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Dr. hƴŘǌŜƧHes - Ondra
(1968-2022)

V/ƭŜŀǊ ŎŜƭƭ ǇŀǇƛƭƭŀǊȅ w// όάw!¢έύ
VMixed epithelial stromal tumor of kidney 

(MEST)
VChromophobeRCC (variants)
VThyroid like follicular RCC
VSDH-deficient RCC
VFH-deficient RCC
VESC RCC
VALK- RCC
VBiphasic alveolo-squamoid papillary RCC
VAtrophic kidney tumor like lesion
VLow-grade oncocytictumor (LOT)
VEosinophilic vacuolated tumor (EVT)
VRCC w/ fibromyomatousǎǘǊƻƳŀ όCa{ύΧ



World-class pathologist and scientist Protector of nature

Sharp eye Athlete



His memory and 
legacy will live on!

Dr. hƴŘǌŜƧHes - Ondra
(1968-2022)



Objectives

Develop a practical diagnostic approach to kidney tumors with 
ŜƻǎƛƴƻǇƘƛƭƛŎ όάǇƛƴƪέύ ŎȅǘƻǇƭŀǎƳ

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

Develop awareness of the growing spectrum of kidney tumors 

New(er) entities!



Renal epithelial neoplasia - common subtypes 
όάŎƻƳƳƻƴ ǘƘƛƴƎǎ ŀǊŜ ŎƻƳƳƻƴΗέύ

0

10

20

30

40

50

60

70

clear cell

papillary

chromophobe

oncocytoma

unclassified



9ƻǎƛƴƻǇƘƛƭƛŎ όάǇƛƴƪέύ 

/ƭŜŀǊ ŎŜƭƭ w// όΨǇƛƴƪΩύ

Papillary RCC 

Oncocytoma 

ChromopobeRCC (eosinophilic)

In-between Onco/ChRCCάƘȅōǊƛŘǎέ

MiTF RCC

Epithelioid AML

New(er) entities:

ESC RCC

SDH-def. RCC

ALK RCC etc.

Renal tumors ςάŎƻƭƻǊέ ōŀǎŜŘ ŀǇǇǊƻŀŎƘ

Blue

tŀǇƛƭƭŀǊȅ w// όάǘȅǇŜ мέύ

Papillary adenoma

Mucinous tubular and spindle 
cell RCC

Metanephricadenoma 

Adult Wilms tumor

Clear cell RCC 

Clear cell (tubulo)papillary RCC

RCC w/ fibromyomatous
stroma (FMS)

TSC/mTORassociated

ELOC (TCEB1)associated

Multilocularcystic neoplasm 
LMP

/ƭŜŀǊ όάƴƻ ŎƻƭƻǊέύ



Solid growth

Eosinophilic renal tumors ςpattern based approach

Papillary growth (focal/diffuse)

Papillary RCC 

Variants of PRCC 

Papillary ŀŘŜƴƻƳŀ όάōƭǳŜέύ

MetanephricŀŘŜƴƻƳŀ όάōƭǳŜέύ

MiTF(TFE3/TFEB) RCC 

Oncocytoma 

ChromophobeRCC (eosinophilic)

In-between Onco/ChRCCάƘȅōǊƛŘǎέ

/ƭŜŀǊ ŎŜƭƭ w// όΨǇƛƴƪΩύ

MiTF RCC

Epithelioid AML

Renal leiomyoma

New(er) entities:

SDH-deficient RCC



TU w/ mixed/multiple patterns

Eosinophilic renal tumors ςpattern based approach

Cystic/tubulocystic growth
Acquired cystic disease RCC (ACD RCC) 

Mixed epithelial stromal tumor (MEST)/    

Cystic nephroma

Tubulocysticcarcinoma 

AML w/ epithelial cysts (AMLEC)

New(er) entities:

Eosinophilic solid and cystic (ESC) RCC

FH-deficient RCC

MiTF(TFE3/TFEB) RCC 

ALK rearranged RCC

Renal medullary carcinoma SMARCB1 - deficient

Collecting duct carcinoma 

Metastatic carcinoma (e.g. urothelial)

New(er) entities:
Thyroid like-follicular RCC
NF2associated RCC



Diagnostic approach to renal rumors with eosinophilic 
cytoplasm

Differential Diagnosis is broad!

V/ƭŜŀǊ ŎŜƭƭ w// όΨǇƛƴƪΩύ

V Papillary RCC (variants)

V Oncocytoma 

V ChromopobeRCC (eosinophilic)

- In-between Onco/ChrRCCόάƘȅōǊƛŘǎέύ

V MiTF RCC

V Epithelioid AML

V New(er) entities



Mod Pathol2021; 34: 1392-1424 

Mod Pathol2021; 34: 1167ς1184 





Clear cell RCC with giant cells and emperipolesis

Variant of clear cell RCC

Aggressive course, distant MS

Look for typical clear-cell areas

CAIX diffuse +!

Frequent VHL abnormalities

RotterovaP et al. HistolHistopathol2018; 33; 277ς287

Williamson SR et al. Hum Pathol2014; 45; 735ς744



Papillary renal cell carcinoma (PRCC)
tŀǇƛƭƭŀǊȅ ŀŘŜƴƻƳŀ ƛŦ Җ мр ƳƳ

Subclassificationinto type 1 and 2 not 
ǊŜŎƻƳƳŜƴŘŜŘ όάŎƭŀǎǎƛŎέ tw// Ґ мύΗ

WHO Grade 1-4 applies to pRCCςprognosis!

Multifocality most common in PRCC

Multiple PRCCs - hereditary PRCC?

Genetics:

ï trisomy 7, 17

ï hereditary C-MET oncogene (chr.7) 



Biphasic (alveolo-squamoid) papillary RCC

Hes O et al. Am J SurgPathol 2016; 40; 664ς675

Trpkov K et al. al. Histopathology 2018; 72; 777ς785



Papillary renal neoplasm with reverse polarity

Other names: 

άOncocyticlow-ƎǊŀŘŜ ǇŀǇƛƭƭŀǊȅ w//έ

ά¢ȅǇŜ п ǇŀǇƛƭƭŀǊȅ w//έ

IHC: 

GATA3+, CK7+,  AMACR -/+, vimentinς

Frequent KRASmutations (early event)

Indolent 

Variant vs new entity?
Al-Obaidy et al. Mod Pathol 2022;Feb 12.

doi: 10.1038/s41379-022-01018-6.

GATA3



Warthin tumor-like papillary RCC



MiTF (TFE3/TFEB) Family Translocation AsocciatedRCC

CathepsinK

TFEB altered RCC TFE3 rearranged RCC 
(Xp11 translocation)

TFE3



Epithelioid AML / epithelioid PEComaof kidney
р҈ ƻŦ ŀƭƭ !a[ όҗул҈ ŜǇƛǘƘŜƭƛƻƛŘύ

Epithelioid morphology without atypia = no 
prognostic ǎƛƎƴƛŬŎŀƴŎŜ

IHC: 

PAX8-, cathepsinK+, HMB45/melanA+  

Risk for malignant behavior:

җтл% atypical epithelioid cells

җн mitoses/10 HPFs

Atypical mitoses

Necrosis

Renal vein involvelvement

>70 mm 

Alterations in TP53, RB1, and ATRX (Mayo)*

*Gupta et al. Arch PatholLab Med 2022;           
doi: 10.5858/arpa.2022-0127-OA)



пр ȅκƻ ƳŀƭŜΣ άǇƛƴƪέ ǘǳƳƻǊΣ ƭƻƻƪǎ άŦǳƴƴȅέΗ

(oncocytoma-like, solid growth, focal cysts)



Intracytoplasmic vacuoles, entrapped tubules, fluffy cytoplasm,  

low-grade nuclei



SDHBPAX-8
SDHB IHC: effective screening for SDH mutation 



Succinate dehydrogenase (SDH) deficient RCC

(WHO 2016)



SDH deficient RCC vs. Oncocytoma 





SDH deficient RCC  

Younger adults

άOncocytoma-ƭƛƪŜέ ƭƻƻƪ

Solid or nested growth

Morphologic clues:
- Flocculent cytoplasm 
- Intracytoplasmic vacuoles
- Low grade nuclei  
- Loose stromal areas and cysts

IHC: 

C-kit, panCK, CK7 = typically negative!

SDHB negative on IHC

SDH germline mutation (typically SDHB)

Most indolent, 20-30% aggressive!

Personal or familial hx of PGL or GIST 

Gill AJ et al. Am J SurgPathol 2014; 38: 1588-602.

Williamson SR et al. Mod Pathol2015; 28: 80ς94.

Fuchs TL et al. Mod Pathol2021; doi: 10.1038/s41379-021-00998-1.



High-grade transformation in SDH deficient RCC!!! 



High-grade transformation in SDH deficient RCC!!! 



SDH deficient neoplasia spectrum

All are SDHB negative by IHC

= mutated mitochondrial complex 2

(SDH germline mutations)

PHEO/PGL syndromes

SDH mutated PGL  

SDH deficient GIST

SDH deficient pituitary adenoma
SDH deficient GIST

Gill AJ. Histopathology 2018;72, 106-116



SDH deficient RCC
Summary

Rare and unique type of RCC (0.05-0.2%)

Loss of IHC for SDHB 

Dysfunction of the mitochondrial complex 2

SDH germline mutations

Stereotypical morphology (great majority) 

May de-differentiate and metastasize



53 y/o female, 6cm (mostly) cystic mass



Pink, solid and cystic (macro- and micro- )



/ȅǘƻǇƭŀǎƳƛŎ ΨǎǘƛǇǇƭƛƴƎΩ όŎƻŀǊǎŜ ƎǊŀƴǳƭŀǊƛǘȅύΗΗΗ



Electron microscopy

Cytoplasmic 

ΨǎǘƛǇǇƭƛƴƎΩ

Cytoplasmic granularity (stippling) = abundant rough 
endoplasmic reticulum, accompanied by granular material



Pax8

CK20 CK20

AMACR

CK7 CD117

CK20 positive, CK7 negative profile

Vimentin



Eosinophilic solid and cystic (ESC) RCC 

(New entity in WHO 2022)





Eosinophilic Solid and Cystic (ESC) RCC 
Summary

Solitary, solid-cystic tumors, mostly indolent behaviour 

Great majority females, sporadic tumors (rare in TSC)

Characteristic morphology, IHC (CK20+(-) / CK7-)

TSC1 and TSC2bi-allelic somatic mutations

New renal entity in the WHO 2022 classification!



ESC RCC - all you need to know!

Females

TSC and non-TSC

CK20

Good prognosis

(majority of cases)



48 y/o female, solid-cystic mass (2.6 cm)



Tumor with variable mixed patterns, mucinous 
background!



ALK-rarrangedRCC- new entity in WHO 2022

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

ALKtranslocation and ALK protein expression



ALK-rearranged RCC

IHC:

All+: CK7, 34̡ E12, AMACR, Vimentin 

ALK+(monoclonal ALK 5A4) 

Molecular ςdifferent ALKpartners:

VCL

TPM3

ETL4

STRN

HOOK1

Children, young adults, 50-60y

Prognosis ςmostly good, not always

MS disease in 23% (7/31) patients

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

Potential Tx with ALK inhibitors!



ALK-rearrangement RCC

STRN-ALKrearrangement RCC

Variable morphology, mucinous background- non-specific IHC! 



ALK-rearrangement RCC

VCL::ALK fusions TPM3::ALK fusion

ΨwŜƴŀƭ ƳŜŘǳƭƭŀǊȅ ŎŀǊŎƛƴƻƳŀ-ƭƛƪŜΩ όǇŜŘƛŀǘǊƛŎΣ ǎƛŎƪƭŜ ŎŜƭƭ ǘǊŀƛǘύ



ALK-rearrangement RCC

ETL4::ALK fusion - tubulopapillary morphology ςNO mucin!



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

New renal entity in the new WHO classification!



1. Renal oncocytoma

2. Eosinophilicchromophoberenalcellcarcinoma

3. Oncocyticrenal neoplasm low malignant potential, not further classified

4. Hybrid oncocytictumor

5. Eosinophilic vacuolated tumor (EVT)

6. Low-grade oncocytictumor (LOT)

Proposed classification framework for oncocyticrenal neoplasms:

Mod Pathol2022
https://doi.org/10.1038/s41379-022-01057-z

ά¢ƘŜ ǳǎǳŀƭ ǎǳǎǇŜŎǘǎΗέ



Oncocytoma
Brown (tan or mahogany)

3-7% of renal neoplasms

Central scar often (not always) 

No necrosis!

No true papillary formation!



Oncocytoma

Round nuclei

Oncocytes=epithelial cells 
with abundant, granular, 
eosinophilic cytoplasm due to 
presence of numerous large 
mitochondria of varied sizes.



Oncocytoma

Archipelagenousgrowth (toward the center)

ά!ǊŎƘƛǇŜƭŀƎƻέ



Oncocytoma
Microscopic growth patterns



Renal Oncocytomaς
permissible features

Fat extension Vascular extension

Cell atypia άOncoblastsέ

Tubulocysticgrowth Exceptional mitoses

Focal clear cells

Nuclear inclusionsPseudorosettes



Gross tumor necrosis

Overt papillary architecture

Frequent or atypical mitoses

Sarcomatoidtransformation

Renal vein involvement*

Degenerative cytologic atypia

Perirenal or renal sinus fat 
άƛƴǾŀǎƛƻƴέ όŜȄǘŜƴǎƛƻƴύ

Vascular άƛƴǾŀǎƛƻƴέόŜȄǘŜƴǎƛƻƴύ 
(small vessels)

Rare typical mitotic figures

Renal Oncocytoma

Permissible features Non-acceptable findings



Oncocytoma- IHC and EM

Cells rich in mitochondriaCK7 patchy cells +       CD117 diffuse +



Oncocytoma
Immunohistochemistry:

Very rare cells/patchy CK7 +

KIT (CD117) +

Vimentin ς

Genetics

Diploid karyotype

Loss of chromosomes 1 & Y

Rearrangement of 11q13, including t(5;11)(q35;q13) --- (CCND1)

CK7



Renal Oncocytosis



RCC Chromophobe
5% incidence

Very good prognosis!

Adverse findings:

- coagulative necrosis

- high stage   

- sarcomatoidchange

- vascular invasion  

Multiple losses of chromosomes (1, 2, 6, 10, 13, 17, 21 ςalso gains!)

TP53and PTENare commonly mutated 



RCC Chromophobe

Cells w/ distinct cell borders

LǊǊŜƎǳƭŀǊ όΨraisinoidΩύ ƴǳŎƭŜƛ

Perinuclear clearings (halos)

Grade is not assigned!

άtƭŀƴǘ-ƭƛƪŜέ



CD117

CK7

Ψ/ƭŀǎǎƛŎΩ ChrRCC

Ψ9ƻǎƛƴƻǇƘƛƭƛŎΩ ChrRCC



CD117

CK7

Ψ9ƻǎƛƴƻǇƘƛƭƛŎΩ ChrRCC

CK7

CK7 can be more focal



PAX8 CA9 CK7 CD10 AMACR CD117 Vimentin

Clear cell RCC + + - + +/- - +

Papillary RCC + - + + + - +

Chr RCC + - + - - + -

Oncocytoma
+ - - - - + -

Use as a guideline, not a gospel!



ChromophobeRCC - eosinophilic type should be 
diagnosed using more precise morphologic criteria

Hes O, Trpkov K. Mod Pathol2022; 
https://doi.org/10.1038/s41379-022-01057-zThoenes et al. J Pathol 1988; 155: 277-278 

(i) Prominent, easily 
recognizable, nuclear
irregularities (i.e. wrinkling 
or raisinoidappearances) 

(ii) Diffuse eosinophilic 
appearance with absence 
of pale cells 

(iii) Lack of any potentially 
adverse features:
- microscopic necrosis 
- sarcomatoiddiff.
- vascular invasion



1. Renal oncocytoma

2. Eosinophilicchromophoberenalcellcarcinoma

3. Oncocyticrenal neoplasm low malignant potential, not further classified

4. Hybrid oncocytictumor

5. Eosinophilic vacuolated tumor (EVT)

6. Low-grade oncocytictumor (LOT)

Proposed classification framework for oncocyticrenal neoplasms:

Mod Pathol2022
https://doi.org/10.1038/s41379-022-01057-z

άbŜƛǘƘŜǊ Ǿƛƭƭŀƛƴǎ ƴƻǊ herosέ


