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Objective: Endoscopic ultrasound-guided radiofrequency abla-

tion (EUS-RFA) has been constantly increasing, particularly in the

treatment of pancreatic neuroendocrine neoplasms (pNENs).

While emerging data in this field are accumulating, we aimed to

assess the pooled efficacy and safety of EUS-RFA for pNENs.

Methods: The PubMed/Medline, Embase, and Cochrane

Library databases search was conducted to identify studies

reporting EUS-RFA of pNENs with outcomes of interest (efficacy

and safety). The primary outcome was radiological response.

Efficacy was assessed by the pooled clinical response rate,

whereas safety was assessed by the pooled adverse events

(AEs) rate. Heterogeneity was assessed using I2. Pooled

estimates and the 95% confidence interval (CI) were calculated

using a random-effect model.

Results: Eleven studies involving 292 patients were included.

The pooled technical success rate was 99.2% (95% CI 97.9–99.9%),

with no heterogeneity. The pooled complete radiological

response was 87.1% (95% CI 80.1–92.8%). The pooled partial

response was 11.4% (95% CI 6.2–18.1%). The pooled clinical

response rate for functional pNENs was 94.9% (95% CI 90.7–
97.9%), with no heterogeneity. The pooled incidence of AEs was

20.0% (95% CI 14.0–26.7%); most AEs were mild to moderate in

grade, while the pooled incidence of severe AEs was 0.9% (95% CI

0.2–2.3%). The most common AEs were transient mild abdominal

pain in 19 patients (6.5%), and mild to moderate pancreatitis in 23

patients (7.9%). No cases of mortality were reported.

Conclusion: Endoscopic ultrasound-guided radiofrequency

ablation resulted on a feasible approach for pNENs treatment,

with excellent technical success, high radiological and clinical

response, and acceptable AE rate.

Key words: efficacy, meta-analysis, neuroendocrine tumor,

pancreas, safety

INTRODUCTION

DIAGNOSES OF PANCREATIC neuroendocrine neo-
plasms (pNENs) have been increasing over the last

years.1 Functioning pNENs (F-pNENs) are frequently
detected at early stages due to the occurrence of a clinical
syndromeconsequent to hormone secretion, leading to prompt
investigation. Conversely, nonfunctioning pNENs are asymp-
tomatic and tend to be diagnosed at later stageswhen theyhave
already grown into larger lesions.2 Surgical intervention has

traditionally been the primary treatment for these tumors.
However, in the past decade advancements in abdominal
imaging techniques, such as endoscopic ultrasound (EUS),
have led to earlier detection of nonfunctioning pNENs,
particularly smaller ones.2 This issue represents a therapeutic
challenge, as pancreatic surgery, the main therapeutic option
for pNENs, is associated with significant morbidity rates and
adverse events (AEs).3 Radiofrequency ablation (RFA) has
been increasingly used for the treatment of solid tumors.4,5

Recently, the application of thermal injury or substance
injection has been implemented through EUS-guided
treatment.6,7 EUS-RFA is one of themost promising treatment
options for pancreatic tumors, especially for pNENs, as RFA
induces a tumor mass thermal necrosis that carries low peri-
procedural AEs. Moreover, a previous study has shown that
RFA ablation induces the development of a T-cell-mediated
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immune reactionagainst tumorantigens.8The implementation
of EUS-RFA for pNENs treatment was reported only a few
years ago,9 and recently, an increasing number of articles in
this field have been published. Herein, we provide an updated
systematic review and meta-analysis of all studies addressing
the use of EUS-RFA in pNENs. The primary aim of our study
was to evaluate the pooled efficacy (defined as complete
radiological response) of EUS-RFA for the treatment of
pNENs; the pooled safety and clinical response rate in F-
pNENs were the secondary objectives.

METHODS

THIS SYSTEMATIC REVIEW and meta-analysis was
performed in agreement with PRISMA guidelines.10

Search strategy

A bibliographic search was conducted in PubMed/Medline,
Embase, and the Cochrane Library databases (limited to
English language) independently by two authors (A.L. and
T.K.)at theendofApril2023,usingthefollowingsearchstring:
“(“EUS” OR “EUS-guided” OR “Endosonography”[Mesh]
OR “Endoscopic ultrasound”)AND (ablationORablativeOR
radiofrequency) AND (neuroendocrine OR insulinoma OR
endocrine).”The literature searchwas integrated by additional
database evaluations (Google Scholar) and by checking the
reference list of all relevant studies on this topic. Prospectiveor
retrospective studies, conference proceedings, and abstracts
were considered. In case of overlapping publications on the
same population, the most recent reference was included.

Selection criteria

Studies included in this meta-analysis were original studies
that met the following inclusion criteria: (i) patients: adult
patients with pNENs; (ii) intervention: EUS-RFA; (iii)
comparator: none; and (iv) outcomes: the primary outcome
was radiological response (complete, partial, and nonre-
sponse), whereas secondary outcomes were the rate of AEs,
technical and clinical successes, as clinical response was
evaluated in patients with F-pNENs. We excluded: (i) case
series <5 patients; (ii) studies not reporting any of the
outcomes; and (iii) studies evaluating other locoregional
ablative techniques (i.e. percutaneous ultrasound-guided
RFA, injection therapies, etc.).

Quality assessment

Quality assessment of retrieved references was indepen-
dently performed by two authors (A.L. and T.K.) according

to the Newcastle–Ottawa scale for nonrandomized studies.
Any discordance was reevaluated and supervised by a third
author (B.N.).

Data extraction

For each study the following data were collected: first author’s
name; year of publication; study population size, gender, and
age; number of pNENs; type of pNENs (functioning or
nonfunctioning); tumor size (mean size in mm) and location
within the pancreas; number of RFA sessions; number of EUS-
RFA applications; type of EUS-RFA probe; EUS-RFA power;
complete radiological response rate; partial radiological
response rate; nonresponse rate; clinical response rate in case
of F-pNENs; incidence and severity of AEs; mortality; and
follow-up duration.

Outcomes definitions

The primary outcome was efficacy as assessed by
radiological response: (i) complete radiological response
was defined as complete disappearance of enhanced solid
pancreatic neoplasm or evidence of complete colliquative
necrosis on cross-sectional imaging during follow-up; (ii)
partial response was defined as the reduction of tumor size
between 75% and 95%; and (iii) nonresponse was defined as
a lack of volume reduction or volume reduction <75%.
Secondary outcomes were: (i) AEs rate, calculated as

the amount of AE/number of patients who underwent EUS-
RFA. AEs were graded according to the American Society
for Gastrointestinal Endoscopy lexicon;11 (ii) technical
success rate, defined as the successful performance of
EUS-RFA (needle insertion and feasibility of ablation); and
(iii) clinical success rate, assessed in patients with F-pNENs
and based on the disappearance of a secretory syndrome (i.e.
hypoglycemia) after EUS-RFA.

Statistical analysis

Study outcomes were pooled through a random-effects
model based on the DerSimonian and Laird test, and results
were expressed in terms proportion (%) and 95% confidence
interval (CI). Heterogeneity was assessed through I2 tests:
I2 <30% was considered as a low level of heterogeneity, I2

between 30% and 60% as moderate heterogeneity, while
I2 >60% was interpreted as a high level of heterogeneity.
Any potential publication bias was verified through visual
assessment of funnel plots and using the Egger’s test.
Sensitivity analysis was performed on the primary

outcome measure on study design (prospective or retro-
spective), study population, pNEN secretory status, mean
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pNEN size, pNEN location, and RFA power setting.
Statistical analysis was performed with MedCalc Statistical
Software version 20.115 (MedCalc Software,
Ostend, Belgium; https://www.medcalc.org; 2022). A two-
tailed P-value < 0.05 was considered statistically significant.

RESULTS

Quality assessment

FIVE STUDIES SHOWED an overall low quality,
while the remaining six a medium quality. The mean

Newcastle–Ottawa Score was 4.9 (range, 4–6). Quality
assessment is detailed in Table S1.

Study characteristics

The literature search throughMedline resulted in 120 full-text
articles; the other 35 references were retrieved through the
evaluation of major gastroenterology conference proceed-
ings. Figure 1 summarizes the literature search according to
the PRISMA reporting form. After a preliminary screening of
titles, 34 publicationswere selected to be reviewed as full text,

and 19 were assessed for eligibility. Finally, 11 studies9,12–21

were included in the qualitative and quantitative analysis.
Among them, 10 studies were published as full text, while the
remaining one was presented as an abstract at international
conferences. Four studies (36.4%) were designed as a
prospective design; four studies (36.4%) were multicentric.
Studies’ characteristics are summarized in Table 1.

Primary outcome (pooled efficacy)

The pooled complete radiological response (11 studies; 292
patients) was 87.1% (95% CI 80.1–92.8%), with moderate
heterogeneity I2 55.7%, while pooled partial response was
11.4% (95% CI 6.2–18.1%), with moderate heterogeneity I2

54.8%. Figure 2 shows forest plots for pooled radiological
response.

Secondary outcomes

The pooled clinical response rate (five studies; 134 patients)
was 94.9% (95% CI 90.7–97.9%), with no heterogeneity
(I2 0.0%). The technical success rate was reported in 11

Figure 1 PRISMA flow diagram of the study. *Consider, if feasible to do so, reporting the number of records identified from

each database or register searched (rather than the total number across all databases/registers). **If automation tools were

used, indicate how many records were excluded by a human and how many were excluded by automation tools. From: Page

et al.10 For more information, visit: http://www.prisma-statement.org/. EUS-RFA, endoscopic ultrasound-guided radiofrequency

ablation; pNEN, pancreatic neuroendocrine neoplasm.
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Figure 2 (a) Complete radiological response. (b) Partial radiological response.
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studies (292 patients); the pooled technical success rate was
99.2% (95% CI 97.9–99.9%), with no heterogeneity (I2

0.0%). Figure 3 shows forest plots for pooled technical and
clinical success rates.

Safety

The pooled rate of AEs (11 studies; 292 patients) was 20.0%
(95% CI 14.0–26.7%), with moderate heterogeneity (I2

37.6%); the pooled rate of severe AEs (11 studies; 292
patients) was 0.9% (95% CI 0.2–2.3%), with no heteroge-
neity (I2 0.0%). Most of the studies had mild–moderate
procedure-related AEs: transient mild abdominal pain
occurred in 19 patients,12,14–16,18,19 mild–moderate pancre-
atitis in 23 patients,12,13,15–19 mild peri-procedural bleeding
in two patients,15 severe pancreatitis in seven
patients,9,15,16,18 pancreatic duct stenosis in one patient,9

diabetes mellitus in one patient,19 and spleen hematoma in
one patient treated with conservative management and
surgical intervention.19 Notably, in the study by Crin�o
et al.,19 in eight out of the nine patients who had post-EUS-
RFA pancreatitis, the distance between the lesion and the
main pancreatic duct was ≤2 mm. Figure 4 shows forest
plots for the incidence of overall AEs, and moderate and
severe AEs (Table 2).

Sensitivity analysis

As reported in Table 3, the sensitivity analyses was
restricted to study design, study population, pNEN secretory
status, mean pNEN size, and power RFA settings, which
confirmed the main outcome results with moderate hetero-
geneity in all but two conditions. Low heterogeneity was
observed for F-pNENs (pooled complete radiological
response 87.5% [95% CI 77.5–94.8%]; I2 19.9%), small
(<15 mm) pNEN size (pooled complete radiological
response 87.9% [95% CI 81.5–93.0%]; I2 20.6%), and in
case of pNENs located in the head or uncinate process
(pooled complete radiological response 89.6% [95% CI
75.5–98.0%]; I2 0.0%).

Publication bias

A potential publication bias was observed for the technical
success rate (Egger’s test: intercept �1.03; 95% CI �1.03 to
�1.02; P < 0.001) and incidence of severe AEs (Egger’s
test: intercept 1.43; 95% CI 0.68–2.17; P = 0.002). No
publication bias was observed for complete and partial
response rates, clinical response rate, or incidence of AEs
(Table 2).

DISCUSSION

DIAGNOSES OF PNENS have increased in the last
decade due to the widespread availability of cross-

sectional abdominal imaging.22 pNENs account for approx-
imately 8–10% of all pancreatic neoplasms.23 Traditionally,
pNENs were treated with pancreatic surgery, which is
associated with relevant comorbidities.24–26 The features of
related comorbidities were previously recapitulated in a
systematic review and meta-analysis by Jilesen et al.,3

reporting the occurrence of pancreatic fistulas in 14–58%
cases, postoperative hemorrhage in 1–6%, and delayed
gastric emptying in 5–18%, with an overall pooled in-
hospital mortality of 4–6%. Therefore, in the last few years
locoregional treatment options including EUS-guided etha-
nol injection and EUS-guided RFA27 have been implemen-
ted for the treatment of pNENs.
Herein, we performed an updated systematic review and

meta-analysis of all studies reporting EUS-RFA for pNENs
in the literature (in English). We observed an excellent
technical success of EUS-RFA for pNENs in 99.2% (95%
CI 97.9–99.9%) among the 11 studies assessed (292
patients). Similarly, the complete radiological response
was high in 87.1% (95% CI 80.1–92.8%). Our data were
compatible with a recent review article that showed a
technical success of 100%, and complete radiological
success of 90%.28 Moreover, the clinical success rate in
our study, especially in patients with F-pNENs, was high,
94.9% (95% CI 90.7–97.9%). To date, only few systematic
reviews and meta-analyses assessing EUS-RFA for pNENs
with a relatively low number of patients were published.
Imperatore et al.29 reported results on 61 patients who
underwent EUS-RFA, with an overall effectiveness of 96%
on a mean follow-up period of 11 months, with mild AEs
occurring in 13.7%. Armellini et al.30 reported clinical
efficacy of 95.1% (95% CI 91.2–98.9%). The overall AE
rate in our meta-analysis was 20.0% (95% CI 14.0–26.7%).
In particular, the rate of severe AEs was very low (0.9%
[95% CI 0.2–2.3%]), similar to data published in a previous
meta-analysis of 17.8% (95% CI 9.1–26.4%),30 while the
mild AE rate was 13.7%.29

Notably, our meta-analysis differs from the aforemen-
tioned two meta-analyses,29,30 as it represents an updated
meta-analysis including recent studies with a large number
of patients, and excluding case reports and small case series
that were instead included in previous meta-analyses.
Indeed, this approach could strengthen our meta-analysis,
as it removes case reports and small case series that could
represent a challenge for internal validity evaluation, as
suggested by systematic review guidelines.31
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Figure 3 (a) Technical success rate. (b) Clinical response rate.
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Figure 4 (a) Overall adverse events rate, (b) moderate adverse events rate, (c) severe adverse events rate.
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To date, there is scarce evidence regarding the parameters
that may predict EUS-RFA failure and AEs. In our study we
performed a sensitivity analysis for several parameters,

including study design, pNEN functional status, pNEN size,
and the RFA setting that showed no significant effect of the
parameters assessed, except for pNENs smaller than 15 mm,
which can be associated with a robust favorable impact of
EUS-RFA. A previous systematic review showed that larger
pNEN size was associated with treatment failure, as it was
shown that lesions <18 mm at EUS were associated with an
excellent response to treatment in 97.1% of cases.29

Thus, EUS-RFA could even be considered as a first
therapeutic treatment option for small pNENs. Moreover, in
our study we showed that the power setting of the RFA
system slightly affected the primary outcome, as a power
setting of <50 W had achieved the primary outcome in
92.4% vs. 50 W in 84.6%. Notably, we could not retrieve
any previously published data regarding this issue, warrant-
ing further studies to precisely address power settings
requirements for pNENs. EUS-RFA is considered a
minimally invasive procedure with a good safety profile.
In our study we have shown an acceptable AE rate, mostly
of mild to moderate severity, and a very low incidence of
severe AE rate, and no mortality cases, suggesting an
acceptable safety profile of EUS-RFA in pNENs, especially
when comparing it to traditional surgical approaches.
Additionally, the number of RFA sessions and applica-

tions were different among the included studies, and this
could be attributed to the lesion size. In fact, the bigger the
lesion size, the more RFA applications and sessions were
needed, as shown in the study by Choi et al.,12 as compared
to the other studies. However, further studies with uniform
lesion size, RFA sessions, and application are warranted to
precisely assess the impact of the number of RFA sessions
and RFA applications on clinical and radiological outcomes.
Our meta-analysis has some limitations. First, the setting

power of the RFAwas not standardized, potentially affecting
treatment response. Data regarding other variables such as
proximity to pancreatic duct, prophylaxis with antibiotics,
and pancreatic duct stenting were often lacking; however,
some studies adopted those preventive measures, while

Table 2 Pooled estimates

Estimates random-effect model Heterogeneity Publication bias Egger’s test

Technical success rate (11 studies; 292 patients) 99.2% (97.9–99.9%) I2 0.0% <0.001
Complete response rate (11 studies; 292 patients) 87.1% (80.1–92.8%) I2 55.7% 0.230

Partial response rate (11 studies; 292 patients) 11.4% (6.2–18.1%) I2 54.8% 0.460

Clinical response rate (5 studies; 134 patients)† 94.9% (90.7–97.9%) I2 0.0% 0.800

Adverse event rate (11 studies; 292 patients) 20.0% (14.0–26.7%) I2 37.6% 0.290

Moderate AE rate (11 studies; 292 patients) 9.4% (5.1–14.7%) I2 41.3% 0.120

Severe AE rate (11 studies; 292 patients) 0.9% (0.2–2.3%) I2 0.0% 0.002

†Clinical response rate was assessed in patients with functioning pancreatic neuroendocrine neoplasms.

AE, adverse event.

Table 3 Sensitivity analysis for main outcome measure

Pooled estimates

(95% CI)

random-effect

model

Heterogeneity

Study design

Retrospective studies

(7 studies; 218 patients)

85.3% (77.9–91.4%) I2 40.2%

Prospective studies

(4 studies; 74 patients)

89.0% (72.4–98.5%) I2 65.9%

Study population

<25 patients (6 studies;

72 patients)

86.6% (75.8–94.5%) I2 35.3%

≥25 patients (5 studies;

220 patients)

87.7% (76.9–95.4%) I2 77.4%

Secretory status

Nonfunctioning NENs

(3 studies; 49 patients)

89.2% (74.3–98.2%) I2 48.2%

Functioning NENs

(3 studies; 109 patients)

87.5% (77.5–94.8%) I2 19.9%

Mean NEN size

<15 mm (8 studies;

180 patients)

87.9% (81.5–93.0%) I2 20.6%

≥15 mm (3 studies;

112 patients)

84.3% (61.1–98.0%) I2 85.2%

NEN location

Head/uncinate

(2 studies; 25 patients)

89.6% (75.5–98.0%) I2 0.0%

Body/tail (7 studies;

216 patients)

85.3% (77.0–92.1%) I2 51.0%

RFA power setting

<50 W (3 studies;

109 patients)

92.4% (79.8–99.1%) I2 52.7%

50 W (8 studies;

183 patients)

84.6% (74.6–92.4%) I2 60.9%

CI, confidence interval; NEN, neuroendocrine neoplasm; RFA,

radiofrequency ablation.
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others did not, and the report on this issue was not consistent
in this meta-analysis, and this could affect data interpretation
and results. We have to acknowledge that an abstract
(Rizzatti et al.,21 not peer-reviewed yet) has been included
in the meta-analysis; however, its prospective multicenter
study design has been presented in the ESGE Days
Conference as an oral presentation and this, in our opinion,
makes it a reliable study to be included in the meta-analysis.

On the other hand, our study is currently a meta-analysis
reporting data on the largest number of patients, thus
supporting the previous published studies, and further
augmenting the evidence of EUS-RFA for the treatment of
pNENs. Finally, since most of the included studies had a
retrospective design, a potential selection bias cannot be
excluded: in fact, most studies included mainly pNENs
located in the body or tail of the pancreas, suggesting that
small tumors located in the head or uncinate process may
have not been treated with EUS-RFA due to technical issues,
such as scope instability or difficulty in identifying an
operative window.

In conclusion, EUS-RFA can be considered an effective
and safe, minimally invasive option for the treatment of
pNENs. According to the currently available data, it is
reasonable to support the use of RFS for small pNEN
treatment, regardless of their functional status. Larger series
with longer follow-up are needed to better identify which
pNEN patients would benefit from endoscopic treatments
and which would be better treated surgically.
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