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Abstract 
Von Hippel–Lindau (VHL) disease is a rare inherited syndrome characterized by benign and malignant neoplasms. Belzutifan, a HIF-2α inhib-
itor, was approved for the treatment of VHL-associated neoplasms. As a first-in-class agent, understanding tolerability and efficacy outside of 
a clinical trial setting and optimizing the management of adverse events (AEs) is important. We conducted a retrospective analysis of VHL 
patients ≥18 years old, treated with belzutifan at Vanderbilt University Medical Center, between November 2018 and December 2024. Clinical 
data and AEs were collected. Primary endpoint was safety; secondary endpoints included dose reduction, treatment interruption, treatment 
discontinuation, time to anemia onset, time to dose reduction, tumor shrinkage, objective response (per RECIST 1.1), and need for subsequent 
VHL-related procedures. Among 25 patients, with a median follow-up of 35.0 months, any-grade AEs occurred in 23 (92%) patients; anemia 
was the most frequent (64%, no grade ≥ 3). The median time to anemia onset was 3.7 months. Treatment interruption happened in 80% of the 
patients. The dose reduction was needed in 15 (60%) patients, with a median time of 6.8 months, and the median final dose was 80 mg. Tumor 
shrinkage occurred in 89% of RCC patients, 80% of CNS hemangioblastoma, and 80% of pancreatic neuroendocrine tumors (pNET). Overall, 
four (20%) patients experienced the progression of the disease. During follow-up, three (12%) patients required new VHL-related procedures. 
These findings support the long-term safety and efficacy of belzutifan in VHL disease, underscore the utility of dose reduction for AE manage-
ment while demonstrating durable disease control, and a low incidence of interventional procedures.   
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This study aims to report a single-center experience with 
belzutifan in patients with VHL and to provide clinical data 
on the safety and efficacy of this therapy at a VHL coordi-
nating care center in an academic practice. 

Material and Methods 
Eligibility criteria 
Patients aged ≥18 years with confirmed VHL disease who 
were treated with belzutifan between November 2018 and 
December 2024 were included.

Data collection
A retrospective analysis was conducted at Vanderbilt 
University Medical Center (VUMC). Data were collected 
using a HIPAA-compliant registry under an Institutional 
Review Board–approved protocol 160979. Patients were 
identified through the Slicer Dicer tool within the EPIC 
electronic health record system by selecting individuals 
with a belzutifan prescription and confirmed germline VHL 
mutations.

Collected clinicopathological variables included age, sex, 
self-reported race, VHL-related clinical manifestations, 
smoking history, body mass index, and Eastern Cooperative 
Oncology Group (ECOG) performance status. Baseline data 
before belzutifan initiation included prior VHL-related inter-
ventions, complete blood count (CBC), and comprehensive 
metabolic panel (CMP).

After initiation of belzutifan, data collected included 
the start date of the treatment, initial dose, serial CBC and 
CMP values, documentation of any treatment interruptions, 
dose reductions, and discontinuation. Adverse events were 
captured through retrospective review of medical records. 
Supportive measures, including erythropoiesis-stimulating 
agents (ESAs), blood transfusions, and supplemental oxygen, 
were recorded. VHL-related interventions performed during 
belzutifan treatment were also captured. These included any 
neoplasm resection or ablation, retinal HB interventions, 
procedures for middle ear tumors, and phlebotomy, in one 
patient with erythrocytosis.

Follow-up duration was defined as the interval from belzuti-
fan initiation until the last follow-up available or death. The 
date of the last data lock for this analysis was May 30, 2025.

Assessment parameters
We evaluated the rate of AEs, categorized as any grade and 
grade ≥3 according to CTCAE v5.0, time to onset of anemia, 
rate and timing of dose reductions, rate of treatment inter-
ruptions, subsequent procedures, and proportion of treat-
ment discontinuation.

Introduction
Von Hippel–Lindau (VHL) disease is a rare autosomal 
dominant syndrome, affecting 1:36,000 people, caused by 
germline inactivation of the VHL tumor suppressor gene (1). 
Clinical manifestations include benign and malignant neo-
plasms, such as clear cell renal cell carcinoma (RCC), pan-
creatic neuroendocrine tumors (pNET), hemangioblastomas 
(HB) of the retina and central nervous system (CNS), and 
others (1, 2).

The loss of VHL function impairs the degradation of 
hypoxia-inducible factor (HIF), resulting in its accumu-
lation. HIFα promotes the transcription of hypoxia-re-
sponsive genes that drive tumor development. This process 
contributes to the formation of angiogenic tumors, such as 
clear cell RCC and HB. These tumors can produce elevated 
levels of vascular endothelial growth factor and erythropoi-
etin, which may further promote angiogenesis and, in some 
cases, lead to secondary erythrocytosis (3–5).

Historically, the management of these patients has relied 
on lifelong surveillance by an experienced and coordinated 
multidisciplinary team with regular clinical, physical, and 
radiologic assessments (6). Over time, a significant number 
of patients will require invasive interventions, which carry 
intrinsic risks of complications including vision loss, chronic 
kidney disease, and neurologic disability (7, 8).

Although VHL management has gradually improved and 
mortality rates have decreased, Binderup et al. estimated a 
mean life expectancy, lower than that of the general popu-
lation, of 67 years for affected men and 60 years for women. 
They found that nearly 80% of the fatal events were VHL-
related, mostly due to CNS HB and RCC (9). 

The recent development of belzutifan, an oral HIF 2α 
(HIF-2α) inhibitor, represents a major advance in this field. 
This agent targets HIF transcription by impairing its het-
erodimerization with HIF-1b (ARNT), leading to durable 
disease control across various VHL-related neoplasms (4, 6). 
The LITESPARK-004 trial included 61 patients and showed 
an objective response rate (ORR) reaching 70% in RCC, 90% 
in pNET, and 50% in CNS HB, with a median duration of 
response not reached (10, 11). Also, it led to a significant 
reduction in the number of patients requiring procedural 
interventions (radiation or surgery) (10–12).

The prolonged time to response, from 5.5 to 11.2 months 
according to the type of neoplasm, highlights the impor-
tance of treatment adherence and continuous follow-up of 
these patients (11).

A potential lifelong therapy, the high incidence of low-
grade adverse events (AEs) can impact the quality of life 
and the psychological burden in a young and active patient 
population (10). This can be illustrated by nearly one quarter 
of the participants discontinuing belzutifan for reasons other 
than progression of disease (11).
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For patients requiring dose reduction, hemoglobin (Hb) 
levels were assessed at three time points: at treatment initi-
ation, at the time of dose reduction (or most recent value 
before dose reduction if  preceded by interruption), and 
within 6 months post-dose reduction. 

Radiological evaluation
Radiologic assessments were performed by a neurosurgery 
specialist (B.R.) and an abdominal radiologist (R.B.F.). 
Objective response (OR) was defined according to RECIST 
1.1. Baseline measurements were obtained from the most 
recent imaging study before belzutifan initiation, using the 
shortest diameter (mm). The best overall response and tumor 
shrinkage rate were reported separately for RCC, HB, and 
pNETs. Tumor shrinkage rate was defined as the propor-
tion of patients with any decrease in tumor size relative to 
the total number of patients assessed per tumor type. Image 
intervals were based on routine clinical practice. 

Statistical analysis 
Baseline characteristics were summarized using counts 
and percentages for categorical variables and medians with 
ranges for continuous variables. This was a descriptive analy
sis; no formal statistical hypothesis testing was performed.

Results
Demographic and clinical characteristics
Twenty-five patients were identified, with a median age of 
42 years (range: 22 – 74), of whom 64% were females and were 
predominantly white (Table 1). All patients had an ECOG 
performance status of 0 or 1. As of May 2025, the median 
follow-up was 35.0 months (range: 5.6 – 79.5) after initiating 
belzutifan. All patients started belzutifan at 120 mg daily.

The most common VHL-associated neoplasms were CNS 
HB (88%), RCC (72%), retinal HB (40%) and pNET (40%). 
Before belzutifan initiation, 92% of patients had under-
gone at least one VHL-related procedure at any time point, 
including CNS resections (56%), nephrectomy (36%), reti-
nal ablations (16%), pancreatic lesion resections (12%), and 
adrenalectomy (10%), and in one patient with erythrocyto-
sis, serial phlebotomies. The median baseline Hb level in the 
entire cohort was 13.7 (range: 11.0–19.0).

Treatment safety
Adverse events were reported in 92% of patients (Table 2), 
with any-grade anemia being the most frequent AE (64%). No 
cases of Grade 3 or higher anemia were observed. The median 
time to anemia onset was 3.7 months (range: 1.1–33.6). 

Treatment interruptions occurred in 80% of patients 
(Table 2), with 28% (n = 7) experiencing interruptions last-
ing longer than 3 months. Of these prolonged interruptions, 
three were due to patient choice, two to pericardial effusion, 
one to fatigue, and one to loss of insurance coverage.

Dose reduction at any point was required by 60% of 
the patients, after a median of  6.8 months (range: 1–17), 
primarily due to anemia (36%), fatigue (16%), nausea 
(8%), and pericardial effusion (8%; Table 2). Among 
patients who underwent dose reduction (n = 15), median 
baseline Hb was 13.0 g/dL (range: 11–19). At the time of 
dose reduction, median Hb was 10.0 g/dL (range: 8.1–11), 
and after a median of  2.4 months (range: 1.2–5.5) post-
reduction, the median Hb was 10.7 g/dL (range: 8.7–15.1). 
Following dose modification, 80% of  patients experienced 
an increase in Hb levels. No red blood cell transfusions 
were required. ESAs were used in 20% of  patients. One 
patient required supplemental oxygen due to belzutifan-
induced hypoxia.

At data cutoff, 32% and 44% of the patients were on 120 
and 80 mg of belzutifan daily, respectively, and 24% had dis-
continued treatment. The median time to discontinuation 
was 33 months (range: 24.5–34). Reasons for discontinuation 
included anemia (1 patient), Grade 3 hypoxia (1), disease 
progression (one pNET and one RCC), patient decision (1), 
and pregnancy (1). 

Efficacy in RCC, pNET, and CNS 
hemangioblastomas 
Among the 25 patients, 23 (92%) had at least one baseline 
measurable target lesion according to RECIST 1.1. One 
patient had only nontarget CNS HB and one patient had no 
active neoplasm (presenting with erythrocytosis). 

A total of 48 lesions were evaluated: 23 CNS HB, 17 RCC, 
and 8 pNET.

For RCC, nine patients were evaluated. Eight out of nine 
patients (89%) experienced tumor shrinkage, while one (11%) 
maintained tumor stability. According to RECIST 1.1, 11% 
had partial response (PR) and 89% had stable disease (SD). 
Median baseline lesion size was 24 mm (range: 19–57), and 
24 mm (range: 10–53) at best response. At the data cutoff, 
two patients had local PD, one requiring surgery and the 
other with death following PD (VHL-related).   

For pNET, five patients were evaluated. Median baseline 
size was 27 mm (range: 11–47), and 27 mm (range: 5–44) 
at best response. Four patients (80%) experienced tumor 
shrinkage, and one maintained tumor stability. Per RECIST 
1.1, 20% had PR and 80% had SD. One patient had liver PD 
while on treatment and switched to Lu-177 dotatate. 

For CNS HB, 15 patients were evaluated. The median 
baseline size was 14 mm (range: 10–37), and 12 mm (range: 
7–37) posttreatment. Twelve patients (80%) experienced 
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Table 1: Baseline characteristics (n = 25).

Age at treatment initiation – median, 
range

42 (22–74)

Gender – no. (%)

Female 16 (64)

Male 9 (36)

Race – no. (%)

White 22 (88)

Non-white 3 (12)

ECOG – no. (%) 0 or 1 25 (100)

Smoking history

Yes 9 (36)

No 16 (64)

eGFR ≥ 45 mL/min – no. (%) 25 (100)

BMI

Median, range 26 (18 – 48)

< 30 – no (%) 16 (64)

≥ 30 – no (%) 9 (36)

VHL-related neoplasms - no. (%)

CNS hemangioblastomas 22 (88)

RCC 18 (72)

(continues)

Table 1: Continued.

Retinal hemangioblastomas 10 (40)

pNET 8 (32)

Pheochromocytoma 5 (20)

Ear endolymphatic sac tumor 2 (8)

Epididymal cystadenoma 1 (4)

Non-neoplasm VHL manifestation

Erythrocytosis* 1 (4)

Local procedure due to VHL 
manifestation before belzutifan – no. (%)

23 (92)

CNS 15 (60)

Renal 9 (36)

Ophthalmologic 6 (24)

Adrenal 5 (20)

Pancreatic 4 (16)

Baseline hemoglobin (g/dL) – median, 
range

13.7 (11–19)

*For this patient, phlebotomy was considered a VHL-related 
intervention.
BMI, body mass index; CNS, cerebrospinal fluid; ECOG, Eastern 
Cooperative Oncology Group; eGFR, estimated glomerular filtra-
tion rate; pNET, pancreatic neuroendocrine tumors; RCC, renal cell 
carcinoma; VHL, Von Hippel–Lindau.

Table 2: Summary of adverse events and safety findings.

Any-grade Grade ≥ 3 Leading to dose reduction Leading to discontinuation

Fatigue 20 (80) 1 (4) 4 (16) 0

Anemia 16 (64) 0 9 (36) 1 (4)

Nausea 8 (32) 0 2 (8) 0

Dizziness 8 (32) 0 0 0

Headache 7 (28) 0 1 (4) 0

Hypoxia 2 (8) 1 (4) 1 (4)* 1 (4)

AST or ALT elevation 2 (8) 0 1 (4) 0

Cognitive impairment 2 (8) 0 0 0

Pericardial effusion 2 (8) 1 (4) 2 (8) 0

*This patient had two subsequent dose reductions, 80 and 40 mg, without resolution of hypoxia, leading to discontinuation.
ALT, alanine aminotransferase; AST, aspartate aminotransferase.
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routine practice. Our findings underscore the frequent need 
for treatment interruptions and dose reductions outside of a 
clinical trial setting.

The presented cohort shares similarities with 
LITESPARK-004, including patient demographics and 
neoplasm distribution. Notably, our cohort included fewer 
patients with measurable (≥10 mm) RCC compared to 
LITESPARK-004 (36% vs 100%), as this was an inclusion 
criterion for the trial (12).

A similar rate of treatment discontinuation due to AEs 
(8%) was observed, but a higher rate of treatment inter-
ruptions (80%) and dose reductions (60%) was noted com-
pared to LITESPARK-004 (21% and 16%, respectively) (11). 
These differences highlight the challenges faced in clinical 
practice compared to tightly controlled trial protocols. In 
clinical practice, in a patient population where lifelong treat-
ment is an expectation, low-grade toxicities (e.g., headache, 
fatigue, nausea, anemia) may more readily prompt treatment 
modification.

In LITESPARK-004, nearly one quarter of the patients 
required ESAs for anemia, and a post-hoc analysis suggested 
that ESA administration did not detrimentally impact the 
efficacy of belzutifan (13). However, the FDA does not rec-
ommend its use since its safety has not been established (14), 
which shows a lack of consensus regarding the best strategy 
for anemia management.

Our findings suggest that dose reductions are safe and 
effective for anemia and improve the overall tolerability. 
Following dose reduction, patients maintained stable Hb 

tumor shrinkage, two (13%) had stability of tumor size, and 
one (7%) had lesion growth. RECIST 1.1 outcomes showed 
20% PR and 80% SD. At data cutoff, one patient had PD of 
the cystic component requiring resection (Figures 1 and 2). 

Four progression events were observed (median time 
to progression: 36.6 months; range: 32.5–77.5), including 
two RCC, one CNS HB, and one pNET. All progression 
events occurred in patients receiving 120 mg at the time of 
progression; two patients continued belzutifan despite pro-
gression for perceived clinical benefit in other controlled 
VHL-associated lesions. 

Among the 15 patients who underwent dose reduction, all 
patients were progression-free after a median follow-up of 
27.7 months (range: 3–39) post-reduction.

Impact on VHL-related interventions
As mentioned earlier, 92% of the patients required at least 
one procedure before treatment. At data cutoff, 12% of 
patients required new procedures related to VHL neoplasms, 
including two nephrectomies (one partial and one radical) 
and one CNS HB resection for a persistent large-volume 
lesion (Figure 2).

Discussion
This academic center experience reinforces the efficacy of 
belzutifan in controlling VHL-associated neoplasms and 
highlights its generally favorable long-term safety profile in 
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Figure 1: Waterfall plot showing tumor size variation at the best radiological response.
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levels without any indication of compromised disease con-
trol. Therefore, this approach may reduce reliance on ESAs, 
reduce clinic visits, financial costs, and psychological distress 
of self-injection, avoid ESA-related risks, and potentially 
mitigate other concomitant side effects.

The reasons for the differences in the objective response 
rates in our cohort and LITESPARK-004 are unclear. It 
can be attributed to several factors such as the lower num-
ber of lesions evaluated, shorter follow-up, irregular timing 
of radiological assessments and the larger median size of 
baseline lesions in our cohort. Despite these differences, our 
experience reinforces the efficacy of belzutifan in reducing 
tumor size and the need for frequent surgical interventions. 

Limitations of this study include its retrospective design, 
single-center, and reliance on chart review to capture subjec-
tive data (e.g., adverse events) and adherence patterns.

Conclusions
In summary, proactive toxicity management in patients 
treated with belzutifan is fundamental for this patient pop-
ulation that may require therapy for many years. Dose 
reduction appears to be a pragmatic approach to enhance 
long-term tolerability, although its potential impact on dis-
ease control warrants further study. These insights may 

inform personalized management strategies for VHL patients 
receiving belzutifan in clinical practice. 
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