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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
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Classification of Kidney Tumors
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Renal cell
tumors —
originate
from renal
tubular
epithelium

2016 WHO Classification of Tumours of Kidney

Renal cell tumours

Clear cell renal cell carcinoma

Multilocular cystic renal necplasm 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 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

Metanephric tumours
Metanephric adenoma
Metanephric adenofibroma
Metanephric stromal tumour

Nephroblastic and cystic tumours occurring

mainly in children
Nephrogenic rests
Nephroblastoma
Cystic partially differentiated nephroblastoma
Paediatric cystic nephroma

Mesenchymal tumours

8310/3

8316/1*
8260/3

8311/3*
8317/3
8319/3
8510/3*
8311/3*

8311/3
8480/3"
8316/3*

8316/3
8323/1
8312/3
8260/0
8290/0

8325/0
8013/0
8935/1

8960/3
8959/1
8959/0

Mesenchymal tumours occurring mainly in children

Clear cell sarcoma

Rhabdoid tumour

Congenital mesoblastic nephroma
Ossifying renal tumour of infancy

8964/3
8963/3
8960/1
8967/0

Mesenchymal tumours occurring mainly in aduits

Leiomyosarcoma
Angiosarcoma
Rhabdomyosarcoma
Osteosarcoma

Synovial sarcoma

Ewing sarcoma
Angiomyolipoma
Epithelioid angiomyolipoma
Leiomyoma

Haemangioma
Lymphangioma
Haemangioblastoma
Juxtaglomerular cell tumour
Renomedullary interstitial cell turmour
Schwannoma

Solitary fibrous tumour

ial and stromal tumour family
tic nephjima
epith@llal and strormal tumour

Well-differentiated neuroendocrine tumour
Large cell neuroendocrine carcinoma
Small cell neuroendocrine carcinoma
Phaeochromocytoma

Miscellaneous tumours
Renal haematopoietic neoplasms
Germ cell tumours

Metastatic tumours

8890/3
9120/3
8900/3
9180/3
9040/3
9364/3
8860/0
8860/1*
8890/0
9120/0
9170/0
9161/1
8361/0
8966/0
9560/0
8815/1

8959/0
8959/0

8240/3
8013/3
8041/3
8700/0

The morphology codes are from the International Classification of Diseasas
tor Oncology (ICD-0) {917A). Behaviour s coded /0 for benign tumours;

/1 for unspecified, borderline, or uncertain behaviour; /2 for carcinoma in
situ and grade |ll intraepithelial neoplasia; and /3 for malignant tumours.
The classification is modified from the previous WHO classification [756A),
laking into account changes in our understanding of these lesions

*New code approved by the IARC/WHO Committes for ICD-O.




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
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



Overall Survival and Histologic Tumor Type in RCC

A Swiss experience with 588 tumors
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Histogenesis of Renal Cell Carcinoma
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Clear Cell RCC

Clear cytoplasm — lipid, glycogen
Prominent blood vessels



Genetically Complex Disease-
Kidney Cancer

Kidney Cancer

Other Factors
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Multiple Clear Cell RCC in Von Hippel-
Lindau Disease

Hemangioblastoma

Autosomal dominant Tumors in the brain
herltable neOpIaS|a Inner ear tumors Vascular_tumors
of the spinal cord
syndrome Endolymphatic
sac tumor

Multiple tumors and
cysts

Retinal or CNS
(cerebellar)
hemangioblastomas

). Pheochromocytoma

: Renal cell
Renal cysts (up to carcinoma
1000) g:nhc?gziccysts Multiple renal
cysts
Clear cell RCC (up to e

600) |n 40-60% ligament in females

Eprdidymal cysts
In males




Von Hippel-Lindau Disease
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From Clear Cells to VHL Gene

Each chromosome is A gene is a segment of DNA A protein is a complex organic

CI C I I R CC composed of one large that encodes a protein product. compound composed of hundreds
ear e continuous DNA molecule.

or thousands of amino acids.

Adenine
Thymine
= Guanine
(ytosine




Von Hippel-Lindau Disease Is Caused by
Germline Mutations in the VHL Gene (3p25.3)
mutations

Deletion on 3p,

somatic
mutation, or
VHL germline Multiple renal Multiple clear
mutation cysts cell RCCs

silencing of Additional

VHL gene
—




VHL Gene is Inactivated in Sporadic Clear Cell RCC

Additional mutations

Somatic Chromatin remodeling genes
Deletion on 3p mutation or PBRM1
silencing of SETD2
HL gene BAP1
on 3p

“y

&

—
\KDMSC

Single clear
cell RCC

-



Abnormal VHL Protein Causes Accumulation
of Hypoxia Inducible Factor-a (HIF-a)

Normoxia Hypoxia

Proline hydroxylase Asparagine hydroxylase No hydroxylation
+ of HIF-«

4

Cytoplasm

Normal VHL Mutated VHL
protein protein

Translocation
(Ub) of HIF to
UBYb ™ nucleus L

Elongin

C \ & protem

cul2 w . Hif-«  HIF-B
Elongin ' 2™\
B HIF-a ubiquitination by
VHL protein SCF

complex fm

9
Destruction of
HIF-«

Proteasome — —j

Cytoplasm HIF-mediated transcriptional activation

HIF-o induces transcription of vascular endothelial growth factor (VEGF) involved in
angiogenesis , platelet derived growth factor (PDGF)
and transforming growth factor-o. (TGF-a) involved in cell growth



Targeting VHL/HIF in Clear Cell RCC

Sunitinib
Sorafenib

Pazopanib
AXitinib Blood vessel

Endothelial cell

Bevacizumab
(antibody) e =

Clear cell RCC
Tumor cell




Papillary RCC

e 15% of RCC

e Two histologic
subtypes:

— Type 1
— Type 2

e Subset with mixe
histology




Papillary RCC Type 1 Papillary RCC Type 2




Overall Survival in Papillary RCC
According to Papillary Subtype

A Swiss experience with 588 tumors
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Multiplatform-Based Subtype Discovery in
161 Papillary RCC
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Type 2 papillary RCC — at least 3
different entities genetically
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Activation Mutations in MET Oncogene (7931)
In Type 1 Papillary RCC
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Targeted Therapies in Type 1
Papillary RCC with MET Inhibitors

Blood vessel
Endothelial cell

Foretinib
Cabozantinib

— Papillary RCC
MET
Tumor cell



Regression of Papillary RCC
Treated with MET Inhibitor Foretinib

FoIIowmg 49 cycles of
therapy

J Clin Oncol 10:2012

Pre-Treatment



Chromophobe RCC
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Chromophobe RCC

Inherited Sporadic
In Birt-Hogg-Dube
syndrome «  Folliculin (FLCN) mutation rare
* Folliculin (FLCN)

mutation « Hypodiploid DNA: -1,-
" 2,-6,-10,-13,-17,-21

(Multiple chromosomal losses)

e TP53 mutation (chr 17)
- PTEN mutation (chr 10)




New RCC Subtypes with Molecular
Alterations and Distinct Histology

e C(Clear cell renal cell carcinoma

e Multilocular cystic renal neoplasm of low malignant potential
e Papillary renal cell carcinoma

e Chromophobe renal cell carcinoma

e (Collecting duct carcinoma

e Renal medullary carcinoma

e MIT Family translocation renal cell carcinomas

e Mucinous tubular and spindle cell carcinoma

e Tubulocystic renal cell carcinoma

e 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

e Multiple cutaneous
and uterine
leiomyomas




HLRCC-associated RCC

e RCC (1/3 of patients)
— Solitary

e Germline mutation in Fumarate Hydratase
(FH) gene on 1942

e FH is a Krebs cycle enzyme

e Patients should undergo formal genetic
testing



From FH Gene to

Characteristic Histopathology
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H LRCC assouated 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
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Histologic Types of RCC, Genetics and

Clear cell

VHL

VEGF/VEGFR
Inhibitors

Targeted Therapies

Papillary Chromophobe HLRCC-RCC SDH-deficient

type 1 RCC
MET FLCN FH SDH
TP53 PTEN
MET ? ?
Inhibitors



