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INTRODUCTION

Von Hippel–Lindau disease (VHL) is an inherited condition caused by genetic mutations of 

the VHL gene on chromosome 3 (Kaelin, 2002). Although the de novo manifestation of 

VHL has been documented in up to 20% of newly diagnosed cases, VHL typically presents 

as an inherited disease due to a germline mutation (Sgambati et al., 2000; Evans et al., 

2010). VHL is transmitted through generations in an autosomal dominant fashion with near 

complete penetrance (Maher et al., 1991). VHL is characterized by formation of multiple 

benign and malignant tumors, as well as cysts in multiple organs (Fig. 10.1). Affected 

individuals frequently develop retinal and central nervous system hemangioblastomas, clear 

cell renal cell carcinomas (RCC), pheochromocytomas, pancreatic neuroendocrine tumors, 

and endolymphatic sac tumors (ELSTs) (Maher et al., 1990b; Lonser et al., 2003a).

HISTORYAND CLINICAL DESCRIPTION

History

Treacher Collins (1894) first described familial retinal hemangioblastomas in pathologic 

specimens from three enucleations from two siblings (Melmon and Rosen, 1964). 

Separately, Eugene von Hippel studied the clinical appearance and progression of retinal 

lesions (now known as hemangioblastomas) (Hippel et al., 1904). Later, with pathologic 

confirmation from an enucleated specimen, he cited Collins and Czemark, and named the 

lesions angiomatosis retinae. Brandt reported the autopsy performed on the same patient 4 

years later (Brandt, 1921). Visceral features included renal cysts and tumors as well as 

epididymal cysts (Melmon and Rosen, 1964; Lamiell et al., 1989).

It was Arvid Lindau who first proposed the term central nervous system angiomatosis, based 

on a review of clinical and pathologic features of 16 of his patients and 24 patients from 

literature (Lindau, 1927). His patients had developed cysts in the cerebellum that were 
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associated with mural nodules. He found that the cysts and tumors were found in medulla 

and spinal cord in association with retinal hemangioblastomas and visceral tumors. Since his 

publication, authors have shortened the descriptive term to the eponymous von Hippel–
Lindau disease in acknowledgement of the two authors’ descriptions: retinal 

hemangioblastomas (von Hippel tumors) and cerebellar hemangioblastomas (Lindau’s 

tumors) (Melmon and Rosen, 1964).

Diagnostic criteria

Melmon and Rosen (1964) were the first to propose clinical criteria for the clinical diagnosis 

of VHL. They recognized cerebellar hemangioblastomas as the hallmark Lindau’s tumor. 
Lindau’s disease (now know as VHL) was defined as the association of a cerebellar 

hemangioblastoma with one of the following: retinal hemangioblastoma, pancreatic cyst, 

renal or epididymal abnormalities. They recognized the inherited nature of the disease, as 

well as the variable penetrance and delayed expression. They proposed expanding the 

diagnostic criteria to include patients with only one of the lesions of the complex in the 

presence of central nervous system hemangioblastomas in a family member. The definition 

for clinical diagnosis of VHL was later refined by Lamiell and others (Lamiell et al., 1989; 

Lonser et al., 2003a) to include an expanded list of associated visceral tumors. 

Contemporary diagnostic criteria for VHL often include both genetic and clinical findings 

(Friedrich, 1999; Binderup et al., 2013; Lonser et al., 2014).

Currently, the following manifestations are included in clinical diagnostic critera (Lonser et 

al., 2003a; Butman et al., 2007; Maher et al., 2011; Binderup et al., 2013):

1. central nervous system hemangioblastoma (including retinal 

hemangioblastoma)

2. endolymphatic sac tumors (ELST) (Manski et al., 1997)

3. renal cell carcinoma (RCC)

4. pheochromocytoma, paraganglioma, and/or glomus tumor

5. neuroendocrine neoplasm and/or multiple cysts of the pancreas (Hammel 

et al., 2000).

The diagnosis of VHL is made if an individual has the following combination of 

manifestations of genetic/family factors:

1. at least two central nervous system hemangioblastomas

2. at least one central nervous system hemangioblastoma and one other 

manifestation described above

3. at least one of the manifestations described above, and a pathogenic 

mutation in VHL gene or a first-degree relative with VHL.

Using advances in genetic testing, including DNA sequencing and semiquantitave Southern 

blotting, a VHL mutation can now be identified in nearly 100% patients (Stolle et al., 1998). 

Diagnosis of VHL is particularly challenging in apparent de novo appearance without a 

family history. In these cases, mosaicism in peripheral blood leukocytes that do not carry the 
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VHL mutation could result in a false negative genetic test. Careful clinical testing and 

mutation analysis in other tissues or VHL manifestations may reveal the presence of VHL in 

these instances (Sgambati et al., 2000; Nordstrom-O’Brien et al., 2010).

EPIDEMIOLOGY

The incidence of VHL ranges from 1 in 36000 to 1 in 45000 live births (Maher et al., 1991; 

Maddock et al., 1996; Evans et al., 2010). VHL has a point prevalence of 1 in 38000 to 1 in 

91 000 persons (Maher et al., 1991; Neumann and Wiestler, 1991; Maddock et al., 1996; 

Evans et al., 2010). Typically, VHL first manifests in the second decade of life (Table 10.1). 

At the time of detection, 50% of patients are symptomatic (Poulsen et al., 2010). Cerebellar 

hemangioblastomas (35%) are the most common presenting manifestation of VHL 

(Maddock et al., 1996). Penetrance of VHL is almost complete by 70 years of age (Table 

10.2) (Maher et al., 1991; Poulsen et al., 2010). With improved imaging and other diagnostic 

tools, first manifestations of VHL are diagnosed sooner. Analysis of 82 Dutch VHL patients 

suggests that over 95% of patients will have a first manifestation by 34 years of age 

(Kruizinga et al., 2014). Recently, researchers have reported evidence of progressively 

earlier age of onset and more severe presentation in successive generations. The 

phenomenon is known as genetic anticipation and may be due to shortening of telomere 

length (Ning et al., 2014).

Life expectancy for VHL patients historically has been between 40 and 52 years (Maher et 

al., 1990b; Akcaglar et al., 2008; Wilding et al., 2012). Currently, unlike the general 

population, male life expectancy (59.4 years) is significantly higher then female (48.4 years) 

(Wilding et al., 2012). Despite understanding and treatment advances, life expectancy in 

VHL remains the lowest among common inherited tumor syndromes (Wilding et al., 2012). 

Early reports established that the major cause of mortality could be either central nervous 

system (CNS) hemangioblastomas (Lamiell et al., 1989; Maddock et al., 1996) or RCC 

(Maher et al., 1990b). However, in VHL patients that manifest with CNS hemangioblastoma, 

these tumors remain the primary cause of death (Lonser et al., 2014). Death in VHL patients 

is more likely (73%) due to VHL-related causes than unrelated causes (Wilding et al., 2012).

MOLECULARGENETICS

The VHL gene

Linkage studies indicate that the VHL gene is a tumor suppressor gene on chromosome 

3p25–26. Genetic alterations leading to loss of function of this gene were observed in both 

VHL kindreds and in sporadic RCC patients (Seizinger et al., 1988). The VHL gene was 

isolated and sequenced in 1993 (Latif et al., 1993). It consists of three exons and encodes the 

VHL protein, a glycan-anchored membrane protein responsible for signal transduction (Latif 

et al., 1993). The gene is highly conserved across species (Woodward et al., 2000). VHL 

conforms to the Knudson “two-hit” model of hereditary cancer (Knudson and Strong, 1972; 

Knudson, 1986; Kaelin, 2002). A germline VHL mutation results in a defective allele in all 

cells of the body (first hit). However, a second, somatic event is required for tumor 

formation (second hit or loss of heterozygosity) (Knudson, 1986).
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Hemangioblastomas and RCC in VHL patients follow a single-stage somatic mutation 

model (Maher et al., 1990a). Indeed, the second hit hypothesis is supported by studies 

showing somatic VHL gene mutations (two-stage) in about 20% of sporadic 

hemangioblastomas (Kanno et al., 1994; Tse et al., 1997; Lee et al., 1998) and up to 90% of 

sporadic clear cell RCC (Gnarra et al., 1994; Gallou et al., 1999; Kondo et al., 2002b). 

Nevertheless, although some VHL mutations can lead to increased incidence of 

pheochromocytomas, VHL gene mutations are rare (3%) in sporadic pheochromocytomas 

(Gnarra et al., 1994; Brauch et al., 1997).

The VHL protein

The VHL gene encodes the VHL protein (pVHL), which is composed of 213 amino acid 

residues and has a molecular weight of 24–30 kDa. A second, smaller isoform with a 

molecular weight of 19 kDa can be found in many tissues. This form of pVHL arises as a 

result of alternate translation initiation from codon 54 (Iliopoulos et al., 1998). VHL occurs 

when inactivating mutations occur between codon 54 and the carboxy terminal, affecting 

both isoforms of protein. pVHL is found in both nuclear and cytoplasmic compartments. 

Trafficking between these two compartments is essential for pVHL function (Lee et al., 

1999).

The best characterized function of pVHL is the targeting of hypoxia inducible factor (HIF) 

for proteasomal degradation (Li and Kim, 2011). HIF is a heterodimeric transcription factor 

consisting of an unstable alpha (α) and a stable beta (β) subunit. There are three known 

human HIF-α genes. The isoforms are not completely redundant (Wang et al., 2005). In 

some conditions, HIF-1α and HIF-2α may be mutually antagonistic (Yuan et al., 2013). 

HIF-3α appears to be involved in a feedback mechanism controlling HIF-1α activity 

(Mandriota et al., 2002). pVHL binds elongin C, which in turns binds elongin B and CUL2 

to form the VCB-CUL2 complex.

In normoxic conditions, VCB-CUL2 complex binds HIF-α and polyubiquitinates it, 

targeting it for proteasomal degradation (Fig. 10.2). HIF-α undergoes hydroxylation under 

normoxic conditions within the oxygen-dependent degradation domain (ODD). 

Hydroxylation allows binding of pVHL and VCB-CUL2 complex, leading to ubiquitination 

and proteasomal degradation. Under hypoxic conditions, HIF-α binds cyclic AMP response 

element binding protein and transcriptional coactivator p300 to activate transcription of HIF-

regulated genes. When pVHL is inactivated, tumor-igenesis may occur through HIF-

mediated effects or through direct effects of pVHL (Kaelin, 2002; Lonser et al., 2003a; 

Maher et al., 2011).

Tumorigenesis in VHL

The pVHL/HIF pathway has been implicated in tumorigenesis for RCC (Krieg et al., 2000), 

retinal hemangioblastomas (Wang et al., 2014), CNS (Vortmeyer et al., 2006) 

hemangioblastomas, and neuroendocrine tumors of the pancreas (PNETs) (Périgny et al.,). 

pVHL 2009 inactivation leads to increased expression and stabilization of HIF proteins in 

VHL-related tumors (Krieg et al., 2000; Wang et al., 2014). Specifically, HIF-2α is 

necessary and sufficient for RCC (Kondo et al., 2002a, 2003; Zimmer et al., 2004). HIF-2α 
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also may be required for CNS (Shively et al., 2008) and retinal (Wang et al., 2014) 

hemangioblastoma formation and growth. HIF can lead to tumorigenesis by differential 

upregulation of over 50 genes, including genes for growth factors (TGF, PDGF), 

angiogenesis (VEGF), and glucose metabolism (GLUT1, PFK1). Moreover, HIF can lead to 

activation of genes that affect tumor microenvironment (LOX, MMP1) (Lee et al., 1998; 

Wang et al., 2005). Loss of pVHL activity may lead to tumorigenesis via HIF-independent 

pathways as well. pVHL has been implicated in regulation of apoptosis (p53 inactivation and 

increased NF-κB activity), stabilization of microtubules and regulation of extracellular 

matrix (Li and Kim, 2011).

Mechanism of VHL gene inactivation

Most patients with VHL inherit a germline mutation from an affected parent and a wild type 

allele from the unaffected parent (Maddock et al., 1996). The most common germline 

mutations are missense mutations (27–38%) and nonsense mutations (13–27%). Large (9–

20%) or microdeletions (10%), as well as rearrangements (25%), account for a majority of 

the remaining germline mutations. Insertions or splice-site mutations are rare (Stolle et al., 

1998; Friedrich, 1999). Somatic mutation events leading to homozygous inactivation of the 

VHL alleles are tumorigenic. These “second hit” events are frequently allelic loss (49%) or 

hypermethylation (35%) of the wild type allele (Prowse et al., 1997). Somatic inactivation of 

the wild type allele may also occur due to point mutations, especially in instances of large 

deletion of 3p as a “first hit” (Wait et al., 2004).

Genotype–phenotype correlation

Subclassification of VHL into types 1, 2A, 2B or 2C was based initially on clinical 

phenotypic manifestations. Early kindred studies reported familial clustering of 

manifestations in VHL carriers. High frequency of retinal hemangioblastomas (51%), CNS 

hemangioblastomas (46%), and renal cell cancers (33%) were found in all kindreds. 

Alternatively, pheochromocytomas were seen in only 20% of kindreds. No members of other 

kindreds manifested pheochromocytomas, pointing to distinct subsets of patients with VHL. 

Specifically, type 1 kindreds are without pheochromocytomas and type 2 have 

pheochromocytomas (Table 10.3) (Lamiell et al., 1989; Neumann and Wiestler, 1991).

Type 1 disease is likely caused by mutations leading to severe disruption of protein activity, 

including deletions, nonsense mutations, and other microdeletions/insertions (Chen et al., 

1995; Crossey et al., 1995). Missense mutations that lead to structural changes in pVHL also 

give rise to the type 1 VHL phenotype (Ong et al., 2007). Further, subclassifications have 

been suggested based on observations that large VHL gene (exon 1 only or exon 1,2,3) 

deletions that include the neighboring C3orf10 gene may lead to lower incidence of RCC. 

Concurrent VHL and C3orf10 inactivation in RCC is hypothesized to lead to a growth 

disadvantage for tumor cells. This in turn, may lead to a significantly lower lifetime risk of 

RCC (type 1B) (McNeill et al., 2009).

Type 2 disease nearly always (78–96%) is associated with missense mutations (Chen et al., 

1995; Zbar et al., 1996). The missense mutations leading to type 2 disease result in a 

substitution of an amino acid on the surface of the protein and may predict a high lifetime 
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risk of pheochromocytoma (Ong et al., 2007). VHL type 2 families from the Black Forest 

region of Germany all shared a low risk of RCC (hence designated type 2A). These 16 

families were discovered to share a distinct missense mutation (p.Tyr169His) of the VHL 
gene with a founder effect confirmed on haplotype analysis (Brauch et al., 1995). Missense 

mutations of codon 167 (e.g., p. Arg167Gln or p.Arg167Trp) can lead to a VHL type 2B 

phenotype with a high risk of RCC (60% at 60 years) and pheochromocytomas (82% at 50 

years) (Maher et al., 1996; Zbar et al., 1996). Rare kindreds with only pheochromocytomas 

were found to have specific missense mutations at VHL codons 238, 259 and other rare 

point mutations. Originally diagnosed with multiple endocrine neoplasia (MEN) type 2, the 

kindreds were reclassified as VHL type 2C (Crossey et al., 1995; Neumann et al., 1995; 

Woodward et al., 1997).

Genetic testing

Genetic testing is performed when VHL is suspected because of clinical presentation in a 

patient or a relative (Binderup et al., 2013). After obtaining a medical history and a family 

history, a clinical examination should be performed prior to mutation testing. Peripheral 

blood samples are obtained for mutation testing. To identify cases of mosaicism, peripheral 

blood from the affected parent is preferred. An analysis for duplication and deletions is 

performed by using Southern blotting to detect whole gene deletions, Southern blotting to 

detect gene rearrangements, and fluorescence in situ hybridization (FISH) to confirm 

deletions (Stolle et al., 1998). Alternatively, multiplex ligation-dependent probe 

amplification (MLPA) may be used to detect deletions and insertions (Binderup et al., 2013). 

Sequencing of the VHL gene is performed including the coding exons and intron–exon 

boundaries. Sequence variations are compared with the 377 known intragenic mutations 

associated with VHL disease (see Resources; Schmidt and Linehan, 2014). When mutation 

screening fails to identify a mutation in the peripheral blood, screening of DNA from other 

tissues and/or from VHL manifestations may be necessary to confirm diagnosis (Binderup et 

al., 2013).

CENTRAL NERVOUS SYSTEM LESIONS

Central nervous system hemangioblastomas

General features—CNS hemangioblastomas are among the most common manifestations 

in VHL disease. Up to 72% of VHL patients may present with a CNS hemangioblastoma in 

the cerebellum (16–69%), brainstem (5–22%), spinal cord (13–53%), cauda equina (11%), 

or supratentorial (1–7%) locations (Filling-Katz et al., 1991; Poulsen et al., 2010; Binderup 

et al., 2013; Huntoon and Lonser, 2014; Lonser et al., 2014). Patients present with these 

lesions in their second or third decade. CNS hemangioblastomas are the most common (30–

35%) and often the first manifestation of VHL (Maddock et al., 1996; Poulsen et al., 2010). 

Although benign, hemangioblastomas are a significant source of morbidity and mortality in 

VHL patients due to mass effect on CNS structures (Wanebo et al., 2003; Lonser et al., 

2014).

Clinical, imaging, and histologic findings—Mass effect occurs due to tumor growth, 

edema formation and/or cyst formation. When observed for longer than 5 years, over 50% of 
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hemangioblastomas will grow. Tumor growth progresses commonly (72%) in a saltatory 

fashion with periods of quiescence, but tumors also can show linear (6%) or exponential 

(22%) growth patterns. A patient may harbor various tumors that demonstrate different rates 

and patterns of growth (Wanebo et al., 2003; Wind and Lonser, 2011; Lonser et al., 2014). 

Symptoms arise from mass effect on neighboring neural structures (Table 10.4) (Lonser et 

al., 2014). High tumor burden is associated with male sex and partial germline deletion. New 

tumors form more frequently in younger patients and those with a higher tumor burden at 

initial visit (Lonser et al., 2014).

Imaging: Contrast-enhanced magnetic resonance (MR) imaging is the gold standard for 

detecting and monitoring CNS hemangioblastomas (Filling-Katz et al., 1989; Choyke et al., 

1995). Hemangioblastomas as small as 2 mm can be visualized as discrete enhancing lesions 

on contrast-enhanced T1-weighted images (Fig. 10.3). Fluid-attenuated inversion recovery 

(FLAIR) and T2-weighted images are used to detect hemangioblastoma-associated edema or 

cyst formation (Butman et al., 2008). Arteriography can be used to assess vascular supply 

and drainage for large tumors (Huson et al., 1986; Neumann et al., 1989; Peyre et al., 2010; 

Wind et al., 2011; Lonser et al., 2014).

Gross appearance and histology: During surgical resection, hemangioblastomas appear as 

distinct, red, vascular masses with a thin layer of capsule. Histologically, the tumors consist 

of polygonal stromal cells, and numerous vascular structures (see Fig. 10.3), both of which 

carry the somatic second hit (Zhuang et al., 2014). Larger tumor-associated blood vessels 

derive from reactive migrating endothelial cells from the surrounding, normal tissues. 

Multipotent hemangioblasts are the cells of origin for the stromal cells, and de novo tumor 

blood vessels (by vasculogenesis) (Shively et al., 2008, 2011; Zhuang et al., 2014).

Treatment—Microsurgical resection is the treatment of choice for CNS 

hemangioblastomas. Safe and complete resection of hemangioblastomas can be performed 

in most cases (Lonser et al., 2003b, 2014; Weil et al., 2003; Peyre et al., 2010; Wind et al., 

2011). Circumferential dissection using meticulous microsurgical technique allows resection 

of these tumors with minimal blood loss. Preoperative embolization to reduce intraoperative 

bleeding is not routinely used and can be associated with additional risk (Lonser et al., 

2003a).

Stereotactic radiation or craniospinal radiation has been used in patients who are not surgical 

candidates. However, long term follow-up reveals that radiation-treated hemangioblastomas 

will continue to grow in a proportion similar to that expected by natural history studies 

(Chang et al., 1998; Asthagiri et al., 2010; Simone et al., 2011). Given the unpredictable 

nature of growth patterns in VHL-related hemangioblastomas, prophylactic radiation is not 

advised except for tumors that are not surgically accessible or that cannot be removed safely 

(Lonser et al., 2003a, 2014).

Effect of pregnancy—Multiple case reports have described an initial diagnosis of VHL 

or worsening of clinical manifestations of VHL with pregnancy (Ogasawara et al., 1995; 

Othmane et al., 1999; Capone et al., 2013). Nevertheless, a prospective natural history study 

of VHL failed to find any significant differences in either appearance of new 
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hemangioblastomas ( p=0.6), the rates of hemangioblastoma growth ( p=0.6), development 

of new tumors/cysts (0.4 tumors/year; 0.1 ± −0.1 cysts/year) or the rate of growth of 

associated cysts ( p=0.4). Since hemangioblastomas in VHL have an unpredictable growth 

pattern (Wanebo et al., 2003), management in pregnant patients can be guided by onset of 

symptoms rather than a change in the size of lesions on imaging (Ye et al., 2012).

Retinal hemangioblastomas

General features—Retinal hemangioblastomas occur very frequently in VHL patients. 

Between 49% and 62% of VHL patients will develop retinal hemangioblastomas (Poulsen et 

al., 2010; Toy et al., 2012; Wittström et al., 2014). Retinal hemangioblastomas are often the 

first manifestation of VHL, with the lowest median age of onset (21 years) among the 

various manifestations of VHL (Kreusel et al., 2006; Poulsen et al., 2010). Most 

hemangioblastomas (61%) are symptomatic at presentation and all patients with at least one 

retinal hemangioblastoma will develop bilateral disease by 56 years of age (Kreusel et al., 

2006; Toy et al., 2012). The presence of retinal hemangioblastomas is highly suggestive of 

VHL (Singh et al., 2002; Binderup et al., 2013). Retinal hemangioblastomas can lead to 

blindness or severe visual deficits in 5–8% of VHL patients (Kreusel et al., 2006; Toy et al., 

2012; Wittström et al., 2014).

Clinical findings—Retinal hemangioblastomas may occur at the periphery (50%) or at the 

optic nerve (50%) (Wittström et al., 2014). An increase in the number of lesions and 

complications from the retinal hemangioblastomas can lead to blindness in 15% of affected 

eyes (Wittström et al., 2014). Both peripheral and optic nerve tumors can lead to symptoms 

due to accumulation of subretinal fluid and formation of hard exudates at the macula (Fig. 

10.4) (Lonser et al., 2003a). Lesions located in close proximity to the macula negatively 

impact visual function (Wong et al., 2008). Younger age at onset of ocular disease, 

involvement of the fellow eye and missense or protein truncating mutations can lead to 

worse visual outcomes (Wong et al., 2008a; Toy et al., 2012).

Fundoscopic evaluation—Dilated fundoscopy and slit lamp examinations are performed 

to analyze ocular manifestations of VHL. Fluorescein angiography is used to confirm the 

presence of newly diagnosed lesions. The patients are closely followed with wide-angle 

photography to document the lesions and changes due to disease progression (Kreusel et al., 

2006; Wong et al., 2008a; Toy et al., 2012).

Histologic findings—Retinal hemangioblastomas are grossly and histologically similar to 

CNS hemangioblastomas. Retinal gliosis and hemorrhages are present in association with 

severe lesions. Differential upregulation of HIF-2α has been demonstrated in severe lesions 

that are refractory to anti-VEGF therapy (Lonser et al., 2003a; Wang et al., 2014).

Treatment—Laser photocoagulation and cryotherapy are the mainstays of surgical 

management of retinal hemangioblastomas. Either of these methods can be used to as a sole 

method for treatment of extrapapillary hemangioblastomas (Singh et al., 2002). Vitreoretinal 

surgery can be performed when preretinal and vitreal membranes, retinal detachment from 

traction, and exudation occur (Machemer and Williams, 1988; Johnson et al., 1992). For 
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hemangioblastomas in close proximity to the optic nerve, intravitreal anti-VEGF therapy 

may arrest progression for small lesions and may help reverse exudates and edema in some 

cases (Wong et al., 2008b; Hrisomalos et al., 2010). Photodynamic therapy or plaque 

radiotherapy may have a limited role in the management of retinal hemangioblastomas 

(Kreusel et al., 1998; Lazzeri et al., 2011; Stattin et al., 2014). Salvage external beam 

radiation may be used for treatment-refractory retinal hemangioblastomas with reduction in 

tumor volume and improvement in visual acuity (Raja et al., 2004).

Endolymphatic sac tumors

General features—Endolymphatic sac tumors (ELSTs) arise from the endolymphatic 

epithelium within the vestibular aqueduct (Lonser et al., 2008). These tumors are rare in the 

general population but are found in up to 6–15% of VHL patients (Manski et al., 1997; 

Lonser et al., 2003a; Choo et al., 2004; Butman et al., 2007). Bilateral ELSTs are found only 

in VHL (Lonser et al., 2003a).

Clinical—ELSTs arise within the vestibular aqueduct, and can lead to hearing loss due to 

intralabrynthine hemorrhage, endolymphatic hydrops, and/or by otic capsule invasion 

(Butman et al., 2007). ELSTs can present with vestibular symptoms (62%), partial or 

complete hearing loss (95 to 100%), tinnitus (77%), and/or facial paresis (8%) (Manski et 

al., 1997).

Imaging—High resolution computed tomography (CT) scans of the temporal bone and 

pre-/postcontrast enhanced MR imaging of the internal auditory canals are necessary to 

detect and follow these tumors (Fig. 10.5). CT is used to detect the presence of otic capsule 

invasion and to evaluate the extent of bony erosion of the temporal bone (particularly, the 

vestibular aqueduct in very small tumors). Postcontrast T1-weighted MR imaging can reveal 

signs of small ELST tumors as subtle asymmetric enhancement of the endolymphatic sac. 

Larger tumors are heterogeneously enhancing on postcontrast T1W images. Intralabrynthine 

hemorrhage is detected by increased signal on precontrast T1W images (Lonser et al., 

2003a; Kim et al., 2005; Butman et al., 2007).

Histologic findings—ELSTs are papillary cystic glandular neoplasms with variegated 

patterns (see Fig. 10.5). Due to the presence of local bone invasion, these tumors were called 

low grade adenocarcinoma of probable endolymphatic origin (Heffner, 1989). ELSTs may 

be found entirely within the endolymphatic sac when small. When large, these inevitably 

invade and erode the surrounding temporal bone (Lonser et al., 2008).

Treatment—Surgery is the treatment of choice for ELSTs. Complete resection may be 

achieved in a majority of cases with minimal risk for recurrence (3%) after gross total 

resection (Kim et al., 2013). Surgical resection of the tumor can relieve audiovestibular 

symptoms and can preserve hearing in a majority of cases (Kim et al., 2005, 2013). 

Indications for treatment of ELSTs include progressive sensorineural hearing loss, vestibular 

symptoms, facial nerve compression, and local mass effect from tumor growth. Early 

resection of ELSTs is recommended to prevent sensorineural hearing loss and to alleviate 

vestibular symptoms. Facial nerve decompression (large tumors) performed during surgery 
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can improve facial nerve function in some cases (Kim et al., 2013). The role of radiation in 

the management of ELST is unproven (Lonser et al., 2003a; Poletti et al., 2013).

VISCERAL LESIONS

Renal cell carcinomas and renal cysts

General features—RCC may affect up to 30% of VHL patients. Multiple renal cysts are 

often found along with RCC in up to 60% of VHL patients (Fig. 10.6). The patients typically 

develop RCC and renal cysts bilaterally starting in their third and fourth decades of life 

(Lonser et al., 2003a; Bausch et al., 2013; Binderup et al., 2013). The frequency of RCC 

increases with age and up to 70% of VHL patients develop RCC by 60 years of age (Maher 

et al., 1990b). VHL patients frequently develop lesions that range from simple cysts to 

entirely solid lesions. Solid components of cystic lesions invariably contain RCC (Choyke et 

al., 1995). Although simple cysts may form precursor lesions for later development of RCC, 

such transformation is rare (Neumann and Wiestler, 1991; Choyke et al., 1995). Each kidney 

may contain up to 1100 cysts and 600 RCC foci (Manski et al., 1997; Wind and Lonser, 

2011). Solid masses and complex cysts may grow over time, but, simple cysts tend to remain 

indolent, or may even involute (Choyke et al., 1992).

Clinical—RCC or renal cysts are rarely (less than 7%) the first manifestation of VHL 

(Poulsen et al., 2010). When present, large RCCs may present with classic findings of a 

renal mass with flank pain, hematuria and/or a flank mass. Simple renal cysts tend to be 

asymptomatic, while complex cysts may progress to solid RCC masses (Choyke et al., 1992; 

Lonser et al., 2003a; Bausch et al., 2013). VHL patients may maintain renal function despite 

multiple renal cysts (Bausch et al., 2013).

Imaging—Surveillance imaging with abdominal CT is the most sensitive method to detect 

renal involvement (see Fig. 10.6). Multidetector CT scanning allows for discrimination of 

complex from simple cysts and identification of surgical lesions. Abdominal MR imaging is 

often accurate in differentiating between complex and simple cysts (Beer et al., 2006).

Histologic features—Both cysts and RCC in VHL are the clear cell type (see Fig. 10.6) 

(Walther et al., 1995). Although, histologically similar to sporadic clear cell carcinomas, 

VHL-related RCC is morphologically distinct in bilaterality, multifocality, and association 

with renal cysts. VHL-associated RRCs often have lower grade histology and are only 

known to metastasize when greater than 3 cm in diameter (Neumann et al., 1998).

Treatment—RCC lesions below 3 cm in diameter on CT images do not metastasize. 

Consequently, a 3 cm threshold is often recommended for surgical resection (Walther et al., 

1999). Nephron sparing surgery performed to resect lesions larger than 3 cm allows long-

term preservation of renal function and 10 year cancer specific survival rates of up to 81% 

(Steinbach et al., 1995; Duffey et al., 2004). First-line surgery for RCC has moved away 

from total nephrectomies to nephron sparing surgeries (partial nephrectomies). Recently, 

radiofrequency ablation has been used (Joly et al., 2011).
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Pheochromocytomas

General features—Pheochromocytomas arise most commonly in the adrenal medulla and 

are found in up to 16% of VHL patients (Lonser et al., 2003a; Binderup et al., 2013). 

Pheochromocytomas in VHL can be bilateral and occasionally multifocal (see Fig. 10.6) 

(Lenders et al., 2005). Pheochromocytomas in extra-adrenal locations (paragangliomas), 

including carotid body, glomus jugulare, and periaortic tissues, are rare in VHL and are 

more likely to be due to germ-line succinate dehydrogenase (SDH) mutation or sporadic 

tumors (Neumann et al., 2002). Pheochromocytomas in VHL present in the second decade 

of life (mean age 18–20 years), and rarely (1–5%) transform to malignant tumors (Walther et 

al., 1999; Neumann et al., 2002; Lenders et al., 2005; Bausch et al., 2014).

Clinical—Pheochromocytomas in VHL produce norepinephrine in excess and may result in 

paroxysmal or sustained hypertension, palpitations, tachycardia, headaches, sweating, pallor, 

and nausea (Lonser et al., 2003a; Lenders et al., 2005). Occasionally, these tumors may 

present as hypertensive crises in children younger than 10 years of age.

Laboratory and imaging findings—Diagnosis of pheochromocytomas is made by 

biochemical testing demonstrating excess catecholamines and imaging. Traditional tests 

include urinary and plasma catecholamines, urinary metanephrines (normetaneprhine and 

metanephrine), and urinary vanillymandelic acid (VMA). Recently, plasma levels of free 

fractions of metanephrines have been used to reliably detect pheochromocytomas with high 

sensitivity (97%) and specificity (93%) (Pamporaki et al., 2013).

Imaging is used to localize the tumor once there is biochemical evidence for 

pheochrmocytomas. While postcontrast CT scans of the abdomen are sensitive in detecting 

adrenal and abdominal extra-adrenal pheochromocytomas, adrenergic blockade is needed 

before injecting iohexol contrast to prevent a hypertensive crisis or cardiac arrhythmia from 

catecholamine release.

Contrasted MR imaging of the abdomen has similar sensitivity (90–100%) to CT for 

detecting abdominal pheochromocytomas. MR imaging is often the preferred imaging 

modality (versus CT), since adrenergic blockade is not needed prior to gadolinium contrast 

injection. Nevertheless, CT and MRI imaging have a specificity that ranges from 70% to 

80% (Lenders et al., 2005; Sahdev et al., 2005). To improve specificity and to detect extra-

adrenal/multifocal pheochromocytomas, 131I-metaiodobenzylguanidine (MIBG) scanning 

may be used (specificity 100%) (Shapiro et al., 1985).

Perioperative management—In VHL patients, pheochromocytomas can lead to 

catecholamine-induced, potentially life-threatening complications, including hypertensive 

crises, cardiac arrhythmias, pulmonary edema, and myocardial ischemia/infarction. Elective 

surgeries in VHL patients with pheochromocytomas may need preoperative α adrenergic 

blockade. Blockade can be achieved with phenoxybenzamine (nonselective α adrenergic 

blocker), prazosin, doxazosin or urapidil for 10–14 days. In patients who have 

tachyarrhythmias, a β-blocker may be added after a few days of α blockade. Postoperatively, 

patients with adrenergic blockade are monitored for hypotension and hypoglycemia (Kinney 

et al., 2000; Chen et al., 2010; King and Pacak, 2014).
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Treatment—Laparoscopic surgery is the treatment of choice of pheochromocytomas and 

paragangliogliomas (Hwang et al., 2004; Chen et al., 2010; Moraitis et al., 2014). In VHL 

patients, partial adrenalectomies are performed via laparoscopic approach. Patients need 

long-term follow-up to evaluate for recurrence of pheochromocytomas in the remnant 

adrenal cortex (Lonser et al., 2003a; Chen et al., 2010).

Pancreatic neuroendocrine tumors and cysts

General features—VHL patients can develop a variety of pancreatic lesions. Up to 72% 

of VHL patients will have pancreatic cysts on autopsy. In nearly half (47%) of these patients, 

the cysts may be the only form of pancreatic pathology (Hough et al., 1994; Charlesworth et 

al., 2012). Cysts are commonly multiple (84%) and asymptomatic (94%). In 12% of 

patients, pancreatic cysts may be seen as the only manifestation of VHL, before other 

manifestations develop (Charlesworth et al., 2012). Serous cystadenomas are multiloculated 

lesions of the pancreas that are usually benign and asymptomatic (Mohr et al., 2000). 

Neuroendocrine tumors of the pancreas (PNET) are found in 15–56% of VHL patients 

(Hough et al., 1994; Blansfield et al., 2007; Charlesworth et al., 2012). PNETs can become 

malignant and metastasize in 8% of VHL patients (Blansfield et al., 2007). Occasionally, 

pancreatic adenocarcinomas or metastatic tumors from RCC can be found in the pancreas 

(Charlesworth et al., 2012).

Clinical—Cysts and cystadenomas can cause exocrine or endocrine deficiency by replacing 

the pancreatic parenchyma. Compression of intestine or the bile duct can lead to 

symptomatic pancreatic cysts (Blansfield et al, 2007). PNETs are mostly nonfunctional and 

are rarely the cause of major morbidity or mortality in VHL patients. Nevertheless, 

malignant conversion or metastasis of PNETs leads to poor prognoses (average survival of 

1–3 years) (Weisbrod et al., 2014). VHL patients with metastatic PNETs are likely to have 

exon 3 mutations compared to those that do not have metastasis (80% versus 46%). Other 

indicators of tumor aggression include tumor size greater than 3 cm and a tumor doubling 

time of less than 500 days (Libutti et al., 2000; Blansfield et al., 2007; Charlesworth et al., 

2012).

Imaging—Pre- and postcontrast abdominal CT and MR imaging can be used to diagnose 

pancreatic lesions. Abdominal CT images are favored for surveillance of simple and 

complex pancreatic lesions at intervals determined by presence of symptoms, previous 

evidence of growth or solid lesions (see Fig. 10.6) (Weisbrod et al., 2014). Recently, FDG 

positron emission tomography (PET) has been used to detect PNETs not visible by CT. 

Furthermore, FDG PET can detect metastatic lesions (Sadowski et al., 2014).

Histologic features—True cysts and cystadenomas contain prominent fibrous stroma, 

clear, glycogen-rich epithelial cells with numerous epithelial cells forming small vessels in 

the tumors (Mohr et al., 2000). PNETs historically were called islet cell tumors. PNETs 

arise from the pancreatic islets and the tumor cells stain for pancreatic and gastrointestinal 

hormones (Hough et al., 1994; Lonser et al., 2003a).
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Treatment—Treatment is usually not required for asymptomatic cysts. Laparoscopic 

surgical decompression is performed for cysts that are causing obstructive symptoms. 

Enucleation or selective pancreatic resections are performed for PNETs that have a higher 

likelihood for metastasis (greater than 3 cm, exon 3 mutation, and doubling time more than 

500 days) (Blansfield et al., 2007; Libutti et al., 2000; Charlesworth et al., 2012; Weisbrod et 

al., 2014).

Epididymal cystadenomas

General features—Cystadenomas develop in the epididymis unilaterally or bilaterally in 

25–60% of males who have VHL (Gruber et al., 1980; Lonser et al., 2003a). These tumors 

are benign and rarely need surgical resection. The tumors are derived from the mesonephric 

ducts and share the morphologic features of other VHL manifestations (Mehta et al., 2008).

Clinical, imaging, and histologic findings—Epididymal cystadenomas are typically 

asymptomatic. Patients may become aware of firm masses above the testes. In about 17% of 

the patients, the lesions are too small to be palpated, but can be detected by ultrasonography 

(Choyke et al., 1997). These masses may also be a target for metastasis of RCC tumors 

(Mehta et al., 2007).

Epididymal cystadenomas are grossly solid but contain multiple cysts filled with colloid 

material. Microscopically, the cysts are lined by clear epithelial cells, and are surrounded by 

dense stroma.

Treatment—Epididymal cystadenomas are typically monitored by physical examination 

and ultrasonography. Surgery is needed rarely for symptomatic tumors. Surgical indications 

for removal of epididymal cystadenomas can include local discomfort (Gruber et al., 1980; 

Choyke et al., 1997; Lonser et al., 2003a).

Broad ligament cystadenomas

General features—Papillary cystadenomas of the broad ligament are rare, and appear to 

arise from the mesonephric remnants. Papillary cystadenomas are found in the mesosalpinx 

and the broad ligament (Gersell and King, 1988; Werness and Guccion, 1997). The tumors 

may be found unilaterally or bilaterally in women with VHL disease (Zanotelli et al., 2010; 

Nogales et al., 2012). The incidence and prevalence of this tumor in VHL remains unknown 

(Lonser et al., 2003a).

Clinical, imaging, and histologic findings—Papillary cystadenomas are usually 

asymptomatic. Occasionally, the tumor may present as an abdominopelvic mass with 

symptoms of abdominal discomfort or present as a painful adnexal mass (Lonser et al., 

2003a; Nogales et al., 2012). The masses may be detected by abdominal MR imaging or 

pelvic ulstrasonography (Zanotelli et al., 2010).

Papillary cystadenomas have a prominent papillary architecture with fibrovascular and 

hyalinized stromal cores similar to cystadenomas or the epididymis (Zanotelli et al., 2010; 

Brady et al., 2012; Nogales et al., 2012).
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Treatment—Papillary cystadenomas are resected typically when found incidentally during 

caesarean section surgery or rarely due to symptoms of pelvic mass (Zanotelli et al., 2010; 

Nogales et al., 2012). In most cases, papillary cystadenomas remain asymptomatic and are 

followed with serial imaging (Lonser et al., 2003a).

SCREENING AND SURVEILLANCE

Screening for VHL

Initial screening workup includes a thorough history and clinical examination, an 

ophthalmologic examination including fundoscopy, MR imaging of the craniospinal axis, 

kidneys, pancreas, and liver, an audiologic examination and laboratory tests (to detect 

pheochromocytomas) (Binderup et al., 2013). Genetic testing of the peripheral leukocytes 

and/or other body tissues is performed to confirm the presence of a VHL gene mutation 

(Nordstrom-O’Brien et al., 2010). Genetic testing may be useful in patients who present 

with known manifestations of VHL (Binderup et al., 2013). The incidence of VHL in 

patients presenting with hemangioblastomas is as high as 30–40% (Huson et al., 1986; 

Neumann et al., 1989; Sora et al., 2001). A higher percentage of patients with retinal 

hemangioblastomas (up to 81%) may be VHL carriers (Wanebo et al., 2003; Kreusel et al., 

2006). The frequency of VHL among patients with pheochromocytomas (2–11%), ELST (5–

15%) or PNET (1%) is lower but may warrant screening for VHL (Binderup et al., 2013). 

Genetic testing can allow for discontinuation of surveillance for family members that do not 

carry VHL mutations. Early diagnosis of VHL mutation carriers allows initiation of 

appropriate screening procedures, and to improve morbidity and mortality (Gläsker et al., 

1999; Rasmussen et al., 2010).

Surveillance

Recommendations for surveillance of patients and carriers with VHL have been generated 

by the US National Institutes of Health (Choyke et al., 1995; Lonser et al., 2003a), the 

Danish VHL Coordination Group (Poulsen et al., 2010, 2011; Binderup et al., 2013), and the 

VHL Family Alliance (see Resources and Table 10.4).

PREVENTION AND GENETIC COUNSELING

Prenatal diagnosis and preimplantation genetic diagnosis for at-risk pregnancies (either 

parent with known VHL disease or mutation) should be provided (Simpson et al., 2005). To 

prevent misinterpretation of test results, referral to a genetic counselor is recommended. 

Secondary effects from VHL manifestations are mitigated by routine surveillance and early 

detection. Risk of renal cancer may be increased by exposure to tobacco products and other 

toxins. Contact sports should be avoided if adrenal or pancreatic lesions are present 

(Frantzen et al., 2012).
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Fig. 10.1. 
Organs affected by von Hippel–Lindau disease.
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Fig. 10.2. 
VCB-CUL2 complex is formed with binding of VHL protein to elongin C, elongin B and 

CUL2. The complex then binds HIF and leads to degradation in normoxic conditions. 

(Adapted from Lonser et al., 2003a.)
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Fig. 10.3. 
(A) Axial T1-weighted postcontrast magnetic resonance image (MRI) of a cerebellar 

hemangioblastoma (arrowheads) with an associated cyst (asterisk) in a 40-year-old woman. 

(B) Sagittal T1-weighted postcontrast MRI of medullary hemangio-blastoma (arrowheads) 

with associated brainstem edema (asterisk) in a 12-year-old girl. (C) Sagittal T1-weighted 

postcontrast MRI of the cervical spinal cord of a 50-year-old man. Hemangioblastoma 

(black arrowheads) is located in the dorsal spinal cord at C5 and C6, and is associated with a 

large syrinx (asterix). (D) Hematoxylin and eosin staining of a hemangioblastoma showing 

the lipid-laden stromal cells (arrows) distributed within a capillary network (arrowheads). 

(Adapted from Lonser et al., 2003a.)
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Fig. 10.4. 
(A) Peripheral retinal hemangioblastoma (black arrowhead) with enlarged vessels (white 

arrowheads) in a 22-year-old woman. (B) Peripheral retinal hemangioblastoma (arrowhead) 

with fibrous changes, and hard exudates and retinal edema (asterisk) in a 24-year-old man. 

(C) Retinal hemangioblastoma (arrowhead) on the optic nerve head with yellow retinal hard 

exudates (asterisk) in a 32-year-old man. (Adapted from Lonser et al., 2003a.)
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Fig. 10.5. 
(A) Axial T1-weighted postcontrast magnetic resonance image shows large heterogeneously 

enhancing tumor in the right mastoid region (arrowheads). (B) Axial computed tomography 

through the same region showing the bony erosion of posterior petrous region that often 

occurs in these tumors (arrowheads). (C) Hematoxylin and eosin stained section showing the 

typical histologic features of neoplasm, including cuboidal epithelium (arrowheads) in a 

papillary pattern. (Adapted from Lonser et al., 2003a.)
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Fig. 10.6. 
(A) Bilateral multifocal renal cell carcinoma with both solid (arrowheads) and cystic 

(asterisk) disease in 22-year-old man. (B) Bilateral pheochromocytomas (arrowheads) with 

rim enhancement in the adrenal glands of a 29-year-old woman. (C) Pancreatic 

neuroendocrine tumor (arrowheads) in the body of the pancreas of a 26-year-old woman. (D) 

Renal cell carcinoma of the clear cell subtype (asterisk) with acinar and tubular architecture 

embedded in fibrovascular stroma (arrowheads). (E) Pheochromocytomas show a similar 

appearance and are composed of chromaffin cells. The tumor cells are arranged in rounded 

clusters (asterisk), separated by endothelial-lined spaces, and have vesicles containing 

norepinephrine and epinephrine. (F) Pancreatic neuroendocrine tumors show trabecular 

architecture, small nuclei, and abundant eosinophilic cytoplasm. Nests of tumor cells 

(asterisk) show focal nuclear atypia with surrounding stromal collagen bands (arrowhead). 

(Adapted from Lonser et al., 2003a.)
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Table 10.1

Reported mean age of onset and frequency of lesions

Mean (range) of onset 
in years

Frequency in 
patients (%)

Central nervous system lesions

Retinal hemangioblastoma (Ong et al., 2007; Webster et al., 1998; Wong et al., 2008a) 25–37 (9–84) 15–73%

Endolymphatic sac tumor (Butman et al., 2007; Choo et al., 2004; Manski et al., 1997) 22–40 (11–63) 3–16%

Cerebellar hemangioblastoma (Maher et al., 1990a, b; Ong et al., 2007; Poulsen et al., 2010) 29–30 (13–61) 35–79%

Brainstem hemangioblastoma (Filling-Katz et al., 1991; Poulsen et al., 2010; Wanebo et al., 
2003)

25–38 (16–60) 4–22%

Spinal hemangioblastoma (Maher et al., 1990b; Ong et al., 2007; Poulsen et al., 2010) 33–34 (8–60) 7–53%

Supratentorial hemangioblastoma (Maddock et al., 1996; Peyre et al., 2010; Poulsen et al., 
2010)

20–29 (14–48) 1–7%

Visceral lesions

Renal cell carcinoma (Maher et al., 1990a, b; Ong et al., 2007) 40–45 (20–69) 30–70%

Renal cyst (Maddock et al., 1996; Poulsen et al., 2010) 34–39 (12–64) 60%

Pheochromocytoma (Binderup et al., 2013; Lonser et al., 2003a; Walther et al., 1999) 20–29 (5–62) 16%

Pancreatic neuroendocrine tumor (Charlesworth et al., 2012; Hough et al., 1994; Igarashi et 
al., 2014)

32–38 (16–68) 15–56%

Pancreatic cyst (Charlesworth et al., 2012; Hough et al., 1994; Igarashi et al., 2014) 29–37 (12–63) 21–72%

Epididymal cyst adenoma (Gruber et al., 1980; Lonser et al., 2003a) 24 (10–37) 25%
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Table 10.2

Cumulative frequency of first VHL manifestations by age

Age Maher et al., 1990b Poulsen et al., 2010 Kruizinga et al., 2014

5 0.02 0

15 0.19 0.31

25 0.52 0.62

35 0.78 0.70 0.95

45 0.91 0.95

55 0.96 0.98

65 0.99

75+ 1.00
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