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approach is needed. The particular relevance to endocrinol-
ogists is the detection of pheochromocytomas in 35% and 
islet cell tumors in 17% of VHL patients, which can be asso-
ciated with hypertension, hypoglycemia, cardiac arrhyth-
mias, and carcinoid syndrome. The purpose of this review 
is to define the Von Hippel–Lindau syndrome addressing its 
clinical aspects and classification, the importance of genetic 
counseling and to propose a protocol for clinical follow-up.

Keywords Von Hippel–Lindau · Adrenal medulla · 
Pheochromocytomas · Hemangioblastomas · VHL tumor 
suppressor gene

Introduction

The Von Hippel–Lindau (VHL) disease is an autosomal 
dominant syndrome, first reported in the twentieth cen-
tury, characterized by the predisposition for multiple 
tumors caused by mutations in the VHL gene [1].

Abstract The Von Hippel–Lindau (VHL) disease is an 
autosomal dominant disorder characterized by the predispo-
sition for multiple tumors caused by germline mutations in 
the tumor suppressor gene VHL. This disease is associated 
with a high morbidity and mortality and presents a variable 
expression, with different phenotypes from family to fam-
ily, affecting different organs during the lifetime. The main 
manifestations of VHL are hemangioblastomas of the cen-
tral nervous system and retina, renal carcinomas and cysts, 
bilateral pheochromocytomas, cystic and solid tumors of the 
pancreas, cystadenomas of the epididymis, and endolym-
phatic sac tumors. The discovery of any of the syndrome 
components should raise suspicion of this disease and other 
stigmas must then be investigated. Due to the complexities 
associated with management of the various VHL manifes-
tation, the diagnosis and the follow-up of this syndrome is 
a challenge in the clinical practice and a multidisciplinary 
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In 1904, Eugene von Hippel, a German ophthalmolo-
gist, described some cases of retinal angiomatosis. After 
20 more years, in 1926, Lindau, a Swedish pathologist, 
established the relationship between the cerebellar and 
retinal lesions. In the coming reports, the full spectrum 
of the disease was established including retinal, visceral, 
and central nervous system (CNS) manifestations, under 
the eponym of Von Hippel–Lindau disease.

This is a rare disease, nowadays, perfectly established as 
having a genetic origin, with an incidence of 1/36,000 in 
the general population, but with a high penetrance in the 
affected families, reaching 90% at 65 years of age [2, 3], 
which justifies the high risk of developing its related dis-
eases in the individuals that carry the mutation.

The Von Hippel–Lindau disease is an autosomal domi-
nant disorder that implies a genetic alteration consisting 
in the loss of the tumor suppressor function of the VHL 
gene [4, 5] located in chromosome 3 (3p25.3). The pro-
tein encoded by this gene participates in the oxygen-
sensing system. It takes hypoxia-inducible factors (HIF) 
for degradation when oxygen attains normal levels [6]. In 
normal situations, the VHL protein is activated only when 
there is hypoxia. However, when mutated it becomes 
inactive. When hypoxic conditions take place (or when 
the VHL protein is not active due to mutations or dele-
tion) HIF-1 accumulates and translocates to the nucleus 
where they activate the transcription of angiogenic and 
erythropoietic factors. It is a simple adaptation process 
to hypoxia [7]. When this process becomes active in 
response to other conditions that are not hypoxia, it may 
start a tumorigenic process.

Besides this HIF-dependent mechanism of action, the 
VHL protein participates in tumorigenesis by other pro-
cesses: cell senescence control, microtubule stabilization, 
and maintenance of ciliar structure and function [8–10]. 
One recognized function of the VHL protein is to main-
tain Mad2 which is a key regulator of mitotic progression 
[11]. Mad2 prevents the formation of chromosomal insta-
bility that is responsible for aneuploidy (abnormal chro-
mosomal numbers). When the VHL gene is mutated, cells 
have low levels of Mad2 [12].

Mutations in the VHL gene increase the risk of tumor 
formation in several organs. Usually, the mutation pro-
cess affects only one allele. It is necessary that the other 
allele is inactivated (loss of heterozygosity or deletion) 
for the VHL disease to occur.

The disease presents a variable expression, with differ-
ent phenotypes from family to family, affecting many dif-
ferent organs and systems during the lifetime, including 
malignant and benign tumors. Approximately 20% of the 
cases are caused by de novo mutations and hence do not 
have family history [13]. It is a syndrome associated with 

high morbidity and mortality, which justifies the impor-
tance of genetic screening [14].

The purpose of this review is to define the Von Hip-
pel–Lindau syndrome, addressing its clinical aspects and 
classification, the importance of genetic counseling, and 
to propose a protocol for clinical follow-up.

Clinical presentation and management

The clinical presentation of this syndrome is variable with 
different phenotypes in different families or even in the 
same family. The main manifestations are: hemangioblas-
tomas of the CNS and retina, renal carcinomas, renal cysts, 
bilateral pheochromocytomas, cystic and solid tumors of 
the pancreas, cystadenomas of the epididymis, and endo-
lymphatic sac tumors. It is rare to find all of the manifes-
tations of the disease in one patient; in familial cases, up 
to 50% of patients have only one manifestation of the 
syndrome. Clinical manifestations depend on the type of 
mutation [15]; patients with truncating mutations or dele-
tions usually have type 1 VHL disease (without pheochro-
mocytoma), whereas in type 2 VHL disease (the type with 
pheochromocytomas) missense mutations are the rule [16]. 
Patients with nonsense or frameshift mutations have a 
higher risk of clear-cell renal cell carcinomas (ccRCC) and 
hemangioblastomas. The disease phenotype is age depend-
ent, with an almost complete penetrance at 65 years [2, 17].

VHL disease is a syndrome associated with high mor-
bidity and mortality, having a median life expectancy of 
50 years. The most frequent causes of death are compli-
cations of cerebellar hemangioblastomas (53%) and renal 
cell carcinoma metastases (32%) [2]. The diagnostic cri-
teria for isolated cases are the existence of two heman-
gioblastomas (CNS or retina) or a hemangioblastoma 
coupled with a visceral manifestation. In familial cases, 
the presence of only one manifestation is enough for the 
diagnosis [17].

Hemangioblastomas in the central nervous system

The hemangioblastomas of the CNS are the most fre-
quent lesions in VHL disease. It presents between 60 and 
84% of the cases [13]. The average age of diagnosis is 
29 years, mostly presented as single tumor (58%) [2]. 
Multiple tumors are always associated with the VHL syn-
drome [18]. The lesions are almost exclusively limited to 
the brainstem, cerebellum, and spinal cord. In a study of 
225 patients with VHL syndrome presenting hemangio-
blastomas, 1921 tumors were identified, of which 36% 
were present in the spinal cord, 12% in the cauda equina, 
44% in the cerebellum, 7% in the brainstem, and 1% were 
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supratentorial. No reliable threshold for tumor size could 
predict symptom development and need for treatment 
[19]. The diagnosis of central nervous system lesions is 
usually obtained by computerized tomography (CT) and 
preferably by magnetic resonance imaging (MRI). The 
signs and symptoms are variable, depending on the loca-
tion of the tumor. If cerebellar, the patient may experi-
ence headache, dizziness, gait and speech disturbances, 
nystagmus, diplopia, ptosis, dysmetry, ninth cranial nerve 
palsy, and paroxysmal hypertension. Erythrocytosis is a 
rare condition that may be present in a subset of patients 
secondary to constitutive activation of erythropoietin 
caused by impaired degradation of the hypoxia-inducible 
factor (HIF) [20]. If a spinal cord involvement exists, 
symptoms may include neurogenic pain, multiple sensory 
deficits, proprioceptive changes, paraparesis, paresthesia, 
muscle atrophy, and medullar hypertonicity [17].

The tumors of the CNS are benign tumors that can remain 
latent for indefinite time. Whenever accelerated growth 
occurs with the consequent mass effect, the appropriate treat-
ment consists of either stereotactic radiosurgery or craniospi-
nal radiation surgery [13, 18, 19]. Radiation therapy is indi-
cated for the treatment of lesions not amenable to complete 
excision and also as an attempt to avoid multiple surgeries 
[21–23]. Surgery can provide the complete remission of the 
tumor or at least improvement of the symptoms in 88% of 
the cases. The presence of a peritumoral cyst, adjacent to the 
CNS hemangioblastoma, underlies significant neurologic 
morbidity and even mortality [24]. So, the development of 
such peritumoral cysts in VHL patients frequently requires 
surgical intervention. The hemangioblastomas’ burden in 
VHL and particularly the contribution of peritumoral cysts 
for that burden is generally associated with germline partial 
VHL gene deletions [24].

Hemangioblastomas in the retina

Retinal capillary hemangiomas are also very frequent and 
probably the most common alteration recognized in the 
VHL syndrome being present in more than 70% of the 
cases by age 60 years. The ocular alterations in the anterior 
segment are only secondary to changes in the retina and 
optic nerve. Cataracts, iris neovascularization, and neovas-
cular glaucoma are the most common [25].

The hemangiomas are usually circumscribed, round, 
red–orange in color and may be classified according to 
[25]: location (39% in the superior temporal quadrant and 
27% in the lower temporal quadrant); morphology (endo-
phytic, exophytic, and sessile); and finally, retinal effects 
(exudative or tractional). They can cause secondary reti-
nal effects such as macular exudates and cause vitreous 
or retinal hemorrhage in about 3% of the cases, some-
times with retinal detachment [26].

The diagnosis is usually performed, on average, at 
25 years of age, with the lesion presenting as a solid 
tumor. About one-third of the patients have multiple 
hemangiomas and a half have bilateral involvement. 
Although considered a hamartomatous abnormal forma-
tion, the capillary hemangioma does not commonly have 
congenital presentation; the risk of progressive growth is 
of 38% at 30 years and 70% at 50 years [26].

The diagnosis is performed through fundoscopic 
examination, in which the image of the hemangioma is 
typical. Differential diagnoses include the vasoprolifera-
tive tumors, Coats disease, macroaneurysms, cavernous 
hemangiomas, choroiditis, and choroidal neovasculari-
zation. Although the use of fluorescent angiography is 
not essential, the test is important in some special situa-
tions to improve treatment outcomes. Patients at risk for 
retinal hemangioblastoma should have routine screening 
by imaging with fundus photography, fluorescein angi-
ography, and enhanced depth imaging optical coherence 
tomography for subclinical detection of asymptomatic 
tumors [27]. Echography is also important for the detec-
tion and the definition of tumor dimensions, particularly 
in cases associated with hemorrhage and opacity of the 
ocular medium. The nuclear magnetic resonance may 
have some advantage to detect hemangiomas starting at 
2 mm in thickness [26].

In general, the decision to treat capillary hemangio-
mas takes into account the size, location, and associated 
findings, such as subretinal fluid, retinal traction, and 
potential threat to the vision. Among the options, laser 
photocoagulation (ideal for smaller lesions), cryotherapy 
(preferable in the larger ones), transpupillary thermal 
therapy, radiotherapy, photodynamic therapy, and vitreo-
retinal surgery can all be used. Recently, the use of anti-
angiogenic molecules applied intravitreously was intro-
duced, especially for advanced cases with more exudate 
and increased risk of visual loss [28].

More than 25% of the patients show some degree of 
permanent visual loss having visual acuity inferior to 
20/40 and an additional 20% having an acuity of lower 
than 20/100. The severity of the loss depends on the age 
of the patient. 43% of the visual acuity loss occurs in the 
first 30 years of disease evolution. Therefore, early detec-
tion is associated with a good outcome which is a conse-
quence of subsequent early treatment [25].

Renal tumors

Renal cell carcinomas correspond to 3% of all cancers in 
adults, with the highest incidence between 50 and 70 years 
of age. Approximately 4% of renal carcinomas are hered-
itary, and these cases tend to be multifocal, bilateral, and 
affecting younger individuals [29]. Cysts and renal cell 
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carcinomas are present in about two-thirds of patients 
affected by VHL syndrome, with a cumulative incidence 
of 5% at 30 years of age and 69% in the sixth decade of 
life [2]. The cysts are benign lesions, but the coexistence 
of mutations in both cysts and carcinomas suggests that the 
cysts may be precursors of carcinomas. Corroborating this 
hypothesis, 1.2% of the cysts present areas of malignant 
transformation [30–32].

Renal cell carcinomas are solid lesions with malignant 
behavior and, when associated with VHL disease, they are 
always of the clear-cell subtype [13]. RCCs are the most 
frequent VHL-associated metastasizing tumors. Most 
cases, however, are asymptomatic; when present, the most 
common symptoms are hematuria and flank pain, drawing 
attention to the importance of screening protocols [33].

The radiologic diagnosis is made by ultrasound, which 
differentiates the solid from the cystic lesions, and CT 
of the abdomen which is more sensitive to detect tumors 
smaller than 2 cm. MRI offers no advantage over the CT 
[17].

Kidney lesions often grow slowly [34]. Therefore, 
tumors smaller than 2 cm can be clinically followed up 
with the purpose of avoiding multiple surgical explora-
tions [35]. Surgery is recommended in lesions greater than 
3 cm [36]; metastases are usually present when the tumor 
is greater than 4.5 cm. Lymph nodes, lung, liver, bone, 
and central nervous system are the most common sites of 
metastases [37].

The surgical approach seeks to preserve the kidney func-
tion as much as possible. Simple enucleation is indicated 
in cystic lesions [35]. In solid tumors smaller than 5 cm 
or multiple disease of limited extension, a partial nephrec-
tomy can be performed [37]. In cases of larger tumors and 
lesions which affect the entire renal parenchyma, total 
nephrectomy should be performed and if it is bilateral, the 
patient will be started on dialysis treatment and renal trans-
plantation may be performed 1 year after the surgery, when 
the chance of occurrence of metastases becomes lower 
[38]. The follow-up is performed by abdomen CT every six 
months for 2 years, and then annually [17].

Pheochromocytoma

Among the catecholamine-secreting tumors originat-
ing from chromaffin cells, pheochromocytomas, from 
the adrenal medulla, are the most common in the VHL 
syndrome, whereas paragangliomas, from sympathetic 
ganglia cells are rare in this syndrome. Up to one-fifth 
of patients with apparently sporadic pheochromocy-
toma may carry the VHL disease. Characteristically, 
the histology of these tumors shows a thick capsule and 
increased vascularization. In contrast to MEN-2 pheos, 
in VHL cases there is not adrenal medulla hyperplasia 

[39]. In some cases, pheochromocytomas associated with 
VHL syndrome express proteins related to the hypoxic 
response, like carbonic anhydrase IX [40]. In contrast, 
about 20–35% of the cases with VHL syndrome have 
pheochromocytomas, and these are frequently bilateral 
and affect patients at younger ages [41, 42]. In the ret-
rospective analysis of patients with VHL enrolled at the 
National Cancer Institute, the earliest age at diagnosis was 
5.5 years [43]. The presence or absence of pheochromo-
cytoma is the basis of the classification of VHL syndrome 
by the National Cancer Institute [13]. Type 1 disease is 
related to gene deletion or nonsense mutation and patients 
do not suffer from pheochromocytomas while type 2 dis-
ease is characterized by the presence of pheochromocyto-
mas and is associated with missense mutations [44].

About 40% of the families with VHL syndrome and 
pheochromocytomas have a mutation in codon 238 of the 
VHL gene [45].

Patients are often asymptomatic since in many cases 
there is no excessive catecholamine production by the 
tumor, unlike the sporadic pheochromocytoma cases [46]. 
When present, the most common symptoms are palpita-
tions, sweating, headache, and paroxysmal hypertension 
[47] but other nonspecific signs may also be present, lead-
ing to a delay from the onset of the symptoms to the diag-
nosis. The lack of a pheochromocytoma diagnosis can lead 
to complications such as hypertensive crisis, heart failure, 
and stroke [48]. Furthermore, the possibility of an occult 
pheochromocytoma should be considered in syndrome car-
riers that need surgery, since there is a real risk of sympa-
thetic hyperactivity and severe arterial hypertension during 
surgery with a significant increase in surgical risk and anes-
thetic implications [41].

Diagnosis is based on biochemical tests and radio-
logical imaging of the abdomen by ultrasonography, CT 
or MRI of the abdomen, and whole body scanning with 
meta-iodobenzylguanidine. Biochemical evaluation con-
sists in the determination of the catecholamines and their 
metabolites in the plasma or in the urine. For a blood 
sample, patients should be supine for 20–30 min from 
the time the needle is inserted and when blood is drawn, 
the blood sample analysis should use reference stand-
ards from supine tests, not seated tests. Urine collection 
should be over a 24-h period [49].

The measurement of fractionated plasma-free metane-
phrines is the most sensitive method for the diagnosis of 
pheochromocytoma, but it has lower specificity when com-
pared with the determination of urinary catecholamines and 
metanephrines. Therefore, the measurement of fraction-
ated plasma-free metanephrines should be done in patients 
with high level of suspicion for pheochromocytoma, since 
in these conditions, a highly sensitive test is fully justified. 
In patients with low probability of pheochromocytoma, 
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urinary determinations of catecholamines and metane-
phrines are sufficient. Recently, it has been shown that 
increased plasma normetanephrine concentrations are usu-
ally present in the case of VHL patients with pheochromo-
cytoma, indicating the production of the norepinephrine by 
the tumor [46]. Paragangliomas that have been rarely asso-
ciated with VHL disease are usually parasympathetic, and 
do not secrete significant amounts of catecholamines [50].

Benign pheochromocytomas are commonly found, 
while malignant tumor with distant metastasis has been 
reported in about 3% of VHL patients [46]. Moreover, the 
risk of malignant transformation in pheochromocytomas 
associated with the VHL disease is not elevated. The treat-
ment is surgical, through unilateral or bilateral adrenalec-
tomy, depending on the form of presentation [42]. These 
patients should be followed up for their entire life due to 
the increased risk of recurrence.

Pancreatic tumors

Pancreatic lesions associated with the VHL disease occur 
in up to 77% of the patients [51]. They can be classified as 
non-secretory (cysts and cystadenomas) and secretory (islet 
tumors/neuroendocrine tumors—NETs). Pancreatic cysts 
are the most common form of presentation in the VHL syn-
drome. Simple cysts and serous cystadenomas are usually 
discovered incidentally because they are asymptomatic. 
They do not normally require intervention. They could be 
the sole manifestation of pancreatic disease in about 50% 
of VHL patients [52].

Cysts and cystadenomas affect young individuals, and 
the diagnosis is carried out between the ages of 20 and 
40 years. Both are benign lesions and generally asymp-
tomatic although epigastric pain may be referred in some 
cases [17]. Diagnosis is performed through imaging proce-
dures that should be performed in every carrier of the VHL 
disease. Pancreatitis and pancreatic insufficiency are rare 
complications; it must also be stressed that there is not an 
increased risk of adenocarcinoma of the pancreas [52], they 
may coexist with pheochromocytomas [17, 51].

Pancreatic secreting or neuroendocrine tumors are 
constituted by cells of the Langerhans islets, and affect 
individuals at around 40 years of age [36]. Such tumors 
occur in 11–17% of the patients with the VHL disease 
[53]. They are usually multiple and are frequently associ-
ated with precursor lesions like nesidioblastosis or islet 
dysplasia [54]. These are tumors with a slow growth that 
are asymptomatic in most of the patients; their detection 
occurs at a younger age than in sporadic cases probably 
due to a periodic screening of family members of affected 
patients. Malignant behavior, however, is observed in a 
significant number of the cases and they can metastasize, 
primarily to the liver and bones.

When they become symptomatic, the symptoms are 
related either to the production of insulin or glucagon. 
Patients with neuroglycopenic symptoms should have 
biochemical proof of endogenous hyperinsulinemic 
hypoglycemia to diagnose insulinoma. On the other hand, 
carcinoid syndrome produces nonspecific elevations in 
glucagon levels. Contrary to MEN-1 pancreatic NETs, 
these tumors in VHL patients rarely produce gastrin [55] 
and in some cases produce inhibin [56].

The diagnosis is made through any abdominal imaging 
examination: ultrasound, CT, or MRI [17]. Somatostatin 
receptor scintigraphy is positive in 60% of the cases [53]. 
The choice of treatment is based on tumor location, size, 
and presence or absence of metastatic disease. Locoregional 
disease can be treated with tumor resection with or without 
lymphadenectomy. Lesions larger than 3 cm in diameter or 
even those larger than 2 cm, if located in the pancreas body 
or head should always be removed.. Minor and asympto-
matic lesions must be annually evaluated [57]. Approxi-
mately 80% of the neuroendocrine pancreatic tumors 
express somatostatin receptors, their function is to decrease 
the activity of calcium channels, thereby decreasing hor-
mone secretion. Somatostatin analogs (SSA) such as octre-
otide, lanreotide, and pasireotide are indicated for symptom 
reduction in advanced disease. The responses may vary by 
tumor type and some patients may become desensitized 
over time [58]. Although tumor size and growth rates sup-
port current indications for surgical treatment, no absolute 
criteria are available for selecting patients who have prema-
lignant or malignant disease [57, 59].

Endolymphatic sac tumors of the middle ear (ELST)

Tumors of endolymphatic sac were recently recognized 
as belonging to this syndrome and may be more frequent 
than previously believed. Whenever bilateral, ELST are 
considered pathognomonic of the VHL disease. They are 
present in about 15% of the patients affected by the dis-
ease. They are usually benign cystoadenomas, but can be 
locally invasive, leading to hearing loss, tinnitus, dizzi-
ness, gait imbalance, and paralysis of facial muscles [60]. 
Three mechanisms have been described to explain the 
hearing loss and other symptoms [61]:

1. Otic capsule invasion by the tumor, resulting in 
destruction of the membranous labyrinth and interrup-
tion of the endolymphatic flow;

2. Labyrinthine hemorrhage causing sudden loss of hear-
ing which may be irreversible;

3. Block of the reabsorption of the endolymphatic sac 
fluid leading to gradual onset of hearing loss, tinnitus, 
and vertigo.
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VHL syndrome patients should be asked annually about 
auditory and vestibular symptoms and evaluated with 
routine audiometry. Any detected abnormalities must be 
screened for the presence of tumors by high-resolution CT 
or MRI of the skull base with thin sliced sequences [60]. 
The treatment is surgical and may prevent deafness, but is 
not always mandatory in asymptomatic patients, consider-
ing the slow tumor growth and the possible complications 
associated with surgery [62, 63]. Stereotactic radiotherapy 
can be used in cases of recurrent disease [64]. The cochlear 
implant may be an option for patients with bilateral hearing 
loss [65].

Other tumoral manifestations in the VHL syndrome

Papillary cystadenoma of the epididymis is a benign pal-
pable lesion that is present in 10–60% of patients with 
VHL syndrome. Unilateral cysts are common in the general 
population and, therefore, only the bilateral cases should be 
taken as an indication of a possible VHL diagnosis. They 
are usually asymptomatic and rarely cause pain or infertil-
ity. The diagnosis is made by ultrasound; it does not require 
treatment, but in symptomatic cases, it can be removed by 
surgery [17].

The cystadenoma of the broad ligament of the uterus 
is a benign and asymptomatic lesion in most of the cases; 
its true incidence in the VHL syndrome is unknown. Some 
patients may experience pain, dyspareunia, and menorrha-
gia [66].

Cavernous hemangiomas and hepatic hemangioblas-
tomas, pulmonary hemangioblastomas, omentum cysts, 
vertebral hemangiomas, cysts and hemangiomas of the 
ovaries, medullary thyroid carcinomas, papillary thyroid 
carcinomas, dermal hemangiomas, pigmented nevus, 
splenic cysts and angiomas, angiomas and adenomas of 
the adrenal cortex, and pancreatic hemangioblastomas 
have also been reported [17].

Classification and diagnosis

The diagnosis is based on the assessment of three cri-
teria: retinal or CNS hemangioma, visceral lesions, and 
family history. If the patient has a family history of VHL 
disease, only one hemangioma or visceral lesion, con-
firms the disease. In the cases with no family history of 
VHL disease, the presence of two or more hemangiomas, 
or a hemangioma and a visceral lesion are needed for the 
diagnosis [57].

The Von Hippel–Lindau syndrome is then classified 
according to the nature of the tumors, based on the pres-
ence or absence of pheochromocytomas (Table 1). Type 1 
does not develop pheochromocytomas, but presents a high 

risk for other VHL lesions; it is the most common type of 
presentation (80%). In the type 2, there is a high risk of 
developing pheochromocytomas; it is further subdivided 
according to the presence or absence of renal cell carci-
noma. The type 2A, without RCC, has the best prognosis, 
and the type 2B, having a high incidence of RCC, is the 
rarest form but it is the one that has all the manifestations 
of the VHL. Pheochromocytomas are the single clinical 
manifestation in the type 2C.

However, accurate classification can only be made in 
large kindred because of the variability of VHL gene muta-
tion [67]. Genotype–phenotype correlations have been 
identified from analysis of the VHL mutations. Families 
with an increased risk of pheochromocytoma (Type 2 VHL 
disease) displayed missense type mutations, whereas true 
null VHL alleles are associated with a low risk of pheochro-
mocytoma (Type 1 VHL disease) [5].

Several lines of evidence suggest additional pVHL func-
tions and recognizing how VHL gene is mutated might pro-
vide new opportunities for therapeutic intervention

Genetic counseling

In the recent years, the prognosis has improved significantly, 
initially due to the progress in the surgical technique and 
in post-surgical care. This was also due to the early detec-
tion that became possible, consequent to genetic testing in 
asymptomatic family members (Table 2) [67]. The diagno-
sis in asymptomatic patients has social, psychological, and 
economic implications, but the benefits of its early identi-
fication outweigh the negative consequences. This has led 
to a clear screening protocol indication since childhood [1].

Genetic counseling is important because germline muta-
tions in the VHL gene are virtually detected in all families 
with one or more affected members. Germline mutations 
are also identified in 4% of patients with sporadic heman-
gioblastomas, 1.6% of renal cell carcinomas, and 3–9% of 
pheochromocytomas [67].

Approximately 80% of the individuals with VHL have 
at least one parent affected by the syndrome. Both patients 

Table 1  Manifestations of the Von Hippel–Lindau syndrome, clas-
sified according to the absence (type 1) or the presence (type 2) of 
pheochromocytoma

+ present, − absent, HAB hemangioblastoma, CNS central nervous 
system, RCC renal cell carcinoma, PHEO pheochromocytoma

VHL type HAB retina HAB CNS RCC PHEO

1 + + + –

2A + + Low risk +
2B + + High risk +
2C – – – +
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and their families should be correctly genotyped and 
referred for genetic counseling in conjunction with other 
medical consultations and performing of the appropriate 
tests to identify VHL clinical manifestations [68].

Affected subjects have a 50% chance of transmitting the 
mutation to their children, because VHL is an autosomal 
dominant disease. For patients with mosaicism, the risk 
may be as high as 50% if the germinative cells carry the 
mutation. The diagnosis can be made in the prenatal period 
through amniocentesis or chorionic villus biopsy. Parents 
should be informed about reproductive technologies such 
as egg or sperm donation. There is also the possibility of 
genetic diagnosis, in the pre-implantation stage of in vitro-
fertilized embryos [69]. An extensive review on genetic 
counseling was recently published by Nielsen et al. [70]

Follow‑up

There are several protocols for monitoring the VHL syn-
drome such as the protocol of the University of Cambridge 
[71] and of the American National Institute of Health [13] 
(Supplemental Table 1).

Overall, the ophthalmologic exam of the retina should be 
performed annually and started before the fifth year of age. 
The blood pressure monitoring should be performed rou-
tinely, at least once a year, associated with urinary catecho-
lamine determination starting from the fifth year of age, 
mainly in families with a high incidence of pheochromocy-
toma. Abdominal ultrasound and/or CT or MRI should be 
performed annually, starting at 16/20 years of age [17]. It is 
also important that the audiological evaluation is conducted 
in patients with known hearing loss, followed by temporal 
bone resonance, if there are any changes.

In spite of its rarity, this disease is so complex that it can 
only be well managed in referral centers. Diagnostic delay 
is a very important issue as it impedes implementation of 

a prophylactic screening program necessary for improv-
ing median overall survival. Follow-up should be life-long 
and we recommend an inter-disciplinary approach (Fig. 1). 
Modifications of screening plan may sometimes be done 
with individual patients and their family history, since VHL 
surveillance guidelines are based on expert medical opin-
ion, but limited evidence is available regarding the optimal 
initiation and frequency of surveillance regimes.

Therapeutic implications of the recent molecular 
understanding of VHL disease

Drugs developed to change the downstream consequences 
of VHL inactivation, mainly to decrease the rich vasculari-
zation observed in tumors of VHL patients, have already 
demonstrated significant efficacy in these patients [72]. 
These drugs include small molecule inhibitors of VEGFRs 
(sorafenib, sunitinib, valatinib, and pazopanib) and anti-
VEGFR antibodies (bevacizumab) [72–75]. The effects 
seem to differ between the VHL types and this was sug-
gested to be due to the differential endothelial VEGFR 
expression observed in the different tumors [74].

In patients with pancreatic neuroendocrine lesions, 
the VEGFR inhibitor, sunitinib, was able to lead to a sta-
bilization of the disease and a phase II clinical trial was 
already performed, but the results were not yet released 
(NCT01168440) [72]. In VHL renal lesions, sunitinib 
led to a partial response in 33% of the patients, but con-
trary to this none of the hemangioblastomas responded 
to sunitinib [74]. Still, other anti-angiogenic drugs were 
tested in VHL-associated hemangioblastomas with good 
results. A case report reported a patient treated with pazo-
panib which resulted in a significant neurologic improve-
ment and decrease of the hemangioblastoma volume 
[75]. Besides that, a long-term treatment with intravitreal 
bevacizumab, improved the visual acuity and the optical 
coherence tomography thickness in a patient with VHL-
associated hemangioblastoma [76]. Vatalanib is actu-
ally under investigation in a phase II clinical trial for the 
treatment of hemangioblastomas in patients with VHL 
(NCT00052013).

mTOR inhibitors (everolimus and temsirolimus) have 
also shown favorable clinical results in advanced renal 
cell carcinoma and in pancreatic neuroendocrine tumors. 
However, studies with VHL patients are still missing 
despite of mTOR inhibitors being considered as promis-
ing therapies [72, 77–79]. Actually, a study of mutation-
targeted therapy with sunitinib or everolimus in patients 
with neuroendocrine tumors of the gastrointestinal tract 
and pancreas is recruiting, and it includes VHL patients 
(NCT02315625).

Table 2  Screening recommendations to study VHL germline muta-
tions

Patient with VHL disease and/or first-degree family members

Asymptomatic individual from a family with identified VHL muta-
tion

Patients with VHL suspicion:

 Multifocal VHL tumor in one organ

 Bilateral VHL tumor

 Two or more organs with bilateral VHL

 A VHL tumor in young (<50 years for hemangioblastoma and 
pheochromocytoma and <30 years for renal cell carcinoma)

Patient from a family with hemangioblastoma, renal cell carcinoma, 
and pheochromocytoma only
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Conclusion

In this article, we reviewed the VHL disease, a famil-
iar syndrome of multiple benign and malignant tumors, 
which affects individuals since childhood and presents 
various forms of clinical manifestations. The discovery of 
any of the syndrome components, especially of heman-
gioblastomas of the retina and CNS, and also pheochro-
mocytomas, should raise suspicion of this disease and 
other stigmas must then be investigated.

The identification of the syndrome is important due 
to its high risk of serious complications, which can be 

avoided with a proper diagnosis and early treatment. 
Early recognition, made possible through the genetic 
testing in asymptomatic members of the affected fami-
lies has contributed to the improved prognosis of these 
patients.

For the monitoring of VHL disease, a multidiscipli-
nary approach is needed, with professionals in the areas 
of endocrinology, nephrology, neurology, pathology, 
ophthalmology, otolaryngology, and urology, among oth-
ers. The diagnosis and the follow-up of this syndrome is 
a challenge in the clinical practice, and the aim of this 
review is also to aid in the treatment of these patients.

Fig. 1  Inter-disciplinary 
approach for screening, treat-
ment, and follow-up of VHL 
syndrome, both in the index 
cases and the family members 
carrying the same mutation
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