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Von Hippel-Lindau Disease : A Comprehensive Review of
Diagnosis, Genetics, Clinical Challenges, and Surveillance
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von Hippel-Lindau (VHL) disease is a genetic condition predisposing individuals to the development of benign and malignant tumors across
various organs. This review explores the intricate genetic underpinnings of VHL disease, its clinical manifestations, and the associated
malignancy risks. The latest diagnostic criteria, surveillance guidelines, and advancements in therapeutic strategies, including the Food
and Drug Administration-approved hypoxia-inducible factor-2a inhibitor, belzutifan, are focused on. Through a multidisciplinary approach,
tailored surveillance programs aim to improve patient outcomes while balancing intervention risks. Emerging technologies such as whole-
body magnetic resonance imaging and liquid biopsies hold promises for enhancing non-invasive surveillance. This review underscores the

significance of ongoing research and interdisciplinary care in managing this complex syndrome.
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INTRODUCTION

von Hippel-Lindau (VHL) disease, also known as VHL syn-
drome, is a hereditary neoplastic syndrome characterized by a
predisposition to develop benign and malignant tumors across
multiple organs. The disease was first described by Eugen Von
Hippel in 1904 when he reported cases of retinal hemangio-
blastoma (HB), leading to the eponym in his name""”. In 1926,
Arvid Lindau extended the eponym after identifying the asso-
ciation between central nervous system (CNS) HBs and the
systemic manifestations of the disease**".

VHL disease is an autosomal dominant disorder that pres-
ents in early adulthood. The condition is rare, owing to the ge-

netic predisposition it confers for developing various tumors

and cysts in multiple organs, including the CNS, retina, kid-
neys, pancreas, and adrenal glands™””.

The estimated prevalence of VHL disease is approximately 1
in 36000-50000 live births worldwide'**””. The disease is as-
sociated with a reduction in life expectancy, with reported
mean ages of death ranging from 40-60 yearslo’m’wg). Given its
potentially disastrous effects, VHL disease underscores the sig-
nificance of early diagnosis and rigorous surveillance to reduce

morbidity and mortality.

DIAGNOSIS

The diagnosis of VHL disease hinges on clinical features and/
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or genetic confirmation of a pathogenic mutation in the VHL
gene. The clinical hallmark lesions of VHL disease include the
CNS and retinal HBs, renal cysts and clear cell renal cell carci-
nomas (RCCs), pancreatic cysts and neuroendocrine tumors
(NETs), pheochromocytomas (PHEOs)/paragangliomas, epi-
didymal cysts, broad ligament cysts, and endolymphatic sac tu-
mors (ELSTs)'**”". Although the specific composition of VHL-
related manifestations may vary slightly depending on the

5377 the overarching diagnostic framework

diagnostic criteria
includes the following : 1) the presence of a single CNS or reti-
nal HB or a visceral tumor in a patient with a positive family
history of VHL disease and 2) the presence of at least two or
more VHL-related manifestations, one of which should be a
HB, in a patient without a family history of the disease.

A conclusive diagnosis involves identifying pathogenic vari-
ants in VHL. Genetic testing for VHL mutations should be
performed in patients suspected to be probands of VHL dis-
ease. Examples include individuals presenting with a HB or
PHEO at age <50 years, RCC when aged <40 years, or multiple
retinal HBs or ELSTs at any age'™”. If no germline mutation is
identified in a patient meeting the clinical criteria for VHL dis-
ease, somatic mosaicism should be investigated using addition-

)20)

al tissues (e.g., tumor or skin samples)™. Even in the absence of

definitive genetic evidence, a diagnosis can be established based
on clinical findings alone'*”.

To ensure accurate diagnosis and management, patients sus-
pected of VHL disease should undergo comprehensive evalua-
tions, including magnetic resonance imaging (MRI) of the
brain and spinal cord, ophthalmoscopy, abdominal computed
tomography (CT) or MRI, biochemical assessments, and genet-
ic testing, including family history and mutation analysis™.

MRI with contrast enhancement is the modality of choice for

Table 1. Diagnostic tests and clinical findings for von Hippel-Lindau disease
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detecting CNS HBs along the whole craniospinal axis, includ-
ing the internal auditory canal”. For abdominal lesions, MRI
or CT effectively reveals renal and pancreatic abnormalities.
PHEO:s are diagnosed based on clinical signs such as hyperten-
sion, biochemical markers, and radiographic findings of adre-
nal/extra-adrenal mass™. The diagnostic approaches tailored

to specific lesions are summarized in Table 1.

GENETICS

VHL disease results from mutations in the VHL tumor sup-
pressor gene, where structural defects or inactivation predis-
pose individuals to tumor formation in various body parts. In
1988, VHL gene was mapped to the short arm of Chromosome
3 at 3p25-p26, a region also implicated in RCCs™**'*'"”. Since
the gene’s initial mapping, numerous studies have attempted to
refine the genetic diagnosis of VHL disease. VHL isolation in
1993 significantly enhanced the accuracy of molecular diagno-
sis through direct gene analysis®”. Advances in combined tech-
niques, including Southern blotting, fluorescence in situ hy-
bridization, and gene sequencing, enable the identification of
all carriers of VHL mutations™*"'"”.,

The disease follows an autosomal dominant inheritance pat-
tern””. Approximately 80% of patients have an affected parent,
whereas 20% of cases arise from de novo mutations™**”. The
genetic mutations vary, ranging from large germline deletions
to small intragenic changes, including deletions, insertions, and
nonsense or missense substitutions**"'""”. The absence or ab-
normal function of the VHL protein, encoded by the VHL
gene, leads to the accumulation of hypoxia-inducible factor

(HIF). This accumulation dysregulates the expression of angio-

Involved organ Test

Additional finding

Central nervous system MRI (brain and spinal cord)

Retina Ophthalmoscopy, fluorescein angiography

Ultrasound, MRl or CT scan
MRIlorCT scan

Kidney
Pancreas

Adrenal gland

catecholamines/metanephrine
Endolymphatic sac tumor Temporal MRI

Testicle, broad ligament Ultrasound

CT scan, 24-hour urinary catecholamines/metanephrine, serum

Neurologic examination
Tonometry

Urinalysis
Endocrine/exocrine test

Hypertension, thyroid gland enlargement, hypercalcemia

Audiogram

Palpable mass, infertility

MRI: magnetic resonance imaging, CT : computed tomography
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genic and mitogenic factors, driving tumor development™*’®. In
addition, a possible association between the molecular charac-
teristics of gene mutations and clinical phenotypes has been
identified””. Nielsen et al.*” proposed five subtypes of VHL dis-
ease, classified based on the tumor spectrum and mutation
type (Table 2). For example, missense mutations are strongly
associated with PHEO, highlighting the need for intensive sur-
veillance in carriers of these mutations™. In some genotype
subtypes, the risk of RCC or PHEO is notably increased or de-
creased"”.

These genetic insights have facilitated advancements in ther-
apeutic strategies. For example, the HIF 2-alpha (HIF-2a) in-
hibitor, Belzutifan, has been approved by the US Food and
Drug Administration in 2021 for treating CNS HB, retinal HB,
and RCC associated with VHL disease, particularly in patients
who do not require immediate surgical intervention'******"'*?,
A meta-analysis reported disease stability in 31% of patients

and a low progression rate of 2%". Recent studies have demon-

lesion spectrum™””. Clinical symptoms depend on the location
and size of the affected lesions. The most common manifesta-
tions and their lifetime risks are summarized in Table 3. Reti-
nal and CNS HBs present earlier in the disease course than do

. . 39
visceral lesions, such as RCC™.

CNS HBs

CNS HBs are one of the most significant lesions in VHL dis-
ease, frequently contributing to clinical symptoms. They occur
in 60-80% of patients with VHL disease during their lifetime
and are symptomatic in approximately 40% of cases at initial

P70 The typical age of clinical presentation

diagnosis
ranges 25-40 years, with men more commonly affected than

29,59,86, . . s
women . CNS HBs are benign vascular tumors comprising

Table 3. Common clinical manifestations associated with von Hippel-
Lindau disease and their lifetime risks

strated its efficacy and safety, with mild adverse effects such as Tumor Lifetime risk (%)

fatigue or anemia, further reinforcing its therapeutic poten- Central nervous system hemangioblastoma 60-80

tial*”. While other therapeutic agents targeting genetic and Cerebellar 44-72

pathophysiological mechanisms are under development, most Brainstem 10-25

remain in the research stage. Long-term follow-up studies and Spinal 13-50

further research are required to optimize treatment options, Retinal hemangioblastoma 25-60

including the development of new chemotherapeutic agents. Renal mass 75

Additionally, genetic counseling is crucial in helping families Cyst 42

understand their risks and surveillance options. Genetic Renal cell carcinoma 1775

screening also enhances the cost-effectiveness of surveillance PR e 578

for inherited cancer syndromes by leveraging knowledge of G e

molecular pa thogenesis(’g). Neuroendocrine tumor 10-17
Pheochromocytoma and paraganglioma 10-25
Cystadenoma

CLINICAL CHALLENGES —— o

VHL disease manifests across multiple systems with a wide Endolymphatic sactumors a1
Table 2. von Hippel-Lindau subtypes according to clinical phenotypes and gene mutation types
Mutation variants High risk manifestation Low risk manifestation

Typel Deletions, insertions, truncations, and missense CNSHB, retinal HB, RCC, and pancreatic NET PHEO

Type 1B Gene deletions encompassing VHL CNS HB, retinal HB, and pancreatic NETs RCCand PHEO

Type 2A Missense (e.g., p.Y98H, p.Y112H, and p.V116F) CNSHB, retinal HB, and PHEO RCC

Type 2B Missense (e.g., p.R167Q and p.R167W) CNS HB, retinal HB, RCC, PHEO, and pancreatic NET

Type 2C Missense (e.g., p.V84L and p.L188V) PHEO CNSHB, retinal HB, and RCC

CNS: central nervous system, HB : hemangioblastoma, RCC : renal cell carcinoma, NET : neuroendocrine tumor, PHEO : pheochromocytoma
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endothelial and stromal cells”. Despite their benign histology,
their rich vascularity causes hemorrhage in critical CNS struc-
tures, potentially causing life-threatening complications™***”.

The cerebellum is the most commonly affected site, followed
by the spinal cord, brainstem, cauda equina, and cerebral hemi-
spheres'*"*. Multiple lesions and early symptom onset are
characteristics of VHL-associated HBs compared with the fea-
tures of sporadic cases*™””.

Clinical symptoms depend on the tumor’s location, size, and
the presence of peritumoral cysts™*". Cerebellar HBs present
with headaches, nausea, vomiting, hiccups, speech difficulties, or
motor symptoms such as gait ataxia and dysmetria
(Fig. 1)***”. Spinal cord HBs may cause motor weakness, ataxia,
sensory deficits, or pain, while brainstem lesions manifest as hic-

65-67,114,117.

cups, dysphagia, sensory disturbances, or ataxia ). Symp-

tomatic HBs, particularly those associated with peritumoral
cysts, usually exhibit pronounced rapid progression®.

Although VHL-associated HBs were traditionally believed to
grow faster than do sporadic cases, recent studies indicated that
most grow in a saltatory pattern, alternating between periods of
growth and quiescence™”. Median recurrence times range 16—

23,87 .
. However, approxi-

19 years, indicating a slow growth rate
mately 20% of tumors demonstrate exponential growth and
may recur late, posing challenges for detection and manage-
ment, particularly in cases with extensive craniospinal involve-

2,65
ment>*”

. These findings underscore the significance of regular,
long-term surveillance.

In the past, early surgical resection was considered for tu-
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mors with radiographic progression to prevent complications
such as sudden intracranial pressure increases or spinal cord
compression. However, recent treatment paradigms prioritize
surgical intervention only for symptomatic cases, minimizing
nonessential procedures and preserving neurological func-
tion™*****"" For operable symptomatic HBs, surgical resec-
tion focuses on the solid portion, leaving the peritumoral cyst

26,106 . . .
“1%_For inoperable or multiple lesions, or when re-

wall intact
peated surgeries pose risks, stereotactic irradiation, such as ra-
diosurgery or radiotherapy, is a viable alternative*"*”. Radio-
surgery has demonstrated effective tumor control in VHL-
associated HBs, particularly for lesions located in surgically
challenging areas. Compared to sporadic cases, relatively higher
marginal doses are typically prescribed, with reported 5-year
tumor control rates ranging from 91.9% to 93%*"". Given the
nature of VHL disease, which predisposes patients to frequent

50,63
new tumor development™*”

, radiosurgery remains a valuable
treatment option for inoperable lesions. Additionally, the HIF-
2a inhibitor belzutifan has shown promising anti-tumor activi-
ty, including stabilizing disease and reducing progression
rates'"*¥, Recently, belzutifan has demonstrated sustained an-
ti-tumor activity in CNS HBs associated with VHL disease for
over 3 years®. The results of the LITESPARK-004 trial further
support its long-term efficacy and safety, highlighting its poten-
tial to reduce the need for surgical interventions in these pa-
tients"”. However, further long-term studies are needed to fully
assess the durability of response and long-term safety of these

emerging treatments.

Fig. 1. Brain magnetic resonance images of cerebellar hemangioblastoma. T2-weighted images (left) and T1-weighted images with contrast
enhancement (middle) show a cystic mass with a small enhancing nodule at the left cerebellar hemisphere. A small enhancing mass (right, arrow) is
identified in the right eye, possibly retinal hemangioblastoma. These findings suggest the possibility of von Hippel-Lindau disease.
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Ophthalmological cases

Visual challenges associated with retinal HBs are common in
VHL disease, occurring in 25-60% of patients™., Retinal HBs
are histologically identical to CNS HBs and usually present earli-
er, with a peak incidence between the ages of 10 and 30***'**"".
Bilateral retinal involvement is observed in approximately one-

third of cases™

. Although these tumors are histologically benign,
they cause significant visual complications, including retinal
hemorrhage, retinal detachment, and macular edema. These
complications may manifest as decreased visual acuity, floaters,
or blurred vision'””, These symptoms progress without prompt
treatment, potentially resulting in irreversible blindness.
Diagnosis relies on detailed ophthalmologic examinations,
including ophthalmoscopy, fluorescein angiography, and to-
nometry. Management primarily involves laser photocoagula-
tion or cryotherapy, which are effective in treating vascular le-

09419 Early detection is

sions with minimal complications
crucial to prevent visual deterioration, emphasizing the signifi-
cance of regular ophthalmologic examinations for early diag-

nosis and intervention during the presymptomatic stage™””.

Renal cysts and RCC and their malignancy risks

Renal manifestations in VHL disease primarily include sim-
ple cysts and clear cell RCC. Renal cysts are bilateral and multi-
ple*. While they may carry a premalignant potential, malig-
nant transformation is rare™""”,

RCC occurs in approximately 75% of VHL cases and is the
most common cause of mortality in patients with VHL dis-
ease'™'*”"””. The mean age of RCC diagnosis in individuals with
VHL disease is approximately 37 years; however, diagnosis
sometimes can be delayed owing to the absence of symp-

3,16

toms™"”. VHL-associated RCC is associated with a better prog-
nosis than sporadic RCC*; however, it remains a leading cause
of mortality in VHL disease owing to metastasis or uremic
complications.

Regular monitoring of renal masses is critical for early iden-
tification and timely intervention in high-risk individuals. For
clear cell RCCs smaller than 2 cm in diameter, active surveil-
lance with serial imaging is generally recommended"**”. Surgi-
cal intervention is advised based on the risk/benefit analysis for
treatment, typically for cases with growth of the tumor or with

35,60,96
renal masses more than 3 cm™”

). For operable cases, neph-
ron-sparing nephrectomy is the treatment of choice, where kid-

ney function is adequately preserved*”. Although surgical

342 https://doi.org/10.3340/jkns.2025.0018

treatment improves survival rates, nephrectomy could cause
renal failure and negatively impact quality of life'”. Patients
may need hemodialysis or kidney transplantation, which car-
ries risks of tumor recurrence or secondary malignancies ow-
ing to immunosuppression55’90). Therefore, treatment plans
should balance disease management with the preservation of
kidney function and the patient’s well-being.

Recent advances in targeted therapies have improved man-
agement options for VHL-associated RCCs. Belzutifan has
shown promising results, with partial and complete responses
in stabilizing the RCC reported in a phase IT clinical trial”. Ad-
ditionally, vascular endothelial growth factor receptor tyrosine
kinase inhibitors have demonstrated favorable clinical respons-
es’””. These therapies represent significant progress in the treat-
ment of VHL-associated RCCs; however, further studies are re-

quired to assess long-term results.

Pancreatic cysts and NETs

In VHL disease, various pancreatic masses can develop, in-
cluding serous cystadenomas and NETs. The mean age at diag-
nosis of pancreatic lesions is 41 yearsSI’éz). Pancreatic cysts are
common, occurring in 70-85% of VHL disease, although they

" Most pancreatic NETs in patients

are rarely symptomatic
with VHL disease are low-grade and nonfunctional™. Surgical
intervention is generally reserved for symptomatic lesions or
hormonally active NETs**”. Although pancreatic NETs are
less common in VHL disease, they carry the potential for ma-
lignancy and metastasis™”. Early identification and appropriate
management are crucial to prevent potential disease progres-

sion.

PHEOs and paragangliomas

Approximately 10-25% of patients with VHL disease develop
PHEOs, which secrete catecholamines and cause symptoms
such as hypertension, palpitations, and sweating’"’”. Most
PHEOs (approximately 90%) originate in the chromaftin cells
of the adrenal glands, while the remaining cases develop in ex-
tra-adrenal tissues and are referred to as paragangliomas'”.
These lesions usually present in childhood, with a typical age of
diagnosis between 11 and 13 years™*”; however, cases have
been reported as early as the ages of 2 years"”. In patients with
VHL disease, PHEOs frequently manifest bilaterally, and adre-

112

nalectomy is indicated for growing lesions''”. A comprehensive

preoperative evaluation is essential to manage the risks associ-



ated with catecholamine secretion, particularly to prevent peri-
operative complications such as severe hypertension or ar-
rhythmias*”. The overall risk of malignancy in VHL-associated
PHEO:s is considered to be <5%, which is lower than the malig-
nancy rate of PHEOs unrelated to VHL disease (approximately
10%)’".

Epididymal cystadenoma and broad ligament
cyst

In male individuals with VHL disease, 25-60% develop cys-
tic lesions in the scrotum, such as epididymal cystadenomas or

16,75

cysts'*”. These lesions are identified through physical exami-
nation or ultrasound. However, the presence of epididymal le-
sions is not considered a definitive diagnostic criterion for VHL
disease, as epididymal cysts are also common in the general
population""*”. Bilateral epididymal cystadenomas in VHL dis-

ease may lead to infertility'

*; however, treatment is nonessen-
tial in most cases.

In female patients with VHL disease, cystadenomas of the
mesosalpinx or broad ligament are rare*. These lesions are be-
nign and are managed conservatively owing to their asymp-

: . 66)
tomatic and non-progressive nature””.

ELSTs
ELSTs are rare tumors associated with VHL disease, present-

6,17,74

ing in 4-16% of patients®”’". Common symptoms include
hearing loss, tinnitus, vertigo, and facial weakness**”. Genetic
studies have indicated VHL germline mutations in 39% of
ELST cases®. ELSTs are the initial clinical manifestation of
VHL disease in 3.6-15% of patients, and bilateral ELSTs are
considered pathognomonic for the disease®*””.

Although ELSTs are histologically benign, they are highly
vascular and invasive, usually leading to significant and irre-
versible audiovestibular morbidity™”. Owing to their aggressive
nature, preventive resection is recommended for symptomatic
and asymptomatic patients with radiological evidence of tu-
mors, intralabyrinthine hemorrhage, or hydrops on MRT™****.
In contrast to other CNS HBs, early intervention is critical to
prevent further morbidity. Irradiation is not used as a primary
treatment modality but may serve as an adjuvant therapy for

. . . 53)
residual tumors encasing major vessels™.
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SURVEILLANCE PROGRAMS

When an individual presents clinical indicators suggestive of
VHL disease, a comprehensive diagnostic evaluation should be
initiated. The current management strategy for VHL disease
prioritizes minimizing mortality and morbidity throughout
the patient’s lifetime. This approach focuses on stabilizing le-
sions rather than pursuing radical obliteration, which may car-
ry higher risks or nonessential interventions™. Active, lifelong
surveillance programs are crucial in improving clinical out-
comes in patients with VHL disease. These programs aim to
detect emerging lesions early, monitor disease progression, and
tailor interventions to optimize patient health and quality of
life**”.

In 2022, the International VHL Surveillance Guidelines
Consortium introduced updated, evidence-based recommen-
dations for screening and treating VHL disease™. These guide-
lines emphasize a standardized, multidisciplinary approach to
care. Patients should ideally be managed by clinicians with ex-
tensive experience in rare diseases. Multidisciplinary care
teams are essential to provide comprehensive management of
VHL-related complications. Genetic testing is recommended
for patients with VHL disease and their at-risk relatives. Early
detection of mutations facilitates targeted surveillance while
avoiding nonessential screening in individuals who are not car-
riers. In addition, regular psychosocial screening and support
are crucial, as VHL carriers usually experience significant psy-
chological stress related to their diagnosis and ongoing care.
The guidelines by this committee were summarized by organ
system and patient age at the beginning of surveillance
(Table 4). Even in specific conditions such as pregnancy, sched-
uled MRI surveillance should be combined with non-contrast
imaging to ensure the safety of the mother and fetus””. Rou-
tine screening of the genitourinary system is not recommended
unless clinically indicated.

The penetrance of VHL disease is nearly complete by the age

70,72,84

of 65 years"”**". Beyond this age, patients develop few, if any,
new lesions or symptomatic manifestations''*”. Thus, affected
individuals and at-risk relatives should remain under regular
surveillance until their seventh decade of life, when the disease
is considered fully penetrated'®”*”*”. This approach ensures
early detection and management of lesions during the active
phase of the disease while minimizing unnecessary interven-

tions in later years.

J Korean Neurosurg Soc 68 (3) : 338-349 343



J Korean Neurosurg Soc 68 | May 2025

Table 4. Protocol of the surveillance by the tnternational von Hippel-Lindau surveillance guidelines consortium

Beginningatthe Beginningatthe Beginningatthe Beginningatthe Beginningatthe

Bl ageof Syears  ageof1lyears ageof 15years ageof 30years ageof 65years

History assessment and physical examination Annuallyfrom1  Annually Annually Annually Annually Annually
Blood pressure and pulse rate Annuallyfrom2  Annually Annually Annually Annually Annually
Ophthalmologic examination Every 6-12 Every 6-12 Every 6-12 Every 6-12 Annually Annually

months months months months
Catecholamines/metanephrines Annually Annually Annually Annually If indicated
Craniospinal axis MRl with/without contrast Biennially Biennially Biennially If indicated
Audiogram Biennially Biennially Biennially If indicated
Abdomen MRI/CT with/without contrast Biennially Biennially If indicated
MRI of the internal auditory canal Once
MRI: magnetic resonance imaging, CT : computed tomography
CNS MRI : early detection of HBs tions™. For children with genetically confirmed VHL mutations,

Studies have shown that most initial CNS HBs are detected
during the ages of 11-65 years'**”. Therefore, the starting age
for CNS imaging has been adjusted to 11 years, balancing the
benefits of early detection with the burden and risks of repeated
imaging™. For asymptomatic individuals, comprehensive an-
nual history assessment and regular neurological examinations
may serve as a reasonable alternative to frequent CNS imaging.
This approach helps to reduce unnecessary imaging while
maintaining vigilance for the development of symptomatic le-

sions.

Ophthalmologic exams : regular retinal
screenings to identify HBs

Recent guidelines suggest beginning binocular funduscopy
within the first year of life to identify retinal HBs early*”. For
asymptomatic patients, routine eye examinations can be per-

formed annually after the age of 30 years™.

Abdominal imaging : monitoring renal and
pancreatic lesions

Recent recommendations have adjusted the starting age to 15
years, with routine imaging performed every 2 years™. If a tu-
mor is detected during imaging, short-term follow-up or im-
mediate treatment should be decided based on tumor size and

other clinical factors™.
Biochemical screening for PHEOs

Annual biochemical screening is recommended to begin at

age 5 years, particularly for patients with VHL missense muta-
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routine biochemical testing can begin as early as age 2 years™.

Audiogram : screening for ELSTs

The recommended screening audiograms should begin at
age 11 years and be repeated every 2 years to monitor audioves-
tibular symptoms™. MRI for ELST detection is not performed
routinely but is reccommended once between ages 15 and 20
years. Subsequent ELST surveillance can frequently be incor-
porated into routine CNS imaging for HBs, reducing the need

for additional scans™.

Emerging technologies

Emerging technologies such as whole-body MRI and liquid
biopsies offer promising advancements for non-invasive and ef-
ficient surveillance of VHL disease. International surveillance
guidelines recommend regular imaging for patients with VHL
disease, which usually requires multiple expensive examina-
tions for different body regions and repeated exposure to con-
trast agents. Whole-body MRI is being explored as a one-step
approach to quickly and simultaneously scan the brain, spine,
and abdomen using a single dose of contrast. This method has
shown potential to enhance convenience and safety for patients
with VHL disease™". Liquid biopsy, which involves analyzing
urinary exosome-derived microRNA, is under investigation as
a diagnostic tool for clear cell RCC in patients with VHL dis-
ease'"”. This non-invasive method could provide a new avenue
for early detection and monitoring of malignancies in VHL

disease.



Ethical considerations

Screening for asymptomatic family members with VHL dis-
ease presents significant ethical challenges. It evokes various
emotions, including anxiety and stress, and the confirmation
of VHL disease or gene carrier status profoundly affects the
physical and emotional well-being of affected individuals and
their families. To address these concerns, providing accurate,
clear, and empathetic communication about the disease is es-
sential. Emphasis should be placed on the necessity of screen-
ing and the critical role of early detection in improving clinical
outcomes. Supportive counseling and resources should also be
available to help individuals and families navigate the psycho-

logical and social implications of screening and diagnosis.

CONCLUSIONS

VHL disease exemplifies a complex hereditary cancer syn-
drome that demands meticulous and lifelong care. Advances in
genetic testing and imaging have significantly transformed the
diagnosis and management of the disease, leading to improved
patient outcomes. However, VHL carriers require continuous
surveillance owing to the risk of recurrent and multiple tumor
formation during their lifetime. Given the heterogeneity and
complexity of VHL disease, a multidisciplinary approach is es-
sential, with coordinated care provided by medical and surgical
specialists across various fields. Furthermore, ongoing research
into targeted therapies and gene editing holds significant prom-
ise, with the potential to revolutionize treatment paradigms.
These advancements offer hope for improved medical care and

quality of life for affected individuals and their families.
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