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Outline
• Definition and classification of renal cell 

carcinoma (RCC)

• Histology and molecular pathology of main 
histologic subtypes of RCC:
– Clear cell RCC

– Papillary RCC

– Chromophobe RCC

• New subtypes with distinct morphology and 
molecular alterations
– HLRCC-associated RCC

– SDH-deficient RCC



Estimated New Cancer Cases and Deaths, by Sex, 
United States, 2017

From Siegel R et al.  

CA Cancer J Clin 2017;67:6-30



Classification of Kidney Tumors
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Most Common Histologic Types of RCC
• Clear cell renal cell carcinoma             70%

• Multilocular cystic renal neoplasm of low malignant potential

• Papillary renal cell carcinoma              15%

• Hereditary leiomyomatosis and renal cell carcinoma-associated renal cell carcinoma

• Chromophobe renal cell carcinoma     5%

• Collecting duct carcinoma

• Renal medullary carcinoma

• MiT Family translocation renal cell carcinomas

• Succinate dehydrogenase-deficient renal cell carcinoma

• Mucinous tubular and spindle cell carcinoma

• Tubulocystic renal cell carcinoma

• Acquired cystic disease associated renal cell carcinoma

• Clear cell papillary renal cell carcinoma

• Renal cell carcinoma, unclassified

• Papillary adenoma

• Oncocytoma



Moch et al, Cancer 2000

A Swiss experience with 588 tumors 

Overall Survival and Histologic Tumor Type in RCC 



Histogenesis of Renal Cell Carcinoma
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Clear Cell RCC

Clear cytoplasm – lipid, glycogen

Prominent blood vessels





Multiple Clear Cell RCC in Von Hippel-

Lindau Disease

• Autosomal dominant 

heritable neoplasia

syndrome 

• Multiple tumors and 

cysts

• Retinal or CNS 

(cerebellar) 

hemangioblastomas

• Renal cysts (up to 

1000)

• Clear cell RCC (up to 

600) in 40-60%

Hemangioblastoma

Pheochromocytoma

Endolymphatic 

sac tumor

Renal cell 

carcinoma

Multiple renal 
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Von Hippel-Lindau Disease

Multiple renal cysts and clear cell RCCs



From Clear Cells to VHL Gene
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Von Hippel-Lindau Disease is Caused by

Germline Mutations in the VHL Gene (3p25.3)
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VHL Gene is Inactivated in Sporadic Clear Cell RCC
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Abnormal VHL Protein Causes Accumulation 

of Hypoxia Inducible Factor-a (HIF-a) 

HIF-a induces transcription of vascular endothelial growth factor (VEGF) involved in 

angiogenesis , platelet derived growth factor (PDGF) 

and transforming growth factor-a (TGF-a) involved in cell growth
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Papillary RCC

• 15% of RCC

• Two histologic
subtypes:

– Type 1

– Type 2

• Subset with mixed 
histology



Papillary RCC Type 1 Papillary RCC Type 2



Overall Survival in Papillary RCC 
According to Papillary Subtype

Moch et al, Cancer 2000

A Swiss experience with 588 tumors 



Multiplatform-Based Subtype Discovery in 
161 Papillary RCC

Type 2 papillary RCC – at least 3 
different entities genetically 

The Cancer Genome Atlas Research 
Network.
N Engl J Med 2016, 374:135-45.



Activation Mutations in MET Oncogene (7q31) 

in Type 1 Papillary RCC

Tyrosine 
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Targeted Therapies in Type 1 

Papillary RCC with MET Inhibitors
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Regression of Papillary RCC 

Treated with MET Inhibitor Foretinib

Pre-Treatment 
Following 49 cycles of 

therapy 
J Clin Oncol 10:2012

1.4cm 



Chromophobe RCC



Chromophobe RCC

Sporadic

• Folliculin (FLCN) mutation rare

• Hypodiploid DNA:  -1,-

2,-6,-10,-13,-17,-21 
(Multiple chromosomal losses)

• TP53 mutation (chr 17)

• PTEN mutation (chr 10) 

Inherited 

in Birt-Hogg-Dube

syndrome

• Folliculin (FLCN) 

mutation



New RCC Subtypes with Molecular 
Alterations and Distinct Histology

• Clear cell renal cell carcinoma             

• Multilocular cystic renal neoplasm of low malignant potential

• Papillary renal cell carcinoma              

• Hereditary leiomyomatosis and renal cell carcinoma-associated renal cell carcinoma

• Chromophobe renal cell carcinoma     

• Collecting duct carcinoma

• Renal medullary carcinoma

• MiT Family translocation renal cell carcinomas

• Succinate dehydrogenase-deficient renal cell carcinoma

• Mucinous tubular and spindle cell carcinoma

• Tubulocystic renal cell carcinoma

• Acquired cystic disease associated renal cell carcinoma

• Clear cell papillary renal cell carcinoma

• Renal cell carcinoma, unclassified

• Papillary adenoma

• Oncocytoma



Hereditary Leiomyomatosis and Renal Cell Carcinoma 
(HLRCC)-associated Renal Cell Carcinoma

• Multiple cutaneous 
and uterine 
leiomyomas



HLRCC-associated RCC

• RCC (1/3 of patients)

– Solitary

– Aggressive

• Germline mutation in Fumarate Hydratase 
(FH) gene on 1q42

• FH is a Krebs cycle enzyme

• Patients should undergo formal genetic 
testing



From FH Gene to 

Characteristic Histopathology 
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HLRCC-associated RCC



HLRCC-associated RCC



Succinate Dehydrogenase (SDH)-
deficient RCC

• First described in patients with SDHB germline 
mutations

• SDH is a Krebs cycle enzyme

• Personal/family history of
– Pheochromocytoma/Paraganglioma

– Gastrointestinal stromal tumor (GIST)

• Patients with SDH mutation have 14% lifetime 
risk of RCC



Succinate Dehydrogenase (SDH)-
deficient RCC

• Rare – 0.05%-0.2% of all RCC

• Typically young adults 

– Median age 35 yrs

• Usually indolent

• Patients should undergo formal genetic 
testing



From SDH Gene to 

Characteristic Histopathology 

SDH

Low-grade

Oncocytic cytoplasm

Cytoplasmic inclusions

SDH-deficient 

RCC





Cytoplasmic inclusions



SDHB IHC



Histologic Types of RCC, Genetics and 

Targeted Therapies
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