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Simple Summary: Von Hippel–Lindau (VHL) is a hereditary syndrome associated with various
tumors in the brain, spine, eyes, kidneys, adrenals, and in the pancreas. Approximately a fifth of
patients with VHL develop tumors in the pancreas, and most of these tumors are localized and can
be followed or resected in surgery. However, about a tenth of these patients develop metastatic
disease which requires treatment with drugs. This review details the various medical interventions
available for treating these patients. Such medications target the key factors that are overactive in
tumor cells in the context of VHL. Many of them have been tested in clinical studies, and some have
been approved recently for clinical use for localized pancreatic tumors in patients with VHL. To
assist in managing patients with VHL and metastatic pancreatic tumors, we suggest an algorithm for
choosing the optimal medical intervention for patients in this rare scenario.

Abstract: Von Hippel–Lindau (VHL) is a rare autosomal dominant hereditary cancer predisposition
syndrome. Patients with VHL have a high risk for developing retinal and central nervous system
hemangioblastoma, pheochromocytoma, renal cell carcinoma, and pancreatic neuroendocrine neo-
plasms (PNEN). About a fifth of patients with VHL will develop PNEN, and only a tenth of them
will develop metastatic or unresectable (advanced) PNEN requiring medical intervention. In this
review, we performed a literature search for studies, written in English, on the medical interventions
for VHL-related localized and advanced PNENs and their clinical outcomes. We detail the various
medical interventions for this rare group of patients, including their mode of action and potential
efficacy and toxicity. Finally, based on the current literature, we delineate a possible management
algorithm for patients with VHL and advanced PNEN. We can conclude that data on the efficacy
of various vascular endothelial growth factor (VEGF) receptor inhibitors, and on the efficacy of
belzutifan, a novel hypoxia-inducible factor 2 inhibitor, for the management of advanced PNEN
in VHL, are scarce. Hence, deduction from the management of sporadic PNEN is required, and is
implemented in the proposed management algorithm provided within this review.

Keywords: pancreatic neuroendocrine neoplasms; von Hippel–Lindau; metastasis; HIF inhibitor;
VEGF receptor inhibitor

1. Introduction

Neuroendocrine neoplasms of the pancreas (PNEN) are rare neoplasms, with an
estimated annual incidence rate of 0.8 per 100,000 patients in the general population [1].
They are graded according to rate of mitoses and percentage of Ki67, with low-grade
comprising G1 (mitoses < 2 per 2 mm and Ki67 < 3%) and G2 (2–20 mitoses per 2 mm, and
Ki67 of 3–20%) and high-grade comprising G3 (mitoses > 20 per 2 mm or Ki67 >20%) [2].
About 10–40% of PNENs are functional; that is, they have the potential to cause secretory
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syndromes such as hypoglycemia due to insulin over-secretion (insulinoma), recurrent
gastric ulcers due to gastrin over-secretion (Zollinger–Ellison syndrome) and others [3].

Von Hippel–Lindau (VHL) disease is a hereditary cancer predisposition syndrome,
inherited in an autosomal dominant trait. VHL disease is caused by a germline DNA
alteration in the VHL gene, located at 3p25. Patients harboring a germline pathogenic
variant in the VHL gene have a high risk for developing central nervous system and reti-
nal hemangioblastomas, adrenal pheochromocytoma and extra-adrenal paraganglioma,
clear-cell renal cell carcinoma, cysts in the kidneys, pancreas, liver, testicles and broad
ligament, endolymphatic sac tumors, and PNENs [4]. The risk for the various manifes-
tations of VHL was found to be associated with the genotype, with patients harboring
a non-missense pathogenic variants leading to a truncated VHL protein having a very
low risk of developing pheochromocytoma [5]. However, there are no prospective studies
supporting genotype-based follow-up algorithms or risk stratification. Thus, the proposed
diagnostic, follow-up and management algorithms that currently exist are used broadly for
all patients with VHL [4,6,7].

In VHL, PNEN prevalence ranges between 1 and 17% in the various cohorts [4,6,8–11]
with age at diagnosis significantly younger in VHL-related PNEN (vPNEN) compared with
sporadic PNEN (sPNEN) [12,13]. vPNENs are more frequently multifocal and very rarely
functional [13–15]. vPNENs usually follow a more benign course with lower grade, G1\G2
in most cases [16], are less prone to metastasize than sporadic disease, and the patients are
at a lower mortality risk than those harboring sPNENs [13,17]. In the European-American-
Asian-VHL-PNEN-registry [18], comprising 273 patients with vPNEN, metastatic disease
was found in 20% of cases, while a much lower risk was reported in other cohorts, ranging
between 4.5 and 8.3% of cases [10,16]. Risk factors for metastatic disease in vPNEN include
lesion diameter greater than 3 cm, a short lesion volume doubling time (<500 days), and
presence of a missense VHL gene pathogenic variant or a pathogenic variant located in
exon 3 [10,16,18,19].

Management guidelines differ between sPNEN and vPNEN. For instance, considering
the high pretest probability for PNEN in patients with VHL, the current management guide-
lines for vPNEN suggest against routine biopsy of a pancreatic lesion when it has typical
radiological characteristics (enhancing on the arterial phase of contrast injection) [20], while
in the diagnostic process and management of patients with sporadic disease, histopatho-
logical diagnosis is the rule, except for rare and unique clinical situations [3].

The term “advanced PNEN” refers to lesions that cannot be fully resected, either
because there are distant metastases, or due to localized involvement of adjacent structures
that preclude surgical removal. Considering the lack of robust evidence on the rare ad-
vanced vPNEN, the current management guidelines for vPNEN suggest extrapolating the
management of advanced vPNEN from sPNEN [3,20]. However, the unique pathophysiol-
ogy of VHL, of an unrestrained activity of hypoxia-inducible factor (HIF) in the absence of a
functional VHL protein, opens-up new systemic pharmacological treatment options [4]. In
this review, we will focus on systemic pharmacological treatments for metastatic or locally
advanced vPNEN and introduce a possible treatment algorithm.

2. VHL-Mechanism-Based Interventions for vPNEN

In VHL, the VHL tumor suppressor gene is altered, leading to reduced expression of a
functional VHL protein (pVHL). Normally, pVHL has a key role in the ubiquitination of
HIF1a and HIF2a under normal oxygen levels (normoxia), leading to their degradation.
Under hypoxia conditions, HIFs act as transcription factors which drive cell proliferation,
angiogenesis via vascular endothelial growth factor (VEGF) upregulation, and erythro-
poiesis by upregulating the EPO gene, encoding erythropoietin [4]. In VHL disease, the
abnormally low levels of functional pVHL lead to a state called pseudohypoxia, in which
HIF1a and HIF2a are not degraded and are active in a non-regulated manner [21]. Un-
restrained HIF activity leads to the generation of highly vascular neoplasms and cysts
in the organs involved in VHL. Considering this clear pathogenic mechanism driving
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tumorigenesis in patients with VHL, it is clear why both HIF and VEGF are the main targets
for medical intervention, by using HIF2 and VEGF/VEGF receptor inhibitors, as detailed
below and in Table 1.

Table 1. VHL-mechanism-related treatments in randomized trials involving patients with VHL.

Treatment Mechanism
of Action n (n vPNEN) Efficacy n Response/Total

Lesions Toxicity %

Sunitinib [22] VEGFR
inhibitor 15 (7)

RCC 10/18 SD, 6/18 PR,
2/18 PD

PNEN 5/5 SD
CNS HB 19/21 SD, 2/21 PD

Retinal HB 7/7 SD

Stopped
treatment—

40%

Vandetanib
[23] ongoing,
partial data

VEGFR
inhibitor 37 (2) PNEN 2/2 DS

CNS HB 2/2 SD

Stopped
treatment—

19% (11% due
to side effects)

Pazopanib [24] VEGFR
inhibitor 32 (17 *)

RCC 28/59 SD, 29/59 PR,
2/59 CR

Pancreatic lesions 8/17 SD,
9/17 PR, 0/17 CR

CNS HB 47/49 SD, 2/49 PR,
0/49 CR

Dose
reduction—

58%, Stopped
treatment—

23%

Belzutifan [25] HIF 2
inhibitor 61 (22)

RCC 30/61 SD, 30/61 PR
PNEN 20/22 (91%)

confirmed response, 3 CR
CNS HB—15/50 confirmed

response, 3 CR
Retinal HB—12/12
confirmed response

Dose
reduction—
15%, Dose

interruption—
43%, Stopped
treatment—

11%
CNS—central nervous system; CR—complete response; HB—hemangioblastoma; vPNEN—VHL-related pan-
creatic neuroendocrine neoplasm; PD—progressive disease; PR—partial response; RCC—renal cell carcinoma;
SD—stable disease; VHL—von Hippel–Lindau; * pancreatic lesions.

2.1. Tyrosine Kinase Inhibitors (TKIs) with Vascular Endothelial Growth Factor (VEGF) Receptor
Inhibition Ability

VEGF is a key factor in pseudohypoxic states, and specifically in the pseudohypoxia
induced by pVHL deficiency. The VEGF receptor (VEGFR) is a tyrosine kinase. The binding
of VEGF to the VEGFR activates it, and initiates various intracellular signaling pathways
that eventually promote angiogenesis, a critical factor in the neoplastic process and in
neoplasia development, progression and spread [26].

There are several clinical trials involving VEGF/VEGFR inhibitors in patients with
VHL, as described below. In the largest retrospective study [27], 32 patients with VHL,
including 21 patients harboring pancreatic neoplasm(s) or cyst(s), were treated with various
TKIs: sunitinib (n = 12, eight patients with pancreatic involvement), sorafenib (n = 11,
eight patients with pancreatic involvement), axitinib (n = 6, four patients with pancreatic
involvement) or pazopanib (n = 3, one patient with pancreatic involvement). Of a total of 15
evaluable pancreatic lesions, 11 were stable and four showed partial response (one treated
with sunitinib, one treated with pazopanib, and two treated with sorafenib). However,
as the type of pancreatic lesions (cyst vs. PNEN) were not detailed, one cannot conclude
whether there was a clinically significant response of PNEN to treatment with TKIs.

2.1.1. Sunitinib

Sunitinib is a multi-kinase inhibitor with a VEGF receptor inhibitory function. In
sPNEN, a phase three trial [28] including 171 patients with well-differentiated PNEN, oral
sunitinib (37.5 mg one daily) demonstrated superior progression-free survival (PFS) vs.
placebo (11.4 vs. 5.5 months, respectively), with a hazard ratio for disease progression or
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death of 0.42 (95% confidence interval (CI), 0.26 to 0.66, p < 0.001) and benefit in overall
survival (OS, hazard ratio of 0.41 for sunitinib, 95% confidence interval 0.19–0.89, p = 0.02)
compared with placebo. The most common adverse events (>30%) reported for sunitinib
included diarrhea (59%), nausea (45%), weakness (34%), vomiting (34%), and fatigue (32%).
Neutropenia (12%) and hypertension (10%) were the most common grade 3–4 adverse
events in the sunitinib group.

In vPNEN, sunitinib was tested in a pilot study assessing its efficacy and toxicity in
patients with VHL [22]. Fifteen patients were enrolled, seven with PNENs that were up to
3 cm in size. Treatment included sunitinib 50 mg daily for 28 days followed by a 14-day
break for up to four cycles. Nine out of the 15 patients completed four cycles, and ten had
the sunitinib dose reduced. All five patients with evaluable PNEN had stable disease at the
end of follow-up. Other available literature includes several case reports of patients with
vPNEN treated with sunitinib and demonstrating either partial response [29–31] or stable
disease [32].

2.1.2. Vandetanib

Vandetanib is an orally administered TKI, targeting RET and VEGFR [33]. Vandetanib
is used for locally advanced or metastatic medullary thyroid carcinoma [34]. In this patient
population, the main adverse events included diarrhea (56%, 11% grade ≥3), rash (45%),
nausea (33%), and hypertension (32%). In patients with VHL, vandetanib was evaluated in
a phase II single arm study (n = 37), that included two patients with measurable pancreatic
lesions [23]. All patients received treatment with vandetanib 300 mg/day for 28 days.
During the short study period, both patients with pancreatic lesions had stable disease.
However, four (10.8%) patients did not complete the study due to toxicity.

2.1.3. Pazopanib

Pazopanib is an oral multitargeted tyrosine kinase inhibitor, inhibiting VEGFR, fibroblast-
derived growth factor receptors, platelet-derived growth factor receptors, and cKit [35]. In
patients with sporadic neuroendocrine neoplasia, pazopanib was evaluated in several phase
II studies, all including patients with sPNEN. In a study by Phan et al. [36], seven (22%)
of 32 patients with sPNEN (72% G1, 28% G2) achieved partial responses, with an overall
objective response of 21.9% (95% CI 11.0–38.8). The most common adverse events included
fatigue (67%), diarrhea (58%), hypertension (42%), and elevated plasma transaminases
levels (27% and 38%), with 12% and 8% of the patients reporting grade 3 hypertension and
fatigue, respectively.

In the context of VHL, Jonasch et al. reported a phase II trial in which pazopanib
was assessed for the treatment of VHL-related renal cell carcinoma in 32 patients [24]. The
cohort included nine patients with 17 pancreatic lesions. Nine (53%) pancreatic lesions
showed partial response to treatment with pazopanib (800 mg daily for 24 weeks), and
the other eight lesions remained stable. Overall, seven (21%) patients of the entire cohort
discontinued treatment due to grade 3 toxicity (four patients, 13%) or repeated grade 1–2
toxicity (three patients, 10%).

2.2. Hypoxia-Inducible Factors (HIF) Inhibitors
Belzutifan

Belzutifan (Welireg®) is a recently developed HIF2a inhibitor, uniquely designed to
counteract the constitutive activation of HIF in VHL disease-related neoplasms. Belzutifan
was studied in a phase II clinical trial [25] designed to assess the efficacy and safety of
belzutifan in patients with VHL. The primary end point of this single arm study was the
response of non-metastatic RCC to 120 mg oral daily dose of belzutifan. Sixty-one patients
with VHL were enrolled, of whom 22 (36%) had vPNEN. vPNEN response was observed in
20 out of 22 (91%) vPNEN, including complete response in three patients. The median time
to response for vPNEN was 5.5 months. Of note, treatment resulted in response of the more
common VHL manifestations, with an objective response rate of 49% and 30% for RCC and
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central nervous system hemangioblastomas, respectively. The benefit was reinforced by
the marked reduction in the interventions required for VHL-related neoplasm indications
following the initiation of belzutifan.

While the treatment was overall well tolerated all patients had at least one treatment
related side effect, most commonly anemia (90%, grade 3 in 8% of patients), fatigue (66%,
grade 3 in 5% of patients), headache (41%, 0% grade 3) and dizziness (39%, 0% grade 3).
Overall, 7 out of 61 patients discontinued treatment and 15 had dose reduction. One patient
died, due to fentanyl intoxication.

The role of belzutifan for advanced sPNEN and vPNEN, and assessment of belzutifan
for localized vPNEN, as a primary endpoint, is currently conducted in the LITESPARK-015
trial. This trial is also designed to assess belzutifan efficacy on VHL-related pheochromocy-
tomas and paragangliomas, a VHL manifestation that was not previous evaluated under
belzutifan treatment [37].

3. Non-VHL-Mechanism-Related Treatments for vPNEN

While vPNENs have unique biological and clinical characteristics compared with
sPNENs, in the absence of prospective studies suggesting interventions for advanced vP-
NEN, the current management recommendations suggest using the interventions based on
evidence from sPNEN studies. In this part of the review, we will outline the mainstay phar-
macological treatment for advanced well-differentiated sPNEN that can be extrapolated to
vPNEN (Table 2).
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Table 2. Non-VHL-mechanism-related treatments in randomized controlled trials involving patients with neuroendocrine neoplasms.

Trial Name Intervention
No. Patients

(Intervention/
Control, n)

No. Patients with
PNEN

(Intervention/
Control, n)

Grade 1/2/3 (n)

PFS
Intervention vs.

Control (Months)
HR, 95% CI,

p Value

OS
Intervention vs.

Control (Months)
HR, 95% CI,

p value

Toxicity (%) Notes

PROMID [38]
Octreotide

LAR vs.
Placebo

42/43 0/0 81/3/1
14 vs. 6 €

0.33 (0.19–0.55,
p < 0.001)

0.81 (0.3–2.18,
p = 0.77)

Most frequent (% not
reported)—diarrhea,

flatulence, cholelithiasis.

Advanced
Midgut NEN

CLARINET
[39]

Lanreotide
autogel vs.

Placebo
101/103 42/48 138/60/0

NR vs 18
0.47 (0.3–0.73,

p < 0.001)
0.58 (0.32–1.04) ¥

NR

Serious AE: 3%
Common AE: diarrhea 26%,

abdominal pain 14%,
cholelithiasis 10%.

Advanced
GEP-NEN

RADIANT-3
[40]

Everolimus vs.
Placebo 207/203 207/203 341/65/na *

11.4 vs. 5.4
0.35 (0.27–0.45,

p < 0.001)

44 vs. 37
0.94 (0.73–1.2)

Common AE: stomatitis 64%,
rash 49%, diarrhea 34%,

fatigue 31%, infections 23%.
Grade 3/4 AE: anemia 6%,

thrombocytopenia 4%,
hyperglycemia 5%, stomatitis

7%, diarrhea 3%.

Advanced
PNEN

NETTER-1 [41]

PRRT plus
Octreotide

LAR 30 mg vs.
Octreotide
LAR 60 mg

116/113 0/0 157/72/0
NR vs. 8.4

0.21 (0.13–0.33,
p < 0.001)

NR
14 vs. 26 deaths,

p < 0.01 #

Common AE: nausea 59%,
vomiting 47%, fatigue 40%.

Grade 3/4 AE: lymphopenia
9%, vomiting 7%, nausea 4%,

thrombocytopenia 2%.

Advanced
midgut NEN

ECOG-ACRIN
E221 [42]

CAPTEM vs.
Temozolomide 72/72 72/72 50/61/na

23 vs. 14
0.58 (0.36–0.93,

p = 0.022) #

59 vs. 54
0.41 (0.21–0.82,

p = 0.012) #

Common AE:
CAPTEM—nausea 65%,

fatigue 56%, constipation
48%, anemia 37%.

Temozolomide—fatigue 63%,
nausea 60%, constipation

31%, anemia 31%,
thrombocytopenia 31%.

Advanced
PNEN

AE—adverse events; CAPTEM—capecitabine/temozolomide; CR—complete response; GEP—gastro-entero-pancreatic; na—not available; NEN—neuroendocrine neoplasm; NR—not
reached; PRRT—peptide receptor radionuclide therapy; VHL—von Hippel–Lindau; * grade is defined as well- and moderately differentiated NEN in this trial without report on
definition or grade; # interim analysis; ¥ subgroup analysis including PNEN only; € The PROMID study reported time to progression.
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3.1. Somatostatin Analogues (SSA)

Two randomized controlled trials tested the effect of SSA on the progression of well-
differentiated gastro-entero-pancreatic (GEP) neuroendocrine neoplasms. The PROMID
trial included patients with advanced G1–2 midgut NETs treated with octreotide LAR
(intramuscular 30 mg/month, 42 patients) vs. placebo (43 patients) until disease progres-
sion [38]. There were significantly less events of disease progression in the octreotide vs.
control arms, with 67% reduced risk of progression (95% CI, 0.19 to 0.55, p <0.001). Median
PFS was 14 months for the octreotide LAR arm (95% CI, 11 to 28.8 months) and 6 months
in the control arm (95% CI, 3.7 to 9.4 months). Adverse events occurred more often in the
octreotide group, and included diarrhea, flatulence, and cholelithiasis. However, the rate
of serious adverse events was similar between groups.

The CLARINET trial [39] evaluated the effect of lanreotide autogel (depot) treatment
(subcutaneous 120 mg/month, 101 patients) compared with placebo (103 patients) in
advanced G1 or G2 (Ki67 < 10%) non-functioning GEP-NET. The disease was stable in
96% of the patients at enrollment, and treatment duration was 96 weeks. Patients treated
with lanreotide autogel had a significantly prolonged PFS vs. the placebo arm (median not
reached vs. 18 months, respectively, p <0.0001) with 53% reduced risk of disease progression
or death (95% CI, 0.30 to 0.73). At 24 months, 65% in the lanreotide arm (95% CI, 54.0 to 74.1)
and 33% in the control arm (95% CI, 23.0 to 43.3) remained progression free. However, in
the subgroup analysis including only patients harboring PNEN, no statistically significant
difference was found between the treatment and the placebo arms (95% CI, 0.32 to 1.04).

Both the PROMID and the CLARINET trials included crossover of patients from
the placebo to the treatment arm. Hence, overall survival was not significantly different.
Adverse events were observed in 50% of patients in the lanreotide arm, including diarrhea
(26%), abdominal pain (14%), cholelithiasis (10%), and hyperglycemia (5%), with lanreotide-
related serious adverse events reported in only 3% of patients (including one case each of
hyperglycemia, diabetes mellitus, nausea, vomiting, abdominal pain, biliary fistula, and
cholelithiasis).

3.2. SSA-Base-Based Peptide Receptor Radionuclide Therapy (PRRT)

Commonly used PRRT is based on the coupling of the beta and gamma emitter
Lutetium-177 (177Lu) radionuclide to a somatostatin analogue such as DOTATATE (177Lu-
DOTATATE, 177Lu-DOTA0-Tyr3–octreotate). Treatment is based on the expression of so-
matostatin receptors on the tumor cells, evaluated by avidity of the lesions to Galium-68
(68Ga)-DOTATATE on positron emitting tomography/computerized tomography
(PET/CT) [43].

The NETTER-1 phase III study enrolled patients with advanced G1/G2 midgut NETs
that showed progression under up to 30 mg of octreotide every 3 weeks [41]. Patients were
randomized to treatment with either 177Lu-DOTATATE every two months for up to four
treatments combined with monthly 30 mg octreotide LAR (111 patients) or to treatment
with high-dose (60 mg) monthly octreotide LAR (110 patients). At 20 months, the rate of
PFS was 65% in the 177Lu-DOTATATE group (95% CI, 50.0 to 76.8) vs. 11% in the control
group (95% CI, 3.5 to 23.0), with a statistically significant 79% risk reduction for disease
progression or death in the 177Lu-DOTATATE group (95% CI, 0.13 to 0.33, p < 0.001). Overall
survival in the interim analysis was significantly higher in the 177Lu-DOTATATE vs. control
group, with a 60% reduced hazard ratio (p = 0.004). In terms of safety, 77% of patients in
the 177Lu-DOTATATE received all four treatment cycles. Drug-related adverse events were
observed in 86% of the patients in the 177Lu-DOTATATE group and in 31% of the control
group and were most often mild (grade 1–2) and gastrointestinal-related (59% nausea, 47%
vomiting, and 40% fatigue). Grade 3–4 adverse events in the 177Lu-DOTATATE group
included lymphopenia (9%), vomiting (7%), and thrombocytopenia (2%). It is important to
state that nausea and vomiting are mainly attributed to the use of VAMIN-18 for amino
acid administration, which is rarely in use these days. Vomiting is rarely cause by the
PRRT per se. In the extended NETTER-1 follow-up trial, overall survival after 5 years
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from enrollment was assessed. However, there was no significant difference between the
treatment groups [44].

In PNEN, several retrospective studies suggested that PRRT treatment is effica-
cious [45], and in fact may show even higher efficacy in PNEN compared with small
intestine (formerly termed “mid-gut”) NEN. Brabander et al. reported complete response
with PRRT in 5% of PNEN vs. 1% in small intestine NET, partial response in 50% and
30%, and progressive disease in 13% and 9%, respectively, overall demonstrating a higher
success rate for PNEN compared with the neoplasm evaluated in the NETTER-1 trial [46].
In addition, retrospective studies demonstrate superiority in PFS for upfront PRRT treat-
ment in advanced PNEN vs. either chemotherapy (temozolomide, cisplatin, oxaliplatin, or
fluorouracil) or targeted therapy (everolimus or sunitinib) [47,48].

The long-term toxicity concerns of PRRT involve myelodysplastic syndrome (MDS),
acute leukemia, and liver or renal failure. In a large retrospective assessment of PRRT
safety, Barbander et al. reported acute leukemia in 4/610 (0.7%) and MDS in 9/610 (1.5%)
patients, with no long-term renal or hepatic failure [46].

There are several ongoing randomized clinical trials comparing the efficacy of 177Lu-
DOTATATE compared with octreotide or to best standards of care (such as everolimus and
sunitinib) in advanced G2–3 GEP-NET patients [48].

3.3. Mechanistic Target of Rapamycin (mTOR) Inhibitors

Mammalian target of rapamycin (mTOR) is a kinase pathway involved in cell pro-
liferation and angiogenesis. Somatic alterations in genes related to the mTOR pathway
are found in PNENs [49,50], and the pathway is a target for antineoplastic intervention in
PNEN as well as in RCC.

Everolimus

Everolimus is an mTOR inhibitor with proven efficacy for the treatment of RCC, both
as monotherapy and in combination therapy [51,52]. The Radiant-3 trial [40] was a phase
III randomized controlled trial of 410 patients with advanced G1/G2 sPNEN that showed
advancement within 12 months prior to enrollment. Patients were assigned to receive either
everolimus (10 mg per day, orally), an mTOR inhibitor, or placebo until disease progression.
Dose adjustment was required for 59% of patients in the everolimus arm. Progression-free
survival was 11 months for patients treated with everolimus vs. 4.6 months in the control
arm (65% risk reduction, 95% CI, 0.27 to 0.45, p < 0.001). Progressive disease was found
in 14% of patients in the everolimus arm compared with 42% in the placebo arm. Stable
disease and objective response were seen in 73% vs. 51% and 5% vs. 2% in the everolimus
vs. placebo arm, respectively. Overall survival was not assessed, as 73% of the patients in
the placebo arm crossed over to receiving everolimus. The most common adverse events
were stomatitis (64%), rash (49%), diarrhea 34%), fatigue (31%), and infections (23%), mostly
of grade 1 or 2. Grade 3 and 4 adverse events included anemia (6%), thrombocytopenia
(4%), hyperglycemia (5%), stomatitis (7%), and diarrhea (3%). One drug related death in
the everolimus arm occurred, due to acute respiratory distress syndrome.

There are no studies designed to test the effect of everolimus treatment in vPNEN.
A retrospective study of PNEN in Brazil included two patients with vPNEN; however,
treatment effect cannot be assessed as these patients’ outcomes were pooled within a
germline-related PNEN including both MEN1 and VHL patients [53].

3.4. Chemotherapy

High-grade PNEN is rarely encountered in patients with VHL. That being said,
chemotherapy, and specifically capecitabine and temozolomide, is a relevant interven-
tion in patients with well to moderately differentiated PNEN, such as G2 PNEN with
KI67 >10%. In these tumors, there is often a weaker expression of somatostatin recep-
tors, thus not enabling effective treatment with somatostatin analogues and/or with the
radiolabeled somatostatin analogues derivatives (peptide receptor radionuclide therapy
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with 177Lu-DOTATATE, PRRT). Hence, treatment with chemotherapy vs. mTOR inhibitors
and TKIs is often considered. In patients with VHL, this consideration is more complex,
since there is a higher chance that patients will require bone-marrow-toxic intervention for
other indications. Hence, in a patient with VHL and advanced PNEN, one may consider
avoiding chemotherapy or PRRT whenever possible, and prefer TKIs or mTOR inhibitors,
to preserve bone marrow function in the long run.

Capecitabine and Temozolomide (CAPTEM)

There are few randomized control trials of chemotherapy treatment in PNEN. The
combination of capecitabine and temozolomide (CAPTEM) vs. temozolomide was tested in
a phase II randomized controlled trial enrolling patients with advanced G1/G2 PNEN [42].
A total of 144 patients were enrolled, half treated with temozolomide (200 mg/m2 QD for
5 days every 28 days) and half with CAPTEM (capecitabine 750 mg/m2 twice daily on
days 1–14 and temozolomide 200 mg/m2 QD on days 10–14 every 28 days) for a scheduled
13 cycles. A significantly improved PFS was reported in patients receiving CAPTEM
(23 months) compared to those treated with temozolomide (14 months), in the interim but
not the final analysis (HR 0.58, 95% CI, 0.36 to 0.93, p = 0.022). Overall survival time was also
significantly prolonged in the CAPTEM vs. temozolomide arms in the interim but not in the
final analysis (HR 0.41, 95% CI, 0.21 to 0.82, p = 0.012). The rate of treatment discontinuation
due to side effects was 6% in the temozolomide arm and 15% in the CAPTEM arm, with 22%
vs. 45% grade 3–4 adverse events, respectively, which mostly included neutropenia and
thrombocytopenia. The most common adverse events in the CAPTEM arm were nausea
(65%), fatigue (56%), constipation (48%), and anemia (37%), and in the temozolomide arm
fatigue (63%), nausea (60%), constipation (31%), anemia (31%), and thrombocytopenia
(31%).

4. Proposed Treatment Algorithm

As detailed above, treatment of advanced vPNET is based on few prospective clini-
cal trials that included patients with localized disease and extrapolations from treatment
modalities studied in sporadic PNENs. The randomized studies directly addressing ther-
apeutic avenues in vPNEN include several VEGFR inhibitor types with varying efficacy
and toxicity, and an HIF inhibitor (belzutifan) with a relatively improved toxicity profile.
However, the rarity of advanced vPNEN limits the ability to conduct prospective clinical
studies directly assessing the optimal management of these complex patients. We detail
below a possible approach to the patient with advanced vPNEN. The algorithm is based
on the management guidelines for sPNEN [54], amended according to the data available
on the natural history of VHL-related neoplasms, pharmacological interventions for VHL-
related neoplasms, and their potential toxicity. Nevertheless, our suggestion should not be
considered as guidelines or evidence-based suggestions, but as a general aid for decision
making in these rarely encountered patients (Figure 1). Furthermore, considering the
evidence paucity, we suggest that, as a rule, follow-up and treatment decisions for patients
with advanced vPNEN should be based on multidisciplinary team discussions, to enable a
broad consideration of all the VHL-related clinical aspects.

Treatment toxicity is a major consideration in decision making in patients with VHL.
Two parameters should be calculated into the decision making. First, the accumulating
toxicity to the bone marrow [55], due to the potential need for chemotherapy later in the
patient’s life course [56]. Second, in VHL there is a unique goal to enable “normal life”
alongside the management of cancer, whenever feasible. Hence, high-grade adverse events
should be avoided as much as possible, since patients with VHL have cancer and other
neoplasms as a chronic disease [57].
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The suggested treatment algorithm takes into consideration several possible clinical
scenarios that a patient with VHL may encounter. First, patients with VHL often harbor
multiple VHL-related manifestations [4]. Thus, pharmacological treatment that is ideally
relevant for all current manifestations should be preferred, such as VEGFR inhibitors
and belzutifan that have proven efficacy for several VHL-related neoplasms [22,24,25,58].
For example, a patient with both vPNEN and hemangioblastomas could benefit from
treatment with belzutifan for both manifestations, as belzutifan is the only systemic therapy
thus far that has shown beneficial results for hemangioblastomas [37] in VHL. Hence,
it may be preferred as a first line treatment. Naturally, one should consider the lack
of prospective data on the efficacy of belzutifan for advanced PNEN. A patient with
VHL manifesting both with vPNEN and non-metastatic RCC could be treated either with
belzutifan, everolimus, or a VEGFR inhibitor such as cabozantinib or sunitinib, as all
three therapeutic routes have beneficial effects for PNEN and RCC [25,36,40,51,52,59].
Furthermore, since belzutifan and VEGFR inhibitors have shown efficacy against vPNET,
they might be preferred compared with everolimus, which was not studied for these
neoplasms [60]. Second, patients with VHL might require systemic therapy for other VHL-
related manifestations in the long term, including chemotherapy, and thus interventions
that affect bone marrow function, such as PRRT [5,6,61], might better be reserved as a
second line treatment. Finally, in the very rare case of a functional vPNEN—insulin,
gastrin, glucagon or vasoactive intestinal peptide-secreting PNEN (insulinoma, gastrinoma,
glucagonoma, and VIPoma, respectively,)—the management should encompass two issues:
the oncologic aspects, and the endocrine aspects. The two aspects are often co-treated when
using drugs that reduce both cell proliferation and secretion (somatostatin analogues for
all tumors [3,62], mTOR inhibitors for insulinoma [63,64], etc.,). However, considering
tumor load reduction, not aiming for “no evidence of disease” in metastatic disease is
unique for functional advanced tumors. Disease burden reduction can be achieved by
surgical debulking interventions, often including hepatic metastasectomy or lobectomy;
liver-directed intervention using invasive radiology techniques and injection of various
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compounds, such as selective internal radiation therapy (SIRT) with the beta radiation
emitting Yttrium-99 (SIRT) [65] or transarterial chemoembolization (TACE) [66,67]; selective
radiofrequency ablation (RFA) [54] of pancreatic lesions or hepatic metastases; and PRRT
with 177Lu-DOTATATE [68].

5. Conclusions and Future Directions

In summary, pancreatic neuroendocrine neoplasms in the context of VHL have distinct
characteristics compared with sporadic PNENs, including a lower rate of metastases and a
lower grade, and are mostly non-functional neoplasms. The entry of belzutifan is a game
changer in the management of VHL and, specifically, of vPNEN. While there is no evidence
on the efficacy of belzutifan for advanced vPNEN, such data are anticipated in the coming
years and, considering the supportive results on the efficacy of belzutifan for localized
vPNEN, it is prudent to expect that it will become a key pharmacologic intervention for
patients with advanced vPNEN. Until such evidence is available, off-label use of belzutifan
may be suggested, together with the currently available interventions used for advanced
sporadic PNEN.

Author Contributions: R.H. and A.T. both contributed to the conception, design and drafting of the
manuscript and have approved the submitted version of the manuscript. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Dasari, A.; Shen, C.; Halperin, D.; Zhao, B.; Zhou, S.; Xu, Y.; Shih, T.; Yao, J.C. Trends in the Incidence, Prevalence, and Survival

Outcomes in Patients with Neuroendocrine Tumors in the United States. JAMA Oncol. 2017, 3, 1335–1342. [CrossRef] [PubMed]
2. Amin, M.B.; Edge, S.B.; Greene, F.L.; Page, D.L.; Fleming, I.D.; Frizt, A.G.; Balch, C.M.; Haller, D.G.; Morrow, M. AJCC Cancer

Staging Manual; Springer International Publishing: New York, NY, USA, 2018.
3. Falconi, M.; Eriksson, B.; Kaltsas, G.; Bartsch, D.K.; Capdevila, J.; Caplin, M.; Kos-Kudla, B.; Kwekeboom, D.; Rindi, G.; Kloppel,

G.; et al. ENETS Consensus Guidelines Update for the Management of Patients with Functional Pancreatic Neuroendocrine
Tumors and Non-Functional Pancreatic Neuroendocrine Tumors. Neuroendocrinology 2016, 103, 153–171. [CrossRef] [PubMed]

4. Lonser, R.R.; Glenn, G.M.; Walther, M.; Chew, E.Y.; Libutti, S.K.; Linehan, W.M.; Oldfield, E.H. Von Hippel-Lindau disease. Lancet
2003, 361, 2059–2067. [CrossRef] [PubMed]

5. Maher, E.R.; Webster, A.R.; Richards, F.M.; Green, J.S.; Crossey, P.A.; Payne, S.J.; Moore, A.T. Phenotypic expression in von
Hippel-Lindau disease: Correlations with germline VHL gene mutations. J. Med. Genet. 1996, 33, 328–332. [CrossRef]

6. Maher, E.R.; Neumann, H.P.; Richard, S. von Hippel–Lindau disease: A clinical and scientific review. Eur. J. Hum. Genet. 2011, 19,
617–623. [CrossRef]

7. Binderup, M.L.M.; Smerdel, M.; Borgwadt, L.; Beck Nielsen, S.S.; Madsen, M.G.; Moller, H.U.; Kiilgaard, J.F.; Friis-Hansen, L.;
Harbud, V.; Cortnum, S.; et al. von Hippel-Lindau disease: Updated guideline for diagnosis and surveillance. Eur. J. Med. Genet.
2022, 65, 104538. [CrossRef]

8. Bender, B.U.; Eng, C.; Olschewski, M.; Berger, D.P.; Laubenberger, J.; Alterhofer, C.; Kirste, G.; Orszagh, M.; van Velthoven, V.;
Milosczka, H.; et al. VHL c.505 T>C mutation confers a high age related penetrance but no increased overall mortality. J. Med.
Genet. 2001, 38, 508–514. [CrossRef]

9. Salama, Y.; Albanyan, S.; Szybowska, M.; Bullivant, G.; Gallinger, B.; Giles, R.H.; Asa, S.; Badduke, C.; Chiorean, A.; Druker, H.;
et al. Comprehensive characterization of a Canadian cohort of von Hippel-Lindau disease patients. Clin. Genet. 2019, 96, 461–467.
[CrossRef]

10. Blansfield, J.A.; Choyke, L.; Morita, S.Y.; Choyke, P.L.; Pingpank, J.F.; Alexander, H.R.; Seidel, G.; Shutack, Y.; Yuldasheva, N.;
Eugeni, M.; et al. Clinical, genetic and radiographic analysis of 108 patients with von Hippel-Lindau disease (VHL) manifested
by pancreatic neuroendocrine neoplasms (PNETs). Surgery 2007, 142, 814–818, discussion 818.e1–2. [CrossRef]

11. Libutti, S.K.; Choyke, P.L.; Bartlett, D.L.; Vargas, H.; Walther, M.; Lubensky, I.; Glenn, G.; Linehan, W.M.; Alexander, H.R.
Pancreatic neuroendocrine tumors associated with von Hippel Lindau disease: Diagnostic and management recommendations.
Surgery 1998, 124, 1153–1159. [CrossRef]

12. De Mestier, L.; Gaujoux, S.; Cros, J.; Hentic, O.; Vullierma, M.P.; Couvelard, A.; Cadiot, G.; Sauvanet, A.; Ruszniewski, P.; Richard,
S.; et al. Long-term Prognosis of Resected Pancreatic Neuroendocrine Tumors in von Hippel-Lindau Disease Is Favorable and
Not Influenced by Small Tumors Left in Place. Ann. Surg. 2015, 262, 384–388. [CrossRef] [PubMed]

http://doi.org/10.1001/jamaoncol.2017.0589
http://www.ncbi.nlm.nih.gov/pubmed/28448665
http://doi.org/10.1159/000443171
http://www.ncbi.nlm.nih.gov/pubmed/26742109
http://doi.org/10.1016/S0140-6736(03)13643-4
http://www.ncbi.nlm.nih.gov/pubmed/12814730
http://doi.org/10.1136/jmg.33.4.328
http://doi.org/10.1038/ejhg.2010.175
http://doi.org/10.1016/j.ejmg.2022.104538
http://doi.org/10.1136/jmg.38.8.508
http://doi.org/10.1111/cge.13613
http://doi.org/10.1016/j.surg.2007.09.012
http://doi.org/10.1067/msy.1998.91823
http://doi.org/10.1097/SLA.0000000000000856
http://www.ncbi.nlm.nih.gov/pubmed/25185468


Cancers 2023, 15, 1739 12 of 14

13. Erlic, Z.; Ploeckinger, U.; Cascon, A.; Hoffmann, M.M.; Von Duecker, L.; Winter, A.; Kammel, G.; Bacher, J.; Sullivan, M.; Isermann,
B.; et al. Systematic comparison of sporadic and syndromic pancreatic islet cell tumors. Endocr. Relat. Cancer 2010, 17, 875–883.
[CrossRef] [PubMed]

14. Hammel, P.R.; Vilgrain, V.; Terris, B.; Penfornis, A.; Sauvanet, A.; Correas, J.M.; Chauveau, D.; Balian, A.; Beigelman, C.; O’Toole,
D.; et al. Pancreatic involvement in von Hippel-Lindau disease. The Groupe Francophone d’Etude de la Maladie de von
Hippel-Lindau. Gastroenterology 2000, 119, 1087–1095. [CrossRef]

15. Sala Hernández, Á.; Montalvá Orón, E.M.; Pareja Ibars, E.; Ballester Pla, N.; López Andújar, R. Management of pancreatic
gastrinoma associated with Von Hippel-Lindau disease: A case report. Rev. Española Enferm. Dig. 2017, 109, 154–157. [CrossRef]

16. Tirosh, A.; Sadowski, S.M.; Linehan, W.M.; Libutti, S.K.; Patel, D.; Nilubol, N.; Kebebew, E. Association of VHL genotype with
pancreatic neuroendocrine tumor phenotype in patients with von hippel-lindau disease. JAMA Oncol. 2018, 4, 124–126. [CrossRef]
[PubMed]

17. Arnon, L.; Halperin, R.; Tirosh, A. Impact of Pancreatic Neuroendocrine Tumor on Mortality in Patients With von Hippel-Lindau
Disease. Endocr. Pract. 2021, 27, 1040–1045. [CrossRef]

18. Krauss, T.; Ferrara, A.M.; Links, T.P.; Wellner, U.; Bancos, I.; Kvachenyuk, A.; Villar Gómez de Las Heras, K.; Yukina, M.Y.; Petrov,
R.; Bullivant, G.; et al. Preventive medicine of von Hippel-Lindau disease-associated pancreatic neuroendocrine tumors. Endocr.
Relat. Cancer 2018, 25, 783–793. [CrossRef]

19. Libutti, S.K.; Choyke, P.L.; Alexander, H.R.; Glenn, G.; Bartlett, D.L.; Zbar, B.; Lubensky, I.; McKee, S.A.; Maher, E.R.; Linehan,
W.M.; et al. Clinical and genetic analysis of patients with pancreatic neuroendocrine tumors associated with von Hippel-Lindau
disease. Surgery 2000, 128, 1022–1028. [CrossRef]

20. Laks, S.; van Leeuwaarde, R.; Patel, D.; Keutgen, X.M.; Hammel, P.; Nilubol, N.; Links, T.P.; Halfdanarson, T.; Daniels, A.B.;
Tirosh, A.; et al. Management recommendations for pancreatic manifestations of von Hippel-Lindau disease. Cancer 2022, 128,
435–446. [CrossRef]

21. Maharjan, C.K.; Ear, P.H.; Tran, C.G.; Howe, J.R.; Chandrasekharan, C.; Quelle, D.E. Pancreatic Neuroendocrine Tumors:
Molecular Mechanisms and Therapeutic Targets. Cancers 2021, 13, 5117. [CrossRef]

22. Jonasch, E.; McCutcheon, I.E.; Waguespack, S.G.; Wen, S.; Davis, D.W.; Smith, L.A.; Tannir, N.M.; Gombos, D.S.; Fuller, G.N.;
Matin, S.F. Pilot trial of sunitinib therapy in patients with von Hippel-Lindau disease. Ann. Oncol. 2011, 22, 2661–2666. [CrossRef]
[PubMed]

23. ClinicalTrials.gov. Phase II Study of Vandetanib in Individuals with Kidney Cancer. Study Results. Available online: https:
//clinicaltrials.gov/ct2/show/NCT00566995 (accessed on 3 December 2022).

24. Jonasch, E.; McCutcheon, I.E.; Gombos, D.S.; Ahrar, K.; Perrier, N.D.; Liu, D.; Robichaux, C.C.; Villarreal, M.F.; Weldon, J.A.;
Woodson, A.H.; et al. Pazopanib in patients with von Hippel-Lindau disease: A single-arm, single-centre, phase 2 trial. Lancet
Oncol. 2018, 19, 1351–1359. [CrossRef] [PubMed]

25. Jonasch, E.; Donskov, F.; Iliopoulos, O.; Rathmell, W.K.; Narayan, V.K.; Maughan, B.L.; Oudard, S.; Else, T.; Maranchie, J.K.; Welsh,
S.J.; et al. Belzutifan for Renal Cell Carcinoma in von Hippel-Lindau Disease. N. Engl. J. Med. 2021, 385, 2036–2046. [CrossRef]
[PubMed]

26. Apte, R.S.; Chen, D.S.; Ferrara, N. VEGF in Signaling and Disease: Beyond Discovery and Development. Cell 2019, 176, 1248–1264.
[CrossRef] [PubMed]

27. Ma, K.; Hong, B.; Zhou, J.; Gong, Y.; Wang, J.; Liu, S.; Peng, X.; Zhou, B.; Zhang, J.; Xie, H.; et al. The Efficacy and Safety of
Tyrosine Kinase Inhibitors for Von Hippel-Lindau Disease: A Retrospective Study of 32 Patients. Front. Oncol. 2019, 9, 1122.
[CrossRef]

28. Raymond, E.; Dahan, L.; Raoul, J.-L.; Bang, Y.J.; Borbath, I.; Lombard-Bohas, C.; Valle, J.; Metrakos, P.; Smith, D.; Vinik, A.; et al.
Sunitinib malate for the treatment of pancreatic neuroendocrine tumors. N. Engl. J. Med. 2011, 364, 501–513. [CrossRef]

29. Jimenez, C.; Cabanillas, M.E.; Santarpia, L.; Jonasch, E.; Kyle, K.l.; Lano, E.A.; Matin, S.F.; Nunez, R.F.; Perrier, N.D.; Phan, A.;
et al. Use of the tyrosine kinase inhibitor sunitinib in a patient with von Hippel-Lindau disease: Targeting angiogenic factors in
pheochromocytoma and other von Hippel-Lindau disease-related tumors. J. Clin. Endocrinol. Metab. 2009, 94, 386–391. [CrossRef]

30. Wang, W.; Jiang, C.Y.; Wang, H.W. Use of sunitinib in a 30-year-old woman with pancreatic neuroendocrine tumors associated
with Von Hippel-Lindau syndrome. J. Clin. Gastroenterol. 2015, 49, 89–90. [CrossRef]

31. Yuan, G.; Liu, Q.; Tong, D.; Liu, G.; Yi, Y.; Zhang, J.; Zhang, Y.; Wang, L.A.; Wang, L.; Chen, R.; et al. A retrospective case study of
sunitinib treatment in three patients with Von Hippel-Lindau disease. Cancer Biol. Ther. 2018, 19, 766–772. [CrossRef]

32. Ali, T.; Kandil, D.; Piperdi, B. Long-term disease control with sunitinib in a patient with metastatic pancreatic neuroendocrine
tumor (NET) associated with Von Hippel-Lindau syndrome (VHL). Pancreas 2012, 41, 492–493. [CrossRef]

33. Carlomagno, F.; Vitagliano, D.; Guida, T.; Ciardiello, F.; Tortora, G.; Vecchio, G.; Ryan, A.J.; Fontanini, G.; Fusco, A.; Santoro, M.
ZD6474, an orally available inhibitor of KDR tyrosine kinase activity, efficiently blocks oncogenic RET kinases. Cancer Res. 2002,
62, 7284–7290. [PubMed]

34. Wells, S.A.J.; Robinson, B.G.; Gagel, R.F.; Dralle, H.; Fagin, J.A.; Santoro, M.; Baudin, E.; Elisei, R.; Jarzab, B.; Vasselli, J.R.; et al.
Vandetanib in patients with locally advanced or metastatic medullary thyroid cancer: A randomized, double-blind phase III trial.
J. Clin. Oncol. 2012, 30, 134–141. [CrossRef] [PubMed]

http://doi.org/10.1677/ERC-10-0037
http://www.ncbi.nlm.nih.gov/pubmed/20660572
http://doi.org/10.1053/gast.2000.18143
http://doi.org/10.17235/reed.2016.4224/2016
http://doi.org/10.1001/jamaoncol.2017.3428
http://www.ncbi.nlm.nih.gov/pubmed/29075773
http://doi.org/10.1016/j.eprac.2021.03.005
http://doi.org/10.1530/ERC-18-0100
http://doi.org/10.1067/msy.2000.110239
http://doi.org/10.1002/cncr.33978
http://doi.org/10.3390/cancers13205117
http://doi.org/10.1093/annonc/mdr011
http://www.ncbi.nlm.nih.gov/pubmed/22105611
https://clinicaltrials.gov/ct2/show/NCT00566995
https://clinicaltrials.gov/ct2/show/NCT00566995
http://doi.org/10.1016/S1470-2045(18)30487-X
http://www.ncbi.nlm.nih.gov/pubmed/30236511
http://doi.org/10.1056/NEJMoa2103425
http://www.ncbi.nlm.nih.gov/pubmed/34818478
http://doi.org/10.1016/j.cell.2019.01.021
http://www.ncbi.nlm.nih.gov/pubmed/30849371
http://doi.org/10.3389/fonc.2019.01122
http://doi.org/10.1056/NEJMoa1003825
http://doi.org/10.1210/jc.2008-1972
http://doi.org/10.1097/MCG.0000000000000160
http://doi.org/10.1080/15384047.2018.1470732
http://doi.org/10.1097/MPA.0b013e31822a645e
http://www.ncbi.nlm.nih.gov/pubmed/12499271
http://doi.org/10.1200/JCO.2011.35.5040
http://www.ncbi.nlm.nih.gov/pubmed/22025146


Cancers 2023, 15, 1739 13 of 14

35. Kumar, R.; Knick, V.B.; Rudolph, S.K.; Johnson, J.H.; Crosby, R.M.; Crouthamel, M.C.; Hopper, T.M.; Miller, C.G.; Harrington,
L.E.; Onori, J.A.; et al. Pharmacokinetic-pharmacodynamic correlation from mouse to human with pazopanib, a multikinase
angiogenesis inhibitor with potent antitumor and antiangiogenic activity. Mol. Cancer Ther. 2007, 6, 2012–2021. [CrossRef]
[PubMed]

36. Phan, A.T.; Halperin, D.M.; Chan, J.A.; Fogelman, D.R.; Hess, K.R.; Malinowski, P.; Regan, E.; Ng, C.S.; Yao, J.C.; Kulke, M.H.
Pazopanib and depot octreotide in advanced, well-differentiated neuroendocrine tumours: A multicentre, single-group, phase 2
study. Lancet Oncol. 2015, 16, 695–703. [CrossRef]

37. NCT04924075. Belzutifan/MK-6482 for the Treatment of Advanced Pheochromocytoma/Paraganglioma (PPGL), Pancreatic
Neuroendocrine Tumor (pNET), or Von Hippel-Lindau (VHL) Disease-Associated Tumors (MK-6482-015). Available online:
https://clinicaltrials.gov/ct2/show/NCT04924075 (accessed on 3 December 2022).

38. Rinke, A.; Müller, H.-H.; Schade-Brittinger, C.; Klose, K.J.; Barth, P.; Wied, M.; Mayer, C.; Aminossadati, B.; Pape, U.F.; Bläker, M.;
et al. Placebo-controlled, double-blind, prospective, randomized study on the effect of octreotide LAR in the control of tumor
growth in patients with metastatic neuroendocrine midgut tumors: A report from the PROMID Study Group. J. Clin. Oncol. 2009,
27, 4656–4663. [CrossRef]
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