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Abstract
Background: Pancreatic neuroendocrine tumours (pNETs)
are a highly heterogeneous group of tumours with widely
variable biological behaviour. The incidence of pNETs has
risen exponentially over the last three decades, partic-
ularly for asymptomatic small pNETs (≤2 cm), due to the
widespread use of cross-sectional imaging in clinical
practice. Summary: Current consensus guidelines sug-
gest that incidentally discovered pNETs ≤2 cm can be
selectively followed due to the overall low risk of ma-
lignancy. Nevertheless, the “watch-and-wait” manage-
ment strategy for small asymptomatic pNETs is still not
widely accepted due to the lack of long-term data on the
natural history of these small lesions. Additionally, it is
clear that a subset of small pNETs may show malignant

behaviour. Key Message: Given the non-negligible risk of
malignancy even in small pNETs, it is of the utmost im-
portance to identify other preoperative factors, other
than size, that may help to stratify the risk of malignant
behaviour and guide clinical management. In this article,
the Portuguese Pancreatic Club reviews the importance
of risk stratification of pNETs and presents an updated
perspective on the surveillance strategy for sporadic well-
differentiated pNETs. © 2024 The Author(s).
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Resumo
Contexto: Os tumores neuroendócrinos do pâncreas
(pNETs) correspondem a um grupo heterogéneo de tu-
mores com comportamento biológico variável. A sua
incidência aumentou exponencialmente nas últimas três
décadas, particularmente à custa do diagnóstico inci-
dental de pNETs de reduzidas dimensões (≤2 cm) devido
à utilização crescente de exames de imagem seccional na
prática clínica. Sumário: As normas de consenso inter-
nacionais sugerem que os pNETs ≤2 cm poderão ser
seletivamente vigiados, dado o seu baixo risco global de
comportamento maligno. No entanto, a estratégia pro-
posta de “watch and wait” na abordagem dos pNETs
assintomáticos ≤2cm não tem sido amplamente aceite
devido à ausência de dados a longo-prazo relativos à sua
história natural. Adicionalmente, é hoje evidente que um
subgrupo destes pequenos tumores poderá apresentar
comportamento maligno. Mensagens Chave: Dado o
risco não desprezível de agressividade biológica mesmo
nos pNETs incidentais de reduzidas dimensões, torna-se
essencial identificar fatores pré-operatórios, para além da
dimensão do tumor, que permitam estratificar o seu risco
de malignidade e guiar a abordagem clínica. No presente
artigo o Clube Português de Pâncreas apresenta uma
perspectiva atual sobre a estratificação do risco e a es-
tratégia a adoptar na vigilância dos pNETs esporádicos
bem-diferenciados. © 2024 The Author(s).

Published by S. Karger AG, Basel

Introduction

Pancreatic neuroendocrine tumours (pNETs) com-
prise a heterogeneous group of neoplasms originating
from the islets of Langerhans that exhibit distinct
molecular and clinical features, with variable patterns of
aggressiveness [1]. These tumours have been historically
regarded as rare, but several lines of evidence support
the hypothesis that the real prevalence of pNETs is much
higher than that reported in population-based studies
[1]. Large autopsy series have documented a pNET
prevalence of 1.5–3%, mostly comprising small lesions
[2, 3]. In a recent series of pancreatic surgical resection
specimens for miscellaneous indications (other than
pNETs), a prevalence of 4% of small incidental pNETs
was reported by the pathologists [4]. The high preva-
lence of incidental pNETs documented in these studies
supports the hypothesis that the risk of malignant be-
haviour is probably limited to a small fraction of cases
and that most pNETs probably remain asymptomatic

during lifetime [1, 4]. In fact, the incidence of pNETs has
risen more than 6-fold over the last three decades, and
this dramatic growth has been markedly greater for
localized disease, possibly due to increased imaging
diagnosis of asymptomatic, early-stage lesions [5, 6]. As
diagnosis of pNETs become more frequent, it is of
paramount importance to select which of these lesions
will benefit from therapeutic intervention.

Clinically, pNETs are classified as functioning or
non-functioning according to whether they secrete
active hormones. In recent series, non-functioning
pNETs represent up to 90% of all lesions [7]. Surgery
is the standard of care for pNETs that cause symptoms
of hormone secretion and for pNETs that are deter-
mined to pose a high risk of malignancy (including all
pNETs >2 cm) or that have established malignant
features depending on their clinicopathological features
and stage [1]. However, the management of incidentally
detected, non-functioning, smaller lesions (≤2 cm)
remains controversial. In clinical practice, since the
natural history of these small tumours is largely un-
known, the management strategy depends essentially on
the adequate weighting of the risks of overtreatment and
undertreatment [8].

In this article, the Portuguese Pancreatic Club reviews
the importance of risk stratification of pNETs and
presents an updated perspective on the surveillance
strategy for sporadic well-differentiated pNETs. A lit-
erature search was performed through May 2023, using
PubMed, Embase and Cochrane library, with the search
terms “pancreatic neuroendocrine tumour/neoplasm,”
“pNET/panNET/pNEN/panNEN,” “endoscopic ultra-
sound,” “Ki-67 proliferative index,” “surveillance,” and
“follow-up.” A cross-reference check was performed
during full-text article review. Prospective studies,
systematic reviews/meta-analyses and international
consensus statements/management guidelines were
preferred. The final manuscript was revised and ap-
proved by all the members of the Governing Board of the
Portuguese Pancreatic Club.

Risk Stratification of pNETs: The Present and the
Future

It is extremely difficult to predict the course of disease
in a patient with a pNET. Most (>90%) pNETs in clinical
practice are well-differentiated low-grade (G1, Ki-67
index <3%) or intermediate-grade (G2, Ki-67 index
3–20%) tumours and are associated with a relatively
prolonged natural history, even when metastatic [9, 10].
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One relevant point to consider is that, while histologic
grade is a useful measure of prognosis (as a Ki-67 in-
dex >5% is linked to a higher risk of disease progression
and postoperative recurrence), it is not an indicator of
whether a pNET is benign or malignant [9, 10]. The only
criteria for malignant behaviour are the presence of local
invasion, metastases, or recurrent disease [10]. Taken
together, disease stage (evaluated by imaging and clas-
sified according to the ENETS/AJCC classification [11,
12]) and tumour grade (based on histology/proliferation
index and classified according to the WHO classification
[13]) are the two major independent prognostic factors
and should always be assessed in a patient with a
pNET [14].

Earlier classification systems from the WHO in-
corporated tumour size (≤2 cm, >2 cm) into the
staging criteria for sporadic pNETs [15]. There is
evidence that larger tumours are more likely to be
intermediate grade rather than low grade and that
larger tumours are more often malignant and have
somewhat poorer outcomes with a higher risk of
disease recurrence [16]. However, size alone cannot
determine the malignant potential of these lesions:
tumours <2 cm can be malignant and tumours >2 cm
can be benign [16]. In a recent multicenter retro-
spective cohort study of patients with non-functioning
pNETs ≤2 cm who underwent surgery, one-fourth had
at least one high-risk pathological factor (defined as
Ki-67 > 3%, microvascular invasion, or positive nodal
involvement, the latter present in 6% of the cases) [17].
These findings were similar to the results of a recent
meta-analysis which showed that up to 20% of sur-
gically resected small (≤2 cm) pNETs had malignant
potential [18]. Given the non-negligible risk of ma-
lignant behaviour even in small pNETs, it is of the
utmost importance to identify other preoperative
factors, other than size, that may help to stratify the
risk of malignancy.

Besides size >2 cm [16] and Ki-67 index >5% [9, 10,
19], some particular imaging features may predict a
higher risk of malignancy. The presence of
hypoenhanced/heterogeneous vascular pattern, as may be
revealed by dynamic contrast-enhanced imaging tech-
niques, has been linked to the presence of high-risk
pathological features [17]. Importantly, microvessel
density is inversely correlated to tumour grading in
histologic samples, justifying the hypoenhanced/
heterogeneous contrast pattern in dynamic studies in
higher-grade tumours [17, 20]. The presence of calcifi-
cations on preoperative imaging has also been shown to
be an independent predictive factor of lymph node

metastasis in well-differentiated pNETs and tends to
occur in larger and intermediate-grade tumours
[21, 22]. Additionally, upstream dilatation of the main
pancreatic duct (due to intraductal invasion) and other
signs of invasive behaviour, such as dilatation of the
common bile duct, irregular borders, or invasion of
adjacent vessels, are highly suggestive of underlying
malignancy [17, 23]. Conversely, cystic degeneration,
which occurs in about 11–19% of all pNETs, is mostly
found in low-grade pNETs (probably due to intra-
tumoural bleeding) and has been linked to lower nodal
invasion rate and to better prognosis in comparison to
solid pNETs [23, 24]. Other series have documented
similar survival outcomes and similar rates of lymph
node metastasis between pNETs with and without a
cystic component [25, 26].

The utility of currently available circulating markers
such as chromogranin A as an aid in the diagnosis or
follow-up of pNETs is limited. Regarding chromog-
ranin A, sensitivity is very low in cases of localized
disease or low metastatic burden, and false-positive
results are common in several medical conditions,
such as inflammatory diseases, renal failure, chronic
atrophic gastritis and with the use of proton pump
inhibitors [27]. The NETest is a novel RNA-based
assay that has been shown to be superior to chro-
mogranin A in multiple metrics. This novel test
measures several circulating tumour transcripts and
outperformed other pNET biomarkers for prediction
of tumour burden, disease progression, and response
to therapy in a recent prospective comparative study
[28]. In recent years, various techniques of molecular
biology (based on tumour tissue sampling and liquid
biopsy) have shown promising results by identifying
relevant factors for prognosis/risk stratification of
pNETs. Moreover, the determination of the molecular
basis of this heterogeneous disease will be crucial to the
development of personalized therapies. Importantly,
the presence of DAXX/ATRX loss has been shown to
be an independent negative prognostic factor, and its
determination in biopsies samples may be helpful in
the decision-making process for pNETs ≤2 cm [29].

Role of Endoscopic Ultrasound: Guided Tissue
Acquisition for Risk Stratification of pNETs

A preoperative histological diagnosis is of paramount
importance for confirmation of the neuroendocrine na-
ture of the pancreatic lesion, which needs to be differ-
entiated from other hypervascular pancreatic lesions,
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such as solid-type serous cystic neoplasms, pancreatic
lymphomas/plasmacytomas, hypervascular pancreatic
metastases, or intrapancreatic accessory spleen lesions,
some of which obviously not requiring surgical re-
section [30, 31]. Figure 1 shows a case involving a
hypervascular nodule in the pancreatic tail that was
suspected of being a pNET on computed tomography
(CT) and on 68Ga-DOTA-NOC PET-CT (positive for
68Ga-labelled somatostatin analogues – SUVmax 21.8),
with the final diagnosis of intrapancreatic accessory
spleen following endoscopic ultrasound (EUS)-guided
fine-needle biopsy (FNB). The 2020 European Society
for Medical Oncology (ESMO) guidelines [14] rec-
ommend EUS as the optimal method for the diagnosis
of small pNETs due to higher diagnostic sensitivity
than cross-sectional imaging tests and because it allows
for histologic diagnosis. For EUS-guided sampling of
these lesions, ESMO recommends the use of a cutting
FNB needle, in order to acquire a tissue core for im-
munohistochemistry [14]. The determination of the Ki-
67 proliferation index in these samples allows assess-
ment of tumour grade, which remains an important

factor to consider in the choice between surgery and
surveillance in small (≤2 cm) asymptomatic pNETs,
together with other factors such as patient’s age,
performance status, tumour location and patient
preference [14, 32]. In this regard, two recent studies
have shown that the new end-cutting FNB needles
outperform the traditional fine-needle aspiration
(FNA) needles for Ki-67 index determination, dem-
onstrating a closer match to surgical histology [33, 34].
This finding appears to be more significant in the
assessment of small pNETs (≤2 cm), where EUS-FNA
samples tend to underestimate the Ki-67 index, sup-
porting that EUS-FNB should become the standard of
care for grading small pNETs [33, 34]. There have been
no prospective comparative studies evaluating dif-
ferent techniques of EUS-guided sampling in pNETs.
Since pNETs are usually hypervascular, the non-
suction/slow-pull technique has been suggested to
reduce blood contamination of the specimen in a
recent meta-analysis [35]. Additionally, the use of the
fanning technique may be valuable for pNET sam-
pling, particularly in large tumours that commonly

Fig. 1. A hypervascular nodule in the pancreatic tail suspected of being a pNET was documented on contrast-
enhanced CT (arrow in a) and was positive for 68Ga-labelled somatostatin analogues on 68Ga-DOTA-NOC PET-
CT, SUVmax 21.8 (arrow in b). Following EUS-guided FNB (c shows B-mode EUS, real-time elastography, and
EUS-guided FNB), the final diagnosis of ectopic splenic tissue was made on pathology (d; H&E, scale bar
corresponds to 50 µm).
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present intratumoural heterogeneity of Ki-67, with
focal distribution of hotspots [32].

Novel molecular markers associated with a higher risk of
metastasis (such as ARX-positivity, loss of DAXX/ATRX,
and alternative lengthening of telomeres) may potentially be
evaluated in EUS-FNB core samples [36, 37]. The European
Neuroendocrine Tumour Society (ENETS) 2023 guideline
highlights that the demonstration of DAXX/ATRX loss may
favour surgical resection (as it is linked to a higher risk of
malignant behaviour) and may be helpful in decision-
making in ≤2 cm tumours [29].

How to Manage a Small (≤2 cm) Asymptomatic pNET

There is consensus among experts and guidelines that
asymptomatic pNETs <1 cm can be safely followed, taking
into account their indolent behaviour and extremely low
metastatic potential [14, 29, 38–40]. Additionally, there is
also agreement that well-differentiated pNETs >2 cm should
be resected with curative intent (which should include re-
gional lymphadenectomy) in surgically fit patients [14, 29,
38–40]. However, the management of asymptomatic pNETs
between 1 and 2cm is still controversial [41]. The biological
heterogeneity of these tumours poses challenges when
choosing between surveillance and resection. Consensus
recommendations addressing surveillance strategies are
based on retrospective series with mid-term follow-up
(generally <5 years) and on a limited number of system-
atic reviews of those studies [14, 29, 38–40]. While the 2020
ESMO guideline [14] endorses a “watchful waiting” ap-
proach for non-functioning pNETs <2 cm, current guide-
lines from the ENETS [29], the North American Neuro-
endocrine Tumor Society (NANETS) [40], and the National
Comprehensive Cancer Network (NCCN) [39] recommend
individualized management for pNETs between 1 and 2cm,
based on the patient’s age, comorbidities, extent of needed
surgery, tumour grade, and patient preference. Other re-
searchers, considering the metastatic potential of pNETs
according to their size, have proposed 1.5 cm or 1.7 cm as
triggers for surgical resection [42, 43]. Recently, amulticentre
study reported that pNETs measuring 1.5–2cm had a much
higher risk of lymph node metastasis than tumours <1.5 cm
(17.9% vs. 8.7%), recommending surgical resection with
lymphadenectomy for pNETs ≥1.5 cm [44].

Even though current guidelines recommend watchful
waiting as a valid option for the management of small
pNETs, a recent nationwide cancer analysis revealed that
70–80% of patients with small non-functioning pNETs
have undergone resection [45]. This discrepancy between
guideline recommendations and real-world data may come

from the fact that there are no well-established features to
accurately differentiate between low-risk and high-risk small
pNETs [17]. The fear of disease progression should not be
discounted, as some surgical cohorts report that 10–15% of
small pNETs have malignant behaviour with regional or
distant metastasis [46–48]. Our knowledge of the metastatic
potential of small pNETs is based on studies that evaluated
the pathological features of postsurgical specimens or studies
that have compared survival between patients who have
undergone upfront surgery versus those who were followed
conservatively. Both study designs are associated with se-
lection bias, and key findings have been mixed. Two sys-
tematic reviews comparing surveillance versus surgery in the
management of asymptomatic small pNETs (≤2 cm) have
shown that active surveillance seems to be safe at least with a
mid-term follow-up [49, 50]. Recently, two prospective
cohort studies, the ASPEN trial [51] and the PANDORA
trial [52], have shown the safety and feasibility of active
surveillance of small pNETs in the short-term, with a small
fraction of patients (2%) undergoing surgery (mainly due to
tumour growth) after a median follow-up of 2 years in the
largest study [51].However, to evaluate the oncological safety
of watchful waiting in patients with small pNETs, longer
follow-up is needed.

As there is clear evidence that a subset of small
asymptomatic pNETs may demonstrate malignant behav-
iour (and that size is not a sufficient criterion for decision-
making), additional features predictive of the biological
behaviour of pNETs should be sought. Javed et al. [53] have
recently proposed a predictive model for lymph node me-
tastasis in small pNETs based on tumour grade and size. In
this multicentre retrospective study, G2 grade (OR 3.51, 95%
confidence interval 1.71–7.22) and tumour size (per mm
increase, OR 1.14, 95% confidence interval 1.03–1.25) were
strongly associated with nodal disease, and the authors
developed a predictive model based on these two variables to
identify distinct risk groups of nodal disease [53].

In conclusion, it appears reasonable that, in the rare
instance of a small pNET that demonstrates worrisome
features on imaging, including any sign of invasive
behaviour, upfront surgery should be offered [14, 29,
40]. In the most common scenario of a pNET between 10
and 20 mm without worrisome features on imaging,
EUS-FNB is a powerful tool to evaluate tumour grade
(and eventually other markers, such as ATRX/DAXX
loss), which must be considered in the decision-making
process [29, 32–34]. The optimal Ki-67 index cut-off for
stratifying pNETs into groups at high risk and low risk
of malignant behaviour has been a matter of debate, with
several studies pointing to a Ki-67 index cut-off of 5% as
a threshold for surgery [19]. Importantly, the potential
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benefit from surgery appears to be higher as the size of
the tumour increases [16]. An incremental risk of nodal
disease with increasing tumour size has been recently
described as a continuous variable instead of a single
cut-off for risk stratification [53]. Of course, the po-
tential benefit from surgery is higher in younger patients
with longer life expectancy and also whenever a less
invasive surgical intervention may be feasible, as in
pNETs located in the pancreatic body or tail [29, 40].
Finally, patient preference and access to long-term
follow-up should also be carefully considered [40].

How to Do Surveillance

There are no prospective validation studies and no
evidence-based guidelines regarding the optimal follow-up
strategy [29, 38, 40]. Surveillance typically includes periodic
cross-sectional imaging with CT or MRI. The NCCN states
that MRI should be considered over CT to minimize ra-
diation exposure [39]. According to the ENETS consensus
guidelines [29, 38], small asymptomatic pNETs (≤2 cm)with
a low Ki-67 index (≤5%) may be followed by MRI, EUS, or
CT every 6–12 months, suggesting initial surveillance at
shorter intervals during the first year and extending sur-
veillance intervals up to 1 year in case of stability of imaging
findings [38]. The recommended follow-up protocol in the
ASPEN trial consisted of MRI or CT every 6 months for the
first 2 years and yearly thereafter in the absence of significant
changes on imaging [8]. A more intensive follow-up pro-
tocol, as proposed in the PANDORA trial [52], resulted in
lower adherence by the physicians, who considered the
follow-up intervals too short. In the watch-and-wait strategy,
recommended criteria for surgery include tumour growth
exceeding 5 mm/year, or up to a tumour size >2 cm, or the
appearance of any worrisome features of invasive behaviour,
such as main pancreatic duct dilatation, vascular involve-
ment, or pathological lymph node enlargement [38, 52].

There is no established role for somatostatin analogue-
based imaging (e.g., 68Ga-DOTA-NOC PET-CT) or serum
biomarkers in the follow-up of small pNETs, which should
be used on a case-by-case basis at the physician’s discretion
[8, 29, 39, 40]. Somatostatin analogue-based imaging may be
useful when there is a suspicion of tumour progression based
on conventional imaging (CT orMRI), particularly to clarify
the extent of disease [29, 40]. Although chromogranin A is
commonly used during follow-up, its sensitivity and spec-
ificity are insufficient, and this serum marker rarely, if ever,
influences management decisions [40]. The integration of
novel biomarkers, such as the NETest, in the surveillance of
pNETs still requires further study [40].

Key Points

• Disease stage (evaluated by imaging) and WHO tu-
mour grade (based on the Ki-67 proliferation index,
determined by histology) are the two major inde-
pendent prognostic factors and should always be as-
sessed in a patient with a newly diagnosed pNET.

• Besides size >2 cm and Ki-67 index >5%, several
worrisome features on imaging (such as the pres-
ence of tumoural calcifications and upstream dila-
tation of the pancreatic duct) have been linked to a
higher risk of disease progression, for which surgery
is generally recommended.

• There is consensus that asymptomatic pNETs <1 cm
can be safely followed.

• A subset of small asymptomatic pNETs between 1
and 2 cm may show malignant behaviour and ad-
ditional features predictive of their biological be-
haviour should be sought.

• The role of EUS-FNB stands out particularly for the
evaluation of small pNETs between 1 and 2 cm, al-
lowing both histologic diagnosis, tumour grading, and,
eventually, determination of ATRX/DAXX status.

• The new end-cutting FNB needles outperform the
traditional FNA needles for Ki-67 index determination,
demonstrating a closer match to surgical histology.

• An incremental risk of nodal disease with increasing
tumour size has been recently described as a continuous
variable instead of a single cut-off for risk stratification.

• The decision to follow a watch-and-wait strategy in a
patient with an asymptomatic pNET between 1 and 2cm
should bemade on an individual case basis, after weighing
risks and benefits.

• Criteria that should be considered in the decision-
making process include the patient’s life expectancy
(age and comorbidities), imaging features, WHO
tumour grade, extent of surgical resection required,
and patient preference. Additional markers (po-
tentially determined in EUS-FNB samples), such as
DAXX/ATRX loss, may also be helpful.

• A proposed follow-up protocol for localized small
pNETs consists of MRI or CT every 6 months for the
first 2 years and yearly thereafter in the absence of
significant changes on imaging. MRI should be con-
sidered over CT to minimize radiation exposure.
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