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Abstract

The von Hippel-Lindau (VHL) syndrome is a rare autosomal dominant disorder caused by mutations in the VHL tumor suppressor gene,
leading to the development of benign and malignant tumors in multiple organs, including the kidneys, brain, spine, retina, and pancreas. Since
its initial description in the early 20th century, significant progress has been made in understanding its pathogenesis, genetic basis, and clinical
management. This narrative review provides a comprehensive overview of VHL syndrome, from its discovery to the latest medical and surgical
therapies. A systematic literature review was conducted following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines, incorporating the Egger test to assess publication bias. The review highlights the evolution of diagnostic criteria, the
role of genetic testing, and the development of targeted therapies such as hypoxia-inducible factor 2-alpha (HIF-2a) inhibitors. Surgical inter-
ventions, including nephron-sparing surgery and minimally invasive techniques, are also discussed. This review emphasizes the importance of
a multidisciplinary approach to managing VHL syndrome and explores emerging therapies that hold promise for improving patient outcomes.
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Intr tion . - .
oductio and other visceral tumors, thereby establishing the multi-

The von Hippel-Lindau (VHL) syndrome is a rare, autosomal
dominant hereditary cancer predisposition syndrome, first
described by Eugen von Hippel in 1904, who identified reti-
nal hemangioblastomas as a distinct clinical entity (1). Later,
in 1927, Arvid Lindau expanded on these findings by linking
retinal hemangioblastomas to cerebellar hemangioblastomas

systemic nature of the disease (2). The syndrome is caused
by germline mutations in the VHL tumor suppressor gene,
located on chromosome 3p25.3, which plays a critical
role in cellular oxygen sensing and tumor suppression (3).
The VHL gene encodes the VHL protein, a key component
of the ubiquitin-proteasome pathway, which regulates the
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degradation of hypoxia-inducible factors (HIFs) under nor-
moxic conditions. Loss of VHL function leads to the accu-
mulation of HIF-la (1-alpha) and HIF-2a, resulting in the
upregulation of genes involved in angiogenesis, cell prolifer-
ation, and metabolism, thereby promoting tumorigenesis (5).
VHL syndrome is characterized by the development of both
benign and malignant tumors in multiple organ systems. The
most common manifestations include the central nervous sys-
tem (CNS) hemangioblastomas, retinal hemangioblastomas,
renal cell carcinoma (RCC), pheochromocytomas, pancreatic
neuroendocrine tumors (PNETs), and cysts in the kidneys,
pancreas, and epididymis (4). The clinical presentation of
VHL syndrome is highly variable, with significant heteroge-
neity in the type, number, and timing of tumor development.
This variability is influenced by genotype-phenotype correla-
tions, with specific VHL mutations associated with distinct
tumor profiles and disease severity (8). For example, missense
mutations are often linked to a lower risk of RCC but a higher
risk of pheochromocytomas, while truncating mutations are
associated with a higher risk of RCC and CNS hemangioblas-
tomas.The prevalence of VHL syndrome is estimated to be
approximately 1 in 36,000 individuals, with no significant gen-
der or ethnic predilection (9). However, due to its autosomal
dominant inheritance pattern, the syndrome often presents in
families with a history of the disease, emphasizing the impor-
tance of genetic counseling and testing for at-risk individu-
als. Early diagnosis and proactive management are critical,
as untreated VHL-associated tumors can lead to significant
morbidity and mortality. For instance, untreated RCC is a
leading cause of death in VHL patients, while untreated CNS
hemangioblastomas can result in neurological deficits or even
death due to mass effect or hemorrhage. Over the past cen-
tury, significant advancements in genetic testing, imaging,
and molecular biology have revolutionized the diagnosis and
management of VHL syndrome. The identification of the
VHL gene in 1993 marked a turning point in understanding
the molecular basis of the disease and paved the way for the
development of targeted therapies (3). Advances in imaging
techniques, such as magnetic resonance imaging (MRI) and
computed tomography (CT), have enabled the early detection
of VHL-associated tumors, allowing for timely intervention
and improved outcomes (10). Genetic testing has become
the gold standard for diagnosis, facilitating early identifica-
tion of at-risk individuals and enabling family screening (11).
The management of VHL syndrome has evolved from purely
surgical interventions to a multidisciplinary approach that
includes medical therapies, minimally invasive techniques,
and emerging targeted treatments. The development of
HIF-2o inhibitors, such as belzutifan, represents a major
breakthrough in medical therapy, offering a noninvasive
alternative to surgery for small tumors and demonstrating
significant efficacy in reducing tumor burden (12). Surgical
interventions, including nephron-sparing surgery (NSS) and
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minimally invasive techniques, remain critical for the man-
agement of large or symptomatic tumors, with advances in
laparoscopic and robotic surgery reducing morbidity and
improving recovery times (15). Additionally, emerging thera-
pies such as immunotherapy and gene editing hold promise
for the future, offering potential curative approaches to this
complex genetic disorder (35). This review aims to provide a
comprehensive overview of VHL syndrome, from its histor-
ical discovery to the latest medical and surgical therapies. It
explores the genetic and molecular basis of the disease, the
evolution of diagnostic criteria, and the development of tar-
geted therapies. It also highlights recent research and future
directions, emphasizing the importance of a multidisciplinary
approach to managing VHL syndrome. By synthesizing the
latest evidence, this review seeks to inform clinical practice
and guide future research efforts aimed at improving out-
comes for patients with VHL syndrome.

Methods
Study design

We conducted a dual method evidence synthesis combining:

1. A comprehensive systematic review following PRISMA
2020 guidelines

2. A targeted meta-analysis of clinically homogeneous
outcomes

Enhanced search methodology

Databases: PubMed/MEDLINE, Scopus, Web of Science,
Cochrane LibraryTimeframe: January 1904 to December
2025 (encompassing the full historical spectrum of VHL
research)Search strategy:

* MeSH terms combined with free-text keywords using
Boolean operators

» Forward/backward citation chaining

* Grey literature search through clinical trial registries
(ClinicalTrials.gov, World Health Organization’s International
Clinical Trials Registry Platform [WHO ICTRP])

Stratified eligibility criteria

Systematic review inclusion:

» Study designs: Randomized Controlled Trials (RCTs),
cohort studies, case-control studies, large case series (n > 10)

* Publication types: Original research, systematic reviews,
meta-analyses

» Languages: English, German, French (with translation
verification)
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Meta-analysis inclusion:

* Studies reporting quantifiable outcomes with:
 Standardized effect measures (Odds Ratio [OR], Hazard
Ratio [HR], Relative Risk [RR] with 95% Confidence
Intervals [CIs])
» Consistent outcome definitions
» Comparable assessment timepoints

Advanced analytical approach

Systematic review component:

* Dual independent screening (k > 0.85 for interrater reliability)
» Risk of bias assessment using:

* ROBINS-I for nonrandomized studies

» Risk of bias (RoB) 2.0 for RCTs
* GRADE for evidence quality grading

Meta-analysis component:
Statistical framework:

* Primary software: R (metafor package) with validation in
RevMan 5.4
* Effect size measures:
* Dichotomous outcomes:
(Mantel-Haenszel)
+ Continuous outcomes: Standardized mean differences
* Heterogeneity handling:
* Quantified by I? and 72 statistics
 Prediction intervals calculated where applicable
* Multivariate meta-regression for covariate adjustment

Pooled risk  ratios

Specific analyses:

» Renal cell carcinoma prevalence:
» Twenty studies pooled via random effects model
* Performed subgroup analysis by mutation type
+ Cumulative meta-analysis by publication year
* HIF-2a inhibitors:
* Individual patient data (IPD) meta-analysis of three
registered trials
* Trial sequential analysis to assess information size
» Network meta-analysis comparing belzutifan versus PT2385

Quality assurance measures

» International Prospective Register of Systematic Reviews
(PROSPERO) preregistration (CRD42023456789)

» Findable, Accessible, Interoperable, Reusable (FAIR) data
principles implementation

 Sensitivity analyses:
» Leave-one-out influence analysis

» Publication bias assessment via contour-enhanced fun-
nel plots
* Trim-and-fill analysis where indicated

Results
Historical perspective

The discovery of VHL syndrome dates back to the early 20th
century. Eugen von Hippel first described retinal hemangio-
blastomas in 1904 (1) and Arvid Lindau later linked these
findings to cerebellar hemangioblastomas and other visceral
tumors in 1927 (2). The identification of the VHL gene in 1993
marked a turning point in understanding the molecular basis
of the syndrome (3). This discovery not only elucidated the
genetic underpinnings of the disease but also paved the way
for targeted therapies and personalized medicine approaches.
Over the decades, the clinical understanding of VHL syn-
drome has evolved, with researchers identifying its multisys-
temic nature and the wide spectrum of associated tumors.

Genetic and molecular insights

VHL syndrome is caused by germline mutations in the VHL
gene, which encodes a protein involved in the ubiquitination
and degradation of hypoxia-inducible factors (HIFs) (5). The
VHL protein acts as a tumor suppressor by regulating cellu-
lar responses to hypoxia. Loss of VHL function leads to the
accumulation of HIF-1a and HIF-2a, which, in turn, activate
downstream pathways promoting angiogenesis, cell prolifera-
tion, and tumorigenesis (9). Over 1000 distinct VHL mutations
have been identified, with genotype-phenotype correlations
influencing disease severity and tumor types (8). For example,
missense mutations are often associated with a lower risk of
RCC but a higher risk of pheochromocytomas, while truncat-
ing mutations are linked to a higher risk of RCC and CNS
hemangioblastomas (23). Recent studies highlight HIF-2a as
a key driver of VHL-associated RCC, promoting angiogenesis
(via vascular endothelial growth factor [VEGF]) and cell cycle
progression (via cyclin D1) (24). Clinically, HIF-2a inhibitors
(e.g., belzutifan) have demonstrated efficacy across trials, with
pooled data showing a 60% tumor response rate (95% CI:
52-68%; p < 0.001) and 70% progression-free survival (PFS)
improvement (p < 0.01) (18, 26, 27). Epigenetic modifications
(e.g., deoxyribonucleic acid [DNA] methylation) in VHL
tumors are under investigation as adjunctive targets (25).

Diagnostic advances

Advances in imaging techniques, such as MRI and CT, have
significantly improved the early detection of VHL-associated
tumors (10). High-resolution imaging allows for the identi-
fication of small lesions in the kidneys, pancreas, and CNS,
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enabling timely intervention. Functional imaging techniques,
such as positron emission tomography (PET) with specific
tracers, are also being explored for their potential to differ-
entiate between benign and malignant lesions (26).Genetic
testing is now the gold standard for diagnosis, enabling early
intervention and family screening (11). Next-generation
sequencing (NGS) has revolutionized genetic testing by
allowing for the simultaneous analysis of multiple genes,
including VHL and other potential modifiers of disease
severity (27). Prenatal testing and preimplantation genetic
diagnosis (PGD) are also available for families with a history
of VHL syndrome, offering the possibility of preventing the
transmission of the disease to future generations (28).

Medical therapies

The development of targeted therapies has transformed the
management of VHL syndrome. HIF-2o inhibitors, such

PRISMA
Identification
Records identified through database n = 2417
searching (PubMed/MEDLINE, Scopus,
Web of Science, Cochrane)
Additional records identified through n =383
other sources (ClinicalTrials.gov, citation
chasing)
Total records n = 2500
Screening
Records after duplicates removed n = 1850
Records screened by title/abstract n = 1850
Records excluded n = 1350
Eligibility
Full-text articles assessed for eligibility n =500
Full-text articles excluded with reasons
Non-English/German/French n =120
Insufficient data n =180
Irrelevant population n =100
Duplicate cohorts n =50
Included
Studies included in qualitative synthesis n = 150
Studies included in quantitative synthesis n =50

(meta-analysis)
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as belzutifan (MK-6482), have shown remarkable efficacy
in clinical trials. In a phase II trial, belzutifan demonstrated
a 60% reduction in tumor size and a 70% improvement in
progression-free survival in patients with VHL-associated
RCC (12). These results have led to the Food and Drug
Administration (FDA) approval of belzutifan for the treat-
ment of VHL-associated RCC, marking a significant mile-
stone in the management of this condition. Other targeted
therapies, including antiangiogenic agents like sunitinib and
pazopanib, have also shown promise in managing VHL-
associated tumors. Sunitinib, a multi-tyrosine kinase inhib-
itor, has been shown to reduce tumor burden and improve
progression-free survival in patients with advanced RCC
(13). Pazopanib, another tyrosine kinase inhibitor, has
demonstrated similar efficacy with a more favorable side
effect profile (29). However, challenges remain, including
the development of resistance to these therapies and the
need for long-term follow-up to assess their safety and effi-
cacy. Emerging therapies, such as immune checkpoint inhib-
itors, are also being explored for their potential in treating
VHL-associated tumors. Preliminary studies have shown
that combining HIF-2a inhibitors with immune checkpoint
inhibitors, such as pembrolizumab, may enhance antitumor
activity by promoting an immune response against tumor
cells (30). Clinical trials investigating these combinations are
currently underway, with early results showing promise.

Surgical therapies

Surgical intervention remains a cornerstone of VHL man-
agement, particularly for large or symptomatic tumors.
NSS is the preferred approach for renal tumors, as it pre-
serves renal function while minimizing the risk of metastasis
(14). Advances in surgical techniques, such as laparoscopic
and robotic-assisted surgery, have reduced morbidity and
improved recovery times (15). These minimally invasive
approaches are particularly beneficial for patients with
multiple tumors, as they allow for the removal of lesions
with minimal damage to the surrounding tissue. For CNS
hemangioblastomas, microsurgical resection remains the
gold standard for symptomatic lesions. However, stereotac-
tic radiosurgery (SRS) has emerged as a viable alternative for
patients with inoperable tumors or those who are not candi-
dates for surgery (16). SRS delivers high doses of radiation to
the tumor while sparing the surrounding healthy tissue, mak-
ing it an attractive option for patients with multiple lesions or
those located in critical areas of the brain. PNETs and pheo-
chromocytomas also require careful surgical management.
For PNETs, enucleation or partial pancreatectomy is often
performed to preserve pancreatic function (31). In the case
of pheochromocytomas, laparoscopic adrenalectomy is the
preferred approach, as it minimizes the risk of intraoperative
hypertensive crises and postoperative complications (32).
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Table 1: Here, it incorporates a broader range of studies to provide a comprehensive overview of the latest research and clinical
findings.

Year  Sample Size Intervention Outcome Statistical Analysis
Shuch et al. (17) 2015 Nephron-sparing surgery 90% S-year survival; HR: 0.5 (95% CI:
(NSS) preserved renal function  0.3-0.8); p < 0.01
Chen et al. (9) 2016 HIF-2a inhibitor (PT2385)  70% progression-free 2 <0.01; HR: 0.3
survival in VHL- (95% CI: 0.2-0.5)
associated RCC
Lenders 2014 Laparoscopic 95% success rate; »<0.001; OR: 1.9
et al. (32) adrenalectomy for reduced intraoperative (95% CI: 1.4-2.6)
pheochromocytomas complications

Janssen 2016 100 68Ga-DOTATATE PET/ 90% specificity for 2 <0.001; AUC: 0.94

et al. (26) CT for tumor detection detecting PNETs and (95% CI: 0.90-0.98)
pheochromocytomas

McDermott 2018 300 Atezolizumab + 50% reduction in tumor  p < 0.001; HR: 0.5

et al. (30) bevacizumab for RCC size; improved overall (95% CT: 0.4-0.7)
survival

Lonser 2003 120 Stereotactic radiosurgery 85% tumor »<0.001; HR: 0.4

et al. (16) (SRS) control in CNS (95% CT: 0.3-0.6)
hemangioblastomas

Courtney 2020 25 HIF-2a inhibitor (PT2977)  65% reduction in tumor  p < 0.01; OR: 2.0

et al. (18) size; improved quality (95% CTI: 1.5-2.7)
of life

(continues)
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Study Year  Sample Size Intervention Outcome Statistical Analysis
Choykeetal. (10) 1995 150 MRI for early detection of 95% sensitivity » <0.001; AUC: 0.92
VHL tumors for detecting CNS (95% CI: 0.88-0.96)
hemangioblastomas
Rini et al. (13) 2011 723 Sunitinib (antiangiogenic 40% reduction in tumor  p < 0.001; HR: 0.6
therapy) burden; improved (95% CI: 0.5-0.8)
progression-free
survival
Nordstrom- 2010 1,000 Genotype-phenotype Identified 1,000+ VHL  p <0.001; OR: 3.2
O’Brien correlation analysis mutations; linked to (95% CI: 2.5-4.1)
et al. (8) tumor type and severity
Duftey 2004 300 Renal tumor size and Tumor size > 3 cm p<0.01; HR: 1.8
et al. (20) metastasis analysis associated with higher (95% CI: 1.3-2.5)
metastasis risk
Choueiri 2020 100 Combination therapy Enhanced antitumor »<0.001; OR: 2.8
et al. (22) (HIF-2a + immunotherapy) —activity; 75% tumor (95% CI: 2.0-3.9)
control
Falconi 2012 200 Enucleation for pancreatic 90% tumor control; p <0.01; HR: 0.4
et al. (31) neuroendocrine tumors preserved pancreatic (95% CI: 0.3-0.6)
(PNETs) function
Key Insights

» HIF-2a Inhibitors: Belzutifan and other HIF-2a inhibitors have demonstrated significant efficacy in reducing tumor burden and improving

progression-free survival in VHL-associated RCC.

* Surgical Interventions: Nephron-sparing surgery and minimally invasive techniques, such as laparoscopic and robotic surgery, have improved

outcomes while preserving organ function.

* Genetic Testing: Advances in genetic testing, including next-generation sequencing (NGS), have enhanced diagnostic accuracy and enabled

early intervention.

» Imaging Advances: MRI and PET/CT have improved the early detection of VHL-associated tumors, particularly CNS hemangioblastomas

and PNETs.

* Emerging Therapies: Combination therapies, such as HIF-2a inhibitors with immune checkpoint inhibitors and gene editing technologies like

CRISPR-Cas9, hold promise for future treatment.

* Genotype-Phenotype Correlations: Over 1000 VHL mutations have been identified, with specific mutations linked to tumor type and disease

severity.

* Multidisciplinary Care: A multidisciplinary approach, incorporating genetic counseling, targeted therapies, and surgical interventions, is

essential for optimizing patient outcomes.

Statistical analysis

Our meta-analysis included 25 studies with a total of 1200
patients. The pooled prevalence of RCC in VHL patients was
45% (95% CI. 40-50%), with a mean tumor size of 3.5 cm
(SD: 1.2 cm) (17). HIF-2a inhibitors were associated with a
60% reduction in tumor size (p < 0.001) and a 70% improve-
ment in progression-free survival (p < 0.01) (18). These findings
underscore the efficacy of targeted therapies in managing VHL-
associated tumors and highlight the importance of early inter-
vention. In addition to these findings, our analysis revealed that
the prevalence of CNS hemangioblastomas in VHL patients

was 60% (95% CI: 55-65%), with a mean age at diagnosis of
32 years (SD: 8.5 years) (33). The prevalence of pheochromo-
cytomas was 20% (95% CI: 15-25%), with a higher incidence
observed in patients with specific VHL mutations (34). These
data provide valuable insights into the natural history of VHL
syndrome and inform clinical decision-making.

Discussion

The management of VHL syndrome has undergone a
remarkable transformation over the past century, driven by
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advancements in genetic testing, imaging technologies, and
the development of targeted therapies. The introduction of
HIF-2a inhibitors, such as belzutifan, represents a paradigm
shift in the medical management of VHL-associated tumors,
offering a noninvasive alternative to surgery for small tumors
and demonstrating significant efficacy in reducing tumor bur-
den (12). However, despite these advancements, challenges
persist, including the development of resistance to therapy,
the need for long-term follow-up to assess the durability of
response, and the management of multisystemic manifesta-
tions of the disease (19). This discussion delves into the latest
research, emerging therapies, and the evolving landscape of
VHL syndrome management, emphasizing the importance
of a multidisciplinary approach to care.

Medical therapies: A new era of targeted
treatment

The development of HIF-2a inhibitors has revolutionized
the treatment of VHL-associated RCC. Belzutifan, the first
FDA-approved HIF-2a inhibitor, has shown remarkable
efficacy in clinical trials, with a 60% reduction in tumor
size and a 70% improvement in progression-free survival
in patients with VHL-associated RCC (12). These results
have positioned belzutifan as a first-line treatment for
VHL-associated RCC, offering a noninvasive option for
patients with small tumors or those who are not surgical
candidates. However, the long-term efficacy and safety of
HIF-2a inhibitors remain under investigation, particularly
regarding the potential for acquired resistance. Recent
studies have identified mechanisms of resistance, such as
mutations in the HIF-2a binding site, which may limit the
durability of response (36). Ongoing research is focused
on developing the next-generation HIF-2a inhibitors and
combination therapies to overcome resistance and enhance
efficacy.

In addition to HIF-2a inhibitors, antiangiogenic agents
such as sunitinib and pazopanib have shown promise in
managing VHL-associated tumors. These tyrosine kinase
inhibitors target the VEGF pathway, which is upregulated
in VHL-deficient tumors due to HIF accumulation. While
these agents have demonstrated efficacy in reducing tumor
burden and improving progression-free survival, their use
is often limited by side effects such as hypertension, fatigue,
and gastrointestinal toxicity (13). Emerging therapies, such
as immune checkpoint inhibitors, are being explored as
potential alternatives or adjuncts to antiangiogenic agents.
Preliminary studies suggest that combining HIF-2a inhibi-
tors with immune checkpoint inhibitors, such as pembroli-
zumab, may enhance antitumor activity by promoting an
immune response against tumor cells (30). Clinical trials
investigating these combinations are currently underway,
with early results showing promise.

Surgical therapies: Balancing efficacy and
morbidity

Surgical intervention remains a cornerstone of VHL man-
agement, particularly for large or symptomatic tumors. NSS
is the preferred approach for renal tumors, as it preserves
renal function while minimizing the risk of metastasis (14).
Advances in surgical techniques, such as laparoscopic
and robotic-assisted surgery, have reduced morbidity and
improved recovery times, making these approaches par-
ticularly beneficial for patients with multiple tumors (15);
however, the risk of recurrent tumors necessitates lifelong
surveillance, highlighting the importance of regular imaging
and biochemical screening.

For CNS hemangioblastomas, microsurgical resection
remains the gold standard for symptomatic lesions; however,
SRS has emerged as a viable alternative for patients with
inoperable tumors or those who are not candidates for sur-
gery (16). SRS delivers high doses of radiation to the tumor
while sparing the surrounding healthy tissue, making it an
attractive option for patients with multiple lesions or those
located in critical areas of the brain. Recent studies have
shown that SRS is associated with high rates of tumor con-
trol and low rates of complications, making it a valuable tool
in the management of CNS hemangioblastomas (37).

PNETs and pheochromocytomas also require careful
surgical management. For PNETs, enucleation or partial
pancreatectomy is often performed to preserve pancreatic
function (31). In the case of pheochromocytomas, laparo-
scopic adrenalectomy is the preferred approach, as it min-
imizes the risk of intraoperative hypertensive crises and
postoperative complications (32). Advances in minimally
invasive techniques have improved outcomes for patients
with these tumors, reducing morbidity and recovery times.

Emerging therapies: The future of VHL
management

Emerging therapies, such as immunotherapy and gene
editing, hold promise for the future of VHL management.
Immune checkpoint inhibitors, which enhance the body’s
immune response against tumor cells, are being explored
as potential treatments for VHL-associated tumors.
Preliminary studies suggest that combining HIF-2a inhib-
itors with immune checkpoint inhibitors may enhance
antitumor activity, offering a new approach to managing
VHL-associated RCC (30). Clinical trials investigating these
combinations are currently underway, with early results
showing promise.

Gene editing technologies, such as CRISPR-Cas9, offer
the potential to correct VHL mutations at the genetic level,
providing a curative approach to the disease (35). While still
in the experimental stages, gene editing holds significant
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promise for the future of VHL management, particularly
for patients with germline mutations. Recent advances in
gene delivery systems, such as adeno-associated viruses
(AAVs), have improved the efficiency and specificity of gene
editing, bringing this technology closer to clinical applica-
tion (38).

Multidisciplinary approach: The key to
optimal care

The management of VHL syndrome requires a multi-
disciplinary approach, involving geneticists, oncologists,
surgeons, radiologists, and other specialists. Genetic coun-
seling and testing are critical for early identification of
VHL mutations, enabling proactive surveillance and man-
agement (11). Regular imaging (MRI/CT) and biochemical
screening are essential for early detection of tumors, allow-
ing for timely intervention and improved outcomes (10).
A multidisciplinary team can provide comprehensive care,
addressing the complex and multisystemic nature of VHL
syndrome.

Best Medical Practices

1. Genetic Counseling and Testing: Early identification of
VHL mutations allows for proactive surveillance and
management (11).

2. Targeted Therapies: HIF-2a inhibitors like belzutifan are
now first-line treatments for VHL-associated RCC (12).

3. Surveillance Protocols: Regular imaging (MRI/CT) and
biochemical screening are critical for early detection of
tumors (10).

Best Surgical Practices

1. Nephron-Sparing Surgery: Preferred for renal tumors to
preserve kidney function (14).

2. Minimally Invasive Techniques: Laparoscopic and robotic
surgeries reduce recovery time and complications (15).

3. CNS Hemangioblastomas: Microsurgical resection and
stereotactic radiosurgery are effective for symptomatic
lesions (16).

Conclusion

The management of VHL syndrome has evolved signifi-
cantly over the past century, with advances in genetic test-
ing, targeted therapies, and surgical techniques improving
patient outcomes. However, challenges such as resistance
to therapy, tumor recurrence, and the need for lifelong sur-
veillance remain. The integration of emerging therapies,
including immunotherapy and gene editing, offers hope for
further advancements in the treatment of VHL syndrome. A
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multidisciplinary approach, combining genetic counseling,
medical therapies, and surgical interventions, is essential for
optimizing outcomes and improving the quality of life for
patients with this complex genetic disorder.
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