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Background: Radiofrequency ablation (RFA) has been used to treat various abdominal tumors including
pancreatic tumors. Multiple approaches such as laparoscopic, open, and percutaneous have been used for
pancreatic tissue ablation. More recently, endoscopic ultrasound (EUS)-guided RFA has emerged as a new
technique for pancreatic tissue ablation. The role of EUS-RFA in management of pancreatic lesions is still
not well-established. In this study, our aim is to assess efficacy and safety of EUS-RFA for management of
pancreatic lesions.

Methods: MEDLINE, Scopus, and Cochrane Library databases were searched to identify studies reporting
EUS-RFA of pancreatic lesions with outcomes of interest. Studies with <5 patients were excluded. Clinical
success was defined as symptom resolution, decrease in tumor size, and/or evidence of necrosis on radiologic
imaging. Efficacy was assessed by the pooled clinical response rate whereas safety was assessed by the pooled
adverse events rate. Heterogeneity was assessed using I. Pooled estimates and the 95% CI were calculated
using random-effect model.

Results: Ten studies (5 retrospective and 5 prospective) involving 115 patients with 125 pancreatic lesions
were included. 152 EUS-RFA procedures were performed. The lesions comprised of 37.6% non-functional
neuroendocrine tumors (NFNETs), 15.4% were insulinomas, 26.5% were pancreatic cystic neoplasms
(PCNs), and 19.7% were pancreatic adenocarcinomas. The majority were present in the pancreatic head
(40.2%), 38.3% in the body, 11.2% in the tail, and 10.3% in the uncinate process. Pooled overall clinical
response rate was 88.9% (95% CI: 82.4-93.7, ’'=38.1%). Pooled overall adverse events rate was 6.7%
(95% CI: 3.4-11.7, I’=34.0%). The most common complication was acute pancreatitis (3.3%) followed by
pancreatic duct stenosis, peripancreatic fluid collection, and ascites (2.8%) each. Only one case of perforation
was reported with pooled rate of (2.1%).

Discussion: This study demonstrates that EUS-RFA is an effective treatment modality for pancreatic

lesions, especially functional neuroendocrine tumors such as insulinomas.
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Introduction

As a result of advances in cross sectional imaging, incidental
pancreatic lesions are being diagnosed with increasing
frequency (1). These consist of solid and cystic pancreatic
tumors, including pancreatic neuroendocrine tumors,
pancreatic adenocarcinoma, insulinoma and various
pancreatic cystic neoplasms. Surgery, radiation and
chemoradiation are generally the mainstay management of
these lesions. Percutaneous, intraoperative, and laparoscopic
radiofrequency ablation (RFA) have been used for the
management of various tumors including hepatocellular
carcinoma, liver metastasis, primary lung tumors, and
pancreatic tumors (2). RFA mainly works by thermal energy
induced coagulative necrosis. Additionally, some studies
have reported development of T cell immunity against
tumor antigens subsequent to RFA ablation (3). Pancreas is
known to be thermosensitive, surrounded with vascular and
biliary structures, making it a vulnerable target. Therefore,
intraoperative or laparoscopic RFA for pancreatic tumor
management has been associated with high adverse events
rate. Transabdominal US guided RFA is less invasive but
limits visualization of pancreas situated retroperitoneally.
Endoscopic ultrasound-guided RFA (EUS-RFA) has
emerged as a promising approach as it is less invasive,
provides real time visualization and precision for RFA.
Supplemented with doppler imaging, this also enables
visualization of vascular structures. Recently, many studies
have been done using EUS-RFA for pancreatic tumors
management. However, these studies have reported varying
results in term of safety and efficacy of EUS-RFA for
pancreatic tumors management. Therefore, in this pooled-
analysis study, our aim was to assess safety and efficacy of
EUS-RFA for pancreatic tumor management. We present
the following article in accordance with the PRISMA
reporting checklist (available at https://tgh.amegroups.com/
article/view/10.21037/tgh-20-84/rc).

Methods
Study selection, data extraction, and quality assessment

A comprehensive literature search from inception until
July 2019 of MEDLINE, Scopus, and Cochrane Library
was conducted using the following keywords in different
combination: “Endoscopic ultrasound”, “Radiofrequency
ablation”, and “Pancreas”. To increase the yield of our
search strategy, the references of the included studies as
well as the last three supplemental issues of Gastrointestinal
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Endoscopy Fournal were reviewed. Eligibility criteria were
pre-determined by two authors (Y.F and A.M). Only studies
in English reporting the clinical success and the adverse
events rates were included. Clinical success was defined
as symptoms resolution, decrease in tumor size, and/or
evidence of necrosis on radiologic imaging. Given the
rarity of the solid pancreatic tumors and EUS-guided RFA
being an emerging new modality for solid pancreatic tumor
management, moderate to high quality abstracts were
included in this study. Studies involving 5 patients or less,
animal and experimental studies, reviews and commentaries,
were excluded. Studies were excluded as well if their data
were included in a larger study or in a more recent study.
All results were downloaded into EndNote X9 (Thompson
ISI ResearchSoft, Philadelphia, Pennsylvania, USA). Any
duplication was identified and removed. Titles and abstracts
of the initially extracted articles were screened by two
reviewers (Y.F and A.M). Both reviewers reviewed the full
text of the potentially eligible studies. Any disagreement
was resolved by consensus or by consulting a third author
M.M).

The data of interest from the included studies were
extracted independently by two authors (Y.F and A.M)
using a standardized excel sheet. The following data
were extracted from each included study: study authors,
publication year, study design, study location, patients
demographics, lesions size and location, lesions types,
clinical and imaging outcomes, number of RFA sessions/
procedures per lesion, number of RFA application per
session per lesion, adverse events, type of RFA probe, and
follow-up period. The extracted data from both reviewers
were compared and any disagreement was resolved by
consensus or by consulting a third author (M.M).

"Two reviewers (Y.F and A.M) assessed independently the
quality of the included studies using the Newcastle-Ottawa
scale (NOS). Any disagreement was resolved by consensus
or by consulting a third author (M.M). A score >7 was
considered as a high-quality study, 4-6 was considered as
moderate-quality study, and <4 was considered as a low-
quality study.

Statistical analysis

EUS-RFA Efficacy was assessed by the pooled clinical
success rate whereas safety was assessed by the pooled
adverse events rate. For this meta-analysis, mild adverse
events as such events are subjective and not reported
uniformly across studies, were not included. We only
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Figure 1 Study flow and selection. EUS, endoscopic ultrasound.

included serious adverse events that required subsequent
intervention or resulted in prolonged hospitalization.
Weighted pooled rate (WPR) along with 95% CI was
calculated for the clinical success and adverse events
rates. Heterogeneity was assessed by Cochrane Q test
and T’ statistics. Presence of heterogeneity was considered
if the Cochrane Q test was P<0.1. Heterogeneity was
considered substantial if I* was >50%. Depending on the
heterogeneity, random or fixed effects model was chosen.
If the heterogeneity was substantial (>50%), a random
effect model was selected otherwise a fixed effects model
was selected. WPR for adverse events were calculated out
of total procedure number. Quantifying the publication
bias if present was not done given the small number of the
included studies. Publication bias was assessed by using the
funnel plots for the clinical success and adverse events rates.
Statistical analysis was performed using MedCalc software
(Version 15.8).

Results
Study characteristics and quality assessment

Figure 1 depicts the selection process. 514 articles were
identified from the search strategy and from manual
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e EUS-guided cryothermal (n=1)
e Commentaries and review articles (n=30)

search, of which 105 were duplicates. Of the remaining 409
articles, 359 were removed after screening the titles and
the abstracts. After reviewing the remaining 50 articles, 10
articles met the inclusion criteria and were included in this
study (1,4-12). The studies were conducted between 2015
and 2019 and 5 studies of them were prospective (1,4,6,8,9)
whereas the remaining 5 studies were retrospective
(5,7,10-12). Of the 10 included studies, 3 of them were
abstracts (10-12). EUS-RFA was planned to be performed
on 115 patients with 125 pancreatic lesions. Table 1 shows
baseline characteristics of the included studies. Tuble 2
shows indications as well as lesions locations in the included
studies. Non-functional neuroendocrine pancreatic
tumor (NFNET) was the most common lesion type
(37.6%), followed by pancreatic cystic neoplasms (26.5%),
unresectable pancreatic adenocarcinoma (19.7%), and
insulinomas (15.4%). Most of the lesions were located in
the head (40.2%), followed by body (38.3%), tail (11.2%),
and uncinate process (10.3%). The quality of the included
studies was assessed using the NOS scale. All the included
studies were moderate in the methodological quality.

Outcomes

All of the included studies reported the outcomes of
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Table 1 Baseline characteristics of the included studies
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Study Country Study design :i:ir;tr gg;; Gender (M/F) Nlljen;:)i;m Les(i:}:;ize S::%gq;gﬁ;y
Barthet 2019 France Prospective 29 54.4 (mean) 14/15 31 21.3 (mean) Moderate
Choi 2018 South Korea  Prospective 10 51.4 (mean) 4/6 10 17.5 (mean) Moderate
Crino 2018 Italy Retrospective 9 67 (mean) 6/3 8 36 (mean) Moderate
Oleinikov 2019 Israel Retrospective 18 60.4 (mean) 10/8 27 14.3 (mean) Moderate
Pai 2015 International  Prospective 8 59.8 (mean) 1/7 8 34.25 (mean) Moderate
Scopelliti 2018 Italy Prospective 10 62 (median) 7/3 10 Not reported Moderate
Song 2016 South Korea  Prospective 6 60 (median) 1/5 6 4.9 (mean) Moderate
Dancour 2019 Israel Retrospective 8 58 (median) 4/4 8 16 (median) Moderate
Yang 2019 China Retrospective 8 Not reported Not reported 8 Not reported Moderate
De la Serna 2018 Spain Retrospective 9 69 (median) 9 9 19.2 (mean) Moderate
NOS, Newcastle-Ottawa scale.
Table 2 Indications and lesions sites of the included studies
Indications Locations
Study NFNET PCN Insulinomas  Adenocarcinoma Metastasis Head Uncinate Body Tail
process

Barthet 2019 14 17 0 0 0 13 0 10 8
Choi 2018 7 2 1 0 0 4 0 5 1
Crino 2018 0 0 0 7 1 3 2 3 0
Oleinikov 2019 18 0 9 0 0 10 5 8 2
Pai 2015 2 6 0 0 0 NR NR NR NR
Scopelliti 2018 0 0 0 10 0 4 0 6 0
Song 2016 0 0 0 6 0 4 0 2 0
Dancour 2019 0 0 8 0 0 2 3 2 1
Yang 2019 NR NR NR NR NR NR NR NR NR
De la Serna 2018 3 6 0 0 0 3 1 5 0
Total 44/117 31117 18/117 (15.4%) 23/117 (19.7%) 1/117 (0.8%) 43/107  11/107  41/107 12/107

(37.6%) (26.5%) (40.2%) (10.3%) (38.3%) (11.2%)

NFNET, non-functional neuroendocrine tumor; PCN, pancreatic cystic neoplasm; NR, not reported.

interest, clinical response, and adverse events (Zables 3,4).
The WPR for clinical response was 88.9% (95% CI:
82.4-93.7), with moderate heterogeneity, Cochran Q
test P=0.10, I’=38.1% (Figure 2). Funnel plot for clinical
response was symmetrical (Figure 3). Table 4 demonstrates
the WPR for each pancreatic lesion type. The WPR
for adverse events was 6.7% (95% CI: 3.4-11.7), with

© Translational Gastroenterology and Hepatology. All rights reserved.

moderate heterogeneity, Cochran Q test P=0.14, I'=34.0%
(Figure 4). Funnel plot for adverse events was fairly
symmetrical (Figure 5). The most common adverse event
was acute pancreatitis with WPR of (3.3%) whereas the
WPR for pancreatic duct stenosis, peripancreatic fluid
collection, and ascites, were (2.8%) each. Perforation had
WPR of (2.1%).
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Figure 2 Forest plot for overall clinical response. Size of the square is proportional to the precision of the study-specific effect estimates, and

the bars indicate the corresponding 95% Cls. The diamond is placed on the summary correlation coefficient of the observational studies,

and the width indicates the corresponding 95% CI.
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Figure 3 Funnel plot for overall clinical response.

Discussion

RFA has been used to treat various abdominal tumors
including pancreatic tumors. Multiple approaches such as
laparoscopic, open, and percutaneous have been used for
pancreatic tissue ablation. More recently, EUS-RFA has
emerged as a new technique for pancreatic tissue ablation,
however the role of EUS-RFA in management of pancreatic
lesions is still not well-established. Thereby, the aim of this

© Translational Gastroenterology and Hepatology. All rights reserved.

study to evaluate the cumulative efficacy and safety of this
new technique.

Given the thermosensitivity of the normal pancreatic
tissue as well as its proximity to vital structures such as
main pancreatic duct, common bile duct, and major blood
vessels, both percutaneous and intra-operative RFA have
been associated with technical difficulties and high adverse
event rates. In addition to the former factors, the optimal
thermal kinetic characteristics for the pancreas have not
been determined, so there is still no standardized protocol
for pancreatic RFA (13-15). In a study involving 50 patients
with unresectable pancreatic cancer that underwent
ultrasound guided RFA during laparotomy, the adverse
events occurred in 24% of patients. At least half of these
adverse events were attributed to RFA (16). In another study
involving 10 patients who underwent RFA (7 percutaneous,
2 intraoperative, and 1 EUS-guided) for pancreatic
neuroendocrine tumor, 3 patients developed acute
pancreatitis with 2 of them complicated with peripancreatic
fluid collection (17). In our study, the overall pooled adverse
event rate was 6.7%. The most common adverse event was
acute pancreatitis with pooled rate of 3.3%. Oleinikov et a/.
reported two cases of acute pancreatitis in his study while
Barthet er al. reported one case of acute pancreatitis with
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Figure 5 Funnel plot for overall adverse events rate.

early signs of infection, occurring early on in this study
(4,7). However, after initiating a prophylaxis protocol by
administering rectal indomethacin and antibiotics, Barthet
et al. reported no further cases of acute pancreatitis.
Similarly, prophylactic antibiotics were given before the
procedures in all of the included studies (5,7-9) except
in two studies (1,5). Interestingly, no adverse events
were reported in those two studies. In addition to acute

© Translational Gastroenterology and Hepatology. All rights reserved.

pancreatitis, pancreatic duct stenosis, peripancreatic fluid
collection, and ascites complicated two procedures each
with a pooled rate of (2.8%) each. Only one procedure
was complicated by a jejunal perforation that required
surgical intervention. The procedure was performed for
a cystic neoplasm without suctioning the cystic fluid. It
is hypothesized that fluid inside the cyst might increase
the impedance leading to requirement of higher thermal
energy which may increase the risk of adverse events.
Therefore, Barthet et /. suggest cystic drainage before
applying RFA (4). Ultimately, EUS-RFA has a good safety
profile. Applying prophylactic measures such as antibiotics,
rectal indomethacin, and/or draining cystic lesions before
EUS-RFA might help in decrease the risk of adverse
events. Despite these promising results, large controlled
prospective trials are warranted.

Regarding EUS-RFA efficacy for management of
pancreatic tumors, this study demonstrates that EUS-
RFA has an excellent efficacy for solid pancreatic tumors
management with pooled clinical response rate of 89.8%.
Importantly, although the heterogeneity was not substantial
(39%), there were differences in the indications as well as
definitions of clinical response among the included studies.

Surgical resection is the treatment of choice for
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localized insulinomas. Other less invasive modalities for
management of insulinomas such as EUS-guided alcohol
ablation or embolization, have been described (18,19).
All of the insulinomas that were included in this meta-
analysis responded well to EUS-RFA with resolution of the
symptoms. The effect of EUS-RFA for insulinomas may not
be instantaneous and can be delayed. Spontaneous resolution
of symptoms after months of treating insulinomas with EUS-
RFA has been reported (4,10). This delayed response is
most likely attributed to stimulation of the immune system
resulting in local and systemic antitumor activity (20).
Thus, offering a new promising treatment modality
for insulinoma management. Similar to insulinomas,
all pancreatic adenocarcinomas responded with either
necrosis or decrease in size on imaging in the included
studies. Surgical resection is the only curative option for
pancreatic adenocarcinoma. However, only 20% of patients
present with a resectable disease. Like local ablation using
RFA during open or laparoscopic surgery have shown
improvement in overall survival in patients with unresectable
pancreatic adenocarcinomas (16,21). Unlike insulinomas and
unresectable pancreatic adenocarcinomas, not all NFNET
had responded to EUS-RFA. Large (>2 cm), symptomatic,
involvement of main pancreatic duct, presence of resectable
regional nodal metastases, or presence of synchronous
resectable distant metastases, are indications for surgical
resection of NFNET. However, the data about incidentally
diagnosed, small, asymptomatic NFNET is still controversial
(22,23). The European Neuroendocrine Tumor Society
recommends a “wait and see” approach for these small
asymptomatic NFNET (22). However, some studies showed
that many patients decline active surveillance with imaging
and prefer to proceed with surgery (24,25). Therefore, EUS-
RFA offers a minimally invasive treatment modality for small
and asymptomatic NFNET as well as for patients at high risk
for surgical intervention.

Pancreatic cystic neoplasms have become the most
frequent premalignant pancreatic tumor encountered
(26,27). EUS-guided ablation using ethanol injection has
been used to treat pancreatic cystic neoplasms. In a meta-
analysis study conducted by Kandula ez 4/., complete cyst
resolution rate using EUS-guided ethanol ablation was
56% while partial resolution rate was 23.7%. In the same
study, acute pancreatitis rate following EUS-guided ethanol
ablation was 3.9% (28). Although the clinical response
was higher in our study (76.8%), the definition of clinical
response is different between our study and Kandula et /.
study as we considered all types of response (complete

© Translational Gastroenterology and Hepatology. All rights reserved.

Translational Gastroenterology and Hepatology, 2022

resolution and partial resolution) in our study. The rate
of acute pancreatitis between our study and Kandula er a/.
study was comparable (3.3% and 3.9%, respectively) (28).
However, our study included different types of pancreatic
lesions while Kandula ez 4/. included only pancreatic cystic
neoplasms.

In conclusion, EUS-RFA offers a safe and effective
treatment modality for pancreatic lesions especially
functional neuroendocrine tumors. Despite these promising
results, this study does have a few limitations, including a
small number of included patients. Additionally, the studies
included studies were non-controlled cohort studies, with
significant variations in the indications, techniques, and the
definitions of clinical response.
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