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Principles of Classification of Renal Neoplasia
(To split or to lump…)

Clear cell RCC vs Granular cell RCC

Many “new” tumors were “hidden” in existing ones or were labelled 

“unclassified” (“high-grade”  or “low(er)-grade”)

Classification based on established criteria:

1.) Morphology (or constellations of morphologies)  

2.) Consistent or specific IHC profile 

3.) Consistent of specific molecular/genetic profile 

4.) Biologic behavior - benign (tumor) vs. carcinoma (if tumor is aggressive)



Principles of Classification of Renal Neoplasia
(To split or to lump…)

Clear cell RCC vs Granular cell RCC

Many “new” tumors were “hidden” in existing ones or were labelled 

“unclassified” (“high-grade”  or “low(er)-grade”)

Classification based on established criteria:

1.) Morphology (or constellations of morphologies)  

2.) Consistent or specific IHC profile 

3.) Consistent of specific molecular/genetic profile 

4.) Biologic behavior - benign (tumor) vs. carcinoma (if tumor is aggressive)



Clear cell renal cell carcinoma 

Multilocular clear cell renal cell neoplasm of low malignant 
potential 

Papillary renal cell carcinoma 

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



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



Cytoplasmic óstipplingô (coarse granularity)!!!



Electron microscopy

Cytoplasmic 

óstipplingô

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



Pax8

CK20 CK20

AMACR

CK7 CD117

CK20 positive, CK7 negative profile



Eosinophilic solid and cystic (ESC) RCC 



Am J Surg Pathol2017;41:1299-1308





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 new WHO classification!



ESC RCC - all you need to know!

Females

Sporadic and TSC patients 

CK20

Good prognosis

(great majority of cases)



63 y/o male, 2.5 cm, solid-cystic mass, foc. yellow



RCC with fibromyomatous stroma (FMS)

CK7

Looks like clear cell RCC, 
often with papillary 
areas (branching 
tubules) AND 
prominent 
fibromyomatousstroma

IHC:
CK7+++
CA9
CD10
Vimentin
34β12



RCC with fibromyomatous stroma (FMS)

Described by various names:

- RCC with leiomyomatousstroma

- RCC with angioleomyomatousstroma 

- RCC with smooth muscle stroma etc.

Looks like clear cell RCC

- Stroma is polyclonal!



Am J Surg Pathol2006;30:1372-81



Most are sporadic, rare cases found in TSC patients

Probably better prognosis than clear cell RCC

No VHLmutations (3p deletions)

“New renal entity” (GUPS)

Am J Surg Pathol2020;44:571-581



71y/o female, 5cm mass, right kidney pole
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71y/o female, 5cm mass, right kidney pole71y/o female, 5cm mass, right kidney pole



Positive:

PAX8 

pan-CK (Cam 5.2)

CK7 (patchy) 

CD10 (focal) 

vimentin  

e-cadherin

AMACR

FH

SDHB

Negative:

CAIX 

CD117

CK20

cathepsin K

HMB45

melan A

BerEP4 

MOC31

Immunohistochemistry (not helpful!)



Differential Dx:

Oncocytoma 

Chromophobe RCC

BHD-associated tumor

Clear cell “eosinophilic” RCC

Papillary “oncocytic” RCC

MiTF RCC

SDH deficient RCC

FH deficient RCC

Epithelioid AML

Does not fit any recognized renal 

tumor/RCC category!

1. How should it be signed-out?

2. Maybe a “new/emerging” entity  

(you should consider)?



Dx: Unclassified eosinophilic/oncocytic
(pink) renal tumor
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For tumors with ‘borderline’ (mixed/inconclusive) features of Oncocytoma
and ChRCC, GUPS proposed the term:
Oncocytic renal neoplasm of low malignant potential, not further classified

- should be reserved for solitary, sporadic tumors.
- not an entity, but a “clinical management” category of heterogeneous           
group of renal neoplasms with low risk for metastatic disease.  

Hybrid oncocytictumor 
- should be restricted to hereditary cases, with multiple and/or 

bilateral tumors (as in Birt-Hogg-Dubé(BHD) syndrome).

Trpkov K et al. Modern Path2021 



“Oncocytic” Tumor (borderline features!) 

CD117 CK7

Oncocytoma?   Eosinophilic ChrRCC?  

Or else?



Histopathology2019; 75: 174-185



Size 30 mm (median); range 11–135 mm; all single tumors

Low-grade oncocytic tumor (LOT)
Gross 

1 cm 1 cm



Low-grade oncocytic tumor (LOT) 
Clinical features and follow-up

Older individuals 
M:F = 1:1.9

Low stage: 
pT1a-b (90%)

Follow-up: 
All alive - NOD

median 23.5 mo (mean 41)  

(range: 3 to 118 mo)



Lack of capsule, diffuse solid and tubular growth



Edematous areas with loosely arranged cells

ñBoats in a bayò



Edematous areas with loosely arranged cells



Edematous areas with loosely arranged cells

“Boats in a bay”

Oncocytoma

“Archipelago”

Low-grade oncocytic tumor (LOT)



LOT - Electron microscopy – “oncocytic”!

Abundant intracytoplasmic mitochondria



Low-grade Oncocytic Tumor (LOT)
Summary

Consistent morphology and immunoprofile

Does not completely fit either oncocytoma or ChrRCC
-Recent studies show that it was labelled ‘oncocytoma’ or eosChrRCC’ 

Uniformly indolent (more than 100 documented), not that rare!

Loss of 19p33 and frequent loss of 1p36
- No other chromosomal losses or gains!
- Consistent TSC/MTORmutations (recent data!)

‘Provisional new entity’ (GUPS)



Another unusual “Eosinophilic (Pink) Kidney Tumor”

“Pink (eosinophilic)” Cytoplasmic vacuoles



Nuclei – ‘high-grade’ look



High-grade Oncocytic Tumor (HOT) =
Eosinophilic Vacuolated Tumor (EVT)  

“Emerging renal entity” (currently not in WHO)

Virchows Arch. 2018;473(6):725-738



Eosinophilic Vacuolated Tumor (EVT)

Gross



IHC positive:
Cathepsin K
CD117
CD10
PAX8, AE1/AE3, SDHB

IHC negative:
CK7 (rare cells – “oncocytoma-like”) 
TFE3, HMB45, Melan A

No TFE3 & TFEB rearrangement

Indolent behavior!

Eosinophilic Vacuolated Tumor (EVT) 

CK7

Cathepsin K



Histopathology 2019; 75: 440–442.

EVT/HOT in TSC pt

Cathepsin K



EVT/HOT - Electron microscopy 

Abundant intracytoplasmic mitochondria + RER cysterns



EVT of Kidney Demonstrates Sporadic TSC/MTORMutations:
Next Generation Sequencing Multi-institutional Study of 19 Cases

Farcas M et al. (Mod Pathol2021; Sep 14.doi: 10.1038/s41379-021-00923-6.)

EVT (HOT) is an emerging 

renal entity with frequent, 

non-overlapping mutations 

in TSCor MTORgenes.

Not that rare!

Twitter: @gcai1978 (Dr. Guoping Cai) 



Solid, relatively small tumors, indolent behavior (limited F/U) 

Sporadic; also rare cases in TSC patients

Morphology - H&E Dx!

- Eosinophilic cells with large cytoplasmic vacuoles

-“High-grade” nuclei –prominent nucleoli

IHC: Cathepsin K+, Ckit+, CK7 in only rare cells (oncocytoma-like)

Molecular: Mutations in TSCor MTORgenes 

“Emerging new renal entity” (GUPS)

Eosinophilic Vacuolated Tumor (EVT)
Summary



TSC/MTOR 
mutations in 

novel and 
emerging 
entities

RCC FMS
“Clear cell RCC, w/ 

papillary areas, branching 
tubules AND 

fibromyomatousstroma, 
CK7 pos”

ESC RCC
“Females, solid-cystic, 

coarse cytoplasm, CK20 pos”

EVT (HOT)
“Oncocytomaon 

steroids, CathepsinK” 

LOT
“Onco-ChrRCCmimic, 

Ckitneg/CK7 pos”



Palsgrove

Am J SurgPathol2018;42:1166-81.

TSCmutations are not specific for any tumor type!



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



Variable patterns, mucinous background!



Focal ‘metanephricadenoma’ area



Immunohistochemistry

AHA!!!!

TTF1 ALK



Immunohistochemistry 
‘Metanephric adenoma area’

CK7WT1 ALK



ALK-rearrangement (associated) RCC (ALK-RCC)

STRN-ALKrearrangement RCC (FISH and NGS)

Variable morphology, mucinous background - non-specific IHC! 



ALK-RCC

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

ALKtranslocation and ALK protein expression



ALK-RCC

IHC:

All+: CK7, 34βE12, AMACR, Vimentin 

ALK+ (monoclonal ALK 5A4) 

Molecular – different ALKpartners:

VCL

TPM3

ETL4

STRN

HOOK1

Children, young adults, 50-60y

Prognosis –mostly good, not always

MS disease in 23% (7/31) patients

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

Potential Tx with ALK inhibitors!



ALK-RCC

VCL-ALKrearrangement RCC TPM3-ALKrearrangement RCC

Renal medullary carcinoma-like morphology (pediatric, sickle cell trait)



ALK-RCC
ETL4-ALKrearrangement - tubulopapillary morphology – NO mucin!



Include in DDx and 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!



Key features of new, emerging and provisional 
renal entities 

Trpkov K et al. Modern Path
2021 34:1167–1184



Join us at:
www.gupathsociety.org



Thank you



Hope you don’t 
feel like this 

now!


