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Hereditary renal cell tumors: Clinicopathologic importance

Abstract 
Hereditary renal cancer syndromes represent approximately 5% of renal malignancies and 
have distinctive clinical, histopathologic, and genetic features. Next-generation sequencing 
and other molecular testing methods have uncovered several hereditary renal cancer 
syndromes. Several autosomal dominant hereditary renal cell carcinoma (RCC) syndromes, 
including those related to germline pathogenic variants in VHL, BAP1, MITF, MET, FH, TSC1/
TSC2, FLCN, SDH, and CDC73 have been confirmed. FH- and BAP1-related RCCs are 
associated with more aggressive disease. Identifying the clinical and pathological features in 
these hereditary RCC syndromes is important as, relative to familial cohorts, these patients 
require early screening and intervention and regular surveillance to improve their clinical 
prognosis and long-term outcomes. More importantly, identification of these syndromes plays 
a vital role in personalized management and systemic treatment selection in this modern era 
of precision medicine. Ongoing studies have demonstrated that treatment based on genetic 
pathway targeting is a promising approach for hereditary renal cancer management. This 
review describes updates in the diagnostic criteria for and management of familial kidney 
cancer syndromes.
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Introduction

Though the majority of renal cell carcinomas (RCC) are sporadic, 
approximately 5% have a genetic component [1]. These familial 
renal malignancies are usually inherited in an autosomal dominant 
fashion. However, patients with a genetic mutation predisposing 
to RCC do not always have a family history and the mutation 
may have arisen de novo or not be fully penetrant in the carrier. 
Even in the absence of family history, a genetic etiology must be 
considered, particularly if the renal cancer shows early-age onset or 
if the malignancy is bilateral and/or multifocal. A multidisciplinary 
clinical team of pathologists, urologists, and medical oncologists 
plays a crucial role in detecting and treating hereditary or familial 
RCC.
  Von Hippel-Lindau (VHL), hereditary papillary RCC (pRCC), 
and Birt-Hogg-Dube (BHD) syndromes are the most frequently 
encountered entities presenting with bilateral, multifocal 
tumors. Hereditary leiomyomatosis, RCC syndrome-associated 
RCC (HLRCC), and succinate dehydrogenase (SDH)-deficient 
RCCs typically present with unilateral and solitary tumor. Less 
common hereditary renal cancer syndromes include tuberous 
sclerosis complex-associated RCCs, BAP1 tumor predisposition 
syndrome, constitutional chromosome 3 translocations, PTEN 
hamartoma/Cowden syndrome, and hyperparathyroidism-jaw 
tumor syndrome. Major advancements in our understanding of 
the molecular pathogenesis of RCC, including the identification 
of several new mutations, have provided a means to offer targeted 
treatment options and improve overall patient management. 
Through genetic testing, at-risk individuals can be identified earlier 
in their disease course and offered regular surveillance, potentially 
improving prognosis and outcomes. In this review, we provide a 
comprehensive outline of the genetic and clinical features of well-
recognized and emerging hereditary RCC syndromes. 

Von Hippel-Lindau (VHL) syndrome

VHL syndrome is an inherited autosomal dominant disorder 
caused by constitutional mutations in the VHL tumor suppressor 
gene due to either a missense mutation or deletion in the short arm 
of chromosome 3. VHL has an incidence of 1 in 30,000 [2, 3] with 
more than 90% of patients developing manifestations by age 65 
[2]. 
  The VHL gene product regulates the hypoxic gene response by 
stabilizing alpha subunits of hypoxia-inducible factor (HIF)-1 

and HIF-2 transcription factors [4-6]. Mutated VHL protein does 
not bind to HIF-1α and 2α, resulting in gene transcription and 
upregulation of growth factors, including erythropoietin, vascular 
endothelial growth factor (VEGF), platelet-derived growth factor 
β, and other genes involved in metabolism. Thus, VHL mutation 
drives angiogenesis and proliferation. 
  VHL mutations result in an increased propensity to develop 
a multitude of benign and malignant tumors, including 
hemangioblastomas of the retina and central nervous system, and 
clear cell RCC (ccRCC) (over 70% each) [2, 7]. Less frequently 
seen tumors include pheochromocytoma/paraganglioma (20%), 
pancreatic neuroendocrine tumor (10%), and endolymphatic sac 
tumor (5-10%). Additionally, multiple visceral cysts, including 
renal, pancreatic, epididymal, and parametrial cysts are commonly 
seen.
  VHL may demonstrate phenotypic variation. Patients with 
truncating mutations (or type 1 mutations) have a lower incidence 
of pheochromocytoma compared to patients with missense 
mutations (or type 2 mutations) [7-10]. VHL frameshift and 
nonsense mutations are associated with high penetrance of ccRCC, 
whereas full or partial deletions confer a lower risk [7]. Genetic 
testing for VHL mutations detects nearly 100% of individuals 
with VHL [11]. VHL mutations are found in both inherited and 
sporadic ccRCCs, with evidence of both copies lost in 86% of 
cases [12]. Apart from the shared feature of 3p loss, tumors within 
the same patient are clonally diverse, highlighting the development 
of different molecular pathways that initiate further tumorigenesis 
following the loss of 3p. Studies have identified two subgroups 
of VHL-inactivated clear cell malignancies: those with a HIF-
1α and 2α-driven genotype and those with a HIF-2α-dominant 
genotype [13, 14]. The discovery of these genotypes and their 
implications for particular metabolic pathways has helped drive 
the development of novel therapies. Additionally, familial genetic 
screening with routine imaging can lower morbidity and mortality. 
As a result of increased awareness and increasingly aggressive 
approaches, approximately 85-90% of VHL patients are diagnosed 
with renal masses sized less than 6 cm, with only 11% developing 
distant metastases [15]. 
  Renal lesions in VHL are commonly bilateral and multicentric. 
Grossly, the kidney often shows multiple small cystic and solid 
lesions, with the number of cysts ranging from 3 to 30 (on average, 
7.8 cysts per kidney) with an average size of 0.7 cm [16]. 
Histologic features of renal tumors in VHL syndrome include 
simple cysts lined by one to two layers of clear cells with bland 
features, atypical cysts with more complex epithelial proliferations, 
and scattered aggregates of clear cell proliferation in renal 
parenchyma to ccRCC arising either within cysts or even from 
non-cystic kidney parenchyma. These tumors tend to be low-grade 
and show identical morphological and immunohistochemical 
features to sporadic ccRCCs, characterized by nests of epithelial 
cells with abundant clear cytoplasm with a delicate sinusoidal 
vascular network (Figure 1). In addition, the adjacent renal 
parenchyma often shows microscopic foci of clear cell clusters 
or proliferations with unilocular cysts lined by clear cells without 
significant cytologic atypia. However, cysts lined by multiple 
layers of clear cells or focal papillary proliferation with or without 
cytologic atypia may also be seen [17]. 
  Tumors with typical features of clear cell papillary RCC 
(ccpRCC)—papillary architecture harboring nuclei with a linear 
arrangement along the apical side of the tumor cells away from 
the basement membrane—can be seen in VHL disease [18, 19]. 
However, tumors with ccpRCC-like morphology are molecularly 
distinct from sporadic ccpRCC. In addition to an established 
family history and/or strong clinical suspicion, the combination of 
bilateral, multifocal ccpRCCs, clusters of clear cell proliferations 
in adjacent renal parenchyma, and multiple predominantly clear 
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Figure 1. Conventional ccRCC with characteristic cytoarchitectural 
features associated with VHL syndrome (H and E, 100x).



cell-lined cysts are helpful pathologic features to distinguish 
VHL syndrome from sporadic cases of ccpRCC. These tumors 
rarely metastasize, and small tumors are typically managed 
conservatively, while larger tumors (>3 cm) are excised or ablated.

Hereditary papillary renal cell carcinoma (pRCC)

Hereditary pRCC is an extremely rare autosomal dominantly 
inherited disorder due to activating mutations in the MET 
proto-oncogene on chromosome 7p31 [20-22] with incomplete 
penetrance. The incidence is 1 in 10 million [23]. The MET gene 
encodes a receptor tyrosine kinase involved in cell signaling and 
growth. These mutations predispose individuals to increased risk 
for multiple, bilateral pRCC type 1 [20]. Peculiarly, these tumors 
tend to manifest at a later age (50-70 years) with high penetrance 
but may also be seen in patients as young as 30 years. In contrast 
to other hereditary RCC syndromes, there are no known extrarenal 
manifestations. 
  On gross examination, numerous well-circumscribed bilateral 

and multifocal tumors are present. Morphologically, these 
tumors demonstrate a papillary or tubulopapillary architecture, 
with papillae lined by cuboidal epithelial cells with small to 
scant cytoplasm, small oval to round low-grade nuclei, and 
inconspicuous nucleoli. Most tumors are WHO/ISUP grade 1 
or 2, although some grade 3 tumors may also be seen. Foamy 
macrophages and psammomatous calcifications are commonly 
noted. Clear cells are not uncommon and are most prominent in 
tumors with necrosis and hemorrhage. Rarely, focal eosinophilic 
cytoplasmic change can be seen mimicking the morphology seen 
in type 2 pRCC. The adjacent non-neoplastic renal parenchyma 
often shows numerous papillary adenomas. In contrast to patients 
with sporadic pRCC, patients with hereditary pRCC often 
show dozens to hundreds of lesions in the kidney. Additionally, 
the presence of numerous papillary adenomas in the adjacent 
parenchyma helps distinguish hereditary pRCC from sporadic. 

Hereditary leiomyomatosis and renal cell carcinoma 
syndrome-associated renal cell carcinoma
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Fig, 2A. HLRCC-associated RCC case with a papillary growth pattern (H and E, 200x). Note the tumor cells with prominent enlarged nucleoli. 
Fig. 2B. HLRCC-associated RCC with loss of FH in tumor cells  (Immunoperoxidase, 100x).The stromal cells serve as an internal control and 
show no loss of FH expression.

Fig. 3. Hybrid tumor with features of oncocytoma (A) and chromophobe RCC (B) in BHD syndrome. The oncocytic tumor exhibits a nested 
growth pattern with round low-grade nuclei whereas the chromophobe RCC component shows distinct cell membrane, characteristic perinuclear 
haloes with binucleation and raisinoid nuclei (H and E, 100x).



Hereditary leiomyomatosis and RCC syndrome-associated RCC 
(HLRCC) show an autosomal dominant pattern of inheritance with 
an incidence of approximately 1 in 200,000 [24]. HLRCC is caused 
by a germline mutation in the fumarate hydratase (FH) gene 
located on chromosome 1q42. FH encodes an enzyme responsible 
for catalyzing the conversion of fumarate to malate in the Krebs 
cycle [25-28]. This mutation subsequently leads to an accumulation 
of intracellular fumarate, which mediates various proteomic and 
epigenetic events, ultimately resulting in activation of HIF-1. 
Approximately 71-100% of families with features suggestive of 
HLRCC demonstrate pathogenic variants [25, 26, 29]. 
  Extrarenal manifestations include multiple cutaneous leiomyomas 
and early onset uterine leiomyomas and leiomyosarcomas. 
Uterine leiomyomas are seen in 70-80% of females with HLRCC 
[28]. Clinically, these patients may present with a history of 
menorrhagia and pelvic pressure or pain and frequently require 
hysterectomy before 30 years of age [31]. Cutaneous leiomyomas 
often present in the second to fourth decade of life, presenting as 
painful red-brown papules or nodules on the trunk or extremities. 
These cutaneous lesions rarely undergo malignant transformation 
[32, 33]. Renal malignancies present in approximately 15-20% 
of patients with HLRCC with early onset (36-39 years) [32, 34, 
35]. Lower stage tumors in HLRCC may metastasize. HLRCC-
associated RCC is usually aggressive and frequently presents with 
metastatic disease involving lymph nodes, bone, brain, lungs, or 
other body sites. 
  HLRCC syndrome-associated RCC has been included as a new 
tumor entity in the most recent WHO classification of kidney 
tumors. On gross examination, the renal tumors seen in HLRCC 
are often unilateral and solitary with features varying from 
solid and homogenous to cystic with areas of hemorrhage and 
necrosis. The adjacent non-neoplastic renal parenchyma is often 
unremarkable or demonstrates few cysts lined by eosinophilic to 
clear epithelium. 
  These tumors often exhibit several growth patterns, including 
papillary, tubulopapillary, tubular, cribriform, and tubulocystic 
architectures. High-grade or de-differentiated foci, solid and cystic 
components, sarcomatoid differentiation, and collecting duct 
carcinoma-like areas can also be seen. A characteristic cytological 
feature of HLRCC-associated RCCs is a notably prominent 

eosinophilic nucleolus surrounded by a clear halo, though this 
finding is not entirely specific or sensitive for establishing this 
particular diagnosis (Figure 2A) [30, 36]. HLRCC-associated 
RCCs are often of high nuclear grade (WHO/ISUP grade 3-4) 
[34, 36]. Immunohistochemistry shows loss of FH within tumor 
cells (Figure 2B) in the majority of cases while an immunostain 
for 2-succinyl-cysteine (2SC), an oncometabolite derived from 
fumarate, shows diffuse nuclear and cytoplasmic staining, which 
is highly correlated with the presence of an FH mutation. 
  HLRCC is associated with a poor prognosis with a major subset 
of cases presenting with metastatic disease. Therefore, accurate 
recognition and early diagnosis of HLRCC is critical for effective 
management. Definitive confirmation can be obtained by testing 
for a germline FH mutation with genetic counseling for family 
members. Renal cancer surveillance is recommended at an early 
age for familial cases.

Birt-Hogg-Dube syndrome

BHD syndrome is a rare autosomal dominantly inherited disorder 
caused by point mutations and rearrangements of the folliculin 
(FLCN) gene located on chromosome 17p11.2 [37, 38]. The 
function of FLCN is controversial but it has been suggested that 
it functions as a tumor suppressor and is involved in cell-cell 
adhesion, negative regulation of ribosomal RNA synthesis, and 
mTOR pathway modulation [39-42]. BHD syndrome is estimated 
to be seen in approximately 1 in 2 million population [43]. 
  BHD is characterized by the development of multiple kidney 
tumors, facial fibrofolliculomas, and pulmonary cysts [44, 45]. 
Along with having an increased risk of developing kidney tumors, 
which are observed in 25-35% of patients [46-49], these patients 
also have a significantly higher risk of developing a spontaneous 
pneumothorax [50]. A wide variety of renal malignancies have 
been identified in BHD. Hybrid oncocytic tumors, characterized 
as being mixed oncocytoma and chromophobe RCCs (chRCC), 
are the most common (Figure 3) [50]. Patients diagnosed with 
hybrid oncocytic tumors should be evaluated for BHD, as these 
are characteristic of this disease. Other renal tumors include clear 
cell RCC, pRCC, angiomyolipoma, and oncocytoma (including 
multifocal oncocytosis) [51]. Major criteria for BHD diagnosis 
include: (1) at least five fibrofolliculomas, at least one histologically 
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Fig. 4A. SDH-deficient RCC demonstrating cells with uniform nuclei, fine stippled chromatin and flocculent eosinophilic cytoplasm (H and E, 
100x). Fig. 4B. SDH-deficient RCC with loss of SDHB expression on immunostaining. The stromal cells serve as an internal control and retain 
their normal staining pattern (immunoperoxidase, 100x).
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confirmed, of adult onset, or (2) identified pathogenic FLCN 
mutation. Minor criteria include: (1) multiple pulmonary cysts 
with no other apparent cause, with or without spontaneous 
pneumothorax, (2) early onset (<50 years) of renal malignancy 
that is multifocal, bilateral, or mixed histology (chromophobe and 
oncocytic histology), and (3) a first-degree relative with BHD [52]. 
For BHD diagnosis, patients should have one major or two minor 
criteria present.
  On gross examination, 50% of patients present with bilateral 
and multifocal tumors with a homogeneous tan-brown cut 
surface without hemorrhage or necrosis, with or without a central 
scar [53]. These tumors are typically small at presentation with 
low metastatic potential. Morphologically, hybrid oncocytic 
tumors are most commonly encountered with areas resembling 
chRCC or oncocytoma, or tumor cells showing irregular nuclear 
contours without perinuclear halos. Oncocytic tumors in BHD 
syndrome can show nests of clear cells in an otherwise typical 
oncocytic tumor. Tumors histologically resembling chRCC, 
ccRCC, pRCC, and renal oncocytoma have been described. 
Evaluation of the surrounding renal parenchyma for features of 
oncocytosis, including numerous microscopic oncocytic nodules, 
cysts lined by oncocytic cells, or oncocytic cells between native 
renal parenchyma is essential. The characteristic nuclear feature 
of sporadic chRCCs—hyperchromatic, raisinoid nuclei with 
perinuclear halos—is less often seen or only focally present in the 
hybrid oncocytic tumors of BHD. 

Tuberous sclerosis complex (TSC)-associated kidney tumors

Tuberous sclerosis complex (TSC) is an autosomal dominantly 
inherited disorder characterized by formation of hamartomas in 
numerous organs including brain, skin, kidney, and lung. TSC 
patients exhibit associated cutaneous involvement, including 
hypopigmented macules, facial angiofibromas, and periungual 
fibromas in almost all cases. Most affected patients also show 
features of central nervous system involvement, including 
cortical dysplasia, subependymal nodules, and, less commonly, 
subependymal giant cell astrocytomas with other neurological 
conditions, including seizures. Other manifestations include renal 
angiomyolipoma (AML), lymphangioleiomyomatosis, cardiac 

rhabdomyomas, and retinal hamartomas. 
TSC is caused by inactivating mutations of the TSC1 gene 
located on chromosome 9q34 and the TSC2 gene located on 
chromosome 16p13.3. TSC1 and TSC2 encode hamartin and 
tuberin, respectively. These proteins are responsible for inhibiting 
downstream pathways of mammalian target of rapamycin (mTOR) 
[54]. Inactivation of either of these proteins results in upregulation 
of the HIF pathway. In 70% of cases, these mutations occur 
as spontaneous germline mutations [55]. Patients with TSC2 
mutations appear to be more severely affected and show greater 
kidney involvement. 
  Renal manifestations of TSC include multiple, bilateral, AMLs 
(75-80%), oncocytomas, and rarely RCC (2-4%) [56, 57]. Grossly, 
multiple simple cysts and tan-yellow nodules representing 
AMLs are frequently seen. In approximately 5% of patients, 
diffuse cystic disease similar to that seen in autosomal dominant 
polycystic disease can develop. Morphologically, TSC-associated 
RCCs are multifocal with multiple AMLs and cysts, and a wide 
spectrum of architectural patterns. Some tumors show clear and 
voluminous cytoplasm with papillary, acinar, tubular, and alveolar 
architecture resembling ccRCC and ELOC/TCEB1-mutated RCCs 
with prominent fibromuscular stroma. Other tumors show nests 
or sheets of eosinophilic or oncocytic tumor cells resembling 
chRCC, oncocytoma, or hybrid oncocytic tumors. The remaining 
TSC-associated tumors often show unclassifiable features 
characterized by eosinophilic tumor cells resembling eosinophilic 
solid and cystic RCC, sometimes with high-grade nuclear features. 
Most tumors show a mixed architectural pattern. Sporadic 
RCCs characterized by somatic TSC1/TSC2/MTOR mutations 
demonstrating significant morphological overlap with tumors in 
TSC cases have been reported recently. TSC-associated RCCs 
generally are clinically indolent with rare metastasis and these 
tumors are not typically associated with increased mortality. 

Hereditary paraganglioma-pheochromocytoma syndromes, 
including succinate dehydrogenase (SDH)-deficient renal cell 
carcinoma

The succinate dehydrogenase (SDH) complex, a component of 
the Krebs cycle and the electron transport chain, helps convert 

Fig. 5A. BAP-1 mutated clear cell RCC. The right half of the tumor in this low-power image shows features similar to conventional clear cell 
RCC whereas the left half shows a distinct pattern of anastomosing elongated tubules lined by clear cells (H and E, 40x). Fig. 5B. BAP1 mutated 
clear cell RCC with loss of BAP1in tumor cells (Immunoperoxidase, 100x). The stromal and inflammatory cells represent internal controls and 
show no loss of normal expression.
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Table 1. Overview of Hereditary Renal Cell Cancer Syndromes.

Syndrome Inheritance Gene Estimated risk of 
developing RCC

Histological subtype 
of renal tumors Effect of mutation Extrarenal features

VHL 
disease AD VHL 70% ccRCC

ccpRCC

• Increased angiogenesis 
and proliferation through 
activation of hypoxia 
response pathways

• CNS and retinal 
hemangioblastomas

• Endolymphatic sac tumor
• Pancreatic cysts and 

neuroendocrine tumors
• Pheochromocytomas

Hereditary 
pRCC AD MET Increased pRCC type 2 • MET signaling pathway 

activation • None known

HLRCC AD FH 15-20%
pRCC type 2
Collecting duct RCC
tcRCC

• Activation of hypoxia 
response pathways

• Epigenetic effects

• Uterine and cutaneous 
leiomyomas

• Leiomyosarcomas

BHD 
syndrome AD FLCN 25-35%

HOCT
ccRCC
pRCC
Multifocal 
oncocytosis

• mTOR pathway activation
• Increased mitochondrial 

biogenesis and 
replication

• Dysregulation of cell-cell 
adhesion

• Cutaneous fibrofolliculomas 
and other skin adnexal 
tumors

TSC AD TSC1
TSC2 2-4%

Angiomyolipoma
ccRCC
HOCT

• Upregulation and 
activation of mTOR 
pathway

• Cortical dysplasia
• Rhabdomyomas
• Subependymal giant cell 

astrocytoma
• Angiomyofibromas and 

cutaneous lesions
• Lymphangioleiomyomatosis
• Neural tumors

SDH-
deficient 
RCC

AD

SDHA
SDHB
SDHC
SDHD

10-15%
ccRCC
chRCC
Oncocytoma

• Accumulation of succinate 
with subsequent 
activation of hypoxia 
response

• Pheochromocytoma
• Paraganglioma
• GIST

HPT-JT 
syndrome AD HRPT2 15%

Nephroblastoma 
(adult Wilms tumor)
Mixed epithelial and 
stromal tumor
pRCC
Hamartoma

• Disruption of chromatin 
remodeling

• Activation of Wnt 
signaling pathway

• Primary 
hyperparathyroidism

• Parathyroid carcinoma
• Ossifying fibromas of 

maxilla and mandible
• Uterine tumors

Up to 70% ccRCC

• Loss of chromosome 3p 
resulting in activation 
of hypoxia response 
pathways

• None

BAP1 
tumor AD BAP1 10-12% ccRCC

• Disruption in chromatin 
remodeling and cell cycle 
regulation

• Cutaneous and uveal 
melanomas

• Malignant mesothelioma
• Cholangiocarcinoma

PTEN AD PTEN Up to 35%
pRCC
chRCC
ccRCC

• Activation and 
upregulation of PI3K 
signaling pathways

• Thyroid cancer
• Breast cancer
• Endometrial cancer
• Colon cancer
• Cutaneous and mucosal 

hamartomas

AD, autosomal dominant; BHD, Birt-Hogg-Dubé; ccpRCC, clear cell papillary renal cell carcinoma; ccRCC, clear cell renal cell 
carcinoma; chRCC, chromophobe renal cell carcinoma; HLRCC, hereditary leiomyomatosis-associated renal cell carcinoma; HPT-JT, 
hyperparathyroidism-jaw tumor; GIST, gastrointestinal stromal tumor; HOCT, hybrid oncocytic/chromophobe renal cell carcinoma; 
PI3K, phosphoinositide 3-kinase; pRCC, papillary renal cell carcinoma; RCC, renal cell carcinoma; tcRCC, tubulocystic renal cell 
carcinoma; SDH, succinate dehydrogenase; TSC, tuberous sclerosis complex; VHL, von Hippel-Lindau
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succinate to fumarate. Dysfunctions in SDH result in elevated 
levels of succinate and subsequent inhibition of HIF-α prolyl 
hydroxylases leading to the induction of hypoxia response 
pathways. Germline mutations in genes encoding SDH protein 
products, including SDHA/B/C/D are associated with an 
increased risk of cancer development and responsible for familial 

paraganglioma-pheochromocytoma syndromes, gastrointestinal 
stromal tumors (GIST), pituitary adenomas, and RCCs. SDHB 
is most frequently involved in SDH-deficient RCC [58, 59]. The 
incidence of RCC is approximately 0.05% to 0.1% of all renal 
tumors with a mean age of presentation of 40 years [58]. These 
tumors more frequently demonstrate early metastasis and appear 

Table 2. Screening Recommendations for Hereditary Renal Cell Carcinoma syndromes.

Syndrome Screening Recommendations- Renal Screening Recommendations- Systemic

VHL disease Abdominal MRI imaging every 1-2 years
[95]

•	 Ophthalmologic assessment 
•	 Blood pressure check 
•	 Neurologic examination
•	 Audiology examination  
•	 Urinary metanephrines /Plasma free 

metanephrines
•	 CNS and spinal MRI imaging 

Hereditary pRCC Abdominal CT/MRI imaging every 2 years •	 None 

HLRCC Annual MRI imaging with kidney protocol 
[96]

•	 Dermatologic check-up
•	 Gynecological examination with radiologic 

studies for females

BHD syndrome Abdominal CT/MRI imaging every 3 years
[97]

•	 Dermatologic check-up
•	 CT scan of thorax 

TSC Abdominal CT/MRI imaging every 1-3 years [98]

•	 Dermatologic check-up, annual 
•	 Dental exam, six months
•	 ECG
•	 Ophthalmological assessment
•	 Annual blood pressure check 
•	 Annual kidney function tests 
•	 Neuropsychiatric disorder screening
•	 Brain MRI
•	 EEG, if clinically indicated
•	 CT thorax, every 5–10 years

SDH-deficient 
RCC

Abdominal CT/MRI imaging every 2 years

•	 Blood pressure check
•	 Plasma methoxytyramine and free 

metanephrines /urine metanephrines
•	 Serum chromogranin A
•	 Complete blood counts
•	 Whole-body MRI 
•	 Neck MRI, if clinically indicated 

HPT-JT syndrome Abdominal CT/MRI imaging every 5 years
[99]

•	 Serum calcium, intact parathyroid hormone, and 
25-(OH) vitamin D levels

•	 Dental panoramic X-ray
•	 Radiologic screening for uterine tumors in 

females 
Constitutional 
chromosome 3 
translocations

Abdominal CT/MRI imaging every 1-3 years •	 None 

BAP1 tumor 
predisposition

Abdominal CT/MRI imaging every 2 years
[100]

•	 Dermatologic check-up
•	 Ophthalmologic assessment 
•	 CT or MRI of thorax/abdomen, if clinically 

indicated

PTEN hamartoma/ 
Cowden syndrome Abdominal CT/MRI imaging every 1-2 years [101]

•	 Dermatologic check-up
•	 Thyroid assessment with ultrasound 
•	 Breast exam, mammogram and breast MRI in 

females
•	 Colonoscopy
•	 Endometrial cancer screening in females

BHD, Birt-Hogg-Dubé; CT, computed tomography; ECG, electrocardiogram; EEG, electroencephalogram; HLRCC, hereditary 
leiomyomatosis-associated renal cell carcinoma; HPT-JT, hyperparathyroidism-jaw tumor; MRI, magnetic resonance imaging; 
RCC, renal cell carcinoma; SDH, succinate dehydrogenase; TSC, tuberous sclerosis complex; VHL, von Hippel-Lindau
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to be more aggressive compared to other hereditary renal tumors. 
The most commonly reported renal tumors in these patients 
include ccRCC, chRCC, and oncocytomas [60, 61]. SDH-deficient 
RCC has also been added as a new tumor entity in the WHO 2016 
classification of kidney tumors. These tumors are characterized 
by a loss of SDHB immunoreactivity and patients with SDH-
deficient RCC often have a mutation in SDHB, although other 
SDH mutations have been reported.
  Grossly, SDHB-deficient RCCs are often solitary and unilateral, 
with bilateral tumors observed in 26% of reported cases [23]. 
They are well-circumscribed with a pushing border and may 
be associated with a pseudocapsule. Rarely, they may show an 
infiltrative border. Upon gross examination, they often appear 
solid with a red-brown cut surface. Morphologically, they show 
predominantly solid and cystic architecture with vacuolated 
cytoplasm and cytoplasmic inclusions containing pale eosinophilic 
flocculent material, along with cytoplasmic inclusions (Figure 4A) 
that can be identified as giant mitochondria upon ultrastructural 
examination. In conjunction with SDH immunostaining, histologic 
features, such as monomorphic oncocytic renal tumors with a solid 
growth pattern, intratumoral mast cells, and cytoplasmic inclusions 
with flocculent material, can be used to support diagnosis. High-
grade features including sarcomatoid differentiation, high nuclear 
grade, and necrosis are uncommon. 
  Immunohistochemical studies show a loss of SDHB reactivity 
(Figure 4B), although a lack of SDHB staining can be seen in 
tumors with mutations in SDHA, SDHC, SDHD, or SDHAF2. 
In addition, these tumors are often negative for CK7 and CD117 
(c-kit). Many of these tumors show indolent clinical behavior, but 
up to 33% can show metastasis and an aggressive clinical course 
[23]. Cases that do show metastasis or an aggressive clinical course 
are often associated with high-grade features. 

Miscellaneous hereditary renal cell carcinoma syndrome
Hyperparathyroidism-jaw tumor syndrome

Hyperparathyroidism-jaw tumor syndrome (HPT-JT) is a rare 
autosomal dominantly inherited disorder caused by a mutation 
of the cell division cycle protein 73 homolog (CDC73) gene, also 
known as the hyperparathyroidism (HRPT2) gene on chromosome 
1q24-32 [62, 63]. CDC73 encodes the parafibromin protein, which 
interacts with β-catenin to form part of the RNA polymerase-
associated factor-1 complex. This complex functions as an 
inhibitor of the c-Myc proto-oncogene [64, 65]. Patients have 
a predisposition to developing solitary or multiple parathyroid 
adenomas, parathyroid carcinoma, and multiple ossifying jaw 
fibromas. Benign uterine tumors (adenofibromas and leiomyomas) 
and malignant uterine tumors (adenosarcomas) have been reported 
in up to 75% of female patients [66]. Cystic kidney disease is 
the most common renal manifestation of HPT-JT. However, in 
addition to renal hamartomas, these patients are at an increased 
risk of developing multiple, bilateral renal tumors (approximately 
15%), particularly adult Wilms tumors and mixed epithelial-
stromal tumors (MEST). Wilms tumors identified in HPT-JT 
are often diagnosed in the fifth decade of life and usually do not 
metastasize. Grossly, they are often smaller in size compared to 
the childhood form of Wilms tumor and poorly circumscribed. 
Moreover, compared to the childhood form of Wilms tumor, the 
adult form presenting in HPT-JT shows fewer mitoses, a lack of 
necrosis and hemorrhage, large mesenchymal components, and 
cysts [66, 67]. MESTs are characterized by a biphasic growth 
pattern, including epithelial and spindle cell stromal elements 
with the spindle cell component often resembling ovarian stroma. 
These tumors may show sarcomatoid differentiation and undergo 
malignant transformation with metastasis. Rare cases of papillary 
RCC have also been reported [68]. As these patients often present 

with multiple, bilateral renal tumors, they may require multiple 
surgeries over their lifetime. Nephron-sparing surgery is preferred 
over radical nephrectomy to preserve long-term kidney function. 

Constitutional chromosome 3 translocations

Rare cases of balanced translocations of chromosome 3 leading 
to familial RCC have been described [69-71] and may be due to 
a loss of the rearranged chromosome during mitosis. Because 
multiple genes involved in the pathogenesis of renal malignancies 
are located on chromosome 3 (particularly those with clear cell 
histology), this type of alteration may confer an increased risk of 
renal cancer.

BAP1 tumor predisposition syndrome 

Somatic BAP1 mutations have been identified in RCCs and are 
associated with higher tumor grade and decreased overall survival 
[72]. However, recent studies have identified germline mutations of 
BAP1 that predispose to a familial type of clear cell RCC, as well 
as uveal and cutaneous melanomas, and mesothelioma [73, 74]. 
BAP1 is a tumor suppressor gene encoding nuclear deubiquitinase, 
which removes ubiquitin from transcriptional regulator host cell 
factor (HCF) 1. HCF1 is important for chromatin remodeling, E2F 
family transcription factor regulation, and downstream cell cycle 
regulation [75-77]. Penetrance is high and approximately 85% 
of individuals develop at least one tumor, most are melanocytic, 
and approximately 10-12% of individuals develop RCCs that are 
multifocal, bilateral, and occur at a younger age than sporadic 
RCCs [78]. Given that such cases are rare, evaluation of BAP1 
mutation is not routinely performed in cases of inherited RCC and 
no agreed-upon surveillance protocols for BAP1 mutation carriers 
exist. Morphologically, these tumors frequently demonstrate 
features similar to conventional ccRCC combined with a distinct 
pattern of anastomosing elongated tubules lined by clear cells 
(Figure 5A) with notably voluminous and partially granular 
eosinophilic cytoplasm, large cytoplasmic globules, and high-
grade nuclear features. Loss of nuclear BAP1 (Figure 5B) is seen 
in most tumors. As reported in a recent study, these tumors often 
strongly express p504S, a feature not typically seen in clear cell 
RCCs [78]. The combination of strong p504S immunoreactivity 
and loss of BAP1 nuclear staining in tumors morphologically 
suspicious for this entity, particularly in cases with an established 
diagnosis of clear cell RCC, should prompt an evaluation for BAP1 
mutations molecular testing. These tumors often extend beyond 
the kidney (pT3), show a high rate of renal vein involvement, and 
are highly associated with distant metastatic disease.

PTEN hamartoma syndrome/Cowden syndrome

PTEN hamartoma syndrome encompasses multiple hamartoma 
syndromes, including Cowden syndrome, Bannayan-Riley-
Ruvalcaba syndrome, PTEN-related Proteus syndrome, and PTEN-
related Proteus-like syndrome. Specifically, Cowden syndrome 
is due to autosomal dominantly inherited mutations in PTEN 
and is associated with an increased risk of benign and malignant 
tumors of the breast, thyroid, endometrium, and kidney. Skin 
manifestations of Cowden syndrome include trichilemmomas, 
papillomatous papules, and acral and plantar keratosis. The most 
frequently reported renal malignancies in patients with Cowden 
syndrome include pRCC (72%), chRCC (18%), and ccRCC (9%) 
with a lifetime risk of 34% and a rising risk beginning at age 
40 [79-81]. However, the role of PTEN alterations and behavior 
in patients with RCC is not well understood. Morphologically, 
these tumors exhibit papillary, tubular, or solid patterns with 
fibrovascular cores and foamy macrophages resembling pRCC, 
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solid growth patterns with oncocytic morphology resembling 
chRCC, or solid and nested patterns with intricate, branching 
vasculature, and clear cells resembling ccRCC. 

Management of hereditary renal tumors

a. VHL syndrome 

Surgical treatment with total or partial nephrectomy remains the 
standard of care for localized kidney tumors with a solid tumor 
component exceeding 3 cm. Partial nephrectomy for relatively 
smaller and/or circumscribed tumors helps preserve renal 
parenchyma [82]. Repeat surgical interventions are mandated 
in recurrent kidney tumors [83]. Anti-VEGF tyrosine kinase 
inhibitors are used to treat localized germline VHL-associated 
ccRCC and have demonstrated variable efficacy in these cases [84-
86]. 

b. Hereditary papillary renal cell carcinoma

Renal tumors in hereditary pRCC cases are monitored until they 
exceed 3 cm [87]. Clinical trials using MET pathway inhibitors 
to treat hereditary pRCC patients with advanced disease and 
activating MET mutations are underway. Foretinib, a kinase 
inhibitor of MET and VEGFR2, has been used to treat patients 
with pRCC; a small study of ten cases showing partial response 
suggests it is helpful in cases of germline pathogenic MET variants 
[88].

c. HLRCC- associated renal cell carcinoma

HLRCC- associated RCCs are aggressive tumors that are often 
metastatic at the time of diagnosis. These tumors should be 
treated promptly with complete excision and are exempt from any 
monitoring size criteria upon recognition. There are no definitive 
protocols for management of metastatic disease. However, in 
addition to agents already approved for all RCCs, several clinical 
trials are investigating optimal treatment regimens. A combination 
of bevacizumab and erlotinib has been proposed, as combined 
VEGF and epidermal growth factor receptor blockade would 
impair blood flow and glucose delivery to the tumor. This regimen 
can achieve an objective response and is listed for non-ccRCC in 
the National Comprehensive Cancer Network (NCCN) guidelines 
[89].

d. Birt-Hogg-Dube syndrome

Oncocytic tumors and chRCCs in BHD syndrome are usually 
indolent when they are relatively small lesions that can be managed 
with partial nephrectomy or a nephron-sparing approach if they 
exceed a size cutoff of 3 cm. Metastases are uncommon but may be 
seen in tumors with clear cell or papillary features. In a large series 
of 115 cases of germline FLCN carriers, 14 patients who were not 
undergoing surveillance developed RCCs, and 5 showed metastatic 
disease [90]. There is no well-defined systemic treatment approach 
for these tumors as there are very few cases of metastatic disease. 

e. Tuberous sclerosis complex (TSC)-associated kidney tumors

Definitive management in this category depends on tumor size and 
histological subtyping. Surveillance is performed in cases of lipid-
rich or biopsy-proven lipid-poor AMLs until the largest tumor 
exceeds 4 cm in maximum dimension. Angioembolization may 
be considered to decrease the risk for spontaneous hemorrhage, 
but these tumors can be treated by radiologic surveillance in 

many cases, even when they exceed a maximum size of 4 cm. All 
malignant tumors are surgically resected. Everolimus is a Food 
and Drug Administration (FDA)-approved drug for TSC-related 
AML treatment. A randomized, placebo-controlled EXIST-II 
trial assessed the efficacy of everolimus in 118 patients with AML 
and the targeted response rate (50% or more reduction in the total 
volume of all target AMLs) was 42% for everolimus versus an 
absent response for placebo (p < .001). However, re-growth of 
tumor occurred if everolimus was discontinued [91]. 

f. Succinate dehydrogenase (SDH)-deficient renal cell carcinoma

Cases of RCC arising in patients with SDH germline pathogenic 
variants are managed similarly to HLRCC, with surgical resection 
and aggressive treatment strategies, as even small tumors may be 
metastatic in this cohort of RCCs. Metastatic cases are managed 
similarly to other RCCs and efforts to identify novel therapeutic 
targets are ongoing. Inhibitors of glucose uptake, glycolysis, and 
fatty acid synthesis represent a potential treatment strategy for 
managing metastatic SDH-deficient and HLRCC-associated RCCs 
[92]. A current clinical trial is investigating whether vandetanib 
in combination with metformin can manage these RCCs 
(NCT02495103).

g. BAP1 tumor predisposition syndrome 

BAP1-associated RCC is managed similarly to sporadic RCC, 
although cases are associated with aggressive behavior or poor 
outcomes and early intervention with screening is recommended 
[93]. There are no evidence-based guidelines for cancer screening 
in individuals with germline BAP1 pathogenic variants, though 
annual abdominal imaging to screen for RCC has been suggested.

h. Constitutional chromosomal 3 translocations, PTEN 
hamartoma/Cowden syndrome, and HPT-JT syndrome

As of this writing, NCCN does not include specific management 
guidelines for renal cancers associated with constitutional 
chromosomal 3 translocations, PTEN hamartoma/Cowden 
syndrome, and HPT-JT syndrome. One recently published 
guideline recommends ultrasound surveillance for RCC in 
patients with PTEN hamartoma/Cowden syndrome [94]. Other 
than previously described syndromes, several familial cohorts 
with multiple cases of RCC without other syndromic features 
or associated germline mutations have been identified as well. 
Because of their paucity and lack of strong evidence, it is 
reasonable to follow the management and surveillance guidelines 
published for sporadic counterparts until further evidence becomes 
available. However, such management should be individualized 
in the light of each tumor’s presentation and behavior. In addition, 
these cases should be enrolled in pertinent clinical studies 
whenever possible.

Conclusion

The salient features of the various hereditary RCC syndromes 
are listed in Table 1. The proposed screening recommendations 
for several of these entities are summarized in Table 2 [95-101]. 
Numerous genetic mechanisms contribute to the development 
of hereditary RCC syndromes and these syndromes can present 
with a wide variety of clinical manifestations. Novel genetic RCC 
syndromes continue to be discovered with the advent and use 
of advanced molecular techniques. Therapeutic advancements, 
including the development of anti-VEGF drugs for sporadic RCC, 
have resulted from identifying the molecular pathways involved 
in the pathogenesis of VHL-associated ccRCC. Therapeutics 
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targeting MET activation or glycolytic metabolite accumulation 
may help manage these inherited RCC syndromes.
  Though only a small subset of RCCs occur as a result of 
hereditary susceptibility, recognizing these individuals and 
their family members is important. In the setting of early 
onset, bilateral, or multicentric renal tumors with appropriate 
histopathological findings, the possibility of a hereditary etiology 
should be considered and prompt further investigation through 
molecular testing. Through early recognition and detection of 
tumors at a lower stage, the morbidity and mortality of these 
patients can effectively be reduced either through monitoring of 
smaller renal lesions in regular intervals, or prompt ablative or 
surgical approaches as necessary. 
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