This article was
published on 28 Aug
2025 at www.hkmj.org.

This version may differ
from the print version.

ORIGINAL ARTICLE

Presentation, management, and clinical outcomes
of von Hippel-Lindau syndrome

Athena YH Lee # David KW Leung # CH Leung, Kelly HY Tsang, Alvina Yiu, Chloe YK Ho, Jason MK Ho,
CFNg*

ABSTRACT

Introduction: von Hippel-Lindau (VHL) syndrome
is a rare autosomal dominant genetic disorder
that typically leads to the development of multiple
tumours in various organs. This study describes the
lifetime journey of VHL patients in terms of their
hospitalisation, surgery, and functional impairment,
and aims to examine the local presentation patterns,
treatment courses, and clinical outcomes associated
with the condition.

Methods: Thirty-two patients with VHL syndrome
(mean age=27.9 + 12.6 years) were retrospectively
identified from five local public hospitals managed
between 1 January 1993 and 30 September 2024,
with a follow-up duration of 18.0 + 10.8 years.
Patient demographics, disease presentation, length
of hospital stay, and treatments received were
recorded and analysed.

Results: Over a total of 575.9 person-years, 17
patients (53.1%) developed renal tumours and 10
(31.3%) underwent partial or radical nephrectomy.
Twenty-four patients (75.0%) underwent central
nervous system (CNS) surgery for haemangioma.
Eleven patients (34.4%) had phaeochromocytoma,
and eight (25.0%) underwent adrenalectomy. Nine
patients (28.1%) had retinal haemangioma. During
the study period, 368 emergency department visits,
1209 inpatient admissions, 192 intensive care unit
days, and 5635 hospitalisation days were recorded.
In total, 116 surgeries were performed involving the
kidneys (n=17), pancreas (n=6), adrenal glands (n=10),
and CNS (n=83). Six patients required dialysis; 4373
dialysis sessions were performed. Fifteen patients

died. Among the nine who died of VHL syndrome,
eight had developed cerebral haemangioblastoma,
three had phaeochromocytoma, and four had renal
tumours.

Conclusion: Patients with VHL syndrome
often experience early-onset and recurrent
diseases  affecting multiple organ systems,

leading to substantial morbidity and mortality.
A multidisciplinary approach, along with the
introduction of novel treatments, may improve
disease control and clinical outcomes.
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Introduction

von Hippel-Lindau (VHL) syndrome is a rare
autosomal dominant genetic disorder characterised
by benign and malignant tumours, including
clear cell renal cell carcinoma (RCC), adrenal
phaeochromocytoma, pancreatic neuroendocrine
tumour, and retinal and central nervous system
haemangioblastoma (CNS-Hb).! According to a
2017 study, its incidence is estimated to be one in
27300 live births.? The multi-system manifestations
of VHL typically require repeated admissions,
multidisciplinary care, and long-term follow-up,
placing a substantial socio-economic burden on
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healthcare systems. Recently, belzutifan, a second-
generation hypoxia-inducible factor (HIF)-2a
inhibitor, has shown promising results in a phase 2
study involving Western populations.> However, its
applications and benefits for Asian patients remain
poorly understood.

This multi-centre retrospective  cohort
study investigated VHL patients to examine local
presentation patterns, treatment courses, and
clinical and functional outcomes. The findings
aim to provide insight into the presentation and
management of VHL in Asian patients and, more
importantly, to inform resource allocation.
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Methods

This study identified patients with VHL syndrome
from five local public hospitals—Prince of Wales
Hospital, Alice Ho Miu Ling Nethersole Hospital,
North District Hospital, Tuen Mun Hospital, and
Pok Oi Hospital—managed between 1 January 1993

and 31 December 2023, with follow-up data collected
up to 30 September 2024. The Clinical Data Analysis
and Reporting System, a local online platform
recording clinical data from all public hospitals
in Hong Kong, was used for patient identification.
Patient demographics and clinical information
regarding disease course and treatment outcomes
were retrieved from the Clinical Management
System, an online database storing electronic
patient records for public hospitals in Hong Kong.
The following data were collected for each included
patient: demographic factors (age, sex, body mass
index, performance status, and co-morbidities);
disease characteristics (initial presentation, time
of diagnosis, lag time to diagnosis, number and
size of renal and extrarenal lesions, and response
or recurrence patterns); treatment details (number
and frequency of surgical or ablative interventions,
hospital length of stay, intensive care unit [ICU]
admissions, associated costs, and resultant
complications and disabilities); and health outcomes
(health-adjusted life years, quality of life estimates,
and economic parameters related to hospitalisations,
outpatient services, and medical and surgical care).
The study endpoints included rates of VHL-
spectrum disease (CNS-Hb, choroid plexus
papilloma, retinal haemangioma, endolymphatic
sac tumour, RCC, renal cyst, renal angiomyolipoma,
phaeochromocytoma, paraganglioma, pancreatic
cyst, pancreatic neuroendocrine tumour, pancreatic
adenocarcinoma, and liver cyst), emergency
department (ED) attendance, admissions, surgeries,
and functional outcomes (independent in activities
of daily living, wheelchair-bound, or bedbound).
According to the local public healthcare system
in Hong Kong, the mean cost per ambulatory

This study examined the disease journey of von Hippel-Lindau (VHL) patients in Hong Kong, providing
insights into disease presentation patterns, the number of treatments and procedures required, treatment
outcomes, and morbidity data.

The study analysed the substantial healthcare costs incurred in managing VHL syndrome, highlighting the
economic burden on healthcare systems due to repeated admissions, multidisciplinary care, long-term follow-
up, surgeries, and other interventions, notably VHL syndrome-related renal cell carcinoma treatment and
kidney dialysis.

The study emphasises the potential benefits of novel treatments such as belzutifan in managing VHL syndrome
among local patients, with promising results that could transform the treatment landscape for this rare genetic
disorder, thus reducing disease burden and improving the quality of life of patients.

Given the cross-specialty manifestations of VHL syndrome, the study underscores the importance of a
multidisciplinary approach in its management, thereby demonstrating the value of collaborative care in
improving clinical outcomes.

The study’s findings may prompt policymakers to re-evaluate existing healthcare policies related to rare

genetic disorders such as VHL syndrome, particularly in expanding access to innovative treatments by adding
belzutifan to the Hospital Authority Drug Formulary.

The study highlights the need for dedicated funding to establish local VHL syndrome registries, thereby
supporting further clinical trials and large-scale research. The creation of patient support programmes may also
contribute to a healthcare environment that addresses the unique challenges faced by VHL patients and fosters
a holistic approach to care.
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emergency attendance and per hospitalisation day
was HK$750 (US$96.2) and HK$3440 (US$441),
respectively.* The total cost of hospital attendance
was defined as the sum of ED and inpatient
attendance costs. Descriptive statistics, including
mean, standard deviation, median, and interquartile
range, were used to summarise the data.

Results
Demographics

Initially, 87 patients were identified. After manual
review of the medical records, 52 were excluded
due to incorrect diagnoses (three non-VHL, two
Cowden syndrome, 17 Peutz—Jeghers syndrome,
28 Sturge—Weber syndrome, one hamartoma, and
one duplicate record). Two additional patients were
excluded due to incomplete data, and one further
duplicate was removed. The incorrect diagnoses
were likely due to similarities and overlaps in the
diagnostic codes used for these conditions.

In total, 32 patients were deemed eligible for
inclusion, of whom 21 (65.6%) were male. The mean
age at first presentation was 27.9 + 12.6 years and
the mean follow-up duration was 18.0 + 10.8 years.
All patients developed tumours. Seventeen patients
(53.1%) had renal tumours, and 10 (31.3%) underwent
partial or radical nephrectomy. Twenty-four patients
(75.0%) underwent CNS surgery for haemangioma.
Eleven patients (34.4%) had phaeochromocytoma,
and eight (25.0%) underwent adrenalectomy. Retinal
haemangioma occurred in nine patients (28.1%).
Demographic and disease prevalence data within the
VHL syndrome spectrum are summarised in Table 1.

von Hippel-Lindau syndrome—related mortality

Over a total of 575.9 person-years, 15 patients died.
Causes of death were VHL syndrome in nine (60%),
pneumonia in three (20%), metastatic lung cancer
in one (6.7%), sepsis in one (6.7%), and congestive
heart failure in one (6.7%). Among those who died
of VHL syndrome-related tumours, eight had CNS
haemangioma, three had phaeochromocytoma,
and four had renal tumours. Even in patients whose
causes of death were not directly related to VHL,
strong associations were observed with the sequelae
of VHL-spectrum diseases and treatments. All
three patients who died of chest infections were
wheelchair-bound after neurosurgical treatment of
CNS-Hb; one of them required long-term steroids
following bilateral adrenalectomy. The patient who
died of sepsis had paraplegia after spinal surgery and
end-stage renal failure (ESRF) requiring peritoneal
dialysis. The source of sepsis was likely peritoneal
dialysis—related peritonitis. All-cause mortality
and VHL syndrome-related mortality over time
since presentation are shown in Figures 1 and 2,
respectively.
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TABLE I. Demographic and prevalence data of lesions in von Hippel-Lindau

syndrome (n=32)"

No. of Mean age, y Male (n=21)
patients

(n=32)
Cerebellar haemangioblastoma 25 (78.1%) 28.6 +11.6 17 (68.0%)
Cerebral haemangioblastoma 6 (18.8%) 23.8+19.0 3 (50.0%)
Brainstem haemangioblastoma 9 (28.1%) 22.6 + 8.1 5 (55.6%)
Spinal haemangioblastoma 13 (40.6%) 244+7.8 8 (61.5%)
Retinal haemangioblastoma 9 (28.1%) 232 +7.1 5 (55.6%)
Renal cell carcinoma 17 (63.1%) 274 +11.3 13 (76.5%)
Cystic renal lesions 4 (12.5%) 27.5+15.0 1 (25.0%)
Phaeochromocytoma 11 (34.4%) 29.5+13.9 9 (81.8%)
Pancreatic tumour 5 (15.6%) 38.6 + 13.3 2 (40.0%)
Cystic pancreatic lesion 14 (43.8%) 25479 9 (64.3%)
Epididymal cystadenoma 2 (6.3%) 22.5+2.1 2 (100%)

* Data are shown as No. (%), unless otherwise specified
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FIG I. Kaplan-Meier curve demonstrating all-cause mortality over time since

presentation

von Hippel-Lindau syndrome—related morbidity

Nine patients (28.1%) developed chronic kidney
disease, of whom six progressed to ESRF (estimated
glomerular filtration rate <15 mL/min/1.73 m?). All
six (18.8%) required renal replacement therapy—
three underwent haemodialysis, one received
peritoneal dialysis, and two began peritoneal dialysis
before switching to haemodialysis.

By the last follow-up, 15 patients had died,
whereas 17 remained independent in their activities
of daily living. None of the 17 surviving patients
were wheelchair-bound or bedbound.
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@ lecectal =

0.8

o
o

o
i

Survival probability

0.2

FIG 2. Kaplan-Meier

Survival function
-~ Censored

10 15 20 25

Time since presentation, y

30 35 40

curve demonstrating von Hippel-Lindau syndrome-related

mortality over time since presentation

Belzutifan usage

Belzutifan was prescribed to three patients. The
mean age at presentation was 26.3 years, with the
youngest at 17 years and the oldest at 35 years. The
average duration from initial presentation to the
initiation of belzutifan therapy was 22.9 years. All

TABLE 2. Characteristics of belzutifan users

three patients had CNS haemangioma, with one
experiencing multiple recurrences. One patient also
had phaeochromocytoma, and another had a renal
tumour. Patient characteristics are summarised in
Table 2. The duration of belzutifan therapy ranged
from 1 to 7.6 months. Of the three patients, two
required dose reductions due to adverse events—
specifically, anaemia and deranged liver function.

von Hippel-Lindau syndrome—attributable
healthcare costs

During the study period, a total of 368 ED visits, 1209
inpatient admissions, and 5635 days of hospitalisation
were recorded. In total, 21 patients had ICU stays,
amounting to 192 ICU days. These utilisation
patterns translated to an annualised per-patient ED
visit—related cost of HK$8625 and an annualised
per-patient inpatient admission-related cost of
HK$129968.% Six patients required dialysis, and 4373
dialysis sessions were performed during the study
period, resulting in a total cost of HK$28.8 million
(HK$6580 per dialysis session).* For the belzutifan
patient cohort, no ED visits or inpatient admissions
were recorded after initiation of belzutifan therapy;,
likely due to the short follow-up duration after
the prescription of this drug newly approved by
the United States Food and Drug Administration.
Consequently, we could not directly compare the
healthcare cost burden between belzutifan users and
non-users.

Patient 1

Patient 2 Patient 3

Age at diagnosis, y

Description of VHL
syndrome

Treatment received

Baseline eGFR,
mL/min/1.73 m?

Baseline

17

Multiple cerebellar and spinal
haemangiomas, 2 unilateral
phaeochromocytomas (maximum
diameter 3.9 cm, 2.2 cm), retinal
haemangioblastoma

Phenoxybenzamine, adrenalectomy,
laser surgery for retinal
haemangioblastoma

>90

12.4

haemangioblastoma, g/L

Baseline ALT, U/L

Age at first prescript
belzutifan, y

Belzutifan regimen

Duration of belzutifan, d

Reason for stopping
belzutifan

16

ion of 27

PO 120 mg daily
36

Withheld since 10 April 2024 due to liver
derangement; resumed at 40 mg daily
since 23 July 2024

4 CNS haemangioma

Surgical excision of cerebral
haemangioblastoma

PO 120 mg daily

27 35

2 CNS haemangiomas with spinal cord
haemorrhage, retinal haemangioma,
bilateral RCC >1 cm (Fuhrman grade
2), 2 bilateral phaeochromocytomas
(maximum diameter 2.7 cm, 2.0 cm),
pancreatic cyst

Phenoxybenzamine, resection of RCC,
laminectomy of T7 to relieve cord

compression
>90 84
51 46
49 72
49 72

PO 120 mg daily
229

Withheld since 17 February 2024 due to
anaemia; resumed at 80 mg daily since
7 April 2024

169

Abbreviations: ALT = alanine transaminase; CNS = central nervous system; eGFR = estimated glomerular filtration rate; PO = per os; RCC = renal cell

carcinoma; VHL syndrol

me = von Hippel-Lindau syndrome
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The pattern of tumour-related surgeries and
accident and emergency admissions in VHL patients
was highly variable; some patients experienced
periods of intense activity followed by quieter
phases, suggesting non-linear disease progression.
Tumour-related operations and deaths since
diagnosis are shown in Figure 3, whereas accident
and emergency admissions are presented in Figure 4,
highlighting individual disease burden. Monitoring
and management should be tailored to address these
fluctuating needs.

Discussion

From this review, we observed that VHL-spectrum
diseases emerged at a young age and recurred
throughout patients’ lives, leading to considerable
morbidity and mortality. This finding is consistent
with existing literature. There is a pressing need
to improve the current care of VHL syndrome in
Hong Kong to enhance patients’ life trajectories and
quality of life.

Pathophysiology

The VHL protein normally functions as an E3
ubiquitin ligase that facilitates ubiquitination of
the alpha subunit of HIF, leading to its proteolysis.®
In VHL patients, genetic alterations reduce VHL
protein activity, thereby disinhibiting HIF-mediated
transcription. Consequently, the overexpression
of vascular endothelial growth factor, cyclin DI,
glucose transporter 1, and erythropoietin promotes
neoplastic growth.>® The resultant tissue overgrowth
leads to early-onset, recurrent, and multi-system
benign and malignant neoplasms.!

Functional impairment in patients

Patients with VHL syndrome experience a lifelong
journey with the disease, characterised by substantial
morbidity and mortality.

An Italian study of 128 VHL patients showed
that the natural history varied according to disease
manifestations.” For RCC, the median age at first
presentation was 31 years,” similar to our cohort,
which had a median age of 27.4 years. The first
progression typically occurred after 7 to 8 years;
a second progression followed 1 to 2 years later.
von Hippel-Lindau syndrome-related cerebellar
haemangioblastomas generally developed atamedian
age of 30 years and progressed relatively consistently
every 3.5 years. The cumulative incidences of
disability were 26.5% for CNS involvement, 16.4%
for visual disturbance, 12.5% for hearing loss, 10.9%
for adrenergic dysfunction, 4.6% for pancreatic
morbidity, and 1.5% for renal impairment.” One
patient died of metastatic RCC (0.8%), another
entered a vegetative state after a CNS procedure
(0.8%), and five died of postoperative complications

# VHL syndrome: presentation and outcomes
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FIG 3. Event plot showing tumour-related operations for individual patients with

von Hippel-Lindau syndrome since diagnosis
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FIG 4. Event plot showing accident and emergency visits for individual patients

with von Hippel-Lindau syndrome since diagnosis

(3.9%).” Overall, the average Karnofsky performance
status was 80% at the end of follow-up.”

In contrast, in our cohort, the nine patients who
died of VHL syndrome-related tumours succumbed
to the disease itself, rather than postoperative
complications. This highlights the substantial impact
of such tumours on patient mortality, underscoring
the need for vigilant monitoring and comprehensive
management strategies to improve outcomes.

Hong Kong Medical Journal  ©2025 Hong Kong Academy of Medicine. All rights reserved
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Surgery and radiosurgery for von Hippel-
Lindau syndrome-related tumours

Central nervous system haemangioblastomas
represent a major and disabling manifestation of
VHL syndrome. A prospective natural history study
focusing on stereotactic radiosurgery for CNS-Hb in
VHL patients reported outcomes from 20 individuals
treated for 44 lesions.® Most lesions were located in
the cerebellum (n=39), and five in the brainstem.
The mean age at treatment was 37.5 + 12.0 years.?
All patients were alive at a mean follow-up interval
of 8.5 years. Tumours (mean volume: 0.5 + 0.7
c¢m®) were treated with a mean prescription dose of
18.9 Gy (range, 12-24) to the tumour margin, resulting
in local control rates of 91%, 83%, 61%, and 51% at 2, 5,
10, and 15 years, respectively.® Despite the favourable
early response to stereotactic radiosurgery, VHL
syndrome-related haemangioblastomas tend to
progress during long-term follow-up.

With respect to the treatment of VHL
syndrome-related RCC (ie, VHL-RCC), the rule of
thumb is to strike a balance between oncological
control and renal function preservation to avoid
or delay ESRFE. Common strategies include
nephron-sparing surgery and ablative therapies. A
retrospective review of VHL-RCC by Duffey et al’
suggested that 3 cm was a reasonable cutoff, beyond
which metastasis may occur earlier; therefore,
nephron-sparing surgery would be indicated. In a
cohort of 54 VHL patients who underwent nephron-
sparing surgery, nephrectomy, or thermal ablation
for RCC, 97 kidney treatments were performed.
Nephron-sparing surgery was adopted in 96% of first
and 67% of second interventions. The probabilities
of a second surgery were 21% at 5 years and 42% at
10 years. The overall survival and cancer-specific
survival rates were 82.5% and 90.5%, respectively, at
the 10-year follow-up. No metastasis was observed
for RCCs with a maximum diameter smaller than
4 cm.'®

Systemic therapies for von Hippel-Lindau
syndrome

With greater understanding of the genetics and
pathophysiology of VHL syndrome, researchers have
been actively developing effective systemic therapies.
The advent of belzutifan has revolutionised systemic
therapy for VHL syndrome. This HIF-2« inhibitor
demonstrated satisfactory objective response
rates for RCC (49%), pancreatic lesions (77%), and
CNS-Hb (30%), along with an acceptable safety
profile—anaemia and fatigue were the most common
side-effects.? On 13 August 2021, belzutifan was
approved by the United States Food and Drug
Administration for use in adult VHL patients who
need treatment for associated RCC, CNS-Hb, or
pancreatic neuroendocrine tumours not requiring
immediate surgery.'!
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The LITESPARK-004 (MK-6482-004) phase
2 study further supports the clinical benefits of
belzutifan in patients with VHL syndrome.'* With
over 2 years of follow-up data, the study demonstrated
sustained efficacy in reducing tumour burden
across multiple organs.'”> Objective response rates
were consistent with earlier findings: 49% for RCC,
77% for pancreatic lesions, and 30% for CNS-Hb.'?
Notably, the responses were durable, with many
patients experiencing prolonged disease control
without surgical intervention. The safety profile
remained acceptable; anaemia and fatigue were
the most common adverse events.'? These findings
reinforce belzutifan’s potential as a transformative
systemic therapy, offering a non-invasive alternative
to repeated surgeries and improving patient quality
of life. Continued research and access to such
therapies, particularly in Asian populations, are
essential.

Socio-economic impact

von Hippel-Lindau syndrome-related RCC is a
notable malignancy within the disease spectrum.
In our cohort, the annualised per-patient ED visit—
related cost for VHL-RCC patients was HK$2070,
and the annualised inpatient admission cost was
HK$23965. In comparison, an American study
reported that VHL-RCC patients (n=160) incurred
US$36450 more annually than the control group
(n=800), including US$21123 more for RCC
management.’* Among complications, ESRF was
the most costly, requiring US$65 338 over 6 months
post-nephrectomy.’ Similarly, our cohort incurred
approximately HK$28.8 million during the study
period for repeated dialysis in six patients with ESRF.

Another claims-based study showed that
CNS-Hb and pancreatic neuroendocrine tumours
due to VHL syndrome similarly increased annual
healthcare costs by US$49645 compared with the
control group.'* These findings underscore the
importance of novel therapies that can alleviate both
clinical and economic burdens.

In our local hospital system, the estimated
annualised per-patient ED visit-related cost
was HK$8625, and the annualised per-patient
inpatient admission—related cost was HK$129968.
Additionally, dialysis for the six patients with ESRF
required an additional HK$28.8 million. We did
not include calculations for the surgical treatment
of all tumours and related management due to the
practical difficulties of cost estimation within the
public hospital system. Nevertheless, we expect
these costs to be substantial. Although the current
drug cost for belzutifan is high (estimated at around
CAD$17920 per 28 days®), the medical expenses
associated with the natural course of VHL syndrome
are also considerable. Evidence regarding the
cost-effectiveness of medical therapies, including

©2025 Hong Kong Academy of Medicine. All rights reserved



belzutifan, is still emerging; it is important to
consider the composite outcomes of mortality,
healthcare-related costs, irreversible morbidities,
and social dysfunction. Further economic studies
are warranted to quantify the potential cost savings
associated with this novel treatment.

Future directions to optimise care

von Hippel-Lindau syndrome greatly affects
patients’ clinical outcomes and quality of life.
Frequent hospitalisations, repeated medical and
surgical therapies, and recurrent tumours contribute
to cumulative morbidities and mortality. The need
for multidisciplinary care, ongoing surveillance for
recurrence, and genetic counselling further add
to the disease burden. Thus, VHL patients require
improved access to novel medications.

As our results suggest, the management of VHL
syndrome should be holistic. Patients with multiple
VHL syndrome-related conditions should be
discussed at multidisciplinary meetings to facilitate
treatment prioritisation. A sensible approach
would be to address the most life-threatening and
symptomatic disease first.

The initial local experience of using belzutifan
was promising, with manageable toxicity profiles.
With the advent of its coverage by the Samaritan
Fund for eligible patients,'® the role of belzutifan is
expected to rise in local VHL management. While
its safety and efficacy have been demonstrated in
Western populations, its benefits for Asian patients
remain to be fully defined. This retrospective study
showed that one belzutifan user in the cohort
developed fewer new-onset VHL syndrome-related
conditions than non-users. However, the small
sample size (three belzutifan users among 32 VHL
patients) limits generalisability. Nevertheless, the
encouraging initial results of belzutifan in controlling
tumour growth in the kidneys, CNS, retina, and
pancreas support the need for coordinated efforts in
resource allocation and the establishment of subsidy
schemes.> With increased use of the medication,
overall healthcare costs are expected to decline
due to reductions in surgeries and hospitalisations.
Given the rarity of VHL syndrome, future clinical
trials should ideally be multi-national and multi-
centre. Local registries should also be established
to facilitate long-term follow-up, clinical trial
enrolment, and policy development for this patient
group. Additionally, patient support groups, social
support initiatives, and increased attention to
psychological well-being would help provide holistic
care for VHL patients. Addressing the financial and
disease-related burdens faced by this vulnerable
population is essential to improving their quality of
life and long-term outcomes.
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Limitations

Our cohort did not include all VHL patients in Hong
Kong. Assuming an incidence of one in 27300 and
a total population of 7 million in Hong Kong,'® the
estimated number of VHL patients in this locality
is approximately 250, excluding those who did not
present to the participating hospitals or whose
follow-up data were unavailable. Nevertheless, our
study offers the first insight into the clinical journey
of local VHL patients.

Conclusion

Overall, VHL patients experience early-onset and
recurrent multi-systemic illness, with a substantial
risk of irreversible morbidity and mortality.
Multidisciplinary care and the promotion of
effective treatments such as belzutifan may improve
the management of this rare but important disease.
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