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Lecture Outline

1. Tuberous sclerosis complex (TSC)

- General features

2. Renal cell carcinoma (RCC) in TSC

- Historical literature

- Recent literature

- Reconciling apparent inconsistencies 

3. Sporadic RCC mimicking TSC-associated RCC

- Underlying somatic changes



Tuberous Sclerosis: Historical Highlights

1835: Rayer describes facial lesions considered first report of TS 

1862: von Recklinghausen describes heart tumor and brain “scleroses” 

1880: Bourneville describes patient with cognitive disability, epilepsy,      

and “vascular eruptions” on face with cerebral “tubers” and 

bilateral renal masses at later autopsy

1908: Vogt describes diagnostic criteria for TS

1913: Berg credited with first stating TS was hereditary

1918: Lutembacher published first report of cystic lung disease

1942: “Tuberous sclerosis complex” 

1967: Lagos/Gomez publish 71 cases (38%: no cognitive symptoms)

1979: 1st ed. Tuberous Sclerosis published  by Gomez

1987: Linkage analysis- probable gene on Ch. 9

1992: Linkage analysis- probable second gene on Ch. 16 (close to PCD1)

1993: TSC2 cloned and product named tuberin

1997: TSC1 cloned and product named hamartin

1998: Dabora et al. Am J Hum Genetics provide modern criteria 



Tuberous Sclerosis Complex

• Autosomal Dominant Syndrome

– Inactivating mutation in TSC1 or TSC2 genes

• TSC1 on chromosome 9q34

– Encodes protein hamartin

• TSC2 on chromosome 16p13.3

– Encodes protein tuberin

• New, spontaneous mutations common (70%)

– No family history

• No cognitive in impairment in 30-40%



Tuberous Sclerosis: Neoplasia

• Renal Angiomyolipoma (AML)

• Multiple, bilateral, may involve other organs

• Other renal tumors

• Varied and inconsistent descriptions

• Other PEComa spectrum tumors

• Lymphangioleiomyomatosis

• Cardiac rhabdomyoma

• Retinal hamartoma

• Subependymal giant cell astrocytoma (SEGA) 
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An overly simplified schematic 



Tuberous Sclerosis 

and

Renal Angiomyolipoma (PEComa)

What we knew…



Tuberous Sclerosis: Multifocal, Bilateral AMLs



Tuberous Sclerosis Complex: AML Heterogeneity
Smooth muscle-like Mixed

EpithelioidLipid-rich



Tuberous Sclerosis: AML “Tumorlet”



Tuberous Sclerosis: AML in Bowman’s Space



Tuberous Sclerosis: AML in adjacent lymph nodes



Tuberous Sclerosis Complex: AML with Epithelial Cysts



Tuberous Sclerosis Complex: AML with Epithelial Cysts



What is the spectrum of renal epithelial 

neoplasia in tuberous sclerosis complex (TSC)?

Literature has too many contradictions…

What we didn’t know…



February 2013



Case Report: 

Unusual eosinophilic 

and cystic RCC in 

TSC



Tuberous Sclerosis 

and

Renal Epithelial Neoplasia



HMB-45



TSC Associated RCC: Historical Literature

• Oncocytoma

• Chromophobe RCC

• Clear cell RCC

• Papillary RCC

• Unclassified RCC





TSC RCC: Histologic Patterns 

• RCC with fibromyomatous stroma

– Exists in literature in sporadic setting

– Poorly defined and controversial

• RCC, eosinophilic and macrocystic pattern

– Single case report?

– No sporadic counterpart 

• Oncocytic spectrum (chromophobe-like)

– Sporadic and hereditary tumors in literature

– Heterogeneous?



TSC Associated RCC: Fibromyomatous



TSC Associated RCC: Fibromyomatous



TSC Associated RCC: Fibromyomatous



Tubular and PapillarySolid

CK7CK7

TSC Associated RCC: Leiomyomatous



TSC Associated RCC: 

Historical Literature and Fibromyomatous Pattern?

• Reports of….

–Clear cell RCC
• VHL alteration?

–Papillary RCC
• MET alteration?



TSC Associated RCC: Eosinophilic, Solid, Cystic (ESC)



TSC Associated RCC: Eosinophilic, Solid, Cystic (ESC)



TSC Associated RCC: Eosinophilic, Solid, Cystic (ESC)



PAX-8

TSC Associated RCC: Eosinophilic, Solid, Cystic (ESC)



TSC Associated RCC:

Historical Literature of “ESC” pattern

• Angiomyolipoma

– Pre-test probability 

• Unclassified RCC

• Chromophobe RCC?



TSC Associated RCC: Chromophobe-like/Hybrid-like



TSC Associated RCC: Chromophobe-like/Hybrid-like



TSC Associated RCC: 

Historical Literature of Chromophobe-like Pattern

• Oncocytoma

• Chromophobe RCC

• Hybrid Oncocytic Tumor

• “Unclassified” RCC





“Papillary RCC”

“RCC with 

fibromyomatous stroma”



“Hybrid Oncocytic 

Renal Tumor”

“Chromophobe-like”



ESC RCC?





• Multiple, bilateral AMLs 

– Typical types

– AMLEC

– Other PEComa patterns

• Epithelioid 

• Sclerosing

• RCC is rare

– Consistent morphology (3 patterns)

• “Contradictory” papers limits acceptance 

The current state of renal neoplasia in TSC…



Are there sporadic counterparts to these three 

RCC patterns and what can they teach us?

The next step…



RCC with abundant 

eosinophilic granular 

cytoplasm and solid and 

cystic architecture

Unknown

RCC with 

“fibromyomatous stroma” Chromophobe RCC/

Hybrid Oncocytic Tumor

Known
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• No known sporadic counterpart in 2013

• During TSC series by Juan Guo, Kiril Trpkov was on 

sabbatical reviewing our “unclassified” RCCs in CLE

• We shared our “ESC” tumors in TSC, and he 

searched for possible sporadic examples from our 

“unclassified” RCCs 

“Eosinophilic and Macrocystic” Pattern of  RCC



Identified cases 

identical to TSC 

associated 

tumors, but no 

signs of TSC 

No AMLs



Indolent?

CK7-/CK20+ phenotype

Exclusively in women

Name?



10 ESC RCC cases in archives

Ages 14-35







“Unrelated”, we were also studying the possible 

role of SDHB in the rare and often questioned 

entity of “oncocytoid RCC post-neuroblastoma”

An accidental finding…



SDHB deficient RCC?







CK20

Oncocytoid RCC Post-Neuroblastoma

ESC RCC?



RCC post NB with “ESC-like” features 

also had TSC mutation!! 



• Heterogeneous group of tumors

1. MiTF Family Translocation Carcinomas (TFE3)

• Known to occur after chemotherapy

2. Common “incidental” types of RCC

• Papillary RCC, etc…

3. ESC RCC (previously “oncocytoid”)

RCC post-Neuroblastoma



• Current data…

RCC post-Neuroblastoma





• Distinct “entity” 

• Most common in a sporadic setting

• Marked female predominance

• Somatic TSC1 or TSC2 mutations in most

• Appears indolent, despite nuclear pleomorphism

• Rare cases with high stage disease

• Metastases are reported

Eosinophilic, Solid, Cystic (ESC) RCC





Ann Diagn Pathol 2000;4(5):311-5.

Heterogeneous mixture…



AJSP ***



• Clear cell RCC

• Clear cell-papillary RCC

• RCC with (angio)leiomyomatous stroma

RCC with smooth muscle/RAT



RCC with Leiomyomatous Stroma



RCC with Leiomyomatous Stroma



DesminCK7

RCC with Leiomyomatous Stroma



Nature Genetics 2013;45:860

Small subset of “clear cell RCC” 

had mutations in TCEB1





TCEB1

ELOC: The gene formally known as TCEB1











• Distinct “entity”

• Voluminous clear cytoplasm and elongated tubules

• CK7 immunoreactivity 

• Indolent… not aggressive like clear cell RCC

• Must exclude other entities with smooth muscle

• Clear cell RCC 

• Clear cell papillary RCC

• Somatic mutations

• TSC1, TSC2, MTOR, or TCEB1

RCC with Fibromyomatous Stroma





• Obviously, a well-described RCC subtype

• Are the TSC-associated tumors related?

Chromophobe RCC







EVT
Eosinophilic 

Vacuolated Tumor



Chien et al. Am J Surg Pathol 2018

(MSKCC cohort)

He et al. Virchow Archiv 2018

(International cohort)



Eosinophilic Vacuolated Tumor



LOT



Low-grade Oncocytic Tumor/Eosinophilic Chromophobe RCC



Low-grade Oncocytic Tumor/Eosinophilic Chromophobe RCC

CK7 CD117



• Early in evolution of their description

• Subtle histologic difference from typical ChRCC

• Reproducible?

• Need diagnostic adjunct? 

• Behavior?

• Do we need to split these tumors?

• Probably not….

“Non-ESC Oncocytic Tumors Resembling Chromophobe RCC” 

with TSC/MTOR Mutation



RCC with 

leiomyomatous stroma

“Chromophobe –

like RCC”
ESC RCC

ESC RCC
Low-risk 

oncocytic tumors

TSC-Associated  RCC

Oncocytoid RCC 

post NB

Somatic mutations

• TCEB1

• TSC1 or TSC2

• MTOR

Somatic mutations

• TSC1 or TSC2

Somatic mutations

• TSC2 and MTOR

Sporadic RCC

RCC with 

fibromyomatous stroma



Summary

• TSC is an autosomal dominant disorder, but…

• Highly variable penetrance

• 70% are new sporadic mutations (i.e., no family history)

• Renal pathology

• AMLs

• RCCs

• Cysts



Summary

• TSC-associated RCC has three histologic 

patterns, which have sporadic counterparts 

with somatic mutations

• ESC RCC
• TSC1 or TSC2

• RCC with fibromyomatous stroma
• TCEB1, TSC1, TSC2, or MTOR

• “Low-risk oncocytic renal neoplasia family”
• TSC2 or MTOR



Morphology Driven Molecular Discovery
The Story of Tuberous Sclerosis Associated 

Renal Neoplasia and ESC RCC 
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