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BACKGROUND
Patients with von Hippel–Lindau (VHL) disease have a high incidence of renal cell 
carcinoma owing to VHL gene inactivation and constitutive activation of the tran-
scription factor hypoxia-inducible factor 2α (HIF-2α).

METHODS
In this phase 2, open-label, single-group trial, we investigated the efficacy and 
safety of the HIF-2α inhibitor belzutifan (MK-6482, previously called PT2977), 
administered orally at a dose of 120 mg daily, in patients with renal cell carcinoma 
associated with VHL disease. The primary end point was objective response (com-
plete or partial response) as measured according to the Response Evaluation Cri-
teria in Solid Tumors, version 1.1, by an independent central radiology review 
committee. We also assessed responses to belzutifan in patients with non–renal 
cell carcinoma neoplasms and the safety of belzutifan.

RESULTS
After a median follow-up of 21.8 months (range, 20.2 to 30.1), the percentage of 
patients with renal cell carcinoma who had an objective response was 49% (95% 
confidence interval, 36 to 62). Responses were also observed in patients with pan-
creatic lesions (47 of 61 patients [77%]) and central nervous system hemangioblas-
tomas (15 of 50 patients [30%]). Among the 16 eyes that could be evaluated in 12 
patients with retinal hemangioblastomas at baseline, all (100%) were graded as 
showing improvement. The most common adverse events were anemia (in 90% of 
the patients) and fatigue (in 66%). Seven patients discontinued treatment: four 
patients voluntarily discontinued, one discontinued owing to a treatment-related 
adverse event (grade 1 dizziness), one discontinued because of disease progression 
as assessed by the investigator, and one patient died (of acute toxic effects of 
fentanyl).

CONCLUSIONS
Belzutifan was associated with predominantly grade 1 and 2 adverse events and 
showed activity in patients with renal cell carcinomas and non–renal cell carci-
noma neoplasms associated with VHL disease. (Funded by Merck Sharp and 
Dohme and others; MK-6482-004 ClinicalTrials.gov number, NCT03401788.)
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A rare autosomal dominant heredi-
tary disorder, von Hippel–Lindau (VHL) 
disease is caused by germline pathogenic 

variants in the VHL gene. VHL disease occurs in 
approximately 1 in every 27,300 to 39,000 live 
births.1,2 The condition is associated with benign 
and malignant neoplasms, including clear-cell 
renal cell carcinoma, pancreatic neuroendocrine 
tumors, and hemangioblastomas in the central 
nervous system and retina.1,2

Renal cell carcinomas develop in approxi-
mately 70% of patients with VHL disease during 
their lifetime.3 Although clinical judgment in-
forms the risk–benefit assessment for surgery, 
surgical intervention, such as partial nephrec-
tomy, is recommended to decrease the risk of 
metastatic disease in the case of renal tumors 
that grow beyond a 3-cm-diameter threshold and 
in the case of renal tumors that grow rapidly.1,4,5 
A nephron-sparing approach is used in the re-
section of renal tumors when feasible, and early 
surgical intervention for renal cell carcinoma 
tumors less than 3 cm in diameter is generally 
not recommended because these tumors are as-
sociated with a low risk of metastasis.3 Patients 
typically undergo several surgical procedures dur-
ing their lifetime for resection of renal tumors 
and other VHL-disease–associated neoplasms.6 
Systemic therapy could benefit patients with re-
nal cell carcinomas related to VHL disease by 
preventing tumor growth beyond 3 cm in diam-
eter, thereby reducing the need for surgery and 
the risk of consequent renal insufficiency and 
metastases. Systemic therapy could provide sim-
ilar benefits for patients with other neoplasms 
associated with VHL disease.

The VHL protein acts as an E3 ubiquitin li-
gase and leads to ubiquitination of the alpha 
subunit of hypoxia-inducible factor (HIF) in an 
oxygen-dependent fashion, which results in pro-
teolysis of HIF.7 Pathogenic VHL variants reduce 
VHL protein activity, which results in stabiliza-
tion of HIF subunits and the subsequent consti-
tutive activation of HIF-mediated transcriptional 
pathways, independent of oxygen concentrations.7 
In particular, HIF-mediated transcription facili-
tates gene expression of vascular endothelial 
growth factor (VEGF), cyclin D1, glucose trans-
porter 1, and erythropoietin.7 These factors 
normally function to counteract the effects of 
hypoxia by promoting vascularization, enhancing 

glucose utilization, and increasing red-cell pro-
duction through transcriptional signals.8

Constitutive activation of the HIF transcrip-
tion factor is responsible for the hypervascular-
ization that occurs in VHL-disease–associated 
renal cell carcinoma.1,7,8 Accordingly, VEGF-tar-
geted therapy has been evaluated for use in VHL 
disease.5,9-14 Preclinical data indicate that HIF-2α 
subunit antagonists, which block HIF pathway 
activation at its most proximal source, inhibit tu-
mor growth in clear-cell renal cell carcinoma.15,16 
HIF-2α overexpression is ubiquitous in VHL-
disease–associated renal cell carcinoma and is 
associated with sensitivity to HIF-2α inhibitor 
therapy in xenograft models.15 Preliminary data 
from phase 1 studies involving patients with 
advanced clear-cell renal cell carcinoma indi-
cate the potential efficacy of HIF-2α blockade 
in patients with sporadic clear-cell renal cell car-
cinoma.17,18

Belzutifan (MK-6482, previously called PT2977) 
is a second-generation small-molecule HIF-2α 
inhibitor that offers better pharmacologic proper-
ties than the first-generation compound MK-3795 
(previously called PT2385) and has shown effi-
cacy and safety in a phase 1 trial involving pa-
tients with advanced clear-cell renal cell carci-
noma.18,19 Given the role of VHL inactivation and 
the resulting HIF-2α activation in tumorigenesis 
associated with VHL disease, the objective of the 
present trial was to evaluate the efficacy and 
safety of belzutifan in patients with VHL-disease–
associated renal cell carcinoma.

Me thods

Patients

Patients 18 years of age or older were eligible for 
enrollment if they had VHL disease that was 
diagnosed on the basis of a germline VHL altera-
tion and at least one measurable renal cell carci-
noma tumor (≥10 mm in the longest diameter as 
measured with computed tomography [CT] or 
magnetic resonance imaging [MRI]), defined ac-
cording to Response Evaluation Criteria in Solid 
Tumors (RECIST), version 1.1; if they had no 
renal cell carcinoma tumors larger than 3 cm 
that necessitated immediate surgical intervention 
and no evidence of metastatic disease; and if 
they had an Eastern Cooperative Oncology 
Group (ECOG) performance-status score of 0 or 1 

A Quick Take 
is available at 
NEJM.org

The New England Journal of Medicine 
Downloaded from nejm.org at UW-Madison on January 8, 2022. For personal use only. No other uses without permission. 

 Copyright © 2021 Massachusetts Medical Society. All rights reserved. 



n engl j med 385;22 nejm.org November 25, 20212038

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

(on a 5-point scale, with 0 indicating no symp-
toms and higher scores indicating greater dis-
ability). Complete eligibility criteria are provided 
in Section 7.2 of the protocol, available with the 
full text of this article at NEJM.org.

Trial Design and Treatment

In this phase 2, open-label, single-group trial, 
patients were enrolled at 11 centers in the United 
States, Denmark, France, and the United King-
dom between May 31, 2018, and March 29, 2019. 
Patients received belzutifan administered orally 
at a dose of 120 mg once daily (in three 40-mg 
tablets) unless unacceptable adverse events or 
disease progression occurred. The primary end 
point was objective response to treatment with 
belzutifan (complete response or partial response), 
as defined according to RECIST, version 1.1, in 
patients with VHL-disease–associated renal cell 
carcinoma. Secondary end points were duration 
of response, time to response, and progression-
free survival; other secondary end points were 
the efficacy of belzutifan in the treatment of 
non–renal cell carcinoma neoplasms associated 
with VHL disease (including retinal and central 
nervous system hemangioblastomas and pancre-
atic lesions [i.e., serous cystadenomas and pan-
creatic neuroendocrine tumors]) and the safety 
of belzutifan.

Trial Oversight

This ongoing trial is sponsored by Merck Sharp 
and Dohme and was designed by the sponsor in 
collaboration with academic advisors. The proto-
col and its amendments were approved by the 
appropriate institutional review board or inde-
pendent ethics committee at each center, and 
the trial was conducted according to Interna-
tional Council for Harmonisation Good Clinical 
Practice guidelines and the principles of the 
Declaration of Helsinki. All patients provided 
written informed consent. Data were collected 
by trial investigators and site personnel. The 
authors and sponsor representatives were re-
sponsible for the analysis and interpretation of 
the data. All authors had access to the trial data 
and reviewed and edited the manuscript before 
submission. The authors vouch for the complete-
ness and accuracy of the reported data and the 
fidelity of the trial to the protocol. Medical-
writing and editorial assistance with earlier drafts 
of the manuscript was provided by ApotheCom 
and was paid for by the sponsor.

Assessments

Assessment of safety end points was conducted 
throughout the trial and included the recording 
of adverse events, laboratory results, vital signs, 
findings from physical examinations, and elec-
trocardiography results. Adverse events were 
coded according to the terminology used in the 
Medical Dictionary for Regulatory Activities, version 
23.0. Severity was graded according to the Na-
tional Cancer Institute Common Terminology 
Criteria for Adverse Events, version 4.03.

Imaging of renal tumors with CT or MRI was 
performed at baseline, within 7 days before the 
week 13 visit, and every 12 weeks thereafter. 
When available, assessments of target tumors in 
VHL-disease–associated renal cell carcinoma were 
obtained and evaluated by independent central 
radiology reviewers two or more times before 
screening imaging was performed, to estimate 
growth kinetics before treatment. Among pa-
tients with non–renal cell carcinoma neoplasms, 
radiologic imaging and ophthalmic evaluations 
(dilated fundus examination, color fundus photog-
raphy, and best-corrected visual acuity measure-
ment) were performed at baseline and were 
performed during the trial treatment period only 
in patients who had neoplasms that were docu-
mented at baseline.

Tumor assessments of solid lesions were per-
formed by an independent review committee with 
the use of RECIST, version 1.1, for each organ 
system affected by VHL disease. A maximum of 
five target lesions and five nontarget lesions 
could be identified for assessment in each af-
fected organ system. In assessments of central 
nervous system hemangioblastomas with solid 
and cystic components, both components were 
included in the measurements. In assessments 
of pancreatic lesions, pancreatic neuroendocrine 
tumors and serous cystadenomas were measured. 
Qualitative assessment of retinal hemangioblas-
tomas included multiple factors, such as size, 
location, and number of lesions, as well as the 
degree of feeder or drainer vessel engorgement, 
exudate, and fibrosis.

The linear growth of target lesions before 
treatment was calculated in patients who under-
went at least three pretreatment imaging assess-
ments, including the screening scan. Linear 
growth of lesions during treatment was calcu-
lated in patients who had a screening and at 
least two imaging assessments while they were 
receiving treatment. Linear regression was ap-
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plied to lesion sizes, with time as a continuous 
variable and individual tumor as a categorical 
variable. The linear growth rate was derived as 
the coefficient of time.

Statistical Analysis

The data cutoff date was December 1, 2020. The 
full statistical analysis plan is available in Sec-
tion 13.0 of the protocol. We calculated that a 
planned sample size of approximately 50 pa-
tients would provide the trial with 80% power to 
detect a significant difference (at a one-sided 
alpha level of 0.05) between an objective re-
sponse of 30% and the null hypothesis of an 
objective response of 15%. Confidence intervals 
for objective responses were calculated with the 
use of the two-sided Clopper–Pearson method.

Efficacy was assessed in the intention-to-treat 
population. Safety was assessed in all the pa-
tients who received at least one dose of belzuti-
fan. Efficacy and safety outcomes were summa-
rized descriptively.

R esult s

Patient Characteristics

A total of 61 patients were enrolled in this trial. 
The median age was 41 years (range, 19 to 66); 
of the 61 patients, 32 (52%) were men, and 50 
(82%) had an ECOG performance-status score 
of 0 (Table 1). A total of 59 patients (97%) had 
undergone at least one previous tumor reduction 
procedure (e.g., partial nephrectomy, craniotomy, 
or cryoablation); 46 patients (75%) with renal 
tumors had undergone tumor reduction proce-
dures, including 40 patients (66%) who had un-
dergone a partial or radical nephrectomy. At 
baseline, patients had a median of 2.0 (range, 
1.0 to 5.0) renal cell carcinoma target tumors, 
1.0 (range, 1.0 to 3.0) pancreatic target lesion, 
and 1.5 (range, 1.0 to 5.0) central nervous system 
target hemangioblastomas. All the patients had 
localized renal cell carcinoma and pancreatic 
lesions (22 patients [36%] had pancreatic neuro-
endocrine tumors), 50 patients (82%) had central 
nervous system hemangioblastomas, and 12 pa-
tients (20%) had retinal hemangioblastomas at 
baseline that could be evaluated by the indepen-
dent central review committee.

Efficacy in Renal Cell Carcinoma

As of December 1, 2020, the median follow-up 
time, defined as the time from the first dose to 

the date of data cutoff, was 21.8 months (range, 
20.2 to 30.1). Median exposure was 21.7 months 
(range, 1.9 to 30.1). A total of 54 patients (89%) 
continued to receive treatment with belzutifan 
as of the data cutoff date.

A total of 30 patients had confirmed partial 
responses, for an objective response in renal cell 
carcinoma of 49% (95% confidence interval [CI], 
36 to 62) (Table 2). An additional 30 patients 
(49%) had a best response of stable disease. Two 
patients (3%) had disease progression, as as-
sessed by the independent central radiology re-
view committee. In addition, one patient was 
assessed by the central radiology review com-
mittee as having had a best objective response of 
stable disease but was categorized by the treat-
ing physician as having progressive disease. A 
reduction in the sum of all target lesion diame-
ters was observed in 56 patients (92%) (Fig. 1A, 
and Table S1 in the Supplementary Appendix). 
Most patients had growing tumors before treat-
ment, followed by an observed reduction in the 
sum of the largest tumor diameters after treat-
ment began (Fig. 1B and Fig. S1). At 24 months, 
the percentage of patients with progression-free 
survival was 96% (95% CI, 87 to 99) (Fig. S2).

For the evaluation of linear growth of renal 
tumors, 57 patients met the pretreatment crite-
ria, 58 met the on-treatment criteria, and 54 met 
pretreatment and on-treatment criteria. At the 
patient level, the median linear growth rate of 
tumors before treatment was 3.6 mm per year 
(range, −3.1 to 18.6) as compared with −3.7 mm 
per year (range, −9.5 to 10.1) during the on-
treatment period. Among patients with a partial 
response who could be evaluated (28 before 
treatment and 30 during the on-treatment peri-
od), the median linear growth rate was 4.1 mm 
per year (range, −3.1 to 18.6) before treatment, 
as compared with −5.6 mm per year (range, −9.5 
to −1.3) during the on-treatment period. Among 
patients with stable disease who could be evalu-
ated (28 patients), the median linear growth rate 
was 3.4 mm per year (range, −0.5 to 8.9) before 
treatment and −1.6 mm per year (range, −7.2 to 
10.1) during the on-treatment period. At the tu-
mor level, the median linear growth rate was 3.3 
mm per year (range, −3.1 to 18.6) in 110 tumors 
before treatment and −3.6 mm per year (range, 
−16.6 to 10.1) in 105 tumors during treatment.

The median time to response was 8.2 months 
(range, 2.7 to 19.1) (Fig. 1C), and treatment was 
ongoing in 54 patients at the time of data cutoff. 
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Table 1. Baseline Demographics and Disease Characteristics in the Safety Population.*

Characteristic All Patients (N=61)

Age — yr

Median (range)  41 (19–66)

At time of VHL disease diagnosis — median (range) 32 (4–66)

At time of diagnosis of VHL-disease–associated renal cell carcinoma — median (range)  30 (15–62)

Sex — no. (%)

Male 32 (52)

Female 29 (48)

ECOG performance-status score — no. (%)†

0 50 (82)

1 10 (16)

2 1 (2)

VHL disease subtype — no. (%)‡

1 51 (84)

2A 2 (3)

2B  6 (10)

2C 0

Missing 2 (3)

Previous surgery or ablative procedure — no. (%)

Total 59 (97)

Surgery for renal cell carcinoma 46 (75)

Partial or radical nephrectomy§ 40 (66)

Ablative procedures¶ 20 (33)

Central nervous system surgery 47 (77)

Pancreas-related surgery  9 (15)

Previous surgical or ablative procedures per patient — median (range) 4 (0–15)

Procedures — no. of patients (%)

0 2 (3)

1 5 (8)

2  6 (10)

3  8 (13)

≥4 40 (66)

Non–renal cell carcinoma neoplasms — no. (%)‖

Pancreatic lesions‖  61 (100)

Pancreatic neuroendocrine tumors 22 (36)

Central nervous system hemangioblastomas 50 (82)

Retinal hemangioblastomas 12 (20)

Median size of target lesions (range) — mm

Renal cell carcinomas 22 (10–61)

Pancreatic lesions** 20 (10–89)

Pancreatic neuroendocrine tumors 21 (10–52)

Central nervous system hemangioblastoma 16 (10–87)
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The median duration of response was not reached 
(range, 2.8+ to 22.3+ months [with the plus sign 
indicating ongoing response at the time of data 
cutoff]) (Fig. S3). A total of 30 patients (49%) 
had a partial response; all these patients contin-
ued to receive treatment as of the time of data 
cutoff. One patient had disease progression after 
an initial partial response. A total of 24 patients 
(39%) with a best response of stable disease 
were continuing treatment at the time of data 
cutoff. As of the data cutoff date, 3 patients had 
had a tumor reduction procedure (partial nephrec-
tomy in 1 patient, cerebellar radiation in 1 pa-
tient, and resection of a nontarget central ner-
vous system hemangioblastoma in 1 patient) 
after treatment was started; all 3 patients were 
receiving ongoing treatment as of the data cut-
off. No patient underwent pancreatic surgery; 
1 patient underwent vitrectomy for retinal de-
tachment, which was not considered by the trial 
investigators to be related to active disease. In 
contrast, 327 procedures had been performed 
before treatment began, 64 of which had been 
performed in the 2.5 years before treatment was 
started (Fig. 1D).

Efficacy in Non–Renal Cell Carcinoma 
Neoplasms

All 61 patients in the trial had pancreatic lesions; 
a confirmed response was observed in 47 pa-
tients (77%), including 6 patients (10%) who had 
a complete response (Table S2). Among 22 pa-
tients with pancreatic neuroendocrine tumors, 
20 patients (91%) had a confirmed response 
(including 3 patients [14%] who had a complete 
response). Among patients with central nervous 
system hemangioblastomas, 15 of 50 patients 

(30%) had a confirmed response (including 3 who 
had a complete response [6%]). A total of 60 
target central nervous system hemangioblasto-
mas were identified; 27 originated in the cere-
bellum, 23 in the spine, and 10 in another loca-
tion (e.g., the brain stem or frontal lobe). The 
median target-lesion change in cerebellar he-
mangioblastomas was −30% (range, −71 to 0); in 
spinal hemangioblastomas, −51% (range, −100 
to −5); and in other hemangioblastomas, −35% 
(range, −50 to 0). The median time to response 
was 8.4 months (range, 2.5 to 19.1) for all pan-
creatic lesions, 5.5 months (range, 2.5 to 16.4) 
for pancreatic neuroendocrine tumors, and 3.2 
months (range, 2.3 to 16.6) for central nervous 
system hemangioblastomas. At the time of data 

*  VHL denotes von Hippel–Lindau.
†  Eastern Cooperative Oncology Group (ECOG) performance-status scores are assessed on a 5-point scale, with higher 

scores indicating greater disability. A waiver was requested by the investigator and approved by the institutional review 
board before enrollment of the patient with an ECOG performance-status score of 2.

‡  Type 1 disease manifests as retinal and central nervous system hemangioblastomas, renal cell carcinoma, pancreatic 
cysts, neuroendocrine tumors, and a decreased risk of pheochromocytomas; type 2A disease as pheochromocytomas, 
retinal and central nervous system hemangioblastomas, and a decreased risk of renal cell carcinoma; type 2B disease 
as renal cell carcinoma, pheochromocytomas, and retinal and central nervous system hemangioblastomas; and type 
2C disease as pheochromocytomas only.3

§  Partial or radical nephrectomy also includes renal surgery and renal tumor excision.
¶  Ablative procedures include cryotherapy and kidney ablation.
‖  Included are neoplasms that could be evaluated by the independent central review committee.
**  Pancreatic lesions include pancreatic neuroendocrine tumors and serous cystadenomas.

Table 1. (Continued.)

Table 2. Best Objective Response in Renal Cell Carcinoma Associated  
with VHL Disease.*

Variable Efficacy Population (N=61)

Objective response — no. (% [95% CI]) 30 (49 [36 to 62])

Best response — no. (%)

Complete response 0

Partial response 30 (49)

Stable disease 30 (49)

Disease progression 0

Unable to be evaluated† 1 (2)

Median time to response (range) — mo 8.2 (2.7 to 19.1)

Median duration of response (range) — mo‡ NR (2.8+ to 22.3+)

*  The best objective response was assessed according to Response Evaluation 
Criteria in Solid Tumors, version 1.1. NR denotes not reached.

†  One patient discontinued the trial before the first post-baseline tumor assess-
ment.

‡  Plus sign indicates ongoing response.
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cutoff, all responses were ongoing for 2.6+ to 
22.3+ months in patients with pancreatic le-
sions, 2.9+ to 22.3+ months in patients with 
pancreatic neuroendocrine tumors, and 2.8+ to 
22.3+ months in patients with central nervous 
system hemangioblastomas. Among the 16 eyes 
in 12 patients identified at baseline as having 
retinal hemangioblastomas that could be evalu-
ated, all (100%) were graded by the independent 
review committee as showing improvement at 
the time of data cutoff (Table S3).

Safety

All patients reported at least one treatment-related 
adverse event. The most common adverse events 
of any cause were anemia, fatigue, headache, 
and dizziness (Table 3 and Table 4, and Table S4). 
Treatment was interrupted in 26 patients (43%) 
and the treatment dose was reduced in 9 pa-
tients (15%) because of adverse events. Seven 
patients discontinued treatment: 4 patients volun-
tarily discontinued treatment, 1 discontinued ow-
ing to a treatment-related adverse event (grade 1 
dizziness), 1 discontinued because of disease 
progression as assessed by the investigator, and 
1 patient died (as the result of acute toxic effects 
of fentanyl). The median duration of treatment for 
the 7 patients who discontinued was 8.1 months 
(range, 1.9 to 19.3).

Adverse events were generally grade 1 or 2. 
Grade 3 to 5 adverse events of any cause were 
reported in 20 patients (33%). Grade 3 events 
were considered to be treatment-related in 9 pa-
tients (15%). Only 1 patient (2%) had a grade 4 
adverse event (a retinal detachment), and it was 
considered to be unrelated to treatment. There 
were no deaths from a treatment-related adverse 
event. The patient death attributed to acute toxic 
effects of fentanyl was considered to be unrelated 
to the trial drug.

All patients had a decrease in hemoglobin 
levels from baseline of at least 1.9 g per deciliter 
during the first 13 weeks of treatment, as was 
expected from on-target inhibition of the EPO 
gene, which reduces erythropoietin production 
(Fig. 2 and Fig. S4); thereafter, the hemoglobin 
levels stabilized. Four patients (7%) received 
blood transfusions owing to anemia; one of the 
patients received three blood transfusions. A total 
of 12 patients (20%) received erythropoietin-
stimulating agents, with a median of 2.5 admin-
istrations (range, 1 to 17); 3 of the 12 patients 
received both an erythropoietin-stimulating agent 
and a blood transfusion. One patient (2%) had 
grade 3 transient hypoxia, which resolved with 
dose interruption for 1 week followed by dose 
reduction to 80 mg; the patient did not receive 
supplemental oxygen or other treatment.

Figure 1 (facing page). Change in Lesions from Baseline, 
Duration of Treatment, and Tumor-Reduction Procedures.

Panel A shows the maximum change from baseline in 
target renal tumors. Panel B shows the longitudinal 
change from baseline in target renal tumors. In Panels A 
and B, the dashed lines represent a 20% increase in tar-
get tumors from baseline and a 30% reduction in target 
tumors from baseline, which correspond to the defini-
tions of progressive disease and partial response, respec-
tively, according to Response Evaluation Criteria in Solid 
Tumors, version 1.1. Panel C shows duration of treat-
ment and time to response in patients with renal cell 
carcinoma. Panel D shows the distribution of tumor- 
reduction procedures: adrenalectomy, craniotomy, 
cryoablation, cryotherapy, eye removal, intradural resec-
tion, laser ablation, laser surgery, laminectomy, laser 
photocoagulation, pancreatectomy, partial nephrectomy, 
radiation therapy, radiofrequency ablation, retinal sur-
gery, total nephrectomy, tumor enucleation, and ventric-
uloperitoneal shunt placement. In Panel D, the solid 
line indicates the start of belzutifan treatment, and the 
red dashed line shows the maximum duration of treat-
ment and the equivalent period before treatment started. 
Two patients had no tumor-reduction procedures before 
treatment or while receiving belzutifan.

Table 3. Adverse Events of Any Cause in the Full Safety Population.

Adverse Event
Safety Population 

(N = 61)

no. (%)

Any grade

Total 61 (100)

Treatment-related 61 (100)

Grade 3 to 5 20 (33)

Grade 3 treatment-related 9 (15)

Grade 4 or 5 treatment-related 0

Treatment discontinuation

Total* 2 (3)

Due to a treatment-related adverse event 1 (2)

Death

Total† 1 (2)

Due to a treatment-related adverse event 0

*  One patient death unrelated to treatment was recorded as an adverse event.
†  Death was caused by acute toxic effects of fentanyl.
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Discussion

Neoplasms associated with VHL disease are cur-
rently managed with surgical resection or abla-
tion with the goal of reducing the risk of meta-
static disease and controlling local or systemic 
sequelae. Since patients with VHL disease have a 
lifelong risk of tumors in affected organs, most 
patients undergo several surgical procedures dur-
ing their lives, with considerable attendant com-
plications. An effective systemic alternative might 
reduce the surgical burden in patients with VHL 
disease and represents a new approach to the 
management of VHL-disease–associated neo-
plasms that are confined to organs.

Belzutifan is a novel pharmacologic agent 
that targets HIF-2α. In this trial, 49% of patients 
with renal cell carcinomas associated with VHL 

Table 4. Adverse Events in at Least 10% of the Safety Population (61 Patients).

Event Any Grade Grade 1 Grade 2 Grade 3*

number (percent)

Anemia 55 (90) 24 (39) 26 (43) 5 (8)

Fatigue 40 (66) 29 (48) 8 (13) 3 (5)

Headache 25 (41) 20 (33) 5 (8) 0

Dizziness 24 (39) 20 (33) 4 (7) 0

Nausea 21 (34) 15 (25) 6 (10) 0

Dyspnea 14 (23) 13 (21) 0 1 (2)

Arthralgia 12 (20) 10 (16) 2 (3) 0

Constipation 12 (20) 10 (16) 2 (3) 0

Myalgia 12 (20) 9 (15) 2 (3) 1 (2)

Upper respiratory tract infection 11 (18) 4 (7) 7 (11) 0

Alanine aminotransferase level in-
crease

10 (16) 10 (16) 0 0

Hypertension 10 (16) 3 (5) 2 (3) 5 (8)

Vision blurred 10 (16) 6 (10) 4 (7) 0

Abdominal pain 9 (15) 5 (8) 4 (7) 0

Diarrhea 8 (13) 7 (11) 0 1 (2)

Weight increase 8 (13) 5 (8) 2 (3) 1 (2)

Peripheral edema 7 (11) 6 (10) 1 (2) 0

Aspartate aminotransferase level 
increase

7 (11) 7 (11) 0 0

Urinary tract infection 7 (11) 1 (2) 5 (8) 1 (2)

Muscle spasms 7 (11) 5 (8) 2 (3) 0

*  One patient reported asymptomatic grade 3 hypoxia that did not result in treatment.

Figure 2. Hemoglobin Levels in All Patients over Time.

Dashed lines represent upper and lower boundaries of normal values for 
women; dotted lines represent upper and lower boundaries of normal values 
for men. I bars represent standard deviations.
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disease who received belzutifan had a confirmed 
objective response; most patients had a reduction 
in renal tumor size. These data indicate that bel-
zutifan has activity against renal cell carcinoma 
associated with VHL disease. Two patients (3%) 
had progressive disease, as assessed by indepen-
dent central review, but a mechanism of possible 
resistance to belzutifan is unknown. Acquired 
resistance from prolonged treatment with HIF-2α 
inhibitors was observed in a previous preclinical 
study with PT2399 and a phase 1 study of 
PT2385 (now called MK-3475) and may have 
been the result of a HIF-2α G323E gatekeeper 
mutation that prevented HIF-2 dissociation.15,19

Extrarenal manifestations are also associated 
with substantial morbidity and mortality among 
patients with VHL disease,6 and effective sys-
temic therapy could decrease the frequency of 
surgical interventions for these lesions. In this 
trial, 30% of patients with central nervous sys-
tem hemangioblastomas had a response after 
treatment with belzutifan, as did 91% of patients 
with pancreatic neuroendocrine tumors, which 
indicates clear signs of activity in these VHL-
disease–associated neoplasms. Because tumor 
size is a primary determinant of the need for 
surgical intervention, reduction in tumor size is 
likely to result in fewer indications for surgery. 
As observed in the current trial, patients often 
underwent multiple surgical or ablative proce-
dures before treatment with belzutifan. After 
treatment initiation, only three patients under-
went an intervention directed at a neoplasm asso-
ciated with VHL disease. The appropriate use of 
belzutifan in patients with VHL remains to be 
determined. However, data from the current 
trial suggest that belzutifan might serve as an 
alternative treatment or a complement to surgi-
cal treatment in these patients. Therefore, belzu-
tifan might play an integral role in the treatment 
of patients with VHL disease by delaying or ob-
viating the need for serial surgeries that are as-
sociated with substantial complications.

Side effects of belzutifan were mainly low-
grade: only one patient (2%) discontinued treat-
ment because of a treatment-related adverse event 
(dizziness). Adverse events were consistent with 
expectations for a HIF-2α inhibitor given the 
integral role of HIF-2α in erythropoietin produc-
tion and erythropoiesis.20-22 Anemia, considered 
an on-target effect of HIF-2α inhibition, was the 

most common adverse event, but the number of 
patients who received transfusion or growth fac-
tor support was low. Hemoglobin levels also 
stabilized, typically without intervention, after 
an initial decrease in levels. Hypoxia was previ-
ously reported in patients with advanced renal 
cell carcinoma who received belzutifan18; how-
ever, in the current trial, only one transient hy-
poxemic event was reported, which might reflect 
differences in the overall health of the partici-
pants in the two studies. As compared with the 
population of persons with advanced renal cell 
carcinoma, patients in this trial were younger 
(median age, 41 years vs. 62 years), and a higher 
percentage had an ECOG performance-status 
score of 0 (82% vs. 36%).18

HIF-2α inhibition may offer a more favorable 
safety profile than antiangiogenic agents, which 
are associated with cardiovascular adverse events, 
hematologic disturbances, hepatotoxicity, diar-
rhea, and metabolic disturbances.10,11,13 Studies 
that evaluated the tyrosine kinase inhibitors 
dovitinib (involving 6 patients with VHL dis-
ease)12 and sunitinib (one study involving 15 
patients and one involving 5 patients with VHL 
disease)12,14 showed modest efficacy and were 
limited by undesirable side effects related to 
treatment and by the low number of patients 
enrolled. Results of a phase 2 study of pazopanib 
involving patients with VHL disease showed that 
42% of patients (13 of 31) had an objective re-
sponse (all partial responses) across kidney, 
pancreas, and central nervous system neoplasms, 
but 23% of patients (7 of 31) discontinued treat-
ment because of adverse events, including 4 pa-
tients who had grade 3 or 4 increases in liver 
aminotransferase levels.11 Furthermore, only 10 
of 31 patients (32%) who received pazopanib 
were able to receive a full dose of 800 mg per 
day without unacceptable adverse events, and 16 
patients (52%) continued to receive treatment 
after 24 weeks. In this trial, 54 patients (89%) 
continued to receive treatment as of the time of 
data cutoff, and most patients (52 [85%]) did not 
have a dose reduction because of adverse events.

The interpretation of outcomes in this trial is 
limited by the lack of a comparator group and 
by the modest sample size. Given that no other 
nonsurgical treatment for VHL disease has been 
approved to date, design of a randomized, con-
trolled trial is an ethical challenge.
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We found that belzutifan has mainly low-
grade side effects that affect most patients who 
take it and has shown activity in patients with 
renal cell carcinoma associated with VHL dis-
ease, pancreatic neuroendocrine tumors, and 
hemangioblastomas by targeting the underlying 
pathophysiology of the disease.
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