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Abstract

Non-functioning pancreatic neuroendocrine tumours (NF-pNETs) are potentially malignant neoplasms that are detected with increasing
frequency. The management of small (< 2 cm) asymptomatic NF-pNETs remains an area of controversy and clinical dilemma. Follow-up
seems to be a reasonable strategy because of the relatively limited metastatic potential of these tumours, the good clinical prognosis,
and considering the high complication rate associated with surgery. However, some studies show metastatic potential of these tumours,
fuelling an ongoing debate in the literature regarding their management. Making the decision to observe or perform surgery is thus
not an easy task. New, promising therapeutic methods involving ablation under endoscopic ultrasound (EUS) guidance with ethanol or
radiofrequency ablation have been applied for these lesions with good clinical outcomes but only with short-term follow-up data. In this
review, we address the emerging question of when to follow-up and when to perform surgery for small asymptomatic pancreatic tumours,

with consideration of the potential of ablative therapies. (Endokrynol Pol 2023; 74 (1): 25-30)
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Pancreatic neuroendocrine tumours (pNETs) constitute
up to 2% of pancreatic tumours and are detected with
increasing frequency [1]. Most are sporadic, but they can
develop as part of inherited syndromes, including mul-
tiple endocrine neoplasia 1 (MEN1), von Hippel-Lindau
syndrome, and tuberous sclerosis [2—4]. These lesions
are most commonly well-differentiated tumours with
no hormonal activity, and their incidence increases with
age [5]. The paucity of symptoms arising from their
non-secreting nature is the primary reason they usually
go undetected until they reach more advanced stages,
compared with their functional counterparts. The over-
all 5-year survival in non-functional (NF)-pNETs is up
to 43%, and median survival is 38 months. These sur-
vival metrics are much better than in pancreatic adeno-
carcinoma but still worse than in other gastrointestinal
tumours such as colorectal cancer [6, 7].

Data indicate that the tumour size correlates
with malignant potential, which in turn affects survival
and mortality [8-10]. Bettini et al., using postoperative
specimens, found that tumours measuring > 4 cm had
significantly higher rates of microvascular invasion
(26% vs. 13% for tumours < 2 cm) and of liver (4% vs.
0%) and nodal (20% vs. 13%) metastases [8]. The median
antigen Ki-67 (Ki-67) value was 3% in tumours measur-

ing > 4 cm compared with 2% for tumours of 2-3 cm
and 1% for those < 2 cm [8]. The growth rate also
depends on the size. An endoscopic ultrasound (EUS)
study of 226 pNETs in patients with MEN1 syndrome
showed an average growth rate of 0.1 mm per year, with
no size progression in tumours measuring < 10 mm
but progression of 0.44 mm/year in larger tumours [11].

Non-functioning sporadic tumours, which do not
secrete hormones that cause clinical symptoms, are
the most common type of pNETs and the focus of this
review. The management of these tumours remains
a clinical challenge and dilemma, largely because of
uncertainty about their biology and factors related
to malignant potential. Pancreatic surgery is complex
and carries significant risk for complications including
death, but taking a watch-and-wait approach risks
development of metastases.

There is consensus among experts and guidelines
that NF-pNET5 < 1 cm can be safely followed up, taking
into account their small metastatic potential reported in
the literature [5, 12]. However, the European Neuroen-
docrine Tumour Society (ENETS) and North American
Neuroendocrine Tumor Society (NANETS) guidelines
are somewhat discrepant in their recommendation re-
garding when surgery should be performed for larger
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tumours. In their consensus guidelines, ENETS recom-
mends surgery in G2, symptomatic pNET5, and tumours
>2 cm [5]. This guidance is in line with Polish Network
of Neuroendocrine Tumours recommendations [13].
Other researchers, considering the metastatic poten-
tial of NF-pNETs, have proposed 1.5 cm or 1.7 cm as
a trigger for surgery [14, 15]. NANETS guidelines offer
a much less conservative approach and recommend
individualizing the decision for tumours measuring
1-2 cm, depending on patient age, comorbidities, tu-
mour location, imaging features, change in size over
time, access to follow-up, and the patient’s wishes [12].
Table 1 presents the management recommendations for
small NF-pNETs from the different societies.

Our knowledge of the metastatic potential of small
PNETs is based either on pathological assessment of
post-surgical material or on studies that have compared
survival between patients treated surgically versus con-

servatively. Findings regarding small NF-pNETs have
been mixed.

Some studies have shown indolent behaviour of
small non-secreting pNETs, such as the findings of
Gaujoux et al., who observed 46 patients with small
NEF-pNETs for a median of 34 months and found that
none of the patients developed metastases [16]. Sadot et
al. described a group of 104 patients with small asymp-
tomatic neuroendocrine tumours and found no change
in tumour size, no progression, and no mortality dur-
ing a median 44 months of observation [17]. Lee et al.
reported findings for 77 patients with small NF-pNETs
who were treated conservatively compared with those
for 56 patients who underwent surgery [18]. Neither
group showed progression or disease-related mortality,
but in the group treated with surgery, almost half of
the patients had at least one post-operative complica-
tion (mainly pancreatic leak) [18].

Table 1. Recommendations from different societies regarding the management of small (1-2 cm), asymptomatic, pancreatic,

non-functioning, neuroendocrine tumours

Guidelines

Follow-up

In small, possibly benign tumours, the surgical risk benefit should be

carefully weighed
ENETS 2012,

Update 2016 [5, 57]

Update: tumor < 2 cm, option 1: surveillance (G1, low G2, asymptomatic,
mainly in the head); option 2: surgery — G2, symptoms, patient wishes
(5); a conservative approach seems to be safe because the majority of
observed tumours did not show significant changes on follow-up (5)

Every 3 to 9 months

NANETS 2020
[58, 59]

Individualized decision: age comorbidities, tumour growth over time,
estimated risk of symptom development, imaging features, grade,
extent of surgical resection, patient wishes, access to follow-up

No consensus regarding follow-up for patients
with resected pNETs < 2 cm; for larger tumours,
3 to 6 months after surgical resection

NCCN 2021 [60]

Observation (observation may be considered for low-grade, incidental,
non-functioning tumours; decision based on surgical risk, tumour site,
and patient comorbidities)

or
Enucleation = lymphadenectomy
or

Resection = lymphadenectomy

Provide post-resection recommendations:

¢ 3-12 months in the first year

* 1 year to 10 years after resection:
6-12 months

* > 10 years: consider surveillance as
clinically indicated

Polish Network
of Neuroendocrine
Tumours 2017 [13]

Accidentally detected, asymptomatic, non-functional

neoplasms < 2 cm in diameter, without evidence of histopathological
and radiological malignancy may be observed, and the decision about
the course of treatment should be taken by a multidisciplinary team of
doctors experienced in the management of pNETs

3 months for NECs and 6—12 months for G1,
G2, or G3 NETs, or more frequently if disease
progression is suspected

Polish Network

of Neuroendocrine
Tumours (update)
2022 [61, 62]

Observation: G1

G2, with low Ki-67 (< 10%), < 2 cm in size, with no radiographically
identified malignancy can be observed:

e optional surgery in NET of 1-2 cm tumours leaving the decisions to
the therapeutic team and the patient

e ablation performed under EUS control is an alternative treatment for
NF-NETs G1/G2 with a diameter < 2 cm, who are not candidates for
surgery or refuse surgery

ENETS — European Neuroendocrine Tumour Society; pNET — pancreatic neuroendocrine tumour; NANETS — North American Neuroendocrine Tumor
Society; NCCN — National Comprehensive Cancer Network; NEC — neuroendocrine carcinoma; NET — neuroendocrine tumour; EUS — endosonography;
NF-NET — non-functioning pancreatic neuroendocrine tumours; G — grading; Ki-67 — antigen Ki-67
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In contrast to these findings that seem to favour
conservative management, other groups have reported
that the percentage of metastatic (mainly nodal) cases
in patients who underwent surgery varies from 7% to
55% [19, 20]. Haynes et al. analysed the history of 39
patients after pancreatic surgery for NE-pNETs < 2 cm
and found that 3 patients (7.7%) developed recurrence
or late metastases [20]. In 158 patients with small asymp-
tomatic pNETs and a follow-up of 45.6 months, Paik et
al. found that 11 patients (7%) developed metastases
or disease recurrence after surgery [21]. Jilesen et al.
followed patients who had undergone pancreato-
duodenectomy for neuroendocrine tumours < 2 cm
and found on post-operative specimen analysis that
55% of the patients had lymph node metastases [19].
This result is in agreement with those of Finkelstein et
al. and Sharpe et al., who reported better 5-year survival
with surgery (82.2%) than with conservative manage-
ment (34.3%) among patients with small pNETs [22, 23].

Taken together, the results overall indicate that
small asymptomatic pNETs are a heterogenous group
of tumours with uncertain biology, and that a cut-off
of 2 cm for surgery may not be sufficient.

Researchers also are striving to identify both diag-
nostic and prognostic markers of pNETs. Apart from
the obvious candidate factors such as number and ex-
tent of metastases in lymph node and liver and Ki-67
index, other prognostic markers have been proposed
to indicate worse prognosis, including age, presence of
symptoms, location in the pancreatic head or neck, pres-
ence of calcifications, and necrosis [13, 24]. It also has
been suggested that the presence of cystic features on
imaging is related to better prognosis and should be
considered when making treatment decisions [4, 13, 24].

Contrast-enhanced EUS has gained attention
as a potential tool for predicting the behaviour of
NF-pNETs. Hyperenhancement is histopathologically
related to fewer vessels and more fibrosis and was
identified as a predictor of aggressive behaviour [25],
and heterogeneous enhancement in the early arterial
phase has been reported as a marker of G3 tumours
and metastatic disease [26].

Recent studies of neuroendocrine tumours have
identified some candidate molecular markers. Among
those related to survivalimprovement are MEN1, muta-
tions in the DAXX/ATRX protein [24, 27], and positive
expression of somatostatin receptor (SSTR) type 2A
(SSTR2A) and SSTR5. Telomere lengthening, in contrast,
has been associated with worse survival and more ag-
gressive tumour behaviour [24, 28-31].

The so-called liquid biopsy or NETest and its utility
as a diagnostic marker of different types of neuroen-
docrine tumours, including pNETs, has been reported
[32, 33]. The idea of liquid biopsy is to measure molecu-

lar markers of gene expression including messenger
RNA (mRNA) in peripheral blood, which is said to
be more accurate than the routinely used chromogranin
A [34]. Another advantage of NETest is that it is not in-
vasive and avoids the need for tissue biopsy. In studies,
NETest values have been significantly more elevated in
patients with disease progression, and the expression
of some microRNAs has been reported as a marker of
tumour aggressiveness and patient survival [24, 33].
These markers have yet to become a routine part of
clinical practice.

A factor that cannot be underestimated in deci-
sion-making about pNET management is the risk of
adverse events related to pancreatic surgery. Pan-
creatic head surgery (pancreaticoduodenectomy, or
Whipple’s procedure) remains one of the most complex
abdominal surgeries, sometimes described as the “Ca-
dillac of abdominal surgery”. It carries a mortality of
3% and overall complication rate of 52% [35, 36]. For
these reasons, the qualifying criteria for surgery should
go beyond infiltration of vessels and the presence
of metastases, and include the patient’s general health
condition, age, and comorbidities.

Enucleation is less invasive than pancreaticoduode-
nectomy and recommended by the ENETS guidelines.
Jilesen et al. compared surgical complication rates
and outcomes among enucleation, pancreaticoduode-
nectomy, and distal pancreatic resection in pNETs [19].
The overall complication, readmission, and intervention
rates were comparable for both methods of pancre-
atic head tumour treatment, but pancreatic exocrine
and endocrine insufficiency were more common after
pancreatoduodenectomy [19].

The same authors conducted a systematic review
of 62 studies of surgically treated patients with pNETs
(37) and found that, depending on the type of surgery,
pancreatic surgery was related to a 3-6% overall mortal-
ity, 1-7% risk of bleeding, 5-18% risk of delayed gastric
emptying, and 14%-58% risk of fistula. Fistula was
the most common complication and was more com-
mon in patients after enucleation (45%) than after distal
pancreatic resection or pancreaticoduodenectomy [37].

Apart from surgery, endoscopic ablative methods
of treatment, including ethanol and radiofrequency
ablation, seem to be promising alternatives for the man-
agement of small pNETs. The history of using abla-
tion for pNETs can be traced back to a first report by
Jurgensen et al. in 2006, who described the successful
ethanol ablation of a pancreatic insulinoma. Since that
time, this method of treatment has gained consider-
able attention, with many cases described [38—40]. Our
review of 27 cases of insulinoma treated with ethanol
ablation showed high effectiveness (reaching 100%)
and safety. We identified only one major complication
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[41], probably due to use of a low ethanol concentration,
and highlighted some technical issues that need to be
addressed, including choosing the best needle gauge
and the volume and concentration of ethanol [39].

El Sayed et al. reviewed outcomes for 75 patients
with insulinoma, 47 of whom were treated with ethanol
ablation, 27 with radiofrequency ablation, and one with
both methods. The authors found that both methods
were safe and effective, with an overall success rate of
98.5% [42]. Complications of concern, apart from mild
self-limiting pancreatitis, were delayed ulceration of
the duodenal wall with hematoma and stricture of
the pancreatic duct, both of which were resolved en-
doscopically [43].

Limitations of alcohol ablation include less ef-
fectiveness in the treatment of NF-pNETs and safety
concerns. Apart from the risk of mainly self-limiting
pancreatitis, which develops in 6% to 12% of cases,
ethanol ablation may result in other complications
such as bleeding, strictures of the pancreatic or bile
ducts, or secondary biliary sclerosing cholangitis [44].
Experience with ethanol ablation of NF-pNETs and its
effectiveness in this patient population is limited com-
pared with studies involving functional pNETs. Park
et al. reported on the response to ablation among 10
patients with small NF-pNETs. They defined success as
the radiologic disappearance of enhancing elements at
the 3-month follow-up, which occurred in 60% of cases
[40]. Armellini [45] suggested possible reasons for this
lower effectiveness, including more advanced grading
of NF-pNETs at detection or a debulking effect resulting
from secretion in functioning pNETs. Figure 1 shows
the typical endosonographic image of a pancreatic
neuroendocrine tumour.

Figure 1. Typical image of pancreatic neuroendocrine tumour
seen in radial endosonography (EUS). Small, 17 mm, hypoechoic,
well-defined, and vascularized lesion
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Radiofrequency ablation relies on delivery of
a high-frequency alternating current through a needle
or needle-like device, which heats the tissue and trig-
gers tumour necrosis [46, 47]. The reports describe
the effectiveness of radiofrequency ablation in different
types of tumours including hepatocellular carcinoma,
well-differentiated thyroid, and medullary cancer [48],
and different types of pancreatic tumours, including
cystic neoplasms and cancer [49, 50]. Current experi-
ence with EUS-guided radiofrequency ablation of
NF-pNETs is limited mainly to case reports and series
[51-53]. Barthet et al. presented the long-term outcomes
of radiofrequency ablation of small NF-pNETs with
promising results. They found that 12 of 14 lesions com-
pletely disappeared, although 2 failures were noted.
One was a recurrence after the initial disappearance
of the lesion after one year, and the second involved
no initial response to the treatment and development
of metastases [49]. The overall complication rate was
13.79%, and complications were pancreatitis, perfora-
tionin a patient with a cystic lesion, one biliary leakage,
and pancreatic duct stenosis. This rate fell to 7.3% when
nonsteroidal anti-inflammatory drugs and antibiotic
prophylaxis were used before the procedure [49].

The largest data source on ablation of NF-pNETs
is a meta-analysis by Zhang [54]. This analysis of
14 studies with 158 patients (78 with NF-pNETs, 26
insulinomas) compared the effectiveness and safety
of both ablative approaches. The clinical success rate
was higher for ethanol ablation (87.9% vs. 83.5% for
radiofrequency ablation), and the overall complication
rate was lower for ethanol ablation (21.2% wvs. 32.2%
for radiofrequency ablation). Most complications were
early and self-limiting and included abdominal pain,
pancreatitis, peripancreatic fluid collections, and hy-
peramylasaemia. Among the few (n = 6) late complica-
tions were jaundice, pancreatic duct stenosis, duodenal
stricture, and cystic fluid collection [54]. The advantages
of ethanol ablation are also its accessibility, low cost,
and lack of need for special equipment in comparison
with radiofrequency ablation.

Ethanol and radiofrequency ablation are gaining in-
creasing attention for the management of small pNETs.
The feasibility, accessibility, and safety of these methods
allows anticipation of their application more broadly
in the treatment of these lesions. The differential ma-
lignancy potential identified in studies suggests het-
erogeneity of pNETs and emphasizes the currently
limited understanding of their molecular biology. Some
ongoing multicentre, large, prospective, observational
studies may shed some light on the biology of small
pNETs (ASPEN, PANDORA) [55, 56]. It should be un-
derlined that the recently published update of the Pol-
ish Network of Neuroendocrine Tumours guidelines
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sets the place for ablative therapies as an alternative
treatment for patients with NF-NETs G1/G2 with a di-
ameter < 2 cm, who are not candidates for or refuse
surgery [61, 62].

The limited number of available studies indicates
that small asymptomatic NF-pNETs may show aggres-
sive behaviour and that size is not a sufficient criterion
for decision-making about management. Further re-
search should aim at improved molecular character-
ization of pNETs measuring 1-2 cm to allow for better
prediction of which tumours have metastatic potential.
While we cannot predict the biology of the tumour,
we should adhere to current rules calling for imaging
follow-up for neoplasms < 1 cm and surgery for tu-
mours > 2 cm, leaving a grey area for tumours that are
1-2 cm but for which ablative therapies may be offered.
Ablative therapies are also a good option for patients
who do not qualify for or who refuse surgery. Factors
to consider regarding surgery include the patient’s
wishes, age, comorbidities, and tumour location. No
clear recommendations cover which method of ablation
should be applied, and multicentre and prospective
studies with long-term follow-up are needed to confirm
the long-term efficacy of ablative therapies.
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