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Abstrakt

Diserta¢ni prace je komentovanym souborem sedmi v anglické literatuie publikovanych praci
zabyvajicich se problematikou molekularni genetiky nadort urogenitalniho traktu. Pti velkém
mnozstvi souc¢asnych poznatki v tomto odvétvi a pii Sirokém spektru urogenitalnich 1ézi je
pak tato dizertani prace blize zaméfena zejména na soucasny pohled na renalni neoplasie
charakterizované predominantné papilarnim typem rastu. Po obecném uvodu jsou blize
prezentovany jednotlivé renalni neoplasie s papilarni morfologii, specifikovany jsou jejich
morfologické, imunohistochemické a molekuldrné-genetické vlastnosti, komentovana je jejich
diferencidlni diagnostika. Ve vysledcich jsou predstaveny recentné¢ publikované novinky
v morfologickém spektru téchto 1ézi, poznatky o heterogenité vysledki molekularné
genetickych metod u jednotlivych nadorovych jednotek, zminéna jsou tuskali bézné
diagnostické praxe, komentovdn je téz prognosticky vyznam téchto 1ézi. Zavérem je
zhodnocen a komentovan klinicky dopad a uziti téchto poznatkd v bézné praxi.

Abstract

The Ph.D. thesis is a collection of seven commented articles on the topic of molecular-genetic
of urogenital tumors. The spectrum of urogenital lesions is very wide, there is lots of new
insights in field of urogenital pathology. Therefore, presented Ph.D. thesis is focused only on
small part of urogenital neoplasms - renal cell carcinomas characterized by papillary growing
pattern. The introduction presents different entities with papillary morphology, there are
specified basic morphological, immunohistochemical and molecular-genetic characteristic of
these lesions, their differential diagnosis is commented. In the results, there are presented
recently published studies dealing with newly described entities of renal neoplasias,
heterogenity of molecular genetic studies in individual tumorous groups is established,
prognostic significance is commented, typical pitfalls are introduced. In the conclusions, the
limitations of the use molecular-genetic methods are discussed and clinical outcome and
significance is evaluated.



Predmluva

Doktorska diserta¢ni prace je komentovanym souborem publikovanych praci zabyvajicich se
problematikou molekularni genetiky nadorii urogenitalniho traktu, na kterych se autorka
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1 Uvod

1.1 Incidence nadorti ledvin

Ceska republika je v celosvétovém méfitku zemi s nejvyssi incidenci renalniho
karcinomu. Cetnost nadort ledvin zde kolisa v rozmezi 1,5 — 2 % vSech nadort, pfi¢emz
umrtnost na toto onemocnéni dosahuje 1,5% ze vSech onkologickych onemocnéni za rok (1).

Mezi dva nejcastéjSimi typy renalniho karcinomu patii svétlobunéény renalni
karcinom (CCRCC) a papilarni renalni karcinom (PRCC), jejichz incidence predstavuje 65 -
70% (u CCRCC), resp. 18,5% (u PRCC) z celkového poétu renalnich karcinomu (2).

1.2 Klasifikace rendlnich neoplasii

Klasifikace rendlnich neoplasii doznala v poslednich 40 letech vyznamnych zmén a i
naddle se velmi dynamicky méni. V poslednich letech bylo v anglické literatufe popsano
velké mnozstvi novych renalnich nadorovych jednotek, zaroven se zac¢ind ménit i pohled a
ptistup k n¢kterym dlouhodob€ uzndvanym rendlnim neoplasiim.

Vyznamnym meznikem v Klasifikaci renalnich neoplazii je rok 1997, kdy byla autory
Kovacs a kol. piedstavena tzv. Heidelbergska klasifikace renalnich tumurti (The Heidelberg
classification of renal cell tumors), prvni klasifikace integrujici do diagnostiky renalnich
tumord molekularné genetické vlastnosti (3).

Soucasné platnd WHO klasifikace rendlnich neoplasii (z roku 2016) vychazi
z Vancouverské klasifikace z roku 2013 (konsenzus Mezinarodni Spole¢nosti Urogenitalni
Patologie/ISUP) (4). Ob¢ tyto klasifikace jsou odrazem velkych pokroka na poli morfologie,
imunohistochemie, cytogenetiky a molekularni patologie. Aktualni WHO klasifikace tak
obsahuje nckolik desitek nadorovych jednotek a Ctyfi tzv. provizorni jednotky
(emerging/provisional new entities) (2).

1.3 Renalni karcinomy asociované s papildarni morfologii

Jednda se o jednotky s morfologicky obdobnymi charakteristikami, avSak zcela
odlisnymi  imunohistochemickymi vlastnostmi, molekularné-genetickym profilem a
predevs§im klinicky rozdilnym chovanim. RozliSeni jednotlivych nadorovych entit ma tedy
jednoznacny klinicky vyznam.

Mezi rendlni karcinomy rostouci pod obrazem papilarni 1éze 1ze zatadit PRCC, renalni
karcinom asociovany se syndromem familiarni leiomyomatozy a karcinomem ledviny
(HLRCC), svétlobunéény papilarni renalni karcinom (CCPRCC) a Xpll.2 translokaéni
renalni karcinom (Xpl11 TRCC).

AC se jednd o v soucasné WHO jasné vyhranéné a definované jednotky, diferencialné
diagnosticky mohou v bézné praxi pusobit obtize, a to piedevSim na pracovistich s
imunohistochemicky omezenymi moznostmi, bez genetického zazemi. Diagnostika velké
Casti téchto neoplasii tedy rozhodné patii do rukou zkusSeného urogenitalniho patologa a
velkych laboratofi disponujicimi vySe jmenovanymi diagnostickymi modalitami.



1.3.1 Papilarni renalni karcinom

PRCC je druhym nejcastéji se vyskytujicim typem renalniho karcinomu (2). Tradi¢né
jsou v ramci této jednotky rozlisovany dvé podskupiny (na podkladé morfologickych znak) —
PRCCtyp 1aPRCC typ 2 (5, 6).

Celkové je vsak PRCC velmi heterogenni jednotkou, v bézné klinické praxi se ¢asto
setkdvame s PRCCs vyznacujicimi se pfesahujici (smiSenou) morfologii, ¢i s tumory zcela
odliSnymi, nezafaditelnymi do Zzadné z téchto dvou kategorii. Tato tradicné uznavana
Klasifikace se tedy postupné stala nedostate¢nou a je evidentni, ze spektrum PRCC je oproti
vyse zminovanému klasickému déleni ve skute¢nosti mnohem Sir$i. V poslednich letech je
publikovano stale vétSi mnozstvi praci, které obohacuji spektrum PRCC, at’ uz se jedna o
dobte znamy onkocyticky PRCC, ¢i vzacnéjsi 1éze jako PRCC s low-grade vietenobunécnymi
okrsky, “mucin“- secernujici PRCC/PRCC s mucindézni sekreci (PRCCM), Warthinovu
tumoru podobny PRCC, PRCC se svétlobunéénymi zménami, bifazicky skvamoidné
alveolarni PRCC (BSARCC) ¢i solidni PRCC (SPRCC).

PRCC typicky exprimuje cytokeratiny (AE1/AE3, CAMS.2, HMWK), membranovy
epitelialni antigen (EMA), AMARC, vimentin, CD10 (2). Variabilni je reaktivita pro CK7,
kdy pozitivita CK7 je Cast&jsi u PRCC typ 1, u PRCC typ 2 se pozitivita pohybuje okolo 50%
ptipadu (7).

Za typické molekularné genetické znaky nachazané u PRCC jsou tradi¢né povazovany
trisomie/polysomie chromosomia 7 a 17 a ztrata gonosomu Y u muzskych pacientd (2). Po
peclivé revizi dostupné literatury (8-13), na zakladé naSich empirickych zkuSenosti i velmi
recentné vychazejicich praci (14) vsak zaéina byt ziejmé, ze toto vSeobecné uznavané dogma
je nepravdivé a zGstavajici v platnosti snad pouze u PRCC typ 1 (8-13).

1.3.1.1 Papilarni renalni karcinom typ 1

PRCC typ 1 je tvofen neoplastickymi bunikami s nizkym nukledrnim gradem
(Fuhrman grading system / ISUP), malym mnoZstvim cytoplasmy, jadra jsou uspofadana do
jedné fady (6).

PRCC typ 1 je napfiic celym spektrem PRCC molekularné-geneticky nejvice uniformni
subtyp PRCC. Papilarnimu renalnimu karcinomu typicky ptisuzované molekularné genetické
znaky (trisomie/polysomie chromosoml 7 a 17 a ztrata gonosomu Y u muZzl) jsou s nejvetsi
frekvenci a pravidelnosti nachdzeny pravé u tohoto subtypu neoplésii. V literatufe se Ize
setkat i s dal$imi, relativné Casto popisovanymi chromozomalnimi numerickymi aberacemi,
jako je zisk chromosomu 3, 12, 16 a 20. Nékteré studie dale uvadéji kromé ztraty
chromosomu Y ztraty i ruznych jinych chromosomu (1, 2, 4,5, 7, 8, 9, 10, 11, 14, 15, 16, 18,
19, 20, 21, and 22) (8-13).

A¢ je PRCC typ 1 je oproti PRCC typ 2 vSeobecné povazovan za tumor s lepsi
progndzou, dostupné studie s velkymi pocty pacientt ukazuji, ze na ledvinu omezeny PRCC
ma bez ohledu na histologicky subtyp nadoru postoperacné stejny onkologicky vystup, a ze
superiornim nepfiznivym prognostickym faktorem pro tzv. cancer-free survival je stage
onemocnéni vyssi nez pT1 (15-17).



1.3.1.2 Papilarni renalni karcinom typ 2

Pro PRCC typ 2 je typickych morfologickym znakem pfitomnost tzv. nuklearni
pseudostratifikace, nadorové bunky maji hojnou eosinofilni cytoplasmu a vyssi nuklearni
grade (Fuhrman grading system / ISUP) (6). Evidentn¢ se jedna o velmi spornou podjednotku
a to jak morfologicky, klinicky, tak i molekularné-geneticky. S vysokou pravdépodobnosti
pak tato jednotka pod sebou zastieSuje skupinu zcela riznych 1ézi.

Chromosomalni numericky aberac¢ni status je o poznani mén¢ konstantni nez je tomu u
PRCC typ 1, i pfes to jsou vSak polysomie chromosomu 7 a 17 a ztrata gonosomu Y nejéastéji
popisované chromosomalni abnormality (avSak ve vyrazné niz§im procentu piipadi). Kromé
téchto ,,typickych* znakt je u PRCC typ 2 popsano velké mnozstvi dalSich chromosomalnich
aberaci (s velkou variabilitou frekvence vyskytu v riznych studiich). Mezi Castéji uvadéné
zmény tak patii zisk chromosomi 12, 16 and 20, zcela v zanedbatelnych procentech
(jednotlivé piipady) jsou v dostupné literatuie popsany zisky chromosomu 1, 2, 3, 4,5, 6, 8, 9,
13, 18, 19 a 22. U PRCC typ 2 bylo popsano i velké mnozstvi zmén numerického
chromosomalniho statusu ve smyslu ztrat chromosomi, ¢i jejich ¢asti (chromosomy 1, 2, 3, 4,
5,6,7,8,9, 10, 12, 13, 14, 15, 17, 18, 19, 20, 21, 22 a X) (8-13).

1.3.1.3 Onkocyticky papilarni rendlni karcinom

Ve WHO 2016 si i tato, jiz dlouhou dobu znama, neoplasie nasla své misto a je zde
zminovana jako odlisna morfologicka varianta PRCC. Jedna se o 1ézi s typickou papilarni
architektonikou (fokalné vsak muize byt vyjadieno i solidni uspofadani), papilarni struktury
jsou lemovany jednou vrstvou neoplastickych buné€k s hojnou granularni a vyrazné eosinofilni
cytoplasmou a nizkym nuklearnim gradem (tzv. onkocytarni bunky). Pii vySetieni
ultrastruktury je pak cytoplasma bun¢k napéchovana ¢etnymi mitochondriemi (18).

Ani v této podskupiné PRCC neni numericky chomosomalni status zcela homogenni,
ackoliv zisk chromosomut 7 a 17 zustava dle dostupnych studii stale nejéastéji detekovanou
molekularné genetickou zmeénou. Mezi dalSi chromozomalni aberace pak patii zisk
chromosomil 3 a 11, ztrata chromosomu Y (v nekonstantnim mnozstvi ptipadi OPRCC) a
ztraty chromosomi 1, 4, 11, 14 a gonosomu X (18-23).

Jedna znejvétsich a velmi recentnich studii (zahrnujici 28 ptipadi OPRCC)
zaméfujici se na numericky chromozomalni status U OPRCC pak pfinesla velmi zajimavé
vysledky. Vyznamna ¢ast OPRCC zahrnutych do této studie (43,5% OPRCC) vykazovala
disomicky status chromosomil 7 a 17, u ¢asti tumorti byla detekovana delece chromosomu 14,
delece 1p (locus 1p36) a n&které piipady mély ztratu chromosomu Y. VSechny tyto
jmenované zmény jsou zménami typicky popisovanymi u rendlniho onkocytomu (RO). Je
tedy ziejmé, Ze OPRCC a RO maji z ¢asti piekryvajici se chromozomalné aberacni patern,
molekularné genetické analyza ma v diferencialni diagnostice téchto 1ézi jen velmi omezeny
vyznam (24).

Rizné studie se rozchazeji v udajich o progndéze - V piipadech publikovanych v
literatufe byl popsan jak spiSe indolentni klinicky prubéh (18, 21), tak i agresivni chovani (20,
24).
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1.3.1.4 Papilarmi renalni karcinom s low-grade vietenobunécnymi okrsky

Neoplasie popsana vroce 2008 skupinou Arganiho jako PRCC napodobujici
mucindzni tubularni a vietenobunécény karcinom (MTSCC). Jedna se o nadory presentujici se
predominantné solidnim typem ristu a pfitomnosti low-grade vietonobunéénych okrskl
vytvarejicich abortivni fascikly a vétvici se tubuly. Jen fokaln€é mohou byt zastizeny papilarni
rustové okrsky, které pokud jsou ptitomny, tvoii minimalni ¢ast neoplasie. Celkovée tak nador
svou morfologii velmi piipomind MTSCC, skterym mé& kromé prekryvajictho se
morfologického profilu i obdobny profil imunohistochemicky (25).

U té€chto tumorl byla prokézdna ptitomnost polysomie chromosomu 7 a 17 v 100%
respektive 60% popsanych piipadi (25).

Follow-up data raritnich piipada PRCC s low-grade vietenobuné¢nymi okrsky jsou
velmi limitované, v literatufe dostupné idaje nedovoluji blizsi hodnoceni jejich biologického
chovani (25).

1.3.1.5 “Mucin”-secernujici papilani rendlni karcinom

Prvni a pouze zcela okrajové zminky o tumorech S papilarni architektonikou a
produkci mucindzniho materialu se v literatufe objevily v 60. a nasledn¢ 80. letech (26, 27).

Vice se témto tumorim ve svych pracich vénoval Val Bernal, ktery podrobné
histologicky popsal podtyp PRCC s mucinézni produkci, kterou rozlisil ve dvou formach -
luminalni/extracelularni a intracytoplasmatickou/intracelularni (pficemz ob¢é formy produkce
byly v jim popsanych ptipadech zastizeny) a zaroven nastinil i histochemicky profil nadort
(28, 29). Molekularné genetické a imunohistochemické vlastnosti téchto tumord byly
podrobngéji popsany az v roce 2016 na sérii sedmi ptipadd (originalni studie je soucasti této
diserta¢ni prace — viz vysledky).

Provedena studie demonstrovala zisk chromosomu 7 v 70% ptipadd, zisk chromosomu
17 v 75% ptipadl a ztratu gonosomu Y ve 100% piipadi, jedna se vSak o velmi malou sérii
S limitovanym mnozstvim piipadd vhodnych pro molekularné genetickou analyzu (4/7
piipadu) (30).

PRCCM je celkové velmi vzacna neoplasie, s frekvenci vyskytu niz§i nez 0,5%
z celkového poctu PRCC. V ramci dostupnych dat bylo dokumentovano, ze tyto 1éze maji
metastaticky potencial.

1.3.1.6 Warthinovu tumoru podobny papilarni renalni karcinom

Tato podskupina PRCC ma morfologicky velmi blizko k OPRCC. Jedna se o nadory
predominantné s papilarni architektonikou, onkocytarni cytologii a denznim lymfoidnim
stromatem s tumor infiltrujicimi lymfocyty. Varianta byla popsdna velmi recentné,
publikovana prace je soucasti disertacni prace (viz vysledky).

Molekularn€ genetickd analyza prokézala Siroké spektrum chromosomalnich zmén,
které v této skupiné taktéz nejsou konstantnim nalezem — nékteré ptipady byly zcela beze
zmén v numerickém chromosomalnim statusu, jiné ptipady ukézaly necharakteristicky zisk
chromosomil 1, 2, 5, 7, 8, 12, 17, 21, ¢i ztraty chromosomti 1, 3, 14, 15, 18,22 a Y. Pouze u
jediného z piipadi byla prokazana polysomie chomosomi 7 a 17 (31).
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Jedna se o nadory s popsanym agresivnim chovanim a dokumentovanym letalnim
prub&hem (31).

1.3.1.7 Papilarni renalni karcinom se svétlobunéénymi zménami
Jiz z nazvu je evidentni, Ze se jedna o subtyp PRCC s typickou papilarni
architektonikou, kde papildrni struktury jsou lemovany buitkami se svétlou cytoplasmou.

Razné studie piredstavily malé série neoplasii s vySe popsanym typickym morfologickym
vzhledem, v ramci finalni klasifikace pak tyto prace viceméné striktné nasledovaly vysledky
molekularné genetickych analyz, tedy podstatna ¢ast nadorti zahrnutych v uvedenych studiich
byla nakonec klasifikovéna spise jako CCRCC nezli PRCC.

Piikladem jsou prace autort Fuzesi a kol. a Salama a kol., ktefi popsali tii, respektive
sedm tumord morfologicky spadajicich do této skupiny. Fuzesi detekoval ve vSech tfech
ptipadech ztratu terminalniho segmentu kratkého raménka chromosonu 3 (delece 3p — zména
typickd pro CCRCC) a ztratu chromosomu 14 (32). Salamova skupina prokazala ztratu
heterozigozity 3p ve 100% analyzovanych piipadi, deleci chromosomu 7 a 17 v 4/6
respektive 6/6 ptipadi (33). Na podkladé¢ molekularné genetickych vysledkt i pies
jednoznacné vyjadienou papilarni morfologii byly tumory hodnoceny jako CCRCC,
imunohistochemické vysetfeni nebylo provedeno (32, 33).

Gobbo a kolektiv presentovali studii 14 neoplazii s papilarnim typem ristu a variabilni
proporci svétlobunécnych nadorovych elementd, u nichz byla kromé molekularné genetickych
vySetfeni provedena i imunohistochemickéd barveni. Celkem devét piipadi zahrnutych ve
studii bylo na podkladé¢ morfologického nalezu, imunohistochemického profilu (AMACR
pozitivita, CK7 reaktivita) a pfi presenci pro PRCC typického chromozomalné abera¢niho
statusu (polysomie chromosomit 7 a/nebo 17, ztrata gonosomu Y v muzskych piipadech)
finaln¢ klasifikovano jako PRCC se svétlobunéénymi zménami (34). | v této praci byl tedy

vvvvvv

A¢ se jednd o dlouhou dobu znamou morfologickou variantu PRCC, studie blize
komentujici typické znaky, ptesné definujici diagnostické modality a shrnujici biologické
chovani nejsou v soucasné dobé v literatute k dispozici.

1.3.1.8Bifazicky skvamoidné alveolarni (papilarni) renalni karcinom

Petersson a kol. publikovali v roce 2012 tumor bifazického vzhledu, slozeny ze dvou
morfologicky odlisnych bunétnych populaci — velkych skvamoidnich bunék s objemnou
eosinofilni cytoplasmou a prominentnimi velkymi vezikularnimi jadérky a dale populaci low-
grade uniformnich bun€k s malym mnoZstvim cytoplasmy a kulatymi (jen mirné protahlymi)
jadry. Dominantnim nalezem byla pfitomnost emperipolézy, ktera byla asociovana s velkymi
skvamoidnimi bunikami. Nadorova jednotka dostala deskriptivni nazev, ukryvajici v sob¢
zékladni morfologické charakteristiky - bifazicky skvamoidné alveolarni renalni karcinom

(BSARCC) (35).

Doposud nejvétsi publikovand studie zabyvajici se touto jednotkou vysla 4 roky po
vySe zminéné uvodni praci a popsala 21 piipadi BSARCC, u nichz bylo na podkladé
morfologického vzhledu, imunohistochemickych vlastnosti a molekularné genetického pozadi
prokazano, ze se s nejveétsi pravdépodobnosti jedna o jednotku z morfologického spektra
PRCC (ptvodni rukopis je soucasti disertacni prace — viz vysledky) (36).
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V poslednim roce se BSARCC stal oblibenym cilem velkého mnozstvi studii. Tyto prokazuji,
ze BSARCC se mize objevovat multifokaln€, byt asociovan s jinym typem rendlniho
karcinomu (37, 38), nadory se mohou vyskytovat v rodinném kontextu PRCC asociovaného s
MET mutaci (39) a pfitomnost této vzacné morfologické varianty PRCC byla popsana i v
ledvinném allograftu (40).

Provedené molekularné genetické analyzy zaznamenaly kromé jinych abnormalit i
zisk chromosomt 7 a 17 ve vSech pro analyzu tinosnych ptipadech (100%) a ztratu gonosomu
Y v 80% nadorti vzniklych muzi. Vysoké procentudlni zastoupeni téchto zmén miize byt
vysvétleno faktem, Ze nékteré z téchto tumorti kromé vyse popsanych histologickych znakt
fokaln¢ vykazovali morfologicky vzhled typicky pro PRCC typ 1 (36).

V ramci dlouhodobé dispenzarizace byl u nékterych z publikovanych pfipada
detekovan nepftiznivy klinicky prabéh.

1.3.1.9Solidni papilarni renalni karcinom

Originaln¢ jednotka popsana Renshawem a kol. v roce 1997 (41). Morfologickou
charakteristikou tohoto typu PRCC je pfitomnost tésné¢ nahlou¢enych malych
komprimovanych tubuli a kratkych abortivnich papil. Fokiln¢ mlze byt vyjadiena
pritomnost klasickych papilarnich struktur, které pokud jsou zastizeny, nebyvaji ptili§ hojné.
Neoplastické bunky jsou relativné monomorfni, s malym mnozstvim cytoplasmy a drobnymi
jadry (42).

I v rdmci této podjednotky bylo uskuteénéno nékolik molekularné genetickych studii.
Tyto prokazaly polysomii chromosomt 7 a 17 a ztratu chromosomu Y ve vysokém procentu
analyzovanych ptipadd (zisk chromosomu 7 v 78-100% publikovanych ptipadi, zisk
chromosomu 17 v 88-100% z publikovanych piipadt a ztratu chromosomu Y u 100%
analyzovanych piipadi) (43, 44).

Na zaklad¢ publikovanych udaji se zda, ze tento podtyp PRCC ma relativné pfiznivy
klinicky prabéh (42).

1.3.2 Karcinom ledviny asociovany se syndromem familiarni
leiomyomato6zy a karcinomem ledvin/fumarat hydrataza deficientni renalni
karcinom

Jedna se o autosomalné dominantni nadorové onemocnéni, které je definované
molekularné geneticky pfitomnosti inaktivaéni mutace genu pro fumarat hydratasu (FH).
Klinicky je syndrom charakterizovan vrozenou predispozici k tvorbé uterinnich a koznich
leiomyom a vznikem velmi agresivnich rendlnich karcinomi.

Syndrom byl komplexné popsan v roce 2001 skupinou Launonena u dvou finskych
rodin jako familiarni predispozice k tvorbé uterinnich leiomyomti a PRCC (45). WHO 2004
pak oficidln€ uvadéla existenci nddorového syndromu hereditarni leiomyomat6zy a renalniho
karcinomu, ale nikoliv jako samostatny podtyp renalniho karcinomu, nybrz jako
predpokladany hereditarni protipol PRCC (46). S pfibyvajicimi publikacemi zacalo byt
evidentni, Ze morfologické spektrum rendlnich karcinomi vznikajicich v ramci tohoto
syndromu je oproti pivodnimu smysleni mnohem $ir$i. To vedlo i k celkové zméné pohledu
na klasifikaci téchto 1ézi a v ISUP Vancouverské klasifikaci rendlnich tumorti i v soucasné
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WHO Kklasifikaci je na podkladé téchto zkuSenosti HLRCC uveden jiz jako samostatna
nadorova jednotka (2, 4).

V souvislosti s timto syndromem se v soucasné dob¢ uzivaji celkem dvé oznaceni -
rendlni karcinom asociovany se syndromem hereditdrni leiomyomatézy a rendlniho
karcinomu a fumarat hydrataza deficientni renalni karcinom.

Jak uz bylo feceno vyse, v prvnich publikovanych pracich i ve WHO z roku 2004 je
uvadéno, Ze tumory svou morfologickou stavbou nejvice a nejcastéji odpovidaji PRCC typ 2
(45-47). Cim vice postizenych rodin a jedinct bylo v literatufe popsano, tim jasn&ji se
ukazovalo, Ze morfologické spektrum téchto tumord je oproti pivodnimu smySleni velmi
siroké. HLRCC tak zahrnuje tumory predominantné S papilarni architektonikou, typicky
smiSené s jinym rustovym typem (cysticky, tubularni, tubulolopapilarni, solidni) (48). Velka
¢ast tumort v literatufe publikovanych jako HLRCC byla originalné klasifikovana jako
renalni karcinomy blize nespecifikované (dle WHO Klasifikace tzv. renal cell carcinoma
typické nuklearni charakteristiky, popisované jako velké jadro s prominentnim eosinofilnim
jadérkem s perinukleolarnim halo (48-50).

Pro nadory je typickd a definujici inaktiva¢ni mutace genu pro FH (2, 45). Tato
mutace vede ke kompletni ztraté ¢i redukci aktivity enzymu fumarat hydratasy, ktera je za
normalnich okolnosti zodpovédna za konverzi fumaratu na malat béhem Krebsova cyklu (47,
51, 52). Ztoho resultujici zvySené mnozstvi fumaratu vede k modifikaci bunéénych
enzymatickych a latkovych pochodi, kde jednim z dasledkd je i zvySena produkce S-(2-
sukcino)-cysteinu  (2SC).  Akumulace  2SC  vede  kpozitivnim  vysledkim
imunohistochemickych barveni na 2SC (53, 54), naopak ztrata enzymatické aktivity FH
resultuje v negativitu imunohistochemického barveni na FH. Na zékladé téchto poznatki je
evidentni, Ze HLRCC se vyznacuji imunohistochemickym profilem 2SC pozitivni, FH
negativni, coz lze relativné dobfe vyuzit i v diagnostické praxi (49, 53). I to vSak ma své
nemalé limitace, kvili kterym neni tento diagnosticky algoritmus do realné praxe lehce
zaveditelny (imunohistochemicka protilatka proti 2SC je nekomer¢ni, vzhledem Kk rarité
téchto 1€zi a tedy ne pfili§ Castému uZziti protilatky je obtizna i interpretace vysledku vySetteni,
taktéz prichazeji do popfedi provozni otazky jako je expiracni lhita protilatky atd.).
Definitivni diagnéza tedy musi byt konfirmovana molekuldrné genetickym vysSetfenim
s prikazem mutace genu FH.

Klinicky se jednd o renalni karcinomy asociované s velmi agresivnim chovanim,
pokro€ilym stadiem onemocnéni v dobé diagnozy, ¢asto konéici letalné. Tumory se typicky
objevuji vmladém ve&ku, Vv porovnani s jinymi familidrné¢ se vyskytujicim rendlnimi
karcinomy jsou solitarni a unilateralni (45, 48, 50). U téchto tumort je tedy doporucovana
brzka a kompletni chirurgicka 1é¢ba a aktivni sledovani pacientii z postizenych rodin (50).

1.3.3 Svétlobunécny papilarni renalni karcinom

Pod touto jednotkou se ve WHO 2016 (2) ukryvaji celkem dvé morfologicky velmi
obdobné 1éze — rendlni angiomyoadematdzni tumor (RAT) a vlastni CCPRCC.

V roce 2000 se ve formé¢ kazuistiky V literatufe objevuje do té doby nepopsana
nadorova jednotka, ktera na podklad¢ morfologie dostava nazev RAT (55). CCPRCC pak byl
poprvé popsan v roce 2006 jako nador vznikajici v terénu end-stage kidney disease (ESKD)
(56), avsak pozd¢jsi prace prokazaly vyskyt této neoplasie i v ledving€ bez postizeni ESKD
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(57, 58). Ruzné studie se pak ¢asto zabyvaly vztahem mezi RAT a CCPRCC a postupné bylo
prokdzano, ze morfologické, imunohistochemické a molekuldrné genetické vlastnosti obou
1ézi jsou velmi obdobné a oba tumory jsou s nejvétsi pravdépodobnosti dva opacné konce
jednoho morfologického spektra, kdy RAT se od CCPRCC lisi pouze pfitomnosti objemné
hladkosvalové komponenty (57, 59).

Oba nadory se skladaji z blandn¢ vyhlizejicich cylindrickych neoplastickych bunék
s objemnou svétlou cytoplasmou a jadrem s low-grade morfologii, lehce nadzdvizenym od
bazalni membrany. Tumor roste pod obrazem papilarni, tubularni ¢i tubulopapilarni 1éze, ve
stromatu s jemnou siti drobnych kapilar.

Imunohistochemicky tyto nddory vykazuji difuzni pozitivitu v CK7, HMWK a
vimentinu, CA-IX je pozitivni v typické v tzv. cup-like (bazolateralni) distribuci. Naopak
negativitni jsou nadorové builky Vracemaze (AMACR) a TFE3. Variabilni reaktivitu lze
prokazat v CD10 (2, 57, 60).

CCPRCC byl dlouhou dobu povazovan za tumor bez molekularné genetickych aberaci
typickych at’ uz pro CCRCC, ¢i pro PRCC (60). Tumor tedy uniformné nevykazuje polysomii
chromosomil 7 a 17 a ztratu gonosomu Y u muzt. Avsak u ojedinélych v literatuie popsanych
ptipadi byly detekovany abnormality genu VHL (57, 58). Podle naseho nazoru by léze
s nejednozna¢nou morfologii, ne pfili§ typickym imunohistochemickym profilem a se
soucasné prokazanou abnormalitou VHL genu neméli byt klasifikovany jako CCPRCC/RAT
(59).

CCPRCC jsou tumory typicky s indolentnim klinickym prib&hem, pfevazna vétSina
V literatute publikovanych pfipadt méla zcela benigni biologické chovani (59).

1.3.4 Xp11.2 translokacni renalni karcinom

Xpll TRCC je nadorovou jednotkou s velkym procentualnim zastoupenim predevsim
u pediatrickych renalnich karcinomii. U populace dospélych pacientd je frekvence vyskytu
nejspisSe vyrazné podcenovana, dostupna data uvadéji incidenci 1,6 — 4% z celkového poctu
renalnich karcinomt v této vékové kategorii (2). Z etiologickych agens byva popisovana
asociace této neoplastické entity s predchozi expozici chemoterapii (61).

Prvni ucelené prace popisujici Xpll TRCC se zacinaji Vv literatufe objevovat od roku
2001 (62). Na podkladé téchto praci se Xpll TRCC stal v roce 2004 samostatnou jednotkou
WHO Kklasifikace renalnich neoplasii (46). V posledni WHO Klasifikaci (z roku 2016) tato
jednotka zlstava, avsak jiz nikoliv jako samostatna kategorie. Xpl1 TRCC se stal spole¢né
s v klasifikaci nové zahrnutym t(6,11) transloka¢nim renalnim karcinomem soucasti ve&tsi
souhrnné kategorie tzv. MiT rodiny transloka¢nich renalnich karcinomi (2).

Xpll TRCC je renalni neoplasii, kde pfitomnost translokace transkripéniho faktoru
TFE3 (se Sirokym spektrem gend partnerskych za vzniku rGznych fuaznich genid) je
charakteristikou tuto nadorovou jednotku definujici. Spektrum popsanych faznich partnerd
genu TFES je opravdu Siroké. Mezi znamé fuzni partnery patii geny ASPSCR1 (také nazyvan
ASPL), PRCC, NONO (také nazyvan p54nrb), SFPQ1 (nazyvan téz PSF), CLTC, PARP14,
LUC7L3, KHSRP, DVL2, RBM10 (63). Recentn¢ vychazi mnozstvi velmi zajimavych praci
vénujicich se specificky prukazu riznych fiznich genti a s nimi asociovanym morfologickym
paternem tumort (64-66).

15



Pro nadory je typicka velka variabilita morfologického vzhledu, klasicky je vsak
popisovana papilarni architektonika, buniky s jasnou a eosinofilni objemnou cytoplasmou,
psammomatozni téliska, hyalinni globule, krevni lakuny.

Imunohistochemicky profil neni konstantni, nadory obycejné¢ neexprimuji
cytokeratinové markery, jsou pozitivni v PAXS8, nékdy jsou reaktivni v prikazu
melanomovych markerd (Melan A, HMBA45), c¢ast nadord je cathepsin K pozitivni.
Imunohistochemicky prukaz proteinu TFE3 (jaderna reaktivita) je problematicky, nevykazuje
konstantni pozitivitu (ovlivnén fixaci materidlu) a je tedy nutno k jeho interpretaci ptistupovat
obezfetn¢ a findlni diagnézu konfirmovat molekuldrné genetickym vysetfenim zlomu TFE3
pomoci vySetieni FISH s break apart sondou (originalni prace zabyvajici se problematikou je
soucasti diserta¢ni prace — viz vysledky).

Xpl1 TRCC ma prognézu obdobnou CCRCC (67).
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Cile praci

Specifikovat neobvyklé, raritni ¢i doposud nepopsané varianty PRCC (morfologicky,
imunohistochemicky, molekuldrné geneticky), stanovit diagnostické algoritmy a
upftesnit diferencialni diagnostiku.

Stanovit prognosticky vyznam pfitomnosti nekrozy a cystickych zmén u PRCC typ 1.

. Ur¢it vyznam molekularné¢ genetického vysSetieni (FISH) u 1ézi suspektnich
z diagnézy Xpl1 TRCC, posoudit vyznam imunohistochemického vysSetieni TFE3.

. Zhodnotit a rozsitit morfologické spektrum Xpl1l TRCC s fuznim partnerem NONO-
TFES.
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3  Vysledky

Vysledky dizertacni prace jsou prezentovany sedmi ptivodnimi pracemi uvedenymi nize.

3.1 “Mucin”-secreting papillary renal cell carcinoma:
clinicopathological, immunohistochemical, and molecular genetic
analysis of seven cases

Produkce mucinu a mucinu podobného materialu neni vSeobecné povazovana za znak
typicky pro PRCC a tato produkce pak byvéa spiSe spojovana s jinymi typy RCC (napf.
MTSCC).

Z Plzeniského registru nadord, citajictho 1311 PRCC, bylo zpétné vyhledano a
opctovné hodnoceno 7 nadorit diagnostikovanych jako PRCC, u kterych byla zaznamenana
extracelularni  a/nebo  intracelularni  produkce  mucindézniho/mucinu  podobného
materialu. Tyto  pfipady byly analyzovdny  morfologicky,  histochemicky,
imunohistochemicky a za pomoci molekularné genetickych metod (FISH, arrayCGH).

Klinické data byla dostupnd u Sesti ze sedmi ptipadl (5 muzl, 1 Zena, vékové rozmezi
pacientd 61-78 let). Udaje o dispenzarizaci byly k dispozici u étyi pacientdl (v trvani 2-4
roky), u jednoho pacienta vedlo onemocnéni k smrti nasledkem generalizace procesu.
Velikost tumorti se pohybovala v rozmezi 3-5 cm (prumér 3,8 cm). U vSech piipada
morfologicky dominovala papilarni architektonika. Mucinézni/mucinu podobny material byl
zaznamenan u jednoho pfipadu pouze extracelularné, pouze intracelularni produkce byla
prokdzana ve tfech ptipadech a intra- i extraceluldrni produkce mucin6zniho materidlu byla
pfitomna ve tfech v této studii analyzovanych piipadech. VSechny nadory vykazovaly
pozitivitu v imunohistochemickém prikazu racemazy (AMACR), vimentinu, cytokeratinu
OSCAR, pouze u Ctyf pripadi byla zaznamenana pozitivita cytokeratinu CK7. Barveni
mucikarminem bylo pozitivni u vSech sedmi piipadii, barveni PAS prokazalo pozitivitu
mucindzni produkce Vv Sesti pfipadech a barveni alcidnovou modii bylo pozitivni u tfech
ptipadl. Pét ptipadll vykazovalo reaktivitu v imunohistochemickém prikazu MUC1. MUC2,
MUC4 a MUC6 byly negativni ve vSech pfipadech. Pouze u ¢&tyt pripadd dovolila kvalita
materidlu provedeni molekularné genetického vysetfeni. U dvou pfipadli byla prokazana
polysomie chromosomt 7 a 17, u jednoho piipadu pouze polysomie chromosomu 17. Ztrata
heterozigozity 3p (LOH3p) spole¢né s polysomii chromosomt 7 a 17 detekovalo molekularné
genetické vySetfeni v jednom z piipadi. U Zzadného ztumori nebyla zaznamenana
abnormalita genu VHL, FH ¢i translokace genu TFE3.

Na zéklad¢ této studie lze konstatovat, Ze PRCC s mucindzni sekreci je vzacna
varianta PRCC, jist¢ zasluhujici dal$i studie. Mucindzni material obsazeny v téchto tumorech
vykazuje pozitivitu specidlniho histochemického barveni mucikarminem, avSak jina
konvenéni histochemicka a imunohistochemickd barveni pouZzivani pro mucin6zni material
nejsou u téchto nadord konstantni ve své pozitivité. Molekularné geneticky profil PRCCM je
relativné konzistentni s molekuldrné genetickym profilem klasicky povazovanym za typicky
pro PRCC, avSak jeden z nadori vykazoval molekularn€ genetické znaky typické jak pro
PRCC tak pro CCRCC. Je evidentni, Ze PRCC s mucindzni sekreci méa metastaticky potencial
a zaslouZi si byt odlisen jako samostatné varianta PRCC.
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Abstract Mucin and mucin-like material are features of mu-
cinous tubular and spindle renal cell carcinoma (MTS RCC)
but are rarely seen in papillary renal cell carcinoma (PRCC).
We reviewed 1311 PRCC and identified 7 tumors containing
extracellular and/or intracellular mucinous/mucin-like materi-
al (labeled as PRCCM). We analyzed these using morpholog-
ical, histochemical, immunohistochemical, and molecular ge-
netic methods (arrayCGH, FISH). Clinical data were available
for six of the seven patients (five males and one female, age
range 61-78 years). Follow-up was available for four patients

Mucin or mucin-like was extracellular in one, intracellular in
three, and both intra/extracellular in three cases. All tumors were
positive for AMACR, vimentin, and OSCAR, while CK7 was
positive in four. Mucicarmine stain was positive in all cases, PAS
in six and Alcian blue in three cases. Five tumors were positive
for MUC 1, but none were positive for MUC 2, MUC 4, or

MUC 6. In only four cases, genetic analysis could be performed.
Gain of chromosomes 7 and 17 was found in two cases; gain of
17 only was found in one case. Loss of heterozygosity of 3p was
found in one case together with polysomy of chromosomes 7

(2—4 years); one patient died of widespread metastases. Tumor and 17. No abnormalities of VHL, fumarate dehydrogenase, and

size ranged from 3 to 5 cm (mean 3.8). Of all cases, histolog-
ical architecture showed a predominantly papillary pattern.
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TFE3 genes were detected. We conclude that PRCCM is a rare
but challenging subtype of RCC that deserves to be further stud-
ied. In all the tumors, the mucin-like material was found in those
stained with mucicarmin, but other conventional and immuno-
histochemical stains did not reveal consistent features of a single
mucin. The molecular-genetic profile of these tumors was most
consistent with that of typical papillary RCC, although one case
had mixed genetic features of papillary and clear RCC. PRCCM
has metastatic potential, as evidenced by one case with wide-
spread metastases. It remains to be determined whether PRCCM
represents a unigue tumor subtype, deserving to be distinguished
from other subtypes of PRCC.

Keywords Kidney . Papillary renal cell carcinoma . Mucin .
Mucin-like secretion . Immunohistochemistry . Array CGH .
FISH

Introduction

Interstitial mucin is an almost constant feature of mucinous
tubular and spindle RCC (MTS RCC) [1]. Other renal cell
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tumors with mucin production, including mucinous papillary
renal cell carcinoma (PRCC), renal papillary adenoma (RPA),
renal oncocytoma (RO), and clear cell RCC (CCRCC), are
rare, and most of them have been reported in the literature as
case reports or a short series of cases. Mucin deposits in
MPRCC, RPA, and CCRCC have been described as
intracytoplasmic and intraluminal [2-5]. In RO, mucin was
described in the lumen of scattered tubules but not
intracytoplasmic [6].

Mucicarmine, an empirical stain for mucin and mucin-like
material, has been occasionally used by pathologists to ex-
clude renal origin in case of a papillary carcinoma with un-
known primary [7]. However, rare cases of mucicarmine-
positive papillary renal cell carcinomas have been reported.
We therefore decided to determine how common
mucicarmine-positive PRCC are and whether or not they rep-
resent a distinct clinicopathological entity. To this end, we
reviewed 1311 PRCC in our files and identified 7 cases that
were mucicarmine positive. This paper presents characteris-
tics of these tumors.

Material and methods

Ten renal tumors matching keywords “unclassified, papillary,
mucin, renal cell carcinoma” were retrieved out of 1311
PRCC from the Plzen Tumor Registry. All cases were
reviewed by two pathologists (KPi, OH), who compared the
features with the index cases. Finally, 7 cases were selected.
There were 1-13 blocks available for each case; 1-2 represen-
tative blocks of each case were selected for immunohisto-
chemical and molecular genetic study.

Tissue for light microscopy had been fixed in 4 % formal-
dehyde and embedded in paraffin using routine procedures.
Tissue sections (4 um) were cut and stained with hematoxylin
and eosin (H&E). As special staining techniques for mucin,
we used mucicarmine, Periodic Acid-Schiff (PAS), and Alcian
blue at pH 2.5.

Immunohistochemical staining was performed using prima-
ry antibodies against the following antigens: racemase/
AMACR (13H4, monoclonal, DAKO, Glostrup, Denmark,
1:200), carbonic anhydrase IX (rhCA9, 303123, monoclonal,
RD Systems, Abingdon, GB, 1:100), vimentin VM (D9, mono-
clonal, NeoMarkers, Westinghouse, CA, 1:1000), MUC 1
(Ma695, monoclonal, Leica, Newcastle, UK, 1:200), MUC 5
AC (CLH2, monoclonal, Leica, 1:400), MUC 2 (Ccp58,
monoclonal, Novocastra,Newcastle upon Tyne, UK, 1:400),
MUCIN 4 (8G7, monoclonal, Santa Cruz Biotechnology,
Dallas, TX, 1:50), MUC 6 (CLH5, monoclonal, Novocastra,
1:300), OSCAR (OSCAR, 1:500, Covance, Herts, UK, 1:500),
PAX-8 (polyclonal rabbit, Cell Marque, Rocklin, CA, 1:25),
CDX2 (CDX2-88, monoclonal, BioGenex, San Ramon, CA,
1:150), cytokeratin 7 (OV-TL12/30, monoclonal,
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DakoCytomation, Carpenteria, CA, 1:200), cytokeratin 20
(Ks20.8, monoclonal, DakoCytomation, 1:100), and
cytokeratin (AE1-AE3, monoclonal, BioGenex, 1:1000).
Bound antibodies were visualized using a supersensitive
streptavidin-biotin-peroxidase complex (Biogenex).
Appropriate positive controls were employed.

DNA extraction

DNA from macro-dissected formalin-fixed paraffin-
embedded (FFPE) tissue was extracted using a
QlIAsymphony DNA Mini Kit (Qiagen, Hilden, Germany)

on an automated system (QIAsymphony SP, Qiagen) accord-
ing to the manufacturer’s supplementary protocol for FFPE
samples (purification of genomic DNA from FFPE tissue
usingtheQlAampDNAFFPETIissueKitand
Deparaffinization Solution). Samples were then purified using
Qiaquick kit (Qiagen) and eluted in EB buffer. Concentration
and purity of isolated DNA was measured using NanoDrop
ND-1000 (NanoDrop Technologies Inc., Wilmington, DE,
USA). DNA integrity was examined by amplification of con-
trol genes in multiplex PCR [8].

Array comparative genomic hybridization

CytoChip Focus Constitutional (BlueGnome Ltd.,

Cambridge, UK) array was used for array comparative geno-
mic hybridization (aCGH) analysis. It uses BAC technology
and covers 143 regions of known significance with 1 Mb
spacing across a genome. Probes are spotted in triplicate.
First, 400 ng of DNA was labeled using a Fluorescent
Labeling System (BlueGnome Ltd., Cambridge, UK). The
procedure included Cy3 labeling of a test sample and Cy5
labeling of a reference sample. Commercially produced refer-
ence of the opposite sex was used when no reference sample
was available (MegaPool Reference DNA Male/Female,
Kreatech Diagnostics, Amsterdam, Netherlands). The labeled
reference and the test sample were mixed, dried, and hybrid-
ized overnight at 47 °C using Arrayit hybridization cassette
(Arrayit Corporation, California, U.S.A.). Post-hybridization
washing was done using SSC buffers with increasing strin-
gency. Dried microarrays were scanned with InnoScan 900
(Innopsys, France) at a resolution of 5 pm. Scanned images
were analyzed and quantified by BlueFuse Multi software
(BlueGnome Ltd., Cambridge, UK). The software uses
Bayesian algorithms to generate intensity values for each
Cy5 and Cy3 labeled spot on the array according an appropri-
ate gal file. Cutoff values for log 2 ratio are preset to —0.3 for
loss and to 0.3 for gain by BlueFuse software. All genomic
coordinates were based on the March 2009 assembly of the
reference genome GRCh37.
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Fluorescent in situ hybridization (FISH)

FFPE tissue sections (4 um) were placed onto a positively
charged glass slide. The target area, corresponding to what
was marked on a H&E stained slide, was circled with a dia-
mond pen. The section was routinely deparaffinized, incubat-
ed in the 1x Target Retrieval Citrate Solution (DAKO,
Glostrup, Denmark; pH 6 for 40 min at 95 °C) then cooled

in the same solution (20 min at room temp). The slide was
washed in deionized water and digested in protease solution
with Pepsin (0.5 mg/ml in 0.01 M HCI; Sigma Aldrich, St.
Louis, MO, USA) at 37 °C for 15 min. The slide was then
immersed in deionized water for 5 min, dehydrated in a series
of ethanol solutions (70, 85, and 96 %, 2 min each), and air-
dried. Fluorescent in situ hybridization (FISH) probes CEP 7
Spectrum Orange (D7Z1), CEP 17Spectrum Orange, CEP X
(DXZ1) Spectrum Green/CEP Y (DYZ3), and Spectrum
Orange (Vysis/Abbott Molecular, Des Plaines, lllinois) were
mixed with water and hybridization buffers according to the
manufacturer’s protocol. The slide was incubated in a
ThermoBrite instrument (StatSpin/Iris Sample Processing,
Westwood, Massachusetts) with codenaturation (85 °C for

8 min) and hybridization (37 °C for 16 h). Post-

hybridization wash was performed in 2x SSC/0.3 % NP-40
solution (72 °C for 2 min). The section was counterstained
with DAPI | (Vysis) and stored in the dark at =20 °C until
examined. FISH signals were assessed using an Olympus
BX51 fluorescence microscope. Scoring of aneuploidy was
performed by counting the number of fluorescent signals in
100 randomly selected, non-overlapping tumor cell nuclei.
The slide was independently enumerated by two observers
(PG, TV). Cutoff values were set for each probe as shown in
previous study [9].

Results

Clinical data were available for six of the seven cases
(Table 1). These included five males and one female, age
range 61 to 78 years (median 74 years, mean 71.17 years).

Tumor size ranged from 3 to 5 cm in the greatest dimension
(median 3.5 cm, mean 3.8 cm). One tumor was found in the
left kidney and two in the right kidney; no information about
laterality was available for four cases. On gross section, the
tumors were yellowish to gray-white to grayish-brown, with
visible hemorrhages in two cases.

Follow-up was available for four patients (range 2 to
4 years, mean 2.75 years, median 2.5 years). One patient died
of disease 4 years after diagnosis despite treatment (sunitinib).
One patient died of colorectal adenocarcinoma 2 years after
diagnosis. Two patients are alive and well without signs of
recurrence or metastasis, although for one patient, only basic
and limited information was available. Other patients were
lost to follow-up.

Histological findings

The histopathological features are summarized in Table 2. All
seven cases showed at histological examination a papillary
pattern architecture (Fig. 1). In two cases, a prominent
tubulopapillary component (cases 4 and 5) was noted

(Fig. 2). Cases 2 and 3 contained smaller areas with a solid
pattern. Bluish to eosinophilic mucin-like material was pres-
ent to a variable extent in all cases (Fig. 3a, b). This was only
extracellular in one case; in three cases, it was only intracel-
lular; and in three cases, it was present both intracellularly and
extracellularly in H&E-stained sections.

Extracellular material presented as a bluish to eosino-
philic deposit of mucin-like material in the interstitium
between tumor cells or within papillary stalks.

Intracellular material presented as a mucin-like substance

in the cytoplasm as larger or smaller clear vacuoles. Some
of these cells had the features of signet-ring cells (Fig. 4a, b)
and they were present in five cases. In all cases, mucin-like
material was positive for mucicarmine (Fig. 5), and in six
cases, it was PAS positive (Fig. 6). In three cases, the cells
were reactive with Alcian blue, and this was designated as
PAS and Alcian blue co-staining. The intracellular mucin-
like material was positive either for mucicarmine or for PAS
in two of the cases containing cells with signet-ring

Table 1  Basic clinicopathological data
Case Sex Age (years) Size (cm) Site  Stage Color Follow-up
1 F 78 3 x 2 x 1.5NA pT1a (TNM09) NA NA
2 M 77 3x3.5x1.5and 2 x 1.5 x 1 Right pT1a (TNM09) Ochroid 2 years, AW
3 M 76 3.5 x 2.5 x 3Right pT1 (TNMO09) Yellowish Dead of disease 4 years after dg.
4 M 63 Diameter 5SNA NA NA NA
NA NA NA NA NA NA NA
6 M 61 3x3.7x4 NA NA Gray-white 3 years, A, no information about health condition
7 M 72 NA Left NA Grayish-brown Dead 2 years after dg.—other malignant disease

M male, F female, NA not available, AW alive and well, A alive
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Fig. 1 All 7 cases were arranged in papillary pattern

morphology. In three of the cases, cells with signet-ring mor-
phology did not react with mucicarmine nor PAS. Four tumors
contained hemorrhagic areas. Foamy macrophages were
found in six cases. Hemosiderophages were observed in three
cases and in two cases (cases 3 and 7) clear cell-like areas,
containing cells with foamy cytoplasm and microvacuolated
appearance resembling macrophages or hibernoma cells

(Fig. 7). These tumors both contained also giant multinucle-
ated neoplastic cells.

In addition to these morphological features, we found a
focus with epithelial cells in pseudorosette formation in
case 3, numerous extracellular eosinophilic globules, and
larger pools of eosinophilic material in case 5 and in case
6 abundant giant multinucleated cells and foamy
macrophages.

Nuclear grades according to the “Fuhrman (ISUP) nucleo-
lar” grading system was 4 (one case), 3 (three cases), and 2
(three cases). No relationship or direct connection with renal
pelvis or calyces was seen.

Fig. 2 Focus of tubulopapillary architecture was noted in 2 cases
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Fig. 3 Bluish to eosinophilic mucin-like secretion was variably present
in all cases in the intersticium (&) or in intracellular vacuoles (b)

) ) ) Fig. 4 As intracellular production was considered presence of the same
Immunohistochemical analysis material within cytoplasm in form of larger or smaller vacuoles. Some
such cells reached the shape and characteristics of signet-ring cells (a+b)

Results of immunohistochemical examination are summarized
in Table 3. All tumors were positive for AMACR, vimentin, and
OSCAR. Keratin AE1-AE3 was diffusely positive in five tu-
mors. CK 7 was diffusely positive in three (Fig. 8), focally in
one case, and was negative in three cases. CK 20 was focally
moderately positive in one tumor (CK 7 was negative in this
case). Carbonic anhydrase IX was focally moderately positive in}
one case. PAX 8 was positive in six tumors, five strongly and
diffuse, one focally. All tumors were negative for CDX2.

Mucin-like deposits were examined using a panel of anti-
bodies against different MUC antigens (Table 4). MUC 1 was
diffusely strongly positive in two cases and focally in three
cases (two strongly and one moderately) (Fig. 9). None of the
tumors were reactive for MUC 2, MUC 4, and MUC 6. Two
cases were weakly positive for MUC 5 AC.

Molecular genetic analysis

Results of molecular genetic analyses are summarized in '
Table 5. Array CGH analysis was performed on one case (case Fig. 5 Interstitial mucin-like material was positive for mucicarmin

a Springer



Virchows Arch (2016) 469:71-80

Fig. 6 The same interstitial deposition was positive for PAS

2), which showed gain of chromosomes 7, 16, and 17 and loss
of chromosome Y. FISH was performed on four cases.
Polysomy of chromosomes 7 and 17 was found in two cases.
In one case, polysomy of only chromosome 17 was present.
One case (case 1) was disomic for both chromosomes 7 and
17. Loss of heterozygosity (LOH) of chromosome 3p was
assessed in five cases and was positive in one case (case 5),
which also showed polysomy of chromosomes 7 and 17. In
none of the six cases analyzed were mutations found in the
VHL gene. We found no methylation of VHL gene promoter in
the six cases analyzed.

Discussion

RCC with mucin or mucin-like secretion was initially pub-
lished in 1963 by Foster and Levine [10], who reported

Fig. 7 Focally, cells had foamy cytoplasm and microvacuolated
appearance resembling macrophages or hibernoma cells

a Springer

Mayer’'s mucicarmine positive material in 2 out of 71 renal
cell carcinomas. Their description unfortunately does not al-
low any conclusion as to the histological type according to
current classifications [11]. Grignon et al. [12] described an
RCC with luminal and cytoplasmic presence of mucin, reac-
tive with Mayer’s mucicarmine and Alcian blue. The docu-
mentation allows to conclude that this tumor was a papillary
RCC with mucin/mucin-like secretion [12].

The term “mucin” encompasses a large family of glycopro-
teins expressed by many normal and neoplastic cell types.
Two main classes are distinguished: membrane-bound and
secreted or gel forming [13]. Mucin can be stained empirically
with mucicarmine, historically regarded as highly sensitive
[14]. Recent studies correlating the results of mucicarmine
staining with immunohistochemical staining for various anti-
gens specific for individual mucin subtypes are lacking.
Staining with PAS and Alcian blue might be more sensitive
as they cover both neutral and acidic mucins, produced by
epithelial or mesenchymal cells. However, these stains lack
specificity as they also bind to other substances such as gly-
cosylated proteins.

Of the MUC family, only MUC1 is expressed in hormal
epithelial cells of the kidney. MUC2, a secreted gel-forming
mucin, is typically secreted by goblet cells of the gastrointes-
tinal and respiratory tract [15]. MUCA4 is a transmembrane
glycoprotein, which provides a protective layer of mucus to
epithelial cells of the intestine, airways, and mammary ducts
[16]. MUC5AC is found mainly in the mucosal layer of the
stomach, while MUCS is located principally in gastric pyloric
glands [17]. MUC 1 is expressed in convoluted distal tubules
and in collecting ducts in normal renal tissue, with a polar
apical distribution [18—-20]. Leroy et al. reported that MUC1
is expressed in 54 % of PRCC. They found that MUC1 is
predominantly expressed in type 1 PRCC and only rarely in
type 2 PRCC [21].

The most frequent type of renal cell carcinoma with mucin
production is MTS RCC, which is composed of tubules, many
of which are elongated and merge into cord-like structures
with transitions into spindle cells. Weakly basophilic mucin
is present at least focally in most tumors [22], located mostly
in the interstitium, and a proper term for such a finding would
be myxoid rather than mucinous. Fine et al. mapped the his-
tologic spectrum of MTS RCC and documented cases of MTS
RCC without conspicuous extracellular mucin in H&E-
stained sections [23]. However, scant mucinous material with-
in cellular areas has been reported in these “mucin-poor” MTS
RCC [24].

Our cases were completely different from MTS RCC.
Tumors from our series lacked typical dual architecture; tu-
bules lined by cuboidal cells were not encountered nor a spin-
dle cell component with characteristic myxoid changes in the
stroma. Immunohistochemical staining does not distinguish
between PRCC and MTS RCC because of an overlapping
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Table 3 Immunohistochemical
examination Case AMACR CANH9 VIM OSCAR AE1/3 PAX8 CK7 CK20 CDX2
1 +++ - +++ +++ ++ +++ ++ - -
2 +++ ++ Foc. +++ +++ ++ +++ +++ - -
3 +++ - +++ +++ ++ +++ +++ Foc. - -
4 ++ - +++ +++ +++ +++ +++ - -
5 +++ - +++ +++ +++ +++ - - -
6 ++ - +++ + - ++ Foc. - - -
+++ - ++ + - - - ++ Foc. -

Foc. = < 50 % cells staining, — = negative, + = weak positivity, ++ = moderate positivity, +++ = strong positivity,
AMACR racemase, CANH9 carbonic anhydrase, AE1/3 cytokeratin AE1-AE3, vim vimentin

marker profile. However, a molecular genetic profile might
help to differentiate between these entities. We have docu-
mented gain of chromosomes 7, 16, and 17 and loss of chro-
mosome Yusing array CGH analysis, confirmed subsequently
by FISH. The pattern of these numerical chromosomal aber-
rations is not compatible with that of MTS RCC, which shows
disomy of chromosomes 7 and 17 and chromosomal loss,
notably of chromosomes 1, 4, 6, 8, 9, 13, 14, 15, and 22,
regardless of grade [23].

Mucin production has been described in three primary
papillary RCCs, which showed eosinophilic cuboidal to
columnar cells and extensive luminal or intracytoplasmic
acid mucin deposition, including sulphomucins as indicat-
ed by mucicarmine, Alcian blue (at pH 2.5), and high-
iron diamine staining. Furthermore, foam cells (in two
cases), hemosiderin, and siderophages (in two cases), cal-
cification (in one case), and an incomplete fibrous capsule
were described [2] [3]. Mucin production has also been
reported in four papillary adenomas. Mucin was of acid
type, as indicated by mucicarmine, Alcian blue (at
pH 2.5), and Mowry’s colloidal iron staining, intracellular
in numerous scattered tumor cells in two cases, focal

Fig. 8 CK 7 was diffusely positive in three cases

luminal in one case, and mixed intracellular and luminal
in another case [4].

In this study, all tumors were classified as PRCC.
Morphological and immunohistochemical features were most-
ly compatible with type 1 PRCC; however, some morphologic
variability was noted [25]. All tumors expressed AMACR,
vimentin, and OSCAR while four cases expressed CK 7.
Architecture was predominantly papillary, even in CK 7-
negative tumors. CK 7-negative PRCC has been reported no-
tably by Langner et al. who described variable CK 7 reactivity
in renal cell carcinoma subtypes, including PRCC [9].
Morphology and marker expression pattern (coexpression of
AMACR, vimentin, and CK 7-among others) of our case 1
was typical of PRCC. However, for PRCC disomy of chro-
mosomes 7, 17, and Y is unusual. Case 5 showed polysomy of
chromosomes 7 and 17, supernumerary chromosome X, and
LOH3p, compatible with both PRCC and clear cell RCC but
morphology was consistent with PRCC. The marker expres-
sion pattern (CK 7 and carbonic anhydrase IX both negative)
in this case was unusual for PRCC. We used morphology as
ultimate criterion and considered the case as PRCC. Two more
cases were not entirely typical of PRCC (cases 6 and 7) be-
cause they were negative for CK 7. Genetic analysis could not
be performed on case 7 due to low quality of DNA. In case 6,
status of the VHL gene (mutations, LOH3p, and methylation
status) was normal but it showed loss of chromosome Y,
which fits with PRCC. However, analysis of chromosomes 7
and 17 failed because of low-quality DNA.

We introduced the term “mucin-like” instead of “mucin-
ous” because of the results of immunohistochemical stain-
ing for MUC antigens. The MUC antigens most commonly
expressed in human mucinous carcinomas are MUC1,
MUC2, MUC4, MUC5AC, and MUCS6. Lack of expres-
sion of these antigens raises questions as to specificity of
traditional stains (mucicarmine, PAS, Alcian blue) used to
detect mucin. Reports on mucin deposits in tumors based
only on traditional stains should be interpreted with cau-
tion when the results are not corroborated by immunohis-
tochemistry. In all our cases, in H&E-stained sections,
mucin-like material was present. Mucin-like material was
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Table 4  Mucin staining

Case Mucicarmine Periodic Acid Schiff Alcian blue MUC1 MUC2 MUC4 MUCS5AC MUC6
1 + - - +++ Foc. - - - -

2 +++ Foc. + + +++ Foc. - - + -

3 + Foc. ++ - ++ Foc. - - - -

4 + - + +++ - - - -

5 + ++ + +++ - - + Foc. -

6 + Foc. + Foc. - - - - - -

7 + Foc. + Foc. - - - - - -
Foc. = <50 % cells staining, — = negative, + = weak positivity, ++ = moderate positivity, +++ = strong positivity

intracytoplasmic in six cases, extracellular (intraluminal or
in the stroma) in four cases. The interstitial myxoid chang-
es were exclusively found in the core of papillae. Areas
with diffuse myxoid changes which are seen in MTS
RCC were absent. In five cases, we found cells with
signet-ring morphology. Signet-ring cells are tumor cells
with intracytoplasmic mucin that displaces the nucleus
and their presence favors a diagnosis of signet-ring cell
carcinoma regardless of site [26]. In two of our cases,
mucicarmine or PAS-positive cells with signet-ring mor-
phology were found which we considered as signet-ring
cells. In three other cases, the cells with signet-ring mor-
phology were negative for mucicarmine and PAS.

In the differential diagnosis of MTS RCC, several entities
should be considered.

1. Hereditary leiomyomatosis renal cell carcinoma
syndrome-associated renal cell carcinoma (HLRCC)
arises in patients with a germline mutation in the fumarate
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Fig. 9 MUC 1 was diffusely strongly positive in two cases and focally in
three cases
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hydratase (FH) gene. These tumors often have a papillary
architecture but can be tubulopapillary, cribriform, or sol-
id [22]. Even though the morphology of our tumors was
not entirely compatible with HLRCC, we tested four

cases for FH gene mutation but all of them showed a wild
type FH gene.

2. Val-Bernal described a case of RO, composed of typical
oncocytes in a predominantly tubular pattern and
scattered tubules containing basophilic mucin (positive
with Alcian blue at pH 2.5 and Mayer’s mucicarmin), in
the lumen but not intracytoplasmic. Immunohistochemistry
was not reported. Tumor cells did not show gain of chro-
mosomes 7 and 17 [6]. Our cases differed from RO in
terms of morphology and marker profile, being mostly
papillary and with expression of different markers.
Chromosomal analysis with polysomy of chromosomes 7
and 17 supports our diagnosis of RCC. An oncocytic var-
iant of PRCC has been reported but with morphologic
characteristics different from our cases.

3. Val-Bernal also reported extracellular mucin within alve-
oliin CCRCC but only occasionally in the cytoplasm of
neoplastic cells [24]. The mucin stained with Mayer’s
mucicarmine, Alcian blue-PAS (at pH 2.5), and
Mowry’s colloidal iron. Staining with Alcian blue at
pH 0.4 indicated the presence of strongly acidic sulphated
mucosubstances [5]. Our cases showed characteristic pap-
illary architecture without clear cell elements. The marker
profile was typical of PRCC only in four cases, with
coexpression of vimentin and AMACR even in CK 7-
negative tumors. Moreover, VHL was not mutated and
its promoter not methylated. LOH of 3p was observed in
one out of five analyzable cases. The latter case showed
polysomy of chromosomes 7 and 17 and an unusual XXY
pattern of sex chromosomes.

Mucin/mucin-like secretion along with papillary archi-
tecture is more common in urothelial carcinomas (UC).
Primary adenocarcinoma, UC with signet-ring cells, UC
with gland-like lumina, and colonic types (villous
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Table 5 Results of molecular genetic analyses

Case Array CGH LOH3p TFE3F TFEBF VHL VHLM FISH7 FISH16 FISH17 FISHY FH
1 NA - - NA - - D - D XY -

2 +7, +16, +17, =Y - - NA - - p p p -Y -

3 NA NP - NA - - NA NA NA -Y NA
4 NA - - - - - D NA P -y -

5 NA + NA NA - - P NA P XXY NA
6 NA - NA NA - - NA NA NA -Y -

7 NA NA NA NA NA NA NA NA NA NA NA

- = negative, + = positive, NA not analyzable, NP not performed, -Y loss of chromosome Y, VHL VHL mutation, VHLM VHL methylation, FH fumarate

hydratase gene mutation, P polysomy, D disomy

adenomas, villous carcinomas) are not extremely rare sub-
types, and several reports have been published of such
tumors in the whole urinary tract [27] [28]. Morphology

of UC can be polymorphic and histochemical features and
marker profile may vary. Glandular differentiation is ob-
served in less than 10 % of urothelial carcinomas, usually
in the form of small tubular or gland-like spaces in con-
ventional urothelial carcinoma [29] [30]. Less frequently,
foci similar to colonic-type adenocarcinoma can be found
in otherwise typical UC and, rarely, a signet-ring cell or a
mucinous component [31]. Primary adenocarcinoma is
extremely rare in the renal pelvis, while at approximately
2 % of primary epithelial malignancies in the urinary
bladder [6,8]. This entity includes primary bladder adeno-
carcinoma (non-urachal adenocarcinoma) and urachal car-
cinoma. Primary bladder adenocarcinoma develops in
transitional epithelium through gradual changes (intestinal
metaplasia) initiated by chronic inflammation [32].

Urachal carcinoma is less common than non-urachal ade-
nocarcinoma of the bladder and arises from urachal rem-
nants [10] [33]. Colonic-type villous adenoma and adeno-
carcinoma of the urinary tract are rare. Villous adenoma is
characterized by papillary structures covered by columnar
mucinous epithelium, as in colonic villous adenoma.

Often an infiltrating adenocarcinoma coexists, which em-
phasizes the need to adequate sampling of any lesion di-
agnosed by biopsy as villous adenoma [28]. Our cases
were located in the renal cortex or paracortex, without
any connection with pelvic-calyceal system. No signs of
urothelial differentiation were found, marker pattern was
also unlike UC. One case was focally positive for CK 20
but not for CK 7.

The patient of case 7 died of metastatic colorectal
carcinoma. In this case, the architecture of renal tumor
was papillary, without tubules or dirty necrosis.

Although the renal tumor was focally positive for CK
20, it also expressed vimentin and AMACR, which
would be extremely unusual for metastasis of colorectal
adenocarcinoma.

Conclusions

1. PRCCs with mucin/mucin-like secretion are rare (<0.5 %
of all PRCC), and defining their morphology, immunohis-
tochemical, and molecular genetic profile remains a
challenge.

2. Mucicarmine-positive secretion does not rule out a diag-
nosis of PRCC.

3. A genuine mucin nature of the secreted material still needs
to be confirmed by immunohistochemical analysis.
Whether what is secreted in these PRCC cases is mucin
or mucin-like remains to be clarified.

4. In the differential diagnosis of RCC with mucin/mucin-
like secretion, in addition to tumors originating in renal
parenchyma, also, lesions of urothelial origin should be
considered, as they are more often mucicarmine positive.

5. PRCCs with mucin/mucin-like secretion have metastatic
potential.
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3.2 Warthin-like papillary renal cell carcinoma: Clinicopathologic,
morphologic, immunohistochemical and molecular genetic analysis of
11 cases

vvvvvv

poznatklim oficidln€ piipousti onkocyticky PRCC jako moZznou novou variantu PRCC.
Morfologicky se tyto nadory vyznacuji papildrnim uspotfadanim, kde papily jsou lemovany
jednou vrstvou eosinofilnich bung¢k s linearné uspofadanymi "onkocytoma-like" jadérky.

V této praci bylo 11 onkocytickych PRCC s prominentnim lymfocytarnim infiltratem,
pfipominajicim svym morfologickym vzhledem Warthintiv tumor slinné Zlazy, posuzovano
klinickopatologicky, = morfologicky, imunohistochemicky a molekularné-geneticky.
Predominantné se jednalo o tumory muzu (8/11, 73%), primérny vék pacientii se pohyboval v
rozmezi 14-76 let (pramér 59 let), maximalni rozmér tumoru byl v rozmezi 1-22 cm (pramér
7 cm). VSechny tumory se vyznacovaly vzhledem typickym pro onkocyticky PRCC, s
predominantné papildrnim typem rastu (papilarni struktury piedstavovaly vice nez 60% z
celkového objemu nddoru), u vSech nddort byl pfitomen ndpadny denzni lymfocytarni
stromalni infiltrat, u 8/11 neoplésii byla fokalné zastizena ptitomnost pseudostratifikace.
Ptitomnost tubularni ¢i solidni komponenty byla zaznamendna u péti, respektive tii piipadii
zahrnutych do této studie. V nadorech zastizena populace tumor infiltrujicich
lymfocytu (TILS) byla tvofena B- i T-lymfocyty. Nadorové struktury vykazovaly uniformni
pozitivitu v imunohistochemickém prukazu AMACR, PAXS8, MIA, vimentinu a cytokeratinu
OSCAR. Naopak negativni byla vétSina naddortt v imunohistochemickém barveni CA-IX,
CD117, CK20 a TTF-1. Imunohistochemické vysetreni MMR proteinii (status DNA
mismatch repair proteinil) prokazalo zachovanou expresi MLH1 a PMS2 u vSech tumord,
ztrata exprese MSH2 a MSH6 byla zastizena v jednom piipad€é. Numericky status
chromosomil prokazal variace v 5 pfipadech (od ztrity jediného chromosomu az po
komplexni genomovou alteraci). Pouze u jedin¢ho piipadu byla prokazana polysomie
chromosomil 7 a 17 (mimo jiné aberace pfitomné u tohoto pfipadu). Ve ctyfech ptipadech
nebyly za pomoci molekularn€ genetickych metod detekovany Zadné numerické
chromozomalni aberace. Data o priibéhu dalsi dispenzarizace byla dostupné u deviti pacientii
(v délce trvani 1-132 mésicl, prumér 47,6 mésice). Tfi pacienti zemieli na nasledky
generalizace, u Sesti pacientli bylo zaznamenano metastatické chovani, prozatim bez letalni
progrese.

Warthin-like PRCC je subtypem PRCC morfologicky velmi blizkym onkocytickému
PRCC, od kterého se l1i§i ptritomnosti denzniho lymfoidniho stromatu. Numericky
chromozomalni status je u téchto nddort velmi riznorody, pouze u jednoho z nadorti byl
prokazan zisk chromosomii 7 a 17 (tedy numericky chromosomadlni status typicky
ptfisuzovany PRCC). Warthin-like PRCC je nador s agresivnim chovanim a letdlnim
potencialem, kdy u 3/9 pacientli zahrnutych v této studii byla generalizace tohoto onemocnéni
pfi¢inou smrti.
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Oncocytic papillary renal cell carcinoma showing linearly arranged oncocytoma-like nuclei.
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Chromosomal aberration pattern tumor size of 7 cm (range 1-22 cm). Tumors had the features of oncocytic PRCCs with focal pseudostratification

in 8/11 cases and showed dense stromal inflammatory infiltration in all cases. Papillary growth pattern was
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vimentin, and OSCAR. Tumors were mostly negative for carboanhydrase 9, CD117, CK20, and TTF-1. Immu-
nohistochemical stains for DNA mismatch repair proteins MLH1 and PMS2 were retained in all cases, while
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loss of one single chromosome to complex genome rearrangements. Only one case showed gains of chromo-
somes 7 and 17, among other aberrations. In 4 cases no numerical imbalance was found. Follow up data was
available for 9 patients (median 47.6 months, range 1-132). In 6 patients no lethal progression was noted,
while 3 died of disease.
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presence of dense lymphoid stroma. Chromosomal numerical aberration pattern of these tumors is variable;
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only one case showed gains of chromosomes 7 and 17. Warthin-like PRCC is a potentially aggressive tumor since
a lethal outcome was recorded in 3/9 cases.

1. Introduction

Renal cell carcinoma (RCC) is a highly heterogeneous group of tu-
mors, consisting of at least 14 subtypes recognized in the latest WHO
classification, and several additional tentatively distinct variants [1-3].
The subgroup of papillary renal cell carcinoma (PRCC) is further divided
into type 1 and 2. Recently, a number of studies have described a small
series of morphologically distinctive PRCCs, such as oncocytic, solid, bi-
phasic squamoid alveolar, “mucin”-secreting, or clear cell types, not be-
longing to any of the two main types [4-9]. These tumors may be
associated with foci of type 2-resembling areas and are thus often des-
ignated as such, which may contribute to the molecular-genetic hetero-
geneity of PRCC type 2 tumors [10]. Some of these tumors are even
designated as unclassified [11]. Even though the tumor stage remains
the best determinant for the survival of patients after nephron sparing
surgery within the PRCC group [12], the histological variants of PRCC
are important to recognize. This is due to the fact that the papillary mor-
phology is also seen in other RCC subtypes, and thus the treatment and
outcome may significantly differ in patients with variant tumors as
compared with those who have two classical forms of PRCC.

Oncocytic PRCC [4,13,14] is mentioned in the 2016 WHO classifica-
tion as a tumor that has a papillary architecture, and is composed of
large cells with finely granular eosinophilic cytoplasm, mostly single-
layered, and linearly aligned oncocytoma-like nuclei [3]. Such morphol-
ogy, with addition of a prominent lymphocytic infiltrate in stroma, may
commonly be seen in the papillary cystadenoma lymphomatosum
(Warthin's tumor) of the salivary glands. To the best of our knowledge,
carcinomas resembling benign Warthin's tumor have been described in
salivary glands [15] and thyroid [16], but not in the kidney. Tumor infil-
trating lymphocytes (TILs) may have prognostic value and that with the
advent of novel immune mediated therapies [17], tumors with TILs
could be considered for potential immunotherapy in the future. Of
note, lymphoid infiltrates are frequently found in tumors of other or-
gans associated with Lynch syndrome. However, a potential link be-
tween this hereditary syndrome and lymphoid infiltrates in some
renal tumors has not been explored.

The aim of this study was to analyze the clinicopathologic, morpho-
logic, immunohistochemical and molecular-genetic characteristics of 11
oncocytic PRCCs with prominent lymphoid stroma (Warthin-like papil-
lary renal cell carcinoma - WPRCC), morphologically reminiscent of
Warthin's tumor.

2. Materials and methods

2.1. Case selection and routine microscopy

There were 1147 in-house and consultation cases of PRCC in Plzen
Tumor Registry. We searched the database for keywords “oncocytic,
papillary, kidney, lymphoid stroma”, and reviewed 147 tumors. We sub-
sequently selected 11 cases with predominant oncocytic cytology and
abundant intratumoral lymphocytic infiltrate. All the cases were
reviewed by three pathologists (FS, MU, OH). There were 1-10 tissue
blocks available for each case, and 1-2 representative blocks were select-
ed for immunohistochemical and molecular—genetic studies. Clinical,
gross and follow-up data were collected by review of the institutional
medical records and by contacting the consulting pathologists.

Tissue for light microscopy was fixed in 4% formaldehyde, embed-
ded in paraffin using routine procedures. 5 pm thin sections were cut
and stained with hematoxylin and eosin. Special stain technique for

© 2017 Elsevier Inc. All rights reserved.

evaluation of mucin was performed using mucicarmine, periodic acid

- Schiff (PAS) and alcian blue at pH 2.5. We evaluated percentages of
papillary, tubular, cystic, and solid architectural patterns, abundance of
TIL with reference to index case, nuclear grade according to the guide-
lines of ISUP (International Society of Urologic Pathology), nuclear
pseudostratification, single versus multiple cell layers forming papillae,
presence of foamy macrophages, and microscopic necrosis.

2.2. Immunohistochemistry

Immunohistochemical study was performed using primary antibod-
ies recognizing following antigens: racemase/AMACR (13H4, monoclo-
nal, Dako, Glostrup, Denmark, 1:200), carbonic anhydrase IX (rhCA9,
monoclonal, RD systems, Abingdon, GB, 1:100), vimentin (D9, monoclo-
nal, NeoMarkers, Westinghouse, CA, 1:1000), OSCAR (OSCAR, monoclo-
nal, Covance-SpinChem, San Diego, CA, 1:500), PAX-8 (polyclonal, Cell
Marque, Rocklin, CA, 1:25), cytokeratin 7 (OV-TL12/30, monoclonal,
Dako, 1:200), cytokeratin 20 (M7019, monoclonal, Dako, 1:100),
cytokeratins (AE1-AE3, monoclonal, BioGenex, San Ramon, CA,
1:1000), CD117 (CD117, polyclonal; Dako, Glostrup, Denmark; RTU),
EMA (E29, monoclonal; DakoCytomation, Carpinteria, CA; 1:1000),
CD10 (56C6, monoclonal; Novocastra, Newcastle upon Tyne, UK;
1:50), TTF-1 (SPT24, monoclonal; Novocastra, 1:400), anti-mitochon-
drial antigen (MIA, monoclonal; BioGenex; 1:100), CD3 (monoclonal,
LN10, Novocastra, 1:50), CD5 (monoclonal, 4C7, Novocastra, 1:50),
CD20 (monoclonal, L26, DakoCytomation, RTU), MSH2 (monoclonal,
G219-1129, Cell Marque, RTU), MSH6 (monoclonal, 44, Ventana,
Manheim, Germany, RTU), PMS2 (monoclonal, EPR 3947, Cell Marque,
RTU), MLH1 (monoclonal, G168-728, Cell Marque, RTU). The primary
antibodies were visualized using the supersensitive streptavidin-bio-
tin-peroxidase complex (BioGenex). Appropriate positive controls
were employed for all assays. Immunohistochemical staining was re-
corded negative if no staining, or less than 5% of staining was observed;
as weak (+) for staining of up to 25% of tumor cells; moderate (++) for
staining 25-50% of tumor cells; and strong (+++) for staining in more
than 50% of tumor cells.

2.3. DNA extraction

DNA was extracted using the QIAsymphony DSP DNA Mini Kit on au-
tomated extraction system QIAsymphony SP (QIAGEN, Hilden, Germa-
ny) according to the manufacturer's supplementary protocol for FFPE
samples. Concentration and purity of isolated DNA were measured
using the NanoDrop ND-1000 (NanoDrop Technologies, Inc., Wilming-
ton, DE, USA). DNA integrity was examined by multiplex PCR amplifica-
tion of five fragments of lengths ranging from 100 to 600 base pairs (bp)
[18].

2.4. Low pass whole genome analysis

All samples were tested for copy number variations (CNV) in all
chromosomes using low pass whole genome sequencing on lon Torrent
PGM platform using kits and software from Life Technologies (Thermo
Fisher Scientific, Waltham, MA USA). The extracted DNA (100 ng) was
enzymatically fragmented using a shear enzyme mix contained in lon
Xpress Plus Fragment Library Kit. Samples with DNA integrity control
result of 600 bp were sheared 10 min, and samples with lower integrity
were sheared 5 min. Sequencing adapters were ligated and the se-
quencing library was size-selected for 200 bp. Final libraries were
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Table 1
Clinicopathological data on Warthin-like papillary renal cell carcinoma.

Case No. Age Sex Size (cm) TNM stage Follow-up (months)

Case 1 48 M 1.0a - DUD 1 months, autopsy, no generalization
Case 2 64 M 6.0 pT3 DOD 9 m, generalization, retroperitoneal lymph nodes, liver, lung, bones
Case 3 69 F 3.0 pT1 AW 12

Case 4 76 M 22p pT3 DOD 12

Case 5 45 M 2.8 pTl AW 108, then LFU

Case 6 64 M 145 pT2 LFU

Case 7 14 M 125 pT2 DOD 36

Case 8 NA M NA NA LFU

Case 9 59 M 25 pT1 AW 108

Case 10 74 F 4.2 pT1 AW 132

Case 11 75 F 15 pT1 AW 10

DUD = death of unrelated disease.

DOD = death of disease.

AW = alive and well.

LFU = lost to follow up.

NA = not available.
aAssociated with renal oncocytoma 3.0 cm.
bSarcomatoid component.

pooled and templating and enrichment steps were performed using Hi-
Q Template OT2 200 Kit. Sequencing was performed on a 316v2 chip
using Hi-Q Sequencing kit according to manufacturer's protocols aiming
to obtain minimum of 100 000 reads per sample. Signal processing,
mapping and quality control was performed with Torrent Suite v.5.0.
CNVs were called and visualized using lon Reporter v5.2 using low-
pass whole-genome aneuploidy workflow. The Median of the Absolute
values of all Pairwise Differences (MAPD) score filter was set to 0.3. The
called CNVs passing the confidence filter (= 1) were annotated using
ISCN cytogenetic coordinates and sequence positions using Hg19 ge-
nome assembly and reported in the Table 4. The aneuploidies of
gonosomes were adjusted manually regarding the sex of the patient.
For each sample several detected CNVs were confirmed by FISH using
enumeration probes as described elsewhere [19].

2.5. Mutation analysis of MLH1, MSH2 and MSH6 genes

Mutation analysis of the MLH1, MSH2 and MSH6 genes was per-
formed using PCR and Sanger sequencing as previously described in
Kacerovska et al. 2016 [20]. Whole coding sequences (including exon-
intron junctions) of the MLH1, MSH2 and MSH6 genes were obtained
and compared to the appropriate reference sequences.

2.6. Microsatellite instability (MSI) analysis

Five mononucleotide markers (BAT-25, BAT-26, NR-21, NR-24, and
MONO-27) were analyzed using the “MSI Analysis System” kit
(Promega, Madison, WI) according to the manufacturer's instructions.

Table 2
Morphological data on Warthin-like papillary renal cell carcinoma.

The PCR products were separated by capillary electrophoresis using
ABI 3130XL Genetic Analyzer (Applied Biosystems), and the output
data were analyzed with GeneMapper software (Applied Biosystems).

2.7. MLH1 promoter methylation analysis

To perform methylation analysis, the bisulfite conversion (“EZ DNA
Methylation-Gold Kit;” Zymo Research, Burlington, ON, Canada) was
followed by the methylation-specific PCR targeting the MLH1 promoter
according to Chan et al. [21].

2.8. BRAF V600E mutation analysis

Presence of the BRAF V600E mutation status was tested using the
real-time PCR kit Cobas® 4800 BRAF V600 Mutation Test (Roche;
Mannheim, Germany) according to the manufacturer's instructions.

3. Results

3.1. Clinicopathologic data

Clinical and pathologic data were available for 10 of 11 cases and are
summarized in Tables 1 and 2. The patients were predominantly males
(73%) with male to female ratio of 3:1. Average age was 59 years (range
14-76). One half of all tumors were at pT1 stage. The mean size of tu-
mors was 7 cm (range 1-22 cm).

Case No. ISUP grade Foamy macrophages Architectural patterna TIL abundancen Cell layers Nuclear pseudostr.c Necrosis
Case 1 2 + P ++ S| + -
Case 2 2 - SIPIT +++ MU - et
Case 3 2 - PIT +++ Sl + +
Case 4 4 - P +++ S| + +
Case 5 3 - P ++ S| +++ -
Case 6 2 T ++ Sl + -
Case7 3 - PIT ++ SI ++ -
Case 8 2 + SIP ++ MU - -
Case 9 3 - PIS +++ Sl + +
Case 10 2 + SITA ++ S| + -
Case 11 2 - P +++ Sl - -

Sl - single cell layer; MU — multiple cell layers.
aArchitectural pattern: P-papillary, S-solid, T-tubular.

bTIL - tumor infiltrating lymphocytes: abundance was assessed both on HE and CD3, CD5, and CD20 stained slides, in reference to index case which was designated as +++.
cNuclear pseudostratification was assessed as negative (-), sparse (+), moderate (++), prominent (+++), in reference to index case.
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Fig. 1. On cross section the tumors were mostly brown to grey, compact, and well-
circumscribed.

In cases when gross description was available (8 of 11 cases), the tu-
mors were brown to grey, compact, and well-circumscribed (Fig. 1).
Grossly visible necroses or hemorrhages were not reported.

Follow up information was available for 9/11 patients. Follow up pe-
riod ranged from 1 to 132 months (median range 47.6 months). In 6 pa-
tients, there were no records about aggressive behavior or disease
progression. However, 3 patients died of disease 9-36 months after re-
section. Metastatic spreading was documented to lymph nodes, liver,
lung and bones. Sarcomatoid tumor differentiation was present in one
case with a lethal outcome.

3.2. Morphologic characteristics

Basic morphologic characteristics are summarized in Table 2. Most of
the tumors showed papillary growth pattern in more than 60% of tumor
volume (Fig. 2). However, tubular and solid/compressed papillary com-
ponents were also present in smaller volume percentages, in the major-
ity of the cases (Fig. 3). The tumors were composed of medium to large
eosinophilic cells, most of them had visible nucleoli at high

Fig. 3. Tubular and solid components. These were also present in smaller volume
percentages in the majority of cases.

magnification, corresponding to ISUP grade 2 (Fig. 4). Two cases were
ISUP grade 3 and one was grade 4. Nuclear pseudostratification was
present in 8/11 (Fig. 5A), however it was not prominent in the majority

of cases (Fig. 5B). Foamy macrophages were seen in 3/11 cases (Fig. 6
and Table 2). Prominent feature in all cases was moderate to strong stro-
mal inflammatory infiltration, predominantly composed of lympho-

cytes (Fig. 7A and B). The stroma was mostly loose, located within
papillary tufts and also in some cases within areas with tubulocystic ar-
chitecture. Desmoplastic stroma was not seen in any of the cases. Ne-
crotic foci were present in 4/11 cases.

One WPRCC contained in addition to the papillary architecture,
oncocytic cells and dense lymphoid stroma, a large component showing
nondescript spindle cell sarcomatoid differentiation. Clinically, this
tumor had an aggressive course and caused patient's death.

3.3. Immunohistochemical examinations

The results of the immunohistochemistry evaluation are summa-
rized in Table 3. Briefly, the tumor cells were positive for PAX-8 (11/
11, 100%), MIA (11/11, 100%) (Fig. 8A and B), vimentin (10/11, 91%)
and OSCAR (11/11, 100%); variable for AMACR (10/11, 91%), CK7 (5/
11, 54%) (Fig. 9 A + B), EMA (5/11, 45%), CD10 (7/11, 63%), and AE1/3
(4111, 36%); mostly negative for carboanhydrase 9 (0/11, 0%), CD117

Fig. 2. Papillary growth pattern. It was seen in more than 60% of tumor volume in most
tumors.

Fig. 4. Medium to large eosinophilic cells. Most of these cells had visible nucleoli at high
maghnification and corresponded to ISUP grade 2.
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Fig. 5. Nuclear pseudostratification. It was present in 8/11 (A), however it was not
prominent in the majority of cases (B).

(0/11, 0%), CK20 (1/11, 9%) and TTF-1 (0/11, 0%). DNA mismatch repair
proteins (MLH1, MSH2, MSH6, PMS2) were retained in all cases except
one case that exhibited a loss of MSH2 and MSH®6 proteins (case no. 4).

Fig. 6. Foamy macrophages. These cells were seen in 3/11 cases.

Fig. 7. A + B: lymphoid infiltration of the stroma. Moderate to strong stromal lymphoid
infiltration was seen in all tumors.

TILs consisted of both B and T cells, mostly CD5 and CD3 positive,
while in two cases CD20 positive lymphocytes were predominant.

3.4. Molecular genetic analysis

Nine cases produced good quality libraries and were successfully se-
guenced, while the remaining two samples were not analyzable. No
CNV were found in four samples. The remaining five samples showed
great variability in detected CNV ranging from loss of one chromosome
to complex genome rearrangements including gains and losses of vari-
ous parts of chromosomes as summarized in Table 4 and visualized in
Fig. 10. Only one of the cases showed gain of chromosomes 7 and 17
(among the other aberrations). The range and quality of every detected
CNV is summarized in Table 5.

Analyses of MMS and BRAF V600E were performed in one case (case
4), due to the loss of immunohistochemical reactivity with MSH2 and
MSH6.

In the DNA purified from FFPE sample no microsatellite instability
(MSI), no aberrant methylation of MLH1 promoter and no mutations
in MLH1, MSH2 and MSH6 genes were found. Also BRAF V600E mutation
was absent.



F. Skenderi et al. / Annals of Diagnostic Pathology 27 (2017) 48-56 53

Table 3
Immunohistochemistry profile of Warthin-like papillary renal cell carcinoma.

Case No. AMACR PAX-8 Vimentin MIA CD10  CD117 CANH9 CK7 CK20 OSCAR  AEL/AE3 EMA TTF-1  MSH2  MSH6  MLH1 PMS2
Case 1 +4++ +4++ +++ ++ + - - - - ++ - - - +++ +++ +++ +++
Case 2 - +++ e+ +++ + - - ++ - +++ et + - +++ e+ e+ e+
Case 3 +++ +++ +++ +++ ++ - - +++ - +++ +++ ++ - +++ + +++ +++
Case 4 ++ +++ - +++ ++ - - + - +++ - +++ - - - +++ +++
Case 5 4+ +++ ++ +++ +++ - - - - +++ - - - +++ + e+ e+
Case 6 +4++ ++ +++ ++ ++ - - - - ++ - - - +++ ++ +++ +++
Case 7 +4++ +4++ +++ ++ - - - - - + - ++ - +++ +++ +++ +++
Case 8 o+ +++ e+ +++ ++ - - + - +++ - + - +++ e+ e+ e+
Case 9 +4++ +4++ +++ ++ ++ - - - +++ ++ - - - +++ + e+ +++
Case 10 +4++ +4++ +++ ++ - - - + - + + - - +++ +++ +++ +++
Case 11 ++ +++ +++ +++ - - - +++ - +++ +++ ++ - +++ +++ +++ +++
10/11 11/11 10/11 11/11 7/11 0/11 0/11 6/11 111 11/11 4/11 5/11 0/11 10/11 10/11 11/11 11/11
(91%) (100%) (91%) (100%) 63%)  (0%) (0%) (54%)  (9%) (100%) (36%) (45%)  (0%) (91%) (91%) (100%) (100%)

Intensity and percentage of positive tumor cells were scored as: negative (-) if no staining or less than 5% staining was observed; weakly positive (+), if focal positivity seen in up to 25% of
tumor cells; moderate (++), if positivity observed in 25-50% of tumor cells; diffuse (+++), if more than 50% of tumor cells positive. AMACR — alpha-methylacyl-CoA racemase; CANH9 —
carboanhydrase 9; MIA — antimitochondrial antigen; MSH2, MSH6, PMS2, MLH1 — DNA mismatch repair enzymes/proteins.

4. Discussion

There are ongoing debates over the PRCC classification. Traditionally
these carcinomas have been classified morphologically as type 1 and
type 2. However, many cases of PRCC show only a part of the diagnostic
criteria or overlapping morphology between both of the types. Results
of immunohistochemical analyses are also more compact for type 1
PRCC and rather variable for type 2 PRCC [2]. Recent large multicentric
studies from The Cancer Genome Atlas group and Marsaud et al. report-
ed the genetic profile of large number of PRCCs and found that type 1
and type 2 are genetically distinct entities, but type 2 tumors may fur-
ther be genetically subdivided into three groups [10,11].

Herein we report the clinicopathologic, morphological, immunohis-
tochemical and molecular genetic profile of a distinct variant of renal
carcinoma, showing predominantly papillary architecture, oncocytic cy-
tology, and abundant tumor infiltrating lymphocytes, resembling be-
nign Warthin's tumors of the parotid gland.

A series of so-called oncocytic PRCC (OPRCC) and several case re-
ports of these tumors were previously published [4,13,22-25]. All of
the studies reported similar morphological characteristics of the tu-
mors, which are arranged mostly in papillary, but also tubular and
solid architecture, with deeply eosinophilic cells, arranged in a single
layer or in multiple layers, in some cases with pseudostratification. Nu-
clei are described mostly as bland and round, however, tumors with a
nuclear grade 3 were also reported. Necrosis is recorded rarely. Foamy
macrophages were occasionally present [13,25].

Our cohort of WPRCC was composed of tumors with similar mor-
phology, however there were some substantial differences. The most
striking feature was the presence of dense lymphocytic infiltration of
the stroma within core of the papillae or stroma interspersed among tu-
bular component. OPRCC are described mostly as tumors without
pseudostratification [25,26], however this feature is mentioned in
some papers [4,25]. In WPRCC series nuclear pseudostratification was
detected in 8 cases, whereas in 2 cases was prominent and in 6 cases
focal.

An interesting finding in our study was that of 10 cases with avail-
able follow-up data, 3 had an aggressive clinical course. Furthermore,
one tumor with characteristic morphology (papillary architecture,
oncocytic cells and dense lymphoid stroma) was associated with
sarcomatoid differentiation. Remaining 2 aggressive cases were graded
as grade 2 and 3 according ISUP grading system. Of note, the tumor with
grade 2 was staged as pT3 according to the TNM 2009.

Immunohistochemical profile of OPRCCs has been reported in sever-
al studies [4,13,27]. In the current study, we found the immunoprofile of
WPRCC almost identical to previously reported immunoprofile of
OPRCC. However, vimentin was diffusely positive in 91% of cases in

the current study, while it was variable in the OPRCC. WPRCCs were dif-
fusely positive for AMACR, PAX-8, vimentin, MIA, and OSCAR, variably
for cytokeratin AE1/AE3, CK7, CD10, EMA. Tumors were negative for
carboanhydrase 9, CD117, CK20 and TTF-1.

Copy number variation analysis was successful in 9/11 cases. No nu-
merical chromosomal aberrations were found in 4 tumors. The remain-
ing 5 cases revealed variable chromosomal gains and losses. Such CNV
variability is known in chromophobe RCC, in which, besides frequently
encountered multiple loses, variable CNV pattern has been documented
[19,28,29]. Only 1 of these 5 cases showed, among other chromosomal
abnormalities, a polysomy of chromosomes 7 and 17, which is believed
to be characteristic for PRCC. Given significant morphologic and genetic
heterogeneity of the PRCC, even within type 2 category, these results are
not too surprising. Recent large study from The Cancer Genome Atlas
group identified genomic profile of PRCC, concluding that type 1 and 2
PRCC are distinctly different entities, and that type 2 PRCC is a heteroge-
neous disease with multiple distinct subgroups [10]. These results were
also supported by previous studies comprising fewer cases [4,11,13,30,
31].

The role of TILs is currently investigated by numerous research
groups. Present data suggest that specific TIL phenotypes may have
prognostic, predictive, or therapeutic value, however, this is yet to be
clarified [17,32]. TIL and peritumoral lymphocytes are commonly
found in carcinomas associated with Lynch syndrome (LS). LS is a he-
reditary cancer syndrome caused by mutations in DNA mismatch repair
(MMR) proteins, resulting in deficient DNA repair machinery, eventual-
ly leading to a hypermutational phenotype and development of neo-
plasms in other organs. It is believed that renal cell carcinoma (in
contrast to urothelial carcinoma of the renal pelvis) is not associated
with LS. To find out whether WPRCC with its TILs could be associated
with LS, we analyzed immunoreactivity of four MMR proteins, namely
the MSH2, MSH6, PMS2, and MLH1. Except one case, we found in all tu-
mors moderate to strong nuclear expression of investigated proteins,
both in the tumor tissue and adjacent normal kidney tissue. In case
with lost of MSH2 and MSH6 staining, microsatellite instability (MSI)
and methylation of MLH1 promoter analyses, as well as mutations anal-
ysis in MLH1, MSH2 and MSH6 genes and BRAF V600E mutation were
performed, which showed no abnormalities. Our results suggest no re-
lationship between TILs in WPRCC and Lynch syndrome, and possibly,
exclude the involvement of investigated MMR genes in tumorigenesis
of WPRCC. The expression of MMR proteins was previously evaluated
in clear cell RCC [33,34], but this is a first report of such in this unusual
variant of PRCC.

Diagnostic features of WPRCC are not highly specific, and that sever-
al entities should be considered in the differential diagnosis. The most
important one is a metastasis. Oncocytic variant of papillary thyroid
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Fig. 8. Immunohistochemistry for PAX8 (A) and antimitochondrial antigen (B)-These
immunostainings were positive in n all cases.

carcinoma with lymphocytic stroma (Warthin-like variant) is a rare
tumor, generally reported to have a favorable prognosis but it may
show aggressive clinical behavior [35]. The possibility of a renal metas-
tasis of such a tumor was excluded in our series both clinically and by
the fact that TTF-1 was negative in all tumors.

All eosinophilic subtypes of RCC may be considered in the differen-
tial diagnosis of Warthin-like PRCC. Oncocytoma and chromophobe
RCC may rarely present with architecture mimicking PRCC, however
true papillae are not part of the morphologic spectrum of these tumors
[2]. Lymphocytic infiltrate in these tumors would be a highly unusual
morphologic feature as well.

Another morphologically similar, but much more aggressive entity
to be excluded is hereditary leiomyomatosis and renal cell carcinoma
(HLRCC)-associated RCC/fumarate hydratase-deficient RCC [2,36,37].
This tumor can be papillary/tubulocystic, composed of eosinophilic
cells with high grade nuclei and prominent deep red nucleoli. These tu-

mors are characterized by mutation of the fumarate hydratase gene (FH).

Oncocytic characteristics of cell population in these tumors are not men-
tioned in the literature. In contrast to HLRCC-associated RCC, we were
not able to find typical large nuclei with red nucleoli and perinucleolar
halo resembling cytomegalovirus inclusions. Moreover prominent TILs

Fig. 9. Immunohistochemistry for AMACR (A) and CK 7 (B). All but one case (case 2) were
positive for AMACR, 6 cases were immunoreactive for CK 7.

are not described in kidney tumors related to hereditary leiomyomatosis
[37]. MIiT family translocation carcinomas (namely spectrum of Xp11.2

RCC) may also be considered in the differential diagnosis, as they have
papillary growth pattern, and may show areas composed of eosinophilic

Table 4
Summary of copy number variations of chromosomes.

Case No. Gains Loses

Case 1 None None

Case 2 5 1,3, Y
Case 3 None None

Case 4 None None

Case 5 NA NA

Case 6 None None

Case 7 None 1, 14,18, 22
Case 8 1,2,521 1,3,14,15,Y
Case 9 7,8,12,17 None

Case 10 None X

Case 11 NA NA

NA - not analyzable.
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Fig. 10. Chromosome aberration patterns. CNV ranged from loss of one chromosome to complex genome rearrangements including gains and losses of various parts of chromosomes.

cells. Our cases were uniformly composed of oncocytic cells and did not
show hyaline bodies, typical microcalcifications and areas with larger
pale/clear cells [2].

Tubulocystic RCC may also be considered in the differential diagno-
sis, mainly because some of our cases did not display CNV. However,
our cases differed from tubulocystic RCC by predominantly papillary ar-
chitecture. No single case from our series showed a predominant
tubulocystic growth pattern [38-40].

Succinate dehydrogenase-deficient RCC (SC-RCC) can be in the dif-
ferential diagnosis as it includes tumors composed of vacuolated eosin-
ophilic to clear cells with inconspicuous nucleoli, usually with a solid
growth pattern, but rarely/less frequently showing a tubular or even
papillary pattern. This tumor is characterized by the presence of cells
with bubbly appearing eosinophilic cytoplasm. In addition to morpho-
logical differences, SC-RCC has different imunohistochemical and mo-
lecular hallmarks [2,41].

RCC in acquired cystic disease of the kidney (ACDK) is observed
exclusively in patients with end-stage renal disease. All our patients
had normal renal function, no one was dialyzed or had transplant
kidney. Histologically, a variety of RCC types can be found in ACDK

patients, including RCC with papillary and tubulopapillary architec-
tures. The tumor cells always have acidophilic cytoplasm with
oncocytic features and prominent nucleoli [2]. The presence of most-
ly abundant oxalate crystalloids is considered to be a typical mor-
phologic feature. We were not able to find oxalate crystals in our
cases.

In summary, we analyzed a cohort of PRCCs with oncocytic mor-
phology and dense lymphoid stroma. While the immunohistochem-
ical profile was consistent with PRCC, molecular genetic analysis
revealed variable chromosomal abnormalities, indicating that they
do not belong to neither type 1, nor type 2 PRCC. Nevertheless, due
to the mophological resemblance to the OPRCC, we believe that
WPRCC can be considered as part of the spectrum of this variant of
papillary renal cell carcinoma group. Since 3/11 cases of WPRCC ap-
peared to have metastatic potential, additional cases need to be stud-
ied to elucidate the true malignant potential of these tumors.
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Table 5
Details of detected copy number variations.

Case No. chr No. ISCN Hg19 Copies Confidence

2 1 1p36.33p11.2 521368-120697156 1 10.02
2 2p25.3p23.3 10000-25207815 1 1.50
2 2022.1937.3 137858809-243102476 3 2.66
3 3p26.3g29 60000-197962430 1 27.37
5 5021.1935.3 99536286-180905260 3 13.43
15 15011.2926.3 23564853-102521392 1 8.91
22 22011.1913.33 16847850-50364777 1 5.59
X Xp22.33028 2699520-154931044 1 57.92
1 1p36.33p11.2 521368-120697156 1 23.06
14 14911.1932.33 19020000-107289540 1 11.64
18 18p11.32¢23 10000-78017248 1 12.69

7 22 22011.1913.33 16847850-50364777 1 2.65
1 1p36.33p11.2 521368-120697156 1 12.12
1 1921.1q944 144810724-248908210 3 4.95
2 2q22.1937.3 139830771-243102476 3 14.84
3 3p26.3029 60000-197962430 1 24.09

8 5 5021.1935.3 101498825-180905260 3 35.77
14 14924.3932.33 75191525-107289540 1 1.22
21 21011.2922.3 14338129-48119895 3 2.39
X Xp22.33028 2699520-154931044 1 104.37
7 7p22.3036.3 282484-159128663 3 11.13
8 8p23.3¢22.2 10000-100736467 3 5.95
12 12p13.33g24.33 145739-133841895 3 8.85
17 17p13.3925.3 396626-81195210 3 6.32
X Xp22.33028 2699520-154931044 1 20.43

9

10

chr = chromosome, ISCN = International System for Human Cytogenetic Nomenclature.
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3.3 Biphasic squamoid alveolar renal cell carcinoma - A distinctive
subtype of papillary renal cell carcinoma?

Bifazicky skvamoidni a alveolarni renadlni karcinom (BSARCC) je V literatuie
relativné recentné popsanou rendlni neoplazii.

V ramci této multiinstitucionalni studie je prezentovano celkem 21 piipadd BSARCC,
kter¢ byly analyzovany morfologicky, za pouziti imunohistochemie a molekularné
genetickych metod (arrayCGH a FISH). V 11 ptipadech se jednalo o tumory U muzi, ve
zbylych 10 ptipadech byly postizeny zeny. Vékové rozmezi pacientti se pohybovalo mezi 53 a
79 lety, rozptyl velikosti nadort byl mezi 1,5 a 16 cm. Udaje o dispenzarizaci byly k dispozici
u 14 pacienti (délka dispenzarizace Cinila 1-96 mésici), ztoho u péti pacienti byla
dokumentovana pfitomnost metastatického onemocnéni. Morfologicky vsechny nadory
obsahovaly dvé rizné populace bunék uspotadané do odlisnych organoidnich struktur: malé
buniky s low-grade morfologii a malym mnozstvim cytoplasmy vytvarely alveolarni struktury,
vétsi skvamoidni bunky s objemngjsi cytoplasmou a vezikularnim jadérkem tvofily
kompaktni okrsky/hnizda (okrsky vétSich skvamoidnich bunck tvofily od 10% do 80%
z celkového objemu tumort). U deviti nadort byl dale zastizen i pfechod vySe popsanych
solidnich a alveolarnich okrskid do papilarni komponenty. Ve vSech 21 ptipadech byla
histologicky zachycena pfitomnost emperipoézy. Vsechny ptipady reagovaly pozitivné
v imunohistochemickém prikazu CK7, EMA, vimentinu a cyklinu D1 (pfi¢emz pozitivita
cyklinu D1 byla exklusivné omezena pouze na okrsky velkych skvamoidnich bun¢k). Rizné
spektrum chromozomalnich numerickych aberaci bylo detekovano v analyzovatelnych
ptipadech (11/21 ptipadt), vcetné polysomie chromosomt 7 a 17 (tedy molekularné
genetickych znaki manifestujicich ptislusnost BSARCC k PRCC).

Na podkladé morfologie, imunohistochemického a molekuldrné genetického profilu
téchto 1ézi je evidentni, Ze BSARCC je zvlastni morfologickou variantou PRCC s
morfologickym spektrem sahajicim od renalniho karcinomu s typickou papilarni
architektonikou a velkymi skvamoidnimi buikami az ktumorim splné vyjadienou
morfologii typickou pro BSARCC popsanou vyse. Pfitomnost emperipoézy je pak pro tyto
nadory konstantnim znakem. U nékterych z pfipadii bylo popsano agresivni chovéni, avSak
progndza této nadorové entity nemutze byt s definitivni jistou hodnocena z velmi omezeného
mnozstvi doposud publikovanych dat.
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neoplastic cells with scant cytoplasm usually lining the inside of
alveolar structures, and larger squamoid cells with more prom-
inent cytoplasm and larger vesicular nuclei arranged in compact
nests. In 9/21 tumors there was a visible transition from such
solid and alveolar areas into papillary components. Areas
composed of large squamoid cells comprised 10% to 80% of
total tumor volume. Emperipolesis was present in all (21/21)
tumors. Immunohistochemically, all cases were positive for cy-
tokeratin 7, EMA, vimentin, and cyclin D1. aCGH (confirmed

by fluorescence in situ hybridization) in 5 analyzable cases re-
vealed multiple numerical chromosomal changes including gains
of chromosomes 7 and 17 in all cases. These changes were fur-
ther disclosed in 6 additional cases, which were unsuitable for
aCGH. We conclude that tumors show a morphologic spectrum
ranging from RCC with papillary architecture and large squa-
moid cells to fully developed BSARCC. Emperipolesis in
squamoid cells was a constant finding. All BSARCCs expressed
CK7, EMA, vimentin, and cyclin D1. Antibody to cyclin D1
showed a unique and previously not recognized pattern of im-
munohistochemical staining. Multiple chromosomal aberrations
were identified in all analyzable cases including gains of chro-
mosomes 7 and 17, indicating that they are akin to papillary
RCC. Some BSARCCs were clinically aggressive, but their
prognosis could not be predicted from currently available data.
Present microscopic, immunohistochemical, and molecular ge-
netic data strongly support the view that BSARCC is a dis-
tinctive and peculiar morphologic variant of papillary RCC.

Key Words: kidney, biphasic squamoid alveolar renal cell car-
cinoma, papillary renal cell carcinoma, immunohistochemistry,
aCGH, FISH

(Am J Surg Pathol 2016;40:664—675)

ee years ago we reported 2 renal cell carcinomas

RCCs) that we thought had unique and previously
unrecognized histopathologic features.1 We named that
neoplasm descriptively as a biphasic alveolo-squamoid

renal cell carcinoma (BSARCC). Unique to this tumor

Am J Surg Pathol  Volume 40, Number 5, May 2016
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were organoid structures composed of centrally located
solid nests of large squamoid cells surrounded in an al-
veolar manner by smaller cuboidal and flattened cells
reminiscent of dilated tubules or cysts. The squamoid cells
had vesicular large nuclei, which were surrounded by
eosinophilic cytoplasm with distinct cell borders. The al-
veolar cells were smaller and mostly cuboidal displaying a
high nuclear to cytoplasmic ratio.1 The clinicopathologic
significance of these histopathologic data was not ad-
dressed, and thus we decided to assemble a much larger
number of similar cases.

In the present paper we present 20 additional cases
of this tumor type, providing evidence that BSARCCs are
histogenetically closely related to papillary RCC (PRCC).
Clinical follow-up shows that some of these cases had an
adverse outcome. We hope that our study will stimulate
other uropathologists to review their databases and fur-
ther contribute to the characterization of BSARCC as a
clinicopathologic entity.

MATERIALS AND METHODS

A search algorithm including the keywords
“unclassified, squamoid, squamous, glomeruloid” was
used to identify renal tumors from the Plzen Tumor
Registry and multiple other institutional archives and
consult files of the other authors. All cases were reviewed
by 3 pathologists (O.H., K.Pe., M.M.) and compared

with the index case to identify matching features. One or
more hematoxylin and eosin—stained slides were available
for review in all cases (1 to 23 slides/case). Altogether 21
cases were identified from a total of 18,500 cases. Three
cases have already been published previously and were
included into the present study (cases 7, 14, and 15).
These cases are marked by the sign y in Table 1.1,2

Light Microscopy
Tissue for light microscopy had been fixed in 4%
formaldehyde and embedded in paraffin using routine
procedures. Sections of 5 mm thickness were cut and
stained with hematoxylin and eosin.

Immunohistochemistry

A relatively broad panel of antibodies was used for
complex analysis of tumors with apparently dual population.
All staining analyses were performed in 1 institution (Uni-
versity Hospital Plzen). The immunohistochemical study was
performed using a Ventana Benchmark XT automated
stainer (Ventana Medical System Inc., Tucson, AZ).

The following primary antibodies were used: epi-
thelial membrane antigen (EMA) (E29, monoclonal;
DakoCytomation, Carpinteria, CA; 1:1000), cytokeratins
(AE1-AE3, monoclonal; BioGenex, San Ramon, CA;
1:1000), CK5/6 (D5/16B4, monoclonal; DakoCytoma-
tion; 1:100), CD10 (56C6; Novocastra, Burlingame,

CA,; 1:20), cytokeratin 7 (OV-TL12/30, monoclonal;

TABLE 1. Basic Clinicopathologic Data

Case Sex Age Size (cm) Side Follow-up (mo) Squamoid Area-extend in % Emperipolesis
1 M 65 10 A9.5A 7 R 24, AWD* 10 Yes
2 M 57 6A5A 4 UN ND 20 Yes
3 F 60 10.5 L 29, DOD 20 Yes
4 F 53 3.2 R 1, DUNw 10 Yes
5 F 70 UN UN UN 40 Yes
6 M 66 3.5 R 6, AWD, then NDz 10 Yes
7y F 54 3 R 72, AW, then ND 100 (minimal papillary focus) Yes
8 F 54 1.9A1.4A2 R 24, AW 40 Yes
9 M 63 35 UN UN 60 Yes
10 M 57 3 UN ND 45 Yes
11 F 79 45 UN ND 30 Yes
12 F 70 29A17A15 R 18, AW 30 Yes
13 F 62 2.8A1.9A2 L 13, AW8 35 Yes
14y M 55 2 R 48, AW, then DUNz 30 Yes
15y F 54 22 R 96, AW, then DUN# 20 Yes
16 M 46 15 R UN 40 Yes
17 M 60 2 R 24, AW 40 Yes
18 M 78 16.0 L 45, DOD** 45 Yes
19 M 53 3.0 R 6, AWDz 5 Yes
20 M 65 5 UN ND 30 Yes
21 F 72 6 L 3, AW 40 Yes

*pT3, pN2: lymph nodes paracaval (TNM 09).

wDead of hemorrhagic shock 3 weeks after surgery, 18 years on hemodialysis.

z6 months after nephrectomy, multiple bilateral lung metastases, lymph node metastases.

yPreviously published cases.1,2

8Ductal invasive carcinoma of breast treated 1 year before nephrectomy.

zDead of small cell carcinoma of the lung.

#Dead of cholangiogenic carcinoma of the liver.

**Metastases in mediastinal lymph nodes.

AW indicates alive and well; AWD, alive with disease; DOD, dead of disease; DUN, dead of unrelated condition; F, female; L, left; M, male; ND, not documented; R,
right; UN, unknown.
Copyright r 2016 Wolters Kluwer Health, Inc. All rights reserved. www.ajsp.com| G665
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FIGURE 1. Grossly, tumors are solid.

DakoCytomation; 1:200), cytokeratin 20 (M7019, mon-
oclonal; DakoCytomation; 1:100), racemase/AMACR
(P504S, monoclonal; Zeta, Sierra Madre, CA; 1:50), vi-
mentin (D9, monoclonal; NeoMarkers, Westinghouse,
CA,; 1:1000), parvalbumin (PA-235, monoclonal; Sigma
Aldrich, St Luis, MO; 1:500), Ki-67 (MIB1, monoclonal;
Dako, Glostrup, Denmark; 1:1000), c-kit (CD117, poly-
clonal, Dako, Glostrup, Denmark, 1:300), CD10 (mon-
oclonal, Sp67; Ventana, RTU), E-cadherin (12H6,
monoclonal; Zymed, San Francisco, CA; 1:200), carbonic
anhydrase IX (rhCA9, monoclonal; RD systems, Abing-
don, GB; 1:100), p63 (4A4, monoclonal; Ventana, Tucson,
AZ, RTU), p53 (DO-7, monoclonal; DakoCytomation;
1:30), antimelanosome (HMB45, monoclonal; DakoCyto-
mation; 1:200), TFE3 (polyclonal; Abcam; 1:100), cathe-
psin K (3F9, monoclonal; Abcam; 1:100), WT1 (GF-H2,
monoclonal; DakoCytomation; 1:150), TTF-1 (SPT24,
monoclonal; Novocastra, Newcastle, UK; 1:400), antibody
against cyclin D1-M 30 (M30 monoclonal; Lobome, Enzo
Life Sciences, Ann Arbor, MI; 1:100), bcl-2 (monoclonal,
124; Cell Marque, Rocklin, CA; 1:100), cyclin D1 (SP4-R,

FIGURE 2. Color ranges from whitish to tan/brown. Tan color
of the gross section seen on a formalin-fixed tissue/specimen.
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FIGURE 3. Some tumors were solid, firm with whitish color.

monoclonal; Cell Marque; 1:100), (SP4-R, monoclonal;
Ventana, RTU), (polyclonal; NeoMarkers, Fremont, CA,
1:100), and PAX-8 (polyclonal; Cell Marque; 1: 25). The
primary antibodies were visualized using the supersensitive
streptavidin-biotin-peroxidase complex (BioGenex). Ap-
propriate positive controls were used.

FIGURE 4. Well-developed BSARCC in which squamoid cells
forming the majority of the tumors mass.

Copyright r 2016 Wolters Kluwer Health, Inc. All rights reserved.
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a

FIGURE 5. Solid-alveolar pattern of BSARCC is clearly seen.

DNA Extraction

DNA from macrodissected formalin-fixed paraffin-
embedded (FFPE) tissue was extracted using a QIA-
symphony DNA Mini Kit (Qiagen, Hilden, Germany)
on automated system (QIAsymphony SP, Qiagen) ac-
cording to the manufacturer’s supplementary protocol
for FFPE samples (purification of genomic DNA from
FFPE tissue using the QlIAamp DNA FFPE Tissue Kit
and Deparaffinization Solution). Samples were then
purified using Qiaquick kit (Qiagen) and eluted in EB
buffer (Qiagen). Concentration and purity of isolated
DNA was measured using NanoDrop ND-1000
(NanoDrop Technologies Inc., Wilmington, DE). DNA
integrity was examined by amplification of control genes
in a multiplex polymerase chain reaction.3

Array Comparative Genomic Hybridization

Five cases (no 3, 9, 12, 13, 14) were suitable for analysis
using array comparative genomic hybridization (aCGH).
CytoChip Focus Constitutional (BlueGnome Ltd,
Cambridge, UK) array was used for aCGH analysis. It
uses BAC technology and covers 143 regions of known
significance with 1 Mb spacing across a genome. Probes
are spotted in triplicates. First, 400 ng of DNA was la-
beled using the Fluorescent Labeling System (BlueGnome
Ltd). The procedure included Cy3 labeling of a test
sample and Cy5 labeling of a reference sample. Com-

Copyright r 2016 Wolters Kluwer Health, Inc. All rights reserved.

FIGURE 6. Squamoid areas surrounded by smaller cells with
scant cytoplasm.

mercially produced reference of opposite sex was used in
cases in which no reference sample was available
(MegaPool Reference DNA Male/Female, Kreatech
Diagnostics, Amsterdam, Netherlands). The labeled
reference and the test sample were mixed, dried, and
hybridized overnight at 471C using Arrayit hybridization
cassette (Arrayit Corporation, CA). Posthybridization
washing was done using SSC buffers with increasing
stringency. Dried microarray was scanned with InnoScan
900 (Innopsys, France) at a resolution of 5 mm. Scanned
image was analyzed and quantified by BlueFuse Multi
software (BlueGnome Ltd). The software uses Bayesian
algorithms to generate intensity values for each Cy5 and
Cy3 labeled spot on the array according an appro-
priate.gal file. Cutoff values for log 2 ratio are preset to

A 0.3 for loss and to 0.3 for gain by BlueFuse software.

Fluorescence In Situ Hybridization

Eleven cases were suitable for fluorescence in situ
hybridization (FISH) analysis. A 4-mm-thick FFPE tissue
section was placed onto a positively charged slide.

The target area was circled with a diamond pen according
to the corresponding hematoxylin and eosin—stained slide.
The slide was routinely deparaffinized, incubated in the

A 1 Target Retrieval Solution Citrate pH 6 (Dako) for

40 minutes at 951C, then cooled for 20 minutes at room

www.ajsp.com |

Copyright r 2016 Wolters Kluwer Health, Inc. All rights reserved.

667



Hes et al

Am J Surg Pathol Volume 40, Number 5, May 2016

FIGURE 7. Scanning, low-power magnification shows RCC
with papillary architecture comprising areas composed of
large squamoid cells.

temperature in the same solution. The slide was washed in
deionized water and digested in protease solution with
pepsin (0.5 mg/mL) (Sigma Aldrich) in 0.01 M HCI at
371C for 15 minutes. The slide was then immersed in de-
ionized water for 5 minutes, dehydrated in a series of
ethanol solutions (70%, 85%, and 96% for 2 min each)
and air-dried. FISH probes CEP 7 Spectrum Orange
(D721), CEP 17 Spectrum Orange, CEP X (DXZ1)
Spectrum Green/CEP Y (DYZ3) Spectrum Orange (Vysis/
Abbott Molecular, Des Plaines, IL) were mixed with water
and hybridization buffers according to manufacturer’s
protocol. The slide was incubated in a ThermoBrite
instrument (StatSpin/lris Sample Processing, Westwood,
MA) with codenaturation at 851C for 8 minutes and
hybridization at 371C for 16 hours. Posthybridization

wash was performed in 2A SSC/0.3% NP-40 solution at
721C for 2 minutes. The slide was counterstained with
DAPI | (Vysis) and stored in the dark at A 201C until
examined. FISH signals were assessed using an Olympus
BX51 fluorescence microscope. Scoring of aneuploidy was
performed by counting the number of fluorescent signals
in 100 randomly selected, nonoverlapping tumor cell nu-
clei. The slide was independently enumerated by 2 ob-
servers (P.M., T.V.). Cutoff values were set for each probe
as shown in previous study.4
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FIGURE 8. In some areas, foci of foam cells are present.

RESULTS

The clinicopathologic features of 21 cases of
BSARCC are summarized in Table 1. Eleven of the pa-
tients were male and 10 were female; their ages ranged from
53 to 79 years (mean, 61.57 y). Tumor size ranged from 1.5
to 16 cm in greatest dimension (mean, 4.63 cm; median,

3.1 cm). All cases were solitary lesions. Follow-up data were
available for 14/21 patients, with follow-up period ranging
from 1 to 96 months (mean, 29.21 mo; median, 24 mo);
metastatic spread was confirmed in 5 cases.

Three patients were alive with disease (lymph node
involvement and bilateral lung metastases) after periods
ranging from 6 to 24 months. However, 1 patient from
this group (lung and lymph node metastases) was lost to
follow-up 6 months after nephrectomy. Two patients died
of widespread metastatic disease 29 and 45 months status
post nephrectomy. Six patients were alive and well 3 to 72
months after diagnosis, whereas another 3 patients were
without evidence of disease at 1, 48, and 96 months after
surgery but died of unrelated diseases or conditions.

On gross examination the tumors were described as
solid with color varying from whitish to tan or light brown
(Figs. 1-3). Small areas of hemorrhage were reported in 4
cases with grossly visible necrotic foci noted in a single case.

All tumors were composed of a distinctly dual cell
population. The first contained relatively uniform, small,
low-grade neoplastic cells with scant cytoplasm. Such

Copyright r 2016 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 9. Transition between areas composed nearly ex-
clusively of large squamoid cells and an area of more typical
PRCC.

small cells with scant cytoplasm had mostly round slightly
elongated nuclei, resembling those of normal lympho-
cytes. These cells were arranged in rows forming alveolar-
like structures, reminiscent of dilated tubules, microcystic
structures, or Bowman capsular spaces. Alveolar spaces
were often attached to the vascular septa contributing to
their walls. Alveolar cells were separated by a slit space
from the solid nests composed of larger squamoid cell,
which formed the second cell population of all tumors.
This second population was made up of large cells con-
taining voluminous pink cytoplasm and large nuclei with
prominent nucleoli. These eosinophilic cells were ar-
ranged in solid islands, forming the centers of alveolar
structures and often revealing retraction artifacts, most
likely related to the biphasic cell populations that were

so closely intermixed. A retraction from the walls of the
alveoli formed by smaller cells with scant cytoplasm may
be seen in Figures 4-6. Neither the keratin pearls nor
the intercellular bridges observed in true squamous epi-
thelium were noted in any case. Large squamoid cells
formed between 5% and 100% of the total tumor volume.
Small foci of necrosis were identified on histologic ex-
amination in 3/21 cases, and a larger necrotic area was
seenin just 1 case. Rare psammoma bodies were present
in 7 tumors.

Copyright r 2016 Wolters Kluwer Health, Inc. All rights reserved.

FIGURE 10. Emperipolesis was present in 21/21 tumors. This
was found in large cells within squamoid areas. Scanning low-
power magnification showing numerous foci of emperipolesis
within squamoid areas.

A visible transition from areas with a papillary
pattern containing groups of large squamoid cells
(Figs. 7, 8) to a fully developed solid-alveolar pattern was
seen in 9 tumors (Fig. 9). These former areas were char-
acterized by the presence of well-developed papillae and
tubules all lined by mostly cuboidal low-grade epithelial
cells with round nuclei. Focally, tubulopapillary for-
mations with glomeruloid morphology were also noted.

Of particular note was the presence of emperipol-
esis, a highly unusual phenomenon among renal cell tu-
mors. It was easily identified in all 21 cases. Emperipolesis
was present only in large squamoid cells and was a very
prominent feature within solid squamoid islands in some
cases (Figs. 10-12). In fact, it was a conspicuous mor-
phologic feature in a majority of the cases.

One case (case 3) included metastatic neoplastic tissue
from multiple foci on the peritoneal surface and omentum.
The metastatic deposits showed a mostly solid-alveolar
pattern with large squamoid cells (Fig. 13), rare psammoma
bodies (Fig. 14), and absent emperipolesis.

Immunohistochemical data are summarized in
Table 2. One of the cases were not available for im-
munohistochemical examination. All analyzable tumors
were positive for CK7 (Fig. 15), EMA, and vimentin in

www.ajsp.com| 6§69
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FIGURE 11. High-power magnification of squamoid cells with
emperipolesis.

both types of neoplastic cells. Nineteen of 21 cases were
positive for cytokeratin AE1-AE3, and racemase
(AMACR). All large squamoid cells expressed cyclin

D1. There were no major differences among all 3 dif-
ferent antibodies against cyclin D1 (2 monoclonal and 1
polyclonal) (Figs. 16, 17). Large squamoid cells weakly
expressed M30. All tumors were completely negative for
TTF1, TFE 3, HMBA45, and parvalbumin. Nineteen of

21 tumors were negative for CK 20, and 17/21 were
negative for CD117 with documented positivity being
focal, weak, and within the small-cell component.

Molecular-Genetic Data

Complete results of molecular genetic analyses, that
is, aCGH and FISH, are summarized in Table 3. All
analyzed samples (11/21) showed gains of chromosomes 7
and 17 (Fig. 18). Four of 5 analyzed male samples showed
loss of chromosome Y. Additional gains of chromosome
20 were found in 3 of 5 analyzable cases using aCGH.
Further chromosomal numerical changes including gain
of chromosomes 16 and 12, loss of chromosome 21, and a
loss of Xp22.33 were found in a single case.

DISCUSSION

Two cases of the so-called biphasic alveolo-squamoid
renal carcinoma were reported in 2013.1 Subsequently, 3

670 | www.ajsp.com

0.4 A
” ‘\,«'ﬁ\ 8, S B
§ ) "

ST ST

FIGURE 12. Similar to Figure 10. Emperipolesis in squamoid
cells seen with foam cell macrophages intermingled among
large squamoid cells.

additional cases of the same tumor type were published in an
abstract form in 2014.1,2 The described tumors were com-
posed of a distinctly dual cell population in which the larger
tumor cells displayed squamoid features and formed round
well-demarcated solid alveolar areas that, in large part, were
surrounded by smaller neoplastic cells. Since publication of
the above-mentioned paper, we have collected 20 additional
cases from 12 institutions worldwide. In case 1 from Pe-
tersson et al's1 paper, there was a very small, inconspicuous
focus of papillary formation within the tumor. However,
there were no other distinctive features to suggest the diag-
nosis of PRCC. Still we thought that the link of BSARCC
and PRCC deserves to be explored.

PRCC is the second most frequently diagnosed
RCC and is usually defined as a tumor derived from renal
tubular epithelium with either papillary or tubule-papil-
lary architecture. PRCC has traditionally been divided
into 2 types. Type 1 PRCCs are mostly papillary, wherein
the papillae are covered by cells with nuclei arranged in a
single cell layer. The cells are relatively uniform with
scant, pale, or basophilic cytoplasm and round nuclei.
Type 2 is more polymorphic. Pseudostratification of nu-
clei is the key feature distinguishing type 2 from type 1
PRCC. PRCC type 2 usually has a higher nuclear grade,
and cytoplasm is frequently eosinophilic.5s-7 A so-called

Copyright r 2016 Wolters Kluwer Health, Inc. All rights reserved.

Copyright r 2016 Wolters Kluwer Health, Inc. All rights reserved.



Am J Surg Pathol Volume 40, Number 5, May 2016

Biphasic Squamoid Alveolar Renal Cell Carcinoma

>

Y
P
.

2 u’»'g"

FIGURE 13. The metastatic deposits displayed a mostly solid
alveolar pattern with large squamoid cells.

oncocytic variant of PRCC has also been described in the
literature. These tumors are composed of cells with eosi-
nophilic oncocytic cytoplasm, usually without pseudos-
tratification of nuclei.7-9 Some PRCCs are not easy to
characterize as type 1, type 2, or oncocytic, and in such
cases the diagnosis of PRCC, not otherwise specified, is
usually established.

The fact that 10/21 cases of BSARCC exhibited
components of classical PRCC suggests that BSARCC may
be closely related to PRCC, or it may be a variant thereof
with a peculiar and unusual morphology. The identified
papillary component in these tumors was mostly compat-
ible with type 1 PRCC according to Delahunt classi-
fications; most papillae were covered by a single layer of
smaller cells that had regular nuclei and scant cytoplasm.

In some areas the compression of papillae leads to
the formation of tubulopapillary structures. Groups of
larger, more pleomorphic cells with eosinophilic cyto-
plasm were found with such a pattern in the background.
These larger cells displayed the same squamoid features
seen in classical BSARCC and were immunohistochemi-
cally positive for cyclin D1. These transitional areas were
either intermingled with areas exhibiting a more prom-
inent biphasic pattern and with large areas of squamoid
cells showing prominent emperipolesis or the transition
between both patterns was in some cases more abrupt.
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FIGURE 14. Rare psammoma bodies were present in meta-
stases.

PRCC with large eosinophilic cells like the cases reported
herein has been described in the literature previously. It is
shown in Sternberg’s Diagnostic Pathology textbook
(page 1982, figure 42.20).10 The same type of PRCC is
illustrated for example in the paper written by Mantoan
Padilha et al.11 We believe that so-called PRCC with
formation of glomeruloids could be an early stage and
BSARCC late stage of 1 neoplastic lesion and that we can
consider such morphology as opposite ends of the same
morphologic spectrum.

FISH analysis showed gains of chromosomes 7 and
17 in all 11 analyzable cases. Loss of chromosome Y was
detected in 4 of 5 male cases, which is in line with patterns
found in PRCC.12,13 aCGH revealed some additional
chromosomal changes, the most frequent being gain of
chromosome 20. Case 2, which has been presented by
Petersson et al1 revealed a different chromosomal aber-
ration pattern (losses on chromosomes 2, 5, 6, 9, 12, 15,16,
17, 18, and 22, including biallelic loss of the CDKN2A
locus, and gains on chromosomes 1, 5, 11, 12, and 13).
This case, after careful reevaluation of all available blocks
and materials, was excluded from the current study and
was rediagnosed as unclassified RCC. Hence, the pattern
of chromosomal numerical aberrations was very uniform
in all analyzable cases in our current study and was fully
compatible with a diagnosis of PRCC.7,14
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TABLE 2. Results of Immunohistochemical Examinations

Case CANH MIB1/hpf TTF1 WT1 Cath TFE3 HMB45 p53 p63 AE1/3 EMA CK7
1 + 2-3SC5-6LC A A A A A A A A ot + foc
2 A 0-1SC3-4LC A A A A A A A o ++ ++
3 A 0-1SC4-6LC A A A A A +LC A +++ gog  H++foc o
4 + 0-1 A A A A A A A +++ +++ foc +++
5 NP NP NP NP NP NP NP NP NP NP NP NP
6 ++ 0-1SC2-3LC A A A A A A A - e, -
7 + 0-2 A A A A A ++LC A +H+ o 4
8 ++ 0-1 A + foc. A A A A A e+ foc 44+ o+
9 ++ 0-1 A A A A A A A +++  foC gy .
10 ++ 0SC1-2LC A A A A A A A - o+ .
11 ++ 0sC1-2LC A A A A A A A . HE .
12 A 0-1 A A A A A A A - o+ .
13 A 0SC3-6LC A A A A A A A T e .
14 A 0-1 A A A A A A A +++ +++ +++
15 A 0-1 A A A A A A A +H+ +H e
16 ++LC 1-2SC4-7LC A + foc. A A A + + foc . o .
17 A 0-1 A A ++ foc A A + foc A o e, -
18 A 0-1SC5-7LC A A A A A +LC A +H+ +H+ -
19 A 0-1 A A A A A A A . e, ++
20 A 0-1 A A A A A +foc A ot e .
21 A 0-1SC, 2-3LC A A A A A A A ++ e, ++

+++ indicates strong positivity; ++, intermediate positivity; +, weak positivity; A, negative; AE1/3, AE1-AE3; CANH, carbonic anhydrase 9; cath, cathepsin K;
E-cadh, E-cadherin; foc, focal; hpf, high-power field (A400); LC, large cells (squamoid); NP, not performed; parval, parvalbumin; SC, small cells; vim, vimentin.

Like in previous reports, we were not able to iden-
tify definitive morphologic proof of full squamous dif-
ferentiation by light microscopy (intercellular bridges
and/or keratin pearl formation) in any case.1 Immuno-
histochemically, the absence of nuclear expression of p63
and only focal positivity with CK5/6 in 3/21 cases is in
line with the light microscopic impression of “squamoid”
rather than true squamous differentiation.

The presence of emperipolesis within the large squa-
moid cells is a very interesting phenomenon. Emperipolesis is
defined as the presence of a non-neoplastic cell within the
cytoplasm of another cell. An example of an entity featuring
prominent emperipolesis is Rosai Dorfman disease.15 Al-
though the presence of emperipolesis is well recognized in
several different tumorous entities, it is a highly unusual
finding within RCCs. Emperipolesis was noted in all 21 cases
and was a very prominent feature in some tumors. Staining
with cyclin D1 proved helpful in revealing cells with em-
peripolesis, and such positivity was found exclusively in
the large squamoid cell areas. Interestingly, cyclin D1
immunostaining has also proven helpful in disclosing cells
with emperipolesis in cases of myxoinflammatory fibro-
blastic sarcomas.16 Cyclin D1/PRAD 1, a cell cycle-related
gene mapped to chromosome 1113, has been found to be
amplified in some breast cancers, certain squamous cell
carcinomas of the head and neck and esophagus, several
different lymphomas, etc.17 Expression of cyclin D1 in RCCs
has only recently been studied; Leroy et al18 described
overexpression of cyclin D1 in clear cell PRCC. Lima et al19
looked at the prognostic significance of cyclin D1 expression
in RCCs and concluded that high expression is associated
with favorable prognosis. In addition, cyclin D1 has been
used as part of the immunohistochemical panel for dis-
tinguishing between chromophobe RCC (CHRCC), clear
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cell RCC, and renal oncocytoma.2o It seems that cyclin D1
positivity is one of the characteristic features of BSARCC;
however, expression of cyclin D1 is not a specific diagnostic
marker for BSARCC.

Differential Diagnosis

Squamoid differentiation described in all the 21 tu-
mors of this series is one of the defining morphologic
features of BSARCC. Generally speaking, squamous
differentiation in RCC occurs extremely rarely. If ever
found it should raise the possibility that particular tumor
might be of urothelial origin. There have been several
reports describing urothelial carcinoma within the kidney
displaying squamous or squamoid features and even
typical morphology of squamous carcinoma.21-26 The
present tumors differ, however, from such urothelial
carcinomas: they were located inside the kidney paren-
chyma, and none of them was related to the urothelium of
the renal pelvis or calices. No urothelial carcinoma in situ
or urothelial dysplasia was detected in any of the current
21 cases. Thus we have excluded the possibility that the
squamoid differentiation in BSARCC was related to
squamous metaplasia of the urothelium.

Further evidence supporting the above interpretation
was derived from the immunohistochemical data. Coex-
pression of CK7 and CK20 was noted within some large
cells of the squamoid component in 1 case (case 7), but the
small cells were completely negative for CK20. The vast
majority of analyzable tumors were negative for CK20 in
both cell components. Finally, we are not aware of any
urothelial lesions with such a distinctly biphasic population
of neoplastic cells in an organoid arrangement as seen in
these renal tumors. Moreover, the cases with well-preserved

Copyright r 2016 Wolters Kluwer Health, Inc. All rights reserved.

Copyright r 2016 Wolters Kluwer Health, Inc. All rights reserved.



Am J Surg Pathol

Volume 40, Number 5, May 2016

Biphasic Squamoid Alveolar Renal Cell Carcinoma

TABLE 2. (continued)

CyclinD1 CK20 CK5/6 CD10 AMACR E-cadh vim Parval CD117 M30 bcl2 PAX8
R AA e+ ++ A+++foc A A ++ foc. ++
v AA A 4+ A++A A ++ A +
+H+ AA + foc o + foc.+++A A ++ A + dif
v AA A 4+ + foc.+++ foc A A 4 A A

NP NPNP NP NP NPNPNP NP NP NP NP
v AA A 4+ A+++A A 4 A A
o+ ++foc LC ++ A +++ A+++A A +++ +SC ++
v AA A 4+ ++ foc.+++A A 4 A + dif.
v A++ A 4+ +++ foc.+++A A + A A
+++A AA A A + foc.+++A A e+ A + dif.
v AA A 4+ A+++A A ++ foc. + +
o+ A++ A +++ ++ foc.+++ foc A A +++ A + foc.
+++ AA A +++ +++ foc.+++ A +++ +++ ++
+H+ AA A o + foc.+++A A ++ foc. + dif. + dif
v AA A 4+ + foc.+++A + 4 A v
+++ AA +foc ++ +++ +++++A ++ foc SC +++ +foc. ++ foc
4+ AA A +4+ ++ foc+++A + foc SC +++ + 4+
. AA ++ foc 4+ +4 SCH++ LC +++A A ++ dif A +
+t AA A ++ ASC+ LC+++A A +++ dif. A A
o AA A 4+ A+++A A Foc + + foc ++
4+ AA A ++ foc.++++A A A A ++

FIGURE 15. All tumors were positive for cytokeratin 7.
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FIGURE 16. All large, squamoid cells expressed cyclin D1, reacting
with both monoclonal antibodies (DAB-positive cells are brown).
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FIGURE 17. Squamoid cells were also positive with polyclonal
antibody against cyclin D1 (alkaline phosphatase—positive cells
are red).

DNA submitted to aCGH showed gains of chromosomes 7
and 17, which is suggestive of a connection to PRCC rather
than urothelial carcinoma.

TABLE 3. Results of aCGH and FISH Analysis

Case Sex aCGH Result CEP 7 CEP 17 CEP XY

1 M NA NA NA NA
2 M NA NA NA NA
3 F +7,+17,+20, A 21 P P XX
4 F NA P P XX
5 F NA NA NA NA
6 M NA NA NA NA
7 F NA P P XX
8 F +7,+16, +17 P P XX
9 M NA NA NA NA
10 M +7,+17, AXp22.33, X- P P X-
11 F +7,+12, +17, +20 P P XX
12 F +7,+17,+20 P P XX
13 F NA NA NA NA
14 M NA NA NA NA
15 F NA NA NA XX
16 M NA P P X
17 M NA NA NA NA
18 M NA P P XY
19 M NA P P X
20 M NA P P X
21 F NA NA NA NA

CEP indicates centromeric probe; F, female; M, male; NA, not analyzable; P,
polysomy; X-, loss of chromosome Y.
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FIGURE 18. Gains of chromosomes 7 and 17 and losses of
chromosomes 21 (variable) and Y were detected by aCGH
analysis.

Squamous differentiation has been reported in
RCC, but it seems to be a very rare phenomenon. Prac-
tically all RCCs with such morphology reported in the
literature were CHRCCs with sarcomatoid trans-
formation.27-29 The cases presented here differ from
CHRCC not only by morphology but also by their im-
munohistochemical and chromosomal profiles. There are
2 main variants of CHRCC that have been recognized:
classical and eosinophilic.30 Microscopically, these tu-
mors are described as mostly solid or solid alveolar.
However, the morphologic spectrum has been expanded
to include microcystic, oncocytoma-like, adenomatoid,
and tumors with neuroendocrine differentiation, and
papillary arrangements.31-37 There were no leaf-like cells
or small eosinophilic cells present within the included
tumors, and we were not able to identify raisinoid nuclei
with perinuclear clearing typical of CHRCC. The sarco-
matoid transformation seen in some CHRCCs has not
been seen in our cases. The immunohistochemical profile
of these cases differed from that of CHRCC. In this
respect it is most important to note that CD117 was
negative in 17/21 cases, and vimentin was positive in
all analysable cases, which excludes the diagnosis of
CHRCC. CD117 was only weakly positive within a small
cell population of the 2 cases not counted above.
CHRCCs are usually further characterized by multiple
chromosomal losses of chromosomes 1, 2, 6, 10, 13, 17,
and 21 in both classic and eosinophilic CHRCC.30 Other
studies also report numerical gains of chromosomes 4, 7,
15, 19, and 20,4,38,39 but the significance of these findings
is still a topic of discussion. The molecular genetic find-
ings in all analyzed cases in this paper are completely
different from the profiles identified in CHRCCs.

From the available clinical data, it is evident that
BSARCC has metastatic potential. The morphology of
the metastatic neoplasms did not differ significantly from
that of the primary tumors, and it could be possible, al-
beit difficult, to recognize this unique pattern within a
metastatic lesion even without information about the
morphology of the primary tumor.
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3.4 Solid papillary renal cell carcinoma: clinicopathologic,
morphologic, and immunohistochemical analysis of 10 cases and
review of the literature

Solidni PRCC je v literatuie jen zfidka popisovanym subtypem PRCC, ktery nezapada
do tradi¢né uznavaného konceptu déleni PRCC na typ 1 a typ 2. Tyto nadory sestavaji
z monomorfnich epitelidlnich bun¢k s malym mnoZstvim cytoplasmy a malymi jadry.
Nadorové buiikky jsou uspofddany do drobnych komprimovanych tubuld a kratkych
abortivnich papil, coz dava tumoru charakteristicky solidni vzhled (s/bez pfitomnosti pravych
papilarnich struktur, které pokud jsou v nddoru pfitomny, nejsou cetné). Tyto neoplasie
vykazuji imunohistochemické (pozitivita imunohistochemickych barveni CK7, EMA,
AMACR) i molekularn€¢ genetické znaky (polysomie/trisomie chromosomi 7 a 17, ztrata
chromosomu Y u muzll) typicky pfisuzované ,konvencnimu® PRCC. V literatufe pak bylo
doposud popsano celkem 53 ptipadit solidnich PRCC, s predominanci postizeni muza a
vékovym rozmezim pacientd 17-82 let. Z literatury je téz evidentni, Ze tyto nadory maji
ptiznivy klinicky prabéh.

Z archivu Plzenského registru nadort, citajiciho 1311 néadort klasifikovanych jako
PRCC, bylo vyhleddno 10 nadort, kompatibilnich s diagnézou solidniho PRCC. Ve vsech
pfipadech se jednalo o nddory muzi, v€kové rozmezi pacienti 34-70 let. Témét u vSech
nadord byl stage onemocnéni pT1 dle TMN 2009 (pouze jeden piipad byl ve stadiu pT3).
Velikost tumord se pohybovala vrozmezi 1,4-5,5 cm (pramér 3,32 cm). V ramci
dispenzarizace, follow-up byl dostupny u vSech 10 pacientt (v délce trvani 3-13 let). Osm
pacientli bylo po tvodni chirurgické 1é¢bé dlouhodobé bez znamek recidivy ¢i generalizace
onemocnéni, u jednoho pacienta byla diagnostikovana rekurence tumoru a jeden pacient po
uvodni oboustranné nefrektomii pro cetné drobné PRCCs zemiel do tii let od stanoveni
diagnézy (na generalizaci onemocnéni). Makroskopicky byly tumory dobie ohranicené,
bélavozluté, s lehce granularnim povrchem. Mikroskopicky byla dominantnim histologickym
znakem ptitomnost solidni architektoniky, av$ak pii detailni morfologické analyze byly
kromé& ,,opravdovych® solidnich okrski zastizeny i okrsky s komprimovanymi, kratkymi
abortivnimi papilami a komprimované tubuly (tyto okrsky do sebe vzajemné piechazely).
Pfitomnost ,,pravych® papil byla relativné raritnim nalezem. VSechny nadory byly silné
difuzné pozitivni v imunohistochemickém barveni CK7 a naopak negativni v prikazu WT-1.

Solidni PRCC je vzacnym nadorem (s incidenci vyskytu onemocnéni méné nez 1%
vSech RCC). Imunohistochemicky a molekuldrné geneticky profil 1ézi je kompatibilni
s profilem typicky pfisuzovanym ,.konvenénimu‘ PRCC. Diferencialn¢ diagnosticky maji tyto
nadory svym morfologickym vzhledem relativné blizko k metanefrickému adenomu a
epiteloidnimu nefroblastomu, méné pak k MTSCC a OPRCC.
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article info abstract

Keywords: Solid papillary renal cell carcinoma is rarely reported in the literature, and its tumor characteristics are not entire-
Kidney ly compatible with the concept of 2 histological subtypes of papillary renal cell carcinoma (PRCC). Tumor is com-
Solid posed mostly of small compressed tubules and short abortive papillae giving solid appearance of monomorphic

Papillary renal cell carcinoma
Review
Differential diagnosis

epithelial cells with scanty cytoplasm and small nuclei, sometimes mimicking spindle cells, without or with
sparse true papillae. It shows immunohistochemical (+ CK7, + EMA, + AMACR) and genetic hallmarks
(polysomy/trisomy 7/17, loss of Y) of conventional PRCC. About 53 cases have been described in the literature,
with male predominance and age ranging from 17 to 82 years. By available follow-up data, solid PRCC has a fa-
vorable clinical course. We describe 10 cases compatible with the diagnosis of solid PRCC. All patients were
males age range was from 34 to 70 years, and all but one were pT1 according to TNM 2009. On follow-up, 9 pa-
tients were without evidence of disease, and 1 had recurrent tumor. Size of the tumor ranged from 1.4 to 5.5 cm
(mean, 3.32 cm). Tumors were well-circumscribed whitish to yellow masses with granular surface. Although
solid architecture was a prominent morphologic feature, detailed analysis revealed that the tumors were com-
posed of compressed short abortive papillae and compressed tubules admixed with true solid areas. Well-
formed papillae were exceptionally present. All 10 cases were strongly and diffusely positive for CK7 and nega-
tive for WT-1. In conclusion, solid PRCC is a rare tumor with an incidence of less than 1% of all renal tumors. In
majority of the cases, tumors were composed of tightly compressed tubular structures and short abortive papillae
that render a solid morphologic appearance. Immunohistochemical and molecular features do not differ from
conventional PRCC. Metanephric adenoma,; epithelioid nephroblastoma; and, rarely, mucinous tubular and
spindle cell carcinoma and oncocytic variant of PRCC should be considered in the differential diagnosis.

© 2016 Elsevier Inc. All rights reserved.

1. Introduction accepted in the 2004 World Health Organization (WHO) classification
[1-2]. It was described as a malignant renal tumor with characteristic
papillary or tubulopapillary architecture and with specific immunohis-
tochemical and cytogenetic profile. PRCC is the second most common
renal cell carcinoma (RCC) subtype occurring in up to 18.5% of all
RCCs [3-5]. The description of PRCC dates back to 1974 in the study of
Mancilla-Jimenez et al [6]. The authors reported in detail the ultrasono-

Papillary renal cell carcinoma (PRCC) was first formally recognized
as a specific entity in the Heidelberg classification, and then it was
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graphic, macroscopic, and microscopic features of PRCC and recognized
2 consistent histologic patterns, namely, the papillae lined either by a
single row of cells with scant cytoplasm or cells with pseudostratifed
nuclei and abundant eosinophilic cytoplasm. Besides these 2 patterns,
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Table 1
Clinicopathological features and follow-up of solid PRCC

Case Age (y) Sex Size (cm) Follow-up
1 49 M 55 NED-8y
2 70 M 15 DOC-3ya
3 37 M 35 NED

4 66 M 25 NA

5 60 M 4.5 NED

6 54 M 2.8 NED-5y
7 63 M 4 NED

8 34 M 25 NED-13y
9 52 M 1.4 NED-9.5y
10 48 M 5 AWD-8 yb

NED, no evidence of desease; DOC, dead for other reasons; NA, not available; AWD, alive
with desease.

aBilateral nephrectomy for PRCCs; dead for metastatic prostate cancer 3 years later;
MSCT during follow-up diagnostics showed nephrectomy area without tumor.

bOnly T3NOMx tumor, recidivant tumor after 8 years, placed in the prior nephrectomy
area.

they also reported papillary tumors with clear cells and other morpho-
logical features. PRCCs were later characterized in more details in sever-
al studies [7-9]. In 2004, the WHO classification adopted 2 types of
PRCC: type 1, with papillae lined by a single cell layer of cuboidal cells
with scant cytoplasm, and type 2, in which papillae are lined by large
eosinophilic cells with pseudostratified nuclei [2]. Although less fre-
quently encountered, several additional patterns were subsequently re-
ported in the literature, including oncocytic [10-11], PRCC with clear
cells [12], and solid PRCC. Solid variant of PRCC is composed of mono-
morphic epithelial cells with scant cytoplasm and small nuclei, arranged
in tightly packed, ill-defined tubules or papillae and solid sheets
[3,13-18]. It closely resembles metanephric adenoma (MA) and may
share similar morphologic features with epitheloid nephroblastoma or
mucinous tubular and spindle cell carcinoma (MTSC).

In this study, we describe a series of 10 cases collected from multiple
institutions, and we discuss the diagnostic pitfalls and the differential
diagnosis of the solid form of PRCC.

2. Material and methods

Ten cases compatible with the diagnosis of solid PRCC were re-
trieved out of 1311 papillary RCCs (including institutional, consultation,
and archive cases) in the Pilsen Tumor Registry. Pathologic examination
of all available hematoxylin and eosin—stained sections from each case
(range, 1-18 slides) was performed by at least 3 pathologists (MU, FS,
and OH). Cases were reevaluated, and solid, tubular, and papillary com-
ponents were accessed as percentage of the tumor. Tissue for light mi-
croscopy was fixed in 4% formaldehyde and embedded in paraffin
using routine procedures. Three-micrometer thin sections were cut
and stained with hematoxylin and eosin to evaluate the architecture
of the tumors. Basal membranes were highlighted by periodic acid Schiff
(PAS) stain.

Table 2
Gross and microscopic features of solid PRCC

Fig. 1. Using scanning magnification, most of the tumors appeared completely solid.

The immunohistochemical study was performed using a Ventana Bench-
mark XT automated stainer (Ventana Medical System, Inc, Tucson, AZ).

The following primary antibodies were used in the immunohistochemi-
cal study: racemase/AMACR (13H4, monoclonal, DAKO, Glostrup, Denmark,
1:200), cytokeratin 7 (OV-TL12/30, monoclonal, DakoCytomation,
Carpenteria CA, 1:200), epithelial membrane antigen (EMA) (E29,
monoclonal, DakoCytomation, 1:1000), CD10 (monoclonal, Sp67, Ventana,
RTU), CD34 (QBENd-10, monoclonal, Dako, 1:100), CD57(NK 1, Leica
Biosystems, Newcastle upon Tyne, UK, 1:200), WT1 (GF-H2, monoclonal,
DakoCytomation, 1:150), Ki-67 (MIB1, monoclonal, Dako, 1:1000). Appro-
priate positive and negative controls were used. Immunostains were scored
as 1+ (focal in small clusters of individual cells), 2+ (up to 50% positive
cells), and 3+ (diffuse strong positivity in more than 50% of cells).

3. Results

The clinicopathologic data are summarized in Table 1. The age of the
patients ranged from 34 to 70 years (mean age, 53.30); all patients were
male. Size of the tumor in the largest diameter ranged from 1.4 to 5.5 cm
(mean, 3.32 cm). Most of the cases were pT1 stage (TNM 09); 1 tumor
was pT3. Most of the patients (8/10) were alive and well without
signs of metastatic disease or relapse within follow-up period of 3-13
years. One patient was faced with recurrent tumor 8 years after resec-
tion. One patient had bilateral nephrectomy due to multiple small
PRCCs and died of metastatic prostate cancer 3 years later.

Patient Gross description True Compressed Compressed abortive papillae; True Capsule ISUP
solid (%) tubuli (%) occasional glomeruloid formations (%) papillae (%) grade

1 Yellow well-circumscribed nodule 10 40 50 0 + 1

2 Yellow well-circumscribed nodule, bilateral papillary RCCs 20 70 10 0 + 1

3 Gray well-circumscribed nodule 5 80 10 5 + 2

4 Yellow well-circumscribed nodule 80 10 5 5 + 1

5 Gray well-circumscribed nodule 20 30 50 0 - 1

6 Yellow well-circumscribed nodule 5 10 80 5 + 1

7 Yellow well-circumscribed nodule 20 70 10 0 + 1

8 Yellow well-circumscribed nodule 10 50 40 0 -+ 1

9 Yellow well-circumscribed nodule 30 10 60 0 + 1

10 Yellow well-circumscribed nodule, necrotic -50% 60 20 20 0 + 2
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Fig. 2. Only 2 cases from our series were mostly arranged in solid-alveolar pattern.

Morphologic features are summarized in Table 2. Macroscopically,
tumors were well-circumscribed yellow to white homogeneous nod-
ules, sometimes with fine-granulated surface. One tumor showed ne-
crotic area in up to 50% of the tumor.

Nine tumors were encapsulated. Using scanning magnification, most
of the tumors appeared completely solid (Fig. 1), but on closer examina-
tion, true solid areas comprised 5% to 80% of the tumor. On high power
and using PAS staining, only 2 tumors were mostly solid (60% and 80% of
the tumors, respectively, comprised solid areas) (Fig. 2). Four tumors
were composed mostly of compressed tubules (between 50% and 80%
of the 2 tumors) (Fig. 3A and B), whereas the remaining 4 were com-
posed mostly of compressed abortive papillae with occasional
glomeruloid formations (between 50% and 80% of these contained com-
pressed abortive papillae) (Fig. 4). True papillae with fibrovascular
cores were found in 3 cases in up to 5% of the tumor. Tumor cells had
scant cytoplasm and small, round to elongated nuclei with occasional
nuclear grooves (International Society of Urological Pathology [ISUP] nu-
cleolar grade was 1 or 2) (Fig. 5). In all but 1 case, the cells with scant but
eosinophilic cytoplasm were also focally found. Small foci of tubules with
cells showing sparse but clear cytoplasm were found in 2 cases.

The immunohistochemistry results are summarized in Table 3. All
10 cases were strongly and diffusely positive for CK7 (Fig. 6) and

negative for WT-1. AMACR was diffusely positive in 9 cases (Fig. 7).
EMA was positive diffusely in 8 cases and focally in 2. Vimentin was dif-
fusely positive in 6 cases, and 4 were positive focally (less than 50% of
cells). CD10 was focally positive in 4 cases. CD57 showed weak and
focal positivity in 1 case. Proliferation activity was less than 2% in all tu-
mors using Ki-67 labeling.

4. Discussion and review of the literature
4.1. Clinical and pathological characteristics

So-called solid PRCC, as a part of the morphologic PRCC spectrum,
has been described for the first time by Renshaw et al [13]. The inci-
dence was less than 1% of all renal tumors [3], and this estimation corre-
sponds with the proportion of solid PRCCs in this series. In our study, the
incidence was actually 0.76% of all PRCCs in the Pilsen Tumor Registry.

In toto, about 53 cases have been described in the literature with tu-
mors showing distinctive solid PRCC features. The data from the English
literature are summarized in Table 4. There is a male predominance,
with a male to female ratio of 3.5:1. Age at time of diagnosis was from
17 to 82 years. The follow-up data are however limited, and it seems
that solid PRCC has favorable clinical course. Most cases were classified
as pT1 tumors, with nuclear grade up to 2, according to Fuhrman grad-
ing system [3,13-19]. In our study, the age range was from 34 to 70
years (mean age, 53.3), and all patients were male. The largest tumor
size ranged from 1.4 to 5.5 cm (mean, 3.3 cm), which is similar to the
previously published data. Nine of our cases were pT1 stage (TNM 09).
One case was pT3 and demonstrated infiltration through the renal cap-
sule with invasion into the perirenal fat. This patient had recurrent
tumor after 8 years. Seven of the 10 cases were without evidence of dis-
ease during the follow-up from 3 to 13 years. One patient had multiple
small PRCCs and died of metastatic prostate cancer 3 years later.

In the previous studies, the tumors were well-circumscribed, solid,
homogeneous, and nodular masses, grayish white in color and located
in the renal cortex. Hemorrhage and necrosis in the central areas were
also described, as well as presence of multifocal tumors [13,16-17]. In
this study, the tumors represented well-circumscribed solid nodules,
mostly yellow in color and often showing finely granular cut surface.

In 1 case, multifocal, bilateral PRCCs were found, together with the
solid PRCC. Abundant necrosis was found in only 1 case.

Solid PRCC is typically composed of cells with scant cytoplasm and
small, round to elongated nuclei, cytologically resembling type 1 PRCC.
The cells are organized in solid sheets or tubular structures that are
tightly packed, sometimes mimicking spindle cells, with no true papillae
and lacking fibrovascular stalks. Some tumors may exhibit completely

Fig. 3. (A) Four tumors were composed of small tubules. (B) Predominantly tubular architecture highlighted by PAS staining.
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Fig. 4. (A-B) Four tumors in our series were composed of short compressed abortive papil-
lae (hematoxylin and eosin = A, PAS = B).

solid morphology and distinct micronodules, with the cells showing eo-
sinophilic cytoplasm. Abortive papillae are also frequently found.

In the current study, true solid areas comprised 5%-80% of the indi-
vidual tumors; on high power and PAS stain, only 2 tumors had more
than 50% solid pattern, without any visible tubules or papillae. Areas
of compressed, tightly packed tubular structures and abortive papillae
comprised the rest of the tumors, usually mimicking solid areas and
rarely showing focal spindle cell appearance. Four tumors were mostly
composed of compressed and abortive papillae, and 4 were composed

Table 3
Immunohistochemical staining results in solid PRCC

Patient CK7 AMACR EMA WT-1 CD57 CD10 Vim Ki-67
1 ot ot ot - + - + <1%
2 4+ 4+ 4 - - + 4+ 1%
3 +++ +++ + - - - ++ <1%
4 ot ot ot - - ++ ++ <1%
5 4+ 4+ ++ - - - 4+ 1%
6 ot ot ot - - - ot <1%
7 ot - ot - - - ot <1%
8 4+ 4+ 4 - - - 4+ 1%
9 ot ot ot - - + ot <1%
10 4+ 4+ +++ - - ++ + <2%

+: focal positivity, in small clusters or single cells; ++: up to 50% of positive cells; +++:
diffuse, strong positivity, more than 50% of positive cells. Vim, vimentin.

mostly of compressed tubules. True papillae with fibrovascular cores
were found in 3 cases and formed up to 5% of the tumor volume.

The amount of cytoplasm in the neoplastic cells may be variable. In most
of the cases, the cells had scant cytoplasm and appeared basophilic, but cells
having more abundant cytoplasm and low-grade nuclear features were also
noted. The spindle cell-like component was usually low grade with slightly
elongated nuclei, moderate pleomorphism, finely dispersed chromatin, and
distinct nucleoli. These cells were different from true sarcomatoid morphol-
ogy and resembled the cells of mucinous tubular and spindle cell RCC. Mi-
toses were rarely found [3,13-19]. Cantley et al [16] described a case of a
young male patient with renal tumor showing sarcomatoid RCC, with an
epithelial component identical to the solid PRCC. In some cases, foamy mac-
rophages and psammoma bodies were found in the stroma of the tumor
[17]. Occasionally, isolated foam cells and psammoma bodies were also
present in our cases, but mitotic figures were not found. Most of the neo-
plastic cells had scant cytoplasm and small, round to elongated nuclei,
with ISUP nucleolar grade 1 and 2. In all cases, there were low-grade nuclei,
except in 1 case in which cells showed scant eosinophilic cytoplasm.

Although small solid areas in conventional PRCC are compatible with
the diagnosis of PRCC, specific criteria for the diagnosis of solid PRCC are
not provided in the recent renal tumor classifications [5]. In published
studies, however, variable percentages of solid architecture, compressed
papillae, or tubules were used to define this entity. Some authors pro-
posed that solid PRCC should not contain true papillae, whereas others
suggested that true papillae could comprise up to 20% [3,16-17].

4.2. Immunohistochemical profile and genetics

PRCC usually stains positive for cytokeratin AE1/AE3, CAM5.2, high—
molecular weight cytokeratins, CK7, EMA, vimentin, CD10, AMACR, and
RCC [2,4-5,7-9]. Of note, CK7 positivity can be variable, and it is not a

Fig. 5. Tumor cells had scant cytoplasm and small, round to elongated nuclei.

Fig. 6. All 10 cases were strongly and diffusely positive for CK7.
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Fig. 7. Racemase (AMACR) was diffusely positive in 9 cases.

constant feature of PRCC; however, CK7 is frequently expressed in PRCC
type 1. Solid PRCC shows immunoprofile similar to “conventional type”
of PRCC, with strong, diffuse positivity for EMA, CK7, and AMACR and

usually focal positivity for CD10 [3,13-19]. According to some studies,
vimentin may be also focally positive.
In our experience, all10 evaluated cases were strongly and diffusely
positive for CK7 and negative for WT-1. CK7 may in fact highlight the
collapsed tubular architecture. AMACR was diffusely positive in 9 and
EMA in 7 cases. CD10 was focally positive in 4 cases. CD57 showed
weak and individual cell positivity in 9 cases. Proliferation activity, eval-

uated by Ki-67, was between 1% and 2% in all tumors.

4.3. Molecular genetic profile

Trisomy and tetrasomy of chromosome 7 and trisomy of 17, as well
as loss of Y, are nearly pathognomic for PRCC. According to the

Table 4
Literature data

published data, this also applies to solid PRCC [3,13-19]. According to
WHO 2016, however, a wide variety of other chromosomal aberrations
can be seen in PRCC, including trisomy 8, 12, 16, and 20 and loss of 1p,
4q, 6q, 7, 9p, 13q, Xp, and Xq, as well as amplification of 8q and overex-
pression of MYC. Thirteen percent of sporadic PRCCs demonstrate MET
mutations. Loss of heterozygosity of VHL and FHIT can also be found.
Type 1 PRCC shows gains of 7p and 17p, whereas LOH of 1p, 3p, 5q, 6,
8, 9p, 10, 11, 15, 18, and 22 was found in PRCC type 2. Allelic imbalance
of 9913 has been shown to be of prognostic significance in PRCC [5].
Renshaw et al [13] described cytogenetic changes in 1 case of solid
PRCC, which demonstrated a karyotype of 45XXX, +X, +3, +5, +12,

-14, +16, +17, =18, +20, and -21.

4.4. Pitfalls and differential diagnosis

Several entities should be considered in the differential diagnosis of
solid PRCC, such as MA, epithelioid nephroblastoma, MTSC, and solid
oncocytic PRCC (Table 5).

Metanephric adenoma of the kidney is a benign tumor usually found
in younger patients, predominantly in women. It accounts for 0.2%-0.7%
of adult renal epithelial neoplasms. It is sharply demarcated without a
distinct pseudocapsule and consists of bland, small blue cells forming
small, tightly packed tubular structures and acini but infrequently may
also show more solid growth. Some tubules are typically elongated
and branching. Both PRCC and MA may contain glomeruloid bodies
with abortive papillae, tightly packed tubules, or solid tumor cell sheets.
Psammoma bodies can be present in both MA and solid PRCC [20-22].

MA typically shows CK7 -, AMACR -, WT1 +, and CD57 +
immunoprofile and does not exhibit the chromosomal changes typical
of PRCC [20-25]. In fact, MA with polysomy 7 and 17 or loss of Y de-
scribed in the literature most likely represents solid PRCC [20]. Accord-
ing to more recent data, BRAF V600E mutations were identified in
nearly 90% of MAs, but similar BRAF exon 15 mutations are extremely
rare in other renal tumors, including PRCCs. Immunohistochemistry
for detection of BRAF V600E mutations was also validated, and it can
be used as an additional tool in the differential diagnostic process [26].
According to the study of Yakirevich et al [27], majority of MAs are pos-
itive for kidney-specific catherin, whereas PRCCs and nephroblastomas
are negative.

Renshaw et al Ngan et al Argani et al Zhang et al Mantoan Padilha et al Kinney et al Cantley et al
No. cases 6% 1 5 2 23 15 1
Age 35-82 36 17-68 50-51 30-80 69-83 31
Sex (M/F) 412 1/0 1/0 2/0 15/8 11/? 1/0
Size (cm) 1-12 = 2152 2-8 0.9-10 1.9-2 4.5
Nuclear grade 1/2/3/4 2/2/2/0 - 0/5/0/0 0/1/1/0 - - -
PTNM 271,472 - 4Tla, 1T1b 1T1la, 1 T2 11T1a, 9T1b, 3 T2 - Tib
Follow-up (mo) 2-108 - Upto8 8,14 - - 24
Follow-up 1 AWD (6 mo) 4 NED - 5 NED 2 NED - - NED
No. cases 6a 1 5 2 23 15 1
Papillae/solid encount 4-S S 2-Sb 2-T 10S - Te

2-T 3-Tb 13T

6+ 5+ 23+

- - 23+

6+ - 21+

— — 23_
CK7 - 1+ 5+ (focal) 2+ - 14+ 1+
AMACAR - - - 2+ 23— 15+ -
EMA - 1+ - 2+ 16+ (focal) - 1+
Vimentin 2 1- 5 2+ 14 - 1+
CD10 3 - 3 1 (focal) 15 - -
WT-1 - - - - 15— 1-
CD57 - - 14-; 1+ 1-
Trisomy 7 - 2 8 1
Trisomy 17 - 2 8 -
Y loss - 2 11 -

S, predominantly solid with small micronodules and abortive papillae; T, mostly tubular pattern and compressed tubules; —, no data; AWD, alive with disease; NED, no evidence of disease; M, male; F, female.

aThree were multifocal.

bTumors with spindle cell foci.

cFoci with high-grade nuclei, with spindle cells.
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Table 5
Differential diagnosis of solid PRCC

Characteristics S PRCC MA EN MTSC OPRCC

Age (y) 17-83, average 54 Children, young adults,

5-83, average 49

Mostly children up to 6;
in adult 21-67, average 32

32-79, average 56 40-82, average 67

Sex (M/F ratio) M (3.5/1) _

Fibrous pseudocapsule + -
Multifocality

Cytology
Cells with eosinophilic cytoplasm
Cells with scant cytoplasm +a -
Nuclei + +
True solid areas Low gr
Spindle cells with low-grade features + +
Compressed tubuli + _
Compressed abortive papillae (glomeruloid)
Real papillae with fibrovasc. CORE
Visible tubuli on LPF
Mucinous stroma
AE1/3
CK7
EMA
AMACAR
WT-1
CD57
Trisomy 7
Trisomy 17
Loss of Y

(sparse) +

K<<+

Zzz++ 1000

F (1/9) Equal
+

(sparse) + (sparse)

F (1/1.5) M (5/1)
+ +

+
- +

+a + (abundant)

-+ 1
-+

ow-high gr ow gr Low-high gr
+

ZZZ L+ 4+ 4+ 00+t
<<< 1 1 1 +++ 1 ++ 1+

ZZzZ++ 0+

Y, yes; N, no; LPF, low-power field; SPRCC, solid PRCC; EN, epithelioid nephroblastoma; OPRCC, oncocytic PRCC; gr, grade; MA, metanephric adenoma; MTSC, mucinous tubulary and spin-

dle cell carcinoma.
aNot so abundant cytoplasm as in oncocytic PRCC.

In a recently published study, 21 MAs and 23 solid PRCCs shared
similar morphologic features. Eleven solid PRCCs lacked papillae
completely but showed typical immunoprofile and genetic aberrations
of PRCCs [3]. Some of these cases with solid and glomeruloid structures
were composed of larger eosinophilic cells and resembled a renal tumor
described by Petersson et al [28], provisionally named biphasic
alveolosquamoid renal carcinoma. This entity was further analyzed in a
larger cohort and was recently recognized as a subtype of PRCC. There-
fore, a solid-alveolar morphology of this newly described PRCC variant
should also be considered in the differential diagnosis of solid PRCC.
However, it appears that there is little difference in the clinical manage-
ment and the prognosis of this entity [29]. It is also worth mentioning
that the diagnostic criteria for malignant MA described in the literature
were never generally accepted, and likely all malignant MAs represent ex-
amples of extremely well-differentiated epithelioid nephroblastomas [20].

Nephroblastoma is very rare in adult patients, but adult
nephroblastomas generally do not differ from their pediatric counter-
part. Pure epithelioid nephroblastoma is exceptionally rarely seen in
adult patients. However, this tumor type should also be considered in
the differential diagnosis of solid PRCC. The morphology typically
shows tubulopapillar and solid patterns; the cells are small and uniform
with scant cytoplasm, and there are absent or very rare mitotic figures
[18-19,30-32]. Kinney et al [18] analyzed 37 tumors originally diag-
nosed as MA, 13 solid PRCCs, and 20 epithelial-predominant
nephroblastomas using immunohistochemistry and fluorescence in
situ hybridization for trisomy of chromosomes 7 and 17 and loss of Y.

All epithelial-predominant nephroblastomas were diffusely positive
for WT-1, and only 1 was focally positive for CK7. All tumors showed
disomy of chromosomes 7, 17, and Y present [18].

Another renal tumor which frequently shows solid architecture is
MTSC. It is characterized by elongated and compressed tubules or
cordlike formations of uniform, cuboidal cells with eosinophilic, focally
vacuolated cytoplasm and distinct cell spindling, and usually demon-
strates low-grade nuclei. The stroma is typically myxoid and contains
variable amount of extracellular mucin. Focal clusters of foamy macro-
phages may also be seen. In cases with limited myxoid stroma (so-called
mucin-poor variant) and limited presence of well-formed papillae, it
may be difficult to distinguish MTSC from solid PRCC [33-34]. In rare

examples of MTSC, the cells form solid and compact areas with minimal
amount of interstitial mucin. Such cases can truly mimic solid PRCC, but
in well-sampled tumors, more typical areas of MTSC are usually found.
Both solid PRCC and MTSC can have tubular structures, papillary archi-
tecture, spindle cell appearance, psammoma bodies, foamy macro-
phages, and interstitial mucin and demonstrate positive staining for
vimentin, CK7, CK19, EMA, AMACR, CD10, and RCC [15,17].

There are several studies that consider the issue of MTSC in the dif-
ferential diagnosis of solid PRCC, raising the possibility that MTSC repre-
sents a subtype of PRCC [33-37]. Peckova et al [38] analyzed 54 MTSCs
using array comparative genomic hybridization and divided the MTSCs
into 3 categories: low grade, high grade, and MTSC overlapping with
PRCC. They showed multiple chromosomal losses and no gains in low-
and high-grade MTSC groups, supporting the concept that MTSC repre-
sents a distinct type of RCC. However, the group showing overlapping
features with PRCC demonstrated more heterogeneous status, with fre-
quent gains of chromosomes 7 and/or 17, suggesting that this MTSC
subgroup should be considered in the spectrum of PRCC [38].

An oncocytic variant of PRCC different from PRCC type 1 and 2 was
also reported, composed of papillae lined by single or rarely
pseudostratified layers of cells with granular, deeply eosinophilic cyto-
plasm and round regular nuclei. In the new 2016 WHO classification
of renal tumors, the oncocytic PRCC is considered as a possible new var-
iant of PRCC [5]. This type of PRCC can also show solid pattern in up to
90% of the tumor. The immunoprofile and the genotype are compatible
with PRCC [10-11,39-41]. Despite the solid architecture, oncocytic
PRCC can be differentiated from solid PRCC mostly by histology. The
oncocytic cells of oncocytic PRCC are eosinophilic and contain volumi-
nous cytoplasm and differ from the smaller epithelial cells of solid
PRCC which contain scanty cytoplasm.

5. Conclusion

In conclusion, solid PRCC is a rare tumor with an incidence less than
1% of all renal tumors. In the majority of cases, it is composed of solid
areas and compressed tubular structures or short abortive papillae
that result in a solid appearance. The immunohistochemical and molec-
ular genetic features do not differ from conventional PRCC. Metanephric
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adenoma, epithelioid nephroblastoma, and less often MTSC and an
oncocytic variant of PRCC should all be considered in the differential di-
agnosis of solid PRCC.
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3.5 Cystic and necrotic papillary renal cell carcinoma: prognosis,
morphology, immunohistochemical, and molecular-genetic profile of 10
cases

Prognosticky dopad pfitomnosti nekrézy v PRCC neni jednoznacné stanoven a
V literatufe publikovana data se znac¢né€ rozchazeji. Ve zcela obecné rovin€ je obycejné
pritomnost nadorové nekrdzy povazovéana za Spatny prognosticky ukazatel. V této praci je
predstaveno celkem 10 jasné cystickych a extensivné nekrotickych nadort, které pii
dlouhodobé¢ dispenzarizaci vykazovaly biologicky jednoznacné ptiznivé chovani.

Deset piipadit morfologicky uniformnich PRCC typu 1 bylo vybrano z vice nez
19 500 renalnich tumort v Plzeniském registru nadorti. Nadory byly vySetfeny morfologicky,
findlni diagndza byla podpofena imunohistochemickym barvenim a molekularné-genetickou
analyzou. V osmi piipadech se jednalo o tumory muzi, ve dvou ptipadech byly postiZzeny
zeny, v€k pacientd se pohyboval v rozmezi 32-85 let (primérny vek 62,6 let). Nadory méfily
6-14 cm (pramérna velikost 9,4 cm). Dispenzarizacni data byla dostupna v sedmi piipadech, S
délkou trvani od 0,5 do 14 let (praimér 4 roky). VSechny tumory byly makroskopicky
sférického tvaru, cystické, ohrani¢ené pomoci tlusté fibrozni kapsuly, vyplnéné
hemoragickym/nekrotickym obsahem. Pouze velmi limitované mnozstvi vitalni nadorové
tkan¢ bylo mikroskopicky zastizeno jako tenky lem vystylajici vnitini povrch stény cysty,
pfi¢emzZ tyto nadorové hmoty byly konzistentni s diagn6zou PRCC typ 1. Ve vSech piipadech
byly nadorové bunky pozitivni v imunohistochemickém prikazu racemazy (AMACR),
cytokeratinu OSCAR, CAM 5.2, HIF-2 a vimentinu. Polysomie chromosomtt 7 a 17 byla
detekovana u péti z celkem osmi pro molekularné genetickou analyzu vhodnych piipadi. Dva
ptipady vykazovali normalni (disomicky) statut chromosomui 7 a 17 a u jednoho tumoru byla
zastizena pouze polysomie chromosomu 17. Ztrata gonosomu Y byla detekovana v péti
ptipadech, z toho v jednom pfipad¢ se jednalo 0 tumor s disomickym statusem chromosomii 7
a 17. Molekularn¢ genetické vySetfeni neprokazalo abnormalitu VHL genu v Zadném
z vySetfovanych piipada.

Na zéklad¢ vySe popsanych poznatkil 1ze fici, Ze PRCC typ 1 se mlzZe prezentovat
jako objemnd a rozsdhle hemoragicky/nekroticky zménéna cysticka 1éze s tlustym
fibroleiomyomatéznim pouzdrem. VétSina pripadi vykazuje chromozomalni numerické
aberace ,typické“ pro PRCC. VSechny tumory se prezentovaly neagresivnim klinickym
prubéhem. Ptitomnost kolikvaéni nekrozy tedy nemusi byt nutné povazovana za Spatny
prognosticky znak a to zejména U rozsdhle cysticky zménénych PRCC typu 1
s jednokomorovou cystickou dutinou vyplnénou nekrotickym/hemoragickym materialem.
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article info abstract

Keywords: Conflicting data have been published on the prognostic significance of tumor necrosis in papillary renal cell car-
Kidney . cinoma (PRCC). Although the presence of necrosis is generally considered an adverse prognostic feature in PRCC,
Papillary renal cell carcinoma we report a cohort of 10 morphologically distinct cystic and extensively necrotic PRCC with favorable biological
Cystic behavior. Ten cases of type 1 PRCC with a uniform morphologic pattern were selected from the 19 500 renal tu-
Necrosis . . . . . . . .
Necrotics mors, of which 1311 were PRCCs in our registry. We focused on precise morphologic diagnosis supported by im-
Molecular genetics munohistochemical and molecular-genetic analysis. Patients included 8 men and 2 women with an age range of

32-85 years (mean, 62.6 years). Tumor size ranged from 6 to 14 cm (mean, 9.4 cm). Follow-up data were avail-
able in 7 patients, ranging from 0.5 to 14 years (mean, 4 years). All tumors were spherical, cystic, and
circumscribed by a thick fibrous capsule, filled with hemorrhagic/necrotic contents. Limited viable neoplastic tis-
sue was present only as a thin rim in the inner surface of the cyst wall, consistent with type 1 PRCC. All cases were
positive for AMACR, OSCAR, CAM 5.2, HIF-2, and vimentin. Chromosome 7 and 17 polysomy was found in 5 of 9
analyzable cases, 2 cases demonstrated chromosome 7 and 17 disomy, and 1 case showed only chromosome 17
polysomy. Loss of chromosome Y was found in 5 cases, including 1 case with disomic chromosomes 7 and 17. No
VHL gene abnormalities were found. Papillary renal cell carcinoma type 1 can present as a large hemorrhagic/ne-
crotic unicystic lesion with a thick fibroleiomyomatous capsule. Most cases showed a chromosomal numerical
aberration pattern characteristic of PRCC. All tumors followed a nonaggressive clinical course. Large liquefactive
necrosis should not necessarily be considered an adverse prognostic feature, particularly in a subset of type 1
PRCC with unilocular cysts filled with necrotic/hemorrhagic material.

© 2016 Elsevier Inc. All rights reserved.
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hemorrhage. Nonetheless, unilocular cystic tumors within type 1 PRCC
are rather uncommon.

We describe a cohort of PRCC, morphologically consistent with type
1 according to the Delahunt classification, which were large unilocular
cystic tumors surrounded by thick-wall fibrous capsule and filled with
hemorrhagic/necrotic contents, demonstrating long-term favorable
clinical outcome [1,2]. The purpose of this study was to describe a
unique subpopulation of type 1 PRCC with an unusual gross and histo-
logic presentation (cystic lesion with necrotic content) to enhance our
understating of the prognostic significance of tumor necrosis (TN) in
these tumors.

2. Materials and methods

This study design was approved by local ethical committee (Charles
University, Medical School Plzen).

Of 19 500 renal tumors and tumor-like lesions (including 1311
PRCCs) in the institutional and consultation files of the Sikl's Depart-
ment of Pathology at Charles' University, Plzen, Czech Republic, 10
cases of cystic and largely necrotic type 1 PRCC were retrieved. The tis-
sue had been fixed in neutral formalin, embedded in paraffin, 3- to
4-um-thick sections were cut and stained with hematoxylin and eosin.

All tumors were large cystic lesions encapsulated by a thick, mostly
fibrotic tissue. In 2 cases, the tumor capsule was histologically com-
posed of so-called phenomenon inflammatory pseudotumor, for
which one of them has already been reported [3]. Cysts were filled
with sanguinolent necrotic material, whereas viable neoplastic struc-
tures were identified only in the inner surface of the cyst wall. Cases
were further examined by immunohistochemistry and analyzed by
molecular-genetic methods.

2.1. Immunohistochemistry

The immunohistochemical study was performed using a Ventana
Benchmark XT automated stainer (Ventana Medical System, Inc, Tuc-
son, AZ). The following primary antibodies were used: cytokeratin
AE1/3 VM (AE1/AE3/PCK26, monoclonal; Ventana-Roche, Mannheim,
Germany, RTU), wide-spectrum keratin (OSCAR, monoclonal, 1:2000;
Covance, Princetown, NJ), cytokeratin (CAM 5,2 monoclonal, 1:200;

Becton-Dickinson, San Jose, CA), racemase/AMACR (P504S, monoclonal,

1:50; Zeta, Sierra Madre, CA), vimentin (D9, monoclonal, 1:1000;
Neomarkers, Westinghouse, CA), carbonic anhydrase IX (rhCA9, mono-
clonal, 1:100; RD Systems, Abingdon, GB), CD31 (JC70A, monoclonal,
1:50; DakoCytomation, Glostrup, Denmark), CD34 (QBEnd-10, mono-
clonal, 1:100; DakoCytomation), c-kit (CD 117, polyclonal;
DakoCytomation, RTU), cathepsin K (monoclonal, 3F9, 1:100; Abcam,
Cambridge, UK), PAX-8 (polyclonal rabbit, 1:25; Cell Marque—Medac/
RNDr. A. Manthey, Rocklin, CA), TFE3 (polyclonal, 1:100; Abcam), HIF-
1a (ESEE122, 0.5:150; Abcam), HIF-2a (ep190b, 1:30; Abcam), and
phospho-mTOR (Ser2448, 1:80; Cell Signaling Technology, Danvers,
MA). Appropriate positive and negative controls were used.

2.2. Molecular-genetic study

2.2.1. Fluorescence in situ hybridization methods

Four-micrometer-thick section was placed onto a positively charged
slide. Hematoxylin and eosin—stained slide was examined for the cell
counting area determination.

The unstained slide was routinely deparaffinized and incubated in
the 1x Target Retrieval Solution Citrate pH 6 (Dako, Glostrup,
Denmark) for 40 minutes at 95°C and subsequently cooled for 20 mi-
nutes at room temperature in the same solution. The slide was washed
in deionized water for 5 minutes and digested in protease solution with
Pepsin (0.5 mg/mL; Sigma-Aldrich, St Louis, MO) in 0.01 M HCI at 37°C
for 20 minutes. The slide was then placed into deionized water for 5

minutes, dehydrated in a series of ethanol solution (70%, 85%, and 96%
for 2 minutes each), and air-dried. Probes for aneuploidy detection of
chromosomes 7 and 17 (Vysis/Abbott Molecular, Des Plaines, IL;

see Table 1) were mixed with water and LSI/WCP (Locus-Specific
Identifier/Whole Chromosome Painting) Hybridization buffer (Vysis)

in a 1:2:7 ratio. An appropriate amount of probe mix was applied

on the specimen, covered with a glass coverslip and sealed with a
rubber cement. The slide was incubated in the ThermoBrite instrument
(StatSpin/Iris Sample Processing, Westwood, MA) with co-denaturation
parameters 85°C for 8 minutes and hybridization parameters 37°C for
16 hours. Rubber-cemented coverslip was then removed and the slide
was placed in a posthybridization wash solution (2x SSC/0.3% NP-40)
at 72°C for 2 minutes. The slide was air-dried in the dark, counterstained
with DAPI (Vysis), coverslipped and immediately examined.

2.2.2. Fluorescence in situ hybridization interpretation

The section was examined with an Olympus BX51 fluorescence mi-
croscope (Olympus Corporation, Tokyo, Japan) using a x100 objective
and filter sets Triple Band Pass (DAPI/SpectrumGreen/SpectrumOrange)
and Single Band Pass (SpectrumGreen/SpectrumOrange). Scoring of an-
euploidy was performed by counting the number of fluorescent signals
in 100 randomly selected nonoverlapping tumor cell nuclei. The slide
was independently enumerated by 2 observers (OH and PG). Monoso-
my and polysomy for studied chromosomes were defined as the pres-
ence of one signal per cell in greater than 45% and 3 and more signals
in greater than 10% (mean + 3 SD in normal nonneoplastic control tis-
sues), respectively.

2.2.3. DNA extraction and bisulfite DNA conversion

DNA for molecular-genetic investigation was extracted from
formalin-fixed, paraffin-embedded tissue. Several 5-um-thick sections
were placed on the slides. Hematoxylin and eosin—stained slides were
examined for identification of neoplastic tissue. Subsequently, neoplas-
tic tumor and nonneoplastic tissue from unstained slides were scraped
and DNA was isolated by the NucleoSpin Tissue Kit (Macherey-Nagel,
Diren, Germany).

Bisulfite conversion of DNA was carried out using EZ DNA
Methylation—Gold Kit (DNA input 500 ng; Zymo Research, Orange, CA).

All procedures were performed according to the manufacturer's
protocols.

2.3. VHL gene analysis

Mutation analysis of exons 1, 2, and 3 of the VHL gene was per-
formed using polymerase chain reaction (PCR) and direct sequencing.
Polymerase chain reaction was carried out using primers shown in
Table 2. The reaction conditions were as follows: 12.5 pL of HotStar
Tag PCR Master Mix (Qiagen, Hilden, Germany), 10 pmol of each prim-
er, 100 ng of template DNA, and distilled water up to 25 pL. The ampli-
fication program consisted of denaturation at 95°C for 15 minutes and
then 40 cycles of denaturation at 95°C for 1 minute, annealing at 55°C
for 1 minute, and extension at 72°C for 1.5 minute for all amplicons.
The program was finished by 72°C incubation for 7 minutes.

The PCR products were checked on 2% agarose gel electrophoresis.

Successfully amplified PCR products were purified with magnetic
particles Agencourt AMPure (Agencourt Bioscince Corporation, A
Beckman Coulter Company, Beverly, MA), both side sequenced
using Big Dye Terminator Sequencing kit (Applied Biosystems, Foster
City, CA) and purified with magnetic particles Agencourt CleanSEQ
(Agencourt Bioscince Corporation) all according to the manufacturer's
protocol, and subsequently run on an automated sequencer ABI Prism
3130xI (Applied Biosystems) at a constant voltage of 13.2 kV for 20 mi-
nutes. All samples were analyzed in duplicates. Analyses of positive
samples were repeated.
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Table 1
Clinicopathologic data
Case Age (y) Sex Size (cm) Follow-up (y) Follow-up (clinical information)
1 40 M 6x55x3.5 0.5 Open resection; pT1b. AW, without recurrency
2 67 F 6.5x55x55 2 Right kidney resection; pT1b; duplicate malignancy-brest cancer. AW, without recurrency
3 67 M 9x75x4 NA NA
4 37 M NA NA NA
5 65 F 9x7x6 4 AW
6 83 M 14 x115x7 0.5 Nephrectomy with appendectomy; pT2. Epidermoid lung carcinoma. Died in 2008 of lung carcinoma. No autopsy
7 69 M 9x11x11 14 Nephrectomy with appendectomy; AW, without progression
8 85 M 95x75x%5 NA NA
9 32 M NA 4 Marsupialization of “renal cyst”; pT2. Died in 2007 of hepatic failure. No autopsy
10 81 M 10%x8x4 3 Nephrectomy. Died 3y later of unknown causes. Suspect malignant tumor diagnosed from needle biopsy.
Abbreviations: AW, alive and well; F, female; M, male; NA, not available.
2.3.1. Analysis of VHL promoter methylation filled with hemorrhagic and necrotic material (Fig. 2). No grossly iden-
Detection of promoter methylation was carried out via methylation- tifiable neoplastic tissue was noted within the entire tumor. )
specific PCR as described by Herman et al [4]. Briefly, 100 ng of DNA or 2 Microscopically, all cases showed similar basophilic morphologic
uL of converted DNA was added to reaction consisted of 12.5 pL of HotStar appearance with low-grade nuclear features consistent with type 1
Taq PCR Master Mix (Qiagen), 10 pmol of forward and reverse primer PRCC. In most cases, there was only very limited amount of viable neo-
(Table 3), and distilled water up to 25 pL. The amplification program com- P'a_S“C tissue present I|nl|ngl the inner surface the cyst (FIQ- 3A +B). This
prised denaturation at 95°C for 14 minutes and then 40 cycles of denaturation residual viable neoplastic tissue focally formed short papillae/
at 95°C for 1 minute, annealing at 60°C for 1 minute, and extension at 72°C for tubulopapllla_ry structures mostly lined by a smgle-cuqual or |9W'
1 minute. The program was finished by incubation at 72°C for 7 minutes. columnar epithelial cells with scant cytoplasm and relatively uniform
The PCR products were checked on 2% agarose gel electrophoresis. nuclei (Fig. 4A + B). Occasionally, more complex papillary structures
A patient with known VHL mutation and fully methylated HeLa cell were encountered. Histologic grade 2 was found in 8 cases, 3in 2
DNA were used as a positive control for VHL mutation analysis and pro- cases (International Society of Urological Pathology [ISUP] nucleolar
moter methylation analysis, respectively. As a negative control, ran- grading).
domly selected healthy donor blood was used. All tumors were well circumscribed, with a prominent fibrous capsule
showing a thickness up to 2 cm. In 2 cases (cases 9 and 10), the capsule
wall comprised rather cellular tissue composed mostly of fibroblasts
with focally dense lymphocytic infiltration. Such a phenomenon was mor-
phologically consistent with the diagnosis of inflammatory pseudotumor
(Fig. 5A + B). Cysts were filled with hemorrhagic and necrotic material.
3. Results
3.1. Clinical features
Clinicopathologic data of the patients under study are summarized
in Table 1. Of 10 patients, 8 were men and 2 were women, with age 3.3. Immunohistochemistry
ranging from 32 to 85 years (mean, 62.6 years; median, 67 years). The
tumor size ranged from 6 to 14 cm (mean, 9.4 cm; median, 9.3 cm). ) . . e . .
Follow-up data were available for 7 patients and ranged from 5 months The immunohistochemical findings are summarized in Table 2. All of
to 14 years (mean, 4 years; median, 3 years). Three patients died of con- the examined tumors were diffusely positive for AMACR, OSCAR, CAM
ditions unrelated to renal tumor progression (ie, lung cancer and hepat- 5.2, anti-HIF-2 and vimentin (Fig. 6). CD117 and anti HIF-1 were weakly
ic failure). The remaining 7 patients were alive and well without disease positive. MIA was diffusely positive in 9/10 cases, and in one case
progression or metastasis at the time of study. (case 8) the positivity was focal. 7 of 10 tumors diffusely reacted with
PAX 8, and the remaining 3 cases were focally positive. There was no ex-
pression of CANH and TFE3 in any case. Expression of CD34, CD31,
mTor, Cathepsin K, and AE1-AE3 was variable. ALK-1 was negative
both in pseudocapsules and in the neoplastic tissue in all cases.
3.2. Gross and microscopic findings
Grossly, tumors were large, with size up to 14 cm in greatest dimen-
sion (case 6). The tumors grew expansively, were well demarcated, and 3.4. Molecular-genetic findings
did not invade into adjacent structures (Fig. 1A + B). All tumors pre-
sented as unilocular cystic mass encapsulated by thick whitish fibrous
tissue. The inner surface of the capsule was mainly covered by a very Findings of molecular-genetic analyses are summarized in Table 3.
thin layer of brownish friable tissue, and the whole cyst was usually Tumors were analyzed for chromosomal copy number variation using
array comparative genomic hybridization (aCGH) and fluorescence in
Table 2
Immunohistochemical findings
Case CD117 CD31 CD34 Cath AMACR OSCAR Vim AE 1/3 CAM5.2  MIA TFE3 CANH PAXS8 Anti—HIF-1 Anti—HIF-2 mTOR ALK 1a
1 + - - - +++ +++ +++ foc +++ ++ +++ - - +++ + +++ foc +++ -
2 + + + - +++ +++ +++ foc ++ ++ +++ - - ++ + +++ foc +++ -
3 + + + - +++ +++ +++ foc +++ ++ e+ - - ++ + +++ foc +++ -
4 + + - - +++ +++ +++ +++ +++ +++ - - +++ ++ +++ foc +++ -
5 + + + - +++ +++ +++ foc +++ +++ +++ - - +++ + +++ + -
6 + + - - +++ +++ +++ +++ ++ ++ - - ++ ++ e+ - -
7 + - - - +++ +++ +++ foc +++ ++ ++ - - foc +++ + e+ foc +++ -
8 + + + + +++ +++ +++ +++ ++ foc +++ - - foc +++ ++ +++ foc +++ -
9 + + + - +++ +++ +++ +H+ ++ +++ - - foc +++ ++ e+ foc ++ -
10 + + + + +++ +++ +++ foc ++ ++ +++ - - +++ + +++ + -

Abbreviations: Cath, cathepsin K; foc, focally; Vim, vimentin; -, negative; +, weakly positive; ++, moderately positive; +++, strongly positive.

aAssessed in the capsule only.
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Table 3
Molecular-genetic analyses

Case Sex aCGH CEP7 CEP 17 CEP XY LOH 3p VHL VHLM
1 M +9,+12,+20,-Y D D X Neg Neg Neg
2 F +12,+13,+16,+17,-21 D P XX Neg Neg Neg
3 M No changes NA NA NA Neg Neg Neg
4 M NP P P X- NA NA Neg
5 F NP NP NP NP NP NP NP
6 M +7,+17 P P X Neg Neg Neg
7 M +(7pter-7q22.1),+17,-Y P P X NA Neg Neg
8 M No changes D D XY Neg Neg Neg
9 M +2,+3,+7,+12,+16,+17,+20,+21,+22 P P XY Neg Neg Neg
10 M NP P P X NA Neg Neg

situ hybridization. Seven cases were analyzable by aCGH. Chromosome
7 and 17 polysomy was found in 5 cases (Fig. 7). No chromosomal nu-
merical aberrations were found in 2 cases. In case 1, both chromosomes
7 and 17 were disomic with loss of chromosome Y detected by aCGH
and subsequently confirmed by fluorescence in situ hybridization.
Polysomies of chromosomes 9, 12, and 20 were found in the same
tumor (case 1). Case 2 exhibited gains of chromosomes 12, 13, 16, and
17; chromosome 21 was monosomic and chromosome 7 was disomic.
No VHL gene abnormalities including mutations, hypermethylation
of VHL promoter, and loss of heterozygosity of 3p locus were found in
analyzable cases (Table 3).

4. Discussion

It has been evident since the so-called Heidelberg classification in
1997 that renal tumors represent a highly heterogeneous group of

Fig. 1. (A) Case 2. Postcontrast computed tomography (CT), excretory phase, sagittal
section. A round-shape tumor of the upper pole of the left kidney. Postcontrast density
17-61 HU. Necrotic center of the tumor is clearly visible. (B) Case 3. Postcontrast CT,
arterial phase, axial section. Tumor of the right kidney, round shape with large central
necrosis, postcontrast density 25-68 HU.

neoplasms not only morphologically but also from molecular-genetic
perspectives [5]. In the 2004 World Health Organization classification
of genitourinary tumors, 4 new subtypes of renal tumors were intro-
duced [6]. In the 2012 ISUP Vancouver Renal Tumor Classification, fur-
ther 5 new renal tumors were included and 3 more were recognized
as “emerging” renal tumors [6]. The recent 2016 World Health Organi-
zation classification fully accepts the proposals of the 2012 ISUP
Vancouver classification and one of the “emerging entities,” succinate
dehydrogenase deficient renal cell carcinoma (RCC), has been added
as a new entity [7]. It is evident from these ever-evolving classifications
that the morphologic and genetic variability of renal tumors are
enormous and that one can reasonably anticipate different clinical
outcomes in particular tumor types. Therefore, prognostic criteria
and predictor factors can play a crucial role in providing individual
risk profiles with a suitable aftercare conception [8]. It would be chal-
lenging to apply prognostic morphologic criteria to RCCs owing to
vast tumor heterogeneity and the diverse biological pathways that
exist in various tumors [8,9].

Type 1 PRCC is currently considered a distinct entity with relative
uniform gross, histologic, and immunohistochemical features as well
as similar molecular-genetic profile. Our cohort is constituted of a ho-
mogenous subset of type 1 PRCC presenting with large unilocular cystic
necrotic tumors.

Papillary renal cell carcinoma, the second most common RCCs, was
initially classified as 2 morphologic groups of so-called type 1 and
type 2 by Delahunt and Eble [2]. Papillary renal cell carcinomas are gen-
erally immunoreactive for vimentin, cytokeratins AE1-AE3, CAM5.2,
high-molecular-weight cytokeratins, EMA, CD10, and AMACR. Type 1
PRCC is more frequently positive for CK7. Genetic abnormalities in
PRCC most commonly include trisomy/polysomy of chromosomes 7,
12, 16, 17, and 20 and loss of the Y chromosome. Several studies have

Fig. 2. Thick-walled cyst with thin, mostly necrotic rim of neoplastic tissue on the inner
surface.
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Fig. 3. (A + B) A limited amount of the vital neoplastic tissue lined the inner wall of the
cyst. (A) Scanning magnification showing a large portion of thick-walled cyst. (B) Large
areas of inner surface of the cyst were covered by necrotic material only.

suggested genetic differences between type 1 (morphologically baso-
philic) and type 2 (morphologically eosinophilic) subtypes [6].

The increasing number of reported cases and the development of
new diagnostic techniques have demonstrated that PRCC, as a group, is
more diverse morphologically and genetically than previously thought.

Papillary renal cell carcinomas sometimes display overlapping mor-
phologic features of type 1 and type 2, which can pose significant diag-
nostic difficulties in differentiating between the 2 types [10]. Several
distinct variants of PRCC that are different from type 1 and type 2
have been described in the literature [11-14]. It should be noted that
types 1 and 2 PRCCs are shown to be clinically and biologically distinct.
Alterations in the MET pathway are associated with type 1, and activa-
tion of the NRF2-ARE pathway is described with type 2 [15]. Type 1 tu-
mors often harbor gains of chromosomes 7p and 17p, whereas type 2
tumors contain an allelic imbalance of one or more chromosomes,
namely, chromosomes 1p, 3p, 5, 6, 8, 9p, 10, 11, 15, 18, and 22 [6,15].

27

Fig. 4. Viable neoplastic tissue focally formed tubulopapillary (A) or short papillary
(B) structures mostly lined by single-cuboidal or low-columnar epithelial cells with
scant cytoplasm and uniform nuclei.

In our study, we attempted to assemble a uniform cohort of PRCC tu-
mors that were consisted of large cystic necrotic’hemorrhagic tumors en-
capsulated by thick fibrous tissue. Morphologically and
immunohistochemically, all lesions corresponded with type 1 PRCC.

We noted that the tumors contained only scarce amounts of viable neo-
plastic tissue, mainly in the inner surface of the cyst wall, with most of
tumor volume consisting of necrotic sanguinolent material.

The molecular-genetic profile was also expectedly consistent with
type 1 PRCC (in 5/9 analyzable cases). Two of our cases demonstrated
disomy in chromosomes 7 and 17, but also showed additional chromo-
somal abnormalities. Gains of chromosomes 9, 12, and 20 were found in
1 case (case 1), with a second case (case 6) exhibiting normal chromo-
some 7 and 17 status as well as disomy of all other chromosomes.

The prognosis of RCCs in general is attributed to several clinical and
pathological factors such as symptomatic cancer, TNM classification,
histologic grade, and presence/absence of a sarcomatoid differentiation
[22]. The presence of TN has also been proposed repeatedly as an inde-
pendent prognostic factor. Tumor necrosis appears to represent an in-
teresting parameter in prognostic assessment owing to its easy and
reproducible identification in routine histopathologic examination.
However, there are several conflicting aspects that challenge the notion
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Fig. 5. Thick capsule resembling inflammatory pseudotumor was present in 2 cases.
Scanning magnification (A) and detailed view (B).

of TN as a prognostic parameter. First, the prognostic significance of ne-
crosis in RCCs remains controversial because the studies published to
date have shown conflicting results [9,16,17]. This may be explained

Fig. 6. All tumors were positive for AMACR.

by the fact that no uniform consensus on assessing TN exists. Some re-
searchers evaluate necrosis from gross specimens only [16,18], whereas
others use radiologic or microscopic findings [9,17,19]. Klatte et al sug-
gested that classification based solely on the presence or absence of ne-
crosis is unsatisfactory. Conversely, they recommended a scoring
system based on the extent of necrosis as a part of every pathological
examination [33]. However, this concept is not currently accepted as

part of standard reporting.

Although TN is often reported as an adverse prognostic factor, its sig-
nificance is only well established in clear cell RCC [6,20-22]. Further-
more, according to a recently proposed grading system for clear cell
RCC, only coagulative-type necrosis is considered as a significant prog-
nostic marker. It should be noted that no such criteria have been
established for PRCC. Coagulative-type necrosis is characterized by pre-
served architecture of dead tissues and firm texture, with neoplastic
cells showing no nuclei with limited structural damage, giving the ap-
pearance of so-called “ghost cells.”

On the other hand, liquefactive necrosis is characterized by digestion
of the dead cells resulting in transformation of the tissue into a liquid
viscous mass [23]. We consider the necrosis within our cohort to be
liquefactive type, as a substantial part of the tumor was transformed
into a liquid viscous, largely hemorrhagic mass in all cases.

Considering that PRCCs are composed of a diverse and heterogeneous
group of tumors, the determination of prognostic factors would even be
more difficult to ascertain. The situation is further complicated by the
fact that the incidence of PRCC is much lower than that of clear cell RCC,
and a relatively limited number of studies dealing with prognostic factors
in PRCC have been published [24]. One of the strengths of our series is that
all the cases were uniformly and exclusively composed of type 1 PRCC ac-
cording to Delahunt classification. It is worth noting that studies assessing
clinical outcomes in PRCC may have generated inconsistent conclusions
simply due to heterogeneous nature of PRCCs. Hence, numerous re-
searchers have made an effort to determine the most useful method of his-
tologic assessment in establishing meaningful prognostic factors. Onishi
et al [25] studied clinicopathologic features of 42 PRCCs and their influence
on prognosis. They suggested that the presence or absence of foam cells,
pseudocapsule, solid architecture, cytologic appearance, stage, and nuclear
grade were meaningful prognostic factors. In addition, they observed that
the prognosis of patients with PRCC was similar to those with clear cell
RCC. They did not include TN among the list of prognostic parameters, as-
suming that TN simply indicates poor tumor vascularization and that
would be clinically irrelevant. However, because PRCC refers to a rather di-
verse heterogenous group of tumors and no further subclassifications of
PRCC were provided by the authors, it would be difficult to determine
which prognostic factors would have been attributed to different types
of PRCC. Several other studies also reached a similar conclusion to that of
Onishi et al, not considering TN to be an adverse prognostic parameter
in PRCC [9,25-28]. In contrast, a number of studies reported TN to be asso-
ciated with an adverse clinical course. In this regard, it is thus understand-
able that some researchers have designated TN as an adverse prognostic
factor for PRCC [24,29-32].

However, it is of note that the subclassifying of PRCC into the type
1 and type 2 was not taken into consideration in some of these studies
[8,26,28,33,34], whereas it was included in others [9,16,29,31]. For this
reason, it is unclear whether it would be possible to compare the results
from studies dealing with such a heterogeneous cohort of tumors.

For instance, some PRCCs (ie, familiar leiomyomatosis associated
[papillary] RCC) are clinically aggressive tumors, and that it would be
inappropriate to objectively assess the prognostic value of TN in
PRCCs without further subtyping.

This study is one of its kind to address this issue in an objective fash-
ion. In our series of 10 largely necrotic type 1 PRCCs, none of the tumors
demonstrated an aggressive or metastatic behavior. However, we
would like to point out that our study has no ambition to establish prog-
nostic criteria for type 1 PRCC or to evaluate presence/absence of
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Fig. 7. Array CGH profile of case 7 revealing gains on chromosomes 7 (7pter-7g22.1) and 17, and a loss of chromosome Y.

necrosis as an adverse/ambivalent prognostic feature. The aim of this
study was to describe a subpopulation of type 1 PRCC characterized
by uniform, albeit unusual gross and histologic features.

An interesting phenomenon was documented in cases 9 and 10
of our series where the tumor capsule was composed of fibrous
tissue, indistinguishable from inflammatory pseudotumor histological-
ly. Therefore, it is very important to carefully examine the capsule
and to distinguish myofibroblastic proliferation from sarcomatoid
differentiation or even from sarcoma arising in an inflammatory
pseudotumor. Inflammatory pseudotumors may express ALK-1 and
cytokeratin immunostains, which can be helpful in differentiating
ambiguous entities [33,34]. Neither ALK-1 nor cytokeratins showed a
positive reaction in any tumor capsule in our series including the
above-mentioned 2 cases. The capsules reminiscent of inflammatory
pseudotumor in the above-mentioned cases exhibited identical immu-
nohistochemical reaction against ALK-1 and cytokeratins as tumors
with a “simple” fibrous capsule.

According to some authors, the presence of a fibromuscular pseudo-
capsule is rather characteristic of and more prominent in clear cell RCC,
less frequently present in chromophobe RCC, and rarely in PRCC [34].
Fibromuscular pseudocapsules are characterized by a complex architec-
ture including both connective tissue and smooth muscle fibers with
thicker capsules sometimes containing vasculopathy. The presence of
a pseudocapsule may be helpful to resolve diagnostic difficulties in chal-
lenging cases. The core biopsy specimen from patients with a high
Bosniak type might be composed predominantly of fibromuscular tis-
sue and only scant tumor fragments [34]. This kind of biopsy finding
should lead to recommend additional tissue sampling. The designation
of such a specimen as a nonrepresentative or even nonneoplastic biopsy
should be considered with caution. According to some authors, radio-
logic and/or pathologic presence of a pseudocapsule/fibromuscular tis-
sue may raise suspicion for RCC, with a higher probability of clear cell
type [34]. The cases described in our study clearly show that a thick
pseudocapsule can also be found in low-grade PRCC type 1.

5. Conclusions

Type 1 PRCC can present as a large unicystic lesion with necrotic/
hemorrhagic content and surrounded by thick fibroleiomyomatous
capsule. Most of our cases contained a chromosomal numerical aberra-
tion pattern characteristic of PRCC. All tumors followed a nonaggressive
clinical course. Large liquefactive necrosis should not necessarily be
considered an adverse prognostic feature, at least in a subset of type 1
PRCC with unilocular necrotic cystic presentation. Adequate tissue sam-
pling in such tumors is crucial to arrive at accurate diagnosis, because
most of these tumors contain limited viable neoplastic tissue lining
the inner cyst wall.

Abbreviations: CEP, centromeric enumeration probe; F, female; LOH
3p, loss of heterozygosity of chromosome 3p; M, male; NA, not analyz-
able; Neg, negative; NP, not performed; P, polysomy; VHL, mutation
analysis of VHL; VHLM, methylation of VHL; X-, loss of chromosome Y
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3.6 Molecular-genetic analysis is essential for accurate classification
of renal carcinoma resembling Xp11.2 translocation carcinoma

Xpll.2 TRCC se prioritn¢ vyskytuje u mladych pacienti a byva popisovan v
souvislosti s pfedchozi expozici chemoterapii.

U vybrané skupiny 20 ptipadt (z celkem 17 500 rendlnich neoplasii v Plzenském
registru nadortt), u nichz vyvstalo na podkladé¢ morfologického vzhledu podezieni na
diagnézu TRCC (tzv. TRCC-like), byla za ucelem stanoveni presné diagndzy provedena dalsi
vySetfeni pomoci imunohistochemie a molekularné genetickych metod. U deviti pfipadt byla
potvrzena translokace TFE3 (pomoci FISH), tyto nadory byly na =zakladé vysledka
molekularné genetickych metod oznaceny za Xpll.2 TRCC. Ze zbylych 11 TRCC-like
nadort (7 muzi, 4 Zeny, vékové rozmezi pacienti 22-84 let), pouze u deviti pripadd byl
k dispozici material pro dalsi studii. Morfologické spektrum 1ézi bylo velmi riznorodé, u Sesti
tumorQ s pfitomnosti bun€k s eosinofilni ¢i jasnou cytoplasmou v tubuldrnim, acindrnim a
papilarnim uspotadani. Jeden z nddorti obsahoval epiteloidni vietenité buiiky a sarkomatoidni
okrsky, celkové tak nador ptsobil high-grade morfologii. Dalsi nador se prezentoval okrsky s
tubularni, solidni a papilarni architektonikou a okrsky vietenitych bun¢k, coz celkové davalo
nadoru vzhled ptfipominajici MTSRCC. Posledni z nadori vykazoval na pozadi denzniho
lymfoplazmocytarniho infiltratu dyskohezivné rozprostfena hnizda velkych epitheloidnich a
histiocytarnich bunék. Exprese cytokeratinovych markert byla vyjadiena ve tiech piipadech
za pouziti cytokeratinu AE1/AE3, cytokeratin CK7 reagoval siln¢ u jednoho pfipadu a u
jednoho z tumord byl exprimovan pouze slabé fokaln¢. Imunohistochemicky prikaz CD10 a
PAXS8 byl pozitivni v osmi ptipadech, AMARC a vimentin vykazovaly pozitivitu u sedmi
tumord, exprese CA-IX byla zastizena ve Ctyfech ptipadech a dva ptipady byly pozitvni pii
imunohistochemickém prukazu TFE3 a kathepsinu K. Molekularné genetické vySetieni pak u
jednoho z TFE3 imunohistochemicky pozitivnich pfipadt ukazalo polysomii chromosomu 7,
druhy TFE3 imunohistochemicky pozitivni tumor vykazoval polysomii chromosomu 17, oba
tyto tumory nevykazovaly VHL abnormality a finalné byly klasifikovany jako RCC NOS. Ze
sedmi TFE3 imunohistochemicky negativnich pfipadi byly tfi klasifikovany jako
kombinovany CCRCC a PRCC (u nadori prokdzéna polysomie chromosomi 7/17 a VHL
abnormality), jeden tumor byl oznacen jako CCRCC (normalni status chromozomut 7/17
avSak pfi ptitomnosti VHL abnormality — LOH 3p), jeden pfipad vykazoval zmény typické
pro PRCC (polysomie 7/17, normalni VHL status) a byl tedy jako PRCC klasifikovan a dva
ptipady (normalni statut chromosomu 7/17, bez VHL abnormalit) byly zafazeny do kategorie
RCC NOS.

Ve vysledku, pfi své morfologické a imunohistochemické heterogenité, je piesna
klasifikace a odliseni TRCC a TRCC-like nadorti mozné pouze na zakladé posouzeni
morfologie a zejména provedenim molekuldrné-genetické analyzy, imunohistochemické
vySetieni ma jen relativné omezeny vyznam. TRCC jsou tedy jednotkou diagnostikovanou
na zakladé morfologickych a molekularné genetickych metod. Je evidentni, ze v minulosti
fada nadort oznaCenych jako TRCC byly rendlni karcinomy, které skute¢né translokacni
karcinomy pouze napodobovaly.
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Abstract Xp11.2-translocation renal carcinoma (TRCC) is
suspected when a renal carcinoma occurs in young patients,
patients with a prior history of exposure to chemotherapy and
when the neoplasm has morphological features suggestive of
that entity. We retrieved 20 renal tumours (from 17,500 archi-
val cases) of which morphology arose suspicion for TRCC. In
nine cases, TFE3 translocation was confirmed by fluorescence
in situ hybridisation analysis. In 9 of the remaining 11 TRCC-
like cases (7 male, 4 female, aged 22—-84 years), material was
available for further study. The morphological spectrum was
diverse. Six tumours showed a mixture of cells with eosino-
philic or clear cytoplasm in tubular, acinar and papillary
architecture. One case was high grade with epithelioid, spindle
cell and sarcomatoid areas. Another showed tubular, solid,
and papillary areas and foci containing spindle cells reminis-
cent of mucinous tubular and spindle cell carcinoma. The third
showed dyscohesive nests of large epithelioid and histiocytoid
cells in a background of dense lymphoplasmacytic infiltrate.
By immunohistochemistry, keratin AE1/AE3 was diffusely
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positive in three tumours, while CK7 strongly stained one
tumour and another focally and weakly. CD10 and Pax8 were
expressed by eight, AMACR and vimentin by seven, CA-IX
by four and TFE3 and cathepsin K by two tumours. Of the two
TFE3-positive tumours, one showed polysomy of chromo-
some 7 and the other of 17; they were VHL normal and
diagnosed as unclassifiable RCC. Of the seven TFE3-
negative tumours, three showed polysomy of 7/17 and VHL
abnormality and were diagnosed as combined clear cell RCC/
papillary RCC. One TFE3-negative tumour with normal 7/17
but LOH 3p (VHL abnormality) was diagnosed as clear cell
RCC. One TFE3-negative tumour with polysomy 7/17 but
normal VHL was diagnosed as papillary RCC, and two with
normal chromosomes 7/17 and VHL gene were considered
unclassifiable. As morphological features and IHC are hetero-
geneous, TRCC-like renal tumours can only be sub-classified
accurately by multi-parameter molecular-genetic analysis.

Keywords Translocation . Renal cell carcinoma . TFE3 .
Xpl1l . FISH . Molecular genetics . MiTF .
Immunohistochemistry

Introduction

Translocation-associated renal cell carcinoma (TRCC)
resulting from Xp11.2 (TFE3) translocation was recognised
first in paediatric and young adult patients [30, 41]. Subse-
quently TRCC was documented in older adults, and its fre-
quency in the adult population is probably underestimated [8,
13, 20, 25, 48]. While TRCC has a favourable prognosis in
children, these neoplasms may be aggressive in adults [24, 27,
31, 40].

Several variants of TRCC with translocation of TFE3 to
different partner genes are now described [1, 2, 6, 7, 17, 42,
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43]. The more common partners are ASPL and PRCC genes.
TFE3 translocation also occurs in other neoplasms including
alveolar soft-part sarcoma and some forms of PEComa [3, 22,
47]. TRCC involving the closely related TFEB gene, which is
also part of the MiTF gene family, is rarer than TFE3-TRCC
but has a similar clinical presentation and may have overlap-
ping morphology [4, 9, 18, 38]. The two variants of MiTF-
TRCC lack a familial history and are not multifocal, in con-
trast to renal cancers of the hereditary CCRCC syndrome
associated with chromosome 3 translocations, and the hered-
itary PRCC associated with c-MET mutations [46].

Renal carcinoma occurring in a child, or in a patient ex-
posed to chemotherapy for an earlier cancer, suggests the
possibility of TRCC. Morphological studies of TRCC delin-
eated an association with histological features that include a
mixed papillary and alveolar architecture, a mixture of cells
with clear and eosinophilic cytoplasm and clear cells with
abundant voluminous cytoplasm. Presence of blood lakes,
psammoma bodies, stromal hyaline globules and eosinophilic
cytoplasmic inclusions are additional features described in
TRCC. None of these morphological features is specific for
TRCC, and some of the features depend on the precise trans-
location partner of the TFE3 gene fusion. Demonstration of
the TFES translocation is the defining characteristic of TRCC.
This is best demonstrated by break-apart fluorescence in situ
hybridisation (FISH) [32]. Over-expression of the TFE3 pro-
tein can be shown by immunohistochemistry, but the test
requires careful calibration and adherence to strict standards
of fixation and controls to avoid false results. Furthermore,
TRCC has relatively specific immunohistochemical and gene
expression profiles that assist in its distinction from CRCC
and PRCC [5, 14, 38].

The present study was performed on a group of 20 renal
neoplasms selected for their unusual morphology or clinical
presentation, which were considered suspicious for TRCC.
Having excluded the bona fide cases of TFE3-TRCC by FISH
testing, the remaining nine TRCC-like cases with adequate
material were studied further in an attempt to classify them in
terms of the currently accepted Vancouver classification. This
exercise entailed the development of an investigative algo-
rithm for future recommendation.

Materials and methods

Twenty tumours suspect for TRCC based mostly on morpho-
logical features were identified in the Plzen archive of 17,500
renal neoplasms. Haematoxylin and eosin-stained (H&E)
glass slides and formalin-fixed paraffin embedded blocks
were retrieved, and the pathology reports and clinical records
were studied to obtain demographic and follow-up data of the
patients and for gross descriptions of the tumours. In addition
to the original archival slides, standard 4-um sections were cut
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from formalin-fixed, paraffin-embedded blocks selected from
the tumours. These were stained with H&E for light micro-
scopic examination using standard methodology and spare
sections were cut for IHC. The number of blocks per case
ranged from 3 to 30.

All H&E-stained sections and IHC stains were reviewed by
three authors of this paper (MH, KP and OH).

The immunohistochemical study was performed using a
Ventana Benchmark XT automated stainer (Ventana Medical
System, Inc., Tucson, AZ, USA). Antibodies against CK7
(monoclonal, OV-TL 12/30, 1:200, Dako, Glostrup, Den-
mark), pan keratin (polyclonal, AE1-AE3/PCK26, RTU,
Ventana-Roche), CD10 (monoclonal, 56C6, 1:20,
Novocastra, Burlingame, CA, USA), AMACR (monoclonal,
13H4, 1:200, Dako), TFE3 (polyclonal, Abcam, 1:100, Cam-
bridge, UK), vimentin (D9, monoclonal, Neomarkers, Wes-
tinghouse, CA, USA, 1:1000), CA-IX (monoclonal, 303123,
1:100, RD systems, Minneapolis, MN, USA), cathepsin K
(monoclonal, 3F9, Abcam, 1:100), PAX-8 (polyclonal,
Abcam, Cambridge, UK, 1:100) and anti-melanosome
(monoclonal, HMB45, DakoCytomation, 1:200) were applied
to all cases. Selected cases were also stained for S-100 protein
(polyclonal, DakoCytomation, 1:400), wide spectrum keratin
(OSCAR, monoclonal, Covance, Princetown, NJ, 1:2000),
cytokeratin 20 (M7019, monoclonal, DakoCytomation,
1:100) and cytokeratin (CAM 5,2 monoclonal, Becton-Dick-
inson, San Jose, CA, USA, 1:200) as part of their initial
diagnostic work-up.

For each case, 3—-30 blocks were available; for immunohis-
tochemical study, 1-2 selected blocks were used per case.

Molecular genetic study

FISH analysis was performed for TFE3 break and for
enumeration of chromosomes X, Y, 7 and 17. The FISH
procedure using centromeric probes for chromosomes 7
and 17 was described in paper of Petersson et al. [34].
The same technique of analysis and cut-off setting was
used with probes CEP X/CEP Y (VYSIS/Abbott Molec-
ular, Des Plaines, IL, USA) and ZytoLight® SPEC TFE3
Dual Color Break Apart Probe (ZytoVision GmbH, Bre-
merhaven, Germany). Monosomy and polysomy for chro-
mosomes X and Y was defined as the presence of one
signal per cell in >45 % and three and more signals in
>10 % of cells, respectively. The cut-off value for TFE3
break was set to more than 10 % of nuclei with break
signals. Mutation analysis of the VHL gene and loss of
heterozygosity for chromosome 3p region (LOH3p) were
studied by PCR and sequencing and fragmentation analy-
sis, respectively. Methylation of the promoter of the VHL
gene was analysed by methylation-specific PCR. All these
methods were thoroughly described in paper of Petersson
et al. [34].
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Results
Clinical and gross findings

The patients, six male and three female, ranged in age from 43
to 84 years, 7 exceeding 50 years of age (Table 1). Tumour
size ranged from 2.6 to 13 cm with six cases equal to or
exceeding 5 cm in greatest dimension. Six cases were stage
pT1 according TNM 09, two cases pT2 and one pT3. Four
were from the left kidney and five from the right kidney. Most
tumours were tan coloured with areas of brown, yellow to tan
(Fig. 1a), white or grey with occasional, grossly visible necro-
ses (Fig. 1b).

Follow-up was available in six cases. This ranged from 1 to
3 years. One patient died 1 year after diagnosis, and the other
five patients are alive and well.

Histological findings

Three tumours had a prominent tubulopapillary architecture
admixed with some solid nests of cells (Fig. 2a, b). Two
tumours had a predominantly nested and alveolar pattern with
alveolar spaces filled with eosinophilic secretions reminiscent
of thyroid follicles (Fig. 3). One of these tumours contained
small foci with a papillary architecture. Blood lakes were
prominent in these two tumours and were seen focally in six
other tumours. These two tumours and one of the neoplasms
with a tubulopapillary architecture contained abundant clear
cells with voluminous cytoplasm, prominent lateral cell bor-
ders and irregular apical cytoplasmic borders (so-called “blis-
ter” cells; Fig. 4). Such cells were seen focally in three other
tumours. A population of cells with abundant eosinophilic
(oncocyte-like) cytoplasm was also present in four of these
tumours and predominated in two of the neoplasms (Fig. 5).
One tumour with a nested and alveolar architecture mostly
resembled CCRCC but had focal papillary architecture and
some cells with eosinophilic granular cytoplasm (Fig. 6).

Three of the above tumours contained varying numbers of
psammoma bodies and one demonstrated prominent eosino-
philic hyaline cytoplasmic inclusion bodies. None showed
extracellular hyaline nodules of the type descried in some
cases of TRCC. These six tumours were within the classically
described morphological spectrum of TFE3-TRCC. Nuclei
were Fuhrman grade 2 in three tumours and grade 3 in the
other 3 tumours. Necrosis was seen in four of the six tumours.
Three tumours had unusual morphology. One unusual tu-
mour exhibited a mixture of compressed tubules, papillary
structures and spindle cells associated with a myxoid stroma
that in places resembled the mucinous tubular and spindle cell
renal carcinoma. Other areas had a so-called “solid papillary”
pattern. The spindle cells in this neoplasm had eosinophilic
cytoplasm imparting a myoid appearance. Nuclei were pre-
dominantly grade 2, but focally nuclei were highly pleomor-
phic; grade 3—4 and necrosis was identified in several foci
(Fig. 7). Mitoses were scanty and not atypical. Therefore, in
our opinion, this tumour did not represent sarcomatoid carci-
noma but was too atypical to be considered mucinous tubular
and spindle cell renal carcinoma. The second showed poorly
cohesive nests of large plump polygonal cells some with
abundant eosinophilic cytoplasm imparting a histiocytoid
and rhabdoid appearance. Some cells showed peripheral clear-
ing and vacuolation of their cytoplasm resembling that seen in
Touton giant cells. In many areas, the neoplastic cells were
overrun by numerous lymphocytes and plasma cells simulat-
ing a lymphoepithelial carcinoma or recalling the morphology
of Hashimoto’s thyroiditis. The third unusual tumour was
composed predominantly of markedly atypical spindle cells
arranged in poorly cohesive nests lying within a background
of myxoid collagen imparting a sarcomatoid appearance. Fo-
cally, the spindle cell component was associated with inter-
cellular eosinophilic matrix resembling osteoid. Elsewhere,
this neoplasm showed poorly cohesive nests of large epitheli-
oid cells with large vesicular nuclei containing macronucleoli
suggesting melanoma or alveolar soft-part sarcoma. This

Table 1  Clinicopathologic data

Case Sex Age Site Size (cm) pT TNMO9 Color Follow-up

1 M 51 Left 13 pT2 Yellowish NA

2 M 80 Left 10%x6%3 pT3a Tan to brown DOD 1 year after dg
3 F 60 Right 6x4x3 pT1lb Whitish 3 years AW

4 F 75 Right 2.6%2x%2 pTla Gray to tan 1 year AW

5 F 84 Left Diam. 5 pT1lb Gray to tan NA

6 M 57 Right 2.5%2.7x2.9 pTla Yellowish 2 years AW

7 M 48 Right 9x8x7 pT2 Brownish-yellow NA

8 M 72 Left 5%x4.5x3.5 pTlb Tan to brow 1 year AW, CRI, HT
9 M 43 Right 5.5%x4.5x3 pT1lb Tan 1 year AW

M male, F female, NA not available, DOD dead of disease, AW alive and well, CRI chronic renal insufficiency, HT hypertension, dg diagnosis
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Fig. 1 Tumours were mostly yellow to tan on gross section (a) with foci Fig. 2 Some tumours had a prominent tubulopapillary architecture
of grossly visible necrosis (b) admixed with solid nests of cells admixed with solid nests of cells(a, b)

tumour contained extensive necrosis, numerous mitoses and  vimentin and four for carbonic anhydrase-IX (CA-1X). Seven
some atypical mitoses. It was invasive into perinephric fat and were positive for AMACR. Keratin AE1/AE3 was diffusely
exhibited extensive lymphovascular invasion. This tumour positive in three tumours and was negative in six. CK7

was initially considered to potentially fall within the spectrum
of ASPL-TFE3 or TFEB-TRCC and required exclusion of
metastatic melanoma.

Immunohistochemical analysis

Results of the immunohistochemical analysis are listed in
Table 2. None of the tumours showed an immunoprofile
diagnostic of any particular type of RCC. Importantly, TFE3
was positive in two tumours neither of which was strongly
positive for cathepsin K. A third tumour was initially
interpreted as positive for TFE3 but presence of staining in
adjacent benign tissues prompted repeat of the stain, which
was negative. None of the tumours was positive for HMB45.
Cathepsin K was positive in two tumours but one showed only
weak focal staining. The latter tumour was positive for TFE3
by IHC but not FISH (Fig. 8). All but one of the nine TRCC-
like tumours were positive for CD10, seven were positive for

Fig. 3 Two tumours had a predominantly nested and alveolar pattern
with alveolar spaces filled with eosinophilic secretions reminiscent of
thyroid follicles
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Fig. 4 Tumours with tubulopapillary architecture contained abundant
clear cells with voluminous cytoplasm, prominent lateral cell borders
and irregular apical cytoplasmic borders (so-called “blister” cells)

strongly stained one tumour, was weakly and focally positive
in 1 and was negative in six cases. Pax 8 was positive in all but
one case.

Molecular and cytogenetic analysis

One TFE3-negative tumour (case 8) showed normal copy
numbers of 7,17 and LOH 3p (VHL abnormality) (Table 3).
This tumour was diagnosed as clear cell RCC (CCRCC). One
TFE3-negative tumour (case 1) with polysomy 7 and 17 but
normal VHL status was diagnosed as papillary RCC (PRCC).
Two TFE3-negative tumours (cases 4 and 6) had a normal
complement of chromosomes 7 and 17 and no abnormality of
the VHL gene. These tumours were considered unclassifiable.
Three TFE3-negative tumours (cases 5, 7 and 9) that showed
both polysomy of 7 and 17 and VHL abnormality were
regarded as composite or combined CRCC/PRCC (unclassi-
fiable). One of the two TFE3-IHC positive tumours (cases 2

Fig. 6 One tumour with a nested and alveolar architecture mostly
resembled CCRCC but had focal papillary architecture and some cells
with eosinophilic granular cytoplasm

and 3) showed only polysomy 7 and the other only polysomy
17, and both were negative for VHL gene abnormalities. These
were also regarded as unclassifiable RCC.

Discussion

RCCs associated with TFE3 gene fusions are relatively rare
tumours in adults but comprise approximately 30-50 % of
renal cell carcinomas in children. There is an established
association between TRCC and prior exposure to chemother-
apy [14, 39]. The rarity of TRCC cases in our archive could be
explained by the fact that a large majority of the renal neo-
plasms in the archive were obtained from hospitals concen-
trating on adult clinical practice (age of the patients is over

18 years). TFE3 translocation can occur to several different

Fig. 5 A population of cells with abundant eosinophilic cytoplasm was
also present in four of these tumours

Fig. 7 Areas of necrosis were noted in the vicinity of papillary and
micropapillary structures
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Table 2 Immunohistochemical examination

Case: TFE3 CANH9 CD10 Vim AMACR Cathep. HMB45 AE1-AE3 CK7 Pax8
1 - - +++ +++ ++ - - - - ++
2 et - ++ foc 4t - - - - + foc -
3 Tt - +++ foc +++ - +foc - - - +
4 - - ++ foc - +H+ Tt - - - +
5 - - - +++ +++ - - =+ - +
6 - ++ foc +++ +++ +++ - - - - ++
7 - ++ foc et - +++ foc - - et - ++
8 - ++ foc +4+4+ +4+4+ +4+ - - ++ +++ +
9 - +++ +4+4+ +4+4+ +++ foc - - - - +

foc=<25 % cells staining

CANH9 carbonic anhydrase IX, Vim Vimentin, AMACR alpha-methylacyl-CoA racemase, Cathep.

(+++) strong

partner genes including ASPL, PRCC, PSF, CLTC, NonO, and
others not yet fully clarified [7, 8, 10, 11, 19]. Prior to the
recognition of translocation carcinomas of the kidney, most of
these tumours were classified in the categories of clear cell
renal cell carcinoma and papillary renal cell carcinoma [15,

35, 37]. Young age at presentation is one of the main indica-
tors of a possible translocation-associated renal carcinoma and
prompts the pathologist to consider such a diagnosis. Howev-
er, since classical CCRCC and PRCC comprise the most
common renal neoplasms in adults, the possibility of TRCC

is seldom considered in that age group so the incidence of
TFES3 translocation carcinomas in adults aged >50 years is not
known but is likely underestimated. Recent studies have
shown that TRCC occurs in younger adults who typically
present a higher clinical stage than in paediatric patients.

The more aggressive behaviour of TRCC in adults may also
be explained by the progressive acquisition of chromosomal
copy number alterations [33]. The importance of recognising

Fig. 8 Strong nuclear TFE3 positivity was noted in two tumours
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cathepsin K, (-) negative, (+) weak, (++) moderate,

TRCC is increasing in the era of potential targeted therapy
[23, 28].

At the time of initial description, TRCC was noted to have
mostly papillary architecture and to be composed of cells with
voluminous clear cytoplasm. Additional histological pointers
to possible TRCC include an admixture of cells with clear and
eosinophilic cytoplasm, presence of psammoma bodies and
hyaline stromal globules [2, 44]. However, larger studies have
expanded the histological profile to include mixed solid,
nested, alveolar and papillary patterns such that accurate dis-
tinction from CCRCC and PRCC is impossible based only on
morphology [1, 45]. The cells may have clear or eosinophilic
cytoplasm, which may or may not be voluminous. Rare cases
of TRCC contain melanin, express melanocytic markers by
immunohistochemistry and exhibit a morphology that over-
laps with PEComa, melanoma and even alveolar soft part
sarcoma [3]. Different variants of TFE3 translocation were
thought to result in different morphological appearances, but
cases with overlapping morphological features were described
later. Furthermore, a closely related form of TRCC involving
the TFEB gene, another member of the MiTF gene family,
was likewise initially thought to have a distinctive morpholo-
gy but more experience with larger numbers of cases has
shown morphological overlap with the more common TFE3
neoplasms and the more usual variants of renal carcinoma [8,
14, 18].

Immunohistochemical analysis may be helpful in differen-
tiating TRCC from PRCC in that TRCC is negative or only
weakly and focally positive for keratins and EMA, and is
negative for racemase (AMACR) [1, 2, 12, 14]. Similar to
clear cell carcinoma, TRCC is positive with the antibody to
vimentin and strongly positive with CD10. However,
vimentin staining is patchy in TRCC but diffuse in CCRCC,
and TRCC is negative for carbonic anhydrase-9 (CA-IX).
Positive nuclear staining for TFE3 protein and cytoplasmic
staining for cathepsin K have been regarded as specific for
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Table 3  Results of molecular and cytogenetic analyses

Case TFE3 ba CEP 7 CEP 17 XIY LOH3p Mut VHL Methyl VHL Diag

1 Neg Polysomya Polysomya 4~5X/0Y; 2X/1Yb Neg Neg Neg PRCC

2 Neg Polysomy Disomy NA NA Neg NA UNC

3 Neg Disomy Polysomya NP Neg Neg Neg UNC

4 Neg Disomy Disomy NP Neg Neg Neg UNC

5 Neg Polysomya Polysomya NP Pos Neg Neg CRCC/PRCC
6 Neg Disomy Disomy 2X/11Y Neg Neg Neg UNC

7 Neg Polysomy Polysomy 2x/2y Pos Posc Neg CRCC/PRCC
8 Neg Disomy Disomy 2X/0Y Pos Neg Neg CCRCC

9 Neg Polysomya Polysomya Neg Pos Posd Neg CRCC/PRCC

Pos positive, Neg negative, NA not analysable, NP not performed, PRCC papillary renal cell carcinoma, UNC unclassified renal cell carcinoma, CRCC
clear cell renal cell carcinoma, Mut VHL mutation of VHL gene, Methyl VHL methylation status of VHL gene, Diag diagnosis

#Polysomy in large nuclei only

> Gain X, loss Y (4~5X/QY) in large nuclei; gain X (2X/1Y) in small nuclei
¢ Somatic mutation ¢.504_508del/p.Leu168GInfsTer3

4 Somatic mutation €.393C>G/p.Asn131Lys

TRCC [5, 29, 38], but false positive and negative results have
been reported in several studies not all of which have been
explained on the basis of technical problems [21]. Indeed, it
seems that over-expression of wild-typeTFE3 protein tran-
script may occur as a result of up-regulation of the normal
gene, or as the result of increased gene copy nhumber due to
polysomy or amplification particularly in high grade CCRCC
and in carcinomas with sarcomatoid and cystic features [26,
48]. Similarly, positive immunostains for melanocytic
markers such as HMB45 may be seen in some variants of
TFE3-TRCC, in the TFEB-TRCC and in PEComas [14, 16].
In the present study of 20 cases of RCC in which there was
a suspicion of TRCC, nine cases were confirmed as X11.2-
TRCC by break-apart FISH analysis. The remaining TRCC-
like carcinomas showed a diverse morphology that precluded
definite classification of these tumours on morphological
grounds. Thus, many showed a mixture of papillary and
CCRCC patterns. Seven cases contained clear cells with vo-
luminous cytoplasm, so-called “blister” cells, a well-known
feature of TRCC. IHC was also contradictory to the morphol-
ogy in many cases, again suggesting possible TRCC. Of five
cases exhibiting a predominantly papillary architecture, only
one was strongly positive for CK7 and that tumour was also
positive for CA-IX, a marker of CCRCC. Those tumours with
morphology similar to CCRCC were all positive for AMACR,
a marker of PRCC. The sarcomatoid tumour with morphology
suggestive of melanoma or APSL-TFE3 TRCC posed a diag-
nostic challenge. It was positive for TFE3 by IHC, negative
for HMB45 and showed only focal weak staining for cathep-
sin K. Although the stain for Pax-8 was negative, there was no
clinical history of prior cutaneous melanoma or other visceral
malignancy. Furthermore, metastatic melanoma was excluded
by negative immunostaining for S-100 protein and diffusely

positive staining for wide spectrum keratin (OSCAR). Posi-
tive immunostaining for TFE3 in the absence of the translo-
cation has been described previously in sarcomatoid and other
high-grade RCCs sometimes explained by gene polysomy or
amplification [26]. Because of the contradictory morphologi-
cal and immunohistochemical profiles of these TRCC-like
neoplasms, we conclude that molecular/genetic analysis is

the most reliable method extant to classify this group of
unusual renal tumours.

The final molecular/genetic diagnosis did not correlate
exactly with the histomorphology and immunoprofile in some
cases (Table 4). In the case diagnosed as CCRCC on the basis
of isolated abnormality of the VHL locus, the histology
showed a prominent papillary architecture and alveolar nests
with a micropapillary pattern within them. Immunostains for
CK7 and AMACR were strongly positive. However, CA-I1X
was also positive. The case diagnosed as PRCC on the basis of
polysomy of chromosomes 7 and 17 in the absence of VHL
abnormality had prominent papillary architecture but showed
a predominance of clear cells with voluminous vacuolated
cytoplasm suggesting TRCC. On IHC, the tumour was nega-
tive for CK7 and positive for CD10 and vimentin. However,
the stain for AMACR was positive. One of the three tumours
diagnosed as combined PRCC—-CCRCC on the basis of mor-
phology, immunohistochemical examination and polysomy of
chromosomes 7 and 17 and VHL abnormality showed a com-
bined papillary, tubular and nested architecture and a predom-
inance of cells with eosinophilic cytoplasm and scanty clear
cells. One PRCC—-CCRCC did not contain papillary structures
and had a morphology most consistent with CCRCC but with
clear cells showing voluminous cytoplasm suggesting TRCC.
The third PRCC-CCRCC was the unusual tumour with a
solid papillary pattern and areas of spindle cells in a mucinous

Q Springer



320

Virchows Arch (2015) 466:313-322

Table 4 Summary of unusual features
Molecular category Case Unusual features
CRCC 8 Papillary architecture
AMACR and CK 7 strongly positive
PRCC 1 Clear cells with voluminous cytoplasm
Glassy hyaline intra-cytoplasmic globules
CK 7 negative
Spindle cell component and myxoid stroma and no
Combined PRCC-CCRCC 5709 alveolar or solid nest patterns in 1 case

Unclassifiable NOS

[RENES
o

Papillary pattern absent in 1 case

Very scanty clear cell component in 2 cases

CK 7 negative in all

AMACR positive in all

CA-IX positive in 2 cases

2 cases had mixed PRCC and CCRCC morphology.
Both contained clear cells with voluminous cytoplasm

CK 7 negative but AMACR and cathepsin K positive

Strong TFE3 positivity (by IHC), not confirmed by FISH

CRCC clear cell renal cell carcinoma, PRCC papillary renal cell carcinoma, NOS not otherwise specified, IHC Immunohistochemistry

stroma described above. By IHC, all three tumours were
negative for CK7, positive for AMACR, and two were posi-
tive for CA-IX.

The study reported herein confirms the conclusion of
other workers [36] that cytogenetic analysis is preferable
to morphology and immunostains for TFE3 and cathepsin
K in the diagnosis of TRCC. Furthermore, when TRCC-
like tumours are selected on the basis of histological
changes that do not conform to those classically described
for other subtypes of RCC, immunohistochemistry is
shown to be especially unreliable in further classifying
these unusual renal neoplasms.

In conclusion, the molecular/genetic algorithm used
herein is recommended for tumours with a TRCC-like
morphology. This algorithm could also be applied in the
investigation of unclassifiable RCC. Firstly, break-apart
FISH analysis for TFE3 is performed and true cases of
X11.2 translocation separated out. Next, numerical analy-
sis of chromosomes 7 and 17 is performed together with
thorough investigation of the status of the VHL gene on
chromosome 3p using PCR for mutation analysis and
LOH and methylation-specific PCR for the methylation
analysis of the promoter region of the VHL gene. This
enables true CCRCC and PRCC to be separated from the
tumours that have combined features of CCRCC-PRCC.
The remainder of unclassifiable RCCs may contain rare
cases of TFEB-TRCC. These tumours are usually positive
for cathepsin K and melanocytic markers on immunohis-
tochemistry and can be confirmed by break-apart FISH
analysis for the t(6;11) TFEB translocation [9]. Further,
such unclassifiable cases may benefit from whole genome

@ Springer

sequencing studies. Molecular features are indeed one of
the characteristics useful for classification of unusual re-
nal tumours. However, in group of TRCC and TRCC-like
cases, it seems that they play a key role in the differential
diagnostic process.
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3.7 TFE3-fusion variant analysis defines specific clinicopathologic
associations among Xp11 translocation cancers (letter to the editor)

Argani a kol. publikovali v ¢ervenci 2016 v periodiku ,,American Journal of Surgical

Pathology* praci s nazvem “TFE3-Fusion variant analysis defines specific clinicopathologic
associations among Xpl1 translocation cancers”. V této studii bylo analyzovano celkem 60
ptipadi Xpl1 translokaéniho karcinomu (za pouziti FISH) ve snaze stanovit spektrum fiznich
partnerti genu TFE3 u téchto 1ézi.

Z 60 pripadu zatazenych do této studie se v 47 pripadech jednalo o Xpll TRCC.
Autofi v této praci popsali Siroké spektrum fiznich partner, mimo jiné byl u péti tumora
detekovanym fuznim partnerem gen NONO (také nazyvany p54nrb). U téchto péti NONO-
TFE3 TRCC byl dale nové popsan i typicky morfologicky vzhled (zastizeny u vSech pé&ti
1ézi). NONO-TFE3 RCCs byly charakterizovany predominantné papilarni architektonikou,
buitkami S jasnou az slabé eosinofilni cytoplasmou a napadnymi subnukledrnimi vakuolami,
vedoucimi k efektu tzv. jaderného palisaidovani (zeSikovani jader).

V Plzeniském registru nadorti je zatazeno 41 Xp11.2 transloka¢nich RCC, z nichz u tfi
ptipadi byla molekularné geneticky potvrzena piitomnost NONO-TFE3 genové fuze.
Pacienty byli dva muzi a jedna Zena s vékovym rozmezim 34-66 let (pramér 49,7 let). Dva
z téchto ptipadt se manifestovaly lokalizovanou, na ledvinu omezenou 1ézi, velikosti 0,8 cm a
6 cm (v nejvetSsim rozméru). Histologicky oba nadory vykazovaly papilarni architektoniku
S papilami krytymi neoplastickymi bunkami se svétlou az mirné eosinofilni cytoplasmou.
Subnuklearni vakuolizace a jaderné palisadovani popisované Arganim a kol. byly v nadorech
zastizeny alespont fokaln€. V obou ptipadech byly dale zastizeny psammoma a dystrofické
kalcifikace. Treti ptipad byl lehce odlisny. Tumor métil 2,3 cm (V nejvétsim rozméru) a byl
lé¢en parcialni nefrektomii. Histologicky tumor vykazoval tubulopapilarni architektoniku
s drobnymi okrsky nekr6zy. Neoplastické buniky byly spiSe eosinofilni, s men$im mnoZstvim
cytoplasmy, s protahlymi jadry (piilezitostné i s nuklearnimi zafezy). Bunky tvofili
pseudotubularni a papilarni struktury, na periferii s usporadanim ptipominajicim palisaidovani.
V materidlu byly zastiZzeny dystrofické kalcifikace. S odstupem ¢tyf mésicii byla u pacienta
detekovana rekurence onemocnéni (nddor byl lokalizovan v oblasti dolni rendlni diené a
protrudoval do renalni panvicky). Tumor vykazoval stejné morfologické rysy jako primarni
léze s mirnou akcentaci palisddovani a to az do té miry, Ze léze aZ vagné pfipominala
urotelidlni karcinom. Imunohistochemicky byly vSechny léze positivni v barveni racemazou
(AMACR), PAXS8 a CDI10, naopak negativni byla CA-IX. Diagnéza Xpl1 transloka¢niho
rendlniho karcinomu byla ovéfena FISH vySettenim, FISH analyza detekovala zlom genu
NONO a zlom genu TFE3 ve vsech tiech primarnich i v rekurentnim tumoru.

Navzdory velkému mnozstvi rozli¢nych morfologickych variant Xpl1 transloka¢niho
RCC popsanych v literatufe vefime, ze morfologické spektrum téchto 1ézi je i tak jesté
mnohem komplexné&jsi. Touto malou sérii Citajici tii piipady NONO-TFE3 TRCC jsme
obohatili znamé morfologické spektrum, coz ukazuje, ze i tyto 1éze si zaslouzi dalsi vétsi
studie.
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TFE3-Fusion Variant

Analysis Defines Specific

Clinicopathologic
Associations Among
Xp1ll Translocation

CancersJanuary

To the Editor:

We read with great interest the
article by Argani and colleagues
“TFE3-Fusion variant analysis de-
fines specific clinicopathologic asso-
ciations among Xp11 translocation
cancers” published in June 2016 vol-
ume of American Journal of Surgical
Pathology. The authors studied 60
Xpll translocation carcinomas using
fluorescence in situ hybridization
(FISH) to establish their TFE3 fusion
partner. Of 60 cases, 47 were Xpl1l
translocation renal cell carcinomas
(RCCs). They identified, among oth-
ers, 5 cases with NONO-TFE3 RCC
and described theirs morphologic
features. Tumors were characterized
mostly by papillary architecture, with
clear to weakly eosinophilic cyto-
plasm with subnuclear vacuoles lead-
ing to distinctive nuclear palisading.

Among 41 Xp11.2 (TFE3)
translocation RCCs in our registry,
we identified 3 cases of NONO-TFE3
RCC. Patients included 2 men and 1
woman, with an age range of 34 to 66
years (mean 49.7 y).

Two of our cases presented
grossly as localized lesions, with a
tumor size of 0.8 and 6 cm in greatest
dimension. Histologically, they dem-
onstrated papillary architecture, cov-
ered mostly by clear to eosinophilic
neoplastic cells. Subnuclear vacuoli-
zation described by Argani and col-
leagues was at least focally noted in
both cases. Both tumors had psam-
moma bodies and dystrophic calcifi-
cations (Fig. 1). The diagnosis of
Xpl1.2 translocation RCC was con-
firmed using FISH.

Our third case was particularly
interesting with a tumor size of 2.3 cm
in greatest dimension showing soft
gray cut-surface (partial nephrectomy

138 | www.ajsp.com
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FIGURE 1. NONO-TFES3 translocation RCC (case 1) resembling cases described by
Argani et al.1

FIGURE 2. Overview of primary renal tumor (case 3) composed of eosinophilic cells
with elongated polymorphic nuclei.
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TABLE 1. Results of Immunohistochemical Examination of 3 NONO-TFE3 Cases

Case Vim AMARC CANH9 PAX 8 TFE3 CK 7 CD 10 HMB45 GATA 3 Cathepsin K
Case 1 Foc. + + A + + A + + A +
Case 2 A + A + A A + + A A
Case 3 A + A + + + + A A +
Case 3—recurrent lesion A + A + A + + A A A

A indicates negative; +, weak positivity; AMACR, racemase; CANH9, carbonic anhydrase IX; Foc. <50% cells staining; Vim, vimentin.

of the upper pole tumor with a
pathologic stage of pT1a). Histologi-
cally, the tumor exhibited tubulopa-
pillary architecture with small foci of
necrosis. Neoplastic cells were eosi-
nophilic and formed structures re-
sembling a palisading pattern at the
periphery of pseudotubular and pap-
illary structures (Fig. 2). Nuclei were
elongated with occasional nuclear
grooves. Foci of dystrophic calcifica-
tions were also noted. Recurrent tu-
mor (located within the lower portion
of the renal medulla and protruding
into the renal pelvis) was identified 4
months after resection by ultrasound
examination during regular check-up.
The tumor showed a similar archi-
tectural pattern to that seen in the
primary lesion, with more pro-
nounced palisading vaguely resem-
bling urothelial carcinoma (UC).

Resultsofimmunohisto-
chemical examination of our 3
NONO-TFE3 cases are summarized
in Table 1. All cases were positive for
racemase, PAX 8, and CD10, while
negative for carbonic anhydrase
IX. Interestingly, 2 tumors were pos-
itive for HMB45. Vimentin was pos-
itive focally in 1 case, and TFE3
was positive in 2 cases as well as
cathepsin K.

FISH analysis showed the break
of NONO gene (using probe Sure-
FISH Xg13.1 NONO BA) and the
break of TFE3 gene (using ZytoLight
R SPEC TFE3 Dual-color Break-
apart Probe) in all 3 primary tumors
as well as the recurrent one. We also
tested normal “nontumorous” tissue
of the patient with recurrence, which
showed no break of the NONO gene
or the TFE3 gene.

First 2 cases from our small
series were very similar to the de-
scription provided by Argani and
colleagues. They all were arranged in
a predominantly papillary pattern.

Copyright r

The neoplastic cells mostly showed
voluminous clear to weakly eosino-
philic cytoplasm. Subnuclear vacuo-
lization resembled similar changes
known from clear cell papillary RCC,
which should be considered in the
differential diagnosis. Both tumors
had psammoma bodies and/or dys-
trophic calcifications. Results of
FISH analyses were close to the re-
sults reported by Argani et al1 and
Clark et al.2

The third case was particularly
interesting for several reasons. First,
the architecture was more tubular
than papillary. Second, the neoplastic
cells were eosinophilic with relative
scant cytoplasm (in comparison with
previous cases), making an overall
resemblance to UC. The early de-
tection of the recurrent tumor in the
renal medulla and pelvis was highly
surprising in this case. It should be
noted that we were unable to fully
rule out the possibility that the tumor
may have been initially present within
the renal pelvis during the first sur-
gery. Coincidence of RCC and UC
has repeatedly been described in the
literature; however, we are not aware
of any UC harboring NONO-TFE3
translocation. On the basis of mor-
phology and immunohistochemical
examination, it was evident that re-
current tumor was of renal cell origin,
despite its morphologic resemblance
to UC. Of note, the recurrent lesion
was located deep within the renal
medulla, with no connection to the
surface urothelium of the renal pelvis.
Further, no urothelial dysplasia or
UC was identified. Nontumorous tis-
sue in this patient did not show ge-
netic changes, that is, no break
NONO gene or TFE3 gene, and was
used as a negative control. Similar
case has been reported by Green et al3
in 2013. Authors described Xp11
translocation RCC, which involved

2016 Wolters Kluwer Health, Inc. All rights reserved.

renal pelvis and simulated UC in
several aspects.

Xp11 translocation RCCs are the
most common translocation RCCs in
adult population. In addition to typical
Xpl1.2 RCC with papillary archi-
tecture, mostly clear cells and frequent
psammoma bodies, there are several
other morphologic variants as well as
tumors with different TFE3 fusion
partners.3-5 However many different
morphologic variants of Xp11.2
translocation RCCs were described in
the literature, we believe pathologic
features of Xp11.2 translocation RCCs
are much more complex than what is
currently known. In our small series of
3 NONO-TFE3 RCCs, we enriched
morphologic spectrum, which requires
further investigations.
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Nuclear Bubbles
(Nuclear Pseudo-
Pseudoinclusions):

A Pitfall in the

Interpretation of
Microscopic Sections

From the
Thyroid and Other
Human Organs

To the Editor:

An intriguing artifact in histo-
pathology consists of the presence of
single or multiple nuclear vacuoles (re-
ferred herein as bubbles) resulting in a
bubbly appearance of the nucleus. We
have referred to them, tongue-in-cheek,
as “pseudo-pseudoinclusions” to dis-
tinguish them from the bonafide nu-
clear “pseudoinclusions” resulting from
an invagination of the nuclear mem-
brane and regarded as a pretty reliable
marker of papillary thyroid carcino-
ma.1-3 The bubbles that are the subject
of this communication are variously
sized, colorless or pale grayish, and
sometimes coalescent and multiple, re-
sulting in an empty-like appearance of
the nucleus, with loss of chromatin
texture and margination of nucleoli.
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They may severely interfere with the
identification of cell types and grading
assessment, especially in lymphoid ne-
oplasms,1 and also in epithelial and
mesenchymal tumors.2-5

These nuclear bubbles have
been thought to be caused by in-

complete fixation, dehydration, or
clearing during tissue processing, or
by an excessively high temperature
during tissue processing, water bath,
or sections drying.1-3,6 We noted the
occurrence of this artifact sporadi-
cally on slides routinely prepared in

FIGURE 1. Pairs of images taken from the same tumor area on sections routinely
dried (left) and dried following the fan procedure (right). A and B, Undifferentiated
neoplasm. C and D, Thyroid papillary carcinoma, follicular variant (note that some
“facts” are artifacts). E and F, Diffuse large B-cell ymphoma. G and H, Breast invasive

ductal carcinoma (hematoxylin and eosin).
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4 Zaver

Klasifikace nadort ledvin se stdva velmi komplikovanou. V poslednich letech je
popisovano velké mnozstvi zcela novych morfologickych jednotek i variant dobfe zndmych
renalnich neoplésii, kdy nékteré z téchto tumorit jsou diagnostikovany Cist¢ na podkladé
molekularné genetickych znakt (napf. Xpll.2 TRCC, HLRCC). Molekularn¢ geneticka
analyza tak zaCina byt soucasti rutinni diagnostické praxe a je spole¢né s imunohistochemii
hojné¢ vyuzivana jako jedna z diagnostickych modalit u obtizné klasifikovatelnych renalnich
neoplasii.

| vrdmci rendlnich tumorti S papilarni morfologii mé genetika své misto
v diagnostické rozvaze. Léze S papilarni architektonikou mohou byt za jistych okolnosti
diferencialné diagnosticky obtiznou kategorii, kde presné odliSeni a spravna diagnéza ma
klinicky vyznam, nebot se Casto jednd o léze s velmi odliSnym biologickym chovanim
(indolentni priabéh u CCPRCC, naopak vysoka agresivita u HLRCC ¢i Xp11 TRCC).

Za molekularni genetikou vSak nelze upozad’ovat morfologicky obraz. Histologicky
diagnostickém postupu. Stejné tak dilezité je nezapominat na zakladni pravidla pii
zpracovani vzorku, jako je dostate¢né rozsahlé zpracovani materialu (sampling), jez Casto
mize vyznamné zjednodusit diagnostiku (nékteré typické znaky mohou byt vyjadieny jen
fokalné, coz Ize nékdy zastihnout pravé pouze pii dostatecném az excesivnim zablokovani
materialu).

Nové se méni i pohled na molekuldrné genetické znaky klasicky ptisuzované PRCC
(trisomie/polysomie chromosomil 7 a 17 a ztradta chromosomu Y u muzskych ptipadi), kdy po
peclivé revizi doposud publikované literatury, velké mnozstvi publikovanych praci
zabyvajicich se molekularné genetickymi zménami u PRCC ukazuje casto relativné riiznorodé
vysledky. To jen potvrzuje domnénku, ze molekularné genetickou analyzu nelze v
béZné praxi  uzivat jako univerzalni  diagnosticky nastroj, a Ze spolecné
s imunohistochemickym barvenim by méla byt molekularné geneticka vySetfeni uzivana
pouze jako soucast diagnostického algoritmu, S védomim, Ze vysledky vySetfeni nutno brat
vzdy jistou rezervou a tyto metody nefesi diagnostické dilema ve 100% ptipadu.

DalSim velmi aktudlnim tématem je otdzka Xpll TRCC, kdy XP11 TRCC jakoZzto
nadorovéa jednotka definovana cCist¢ na podkladé cytogenetické a molekularné genetické
analyzy celkem logicky vyZaduje pro stanoveni diagnozy provedeni molekularné genetického
vySetieni (klasicky uzivana FISH s break apart sondou). Snahy uvést do klinické praxe
imunohistochemickou  protilatku  detekujici  protein ~ TFE3  byly  nelspésné,
imunohistochemicky prukaz TFE3 je nekonstantni, velmi ovlivnitelny fixaci materidlu a ma
jen omezeny vyznam. FISH vySetfeni tedy ziistava ,,zlatym standardem* pfi diagnostice Xp1l
TRCC. Recentné se vSak ukazuje, Ze i tento pristup ma sva uskali. Nékteti z fzni partnerti
(napt. RBM10-TFE3) mohou vykazovat jasnou pozitivitu imunohistochemického barveni na
TFE3, avsak vést k falesné negativité¢ FISH vysetieni za pouziti klasickych break apart sond.
Je tedy evidentni, Ze molekularné genetické a imunohistochemické metody se vzajemné
dopliuji, pti diskrepanci vysledkt téchto dvou vySetieni je tfeba pomyslet i na moznost
nékterého z vzacnéjSich fuznich partnerti a provést dalsi vySetfeni k potvrzeni diagnozy (napf.
RNA sekvenovani) (64, 65). Kromé vlivu fiznich genti na molekularné genetickou detekci se
do poptedi dostava i snaha blize definovat a popsat celé Siroké morfologické spektrum Xpl1
TRCC. Od minulého roku se Xpl11 TRCC vratil do centra pozornosti urogenitalnich patologti
a V literatufe nyni vychéazi cetné prace korelujici jednotlivé specifické fuzni partnery genu
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TFE3 s histologickym obrazem a imunohistochemickym profilem 1ézi (63-66), pfiCemz
obdobné prace budou jisté i nadale pfibyvat.

Ackoliv vySe popsana expanze morfologického a molekuldrné¢ genetického spektra
renalnich neoplésii zlstava prozatim bez ptimého klinického dopadu, kdy 1écebny algoritmus
se u ruznych renalnich nadorti zasadné nelisi, v budoucnu, s rozvojem cilené 1é¢by, by toto
meélo nabyt na vyznamu a mit klinické opodstatnéni. Z pohledu patologa je pak znalost
morfologického spektra, a predevsim opora v literature, neodmyslitelnou soucasti kazdodenni
praxe a snad i zarukou spravné diagnozy.

Molekularné genetické metody (i imunohistochemicka barveni) jsou do jist¢ miry
zavislé na dobré fixaci, kvalitnim zpracovani materidlu a dobré kvalit¢ DNA, coz napf.
v konzulta¢ni praxi prakticky nelze ovlivnit. Morfologie tedy i nadale ztstava zakladnim a
hlavnim diagnostickym kritériem, avSak v idedlnich pfipadech je molekularni genetika
spole¢né s imunohistochemii nemalou a velmi cennou pomocnou modalitou vyrazné
usnadnujici diagnostiku renalnich 1ézi.
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103rd Annual Meeting of the United States & Canadian Academy of Pathology, 1.-7.3.
2014, San Diego Convention Center, San Diego, CA, USA

Poster: Hes O, Pivovarcikova K, Stehlik J, Hora M, Michal M. Choriogonadotropin Positive
Seminomas-Clinicopathological and Molecular Genetic Analysis of 15 Cases.

105th Annual Meeting of the United States & Canadian Academy of Pathology,12.-
18.3.2016 Washington State Convention Center, Seattle, WA, USA

Poster: Foix MP, Dunatov A, Martinek P, Condom-Mundo E, Suster S, Sperga M, Lopez JI,
Ulamec M, Bulimbasic S, Michal M, Peckova K, Pivovarcikova K, Daum O, Rotterova P,
Kalusova K, Hora M, Hes O.Multicystic Chromophobe Renal Cell Carcinoma: A Challenging
Unusual Architectural Variant. Morphological, Immunohistochemical and arrayCGH
Analysis of 11 Cases.

Poster: Rotterova P, Martinek P, Kalusova K, Damjanov |, Suster S, Alvarado-Cabrero I,
Sperga M, Svajdler M, Peckova K, Pivovarcikova K, Daum O, Hora M, Michal M, Hes
O.High Grade Renal Cell Carcinoma with Emperipolesis. Clinicopathological,
Immunohistochemical and Molecular-Genetic Analysis of 14 Cases.

EAU 16th Central European Meeting, 7.-8.10.2016, Vienna, Austria

Poster: Pitra T, Pivovarcikova K, Vanecek T, Alaghehbandan R, Gomolcakova B, Ondic O,
Peckova K, Rotterova P, Hora M, Michal M, Hes O. Comparative study of TERT gene
mutation analysis on voided liquid-based urine cytology and paraffin-embedded tumorous
tissue.

106th Annual Meeting of the United States & Canadian Academy of Pathology,4.-
10.3.2017 Henry B. Gonzalez Convention Center, San Antonio, TX, USA

Poster: Alaghehbandan R, Stehlik J, Trpkov K, Magi-Galluzzi C, Foix MP, Berney D, Sibony
M, Suster S, Agaimy A, Montiel DP, Pivovarcikova K, Michalova K, Daum O, Ondic O,
Rotterova P, Michal M, Hes O. Programmed Death-1 (PD-1) Receptor/PD-1 Ligand (PD-L1)
Expression in Fumarate Hydratase-Deficient Renal Cell Carcinoma.

Poster: Michalova K, Steiner P, Perez Montiel D, Sperga M, Suster S, Alaghehbandan R,
Pivovarcikova K, Daum O, Ondic O, Rotterova P, Hora M, Michal M, Hes O. Chromosomal
Aberration Pattern in Oncocytic Papillary Renal Cell Carcinoma: Analysis of 28 Cases.

Poster: Isikci OT, He H, Grossmann P, Alaghehbandan R, Ulamec M, Petersson F, Perez
Montiel D, Michalova K, Pivovarcikova K, Ondic O, Saskova B, Rotterova P, Hora M,
Michal M, Hes O. Low-Grade Spindle Cell Proliferation in Clear Cell Renal Cell Carcinoma
Is Unlikely an Initial Step in Sarcomatoid Differentiation
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7.edukaéni symposium Ceské nefrologické spole¢nosti — Brodovy dny 2017, 6.-7.4.2017,
Usti nad Labem, Czech Republic

Prezentace kazuistik v bloku ,,Zavazné akutni tubulointersticidlni 1éze =za hranici
pyelonefritidy ¢i sepse*

Kazuistika:  Kacer M, Pivovar¢ikova K. ZhorSeni funkce ledvin a hmotnostni tibytek u
diabetika 2. typu

Kazuistika:  Kielberger L, Pivovarcikova K. Anurie po navstéveé nékolika non-stop bart
Kazuistika:  Machova J, Pivovarcikova K. Selhani ledvin jako suvenyr z dovolené?

Komplexni novinky v onkourologii (KNOU), 19. - 20. 5. 2017, Hotel Angelo, Praha,
Czech Republic

Prednaska: Aktudlni pohled na histologickou klasifikaci urotelidlnich nadort - co by mél
urolog a onkolog védét?

EAU 17th Central European Meeting, 19.-20.10.2017, Plzei, Czech Republic

Poster: Pitra T, Pivovarcikova K, Tupy R, Alaghehbandan R, Travnicek I, Prochazkova K,
Klatte T, Chlosta P, Hes O, Hora M. Impact of MRI on Clasification of Cystic Renal
Lesions: Is MRI Helpful in Bosniak IIF and Bosniak 111 Categories?.

29th European Congress of Pathology, 2.-6.9.2017, RAlI Amsterdam, Amsterdam, The
Netherlands

Poster: Pivovarcikova K, Sperga M, Saskova B, Grossmann P, Hes O. Xp11 Translocation
Renal Cell Carcinoma with NONO Fusion Partner: Analysis of 4 Cases. In: Poster.

Poster: Saskova B, Pivovarcikova K, Hes O. Morphologic Variability in t(6;11)
Translocation Renal Cell Carcinoma: Analysis of 9 Cases.

107th Annual Meeting of the United States & Canadian Academy of Pathology,17.-
23.3.2018 VVancouver Convention Centre, Vancouver, BC, Canada

Poster: Pivovarcikova K, Martinek P, Alaghehbandan R, Perez Montiel MD, Alvarado-
Cabrero I, Rogala J, Kuroda N, Rychly B, Gasparov S, Michalova K, Saskova B, Michal M,
Hes O. Primary Renal Well-differentiated Neuroendocrine Tumor (Carcinoid): Next-
Generation Sequencing Study of 12 Cases. (accepted for presentation)

Poster: Pivovarcikova K, Martinek P, Trpkov K, Alaghehbandan R, Magi-Galluzzi C,
Condom Mundo E, Comperat EM, Suster S, Michalova K, Saskova B, Michal M, Hes o.
Fumarate-Hydratase Deficient Renal Cell Carcinoma Does not Demonstrate a Distinct
Chromosomal Numerical Aberration Pattern. (accepted for presentation)

Poster: Pires-Luis A, Martinek P, Filipovic J, Alaghehbandan R, Comperat EM, Perez
Montiel MD, Bulimbasic S, Henrique RM, Vanecek T, Pivovarcikova K, Michalova K,
Saskova B, Michal M, Hes O. Primary Adenocarcinoma of the Urinary Bladder: Next-
Generation Sequencing (NGS) of Non-urachal Enteric-type Adenocarcinomas, Urachal
Adenocarcinomas, Mucinous Adenocarcinomas, and Colonic Metaplasias/Adenomas.
(accepted for presentation)
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