POU2AF3 sarkom poprvé identifikovan v roce
2022 na zakladé molekularné-genetické analyzy obtizné klasifikovatelnych
mesenchymalnich nadorti v ramcei bézné klinické praxe (21), neni dosud soucasti platné
WHO klasifikace. Jedna se o nador postihujici Siroké vékové rozmezi pievazné dospélych
pacienti, jeden pacient byl v dobé prvni resekce adolescentniho véku. Nador vykazuje
predilekci pro sinonasalni oblast, kde roste destruktivné v mékkych tkanich 1 kostech,
dale byly reportovany pripady vyrustajici v kostech panve, v hrudni stén¢, orbité¢ a mozku
(21-22).

V prvni praci byla popsana nepriznacna morfologie atypickych kratce vietenitych
az ovalnych a kulatych epiteloidnich bunék s jemné zrnitym jadernym chromatinem,
usporadanych v plochach, vagnich fasciklech a hnizdech s ¢etnymi nekrotickymi loZisky.
Nebyly pritomny piesvédcivé znamky specifického sméru jakékoli diferenciace (21).
V dalsi praci pak byl prezentovan nalez bifazické morfologie, s oblastmi tvorenymi
epiteloidnimi kulatymi nadorovymi bunkami a oblastmi s bohatSim kolagennim
stromatem a vietenitymi nadorovymi builkkami. Ani v této praci nebyla prokizana
specificka linie diferenciace (22). Imunoprofil je nepiili§ specificky, v nékterych
piipadech byla detekovana slaba pozitivita markeru CD99, nékteré tumory byly fokalné
pozitivni v prikazu cytokeratini, EMA, p16 ¢1 CD56 (21-22).
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Vétsi vyznam pro diagnostiku tohoto sarkomu ma molekularné-geneticka analyza.
Fuzi EWSRI1::POU2AF3 lze detekovat pomoci targetované RNA-seq, analyzu lze rovnéz
doplnit metodou FISH za pouZiti komeréné dostupnych break-apartovych sond
detekwjicich zlom genu EWSRI. Ve dvou piipadech byla namisto fuze
EWSRI1::POU2AF3 detekovana alternativni fuze FUS::POU2AF3. Proteinové produkty
genil EWSR1 a FUS patii do rodiny FET, maji homologni strukturu a obdobou funkei:
jedna se vobou piipadech o RNA-vazebné proteiny, které ovliviiyi transkripci a
zpracovavani RNA (23).

Prognoza pacienti s EWSRI::POU2AF3 je nepiizniva, a to 1 pies uZiti
multimodélni intenzivni terapie. Piiblizné u dvou tietin pacienti vznikaji vzdalené
metastazy a/nebo tumor opakované recidivuje, v nékterych pripadech jiz bez moznosti
onemocnéni lokalne kontrolovat (21-22).

1.3  Dalsi mékkotkanové nadory hlavy a krku

Benigni meékkotkanové nadory jsou vyrazné castéj$i nez nadory maligni.
Statisticka epidemiologickd data nejsou prili§ piesna, jejich incidence je priblizné
300/100 000 (24). Maligni meékkotkanoveé nadory jsou velmi vzacné, piedstavuji méné
nez 1 % vSech malignit (25-26), pétileté preziti je priblizné 50 %. Mén¢ nez 10 % vsech
meékkotkanovych tumort vyrusta v oblasti hlavy a krku, incidence je vyssi u déti (27).

WHO Kklasifikace tumorii hlavy a krku uvadi 32 benignich a malignich jednotek
razenych do 10 kapitol dle histogeneze (4). Tyto jednotky jsou zcela specifické pro oblast
hlavy a krku, nebo se vni vyskytuji velmi frekventné. V praxi je vSak mozné se
v konkrétnich piipadech setkat i s fadou jinych mékkotkanovych nadort, které nejsou pro
oblast hlavy a krku typické — tyto jednotky kategorizuje WHO klasifikace kostnich a
meékkotkanovych nadort (25).

1.3.1 Mesenchymalni nadory s aberacemi kinazovych genu

M¢ékkotkanové novotvary s aberacemi kinazovych genii jsou v soucasné
klasifikact WHO kostnich a meékkotkanovych tumort (25) zarazeny v kategorii
fibroblastickych a myofibroblastickych nadori pod dvéma jednotkami: infantilni
fibrosarkom a adultni fibrosarkom. V kategorii nadort nejisté histogeneze je navic razena
dalsi pribuzna entita, a to NTRK-rearanZované vietenobunééné tumory.

Pravdépodobné se jedna o blizce pribuzné jednotky pohybujici se na
morfologickém spektru od low-grade vietenobunécnych proliferaci s nizkou celularitou,
minimalni mitotickou aktivitou azZ po agresivné vyhlizejici, vysoce mitoticky aktivni
nadory tvorené atypickymi vietenitymi buikami (28-29). Fuze ETV6::NTRK3 je
charakteristicka pro infantilni fibrosarkom, vSechny nadory z této Sirsi skupiny vsak sdili
obdobné patogenni mutace, a to fuze geni pro tyrosin- nebo serin-threonin kinazy
(NTRKI-3, MET, RET, RAF1 nebo BRAF), povétsinou s geny pro ruzné transkripéni
faktory nebo DNA- & RNA-vazebné proteiny. Castd je také imunohistochemické
koexprese markeri S100 a CD34. V piipadé fuzi genii NTRKI-3 jsou nadorové bunky
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rovnéZ pozitivni v imunohistochemickém prikazu panTrk. Pro prikaz kanonické fuze
ETV6::NTRK3 v infantilnim fibrosarkomu je zcela dostac¢ujici molekularné-geneticka
analyza pomoci FISH, vzhledem k po¢tu moZnych fuznich partnert v ostatnich nadorech
této skupiny je vsak vyhodné;jsi vyuziti RNA-seq.

Nadory se vyskytuji v jakémkoli véku, mohou byt 1 kongenitalni. Lokalizovany
jsou vétsinou v hlubokych mékkych tkanich koncetin, trupu a hlavy a krku (25). Pacienti
zenského a muzského pohlavi jsou postizeni priblizné stejné ¢asto. VétSina pripadi je
pouze lokalné¢ agresivni, pi1 nepriznivé lokalizaci vSak mohou byt obtiZzné operovatelné,
piiblizné v 20 % pripadu rekuruji. Metastazuji piedevsim nadory s high-grade morfologii,
vzdalené metastazy postihuji celkové méné nez 10 % pacienti (29). Mimo moZnosti
chirurgického reseni a chemoterapeutické rezimy jsou dostupné inhibi¢ni molekuly cilici
na aberantné aktivované proteiny NTRK a RET (entrektinib, larotrektinib, kabozantinib),
které jsou pouzivané v 1écbé lokalné pokroc€ilych inoperabilnich nebo metastatickych
pripadu.

1.3.2 Inflamatorni myofibroblasticky tumor

Inflamatorni myofibroblasticky tumor (IMT) je vzacny tumor postihujici
piedevsim mladsi dospélé pacienty a pediatrickou populaci. Nejcastéji vznika v plicich,
mesenteriu, omentu a mocovych cestach, asi 15 % pripadi je lokalizovano v oblasti hlavy
a krku vcetné hornich cest dychacich (30). Piiblizné u c¢tvrtiny pacienti
s extrapulmonalnimi IMT dochézi k rekurenci, vzdalené metastazy jsou velmi vzacné
(30). Pripady lokalizované v plicich, ale také v oblasti hlavy a krku, maji prognézu
zvlasté dobrou, rekurence jsou zde vzacnéjsi (31-32).

Histologicky se jedna o nador sloZeny z vietenitych myofibroblasti s eosinofilni
cytoplazmou a prevazné ovalnymi jadry s patrnymi jadérky, soucasti 1€ze je téz variabilné
bohaty infiltrat nenadorovych zanétlivych bunék: nékdy mize byt pritomen jen
nenapadny lymfocytarni lem pii okraji 1éze, v jinych pripadech je cely nador prostoupen
hojnymi lymfocyty, plazmatickymi bunkami a eosinofily. Nékteré nadorové bunky
mohou nabyvat vzhledu gangliovych bunék s velkym jadrem a vyraznym eosinofilnim
jadérkem, byvaji téZ pritomny pseudoinkluze ¢asti cytoplazmy do jadra.

Lze rozlisit ti1 histologické subtypy IMT: v prvnim z nich se jedna o relativné vice
celularni vietenobunéénou proliferaci ve storiformnim a fascikularnim usporadani
s bohatym zanétlivym infiltratem; pro druhy, méné celularni subtyp je charakteristické
hypocelularni, je pfitomno myxoidni stroma, bohata kapilarni sit’ a ¢etné nenadorové
zanétlivé buiky, vétsinou vsak s fokalné zachovalymi vice celularnimi fascikularnimi ¢i
storiformnimi  oblastmi s vietenitymi bunkami (4). Vice nez 90 % IMT
imunohistochemicky exprimuje SMA (30).

Ackoli byl IMT puvodné kwiili pritomnosti ¢etnych zanétlivych bunék povazovan
za zanétlivy pseudotumor, v soucasnosti je klasifikovan jako skute¢na neoplasticka léze
vznikajici ve vétSiné pripadi na podkladé aberantni aktivity tyrosin-kinazy ALK,
pripadné jinych kinazovych proteini (napiiklad ROS1, RET, NTRK3), k ¢emuz dochazi
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translokaci piislusnych gent do blizkosti rozlicnych transkripéné aktivnich genovych
partner (33-34). Imunohistochemicky prikaz exprese ALK lze vyuzit jako zastupny
marker pritomnosti translokace genu ALK, potvrdit ji Ize pomoci FISH. Vzhledem
k po¢tu moznych fuznich partnert a v pripadech IMT s aberacemi gent pro jiné kinazy
je pro presny popis pritomné aberace vhodnéjsi vyuzit RNA-seq.

1.3.3 Mesenchymalni nadory s aberacemi genu GLII

Tumory s alteracemi genu GLII se mohou vyskytnout jak v mékkych tkanich
konCetin 1 trupu, tak v kostech a wvnitinich organech, pricemz 40 % piipadi je
lokalizovano v oblasti hlavy a krku (35). Postizeni byvaji nejcastéji mladi dospéli
pacienti, ale vékové rozmezi je velmi Siroké. Biologické chovani je rovnéz variabilni,
vétSina tumort je indolentni, piiblizné ve 20 % pripada ale muze dojit k recidivé nebo
vzniku vzdalenych metastaz (35-36).

GLII-rearanzované nadory maji nejistou histogenezi a nespecificky imunoprofil.
Bunky jsou vétSinou ovalné, epiteloidni aZ vietenité, s eosinofilni ¢i vodojasnou
cytoplazmou a napadné uniformnimi ovalnymi jadry s jemnym chromatinem a drobnymi
jadérky, usporadané obvykle v solidnich hnizdech nebo tramcich (4, 35-36).
Imunohistochemicky prikaz proteinu GLI1 vykazuje vysokou specificitu a senzitivitu
pro GLII-rearanzované mesenchymalni nadory, senzitivita je vsak neuspokojiva u
plexiformniho fibromyxomu (37). Dale Ize imunohistochemicky v nékterych piipadech
prokazat expresi markeri S100, SMA, CD56 a dalSich, exprese jednotlivych markert je
ale nekonzistentni.

Ve dvou tretinach piipadu jsou v tumorech prokazany fuze genu GLII zahrnujici
fuze ACTB::GLI1, PTCHI::GLIl, MALATI::GLII a DERA::GLII, ve zbylych nadorech
je detekovana amplifikace genu GLII (35-36, 38). V pripadé amplifikovanych GLII-
rearanzovanych tumort je mozna 1 koamplifikace genti CDK4, MDM?2 a DDIT3, které
jsou lokalizovany v sousedicich lokusech na dlouhém raménku 12. chromosomu (36).
Pro detekci amplifikace genu GLII se vyuziva FISH, v jedné dobé lze piipadné detekovat
amplifikace 1 ostatnich zminénych sousednich genii; genové fize se vétSinou detekuyi
pomoci RNA-seq.
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2 Cile disertac¢ni prace

Cilem praci — case reportii bylo popsat extrémné raritni a diagnosticky obtizné
pripady, s kterymi jsme se setkali béhem rutinni praxe 1 konzultaéni ¢innosti, a to véetné
detailni molekularné-genetické analyzy a Sirokého imunohistochemického panelu.

V publikacich zalozenych na vétsich souborech nadorovych jednotek bylo cilem
prispét jiz vétsim mnozstvim dat ke zpresnovani nosologie jiz znamych nadorovych
jednotek. V nékterych téchto studiich také definujeme jednotky nové, v jinych studiich
naopak prezentujeme data podporujici snahu nekteré soucasné rozdrobené jednotky
sjednocovat.

V kazdé studii je kladen diraz na vhodnou imunohistochemickou 1 molekularné-
genetickou analyzu a moznosti nahrady molekularné-genetického vysetieni nebo jeho
¢asti hodnocenim imunohistochemickym.

V praci ,,Comprehensive clinicopathological, molecular, and methylation analysis
of mesenchymal tumors with N7RK and other kinase gene aberrations* bylo jednim z cili
rovnéZ shromazdit data o vyuZziti cilené terapie v 1écbé téchto vzacnych meékkotkanovych
tumort.

3 Metody

Uzité metody jsou detailné popsany v jednotlivych publikovanych pracich, pro
redundanci zde nebudou znovu uvadény samostatné.
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4 Komentované publikacni vysledky

4.1 A minority of cases of acinic cell carcinoma of the salivary glands are driven
by an NR4A2 rearrangement: The diagnostic utility of the assessment of NR442 and
NR4A43 alterations in salivary gland tumors

Studie predklada vysledky klinicko-patologické a molekularné-genetické analyzy
128 pripadia AciCC slinnych Zlaz. Ve dvou piipadech se poprvé podarilo pomoci FISH
detekovat zlom genu NR4A2.

Osmdesat c¢tyi1 piipadi predstavovalo klasicky dobre diferencovany AciCC,
zatimco v 43 piipadech (34 %) se jednalo o AciCC s HGT, pripadné high-grade AciCC
zcela bez zastizené low-grade komponenty. Vékové rozmezi bylo velmi Siroké, s
medidnem 61 let, ¢astéji byl tumor diagnostikovan u Zen. Ve vice nez 90 % pripadi se
jednalo o primarni tumory, ve studii bylo ale také zahrnuto 9 rekurentnich a 3 metastatické
nadory. Ve trech pripadech primarnich tumort nebyl tumor lokalizovan v priusni zlaze.

Nadory mély povétSinou solidné-mikrocystickou architekturu, témeér v jedné
tretiné pripadi byla ale také pritomna uprava cystopapilarni. Svétlobunécéna preména
nadorovych bunék byla pozorovana v 33 piipadech (26 %). Imunohistochemické markery
DOGI a SOX10 byly pozitivni v 98 % a 99 % pripadi, novy specificky marker NR4A3
byl pozitivni v 82 % piipadi, piricemz nékdy se touto protilatkou barvily jen casti
preparatii nebo bylo barveni zna¢né slabé 1 pi1 optimalni vnéjsi kontrole. V pripadé, ze
byl jeden z markeri negativni, byly vzdy pozitivni zbyvajici dva markery, tato
trojkombinace ma tedy dle nasich vysledki perfektni senzitivitu a muZe nahradit i
molekularné-genetické metody.

Jako zastupny marker translokace t(4;9) byl detekovan zlom genu NR4A43 pomoci
FISH. Celkem byl zlom prokdzan v 73 % testovanych pripadi, z NR4A3-
imunopozitivnich AciCC pak u 82 %. Diskrepance v po¢tu NR4A3-imunopozitivnich
pripadu a piipadi s uspésnou detekci zlomu genu NR4A43 vznika nejspiSe tim, Ze FISH je
v nékterych pripadech, kdy je zlom lokalizovan zna¢né upstream pred samotnym genem
NR4A43, falesné negativni (7).

Vsechny NR4A3-imunonegativni a 33 NR4A3-imunopozitivnich pripadi bylo
nasledné imunohistochemicky testovano s protilatkou proti NR4A2. Ve vzacnych
piipadech bez translokace t(4:9) zpusobujici overexpresi genu NR443 byla v AciCC
detekovana upregulace genu NR4A42. Jedna se o paralogni geny kdodujici proteiny patiici
do rodiny retinoidnich receptorti steroidnich-thyroidalnich hormont, které po aktivaci
piislusnymi ligandy pusobi jako transkripéni faktory. Patogeneticky proces u nadori s
piestavbou genu NR4A42 je tedy pravdépodobné analogicky enhancer hijackingu jiz diive
popsanému u AciCC srearanzemi zahrnujicimi gen NR443 (7). Sest NR4A3-
imunonegativnich piipadi vykazovalo silnou nuklearni pozitivitu pi1 barveni
s protilatkou NR4A2, zatimco vSechny NR4A3-imunopozitivni pripady byly negativni.
Celkem 17 pripada bylo imunohistochemicky negativnich v prikazu NR4A3 1 NR4A2.
U dvou ztéchto piipadi se nasledné podarilo prokéazat zlom v oblasti genu NR4A43
pomoci FISH.
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Devét pripadi bylo findlné testovano pomoci break-apartové FISH sondy
detekujici zlom v oblasti genu NR442. Zlom se podarilo prokazat u dvou z téchto
testovanych pripadi, oba byly zaroven pozitivni v imunohistochemickém prikazu
NR4A2. Tato geneticka aberace v AciCC byla poprvé popsana v nasi praci.
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Abstract

Acinic cell carcinoma (AciCC) is a common salivary gland malignancy, typically composed of neoplastic acinic cells with
zymogen granules. The vast majority of cases are driven by a t(4;9)(q13;q31) leading to enhancer hijacking and upregulation
of the NR4A3 gene. However, a minority of cases do not display NR4A 3 overexpression on immunohistochemical examination
and are negative for the rearrangement involving the NR4A3 gene when tested by FISH. Such cases overexpress NR4A2, and
the protein product is detectable by immunohistochemistry. In this study, we aimed to assess the utility of NR4A2 and NR4A3
immunohistochemistry in the differential diagnosis of salivary gland tumors. Eighty-five cases of classic low-grade ACiCC, as
well as 36 cases with high-grade transformation (HGT) and 7 high-grade AciCC cases were included in the analysis. NR4A3
was at least focally positive in 105/128 (82%) cases. Out of the 23 cases that were immunohistochemically negative for NR4A3,
6 displayed nuclear immunopositivity with the NR4A?2 antibody. The NR4A3 rearrangement was confirmed by FISH in 38/52
(73%) cases. In addition, this is the first report of an NR4A2 rearrangement being detected by FISH in 2 AciCC cases that
were negative for the NR4A3 rearrangement. Our analysis confirms that the majority of AciCC, including high-grade cases
and cases with HGT, are immunopositive for NR4A3, and suggests that NR4A3 immunohistochemistry is a powerful tool in
the differential diagnosis of salivary gland tumors. However, its utility is limited in sub-optimally fixed samples which often
display weaker and focal positivity. Our study also indicates that in a minority of cases, AciCC might be negative for NR4A3
immunostaining, because the pathogenic genetic event in these cases is instead a rearrangement involving the NR4A2 gene.

Keywords Salivary gland - Acinic cell carcinoma - NR4A3 - NR4A2 - t(4 - 9)(q13 - g31) translocation - High-grade
transformation

Introduction Middle-aged adults, more often female, are the most com-

monly affected, with the average age of about 50 years, but
Acinic cell carcinoma (AciCC) represents about 10% of  the age range is considerably wide. While the prognosis
malignant salivary gland tumors and is also the second  for patients with the classic low-grade AciCC is excellent,

most common pediatric salivary gland malignancy [1].  with 5-year and 10-year survival rates of 97% and 94%,
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respectively [2], some cases display a transformation into
high-grade, aggressively behaving neoplasms with unfavora-
ble outcomes [3-5].

In typical low-grade cases, the neoplastic cells display
a serous acinic differentiation with PAS-positive cytoplas-
mic granules. However, some neoplastic cells can also have
eosinophilic, clear-cell or vacuolated cytoplasm. The most
common architectural pattern is solid-microcystic, often
with abundant lymphoid stroma, including well-formed
lymphoid follicles with germ centers in some cases. Cri-
briform and cystic architecture is often associated with
intratumoral hemorrhage. Follicular, tubular, and papillary
growth patterns are less common and might pose a diagnos-
tic challenge in some instances. Areas with transformation
into high-grade carcinoma usually grow as solid nests, often
with central comedonecrosis. Tumor cells are positive for
SOX10 and DOG1, with the latter antibody usually showing
an apical/canalicular pattern of staining. Conversely, p40,
p63, and S100 markers are negative in AciCC. Even though
the diagnostic process in acinic cell carcinoma is usually
straight-forward, the immunohistochemical markers might
be of benefit in challenging cases such as zymogen gran-
ule-poor and other rare morphological variants including
clear-cell changes, tumors with high-grade transformation or
unusually located tumors. In fine-needle aspiration cytology
specimens, immunohistochemistry might aid to differentiate
among zymogen granule-rich neoplastic cells of acinic cell
carcinoma and normal acinic cells.

Genetically, the vast majority of AciCC are driven by
t(4;9)(q13;q31), leading to the hijacking of strong enhancer
regions from the secretory calcium-binding phosphoprotein
cluster of genes (SCPP) to the proximity of NR4A3 (Norl)
gene [6]. This causes the overexpression of NR4A3 which
might in turn detected by immunohistochemistry [7]. Rare
cases that are negative for the translocation might display
upregulation of another gene from the same group of nuclear
receptors called NR4A2 (Nurrl), located at chromosome
band 2q24.1 [8]. Recently, immunohistochemical markers
NR4A3 and, rarely, NR4A2 have been gaining importance
in the differential diagnosis of salivary glands tumors, being
highly specific and sensitive for AciCC [7-9].

Materials and methods
Case selection

For the current study, 128 AciCC cases were collected from
institutional files of Biopticka laboratory. The diagnosis was
confirmed by two pathologists (NK and AS) based on histo-
morphology and immunohistochemistry, in accordance with
the current WHO classification of head and neck tumors
[1]. Classic low-grade AciCC cases as well as cases with
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high-grade features or high-grade transformation (HGT) were
included. Tumors with HGT were defined by the presence of a
transformed area consisting of poorly differentiated carcinoma
with high-grade features (with high mitotic activity and/or necro-
sis), within an otherwise well-defined, low-grade AciCC. The
diagnosis of high-grade AciCC (without HGT) was rendered if
areas with increased mitotic activity (> 5 mitotic figures/10 HPF
(2.4 mm?)) and/or necrosis were present in the tumor, without
the presence of a classic low-grade area, in accordance with a
grading system proposed by Xu et al. [3]. Similarly to previous
studies [7], these high-grade cases were included based on the
concordant immunohistochemistry and clinicopathological cor-
relation, as most of the samples represented recurrent tumors,
metastases, or probatory biopsy specimens.

Histology and immunohistochemistry

For conventional microscopy, the excised tissues were fixed in
formalin, processed routinely, embedded in paraffin (FFPE), cut,
and stained with hematoxylin & eosin. For the DOG1, SOX10,
NR4A3, and NR4A?2 immunohistochemistry, the 4-pm-thick
sections cut from paraffin blocks were processed in accordance
with institutional standard on BenchMark ULTRA (Ventana
Medical Systems, Tucson, AZ). All primary antibodies with
their respective epitope retrieval method used in this study are
summarized in Table 1. Visualization was performed using the
ultraView Universal DAB Detection Kit (Roche, Tucson, AZ)
and ultraView Universal Alkaline Phosphatase Red Detection
Kit (Roche, Tucson, AZ). The slides were counterstained with
Mayer’s hematoxylin. Appropriate controls were employed.
NR4A3 immunohistochemical examination was recognized as
positive if moderate to strong nuclear staining was present at least
focally (>5% tumor cells). Cytoplasmic or membranous stain-
ing was considered non-specific and was not counted as positive.
NR4A?2 immunohistochemical stain displayed a strong background
affinity to multiple, even non-neoplastic structures. Consequently,
only strong diffuse nuclear staining was regarded as positive.

FISH

For the detection of NR4A2 and NR4A3 rearrangements, cus-
tom-design SureFISH NR4A2 break-apart probe (SureFISH/
Agilent Technologies, Santa Clara, CA, USA) and ZytoLight

Table 1 Antibodies used in the study

Dilution Clone Source
DOG1 RTU SP31 Ventana
NR4A2 1:100 N1404 Abcam
NR4A3 1:50 H-7 Santa Cruz
SOX10 RTU SP267 Ventana

RTU, ready to use
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SPEC NR4A 3 Dual Color Break A part Probe (ZytoVision Gmbh,
Bremerhaven, Germany) were used. Chromosomal locations
(build Human Genome version hg19) used for custom NR4A2
break-apart probe oligos were chr2:156,780,798-157,181,092 and
chr2:157,198,713-157,599,007. The FISH procedure and interpre-
tation of the results were performed as described previously [10].

Results
Demographic and clinical characteristics

The clinicopathological data for the 128 AciCC cases are
summarized in Table 2. Eighty-five cases of low-grade

AciCC, 7 cases of high-grade AciCC, and 36 cases with
HGT were included in the study. The patients’ age ranged
from 11 to 86 years (mean= 56, median=61). Patients
with HGT and high-grade tumors were more than a dec-
ade older than patients with low-grade AciCC (mean= 65,
median =68 vs. mean= 52, median = 56). Whereas 72% of
patients with low-grade AciCC were female, both sexes
were affected almost equally in the HGT and high-grade
groups. One hundred and sixteen cases were primary
tumors, most commonly occurring in the parotid gland,
while 1 case each originated from the sublingual gland,
submandibular gland, and small salivary gland in the para-
pharyngeal space. Location was unknown in 1 case. In
addition, 9 cases represented recurrences, and 3 metastases

Table2 Clinical data and

) 128 AciCC cases n %
molecular-genetic features of
the cases Clinical features
Sex
Female 84 66%
Male 44 34%
Age, median (range) 61 (11-86)
Primary tumor 116 91%
Parotid gland 112
Submandibular gland 1
Sublingual gland 1
Minor salivary gland 1
Recurrence 9 7%
Metastatic lesion 3 2%
Pathologic features
Size, median (range) (cm) 2.3(04-9)
Mitotic figures/10 HPF (2.4 mmz)
04 87 68%
=5 41 32%
HG and HGT 43 34%
Necrosis 41 32%
Architecture
Solid-microcystic 115 90%
Cystic/cystopapillary 39 30%
Cribriform 16 13%
Follicular 3 2%
Clear-cell change 33 26%
Eosinophilic/oncocytoid cytoplasm 2 2%
Immunohistochemistry
DOG1 126 98%
SOX10 127 99%
NR4A3 105 82%
NR4A3 break-apart by FISH
Total 38/52 analyzable cases 73%
NR4A3-immunopositive cases 36/44 analyzable cases 82%
NR4A3-immunonegative cases 2/8 analyzable cases 25%

AciCC, acinic cell carcinoma; FISH, fluorescence in situ hybridization; HG, high-grade; HGT, high-grade
transformation; HPF, high-power field
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in the lung, pleura, and omentum, respectively, were sam-
pled. Tumor size ranged from 4 to 90 mm (mean 26.1,
median 23).

Histopathologic and molecular-genetic features

Various architectural patterns were seen on micro-
scopic examination, with the solid-microcystic pattern
(Fig. 1A) being most prevalent (n=115), commonly
accompanied by abundant lymphoid stroma surrounding
the neoplastic cell nests. Solid growth was present in 4%
of low-grade AciCC cases (n=3), while all cases with
high-grade features contained at least minor parts with
solid growth pattern. Occasionally, cystic or cystopapillary
growth patterns were present (n=39), often associated
with intratumoral hemorrhage, with erythrocytes located
in the lumina (Fig. 1B). Cribriform and follicular areas
were revealed in 16 and 3 cases, respectively. Clear-cell
change was frequent in both grade groups (n=33), while
oncocytoid or eosinophilic cytoplasm was observed in 2
cases with HGT. A collision with Warthin tumor was seen
in 1 case of a parotid lesion of an 83-year-old female.

The high-grade cases and the high-grade areas in cases
with HGT displayed moderate to high-grade cytologic
atypia with larger round to oval, often vesicular nuclei, and
well-visible nucleoli. The mitotic activity was moderate to
high, reaching up to 69 mitotic figures/10 HPF (2.4 mm?).
In addition, necrotic areas were revealed in 95% of these
cases (n=41), usually in the form of comedo-type necro-
sis (Fig. 1C-D). In some cases, larger areas of geographic
necrosis were revealed. Conversely, no necrotic foci were
present and no more than 4 mitotic figures/10 HPF (2.4
mm?) were counted in the low-grade cases.

Fig.1 Histomorphologic
features of AciCC. A Neoplastic
acinic cells with zymogen gran-
ules organized in a solid-micro-
cystic pattern were the most
common finding (case LG9). B
Cystic-hemorrhagic pattern in
low-grade AciCC (case LG15).
C Clear cell change and necrotic
foci in a case with HGT (case
HGT9). D High-grade area with
foci of comedonecrosis and high
mitotic activity (case HGT3)
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One case with HGT revealed further sarcomatoid dedif-
ferentiation. The tumor, arising in the parotid gland of a
78-year-old male, contained three components: a small
typical low-grade solid-microcystic components, larger sar-
comatoid component consisting of pleomorphic spindled
cells growing in short fascicular and vaguely storiform pat-
terns on the background of hyalinized fibrous stroma, and
a tubular to cribriform adenocarcinoma-like component
with high-grade nuclear atypia growing in nests inside the
sarcomatoid area. The mitotic activity was similar in both
the tubular and sarcomatoid regions, reaching 14 and 11
mitotic figures/10 HPF (2.4 mm?), respectively, while no
mitosis was revealed in the low-grade area. Small necrotic
foci were present in the tubular component. On immunohis-
tochemical examination, both the low-grade and the tubular-
to-cribriform component were positive for NR4A3 but the
sarcomatoid component was negative. FISH examination of
an NR4A3 rearrangement was negative in all parts of the
analyzed slide.

DOGI1 immunomarker was positive in 126/128 (98%)
cases (Fig. 2A), while SOX10 displayed nuclear positivity in
127/128 (99%) cases (Fig. 2B). NR4A3 was at least focally pos-
itive in 105/128 (82%) cases (Fig. 2C-D). A similar proportion
(82% vs. 81% vs. 86%) of NR4A3-positive cases were revealed
in the low-grade, HGT, and high-grade groups of AciCC.

Out of the 23 cases that were immunohistochemically
negative for NR4A3 (Fig. 2E), all were positive for both DOG1
and SOX10. All NR4A3-negative and 33 NR4A3-positive
cases were subsequently stained for NR4A2 (n=>56). Six of the
NR4A3-immunonegative cases displayed unequivocal nuclear
immunopositivity with the NR4A2 antibody (Fig. 2F), while
all the 33 NR4A3-immunopositive cases tested negative for
NR4A?2 on immunohistochemistry (Table 3).
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Fig.2 Immunohistochemical
findings Immunohistochemi-
cal staining for DOG1 (A) and
SOX10 (B) was positive in
126/128 (98%) and 127/128
(99%) cases, respectively (case
LG15). NR4A3 immunostain-
ing revealed strong (C) (case
LG10) to moderate (D) (case
HGT9) nuclear positivity in
105/128 (82%) cases. Twenty-
four cases did not stain for
NR4A3 (E) (case LG13), six of
which showed strong nuclear
immunopositivity for NR4A2
(F) (case HGT23)

The NR4A3 rearrangement was analyzed by FISH in 57
cases. Firstly, 47 NR4A3-immunopositive cases were tested.
The rearrangement was verified in 23/28 (82%) low-grade
AciCC cases, 11/14 (79%) cases with HGT, and 2/2 (100%)
high-grade AciCC cases. In total, NR4A 3 rearrangement was
confirmed by FISH in 36/44 (82%) NR4A3-immunopositive
analyzable cases, while 8/44 (18%) cases were negative for
the aberration. Secondly, 10 NR4A3-immunonegative cases
were assessed, with 6/8 (75%) analyzable cases being nega-
tive on the FISH examination and 2/8 (25%) cases displaying
a positive NR4A3 split signal. Out of the whole cohort, 5
cases were not able to be analyzed by FISH.

Finally, we assessed the presence of a rearrangement
involving NR4A2 using a custom FISH break-apart probe
(Table 3). In total, 9 cases were tested, including the 6
NR4A2-immunopositive cases and 3 cases that were nega-
tive for both NR4A2 and NR4A3 by immunohistochemistry.
The NR4A2 break-apart was confirmed in 2/8 (25%) analyz-
able cases, while 6/8 (75%) analyzable cases were negative
and 1 case was not analyzable. Both cases with the NR4A2
rearrangement confirmed by FISH were also positive for
the NR4A2 immunohistochemical marker (Fig. 3B-C). The
first case that harbored the break was an unusual low-grade
AciCC affecting the parotid gland of a 19-year-old male. It
displayed a solid-trabecular growth of uniform neoplastic
cells with abundant eosinophilic and occasionally clear cyto-
plasm and was therefore originally diagnosed as oncocytoma

23

(Fig. 3A). FISH analysis of an NR4A3 break-apart was nega-
tive in this case. The second case was a tumor with HGT
occurring in a 61-year-old male. The low-grade areas with
solid-microcystic architecture gradually devolved into high-
grade solid tumor displaying a conspicuous cytoplasmic
clearing, nuclear atypia, and central necrosis. The NR4A3
rearrangement was not analyzable by FISH.

Overall, 17 cases were immunohistochemically negative
for both NR4A3 and NR4A?2 markers. Four of these were
able to be tested for the NR4A3 rearrangement by FISH, and
the break was confirmed in 2/4 (50%) cases. The NR4A2
break-apart was further analyzed by FISH in 3 of these
cases, with a negative result in all of them.

Table 3 NR4A2 immunohistochemistry and FISH analysis in acinic
cell carcinoma

Number of posi- Number of
tive cases analyzed
cases
NR4A?2 immunohistochemistry
Total 6 56
NR4A3-immunonegative cases 6 23
NR4A3-immunopositive cases 0 33
NR4A2 break-apart by FISH 2 8
@ Springer
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Fig.3 NR4A2-rearranged case
of AciCC (caseL.G42). A The
low-grade tumor was composed
of uniform cells with eosino-
philic cytoplasm organized in

a solid-trabecular pattern. B
Diffuse nuclear NR4A2 immu-
nostaining. C FISH analysis
utilizing a NR4A2 break-apart
probe was clearly positive

Discussion

In this study, we present an extensive analysis of the immu-
nohistochemical and molecular genetic features of AciCC, a
common malignant salivary gland tumor driven in most cases
by t(4;9)(q13;q31) leading to upregulation of the NR4A3 gene.
NR4A3 immunostain is a powerful tool in differential diagnos-
tics in AciCC cases. As much as 82% of cases were positive for
NR4A3 in our series. However, previous reports documented
an even higher proportion (up to 98%) of AciCC cases to
be immunopositive for NR4A3 with a homogenous diffuse
nuclear pattern [7, 9]. The discordance was likely caused by the
inclusion of archival, sub-optimally fixed samples, which were
slightly more prevalent in the low-grade cohort. The NR4A3
antigenicity was probably limited or completely lost in such
cases, and the NR4A3 immunohistochemistry was apparently
highly sensitive to sub-optimal processing in our laboratory.
Although FISH analysis of the NR4A3 rearrangement might
be informative in some of these troublesome cases, a negative
result of the molecular-genetic examination does not necessar-
ily exclude the possibility of the t(4;9)(q13;q31) being present.
As indicated by Haller et al. [7], some cases with chromo-
somal breakpoints of chromosome 9 located higher upstream
from the NR4A3 gene might show apparently normal, non-
translocated fluorescence signals. Other methods might

@ Springer

24

thereafter be employed to reveal the NR4A 3 overexpression
(qRT-PCR) and the exact location of the chromosome breaks
involved in the rearrangement, especially in rare cases with
unusual morphology that might render the diagnostic pro-
cess exceptionally difficult. Notably, since the mechanism of
oncogenesis in acinic cell carcinoma is enhancer hijacking
which upregulates NR4A 3, and not a gene fusion that would
code for an active fusion oncoprotein, no fusion transcript
is detectable by RT-PCR or RNA-sequencing.
Importantly, both low-grade and high-grade (includ-
ing cases with HGT) cases were able to be stained with the
NR4A3 antibody. In cases with HGT, nuclear positivity for
NR4A3 was observed in both low-grade and transformed
areas. NR4A3 immunostaining might therefore be utilized in
challenging cases, i.e., small samples containing poorly dif-
ferentiated high-grade areas only, fine-needle aspiration cytol-
ogy specimens [11, 12], tumors with unusual morphology etc.
In addition, AciCC might sporadically be driven by
overexpression of NR4A 3 paralog NR4A2. Both genes code
for proteins belonging to the steroid-thyroid hormone reti-
noid receptor family that act as transcription factors when
activated by their respective ligands. The carcinogenetic
process in tumors with the NR4A2 rearrangement is there-
fore likely analogous to the enhancer hijacking described
in NR4A3-rearranged acinic cell carcinomas. While NR4A3
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locates to 9q31, NR4A2 is found at 2q24. In this study, 6 NR4A3-
immunonegative cases displayed a strong nuclear positivity with
the NR4A2 antibody. NR4A2 immunoexpression was shown to
correlate with NR4A2 upregulation in AciCC in a recent study
[8]. This is the first report of a rearrangement involving NR4A2
being confirmed by FISH in 2 cases of AciCC. Interestingly,
both cases displayed unusual morphologic features, with the first
low-grade tumor resembling oncocytoma and the second tumor
containing abundant clear-cell areas. Solid growth pattern was
observed in both cases, similarly to the case reported by Haller
et al. [8]. Further studies might contribute further evidence to
clarify whether the NR4A2 rearrangement occurs more frequently
in AciCC cases with less usual morphology.

Lastly, a small cohort of our cases was negative for both
NR4A2 and NR4A3 immunomarkers. FISH analysis of the
NR4A3 rearrangement proved more sensitive in two of these
double-immunonegative cases, and they were finally classi-
fied as acinic cell carcinoma with an NR4A 3 rearrangement.
However, rearrangements of NR4A2 nor NR4A3 were not
detected by FISH in some of these double-immunonegative
cases. Members of this group may represent cases where
both detection methods used in this study failed, and the
tumors in fact harbor NR4A2 or NR4A3 rearrangements.
Some cases may nonetheless belong to a very minor group
of AciCC cases whose pathogenesis is based on a different
genetic aberration, whether it is, for example, the rearrange-
ment of other genes from the nuclear receptor subfamily 4A,
or another alteration of a completely unrelated gene.

In summary, we present a first report of an NR4A2 rear-
rangement in a subset of acinic cell carcinoma cases. This
genetic aberration was present in cases that were negative
for the NR4A3 marker and positive for the NR4A2 marker
on immunohistochemical examination. NR4A2 and NR4A3
code for highly similar, paralogous proteins; we therefore pro-
pose a similar pathogenetic process being involved in acinic
cell carcinomas with the NR4A 2 rearrangement that has been
proposed previously in tumors with the NR4A 3 break-apart.
NR4A2 and NR4A3 are reliable immunohistochemical mark-
ers for acinic cell carcinoma whose importance is highlighted
especially in challenging, less typical cases.
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4.2 Sclerosing polycystic adenoma of salivary glands: A novel neoplasm
characterized by PI3K-AKT pathway alterations — New insights into a challenging entity

Indexovym pripadem v této studii byl tumor 62letého muze lé¢enc¢ho inhibitory
imunitnich checkpointi pro diive potvrzeny metastazujici svétlobunécny karcinom
ledviny, nyni rovnéz lé¢eného pro 9 mésicii trvajici rezistenci v oblasti levostranné priusni
zlazy. Tumor byl exstirpovan a hodnocen jako apokrinni intraduktalni karcinom
dosahujici do resek¢nich okraji, proto byla nasledné provedena radikalni parotidektomie
a disekce krénich lymfatickych uzlin. V resekatu byla prokazana léze slozena ze tii
komponent — konven¢niho SPA, rezidualnich struktur intraduktalniho karcinomu se
solidni, kribriformni a mikropapilarni intraluminalni proliferaci mirné atypickych bunék
s apokrinni morfologii a fokusu invazivniho salivarniho duktalniho karcinomu tvoreného
nadorovymi bunkami s high-grade atypiemi. Bunky intraduktalniho karcinomu 1
salivarniho duktalniho karcinomu byly imunohistochemicky pozitivni v priukazu
androgennich receptorii. Po opera¢nim vykonu byl pacient pri posledni kontrole 8 mésicti
bez znamek rekurence salivarniho tumoru.

Ve studii bylo shromazdéno a hodnoceno celkem 36 piipadi SPA, vSechny
vyrustaly v oblasti parotis. Vice nez 2/3 pacienti byly Zeny, vékové rozmezi bylo Siroké,
a to od 11 do 79 let. V5 pripadech byla zaznamenana rekurence nadoru, pii¢emz
v jednom z téchto piipadi se jednalo o dvojnasobnou rekurenci, v dalsim pripadé o
rekurenci trojnasobnou, vyzadujici nakonec provedeni radikalni parotidektomie
s adjuvantni radioterapii. Ve vSech piipadech byly histologicky potvrzeny typické znaky
SPA (1.1.2) véetné cytomorfologické variability luminalnich duktalnich bunék (pénita,
vakuolizovana ¢1 vodojasna cytoplazma, onkocyticka, dlazdicobunééna a apokrinni
metaplazie, hlenotvorba).

Ve vSech pripadech byla pfitomna méné nebo vice abundantni loZiska
intralumindlni  epitelidlni proliferace s kribriformni, solidni ¢1  mikropapilarni
architekturou. V 35 pripadech méla tato loziska charakter 1éze z bunék vmezerenych
duktt, s imunohistochemickou pozitivitou S100 a SOX10. V 18 piipadech byla navic
pritomna 1 loZiska intraluminalni proliferace druhého typu, tvoiena buiikami apokrinniho
vzhledu, imunohistochemicky pozitivnimi v prikazu AR a negativnimi v prukazu
markerd S100 a SOX10. V 17 pripadech navic tyto intraluminalni proliferace, at’ uz
prvniho nebo druhého typu, vykazovaly mirny az vysoky stupen jadernych atypii,
loziskové pak nabyvaly az vzhledu intraduktalniho karcinomu. Invazivni high-grade
salivarni duktalni karcinom byl pfitomen v jiz popsaném indexovém piipadu.

U 11 piipadd byl dostupny material pro DNA-seq a RNA-seq. V 9 z téchto
pripadi byly detekovany rekurentni, prevazné bodové mutace v genech kodujici proteiny
signalni drahy PI3K, ¢imZ byla potvrzena nadorova povaha léze. Mutace PIK3CA byly
pritomny u 5 pripadi, somaticka 1 germinalni mutace PTEN pak u jednoho z téchto
piipadi. Dva pripady obsahovaly mutace genu AK77, vjednom znich byla dale
prokazana mutace genu HRAS. Ta byla pritomna celkem u 4 pripadi.

Zatimco mutace PIK3CA byly prokazany u pripadi, které vykazovaly
intraluminalni proliferaci z bunék vmezerenych dukti, mutace HRAS byly ve vSech 4
pripadech asociovany s apokrinni intraluminalni proliferaci. V indexovém piipadu byla
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prokazana mutace PIK3CA v komponentach SPA 1 infraduktalniho a salivarniho
duktalniho karcinomu (tedy v komponentich srysy jak vmezefenych dukti, tak
apokrinnimi), zatimco mutace HRAS byla prokazana jen v komponenté apokrinniho
intraduktalniho a salivarniho duktalniho karcinomu.
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Sclerosing Polycystic Adenoma of Salivary Glands

A Novel Neoplasm Characterized by PI3K-AKT Pathway
Alterations—New Insights Into a Challenging Entity
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Abstract: Sclerosing polycystic adenoma (SPA) is a rare salivary
gland neoplasm originally thought to represent a non-neoplastic le-
sion. Recently we have encountered an index case of apocrine intra-
ductal carcinoma of parotid gland of 62-year-old man with invasive
salivary duct carcinoma component arising from SPA, a combination
of tumor entities that has never been published so far. Here, we
further explore the nature of SPA by evaluating 36 cases that were
identified from the authors’ consultation files. The patients were 25
females and 11 males aged 11 to 79 years (mean, 47.8 y). All tumors
originated from the parotid gland. Their size ranged from 11 to 70
mm (mean, 28 mm). Histologically, all cases revealed characteristic
features of SPA, such as lobulated well-circumscribed growth, focal
hyalinized sclerosis, presence of large acinar cells with abundant
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brightly eosinophilic intracytoplasmic granules, and ductal compo-
nents with variable cytomorphologic characteristics, including foamy,
vacuolated, apocrine, mucous, clear/ballooned, squamous, columnar
and oncocytelike cells. In all cases, there were foci of intraluminal
solid and cribriform intercalated duct-like epithelial proliferations with
variable dysplasia which were positive for S100 protein and SOX10,
and fully enveloped by an intact layer of myoepithelial cells. In ad-
dition, 14/36 cases (39%) had focal intraductal cribriform and mi-
cropapillary apocrine-type dysplastic epithelial structures composed of
cells positive for androgen receptors and negative for S100/SOX10.
The intraductal proliferations of both types showed focal mild to
severe dysplasia in 17 cases (17/36; 47%). Two cases showed overt
malignant morphology ranging from high-grade intraductal carcino-
ma to invasive carcinoma with an apocrine ductal phenotype. Next
generation sequencing using ArcherDX panel targeting RNA of 36
pan-cancer-related genes and/or a TruSight Oncology 170/500 Kit
targeting a selection of DNA from 523 genes and RNA from 55 genes
was performed. Tumor tissue was available for molecular analysis in
11 cases, and 9 (9/11; 82%) of them harbored genetic alterations in the
PI3K pathway. Targeted sequencing revealed HRAS mutations
¢.37G > C, p.(Glyl3Arg) (2 cases) and c.182A > G, p.(GIn61Arg) (2
cases), and PIK3CA mutations ¢.3140A > G, p.(His1047Arg) (3 cas-
es), ¢l633G>A, p.(Glu45Lys) (1 case), and c.1624G>A, p.
(Glu542Lys) (1 case). Moreover, mutations in AKTI c49G> A, p.
(Glul7Lys) and c.51dup, p.(Tyrl8ValfsTerl5); c49_50delinsAG, p.
(Glul7Arg) (as a double hit) were found (2 cases). In addition, ger-
minal and somatic mutation of PTEN ¢.1003C > T, p.(Arg335Ter);
c445C> T, p.(GIn149Ter), respectively, were detected. Gene fusions
were absent in all cases. These prevalent molecular alterations con-
verging on one major cancer-related pathway support the notion that
SPA is a true neoplasm with a significant potential to develop intra-
luminal epithelial proliferation with apocrine and/or intercalated duct-
like phenotype. The name SPA more correctly reflects the true
neoplastic nature of this enigmatic lesion.

Key Words: sclerosing polycystic adenoma, sclerosing polycystic
adenosis, salivary gland neoplasm, parotid gland, PIK3CA-AKT
pathway

(Am J Surg Pathol 2022;46:268-280)
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clerosing polycystic adenoma (SPA) previously known as

sclerosing polycystic adenosis, is a rare salivary gland
neoplasm that was first described in 1996 by Smith et al.!
SPA reveals a characteristic combination of histologic fea-
tures, some of which are reminiscent of histopathologic
changes that occur in the mammary gland, such as fibrocystic
disease/sclerosing adenosis and intraductal epithelial pro-
liferations of various types. In their initial description of
SPA, Smith et al' hypothesized that SPA represented a non-
neoplastic, reactive lesion analogous to fibrocystic disease of
the breast. However, SPA frequently harbors intraluminal
epithelial solid and papillary proliferations that have been
described eatlier as dysplasia ranging from mild to severe/
carcinoma in situ.>® In addition, a single study utilizing
polymorphisms of the human androgen receptor (AR) on 6
cases of SPA reported X-chromosome inactivation in all in-
formative cases suggesting that SPA is a clonal neoplastic
process.” In a recent study, Bishop et al'® reported recurrent
PTEN mutation and PI3K pathway alteration in 4 cases of
SPA. Report of PTEN mutation and PI3K pathway alter-
ation in additional 2 cases, and an association with Cowden
syndrome in 1 patient!! represents further evidence to support
that these lesions are neoplastic and more appropriately re-
ferred to as “sclerosing polycystic adenoma” (SPA). This
name has been proposed earlier'? and it is used in this
manuscript.

Recently, we have encountered an index case of parotid
gland tumor composed of apocrine intraductal carcinoma
(IC) and invasive salivary duct carcinoma (SDC) arising from
conventional SPA, a combination of tumor entities that has
never been published so far. IC is the current designation used
by the World Health Organization (WHO) Classification of
Head and Neck Tumors for a rare salivary gland neoplasm'3
that has previously also been referred to as “low-grade (LG)
SDC” and “LG cribriform cystadenocarcinoma.”'* IC is
conceptually believed to be similar to ductal carcinoma in situ
(DCIS) of the breast. Although IC is one entity in the current
WHO Classification of Head and Neck Tumors,!® recent
studies have suggested that at least 3 subtypes exist: a LG
intercalated duct cell (IDC)-like variant with frequent RET
rearrangemcnts,ly 17 a LG apocrine and mixed IC with fre-
quent TRIM27-RET fusion,'®1® and an apocrine and mixed
IC with SDC-like genetics.!” Like SPA, apocrine IC may
harbor molecular alterations similar to high-grade (HG) SDC
with frequent HRAS and PI3K pathway mutations.!® SDC is
a highly aggressive carcinoma that recapitulates invasive
ductal breast cancer and it constitutes up to 10% of all sali-
vary gland carcinomas.”? SDC is characterized by hetero-
genous molecular abnormalities involving predominantly
inactivation of tumor suppressor genes, such as 7P53, PTEN,
and activation of genes of the PI3K/AKT/mTOR pathway
(such as PIK3CA, HRAS, and AKTI)>"?* 1t has been sug-
gested earlier that apocrine IC and SPA may be related
entities.!” Here, we present an index case of apocrine IC of
parotid gland with transformation to SDC arising from SPA.
To further explore the nature of SPA and to learn how SPA,
apocrine IC and SDC are associated, we decided to study
molecular, immunohistochemical and histologic features of 36
cases of SPA, the largest series in the literature so far.
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MATERIALS AND METHODS

Case Selection

Recently the authors (J.L. and A.S.) encountered an
index case of a parotid gland tumor in a 62-year-old male
patient with a unique combination of 3 components, SPA,
apocrine IC, and invasive HG SDC. A total of 36 cases of
SPA were selected from the authors’ consultation files. All
cases were reviewed by the corresponding author (A.S.)
and another head and neck pathologist (M.B.), and were
confirmed to meet the diagnostic criteria of SPA as de-
scribed previously,!** and detailed in the 2017 WHO
Classification of Head and Neck Tumors.? Thirty-six cases
were identified that met these inclusion criteria. Three and
12 of these SPA cases were included in 2 previous studies,
Skalova et al® and Skalova et al,” respectively.

All available H&E sections from each case were
reviewed, and the histologic features, including intraductal
epithelial cribriform and papillary apocrine proliferations
and the spectrum of dysplastic changes were tabulated.
Focal epithelial proliferations were classified into 2 cate-
gories according to their histomorphology and im-
munophenotype as IDC-type composed of S100 protein/
SOX10 positive and AR negative epithelial cells, and
apocrine type composed of AR positive and S100 protein/
SOX10 negative cells. LG dysplasia was defined by mild
(G1) or moderate (G2) nuclear features and by a solid/
tubular growth pattern with mild irregularities in cell
shape and by occasional back-to-back arrangements with
intraluminal protrusions (Figs. 1A, B). HG dysplasia was
defined by moderate (G2) and severe (G3) atypical nuclear
features and by a complex growth pattern characterized by
solid/cribriform and intraluminal protrusions of micro-
papillary structures and rigid bridging (Figs. 1C, D).

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

Histology and Immunohistochemistry

For conventional microscopy, the excised tissues
were fixed in formalin, processed routinely, embedded in
paraffin (formalin fixed paraffin embedded), cut, and
stained with hematoxylin and eosin.

For immunohistochemistry, 4-pm-thick sections
were cut from paraffin blocks and mounted on positively
charged slides (TOMO, Matsunami Glass IND, Osaka,
Japan). Sections were processed on a BenchMark UL-
TRA (Ventana Medical Systems, Tucson, AZ), depar-
affinized and subjected to heat-induced epitope retrieval
by immersion in a CCl solution (pH 8.6) at 95°C and for
NORI1 antibody in a CC2 solution (pH 6.0) at 92°C. All
primary antibodies used in this study are summarized in
Table 1.

Visualization was performed using the ultraView
Universal DAB Detection Kit (Roche, Tucson, AZ) and
ultraView Universal Alkaline Phosphatase Red Detection
Kit (Roche). The slides were counterstained with Mayer
hematoxylin. Appropriate positive and negative controls
were employed.
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Molecular Studies: Next Generation Sequencing
and Fluorescence in Situ Hybridization (FISH)
Testing

Sample Preparation for Next Generation Sequencing

Two to 3 formalin fixed paraffin embedded sections
(10 pm thick) were macrodissected to isolate tumor rich
regions. Samples were extracted for total nucleic acid us-
ing Agencourt FormaPure Kit (Beckman Coulter, Brea,
CA). Integrity of RNA was evaluated using PreSeq RNA
QC Assay as previously described.”

Next Generation Sequencing and Analysis

Comprehensive Thyroid and Lung Kit

FusionPlex Comprehensive Thyroid and Lung Kit
(ArcherDX Inc., Boulder, CO) was used to construct
c¢DNA library for the detection of fusion transcripts and
hotspot mutations in 36 genes. All steps were performed
according to the manufacturer’s protocol (version of the
protocol LA135.G), and the library was setiuenoed on an
Illumina platform as described previously.”> Fusion and
mutation detection was performed using the Archer
Analysis software (v6.2; ArcherDX Inc.). Fusion param-
eters were set to a minimum of 5 valid fusion reads with a
minimum of 3 unique start sites within the valid
fusion reads.

270 | www.ajsp.com

s .-,Z-.'.. R

FIGURE 1. LG dysplasia was defined by mild (G1) or moderate (G2) nuclear features and by a solid/tubular growth pattern with
mild irregularities in cell shape and by occasional back-to-back arrangements with intraluminal protrusions (A, B). HG dysplasia was
defined by moderate (G2) and severe (G3) atypical nuclear features and by a complex growth pattern characterized by solid/
cribriform and intraluminal protrusions of micropapillary structures and rigid bridging (C, D).

TruSight Oncology 500 and 170 Kits

A DNA library was prepared using the TruSight On-
cology 170/500 Kit (Ilumina), targeting a selection of DNA
from 523 genes of interest, and RNA from 55 genes, ac-
cording to the manufacturer’s protocol, except for the en-
zymatic fragmentation of DNA using KAPA FragKit
(KAPA Biosystems, Washington, MA). Sequencing was
performed on the NextSeq. 550 sequencer (Illumina) fol-
lowing the manufacturer’s recommendations. Data analysis
(DNA variant filtering and annotation) was performed using
the Omnomics next generation sequencing (NGS) analysis
software (Euformatics, Finland). Custom variant filter was
set up including only nonsynonymous variants with coding
consequences, read depth greater than 50, and benign var-
iants according to the ClinVar databasei6 were excluded.
The remaining subset of variants was checked visually, and
suspected artefactual variants were excluded.

Detection of PLAG1 Break by FISH

Briefly, a 4 pm thick section on a positively charged
slide was routinely deparaffinized, incubated in the 1X
Target Retrieval Solution Citrate pH 6 (Dako, Glostrup,
Denmark) for 40 minutes at 95°C and digested in protease
solution with Pepsin (0.5mg/mL) (Sigma Aldrich, St.
Louis, MO) in 0.01 M HCI at 37°C for 30 minutes. The
slide was then dehydrated in a series of ethanol solutions
(70%, 85%, 96%). Probe Sure FISH 8q12.1 PLAGI Break

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 1. Antibodies Used for The Immunohistochemical Study

Antibody Clone Dilution Antigen Retrieval/Time Source
p63 DAK-p63 RTU EnVision low pH/30 min Dako
AE1-AE3 AEI/AE3 RTU EnVision high pH/30 min Dako

CK7 OV-TL 12/30 RTU EnVision high pH/30 min Dako
Calponin EP798Y RTU CC1/36 min Ventana

S100 protein Polyclonal RTU EnVision high pH/30 min Dako
Mammaglobin 304-1A5 RTU EnVision high pH/30 min Dako

SOX10 SP267 RTU CC1/64 min Cell Marque
DOG1 SP31 RTU CC1/36 min Cell Marque
NOR-1 H-7 1:50 CC2/68 min Ventana
PLAGI1 3B7 1:100 CC1/64 min Sigma Aldrich
AR SP107 RTU CC1/64 min Cell Marque
Ki-67 MIBI RTU EnVision high pH/30 min Dako
GATA3 L50-823 1:200 CC1/52 min BioCareMedical

CC1 indicates EDTA buffer, pH 8.6, 95°C; CC2, citrate buffer, pH 6.0, 92°C; EnVision High pH, pH 9,0, 97°C; EnVision low pH, pH 6.0, 97°C; RTU, ready to use.

Apart Probe Kit (Agilent Technologies, Santa Clara, CA)
was used for the detection of PLAGI rearrangement and
was mixed of both probes (each color was delivered in a
separated well), deionized water and LSI/WCP (Locus-
Specific Identifier/Whole Chromosome Painting) hybrid-
ization buffer (Vysis/Abbott Molecular Diagnostics, Des
Plaines, IL) in a 1:1:1:7 ratio, respectively. The slide with
the applied probe was incubated in the ThermoBrite in-
strument (StatSpin/Iris Sample Processing, Westwood,
MA) with codenaturation parameters at 85°C for 8§ mi-
nutes and hybridization parameters at 37°C for 16 hours.
After hybridization the slide was washed in a post-
hybridization wash solution (2xSSC/0.3% NP-40) at 72°C
for 2 minutes, air-dried in the dark, counterstained with
4’,6-diamidino-2-phenylindole DAPI (Vysis) and exam-
ined immediately.

The section was 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 and SpectrumOrange). One
hundred randomly selected nonoverlapping tumor cell
nuclei were examined for the presence of yellow (normal)
or green and orange (chromosomal breakpoint) fluo-
rescent signals. Cutoff value was set to >10% of nuclei
with chromosomal breakpoint signals (mean+3SD in
normal non-neoplastic control tissues).

RESULTS

Demographic and Clinical Features

The clinicopathologic data for the 36 identified SPA
cases are summarized in Table 2. The patients were 25
females and 11 males aged 11 to 79 years with a mean of
47.8 years. All tumors originated in the parotid gland.
Tumor size ranged from 11 to 70mm (mean 28 mm).
Follow-up was available for 33 patients (33/36; 92%),
however, patient information was lost in the cohorts (14/
36; 39%) published earlier (Table 2). Complete follow-up
information was available for a total of 19 cases (19/26;
53%) (range, 2mo to 15y; mean 42.7 mo).
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Clinically, the tumors manifested as slowly growing
and well-circumscribed, palpable masses with a duration
of a few months to 10 years. Tenderness or intermittent
pain was recorded in 3 patients.

Treatment was complete excision in all cases, per-
formed with different surgical modalities (Table 2).

Five cases (5/36;14%) have recurred with a mean
period before the first recurrence of 38 months. In 2 pa-
tients, there were multiple recurrences; in case 9, SPA re-
curred twice, at 6 and 13 years, and in case 19, SPA
recurred 3 times at 6 and 18 months and at 13 years. The
latter patient, at the age of 32, was treated by extended
radical parotidectomy followed by radiotherapy. At fol-
low-up of 13 years after the latest surgery, she was without
evidence of disease, and was then lost to follow-up.

Two patients suffered from prior malignancy. In case 28,
a 65-year-old female patient had a history of bone marrow
transplantation for Hodgkin lymphoma 19 years before diag-
nosis of SPA. In case 32 (index case), a 62-year-old male pa-
tient who quit smoking 2 years before presented with a history
of clear cell renal cell carcinoma. The kidney tumor was
treated by left-sided nephrectomy. Ten months after surgery,
the patient developed lung and liver metastases, and he was
treated with PD-L1 immune checkpoint inhibitors. Four years
after the kidney surgery, the patient presented with a slowly
growing painless mass in the left parotideo-masseteric area of
9 months duration. On palpation, a mildly tender swelling was
covered by skin with a violet discoloration. No symptoms of
facial nerve paresis were observed. A tumor of the left parotid
gland, 25 mm in diameter, was extirpated and a diagnosis of
apocrine IC with a positive margin was rendered. Radical
parotidectomy and lymph node dissection was performed,
followed by radiotherapy. There was a well-circumscribed fo-
cus of SPA, measuring 21x20x12 mm, that extended into the
resection margin. The parotidectomy specimen also included a
small benign lymphoepithelial cyst, and residual structures of
the apocrine IC with a focal invasive component of SDC close
to the surgical margin (tumor-free resection margin was 0.6
mm). Perineural or lymphovascular invasions were not ob-
served. The removed lymph nodes were negative (0/23). The
patient is alive without evidence of any neoplastic discase
8 months after his latest surgery.
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TABLE 2. Clinicopathologic Features of Current and Previously Reported SPAs

IDC-like Apocrine
Proliferation Proliferation Outcome
Case Agel Size (Vo) Nuclear (Vo) Nuclear (Follow-up) Previously
No. Sex (mm) Presentation Grade Grade (mo, y) Published
1 27/female 45 Slowly growing painless mass 5 0 NED at 4y, LOF  Skalova et al®
case 2
Skalova et al®
case 7
2 31/female 16 Slowly growing tender mass, 2y 20 30/G3 NED at 3y, LOF  Skélova et al®
case 1
Skalova et al®
case 8
3 35/female 22 Painless mass 5 0 NA Skalova et al®
case 1
4 24/female 25 Parotid mass suggestive of malignancy 5 5 NED at 2y, LOF  Skélova et al®
case 2
5 64/female 43 Parotid mass suggestive of malignancy 10 0 NA Skalova et al’
case 3
6 72/male 30 Parotid mass 40 0 NED at 3y, LOF  Skalova et al®
case 4
7 35/male 35 Slowly growing mass NED at 3y, LOF  Skalova et al®
case 5
8 46/female 32 Firm circumscribed mass <5 50/G3 NED at 5y, LOF  Skélova et al®
case 6
9 35/female 50 Mass for 18 mo, sometimes painful <5 20 2RE at6yand Skalova et al®
at 13y, LOF case 3
Skalova et al®
case 9
10 33/female 20 Swelling of parotid gland, 2mo 30 0 NED 2y, LOF Skalova et al’
case 10
11 51/female 30 Parotid mass, features suggestive of <5 0 NED at 7y, LOF  Skélova et al®
neoplasm by FNA case 11
12 58/male 15 Parotid mass 10 0 NED at 2y, LOF  Skélova et al®
case 12
13 60/female 18 Solid well-circumscribed mass of parotid 20 <5 NA
with mucinous cysts
14 26/female 48 Multinodular parotid mass with multiple 5 0 RE at 5y;
satellite nodules
NED at 14y
15 57/male 30 Long lasting painless firm nodule of parotid 20 0 NED at 13y
removed by enucleation
16  NA/male NA Multinodular well-defined nodule in 30 5 NED at 15y
parotid
17 47/female 40 Slowly growing mass, 2y 200G2 200G2 RE at 2y, removed
by conservative PE,
NED at 15y
18 45/female 14 Well-demarcated solid nodule in parotid, 10/G3 10/G3 NED at 14 mo, LOF
removed by SPE
19 32/female 12 Ist recurrence—diagnosed as PA 200G2 0 3 RE—at 6 mo, Manojlovi¢
18 mo and 10y et al® case 1
2nd-—recurrence—conservative PE NED at 13y
3rd recurrence —extended RPE and RT
20 33/female 40 8y slowly growing mass suggestive of 10 0 NED at 4y, LOF  Manojlovi¢
benign tumor; SPE et al® case 2
21 42/female 70 10 y slowly growing mass 30/G1 0 NED at 7y
22 71/male 30 Solitary nodule of hard consistency, 1y 20 0 NED at 7y
23 69/female 22 2y growing tough movable mass 20 15 NED at 6y
24 25/male NA 5y tough resistance 10 0 NED at 6y
25 36/female NA Solitary nodule of hard consistency 10/G1 0 NED at 5y
26 11/female 40 Slowly growing left-sided neck mass 20 0 NED at 10 mo; LOF
removed by SPE
27 51/female 22 6 mo swelling, feeling of pressure and 10 30/G3 NED 31 mo
intermittent pain below right ear
28 65/female 25 Slowly growing painless mass; SPE 200G2 0 NED at 3y
History of Hodgkin lymphoma 19 y ago
29 66/male 20 Palpable mass growing slowly for several 0 30/G2 NED at 18 mo
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TABLE 2. (continued)

IDC-like Apocrine
Proliferation Proliferation Outcome
Case Agel Size (Yo)MNuclear (Yo)MNuclear (Follow-up) Previously
No. Sex (mm) Presentation Grade Grade (mo, y) Published
30 64/female 24 12mo painless mass, watering eye, lying 10/G2 <5 NED at 12 mo
ear; PPE
31 48/male 11 Solitary nodule hard in consistency, 40/G1 5 NED at 11 mo
palpable mass 1y, total PE
32 62/male 25 9 mo slowly growing painless mass treated 15/G1 30/G1 apocrine IC AWD at 12mo
by simple enucleation; invasive SDC
Followed by RPE, LN dissection and RT
History of CCRCC with lung and liver
mets 3y ago
33 63/female 25 RPE 20/G1 30/G1 NED at 8 mo
34 52/female 13 24 mo preauricular edema, PE and LN 30/G1 10 RE at 13mo
dissection
NED at 43 mo
Recurrence treated by simple extirpation

35 79/male 22 RPE and cervical dissection 40/G1 5 NED at 2mo
36 59/female 22 Solitary nodule, PE 5 40/G2 NED at 36 mo

AWD indicates alive with disease; CCR.CC, clear cell renal cell carcinoma; LN, lymph node; LOF, lost of follow-up; NA, not available; NED, no evidence of disease;
PA, pleomorphic adenoma; PE, parotidectomy; PPE, partial parotidectomy; RE, recurrence; RPE, radical parotidectomy; RT, radiotherapy; SPE, superficial parotidectomy.

Histologic and Immunohistochemical Features

All 36 tumors in this series revealed characteristic di-
agnostic features of SPA, showing a circumscribed epithelial
proliferations of ducts and acini, mostly arranged in nodular
or multinodular patterns without capsule, but sometimes
displaying an incomplete pseudocapsule. Most commonly,
the cellular components in SPA were embedded in a sharply
delineated, dense, sclerotic-collagenous stroma often with
focal lymphoid aggregates (Fig. 2A). A highly characteristic
feature of SPA was a lobular pattern of variably sized and
shaped ducts lined by flattened, cylindrical, or apocrine
epithelium separated by bands of hyalinized fibrous stroma.
Frequently the ductal epithelium had a foamy cell
appearance and sometimes the lumen of the ducts was
filled by foamy cells (Fig. 2B). The epithelial component
featured variably arranged and sized acini, tubules and ducts
with heterogenous cytomorphologic characteristics of the
lining epithelium, including foamy, vacuolated (sebaceous-
like), apocrine, mucous, clear/“ballooned,” squamous and
oncocyte-like cells. The hallmark of SPA was the occurrence
of numerous acini with abnormal acinar cells displaying
brightly eosinophilic cytoplasmic granules/globules of varying
sizes (Fig. 2C). The epithelial component of SPA was either
cystic or solid. The cysts were often lined by a bilayered
epithelium with luminal apocrine cells with apical snouts and
an abluminal layer of myoepithelial cells (Fig. 2D). The
ductal structures were in places surrounded by periductal
concentric layers of hyalinized stroma (Fig. 2E). A less
common feature was focal fibromyxoid (pleomorphic
adenoma-like) stroma (Fig. 2F) sometimes intermixed with
foci of mature adipose tissue.

SPA frequently harbored focal intraductal epithelial
proliferations with foamy cell or oncocytic metaplasia
vaguely resembling atypical ductal hyperplasia of the
breast (Fig. 3A). These intraluminal epithelial ductal

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.

33

structures often displayed solid (Fig. 3B), cribriform
(Fig. 3C), or micropapillary growth patterns with
variable degrees of cytologic atypia.

Foci (<5% to 40%, Table 2) of homogenous solid,
micropapillary, and cribriform intraductal epithelial
proliferations reminiscent of an IDC variant of IC were
observed in most cases. The intraductal proliferations showed
rigid bridging and cribriform patterns, and were composed of
IDCHike epithelium positive for S100 protein, mammaglobin
and SOX10 (Fig. 3D), and negative for AR (Fig. 3E). These
structures were surrounded by a complete layer of
myoepithelial cells decorated by positive staining for
calponin (Fig. 3F). Less common findings were solid and
cribriform  intraductal epithelial proliferations with a
pronounced apocrine morphology. The apocrine structures
were present in 14/36 (39%) of cases ranging from small foci
that made up <5% and up to 50% of the tumor (Table 2). In
most cases of SPA, a variably prominent dilated ductal and
cystic component was present (Fig. 4A). The cysts were
divided by a prominent hyalinized stroma with focal lymphoid
infiltrates. The cysts were lined by a cuboidal and/or
attenuated epithelium with intercalated duct phenotype
intermingled with foamy epithelial cells (Fig. 4B). Other
dilated ducts were lined and partly filled by dysplastic epithelial
proliferations with an apocrine morphology (Fig. 4C) and cells
positive for AR (Fig. 4D).

In all cases, there were foci of homogenous intra-
ductal solid and cribriform intercalated duct-like epithelial
proliferations with variable degrees of dysplasia (Figs. 5A,
B) and positivity for S100 protein and SOX10 (Fig. 5C),
fully enveloped by an intact layer of myoepithelial cells. In
addition, 9/36 cases (25%) had focal intraductal cribriform
and micropapillary apocrine type variably dysplastic
epithelial structures composed of cells positive for AR
(Figs. 5D, E) and negative for S100/SOX10 (Fig. 5F). The

www.ajsp.com | 273

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.



¥202/02/20 uo =|e7ZIMNZIDBpxZ0BBaenA LOAEIDPISSA LLIAIPO0AEIEaHIDII/DAU
MY LXOMADUOINX P OHISABZIUTr+e P NIDIL WNOTZ L ABYHJOSHNAUE Ag dsle/woommysjeulnol:dyy wo.y pepeojumoq

Skdlova et al

Am | Surg Pathol * Volume 46, Number 2, February 2022

4. -

i &Y

SN

FIGURE 2. SPAis embedded in a sharply delineated, dense, sclerotic-collagenous stroma often with focal lymphoid aggregates (A).
Frequently the lining ductal epithelium had a foamy cell appearance and sometimes the lumen of the ducts was completely filed by
foamy cells (B). Acini were composed of abnormal acinar cells with brightly hyper-eosinophilic cytoplasmic granules/globules of
varying size (C). The cysts were often lined by bilayered epithelium with inner luminal apocrine epithelium with apical snouts and
abluminal myoepithelial layer (D). Ductal structures were surrounded by periductal concentric layers of stromal hyalinization (E).
Less common feature was a focal presence of fibromyxoid (pleomorphic adenoma-like) stroma (F) sometimes intermixed with foci

of mature adipose tissue.

intraductal proliferations showed focal mild to severe
dysplasia in 17 cases (17/36; 47%). Two cases showed
overt malignant morphologies ranging from HG IC to
invasive carcinoma with apocrine ductal phenotype.
Index case: tumor of the left parotid gland, 25mm in
diameter, was composed of 3 closely associated components.
The first lesion was a well-circumscribed predominantly poly-
cystic tumor with features fully compatible with a diagnosis of
SPA, conventional variant (Fig. 6A, right lower part of the
picture), separated from the parotid gland by a fibrous
pseudocapsule. The second lesion was composed of densely

274 | www.ajsp.com

packed solid, cribriform (Fig. 6B), and intraluminal
micropapillary epithelial proliferations. Tumor cysts were
lined by large apocrine cells with cytoplasmic snouts
(Fig. 6C). The cells had an apocrine morphology with
abundant, granular eosinophilic cytoplasm, and large nuclei
with mild polymorphism (Fig. 6D). The third lesion was found
next to the apocrine IC and it was a frankly invasive SDC
composed of HG tumor cells (Fig. 6E). By immuno-
histochemistry, the apocrine neoplastic cells of both apocrine
IC and invasive SDC were strongly and uniformly positive for
AR (Fig. 6F).
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FIGURE 3. SPA frequently harbors intraductal epithelial proliferations with apocrine metaplasia and intraluminal proliferations
resembling atypical ductal hyperplasia of the breast (A). These intraluminal epithelial ductal structures often display solid (B),
cribriform (C), or micropapillary growth patterns with variable degree of cytologic atypia. The epithelial structures were composed
of intercalated duct-like epithelium positive for S100 protein, mammaglobin and SOX10 (D) and negative for AR (E). These
structures are surrounded by complete myoepithelial layer, here decorated by positive staining for calponin (F).

Immunohistochemistry

For purposes of this study, the immunohistochemical
investigation was performed in 21 cases (21/36; 58%) in
which tissue was available. Both ductal and acinar cells were
positive for broad spectrum cytokeratins (AE1 to AE3) and
cytokeratin CK7. The luminal epithelium in cystically di-
lated ducts was variably positive for S100, SOX10, and
mammaglobin and negative for AR and GATA3, consistent
with intercalated duct phenotype. In apocrine foci, in con-
trast, the luminal epithelium was stained with AR while it
was negative for S100 and SOX10. In SPA, antibodies to
p63, p40, and calponin variably decorated the abluminal
myoepithelial cells in the periphery of the acini and ducts.
Myoepithelial cells were also present occasionally and
somewhat discontinuously around the solid, cribriform, and
micropapillary intraductal and intracystic epithelial pro-
liferations of both IC-like and apocrine types. Cell pro-
liferation was predominantly low with an average MIB1

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.
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index of 3.2%. All cases were negative with DOG1, PLAGI,
and NORI antibodies. HER2/neu overexpression and am-
plification was tested in 2 cases negative.

Molecular Testing

Results of targeted NGS are summarized in Table 3. A
The Comprehensive Thyroid and Lung panel was used in 8
cases. In addition, TruSight Oncology 170/500 Kits were used
in 7 cases (Table 3). Of 11 tumors with tissue available for
molecular analysis, 9 (9/11; 82%) harbored genetic alterations
in the PI3K pathway. One case was negative for mutation, one
was unanalyzable due to low quality NGS data. The remaining
25 cases could not be sequenced due to inadequate DNA and
RNA quality due to the age of the tissue blocks. In analyzable
cases, targeted sequencing revealed HRAS mutations
¢37G>C, p(Glyl3Arg) (2 cases) and c.I82A>G, p.
(GIn61Arg) (2 cases), and PIK3CA mutations ¢.3140A> G,
p.(His1047Arg) (3 cases), ¢.1633G > A, p.(Glu545Lys) (1 case),

www.ajsp.com | 275

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.



187ZIMNZ[DBpXZ0BBaR0A L DAEIOYIISA LLIAHPO0AEIEQHIDI/DA

MY EXOMADUOINXFOHISABZIUTMH+EFNIDI WNOTZ | ABMHASSHNOUE AQ ds{e/woo mmy's|eunolj:diy woj pepeojumoq

¥202/02/20 uo

Skadlova et al

Am | Surg Pathol * Volume 46, Number 2, February 2022

PR Bl -

[ = N
[LE. o =

FIGURE 4. In most cases of SPA, a variably prominent, dilated ductal and cystic component is present (A). The cysts are divided by
prominent hyalinized stroma with focal lymphoid infiltrate. Cyst are lined by cuboid and/or attenuated epithelium with interca-
lated duct phenotype intermingled with foamy epithelial cells (B). Other dilated duct in the same tumor are lined and partly filled
by dysplastic epithelial proliferations with apocrine morphology (C) and lined by cells positive for AR (D).

and c.1624G> A, p.(Glu542Lys) (1 case). Moreover, muta-
tions in AKTI c49G>A, p.(Glul7Lys) and c.5ldup, p.
(Tyrl8ValfsTerl5); c49_50delinsAG, p(Glul7Arg) (as a
double hit) were found (2 cases). Additionally, germinal and
somatic mutation of PTEN ¢.1003C>T, p.(Arg335Ter);
c445C > T, p.(GInl49Ter), respectively, were detected. Gene
fusions were not found by RN A sequencing in any of the cases,
in particular, genes PLAGI and HMGA2 were found intact.
All cases were negative for PLAGI alterations by FISH.

DISCUSSION

SPA is a rare benign salivary gland lesion that usually
arises from the parotid gland. SPA has been an enigmatic
entity since its initial description, and it was originally in-
terpreted to be a non-neoplastic alteration of salivary
glands analogous to fibrocystic disease of the breast.! In
fact, it is still classified as such in the 2017 WHO Classi-
fication of Head and Neck Tumors.? Nevertheless, SPA has
many characteristics that suggest that it is a genuine neo-
plasm. First, SPA often contains intraductal proliferation
of apocrine ductal cells in solid and cribriform patterns
surrounded by an intact or partially disrupted myoepithelial
cell layer. These epithelial structures are composed of cells
with a spectrum of nuclear atypia resembling that of the
apocrine intraductal neoplasia of the breast and focally
severe enough to fulfill the criteria of dysplasia or carci-
noma in situ.3 In addition, SPA is reported to have a sig-
nificant risk of local recurrence (up to 20%).’
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Recently, Bishop and colleagues analyzed 4 cases of
SPA by targeted NGS and discovered mutations in genes
that are well established drivers in human neoplasms. Such
mutations were found in PTEN (4 of 4 cases), PIK3CA (2
of 4 cases) and PIK3RI (2 of 2 cases), all of which are
members of the PI3K pathway of cell cycle regulation.!'”
Hernandez-Prera et al!! detected PTEN and PIK3RI
mutations in additional 2 cases. Moreover, a patient with
2 different PTEN alterations had clinical stigmata of
Cowden syndrome which was confirmed with germline
genetic testing.!!

In this study, we confirmed and expanded the ob-
servations of Bishop et al'” and Hernandez-Prera et al.!!
In our series, we found that 92% of our SPA cases had a
mutation in the PI3K/Akt pathway, in particular 1 of 2
mutations in PIK3CA gene ¢.3140A > G, p.(His1047Arg)
or ¢.1624G> A, p.(Glu542Lys). All 5 tumors harboring
PIK3CA mutation have shown focal solid and cribriform
proliferation of epithelium with IDC-like phenotype and
mild to moderate dysplasia. Interestingly, in contrast the 2
mutations in HRAS gene ¢.37G>C, p.(Glyl3Arg) and
c.182A> G, p.(GIn61Arg) were detected in 3 cases of
SPA, all of them displaying intermediate to severe dys-
plastic changes of apocrine epithelial proliferations. In
addition, the mutations of gene AKTI c.49G>A, p.
(Glul7Lys) and AKTI c.51dup, p.(Tyrl8ValfsTerl5);
AKTI c.49_50delinsAG, p.(Glul7Arg) were discovered in
2 cases of SPA with extensive apocrine solid and
cribriform dysplastic component. Our index case of
apocrine IC with invasive SDC component arising from

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.
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SPA harbors an identical mutation in PIK3CA
c.1624G > A, p.(Glu542Lys) in the conventional SPA
component as well as in the malignant components of
apocrine IC and invasive SDC. Moreover, when per-
forming macrodissection we found a mutation in HRAS
only in the malignant component. This is a novel finding
as none of above mentioned mutations in HRAS and
AKTI genes have been documented in SPA so far.

The PI3K/Akt pathway is involved in tumorigenesis,
particularly influencing cell growth, cell cycle progression and
cell survival. The aberrant activation of the PI3K pathway
might be caused either by activating mutations in 4KT1,
PIK3CA, and mTOR genes or by inactivating mutations in

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 5. IDC-like dysplasia: complex solid and cribriform cystic epithelial proliferations (A); displaying mild nuclear atypia (B),
SOX10 is positive (C) while AR negative. Apocrine dysplasia: closely attached solid, tubular and cribriform epithelial proliferations

composed of the cells with mild nuclear atypia and finely granular cytoplasm (D), positive or AR (E), and negative for SOX10.
Nuclear grade 3 (F).

‘\"if‘i‘.-' 4 of * .

PTEN gene.?” Somatic mutations in AKT gene resulting in
the substitution of glutamic acid with lysine at amino acid 17
(E17K) alter electrostatic interactions of a lipid-binding pocket
in the plasma membrane forming a hydrogen bond with a
phosphoinositide ligand stimulating downstream signaling and
is responsible for oncogenic transformation.?’

The alterations of HRAS and PI3K pathways in
SPA with apocrine IC component are identical to alter-
ations detected in SDC. Many studies imply important
roles for PI3BK/AKT/mTOR signaling in the tumorigenesis
of SDC.2!-4.28.2% Muytation rates in SDC were estimated
at 18% for PIK3CA, 16% for HRAS and 1.5% for AKTI
gene.”® Mutations in PTEN and AKTI in SDC have been
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FIGURE 6. Index case: the tumor is composed of 3 closely related components. First lesion is a well-circumscribed predominantly
polycystic SPA (A, right lower part of the picture) divided from parotid gland by fibrous pseudocapsule. The second component iss
composed of densely packed solid, cribriform (B), and intraluminal micropapillary epithelial structures. The tumor cysts are lined by
large apocrine cells with cytoplasmic snouts (C). The cells have apocrine morphology with abundant, granular eosinophilic
cytoplasm and large nuclei with mild polymorphism (D). The third component found next to apocrine IC is frankly invasive SDC
composed of HG cells (E). By immunohistochemistry, the apocrine neoplastic cells of both apocrine IC and invasive SDC are

uniformly strongly positive for AR (F).

identified in other studies.?!?* Interestingly, similar SDC-
like genetic alterations of PI3K pathway including PTEN,
PIKCA, and PIK3RI have been observed not only in
SPA!%! byt also in a subset of apocrine IC."°

SPA frequently harbors intraductal epithelial pro-
liferations which may display atypia and morphologic features
of DCIS3*¥ Some degree of intraductal epithelial pro-
liferations in SPA has been reported in at least 50% of SPA
cases.” However, the proportion of cases of SPA with epi-
thelial proliferations that reasonably fulfill the criteria for HG
DCIS does not exceed 10% of reported cases.’ Petersson’ in
his excellent review compared the intraductal epithelial pro-
liferations in SPA with atypical ductal hyperplasia/DCIS of
the mammary gland and concluded that “there is no reason to
postulate that various categories of epithelial proliferations,
for example, hyperplasia, atypical hyperplasia and LG DCIS

278 | www.ajsp.com

are morphologically identical or biologically similar in SPA as
those in the breast.”” The authors of the current study agree
with that conclusion. Here, we present for the first time di-
agnostic criteria for LG and HG dysplasia in the solid and
cribriform epithelial proliferations in SPA. First, the IDC-type
is characterized by mild to moderate dysplasia, S100 protein/
SOX10 positive and AR negative immunophenotype har-
boring PIK3CA mutations. Second, the apocrine epithelial
proliferations with intermediate to severe dysplasia, S100/
SOX10 negative and AR positive immunophenotype har-
boring HRAS and AKTI mutations. It is important to em-
phasize that despite morphologic and immunohistochemical
similarities with IC, none of our cases of SPA harbored any
translocation.

Although no patient with SPA has developed
metastases or died of disease, reports indicate that 2

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 3. Molecular Genetic Findings in 11 Selected Cases of SPA (Using NGS Technologies)

Case
No. NGS Technology HRAS PIK3CA AKTI Other
21 Archer CTL; TS170 c.1633G> A, p. PTEN c.445C>
(Glu545Lys) T, p.(GIn149Ter)
(somatic)
PTEN ¢.1003C>
T, p.(Arg335Ter)
(germline)
23 TS500 NA NA NA
27 Archer CTL c.37G>C, p.
(Glyl3Arg)
29 Archer CTL c.182A>G, p. c49G> A, p.(Glul7Lys)
(Gln61Arg)
30 TS170; TS500 Archer CTL Negative Negative Negative
31 Archer CTL c.3140A> G, p.
(His1047Arg)
32 TS170 SPA c.1624G> A, p.
TS500 (Glu542Lys)
IC apocrine/SDC c.37G>C, p. c.1624G > A, p. Isoform of the AR gene
invasive (Glyl3Arg) (Glu542Lys)
33 Archer CTL c.3140A> G, p.
(His1047Arg)
34 TS500 c.3140A> G, p.
(His1047Arg)
35 Archer CTL; TS500 c.51dup, p.
(Tyr18ValfsTerl5);
c.49_50delinsAG, p.
(Glul7Arg)
36 Archer CTL; TS500 c.182A>G, p.
(Gln61Arg)

TS170, TruSight Oncology 1700 Panel; TS500, TruSight Oncology 500 Panel.

previous patients had invasive carcinoma with apocrine
ductal phenotype arising from SPA.!3 Here, we
present a unique case of a parotid gland tumor arising
from SPA and composed of apocrine IC with trans-
formation to SDC, and which harbored a mutation in
PI3K/Akt pathway in all tumor components. This
combination of tumor entities has not been published so
far. Taken together, our findings not only strongly
support that SPA is a neoplastic disease, but suggest a
close relationship between SPA, apocrine IC and HG
invasive SDC. SPA may represent a precursor lesion for
the development of apocrine IC and sometimes even
invasive SDC.
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4.3  High-grade non-intestinal type sinonasal adenocarcinoma with ETV6.::NTRK3
fusion, distinct from secretory carcinoma by immunoprofile and morphology

V praci jsou popsany dva pripady high-grade sinonasalniho adenokarcinomu.
Ackoli se histomorfologicky 1 imunofenotypicky lisi od sekrecniho karcinomu slinnych
7laz, oba prezentované nadory s nim sdileji fuzi ETV6::NTRK3. Prace podtrhava vyznam
disledné korelace vysledkii molekularné-genetické analyzy s histomorfologickym
nalezem a imunoprofilem.

V obou pripadech bylo pacienttim 39 let, nebyla pozorovana pohlavni predilekce.
V prvnim pripadé tumor vyplioval maxilarni dutinu, prorustal do dutiny nosni a
infiltroval oc¢nici. Po odbéru probatorni biopsie nasledovala intenzivni 1éCba sestavajici
zneoadjuvantni chemoterapie, inkompletni chirurgické resekce a adjuvantni
chemoradioterapie. Bylo dosazeno uplné remise, piipad je vSak recentni. V druhém
piipadé se pacient dostavil s opakovanou epistaxi zpusobenou nadorovou masou
v levostranné nosni dutiné. Po odbéru probatorni biopsie byla provedena kompletni
ethmoidektomie, pacient dale podstoupil adjuvantni radioterapii a byl nazivu bez znamek
onemocnéni po 17 meésicich.

Oba nadory byly vyrazné hypercelularni, sloZzené ze solidnich a husté bunéénych
kribriformnich hnizd s ¢etnymi nekrézami v jejich centru. Loziskove, predevsim pii
okrajich tumoru byly pozorovany také formace papilarni, mikrocystické a trabekularni,
bez rozliSitelnych znamek sekrece ¢i hlenotvorby. V pripadu 2 byla na periferii
nadorovych hnizd vrstva abluminalnich bunék s cytoplazmatickym projasnénim az zcela
vodojasnou cytoplazmou. Jadra byla vobou piipadech zvétSend, prekryvajici se,
s vyraznymi jadérky, ¢etna jadra byla téZ vezikularni. Mitoticka aktivita byla vysoka a
pritomna byla také ¢etna apoptoticka téliska, prolifera¢ni index Ki-67 dosahoval aZ 51 %.

Nadorové bunky byly imunohistochemicky pozitivni v prikazu markera S100 a
SOX10, cytokeratimi 7, 18 a 19 a GATA3, zatimco pritkaz mammaglobinu byl negativni.
Markery p40 a p63 barvily jadra abluminalnich bunék s vakuolizovanou ¢1 vodojasnou
cytoplazmou v pripadu 2, zatimco v pripadu 1 byla pozitivita p40 a p63 prevazné
nahodnda, rozmisténa rovnomérné v nadorovych hnizdech. PanTrk vykazoval difizni
nuklearni pozitivitu v obou pripadech. Testované komponenty SWI/SNF mély expresi
imunohistochemicky zachovalou, markery AR a Her2 byly negativni.

Nadory byly sekvenovany pomoci DNA a RNA panelu TruSight Oncology 500.
Zatimco DNA ¢ast panelu neprinesla Zadny néalez, RNA-seq odhalila v obou piipadech
pritomnost shodné flize E76::NTRK3 mezi exonem 5 genu E7V6 a exonem 15 genu
NTRKS3.

V kontextu nadort slinnych Zlaz je fiize ETV6::NTRK3 specificka pro sekrecni
karcinom (39). V typickych piipadech je sekre¢ni karcinom tvoreny jen mirné atypickymi
nadorovymi  bunkami usporadanymi v solidné-mikrocystickych, tubularnich,
folikularnich nebo papilarné-cystickych nadorovych lobulech. Typicky je namodraly
PAS-pozitivni sekret pritomny v mezibunéénych luminech. Imunohistochemicky lze
prokazat expresi S100 a mammaglobinu, zatimco markery p40 a p63 jsou negativni.
Sekre¢ni karcinom byl vzacné prokazan 1 v sinonasalni oblasti (40). Stejné jako u jinych
salivarnich nadort je mozna HGT sekre¢niho karcinomu, definovana jako piitomnost
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Spatné diferencovaného high-grade karcinomu nebo adenokarcinomu na pozadi
puvodniho low-grade tumoru (41). V high-grade piipadech popisovanych ve zde uvedené
studii vSak nebyla zZadna komponenta low-grade salivarniho nadoru identifikovana,
diskordantni je téz imunofenotyp: negativita mammaglobinu a pozitivita p40/p63.

Nadory proto byly na zaklad¢ zjisténych charakteristik klasifikovany jako subtyp
sinonasalniho non-ITAC s fuzi ETV6::NTRK3. Jiz diive byly popsany piipady low-grade
sinonasalnich non-ITAC se stejnou fuzi, v jenom pripadé byl namisto genu N7RK3
rearanzovan gen pro podobnou kinazu — RET (fuze ETV6::RET) (42-43). Kromé toho byl
popsan jeden piipad trachealniho adenokarcinomu s morfologii sinonasalniho low-grade
non-ITAC a fuzi ETV6::NTRK3 (44). Kromé genetického pozadi a do jisté misty
konkordantni morfologie tumory sdileji nékteré imunohistochemické charakteristiky:
markery CK7, S100 a SOX10 jsou pozitivni, zatimco mammaglobin je negativni.
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Abstract

We report 2 cases of high-grade sinonasal adenocarcinoma with a distinct morphological and immunohistochemical phe-
notype. Albeit histologically different from secretory carcinoma of the salivary glands, both tumors presented here share an
ETV6::NTRK3 fusion. The highly cellular tumors were composed of solid and dense cribriform nests, often with comedo-
like necroses in the center, and minor areas with papillary, microcystic, and trabecular formations without secretions, mostly
located at the periphery of the lesion. The cells displayed high-grade features, with enlarged, crowded, and often vesicular
nuclei with conspicuous nucleoli and brisk mitotic activity. The tumor cells were immunonegative for mammaglobin while
showing immunopositivity for p40/p63, S100, SOX10, and GATA3, as well as for cytokeratins 7, 18, and 19. For the first
time, we describe 2 cases of primary high-grade non-intestinal type adenocarcinomas of the nasal cavity, distinct from secre-
tory carcinoma by morphology and immunoprofile, harboring the ETV6::NTRK3 fusion.

Keywords Sinonasal - Nasal cavity - non-intestinal-type adenocarcinoma - ETV6::NTRK3 - Secretory carcinoma - Salivary
duct carcinoma

Introduction

Primary sinonasal adenocarcinomas are rare tumors encom-
passing a wide morphological spectrum, divided into two
groups: intestinal-type sinonasal adenocarcinoma (ITAC)
and non-intestinal-type sinonasal adenocarcinoma (non-
ITAC) subtypes [1]. While ITACs resemble gastrointes-
B4 Natilie Klubitkova tinal primary adenocarcinomas, with columnar epithelial
klubickova@biopticka.cz structures and interspersed goblet cells, forming papillae,
Department of Pathology, Faculty of Medicine in Pilsen glaflds, cribriform structures.or, in less.dlfferentlated cases,
and University Hospital Plzen,, Charles University, Alej solid nests, as well as occasional mucin lakes, non-ITACs
Svobody 80, 323 00 Pilsen, Czech Republic show even wider morphological spectrum. Columnar cells
forming variable non-gastrointestinal-like glandular struc-
tures are seen in low-grade (LG) cases, whereas high-grade
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WHO Classification of Tumours [1] as a subtype of “SWI/
SNF complex-deficient sinonasal carcinoma.”

With excessive solid areas, the differentiation between
HG sinonasal non-ITAC and other poorly differentiated
epithelial neoplasms of the salivary gland and non-salivary
gland origin might pose a problem. Recent molecular-
genetic findings had aided in the subclassification of primary
sinonasal carcinomas, prompting the inclusion of a number
of new entities in the 5th edition of the WHO Classification
of Head and Neck Tumours [1]. The aggressive SWI/SNF
complex-deficient sinonasal carcinomas lack the expression
of SMARCA4 or SMARCB/1 proteins while displaying rela-
tively monomorphic rhabdoid, plasmacytoid, or epithelioid
morphology and infiltrative growth into the surrounding
tissue [2]. NUT carcinoma is another novel entity with a
very poor prognosis, composed of undifferentiated primi-
tive cells with irregular overlapping nuclei and prominent
nucleoli, and defined by pathogenic fusions of the NUTM
gene, most commonly NUTM::BRD4 [3]. The diagnosis of
exclusion of sinonasal undifferentiated carcinoma (SNUC)
should be rendered in cases of a high-grade appearing pro-
liferation of relatively monomorphic, sometimes basaloid-
looking tumor cells with the evidence of epithelial origin
(cytokeratin immunostaining) and absence of any features
pointing toward other possible entities, including but not
limited to tumors specific for the sinonasal tract as well as
neuroendocrine and neuroepithelial neoplasms, melanoma
and salivary gland tumors. Up to 80% of SNUC cases were
reported to harbor hotspot mutations of the IDH2 gene [4,
51, while only rare cases displayed /DHI gene mutations [5].

Salivary gland tumors might rarely arise from the minor
salivary glands located in the sinonasal tract, representing
5-10% of all sinonasal adenocarcinoma cases [6]. Multiple
entities in this group are defined by recurrent genetic altera-
tions, such as MYB::NFIB and MYBLI::NFIB in adenoid
cystic carcinoma [7, 8], MAML?2 fusions in mucoepidermoid
carcinoma [9], NR4A 3 upregulation by enhancer hijacking
in acinic cell carcinoma [10], or ETV6::NTRK 3 in secretory
carcinoma [11, 12].

In the context of salivary gland tumors, ETV6::NTRK3
fusion is specific for secretory carcinoma (SC) [11]. In
typical cases, SC is a circumscribed unencapsulated pro-
liferation of lobules separated by fibrous septa, composed
of tumor cells with only mild atypia and low-grade nuclear
features, growing in solid-microcystic, solid, tubular, folli-
cular, or papillary-cystic patterns, with bluish PASd-positive
luminal secretions and low mitotic activity, positive for $100
and mammaglobin while being negative for DOG1 (except
for occasional minor staining), p40, and p63 on immuno-
histochemical examination [11]. High-grade transformation
(HGT) of the low-grade SC, albeit rare, is possible, convey-
ing a more aggressive clinical course and poorer outcomes
to the patients affected by such tumors [13, 14]. Similar to
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other salivary gland tumors, SC might rarely arise in the
sinonasal location, retaining the typical morphological fea-
tures described above [12].

In the nasal cavity, three cases of low-grade non-ITAC
were reported to harbor the ETV6::NTRK3 fusion, as well
as one case with a less common ETV6::RET fusion [15-17].
In addition, one case of tracheal adenocarcinoma with the
morphology of sinonasal low-grade non-ITAC and an
ETV6::NTRK3 fusion was reported [18]. Lastly, the fusion
has recently been documented in two high-grade salivary
gland adenocarcinomas lacking the typical low-grade mor-
phological features of SC [19, 20].

In this report, we present for the first time two cases of
primary high-grade sinonasal adenocarcinomas that were
initially classified as high-grade sinonasal non-ITAC. Using
RNA sequencing, an ETV6::NTRK3 fusion was detected in
both cases. We aim to contribute to unraveling the posi-
tion of this neoplasm in the classification of head and neck
tumors.

Materials and methods
Histological and immunohistochemical studies

For conventional microscopy, excised tissues were fixed in
formalin, processed routinely, embedded in paraffin (FFPE),
cut, and stained with hematoxylin and eosin. Immunohisto-
chemical staining was routinely performed using an auto-
mated Ventana BenchMark ULTRA system (Ventana Medi-
cal Systems Inc., Tucson, AZ, USA). The primary antibodies
used are summarized in Table 1.

Next-generation sequencing

For mutation analysis, TruSight Oncology 500 panel, a
comprehensive NGS assay on FFPE samples that identifies
fusion transcripts, somatic variants, copy number changes,
tumor mutational burden, and microsatellite instability was
used. NA libraries were created using the TruSight Oncol-
ogy 500 Kit (Illumina) following the manufacturer’s instruc-
tions (KAPA Biosystems, Washington, MA), although we
used KAPA FragKit (KAPA Biosystems, Washington, MA)
for DNA enzymatic fragmentation. Following the manufac-
turer’s guidelines, sequencing was conducted using an Illu-
mina NovaSeq6000 sequencer. The OmnomicsNGS analysis
program was used for data analysis (DNA variant filtering
and annotation) (Euformatics, Finland). Reported variants
were filtered retaining variations with coding effects, read
depths greater than 50, and variants with allelic frequency
>10%, with the removal of benign variants according to the
ClinVar database. The remaining collection of variations
was visually verified in raw data, and probable artifactual
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Table.l I.mmunohistochcmical Marker Clone Company Dilution Case 1 Case 2

examination
AR SP107 Ventana RTU - -
CDX2 DAK-CDX2 Dako RTU ND -
CK14 SP53 Cell Marque RTU ND +
CK18 CD10 Dako RTU + +
CK19 A53-B/A2.26 Ventana RTU + +
CK5/6 D5/16 B4 Dako 1:100 - -
CK7 OV-TL 12/30 Dako 1:800 + +
CK8 35pHI11 Ventana RTU F+ F+
DOG1 SP31 Ventana RTU F+ -
GATA3 L50-823 Biocare Medical 1:100 + +
Her2 HercepTest Dako RTU - -
Ki-67 MIB-1 Dako RTU 42% 51%
Mammaglobin 304-1A5 Dako RTU - -
MUC4 1G8 Santa Cruz Biotech 1:100 — +
NOR1 H-7 Santa Cruz Biotech 1:50 ND -
plé R15-A DB Biotech 1:100 ND -
p40 DAK-p40 Dako RTU F+ +
p63 DAKp63 Dako RTU F+ +
PanTrk EPR17341 Abcam 1:50 + +
S100 polyclonal Dako RTU + +
SALL4 6E3 Sigma 1:800 - ND
SMA 1A4 Dako RTU - -
SMARCA2 polyclonal Atlas Antibodies 1:100 N N
SMARCA4 EPNCIR111A Abcam 1:1000 N N
SMARCBI1 MRQ-27 Ventana RTU N N
SOX10 SP267 Ventana RTU + +
STAT6 YE361 Abcam 1:1000 ND -
TTF1 SPT24 Biocare Medical 1:50 - ND

Abbreviations: F, focally; N, normal expression; ND, not done; RTU, ready-to-use; +, positive; —, negative

variants were eliminated. The list of genes covered by this
panel is available at the product website (https://www.illum
ina.com/products/by-type/clinical-research-products/trusi
ght-oncology-500.html). In addition, the samples were ana-
lyzed using the NGS-based ligation-dependent multiplex
RT-PCR assay as described previously [21].

Case presentation
Clinical features

In case 1, a 39-year-old female patient presented with
nasal obstruction. The tumor filled the left maxillary sinus,
extended into the nasal cavity, and infiltrated into the left
orbit (Fig. 1). The lesion was staged clinically as cT4a and
was inoperable without orbital exenteration. After a diagnos-
tic biopsy, the patient received three cycles of neoadjuvant
chemotherapy with docetaxel, carboplatin, and fluorouracil,
achieving significant regression of the tumor. Four months
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after the first diagnosis, the patient underwent a conserva-
tive surgical removal of the residual lesion, with a positive
posterior surgical margin, prompting the administration of
adjuvant proton therapy and chemotherapy with cisplatin.
After finishing the treatment, the patient had no signs of
disease on clinical examination; however, a CT scan was not
yet performed because the case is recent.

A 39-year-old male presented with epistaxis in case 2,
caused by a mass in the left nasal cavity, measuring 18 mm
in the greatest dimension. After a preliminary biopsy was
taken and diagnosed, complementary ethmoidectomy was
performed with clear surgical margins. Consequently, the
patient received radiotherapy. The patient was alive with
no evidence of disease 17 months after the first diagnosis.

Histopathological features
The tumors widely infiltrated into the submucosa of the nasal

cavity. Both tumors displayed high-grade features, growing
mostly in hypercellular solid and dense cribriform nests, often

@ Springer


https://www.illumina.com/products/by-type/clinical-research-products/trusight-oncology-500.html
https://www.illumina.com/products/by-type/clinical-research-products/trusight-oncology-500.html
https://www.illumina.com/products/by-type/clinical-research-products/trusight-oncology-500.html

Virchows Archiv (2023) 483:187-195

s

5;1

I
”»

L]
) .

"-LB_‘

Fig.1 PET/CT imaging study performed in case 1. The tumor filled the left maxillary sinus, extended into the nasal cavity, and infiltrated into

the left orbit

with central necrosis (Figs. 2A-B, 3A-B). Minor parts, usu-
ally located at the periphery of the lesion, were less dense and
showed irregular papillary, microcystic, or trabecular patterns
but still displayed high-grade cytological features (Figs. 2A,
3C-D). Crowding of large, oval-to-round, and often vesicular
nuclei with prominent eosinophilic nucleoli was observed in
both cases. In case 1, the cells contained small or moderate
amounts of pale eosinophilic cytoplasm (Fig. 2C-D). In case
2, lining the tumor nests were abluminal cells displaying clear
cytoplasmic vacuoles or frank clear-cell change, while the
population of luminal cells had pale to moderately eosino-
philic cytoplasm (Fig. 3A-B). Numerous apoptotic bodies
and brisk mitotic activity (26 and 17 mitotic figures/2.4 mm?
in cases 1 and 2, respectively) were observed. Minimal non-
neoplastic lymphoplasmacytic infiltration was present in the
background in case 1, while case 2 showed more prominent
stromal chronic inflammation.

On immunohistochemical examination (Table 1), mark-
ers p40 and p63 highlighted the abluminal cells in case 2
(Fig. 3E), similar to cytokeratin 14. These cells corresponded

@ Springer
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to the abluminal cells with clear intracytoplasmic vacuoles
or complete cytoplasmic clearing on H&E slides. In case 1,
p63 had the same pattern with nuclear positivity in the ablu-
minal cells lining the tumor nests only in one focus, while
in other areas, both p40 and p63 showed randomly scat-
tered nuclear positivity (Fig. 2E). On H&E slides, these cells
did not appear different from the p40/p63-negative tumor
cells. The tumor cells were diffusely positive for S100,
SOX10, and cytokeratins 7, 18, and 19, in both the luminal
and abluminal cells. Cytokeratin 8 was only focally posi-
tive, while cytokeratin 5/6 was completely negative. PanTrk
(Fig. 2F) and GATAS3 were diffusely positive in the nuclei
of the tumor cells; mammaglobin, however, was negative in
both cases. MUC4 was negative in case 1, but it displayed
a peculiar pattern of immunostaining in case 2, being posi-
tive at the membranes lining the lumina of the small cystic
or cribriform formations, as well as a focal membranous
positivity in the solid areas of the tumor (Fig. 3F). DOGI
stained the cytoplasmic membranes in 10% of tumor cells
in case 1 and was completely negative in case 2 (even after
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Fig.2 Histopathological features of case 1. A-B The tumor grew
mostly in solid or dense cribriform nests with central necrosis, dis-
playing high-grade nuclear features and brisk mitotic activity.
Focally, especially at the periphery of the tumor, tubular and cribri-

repeated staining). Both tumors showed high proliferative
activity, with Ki-67 indices reaching 42% and 51% in cases
1 and 2, respectively.

SMARCB1, SMARCA?2, and SMARCA4 immunoex-
pression was retained in both cases. Smooth muscle actin,
androgen receptor, and Her2 were negative in both cases.
Furthermore, case 1 did not stain with the SALL4 and TTF1
antibodies, while case 2 was additionally negative for p16,
NORI1, CDX2, and STAT6.

Molecular genetic findings
An identical ETV6::NTRK3 fusion involving exon 5

of the ETV6 gene and exon 15 of the NTRK3 gene was
detected by RNA-sequencing in both cases (Fig. 4). The
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form formations were observed. C-D High-grade cytologic atypia
was observed in the tumor cells. E Scattered nuclear p63 immunopo-
sitivity. F Diffuse nuclear PanTrk immunostaining

reference transcript sequences used for describing ETV6
and NTRK3 have accession numbers NM_001987.5 and
NM_001012338.3, respectively; the chromosomal position is
described using the reference genome GRCh37 (hg19), with
breakpoints at chr12:12022900 and chr15:88483984. The
NGS-based ligation-dependent multiplex RT-PCR assay cor-
roborated these results. No pathogenic genetic alterations were
revealed by the DNA part of the TruSight Oncology 500 panel.

Discussion
Based on the high-grade morphology with solid, cribri-

form, and papillary architecture, distinctive immunoprofile
with p40/p63, §100, SOX10, and GATA3 positivity, and
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Fig.3 Histopathological features of case 2. A The tumor showed fea-
tures similar to case 1, growing in solid nests with necrotic debris in
their centers. B Abluminal cells with clear cytoplasm at the periphery
of the tumor nests, displaying high-grade cytologic atypia, similar to

@-v; -

the luminal tumor cells. C-D Cystopapillary, papillary and trabecular
architecture was present focally. E p63 immunopositivity in the nuclei
of the abluminal cells. F MUC4 highlighted the membranes of the
tumor cells

ETVe

Fig.4 Exon 5 of ETV6 is fused to exon 15 of NTRK3. The fusion
product retains the PNT domain of ETV6, which enables homodi-
merization or heterodimerization with other proteins containing
the domain, e.g., ETS family proteins. The tyrosine-protein kinase

NTRK3

domain of NTRK3 is also present in the fusion product. This leads to
dysregulated activation and constitutive activity of the kinase domain
of the fusion protein and, in turn, carcinogenesis
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a complete lack of mammaglobin staining, together with
the ETV6::NTRK3 fusion, we propose the tumors reported
herein might represent a subtype of high-grade non-ITAC,
distinct from SC.

The major consideration in the differential diagnosis
should be a HGT of SC, which was described previously in
salivary gland SCs [13]. HGT is defined as the presence of a
transformed area lacking the original line of differentiation,
consisting of poorly differentiated adenocarcinoma or car-
cinoma with high-grade features (high mitotic activity and/
or necrosis), within an otherwise well-defined, conventional
low-grade component characterized by specific microscopic
and immunohistochemical features of the particular salivary
gland tumor [14]. In contrast to the HGT of SC, no areas
with typical SC morphology were identified in our cases.
Even though a complete overgrowth of the typical low-grade
SC areas by the component with high-grade morphology is
possible, this interpretation is unlikely because of the p40/
p63 immunoexpression which is not a feature of the high-
grade component of SC with HGT. It is therefore more plau-
sible to classify the two cases presented herein as sinonasal
high-grade non-ITAC with ETV6.:NTRK3 fusion, analogous
to the previously characterized low-grade non-ITACs with
this genetic aberration [15—17]. In addition to the analo-
gous morphology and genetic background, these tumors also
show a similar immunohistochemical profile. The low-grade
tumors are positive for both S-100 and SOX10 or at least
one of these markers in the case reported by Rooper et al.
[16]. Cytokeratin 7 was positive in all cases. In addition,
mammaglobin was negative or showed only focal staining,
while GATA3 displayed focal staining in 1/3 cases tested.
Conversely, some differences between the low-grade cases
reported previously and the high-grade cases presented
herein were noted: DOG1 was positive in all of the low-
grade cases, but in our study, it showed only limited positiv-
ity in one of the two high-grade cases. GATA3 was negative
in 2/3 analyzed cases. The markers p40/p63 were tested in
only one low-grade case and were negative [16].

Notably, given the tubular and/or cystopapillary architec-
ture and the immunoprofile with S-100, SOX10, and limited
DOGT1 positivity, origin in the minor salivary glands of the
sinonasal tract could be considered in the cases presented
herein, as well as the low-grade non-ITAC cases with ETV6
rearrangement reported previously [15-17], and the tumors
could instead be designated “seromucinous salivary gland
adenocarcinoma,” perhaps specific for the sinonasal tract.
However, such an entity was not included in the current
WHO Classification of Tumors, while at present, our cases
correspond to the recognized entity of non-ITAC [1]. Fur-
ther studies may contribute to defining this unit and separat-
ing it from the group of non-ITAC.
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High-grade adenocarcinoma with similar morphology
and an ETV6::NTRK3 fusion, arising in the parotid gland
of a 22-year-old male patient, was reported recently [19].
The tumor exhibited infiltrative solid-papillary and focally
glomeruloid patterns of growth, consisting of large, atypical
cells with high mitotic activity and areas of necrosis. Simi-
lar to our cases, the tumor cells were diffusely positive for
MUC4 and GATA3, while exhibiting focal S100 and panTrk
staining. The cell nests were focally lined with CK5/6 and
p40 immunopositive abluminal cells. In addition, single cells
were positive for androgen receptors, whereas mammaglobin
and Her2 were negative. After undergoing surgical removal
of the tumor and neck lymph node dissection, the short fol-
low-up period of the patient was uneventful. Even though
the morphological features and sparse AR immunopositiv-
ity were suggestive of salivary duct carcinoma, the tumor
was finally diagnosed as high-grade secretory carcinoma,
given its localization in the parotid gland, MUC4 and S100
expression, papillary-cystic morphology, and molecular pro-
file [19].

In the same line, a high-grade salivary gland tumor com-
posed of expansile, centrally necrotic nests composed of
AR-positive and S$100-negative apocrine-type cells with an
ETV6::NTRK3 fusion was recently interpreted as salivary
duct carcinoma with an unusual genetic background [20].
This finding is clinically highly relevant, given the poor
prognosis and limited treatment options for the entity.

In addition, tumors of a similar morphology, with solid,
focally necrotic, as well as micropapillary and cribriform
areas, can be noted in previous works that did not include
molecular-genetic analysis [22, 23]. However, the morpho-
logically similar tumors showing the poorly differentiated/
undifferentiated phenotype reported by Stelow et al. [23]
had an immunophenotype somewhat different from our
cases: S-100 was negative, and only one of the two tested
tumors was positive for CK7, while p63 expression was not
tested in this study. Interestingly, some of the high-grade
cases reported by Purgina et al. [22] showed a so-called
seromucinous immunophenotype, i.e., the expression of at
least one of the markers S-100, SOX10, and DOG1, thus
approaching the subgroup of ETVé6-rearranged non-ITACs
discussed above.

In summary, we report 2 cases of a high-grade tumor
diagnosed as non-ITAC of the sinonasal region, character-
ized by overt hypercellularity, largely solid growth pattern
with comedo-like necrosis, immunohistochemical positivity
for p40/p63, S100, SOX10, and GATA3, with a recurrent
ETV6::NTRK3 fusion. Even though they share a common
ETV6::NTRK3 fusion, these high-grade adenocarcinomas
might represent a neoplasm distinct from SC by morphology
and immunoprofile.
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44  SMARCBI-deficient sinonasal adenocarcinoma: a rare variant of SWI/SNF-
deficient malignancy often misclassified as high-grade non-intestinal-type sinonasal
adenocarcinoma or myoepithelialcarcinoma

SMARCBI1-deficientni sinonasalni adenokarcinom je velmi vzacny vysoce
agresivni tumor, fazeny v souc¢asné WHO klasifikaci nadori hlavy a krku mezi karcinomy
s deficitem funkce chromatin-remodelujiciho proteinového komplexu SWI/SNF (4).
Vopraci je predloZzena podrobna analyza 14 pripadi SMARCBI-deficientniho
adenokarcinomu.

Pacienti byli dospéli stredniho aZ vysSiho véku. Nadory byly v 7 piipadech
lokalizovany v dutiné nosni, v 6 pripadech rostly primarné v paranasalnich sinusech, v 1
pripadé nebyla lokalizace blize specifikovana. Ve vétsiné pripadi méli pacienti v dobé
diagnozy lokalné zna¢né pokro€ilé onemocnéni (T4), nékdy s infiltraci orbity a baze
lebni, jeden pacient mél jiz vzdalené metastazy. V 11 pripadech byli postizeni pacienti
muzského pohlavi. Ackoli byli pacienti léCeni intenzivnimi Iécebnymi rezimy
sestavajicimi z variabilné rozsahlého chirurgického zakroku a chemoradioterapie, u
zadného z pacienti s dostupnymi daty nebylo dosazeno remise onemocnéni, 62,5 %
pacientii zemielo v disledku lokalné pokrocilého a/nebo metastazujiciho tumoru, vétSina
do 1 roku od diagnozy.

Nadory vykazovaly prevazné solidni trabekularni a alveolarni architekturu, ve
vSech pripadech byly piitomny variabilné pocetné zlazové struktury s mikroglandularni,
acinarni, trabekularni, kribriformni a insularni upravou. V 6 piipadech byla pozorovana
diferenciace pripominajici tumor ze Zloutkového vacku s retikularni a mikrocystickou
architekturou a strukturami odpovidajicimi Schiller-Duvalovym téliskim. Nadorové
bunky mély vétSinou plasmacytoidni, rhabdoidni a onkocytoidni vzhled s relativné
bohatou eosinofilni cytoplazmou, ve dvou piipadech nabyvaly spiSe basaloidniho
vzhledu. Fokélné byla v piipadé 3 pozorovana morfologie bunék pecetniho prstene.

Vsechny piipady vykazovaly tuplnou ztratu imunohistochemické exprese
SMARCBI, v piipadé 14 byla navic detekovana ztrata imunoexprese SMARCA2. Dale
byly nadory pozitivni v pritkkazu Sirokospektrych cytokeratinii a CK7, v 5 piipadech byla
pozorovana fokalni pozitivita p63, ve trech piipadech slaba fokalni pozitivita
synaptofyzinu a ve dvou piipadech slaba fokalni pozitivita CDX2. V pripadech
s morfologii tumoru ze Zzloutkového vacku byly pozitivni markery SALL4 nebo
glypican-3.

Tumory byly déale molekularné-geneticky vysSetieny pomoci targetované
sekvenace za pouziti paneli TruSight Oncology 500 a VariantPlex, delece SMARCBI byla
rovnéZ v 6 pripadech analyzovana pomoci FISH. V 9 pripadech se nékterou z pouzitych
metod podaiilo prokazat delece nebo nonsense mutace v genu SMARCBI. V jednom
pripadée se nepodarilo prokazat zadné patogenni genetické zmény, v jednom piipadé bez
detekované aberace genu SMARCBI byla piitomna nonsense mutace genu P4X3.
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Abstract

SMARCB 1-deficient sinonasal adenocarcinoma is a rare variant of SWI/SNF-deficient malignancies with SMARCB1 loss
and adenocarcinoma features. More than 200 high-grade epithelial sinonasal malignancies were retrieved. A total of 14 cases
exhibited complete SMARCB1 (INI1) loss and glandular differentiation. SMARCA?2 and SMARCA4 were normal, except
for one case with a loss of SMARCA?2. Next-generation sequencing (NGS) and/or fluorescence in situ hybridization (FISH)
revealed an alteration in the SMARCBI gene in 9/13 cases, while 2/13 were negative. Two tumors harbored SMARCRB1
mutations in ¢.157C >T p.(Arg53Ter) and c¢.842G > A p.(Trp281Ter). One harbored ARIDIB mutations in ¢.1469G > A
p.(Trp490Ter) and MGA ¢.3724C > T p.(Argl242Ter). Seven tumors had a SMARCBI deletion. One carried an ESR] mutation
in c.644-2A > T, and another carried a POLE mutation in ¢.352_374del p.(Ser118GlyfsTer78). One case had a PAX3 muta-
tion in c.44del p.(Gly15AlafsTer95). Histomorphology of SMARCB 1-deficient adenocarcinoma was oncocytoid/rhabdoid
and glandular, solid, or trabecular in 9/14 cases. Two had basaloid/blue cytoplasm and one showed focal signet ring cells.
Yolk sac tumor-like differentiation with Schiller-Duval-like bodies was seen in 6/14 cases, with 2 cases showing exclusively
reticular-microcystic yolk sac pattern. Follow-up of a maximum of 26 months (median 10 months) was available for 8/14
patients. Distant metastasis to the lung, liver, mediastinum, bone, and/or retroperitoneum was seen in 4/8 cases. Locoregional
failure was seen in 75% of patients, with 6/8 local recurrences and 3 cervical lymph node metastases. At the last follow-up,
5 of 8 (62%) patients had died of their disease 2 to 20 months after diagnosis (median 8.2 months), and 3 were alive with
the disease. The original diagnosis was usually high-grade non-intestinal-type adenocarcinoma or high-grade myoepithelial
carcinoma. A correct diagnosis of these aggressive tumors could lead to improved targeted therapies with potentially better
overall disease-specific survival.

Keywords SWI/SNF complex - SMARCB1-deficient adenocarcinoma - Sinonasal - Head and neck - Rhabdoid - Yolk sac-
like - Next-generation sequencing

Introduction techniques have led to significant progress in understand-

ing the molecular underpinnings of sinonasal malignan-

Poorly differentiated or undifferentiated sinonasal car-
cinomas represent a challenging area in head and neck
pathology. Over the recent years, advances in molecular
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cies, with significant developments in the histological
and pathogenetic classification of entities included in the
historical spectrum of “sinonasal undifferentiated carci-
noma (SNUC)” and poorly differentiated unclassified car-
cinoma [1]. SNUC, a diagnosis of exclusion, should be
made only in cases of relatively monomorphic, sometimes
basaloid-looking, high-grade/poorly differentiated tumor
cells with evidence of epithelial origin and the absence
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of features pointing toward other entities. Recently, up
to 80% of SNUC cases were reported to harbor hotspot
mutations in the IDH2 gene [2, 3], while mutations in the
IDH]1 gene have been reported only rarely [3]. Another
novel entity with a very poor prognosis is NUT carcinoma,
composed of undifferentiated primitive cells with irregular
overlapping nuclei with prominent nucleoli and defined by
pathogenic fusions of the NUTM! gene, most commonly
NUTMI::BRD4 [4].

Recent molecular-genetic findings have aided in sub-
classifying primary sinonasal carcinomas, prompting the
inclusion of several new entities in the 5th edition of the
WHO Classification of Head and Neck Tumors [5]. A major
change has been the recognition of subtypes of carcinomas
defined by genetic defects leading to the inactivation of dif-
ferent protein subunits in the switch/sucrose nonfermentable
(SWI/SNF) chromatin remodeling complex [6]. This led to
the identification of 4 sinonasal entities driven by SWI/SNF
deficiency complexes: SMARCBI1 (INI1)-deficient sinonasal
carcinoma (lacking gland formation and frequently display-
ing a non-descript basaloid and less frequently eosinophilic/
oncocytoid morphology), SMARCB 1-deficient sinonasal
adenocarcinoma with unequivocal glands or yolk sac-like
pattern, SMARCAA4-deficient carcinoma lacking glandular
or squamous immunophenotypes, and SMARCA4-deficient
subset (~ 80%) of sinonasal teratocarcinosarcoma [6]. The
most common of these four, the SMARCBI1 (INI-1)-defi-
cient sinonasal carcinoma, is an aggressive tumor that was
first reported in 2014 independently by two research groups
[7, 8]. It is a rare form of cancer arising in the nasal cavity
and paranasal sinuses, and it is characterized by the loss or
inactivation of the SWI/SNF-complex genes that play crucial
roles in the regulation of cell growth and division [9].

Primary sinonasal adenocarcinomas (SNAC) are rare
tumors encompassing a wide morphological spectrum. They
are divided into three groups: intestinal-type sinonasal ade-
nocarcinoma (ITAC), non-intestinal-type sinonasal adeno-
carcinoma (non-ITAC), and adenocarcinomas of salivary
gland subtypes [10]. The classification of SNAC has devel-
oped in the last two decades [11]. High-grade non-intestinal
SNAC:s are particularly heterogeneous, with highly variable
morphology [12] including several molecularly defined new
entities [13, 14].

SMARCB 1-deficient sinonasal adenocarcinoma is a rare
SWI/SNF-deficient malignancy defined by the presence of
unequivocal glandular differentiation and/or by the presence
of other features of adenocarcinoma [15]. Glandular differ-
entiation has been very rarely reported in SMARCB1 (INI-
1)-deficient sinonasal carcinomas, although it is possible that
this feature has been underrecognized [16—19]. The tumors
are usually composed of oncocytoid/plasmacytoid tumor
cells in rounded nests, trabeculae, reticular, microcystic, and
glandular patterns and could be misdiagnosed as high-grade

) Springer

non-intestinal adenocarcinoma, myoepithelial carcinoma, or
even metastatic yolk sac tumor [20].

The use of next-generation sequencing platforms in
clinical practice has allowed for further subclassification
of tumors previously grouped together. The discovery of
a subset of tumors with several unique molecular features
has opened up the door to potential therapeutic targets [21].
These targetable subsets include not only NUT carcinoma
[22] and SNUC with a novel isocitrate dehydrogenase (IDH)
mutation [23] but also SWI/SNF-deficient sinonasal malig-
nancies [24]. We aim to summarize our experience with a
subset of SWI/SNF-deficient sinonasal adenocarcinomas
diagnosed in three major consult centers in head and neck
pathology (AS, AA, and AF).

Materials and methods
Case selection

In their consultation practice, two of the authors (AA and
AS) encountered cases of sinonasal undifferentiated malig-
nancies reminiscent of salivary myoepithelial carcinoma
or high-grade sinonasal non-ITAC that showed a complete
loss of SMARCB1 immunoexpression. Indeed, some of these
cases were submitted for consultation with a diagnosis of
sinonasal myoepithelial carcinoma or high-grade sinonasal
non-ITAC, and a diagnosis of SMARCB 1-deficient adeno-
carcinoma was not raised by the primary pathologist. These
consult cases prompted us to perform a computer search of
our routine and consult files for high-grade sinonasal non-
ITAC carcinomas and SNUCs. Seventy-five and one hundred
thirty high-grade malignant tumors of sinonasal localiza-
tion with epithelial features and available tissue material
were retrieved from the authors’ files, respectively (AS and
AA). All cases were evaluated morphologically and exam-
ined immunohistochemically (IHC) by cytokeratin cocktail
AE1-AE3 antibodies and antibodies to CK7, CK5/6, p63/
p40, SOX10, S100, SALLA, glypican-3, and SWI/SNF pro-
teins (Table 1). Next-generation sequencing (NGS) using
the Illumina Oncology TS500 and TST170 DNA panels was
performed in 44 cases, including 9 cases that demonstrated
loss of SWI/SNF proteins by immunohistochemistry (AS)
and 4 cases (AA). The latter cases were subjected to selected
immunohistochemical and molecular studies (Table 2).

Histological and immunohistochemical studies

For conventional microscopy, the excised tissues were
fixed in formalin, processed routinely, embedded in paraffin
(FFPE), cut, and stained with hematoxylin and eosin.

For immunohistochemistry, 4-pm-thick sections were
cut from paraffin blocks and mounted on positively charged
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Table 1 Antibodies used for

immunohistochemical study Antibody specificity Clone Dilution Antigen retrieval/time Source
AE1/3 AEVAE3+PCK26 RTU CC1/20 min Ventana
CK7 OV-TL 12/30 RTU EnVision High pH/30 min Dako
CK5/6 D5/16B4 1:50 EnVision High pH/30 min Dako
p63 DAK-p63 RTU EnVision Low pH/30 min Dako
p40 BC28 RTU CC1/52 min Biocare Medical
SOX 10 SP267 RTU CC1/64 min Cell Marque
S100 Polyclonal RTU EnVision High pH/30 min Dako
CDX2 EPR2764Y RTU CC1/64 min Cell Marque
CK20 Ks20.8 1:100 CC1/36 min DakoCytomation
MIB1 30-9 RTU CC1/64 min Ventana
SALL4 6E3 1:800 CC1/64 min Sigma-Aldrich
Glypican-3 GC33 RTU CC1/52 min Ventana
SMARCA2 Polyclonal 1:200 CC2/56 min Atlas Antibodies AB
SMARCA4 EPNCIR111A 1:1000  CC1/52 min Abcam
SMARCB1 MRQ-27 RTU CC1/52 min Ventana

RTU, ready to use; CCI, EDTA buffer pH 8.6 at 95 °C; EnVision High, pH 9.0 at 97 °C; EnVision Low, pH

6.0 at 97 °C; min, minutes

slides (TOMO, Matsunami Glass IND, Osaka, Japan). Sec-
tions were processed on a BenchMark ULTRA (Ventana
Medical Systems, Tucson, AZ), deparaffinized, and sub-
jected to heat-induced epitope retrieval by immersion in a
CCl1 solution (pH 8.6) at 95 °C. All primary antibodies used
in this study are summarized in Table 1.

Visualization was performed using the ultraView Uni-
versal DAB Detection Kit (Roche, Tucson, AZ) and the
ultraView Universal Alkaline Phosphatase Red Detection
Kit (Roche, Tucson, AZ). The slides were counterstained
with Mayer’s hematoxylin. Appropriate positive and nega-
tive controls were employed.

Molecular studies
TruSight Oncology 500 Kit (TS500)

Mutation analysis and fusion transcript detection were per-
formed using the TruSight Oncology 500 Kit (Illumina,
San Diego, CA). RNA was extracted using the Maxwell
RSC DNA FFPE Kit and the Maxwell RSC Instrument
(Promega, Madison, WI) according to the manufacturer’s
instructions and quantified using the Qubit HS RNA Assay
Kit (Thermo Fisher Scientific, Waltham, MA). DNA was
extracted using the QIAsymphony DSP DNA mini (Qia-
gen, Hilden, Germany) and quantified using the Qubit BR
DNA Assay Kit (Thermo Fisher Scientific, Waltham, MA).
The quality of DNA was assessed using the FFPE QC kit
(Illumina) and the quality of RNA using the Agilent RNA
ScreenTape Assay (Agilent, Santa Clara, CA). DNA samples
with Cq< 5 and RNA samples with DV200 > 20 were used
for further analysis. After DNA enzymatic fragmentation

with the KAPAFrag Kit (KAPA Biosystems, Wilming-
ton, MA), DNA and RNA libraries were prepared with the
TruSight Oncology 500 Kit (Illumina) according to the
manufacturer’s protocol. Sequencing was performed on the
NovaSeq 6000 sequencer (Illumina) following the manu-
facturer’s recommendations. Data analysis was performed
using the TruSight Oncology 500 v2.2 Local App (Illumina).
Variant annotation and filtering were performed using the
Omnomics NGS analysis software (Euformatics, Espoo,
Finland). A custom variant filter was set up including only
non-synonymous variants with coding consequences, read
depth greater than 50, and benign variants according to the
ClinVar database [25] were also excluded. The remaining
subset of variants was checked visually, and suspected arte-
factual variants were excluded.

VariantPlex Kit (VST)

DNA was extracted using the Qiasymphony DSP DNA mini
(Qiagen, Hilden, Germany), and input DNA clean-up was
performed using the Archer PreSeq™ DNA QC Assay Proto-
col. DNA was quantified using the Qubit HS DNA Assay Kit
(Thermo Fisher Scientific, Waltham, MA, USA). The Archer
VariantPlex Solid Tumor Kit was used (VST, ArcherDX Inc.,
Boulder, CO). Library preparation was performed following
the Archer VariantPlex™ Protocol for Illumina (ArcherDx)
and the product Insert VariantPlex™ Solid Tumor Panel.
Final libraries were diluted 1:100,000 and quantified follow-
ing the Library Quantification for Illumina (KAPA Biosys-
tems, Wilmington, MA), normalized, and pooled. The librar-
ies were sequenced on NovaSeq 6000 (Illumina) following
the manufacturer’s recommendations. Variant annotation and

@ Springer
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filtering were performed using Archer Analysis software v7
(ArcherDx) with the parameters mentioned above.

Fluorescent in situ hybridization (FISH)

For the detection of SMARCBI deletion, ZytoLight® SPEC
SMARCB1/22q12 Dual Color Probe was used (ZytoVision
GmbH, Bremerhaven, Germany). The FISH procedure was
performed as described elsewhere [26]. The heterozygous
deletion was defined as one green signal (SMARCB1) com-
pared to two orange control signals (KREMENT1), and the
homozygous deletion as zero green signals (SMARCBI1)
compared to at least one orange control signal (KREMENT1).

Results
Demographic and clinical features

A total of 14 cases demonstrated clear morphologic evidence
of glandular differentiation and loss of SMARCB1 immunoex-
pression, and these were included in the study (Table 2). They
occurred in 11 men and 2 women with ages ranging from 36 to
92 years (mean 59 years). Clinical data were not available for one
patient. The tumors arose in the nasal cavity (7), maxillary sinus
(1), ethmoid sinus (1), paranasal sinus NOS (4), and sinonasal
tract NOS (1). Imaging revealed extensive involvement of the
paranasal sinuses with or without the involvement of the nasal
cavity and frequent involvement of the skull base (Fig. 1a, b).
Of eight patients with detailed tumor staging informa-
tion, six (75%) presented with stage T4 disease with exten-
sive involvement of the bony confinements of the sinonasal
cavities and variable infiltration into periorbital or skull base
tissues. Synchronous regional lymph node involvement and
distant metastases were detected in one patient (Table 3).
Treatment consisted of radical surgical resection com-
bined with chemotherapy and/or radiation in eight patients.

One patient received only supportive (palliative) care after
a diagnostic biopsy. For the remaining six patients, detailed
information regarding therapy was not available (Table 3).

Follow-up data were available for 8 patients, and the follow-
up period ranged from shortly after diagnosis to 26 months
(median, 10). Distant metastases were recorded in 4 of 8
cases (50%). The sites of distant metastases included the
lungs (n=2), the liver (n=1), the mediastinum (n=2), the
bones (n=1), and the retroperitoneum (n=1). They occurred
from presentation to 24 months after diagnosis (median,
10 months). Regional failure was seen in 75% of patients, with
6/8 local recurrences and 3 regional recurrences to cervical
lymph nodes. At the last follow-up, 5 of 8 (62%) patients had
died of their disease 2 to 20 months after diagnosis (median,
8.2 months), and 3 were alive with the disease (Table 3).

Histopathological and immunohistochemical
finding

In most of the cases, tumor histomorphology was predomi-
nantly solid, with trabecular and alveolar growth patterns.
The tumor cells were large with eosinophilic, oncocytoid,
plasmacytoid, and/or rhabdoid appearance. In nine cases
(9/14, 64%), the dominant cell morphology was oncocy-
toid/rhabdoid (Fig. 2a—c). However, in two cases a basa-
loid/blue cytoplasm was observed (Table 2 and Fig. 2d).
All cases demonstrated varying proportions of glandular
changes, including alveolar/acinar with abortive microglan-
dular differentiation, trabecular, and solid/cribriform/insular
patterns. A focal signet-ring cell pattern was noted in one
case (Table 2 and Fig. 3a, b). Variable luminal and stro-
mal mucin-like secretion was noted in some cases, one case
with prominent myxoid stroma. Areas with yolk sac tumor-
like differentiation with Schiller-Duval body-like structures
were found in six cases (6/14; 43%) with two cases showing
exclusively reticular-microcystic yolk sac pattern (Table 2
and Fig. 3c—e). Seven cases with high-grade malignant
histomorphology and two cases with intermediate-grade

Fig.1 SMARCB 1-deficient sinonasal adenocarcinoma T3NOMO: coronal noncontrast CT scan (A) and axial noncontrast CT scan (B)
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Table 3 Clinical course and follow-up of SMARCB 1-deficient sinonasal adenocarcinomas, Pilsen (cases 1-9); Erlangen (cases 10-14)

No  Agefsex  Initial stage Treatment Clinical course (months) Outcome/
follow-up
(months)

1 66/M pT4a, cNO,cM0  Radical surgery, CT Recurrence (6) DOD (10)

Cervical LN meta (6)

2 62/M pT4, cNO, cMO No surgery, palliative RT, CT  Meta lungs (12) DOD (20)

3 39/'M pT4, cN2, cM2 Surgery, RT, CT Meta liver, LN, skeleton, retroperitoneum (2) DOD (2)

4 55/M Unknown Unknown Unknown Unknown

5 66/M pT4a, cNO, MO Radical surgery, RT Recurrent tumor (7) AWD (7)

6 36/M pT4a, cNO, MO Surgery, RT, CT AWD (6)

7 92/M pT3, cNO, MO Surgery, RT Recurrent tumor (6) DOD (6)

8 46/M pT3, cNO, MO Surgery, RT, proton Recurrent tumor, meta lungs and mediastinum (24) AWD (26)

9 52'M cT4a, cNX, MX Surgery, RT, CT Recurrent tumor, meta cervical LN DOD (3)

10 62/M * * * *

11 76/F * * * *

12 59/M ® ® ® ®

13 NA * * * *

14 55/F ® ® ® ®

AWD, alive with disease; DOD, died of disease; CT, chemotherapy; F, female; LN, lymph node; M, male; mera, metastasis; NA, not available;

NED, no evidence of disease
*Clinical and follow-up data for cases 10-14 are not available

Fig.2 SMARCBI1-deficient
sinonasal adenocarcinoma is
characterized by the presence
of oncocytoid/plasmacytoid cell
morphology, with variable but
unequivocal gland formation
(A—C) defined by open glan-
dular structures (A), abortive
microglandular differentiation
(B), and small nests (C). Less
common pattern is basaloid/
blue phenotype with uniformly

high-grade cytomorphology (D)

malignant histomorphology were observed (Table 2). In all
cases, the Ki-67 index was high (> 40%).

In immunohistochemical stainings, all cases were
completely negative for SMARCB1 (INI-1) proteins
(Fig. 4a). SMARCA?2 and SMARCA4 had normal pat-
terns of expression (retained) except for case 14, which has
shown SMARCA? loss. In all cases, the neoplastic cells
showed strong staining for cytokeratins AE1/AE3 and/or
OSCAR (9/9), CK7 (9/9), and EMA (4/4), while S100,
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SOX10, CK20, CDX2, p63, p40, GATA3, NUT, and AR
were mostly negative. Proliferative activity was high, with
the Ki-67 index reaching 40-80% (mean 56%) (Fig. 4b).
Focal p63 staining was seen in 5 cases, CDX2 staining in
2 cases, and weak focal synaptophysin in 3 cases. Immu-
nohistochemical markers for yolk sac tumor (SALL4 or
glypican-3) decorated 6 cases (Fig. 4c—d), corresponding
to their yolk sac tumor-like histologies.

@ Springer
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Fig.3 Cribriform structures
may be present in solid areas
(A), and focal signet-ring cell
pattern was noted in one case
(B). Fibrous stroma with inter-
mingled glands with a sieve-like
morphology or floating tumor
cell strips embedded within
mucoid stroma was present in
two cases (C) along with struc-
tures resembling the Schiller-
Duval bodies. (D) Two cases
showing exclusively reticular-
microcystic yolk sac pattern (E)
positive for SALL4 (inset)

2 "«l"a "fﬁc‘

l»"‘-“.t- o ¥ -'ﬁ

Fig.4 Representative example
of complete loss of SMARCB1
immunohistochemistry in tumor
cells with positive internal con-
trol in lymphocytes and fibro-
blasts (A). Proliferative activity
was high with Ki-67>40% (B).
Germ cell markers of yolk sac-
like differentiation, SALL4 (C)
and glypican-3 (D) highlighted
6 cases

L T
g B8

~ WY
;jn:&tl
4 A%

Molecular findings case, molecular analysis was not done. (Table 2). Among

the positive cases, two had nonsense mutations truncat-
Next-generation sequencing (NGS) and/or fluorescence  ing the SMARCBI gene, namely SMARCBI c.157C>T
in situ hybridization (FISH) revealed alteration in the  p.(Arg53Ter) and ¢.842G > A, p.(Trp281Ter). Seven cases
SMARCBI gene in nine cases (9/13, 69%), while two cases ~ had deletions in the SMARCBI gene detected by NGS
were negative and two cases were not analyzable. In one  or FISH. One case was negative for both SNV and CNV

4\ Springer
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analysis by NGS and also negative for SMARCBI deletion by
FISH. Another one was negative for SNV and CNV by NGS
only. In addition, one of these tumors harbored mutations
in genes ARIDIB c.1469G > A p.(Trp490Ter) and MGA
€.3724C>T p.(Argl242Ter); another case had a splicing
mutation in the ESRI gene c¢.644-2A > T and the other had a
mutation in gene POLE ¢.352_374del p.(Ser118GlyfsTer78).
In addition, in one case, there was a mutation in the gene
PAX3 c.44del p.(Glyl5AlafsTer95). The complete results
of molecular testing are illustrated in Table 2.

Discussion

SWI/SNF (switching/sucrose non-fermentable) genes were
first described in Saccharomyces yeast in 1984 as genes
required to enable mating-type switching and sucrose
metabolism [27]. In the process of evolution from yeast to
mammals, the SWI/SNF complex (aka BAF complex) has
evolved into a large ATP-dependent chromatin remodeling
complex with many subunits encoded by a variety of genes
with a markedly heterogeneous structure and function. Due
to the tumor suppressor role of this complex, somatic muta-
tions in SWI/SNF genes are involved in the tumorigenesis of
multiple human neoplasms [28, 29]. Other tumor suppressor
genes, such as RBI, TP53, MYC, and BRCA1, are known to
interact with the SWI/SNF complex, and therefore mutations
in these partner genes can affect its function and increase
cell proliferation [28-31]. Up to 25% of human cancers carry
mutations in at least one of nine SWI/SNF subunit genes
including SMARCAI and 2, SMARCBI1, ARIDIA/B, PBRM1,
and ARID?2 [32].

SMARCBI1 (SWI/SNF-related, matrix-associated, actin-
dependent regulator of chromatin, subfamily b, member 1)
is also known as INI1 (for integrase interactor 1) and SNF5,
the latter of which was initially named based on a conserved
region of this protein in the SWI/SNF complex in yeast [33].
SMARCBI, located on chromosome 22q11.2, functions as
a tumor suppressor gene. Mutations in the SMARCBI gene
were first described in rhabdoid tumors in 1998, evidencing
for the first time the link between the SWI/SNF complex and
human cancer [33]. SMARCBI mutations have been impli-
cated in the pathogenesis of several malignancies, includ-
ing atypical teratoid rhabdoid tumor, malignant rhabdoid
tumor, epithelioid sarcoma, renal medullary carcinoma,
myoepithelial carcinoma, epithelioid malignant peripheral
nerve sheath tumor, and extraskeletal myxoid chondrosar-
coma [8]. Although these diverse neoplasms exhibit many
distinct clinicopathologic features, they all tend to share
the presence of “rhabdoid” cells, defined as large cells with
abundant eosinophilic cytoplasm and eccentrically placed
nuclei with open chromatin and prominent nucleoli. A meta-
analysis of 10,849 patients from 15 studies found that 5% of
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human cancers had alterations in SMARCB1 [34, 35, 36].
Such tumors mostly but not exclusively comprise rare, high-
grade lethal cancers [32, 34].

Since the first description of malignant rhabdoid tumors
in pediatric patients, various histological patterns in SWI/
SNF-mutated tumors have been reported. Such tumors
comprise, but are not limited to, rhabdoid eosinophilic
cells, blue-basaloid cells, small cells, and clear cells, as
well as glandular, sarcomatoid, yolk sac-like, and mixed
histological patterns [15, 37]. A rare histologic subgroup
of SWI/SNF-deficient neoplasms and the subject of our
investigation is SMARCB 1-deficient sinonasal adenocar-
cinoma defined by glandular features. In our limited series,
we found that a majority of SMARCB1-deficient sinonasal
adenocarcinomas exhibited a dominant eosinophilic pat-
tern with an oncocytoid/rhabdoid appearance, followed by
a solid blue-basophilic cell pattern. Glandular structures
including tubular, microglandular, cribriform, solid, and
signet-ring patterns were identified in all our cases, com-
parable to other published series also showing intracyto-
plasmic and intraluminal mucin confirmed by mucin stain-
ing [15]. Of interest is the finding of yolk sac tumor-like
differentiation with Schiller-Duval body-like structures in
34% of our cases, with both basophilic and non-pink cell
appearances.

Three potential pitfalls can be expected in the diag-
nosis of SMARCB 1-deficient sinonasal adenocarcinoma.
First, the common eosinophilic-glandular pattern of this
tumor could be misclassified as a high-grade non-ITAC.
Loss of immunohistochemical SMARCB 1 staining, which
was uniformly observed in all our cases, is an essential
criterion to avoid this diagnostic error. A second differ-
ential diagnostic error could be due to the basophilic/blue
glands with endometrioid/yolk sac-like structures that
might be interpreted as features of ITAC. Although this
misinterpretation is more likely due to the focal CK20 and
CDX2 positivity seen in these cases, there was a lack of
diffuse CK20/CDX2 staining, which, along with the loss
of SMARCBI staining and focal positivity for glypican-3
and/or SALL4, helped in differentiating these entities.
Shah et al. also highlighted other differential diagnoses
in this setting, such as extragonadal or metastatic yolk
sac tumor and metastatic hepatocellular carcinoma [15].
These diagnoses could be inferred from positive staining
for glypican-3 and SALL4; however, these entities are
extremely rare in the sinonasal tract. Moreover, negative
SMARCBI1 and other germ cell markers would rule out
these diagnoses. Third, the microglandular/cribriform and
eosinophilic appearance of cells with focal p63 staining
can be interpreted as myoepithelial differentiation. Our
cases were entirely negative for S100 and SOX10, which,
in combination with SMARCBI1, negativity excludes
myoepithelial carcinoma.

@ Springer
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SWI/SNF-deficient malignancies pursue a highly aggres-
sive clinical course, resulting in widespread disease dissem-
ination either at the time of diagnosis or soon afterwards
and causing the death of the patient soon after diagnosis,
despite an apparently curative therapeutic intent. Systemic
chemotherapy has shown no success so far [23]. To date,
satisfactory systemic chemotherapy has not been established
for these patients. This disappointing finding underlines the
urgent need for effective systemic therapy to allow sufficient
intermediate to long-term disease control. However, there are
a number of scientific investigations aimed at deciphering the
vulnerable molecular sites secondary to SWI/SNF mutation
in these tumors [38]. Gene sequencing and molecular sub-
grouping of each SWI/SNF-mutated tumor will help identify
a target suitable for tailored therapy [35]. Recently, SWI/
SNF-deficiency has increasingly emerged as pivotal in can-
cer immunogenicity and hence a promising biomarker when
predicting response to immune-checkpoint inhibition therapy
utilizing several recently established drugs [23]. Immuno-
therapy targeting PDL1 [35, 39], employing the PRC2 (EZH2
subunit) inhibitor tazemetostat [15], as well as inhibitors act-
ing against protein kinases, MYC, MDM2/4, and the protea-
some are major examples of these efforts [32, 35].

Summary

In this limited series, it appears that SMARCB 1-deficient
SNACs show a predilection for male patients, and in con-
trast to non-glandular tumors, may occur with greater fre-
quency in the nasal cavity. The original diagnosis in most
cases of SMARCB1-deficient SNAC was HG non-ITAC
and less frequently HG myoepithelial carcinoma or HG
ITAC. Differential diagnosis is challenging, but the avail-
ability of immunohistochemical antibodies against SWI/SNF
proteins represents an emerging effective tool for screen-
ing these neoplasms. For the first time, we have shown an
NGS-detectable mutation in the SMARCBI gene in a subset
of cases. Recent advances in molecular profiling have led
to major updates and revisions in the classification of high-
grade sinonasal carcinomas. Although the majority of these
tumors are characterized by aggressive biologic behavior,
the identification of these mutations could potentially lead to
improved targeted therapeutic options and improved overall
disease-specific survival.
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4.5 Biphenotypic sinonasal sarcoma with PAX3::MAML3 fusion transforming
into high-grade rhabdomyosarcoma: Report of an emerging rare phenomenon

Vtomto case reportu popisuyjeme piipad 67letého pacienta sBSNS
dediferencujicim do high-grade rhabdomyosarkomu. A¢koli naprosta vétSina BSNS ma
indolentni biologické chovani a tedy dobrou prognozu, tato prace upozornuje na raritni
moznost transformace ve vysoce agresivni tumor.

Pacient anamnesticky prodélal 3 roky pred diagnézou septoplastiku, v dobé jeho
diagnézy klinické projevy spocivaly v obstrukci nosni dutiny a nadmémé slzivosti.
Endoskopické vysetieni a MR prokazaly pritomnost infiltrativniho procesu postihujiciho
pravostrannou dutinu nosni, frontalni, ethmoidalni a maxilarni paranasalni sinusy a o¢nici
stejné strany. Po probatorni biopsii, kterd byla hodnocena jako embryonalni
rthabdomyosarkom, byl pacient 1écen neoadjuvantni chemoterapii (vinkristin-
daktinomycin-cytoxan), pi1 které vSak nador progredoval. Nasledné byl tumor resekovan,
adjuvantné byla provedena radioterapie, po 4 mésicich vSak zobrazovaci metody
prokazaly rekurenci. Efekt neméla ani dalsi podana chemoterapie (vinkristin-irinotekan-
temozolamid), nador dale progredoval a pacient zemiel 15 mésicti po prvni diagndze.

Resekat byl histologicky tvoren stiedné az vysoce celularni proliferaci
uniformnich vretenitych bunék misty uspofadanych v rozpoznatelnych provazcich, bez
signifikantnich atypii a mitotické aktivity. Imunohistochemické vySetreni prokazalo
difizni pozitivitu PAX7, S100 a variabilné vyjadienou pozitivitu SMA. Cetné buiky
rovnéz exprimovaly marker kosterné-svalove diferenciace MyoD1, desmin a dal$i marker
kosterni svaloviny myogenin vSak byly negativni.

V nekterych fezech tyto blandni oblasti odpovidajici BSNS abruptné prechazely
do high-grade neoplazie tvoiené atypickymi a mitoticky aktivnimi rhabdoidnimi
burnikkami. Tyto oblasti byly imunohistochemicky diftizné pozitivni v prikazu desminu,
MyoD1 a myogeninu, nador byl tudiz hodnocen jako high-grade rhabdomyosarkom.
Markery S100 a SMA byly negativni, imunoexprese PAX7 byla v téchto
transformovanych oblastech prokazana jen v nékolika fokusech. Jak PAX7, tak MyoD1
reguluji ¢asnéjsi stadia myogeneze u savcl nez myogenin a vsechny tyto ti1 transkripéni
faktory jsou v myogenezi exprimovany vyznamné drive nez strukturalni protein desmin
coz je téz konkordantni s nalezem castéjsi imunoexprese MyoD1 ve srovnani s
imunoexpresi myogeninu a desminu v piedchozich studiich (18, 20). Bunky
v komponenté high-grade rhabdomyosarkomu v nami prezentovaném piipadu byly pak
zjevné schopny diferencovat dale smérem myogenniho fenotypu.

RNA-seq prokazala pritomnost fuze PAX3::MAML3. Vysledek byl nasledné
potvrzen pomoci FISH, piicemz zlomy genti P4X3 a MAML3 byly nalezeny jak
v komponenté odpovidajici BSNS, tak v high-grade rhabdomyosarkomu.

High-grade transformace BSNS byla jiz popsana ve dvou predchozich studiich
(47-48). V obou piipadech vykazovaly high-grade komponenty vietenobunécnou
morfologii s vyraznymi atypiemi, bez rhabdoidnich znaki. Jeden piipad s prokazanou
fizi PAX3::MAML3 nebyl imunohistochemicky testovan na expresi myogennich
markert; druhy pripad, v kterém byl pomoci FISH potvrzen zlom genu P4X3, vykazoval
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v high-grade komponenté fokalni imunoexpresi myogeninu a desminu, marker MyoD1
vSak testovan nebyl (47-48). Riziko transformace je u BSNS ziejmé velmi malé, ma
nicméne zavazné klinické dusledky, rozsahly sampling resekovaného materialu je
u BSNS tudiZ nutnosti. V klinické praxi je pak u pacienti s BSNS vhodna disledna
dispenzarizace.
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Abstract

We report a case of a 67-year-old male patient with a sinonasal tumor that showed areas of classic biphenotypic sinonasal
sarcoma (BSNS) which in some sections sharply transitioned into high-grade rhabdomyosarcoma. Immunohistochemically,
the conventional BSNS parts showed $100 protein, SMA, PAX7, and focal MyoD1 expression, whereas desmin and myogenin
were negative. In contrast, the cells in high-grade areas expressed desmin, MyoD1, myogenin, and PAX7, while being nega-
tive for S100 protein and SMA. Using the Archer FusionPlex assay, the classical PAX3::MAML3 gene fusion was detected.
FISH for PAX3 and MAML3 confirmed a break of these genes in both components. Despite aggressive therapy, the tumor
progression resulted in the patient’s death. The herein presented case, together with 2 previously published cases of BSNS
with high-grade transformation, helps to better understand this novel phenomenon. Although the risk for such transformation
appears low, it has important clinical and diagnostic implications which are discussed.

Keywords Biphenotypic sinonasal sarcoma - Rhabdomyosarcoma - High-grade transformation - PAX3::MAML3

Introduction

Biphenotypic sinonasal sarcoma (BSNS) was initially
described by Lewis et al. in 2012 as a low-grade sarcoma
with neural and myogenic features [1]. Clinically, these
tumors usually follow an indolent course with frequent
recurrences but no reported metastases and only exceptional
disease-related mortality [1-4]. Morphologically, BSNS typ-
ically consists of an infiltrative hypercellular proliferation of
uniform spindle cells arranged in fascicles, often with a her-
ringbone pattern and frequent invaginations of hyperplastic
surface mucosa. Mitotic activity is usually minimal. The vast

B4 Michael Michal
michael.michal @biopticka.cz

Department of Pathology, University of Kansas, KS,
Kansas City, USA

Department of Pathology, Faculty of Medicine, Charles
University, Medical Faculty and Charles University Hospital
Plzen, Alej Svobody 80, 323 00, Plzen, Czech Republic

Bioptical Laboratory, Ltd., Plzen, Czech Republic
Medical Laboratory CSD Health Care, Ltd., Kyiv, Ukraine

67

majority of cases co-express smooth muscle actin (SMA)
and S100 protein, while a minority of cases may also exhibit
morphological and/or immunohistochemical signs of skel-
etal muscle differentiation [1, 3-5]. Fusions of PAX3 gene
are the molecular hallmark of BSNS, with MAML3 being
the fusion partner in the majority of cases [3, 4, 6]. Herein,
we present a unique case of high-grade rhabdomyosarcoma
(RMS) emerging from a typical BSNS with an aggressive
clinical course.

Case presentation

The patient was a 67-year-old male with Parkinson’s dis-
ease and a history of septoplasty, bilateral frontal sinu-
sotomy, and removal of right middle turbinate concha bul-
losa 3 years before presenting with nasal congestion and
epiphora. MRI showed a soft tissue mass involving the
right ethmoid, maxillary, and frontal sinuses and invad-
ing the extraconal orbit causing mild asymmetric right-
sided ocular proptosis (Fig. 1A,B). Endoscopic evaluation
revealed a soft tissue mass measuring 4.4 X 3.4 x 2.2 cm
which obscured the nasal airway and centered around the
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Fig.1 MRI on axial flair (A)
and on coronal T2 short tau
inversion recovery (B) showed
a soft tissue mass involving the
right ethmoid, maxillary, and
frontal sinuses and invading the
extraconal orbit causing mild
asymmetric right-sided ocular
proptosis

middle turbinate. Biopsy revealed a high-grade sarcoma
with myogenic differentiation by immunohistochemistry,
diagnosed as embryonal RMS. Staging PET was negative
for metastatic disease. The patient initiated neoadjuvant
chemotherapy with vincristine-dactinomycin-cytoxan.
Repeated imaging after three cycles showed local pro-
gression and increased FDG avidity without metastatic
disease.

Fig.2 The resection speci-
men showed a proliferation of
uniform spindled cells with
moderate to high cellularity,
occasional fascicular arrange-
ment, minimal atypia and no
mitotic activity (B). In some
areas, invaginations of the
hyperplastic surface mucosa
were enveloped by the tumor
cells (A). Immunohistochemi-
cally, the conventional BSNS
areas showed patchy SMA (C)
and diffuse S100 protein (D)
expression. There was also a
diffuse strong positivity with
PAXT7 (E) and patchy expres-
sion of MyoD1 (F)

) Springer
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The resection specimen showed a proliferation of uni-
form spindled cells with moderate to high cellularity,
occasional fascicular arrangement, minimal atypia, and no
mitotic activity (Fig. 2B). In some areas, invaginations of the
hyperplastic surface mucosa were enveloped by the tumor
cells (Fig. 2A). No rhabdoid differentiation was noted by
morphological examination in this area. However, in some
sections, this typical BSNS morphology sharply transitioned
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to a high-grade sarcoma with rhabdoid features, very high
mitotic activity, and areas of necrosis (Fig. 3A,B).

Immunohistochemically, the conventional BSNS areas
showed patchy SMA (Fig. 2C) and diffuse S100 protein
(Fig. 2D) expression. There was also a diffuse strong posi-
tivity with PAX7 (Fig. 2E) and patchy expression of MyoD1
(Fig. 2F), while desmin and myogenin were completely neg-
ative. In contrast, the high-grade areas were completely neg-
ative for S100 protein and SMA, and there was only patchy
positivity with PAX7 (Fig. 3D), whereas the expression of
desmin (Fig. 3C), MyoD1 (Fig. 3E), and myogenin (Fig. 3F)
was diffuse in these parts.

Based on the presence of the typical BSNS areas,
molecular studies were performed using Archer FusionPlex
assay as described previously [7]. This analysis revealed
PAX3(exon7)::MAML3(exon2) fusion which was confirmed
by FISH, using MAML3 (4q31.1 ) and PAX3 (2q36.1) break-
apart probes (both from SureFISH, Agilent). Of note, the
FISH analysis confirmed the presence of the rearrangement
(with a cut-off defined as at least 10% cells with a break) in
both the conventional and high-grade components.

Postoperatively, the patient received 5040 cGy in 28
fractions. Imaging studies 4 months after resection dem-
onstrated recurrence along the right medial orbital wall and
orbital floor. He was initiated on vincristine-urinotecan-
temozolamide. Imaging after three cycles again showed

Fig.3 In some sections, this
typical BSNS morphology
sharply transitioned to a high-
grade sarcoma with rhabdoid
features, very high mitotic activ-
ity, and areas of necrosis (A, B).
There was only patchy positiv-
ity with PAX7 (D), whereas

the expression of desmin (C),
MyoD1 (E), and myogenin (F)
was diffused in these parts
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local progression. Clinically, the tumor caused total vision
loss in the right eye and started to protrude from the right
nare. Due to continued progression on maximal therapy, the
patient transitioned to hospice and died 15 months after his
initial diagnosis.

Discussion

BSNS with morphologically evident rhabdomyoblastic dif-
ferentiation has been described in approximately 10% of
cases [1-3, 5]. However, as the 2 largest studies have shown,
at least focal immunohistochemical expression of desmin or
MyoD1 is common, with the percentage of immunopositive
cases ranging from 35 to 66% and 26 to 91%, respectively.
Myogenin expression is the least frequent and is encountered
in only 20% of cases [3, 4]. PAX7 expression in BSNS has
not been extensively studied but was noted previously as
well [8]. The skeletal muscle phenotype of BSNS is in line
with its molecular background, which is most commonly
characterized by fusions of PAX3 with either MAML3 or
(less commonly) with FOXO!I or NCOA. Very rarely, other
fusions partners may be involved, including RREB::MRTFB
(MKL2) [3-6, 9-11]. However, the nosological classification
of the latter as BSNS is somewhat controversial as iden-
tical gene fusions have been described in other head and

“ Myogenin
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neck mesenchymal tumors [10-12]. During development,
PAX3 determines the cell fate of melanocytic, neuronal,
and skeletal muscle differentiation and regulates normal
myogenesis and postnatal muscular regeneration [5, 6, 13],
while MAML.3 has been shown to function as a potent trans-
activator of PAX3 response elements [6]. Gene expression
profiling of BSNS with PAX3::MAML3 fusion also showed
altered expression of several genes and signaling networks
involved in neural crest, skeletal system, and general embry-
onic development, including the myogenic genes MYOCD
and MYODI [6]. Interestingly, the PAX3::FOXOI and
PAX3::NCOAI fusions were also described in rare cases of
alveolar RMS [5]. It has been speculated that the differences
in clinicopathological features between BSNS and alveolar
RMS are probably determined by the cell of origin and cel-
lular environment and by additional genetic aberrations [4].

Nevertheless, the case we are presenting herein shows
that a very small subset of BSNS may progress towards a
high-grade RMS. After review of the literature, we found 2
recently reported cases of molecularly confirmed BSNS with
high-grade transformation, their clinicopathological features
together with our case are summarized in Table 1. From the
available description and figures, it seems that both cases
showed a high-grade spindle cell morphology without the
rhabdoid features detected in our case. Unfortunately, the
first case was not tested for skeletal muscle markers at all
[14], and the other was tested only for desmin and myogenin,
both of which were focally positive in the high-grade areas
of this case, suggesting differentiation into spindle cell RMS
[15].

The differential diagnosis of ordinary BSNS includes
a list of other neoplasms with uniform spindle cell mor-
phology occurring in this anatomic area such as malignant
peripheral nerve sheath tumor (including malignant Tri-
ton tumor when rhabdomyoblastic differentiation is pre-
sent), cellular schwannoma, monophasic fibrous synovial
sarcoma, sinonasal glomangiopericytoma, and solitary
fibrous tumor. However, the distinction is usually possi-
ble using a carefully selected panel of immunohistochemi-
cal stains [1-4]. In contrast, the rhabdomyosarcomatous
component in our case could be mistaken for embryonal
RMS or pleomorphic RMS. If this area is sampled with-
out the conventional BSNS component (as happened in
the initial probatory biopsy in our case), the distinction is
impossible without molecular genetic methods. Since the
clinical behavior and/or response to treatment of embryo-
nal and pleomorphic RMS might differ from RMS aris-
ing from BSNS, we believe it is reasonable that molecu-
lar investigation of such cases in the sinonasal area with
either PAX3 FISH probe or preferably using an adequate
RNA-sequencing panel is carried out. Significant prognos-
tic differences have already been noted between several
molecular subgroups of spindle cell RMS. For example,

presenting with nasal congestion and epiphora. MRI showed
a soft tissue mass involving the right ethmoid, maxillary, and

of right middle turbinate concha bullosa 3 years before
frontal sinuses and invading the extraconal orbit causing mild
asymmetric right-sided ocular proptosis

History of septoplasty, bilateral frontal sinusotomy, and removal
months after diagnosis on tumor progression

Neoadjuvant chemotherapy, resection, irradiation. Died 15
Desmin, PAX7, MyoD1, Myogenin positive

High-grade thabdomyosarcoma

44x34x22
PAX3::MAML3 fusion

Curment case
67M

2-year history of progressive nasal obstruction with epistaxis
and headaches. Resection of a “polyp” which was diagnosed
as BSNS. Then resection of a skull base lesion encompass-
ing the entirety of both sinonasal cavities.

Resection. Died on complications related to surgery 4.5
months after the resection with no signs of tumor recurrence

PAX3 gene break, copy number alterations of 9p and 22

High-grade spindle cell sarcoma

Case 2 (Hasnie S et al'y
Focal desmin and myogenin

(10 months)
High-grade spindle cell sarcoma

tested

Recurrence — resection, irradiation. No evidence of disease
PAX3::MAML3 fusion

BSNS recurring as high-grade sarcoma in superior extraconal

orbit with intracranial extension 15 years later.
Primary tumor — resection, radiotherapy, che mothherapy.

Patchy SMA and S100 expression, myogenic markers not

Case 1 (Bell Detal')
30x24%20

66/M

. Clinicopathological features of BSNS cases with high-grade progression

Size (cm)

Course of disease
Treatment and outcome
Morphology

THC of the high-grade areas
Molecular genetics

Table 1
Agelsex
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spindle cell RMS with VGLL2 and VGLL3 fusions has a
relatively favorable prognosis which is in contrast to the
very aggressive subset harboring MYODI mutations [16].
Importantly, spindle cell RMS with VGLL3 fusions and
MYODI mutations has a predilection for the head and neck
area [16]. As the other published case of BSNS with high-
grade transformation featured spindle cell RMS pattern,
a comprehensive molecular investigation for this mor-
phological variant of RMS is warranted as well. Lastly,
the herein presented case emphasizes the importance of
careful follow-up of patients with BSNS and a throughout
sampling of every case to prevent a delayed detection of
high-grade transformation.

With regard to the case presented herein, it is interest-
ing to note the significantly different expression of skeletal
muscle markers in the conventional BSNS areas compared
to the high-grade areas. Even though the former areas were
diffusely positive for PAX7 and MyoD1, they were com-
pletely negative for desmin and myogenin. In contrast, the
high-grade areas were moderately to diffusely positive for
all these markers. Both PAX7 and MyoD1 regulate earlier
stages of mammalian myogenesis than myogenin [17], and
all these 3 transcriptional factors are expressed significantly
earlier in myogenesis than the structural protein desmin [18].
This suggests that the cells in conventional BSNS areas were
arrested at earlier stages of myogenesis which would be also
in line with a generally more frequent expression of MyoD1
compared to the expression of desmin and myogenin in the
previous studies [3, 4]. In contrast, possibly due to additional
molecular aberrations, the cells in the high-grade areas,
although being highly anaplastic, were apparently able to
differentiate further along the myogenic pathway as also
evidenced by their rhabdoid morphology.

In conclusion, we presented a unique case of BSNS with
transformation into high-grade RMS which together with 2
previously published cases of BSNS with high-grade trans-
formation helps to better understand this novel phenomenon.
Although the risk for high-grade transformation of BSNS
appears low, it has important clinical and diagnostic implica-
tions. Besides advocating for a careful follow-up of patients
with BSNS and a throughout sampling of every case, we
believe that molecular profiling of sinonasal RMS of any
type is warranted.
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4.6 EWSRI::POU2AF3(COLCA2) sarcoma: An aggressive, polyphenotypic
sarcoma with a head and neck predilection

V publikaci jsou piedlozeny dalsi poznatky o nové, molekularné-geneticky
definované jednotce — sarkomu s fuzi EWSRI(/FUS)::POU2AF3, ktera byla recentné
vy¢lenéna ze skupiny nediferencovanych sarkomu z kulatych az vretenitych bunék (21-
22).

Ve studii bylo zahrnuto 8 pripadi postihujicich 5 pacienti muzského a 3 pacienty
zenského pohlavi, jednalo se o dospélé stiedniho a vysSiho véku (median 60 let). Ve 4
piipadech byly nadory lokalizovany v oblasti hlavy a krku: ve dvou piipadech
v sinonasalnim traktu, v 1 piipadé v nasopharyngu a v 1 piipadé se jednalo o lytickou lézi
¢elni kosti. Ve zbylych piipadech nadory rostly v mékkych tkanich hrudniku a stehna,
v plici a ve fibule. Ackoli byli pacienti 1éCeni intenzivni multimodalni onkologickou
terapii, pouze dva pacientt nemeéli pii posledni kontrole provedené 33,5 mésicu,
respektive 53,5 mésici po diagndze znamky onemocnéni. Jeden pacient zemiel
z neur¢ené piiciny, piicemz vsak u néj byla potvrzena lokalni rekurence a vysloveno
podezieni na pritomnost vzdalené metastazy. Ostatni pacienti byli v rozmezi 4-122
meésicl nazivu, avsak se vzdalenymi metastazami a/nebo lokalnimi rekurencemi.

Na zakladé histologického vySetreni byly vytyceny dvé morfologické podskupiny.
Prvni znich obsahovala dva pripady, jednalo se o méné celularni nadory tvorené
vietenitymi a hvézdicovitymi bunkami s maximalné stredné tézkymi jadernymi atypiemi
a nizkou mitotickou aktivitou, nadory mély fibrotické ¢i fibromyxoidni stroma. SpiSe
ojedingéle byly zastizeny drobné fokusy se zvySenou celularitou a zakulacenymi
nadorovymi buiikami. Druha podskupina ¢itala 6 piipadi, nadory zde mély jasné maligni,
high-grade morfologii s vysokou celularitou, vys$i mitotickou aktivitou a ve dvou
piipadech téz pritomnosti nekrotickych lozisek. Nadory mély bifazickou strukturu:
hnizda kulatych bunék s jadry s jemné zrnitych chromatinem a prominentnimi jadérky
(pripominajici bunky neuroendokrinnich neoplazii) byla obklopena proliferaci
vietenitych nadorovych bunék. Jednotlivé piipady v této podskupiné vykazovaly
glanduléarni, osteogenni a rhabdomyoblastickou diferenciaci.

Imunohistochemicky byly ve vice neZ poloviné pripadi exprimovany markery
CD56 (4/4 pripadt), GFAP (5/8), sirokospektré keratiny (5/8), S100 (4/7) a SATB2 (4/6).
V nekterych pripadech byla dale potvizena imunoexprese neuroendokrinnich markera
synaptofyzinu, chromograninu a INSMI1. Nejvyssi intenzity dosahovala
imunohistochemicka barveni ve vySe popsanych kulatobunéénych hnizdech
s neuroendokrinnimi rysy.

Ve vSech pripadech byla pomoci RNA-seq identifikovana fuze
EWSRI1::POU2AF3, zlom genu EWSRI byla dale potvrzen pomoci FISH v 5 pripadech.
V 9/12 dosud popsanych tumorti pochazejicich z oblasti hlavy a krku byl zlom genu
EWSRI lokalizovan v exonech 12 aZ 17, ve zbylych pripadech byl lokalizovan v exonech
9 ¢1 10. Naopak ve vsech pripadech pochazejicich z jinych oblasti byl zlom piitomen
v exonech 9 nebo 10. Pii¢inou miize byt odliSna cesta vzniku flize, ovlivnéna napriklad
specifickym mikroprotiedim v oblasti hlavy a krku. Exony 12 az 14 obsahuji motiv RRM,
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ktery se podili na interakci s RNA a DNA. Vazba nukleovych kyselin ¢i
ribonukleoproteini mize mit vliv na funkci fiizniho genu EWSRI1::POU2AF3.
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EWSR1::POU2AF3 (COLCA2) sarcomas are a recently identified group of undifferentiated round/
spindle cell neoplasms with a predilection for the head and neck region. Herein, we report our
experience with 8 cases, occurring in 5 men and 3 women (age range, 37-74 years; median, 60
years). Tumors involved the head/neck (4 cases), and one each the thigh, thoracic wall, fibula, and
lung. Seven patients received multimodal therapy; 1 patient was treated only with surgery. Clinical
follow-up (8 patients; range, 4-122 months; median, 32 months) showed 5 patients with metastases
(often multifocal, with a latency ranging from 7 to 119 months), and 3 of them also with local
recurrence. The median local recurrence—free and metastasis-free survival rates were 24 months
and 29 months, respectively. Of the 8 patients, 1 died of an unknown cause, 4 were alive with
metastatic disease, 1 was alive with unresectable local disease, and 2 were without disease. The
tumors were composed of 2 morphologic subgroups: (1) relatively bland tumors consisting of
spindled to stellate cells with varying cellularity and fibromyxoid stroma (2 cases) and (2) overtly
malignant tumors composed of nests of “neuroendocrine-appearing” round cells surrounded by
spindled cells (6 cases). Individual cases in the second group showed glandular, osteogenic, or
rhabdomyoblastic differentiation. Immunohistochemical results included CD56 (4/4 cases), GFAP (5/
8), SATB2 (4/6), keratin (AE1/AE3) (5/8), and S100 protein (4/7). RNA sequencing identified
EWSR1::POU2AF3 gene fusion in all cases. EWSRI gene rearrangement was confirmed by fluores-
cence in situ hybridization in 5 cases. Our findings confirm the head/neck predilection and
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aggressive clinical behavior of EWSR1::POU2AF3 sarcomas and widen the morphologic spectrum of
these rare lesions to include relatively bland spindle cell tumors and tumors with divergent

differentiation.

© 2023 United States & Canadian Academy of Pathology. Published by Elsevier Inc. All rights reserved.

Introduction

With the widespread application by pathologists of sophisti-
cated molecular genetic techniques such as next-generation
sequencing, an ever-increasing number of new, distinctive entities
are now recognized within the group of undifferentiated round and/
or spindle cell sarcomas. One of the most recently identified cate-
gories comprises aggressive, histologically undifferentiated spindle
cell/round cell sarcomas harboring EWSR1/FUS::POU2AF3(COLCAZ2)
gene fusions, first reported by Agaimy et al' in a series of 5 sinonasal
tumors and more recently reported by Hiemenz et al” in a series of 6
cases predominantly (but not exclusively) involving soft tissue and
bone locations in the head/neck. Herein, we present our experience
with 8 additional examples of EWSRI1/FUS::POU2AF3 sarcoma,
further expanding the clinical, morphologic, and immunohisto-
chemical spectrum of these rare malignant neoplasms.

Materials and Methods

Review of our collective consultation archives identified 8
cases known to harbor EWSR1/FUS::POU2AF3 fusions. Clinical in-
formation was obtained from the medical records. Statistical
analysis, including survival analyses, was performed with Bluesky
Statistics software (version 7.40, BlueSky Statistics, LLC).

Immunohistochemistry for each case was performed at several
different laboratories based on the original differential diagnostic
considerations (staining protocols and antibody sources are
available upon request). Some markers (ie, GFAP, SATB2, and
neuroendocrine markers) were added in selected cases for the
purposes of this study. In cases 1 and 6, both the primary and
recurrent or metastatic tumors, respectively, were available for
analysis. RNA sequencing in cases 1, 3, 4, 6, and 7 was performed
using various customized versions of FusionPlex assay (Archer,
Inc). Case 2 was analyzed using TruSight RNA Fusion panel (Illu-
mina Inc), while DNA and RNA sequencing in case 8 was per-
formed using the TruSight Oncology 500 kit (Illumina Inc). Cases 5
and 6 were sequenced using a targeted, custom-designed,
amplicon-based panel using QIAGEN's QlAseq chemistry. In 6
cases, an EWSR1 fluorescence in situ hybridization break-apart
probe was used for confirmation of gene rearrangement. All
methods have been described in more detail previously.*”. Mo-
lecular data from case 5 have been previously reported.”

Results
Clinical Findings

The clinical features are summarized in Table 1. There were 5
male and 3 female patients aged 37 to 74 years (median, 60 years;
mean, 57 years). The head and neck area was involved in 4 cases
(frontal bone, nasopharynx, and 2 cases in the sinonasal area); 1
case each affected the thigh, thoracic wall, fibula, and lung.

Imaging studies were available for 4 patients (cases 1-3 and 8).
Computed tomography (CT) scan in case 1 revealed a tumor

involving left ethmoidal and frontal sinuses with a soft tissue
component and with destruction of bilateral cribriform plates and
left sphenoidal ala. Magnetic resonance imaging revealed a T1
isointense and T2 hyperintense mass with contrast enhancement
and diffusion restriction involving the left ethmoid sinus, left
sphenoid wing, and bilateral frontal sinuses. CT scan in case 2
showed a lytic tumor in the right frontal bone (Fig. 1D), while an
infiltrative, variably calcified lesion of soft tissue density involving
the right nasal cavity and frontal, ethmoid, and maxillary sinuses
was found in case 3 (Fig. 2A). The initial tumor in case 8 affected
the left part of the thoracic wall around fifth rib with lytic bone
involvement on CT scan.

All patients underwent surgical resection of their primary tu-
mors with RO, R1, or R2 margins (for details, see Table 1). One
patient received neoadjuvant chemotherapy/radiotherapy; adju-
vant chemotherapy and radiation therapy were administered to 4
and 6 patients, respectively. One patient (case 6) was treated with
surgery only. Clinical follow-up (8 patients; range, 4-122 months;
median, 32 months; mean, 39 months) showed 5 patients with
metastases (unconfirmed by biopsy in case 1), and 3 of them also
exhibited local recurrence. Of the 8 patients, 1 died of an unknown
cause, 4 were alive with metastatic disease, 1 was alive with
unresectable local disease, and 2 were without disease. The me-
tastases occurred with a latency ranging from 7 to 119 months,
were often multifocal, and involved bone (n = 3) and pleura, base
of the skull and lymph nodes (1 case each). The median local
recurrence—free and metastasis-free survival rates were 24
months and 29 months, respectively.

Submitting diagnostic considerations from referring patholo-
gists included Ewing-like sarcoma (2x), osteosarcoma (2x),
“spindle cell sarcoma,” ossifying fibromyxoid tumor (OFMT),
desmoplastic fibroma, intranodal palisaded myofibroblastoma,
atypical carcinoid, synovial sarcoma, myoepithelial tumor, and
neuroendocrine carcinoma.

Morphologic Findings

Microscopically, 6 cases grew in an infiltrative fashion into
surrounding soft tissue and bone, whereas cases 5 and 6 appeared
relatively well circumscribed. Although all tumors consisted of
relatively uniform spindled to round cells, 2 distinct morphologic
groups could be discerned. The first of these, illustrated by cases 1
and 2, displayed variable cellularity and consisted of relatively
bland, spindled to stellate cells in a fibromyxoid stroma; nuclear
atypia was mild to moderate, mitotic activity was low, not
exceeding 2 mitoses per 10 high-power fields, and necrosis was
absent (Fig. 1). In case 1, the primary tumor showed predomi-
nantly low cellularity (Fig. 1A), with only a small focus having
more cellular, round cell features (Fig. 1B); the recurrent tumor
consisted chiefly of more cellular spindled proliferation (Fig. 1C).
Similarly, case 2 was predominantly hypocellular (Fig. 1E), with
scattered small to medium-sized nests having a more cellular,
round cell appearance (Fig. 1E-G). The initial tumor in case 1 had a
striking arborizing capillary vasculature (Fig. 1A), whereas small
hyalinized vessels predominated in the recurrence and in case 2
(Fig. 1E).
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Table 1
Clinical features of EWSR1::POU2AF3 tumors
Caseno. Age Tumor site Size Prior diagnosis Treatment Local recurrence/| Status at the  Owverall
(v)/sex distant mets last follow-up  survival
(mo after diagnosis) (mo)
1 65/M Sinonasal area 29 Ossifying fibromyxoid Resection (R2) and Recurrence and lytic  Died of an 24
(destructive lesion of tumor adjuvant RT lesion in the left ilium unknown cause
ethmoidal and frontal on PET-CT suspicious
sinuses) for mets (not biopsied)
in 24 mo
2 G60[F Frontal bone (lytic 52 x 45 x 2.5 Desmoplastic fibroma, Resection (no residual Multiple lytic metsin AWD 7
bone lesion) Spindle cell sarcoma  disease on CT); CHT bilateral frontal bones
grade 2, initiated after mets and at the base of the
dedifferentiated detected skull 7 mo after surgery
osteosarcoma
3 43[F Sinonasal area (nasal NA Osteosarcoma Functional endoscopic No AWD 4
cavity, frontal, ethmoid, sinus resection (R1),
and maxillary sinuses) adjuvant proton RT
4 46/M Nasopharynx NA Ewing(-like) sarcoma; Resection (RO), Multifocal bone mets AWD 122
synovial sarcoma, adjuvant RT, and CHT (119)
myoepithelial tumor
5 72/M L thigh 39 Intranodal palisaded  Resection (RO); No NED 335
myofibroblastoma adjuvant CHT and RT
6 60/M Lung 42 Atypical carcinoid Resection (RD), mets  Local recurrence/ AWD 415
(intraparenchymal) resected multifocal pleural mets
(22 and 38)
7 74(F R proximal fibula NA Ewing(-like) sarcoma  Resection (RO) No NED 535
(bone) neoadjuvant and
adjuvant RT and CHT
8 37/M Thoracic wall (soft NA Neuroendocrine Resection (R1) with RT Multifocal locoregional AWD 30

tissue lesion with
adjacent lytic rib

carcinoma

involvement; no other
tumor located
elsewhere)

(60 Gy) and CHT (EP); recurrence with

mets treated with CHT pleural, pericardial,

(VAC) diaphragmatic and
lymph node mets found
in 24 mo

AWD, alive with disease; CHT, chemotherapy; CT, computed tomography; EP, cysplatinum/etoposide; F, female; L, left; M, male; mets, metastases; NA, not available; NED,
no evidence of disease; PET, positron emission tomography; R, right; RT, radiotherapy; VAC, vincristine-D-actinomycine-cyclofosfamide.

The second, larger subgroup consisted predominantly of
highly cellular sheets and fascicles of overtly malignant-
appearing spindled and round cells, with somewhat biphasic
architecture (Figs. 2-5). Mitotic activity ranged from 4 to 24
mitoses per 10 high-power fields, and small areas of necrosis
were identified in 2 cases. Stroma was relatively scarce in cases
3, 4, 6, and 7 (Fig. 3B), whereas cases 4 and 5 contained
foci with abundant myxoid stroma, in which the tumor cells
grew in cord-like, pseudopapillary, pseudoglandular, and
cribriform formations (Fig. 3A, C, E). Relatively hypocellular
zones with hyalinized collagen were variably present
(Figs. 3D and 5A-C). Some cases contained numerous hyali-
nized small vessels (Fig. 3A, B), whereas others had an incon-
spicuous vasculature.

Perhaps, the most distinctive feature of this second sub-
group (found in 4 cases) was the presence of nests or loose
dispersed sheets of round cells with basophilic nuclei with
finely stippled chromatin (“neuroendocrine”), sometimes with
peripheral palisading, surrounded by zones with more spin-
dled cells having lighter and more evenly dispersed chromatin
(Figs. 3D; 4B, C, G; and 5A-C). One prominent pinpoint
nucleolus was typically present in both types of cells
(Figs. 2D and 5C).

Unusual features, noted in individual cases, included keratin
7—positive glands containing Alcian blue—positive mucin (case
8) (Fig. 5D), clear cells (cases 7 and 8) (Fig. 4H), osteogenic
differentiation with production of osteoid matrix (case 3)
(Fig. 2E), and rhabdomyoblastic differentiation including
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rhabdomyoblasts with visible cross-striations (case 6) (Fig. 4D).
Interestingly, rhabdomyoblasts were absent in the metastasis
from this tumor.

Scanned whole slide images for most cases are available online
at the hyperlinks listed in Supplementary File S1. No correlation
was found between any of the histologic features studied and the
clinical course of the disease.

Immunohistochemical Findings

The immunohistochemical results are summarized in Table 2.
The most commonly expressed markers were GFAP (5/8 cases;
63%) (Fig. 5F), SATB2 (4/6 cases; 67%) (Fig. 2F and 4F), keratins
(AE1/AE3) (5/8 cases; 63%) (Fig. 5G), and 5100 protein (4/7 cases;
57%) (Fig. 5E). In general, expression of these markers was more
pronounced in the round cell nodules, compared with the spin-
dled cells (Figs. 4F and 5E-G). Expression of CD56 (4/4 cases)
(Fig. 3F), synaptophysin, chromogranin, and INSM1 (collectively 3/
7; 43%) also tended to be restricted to these round cell areas
(Fig. 5H, I). As expected, more robust SATB2 expression was seen
in case 3 with overt osteoblastic differentiation as compared with
undifferentiated spindle cell zones in other cases (Figs. 2F and 4F).
In case 6, markers of rhabdomyoblastic differentiation (eg, des-
min, myogenin, and MyoD1) were seen in differentiating rhab-
domyoblasts as well as in morphologically undifferentiated cells
(Fig. 4E). More limited expression of these markers was present in
the metastasis as well. A wide variety of other markers, tested on
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(A-C) Case 1. The tumor in case 1 consisted of spindle to stellate cells with mild to moderate atypia and fibromyxoid stroma. (A) The primary tumor showed a striking arborizing
vasculature and predominantly low cellularity, (B) with only a small focus having more cellular, round cell features. (C) The recurrent tumor consisted chiefly of more cellular
spindled proliferation. (D-G) Case 2. (D) Computed tomography scan in case 2 showed a lytic tumor in the right frontal bone. This case was also hypocellular with scattered small-
to medium-sized nests having a more cellular, round cell appearance. (E) Small, hyalinized vessels predominated. (F) High-power view of one of the larger nests with more round

cell appearance. (G) High-power view of one of the small round cell aggregates.

an ad hoc basis in individual cases, were negative or noncontrib-
utory (listed in Table 2).

Molecular Genetic Findings

The molecular genetic data are summarized in Table 2. Fusions
with genomic breakpoints in exons 9, 10, 14, 15, and 16 of EWSR1
were noted across the cohort, while breakpoints in only exon 2 of
POU2AF3 gene were detected. Case 2 showed 3 coexisting
breakpoint-defined subclones affecting adjacent exons 14 to 16 of
EWSRI1. Notably, the EWSR1 genomic breakpoints in all 4 sinonasal

4

cases were located in exons 14 to 16, while all extrasinonasal cases
had breakpoints in exons 9 or 10. In cases 1 to 3, 5, 7, and 8, a break
of EWSR1 was confirmed by fluorescence in situ hybridization. In
case 8, DNA sequencing did not detect any pathogenic mutations,
and the tumor mutation burden was low (3.9/Mb). No case
harbored FUS rearrangement.

Discussion

Including the original description by Agaimy et al,' followed by
the series by Hiemenz et al,> and our current cases, a total of 19
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Figure 2.

neoplasms carrying the EWSR1/FUS::POU2AF3 (formerly COLCA2)
fusion have been well documented (clinicopathological features of
all cases are summarized in the Supplementary Table S1). A single
case mentioned in one fusion detection methodological study
(included in the current study as case 5) lacked any clinical or
anatomical data.”

Clinically, these tumors show a striking predilection for the
head and neck area (13/19 cases), particularly for the sinonasal
tract (9/19 cases), but they may occur at other sites, including
soft tissue and bone. They affect predominantly middle-aged to
older adults without sex predilection. EWSR1/POU2AF3-rear-
ranged neoplasms reported so far mostly behaved as high-grade
sarcomas irrespective of their morphology. Half of the published
cases (9/18) developed metastases (as late as 10 and 23 years
after diagnosis, hence warranting a lifelong follow-up) with or
without recurrence and additional 3 patients experienced either
recurrence or progressive tumor growth. The 5-year local
recurrence—free survival and metastasis-free survival were 48%
and 54%, respectively, after combining the available clinical data
from these 3 studies. While only 1 of 18 patients died of
disseminated disease, most remaining patients were alive with
disease despite multimodal therapy. However, 5 patients were
without evidence of disease at the last follow-up, and all 4 with
available treatment information received a multimodal therapy.

The previously emphasized morphologic features, including
the presence of undifferentiated round and spindled cells with
fine chromatin and prominent nucleoli'? and frequent biphasic
arrangement of spindled and round/epithelioid cells, often
mimicking synovial sarcoma,” were observed in our cases as well.
The reported cases did not exhibit any consistent morphologic
evidence of epithelial, mesenchymal, or other specific lines of

79

‘ ", .m—ﬂ I
ggﬁ'ﬁ 3
) & o
Case 3. (A) Computed tomography scan revealed an infiltrative lesion of soft tissue density (red circle), involving the right nasal cavity and frontal, ethmoid, and maxillary sinuses
with multifocal calcifications. (B, C) The tumor consisted of highly cellular sheets and fascicles of spindled cells and occasional round cells with little intervening stroma. (D) Foci

with round cells featuring more basophilic nuclei with finely stippled chromatin and typically 1 prominent pinpoint nucleolus. (E) Some of the tumor cells showed osteogenic
differentiation with production of osteoid matrix. (F) In line with the observed osteogenic properties, the tumor cells showed a diffuse strong expression of SATB2.

differentiation, apart from single cases in our study exhibiting
glandular, osteoblastic, and rhabdomyoblastic differentiation,
respectively. However, they seem to display an unusual immu-
nophenotype with frequent expression of markers associated with
epithelial (pankeratins and/or EMA expression) or neuroendo-
crine differentiation.'

New findings in our study include the presence of 2 morpho-
logically different subgroups. The first consisted of relatively
uncharacteristic low-grade—appearing spindle cell tumors with
mild to moderate atypia and variable cellularity with occasional
foci showing round cells, while the second encompassed hyper-
cellular neoplasms with predominantly high-grade round and
spindle cell morphology. A very characteristic and frequent
microscopic feature of this latter group was the presence of
distinctly biphasic arrangement of the tumor cells with the for-
mation of round cell nests on a predominantly spindle cell back-
ground reminiscent of biphasic synovial sarcoma but lacking true
gland formation (apart from a single case). The round cells often
contained more basophilic staining nuclei with more stippled
chromatin, imparting a neuroendocrine appearance. Notably, it
was these round cells that preferentially showed expression of
keratins and the various neuroendocrine markers we tested. Novel
findings also included the identification of true glands with mucin
production and rhabdomyoblastic and osteogenic differentiation
found in one case each.

The exact nosology of these neoplasms remains to be further
delineated. Data from these 19 reported cases are in line with a
sarcoma showing polyphenotypic (ambiguous) immunoprofile.
Their morphologic heterogeneity precludes putting them into any
of the defined epithelial or mesenchymal neoplastic categories
despite their focal overlap with basaloid epithelial or
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Figure 3.
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(A, B) Case 4. This case consisted purely of nests or loose dispersed sheets of round cells with basophilic nuclei with finely stippled neuroendocrine-like chromatin. It contained
(A) abundant small hyalinized vessels and (B) areas with myxoid stromal matrix, which imparted a cord-like and pseudopapillary architecture. (C-F) Case 5. (C) Case 5 showed a
prominent biphasic arrangement consisting of predominantly spindle cell periphery (top), whereas toward the center (bottom), it contained round cells with neuroendocrine
features with cord-like, pseudopapillary, and pseudoglandular arrangement within a myxoid stroma. (D) Transitional areas with round cells within the predominantly spindle
cell background occasioning a resemblance to similar areas in case 2. (E) High-power view of round cells with neuroendocrine features forming pseudoglandular structures. (F)

Diffuse strong expression of (D56.

neuroendocrine neoplasms in a subset of cases. While some may
superficially mimic biphasic synovial sarcomas based on subtle
biphasic arrangements of plump rounded and spindled cells, their
morphology (variable spindle and round cell features) and poly-
phenotypic immunoprofile (variable expression of epithelial,
rhabdomyogenic, and neurogenic markers such as 5100, GFAP, and
others) are partially reminiscent of the recently reported category
of EWSR1::PATZ1 fusion sarcomas.® Their capacity for multilineage
immunophenotypic differentiation is in line with derangement of
cellular differentiation pathways downstream of the fusion
transcript.

The observed morphologic differences between both sub-
groups obviously raise the question of whether all tumors pre-
sented in this study belong to the same entity or represent 2
fundamentally different neoplasms sharing the same genetic
event, the EWSR1/FUS::POU2AF3 fusion. We believe that several
cases in our study offered a strong clue in support of a single
entity with a wide morphologic spectrum. Notably, the signifi-
cant variation in cell shape and cellularity within the same tu-
mors and between primary tumors and their recurrences
suggests the presence of a bland-looking spindled morphology at
one end and a highly cellular undifferentiated round cell
morphology at the other end of the spectrum with a lot of
transitional morphologies on the spectrum in-between. A similar
morphologic spectrum of morphologically low-grade—appearing

sarcomas with low cellularity on one end and frankly high-grade
neoplasms with significantly different appearance on the otheris
commonplace in several other soft tissue entities such as low-
grade fibromyxoid sarcoma (LGFMS)/sclerosing epithelioid
fibrosarcoma, low-grade/high-grade myxoid liposarcoma, or
more recently within the spectrum of EWSR1::PATZ]-rearranged
sarcomas,®1°

The differential diagnosis of these tumors is defined by the
predominant pattern seen in a given case and is also influenced by
the anatomical site and immunohistochemical findings. The low-
grade spindle cell tumors might be reminiscent of other spindle
cell sarcomas with fibromyxoid stroma such as OFMT and LGFMS.
Features arguing against the diagnosis of OFMT were the wide
infiltrative growth and lack of pseudocapsule and ossification (in
the vast majority of cases).' The absence of abrupt transitions
between collagenized and myxoid stroma and the lack of MUC4
expression (caveat: only 2 cases tested) argue against LGFMS.!2
Low-grade myxofibrosarcoma or, in case of a primary bone tu-
mor, various forms of osteosarcoma may enter the differential as
well (see later discussion). The high-grade round and spindle cell
tumors may be difficult to distinguish from Ewing sarcoma, CIC-
rearranged sarcoma, and other sarcomas with this morphology
which can be achieved using histology; immunohistochemistry;
and, if necessary, molecular methods.”>* While EWSR1/FUS::
POUZ2AF3 sarcomas can be added to a long list of mimickers of
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(A-F) Case 6. (A) Case 6 contained a sharply demarcated rhabdomyoblastic nodule (green line). (B, C) Most parts showed a biphasic arrangement and consisted of round cell nests
with predominantly neuroendocrine nuclear features on a background of more ovoid to spindled cells having lighter chromatin. (D) High-power view of the focus containing
strap cells and rhabdomyoblasts with cross-striations. (E) Markers of rhabdomyoblastic differentiation including myogenin were positive throughout the tumor. (F) SATB2
expression was found almost exclusively in the round cell nests. (G, H) Case 7. (G) The tumor also showed a biphasic arrangement, with most parts of the tumor consisting of
more loosely dispersed sheets of round cells with neuroendocrine features admixed with spindle cells. (H) Numerous clear cells were present.

neuroendocrine neoplasms,' the latter typically exhibit more
diffuse expression of epithelial and neuroendocrine markers
(typically coexpression of synaptophysin, chromogranin, andfor
INSM1), and in most cases, a primary lesion can be identified
clinically. As already emphasized by Hiemenz et al,” these tumors
are in many aspects highly reminiscent of synovial sarcoma,
particularly of those with predominantly spindle cell morphology,
and a confident distinction purely on morphologic grounds is
unreliable. However, with the use of novel highly specific and
sensitive immunohistochemical markers that are becoming
available at many institutions, synovial sarcoma can most likely be
excluded (caveat: only 1 case tested for SS18::S5X antibody)."”
Nevertheless, while we believe that, when present, some of the
more recurrent histopathological features of EWSR1/FUS::-
POUZAF3 tumors may raise suspicion for the diagnosis,
high-throughput genetic assays such as RNA sequencing represent
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the only way to reliably diagnose these tumors at this point. In
addition, some cases lack the more characteristic histologic traits,
and they cannot be distinguished from morphologically highly
overlapping differential diagnostic entities that lack specific
immunohistochemical markers such as low-grade myxofi-
brosarcoma, osteosarcoma, or various myoepithelial or basaloid
epithelial neoplasms without appropriate molecular studies.
Regarding the molecular background, among the 19 reported
cases, 17 carried the EWSR1::POU2AF3 fusion, while 2 cases had
FUS as the 5’ fusion partner instead of EWSR1. While the number
of published cases is low and the following observation might
thus be merely coincidental, it is interesting to note that in 14 of
17 cases with EWSR1::POU2AF3 fusion, the locations of genomic
breakpoints seemed to follow an anatomical site—dependent
pattern. Namely, 9 of 12 head and neck cases had genomic
breakpoints located in exons 12 to 17 and only 3 cases in exons 9
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Figure 5.

Case 8. (A) Cellular stroma—poor areas (bottom) alternated with more hyalinized spindle cell regions containing scattered round cell nests (top). (B) Nests of round cells with
neuroendocrine features on the hypocellular background featuring spindle to stellate shaped cells with little atypia were reminiscent of similar areas in cases 1 and 2. (C)
Peripheral palisading of the round cells was present in some nests. (D) A small focus with keratin 7—positive glands (lower inset) containing Alcian blue—positive mucin (upper
inset). (E-I) Multifocal expression of S100, GFAP, AE1/AE3, synaptophysin, and INSM1 preferentially found within the round cell areas.

or 10 of EWSRI gene. In contrast, all 5 cases located outside the
head and neck area had breakpoints localized in exons 9 or 10.
Exons 12 to 14 contain a central RNA recognition motif (RRM),
which is involved in RNA and DNA binding (Fig. 6). Similar to
Ewing sarcoma and many other EWSR1-rearranged tumors that
usually have genomic breakpoints located in exons 6 to 8, the
RRM is lost in non—head and neck cases.!®'® In contrast, most of
the reported head and neck cases retained the RRM domain. The
binding of regulatory nucleic acids or ribonucleoproteins may
potentially affect the function of the fusion protein. A difference
in the pathogenesis of the translocation, including the specific
microenvironment of the head and neck area, might potentially
be causative, while the exact significance and molecular basis
remain unclear.

POU class 2 homeobox associating factor 3 (POU2AF3) gene
[formerly named -colorectal cancer associated 2 (COLCA2)]
located on chromosome 11q23.1 has been associated with
increased colorectal cancer risk in a genome-wide association
study. The pattern of expression of the POU2AF3 protein in
neoplastic, stromal, and immune cells in patients with higher-
risk alleles for colorectal cancer suggested a tumor suppressor
role.'® However, the exact mechanism through which the
POU2AF3 protein is deregulated remains unclear.! Moreover,
POU2AF3 codes for a transcriptional coactivator protein that
through its OCA domain (Fig. 6) binds with the transcription
factor POU2F3, which is critical for the development of tuft
cells, a rare chemosensory lineage that coordinates immune
and neural responses to foreign pathogens in mucosal tissues.
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Figure 6.

POUZAF3

Schematic depiction of the EWSR1::POU2AF3 fusion. Dark blue, blue, green, and yellow parts of the respective genes represent the regions that are retained in the fusion products,
while the gray parts are lost. In non—head and neck cases, only the transactivation domain (TAD) (dark blue) of EWSR1 is retained. In contrast, the head and neck cases contain
both TAD and the RNA recognition motif (RRM) (blue) of FWSR1; in addition, some head and neck cases also retain the RanBP2 type zinc finger (ZF) (green). The OCA domain of
POU2AF3 (yellow), which enables binding to POU domain—containing transcription factors, is almost completely retained in the fusion gene. ex, exon.

Recent studies have also revealed tuft-cell-like human tumors,
particularly as a variant of small cell lung cancer.”’

In conclusion, we reported 8 additional cases of EWSRI1:
POUZAF3 sarcomas, further defining their clinicopathological fea-
tures and, for the first time, emphasizing their potential for het-
erologous differentiation. Many cases exhibit relatively
characteristic biphasic morphologic features, whereas others may
show epithelial, rhabdomyosarcomatous, or osteosarcomatous
differentiation or present as nondescript spindle and/or round cell
sarcomas. Although further studies are needed to confirm whether
all tumors with EWSR1::POU2AF3 fusion represent a single entity,
we believe that some of the partially overlapping clinicopatho-
logical features in our cases lend support to this notion. Because
most of these tumors follow an aggressive clinical course and, in
some cases, their low-grade morphology may be deceiving, the use
of high-throughput molecular methods is recommended to ach-
ieve early detection, enabling optimal treatment.
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4.7  Comprehensive clinicopathological, molecular, and methylation analysis of
mesenchymal tumors with NTRK and other Kinase gene aberrations

V praci vydané v Journal of Pathology (IF 7,3) uvadime extenzivni analyzu 22
vietenobunéénych mesenchymalnich tumort s aberacemi geni pro proteinové kinazy. Je
uveden detailni histologicky rozbor s rozdélenim téchto tumort do tii morfologickych
tfid. Pomoci metylacniho profilovani bylo mozné dokazat, Ze 8/9 testovanych tumort se
v nesupervizovaném clusterovani radilo k metylac¢ni tifidé infantilniho fibrosarkomu. Toto
zjisténi potvrzuje hypotézu, Ze vSechny tyto tumory patii do spolec¢né skupiny, jednotlivé
piipady se pak pohybuji na morfologickém spektru od low-grade indolentnich 1ézi po
lokaln¢ agresivné se chovajici a potencialné metastazujici high-grade sarkomy.

V studovaném souboru bylo shroméazdéno celkem 22 piipadd, v 14 znich se
jednalo o pediatrické pacienty (median véku 5.5 meésicti), ve zbylych pripadech byli
pacienti dospéli (median véku 44,5 let), nebyla pozorovana predilekce pohlavi. Nadory
vyrustaly v mékkych tkanich koncetin a trupu 1 ve visceralnich organech, 5 piipadu bylo
lokalizovano v oblasti hlavy a krku. V 15 pripadech byly tumory resekovany, v 6
pripadech byla 1é¢ba doplnéna chemoterapii a/nebo cilenou terapii inhibitory NTRK nebo
RET. Ve trech pripadech byly nadory léCeny kombinaci chemoterapie a cilené 1écby.
V 19 % pripadi byly zaznamenany rekurence, vzdalené metastazy byly pritomny v 6 %
pripadi, jednalo se o jednoho triletého pacienta, ktery po resekci nadoru mékkych tkani
obli¢eje doplnéné chemoterapii vyvinul mediastinalni metastazy a zemiel 30 mésici po
diagndze. Uzitim cilené terapie se podaiilo dosahnout uplné remise nebo vyznamné
regrese nadort v 5/6 pripadi. Ve zbylém piipadé musela byt terapie NTRK inhibitorem
larotrektinibem pierusena kviili vedlej$im u¢inkim.

Ti1 morfologické tiidy uzivané v praci byly definovany nasledujicim zpisobem:
low-grade skupinu ¢itajici v této studii 6 pripada tvorily blandni vietenobunééné nadory
s nizkou celularitou, nendpadnymi jadernymi atypiemi a minimalnimi mitotickou
aktivitou. V této skupiné byly pozorovany rizné morfologické vzory a jejich kombinace
v jednotlivych piipadech, jednalo se napriklad o léze pripominajici neuralni tumor
podobny lipofibromatdze (lipofibromatosis-like neural tumor), 1€ze s vyraznou stromalni
a perivaskularni hyalinizaci ¢1 1éze piipominajici hemangiopericytom. Do high-grade
skupiny ¢itajici 11 pripadi byly fazeny tumory s vysokou bunécnosti a vyraznou
mitotickou aktivitou (vice nez 11 mitotickych figur na 2.4 mm?), morfologicky
odpovidajici infantilnimu ¢1 adultnimu fibrosarkomu nebo piipominajici high-grade
maligni tumor z pochev perifernich nervii. Dale byla zavedena skupina intermediate-
grade tumoru tvorena 4 pripady, kam spadaly 1éze nezaraditelné ani do jedné z vyse
popsanych kategorii. Intermediate-grade tumory vykazovaly morfologické vzory
podobné low-grade tumortim, avsSak se zvySenou celularitou a mirné vyssi mitotickou
aktivitou (do 6 mitotickych figur na 2,4 mm?), pfipadné piipominaly low-grade maligni
tumor z pochev perifernich nervii. Dale byl v studii zahrnut pripad, ktery v separatnich
histologickych blocich obsahoval jak stuktury low-grade tumoru s vyraznou stromalni a
perivaskularni  hyalinizaci, tak struktury velmi hypercelularniho infantilniho
fibrosarkomu.

Imunohistochemické markery S100 a CD34 byly pozitivni v 12/22 a 14/22
pripadi, koexprese obou markeru byla prokazana u 10/22 pripadi. VSechny tumory
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s fizemi genu NTRKI/3 byly pozitivni v imunohistochemickém prikazu exprese
markeru panTrk, Ize ho tedy vyuZit pro screening piipadi, u nichZ by dale méla byt
vySetiena piitomnost aberace téchto gemi.

Pomoci RNA-seq byly ve 4 pripadech detekovany dosud nepopsané fuze
kinazovych geni — PWWP2A::RET, NUMAI::RET, CAPZA2::MET a ITSNI1::RAF1I.
DNA-seq prokazala v jednom pripadu cervikdlniho tumoru, v kterém nebyla cilenou
RNA-seq detekovana zadna fuze, mutace v genech BRAF a EGFR (BRAF delins
p-V600K a EGFR duplikace p.S768 D770dup), jedna se ve skupiné téchto nadorti o prvni
popsany piipad s mutacemi jinymi nez flizemi.

Ve vyse zminéném piipadu s low-grade a high-grade komponentou byla pomoci
FISH rozpoznana homozygotni ztrata genu CDKN2A4, a to pouze v high-grade
komponenté, mohlo se tedy jednat o mutaci, ktery zpisobila progresi onemocnéni
s rozvojem agresivni high-grade nadorové subpopulace.

Metyla¢ni profilovani bylo tuspésné u 9 pripadii. Nesupervizované clusterovani
metylacnich profilu piiradilo 8/9 tumort do metylacni tridy infantilniho fibrosarkomu,
jednalo se o tumory celého vyse popsaného morfologického spektra, s fuzemi jinymi nez
ETV6::NTRK3, a o pripad bez fuzi, s mutacemi BRAF a EGFR. Zbyly pripad byl zarazen
do metylacni tiidy inflamatorniho myofibroblastického tumoru, nejspise kvili
pritomnosti hojného nenadorového zanétlivého infiltratu. Vysledky byly potvrzeny téz
hierarchickym clusterovanim.

Byly rovnéz porovnany profily genomovych copy-number variant (CNV). Byla
pozorovana dobra shoda mezi plochym profilem CNV a low-grade a intermediate-grade
morfologii. Naproti tomu byly u high-grade piipadu zjistény mnohonasobné zisky a ztraty
genetického materialu. Ve skupiné high-grade nadorti mélo variantni poéty kopii priblizné
25 % genomu, ve skupiné low-grade a intermediate-grade pak priblizné 7 % genomu.
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Abstract

Alterations in kinase genes such as NTRK1/2/3, RET, and BRAF underlie infantile fibrosarcoma (IFS), the emerging entity
‘NTRK-rearranged spindle cell neoplasms’ included in the latest WHO dlassification, and a growing set of tumors with
overlapping clinical and pathological features. In this study, we conducted a comprehensive clinicopathological and
molecular analysis of 22 cases of IFS and other kinase gene-altered spindle cell neoplasms affecting both pediatric and
adult patients. Follow-up periods for 16 patients ranged in length from 10 to 130 months (mean 38 months). Six
patients were treated with targeted therapy, achieving a partial or complete response in five cases. Overall, three cases
recurred and one metastasized. Eight patients were free of disease, five were alive with disease, and two patientsdied. All
cases showed previously reported morphological patterns. Based on the cellularity and level of atypia, cases were divided
into three morphological grade groups. S100 protein and CD34 were at least focally positive in 12/22 and 14/22 cases,
respectively. Novel PWWP2A::RET, NUMAT1::RET, ITSN1::RAF1, and CAPZAZ2::MET fusions, which we report herein in
mesenchymal tumors for the first time, were detected by RNA sequencing. Additionally, the first uterine case with BRAF
and EGFR mutations and CD34 and 5100 co-expression is described. DNA sequencing performed in 13 cases uncovered
very rare additional genetic aberrations. The CNV profiles showed that high-grade tumors demonstrate a significantly
higher percentage of copy number gains and losses across the genome compared with low- and intermediate-grade
tumors. Unsupervised clustering of the tumors® methylation profiles revealed that in 8/9 cases, the methylation profiles
clustered with the IFS methylation class, irrespective of their dinicopathological or molecular features.

© 2024 The Authors. The Journdl of Pathology published by John Wiley & Sons Ltd on behalf of The Pathological Society of Great
Britain and Ireland.
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Introduction

Soft tissue tumors with kinase gene alterations comprise
a heterogeneous group of mesenchymal neoplasms
which includes, besides others, dermatofibrosarcoma
protuberans (DFSP), inflammatory myofibroblastic
tumor (IMT), and infantile fibrosarcoma (IFS) [1]. In
addition to the canonical ETV6::NTRK3 fusion
described in IFS more than two decades ago [2,3], the
recent widespread adoption of RNA sequencing
(RNA-seq) has led to the description of several
alternative gene rearrangements such as those of
NTRK1/2/3, BRAF, MET, and others [1,4-7]. It has
also led to the emergence of a novel and not yet fully
defined group of mesenchymal tumors with kinase
gene alterations that partially overlaps with IFS.
It is currently included in the WHO classification
as ‘NTRK-rearranged spindle cell neoplasms’
(NTRK-SCN) [8,9]. It includes spindle cell tumors of
both children and adults that form a continuous
morphological spectrum which, based on cellularity
and degree of atypia, can be roughly divided into three
morphological subgroups.

The first subgroup consists of bland spindle cell
lesions exhibiting low cellularity, minimal atypia, and
very few mitoses [further referred to as the low-grade
(LG) group], while the second contains lesions with
high cellularity, high mitotic activity, and a high level
of atypia [high-grade (HG) group]. In addition, some
cases are difficult to assign to one of these categories
as they fall somewhere in-between [intermediate-grade
(IG) group]. The LG group may exhibit one of several
often co-occurring morphological patterns such as a
lipofibromatosis-like neural tumor (LNT) pattern [10],
a prominent stromal and perivascular hyalinization
(SPH) pattern [11], a myopericytic/hemangiopericytic
pattern [ 12], and others [9,13]. Tumors in the IG group
may retain similar patterns, or they may vaguely resem-
ble LG malignant peripheral nerve sheath tumors
(LG-MPNSTs) [9,14]. Tumors from the HG group
morphologically overlap with IFS, adult fibrosarcoma,
and/or HG-MPNSTs (due to significant overlap,
these will be collectively referred to as the IFS pattern)
[1,9,14].

Many tumors across the morphological spec-
trum of NTRK-SCN exhibit immunohistochemical
co-expression of CD34 and S100 protein, and their
molecular background is characterized by various
gene fusions of, and less often mutations in, kinase
genes such as NTRK1/2/3, BRAF, RAFI1, RET, MET,
and others [9,14-22], all of which lead to the activation
of the MAP kinase signaling pathway [1]. However,
very little is known regarding their methylation and
copy number variation (CNV) profiles and potential
secondary genetic alterations. In this clinicopatho-
logical study, we focused on their comprehensive
molecular characterization using FISH, DNA sequenc-
ing (DNA-seq), and RNA-seq, as well as CNV and
methylation profiling.

© 2024 The Authors. The Journal of Pathology published by John Wiley & S
on behalf of The Pathological Society of Great Britain and Ireland. www.
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Materials and methods

Compliance with ethical standards

The study was conducted following the rules set by the
Faculty Hospital in Pilsen Ethics Committee. Informed
consent was not required for the study.

Case selection

Twenty-two cases falling within the morphological and
molecular spectrum of the so-called NTRK-SCN and IFS
were retrieved from our institutional tumor registry. All
but one were received in consultation, which explains
the low incidence of conventional ETV6:: NTRK3-fused
IFS in our cohort. Cases 11, 16, and 18 were reported
previously by our group but were now subjected to a
more extensive molecular-genetic analysis [19,20,23].
In case 6, LG and HG areas were present in two different
sections, which enabled us to analyze both parts sepa-
rately. Based on cellularity (defined as no overlapping,
partial overlapping, or consistent overlapping of tumor
cells) and level of atypia (classified based on uniformity
of tumor cells, nuclear to cytoplasmic ratio, and
hyperchromatism of nuclei), the cases were divided into
three morphological grade groups as outlined in the
Introduction. Importantly, this division was based purely
on morphological features and is not meant to imply
clinical behavior of grade 3 (or HG) sarcomas.

Immunohistochemistry

All cases were immunohistochemically stained using a
Ventana BenchMark ULTRA (Ventana Medical System,
Inc., Tucson, AZ, USA) for S100 protein and CD34.
Additionally, 12 cases that harbored NTRK /3 rearr-
angements were tested with a panTrk antibody.
Details regarding antibody dilutions and clones are
provided in supplementary material, Table S1.

Molecular genetic studies

All molecular methods in this section are described in
more detail in Supplementary materials and methods.

FISH

For the detection of CDKNZ2A loss using FISH, factory
premixed ZytoLight SPEC CDKN2A/CEN9 Dual Color
Probe (ZytoVision GmbH, Bremerhaven, Germany)
was used. The FISH procedure was performed as
described previously [24].

Next-generation sequencing (NGS)

The customized Sarcoma FusionPlex kit (ArcherDX
Inc., Boulder, CO, USA) was used, which detects fusion
transcripts of selected exons of 88 genes, and mutations
in hotspots of 14 genes, respectively. For further mutation
analysis, we used the commercially available TruSight
Oncology 500 panel (Illumina, San Diego, CA, USA), a
comprehensive NGS assay on FFPE samples that
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Comprehensive analysis of mesenchymal tumors with kinase gene aberrations 3

identifies somatic variants, copy number changes, tumor
mutational burden (TMB), and microsatellite instability
(MSI). Only tumor tissue was analyzed, except for case
18 where a peripheral blood sample was available.

Methylation analysis

Eleven kinase-rearranged tumors were tested by meth-
ylation profiling (cases 1, 3,4, 6, 11, 13, 15, 18, 19, 21,
and 22). Two specimens failed quality control (cases
4 and 15). Genomic DNA was extracted from paraffin
blocks and 250 ng of genomic DNA was subjected to
bisulfite conversion and processed on the Illumina
Infinium MethylationEPIC/850k platform (Illumina)
with over 850,000 methylation sites according to the
manufacturer’s instructions.

Additionally, we obtained raw idat files for 247 samples
from the Heidelberg sarcoma methylation classifier refer-
ence cohort (Gene Expression Omnibus study accession
number GSE140668). Idat processing and data analysis
on all 256 samples were performed using R software
(version 4.1.0) (R Foundation for Statistical Computing,
Vienna, Austria) and the ‘minfi’ R package (version 1.38.0)
(Bioconductor, Boston, MA, USA).

For unsupervised clustering, dimensionality reduction
was performed by the t-distributed stochastic neighbor-
hood embedding (t-SNE) method. After normalizing the
input data matrix (centering the mean of each column to
zero), the top 10,000 most variable CpG sites by vari-
ance were analyzed using the ‘Rtsne’ R package (version
0.15) (https://CRAN.R-project.org/package=Rtsne, last
accessed 8 June 2023) with the following nondefault
parameters: perplexity = 10, max_iter = 5,000, and
6 = 0. Additionally, unsupervised hierarchical cluster-
ing was performed on the top 1,000 most variable CpG
sites by variance using the ‘pheatmap’ R package (ver-
sion 1.0.12) (https://CRAN.R-project.org/package=
pheatmap, last accessed 8 June 2023) with Ward.D2’s
linkage and Euclidean distance for clustering.

For CNV analysis, the Mset files after idat files
preprocessing were processed by the ‘conumee’ R package
(version 1.32.0) (Bioconductor). CNV was considered
present if the absolute segmentation mean was greater than
or equal to 0.3. The fraction of CNV across the genome
was calculated by dividing the sum of all segments with
CNV by the sum of all segments across the genome.
Additionally, the idat raw data files were uploaded to a
DNA methylation-based classification tool, Sarcoma clas-
sifier (version 10.1) [25,26], available via https://www.
molecularneuropathology .org/ (last accessed 8 June 2023).

Results

Clinical data

Clinicopathological data are summarized in Table 1.
There were 11 female and 11 male patients, including
14 children ranging in age from newborns to 13 years
(mean 24 months; median 5.5 months). The eight adult

© 2024 The Authors. The Journal of Pathology published by John Wiley & Ltd
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patients were aged 2672 years (mean 47 years; median
44.5 years). Various superficial and deep sites were
affected including the duodenal wall (n = 1) or the
uterus (n = 2). The size ranged from 1.3 to 30 cm (mean
8.5 cm, median 5 cm).

Histological findings

Microscopically, the tumors were usually uncircum-
scribed, and some widely infiltrated into the surroun-
ding tissues. The 22 cases exhibited various and
often multiple morphological patterns and morphologi-
cal grades. In this situation, the highest grade was
assigned.

Five cases at the LG end of the morphological
spectrum exhibited SPH and LNT patterns and were
composed of uniform bland non-overlapping spindle
cells that were dispersed in abundant stroma. The
mitotic activity did not exceed two mitoses per
10 high-power fields (HPF; 2.4 mm?). The tumor cells
grew in sheets or cords around thick hyalinized ves-
sels in the case of SPH or widely infiltrated into sub-
cutaneous adipose tissue in the case of LNT
(Figure 1A). Case 11 showed a myxoid SPH pattern
composed mostly of epithelioid cells with abundant
eosinophilic cytoplasm (Figure 1B) [23].

Three IG cases showed more polymorphism,
hyperchromasia, and occasional overlapping of tumor
cells, which were arranged haphazardly or in short fas-
cicles. The cases resembled LG-MPNST (Figure 1C) or
had an SPH (Figure 1D) or a myopericytomatous pat-
tern (case 19). The latter case was composed of myoid
spindle cells arranged in haphazard fascicles punctu-
ated by prominent vasculature (Figure 1E,F). The
mitotic activity was higher than in the LG group but
did not exceed 6 mitoses/10 HPF (Figure 1F); necrosis
was absent.

All 12 cases classified as HG had a scarce stroma and
were composed of hypercellular, largely overlapping
cell population with a high nuclear to cytoplasmic ratio,
hyperchromatic nuclei, and significant variability in cell
shape. The cases were arranged in a herringbone pattern,
vague fascicles, or solid sheets (Figure 2A,B). The
mitotic activity ranged from 11 to 56 mitoses/10 HPF
and small areas of necrosis were often present. In
case 17, the tumor exhibited epithelioid to rhabdoid
tumor cells (Figure 2C). Case 18 showed areas with
unusual LG triphasic morphology resembling fibrous
hamartoma of infancy (Figure 3A) that transformed into
HG-IFS in some foci (Figure 3B) [20]. A typical
LG-SPH pattern (Figure 3C) with progression to
HG-IFS (Figure 3D) was present in case 6. Case 1 had
the typical IFS morphology and contained a rich
non-neoplastic inflammatory infiltrate (Figure 3E).

Immunohistochemical findings

The immunohistochemical results are summarized in
Table 1. CD34 (Figures 3F,H and 4C) and S100 protein
(Figures 3G,I and 4D) were at least focally positive in
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Figure 1. (A) Case 5 showed a prototypical LNT pattern with wide infiltration into subcutaneous adipose tissue. (B) Case 11 showed a myxoid
SPH pattern composed mostly of epithelioid cells with abundant eosinophilic cytoplasm. (C and D) Cases 14 and 15 exhibited increased
cellularity and were classified as IG. The former case had an LG-MPNST pattern (C), while the latter showed IG-SPH morphology (D).
(E) Case 19 had a myopericytomatous pattern, and the tumor was composed of myoid spindle cells with low to moderate cellularity aranged
in haphazard fascicles punctuated by abundant thin-walled vessels, some of which had a staghom shape. Some areas had increased

cellularity and mitotic activity (P.

14/22 (64%) and 12/22 (55%) cases, respectively, with
both markers being expressed in 10/22 (45%) cases. All
12 cases with NTRK fusions were positive for panTrk

(Figure 3J).

Molecular genetic findings
RNA and DNA sequencing

The main molecular-genetic results are presented in
Table 1, and more detailed summaries are available
in supplementary material, Tables S2 and S3.

NTRKI1/3 fusions were revealed by RNA-seq in
12 cases, including four cases with IFS morphology
and ETV6::NTRK3 fusion. Case 6 with EMI4::NTRK3
was composed of LG-SPH areas transforming into IFS
(Figure 3C,D). A uterine case with STRN::NTRK3

© 2024 The Authors. The Journal of Pathology published by John Wiley &

on behalf of The Pathological Society of Great Britain and Ireland. www.p org

showed an extraordinary, highly myxoid LG-SPH
pattern (Figure 1B) [23], while case 12 with RBPMS::
NTRK3 fusion exhibited the LG-SPH pattern. The five
NTRKI-fused tumors spanned the entire morphological
spectrum, showing LG-LNT (n = 2), IG-SPH (n = 1),
and HG-IFS (n = 2) patterns.

Tumors with RET fusions (n = 5) also spanned the
entire spectrum from LG to HG lesions and showed
various morphologies including the IFS pattern encoun-
tered in case 13 with a novel PWWP2A::RET fusion
(Figure 2B). A novel NUMA::RET fusion was detected
in case 17 which showed epithelioid/rhabdoid morphol-
ogy (Figure 2C). Both cases with MET fusion were
unusual. Case 18 with TFG::MET fusion displayed a
unique LG triphasic morphology (Figure 3A) combined
with HG-IFS areas (Figure 3B) [20], while case 19 with
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Figure 2. (A) Case 20 with a novel ITSN7:RAF1 fusion and IFS morphology. (B) IFS morphology was also encountered in case 13, which
harbored a novel PWWP2A:RET fusion. (C) Case 17 revealed epithelioid to rhabdoid tumor cells with HG atypia.

the CAPZA2: :MET fusion had an IG myopericytomatous
appearance (Figure 1E,F).

Both cases with RAFI (n=1) and BRAF (n=1)
fusion showed IFS morphology (Figure 2A). Case
22 with an LG-SPH pattern (Figure 4A.,B) lacked
fusions but harbored a pathogenic BRAF delins
p-V600K and an EGFR p.S768_D770dup.

DNA-seq was successful in 13 cases and uncovered
rare additional genetic aberrations, mostly variants of
unknown significance, with only two exceptions: likely
pathogenic mutations of PALB2 (case 11) and ROS1
(case 18) of suspected and confirmed germline origin,
respectively (supplementary material, Table S3).
Additionally, in case 18, a CNV (duplication) of MYC
was revealed by DNA-seq and confirmed by the meth-
ylation profiling CNV plot. A high TMB was detected in
2/8 tested cases (cases 6 and 18, 17.7 and 35.4 mut/Mb,
respectively). All seven tested cases had low MSL

Methylation profiling

Methylation profiling was successful in 9/11 cases. Case
13 with IFS morphology harboring the novel
PWWP2A::RET fusion matched to the DKFZ sarcoma
methylation class of infantile fibrosarcoma with a
calibrated score of 0.98. No other match was found.
However, in cases 3, 6, and 22, the classifier suggested
a methylation class sarcoma, MPNST-like with low
calibrated scores (0.73, 0.8, and 0.31, respectively).
The other suggested methylation classes were DFSP
for case 11 (score 0.57) and rhabdomyosarcoma-like in
case 21 (score 0.43). No methylation class was
suggested in three cases.

Unsupervised clustering of methylation profiles by
t-SNE showed that the eight kinase-rearranged cases

© 2024 The Authors. The Journal of Pathology published by John Wiley & S
on behalf of The Pathological Society of Great Britain and Ireland. www.

(cases 3,6,11, 13,18, 19,21, and 22) that passed quality
control clustered together with the IFS methylation class
and were distinct from 15 other soft tissue tumor types
and control reactive tissue, including nerve sheath
tumors, myofibroblastic tumors, and undifferentiated
sarcomas (Figure 5A). Case 1, which contained a signif-
icant proportion of admixed inflammatory cells
(Figure 3E), was the only case that clustered with IMT.
This finding was further confirmed by hierarchical clus-
tering. Figure 5B presents a heatmap showing the top
1,000 most variable CpG sites and similar methylation
profiles between the eight kinase-rearranged tumors and
the IFS methylation class, regardless of the underlying
kinase fusion. Based on unsupervised hierarchical
clustering, the MPNST-like methylation class showed
the second most closely related methylation profile to
the kinase-rearranged cases, while the MPNST methyl-
ation class showed a very distinct and different
methylation signature.

Next, we analyzed and compared the percentages of
genome-wide copy number alterations in the kinase-
rearranged cases, comparing morphologically LG/1G
with HG tumors. The HG cases (cases 6, 13, 18, 21)
showed frequent copy number gains and losses, non-
recurrently involving gains in CCNDI (case 13),
MDM?2/CDK4 (cases 6 and 18), and CDK6 (case 21),
and losses in CDKN2A/B (case 6) (Figure 6A), com-
pared with the relatively flat copy number profile in LG
cases (cases 3, 11, 19, 22) (Figure 6B). However,
CDKNZ2A/B loss was also present in two LG cases (cases
3 and 19). Of note, the clinicopathological features of the
two cases with MDM?2 gain were not in keeping with a
diagnosis of dedifferentiated liposarcoma or intimal
sarcoma with kinase gene fusions as recently reported [27].
Overall, the percentage of the genome involved by
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Figure 3. (A) Case 18 showed areas with unusual LG triphasic morphology resembling fibrous hamartoma of infancy, which in some areas
transformed into IFS areas (B). (C and D) Case 6 with EML4:NTRK3 was composed of LG-SPH areas (C) transforming into an HG-IFS
morphology (D). (E) Case 1 with LMNA:NTRK1 contained a significant inflammatory infiltrate and clustered with the IMT methylation class.
Both CD34 (F) and S100 (G) were positive. (H and I) The tumor in case 6 co-expressed both CD34 (H) and S100 protein (I). In addition, diffuse
panTrk expression was present (J).

CNVs, serving as a surrogate for genomic complexity,  FISH

in HG cases was significantly higher than those in 1, aqdition, the loss of the CDKN2A gene locus was
LG-IG tumors (mean % CNV: 24.7% versus 7.0%,  analyzed using FISH, confirming homozygous loss in

Student-f p < 0.036) (Figure 6C). cases 6 and 15. In case 6, loss of CDKN2A was present
© 2024 The Authors. The Journal of Pathology published by John Wiley & Sans Ltd J Pathol 2024
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Figure 4. (A-D) No fusion was found in case 22 with an LG-SPH pattern (A and B), which instead harbored a pathogenic BRAF delins p.V600K
and a pathogenic in-frame duplication in EGFR p.S768_D770dup. The tumor co-expressed CD34 (C) and S100 protein (D).

only in the IFS-like component (independently confirmed
by a CNV plot), while the LG-SPH areas analyzed
separately by FISH had both copies intact.

Treatment and follow-up data

Treatment and follow-up data as summarized in Table |
were available for 19 and 16 patients, respectively.
Follow-up length ranged from 10 to 130 months (mean
38 months; median 24.5 months). Overall, the recur-
rence and metastatic rates in our study were 19% and
6%, respectively. The only tumor that metastasized
and eventually had a fatal outcome (case 6) showed
HG-IFS morphology. In case 19, the patient had a large
inoperable retroperitoneal tumor and died of an
unknown cause.

In 12/19 cases, including eight cases with follow-up
data, the patients were treated by surgery with (n = 3) or
without (n = 9) chemotherapy. The status of surgical
margins was mostly unknown. Overall, five patients
had no evidence of disease (NED) with follow-up length
ranging from 10 to 130 months; one case recurred
48 months after an R1 excision; and one patient
was alive with disease (AWD). The patient in case
6 experienced distant metastasis and eventually died of
the tumor in 30 months.

Six patients were treated with targeted therapy com-
bined with surgery and/or chemotherapy. The eyelid
tumor in case 1 had repeatedly recurred before being
diagnosed as an NTRKI-rearranged tumor. The patient
was then started on entrectinib and 13 months later had

© 2024 The Authors. The Journal of Pathology published by John Wiley & S

on behalf of The Pathological Society of Great Britain and Ireland. www. .org

NED. In case 7, the incompletely excised tumor was
further treated with chemotherapy and larotrectinib,
leading to complete response (NED, 27 months). The
patient in case 15 was initially treated with surgery and
chemotherapy. Selpercatinib was then administered,
leading to significant regression of the residual tumor
within 2 months (AWD, 22 months). Complete
response with chemotherapy and larotrectinib was
achieved in case 9 (NED, 21 months). Minimal response
to chemotherapy but almost complete response to
selpercatinib was observed in case 13 (minimal residual
tumor, 22 months). Larotrectinib was discontinued due
to severe side effects in case 4 (AWD, 20 months).

Discussion

The distinction between IFS and NTRK-SCN as
currently defined by the WHO is mostly straightforward
as they usually occur at different ages. However, due to a
significant overlap in diagnostic criteria, a subset of
cases could be assigned to both groups, particularly
infantile cases with alternative kinase fusions and IFS
morphology that co-express CD34 and/or S100 protein.
In fact, some studies speculated that all pediatric
NTRK-rearranged mesenchymal tumors including IFS
may represent a single disease [13]. While the inability
for precise classification does not currently affect the
patients’ management, gaining this ability might even-
tually prove to be of prognostic or therapeutic relevance.

Ltd ] Pathol 2024
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Figure 5. (A) Unsupervised dustering of methylation profiles by t-SNE compared with 247 miscellaneous soft tissue methylation classes
showed that eight cases (cases 3, 6, 11, 13, 18, 19, 21, and 22) clustered together with the IFS methylation class and one case (case 1)
clustered with IMT. (B) Unsupervised hierarchical clustering of methylation profiles comparing these nine cases of kinase-rearranged tumors
with IFS, IMT, MPNST, and MPNST-like cases demonstrated similar findings.

Given the relatively short median follow-up and
multiple factors influencing prognosis (margin status,
selected therapy, etc.), of which some are unknown in
our study, any comparison of clinical behavior between
NTRK-SCN and IFS would be inaccurate based on
our data. However, the only case in our study that metas-
tasized and eventually led to the patient’s death was
case 6 with HG morphology, which supports the previ-
ously mentioned assumption [9] that at least in adult
patients [ 1] the metastatic potential of NTRK-SCN seems
to partially correlate with histologic grade, as tumors
with low cellularity, atypia, and mitotic activity gener-
ally tend to follow an indolent clinical course [14,28].
However, rare exceptions may occur [29]. From the
therapeutic perspective, our study further confirms the
effectiveness of targeted therapy with NTRK and RET
inhibitors [30,31], leading to a complete or near-complete
response in 5/6 cases.

Very interesting novel data regarding the relationship
between NTRK-SCN and IFS were recently published by
Tauziede-Espariat ef al [29]. Using unsupervised whole

© 2024 The Authors. The Journal of Pathology published by John Wiley &
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RNA-seq clustering analysis, they showed that almost
all infantile and adult cases with NTRK fusions (and one
MET-rearranged case) including ETV6::NTRK3-fused
IFS cluster closely together independently of their clin-
icopathological features. Moreover, using DNA
methylation-based DKFZ brain tumor and sarcoma clas-
sifiers [25,26], 9/16 cases were significantly classified
(calibrated scores = 0.9) either as sarcoma, MPNST-like
(n = 6)orasIFS (n = 3). Then, on t-SNE analysis of the
methylation data, their cohort segregated into three dif-
ferent subgroups. While four tumors (4/16, 25%) occur-
ring in infants aged (-1 year, with IFS morphology,
CD34 and S100-negative immunoprofile, and ETV6::
NTRK3 fusion classified within the IFS cluster, the larg-
est fraction (11/16, 69%) formed a possibly novel cluster
very close to the existing methylation class sarcoma,
MPNST-like. Six out of the 11 cases (54.5%) had a
CDKN2A deletion, an aberration not found in other
tumors in the study. This methylation cluster included
tumors irrespective of age that were initially diagnosed
by histopathology either as NTRK-SCN or as adult-type
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fibrosarcomas; all showed CD34 and S100
co-expression, and all had either NTRK or MET
fusions [29].

In contrast to these findings [29], our results show that
irrespective of their clinical, morphological, or genetic
features, the methylation profiles of the eight kinase-
rearranged cases clustered together with the IFS meth-
ylation class, while being distinct from 15 other soft
tissue tumor types (including the MPNST-like group)
and control reactive tissue. This finding was further
confirmed by hierarchical clustering. Interestingly, the
MPNST-like methylation class represented the second
most closely related methylation profile, while the
MPNST methylation class showed a very distinct and
different methylation signature. Notably, case 1 with a
rich inflammatory background clustered together with
the IMT methylation class, a common phenomenon
observed in tumors with abundant inflammatory cells.
The disagreement between the two studies is difficult to
explain but might be caused by differences in study
cohorts or different methylation classes being included
in the unsupervised clustering analysis. Nevertheless, it
is important to note that the MPNST-like methylation
class is currently not very well characterized and is
supposed to include cases with MPNST-like morphol-
ogy, retained expression of the H3K27 trimethylation
marker, and a high frequency of CDKN2A/B homozy-
gous deletions [26]. Therefore, this group may include a
heterogeneous mixture of tumors, including some with
kinase fusions, possibly explaining the close relationship
of cases in our study as well as in the study by Tauziede-
Espariat et al [29]. More studies are still needed to
elucidate the exact link between NTRK-SCN and IFS.

On the other hand, when we attempted tumor classi-
fication using the DKFZ sarcoma methylation classifier,
only the congenital case 13 with PWWP2A::RET fusion
significantly classified (score 0.98) with the methylation
class IFS. To the best of our knowledge, this is the first
reported case assigned to this methylation class within
this classifier that harbors a fusion different from ETV6: :
NTRK3. An additional three cases were assigned to the
methylation class sarcoma, MPNST-like, but with low
calibrated scores. Such inconsistent and highly variable
results likely reflect the fact that the original training and
validation cohort in the sarcoma classifier lacked a
well-characterized cohort of NTRK-SCN, and thus
is inadequate in this tumor class.

CNV plots were generated in all cases where methyl-
ation profiling was possible. This allowed us to correlate
the CNV profiles of each case with their morphological
features. Our results indicate a relatively good concor-
dance between a flat CNV profile and LG/IG morphol-
ogy. In contrast, multiple gains and losses were usually
found in HG cases. Specifically, about 25% of the
genome in the HG group was involved by non-recurrent
copy number gains and losses, compared with only 7% in
the LG and IG group. CDKN2A/B loss is a non-recurrent
feature of tumors in the latter group, which was also
shown in the study by Tauziede-Espariat et al [29].
Additionally, we also observed non-recurrent copy

© 2024 The Authors. The Journal of Pathology published by John Wiley & Ltd
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number gains in CDKNA2A/B, CCND1, MDM2/CDKA4,
and CDK6 among our HG cases. Short follow-up data
for most of our cases hindered a reliable comparison of
CNV profiles with prognosis but the only case with a
fatal outcome (case 6) had a highly complex CNV
profile, which is in keeping with a previous study on
this topic [32].

Our study also presented four gene fusions that are
novel in soft tissue tumors, namely PWWP2A::RET,
NUMAI::RET, CAPZA2::MET, and ITSNI::RAFI.
The PWWP2A gene, which encodes a protein involved
in histone acetylation [33], was previously identified as a
fusion partner to ROS1 in Spitz tumors [34,35]. NUMA1
fusions, whose product, NuMA, plays an important role
in mitotic spindle assembly and function [36], were
reported in acute promyelocytic leukemia [37], as well
as in rare cases of IMT [38] and aneurysmal fibrous
histiocytoma [39]. CAPZA2, encoding an actin-binding
protein, CapZ [40], was previously detected as a MET
fusion partner in non-small cell lung cancer [41]. To the
best of our knowledge, no fusions or other alterations of
the ITSNI gene (encoding a vesicle scaffolding protein,
intersectin-1 [42]) have been reported to date. Overall,
the pathogenic effects of all these novel fusions most
likely derive from the fusion partner containing the tyro-
sine or serine/threonine kinase domain, i.e. NTRKI1/3,
RET, RAFI, or MET. Proteins encoded by these genes
are all part of the ubiquitous MAP kinase signaling
cascade, and the general mechanism by which they lead
to oncogenesis has been thoroughly described [1,34]. Of
these four novel fusions, the most interesting is CAPZA2::
MET as only five MET-rearranged mesenchymal tumors
have been described in the literature [5,9,20,35]. Our case
is distinct from them both morphologically and clinically
since it is the first such case reported in an adult.

This study also included two uterine cases. While the
first harbored an NTRK3 fusion [23], which is well
known to occur in uterine mesenchymal tumors
[43—45], the latter (case 22) was extraordinary. It
had the typical morphology and immunoprofile of
NTRK-SCN but instead of a fusion, it harbored patho-
genic aberrations of BRAF and EGFR, which has not
been seen previously in this context. However, BRAF as
well as EGFR aberrations were recently reported in
congenital mesoblastic nephroma, i.e. a tumor with a
significant morphologic overlap with IFS and NTRK-SCN
[21,22,46,47].

Despite rapidly increasing knowledge regarding the
various driving molecular aberrations detected in kinase
fusion mesenchymal tumors, larger-scale studies analyz-
ing other potential molecular aberrations that could be
responsible for therapy resistance or tumor progression
were missing [48]. We used a large DNA panel to
analyze 13 cases and found only rare secondary genetic
aberrations with unclear significance.

In summary, we report a comprehensive clinicopath-
ological and molecular genetic analysis of 22 cases of
both pediatric and adult mesenchymal tumors with
kinase gene aberrations. We detected four novel fusions
not previously reported in these neoplasms, including

J Pathol 2024
oc.org www.thejournalofpathology.com

250 T] SUOWRLO ) JAE1] Ao dde 2 & paszsod am sopnm WO N P s 10} AR T] 2unue A1 W (SUDRIpUo-puE-s uuA e A Argipurue, s sdug) suonipuod pue sl w295 [FT0TE0/01] w Amagry anug L arEndey ypaed amigpo ) 49 09 ymedzo0t 01 /e p e dappe Argppunuo s puanolos yed;s iy woiy papeo peog 1 ‘96869601



12

the first adult MET-rearranged case, as well as the first
uterine case of this type lacking a fusion but harboring
BRAF and EGFR mutations. In the methylation profiling
analysis, 8/9 of our cases clustered together with the IFS
methylation class, suggesting that they represent a
closely related entity.
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4.8 TIMP3::ALK fusions characterize a distinctive myxoid fibroblastic tumor of
the vocal cords: a report of 7 cases

Ve studii popisujeme 7 piipadi unikatniho indolentniho, variabilné myxoidniho
nadoru hlasivek. Je diskutovan vztah této noveé navrzené nadoroveé jednotky a IMT.

Sest pacienti ve véku od 15 do 65 let bylo muzského pohlavi, sedmym pacientem
byla 54leta Zena. U jednoho pacienta doslo nejspiSe kviili inkompletni excizi primarniho
tumoru k recidivé. VSichni pacienti s dostupnymi daty nemeli pi1 naslednych kontrolach
znamKy onemocneni.

Nadory obsahovaly stridajici se kompaktnéjsi oblasti a oblasti s myxoidnim
stromatem. V myxoidnich oblastech byly nadorové buiiky volné rozptyleny ve stromatu,
nékdy s nahodilym rtustovym vzorem podobnym tkanové kulture piipominajicim
proliferativni fasciitidu, zatimco v kompaktnéjSich oblastech byly piitomny kratké
nepravidelné svazky vietenitych bunék. Fascikularni nebo storiformni ristovy vzor
relativné uniformnich vietenitych bunek typicky pro IMT nebyl pritomen. V nadorech
byla piitomna jemna sit’ vétvicich se kapilar s nevyraznou perivaskularni kondenzaci
nadorovych bunék, ve tiech piipadech byly patrné napadné , kudrnaté, zakiivené cévy.
Ridky, vétsinou perivaskularni  nenddorovy  zanétlivy  infiltrat  tvofeny
polymorfonuklearnimi leukocyty, lymfocyty a plazmatickymi buiikami byl piitomen v 6
pripadech, v 1 pripadé byly v nadorové tkani rozptyleny pouze obcasné lymfocyty a
hustsi lymfoplazmocelularni infiltrat byl pritomen jen pi1 okraji nadoru.

Cytomorfologicky mély nadorové bunky vysoce variabilni a atypicky vzhled.
Zatimco nékteré bunky byly nevyrazné, ovalného az vietenitého nebo hvézdicového
tvaru, se stredné velkymi, lehce bazofilnimi jadry a nenapadnou, mirné eosinofilni
cytoplazmou, typickym znakem téchto nadori byla pritomnost velkych atypickych bunék
s vyraznymi jadérky, Casto s jednou nebo vice intranuklearnimi a cytoplazmatickymi
vakuolami, popripadé intranukledrnimi cytoplazmatickymi pseudoinkluzemi. Neékteré
z téchto velkych bunék mély tmava bazofilni jadra s rozmazanymi okraji. Dale byly
pritomny bunky vzhledu bunék gangliovych, se svétlou objemnou cytoplazmou, stiedné
velkymi jadry s jemnym chromatinem a Zivé eosinofilnimi meganukleoly. Neékteré
atypicke bunky vykazovaly dlouhé bipolarni nebo multipolarni dendritické vybézky, ¢imz
se podobaly Purkynovym buinikam nebo tzv. tadpole rhabdomyoblastim. I pies tyto
vyrazné atypie vsak chybéla signifikantni mitoticka aktivita, atypické mitdzy a nekroza.

Imunohistochemicka detekce ALK byla pozitivni ve vSech pripadech, zatimco
prukaz hladkosvalového markeru SMA byl zcela negativni v 5 pripadech, ve dvou
pripadech byla detekovana slaba variabilni exprese. RNA-seq odhalila ve vsech
analyzovatelnych piipadech identickou fiizi 7IMP3::ALK mezi exonem 1 genu 7/MP3 a
exonem 12 genu ALK.

Zatimco bunky vzhledu bunék gangliovych jsou béZznou soucasti IMT (31),
prominentni velké bunky s intranukledrnimi a cytoplazmatickymi vakuolami nebo
intranuklearnimi cytoplazmatickymi pseudoinkluzemi nejsou typickym rysem IMT.
Vétsina IMT se vyznacuje bohatym a difuznim zanétlivym infiltratem, ve zde
prezentovanych piipadech byl vSak zanétlivy infiltrat spise ridky. Imunohistochemicky
nebyl navic prokazan myofibroblasticky fenotyp (negativita SMA), myofilamenta nebyla
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pozorovana ani ultrastrukturalng (49). VSechny analyzovatelné piipady sdilely identickou
fizi TIMP3::ALK. Jedna se tedy o tumor vymezeny unikatnimi genetickymi,
morfologickymi a klinickymi znaky, predstavujici specificky subtyp IMT nebo
samostatnou jednotku.
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Abstract

We report 7 cases of an indolent, variably myxoid tumor of the vocal cords, characterized by overt cellular atypia with large
cells containing intranuclear and intracytoplasmic vacuoles, delicate curvilinear vessels, and sparse inflammatory infiltrate.
Six patients were male, aged 15 to 65 years, and 1 patient was a 54-year-old female. All tumors were located in the super-
ficial portion of the vocal cord. One patient suffered a recurrence that was completely resected; all patients with available
follow-up data currently have no evidence of disease. The tumors contained alternating areas with myxoid stroma and more
compacted regions with tumor cells organized in short fascicles, interwoven with delicate curvilinear vasculature. Overt
cellular atypia with large cells containing intranuclear and intracytoplasmic vacuoles or resembling ganglion cells was pre-
sent in all cases but mitoses and necrosis were absent. ALK immunostaining was positive in all cases, while most tumors
were negative for smooth muscle actin. Targeted RNA-sequencing revealed an identical TIMP3::ALK fusion with exon 1 of
TIMP3 gene being fused with exon 12 of ALK gene in all analyzable cases. For various reasons discussed, it remains unclear
whether this tumor represents a mere subtype of IMT or a separate entity. Nevertheless, it is a morphologically distinct and
diagnostically challenging lesion that needs to be recognized by surgical pathologists in order to prevent overdiagnosis in
this clinically very delicate area.

Keywords Soft tissues - Myxoid fibroblastic tumor - Inflammatory myofibroblastic tumor - TIMP3::ALK - Vocal cords -
Larynx

Introduction

Inflammatory myofibroblastic tumor (IMT) is defined as

a rarely metastasizing low-grade neoplasm composed of
fibroblastic and myofibroblastic spindle cells admixed with

B4 Natélie Klubickova

klubickova@biopticka.cz inflammatory infiltrate consisting of plasma cells, lympho-
cytes, and/or eosinophils [1]. Though initially considered
' Department of Pathology, Charles University, Faculty to represent a reactive inflammatory pseudotumor, IMT is

of Medicine in Pilsen, Alej Svobody 80, 323 00 Pilsen,

X currently accepted as a true neoplasm driven in the majority
Czech Republic

of cases by constitutionally active ALK or, less frequently,
other receptor tyrosine kinase proteins [2—4], achieved by
Institute of Pathology, Friedrich-Alexander University translocation of the respective genes to transcriptionally
Erlangen-Niirnberg, University Hospital Erlangen (UKER), active gene partners. Younger adults and children are typi-
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cally affected, but the disease may occur over a wide age
range. The most common site of occurrence is the lung, fol-
lowed by mesentery, omentum, and the urinary tract. About
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completely treated by a single excision, while only 1 of
the 13 cases analyzed by Kerr et al. [6] developed a local
recurrence 3 years after the initial treatment. Three main
histological patterns are recognized in IMT: cellular spindle
cell pattern with a predominantly fascicular arrangement of
tumor cells and rich inflammatory infiltrate; hypocellular
fibrous pattern with abundant hyalinized stroma and sparse
inflammation; and a myxoid pattern consisting of spindled
myofibroblasts with a rich vascular and inflammatory com-
ponent. Immunohistochemically, over 90% of IMTs express
smooth muscle actin [7, 8].

In our practice, we have repeatedly encountered an unu-
sual myxoid mesenchymal lesion arising from the vocal
cords that frequently harbored an identical TIMP3::ALK
gene fusion and showed a diffuse cytoplasmic ALK immu-
noexpression. However, the lesion lacked a compelling
smooth muscle actin staining in most cases, as well as the
typical diffuse and prominent inflammatory infiltrate, while
exhibiting unusual large atypical cells with prominent nucle-
oli and single or multiple intranuclear and/or intracytoplas-
mic vacuoles. Herein, we report our experience with 7 such
cases to draw attention to these diagnostically challenging
vocal cord lesions.

Materials and methods
Case selection

A retrospective review of personal consultation files was
conducted to search for cases of laryngeal IMT and other
benign mesenchymal tumors of the larynx with unusual fea-
tures including areas of abundant myxoid stroma with gan-
glion-like cells or with large atypical cells harboring nuclear
or cytoplasmic vacuoles. The search yielded 7 cases in total.
However, NGS analysis was informative in only 5 cases
(cases 1-5). The remaining 2 cases were included based on
an identical morphology and diffuse cytoplasmic ALK stain-
ing (cases 6-7) as efforts to confirm the fusion with FISH
failed as well. Case 1 has been published in a previous report
by Yorita et al. [9]. One or 2 blocks were available for each
case. Clinicopathologic data were obtained from the medi-
cal records of the institutions that participated in the study.

Immunohistochemical studies

Immunohistochemical staining was routinely performed at
the participating institutions using an automated Ventana
BenchMark ULTRA or XT systems (Ventana Medical Sys-
tems Inc., Tucson, AZ, USA). The primary antibodies used
are summarized in Table 1.

) Springer

Table 1 Antibodies used for the immunohistochemical examination

Dilution Clone Source
ALK-1 1:50 (cases 1,4-7), DS5F3 Cell signaling
1:100 (cases 2-3)
SMA RTU 1A4 Dako
Desmin RTU D33 Dako
S100 RTU polyclonal  Dako
Pan-cytokeratin RTU AEI/AE3 Dako
CD34 1:200 QBEnd/10  Dako

Abbreviations: RTU, ready to use

Molecular-genetic studies
FISH analysis

FISH analysis of ALK rearrangements in case 1 was
described previously [9]; the protocol for analysis of
ALK rearrangements in cases 2-3 is delineated in [10].
For the detection of ALK and TIMP3 rearrangements in
cases 6-7, Vysis ALK Break Apart FISH Probe Kit (Vysis/
Abbott Molecular, Des Plaines, IL, USA) and Custom-
FISH Design 22q12.3 TIMP3 break-apart probe were used
(SureFISH/Agilent Technologies, Santa Clara, CA, USA),
respectively. The FISH procedure and interpretation of
FISH results were performed as described earlier [11].

RNA-sequencing

RNA was extracted using Maxwell RSC RNA FFPE kit
(automated on Maxwell RSC 48 Instrument, Promega,
Madison, WI, USA). Purified RNA was quantified using
the Qubit Broad Range RNA Assay (Thermo Fisher Scien-
tific, Waltham, MA, USA). Cases 4 and 6-7 were analyzed
using the TruSight Oncology 500 panel. RNA libraries
were prepared using the TruSight Oncology 500 Kit (I1lu-
mina, San Diego, CA, USA) according to the manufactur-
er’s protocol. Sequencing was performed on the NovaSeq
6000 sequencer (Illumina) following the manufacturer’s
recommendations. Data analysis was performed using
Trusight Oncology 500 LocalApp. Case 5 was sequenced
in accordance with the manufacturer’s protocol using the
Ion S5 sequencer (Thermo Fisher Scientific) and a custom
kit based on Archer FusionPlex Sarcoma kit (Archer DX,
Boulder, CO, USA) that detects fusions in 53 genes and
mutations in 13 genes, including ALK, BRAF, NTRKI-
3, RAF1, RET, and ROS1. Data analysis was performed
using the Archer Analysis software version 6.2 (Archer
DX). Case 1 was analyzed as described previously [9];
the protocol for analysis of cases 2-3 is delineated in [12].
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Results
Clinical data

The main clinical data are summarized in Table 2. Six
patients were male; 1 patient was a middle-aged female.
Their age ranged from 15 to 65 years (mean 36, median
32). Two patients ex perienced hoarseness of voice; one of
these patients also reported slight dyspnea. One patient
had dysphonia and intermittent aphonia as well as the
sensation of a foreign body in his throat; he also suffered
from moderate dyspnea. Three patients reported previous
tobacco use (smoking of cigarettes). All cases affected the
superficial portion of the vocal cords, with 2 cases arising
from the left vocal cord, while 4 were localized to the right
vocal cord and no information on the laterality was avail-
able in 1 case. All cases were treated by local excision of
unknown extent. In case 5, a small probatory biopsy was
taken 2 months prior to the excision. Follow-up informa-
tion was available for 4 patients. The patient in case 1
had no signs of recurrence at the last video laryngoscopic
examination performed 4 months after the surgical inter-
vention and had no clinical signs of recurrence 3 years
after the surgery (video laryngoscopy or other imaging
examination were, however, not performed at that time
due to patient’s refusal). No evidence of disease after
11.5 years was reported in case 2. In case 4, there was no
evidence of disease 2 months after the excision. The tumor
recurred and was treated by re-excision 1 year after the ini-
tial excision in case 6. Subsequently, the patient has had no
evidence of disease for 14 years. Cases 3 and 5 are recent
cases. No follow-up information was available in case 7.

Histological and immunohistochemical findings

Microscopically, the tumors grew as unencapsulated,
vaguely nodular lesions in the superficial portions of
the vocal cord. When present, the overlying squamous
epithelium displayed slight reactive changes. The tumors
consisted of various combinations of compact areas and
areas with abundant myxoid stroma (Fig. 1A-D). The
tumor cells were loosely scattered in the myxoid stroma,
sometimes with a haphazard tissue culture-like growth
pattern resembling proliferative fasciitis, while in the
more compact areas, short irregular fascicles could be
appreciated (Fig. 1A). The typical fascicular or storiform
growth pattern composed of bland spindled cells typical
of IMT was, however, not present. Cytomorphologically,
tumor cells had a highly variable appearance. Some cells
were bland, oval to spindled or stellate shaped, with mod-
erately sized lightly basophilic nuclei and inconspicuous,

105

Table 2 Clinical data and histopathologic and molecular-genetic features of the cases

Follow-up information

Molecular-genetic features Immunohistochemistry

Clinical features

Age/sex

Case no

Desmin S100 panCK CD34

ALK SMA

FISH ALK/

TIMP3 ba

Site RNA-Seq

Size (mm)

NED (3 yr)

+/ND
+/ND
+/ND
ND/ND
ND/ND

NA/-

TIMP3-ALK,Ex1-Ex12

LvVC

10

35/M
24/M
27/M
65/M
32/M

54/F

NED (11.5 yr)
Recent

Va+

TIMP3-ALK,Ex1-Ex12

RVC
RVC
RVC
RVC
vC

TIMP3-ALK, Ex1-Ex12

10

NED (2 mo)
Recent

TIMP3-ALK, Ex1-Ex12

ND

+

TIMP3-ALK, Ex1-Ex12

NA

NA

Recurrence (1 yr),

NA

later NED (14 yr)

NA

+

NA/NA

NA

LvVC

NA

15/M

Abbreviations: ba, break-apart; Ex, exon; F, female; Fo, focally; LVC, left vocal cord; M, male; mo, months; NA, not analyzable or not available; ND, not done; NED, no evidence of disease;

RVC, right vocal cord; yr, years; Va, variably; VC, vocal cord;—, negative;+, positive
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e

lular myxoid “lake™ in case 4; D gradual transition of the hypocellular
myxoid (left) and more compacted (right) areas, with a rich capillary
network throughout the lesion in case 7

Fig.1 Histomorphologic features: A low-power view of the alternat-
ing myxoid and solid, vaguely fascicular areas in case 2; B abundant
myxoid stroma with numerous curvy vessels in case 2; C hypocel-

mildly eosinophilic cytoplasm. However, the typical
feature of these tumors was the presence of large atypi-
cal cells with prominent nucleoli, often with single or
multiple intranuclear and intracytoplasmic vacuoles or
intranuclear cytoplasmic pseudoinclusions (Fig. 2A-C,
E). Dark basophilic nuclei with indistinct borders and
smudged appearance were encountered in some of these
cells (Fig. 2C-D). In addition, large ganglion-like cells
were present. They had light cytoplasm, medium-sized
nuclei with smooth chromatin, and enlarged vividly
eosinophilic nucleoli (Fig. 2F, Fig. 2F-inset). Some
atypical cells exhibited long bipolar or multipolar den-
dritic processes that could be best appreciated on ALK
immunohistochemical examination (Fig. 3A-B), but
were visible even in the hematoxylin and eosin stain. On
occasion, these cells acquired a resemblance to Purkinje
cells in the cerebellum or rhabdomyoblastic tadpole cells
(Fig. 2C). A delicate network of branching small vessels
was present throughout the tumors, with a slight cellu-
lar condensation around the vessels in some areas and
strikingly “curly” vessels in three cases (Fig. 1A-B).
Sparse, mostly perivascular inflammatory infiltrate of
polymorphonuclear leukocytes, lymphocytes, and plasma

@ Springer

cells was present throughout the tumors in 6 cases, while
in case 1, only occasional lymphocytes were scattered
in the tumor tissue, with a heavier lymphoplasmacytic
infiltrate present at the tumor border. Mitotic figures and
necrosis were absent in all cases. The recurrent tumor in
case 6 was slightly more cellular, with less prominent
myxoid areas. The material from the original excision
was reviewed in this case, revealing a widely positive
resection margin.

ALK immunohistochemical staining was diffusely and
strongly positive in the cytoplasm of the tumor cells in all
cases, occasionally highlighting their dendritic cytoplas-
mic processes (Fig. 3A-B). Smooth muscle actin showed a
variable positivity in 2 cases; the other 5 cases tested were
completely negative. Desmin, $100 protein, pan-cytoker-
atin (using the AE1/AE3 antibody), and CD34 were nega-
tive in all cases tested. On examination by electron micros-
copy, which was performed in case 1 [9], the tumor cell
cytoplasm contained a rich network of rough endoplasmic
reticulum with secretory granules and abundant cytoplas-
mic vacuoles. Intranuclear cytoplasmic pseudoinclusions
were revealed as well. Contrarily, myofilaments were com-
pletely absent from the tumor cells.
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Fig.2 Atypical tumor cells present in the tumors. Some atypical
cells contained intranuclear pseudoinclusions (A—C; cases 3, 6, and
4, respectively). Large cells with indistinct nuclear borders and baso-

Molecular-genetic findings

The molecular-genetic results are summarized in Table 2.
FISH analysis revealed a break in the ALK gene in 3/3 of
analyzable cases; the method failed in 2 other cases in which
the analysis was attempted. TIMP3 break was not detected
by FISH in case 6 and further molecular testing was not
possible due to the low quality of the genetic material in this
archival biopsy specimen. An identical TIMP3::ALK fusion
involving exon 1 of the TIMP3 gene and exon 12 of the ALK
gene was detected by sequencing methods in all 5 analyzable
cases. The reference transcript sequences used for describing

T, - r..
/ PSR

philic smudged chromatin (C-D; case 4). Intracytoplasmic vacuoles
were occasionally seen (E; case 4). Tumor cells with a ganglion-like
appearance (F; case 6, F-inset; case 4)

TIMP3 and ALK have accession numbers NM_000362.4 and
NM_004304.3, respectively; the chromosomal position is
described using the reference genome GRCh37 (hg19), with
breakpoints at chr22:33198107 and chr2:29474133.

Discussion

We report 7 cases of an unusual vocal cord lesion character-
ized by various amounts of myxoid stroma, large atypical
cells with intranuclear and/or intracytoplasmic vacuoles,
sparse inflammatory infiltrate, and a frequent TIMP3::ALK
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Fig.3 Strong cytoplasmatic immunohistochemical positivity with the ALK antibody was present in all cases, occasionally highlighting their

dendritic cytoplasmic processes (A; case 2, B; case 4)

fusion with corresponding ALK immunoexpression. Over-
all, it is unclear whether this tumor represents a mere sub-
type of IMT or a distinct entity. While a myxoid pattern
is well recognized in IMT, it is often accompanied by fas-
cicular/storiform growth patterns at least in some areas of
the tumor. Similarly, while the ganglion-like cells can be
found in some IMTs [13], the prominent large cells with
intranuclear and cytoplasmic vacuoles or intranuclear cyto-
plasmic pseudoinclusions are not a feature of IMT. Most
IMTs feature an ample and diffuse inflammatory infiltrate
which was rather sparse in our cases. Importantly, 70% of
the cases presented herein lacked myofibroblastic pheno-
type by immunohistochemistry. Ultrastructurally, the most
striking feature of the tumor cells was the abundant rough
endoplasmic reticulum taking up most of the cytoplasm.
This is a feature seen in both fibroblasts and myofibroblasts,
together with a spindled or stellate shape of the cells [14,
15] which was also observed in our cases. Myofilaments
were, however, not present in the examined cells [9], point-
ing rather towards a fibroblastic differentiation. An identical
TIMP3::ALK gene fusion detected in all cases analyzable
by RNA-sequencing proposes a distinctive pathogenetic
pathway for the development of this lesion. However, FISH
for a TIMP3 rearrangement was negative in 1 case which
was not analyzable by sequencing methods. Indolent clini-
cal behavior and a favorable outcome can be deduced from
the available follow-up information, proposing a risk of
overtreatment in case of misdiagnosis. Only 1 case recurred
locally, likely due to incomplete removal of the tumor tissue
in the original excision.

The activity of the transmembrane receptor tyrosine
kinase ALK is key for the development of the neural sys-
tem under physiological conditions [16], while its genetic
alterations are the cause of several neoplastic diseases
[17-21]. About three-fifths of IMT cases harbor a driver
ALK gene fusion [2, 3]. The negative cases often display
rearrangements of other receptor tyrosine kinase genes,
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including ROS1, RET, NTRK3, or IGFIR [2, 3, 22]. ALK
contains a receptor domain in the extracellular region, a
single hydrophobic transmembrane domain, and a tyros-
ine kinase domain located in the intracellular part of the
protein. Under normal conditions, the kinase dimerizes
and autophosphorylates itself after being triggered by an
extracellular ligand, and then continues to activate sev-
eral proteins of various downstream signaling pathways,
including but not limited to the RAS/MAPK, PI3K/Akt,
and PLCy pathways [23]. The fusion product in our cases
retains the tyrosine kinase domain, which is crucial for
its function in carcinogenesis. Translocation of the ALK
gene to the TIMP3 gene, coding for a protein involved
in the remodelation of extracellular matrix—a process
that is universally present during tumorigenesis—likely
causes its increased expression, which can be confirmed
by immunohistochemistry.

Recently, Kerr et al. [6] reported 13 cases of IMT in
the head and neck region. In 4 cases (cases 1, 6, 11, and
13), the tumors occurred in the vocal cords and harbored a
TIMP3::ALK fusion. Considering this subgroup, both sexes
were affected equally; the patients’ ages ranged from 25 to
33 years (mean 28.75, median 28.5). Follow-up information
was available in 2/4 of cases with a mean of 4.25 years; both
patients had no evidence of disease. The tumors contained
large ganglion-like cells in 2 cases, as well as cells with
intranuclear inclusions in 3 cases, dispersed in a variable
mixture of myxoid and compact stroma with moderate to dif-
fuse lymphocytic or lymphoplasmacytic inflammatory infil-
trate. Immunohistochemically, all cases displayed cytoplas-
mic granular or diffuse positivity for ALK. Smooth muscle
actin and desmin were negative in 2/3 and 3/4 cases tested,
respectively. Conversely, case 13 was immunopositive for
smooth muscle actin; rare cells are also stained for desmin.
The exact fusion event differed slightly in this group: exon
1 of the TIMP3 gene was fused to exon 19 of the ALK gene
in 2 cases; the other 2 cases harbored a fusion of exon 3 of
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the TIMP3 gene to exon 18 of the ALK gene. In any event,
however, the ALK tyrosine kinase domain is retained in the
fusion product, preserving its proposed oncogenic activity.

Similarly, Pierry et al. [4] presented 6 cases of laryngeal
IMT with ALK overexpression, three of which were located
in the vocal cords and were positively tested for an ALK
rearrangement by FISH (cases 2, 3, and 6). Two males were
affected, and 1 patient was female. Their ages ranged from
40 to 48 years (mean 43.33, median 42). Histologically, the
tumors consisted of spindle cells with nuclear atypia in a
myxoid background, with variably pronounced inflammatory
infiltrates of lymphocytes and plasma cells. However, no
detailed histomorphologic description was available for each
case separately. Case 2 which occurred in the vocal cord
of a 40-year-old male did not stain immunohistochemically
for smooth muscle actin, while the other 2 cases were posi-
tive. Moreover, case 6 was immunopositive for desmin. The
patients did not receive any additional treatment after the
excision of the tumor and had no evidence of disease in the
follow-up period which lasted from 5 to 28 months (mean
15, median 12). One more atypical IMT of the right vocal
cord was reported by Volker et al. [24]. The patient was a
34-year-old female who suffered a recurrence 3 months after
the initial excision that was considered complete. The patient
had no evidence of disease 2.5 years after the excision of
the recurrent tumor. Interestingly, the primary tumor con-
sisted of cytomorphologically mostly bland spindled cells
in a myxoid stroma; the recurrence displayed more compact
growth of mildly atypical cells with prominent nucleoli. The
tumor was immunohistochemically positive for ALK, while
both smooth muscle actin and desmin were negative.

Even though a detailed review of these previously
reported tumors [4, 6, 24] was not available, given the con-
cordant immunoprofile (ALK positivity, common negativity
for muscle markers), histomorphologic features (presence of
myxoid stroma and atypical cells), and very indolent clini-
cal behavior, as well as the TIMP3::ALK driving fusion in
the 4 cases reported by Kerr et al. [6], we propose that at
least some of these previous cases might represent iden-
tical tumors as presented herein by us. We are unable to
determine whether this indolent lesion represents a separate
diagnostic entity or a subtype of IMT. However, it is mor-
phologically and immunohistochemically unique and needs
to be recognized to refrain from overdiagnosis.

Apart from the laryngeal region, TIMP3::ALK fusions
have been reported in 2 uterine and 12 pregnancy-associated
IMT cases [25-29]. The ages of the female patients ranged
from 25 to 41 years (mean 34, median 34.5). All of the 7
patients with available follow-up data had no evidence of
disease. Interestingly, histomorphologic parallels could be
drawn between these IMT cases and the laryngeal lesion pre-
sented herein. The majority of cases displayed focal to abun-
dant myxoid stroma interweaved with delicate thin-walled

vessels. The tumor cells were described as elongated or spin-
dled, while mild to moderate nuclear atypia and ganglion-
like appearance of some cells were common findings. On
immunohistochemical examination, ALK was positive in the
tumor cell cytoplasm in each case.

A number of entities can be considered in the differen-
tial diagnosis of the lesion presented herein. In general, the
unusual cytological features and diffuse ALK immunoex-
pression and/or detection of ALK rearrangements are the
most helpful diagnostic clues. Firstly, edematous reactive
vocal cord nodules and polyps can easily be excluded by
the absence of any significant atypia in the non-neoplastic
small spindled fibroblasts that are present in these lesions.
Similarly, the diagnosis of myxoma, which has been scarcely
reported in the vocal cords [30] and which consists of abun-
dant myxoid stroma with dispersed, completely bland spin-
dled or stellate small cells, can be rejected based on the
significantly different cytological and immunohistochemical
features present in our cases.

Given the previously mentioned cytological atypia,
malignant soft tissue tumors should be taken into account
during the diagnostic process. Myxofibrosarcoma is a
malignant myxoid mesenchymal tumor that affects older
adults with no sex predilection [31-34]. Soft tissues of
proximal extremities are most commonly affected, with
the thigh being the most frequent site [32]. Less than 50
cases of head and neck myxofibrosarcoma cases have
been reported in the literature [35, 36] and, to the best
of our knowledge, only 1 report of a myxofibrosarcoma
occurring in the vocal cord exists [37]. The differentiation
between these two entities might be challenging. Just
as the herein presented lesions, myxofibrosarcoma is a
vaguely nodular lesion with alternating hypocellular
myxoid and more cellular solid areas. Notably, the
myxoid stroma is predominant in low-grade cases.
Solid sheets of spindled cells become more frequent
with increasing histological grade. Another common
feature of the two lesions is the presence of numerous
curvilinear or arched capillaries with perivascular cell
compaction [34]. Cytologically, the spindled tumor cells
display nuclear pleomorphism and hyperchromasia; some
cells might contain intracytoplasmic vacuoles and thus
resemble lipoblasts [34]. These changes are very subtle
in low-grade myxofibrosarcoma, while in the more high-
grade cases, the atypical cells as well as mitotic figures
and occasional necrosis are more prominent. The latter
aids in the differentiation of myxofibrosarcoma from
the lesions presented here, as increased mitotic rate
and necrosis were absent in our cohort. Genetically,
myxofibrosarcoma harbors complex genetic aberrations,
while ALK rearrangements have not been detected.
Therefore, the detection of an ALK rearrangement and/
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or immunohistochemical expression of ALK might be
diagnostically very useful in ruling out myxofibrosarcoma.

Alternating myxoid and compact whorled areas,
together with delicate curvilinear vessels, are also typi-
cal for low-grade fibromyxoid sarcoma (LGFMS). Only
extremely rare cases are known to appear in the head and
neck region, generally in younger adult male patients [38].
Despite its malignant nature, the tumor is cytomorphologi-
cally bland, composed of a monotonous proliferation of
spindled or fusiform neoplastic cells. This is in contrast
to the variably shaped and slightly atypical cells encoun-
tered in tumors presented in this report. Moreover, diffuse
MUC4 immunoexpression and FUS::CREB3L1/2 or less
commonly EWSRI::CREB3LI fusions represent helpful
diagnostic features of LGFMS [39-41].

The myxoid stroma, variably inflammatory background,
and atypical tumor cells could suggest the possibility that
one is dealing with dedifferentiated liposarcoma. Morpho-
logically, the presence of a well-differentiated component
as well as the presence of more hyperchromatic spindle
cells might help to establish the correct diagnosis. In mor-
phologically challenging cases, CDK4 and MDM2 immu-
nohistochemical markers and, conversely, ALK immuno-
histochemistry represent very helpful diagnostic aids [42].

In summary, we report 7 cases of an indolent, vari-
ably myxoid tumor of the vocal cords, characterized by
overt cellular atypia with large cells containing intranu-
clear and intracytoplasmic vacuoles, delicate curvilinear
vessels, and sparse inflammatory infiltrate. A recurrent
TIMP3::ALK fusion and ALK immunoexpression were
present in all cases tested. It remains unclear whether this
tumor represents a mere subtype of IMT or a separate
entity. Nevertheless, it is a morphologically distinct and
diagnostically challenging lesion that needs to be recog-
nized by surgical pathologists in order to prevent overdi-
agnosis in this clinically very delicate area. We, therefore,
suggest the name “Myxoid fibroblastic tumor of the vocal
cords with a TIMP3::ALK fusion” for the entity.
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4.9  Epithelioid soft tissue neoplasm of the soft palate with a PTCH1::GLI1 fusion:
A case report and review of the literature

Vopraci je popsan vzacny mesenchymalni tumor meékkého patra s flizi
PTCHI::GLII. Nador byl diagnostikovan u 34leté zeny, ptivodné byl vSak povazovan za
zanétlivou lézi a byl 1éCen antibiotickou terapii. Vzhledem k perzistenci nalezu bylo
provedeno CT vysetieni, které prokazalo pritomnost nehomogenniho tumoru v oblasti
meékkeého patra a nasopharyngu, provedena probatorni biopsie byla uzaviena jako low-
grade kulatobunéény sarkom s pozitivitou neuroendokrinnich imunohistochemickych
markeru.

Nador byl resekovan, resekce vSak nebyla kompletni, proto byla po dvou mésicich
provedena re-resekce a disekce krénich lymfatickych uzlin, dalsi adjuvantni 1é¢ba nebyla
onkologem doporucena. V dobé tvorby diserta¢ni prace byla pacientka dle posledniho
dostupného udaje 14 mésicu bez priznakii onemocnéni.

Nadorové bunky byly usporadany ve splyvajicich hnizdech se solidné-
trabekularnim, fascikularnim nebo retikularnim ristovym vzorem, oddélenych
vazivovymi septy. Neoplastické burky se jevily napadné uniformni, kulaté az ovalné, se
sttedné objemnou, povétSinou jemné granularni eosinofilni cytoplazmou, loziskové 1
s cytoplazmou projasnénou, a s centralné umisténymi jadry s jemnym chromatinem a
nevyraznymi jadérky. Ve fascikularnich oblastech nabyvaly buinky vietenité morfologie.
Mitoticka aktivita byla nizka (2 mitotické figury na 10 poli velkého zvétseni), nebyly
pritomny atypické mitézy a nekréza. V nadoru byly loziskové hojné tumor-infiltrujici
nenadorové lymfocyty a bohata vétvena sit” kapilar, ve vétSich cévach byla pozorovana
protruze tkané nadoru do cévniho lumen, avsak bez pravé lymfovaskularni invaze.

Imunohistochemicky byly nadorové builkky nerovnomérné pozitivni v prukazu
marker@t $100 a CD56 a difiizné pozitivni v prikazu D2-40. Siroky panel epitelialnich,
myogennich, melanocytarnich, endotelialnich a dalSich markert byl negativni. Vzhledem
k pozitivité neuroendokrinnich markeri v probatorni biopsii byla testovana exprese NSE,
synaptofyzinu a chromograninu: zatimco NSE byla imunohistochemicky difiizné
pozitivni, synaptofyzin a chromogranin byly pozitivni jen v limitovaném rozsahu (do 5
% nadorovych bung¢k).

Vzhledem k podezieni na GLII-rearanzovany tumor byl material testovan pomoci
RNA-seq. Byla prokazana pritomnost fuze PTCHI::GLII mezi exonem 1 genu PTCH]I
a exonem 6 genu GLII. Doposud popsané nadory s fizi PTCHI::GLI1 véetné zde
prezentovaného pripadu vykazovaly epiteloidni rysy s multinodularnim nebo
plexiformnim typem ristu s usporadanim bunek v hnizdech a s pritomnosti bohaté jemné
a vétvené vaskularni sité. Nadoroveé bunky mély uniformni cytomorfologii s ovalnymi
jadry, byly pritomny oblasti s projasnénim cytoplazmy a fokalni vietenobunéénou
morfologii. Imunohistochemicky bylo mozné prokazat expresi S100, exprese SMA a
cytokeratini byla negativni.
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Abstract

GLII fusions involving ACTB, MALATI, PTCHI and FOXO4 genes have been reported in a subset of malignant mesenchymal
tumors with a characteristic nested epithelioid morphology and frequent S100 positivity. Typically, these multilobulated
tumors consist of uniform epithelioid cells with bland nuclei and are organized into distinct nests and cords with conspicu-
ously rich vasculature. We herein expand earlier findings by reporting a case of a 34-year-old female with an epithelioid
mesenchymal tumor of the palate. The neoplastic cells stained positive for 100 protein and D2-40, whereas multiple other
markers were negative. Genetic alterations were investigated by targeted RNA sequencing, and a PTCHI-GLI1 fusion was
detected. Epithelioid mesenchymal tumors harboring a PTCHI-GLII fusion are vanishingly rare with only three cases
reported so far. Due to the unique location in the mucosa of the soft palate adjacent to minor salivary glands, multilobulated
growth, nested epithelioid morphology, focal clearing of the cytoplasm, and immunopositivity for S100 protein and D2-40,
the differential diagnoses include primary salivary gland epithelial tumors, in particular myoepithelioma and myoepithelial
carcinoma. Another differential diagnostic possibility is the ectomesenchymal chondromyxoid tumor. Useful diagnostic
clues for tumors with a GLII rearrangement include a rich vascular network between the nests of neoplastic cells, tumor
tissue bulging into vascular spaces, and absence of SOX 10, GFAP and cytokeratin immunopositivity. Identifying areas with
features of GLII-rearranged tumors should trigger subsequent molecular confirmation. This is important for appropriate
treatment measures as PTCHI1-GLII positive mesenchymal epithelioid neoplasms have a propensity for locoregional lymph
node and distant lung metastases.

Keywords Epithelioid soft tissue neoplasm - Oral cavity - PTCHI-GLII gene fusion - Soft palate - S100 protein - Hedgehog
signaling pathway
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Introduction

Fusions or amplifications of the GLII gene have been dis-
covered in soft tissue tumors of variable morphology, immu-
noprofile and clinical behavior. GLII-fusion positive tumors
were initially reported by Dahlen et al. in 2004 as a group
of distinctive smooth muscle actin positive mesenchymal
neoplasms harboring an ACTB-GLII gene fusion, and they
were designated as “pericytoma with t(7;12) translocation”
[1]. Three of their five cases were located in the tongue
and one each in the stomach and the calf [1]. Subsequently,
other GLII-rearranged tumors have been reported to arise in
diverse tissues [2, 3], including the ovary [4, 10], the bones
[5], the gastrointestinal tract [6-9], the soft tissue of the
extremities [10], the retroperitoneum [2], the lung [3] or the
kidney [15]. A broad spectrum of malignant mesenchymal
neoplasms with relatively monomorphic round cell or epi-
thelioid morphology, with a frequent S100 protein expres-
sion, and with recurrent GLII gene fusions with ACTB,
MALATI, PTCHI or FOXO4 have been characterized [2, 3,
15]. Although sharing some histologic features with pericy-
toma, including monomorphic and occasionally round cell
phenotype, nested growth pattern and an intricate capillary
network, these lesions display morphologic variability, lack
of actin immunoreactivity, and propensity for locoregional
lymph node and distant lung metastases [2].

Even though in the first published series of tumors har-
boring ACTB-GLII fusions there was a marked predilec-
tion for occurrence in the tongue [1], other GLII-rearranged
tumors have been later reported to arise in other locations of
the head and neck, including the submandibular gland and
soft tissues of the neck [11]. However, a mucosal location
in the palate has never been reported. Herein, we present a
case of a 34-year-old female patient with an epithelioid mes-
enchymal tumor of the soft palate harboring a PTCHI-GLI1
fusion. Several cases with GLII rearrangements in the head
and neck have been described [11] but to date, only two of
them harbored the PTCHI-GLII fusion. They arose in soft
tissues of the submandibular region and the neck [2, 11] and
the tongue [11]. One additional case with this fusion arose in
soft tissues of the thorax [12]. To the best of our knowledge,
ours is only the fourth case with the PTCHI-GLII fusion
reported so far.

All reported tumors with the PTCHI-GLII rearrange-
ment (including our case) showed prominent epithelioid
features with a multinodular or plexiform growth pattern
at low magnification and a distinctive nested architecture
with a rich, delicate arborizing vascular network. The tumor
cells displayed a monomorphic cytomorphology with uni-
form round to ovoid nuclei, multiple clear-cell areas, a focal
spindled morphology, and S100 protein immunopositiv-
ity. Conversely, smooth muscle actin and wide-spectrum
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cytokeratin (AE1/AE3) expressions were negative on immu-
nohistochemical examination. The unusual intraoral mucosal
localization of the tumor in the palate and overlapping multi-
lobulated growth, nested epithelioid morphology, clear cyto-
plasm and S100 protein immunopositivity represent possible
differential diagnostic features shared with some primary
salivary gland neoplasms, such as myoepithelioma, cellu-
lar pleomorphic adenoma, and myoepithelial carcinoma.
Useful diagnostic clues for tumors with a GLII rearrange-
ment include a rich vascular network, nested architecture,
tumor tissue bulging into vascular spaces, and the absence of
cytokeratin, SOX10, GFAP and calponin immunopositivity.
Identification of areas with classic histopathologic features
of GLI1-rearranged tumors should trigger efforts for molecu-
lar confirmation of a GLII rearrangement. This aberration
has not been reported in the myoepithelial carcinoma of sali-
vary glands [13, 14].

Materials and Methods

The study was approved by the institutional review board of
the Faculty of Medicine in Pilsen, Charles University. The
case described in this study was retrieved from the consul-
tation files of AS. The clinical follow-up information was
obtained from the treating clinicians (RP, ZD) and the refer-
ring pathologist (JM).

For conventional microscopy, excised tissues were fixed
in formalin, processed routinely, embedded in paraffin
(FFPE), cut, and stained with hematoxylin and eosin. For
immunohistochemical analysis, 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 (Ventana Medical
System, Tucson, AZ), deparaffinized, and then subjected to
heat-induced epitope retrieval by immersion in CC1 solu-
tion at 95 °C and pH 8.6. All primary antibodies used are
summarized in Table 1. Bound antibodies were visualized
using the UltraView Universal DAB Detection Kit (Roche,
Basel, Switzerland) and the UltraView Universal Alkaline
Phosphatase Red Detection Kit (Roche). The slides were
counterstained with Mayer’s hematoxylin. Appropriate posi-
tive and negative controls were employed.

Targeted Next-Generation Sequencing

For next-generation sequencing (NGS) RNA was extracted
using Total NA Maxwell RSC DNA FFPE kit (automated on
Maxwell RSC 48 Instrument, Promega, Madison, WT). Puri-
fied RNA was quantified using the Qubit Broad Range RNA
Assay (Thermo Fisher Scientific, Waltham, MA). Fusion
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Table 1 A.ntibodic.s used for the Antibody Clone Dilution Antigen retrieval, time Source

immunohistochemical study
AE1/AE3 AEV/AE3 RTU EnVision High pH, 30 min Dako
CAMS5.2 CAMS5.2 RTU CC1, 36 min Ventana
CD31 JCT0A 1:40 CC1, 36 min Dako
CD34 QBEnd/10 1:100 EnVision High pH, 30 min Dako
CD56 123C3 RTU CC1, 52 min Ventana
CD99 013 RTU CC1, 52 min Ventana
CDK4 DCS-31 1:800 CCl1, 52 min Invitrogen
Chromogranin DAK-A3 1:200 EnVision High pH, 30 min Dako
CK5/6 D5/16B4 1:50 EnVision High pH, 30 min Dako
CK7 OV-TL 12/30 RTU EnVision High pH, 30 min Dako
CK14 SP53 RTU CC1, 36 min Ventana
DDIT3 9C8 1:200 EnVision High pH, 30 min AbCam
Desmin D33 RTU EnVision High pH, 30 min Dako
D2-40 D2-40 RTU EnVision High pH, 30 min Dako
HHV-8 13B10 RTU CC1, 52 min Ventana
Ki-67 MIB-1 RTU EnVision High pH, 30 min Dako
MyoD1 EP212 RTU CC1, 52 min Ventana
NSE BBS/NC/VI-H14 1:400 CC1, 36 min Dako
OSCAR Isolype:IgG2a 1:100 EnVision High pH, 30 min Covance
p63 4A4 RTU EnVision High pH, 30 min Dako
SOX10 SP267 RTU CC1, 52 min Ventana
STAT6 YE361 1:1000 CC1, 52 min Abcam
Synaptophysin DAK-SYNAP RTU EnVision High pH, 30 min Dako
S-100 Polyclonal RTU EnVision High pH, 30 min Dako

CC1 EDTA buffer, pH 8.6, 95 °C; EnVision high pH EnVision high pH solution, pH 9.0, 97 °C; min min-

utes; RTU ready to use

transcript detection and mutational analysis were performed
using the customized FusionPlex Sarcoma kit No.6 (Archer
DX, Boulder, CO). The process of library preparation and
sequencing was done as described previously [14] and data
analysis was performed using the Archer Analysis software
version 6.2.1. The complete list of genes is available in
Online Resource.

Case Presentation

The patient was a 34-year-old female who had observed a
stiff lesion in her soft palate 2 months prior to first contact
with a maxillofacial surgeon. The lesion was initially con-
sidered to be an abscess with partial regression of its size
after dental work and an antibiotic treatment. However, a CT
angiography revealed a persistent non-homogenous tumor-
ous lesion in the soft palate and lateral nasopharyngeal wall.
A preliminary biopsy was inconclusive, but suggestive of a
low-grade round-cell sarcoma with immunohistochemical
positivity for D2-40 and neuroendocrine markers (a diffuse
positivity for synaptophysin and NSE, and a focal positiv-
ity for S-100 protein). At the time of excision, the tumor

measured 34X 21 x 13 mm. Oral surface above the tumor
was ulcerated in an area of 18X 13 mm and to a depth of
4 mm (Fig. 1A). The tumor consisted of soft tan-brown tis-
sue on cut surface, and there was no discernible capsule.
Microscopically, the excision was covered by a super-
ficially ulcerated stratified squamous epithelium with
reactive changes and an extensive pseudoepitheliomatous
hyperplasia. Underneath, there was inflamed granulation
tissue with occasional giant cells attached to the multilobu-
lar tumor (Fig. 2A). Invasive tumor front extended into the
surrounding small salivary gland (Fig. 2B) and the striated
muscle tissue (Fig. 2C), and perineural invasion was noted
(Fig. 2D). Tumor cell nests were separated by thick or deli-
cate fibrous septae (Fig. 3A) and occasionally they protruded
into vascular spaces (not shown). An abundant arborizing
capillary network was seen throughout the neoplastic tissue.
The network was well pronounced especially in solid areas
of the tumor (Fig. 3A, B). The tumor cells were organized
either in a solid-trabecular fashion (Fig. 3B), a fascicular
(myoepithelial carcinoma-like) pattern (Fig. 3C, D), or a
reticular pattern with a myxoid stroma (Fig. 3E). A minor
part of the tumor displayed a pseudoglandular architecture
(Fig. 3F). Tumor cells appeared relatively uniform, round
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Fig.1 Macroscopic features of the tumor. A The tumor grew on the left side of the soft palate with a superficial ulceration. B Residual tumor tis-
sue was resected during second surgery, together with the left palatine tonsil

Fig.2 Low-power microscopic view of the tumor (H&E*). A The adjacent minor salivary gland. C Tumor cells infiltrated adjacent stri-
multilobular tumor grew underneath an ulcerated stratified squamous ated muscle tissue. D Perineural infiltration was noted. *Hematoxylin
epithelium of the oropharyngeal mucosa. B Tumor cells extended into and eosin
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Fig.3 Histomorphologic features of the tumor (H&E*). Nests of
tumor cells were surrounded by thick or delicate fibrous septae (A).
Arborizing capillary network was interspersed among tumor cells
throughout the lesion (A, B). Tumor cells were relatively uniform,
round to oval, occasionally spindled, and with bland basophilic oval
nuclei and inconspicuous nucleoli (B, C). Several architectural pat-
terns were seen. Tumor cells grew predominantly in a solid-trabecular
(B) and a fascicular, myoepithelial carcinoma-like fashion (C, D).

to oval, with bland centrally located basophilic-staining
nuclei, inconspicuous nucleoli and a moderate amount of
delicate granular eosinophilic cytoplasm. A spindled cell
morphology was present in the fascicular areas. Occasional
cells displayed clearing of the cytoplasm, sometimes with
a perinuclear halo (Fig. 3G), escalating in some areas into
a pseudolipoblast appearance with prominent cytoplasmic
vacuolization (Fig. 3H). Tumor-infiltrating lymphocytes
were abundant, especially in the solid-trabecular areas of

Less commonly, a reticular pattern with abundant myxoid stroma (E)
and a pseudoglandular microcystic pattern (F) were seen. Focally,
tumor cells displayed clearing of the cytoplasm with an infrequent
perinuclear halo (G). The clear cell change escalated in some areas
into a pseudolipoblast-like appearance with marked vacuolization of
the cytoplasm (H). A focal lymphocytic infiltrate was seen through-
out the tumor (H). *Hematoxylin and eosin

the tumor (Fig. 3H). Cell proliferation was low, reaching
2 mitotic figures per 10 HPF. No tumor necrosis nor any
atypical mitoses were seen. The tumor was not completely
resected.

Immunohistochemically, a focal and patchy S-100
protein (Fig. 4A) and CD56 (Fig. 4B) positivity, as well
as a diffuse and strong D2-40 (Fig. 4C) expression were
demonstrated in the tumor cells. A wide spectrum of vari-
ous markers was negative, including markers of epithelial
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Fig.4 Immunohistochemical features of the tumor. A Immunohis-
tochemical examination revealed focal and patchy S-100 protein
expression (positive internal control in a nerve is seen in the upper
right corner). B Similar pattern was seen with CD56 immunostain.

(AE1/AE3, OSCAR, CAM5.2, CK5/6, CK7, CK14),
myogenic (myoD1, desmin), melanocytic (SOX10), and
endothelial (CD31, CD34) differentiation, as well as vari-
ous other markers such as CD99, p63, HHV-8, DDIT3,
STAT6 and CDK4. Proliferative index was low to inter-
mediate, in lymphocyte-poor areas Ki-67 stained up to
7% of nuclei, while in lymphocyte-rich areas Ki-67
was positive in 20-25% of tumor cells (Fig. 4D). As

PTCH1-GLI1 fusion transcript:

C2H2 Zn fingers

FOXP-CC

C Diffuse and strong D2-40 positivity was present throughout the
tumor. D Ki-67 stained up to 7% of cells in areas with sparse lympho-
cytes, while 20-25% of tumor cells were positive in lymphocyte-rich
foci

the immunohistochemical examination of the probatory
biopsy at the referring institution showed diffuse positiv-
ity for synaptophysin and NSE, we conducted an addi-
tional analysis of the expression of neuroendocrine mark-
ers. While NSE was strongly diffusely positive, patchy
synaptophysin expression was detected in up to 5% cells
and chromogranin was positive in one focus. However,

" ]:z .

GLI1 binding site
PTCH1 exon 1

PTCH1 NM_001083602.1: exon 1 (chr9:98278751) - GLI1 NM_005269.2: exon6 (chr12:57859390)

Fig.5 PTCHI-GLII fusion transcript. Exon la of PTCHI gene
containing a Glil binding site (black arrow) is fused (red arrow) to
exon 6 of GLII gene. Glil part of the fusion protein retains its FOXP

@ Springer

coiled-coil domain (FOXP-CC) and three zinc fingers of C2H2 type
(C2H2 Zn fingers), which may enable dimerization and binding to

Glil target genes
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multiple blocks had to be examined to demonstrate the
positivity of synaptophysin and chromogranin.

Using the Archer FusionPlex custom panel, a PTCHI-
GLI1 fusion involving exon 1 of the PTCHI gene and exon
6 of the GLII gene was detected. The reference transcript
sequences used for describing PTCHI and GLII have
accession numbers NM_001083602.1 and NM_005269,
respectively. The chromosomal position is described using
the reference genome GRCh37 (hg19), and breakpoints at
chr9:98278751, and chr12:5785939 (Fig. 5).

Re-resection and lateral block neck dissection were per-
formed 2 months after the primary excision (Fig. 1B). Small
amounts of residual tumor were identified in the resection
sample from the oropharynx, but the margins were clear.
Twenty-two neck lymph nodes were identified, and they
were free of tumor infiltration. A PET-CT scan was per-
formed before the first surgery, and it did not reveal any sus-
pected metastatic lesions. Subsequent adjuvant therapy was
not recommended by an oncologist. The patient is currently
in the second trimester of pregnancy. The case is recent and
only a limited follow-up of 4 months is available with no
evidence of disease.

Discussion

Genetic abnormalities of GLI1, including gene fusions
and amplification, have been reported recently in a subset
of soft tissue tumors with a distinctive epithelioid nested
histomorphology and a propensity for locoregional and dis-
tant metastasis [2]. To the best of our knowledge, 45 cases
of GLII-altered tumors, including 14 cases (31% of all
cases) in the head and neck region, have been reported to
date. Rearrangements of GLII have been detected in tumors
arising from various parts of the body, including soft tis-
sues of extremities or trunk (11/31 cases) [2, 3, 10], gas-
trointestinal tract (10/31 cases) [6-9], bones (4/31 cases)
[2, 5, 10], ovary (2/31 cases) [4, 10], and one case each in
intrathoracic soft tissues [12], kidney [15], lung [3], and

retroperitoneum [2]. In the head and neck region, the most
common site of origin was tongue (11/14 cases), followed
by submandibular and neck soft tissue (3/14 cases) [1-3,
11]. There are no previous reports of a tumor of the soft
palate. The tumors were diagnosed either as “pericytoma
with t(7,12) translocation” or mesenchymal neoplasm with
GLI1I gene alterations (the name malignant epithelioid neo-
plasm with GLI1 gene rearrangements was also used for
this entity in the past [2]). Additionally, two cases of gas-
troblastoma with a MALATI-GLII fusion [7] and five cases
of gastric plexiform fibromyxoma with the same fusion or
GLII amplification were reported recently [8]. Strikingly,
with the exception of the plexiform fibromyxoma cases,
most tumors demonstrated similar histopathologic features
and were described as vaguely lobular proliferations of bland
spindled to ovoid epithelioid cells with pale eosinophilic or
clear cytoplasm, often with some myxoid areas and delicate
arborizing vasculature. Even though the first reported cases
of GLII-altered tumors stained positive for smooth muscle
actin, leading to their diagnosis as pericytoma, much higher
variability in the immunoprofile of these tumors was later
noted. In addition to the actin, the tumors are frequently
positive for CD56 (16/19 cases tested, 84%), S100 protein
(17/43 cases tested, 39.5%) and, less commonly, wide spec-
trum cytokeratins (AE1/AE3) (8/39 cases tested, 20.5%).
Although a wide age range has been observed in patients
with GLII-rearranged tumors (ranging from 1 to 79 years),
patients in their 4th decade seem to be most commonly
affected (median 32 years). The situation is very similar with
regards specifically to the head and neck tumors, where the
age of the patients has ranged from 1 to 65 years, with a
median of 34.5 years. According to the obtainable data, local
recurrence and/or distant metastasis occurred in 36% cases
with follow-up information available, including two cases in
the head and neck area. The tumor in the first case occurred
in the submandibular soft tissue and harbored a PTCHI-
GLII fusion (discussed further in the next paragraph), in
the second case the tumor with a GLII amplification arose

Table2 PTCHI-GLII

- Case # Age/Sex Site THC Follow-up References
positive mesenchymal
tumors: clinicopathologic 1 32F Submandibular  $100 (+) LR, mets to LN and lung, [2, 11]
and immunophenotypic ST/meck AWD 123 mo
characteristics 2 38/M Tongue S100 (4) NED 2 mo [11]
CD36 (+)
3 13/M Thorax S100 (+) NED 84 mo [12]
CD36 (+)
4 34/F Soft palate S100 (F+) NED 4 mo Recent case
CD36 (F+)
D2-40 (+)

AWD alive with disease; NED alive with no evidence of disease; F female; F+ focally positive; LN lymph
nodes; LR local recurrence; M male; met metastasis; mo months; + positive; ST soft tissue
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from the neck soft tissue. Both patients developed both local
recurrence and distant metastasis.

Presumably, this is only the fourth neoplasm with a
PTCHI-GLII fusion reported to date (Table 2). One of the
previously described tumors with this fusion grew as an
intrathoracic mass in a 13-year-old male [12]. Two tumors
with the fusion described by Antonescu and Xu [2, 11]
occurred in the head and neck, one appearing in the subman-
dibular soft tissues of a 32-year-old female patient, and the
other in the tongue of a 38-year-old male patient. Similarly,
the 34-year-old female patient in our case presented with an
ulcerated tumor of the soft palate. A stronger predilection for
the head and neck can be noted in the PTCHI-GLII fused
tumors than in other GLII-rearranged neoplasms, although
the number of cases known at present is limited. One of the
three previously reported cases with a PTCHI-GLI1 fusion
developed local recurrence and lung metastasis. The mitotic
index in this case was high (6 mitoses per 10 HPF), and the
tumor also contained areas of necrosis. Conversely, both of
these features were lacking in the other cases that did not
metastasize, including the case reported here. Even though
mitotic activity in our case was rather low and the tumor
was ultimately resected with tumor-free margins, a careful
follow-up is mandatory.

Considering the histomorphology, tumors with the
PTCHI-FLII fusion do not differ greatly from other tumors
in the group. As in the other cases of GLII-rearranged
tumors reported in the head and neck, the present tumor
consisted of monomorphic round cells with epithelioid fea-
tures and a focal clear-cell change that were organized into
nests interspersed with delicate capillary networks. Only
limited information is available in the literature on histomor-
phology of the pediatric tumor occurring in the 13-year-old
male. The authors describe a tumor consisting of uniform
small round cells organized into cord-like structures [12]. In
rough agreement with the immunoprofile of all GLI] rear-
ranged tumors, the PTCHI-GLI1 fused tumors reported to
date were at least focally positive for CD56 and negative for
AE1/3, while S100 protein, which is only positive in approx-
imately 40% of all GLII-rearranged tumors, was expressed
at least in some cells in each tumor with the PTCHI-GLI1
fusion. At least focal expression of CD56 and S100 protein
(observed in 3/3 and 4/4 analyzed cases, respectively) with
consistently negative cytokeratins and smooth muscle actin,
together with the typical histomorphology, seems to be a
common denominator for PTCHI-GLI1I fused tumors [11].

The transcription factor Glil is a nuclear effector of
the Hedgehog signaling pathway, which under normal
conditions plays important roles in organogenesis during
embryonic development. The pathway is deregulated in
various cancers, for instance a GLI2 amplification has been
demonstrated in some medulloblastomas, while a propor-
tion of rhabdomyosarcomas reportedly harbor inactivating
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mutations in genes of tumor suppressor proteins Patched
and Sufu [16]. The significance of the Hedgehog signaling
pathway during embryonic development and in carcino-
genesis is evident in patients with the nevoid basal cell
carcinoma syndrome, who suffer from multiple basal cell
carcinomas and various congenital abnormalities caused
by an inactivating germline mutation in the PTCHI gene.
This gene encodes the Patched protein, a tumor suppressor
localized in the cell membrane, where it binds and inhibits
the Smoothened receptor. When any of the Hedgehog sign-
aling proteins binds Patched, it is inactivated and Smooth-
ened is released. Consequently, a signaling cascade leads
to the activation of Glil. In deregulated signaling during
tumorigenesis, various proteins involved in cell prolifera-
tion, loss of cell adhesion, increased motility or cancer
cell stemness belong to Glil targets [16, 17]. Importantly,
the Patched-encoding gene PTCHI contains a Glil bind-
ing site in its exon 1. The proposed gene product of the
PTCHI1-GLII fusion retains the Glil binding site in the
PTCH]I part, while the proposed fusion protein contains
zinc fingers in the Glil part that provide binding to specific
regulatory sequences of genes downstream of the Hedge-
hog pathway, including PTCHI (Fig. 5). In neoplastic
cells, this might in turn create a positive feedback loop,
in contrast to the opposing relationship between Glil and
Patched in normal tissues. This would increase the expres-
sion of the fusion protein which remains an active tran-
scription factor for other targets in the Hedgehog pathway.

The differential diagnosis of a GLII-rearranged mes-
enchymal epithelioid neoplasm is challenging. Due to an
overall bland morphology with monomorphic round to
epithelioid cells, multilobulated growth, nested architec-
ture, clear cytoplasm and S100 protein immunopositivity,
these tumors are strongly reminiscent of primary epithe-
lial and/or myoepithelial neoplasms of the salivary glands.
In the present case, due to the corded, microglandular or
reticular growth patterns within a myxoid stroma, the
epithelioid and spindle-shaped uniform neoplastic cells,
and the unique mucosal location in the palate in close
proximity to minor salivary glands, the resemblance to
myoepithelial neoplasms including myoepithelioma, cel-
lular pleomorphic adenoma, and myoepithelial carcinoma,
was particularly intriguing. Importantly, in contrast to the
multinodular and infiltrative growth pattern of the GLII-
rearranged mesenchymal neoplasm, a benign myoepi-
thelioma is well-circumscribed. Moreover, pleomorphic
adenoma shows a biphasic phenotype with both ductal and
myoepithelial differentiation, whereas all GLII-rearranged
tumors were composed of a single cell type. Myoepithelial
carcinoma shows at least focally invasive features and is
characterized by a multinodular architecture divided by
fibrous bands in a zonal arrangement and a hypercellular
peripheral rim surrounding a hypocellular, usually myxoid
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and/or necrotic center. Useful diagnostic clues for tumors
with a GLII rearrangement include a rich vascular network
among nests of tumor cells, tumor tissue bulging into vas-
cular spaces, and absence of cytokeratin, SOX10, GFAP
and calponin immunopositivity. Identification of areas
with these classic features of GLII-rearranged tumors
should trigger efforts for molecular confirmation of a GLI ]
rearrangement, which in contrast has not been reported
in myoepithelial carcinomas of salivary glands [13, 14].

Ectomesenchymal chondromyxoid tumor is another tumor
included in the differential diagnosis of GLII-rearranged
tumors. It is a rare mesenchymal neoplasm characterized by
a striking predilection for the anterior dorsal tongue. It has
a multilobulated growth pattern and is immunohistochemi-
cally positive for S100 protein, CD56, cytokeratin, and SMA
[18, 19]. However, ectomesenchymal chondromyxoid tumor
typically shows a more spindled cytomorphology and an
abundant myxoid stroma, it lacks an arborizing capillary
network and may express other myoepithelial markers such
as calponin and GFAP [18]. At the molecular level, these
tumors harbor a characteristic RREBI-MKL?2 fusion. Thus,
molecular testing can be used in differential diagnosis in
challenging cases [19].

In a tumor with positive neuroendocrine markers and a
prominent vascular network in between round to oval cells
with moderate amounts of pale eosinophilic cytoplasm
organized in a solid-trabecular pattern, the differential diag-
nosis of paraganglioma could be considered. Nonetheless,
a more solidly nested growth pattern is usually present in
paraganglioma. Furthermore, S100 protein immunohisto-
chemistry displays a distinct pattern in paragangliomas, with
only the sustentacular cells staining positive. Whereas CD56
immunopositivity is very frequent in epithelioid soft tissue
tumors with GLII rearrangements, other neuroendocrine
markers are typically negative. In fact, there have only been
four other cases thus far with a reported positivity for any
neuroendocrine markers. These include a case of a 57-year-
old female with a tibial tumor with rare cells staining with
an antibody against synaptophysin [10], two cases diffusely
positive for NSE, including a 67-year-old male with a bone
(talus) tumor [5] and a 48-year-old male with a jejunal tumor
[6], and an additional case of a 28-year-old male with a gas-
troblastoma positive for NSE in the epithelial component
of the tumor [6]. All but one of these patients later suffered
distant metastases [6, 7, 10], possibly linking such neuroen-
docrine features to a more aggressive clinical behavior. This
further highlights the importance of careful follow-up of the
patient in the case presented here.

A correct diagnosis supported by the detection of a GLI]
gene rearrangement may have therapeutic implications, as
tumors with GLII oncogenic activation and subsequent
PTCHI overexpression may be sensitive to SHH path-
way inhibitors [20]. Identification of GLII alterations and
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oncogenic activation in this unique tumor entity may, there-
fore, allow patients, especially those with advanced disease,
to gain access to Hedgehog or GLII-targeted therapies.

In summary, the presented case improves our understand-
ing of the emerging group of GLII-rearranged tumors. The
tumor consisted of nests of relatively uniform round to
spindled cells with bland basophilic nuclei, an occasional
clearing of tumor cell cytoplasm and focal immunohisto-
chemical positivity for S-100 protein and CD56. A reticular,
trabecular, pseudoglandular or fascicular architecture was
present in different parts of the tumor. A delicate branching
vasculature permeated the lesion. Molecular genetic testing
revealed a PTCHI-GLII fusion. GLII-rearranged tumors
usually have an indolent behavior; however, propensity for
locoregional recurrence and distant metastatic spread should
not be underscored. Information about molecular genetic
background of the tumor is of great clinical importance,
especially for patients with advanced disease who could
benefit from treatment with selective Hedgehog pathway
inhibitors.
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5 Z.avér

V disertacni praci jsou diskutovany vzacné a nové definované jednotky
v nadorové patologii hlavy a krku, se zaméfenim na jejich molekularné-genetické pozadi,
imunoprofil, diferencidlni diagnézu a klinické implikace.

Autorka se béhem doktorského studia podilela na 16 publikacich vydanych
v Casopisech s impact factorem, na 8 z nich jako prvni autor. Soucasti akademického
pusobeni autorky byla také aktivni ucast na 11 domacich a zahrani¢nich konferencich ¢i
seminaiich.

V oblasti salivarni patologie jsou uvedeny dvé studie zabyvajici se acinickym
karcinomem a sklerozujicim polycystickym adenomem. Nasleduji studie zabyvajici se
vzacnymi sinonasalnimi adenokarcinomy, v oblasti sinonasalni patologie je dale
diskutovan  bifenotypicky  sinonasalni  sarkom  transformujici v agresivni
rhabdomyosarkom a rovnéZ prognosticky znacné nepiiznivy EWSRI.:POU2AF3
sarkom. Poté jsou piedloZzeny nové poznatky vcetné dat z metylaéniho profilovani u
souboru mesenchymalnich nadorii s aberacemi geni kodujicich proteinkinazy, popis
souboru 7 unikatnich myxoidnich fibroblastickych tumort hlasivky, a nakonec je
referovan vzacny tumor mékkého patra s PTCHI:GLI11 fuzi.
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7.4  Ucast na védeckych konferencich

7.4.1 Prednasky
Sklickovy seminai patologickych pracovist’, 30.9.-1.10.2021, Lednice
Piednaska: Tumor hlasivky s TIMP3::ALK fuzi.

34th European Congress of Pathology, 3-7.9.2022, Basilej

Piednaska 1: A single-institution experience with 128 cases of acinic cell carcinoma:
Diagnostic utility of NR4A3 and NR4A2 immunohistochemistry in salivary gland
pathology.

Piednaska 2: A single institution experience with 17 cases of extraskeletal myxoid
chondrosarcoma: Rare fusions, unusual morphology and the utility of INSMI
immunohistochemistry.

47. sjezd Ceskych patologi, 3.-5.11.2022, Praha
Piednaska: Tumory s diferenciaci do pri¢né pruhované svaloviny: Piehled novinek a
diferencialni diagnostika.

Sklickovy seminai patologickych pracovist’, 10.-11.11.2022, Mikulov

Piednaska 1: Novinky v mesenchymalnich 1ézich s diferenciaci do pii¢né pruhované
svaloviny.

Piednaska 2: Hyalinizujici svétlobunéény karcinom slinné Zlazy rtu s fuzi
SMARCA2::CREM.

Piednaska 3: Sinonasélni solitarni fibrézni tumor.

Vecer Siklova tstavu patologie, 26.4.2023, Plzeii
Piednaska: Kaposiho sarkom jako komplikace dlouhodobé kortikoterapie.

Studentska védecka konference Lékarské fakulty v Plzni, 17.5.2023, Plzen

Piednaska: Targeted RNA sequencing of ossifying fibromyxoid tumor reveals novel
PHF1::AFF3, PHF1::KLF15, BMII::EPC1, and SUZI2::EPCI gene fusions and
unusual morphological features.

48. sjezd Ceskych patologi, 26.-28.10.2023, Zlin

Piednaska: Prednaska k prevzeti Lamblovy ceny za nejlep$i ptivodni praci v oboru
patologie publikovanou v pfedchozim roce ¢lenem Spolecnosti ¢eskych patologi CLS
JEP ve véku do 35 let.

Sklickovy  seminai  patologickych  pracovist, 9.-10.11.2023,  Mikulov
Piednaska 1: Mesenchymalni vretenobunééné tumory s alteracemi genid pro
proteinkinazy: Prehled a nové poznatky.

Piednaska 2: Metatypicky adenoidné cysticky karcinom parotis.

Piednaska 3: Palisadujici adenokarcinom submandibularni zlazy.
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7.4.2 Postery

111th USCAP, 19.-24.3.2022, Los Angeles, CA, USA

Poster 1: Targeted DNA and RNA sequencing of soft tissue spindle cell tumors reveals a
rare MET::TFG and a novel PWWP2A::RET gene fusions as well as additional recurrent
PIK3CA point mutations.

Poster 2: Solitary fibrous tumor with pure round cell morphology: Immunohistochemical
and molecular study of 15 cases.

112th USCAP, 11.-16.3.2023, New Orleans, LA, USA

Poster 1: Targeted RNA sequencing of ossifying fibromyxoid tumors reveals novel PHF ]
gene fusions and unusual morphologic features.

Poster 2: SMARCBI-deficient sinonasal adenocarcinoma: Rare variant of SWI/SNF-
deficient malignancy often misclassified as high-grade non-intestinal adenocarcinoma or
myoepithelial carcinoma.

113th USCAP, 23.-28.3.2024, Baltimore, MD, USA

Poster 1: Ossifying fibromyxoid tumors with lipomatous and chondroid differentiation:
A diagnostic pitfall [accepted for poster presentation|.

Poster 2: HMGA?2 gene alterations define a distinctive canalicular subtype of salivary
pleomorphic adenoma [accepted for poster presentation].
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