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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

Recognize changes in new WHO classification 2022 (5th edition)

Understand the terminology changes in some existing entities

and evolving molecular aspects in classifying renal tumors

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

Appreciate features of some novel renal entities 



Renal epithelial neoplasia - common subtypes 
όάŎƻƳƳƻƴ ǘƘƛƴƎǎ ŀǊŜ ŎƻƳƳƻƴΗέύ
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Principles of Classification of Renal Neoplasia
ό¢ƻ ǎǇƭƛǘ ƻǊ ǘƻ ƭǳƳǇΧύ

Clear cell RCC vs Granular cell RCC

aŀƴȅ άƴŜǿέ ǘǳƳƻǊǎ ǿŜǊŜ άƘƛŘŘŜƴέ ƛƴ ŜȄƛǎǘƛƴƎ ƻƴŜǎ ƻǊ ǿŜǊŜ ƭŀōŜƭƭŜŘ 

άǳƴŎƭŀǎǎƛŦƛŜŘέ όάƘƛƎƘ-ƎǊŀŘŜέ  ƻǊ άƭƻǿόer)-ƎǊŀŘŜέύ

Classification based on established criteria:

1.) Morphology (or constellations of morphologies), architecture, location 

2.) Consistent or specific IHC profile 

3.) Consistent of specific molecular/genetic profile 

4.) Biologic behavior - benign (tumor) vs. carcinoma (if tumor is aggressive)
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Clear cell renal cell carcinoma  (WHO Grade 1-4)

Multilocular clear cell renal cell neoplasm of low malignant 
potential 

Papillary renal cell carcinoma (WHO Grade 1-4)

Type 1 

Type 2 

Chromophobe renal cell carcinoma 

Collecting duct carcinoma 

Renal medullary carcinoma 

MiT family translocation renal cell carcinoma 

Mucinous tubular and spindle cell carcinoma 

Tubulocystic renal cell carcinoma 

Acquired cystic disease associated renal cell carcinoma 

Clear cell papillary/tubulopapillary renal cell carcinoma 

Hereditary leiomyomatosis and renal cell carcinoma (HLRCC) -
associated renal cell carcinoma 

Succinate dehydrogenase (SDH) deficient renal carcinoma 

Renal cell carcinoma, unclassified 

Papillary adenoma (up to 1.5 cm)

Renal oncocytoma



Mod Pathol2021; 34: 1392-1424 

Mod Pathol2021; 34: 1167ς1184 



Challenges:

Covid pandemic

About 200 authors 
and editors 
participated in this 
project!
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WHO Classification of tumors, 5th edition (2022)

BRAF pV600E 
mutation }



WHO Classification of tumors, 5th edition (2022)



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)
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WHO Classification of tumors, 5th edition (2022)

ΨΨEssential and desirable diagnostic 
ŎǊƛǘŜǊƛŀΩΩfor each entity included inWHO 
5th edition (morphologic diagnostic 
criteria, combined with IHC and relevant 
molecular tests).

Molecular-driven renal tumour
classification section has been introduced, 
due torecent discoveries in renal tumor 
genomics (ōǳǘ Ƴŀƴȅ ƭŀōǎ ŎŀƴΩǘ Řƻ ƛǘ!).

Tumors common to multiple organs 
presented together (e.g., neuroendocrine, 
mesenchymal, hematolymphoidand 
melanocytic + genetic syndromes).

TNM stage for individual organs included



WHO Classification of tumors, 5th edition (2022)

²ƘŀǘΩǎ ƴŜǿΚ

Existing entities 

Papillary RCC:

No type 1 and type 2!

Type 2 included: 

- Translocation type RCCs 

- FH-deficient RCC

-{ƻƳŜ ƴŜǿŜǊ ŜƴǘƛǘƛŜǎΧ 



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) 



55 y/o female, 4 cm, solid growth



Q: What diagnosis do you favor for this tumor?

1. Translocation type RCC

2. Unclassified RCC 

3. Papillary RCC

4. Clear cell RCC  



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 όSaleeb et al)

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



WHO Classification of tumors, 5th edition (2022)

²ƘŀǘΩǎ ƴŜǿΚ
Existing entities 
(new or modified
terminologies) 



WHO Classification of tumors, 5th edition (2022)

Existing entities 

(new or modified terminologies) 

Clear cell papillary renal cell tumor

(Clear cell papillary renal cell carcinoma)

TFE3-rearranged RCC

TFEB-altered RCC:

TFEB rearranged RCC

TFEB amplified RCC

(MIT family translocation RCC)



MiTF (TFE3/TFEB) Family Translocation AsocciatedRCC

CathepsinK

TFEB altered RCC TFE3 rearranged RCC 
(Xp11 translocation)

TFE3



AdvAnatPathol2022; 29(3): 131-140



65 y/o male

Renal mass 18 cm

Regional nodes 
positive!

Liver, lung spleen and 
bone MS! 

Tubulocystic (ñlow-gradeò) areas

Solid, sarcomatoid (ñhigh-gradeò) areas 



Q: What diagnosis do you favor for this tumor?

1. Tubulocysticcarcinoma with dedifferentiation 

2. SarcomatoidRCC

3. FH-deficient RCC 

4. Collecting duct carcinoma



FH-deficient RCC
(typical case)

Tubulocystic (ñlow-gradeò) areas

Solid, sarcomatoid (ñhigh-gradeò) areas 



WHO Classification of tumors, 5th edition (2022)

Existing entities 

(new or modified terminologies) 

Fumarate hydratase (FH) deficient RCC

(Hereditary leiomyomatosisand RCC-
associated RCC)



Fumarate hydratase (FH) deficient RCC 

Germline (rarely somatic) FH mutation

Multiple admixed patterns, high-grade 
RCC, at least focal prominent nucleoli

Clinical and/or family history of skin 
and uterine leiomyomasςif associated 
w/ HLRCC



FH deficient RCC
(preferred diagnostic term vs HLRCC-associated RCC)

Compatible (identical) morphology with HLRCC-associated RCC

Uncertain clinical/family hxof skin/uterine leiomyomasand RCC 

IHC (in both) = FH negative, and/or 2SC positive

Unknown genetic status at the time of case sign-out



FH deficient RCC labelled: 

ά¦ƴŎƭŀǎǎƛŦƛŜŘΣ ƘƛƎƘ ƎǊŀŘŜέ όϤнл҈ CI ŘŜŦƛŎƛŜƴǘ w//ύ

άtŀǇƛƭƭŀǊȅ ǘȅǇŜ нέ όҌ ƻǘƘŜǊ ǳƴǳǎǳŀƭ ǇŀǘǘŜǊƴǎύ

ά¢ǳōǳƭƻŎȅǎǘƛŎ w// ǿƛǘƘ dedifferentiated fociέ όҔул҈ύ

ά/ƻƭƭŜŎǘƛƴƎ ŘǳŎǘ ŎŀǊŎƛƴƻƳŀ ό/5/ύέ όнр҈ύ



40 y/o male, renal mass 9.5 cm

Mostly cystic 
άŀŘƘŜǊŜƴǘ ǘƻ ŀŘƧŀŎŜƴǘ ƻǊƎŀƴǎέ

Solid areas 
άŦǳƴƎƻƛŘΣ ǇŀǇƛƭƭŀǊȅΣ ŦǊƛŀōƭŜέ

1-2.5 cm 

Fibrous capsule 
Perirenalfat invasion?



Papillary and cystic/intracystic pattern 



Solid and cribriform pattern 



Tubulocystic pattern ïprominent nucleoli (perinuclear halos) 



Tubulocystic pattern ïprominent nucleoli (perinuclear halos) 



FH FH

Fumarate hydratase (FH) deficient RCC

Normal kidney



FH negative / 2SC positive 

FH 2SC



Hereditary leiomyomatosisRCC (HLRCC Syndrome)



Autosomal Dominant 

Cutaneous and uterine leiomyomas 

(M > F; 70% lifetime risk)

50% hysterectomy (< 35y)  

RCC that resembles tw// άǘȅǇŜ нέ

ƻǊ άŎƻƭƭŜŎǘƛƴƎ ŘǳŎǘέ RCC

Fumarate hydratase (FH)

Germline mutation (1q42)

Most aggressive RCC!

~50% MS disease at Dx

30% lifetime risk of RCC

HLRCC Syndrome

Abnormal succination
2SC



Histomolecular entity



Multiple architectural patterns (at least focally prominent nucleoli)

Negative FH/positive 2SC on IHC strongly correlates with:    

- FH gene alterations and features of HLRCC-associated RCC

- Aggressive behaviour (often without stigmata)

Negative FH IHC - genetic testing for FHmutations (pt + siblings)!

- Lifelong MRI surveillance (30% risk) and immediate resection! 

FH-deficient RCC
Summary



Am J Surg Pathol2018;42: 279-292

FH deficient RCC has morphologic overlap with RMC and CDC  
FH-/2SC+ IHC profileis not found in RMC and CDC!



WHO Classification of tumors, 5th edition (2022)

²ƘŀǘΩǎ ƴŜǿΚ
Existing entities 
(new or modified
terminologies) 



SMARCB1 (INI1)-deficient renal medullary carcinoma 
(RMC)

Very rare!

Very aggressive ςhigh stage!

Young patients (10-30y)

African ancestry (Amer./Hisp./Brazil.)

Sickle cell trait (hemoglobinopathy)

Medullary location  (3/4 right kidney)

Genetics ςhypoxia pathway ILCмʰ

Histology:
Some overlap with CDC:

άIƛƎƘ ƎǊŀŘŜ ŀŘŜƴƻ /ŀέ
Reticular (YST-like)
Microcystic, nests 
Tubular, tubulopapillary, cords
Desmoplasia, inflammation

IHC: 
PAX8+

INI 1neg. (SMARCB1 loss)

OCT3/4+ (30-50%)

FH+/2SC-



SMARCB1 deficient RMC



SMARCB1 (INI1)

SMARCB1 deficient RMC



пр ȅκƻ ƳŀƭŜΣ άǇƛƴƪέ tumor, solid growth, focal cysts





Q: What diagnosis do you favor for this tumor?

1. Oncocytoma

2. ChromophobeRCC

3. Oncocytictumor low malignant potential,     
not further specified

4. SDH-deficient RCC  



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)



WHO Classification of tumors, 5th edition (2022)

²ƘŀǘΩǎ ƴŜǿΚ
Existing entities 
(new or modified
terminologies) 



SDH deficient RCC vs. Oncocytoma 





SDH mitochondrial complex



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



WHO Classification of tumors, 5th edition (2022)

²ƘŀǘΩǎ ƴŜǿΚ
Novel entitles 

(or previously provisional)



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



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



/ȅǘƻǇƭŀǎƳƛŎ ΨǎǘƛǇǇƭƛƴƎΩ όŎƻŀǊǎŜ ƎǊŀƴǳƭŀǊƛǘȅύΗΗΗ


