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Abstract: In recent years, small pancreatic neuroendocrine tumors (pNETs) have shown a dramatic
increase in terms of incidence and prevalence, and endoscopic ultrasound (EUS) radiofrequency
ablation (RFA) is one potential method to treat the disease in selected patients. As well as the
heterogeneity of pNET histology, the studies reported in the literature on EUS-RFA procedures for
PNETs are heterogeneous in terms of ablation settings (particularly ablation powers), radiological
controls, and radiological indications. The aim of this review is to report the current reported
experience in EUS-RFA of small pNETs to help formulate the procedure indications and ablation
settings. Another aim is to evaluate the timing and the modality of the radiological surveillance
after the ablation. Moreover, new studies on large-scale series are needed in terms of the safety and
long-term oncological efficacy of RFA on these small lesions.
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1. Introduction

In the last few years, pancreatic neuroendocrine tumors (pNETs) have shown a notable
increase in terms of incidence and prevalence; this is due to the increasingly widespread
use of high-resolution imaging modalities [1-3]. The classification of pNETS is based on
their capacity to secrete hormones and cause a syndrome (functional, F-pNETs) or not
(non-functional, NF-pNETs) and on their Ki-67 expression [4-6].

Despite the fundamental role of pancreatic surgery as a definitive therapy, its compli-
cations remain frequent, with post-operative pancreatic fistulas in 14-58% of cases, delayed
gastric emptying in 15-18%, post-operative bleeding in 1-7%, and an in-hospital mortality
rate of 4-6% (depending on the surgical resection type) [7]. In this context, a minimally
invasive locoregional ablative technique such as endoscopic ultrasound (EUS)-guided
radiofrequency ablation (RFA) could have a prominent role in disease control in selected
patients.

Many factors can influence the decision on the management of pNETs: patient-
related risk factors (comorbidities, post-operative complications, life expectancy, and post-
operative endocrine and exocrine insufficiency) and tumor-related risk factors (functional
or not functional disease, tumor stage, lesion number, size, grading, and lesion location),
which are also closely related to the neoplasia progression risk.

1.1. Epidemiology and Clinical Features of pNETs

PNETs are classified as pancreatic tumors, but in contrast to pancreatic adenocarcinoma
(which is classified as exocrine neoplasia), they are defined as endocrine neoplasia. The
endosonographic features are also different between these two types of pancreatic tumors;
thus, pancreatic adenocarcinoma appears as hypoechoic and hypovascular solid lesions
with an infiltrative mass, whereas pNETs typically appear as homogeneous, hypoechoic,
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and hypervascular (solid or sometimes partially cystic) lesions with defined margins with
respect to the surrounded structures.

PNETs are classified mainly by their ability to secrete hormones (F-pNETs) which
cause a specific syndrome (gastrinoma and insulinoma, for example, are the most frequent).
The remainder are classified as NF-pNETs in the absence of hormone secretion by the
tumor.

The frequency of both is increasing, and 60-90% of diagnosed pNETs are NF-pNETs
due to their relatively indolent nature and slow growth, which cause a delay in the onset of
symptoms.

Conversely, F-pNETs are diagnosed in earlier phases of the disease due to the hormone
secretion causing a clinical syndrome. The most common syndromes are due to insulin
(insulinoma) and gastrin secretion; the latter causes Zollinger—Ellison syndrome (featuring
pain, diarrhea, ulcers, and esophageal symptoms). Established rare syndromes are caused
by vasoactive intestinal peptide (VIP) secretion or somatostatin (somatostatinoma), ACTH
(ACTHoma), serotonin (carcinoid syndrome), or PTHrpP (PTHrpP-oma, causing hypercal-
cemia) secretion. Finally, extremely rare syndromes are due to renin, luteinizing hormone,
erythropoietin, insulin-like growth factor II, CCK, and GLP-1 secretion.

1.2. Pathological Features and Prognosis of pNETs
In general, several factors can influence the prognosis of pNET disease, including:

- The presence of calcifications at a preoperative computed tomography (CT) scan [8],
which correlate to the grade or the degree of tumor differentiation and the presence of
lymph node metastases in the case of well-differentiated pNETs.

- The presence of metastases (hepatic or extra-abdominal) is an important predictor of
survival, regardless of the tumor grading (and the Ki-67 index; see below) [9].

- The Ki-67 index (as percentage %), which describes the tumor histology, is the best
prognostic parameter to establish the likelihood of tumor progression [10]; in addition,
the size of the lesion is correlated to both the potential progression risk and the Ki-67%.

- The presence and the number of lymph nodes involved in the disease, as well as the
ratio between the positive lymph nodes and the total examined lymph nodes, are
important predictors of recurrence after surgery [11,12]. This supports the role of
systematic peri-tumoral lymphadenectomy during surgery [13].

- The absence of symptoms is associated with a significantly better outcome regardless
of the tumor stage [10,14].

- The presence of a genetic syndrome (e.g., MEN1) is related to the presence of multiple
lesions and the long-term effects of the disease, regardless of the specific pancreatic
pathology (clinical syndrome of gastrinoma or insulinoma, hyperparathyroidism and
renal failure, thymic tumors, and duodenopancreatic tumors) [4].

- The size of the tumor, which correlates to potentially malignant proliferation.

Numerous recent studies have established the importance of the different classifica-
tions and the grading systems for pNETs (WHO 2010, ENETs, AJCC/UICC) [15-17], and
both the classification and the grading systems have a demonstrated a prognostic and
therapeutic role [16,18-21].

The first WHO classification in 2010 contains morphologic and dimensional criteria
about tumor differentiation and adds the grading system information, which is based on
the tumor proliferative activity [22]. The grading system was proposed by ENETS [23,24]
and recommended by the WHO in 2010 and is represented by the grade of differentiation
of tumor cells on the basis of the mitotic count (at a high power field HPF) and the Ki67%
index, using the MIB1 monoclonal antibody staining applied to histological or cytological
specimens. The grading is distinguished as G1, G2, and G3, as reported in Table 1.

Following this distinction in the WHO 2010 classification, pNETs are consequently
classified as NETs: G1, G2, G3, mixed adenoneuroendocrine carcinoma (MANEC), or
hyperplastic and preneoplastic lesions.
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Table 1. Definition of tumor grading for neuroendocrine neoplasms of the digestive system according
to the WHO 2010 classification on the basis of mitotic count as high field (HPF) and Ki67% index.

Grade Mitotic Count Ki67% Index
Gl mitotic count is 2 per 10 high field (HPF) <3%
G2 mitotic count is 2-20 per 10 HPF 4-20%
G3 mitotic count is >20 per 10 HPF >20%

It has to be highlighted that in pancreatic NETs, there is a univariate relationship
between tumor size and survival [25-28], but tumor dimension is a fundamental parameter
considered in the choice to undergo pancreatic resection [29-32].

For this reason, other staging systems have been proposed, such as the ENETS and the
UICC/AJCC site-specific TNM staging [22,23,26,33,34]. These two classification systems
differ in the definition of T-parameters and the pertinent tumor stages: the differences are
reported in Table 2.

Table 2. Differences in pancreatic neuroendocrine tumor pT definition according to AJCC/UICC/
WHO and ENETS TNM staging systems.

T AJCC/UICC/WHO ENETS

lesion confined to the pancreas

T1 . . tumor confined to pancreas and <2 cm in size
with a size <2 cm

™ lesion confined to the pancreas tumor confined to the pancreas with a size
with a size > 2 cm between 2 and 4 cm

lesion with a peripancreatic
T3 spread without the involvement
of superior mesenteric artery

lesion confined to pancreas with a size > 4 cm
or with the invasion of duodenum /bile duct

invasion of adjacent organs (stomach, spleen,
lesion involves the coeliac axis or colon, adrenal gland) or the wall of large
the superior mesenteric artery vessels (coeliac axis or the superior
mesenteric artery)

T4

Together with tumor grading (G1, G2, or G3 on the basis of the Ki67% range) and the
extension of the lesions, the tumor size has a key role in pNET management, especially in
case of NF-pNETs. The size criteria in NF-pNETs help to inform the most appropriate follow-
up, the pancreatic resection or a systemic treatment. Several studies have demonstrated
a direct correlation between small size (<2 cm) and lower malignancy potential, and this
kind of lesion usually goes to a clinical and radiological follow-up if the histopathological
grading obtained through endoscopic ultrasound (EUS) and fine-needle aspiration (FNA)
is low (G1) [35-38].

1.3. Endoscopic Ultrasound Role

It has been demonstrated that EUS is the more sensitive method with which to diagno-
sis a pancreatic lesion, with the possibility to perform an FNA or a fine-needle biopsy (FNB)
to increase the diagnostic accuracy of pNETs and to establish the consequent management.

As already cited, the exact size of the pNET is imperative to establish as it will often
determine the next stage of surgical /therapeutic management and the role and interval
of surveillance. EUS is the most sensitive exam for the diagnosis of pancreatic cystic or
solid lesions, and it also allows a highly sensitive description of echoic specific features
(vascularization, contrast-enhancement, and elastography). Hence, it is integral to the
management of the patient. EUS also allows accurate anatomical description when surgical
resection is planned, including, importantly, the distance of the lesion from the main
pancreatic duct or the presence of pathological lymph nodes.
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In general, a well-differentiated pNET appears in EUS as a hypoechoic lesion with
well-rounded margins, hypervascular in Doppler imaging, with a vascular rim at the
margins of the lesion, and rigid in elastography (an applied software which can assess
tissue stiffness). After intravenously contrast-enhanced EUS (CE-EUS), a pNET shows a
fast uptake of the contrast and a rapid consequent wash-out (Figure 1).

Figure 1. Pancreatic neuroendocrine tumor (pNET) aspect. B-mode (A): hypoechoic lesion with
well-defined margins; qualitative and semi-quantitative elastography; (B): pNET as a stiff, blue lesion;
PNET at intravenous contrast; (C): early hyperenhancement of the contrast; pNET aspect at power
Doppler (D), with a peripheral vessel capsule.

Finally, as already described above, the cytological or histological material obtained
by EUS-FNA or FNB has a key role in establishing the prognostic evaluation of the lesion
(grading, Ki67%).

An improvement in the EUS needles used, in terms of needle tip design, materials,
and flexibility, has been observed over the last decade, with the final aim of obtaining more
useful material to enable immunohistochemistry evaluation.

The purpose of the most commonly used EUS needles is to obtain a core biopsy in
order to use the material for subsequent immunohistochemistry reactions. FNB needle
designs are varied in terms of size (19, 22, and 25 Gauge (G)), materials, and tip designs.
The tips of “Franseen needles” are designed with three symmetrical cutting surfaces with
fully formed heels; “Menghini needles” are designed for receiving tissue into the needle
with a Menghini bevel; “shark needles” have a tip designed like the teeth of a shark, which
are very sharp; and, finally, “Lancet needles” are designed with a blunt tip and are similar
to FNA needles, but they are usually large in caliber to obtain a core (19 G).

FNA needles can be used, especially if a cytopathologist is present in the room (rapid
on Site evaluation (ROSE) of the sample) who can confirm directly at a microscope the
presence of representative material for a pNET diagnosis.
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1.4. EUS-Guided Radiofrequency Ablation

EUS has increasingly been used in a therapeutic role during the last decade. The
precision with which a pNET can be isolated can facilitate minimally invasive (EUS-guided)
treatment methods, and the close proximity of the EUS probe to the pancreas, coupled with
the possibility to insert therapeutic devices into the operative channel of the echoendoscope,
has contributed to the development of EUS-guided therapies for pancreatic focal lesions.

EUS radiofrequency ablation (RFA) represents a therapeutic modality for the treatment
of selected pNETs, and there have been multiple case series reported with promising
results. RFA uses thermal ablation to induce coagulative necrosis within the tumor nodule
by generating focally high temperatures. The first RFA experiences were reported in
percutaneous or intraoperative (i.e., surgical) case series.

The most used EUS-RFA system (STARmed Co., Ltd., Koyang, Korea) consists of a
specific probe designed like an EUS needle (inserted into the endoscopic channel) with a
monopolar electrode on the distal tip delivering the thermal energy and a radiofrequency
generator above, through which the ablation power can be controlled. A peristaltic pump
connected to the needle allows a continuous, chilled saline solution perfusion to prevent
tissue charring around the probe. Power is delivered from the generator and is often
preplanned such that the system can automatically modulate (increase or decrease) it if
tissue impedance quickly increases during ablation to maximize the ablation area. The
electrode is available in different sizes/lengths on the basis of the size of the pNETs being
treated.

The second available RFA system consists of a monopolar radiofrequency probe
[Habib™ EUS-RFA catheter, Emcision Ltd., London (CE Marked), London, UK] with a cal-
iber of 1 Fr (0.33 mm, 0.013”) and a working length of 190 cm, which can be placed through
a 19 or 22 G FNA needle. The wire can be connected to a RITA generator (Electrosurgical
RF Generator) which can release the energy and can automatically adjust the wattage to
maintain the optimal temperatures during the ablation. As the Habib probe is a monopolar
device, it requires the use of a patient grounding/diathermy pad.

RFA in pNET treatment can be useful in symptomatic patients who are not eligible for
surgery (due to poor performance status or patient choice) or in selected cases of NF-pNETs
evaluated by a multidisciplinary team (e.g., borderline lesions or syndromic patients with
an increase in multifocal tumors).

EUS-RFA is reported widely in the published literature, albeit without a standard-
ization of such parameters as the power setting used for ablation or pre-ablative and
post-ablative imaging controls, which are fundamental to the evaluation of the final necro-
sis effect of the ablation.

The aim of this review is to report and summarize the heterogenous data from the
previously published studies on the EUS-RFA of small-pNETs to try and find a common
procedure indication and ablation setting. Another aim is to evaluate the timing and
method of the radiological controls after the reported ablation and to find a rationale for
the timing of pre- and post-ablative imaging.

2. Previous EUS-RFA Experiences in Small pNETs

The EUS-RFA systems were set following the results of pre-clinical ex vivo and in vivo
models.

The first animal in vivo study [39] with the STARMED system was published in 2012.
A pancreatic RFA was performed in 10 adult pigs at 50 W of power, and the treatment was
applied for 5 min. The power and the time setting were decided following previous ex vivo
tests on animal liver, which established that the most effective power was 50 W [40]. A well-
demarcated ablated zone, consisting of a central coagulative necrosis, was obtained and
distinguished from the surrounded healthy pancreatic parenchyma by a fibrotic rim. Non-
pathological ablated areas were reported (23 £ 6.9 mm) as a result of RFA but with only
macroscopic measurements. In 3/10 pigs, adverse events were observed (retroperitoneal
fibrosis and adhesions).
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In 2015, Armellini et al. [41] described the first experiences of EUS-RFA applied to a
G2 pNET (size 20 mm) in the pancreatic tail of a 76-year-old man who had not consented
to surgery. The RFA was applied with an 18 G RFA needle with a 10 mm active tip in a
single session (two RFA applications), and no complications were evidenced (administered
rectal indomethacin to prevent acute pancreatitis). A CT scan control and EUS at 1 month
evidenced a necrotic area inside the ablation zone.

In 2016, Lakhtakia et al. [42] treated three insulinomas of patients not eligible for
surgery with the same system. A 19 G RFA needle was used at 50 W of power for a time
period that was dependent on the tissue impedance (the generator can monitor the power
and impedance during the ablation and stop the energy delivery if tissue impedance goes
beyond a certain value). All the patients of the series showed symptom relief, which was
maintained at 11-12 months. No specific radiological protocols were employed to appraise
the immediate post-procedural and long-term effects of RFA.

In 2018, Barthet et al. [43] reported a larger series of pNETs in which 14 lesions in
12 patients (<2 cm and 17 pancreatic cystic lesions (PCLs)) not eligible for surgery were
treated with EUS-RFA using an 18 G cooling needle with the application of 50 W of power.
Three adverse events occurred in total, including those of the first patients, who developed
pancreatitis, bowel perforation, and /or main pancreatic duct stenosis. Thereafter, this was
managed by power reduction, protocol change with the administration of antibiotics, and
rectal diclofenac. Technical success was achieved in all NETs. At a 6-month follow-up, nine
NETs disappeared or showed complete necrosis, and one decreased in diameter by >50%
(71% of response), and in four NETs, the EUS-RFA was considered to have failed. At a
1-year follow-up, 12 NETs had completely disappeared, and the treatment of two pNETs
failed.

The same group reported the long-term efficacy of EUS-RFA treatment [44] after two
years; the treatment showed an efficacy of 87.5% with two failures: one patient showed a
lesion increase after refusing the second session of EUS-RFA, and one patient received the
second RFA session after a lesion increase, with appearance at 3 years of a secondary liver
lesion.

In 2018, Choi et al. [45] showed the results of EUS-RFA on 10 patients at 50 W of power.
Seven of the patients had an NET diagnosis. During 13 months of median follow-up, they
reported a radiologically complete response in 7/10 patients. The NETs had a median size
of 20 mm, and two adverse events occurred: one moderate and one mild. They concluded
that more sessions were necessary with this procedure.

In 2019, Oleinikov et al. [46] presented their series of 18 patients with pNETs, 7 patients
with insulinomas and 11 with NF-NETs (total lesions 27); they were treated with a 19 G
EUS-RFA needle at 50 W. In 12/18 patients, a CT scan was performed 1 day after the RFA
in order to establish early complications. In all the patients in this series, imaging was
performed at 3 and 6 months after treatment with a CT scan, EUS, and a positron gallium
68-1,4,7,10- tetraazacyclododecane-1,4,7,10-tetraacetic acid-octreotate (68Ga-DOTATATE)
positron emission tomography (PET) to assess the metabolic response. The mean lesions
had a size of 14.3 £ 7.3 mm, and six older patients (>80 years) had multiple lesions. In the
patients with F-pNETs, a clinical response of hypoglycemic symptoms was assessed as a
EUS-RFA response within 1 h post-procedure; the normalization of glucose levels occurred
within 24 h, and the clinical response was maintained at 9.7 & 5.6 months. Technical success
defined as typical “postablative changes” on the surveillance imaging and was achieved in
26 out of 27 lesions. A radiologically complete response was achieved in 17/18 patients
and in 26 out of 27 treated lesions. Changes in the vascularity of the treated lesions and the
central necrosis were demonstrated by CT scan in 12/12 patients one day post-procedure.
There were two patients with mild pancreatitis post-treatment. No major complications
occurred, and no clinically significant recurrences were observed during a mean follow-up
period of 8.7 & 4.6 months.

Then, in 2020, de Nucci et al. reported on [47] a series of 10 patients with pNETs
(11 lesions and five hypoglycemia symptoms) of <20 mm (mean size 14.5 mm) who
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were treated with RFA and received a follow-up at 1 year; the patients showed a complete
ablation of the lesions in a single EUS-RFA session, with a mean of 2.3 treatment applications
per session. A 19 G needle (with active distal part of 5 or 10 mm) was used at, in this
specific case, a power of 20 W, which was lower than the previous procedure. The author
stated that by using 20 Watts of power for 10 to 25 s (working with impedance) and a 5
or 10 mm exposed active tip (according to the size of the tumor) an ablation area of about
10 to 25 mm after each application could be produced. The patients received a follow-up
with CT scans at 6 and 12 months, with a complete lesion resolution. No major adverse
events occurred but two mild cases of abdominal pains were resolved with analgesics. The
patients received prophylactic antibiotics and indomethacin to prevent pancreatitis (2 mm
of length was maintained respect to the duct-lesion distance).

In 2022, Marx [48] treated the symptoms of seven insulinomas with success, with
immediate hypoglycemia relief after only one single treatment session; in six out of seven
patients, a complete radiological response was evidenced and remained asymptomatic in
a median follow-up of 21 months. Three patients showed minor adverse events and one
elderly patient showed a 15 cm retrogastric collection 15 days after treatment and died
1 month after EUS-RFA. After the cited results, the authors concluded that data on the
long-term survival and effectiveness were needed.

In 2022, Younis et al. [49] treated seven pNETs together with five PCLs with a 19 G
needle (with a needle active part of 10 mm) at 50 W of power. The patients received
prophylactic antibiotics and diclofenac for acute pancreatitis prevention. A 6-month EUS
was planned for the follow-up, along with an assessment of the efficacy with imaging and
metabolic control at 12 months. The median size of the pNETs was 8.9 mm and the median
number of applications was 3.33. Three percent of the patients were non-responders. The
single insulinoma observed maintained the response at 1 year. Three post-procedural
adverse events occurred; 8.3% had mild acute pancreatitis, and 16.7% had abdominal pain.

In 2022, Rossi et al. [50] reported the EUS-RFA of three elderly symptomatic non-
surgical patients with insulinoma. The lesions were treated at 30 W with a 19 G needle
with a 5 mm or 10 mm active part; there were two RFA sessions due to a failure in the first
procedure. The settings were decided on the basis of previous ex vivo animal and human
tests. All the patients were studied at 4872 h with a CT scan in order to assess the presence
of complications and to report the size of induced coagulative necrosis inside the lesions.
Three out of three patients responded with symptom resolution after up to 24-27 months
of follow-up. Two patients refused long-term follow-up (one patient was not a candidate
for contrast-enhanced CT due to poor renal function) and an MRI was performed on the
third patient at 14 months, with lesion disappearance.

The second RFA system reported (a Habib™ probe inserted into a 22 G needle and
connected to a generator) was used by Pai et al. in 2015 [51] in a multi-center pilot study.
The probe was used in eight patients (six PCLs and two pNETs) at 5-25 W for a mean
application time of 90 s. The EUS-RFA technique success was 100% (complete resolution
of two lesions). As an intravenous contrast, the pNETs showed a central not-vascularized
necrosis after the treatment. No complications were described (just two self-limiting
abdominal pains).

3. Discussion
3.1. EUS-RFA Indications

As reported in the cited case series, EUS-RFA was applied to small pancreatic lesions
in patients who refused or were not eligible for major pancreatic surgery, which is the first
therapeutic choice in small single lesions and fit patients. The size of pNETs commonly
correlate to the grading of the lesions, and these patients mainly had small G1 single lesions
with limited true indications for surgical intervention. Current consensus guidelines (4-6)
advise a non-operative management strategy for asymptomatic sporadic NF-pNET < 2 cm.
A conservative approach seems to be safe as the majority of the observed tumors did not
show any significant changes during follow-up.
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In cases of F-pNET (commonly insulinoma), the approach has to be different due
to the symptoms and clinical syndrome induced. In such cases, a minimally invasive
endoscopic procedure such as the EUS-guided RFA can offer elderly/frail patients (not
eligible for surgery) a possibility of symptom resolution. Unfortunately, the current series
reported in the literature are small due to the relative rarity of the disease, but the results are
encouraging. The long-term efficacy of symptom control is not reported and longer-term
studies and follow-up data are required.

All patients with both F- and NF-pNETs being considered for treatment with EUS-RFA
should be evaluated in a multidisciplinary meeting at which the many factors (procedural
and patient-related) should be considered. EUS-guided RFA represents a minimally inva-
sive treatment, which can permit a shorter hospitalization, avoiding all the complications
of a pancreatic surgery, though surgery remains the mainstay treatment for certain pNETs
and can provide significant benefits to carefully selected patients in terms of long-term
and disease-free survival [52]. Despite curative efficacy, pancreatic surgery is associated
with significant short- and long-term adverse events such as pancreatic fistulas, delayed
gastric emptying, hemorrhage, and in-hospital mortality. Hence, MDT discussions should
entail balancing the risk of under- or overtreatment on the basis of the patients’ comor-
bidity, risk of post-operative death, life expectancy, tumor location, risk of post-operative
fistula and post-operative morbidity, and risk of long-term exocrine and/or endocrine
insufficiency [53].

On the other hand, the possibility of a minimally invasive and less-expensive method
to control this disease could be an alternative in a defined demographic setting.

3.2. RFA Setting

Another important point is the setting applied during EUS-RFA, and all the series
showed significant heterogeneity with respect to this issue. Some authors performed
treatment using a high ablation power of 50 W and a charring effect was created around
the needle, while other authors, in contrast, used 30 W or 20 W to employ heat diffusion
for major therapeutic effect.

One such group used a preset 30 W of power to treat pNETSs, on the basis of ex vivo
animal and human tests [50]. The first tests applied different powers (40, 30, 20, and
10 W with a 19 G probe with 1 cm of distal electrode) on ex vivo samples of pig liver
in order to standardize the method and the RFA settings. The size of the macroscopic
ablated area negatively correlated with the ablation power (R —0.74), with the largest
area obtained at 10 W [54]. The coagulative necrosis obtained with RFA (confirmed by
a specialist pancreatic pathologist) did not differ among the ablation settings (mean size
3.25 mm). After this experience, other tests were performed on human surgical samples of
pancreatic adenocarcinoma (PDAC), treating three groups of samples ex vivo (probe 19 G
with 1 cm active part) at 10, 30, and 50 W [55]. Eighty percent of the specimens showed
coagulative necrosis at histology consisting of a few millimeters (the majority had a size
of 5.7 & 3.9 mm at 10 W; those not statistically significant with respect to necrosis were
obtained at 30 and 50 W). This setting may not be practical to apply in the context of NETs
that are often represented by tissues which are more “soft”, but the work represents an
attempt at method standardization.

3.3. Pre-Operative and Post-Operative Purpose of Management

Moreover, the timing of the radiological controls after the EUS-RFA treatments was
heterogeneous among the studies. EUS-RFA can induce a coagulative necrosis inside the
lesions and, being a thermal treatment, it can also cause complications such as hemorrhage,
intestinal adhesions, acute pancreatitis, and main pancreatic duct stenosis.

Therefore, a relatively close imaging control should be planned at 24-72 h with respect
to the RFA in order to evidence the size of coagulative necrosis obtained and exclude
and/or manage post-procedural complications (such as bleeding, acute pancreatitis, and
early collections). Moreover, a long-term follow-up should be planned in order to control
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the disappearance of the lesion or the residue of it and to rule out late complications,
such as pancreatic duct stenosis, intestinal adhesions, and late collections. A CT or MRI
scan at 6 months and then at 12 months may represent an adequate follow-up, but more
prospective studies are needed to assess this. In the case of F-pNETs, it is easier, due to the
clinical syndrome which can guide the response to RFA.

Further studies may also assess whether radiological studies are able to accurately
compare the necrotic area obtained with RFA to the surrounding healthy tissue. No such
comparison is evident in the aforementioned studies, though the Italian group (previously
cited [55]) tried to analyze the coagulative necrosis obtained inside PDAC samples through
contrast-enhanced CT scan parameters. Qualitative and quantitative parameters were
extracted to establish the RFA response and lesion fibrosis content.

An open question also concerns the utility of metabolic imaging to establish the effect
of RFA, and one study used the 68Ga-DOTATATE-PET. Moreover, contrast-enhanced EUS
(CEH-EUS) undoubtedly has a utility in describing both pre- and post-ablation vasculariza-
tion in the lesion, as described by Choi et al. [56] with regard to 19 patients (13 NE-pNETS)
with solid abdominal tumors who underwent to CEH-EUS and endoscopic RFA. The extent
of the ablation was assessed by CEH-EUS at 5 to 7 days after RFA, and additional RFAs
were performed under CEH-EUS guidance. Seven patients showed the disappearance of
intratumoral enhancement on CEH-EUS after the first session and twelve showed a residual
contrast enhancement (a sign of an incomplete ablation (further treated with additional
CEH-EUS-guided RFA)). A radiologically complete response was observed in 68.4%. The
authors concluded that the application of CEH-EUS for RFA could be helpful in assessing
the early treatment response and, eventually, in the targeting of the residual tumor.

3.4. EUS-RFA Limitations

The technique needs a relatively long learning curve in terms of diagnostic and
operative EUS ability, and the method should be applied in lesions evaluated by a high-
volume center by a multidisciplinary team expert in pancreatic diseases and NETs. These
conditions are not present in a low-volume peripheral hospital; therefore, the method is
not so easily reproducible. Moreover, the management of possible complications should
be managed by a specialist referral center with expertise in endoscopic (pancreatic duct
dilation or hemostatic techniques) and EUS-guided therapeutic procedures (drainages).

In summary, the technique needs to be improved in terms of the ablation setting,
which needs to be standardized: the absence of standardized results does not facilitate the
method’s diffusion.

4. Conclusions and Future Directions

On the basis of the results reported in the literature, EUS-RFA could be an effective
and relatively safe procedure for pNET treatment, and its indication should be discussed
by a multidisciplinary team of pancreatologists, especially in the case of functional tumors.

The standardization of the method in terms of device power settings and the radiolog-
ical protocols for the monitoring of RFA results is necessary, and more large-scale results
are needed to determine the long-term efficacy.

Author Contributions: G.R. wrote the main manuscript text; A.J.H. wrote the manuscript with
English language corrections; M.C.P. and P.G.A. provided a critical review of the manuscript. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Data Availability Statement: Not applicable.

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



Diagnostics 2023, 13, 1561 10 of 12

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Halfdanarson, T.R.; Rabe, K.G.; Rubin, J.; Petersen, G. Pancreatic neuroendocrine tumors (PNETs): Incidence, prognosis and
recent trend toward improved survival. Ann. Oncol. 2008, 10, 1727-1733. [CrossRef] [PubMed]

Sharma, J.; Duque, M.; Saif, M.W. Emerging therapies and latest development in the treatment of unresectable pancreatic
neuroendocrine tumors: An update for clinicians. Therap. Adv. Gastroenterol. 2013, 6, 474-490. [CrossRef] [PubMed]

Lee, L.C.; Grant, C.; Salomao, D.; Fletcher, J.; Takahashi, N.; Fidler, J.; Levy, M.; Huebner, M. Small, nonfunctioning, asymptomatic
pancreatic neuroendocrine tumors (PNETs): Role for non operative management. Surgery 2012, 152, 965-974. [CrossRef] [PubMed]
Jensen, R.; Cadiot, G.; Brandi, M.; de Herder, W.D.; Kaltsas, G.; Komminoth, P.; Scoazec, J.; Salazar, R.; Sauvanet, A.; Kianmanesh,
R. ENETS Consensus Guidelines for the Management of Patients with Digestive Neuroendocrine Neoplasms: Functional
Pancreatic Endocrine Tumor Syndromes. Neuroendocrinology 2012, 95, 98-119. [CrossRef]

Falconi, M.; Bartsch, D.; Eriksson, B.; Kloppel, G.; Lopes, J.; O’Connor, J.; Salazar, R.; Taal, B.; Vullierme, M.; O'Toole, D. ENETS
Consensus Guidelines for the Management of Patients with Digestive Neuroendocrine Neoplasms of the Digestive System:
Well-Differentiated Pancreatic Non Functioning Tumors. Neuroendocrinology 2012, 95, 120-134. [CrossRef]

Falconi, M.; Eriksson, B.; Kaltsas, G.; Bartsch, D.; Capdevila, J.; Caplin, M.; Kudta, B.; Kwekkeboom, D.; Rindi, G.; Kléppel, G.;
et al. Consensus guidelines update for the management of functional p-NETs (F-p-NETs) and non-functional p-NETs (NF-p-NETs).
Neuroendocrinology 2016, 103, 153-171. [CrossRef]

Jilesen, A.; van Eijck, C.V.; Hof, K.1.L; van Dieren, S.; Gouma, D.; van Dijkum, E.N.V. Postoperative Complications, In-Hospital
Mortality and 5-Year Survival After Surgical Resection for Patients with a Pancreatic Neuroendocrine Tumor: A Systematic
Review. World ]. Surg. 2016, 40, 729-748. [CrossRef]

Poultsides, G.A.; Huang, L.; Chen, Y.; Visser, B.C.; Pai, R K,; Jeffrey, R.B.; Park, W.G.; Chen, A.M.; Kunz, PL.; Fisher, G.A.; et al.
Pancreatic neuroendocrine tumors: Radiographic calcifications correlate with grade and metastasis. Ann. Surg. Oncol. 2012, 19,
2295-2303. [CrossRef]

Panzuto, F.; Merola, E.; Rinzivillo, M.; Partelli, S.; Campana, D.; Iannicelli, E.; Pilozzi, E.; Mercantini, P.; Rossi, M.; Capurso, G.;
et al. Advanced digestive neuroendocrine tumors: Metastatic pattern is an independent factor affecting clinical outcome. Pancreas
2014, 43, 212-218. [CrossRef]

Panzuto, F; Boninsegna, L.; Fazio, N.; Campana, D.; Brizzi, M.P,; Capurso, G.; Scarpa, A.; de Braud, F,; Dogliotti, L.; Tomassetti,
P,; et al. Metastatic and Locally Advanced Pancreatic Endocrine Carcinomas: Analysis of Factors Associated With Disease
Progression. J. Clin. Oncol. 2011, 29, 2372-2377. [CrossRef]

Boninsegna, L.; Panzuto, F,; Partelli, S.; Capelli, P.; Fave, G.D.; Bettini, R.; Pederzoli, P.; Scarpa, A.; Falconi, M. Malignant
pancreatic neuroendocrine tumour: Lymph node ratio and Ki67 are predictors of recurrence after curative resections. Eur. J.
Cancer 2012, 48, 1608-1615. [CrossRef] [PubMed]

Hashim, Y.M.; Trinkaus, K.M.; Linehan, D.C.; Strasberg, S.; Fields, R.; Cao, D.; Hawkins, W. Regional lymphadenectomy is
indicated in the surgical treatment of pancreatic neuroendocrine tumors (PNETs). Ann. Surg. 2014, 259, 197-203. [CrossRef]
[PubMed]

Partelli, S.; Muffatti, F.; Andreasi, V.; Giannone, E,; Rossi, G.; Palumbo, D.; Mapelli, P.; Lena, M.S.; Arcidiacono, P.; de Cobelli, F;
et al. A Single-center Prospective Observational Study investigating the Accuracy of Preoperative Diagnostic Procedures in the
Assessment of Lymph Node Metastases in Nonfunctioning Pancreatic Neuroendocrine Tumors. Ann. Surg. 2022, 276, 921-928.
[CrossRef] [PubMed]

Crippa, S.; Partelli, S.; Zamboni, G.; Scarpa, A.; Tamburrino, D.; Bassi, C.; Pederzoli, P.; Falconi, M. Incidental diagnosis as
prognostic factor in different tumor stages of nonfunctioning pancreatic endocrine tumors. Surgery 2014, 155, 145-153. [CrossRef]
Capelli, P; Fassan, M.; Scarpa, A. Pathology—Grading and staging of GEP-NETs. Best Pract. Res. Clin. Gastroenterol. 2012, 26,
705-717. [CrossRef]

Rindi, G.; Petrone, G.; Inzani, F. The 2010 WHO classification of digestive neuroendocrine neoplasms: A critical appraisal four
years after its introduction. Endocr. Pathol. 2014, 25, 186-192. [CrossRef] [PubMed]

Klimstra, D.S. Pathology reporting of neuroendocrine tumors: Essential elements for accurate diagnosis, classification, and
staging. Semin. Oncol. 2013, 40, 23-36. [CrossRef] [PubMed]

Yang, M,; Tian, B.; Zhang, Y.; Su, A.; Yue, P,; Xu, S.; Wang, L. Evaluation of the world health organization 2010 grading system in
surgical outcome and prognosis of pancreatic neuroendocrine tumors. Pancreas 2014, 43, 1003—-1008. [CrossRef]

Wong, J.; Fulp, W.J.; Strosberg, ].R.; Kvols, L.; Centeno, B.; Hodul, P. Predictors of lymph node metastases and impact on survival
in resected pancreatic neuroendocrine tumors: A single-center experience. Am. J. Surg. 2014, 208, 775-780. [CrossRef]

Morin, E.; Cheng, S.; Mete, O,; Serra, S.; Aratjo, P.B.; Temple, S.; Cleary, S.; Gallinger, S.; Greig, P.; McGilvray, L; et al. Hormone
profiling, WHO 2010 grading, and AJCC/UICC staging in pancreatic neuroendocrine tumor behavior. Cancer Med. 2013, 2,
701-711. [CrossRef]

Liu, T.-C.; Hamilton, N.; Hawkins, W.; Gao, F; Cao, D. Comparison of WHO Classifications (2004, 2010), the Hochwald
grading system, and AJCC and ENETS staging systems in predicting prognosis in locoregional well-differentiated pancreatic
neuroendocrine tumors. Am. J. Surg. Pathol. 2013, 37, 853-859. [CrossRef] [PubMed]

Bosman, F.T.; World Health Organization; International Agency for Research on Cancer. WHO Classification of Tumours of the
Digestive System, 4th ed.; International Agency for Research on Cancer: Lyon, France, 2010.


https://doi.org/10.1093/annonc/mdn351
https://www.ncbi.nlm.nih.gov/pubmed/18515795
https://doi.org/10.1177/1756283X13498808
https://www.ncbi.nlm.nih.gov/pubmed/24179483
https://doi.org/10.1016/j.surg.2012.08.038
https://www.ncbi.nlm.nih.gov/pubmed/23102679
https://doi.org/10.1159/000335591
https://doi.org/10.1159/000335587
https://doi.org/10.1159/000443171
https://doi.org/10.1007/s00268-015-3328-6
https://doi.org/10.1245/s10434-012-2305-7
https://doi.org/10.1097/MPA.0000000000000032
https://doi.org/10.1200/JCO.2010.33.0688
https://doi.org/10.1016/j.ejca.2011.10.030
https://www.ncbi.nlm.nih.gov/pubmed/22129889
https://doi.org/10.1097/SLA.0000000000000348
https://www.ncbi.nlm.nih.gov/pubmed/24253141
https://doi.org/10.1097/SLA.0000000000005615
https://www.ncbi.nlm.nih.gov/pubmed/35930017
https://doi.org/10.1016/j.surg.2013.08.002
https://doi.org/10.1016/j.bpg.2013.01.003
https://doi.org/10.1007/s12022-014-9313-z
https://www.ncbi.nlm.nih.gov/pubmed/24699927
https://doi.org/10.1053/j.seminoncol.2012.11.001
https://www.ncbi.nlm.nih.gov/pubmed/23391110
https://doi.org/10.1097/MPA.0000000000000153
https://doi.org/10.1016/j.amjsurg.2014.04.003
https://doi.org/10.1002/cam4.96
https://doi.org/10.1097/PAS.0b013e31827fcc18
https://www.ncbi.nlm.nih.gov/pubmed/23598967

Diagnostics 2023, 13, 1561 11 of 12

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Rindi, G.; Kloppel, G.; Alhman, H.; Caplin, M.; Couvelard, A.; de Herder, W.D.; Erikssson, B.; Falchetti, A.; Falconi, M.;
Komminoth, P; et al. TNM staging of foregut (neuro)endocrine tumors: A consensus proposal including a grading system.
Virchows Arch. 2006, 449, 395-401. [CrossRef] [PubMed]

Rindi, G.; Kloppel, G.; Couvelard, A.; Komminoth, P.; Kérner, M.; Lopes, J.; Mcnicol, A.; Nilsson, O.; Perren, A.; Scarpa, A.; et al.
TNM staging of midgut and hindgut (neuro)endocrine tumors: A consensus proposal including a grading system. Virchows Arch.
2007, 451, 757-762. [CrossRef] [PubMed]

Bettini, R.; Boninsegna, L.; Mantovani, W.; Capelli, P; Bassi, C.; Pederzoli, P.; Fave, G.D.; Panzuto, F.; Scarpa, A.; Falconi, M.
Prognostic factors at diagnosis and value of WHO classification in a mono-institutional series of 180 non-functioning pancreatic
endocrine tumours. Ann. Oncol. 2008, 19, 903-908. [CrossRef] [PubMed]

Scarpa, A.; Mantovani, W.; Capelli, P.; Beghelli, S.; Boninsegna, L.; Bettini, R.; Panzuto, F.; Pederzoli, P.; Fave, G.; Falconi, M.
Pancreatic endocrine tumors: Improved TNM staging and histopathological grading permit a clinically efficient prognostic
stratification of patients. Mod. Pathol. 2010, 23, 824-833. [CrossRef]

Bettini, R.; Partelli, S.; Boninsegna, L.; Capelli, P.; Crippa, S.; Pederzoli, P.; Scarpa, A.; Falconi, M. Tumor size correlates with
malignancy in nonfunctioning pancreatic endocrine tumor. Surgery 2011, 150, 75-82. [CrossRef]

Zhou, C; Zhang, J.; Zheng, Y.; Zhu, Z. Pancreatic neuroendocrine tumors: A comprehensive review. Int. J. Cancer 2012, 131,
1013-1022. [CrossRef]

Fendrich, V.; Waldmann, J.; Bartsch, D.K.; Langer, P. Surgical management of pancreatic endocrine tumors. Nat. Rev. Clin. Oncol.
2009, 6, 419-428. [CrossRef]

Falconi, M.; Plockinger, U.; Kwekkeboom, D.; Manfredi, R.; Koérner, M.; Kvols, L.; Pape, U.; Ricke, J.; Goretzki, P.; Wildi, S.; et al.
Well-differentiated pancreatic nonfunctioning tumors/carcinoma. Neuroendocrinology 2006, 84, 196-211. [CrossRef]

Falconi, M.; Zerbi, A.; Crippa, S.; Balzano, G.; Boninsegna, L.; Capitanio, V.; Bassi, C.; Di Carlo, V.; Pederzoli, P. Parenchyma-
preserving resections for small nonfunctioning pancreatic endocrine tumors. Ann. Surg. Oncol. 2010, 17, 1621-1627. [CrossRef]
Falconi, M.; Mantovani, W.; Crippa, S.; Mascetta, G.; Salvia, R.; Pederzoli, P. Pancreatic insufficiency after different resections for
benign tumours. Br. J. Surg. 2008, 95, 85-91. [CrossRef] [PubMed]

Sobin, L.H.; Gospodarowicz, M.K.; Wittekind, C. ; International Union against Cancer; Ebrary Inc. TNM Classification of Malignant
Tumours, 7th ed.; Wiley-Blackwell: Chichester, UK; Hoboken, NJ, USA, 2009.

Edge, S.B. ; American Joint Committee on Cancer. AJCC Cancer Staging Manual, 7th ed.; Springer: New York, NY, USA; London, UK,
2010.

Massironi, S.; Rossi, R.E.; Zilli, A.; Casazza, G.; Ciafardini, C.; Conte, D. A wait-and-watch approach to small pancreatic
neuroendocrine tumors: Prognosis and survival. Oncotarget 2016, 7, 18978-18983. [CrossRef] [PubMed]

Sallinen, V.; Le Large, T.Y.; Galeev, S.; Kovalenko, Z.; Tieftrunk, E.; Araujo, R.; Ceyhan, G.O.; Gaujoux, S. Surveillance strategy for
small asymptomatic non-functional pancreatic neuroendocrine tumors—A systematic review and meta-analysis. HPB (Oxford)
2017, 19, 310-320. [CrossRef] [PubMed]

Sharpe, S.M.; In, H.; Winchester, D.J.; Talamonti, M.S.; Baker, M.S. Surgical resection provides an overall survival benefit for
patients with small pancreatic neuroendocrine tumors. J. Gastrointest. Surg. 2015, 19, 117-123. [CrossRef]

Rustagi, T.; Farrell, ].J. Endoscopic diagnosis and treatment of pancreatic neuroendocrine tumors. J. Clin. Gastroenterol. 2014, 48,
837-844. [CrossRef]

Kim, H.; Seo, D.; Hassanuddin, A.; Kim, S.-H.; Chae, H.; Jang, J.; Park, D.; Lee, S.; Lee, 5.-K.; Kim, M.-H. EUS-guided
radiofrequency ablation of the porcine pancreas. Gastrointest. Endosc. 2012, 76, 1039-1043. [CrossRef]

Goldberg, S.; Mallery, S.; Gazelle, G.; Brugge, W. EUS-guided radiofrequency ablation in the pancreas: Results in a porcine model.
Gastrointest. Endosc. 1999, 50, 392—401. [CrossRef]

Armellini, E.; Cring, S.; Ballaré, M.; Occhipinti, P. Endoscopic ultrasound-guided radiofrequency ablation of a pancreatic
neuroendocrine tumor. Endoscopy 2015, 47 (Suppl S1). [CrossRef]

Lakhtakia, S.; Ramchandani, M.; Galasso, D.; Gupta, R.; Venugopal, S.; Kalpala, R.; Reddy, D.N. EUS-guided radiofrequency
ablation for management of pancreatic insulinoma by using a novel needle electrode (with videos). Gastrointest. Endosc. 2016, 83,
234-239. [CrossRef]

Barthet, M.; Giovannini, M.; Lesavre, N.; Boustiere, C.; Napoléon, B.; Koch, S.; Gasmi, M.; Vanbiervliet, G.; Gonzalez, J.-M.
Endoscopic ultrasound-guided radiofrequency ablation for pancreatic neuroendocrine tumors and pancreatic cystic neoplasms:
A prospective multicenter study. Endoscopy 2019, 51, 836-842. [CrossRef]

Barthet, M.; Giovannini, M.; Gasmi, M.; Lesavre, N.; Boustiére, C.; Napoléon, B.; Laquiere, A.; Koch, S.; Vanbiervliet, G.; Gonzalez,
J.-M. Long-term outcome after EUS-guided radiofrequency ablation: Prospective results in pancreatic neuroendocrine tumors
and pancreatic cystic neoplasms. Endosc. Int. Open 2021, 9, E1178-E1185. [CrossRef]

Choi, J.-H.; Seo, D.; Song, T.; Park, D.; Lee, S.; Lee, S.; Kim, M.-H. Endoscopic ultrasound-guided radiofrequency ablation for
management of benign solid pancreatic tumors. Endoscopy 2018, 50, 1099-1104. [PubMed]

Oleinikov, K.; Dancour, A.; Epshtein, J.; Benson, A.; Mazeh, H.; Tal, I.; Matalon, S.; Benbassat, C.; Livovsky, D.; Goldin, E.; et al.
Endoscopic Ultrasound-Guided Radiofrequency Ablation: A New Therapeutic Approach for Pancreatic Neuroendocrine Tumors.
J. Clin. Endocrinol. Metab. 2019, 104, 2637-2647. [CrossRef] [PubMed]

de Nucci, G.; Imperatore, N.; Mandelli, E.; di Nuovo, F.; D’urbano, C.; Manes, G. Endoscopic ultrasound-guided radiofrequency
ablation of pancreatic neuroendocrine tumors: A case series. Endosc. Int. Open 2020, 8, E1754-E1758. [CrossRef]


https://doi.org/10.1007/s00428-006-0250-1
https://www.ncbi.nlm.nih.gov/pubmed/16967267
https://doi.org/10.1007/s00428-007-0452-1
https://www.ncbi.nlm.nih.gov/pubmed/17674042
https://doi.org/10.1093/annonc/mdm552
https://www.ncbi.nlm.nih.gov/pubmed/18209014
https://doi.org/10.1038/modpathol.2010.58
https://doi.org/10.1016/j.surg.2011.02.022
https://doi.org/10.1002/ijc.27543
https://doi.org/10.1038/nrclinonc.2009.82
https://doi.org/10.1159/000098012
https://doi.org/10.1245/s10434-010-0949-8
https://doi.org/10.1002/bjs.5652
https://www.ncbi.nlm.nih.gov/pubmed/18041022
https://doi.org/10.18632/oncotarget.7902
https://www.ncbi.nlm.nih.gov/pubmed/26959887
https://doi.org/10.1016/j.hpb.2016.12.010
https://www.ncbi.nlm.nih.gov/pubmed/28254159
https://doi.org/10.1007/s11605-014-2615-0
https://doi.org/10.1097/MCG.0000000000000152
https://doi.org/10.1016/j.gie.2012.07.015
https://doi.org/10.1053/ge.1999.v50.98847
https://doi.org/10.1055/s-0034-1393677
https://doi.org/10.1016/j.gie.2015.08.085
https://doi.org/10.1055/a-0824-7067
https://doi.org/10.1055/a-1479-2199
https://www.ncbi.nlm.nih.gov/pubmed/29727904
https://doi.org/10.1210/jc.2019-00282
https://www.ncbi.nlm.nih.gov/pubmed/31102458
https://doi.org/10.1055/a-1261-9359

Diagnostics 2023, 13, 1561 12 of 12

48.

49.

50.

51.

52.

53.

54.

55.

56.

Marx, M.; Trosic-Ivanisevic, T.; Caillol, F.; Demartines, N.; Schoepfer, A.; Pesenti, C.; Ratone, ].-P.; Robert, M.; Giovannini, M.;
Godat, S. EUS-guided radiofrequency ablation for pancreatic insulinoma: Experience in 2 tertiary centers. Gastrointest. Endosc.
2022, 95, 1256-1263. [CrossRef] [PubMed]

Younis, F; Shor, D.B.-A.; Lubezky, N.; Geva, R.; Osher, E.; Shibolet, O.; Phillips, A.; Scapa, E. Endoscopic ultrasound-guided
radiofrequency ablation of premalignant pancreatic-cystic neoplasms and neuroendocrine tumors: Prospective study. Eur. J.
Gastroenterol. Hepatol. 2022, 34, 1111-1115. [CrossRef] [PubMed]

Rossi, G.; Petrone, M.; Capurso, G.; Partelli, S.; Falconi, M.; Arcidiacono, P. Endoscopic ultrasound radiofrequency ablation of
pancreatic insulinoma in elderly patients: Three case reports. World J. Clin. Cases 2022, 10, 6514-6519. [CrossRef]

Pai, M.; Habib, N.; Senturk, H.; Lakhtakia, S.; Reddy, N.; Cicinnati, V.; Kaba, I.; Beckebaum, S.; Drymousis, P.; Kahaleh, M.; et al.
Endoscopic ultrasound guided radiofrequency ablation, for pancreatic cystic neoplasms and neuroendocrine tumors. World J.
Gastrointest. Surg. 2015, 7, 52-59. [CrossRef]

Hill, J.S.; McPhee, ].T.; McDade, T.P.; Zhou, Z.; Sullivan, M.E.; Whalen, G.E; Tseng, ].F. Pancreatic neuroendocrine tumors: The
impact of surgical resection on survival. Cancer 2009, 115, 741-751. [CrossRef]

Larghi, A.; Rizzatti, G.; Rimba, M.; Crind, S.; Gasbarrini, A.; Costamagna, G. EUS-guided radiofrequency ablation as an alternative
to surgery for pancreatic neuroendocrine neoplasms: Who should we treat? Endosc. Ultrasound 2019, 8, 220-226. [CrossRef]
Rossi, G.; Petrone, M.C.; Capurso, G.; Albarello, L.; Testoni, S.G.G.; Archibugi, L.; Lena, M.S.; Doglioni, C.; Arcidiacono, P.G.
Standardization of a radiofrequency ablation tool in an ex-vivo porcine liver model. Gastrointest. Disord. 2020, 2, 300-309.
[CrossRef]

Rossi, G.; Petrone, M.C.; Lena, M.S.; Albarello, L.; Palumbo, D.; Testoni, S.G.G.; Archibugi, L.; Tacelli, M.; Zaccari, P.; Vanella, G.;
et al. Ex-vivo investigation of radiofrequency ablation in pancreatic adenocarcinoma after neoadjuvant chemotherapy. DEN Open
2022, 3, €152. [CrossRef] [PubMed]

Choi, J.-H.; Seo, D.; Song, T.; Park, D.; Lee, S.; Lee, S.; Kim, M.-H. Utility of Contrast-Enhanced Harmonic Endoscopic Ultrasound
for the Guidance and Monitoring of Endoscopic Radiofrequency Ablation. Gut Liver 2020, 14, 826-832. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.gie.2021.11.045
https://www.ncbi.nlm.nih.gov/pubmed/34902374
https://doi.org/10.1097/MEG.0000000000002422
https://www.ncbi.nlm.nih.gov/pubmed/36170679
https://doi.org/10.12998/wjcc.v10.i19.6514
https://doi.org/10.4240/wjgs.v7.i4.52
https://doi.org/10.1002/cncr.24065
https://doi.org/10.4103/eus.eus_28_19
https://doi.org/10.3390/gidisord2030027
https://doi.org/10.1002/deo2.152
https://www.ncbi.nlm.nih.gov/pubmed/35898840
https://doi.org/10.5009/gnl19123
https://www.ncbi.nlm.nih.gov/pubmed/32000466

	Introduction 
	Epidemiology and Clinical Features of pNETs 
	Pathological Features and Prognosis of pNETs 
	Endoscopic Ultrasound Role 
	EUS-Guided Radiofrequency Ablation 

	Previous EUS-RFA Experiences in Small pNETs 
	Discussion 
	EUS-RFA Indications 
	RFA Setting 
	Pre-Operative and Post-Operative Purpose of Management 
	EUS-RFA Limitations 

	Conclusions and Future Directions 
	References

