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V/fSIENI OStf LI LACEf

V Mixed epithelial stromal tumor of kidne
(MEST)

V ChromophobeRCC (variants)

V Thyroid like follicular RCC

V SDHdeficient RCC

V FHdeficient RCC

V ESC RCC

V ALKRCC

V Biphasic alveolsquamoid papillary RC

V Atrophic kidney tumor like lesion

V Lowgradeoncocytictumor (LOT)

V Eosinophilic vacuolated tumor (EVT)

V RCC wfibromyomatousi (0 N2 Y |
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His memory and
legacy will liveon!




Objectives

Develop a practical diagnostic approach to kidney tumors with
SZAAYZ2LIKATAO O6aLIAY]1E€0 Oeéelz2Lyxl

Understand the key role of morphology and immunohistochemis
for the diagnosis of such tumors

Develop awareness of the growing spectrum of kidney tumors
New(er) entities!



Renal epithelial neoplasiacommon subtypes
6a02YY2y UKAy3a | N

Emclear cell

mpapillary

Ochromophobe

Ooncocytoma

Ounclassified
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Renaltumorscd O2f 2N¥ ol SR

9ZAAY2IIKATAO BlueJAy 10U fSEN day
/£ SN OSQD w/ A&k y NE w/ / CleascaRCAS M€ 0
Papillary RCC
Oncocytoma Papillary adenoma Clear celltUbulo)papillary RC
ChromopobeRCC (eosinophi)ic
In-betweenOncd ChRC@ K & o NRukineus tubular and spindldRCC wfibromyomatous

MiTERCC cell RCC stroma (FM$p
EpithelioidAML TSOMTORassociated
New(er) entities: Metanephricadenoma ELOC (TCEBR4gsociated

ESC RCC

SDHdef. RCC Adult Wilms tumor Multilocularcystic neoplasm

ALK RCelc. LMP



Eosinophilic renal tumorg, pattern based approach

Solid growth Paplillary growth (focal/diffuse)
Oncocytoma Papillary RCC
ChromophobeRCC (eosinophilic) Variants of PRCC

In-betweenOncdChRC@ K& 0 NA R A €

/f§|' NJ ngf w/ [/ éLPLJ}\Mal)i@I(M'ﬁéy'ZYl' C')C'XC_)deE’
MITF RCC

Epithelioid AML Metanephricc RSY 2 Yl 0666 f
Renal leilomyoma
New(er) entities:

MITF(TFE3/TFERCC
SDHdeficient RCC



Eosinophilic renal tumorg, pattern based approach

Cystictubulocystic growth TU w/ mixed/multiple patterns
Acquired cystic diseaseCGACD RCC) FHdeficient RCC

MiTF(TFE3/TFEB) RCC

Mixed epithelial stromal tumor (MESIT
Cysticnephroma ALKrearranged RCC

_ _ Renal medullary carcinoma SMARCB@&ficient
Tubulocysticarcinoma

Collecting duct carcinoma

AML w/ epithelial cysts (AMLEC) Metastatic carcinoma (e.g. urothelial)

New(er) entities: Nexv(e%|in?t:|68:|
S . Thyroidiike-follicularRCC
Eosinophilic solid and cystic (ESC) RCC  npoassociated ROC



Diagnostic approach to renabimorswith eosinophilic
cytoplasm
Differential Diagnosis Is broad!
V/EftSFEN OSff w// o0
Papillary RC(variants)

\

V Oncocytoma

V ChromopobeRCC (eosinophilic)
- In-betweenONcdChrRCG & K& 0 NA Ra £ 0

V MITF RCC

V Epithelioid AML

V Newfer) entities



Modern Pathology .\\//
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Genitourinary
Pathology Society

ARTICLE

Novel, emerging and provisional renal entities: The Genitourinary
Pathology Society (GUPS) update on renal neoplasia

Mod Pathol2021; 34: 116¢1184

Modern Pathology
https://doi.org/10.1038/541379-021-00779-w

ARTICLE

New developments in existing WHO entities and evolving molecular
concepts: The Genitourinary Pathology Society (GUPS) update on
renal neoplasia

Mod Pathol2021;34: 13921424



WHO Classification of
Tumours of the Urinary System
and Male Genital Organs

Edited by Noiger Moch, Peter A Mumpheey, Thomas M. Ulbright Victer £ Reuler

Urinary and Male
Genital Tumours

Edited by the WHO Classification of Tumours Editorial Board

International Agency for Research on Cancer

@ World Health
Organization




Clear celRCQwvith giant cells ancemperipolesis
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Variant of clear cell RCC
Aggressive course, distant MS

Look for typical cleacell areas
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FrequentVHLabnormalities
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WilliamsonSR et al. HurRathol2014; 45;/35¢744

RotterovaP et alHistolHistopathol2018; 33277¢287




Papillary renal cell carcinoma (PRCC)
t FLIAEEFNE FRSY2YF AF X By <

Subclassificationnto type 1 and 2 not 5
NEOZ2YYSYRSR o0aOfl aaAOe

WHOGrade 14 applies tqoRC(, prognosis!
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Multifocality most common in PRCC
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Multiple PRCGsnhereditary PRCT

Genetics
i trisomy 7, 17
i hereditaryGMET oncogene (chr.7)




Biphasic (alveolesguamoid) papillary RC
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Paplillary renal neoplasm with reverse polarity
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doi: 10.1038/s4137922-010186.
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ry RC
Other names:
éOncocytidow-I NI RS LJF LJA §
G¢eLlJS n LI LIAEf I NB

IHC:
GATA3+, CK7+, AMACR vimenting

FrequentKRA$nutations (early event)
Indolent

Variant vs new entity?



Warthin tumor-like papillary RC
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MITF (TFE3/TFEB) Family TranslocaAsiocciatedRCC

TFEB altered RCC TFE3 rearranged RCC
S——————— . (Xpll t‘ranslocation)
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' EplthellmdAML / epithelioidPEComaf kidney

oy 2F |ft !ta[] OXYyJR:

Epithelioidmorphology without atypias no
prognostica A Ay A UOI YOS

IHC:
PAXS, cathepsinK+,HMB45MmelanA+
Rskfor malignant behavior:

X TYatypical epithelioid cells
X wmitoses/10 HPFs

)))

Atypical mitoses
Necrosis

Renal veinnvolvelvement
>70 mm

Alterations iInTP53 RB1andATRX (Mayo)*
*Gupta et al. ArchPatholLab Med2022;

doi: 10.5858/arpa.20220127-0A



np ék2 YI{ST GLAY]Eé Gdz
(oncocytomailike, Iid rth, focal cysts)

.- X "'Tu"'"":"'/\-’?“‘,;r"f kg

S A

j s R A s A e i g % e oA
P S
j‘.'." R " T’. R : NPC :',," 9 .‘. Ry < .‘ : e "#,

.
' ,‘f.f}’_

o ~.>"‘ AR
[ ')‘;! % }{h

| n‘ 3 : "\:.\ 5
N
f"f“‘“ l?f
it X L



Intracytoplasmic vacuoles, entrapped tubules, fluffy cytoplasm,
Iow—gradenuclel
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SDHB IHC: effective screening for SDH mutatio




Succinate dehydrogenas((SDH) deficient RCC
(WHO 2016)

1-9. Succinate dehydrogenase—deficient ¢'»

Amin M.B.

renal carcinoma Smith S.

Trpkov K.




SDH deficient RCC vs. Oncocytoma

SDH deficient| Oncocytoma
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SDH deficient RCC

Younger adults IHC:

) Gkit, panCK, CK7 = typically negative!
ocOncocytomd A | S€ U 2 2pHB negative on IHC

Solid or nested growth SDHgermline mutation (typically SDHB

. = 0 .
Morphologic clues: Most indolent, 20-30%aggressivé

- Flocculent cytoplasm .
- Intracytoplasmic vacuoles Personalor familial hx of PGL or GIST

- Low grade nuclel
- Loose stromal areas and cysts

Gill AJ et alAm JSurgPathol2014; 38: 158%02
WilliamsonSRet al. Mod Pathol2015; 28: 8Q94.

Fuchs TL et dllod Pathol2021; doi: 10.1038/s4137021-009981.



at

High-grade transformation in SDH deficient RCC!!



High-grade transformation in SDH deficient RCC!



SDH deficienheoplasia spectrum

All are SDHB negative by IHC
= mutated mitochondrial compleX
(SDHyermlinemutations)

PHEO/PGL syndromes

SDH mutatedPGL

SDH deficient GIST

. . SDH deficient GIS
SDH deficient pltUItargdenoma Gill AJ. Histopatholog®018;72, 106116




SDH deficient RCC
Summary

Rare and unique type of RCC (60)2%)

Loss of IHC for SDHB
Dysfunction of the mitochondrial complex 2
SDH germlinenutations

Stereotypical morphology (great majority)

May dedifferentiate and metastasize



53 y/o female, 6cm (mostly) cystic mass
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Cytoplasrhic
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Cytoplasmlc granulant@stlppllng) —abundant rough
endoplasmic reticulum, accompanied by granular mate
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Eosinophilic solid and cystic (ESC) RCC

(New entity in WHO 2022)



EUROPEAN UROLOGY 74 (2018)483-486

available at www.sciencedirect.com
journal homepage: www.europeanurology.com

al

European Association of Urology

~ UROLOGY
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Somatic Bi-allelic Loss of TSC Genes in Eosinophilic Solid
and Cystic Renal Cell Carcinoma

Rohit Mehra “"“', Pankaj Vats ““"', Xuhong Cao*“*, Fengyun Su“*, Nicole D. Lee",
Robert Lonigro “*, Kumpati Premkumar“°, Kiril Trpkov’, Jesse K. McKenney ¥,
Saravana M. Dhanasekaran ', Arul M. Chinnaiyan “"<¢*

RC_1087 |[RC_1090 | RC_1148 |RC_1150 | RC_1149|RC_1088 | RC_1147

TSC2 Spllc!_SiN! Fs_Del ’ Fs Ins | Nonsense Nonsense

TSC2 BN LOH LOH | Fs_Del ’-

TSC1 Fs Ins | Nonsense

TSC1 LOH Fs_Del

Fs_Del: Frameshift deletion; Fs_Ins: Frameshift insertion;
LOH: Loss of heterozygosity




Eosinophilic Solid and Cystic (ESC) RCC
Summary

Solitary, soliecystic tumors, mostly indolent behaviour

Great majority females, sporadic tumors (rare in TSC)
Characteristic morphology, IHC (CKP/ CK¥)

TSChnd TSChi-allelic somatic mutations

New renal entity in the WHO 2022 classification!



ESC RGQIl you need to know!

Females
TSC and noiiSC
CK20

Goodprognosis
(majority of cases)




48 y/o female, solidcystic mass (2.6 cm)




Tumor with variable mixed patterns, mucinous
background!




ALKrarrangedRCGC new entity iInWHO2022

ALKtranslocation and ALK protein expression

ALKbreak apart probe (FISH) ALK protein expression (IHC)




AlLKrearranged RCC

Children, young adults, 560y IHC:

All+: CK734 E12, AMACR/imentin
Prognosik mostly good, not always ALK+(monoclonal ALK 5A4

MS disease In 23% (7/31) patients
Molecular ¢ different ALKpartners:

10% (3/31) patients with F/U died VCL
TPM3

Potential Tx with ALK inhibitors! =W
STRN

HOOK1



ALKrearrangement RCC

STRMNALKrearrangementRCC

Variable morphologymucinous background non-specific IHC!




ALKrearrangement RCC

VCL ALK fusions TPI\/I3 ALK fu5|on
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New renal entity in the new WHO classification!

Include inDDxand do ALK IHC (or FISH) in all difficult to classify renal tumors
Heterogeneous & mixed patterns (papillary + other patterns)
Mucinous component (intracellular or interstitial)

Modern Pathology
https://doi.org/10.1038/s41379-020-0578-0

ARTICLE

ALK rearranged renal cell carcinoma (ALK-RCC): a multi-institutional
study of twelve cases with identification of novel partner genes
CLIP1, KIF5B and KIAA1217

Naoto Kuroda' - Kiril Trpkov(®? + Yuan Gao? - Maria Tretiakova® - Yajuan J. Liu® - Monika Ulamec* -

Kengo Takeuchi?® - Abbas Agaimy® - Christopher Przybycin’ - Cristina Magi-Galluzzi® - Soichiro Fushimi® -
Fumiyoshi Kojima'? - Malthide Sibony'' - Jen-Fan Hang(®'? - Chin-Chen Pan'? - Asli Yilmaz? - Farshid Siadat? -
Emiko Sugawara'? - Pierre-Alexandre Just'' - Nikola Ptakova@'*'> - Ondrej Hes'”

Received: 19 February 2020 / Revised: 15 May 2020 / Accepted: 15 May 2020
© The Author(s), under exclusive licence to United States & Canadian Academy of Pathology 2020




REVIEW ARTICLE

Controversies in Pathology

Do we need an updated classification of oncocytic renal

tumors?

Emergence of low-grade oncocytic tumor (LOT) and eosinophilic vacuolated
tumor (EVT) as novel renal entities Mod Pathol 2022

Ondrej Hes (' and Kiril Trpkov (7 https://doi.org/10.1038/s41379022:01057z [, ﬁ A E
Proposed classification framework foncocyticrenal neoplasms

1. Renabncocytoma : . .
a¢KS dzadzl f

2. Eosinophilichromophoberenal cell carcinoma

3. Oncocytiaenal neoplasmow malignant potentialnot further classified
4. Hybridoncocytictumor

5. Eosinophilic vacuolatadmor (EVT)

6. Lowgradeoncocytictumor (LOT)




Oncocytoma

Brown(tan or mahogany
3-7% of renal neoplasms
Centralscaroften (not always)

NO necrosis!

No true papillary formation!

Hixtopathology 2000, 57, 89 5906, DOE LT 65255920100 J|

Renal oncocytoma revisited: a clinicopathological study of
109 cases with emphasis on problematic diagnostic features

s 2% Y - - F F = | ' £ 1 >
Kiril Trpkov, Asli Yilmaz Dina Uzer, Kristin M Dishongh,” Charles M Quick,” Tarek A Bismar &
“ \ |
Neriman Gokden
Department of Pathology and Laboratory Medicine, Calgary Laboratory Services and University of Calgary, Calgary,

\berta, Canada, and " Departiment of Pathology, University of Arkansas, Little Rock, AR, USA




Oncocytoma

Oncocytes=epithelial cells
with abundant, granular,
eosinophilic cytoplasm due tG
presence of numerous large
mitochondria of variedizes.

Round nuclel



Archipelagenougyrowth (toward the center)
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Oncocytoma _
Microscopic growth patterns




RenalOncocytomac
permissible features
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Vascular extension
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Renal Oncocytoma

Permissible features Non-acceptable findings
Degenerative cytologic atypia Grosstumor necrosis
Perirenal or renal sinus fat Overt papillary architecture

GAYy Dl arz2yé oSEL éIf\Yeéu@en?ﬁt’oisfa*l'z‘ypiCalmitoses
Vascula A Y @I a A 2 Y € 0| S EabcSmamidrandfdmation
(small vessels) Renal veinnvolvement*
Rare typical mitotic figures



Oncocytoma- IHC and EM

CKY patchy cells + CD117 diffuse + Cells rich in mitochondria




Oncocytoma

Immunohistochemistry
Very rare cells/patchK7 +
KIT(CD117) +

Vimenting

Genetics

Diploid karyotype

| oss of chromosomes 1 &Y
Rearrangement of 11913, including t(5;11)(g35;013)CCND1)




RenalOncocytosis




RCCGChromophobe

5%incidence
Verygood prognosis!
Adversdfindings:
- coagulative necrosis
- high stage

- sarcomatoidchange

- vascular invasion
Multiple losses o€hromosomes (1, 2, 6, 10, 13, 17,@24lso gains!)
TP53and PTENare commonly mutated



RCCChromophobe

Cells w/ distinctcell borders
L NINB Failihdiddd 6y R
Perinuclearclearings (halos)

Grade Is noassigned!
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i

SRR CD117

CK7 can be more focal




| PAX8] CA9 | CK7 | CD10 | AMACR| CDIL7|Vimentin

ClearcellRC( T +

Papillary RCC

+

Use as a guideline, not a gospel!

Oncocytoma




ChromophobeRCGC eosinophilic type should be

diac nosed using more precisaorphologic criteria

0. P
-
O o+

() Prominent, easily
recognizable, nuclear
> ® irregularities (i.e. wrinklin s

.

e 7 e e or raisinoidappearances)
-~
> 2 : .'-‘
- -
ot = A - : gl (i) Diffuse eosinophilic
. _ £ > : =4 appearance with absence
- _
- - .J,,gﬁ". il Oof pale cells
-9 9 » ¢ ".
S ] (iii) Lack of any potentiall
r o oo adverse features:
PR PR - MiCroscopic Necrosis
o g %, - sarcomatoiddift.
= e o - vascular invasion "N g
- g ¢ "y e Hes O, Trpkov KMod Pathol2022;

Thoehes et alJ Pathol1988; 155: 27278 https://doi.org/10.1038/s41379-022-0105%z



Mod Pathol 2022

https://doi.org/10.1038/s41379022-01057z
Proposed classification framework foncocyticrenal neoplasms:

1. Renabncocytoma

2. Eosinophilichromophoberenalcellcarcinoma

3. Oncocytiaenal neoplasmow malignant potentialnot further classifiec
4. Hybridoncocytictumor d b SAUGKSNJ h@rbst
5. Eosinophilic vacuolatadmor (EVT)

6. Lowgradeoncocytictumor (LOT)




