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1 INTRODUCTION

Bl Anatomy histology,and physiologyf the kdneys

Kidneysarea pair ofbeanshapedrgandocatedin the upper abdominal region,
on either side of the spine in the retroperitoneal sgaetveen the parietal peritoneum
and the posterior abdonal wall They are about@#3 cm in length5-6 cm wide, and
about4 cm thick Eachkidney weighs about T?A70 g in males and II0#A50 g in
femalesKidneys arecoveredby a fibrous capsule composeddd#nseconnective tissue
helpingto hold their shape and protect them. This capsule is covered by a layer of adipose
tissueknown asthe renal fat padvhichis thenencompasseldy a * H U R fAsbid. he
fascia andhe overlying peritoneum serve tightly hold the kidneys to the posteri
abdominal wall in a retroperitoneal positjevhile adjaceninusles fat and ribserve to

protect the kidneys from physidajuries (Figurel A-B)

The enalhilum is the entry and exit site for vessels, nerves, lymphatics, and
ureters. The medidhcing hila arensertednto the convex indentation of the kidnéyn
anteriorsection through the kidneshowsan outer region called the renal cortex and an
inner region called the renal medulla. In the meduH& rénal pyramids are separated by
renal columns. Each pyramid creates urineemikin a renal papilla. Each renal papilla
drains into a collectingtructurecalled a minor calyxSeveral minor calyces connect to
form a major calyxAll major calyces connect to the single renal peblasnectingto

the ureteFigure 1).

1HSKURQV DUH WKH 31XQFWL RI@DdeaxieLWwod ofRI WKH N

metalolic wasteand balancéhe homeosttac setvaluesby filtration, reabsorption, and



secretion. The arealsoinvolved inblood pressureontrol through theenin, red blood

cell production through the erythropaetin, and calcium absorptiothrough the

conversion of calcidiol into calcitriol, the active form of vitaminNlephron consists of

the renal corpuscleproximal convoluted tubule$PCT), loop of Henle, andlistal

convoluted tubule¢DCT). The glomeruluss a capillary bed that filters bloadainly

EDVHG RQ SDUWLFOH VL]H 7KH ILOWUD WthenLwoveD SWXUHG
throughthe PCT theloop of Henleand DCT, where absorption and secretion of several

substances occyt).
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Figure 1. Location and anatomy of the kidneys. (A) Transversal view of the kidneys
location and relationship to adjacent organs. (B) Posterior view of the kidneys location
and relationship to adjacent organs. (C) The anterior section of the kidney with the
internal anatomy review. (D) The anatomy of the nephron, the functional unit of the
kidney. (lllustrations are adapted based on Creative Commons license 4.0)



Histologically, the kidney is composed aflosely packedproximal and distal
convoluted tubulegubules ofthe loop of Henle collecting ductssmall blood vessels,
and interspersedenal corpusculaThe renalcorpusclecomprisesa bed of capillaries
called theglomerulus, and thassociateaells and structusg known asthe podocytes
and the intraglomerular mesangial cefBomerdi are containedwithin the Bowman
capsule. The lighter space between theseisvealledthe Bowman spacéCTis lined
by simple cuboidal epitheliupandcells are eosinophiliavith numerous mitochondria,
prominent basalolds, and lateral interdigitationscontaininglong microvilli, and with
lumens often occlude(?). The distal tubules are lined bsimple cuboidal epithelium
with cellssmaller than in PCT, with shorhicrovilli faint or clear cytoplasnand more
empty lumeng3). Collecting ducts are lined by cuboidal to columnar, sédéning cells

with distinct cell membrang$igure 2).

Figure 2. Normal kidney histology showing the glomerulus (a), proximal convoluted
tubule (b), distal convoluted tubule (c), collecting duct (d), and capillary blood vessels

(e).



B Renal tumors

1.2.1 Epidemiology etiology,and pathogenesis

Renaltumors are a heterogeneougroup of neoplams showing a variety of
histological and genetic featurdhey account for 5% and 3% of athalignanciesand
they arethe 9" and ¥™ most common cancers in men and women, respectj4eh).
The incidenceof Renal cell carcinomaRCQ) variesfrom region to regionAbout 70%
of casesccur in developed countriewith the highest rates itme Czech Republic and
North America and the lowest in Africa akastern Asig6, 7). RCCis more frequent in
men than in woren, with a ratioof about 2:1 It occuss mostly in the sixth to eighth
decade of lifewhile it is unusual in patientyedunder 40years and is rare in children
The incidencencreasedver the last decades, lbe current trends shostagnationn

certain countrie$3).

Renal cell tumors ar¢he 16" most common cause of death from cancer
worldwide (7). The five-year survival rate hadoubled over the last 60 yeansostly due

to earlier detectioat smaller sizeand effective surgical treatme(®).

RCC etiologyhas been associated with severak factors of which many are
alsocommon to other cancer types, such as obesggrettesmoking,andoccupational
exposureo toxins(7, 10). In contrastpthersaremore specifidor kidney tumorssuch
as hypertensigraaquired cystic kidneyliseaseendstage kidney diseaseemalialysis,
kidney transplantationor tuberous sclerosis syndron(® 11, 12). Most RCCs are
sporadic; neverthelesseteditary genetic factomre responsible foRCCsin 2-4% of

casesSeveral syndromes with a distinct genetic basis and phenatgpgescribedthe



most common one being Von Hippel Lindau (VHL) dise&ell). Factors that may
indicatea hereditaryrole in patients without clear genetic disease incltid#-degree
relatives wit a tumor, onset before the age of@tdbilateral or multifocal diseagd3).

Inherited polycysticdisease increases the risk for RCAditional factors that may
increase the risk for RCC include cytotoxic chemotherapyonic hepatitis C infection,

sickle cell diseasend kidney stoned 4-16).

Pathogenesis ainy neoplastic process is based enajic abnormalitiesand
RCCs are no exceptionin this regard Some genetic abnormalities argefjuently
encounteredn a particular tumor type, such &84L mutation or hypermethylation and
chromosome 3p loss idear cell RCC.A variety of other genetic abnormalities are
observed across the spectrum ofenal neoplasia including gene mutations,
amplifications, rearrangementand othes. Some genetic alterations angical, thus
defining a distinctive moleculatumor type such as Succinate dehydrogendsgicient
renal cell carcinoma (SDRCCdr MiT family translocation renal cell carcinomasr
emerging entitiessuch as Fumarate detrpgenasedeficient RCC (17). Genetic

alterations of the selected tumor types will be discukged

1.2.2 Classification histopathologal, immmunohistochemicabndgenetic

properties

Renal tumor classificatiomnderwentsignificantevolutionsinceits early forms
publishedn 1975by the Armed Forces Institute of Pathology (AFifP)he United States
or the firstWorld Health OrganizationWWHO) classificationpulishedin 1981. h these
early classificationsrenal tumors wergroupedinto two majorcategories Clear cell

carcinoma and granular cefhrcinoma11), or renalcell carcinomaand otherg18). In



thefollowing time, the accumulation of research data brought the Mainz classification in
1986, the HeidelbergRochesterclassification in 199718), followed by the WHO
classification in 1998, I KLFK WRGD\{V WdpDeénd Wrhd QbtypeBe@G

establishedin 2004 the WHO classification was updated and further refined.

In 2016theWHO published the latesipdate to theikidney tumorclassification
with epithelial cell tumors comprisg 14 malignant andwo benign tumortypes(19)
(Table 1). The histological criteriaremaired the foundation forthis dassification
However, the nomenclature is based omultiple criteria including cytoplasmic
appearance, architectugecombination of morphologies, anatomic location, underlying
disease, familiabyndromesand specific genetic alteratiof®0). The recentexpansion
of molecular methods allowddr more profoundnsight irto the genetics atnaltumors
revealingclinically andpotentialy therapeuticallyelevantmolecular differencewithin

thehistologicaltypes

The2016WHO classificatiorwasprecededy the consensus conference of the
International Society of Urological PatholodySUP) held in 2012 in Vancouver
(Canada The reports pblishedfrom the consensus conferengerereferredto asthe
2012 ISUP Vancouver classification of renal neoplagd). The ISUP Vancouver
classification confirmed the most frequent and vesliablished tumor subtypes, namely
theclear cell renal cell carcinomadRCC), representing 780% of all the renal tumors,
papillary renal cell carcinomaPRCC), occurring in 1015% of the cases, and the
chromophobe renal cell carcinom@hRCC), in about 5% of caseas well as other, well
established but less frequently occurring tumoistdglether in about 10% of tleases).
This classification embraced several newly recoghirenal cell carcinoma (RCC)

subtypessubsequently included the2016WHO classification Novel subtypesclude



tubulocystic renal cell carcinoma (TCRCC), acquired cystic disesseciated RCC,
clear cell papillary RCC, microphthalmia transcription fadsonily translocation RCC
(including t(6;11) RCC and Xpll.2/TFE3 RCQ)ereditary leiomyomatosis RCC
syndromeassociated RCC and succinate dehydrogenase (Skieficient renal
carcinoma Recently,additionalemergingentitieswere reportedincludingthyroid-like
follicular RCC anaplastic lymphoma kinase translocation R&®TC with smooth
muscle stromaeosinophile, solid, and cystic RCCandbiphasic squamoid alveolar RCC

(22-25).

Table 1. WHO Classification of the renal cell tumors published in 2016

Renal cell tumors WHO1CO-3
code /behavior
Clear cell renal cell carcinoma 8310/3
Multilocular cystic renal neoplasm of low malignant potential 8316/1
Papillary renal cell carcinoma 8260/3
Hereditary leiomyomatosis and renal cell carcinoma-associated renal cell
carcinoma 83113
Chromophobe renal cell carcinoma 8317/3
Collecting duct carcinoma 8319/3
Renal medullary carcinoma 8510/3
MIT family translocation renal cell carcinomas 8311/3
Succinate dehydrogenase-deficient renal cell carcinoma NA
Mucinous tubular and spindle cell carcinoma 8480/3
Tubulocystic renal cell carcinoma 8316/3
Acquired cystic disease-associated renal cell carcinoma 8316/3
Clear cell papillary renal cell carcinoma 8323/1
Renal cell carcinoma, unclassified 8312/3
Papillary adenoma 8260/0
Oncocytoma 8290/0

NA =*not available




Histopathologicallyand for the purpose of differential diagnosis, RCCs are put
into broad group®f tumors withclear cellsor eosinophilic cellsor solid tumorsand
papillary tumorsEach of the tumors has few distinctive morphologatzaracteristics
neverthelessRCCs overlapping morphology is frequently encounterednd use of
immunohistochemistryandoccasionallyconfirmation with molecular methodss often

required.

Renal oncocytomais a benign tumor with abundant oncocytic cytoplasm,
growing in cords, nesta)veoli,and tubules imfibrousor myxoid stromalt may contain
degenerative atypia but npapillary growth, clear ced] or necrosisBesides the typical,
small cell variant, oncoblastipseudorsettes and cysticvarians aredescribed26, 27).
Immunohistehemically, ROis CD117 and Ecadherin positive, and CK7 and vimentin
negative althoughCK7 may show characteristicscattered cellposiive patternin less
than 36 of the tumor.There arao consistengenetic alterations in this tumor that could
be used for diagnostic purposeswever loss of chromosome 1 and Marrangements

of 1113, deletion of 1#ere some of the more commonly repor(28).

Papillaryrenal cell carcinoma (PRC@ traditionally divided into type land
type 2 However,the type 2 tumors represent a bragdup with less strictly defined
morphologicatriteriaand worse outcons¢ghanmore clearly defined type 1 tumoiig/pe
1 PRCChavethin papillae lined by a single layer of small amphophilibasophiliccells
with nuclei ISUP grade 1 or Zype 2 tumors are more heterogeneshswing papillae
lined by large eosinophilic cellwith large nucleiwith pseudostratificatiomnd high-
grace nucleoli (29). Some of the tumors show mixedorphological features and are
thereforedifficult to classify as type 1 or ZRCC ispositive forAE1-AE3, CAM5.2,

HMWCK. AMACR, vimentin, and CD10Type 1 PRCGCrarely occurs inhereditary



circumstanceswith characteristicMET gene mutatior(29). However, this mutation is
not consistentlyfound in sporadic tumors. Additionally, among other less frequent
alterations, PRCGhowsa gain of chromosome 7 and 1ahd loss of Y Type 2 PRCC

are mut more geneticallgiverse showinga broadspectrum ofibnormalities

ChRCCis typically composed opale,large finely granularcells with distinct
cytoplasmic membrane eosinophiliccells,with perinuclear halos and raisinoid nuclei
(30). However,mixed morphologymay beencountered31). Nuclear grade does not
apply.Typically, these tumors arsolid with parenchymal extensiamdoftenentrapping
tubules.Additionally, nests, broad alvegland trabeculae may be sgdri). ChRCCis
posiive for CK7 and CD117 and negative foCA9. Genomic analyses o€hRCC
GHPRQVWUDWHG D ORZ VRPDWLPFPRBWIHIENaR Qe v@&WH DQG |
frequently mutated gene82, 33). Recent cytogeneti@and comparative genomic
hybridizationconfirmeddistinctgenotypeof ChRCGC with multiplechromosomal losses
of chromosomes 1, 2, 6, 10, 13, 17,, 2hd Y chromosome in the majority of

chromophobdrCCs(31).

1.2.3 Prognostic factors and therapy

The data in the Bveillance, Epidemiology and End Results (SEER) database
show that about 65% of patients present with localized disease, 17% with disease spread
to regional lymph nodes, and about 16% with metastatic dig8dsdn patients with
RCC who present with loalized disease, surgical resection can be curative.
Unfortunately, more tha onethird of patientswith RCC present witheither locally

advanced and unresectglde metastatidiseaseln addition tumors that werénitially



resectdeventuallyrecur. The prognosis for patients with locally advanced or metastatic

RCC is generally poor.

The factors that affeqirognosis include the stageathological characteristics

such agumor type, grade and necrosis, clinifadtors,and molecular markers.

Tumor, node, metastasis (TNMaging system is useddégaluatehe anatomic
extent of the disease awdtegorize the prognostic stage gro(®s. The stage is the
most consistent factor that influences the prognosis of the patients with F@énts
with stage land Il havetumors of any size limited to the kidnegnd theirfive-year
survival raterangedrom more than 90% for stage | and-98% for stagel tumors For
tumors in stage l]lsurvival ranges from 590%. Stage Il tumorencludetumors of any
sizewith the invasion ofthe pyelocaliceal systenmajor veins perinephric tissugsor
tumors with regionametastase@N1). Stage IVtumors LQYDGH *HURW&§V IDVFLD

distant metastases (M1). The survivaeridr stage 1V tumors igbout one yea35).

The histologictype of the tumor isalso an important factoraffecing the
prognosis Clear cell RCC hatheword prognosis followed bythe chromophobe RCC,
followed by papillary RCC type J1which ha the most favorable prognosi86). Less
frequenttumor types such as collecting duct carcinoma, medullary carcinamany
histologictype with sarcomaid or rhabdoid features are more aggressive and associated
with shorter survival37). Histologic grade isanotherindependent prognostic factor
FurhmaQYvY JUDGH ZDV PRVW ZLGHO\ XVHG XQ@WMdled® LW HYRC(
carcinomasad89%, grade 2 aboui5% and grade ®nly about 4% five-yeardisease

free survival(38).
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Tumor necrosis ignindependenpredictor of survival and is integratedton
some of the staging and prognostistemsor clear cell RCC and chromophobe RCC

(39).

Clinical factors such agerformance status, paraneoplastic syndrosoes as
anemia, fever, weight loss, thrombocytosis, hypercalceatiabesity may influence
survival Several pognostic models that include the clinical parameters have been used
for some timeandthe University of California Los Angeles integrated stagsystem
(UISS), which combinesEastern Cooperative Oncology Group (ECOG)XUKPDQ TV

grade and TNM has been validatgdO).

Molecular markersaffecting tumor aggressiveness and thus the prognmsis
markersimportant for the diagnosisf particular RCC subtypeinclude VHL gene
mutationor methylation chromosome 3p losandSETD2 BAP1, PBRMInutationsin
clear cell RCCfFumarate hydratas€¥) deficiencyin papillary RCC type 2ZTFE3and
its fusion partnerdNONQ, GRIPAP1 RBMXandRBM10in MIT family translocation
RCC, Succinate dehydrogenadeficiency TFEBVEGFA/6p2lamplification, TCEB1
mutation ALK rearrangements,TSC2 and MTOR mutations and other genetic

abnormalitiesn recognized and emerging renal tumor entities.

Treatment of the patients with RCC depgnd the extent of the diseaatthe
time of diagnosispatiens age, and comorbidis Basedon the extent of the disease
RCC isdesignateds localizedstage I, Il,orlll) or advancedstage I\ tumor extenahg
into the ipsilateral adrenalland, orbeyond Gerota's fascid@4), or metastaticlisease
(M1). The preferredreatment modality for patients in stage I, and Il is surgical

thermapy, whichpresumegpartial or radical nephrectomplthoughup to 30% of tumors

11



recur, ystemic adjuvant theraplas not yet been introduced as a standard clinical
protocol Thereis no clear evidence slurvival benefifor the patientsAt the same time,

thetoxicity confers asubstantiatisk of side effects

Neverthelessthe FDA approved sunitinibor adjuvant treatmenf high-risk
RCC despite the small benefghown over the placeb®FS 5.8 \s. 6.6 year¥ (41).
Several other agents were investigated in clinical taatsshowedonly modest benefit
over theplaceboin the adjuvant settingOngoing studies armvestigating theadjuvant
immune checkpoint inhibitorsreatmentfollowing the resection ofhigh-risk RCC
Patients with advanced or metastatic diseaséreaed with sysimictherapy Some of
theapproved therapeutic protocols inclugdenune checkpoint inbitors(PD-1 and PD
L1 inhibitors), CTLA-4, andangiogenic(VEGF) inhibitors. The immune checkpoint
inhibitors are recently replacing less preferred treatment optichsasunterleukin 2 (L

2) interferonalpha and other interleulsn

1.2.4 Tubulocystic renal cell carcinoma

TCRCCis a new entity included in the latest WHO classification. Akt
cases of this rare tumor haleen reportedn the literature(21). TCRCC has a
characteristionacroscopicappearancelt is a wellcircumscribed, encapsulated, gray
colored tumor withthe cut surface showing multiplariablesizedcysts resembling a
bubble wragf42, 43). Histologically, it is composed of welbrmedtubules ad cystsand
a scant fibroticstroma. Tubules and cysts direed bya singleor morelayers of atypical
cells with abundaneosinophilic cytoplasmfrequenthobnail appeance, and a high
grade, enlarged nucleiith prominent nucleol(27, 43). Not rarely,these tumors may

contain areas with classic PRCC morphology, or the assod®e& may be found in

12



the tumor proxnity, raising the question of their relationship with #RCC (44, 45).
Lessfrequently small foci of high-gradeRCC may beassociated with TCRC{46).
Althoughtheclinical and pathological evidenggarrans TRRCCa separate place in the
kidney tumor classification, many questions remain uncleaguiing further
investigation of its relations with other tumors, molecular gga properties and

outcome.

Immunohistochemicallysince the low number of cases reportetthéliterature,
these tumors are not well definehd further research reecessary. Available literature
reportspositive AMACR, vimentin and PAX8, variable CK7 and CD10 and negative

CD117 staining(27, 47).

Molecular and genetic analyses showeths of 7 and 1@nd loss of Y, similar
to PRCC(11, 45). However, conflicting data confeom differentstudes someof them
concluding thalTCRCCdoes noshowgains of 7 and 17&thers conclude it showsss
of 9 and gain of 17having norelationship to PRCQ47-49). No consistent gene
mutations were reported in the literatuféae molecular featuresf TRCCneed further

elucidation.

1.2.5 Cystichistologicalvariants of conventional ren&aimors

The most common renal tumors typicalyesent with solidpapillary, or
pseudopapillaryappearanceHowever, itis well knownthat they occasionallypresent

with cystic, tubular, opseudocystipatterrs to a varying exten(11).

Renal oncocytoma is a benign tumor presemgimmgslyas a weHcircumscribed

solid, yellowishtanmass often having a central fibrotic arég. Histologically it grows
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in asolid and nested pattern, withrge,roundeosinophiic cellscontaining oval nuclei.
Stroma is loose and present only in areas with nested architecture. Rarely, this benign
tumor presents with an unusual growth pattern build of tubules and cysts, thus mimicking
malignant renal neoplasia with tubulocysticogth pattern, such as TCRC@us

creating a diagnostic difficulty or a pitfall, particularly small biopsies

Another renal tumotthat may present with an unusual growth is ChRCC.
Chromophobe renal cell carcinoma is characterizeghddyg cells with prominent ell
membranes, wrinkledgsinoid) nuclei with perinuclear halos, arsmaller eosinophilic
cells It usually show solid or solidalveolar archiectural patternsThe two recogized
ChRCC morphologic varian@re classic and eosipbilic. However, the morphologal
spectrunis broader, andamongst several described varig&52), a multicystic growth

pattern is sometimes encounte(8@).

PRCC, as indicated bits name shows the papillary architecturelt has a
prominent pseudocapsulepapillae formed by delicate fibrovascular cores that often
contain foamy macrophages and psaoma bodiesTraditionally, itis subdividednto
type 1 and type 2, based bistology differencesclinical behaviorand outcome.Type
1 PRCC showsgpapillae covered by cells with nuclei arranged in a single layer on the
papllary cores, often with scantpale cytoplasmNeverthelessmany exceptins to
classical morphological subtypage reportedh the literature, and this areathe subject
of intense research53, 54). Although rarely, PRCC may radiologically and

pathologically exhibit cystic appearan@&b, 56).
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Il Significance ofcystidtubulocystic growth pattermn renal

tumors

Less frequentlytubulocystic or cystic architectural pattemwf common renal
tumors may represerd significant diagnostic challengdeading to misdiagnosis,
particularly on a small biopsgZlear morphologic, immurastochemicgland molecula
criteria would improve the diagnostic accuracy and outcome of the zatiermddition,
the prognosticsignificance of cystic otubulocystic growth pattesin RCC subtypes is
yet unclearand has been recently gaining more attrac{®fh60). Recent observations
suggest that the predominant cystic or tubulocystic architecture in renal tumors predicts
betterpatientoutcome, and this appears to beeacross the tumor subtypél, 58, 60-
62). Furthermore, in a case of resected multilocular cystic renal cell carcitargdaerm
follow-up studies gathered sufficient evidertbat this tumor does notmetastasize
Hence, its name was revis@hdthe tumomwas placednto aborderlineor low malignant
potential categoryn the 2016 WHO classificatio(61, 63). Similarly, first longterm
follow-up studies on clear cell papillary renal cell carcinom@RCQG have reported no
metastatic disease indbepatiens, proposing a revision of ttemor nameand placing

it into a benigncategory(64, 65).
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2 HYPOTHESIS

Based on personakperiencend availablditerature we hypothesize thaenal
tumor subtypesor variants with cystic or tubulocystic morphology have similar
immunoprofileand geneti@bnormalitiedut a morefavorable prognosithantheir well-

describedcharacterized) conventional counterparts
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3 AIMS

B General aim

To characterize the morphological featuregjnoprofile andmoleculargenetic
profile of recently recognized tumoentity, namely the TCRCCIn addition to
characterizéubulocystic variants of renal tumasbtypes andetermirethe most useful
morphobgic,immunohistochemicahndmolecularproperties for differentiation of these
tumors in diagnostic practice Furthermore, the characterization will elucidate the
biological and clinicalsignificance of cystiand tubulocystiocvariants comparedwith

their conventional subtypes.

Bl Specificaims

1. To compare theclinicopathologicalcharacteristics (age, gender, size,
tumor stage, tumor grade, follewp, architectural growth patterns, stromal features,
cytomorphology, ISUP nucleolar grade, necrosis, and imitattivity) of tubulocystic

renal tumor variants with their conventional counterparts.

2. To compare themmunoprofileof cystic and conventional renal tumors
and determine the most appropriate biomarkers for differentiation of these tumors in

diagnosticsettings.

3.  To characterizenoleculargeneticproperties of the tubulocystic variants
of renal tumors and make a comparison among tubulocystic groups as well as their
conventional counterparts for identifying potential diagnostic molecular biomarkers or

molecules involved in pathogenesis and development of these tumors.
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4 MATERIALS AND METHODS

Bl Case selection and study groups

The casesvere searchedrom the Sikl's Department of Pathology registr
Charles' University, Plzen, Czech Repuplichich contains more than 19,000 kidney
tumors. The EthicalCommitteeof the Charles University Medical School Plzen, Czech
Republic (411/2015) and Ethical Committee othe University of Zagreb School of

medicire, Zagreb, Croatiapproved the study

Renal oncocytomag¢RO) were searched in the registry using #eywords
kidney, oncocytoma The search reveald@l5 casesThirty cases of B with typical
morphology defined by the WH7), i.e., roundto-polygRQDO FHOOV ZLWK ¢ QHO\
eosinophilic cytoplasmvith roundto oval nucleiwere retrieved from the archives and

revised

Cystic renal oncocytoma (CR@aseswvererefinedfrom the previous search by
usingthe DGGLWLRQD@sti'H \ThHK se@rcli revealed 36 cagsesdich were
retrieved from the archives and revised. In additiopraviously usedelection criteria
for RO, tumorswith at least 50% of the tubulocystic architeetwere selectedA total
of 24 cases fulfilled the inction criteria(3.7% of645 available RO)Thirty classical,

conventional RO were retrieved from archives as a control group.

TCRCGs havebeen retrievedrom thein-KRXVH DQG FRQVXOWDWLRQ
same registryA total of 15 cases were availableCRCC typically demonstrated well
formed, small tomediumsized tubules and cysts lined Hgrge cells, usually

demonstrating abundant eosinophilic cytopla$ime lining cells showed focal heatail
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shape with higimuclear grade with prominent nucleoasesvere reviewedor inclusion

criterig, andthe diagnosisvas confirmedy immunohistochemistry (IHC).

PRCCshave EHHQ VHDUFKHG LQ WKH UHJLVWU\ ZLWK NH\
resulting in 1311 caseslTwentyseven ases of the conventional, grossly solid,
microscopically typical PRCC type 1 were retrieved from archigesording to WHO
classification the morphological criteria of PRCC typeafe Papillaryarchitecture with
delicate fibrovascular cores, often witbamy macrophages and psaoma bodies
papillae coverednostly by cellswith scanty cytoplasm anauclei arranged in a single

layer (66).

PRCC with cystic and tubular featufg®RCC)were refinedrom the previous
VHDUFK XVLQJ DGGLW Lt#RWIBrOTH¢ lkatR tevealed EO Vades, kvhich
were retrieved from the archives and revised using the morphologic criteria for PRCC,
with additional inclusion criteriathat is, at least 50% of the tumor showing cystic or
tubular architecture. All the tumosrsere large cystic lesions encapsulated by a thick,

PRVWO\ ¢ E UaRdshowed\hedroticdtdeas in addition to cysts and tubules

ChRCC was searched in the regig using the keywords 3SNLGQH\
chromophobé The search rewed 733 cases.Twenty cases showingvell-defined
morphologic criteria according to WHO classification were seleatetlieved, and
revised The inclusion criteria were solid, shdi&e, or neded architecture with
incomplete, often hyalinized vascular septa, large pale cells with reticular cytoplasm,
prominent cell membranes, wrinkle@ginoid) nuclei with perinuclear halo, and common

binucleation.
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Cystic ChRCG (cChRCC)were further refinedrom the previous search by
addingthekeywords 3 F\VWR.F 3 W X Gegionihg resulted in 10 cases, retrieved from
thearchivesand reviewedor criteria applied for conventional ChRCC amdaddition
at least 50% of cystic or tubular architecture. Diagnosese supportedby

immunohistochemistry.

All the cases were reviewed by three patholo@s& MU, OH).For each case,
1 to49 tissue blocks (mean 5.6) were availableréotew,and 12 represertive blocks
were selectedor immunohistochemical and molecular genetic studies. Clirdeéd,
follow-up, and macroscopic descriptiomgere collected by review of thastitutional

medical records doy contacting the consulting pathologistsm different institutions

Bl Conventionalight microscopy

ThetisV XH KDG EHHQE ¥ [H® H G | RHPFEIHBLEH G ar@3-SDUDI¢ Q

to 4- P-thick sections were cut and stained with hematoxylin and edkimm.sections

were evaluated by light microscopy for the doling histologic features: visulgl

estimated percentage of dgssolid, andnestedoatternstheepithelial lining of thecysts

(single, pseudopapillary, multilayered), presenceapillary protrusions in the cysts,
hemorrhage withithe cysts ostroma, extent and compositiohtbe strana,presence of

foamy macrophagesytologicalfeatures including nuclear ISUP nuclealaade nuclear
pseudostratificatiormitotic activity, andthe presence of necrosik cases off C-RCC,

the percentage of ddional histological patternsasrecorded
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Hl |Immunohistochemistry

An immunohistochemicastudy was performed usintpe following primary

antibodies:

Table 2. Antibodies and clones used in the study

Name clone name, type, manufacturer, dilution

AMACR 13H4, monoclonal, DAKO, Glostrup, Denmark, 1:200
Carbonic anhydrase I1X rhCA9, monoclonal, RD systems, Abingdon, GB, 1:100
Vimentin D9, monoclonal, NeoMarkers, Westinghouse, CA, 1:1000
OSCAR OSCAR, monoclonal, Covance-SpinChem, 1:500

PAX-8 polyclonal, Cell Marque, Rocklin, CA, 1:25

Cytokeratin 7 OV-TL12/30, monoclonal, DakoCytomation, 1:200
Cytokeratins AE1-AE3 monoclonal, BioGenex, San Ramon, CA, 1:1000

CD117 CD117, polyclonal; DakoCytomation, Glostrup, Denmark; RTU
EMA E29, monoclonal; Dako, Carpinteria, CA; 1:1000

CD10 56C6, monoclonal; Novocastra, Newcastle, UK; 1:50
TTF-1 SPT24, monoclonal; Novocastra, 1:400
Anti-mitochondrial antigen  MIA, monoclonal; BioGenex; 1:100

Cathepsin K monoclonal, 3F9, 1:100; Abcam, Cambridge, UK

TFE3 polyclonal, 1:100; Abcam

Antibodies were visualized using the supersensitive streptaviaolim-

peroxidase complex (Biogenex).

Appropriate  positive  controls were employed for all assays
Immunohistochemical aining was recorded negative if staining,or less than 5% of
stainingwas observedas weak (+) for staining of up to 25% of tumor cells; moderate
(++) for staining 25%0% of tumor cells; and strong (+++) for staining in more @%b

of tumor cells.
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Bl DNA extraction

DNA was extracted from formakfixed paraffirembedded (FFPE) tumand
nontumor tissues (when available) of eacdseusing QIAsymphony DNA Mini Kit
(QIAGEN, Hilden, Germanyon an automated extraction syste@IAsymphonySP,
QIAGEN), DFFRUGLQJ WR WKH PDQ X IfpdtosbKfor FHEPEVsamplé&sS OH P H Q!
(purification of genomic DNArom FFPE tissue using the QlAamp DNA FFPE Tissue
Kit and Deparaffinization Solution].he oncentratiorand purity ofisolated DM\ were
testedusing NanoDrop ND100(NanoDropTechnologies Inc., Wilmington, DE, USA).
DNA integrity was examinetly amplifying controlgenes in multiplex PCR, producing
fragments from 100 t600 base pairs. Only cases with DNA integrity equal toiginer

than 400 bpvere usedor further analysis by aCGH.

Bl Array comparative genomic hybridization

A CytoChip Focus Constitutional (BlueGnome LtdGambridge, UK)
microarray processoras usedor analysis.CytoChip Focus Constitutional uses BAC
technology andovers 143 regions of known significance witiMb spacingacross a
genome. Probesere spottedn triplicate. First, 400 ng of gDNA was labeled using the
Fluorescent LabelingSystem (BlueGnome Ltd., Cambridge, UK). The procedure
consisted of Cy3 labelingf@a test sample and Cy5 labeling a reference sample.
MegaPool Reference DNA tiie oppositesexwas useas a reference sample (Kreatech
Diagnostics, Amsterdam, Netherlands). Each labeled pair was mixigkd, and
hybridized overnight at 47 °C usidgraylt hybridzation cassettes (Arrayit Corporation,

CA, USA). Posthybridizationwashing was done using SSC buffers wiitlareasing
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stringency. Dried microarraysere scannewith InnoScan 900 (Innopsy&rance) at a

UHVROXWLRQ RI P

Scanned images were analyzadd quantified using BlueFuse Multi software

(BlueGnomeLtd., Cambridge, UK). BleFuse Multi uses Bayesian algioms to
generate intensity values for each Cy5 and I@p8led spot on the @y according to an
appropriate .gal fileThe reported changes were browsed and interpreted Blsiaguse

Multi as well. Cutoff valuesvere seto alog 2 ratioR | i IRU ORVYV DQG

Bl Fluorescencen Situ Hybridization (FISH)

For eacltase a 4mmtthick section was placed ont@asitively charged slide.
Hematoxylin#eosinstained slidesvere examined fothe determinatiorof areas for cell
counting.The unstained slide wasutinely deparaffinized and ¢abated in th&arget
Retrieval Solubn Citrate pH6 (Dako, Glostrup, Denmark) for 40 minutes ats9%nd

subsequently cooled for 20 minutes at room temperatuteisame solutiolhe slide

was washed in deionized water fanthutesand digested in protease solution with pepsin

(0.5 mg/ml) (Sigma Aldrich, St Louis, MPin 0.01 M HClat 37C for 20 minutes. The
slide was thenlpced into denized water for 5 minutes, dehydrated in a seriettanol
solutions (70%, 8%, 96% for 2 min each), amdr-dried Probes for aneuploidyetection
of chromosomes 7,7, and Y (Vysis/Abbott Molecular, IL(jTable3) were mixed with
water and CEP Hybridization buffer (Vysis) inl&:7 rato. An approprte amount of
probe mix and faory premixed XY prob&as appliedo each specimemhich was then
covered with a glass coverslip and sealétl rubber cement. The slideas incubated in
the ThemoBrite instrument (StatSpin/lris Sample Prsgiag, Westwood, MA with

codenaturatioparameters of 8& for 8 minutes and hybridization parameters of(37
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for 16 hours.The rubber cemented coverslip was then remgaed the slide was placed
in posthybridizatiorwash solutior{2 SSC/0.3% NF10) at 21C for 2 minutesThe slide
was air-dried in the dark, counterstained with @diamidino2-phenylindole (DAPI)

(Vysis), coverslipped, and examingdmediately.

Table 3. FISH Probes for detection of aneuploidy of chromosomes 7, 17, and Y

Chromosome Probe
7 CEP 7 (D7Z1)/7p11.1-q11.1 Alpha Satellite DNA
17 CEP 17 (D17Z1)/17p11.1-q11.1 Alpha Satellite DNA

CEP X (DXZ1) SpectrumGreen/CEP Y (DYZ3)//Yp11.1-q11.1 Alpha
Satellite DNA/Xp11.1-q11.1 Alpha Satellite DNA

Y

FISH tfluorescence in situ hybridization

The sections were examined with an Olympus BX&ibrescence microscope
(Olympus Corporation, TokyaJapan) usinga 100 objective with Triple Band Pass
(DAPI/SpectrumGreef®pectrumOrange) and Singl8and Pass (SpectrumGreen/

6SHFWUXP2UDQJH ¢(OWHU VHWYV

Bl VHL geneanalysis

Mutation analysis of exons 1, 2, and 3 of tHdL gene was performed using
polymerase chain reaction (PC&)d direct sequencing. RGvas carried out usingpé
primers shown ifmable4. The reaction conditions were fadlows: 12.5 mL of HotStar
Tag PCR MasteMix (Qiagen),10 pmoL of each primer, 100 ng of template DNand
GLVWLOOHG ZDWHU XS WR Pc¢ongisdd obdesa@iagdnatWw3. RQ SURJ
for 15 minutes and thetD cycles of denaturation at 95for 1 minute, annealing &6 ¢

for 1 minute, and extension at ¥2for 1.5 minutedor all amplicons. Therogram was
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Adished by 72 incubation for 7 minutes. The PCR products were checke@d%n
DJDURVH JHO HOHFWURSKRUHVLYURBKEKFWYVDEDHQWO\ DOSLGLH;,
magnetic particles AgencouiMPure (AgencourBioscience Corporation, A Beckman

Coulter Company, Bevbr, MA), both sides sequenced usy Big Dye Termingor

Sequencing Kit (Applied BW\VWHPV )RVWHU &LW\ &$ DQG SXULyg
particles Agencourt @anSEQ (Agencouiioscience Corporation) al according to the
PDQXIDFW XU H U \samplesRvwarédalis€quentl/Hun on an automated sequencer

ABI Prism 3130xI (Applied Biosystems) at a constamitage of 13.2 kV for 20 minutes.

All sampleswere analyzedh duplicatesandanalysis of positivesamples wasepeated.

For 3p loss of heterozygosity (LOH) analysisneoplastic tissue DNA, 10 STR (short

tandem repeatsparkers: D3S666, D3S1270, D3S1300, D3S1581, D3SI3331600,

D3S1603, D3S1768, 852338, and D3S3630dated on the short arm of dmosome 3

(3p) were choseftom the database (Gene Bank UniSTS). The primerdistedn Table

5. PCR conditions were the same as mentioned ab6VFFHVVIXOO\ DPSOL¢HG
products weramixed with GeneScan 500 LIZ dye Size Standard (ApiEsdystems)

and run on an automated genetialgmer ABI Prism 3130xlI (Applied Biosystems) at a

constant voltage df5 kV for 20 minutes.

A sample was considered LOpbsitive if the ratio of notumor DNA to tumor

DNA was>1.5 or <0.66. All samplesere analyze@h duplicates.
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Table 4. PCR Primers used in mutation analysis of the VHL gene and designed in
Primer3 software

Gene/Exon Name BULPHUV G6HTXHQFH
VHL/exon 1 VHL el-1 CGCGAAGACTACGGAGGT
VHL el-2 GTCTTCTTCAGGGCCGTA
VHL el-3 GAGGCAGGCGTCGAAGAG
VHL el-4 GCGATTGCAGAAGATGACCT
VHL el-5 GCCGAGGAGGAGATGGAG
VHL el-6 CCCGTACCTCGGTAGCTGT
VHL el-7 CCGTATGGCTCAACTTCGAC
VHL el-8 GCTTCAGACCGTGCTATCGT
VHL/exon 2 VHL e2-1 ACCGGTGTGGCTCTTTAACA
VHL e2-2 TCCTGTACTTACCACAACAACCTT
VHL/exon 3 VHL e3-1 GCAAAGCCTCTTGTTCGTTC
VHL e3-2 ACATTTGGGTGGTCTTCCAG
VHL e3-3 CAGGAGACTGGACATCGTCA
VHL e3-4C CCATCAAAAGCTGAGATGAAAC

PCR xPolymerase chain reaction

Table 5. PCR Primers used in LOH analysis of chromosome 3p

Marker Name Primers (Sequence 5 ' : 3')
D3S666 D3S666-SK#15 CAAGGCATTAAAGTGGCCACGC
D3S666-SK#16 GTTTGAACCAGTTTCCTACTGAG
D3S1270 D3S1270-F TGGAACTGTATCAAAGGCTC
D3S1270-R TTGCATTAGNATTCTCCAGA
D3S1300 D3S1300SF AGCTCACATTCTAGTCAGCCT
D3S1300A GCCAATTCCCCAGATG
D3S1581 D3S1581-F CAGAACTGCCAAACCA
D3S1581-R GGGTAACAGGAGCGAG
D3S1597 D3S1597-F AGTACAAATACACACAAATGTCTC
D3S1597-R GCAAATCGTTCATTGCT
D351600 D3S1600-F ATCACCATCATCTGCCTGTC
D3S1600-R TGCTTGCCTTGGGATTTA
D351603 D3S1603-F CCCTAACTCCACTTGAAAGC
D3S1603-R TCAGCGAACAGCAACAAAT
D3S1768 D3S1768SF GGTTGCTGCCAAAGATTAGA
D3S1768A CACTGTGATTTGCTGTTGGA
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D3S2338 D3S2338-F GAAGCCAGCAGTTTCTC

D3S2338-R CTGTATTGTTTTCCAGGATAAG
D3S3630 D3S3630-F AAGGGATAAGCTGCAAATCA
D3S3630-R ACCAAATACAATTCATGAGACCTGA

LOH z*Loss of heterozygosity

Bl FH (Fumarate hydratasggnemutationanalysis

Three cases occurring in young patients (29,431y) were furtheanalyzed.
DNA from FFPE tissue wasxtracted using a QIAsymphony DNA Mini Kit (Qiagesr)
the automated extraction system (QIAsymphonySPagen) according to the
PDQXIDFWXUHUTWSVRBYRGFROHIRWDY3I( VDPSOHYV 3XUL¢{(FDWL
from FFPEtissue using the QlAamp DNA FFPE Tissue W DQG 'HSDUDvVQL]DW
Solution). The mutationof the whole coding sequence of tid gene was performed
using PCR and direct sequencing. PCR was carried out using the primers shiabiein
6. The reaction conditions were as follows: 12.5 mL of HotStar Taq PCR Master Mix
(Qiagen), 10pmoL of each primer (Table 4), 100 ng of template DNA, and distilled water
up to P/ 7KH DPSOL¢(¢FDWLRQ SURJUDP PFR@ SmNWMesG RI GHQ
and then 40 cycles of denaturation at9%or 1 minute, annealing at 60 for 1 minute,
and extension at 72 |R U PLQXWHY IRU DOO DPSOLFRQV 7KH SU
72+ incubation for 7 minutes. The PCR products were checked on 2% agarose gel
HOHFWURSKRUHVLY 6XFFHVVIXOO\ DPSOL¢{¢HG 3&5 SURGX
particles Agencourt AMPure (Agencourt Bioscience Corporation, A Beckman Coulter
Company), botlsides sequenced using the Big Dye Terminator Sequencing Kit (Applied
%LRV\VWHPYVY DQG SXUL¢{¢HG ZLWK WKH PDJQHWLF SDUWLF

DOO DFFRUGLQJ WR WKH PDQXIDFWXUHUVY SURWRFRO 6X
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run on an automatesequencer ABI Prism 3130xl (Applied Biosystems) at a constant

voltage of 13.2 kV for 20 minutes.

Table 6. PCR Primers used in FH gene mutation analysis

Primer name 6HTXHQFH Product size
FH-el-F GCGGAACGGTTTCTGACA 263
FH-e1-R CAGGAGGGCTGAAGGTCACT

FH-e2-F GATGCGATTACTTTTGATCCTG 235
FH-e2-R CCAAAATAGCCAACATTTCCA

FH-e3-F GCCAAAATAATAAACTTCCATGC 230
FH-e3-R AGTATGGCATGGGTCTGAGG

FH-e4-F GGCATAATCAGCATTATTATTTCCTT 262
FH-e4-R AAAAACAGCAAAGCTCACATACTG

FH-e5a-F TTTGTTTTTGTTGCCTCTGATTT 169
FH-e5a-R GGATTTTGCATCAAGAGCATC

FH-e5b-F CTTTTCCCACAGCAATGCAC 218
FH-e5b-R CATTTGTACCAAGCTCTAAATTGAA

FH-e6a-F CTTTGCTCATCATAAGATTTGAAGT 262
FH-e6a-R CAACAGCAGTGCCTCCAG

FH-e6b-F TCAGGAATTTAGTGGTTATGTTCAA 224
FH-e6b-R CAGACCACGTATAATGAGAAATGAA

FH-e7a-F TTGCTAATGGTAGAAAAATGTTTAGTT 200
FH-e7a-R CCCAAAAATCGAATATCATTTGC

FH-e7b-F CTCATGACGCTCTGGTTGAG 197
FH-e7b-R CAAGTTTTAGCTCCAACATTTACTAGC

FH-e8-F TTTCTTTATTCTCCTGATTATTTGCAT 249
FH-e8-R CCAAGATAATAAGCCTTTGGTCA

FH-e9-F CTCTCTCTCTCTCTCTCTCTCACTCAC 244
FH-e9-R TGGTTTAGCTTTTTAATTTTGCATT

FH-el1l0-F AACCCATATGTCGTCTTTTTATTTTT 245
FH-e10-R TTTTTAAGAAATGGGAGTCTGTTTTT

PCR zPolymerase chain reaction

Hl Analysis of VHL promoter methylation

Detection ofthe VHL promoter methylation was carried out via methylation

VSHFL¢F 3&5 Dalke@htidBA L BGH A\

DNA was addedWR UHDFWLRQ FRQVLVWHG RI /| RI +RWG6WL

QJRV REAFRDYHUWHG
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(Qiagen),10 pmol of forward andreverseprimer andGLVWLOOHG ZDWHU XS WR
DPSOL{FDWLRQ SURJUDP FRPSULVHG GHQDWXUDWLRQ DW
of denaturation at 9& for 1 minute, annealing at 60°C for 1 minute, and extension at

f& IRU PLQXWH 7KH SURJUDP ZDV ¢QLVKHG E\ LQFXED
PCR products were checked on 2% agarose gel electrophoresis. A patient with known
VHL mutation and fully rethylated HelLa cell DNAvereused as a positive control for
VHL mutation analysis and promoter methylation analysis, respectively. As a negative

control, randomly selected healthy donor blegas used

Hl Statistical analysis

The data were analyzed using SR@&ion 19Chicago, IL, USA)Chi-square
test was used to analyze the differences in morphologic criteria and immunohistochemical
staining pattern and intensityLVKHU YV H[DFW WHVW ZDV XVai& IRU GLF
studentt-testwas used to compa mean Ki67 percentage¥aplan Meier Survival
Analysiswas used to analyze the overall survival across the tumor t@opedviantel
log-rank testwas used to calculate tipevalue for differencebetween the group# p-

valueof less than 0.05 was considered significant.
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5 RESULTS

Bl Cystic RenaDncocytoma

5.1.1 Clinico-pathologicakharacteristics

We evaluated?4 cases othe predominantlycystic variant of the R and
comparedheir clinicopathological properties wi0 conventionakolid variants of this
tumorto examine whether the two variants difténerwise, excegdbr theirpredominant

architectureThe results aresummarizedn Table7 andTable8.

The patients’ mean ageas68.7 years (range 535) in the cystic RO variah
groupand60.3 years iange 2485) in the cawventional RQgroup.There werel7 (70%)
male and {30%)femalepatients in the cystic RO groM:F ratio 2.43)and21 (62%)
males and 9(28%)femalesin the conventional RO grou:F ratio 1.63) The average
size of the tumorgvas 25.6 mmréangel0-47 mm)in the cystic RO grou@nd32.1mm

(rangel(0-100 mm) in conventional RO.

The average follovwup durationwas33.6 monthgrange 12108) in cystic RO
and68.6months (range-228)in conventional ROThe status of thpatientsffollow-up

is preseted inTable7.

Histological analysis revealed differences between the CRO and RO in
architecture, frequencies of hemorrhage, and the amount and type of stroma. The

morphological characteristics asammaried inTable8 andFigure3.
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Table 7. Clinical properties of cystic renal oncocytoma (cRO) and conventional renal
oncocytoma (RO)

cRO RO p-value

Number of cases (n) 24 30
Age (years) (range) 68.7 (51-85) 61.6 (24-85) p>0.05
Sex

M 17 21

F 7 9

M:F ratio 2.43 1.63
Size (mm) (range) 25.6 (10-47) 32.1 (10-100) p>0.05
Follow up (months) (range) 33.6 (12-108) 68.6 (2-128)

AW (n) 10 21

DOD 0 3

DD 0 0

LFU 14 6

M tmale, F female, AW zAlive and well, DOD *died of other diseases, DD +died of disease,
LFU zlost for follow-up. p<0.05 was considered significant.

5.1.2 Immunohistochemical properties

The immunohistochemicadroperties of the CRO are summarizaedrable 9.
cRO showsanimmunohistochemical profilsimilar to the solid RO variant wittdiffuse
positivity for CAM5.2, CD117, OSCAR,MIA, and scattered staining pattern for Cik7

most of the case€RO ismostly negative folCAIX and CD10 staining.
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Table 8. Morphological characteristics of the cystic renal oncocytoma (cRO) and

conventional renal oncocytoma (RO)

cRO (n=24) RO (n=30) p value

Architecture

Tubules/cysts (mean volume %) 76.8 4.0

Solid (mean volume %) 10.7 86.0 p<0.01

Islands/nests (mean volume %) 12.0 10.8
Papillary/micropapillary budding in cysts [n(%)]

Yes 3(12) 1(2)

No 21 (88) 29 (98)
Lining of the cysts [n (%)]

Single cell layer 20 (83.3) 1(2.0)

Pseudopapillary 2 (8.3) 0 (0.0)

Multilayered 2 (8.3) 0 (0.0)
Hemorrhage [n (%)]

None 3(12.5) 27 (90.0)

Tubules/cysts 17 (70.8) 1(2.0)

Tubules/cysts and stroma 4 (16.7) 0 (0.0)

Stroma 0 (0.0) 2 (8.0)
Type of stroma [n (%)]

Loose 19 (79.2) 2 (6.0)

Loose and fibrotic 3 (12.5) 24 (80.0) p<0.01

Fibrotic 2(8.3) 4 (14.0)
Amount of stroma

Scant 12 (50.0) 25 (82.0)

Moderate 9 (37.5) 4 (16.0)

Abundant 3(3.0) 1(2.0)
Cytology [n (%)]

Dominant oncocytic 24 (100) 29 (98.0)

Focal oncocytic 0 (0.0) 1(2.0)
Nucleolar grade [n (%)]

1 13 (54.2) 17 (58.0)

2 10 (41.7) 11 (36.0)

3 1(4.2) 2 (6.0)

4 0 (0.0) 0 (0.0)
Mitotic figures [n (%)]

Yes 0 (0.0) 0 (0.0)

No 24 (100.0) 30 (100.0)
Necrosis [n (%)]

Yes 0 (0.0) 0 (0.0)

No 24 (100.0) 30 (100.0)

cRO =cystic renal oncocytoma, RO zrenal oncocytoma. p<0.05 was considered significant

and was shown where appropriate.
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Figure 3. (A) The morphology of the cystic renal oncocytoma (CRO) shows
predominantly cystic architecture. (B) Cells lining cysts are relatively uniform,
voluminous, cuboidal, arranged in a single row. (C) Areas of prominent stroma with
isolated islands of oncocytic cells are typical for cRO. (D) Immunoreactivity for vimentin
shows negative staining in the cRO cells.
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Table 9. Immunohistochemical properties of the cRO and RO

CRO (n=24) RO (n=30)

Antibody/tumor (%) (%) p-value
AMACR 33 27
CK7 Osc Osc
CAIX 5f 0
CD117 100 100
PAX8 80 64
Vimentin 5 9
Cathepsin K 2 3
CD10 4f 9w
CAMb5.2 100 91
AE1/AE3 80 64
OSCAR 100 100
TFE3 0 0
EMA 82 64
MIA 96 100
Ki67 4.9 3

sc zscattered cells positivity in less than 5% cells; w tweak staining; f +focal staining; cRO +
cystic renal oncocytoma, RO zrenal oncocytoma. p<0.05 was considered significant and was
shown where appropriate.

TubulocysticRCC

5.2.1 Clinico-pathologicakharacteristics

Tubulocystic RCGvasa recentlyestablished, distinct tumentity. It does not
have its solid counterpart. &thoroughlyanalyzedand characterizet institutional and

consultation cases of thiewly establishetlbmorby the WHO.

The mean age of the patients VB&8s8years (range28-78years. There werd 0
(66.6%) male and (33.4%) female patients ithis gioup (M:F ratio 20). The average
size of the tumors wa®t.5mm (range 10-90 mm). Elevencasesvere stage pTlhree

werepT2, andonecasewasstagepT3.
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Clinically and grosslytumorspresented as solitaryell-circumscribednasses
Theywere mostlycomposed otlosely packed wellormedtubular and cystic structures
separated byhin fibrous septaThis architecture was presemith anaverage of 86.7%
tumor volume The small papillary budding wagresent in more than half of the cases
Stroma wasscant andfibrotic in most of the casesViitoses and necrosisiere
occasionally éund (Figure 4 and Table 10Yhe epithelial cells lining the cystsere
eosinophilic with cylindrical, cuboidal, flattengol hobnail appearanc&helining cells

contained prominent nucleoli, mostly equivalent to ISUP nucleolar grade 3

Six casesad pure TCRCC morphologgnotherfive cases containedistinctive

and separattRCClike areagmostly PRCC type 1 likep theassociation with TRCC

Figure4|C-D). Three cases showddCRCC morphology with RCClike areas high-

graderenal cell carcinom@HGRCC NOS (Figure5), or CCPRCC/RATIike features

The TCRCC withCCPRCC/RATIike areas presenteat an advanced stage and had
fatal outcome due to metastatic disease withie year of surgeryThe last case had
classic TCRCC architecture and cytological appearance butpaog@nent nuclei and

conspicuous red nucleolit was later reclassifiedusing molecular genetianalysis a

hereditary leiomyomatosissociated RCC (HLRCC) (Figure 4). Tumors with

intermixedTCRCC and PRCC architecture were excluded fronstheay(Figure 6).

The average followup duration was 47.5 months (range;11I8 months). Ten
patients with pure TCRCC and TCRCC with PR@K: areas were alive and well. One
patient with a tumor reclassified as HLRCC was alive with advanced metastatic disease.
Four patients later reclassified as ABBRCC based on heterologous component and

molecular indings had an adverse outcome on fol@wand diedThreeof the deceased
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patients wergounger thadbyears(2 males, 29 and 44years oldand 1 femalg31 years

old).

Figure 4. Morphological properties of Tubulocystic renal cell carcinoma (TCRCC). (A, B)
Low power magnification shows typical tubulocystic renal cell carcinoma architecture
presented by closely packed well-formed tubules and cysts separated by thin fibrous
septa. (C, D) Papillary renal cell carcinoma-like areas were frequently associated with
TCRCC. (E) Cysts were lined with eosinophilic with cylindrical, cuboidal, flattened, or
hobnail cells appearance. (F) One case with typical TCRCC morphology was later
reclassified as hereditary leiomyomatosis-associated renal cell carcinoma using
molecular genetic testing.
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Figure 5. Two cases of TCRCC contained foci of high-grade renal cell carcinoma (NOS).

Figure 6. Intermixed TCRCC and PRCC architecture. These tumors were excluded from
the study.
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Table 10. Morphological features of TCRCC

TCRCC (n=15)

Architecture

Tubules/cysts (mean volume %) 86.7

Solid (mean volume %) 2.0

Islands/nests (mean volume %) 1.8
Papillary/micropapillary budding in the cysts [n(%0)]

Yes 9 (60.0)

No 6 (40.0)
Lining of the cysts [n (%)]

Single cell layer 6 (40.0)

Pseudopapillary 6 (40.0)

Multilayered 3 (20.0)
Hemorrhage [n (%)]

None 5 (33.3)

Tubules/cysts 3 (20.0)

Tubules/cysts and stroma 3 (20.0)

Stroma 4 (26.7)
Type of stroma [n (%)]

Loose 1(6.7)

Loose and fibrotic 2 (13.3)

Fibrotic 12 (80.0)
Amount of stroma

Scant 13 (86.7)

Moderate 2 (13.3)

Abundant 1(6.7)
Cytology [n (%)]

Dominant oncocytic 9 (60.0)

Focal oncocytic 6 (40.0)
Nucleolar grade [n (%0)]

1 1(6.7)

2 5(33.3)

3 9 (60.0)

4 0 (0.0)
Mitotic figures [n (%)]

Yes 4 (26.6)

No 11 (73.3)
Necrosis [n (%)]

Yes 4 (26.7)

No 11 (73.3)

TCRCC =+tubulocystic renal cell carcinoma
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5.2.2 Immunohistochemical properties

Immunohistochemically, TCRCGhowed diffuse staining forCAM5.2, MIA,
OSCAR and variable positivity for EMANdCA-IX. CD117 was negative in 93.3% of

cases, angimentinand AMACR were mostly positive, withk&a -67 proliferative index

of 17.93 Immunohistochemical findings asemmarized ijTable11

Figure 7. Vimentin staining in TCRCC shows diffuse positivity in 80% of the cases.
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Table 11. Immunohistochemical properties of the TCRCC

TCRCC (n=15)

antibody (%)
AMACR 87
CK7 70p
CAIX 43 p
CD117 6
PAX8 93
Vimentin 93
Cathepsin K 0
CD10 70
CAM5.2 100
AE1/AE3 100
OSCAR 100
TFES3 0
EMA 77
MIA 100
Ki67 17.9

TCRCC ztubulocystic renal cell carcinoma; p xpatchy staining pattern

5.2.3 Molecular genetiproperties

We used FISHPCR anddirectsequencingo analyzethe most common genetic
abnormalitiesreportedin renal carcinomas to elucidate thwlecular profile and the
position of thigenalcarcinoma subtypwithin the renal carcinoma familytr&ctural and
numerical chromosomal abnormalities chromosome 7, 17, Y were analyzed with
FISH, while PCR anddirect sequencingvere used tanalyze thevVHL and FH gene

mutations

Chromosome 7 and I7 were successfullyanalyzed in 13 and l14ases
respectively, in thareasshowingTCRCCmorphology.Chromosome 7 was disomaad

polysomic in 9 and 4 cases, respectively. Chromosome ldis@sic and polysomic in
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6 and 8 cases, respectivefhromosome Ywas normal in 3 cases and polysomic in 1
case,while another showed loss of chromosomelry.summary,the most frequent
aberrancies werdisomic chromosome @and polysomic chromosome 17n 2 cases,
chromosome disomy,again of17, and normal Y was found. The cdssslater proven
to be HLRCC hacthromosome 7 and 1golysomy witha gainof Y in TC-RCGClike
areasandchromosome disomy, again of 17 andnormal Y in PRC@ike areas. One
of the 2cases witifoci of HGRCC was not analyzabtiie to thensufficient number of
tumor cells The HGRCCareain the second tumoshowed disonec chromosome 7,
polysomc chromosome 17, and normal Y. This tumor also contairfeid@C focus that
showed the same status of chromosoihmesd Y, with a gain of chromosome 17. The
TCRCC component inhis tunor was disomic for chromosome 7 and polysanfor

chromosome 17.

In the single case with &CCPRCC/RATFlike pattern, both components
(CCPRCC/RAT and TCRCC3howed gains of chromosomes 7 and 17. In addition,

mutation of the VHL gene and LOH 3p wdorind in theCCPRCC/RATike area.

Three cases with aggressive forms ofRCC (patients being younger than 45 at
the time of diagnosisyvere analyzed for mutations of the FH gene. One was not
analyzable due tthe low quality of DNA, onewas negative fomutations, andne
showed a deletion of exon 7 of the FH gene: c¢.911 917delCTTTTGT,

p.(Phe305Leufs*22).
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Table 12. Histologic patterns and chromosome 7, 17, and Y status in TCRCC cohort

Case Histologic pattern

4 (%) Chromosome 7 Chromosome 17 Chromosome Y
1 TCRCC (100) polysomy disomy normal (XY)
2 TCRCC (100) NA polysomy NA
3 TCRCC (100) disomy polysomy NP
4 TCRCC (100) disomy polysomy NP
5 TCRCC (100) disomy disomy NP
6 TCRCC (100) disomy disomy loss (X0)
7 TCRCC (95) polysomy polysomy polysomy (XYY)
PRCC (5) disomy polysomy normal (XY)
8 TCRCC (60) disomy polysomy normal (XY)
PRCC (40) polysomy polysomy X polysomy (XXY)
9 TCRCC (90) disomy disomy NA
PRCC (10) NA NA NA
10 TCRCC (95) disomy polysomy NA
PRCC (5) NA NA NA
11 TCRCC (99) polysomy disomy normal (XY)
PRCC (1) NA NA NA
12 TCRCC (99) disomy disomy NP
PRCC (1) NA NA NP
TCRCC (70) disomy polysomy NA
13 PRCC (25) disomy polysomy normal (XY)
HGRCC (5) disomy polysomy normal (XY)
14 TCRCC (95) NA NA NA
HGRCC (5) NA NA NA
15 TCRCC (50) polysomy polysomy NP
RAT (50) polysomy polysomy NP

TCRCC ztubulocystic renal cell carcinoma; PRCC +papillary renal cell carcinoma; HGRCC =*high-
grade renal cell carcinoma; RAT #*renal angiomyomatous tumor; NA xnot analyzable; NP +not
performed

Cystic Papillary RCC

5.3.1 Clinico-pathological characteristics

Papillary RCGis the second most frequent kidregncerwith well-established
and describedhistologictype 1 and type ariantsconfirmedby molecular profiling
Type 2is further molecularly subdivided68). Rarely, this tumomay present with

abundant necrosigystic and pseudocystic architecture. We aimedhi@racterizehe
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cystic and necrotic variardf PRCC type 1(cPRCC)and compare théata with the

conventionapapillary variant

We retrieved 10 cases from our institutional archmedexternal consultation
casesand compared them with7 casesof the conventionalariant of this tumarThe
patients’ mean ageas62.6years (range32-85 year¥in thecPRCC group ané4.4 years
(range 20-84 years) irthe conventionaPRCC variantThere were3 (80%) male and
(20%) female patients in thd®RCCgroup (M:F ratio4.0), and 15 (56%) male and 2
(44%)female inthe conventional PRCC groufpatio M:F 1.27) The average size of the
tumors was94 mm (range 60-140 mm) in cPRCC and35.3 mm in the conventional
PRCC group §<0.05) Two cases were ithe pT1b stage, whilethe restof the tumors
werein thepT2 stagein cPRCC In PRCC17/27 cases werpT1a,9/27 cases pT1lband

one case pT2@<0.05)

In thecPRCCgroup,the averagdollow-up durationwas48 months (range +
128 monthy. Seven patients were alive and well at the timehefstudy, whike three
patients died of conditions unrelated to PRCC progresgiorg cancer and hepatic
failure). In the conventional PRCC groufhe averagdollow-up duration was 42.2
months (range 162). Similar tothe cPRCC groupmostof the patient$2527) were
alive and well at thetudy time while only 227 died of conditions unrelated to kidney

cancer

Grossly, tumorswerewell-circumscribedunilocular cysticmass encapsulated

by thick fibrouws tissuewith the inner surfaceried by a thirbrownish friable tissue cystic

space filled with hemorrhagend necrotic materigFigure8).
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Figure 8. Cystic and necrotic Papillary Renal Cell Carcinoma. The tumor was surrounded
by think whiteish fibrous tissue, and the cystic space was filled with hemorrhagic and

necrotic material.

Microscopically, most of the tumors showed basophilic appearance with low

grade nulei, consistent with the PRCC type 1. In most cases, the central part of the tumor

was largely necrotic, while peripheral parts contained viable neoplastic cells focally

forming short papillae, micropapillae or tubulopapill@tyuctures

Figure9

A, D). The

papillary structures were lined by a single layer of cuboidal or low columnar cells with

scant cytoplasm and unifornuclei(Figure9|C).

44



Figure 9. Microscopic appearance of the cystic papillary renal cell carcinoma (cPRCC).
(A) A limited amount of the vital neoplastic tissue was present at the peripheral parts of
the tumor, lining the thick fibrous-walled cyst. (B) Large central areas of the inner surface
of the cyst were covered by necrotic material. (C-D) Viable neoplastic tissue formed
tubulopapillary or short papillary structures mostly lined by single-layer cuboidal or low-
columnar epithelial cells with scant cytoplasm and uniform nuclei.

5.3.2 Immunohistochemical properties

On immunohistochencal analysisof thecPRCGC 10/10 (100%) of tumors were

diffusely positive forOSCAR, CAM5.2, vimentinand AMACR (Table 13 andFigure

. All the cases were also positive f6D117;however the staining was wealIA
was diffusely positive in 9/1090%) cases, and in one cashe positivity was focal.

PAX8 wasdiffusely postive in 7/10 (70%) of cases, while in 3/10 (3Q%)e staining
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was onlyfocally positive.CAIX and TFE3 were negative @l the casesCathepsin K,
and AEXAE3 showed variable expressiorhe same antibodies showed similar staining
percentagg patternsand intensities across the conventional PRCC type 1 gesuppt
the CD117 which was weekly positive iall cPRCC cases while mostly negative in

conventional PRCC.

Table 13. Immunohistochemistry analysis of cPRCC and PRCC cohorts.

cPRCC (n=10) PRCC (n=27)

antibody/tumor (%) (%) p-value
AMACR 100 92

CK7 90 92

CAIX 0 0

CD117 100 w 14 p<0.01
PAX8 100 92

Vimentin 100 60 p<0.05
Cathepsin K 20w 7

CD10 70 61

CAM5.2 100 92

AEL1/AE3 100 p 92

OSCAR 100 100

TFE3 0 0

EMA 90 84

MIA 90 100

Ki67 6 5

w tweak staining intensity; p xpatchy staining; cPRCC =*cystic papillary renal cell carcinoma,
PRCC zpapillary renal cell carcinoma (conventional, type 1). p<0.05 was considered significant
and was shown where appropriate.
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Figure 10. AMACR immunohistochemistry staining in (A) cPRCC and (B) PRCC type 1.
The cells were uniformly positive in both tumor variants.

5.3.3 Molecular genetic properties

Next, we usecdhCGHand FISHo investigate the copy number variatiorcystic
PRCC The most common finding was polysomic chromosome 7 antbdidd in 5/10
(50%) casedn addition, onecase showed gain ofchromosomeg, 12, 13, 16, and 17
and loss of chromosome 2loss of chromosome Y was found in one case, wijain
of 9, 12 and 20. Two cases showad chromosomal numerical aberratiqiisgure 11

and Table 14)

VHL gene abnormalitiesincluding mutations, hypermethylatioof VHL

promder, and loss of heterozygosity of 3p loowsrenot found nany case(Table 14.
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Table 14. Molecular genetic findings in cystic papillary renal cell carcinoma

LOH

D

Cis sex aCGH Chi7  Chri7  Chrx/Y 3" VHLmut  VHLmet
1 M +9,+12,+20,-Y D D -Y 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 D P -Y NA NA Neg
5 F NP NP NP NP NP NP NP
6 M +7, +17 P P -Y Neg Neg Neg
7 M +(7pter-7q32.1),+17,- P P -Y NA Neg Neg
8 M No changes P D XY Neg Neg Neg
9 M +2,+3,47,+12,416,+1 P P XY Neg Neg Neg

7,+20,+21,+22
10 M NP P P -Y NA Neg Neg

aCGH - Array comparative genomic hybridization; Chr 7 tchromosome 7, Chrl7 *chromosome
17; ChrX/Y +sex chromosome status; LOH tloss of heterozygosity; VHLmut +VHL gene mutation;
VHLmet +VHL gene methylation; NA £not analyzable; NP £not performed; Neg *negative for
mutation or methylation; D +disomy; P - polysomy

Figure 11. Array CGH profile of case 7 revealing gains on chromosomes 7 (7pter-7g22.1)
and 17, and loss of chromosome Y.
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Cystic Chromophobe RCC

5.4.1 Clinico-pathologicakharacteristics

ChromophobdRCC is thethird most commorkidney cancerwith a frequency
of about 5% of all renal tumor§Ve analyzed a rare cystic variant of this tunaord

compared it with its common solfdrm.

We retrieved 10 casesf cystic ChRCC (cChRCCjrom our institutional
archives and external consultation cased aompared them witl20 casesof the
conventional solid variant of this tumor. Tpatients' mean ageas68 years (rang&0-
89 years) inthe cChRCC group andbl.4years (rangd 7-83 years) inthe conventional
ChRCC variant.There were (60%) male and! (40%) female patients in thChRCC
group (M:F ratial.5) and 11 (55%) male an® (45%) femalesn theconventionalChRCC
group (ratio M:F 125). The average size of the tumors B822mm (rangel2-200mm)
in the cChRCC, and53-6 mm in the conventionalChRCC group (p0.05). Six of ten
caseq60%)were pThstage,2/10(20%)were pT1b,1/10 (10%)was pT2 stagewhile
the staging was missing for one césecChRCC Eight of 20 cases were pT1@0%),
6/20 (29%) cases were pT1a/20 (25%) pT2, and1/20 (3%) was pT3 in conventional

ChRCC group.

In thecChRCC groupthe average follovup duration wa§6 months (rangé&?2 +
128). None of the patients died of kidney canc@x. patients(60%)were alive and well
at thetime ofthe study, one died ofan unrelateddiseas€10%), and three were lost for
follow-up. In the ChRCC groupthe average follovup duration wag0.7 months (range

25-110). The majority of the patients 4120, 70%)were alive and well at the time of the
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study,3/20 (15%) died ofaconditionunrelated to kidney cancer, aadother3/20 (15%)

died ofthedisease

Grossly,cChRCCwerewell-demarcatedinvasion into thélood vesselsrenal
sinus pelvicalyceal systemgr perirenal fat wasot found The tumor cut surface was

brownor tan/yellowor gray.

The cells of mst ofthe tumorswvereeosinophilic/oncocytic (6/109r pale and
leaf-like (3/10) while one caseshowed a mixed cell population All the cases
demonstratedypical morphological signs of chRCGuch as aisinoid nucleiand
perinuclear halo Binucleated cells were seatcasiondy. According to the Paner
grading system (grade 1 or 2), all the cases were low gmitleout grade 3 or

sarcomatoid differentiation.

Histologically, the tumors showd a prominent multicystic patterrwith
irregularly sized and shapegsts andfocal glandular cribriform patterrSepta of the
cysts werehin, lined mainlyby a single layer of neoplastic cell®ccasionally drger
aggregates of mostly eosinophilic/oncocytidls were present within the septa. Deposits
of dark brownpigment (lipofuscin and hemosiderin) were focally presemtaiii of the

cases Dystrophic alcification was noted in four caseshile necrosis was not psent

Figure12A-B). A smallernumber of tumor$3/10) had a more solid appearance due to

compresse@longated tubules resembling a solid architectural appeandoegver no

propersolid areas wer seen{Figure 12/E-F). The umina ofthe compressed elongated

tubules displayed a sliike pattern{Figure12(F).
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Figure 12. Morphology of the cystic chromophobe Renal cell carcinoma. (A) Multicystic
architecture in a cystic variant of chromophobe renal cell carcinoma. (B) Dark brown
lipochrome pigment was present within cystic spaces. (C, D) Tumors were composed of
large eosinophilic or pale cells with raisinoid nuclei and perinuclear halo. (E, F) Some of
the tumors showed compressed tubular and cystic spaces.
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5.4.2 Immunohistochemical properties

ImmunohistochemicallycChRCC were positive for CK7, OSCAR, CD117,
EMA, antimitochondrial antigen, and PAX8. CK7 positivity was moderate to stwatig
asomewhapatchy pattern in seven cases. Immunoreactivity for CD11ifase but
varied in intensity, ranging from weak (three cases) to strong (four cAsess)dicated
by nuclear Ki67 stainingproliferationactivity wasvery low (<1 %) in all cases. All the
cases were negative for vimentin, AMACR, CAIX, TFE3, cathepsi(Table 15and

Figure 13.

Table 15. Immunohistochemistry of the cystic chromophobe renal cell carcinoma

Antibody/tumor CChR(ES/’\O )(n:10) ChRC(%/O gn:ZO) p-value
AMACR 0 12
CK7 100 p 92
CAIX 0 0
CD117 100 100
PAX8 100 w 90
Vimentin 0 0
Cathepsin K 0 0
CD10 10 7
CAM5.2 70 61
AE1/AE3 100 p 92
OSCAR 100 90
TFE3 0 0
EMA 100 84
MIA 100 92
Ki67 1 1

w tweak staining intensity; p xpatchy staining; cChRCC +cystic chromophobe renal cell
carcinoma, ChRCC zchromophobe renal cell carcinoma (conventional). p<0.05 was considered
significant and was shown where appropriate.

52



Figure 13. Immunohistochemical staining of cystic chromophobe carcinoma shows (A)
consistently positive CK7 staining with a patchy pattern, and (B) CD117 staining.

5.4.3 Molecular genetiproperties

We performed an aCGH analysis to analyzeplogdy status of theeChRCC.
Multiple losses of chromosomes 1p, 2q, 6, 13, 17, 21, ancpé found in two cases.

Three cases showed no numerical chromosainedrations

Immunohistochencal profiles of the cystic renal tumors

We pooled the data t@omparethe immunohistochemistry profiles of the
differentcystic renal tumowariantsto get a better overview of the biomarkers involved

in pathogenesis anevaluate theidiagnostic sefulnessThe data are summarized in

Table 16

PAX8 is expressed in atlystic renal tumor typesindis consideredx helpful
marker for distinguishingnetastatiaenal neoplasidrom other metastaseBMACR is

positive in cPRCC and TCRCC, butistirely orprimariy negative in cRO and cChRCC.
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CAIX is variable positive onlym TCRCC, while negative in otheohorts.CK7 was
positive in cChRCC, negative in cR@nd variably positive in cPRCC and TCRCC.
Pankeratirantibodies EMA, and MIA almost consistently stainedl the tumorsCD10
and vimentin wereegative in cRGnd cChRCC, while mostly positive in cPRCC and
TCRCC. Cathepsin K and TFE®ere invariab} negative in all the evaluated cohorts.
Ki67 proliferative index wakw in all tumors, except for TCRCChere it was expressed

in more than 17% of the cells.

Table 16. Immunohistochemical profile of the cystic variants of renal tumors

cRO =cystic renal oncocytoma; cChRCC zcystic chromophobe carcinoma,;
cPRCC zcystic papillary renal cell carcinoma; TCRCC *tubulocystic renal cell
carcinoma. Percentage of cases with positive staining:  0-25%; >25-50%;
>50-75%; >75%
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Molecular profiles of the cystic renal tumors

Pooled nolecular findings in cystic variants of the common renal tumors

evaluated in this study show variable and inconsistenttse$tuk results are summarized

in[Table17| TCRCCmost frequentlyshowed gains of 7, 1but gains of Y an&X were

also presentThe most frequent finding in cPRCC agains of chromosomes 7 and 17
and loss of YHowever, many othethromosomes were found to be altei@hRCC on

contrast shows only lossemmong which1p,-2q,-6, -13,-17,-21, and-X.

Table 17. Pooled results of molecular genetic analyses of the cystic renal tumor variants.

Tumor type Frequent genetic abnormalities
cRO not analyzed
TCRCC +7,+17,+Y,+X
pRCC +2,+3,+7,+9,+12,+13,+16,+17,+20,+21,+22
-21,-Y
No changes in VHL, nor in LOH 3p
cChRCC -1p, -2q, -6, -13, -17, -21, and -X

Prognostic value dlubular orcysticarchitectureacross the

RCCsubtypes

To check whether sfic and tubular tumor architecture associatedvith a
betterpatientoutcome we analyzed overall survival rates across the tutyipes using
Kaplan Mger survival analysisThe analysis may be limited due ttee rarity of these
tumors andtherefore asmall number otases, anthck of matching by age and stage
Neverthelessit givesa goodindicationof whetherthis question needs further research

and attention.Generally, the survival ptewere more favorable in cystic variamtsthe
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tumors however the differences were not statistically signific. The

majority of the patientsin the studyacross the tumor typesere alive and welbn their
last followrup examination. Several patieetgentuallydied however most of them died
of a condition other than kidney cancé small number of caseas the cohortsdid not

allow diseasespecific survival analysis.

Figure 14. Kaplan Mayer survival plots of the investigated cohorts of renal tumors. (A)
Cystic RO vs. conventional RO. The overall survival rates at 60 months were similar, and
the difference was not significant (p=0.98). (B) Overall survival for TCRCC at 60 months
(*including 4 cases that were subsequently molecularly reclassified as non-TCRCC)
reveals an excellent prognosis of this tumor TRCC. (C) The overall survival rate of cystic
PRCC is more favorable than conventional PRCC; however, the difference was not
statistically significant (p=0.881). (D) The overall survival rate of cystic ChRCC shows a
more favorable outcome for these patients at 60 months, compared to conventional
ChRCC. Nevertheless, the difference was not statistically significant (p=0.667). The
small number of cases due to the rarity of these tumors affected the statistical power and
results.
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6 DISCUSSION

Renal neoplasmare histologically heterogeaus andften present witlmixed
morphology creating difficulties in the diagnostics and classification of these tumors.
The same tumor typ morphologymay range from solid to cystic, l&ar cells to
eosinophilic cellslow grade to high gradeyith significant overlapping and mixed
morphologies.In line with the morphology, the genetics of these tumersalso
heterogesous Recently tremenausefforts have beemack in dissecting the molecular
biology of thethree major types of renal cell carcinoma, namelydiear cellRCC,

PRCC, ChRC32, 33, 69).

Besides the TCRCG rare tumor of which less than 100 cases were reported so
far, our studyincludedsmall cohorts of thearecystic or tubulocystic forms of common
renal tumors collecteih-house and throughonsultations from multiple institutions
worldwide Cystic foms of renal tumors have been rising intemegr the pasyearsas
they appear to have better disefree and overall survival than their grossly solid forms
(70, 71). However,the cause and the mechanism of tubulocystic tumor gravetistill
unclearand whether the morphology affects the tumor behavior. In addition, do the cystic
tumors differ inbiomarker characteristicsompared to their conventional formand
whethertheexpression oEommonbiomarkers affects the tumor aggressivelesystic

forms.

Our investigations revealed that TCRCC has a distinct morphology,
immunophenotype, and moleculgenetic featurethat confirm this tumoris a separate
entity. Further TCRCCis oftenassociated witPRCClike areas ohigh-grade RCdike

areas Those cases should be carefdiyaluated and the diagnosisTCRCC excluded
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if the associated areas are dfigh-grade solid morphology, show unusual
immunophenotyp®r molecular genetic characteristits TCRCC Pure TCRCC bears

anexcellent prognosighenmore aggressive mimickers are excluded.

A cysticform of RO representgsignificant diagnostichallengegspecially on
a small biopsy. This benign entityay closely represemalignantTCRCC and those
two should becorrectly distinguishedExcept for the architectural pattern, cystic RO
not significantly different from its solid formegardingimmunohistochemistry and
molecular genetic featureShe aitcome of this benign entity remains excell&ystic
ChRCCis arare and unusuahorphdogical variant.Similar to its solid formthe cystic
variant shows characteristicmultiple chromosomal lossesn contrast to other renal
tumors which often show gain€kxcept for the cystic architectyrinese tumors have
similar profileand moleculafeatures as their solid formisut the outcome seems to be
better, although not statistically significantthis study The same applies the cystic

form of the PRCCThe main findings of this study will b&urtherdiscussedbelow.

RO is a benign remaneoplasm,and despiteoccasionalvascular or fat tissue
extension, hemorrhage, oncoblasts, microscopic necrosis, pleomorphic nualé&wor
mitoses no local recurrence, distant metastasis, or death due toigreportedn recent
studies with a followup of at leastive years(72). RO maymimic malignantenal tumors
when solid and nested growpatterns are seen (49% to 89% cases), which ace al
featured inother oncocytic/eosinophilienal tumors, such asgranular variant of clear
cell RCC, ChRCCG hybrid oncocytic/chromophobe tumors, aamloncocyticvariant of
PRCC Less commonlyRO presents with tubulocystic architecture (3%78b), a
morphology that maymimic TCRCC. This study compared the morpholggand

immunohistochemistrpf 24 cROs and 15 TCRCCs t&stablish the most useful features
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that disinguishbetween thesevo entities.The presence of at least focal solid nests or

islands of tumor cells, which were observed in all caseR06¥ in this study, were much

less commonand QUt® LPLWHG LQ 7&5&& DQG PD\ DOVR KHOS GLutF
tumors. The type of intervening stroma can be another helpful morphologic feature
because loose stroma was regularly seeoR®, whereas TCRCC usually contained
SEURWLF DQG PRUH FRP S$DE@/ D/GVGULR\PLORD F BRRSRIQMHROWIL F ¢ J X
in any of the CROsand the majority of them demonstrated lower nucleolar grades (1 or

2).,Q FRQWUDVW 7&5&& VKRZHG IRFDO PLWRW,akd ¢ JXUHV L
nucleolar grade 3 was present in 60% of TCRCC. Microscopic necrosis was not seen in

any cRO, but was found in about a third of TCRCKhe development of radiologically

guided percutaneous needle biopsies, which provide small amounts of tissue or cellular
material forassessingenal masses, has introduced novel diagnostic challenges for the
pathologist. In such circumstances, many morphologic features may not be available f
evaluationin the limited tissugand thesupplementarymmunohistochemistrynay help

establish the diagnosis. In this study, none of the evaluated antibodies showed exclusive
VSHFL¢ FLW ERORAD TERCGAE &ltHAugh CD117 was highly discriminativas all

&52V ZHUH GLuUuXVHO\ SRVLWLYH ZKHUHDV RQO\ FDVH RI
staining. We found TCRCC to be more frequently positive for vimentin, CD10, AMACR,

and CK7 and had a higher proliferative index by&Ki (> 15%). Vimentin was very

useful, as it was either negative or scattered cell positivdR(@, in contrast to TCRCC,

LQ ZKLFK LW ZDV VWUR QJ P DQrGtudylresXiitd @ toHdogddridd/ V H G

with the data mentioned abo\@alf of the RO showedscattered positivityand more

than 80%of TCRCCshowedGLUXVH VWURQJ SRVLWLYLW\ &' DQG $

negative ic52 ZKHUHDV GLuXVH RU IRFDO SRVLLRQA AW\ ZDV R
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consistently expressed CK7 in isolated cells or scattered pattern, much less énaedobs

in TCRCC. Proliferation activity in CRO was also lower (< 5% cells), whereas TCRCC
demonstrated higher expression (> 15% celAIX, AE1/AE3, CAM5.2, OSCAR,

MIA, EMA were of limited diagnostic value. Performing additional studies for

G L uH U H @f'tiésb tahoRs Qncluding genetic and molecular, may rarely be necessary,
EXW LW PD\ EH KHOSIXO LQ PRVW GLVFXOW FDVHV &\WRJ
in RO include losses of chromosome 1 or Y and balanced translocation of the 11913
breakpointregion (72). The nost frequent cytogenetic change in TCRCC incluithes

gain of chromosome 7, although occasionally gains of both chromosomes 7 and 17 may
occur (73, 74). To conclude, RO and TCRCC maye challengingto distinguish
However, careful morphologic assessment for the presence of solid tyrawth or
islands, the type of tumor stroma, nucleolar gradiotic activity, and necrosis, and
aided by a limited immunopanel that includes vimentin, CD10, CD117, AMAZH,

and Ki67, will lead to establishing a correct diagnosis.

TC-RCC is a rare tumor withltrastructural and immunohistochemical results
showng mixed features of proximal and distal tubué8, 75). Gains of chromosomes
or 17 arecharacteristiof TC-RCC (76, 77). About 100 cases of T®RCCare published
previously, witha few studies suggesting a relationship betweerREL and PRCC
(45). Neverthelessno discriminating immunohistochemical markeesist and the
immunoprofilesof TCRCC and PRCC are similar. AMACR XVXDOO\ GLUuXVHO\ D
strongly positive in both TCRCC and PRCC. Othwaarkers including PAX2, CD10,
34bE12, cytokeratin 19, and cytokeratinwgre evaluated in the previous studies and
showedlimited usefulness irstablishing a correct diagnosis in quivated caseé’4,

77). Our cohort consisted ab cases with a tubulocystic pattern, including 7 with foci of
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PRCClike features and 1 with PRCC/RAIke featuresAnother twocaseshad small

areas ohigh-gradeRCC NOS.We analyzedseparatehdistinct histologic components.
FISH analysis ochromosomes 7, 17, and Yasvariable. The majority of cases showed
disomy of chromosome 7, whereas half of the cases showed polysomy or gain of
chromosome 1,7andin one casgthere wasa loss oftheY chromosomein the TCRCC

area Three of 7 possible cases with PRCC components were suitabheofecular
DQDO\VLY DQG UHYHDOHG G Lootdpdhe@tAV terebBaged BhowedK DQ 7 &5
polysomies of chromosome ,JJahdoneshowed polysomy of chromosome fiohecase
polysomy of chromosome X (XXY) was found. The cashich haslater proven to be
HLRCC, showed polysomy of 7, 17, and Y in TCRdAIke areas and disomy of 7 and
polysomy of 17 with disomy of Y in PRClike areas.In a recent study, anique
molecular signature of TCRC@vas reportedusing comparative genomic microarray
analysig(74). TCRCC showed gains of chromosome 17 but not chromosome 7, whereas
most PRCCs showains in bothchromosome§ and 17 A recent study by houet al.
included 12 casesof TCRCGC of which 10/12 had a chromosome 7 gain/12 had a
chromosome 17 gain, and98cases had a loss of Yhe authors oncluded thathese
tumors are closely related entitigd5). However, the pattern of chromosomal
abnormalitiegpresenin our caseshowedthe heterogenic nature of TCRCC even within

asingle tumorous lesion.

Moreover, gains of chromosomes 7 and 17 were faamy in onecase with
areas morphologically resembling PRCQur FISH analysis raised the question of
whether PRCdike areas arepart of morphologic heterogeneity or represent
differentiation toward PRCC. Unfortunately, the numbeartdlyzable cases in our study

waslimited, and wecould notelucidate this phenomenon furth&ve further analyzed
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threecases with araggressive form of TCRCC in patients under 45 years of age for
possibleFH gene mutation. Onef the cases witla predominantly tubulocystic pattern
(95%) and anly a small area of papillary architecture (5%), wasitive forFH gene
mutation. Genetic hetegeneity andunfavorableoutcomesin 3 of 9 patients with
heterogenous tumoraise questionsabout diagnosing TR®CC in cases with
heterogesous histologic patternsOur analysis revealed th&tCRCC ha variable
chromosome 7 and 17 stati®ecently, a possible relationshiygtween TCRCC and
collecting duct carcinomaCpDC) has been revisited78, 79); however a distinct
immunohistochemical profilewas reported ina different study with TCRCC
overexpressig vimentin, p53, andAMACR comparedo CDC (80). Our datastrongly
suggesthat TCRCC with a heterogesus componenshould not be diagnosed ssch
and may have anadverse outcome. Focases with heterogemus componest
X Q F O D VYV lmaylliea befi&diagnostic categoryereditary leiomyomatosiselated
RCC can be morphologically indistinguishall®) R P 3-K UIKG HRCCZ &herefore, in

TCRCC casewith high-grade features, the statustibé FH gene should be tested.

Type 1 PRCC is currently considered a distinct entity we&finedhistologic
and immunohistochemical featuresid typicalmolecular JHQHWLF SUWRalOH 2XU
cohort consistedof a homogenous subset of type 1 PRCC with large unilocular cystic
necrotic tumes HQFDSVXODWHG E\ WKL FMrphgagldd®yxV  WLVV.
immunohistochemicallyand geneticallyconsistent witlPRCCtype 1. Tumor necrosis
represerdan interesting parameter tine assessmermf prognosispwing to its easy and
UHSURGXFLE OH inLBeHQuthe ¢ Hisbbpath®dgic examinatior-lowever,
conflicting results have been publishexdate as there are no uniformly established

criteria (81, 82). Although tumor necrosigs often reported as an adverse prognostic
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IDFWRU LWV VLIJQL¢(¢FDQFH LV RQO\ B}H&NOAHMMIIEOLVKHG
proposed grading system for clear ¢eC considers only coagulativgpe necrosis as

D VLIQL,{FDQW S URJIKQRR dfivwriaFhakeDdgéebtablished for PRCGn
coagulativetype necrosis architecture with neoplastetls showing no nucleandwith

minor structural damages preservedgiving the appearance of-DOOHG 3JKRVW FHO
On the contraryin liquefactive recrosis dead cellsare digestedresulting inthe

transformation ofthe tissue into a liquidziscous massn ourcohort the necrosis was of

a liquefactive type, atarge pars of the tumorswerealteredinto a liquidthick, largely

hemorrhagic mas&lone of the tumors demonstrated aggressive behavior in our series of

10, mostly necrotic PRCC type 1

ChRCC represers approximately 5% of all renal cell carcinomas. Two
morphological variants are traditionally recognized: the classiwdlthe eosinophilic
variant(85). In addition, severavariants have been describ&tle carefully selected a
cohort of ChRCGQwith large cystic spaces, slightly irregular in shape and armdthree
cases of similar tumors but with compressed cystic abdlduspacesresulting ina
growth pattern with slitike spacesThe raisinoid nuclewith perinuclear clearing (halo)
werepresent in all the case®ur cases were positive for PAX8, MIA, CD117, CK 7,
EMA, and OSCAR with low Ki67 proliferation index iall cases showing a similar
immunophenotypé¢o that of conventional ChRC(@86). Five of our casesveresuitable
for aCGH analysistevealingmultiple losses of chromosomes 1p, 2q, 6, 13, 17, 21, and
X in two caseswhile the remaining threecasesshowed no numerical chromosomal
aberrationsNeverthelessgcasesof ChRCC with normal chromosomal status haeen

reported previously87).
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The following renal cell lesions should be considerithe differential diagnosis
of cChRQC the following diagnoses should be considered: cystic/multicyatiant of
renal oncocytoma, multilocular cystic clear cell carcinoma/neoplasm of low malignant
potential (MCCCC)granular/eosinophilic higigrade variant of clearell RCC TCRCC
and mied epithelial stromal tumor (MEST)/cystic nephro(@N). The KaplanMayer
curve showeda somewhat better outcome for the patientsthe cChRCC group
neverthelesghe differences were not statistically significahtow number of cases may
be onereasorfor thelow statistical power of the tesind the results should be validated

in amore extensiveeries.

Limitations of the study

Our study investigates rare morphologic variants of several types of
conventional renal lesions, as well as apeently reognized entity witha similar
architectural patternAlthough the number of cases our cohortss small,important
morphological, immunohistochemical and molecular genetgults were retrieved
However, a small number of cases may biending factor, and caution is requiretb
interpret and generalizthe results.Future studieson larger cohorts will eventually

validate the results
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7 CONCLUSIONS

We characterized morphological features, immunoprafie molecular genetic
featuref thenewly established kidneamor, the TCRCC. In additigrwe characterized
highly unusuatubulocysti¢cystic forms of the RO, GRCC, PRCC and compared them

with their conventional counterparts.

1. TCRCCis a distinctkidney tumor with defined morphologiput currently
none of the immunohistochemicaind moleculabiomarkersare strictly
specific for this tumor. A combination of morphological and
immunohistochemical features shotle informative in most cases.

2. Thepresence oassociatedhigh-gradetumor areasn TCRCCnecessitates
careful evaluation and exclusion of more aggressinveor types,often
requiring moleculagenetic analysisHowever, wth the exclusion of the
nonpure TCRCC cases, this entity resexcellent prognosis, based the
dataon alimited number of cases.

3. Cystic varians of RO, ChRCC and PRCC have similar
immunohistochemicabropertiesand molecular featuresompared to their
conventionalariants.

4. Cysticand tubulocystienorphologyindicates better outcom&compared to
conventional solid variants. However, the differenbesveenthe variants
were not statistically significant and require validation on larger cohorts.

5. AMACR, CK7, CAIX, CD117, Vimentin, CD10 and Ki67

immunohistochemistry combined with morphologal features may be
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sufficient to differentiatemost of the casesf cystic and conventional
variants of RO, TCRCCPRCC and ChRCC

. Molecular geneticalterations in renal tumors are heterogmrg ranging
from none detectabl® multiple chromosomal gains or losses. Nevertheless,
thegenetic pattern of PRCC type 1 and ChRC@aedistinguishable and
may help diagnostic decisions inomplex cases. In addition, defined

molecular genetic properties may provide therapeutic goila
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8 SUMMARY

Renal tumors are a heterogeneous group of neoplestestly subjected to
intensive researchiesulting in severahew entities and reclassificatiomherefore, v
aimed to characterize the morphological featuremunoprofile, and molecutagenetic
profile of a new entity, namely theibulocystic renal cell carcinoma. Additionally, we
aimed to characterize tubulocysgtigstic variants of selected common renal tumor
subtypes and determine the most useful propertiehéatifferentiation ofthese tumors
in diagnostic practice=inally, we aimed t@valuate theffect oftubulocystic histological

pattern on the patients' survival.

We selected 24 renal oncocytomas (RO), 10 papillary renal cell carcinomas
(PRCC), 10 chromophobe renadrcinomas (ChRCC), and 15 tubulocystic renal cell
carcinomas (TCRCC) with a predominantly (more than 50%) cystic architecture and
compared them with a control cohort of their conventional counterparts. We used light
microscopy, immunohistochemistry, arr@ymparative genomic hybridization, PCR, and
Sanger sequencing to evaluate the tumors for morphology, immunophenotype,

chromosomal aberrations, and mutational analyses.

Tubulocystic renal cell carcinoma showed distinctipathological and
molecularcharaceristics and is a separate tumor entitgvertheles/11 TCRCCcases
wereassocated with PRC@&ike, high gradeor CCPRCC/RATike areasand cases with
high grade or RAT-like morphology showed less favorable outcome.
Immunohistochemically, TCRCC showed diffuse staining for CAM5.2, MIA, OSCAR
vimentin and AMACR mainly were positive; EMA and CAIX showed variable

positivity; CD117 was negative in 93.3% of cases, anerageKi-67 proliferative index
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was 17.93.Gain of chromosome 7, 17 and Y was present but not consistently found
across the caseGystic variants of RO, PRCC, ChRCC show similar immunophenotype
and molecular genetic characteristics compared to their conventional counterparts. The
most valuableantibodiesin diagnosing cystic renal tumors are AMACR, CK7, CAIX,
CD117, Vimentin, CD10, and Ki67 in combination with tumor morphold@yerall
survival plots of Cystic RO vs. conventional R& 60 months were similar, and the
difference was not significant (p=0,0®verall survival for TCRCC at 60 months reveals

an excellent prognosis of this tumor TRCie overall survival rate of cystic PRCC is
more favorable than conventional PRCC; however, the difference was not statistically
significant (p=0.881).The overd survival rate of cystic ChRCC shows a more favorable
outcome for these patients compared to conventional ChB@ahe difference was not
statistically significant (p=0.667)Molecular genetic alterations in renal tumors are

heterogeneous, ranging framone detected to multiple chromosomal gains or losses.

KEYWORDS: tubulocystic renal cell carcinoma, renal oncocytoma, papillary renal cell
carcinoma, chromophobe renal cell carcinoma, immunophenotype, chromosomal

aberrationsoutcome cysticvariants
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9 SA&A(T7S$.

,OLQLPDNWRORAND L KamKEHzN}2 DU QD

W X E X O R FvanjawtiLthr@ocakbubrega

Faruk Skenderi, Zagreb 2021

%WXEUHAQL WXPRUL KHWHURJHQD VXodvedasLQD QRY
LOQWHQ]LYQR LAWWRI DMK Y BEKADKY bavid GeRtiteta i promjenom
klasifikacije Stoga QD& FLONWD MBINBIHUL]JLUDWL PRUIRORANH ]QD}
molekulame JHQHWVNL SURILO QRYRJ HQWLWHWD WXEXORFLV\
SRUHG WRJD KWMHOL VPR NDUDNWHUL]JLUDWL WXEXOI
XRELpPpDMHQLK SRGWdas &dvediti wakariBnijaDsvejstva za diferencijaciju
RYLK WXPRUD X GLMDJQRVWLPNRM SUDNVL .RQDpQR LI

WXEXORFLVW L pabiastaR DVSWRHOSR¥NORMIDYDQMH SDFLMHQDWD

2GDEUDOL VPR EXEUHAQD RODUWREFKWRREFLRPD EXOBSU
stanica (PRCC), 1&romofobnih karcinoma bubmga & K5& & L WXEXORFLVW]
NDUFLQRPD EXEUHAQLK VWDQLFD 7&5&& V SUHWHAaQR Yl
i usporedili ih s kontrolim kohortana njihovih konvencionalnitvarijanti. Koristili smo
svjetlosnu mikroskopiju, imunohistokemiju, usporadfenomsk hibridizaciju, PCR i
Sanger sekvenciranje amalizu norfologije, imunofenotig, kromosomsih aberacia i

mutacijskh analiz.

7TXEXORFLVWLPpQL NDUFLQRP EREJMHNOMSERN D BDRV RVOH
molekularne karakteristike i zaseban je tumorski entitet. 1pAK, V O X aDCORET

VD G U 3 DYR®@#R¥It MRCGu, visoka stupnpili CCPRCGU /RAT-X D VOXpDMHYL
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s morfologijom visokog stupnja ili RATX S R N D ] D O IshadXIn@fokistdkeémiiski,

TCRCC je pokazao difuzno bojemaCAMS5.2, MIA, OSCAR; vimentin i AMACR bili

su uglavnom pozitivni; EMA i CAX pokazali su promjenjivu pozitivhost; CD117 je bio
QHJDWLYDQ X VOXpPDMHYD D S 6RDiONEHFQLIL O NY SU|
kromosoma 7, 17 i Ye bio prisutan DOL QLMH GRVOMHGQR QDYyHQ X VYLP
LOQDpLFH 52 35&& &K5&& SRND]XMX VOLpPpQHenetski QRIHQRW
]JQDPDMNH X XVSRUHGEL V Qbfijakt&EmaNakdisiiaprot@ElaR QDO QLP
GLMDJQRVWLFLUDQMX FLVWLpPpQLK EXEUH&AQLK WXPRUD
Vimentin, CD10 i Ki67 u kombinaciji s morfologijom tumor&rivulje ukuprnog
SUH@rjarkod®k LVWLPQRJI 52 X RGQRVX QD NRQYH{QBIERQDOQL 5
VOLPQH L UD]JOLND QLM Hrizlj©®mxupaod $ D M QLEKGEVGRQM

a nakon 60 mjesegpokazuy izvrsnu prognozukod ovog tumora. Ukupna stopa

S U H érljavkod L V W L p Q BaljaRai&dnosu nakonvencionaln 35& & PHYXWLP
rDJOLND QLMH ELOD VWDWLVWLPNL ]QRu&OKIIFLVB LPQRJI8BN X
ChRCGa pokazuje povoljniji ishod za ove bolesnike u usporedbi s konvencionalnim
ChRCGRP DOL UD]JOLND QLMH ELOD VWD MWand \Yyengtske |QDpDM
SURPMHQH X EXEUHAQLP WXPRULPD VX KHWHURJHQH X

YLAHVWUXNLK NURPRVRPVNLK GRELWDND LOL JXELWDND

A-8y1( 5,-(y, WXEXORFLVWLpPpQL NDUFLQRPpd®pKEBUHID EXE
karcinom bubrega, kromofobni kanom bubrega, imunofenotip, kromosomske

DEHUDFLMH LVKRG FLVWLpQH YDULMDQWH
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