
Endocrine (2021) 74:180–187
https://doi.org/10.1007/s12020-021-02752-8

ORIGINAL ARTICLE

Clinical presentation, genotype–phenotype correlations, and
outcome of pancreatic neuroendocrine tumors in Von
Hippel–Lindau syndrome

F. Penitenti1 ● L. Landoni2 ● M. Scardoni3 ● M. L. Piredda4 ● S. Cingarlini5 ● A. Scarpa3,4 ● M. D’Onofrio6
● D. Girelli7 ●

M. V. Davi 1

Received: 31 January 2021 / Accepted: 4 May 2021 / Published online: 25 May 2021
© The Author(s) 2021

Abstract
Purpose Data regarding the clinical management and follow-up of pancreatic neuroendocrine tumors (PanNETs) associated
with Von Hippel–Lindau (VHL) syndrome are limited. This study aimed to assess clinical presentation, genotype–phenotype
correlations, treatment and prognosis of PanNETs in a series of VHL syndrome patients.
Methods Retrospective analysis of data of patients observed between 2005 and 2020.
Results Seventeen patients, including 12 probands and 5 relatives (mean age 30.8 ± 18.4; 7 males), were recruited. PanNETs
were found in 13/17 patients (77.5%) at a median age of 37 years: 4/13 (30.7%) at the time of VHL diagnosis and 9 (69.3%)
during follow up. Six (46.1%) PanNET patients underwent surgery, whereas seven were conservatively treated (mean tumor
diameter: 40 ± 10.9 vs. 15 ± 5.3 mm respectively). Four patients (30.7%) had lymph node metastases and a mean tumor
diameter significantly larger than the nonmetastatic PanNETs (44.2 ± 9.3 vs. 17.4 ± 7 mm, p= 0.00049, respectively). Five
(83.3%) operated patients had stable disease after a median follow up of 3 years whereas one patient showed liver
metastases. Six (85.7%) non-resected PanNETs were stable after a median follow-up of 2 years, whereas one patient
developed a new small PanNET and a slight increase in diameter of a pre-existing PanNET. No correlation was found
between the type of germline mutation and malignant behavior of PanNETs.
Conclusions PanNETs are a common disease of the VHL syndrome and can be the presenting feature. Tumor size rather
than genetic mutation is a prognostic factor of malignancy.

Keywords Von Hippel–Lindau syndrome ● Pancreatic neuroendocrine tumors ● Genotype–phenotype correlations ● Clinical
presentation

Introduction

Von Hippel–Lindau (VHL) syndrome is a rare autosomal
dominant disease due to a germline mutation of the VHL gene,

located at chromosome 3p25-26. The incidence is 1:36,000
livebirths and the mean age of presentation is around 26 years
[1]. The genetic alteration is the loss of the tumor suppressor
function of the VHL gene, which encodes a protein
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participating in the oxygen sensing system [1]. VHL syn-
drome is characterized by benign and malignant neoplasms,
including retinal/central nervous system (CNS) haemangio-
blastomas (HBA) (60–84%), pheocromocytomas (10–20%),
renal cysts and carcinomas (RCC) (25–60%), serous cysta-
denomas, and neuroendocrine tumors of the pancreas (Pan-
NETs) (12–17%). Cystadenomas can occur in the
endolymphatic sac, epididymis, and broad ligament [1, 2].

PanNETs are rarely the first manifestation of the syn-
drome and generally lead to diagnosis suspicion when
associated with other typical manifestations of the disease
[2]. The majority of PanNETs are incidentally detected
lesions by imaging studies performed for other reasons or
during the follow up program for VHL syndrome.

PanNETs that occur in 12–17% of patients with VHL
syndrome are usually nonfunctioning, multiple and with a
mean age at presentation two decades earlier compared to
their sporadic counterpart [1, 2]. The size of the lesions,
generally >3 cm, has been reported as one of main prognostic
factors of malignancy. Doubling time <500 days of the lesion
suggests an increased metastatic risk too [2–8]. Moreover, a
relationship between pancreatic aggressive phenotype and
genotype has been described, mainly mutations in exon 3,
especially of codons 161/167, suggest an enhanced risk for
metastatic PanNETs [6–13]. Conversely, in a French multi-
center series, no phenotype correlation with VHL genotype
was found in 35 PanNETs, of which 58% was malignant
[14]. More recently, in the study by Satoh et al., there was no
association between tumor doubling time and exon 3 muta-
tional status and metastatic disease [15].

The revised guidelines for the management of VHL-
associated PanNETs recommend surgical resection when
PanNETs are >30-mm diameter in the pancreatic body
and tail and >20 mm in the pancreatic head and uncinate
process [2]. A recent study including a large series of
patients collected in the European-American-Asian-VHL-
PanNET-Registry, proposed the cutoff diameter of 2.8 cm
for every site for surgical indication due to metastatic
potential [6].

Given the rarity of the syndrome, literature data regard-
ing the management, the genotype–phenotype correlations
and follow-up of PanNETs with VHL syndrome are limited.

The aim of the present study was to analyze clinical
presentation, genotype–phenotype correlations, treatment
and prognosis of a monocentric series of patients affected
by VHL syndrome.

Patients and methods

We conducted a retrospective analysis of prospectively
collected data of VHL patients observed at University of
Verona Hospital Trust, ENETS Center of Excellence

between January 2005 and January 2020. The study was
approved by the Ethics Committee of the University and
Hospital Trust of Verona (n. 935 date 16/09/2020).

VHL syndrome was diagnosed in patients with a family
history and one typical disorder (CNS/retinal HBA or a
main visceral feature, such as RCC, pheocromocytoma, or
PanNET) or in those without relevant family history with
two or more CNS/retinal HBA or one CNS/retinal HBA and
a visceral feature or in cases of positive genetic testing for
VHL [1].

The time when the first disease correlated to the syn-
drome presented was the date chosen as the clinical diag-
nosis. For all patients, the medical history was collected and
previous imaging studies and clinical documentations were
examined.

Patients underwent diagnostic imaging procedures to
identify the PanNE including: abdomen computed tomo-
graphy (CT) or magnetic resonance imaging (MRI), 68Ga-
DOTATOC-PET/CT and 18F-fludeoxyglucose (FDG)-
PET/CT.

Surgical treatment was performed in all cases with
PanNETs > 3 cm in size. The surgical treatment was tai-
lored according to the site of the lesion(s), their number,
and the risk of metastatic spread. The procedures adopted
were the following: pylorus preserving or Whipple’s pro-
cedures (PD), distal spleno-pancreatectomy (DP), or total
pancreatectomy (TP). Due to the frequent multiple lesions,
the aim of the procedure was to preserve as much pan-
creatic parenchyma as possible while obtaining oncologi-
cal radicality.

The diagnosis of PanNET was made through conven-
tional histological and immunohistochemical examinations
(chromogranin A, synaptophysin) on surgical specimens.
For the non-operated patients, tumor biopsy was based on a
transduodenal fine needle aspiration biopsy during endo-
scopic ultrasound (EUS) or by 68Ga-PET-DOTATOC-CT,
enhancing somatostatin receptors in the neoplasm. In these
cases the CT scan or MRI confirmed the presence of the
PanNET on the basis of the peculiar characteristics in pre-
contrast and contrast-enhanced images that were different
from those of the spleen.

The Ki-67 proliferative index was expressed as a per-
centage of Ki-67-positive cells in 2000 neoplastic cells in
areas of the highest immunostaining using the MIB1 anti-
body (DBA, Milan, Italy).

Data regarding the site of the NET, histological features
according to 2019 WHO classification for PanNETs (G1 <
3%, G2 up to 20%, G3 > 20%), proliferative activity by
staining for Ki-67 antigen, presence of local or distant
metastases were collected.

All patients attended clinical and imaging study follow-
up. Disease-free was based on negative imaging procedures;
no significant increase of residual tumor and/or metastases
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size was defined as stable disease; recurrent disease was
defined by new positive imaging procedures after the sur-
gery. The update of follow-up was yearly, or at shorter
intervals if deemed necessary.

Samples and molecular analysis

Genomic DNA from blood was extracted using a column-
based purification kit (DNeasy Blood & Tissue kit; Qiagen)
and quantified by spectrophotometric and fluorometric
analysis using the Qubit DNA HS Assay kit (Thermo-
Fisher), purity and quality was evaluated using NanoDrop
ND-2000 [16]. DNA was subjected to Sanger sequencing
for samples received before 2016, and to targeted NGS for
samples received after 2016.

Sanger sequencing

Three pairs of oligonucleotide primers were used to amplify
all the coding sequence and the exon–intron junctions of the
VHL gene (NM_000551). Primers were designed using
Internet-based software Primer3-web version 4.0 [17–19] and
aligned with the National Center for Biotechnology Infor-
mation Basic Local Alignment Search Tool using VHL
genomic reference sequence (http://www.ncbi.nlm.nih.gov/
refseq/rsg; Accession number NC_000003.12 (10141778101
53667). The primer sequences were as follows: exon 1: 5′-
CCC GGG TGG TCT GGA TCG CG-3′ forward and 5′-GCT
ATC GTC CCT GCT GGG TC-3′ reverse; exon 2: 5′-ACC
GGT GTG GCT CTT TAA C A-3′ forward and 5′-ACC
GGT GTG GCT CTT TAA C A-3′ reverse; exon 3: 5′-GCA
AAG CCT CTT GTT CGT TC-3′ forward and 5′-CCA TCA
AAA GCT GAG ATG AAA-3′ reverse.

The size of the amplicons was 409 bp for exon 1, 280
bp for exon 2, and 296 bp for exon 3. PCR reactions were
performed in a reaction volume of 20 μl containing 0.2-
mM dNTP, 2-μl 10X Taq Buffer advance, 0.4-μl 5PRI-
METaq DNA Polymerase (Quantabio), 1-μM forward
primer, 1-μM reverse primer, and 50-ng DNA. PCR
cycling was composed by a single hot start cycle at 95 °C
for 3 min, 25 cycles of 94 °C for 20 s, 62 °C for 20 s, and
68 °C for 20 s followed by 3 min of final extension at
68 °C. The PCR products were visualized by the Agilent
2100 Bioanalyzer on-chip electrophoresis (Agilent Tech-
nologies) to confirm the presence of the proper molecular
weight size products for each exon. Samples were ana-
lyzed by direct Sanger sequencing using the ABI Genetic
Analyzer 3130XL platform (Applied Biosystems Inc.,
Foster City, CA), using the Big-Dye terminator version 3.1
Cycle Sequencing kit (Applied Biosystems Inc.) according
to the manufacturer specifications. Sequencing results
were analyzed by SeqScape software version 1.0 (Applied
Biosystems Inc.).

NGS targeting sequencing

High-coverage sequencing for VHL gene was performed
using an AmpliSeq custom panel (TermoFisher) targeting
all exons and intron–exon junctions of genes frequently
mutated in PanNETs (VHL; RET; MEN1) (Table 1). For
each reaction, 20 ng of DNA were used, and the quality of
the resulting libraries evaluated by the Agilent 2100 Bioa-
nalyzer on-chip electrophoresis (Agilent Technologies).
Sequencing runs were performed on the Ion PGM machine
(ThermoFisher) loaded with Ion 318 Chip v3. Base calling,
alignment to the hg19 reference genome, and variant calling
were done using the Torrent Suite Software v.5.0 (Ther-
moFisher). Alignments were visually verified with the
Integrative Genomics Viewer (IGV). Called variants were
annotated using a custom pipeline based on vcflib (https://
github.com/ekg/vcflib), the Variant Effect Predictor soft-
ware [19], and NCBI RefSeq database. Visual verification
of alignments on the IGV software v2.3 [20] allowed fil-
tering of variants. This latter step is the key to remove false
calls due to technique-dependent mispriming or sample age-
related deamination, which cannot be ruled out by auto-
mated variant calling and filtering procedures [21].

ClinVar database (https://www.ncbi.nlm.nih.gov/clinvar)
was used to assess clinical significance of mutations; which
were classified in pathogenic, likely pathogenic, uncertain
significance, likely benign, benign according to American

Table 1 Main characteristics of the 17 patients with VHL syndrome

Characteristics Number (%)

Mean age at diagnosis, years ± SD 30.8 ± 18.4

Gender, M/F 7/10

VHL diagnosis by

PanNET 4 (23.5)

Pheocromocytoma 3 (17.6)

HBA CNS/retina 3 (17.6)

Pancreatic cysts 1 (5.8)

RCC 1 (5.8)

VHL clinical/genetic screening 5 (29.4)

VHL manifestations during the study period

Pancreatic lesions 15 (88.2)

Cysts 2 (11.8)

PanNET 13 (76.5)

HBA 16 (94.1)

CNS 10 (58.8)

Retina 6 (35.3)

Pheocromocytoma 5 (29.4)

RCC 5 (29.4)

Paraganglioma 4 (23.5)

Numbers in parentheses represent percentages unless otherwise noted
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College of Medical Genetics and Genomics–Association for
Molecular Pathology classification [22].

Although NGS technology differs from the traditional
Sanger method in that it analyzes many sequences in
parallel, in this context, the two techniques are compar-
able in terms of accuracy because the three VHL exons
and intron–exon junctions were sequenced with both
methods.

Statistical analysis

Results were explicated as means ± SD. It was considered a
significant difference when p < 0.05. Differences among the
groups carrying a statistical significance with p < 0.05 were
tested with Two-sample Student’s t test.

Results

During the study period, VHL syndrome was diagnosed in
17 patients (7 males and 10 females, 12 probands and 5
relatives) with a mean age at diagnosis of 30.8 ± 18.4 years
(range 3–73).

The 13 patients with PanNETs comprised 10 probands
(4 males and 6 females) and 3 relatives (1 male and 2
females).

Of the four patients who did not harbor PanNETs, a 3-
year-old patient was asymptomatic, three patients had
multiple pancreatic cysts, of which two had RCC and one
SNC HBA.

The clinical presentation at VHL syndrome diagnosis
and the VHL-correlated diseases found during the study
period are summarized in Table 1.

PanNETs were found at the time of VHL diagnosis in 4/
13 (30.7%) patients and in 9 patients during follow-up after
a median time of 12 years (range 1–21). PanNETs were
diagnosed at a median age of 37 years (range 24–72). All
PanNETs were nonfunctioning and asymptomatic.

All PanNETs were incidentally discovered through
imaging procedures performed for nonspecific abdominal
pain or during the follow-up. The four patients in whom
PanNETs led to VHL diagnosis had presented other mani-
festations before diagnosis as follows: paraganglioma in one
case, pheocromocytoma in one case, CNS HBA in one case,
and pancreatic cysts in one case.

Six patients (46.2%) had multiple PanNETs, whereas
seven patients (53.8%) had a single tumor. The median size
was 25 mm (range 7–60).

Regarding diagnostic procedures, 13 patients performed
MRI, 9 patients plus CT, 2 plus EUS with biopsy. These
procedures resulted positive in 13 patients affected by
PanNETs.

68Ga-DOTA-peptide PET/TC was positive in 8/8 and 18F-
(FDG)-PET/TC in 6/7 (85.7%) of patients who underwent it.
Six patients underwent both 68Ga-DOTATOC PET/TC and
18F-(FDG)-PET/TC of which five had both the procedures
positive, whereas one had 68Ga-DOTATOTAC PET/TC
positive and 18F-(FDG)-PET/TC negative. The cutoff of
SUV used to define the positivity was ≥4. No tumor with
SUV < 4 was defined as FDG-positive tumor (Fig. 1).

Fig. 1 CT scans of multifocal PanNET inhomogeneous hyperdense in
arterial phase (a, c) due to hypervascularization and increased uptake
of 68Ga-DOTATOC PET/TC (circle in b and d) involving the stomach

(arrow in a), the uncinate process of the pancreas (arrow in c) and the
pancreatic body with an extensively calcified mass
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Resected patients

Six out of 13 (46.1%) patients with PanNETs underwent
surgery at a median age of 30 years (range 24–40). One
patient was operated on after peptide receptor radionuclide
therapy that obtained a tumor shrinkage of 15 mm (from 50
to 35 mm).

All patients were treated with open surgery. Whipple’s
PD was performed in two cases, pylorus preserving PD in
two cases, DP in one case, TP in one case. Regarding
complications perioperative mortality was nil, while among
postoperative abdominal complications pancreatic fistula
occurred in two cases.

Pathologic features of resected tumors

Pancreatic tumors included a single lesion in three patients,
two lesions in two patients, and multiple lesions in one.

The mean diameter of the main lesion was 40 ± 10.9 mm.
According to grading, four lesions were G1, two lesions
were G2, and none were G3 lesion.

Lymph node metastases were found in four patients
(66.7%), none had distant metastases. The median diameter
of the PanNET with metastases was 42.5 mm, range 30–60,
and two tumors were G1 and two were G2.

The mean tumor diameter of the metastatic PanNETs
was significantly larger than the nonmetastatic PanNETs,
including those conservatively treated [44.2 ± 9.3 vs. 17.4 ±
7 mm, respectively (p= 0.00049)] (Fig. 2).

Postoperative follow-up

All patients were alive after a median follow-up of 3 years
(range 1–13) from pancreatic surgery.

Five patients were disease-free (83.3%) at the last follow-
up. One patient developed multiple liver metastases with the
main lesion of 15 mm in the VI segment after 3 years from
surgery, which were treated with transcatheter arterial
embolization and somatostatin analogs plus sunitinib with
stable disease at last follow up.

Conservatively treated patients

Seven patients with a mean tumor diameter of 15 ±
5.3 mm did not undergo surgery and had stable disease
after a median follow-up of 2 years (range 3 months to
11 years).

One patient showed occurrence of an 8-mm PanNET and
an increase in size of a pre-existing PanNET (from 10 to
17 mm) at 2-year follow-up.

Clinico-pathological characteristics and surgical proce-
dures of PanNETs with VHL are summarized in Table 2.

Genetic analysis and genotype–phenotype
correlations

All but one patient underwent germline genetic testing,
which resulted positive. One patient, with positive family
history and multiple typical manifestations of the disease,
refused to perform the genetic testing.

All germline VHL mutations in probands/families
affected and related phenotype are summarized in Table 2.

Table 2 Clinico-pathological characteristics and surgical procedures of
PanNETs with VHL

Characteristics Value

PanNETs n 13

Single lesion n (%) 7 (53.8)

Multiple lesions n (%) 6 (46.2)

Nonfunctioning n (%) 13 (100)

Site of main panNET: body-tail n (%) 7 (53.8)

Head-uncinate process n (%) 6 (46.2)

Lymph node metastases n (%) 4 (31)

Distant metastases n 0

Resected PanNETs (n) 6

PanNET diameter (mm; mean ± SD) 40 (10.9)

Type of pancreatic resection (n)

Whipple’s PD 2

Pylorus preserving PD 2

DP 1

TP 1

G1 (Ki-67 < 3%) 4

G2 (Ki-67 3% ≤ and ≤20%) 2

G3 (Ki-67 > 20%) 0

Median follow-up after surgery (years, range) 3 (1–13)

Non-resected PanNETs (n) 7

PanNET diameter (mm; mean ± SD) 15 (5.3)

Median follow-up (years, range) 2 (3 months to 11)

n: number of patients

Fig. 2 Representative high-magnification field of panNET
(Hematoxylin–eosin, ×20 magnification), with solid-trabecular pattern
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Nine different VHL mutations were identified (Table 3).
Three (25%) cases had de novo mutations.

Mutations were missense in 6/9 cases (77.7%), whereas
only one nonsense mutation, one deletion, and one splicing
mutation were found in the probands.

A genotype–phenotype correlation was not observed, in
particular between the presence of the metastases and tumor
diameter and the type of mutation.

Among patients with metastatic PanNETs missense,
mutations in exon 3 were present in two subjects and a spli-
cing mutation in intron 1, which had been previously reported
as of uncertain significance in ClinVar Database, in one case.

All patients with mutations in exon 1 were affected by
nonmetastatic PanNETs.

No significant difference in PanNET mean diameter was
found between patients with exons 1 and 3 [21.6 ± 7.3 vs.
25.2 ± 14.5 mm, respectively (p= 0.57)].

The only patient who developed liver metastases had
mutation of 167 codon of exon 3, which has been con-
sidered a hotspot for VHL germline mutations associated
with enhanced risk for metastatic PanNETs [5].1,2

Discussion

The aim of our study was to analyze the clinical presenta-
tion, tumor characteristics, treatments and prognosis of a
single series of PanNETs associated with VHL syndrome.

The study showed that PanNETs are a frequent mani-
festation of VHL syndrome, in fact they were discovered in
76.5% of the cases in our series. In more than one third of
the patients, PanNET was the disease that led to VHL
diagnosis, even though other typical manifestations of the
syndrome were already present but not considered to be
associated with the syndrome.

This unusual presentation of VHL syndrome and the
higher prevalence of PanNETs in our study compared to
that reported in the literature, which is up to 17% [10], can
be explained by patient recruitment modalities as our hos-
pital is a reference center for PanNETs.

Like those reported in the literature, the PanNETs in
our series were nonfunctioning, asymptomatic, often
multiple and incidentally detected lesions by imaging
studies performed for other reasons or during the follow
up of VHL syndrome [1, 13]. However, the prevalence
of metastatic PanNETs in our series was 30.7%, which
is higher than that reported in the literature of up to
20% [6].

One main open issue is to identify the prognostic factors
of aggressiveness of PanNETs in VHL.

The strongest predictor for malignancy is the cutoff dia-
meter >3 cm of the PanNET, which is considered at risk of
metastases. In our series a group of patients with small
PanNETs with <3-cm diameter were conservatively treated
and all but one remained stable after a median follow up of 2
years (range 3 months to 11 years). Patients with tumor
diameter >3 cm were operated on. The mean tumor diameter
of the metastatic PanNETs was found to be significantly
larger than the nonmetastatic PanNETs including those

Table 3 Germline VHL mutations in probands/family member affected patient

Patient Proband/familiar (P/F) Exon/intron Mutation type Mutation cDNA Mutation p. protein Phenotype

1 P Exon 1 Deletion c.227_229delTCT p. Phe76del HBA CNS, PanNET

2a P Exon 1 Missense c.233A>G p. Asn78Ser RCC, HBA CNS/Ret, Pan-Cyst, PanNET

2b F “ “ “ “ PPGL, HBA CNS/Ret, RCC, PanNET

4 P Exon 1 Missense c.245G>T p. Arg82Leu Pheo, HBA CNS, PanNET

5a P Exon 1 Missense c.332G>A p. Ser111Asn HBA CNS, Pan/Kid-Cysts

5b F “ “ “ “ RCC, Pan/Kid-Cysts

7 P Intron 1 Splice site c. 341-3T>G / HBA CNS, Metastatic PanNET

8 P Exon 1 Missense c.340G>C p. Gly114Arg HBA Ret, PanNET

9 P Exon 3 Nonsense c.481C>T p. Arg161Ter Pan/Kid-Cysts, RCC

10a P Exon 3 Missense c.499C>T p. Arg167Trp Pheo, PPGL, HBA CNS/Ret, PanNET, Liver
Metastasis

10b F “ “ “ “ Pheo, PPGL, HBA Ret, PanNET

10c F “ “ “ “ RCC, HBA CNS, RCC, PanNET

10d F “ “ “ “ /

14 P Exon 3 Missense c.499C>T p. Arg167Trp Pheo, HBA CNS, PanNET

15 P Exon 3 Missense c.500G>A p. Arg167Gln PPGL, Metastatic PanNET

16 P Exon 3 Missense c.500G>A p. Arg167Gln HBA CNS/Ret, PanNET

HBA CNS/Ret central nervous system/retina haemangioblastoma, PPGL paraganglioma, Pheo pheocromocytoma, PanNET neuroendocrine
pancreatic tumor, Pan-Cyst/Kid-Cyst pancreatic/kidney cyst, RCC renal cell carcinoma

/ none, “ same as above

1 The significance of " is : same as above.
2 The significance of / is: none.
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conservatively treated [44.2 ± 9.3 vs. 17.4 ± 7mm, respec-
tively (p= 0.00049)].

Even though the number of patients in our series was
limited and follow-up was short, this observation supports
the current trend of conservative treatment for only non-
functioning PanNETs of small diameter (<3 cm), which
are reported to be associated with low risk of metastases
and mortality. However, given the prevalence of metas-
tases of 31% in the whole series a surgical approach is
mandatory in patients with tumor >3 cm and or with
increased growth rate.

Regarding tumor grade, as reported in few articles [12–14],
in our series, we found only G1 or G2 tumors. Moreover, the
sensitivity of Ga-DOTATOC-PET was of 100%, demon-
strating the high presence of somatostatin receptors. These
observations reflect the relatively indolent behavior of the
majority of PanNETs associated with VHL syndrome.

Regarding genotype–phenotype association, even though
PanNETs can occur in carriers of mutations of any type,
they are more frequent and more aggressive in patients with
mutations in exon 3 with hot spots in codons 161/167 [6].

In contrast to Krauss et al. [6] and in line with the study
by Corcos et al. [14] and Satoh et al. [15], we did not find a
correlation between the somatic mutation and the malignant
phenotype of PanNETs.

Two out of the three patients with metastatic PanNET
with available genetic testing were carriers of missense
mutation in exon 3, at 167 codon, which is reported to be
associated with enhanced risk of malignancy. However,
another four patients from three different families, carriers
of the same germinal mutation, harbored small PanNETs
that remained stable during follow up. Therefore, besides
the mutation in exon 3, other factors that can contribute to
the malignant behavior of the PanNETs such as diameter of
the lesion >3 cm and double-timing of the lesion
<500 should be considered [11].

In our series, one patient with metastatic PanNET was a
carrier of a splicing mutation in intron 1, previously
reported as of uncertain significance in ClinVar Database.
This germline mutation was also found in the histological
specimen of the tumor, demonstrating the pathogenetic role
of this mutation of the VHL syndrome.

Four patients out of 17 in our series (23%) carried “de
novo” mutations—none of their relatives who underwent
genetic testing were affected by the syndrome. This is in
line with data from literature, which report a prevalence of
around 20% [1, 2, 11].

Conclusions

PanNETs are common disease of the VHL syndrome and
can be the presenting feature. The majority are small,

nonfunctioning, and well or moderately differentiated with
high expression of somatostatin analog receptors. Tumor
diameter rather than genetic mutation is a negative prog-
nostic factor of malignancy.
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