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Abstract
Background and Aims
Treatment strategies for small pancreatic neuroendocrine tumors (PNETs) < 2 cm in size are
still under debate. The feasibility and safety of endoscopic ultrasound (EUS)-guided ethanol
ablation (EUS-EA) have been demonstrated. However, the sample size in previous studies
was small with no comparative studies on surgery. Therefore, we aimed to compare the safety
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and long-term outcomes of EUS-EA using ethanol with those of surgery for the management

re
-p
r

of non-functioning small PNETs.
Methods

We retrospectively reviewed patients with a PNET who were managed by EUS-EA (from

lP

2011 to 2018) and surgery (from 2000 to 2018) at Asan Medical Center. Propensity score
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matching (PSM) was performed to increase the comparability. The primary outcome was
early and late major complications (Clavien–Dindo grade 3 or more) after treatment. The
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secondary outcomes were 10-year overall and disease-specific survival rates, length of
hospital stay, and development of endocrine pancreatic insufficiency.
Results

A total of 97 and 188 patients were included in the EUS-EA and surgery groups, respectively.
PSM created 89 matched pairs. EUS-EA was associated with a significantly lower rate of
early major complications (0% vs. 11.2%; P=0.003). Late major complications occurred
more frequently after surgery, with no significant difference between the groups (3.4% vs.
10.1%, P=0.07). Both treatment modalities showed comparable 10-year overall and diseasespecific survival rates. The length of hospital stay was significantly shorter in the EUS-EA
group (4 days vs. 14.1 days, P<0.001), and endocrine pancreatic insufficiency was less
common after EUS-EA than after surgery (33.3% vs. 48.6%, P=0.121).

Conclusions
EUS-EA had fewer complications and a shorter hospital stay with similar overall and diseasespecific survival rates compared to surgery, suggesting that EUS-EA may be a preferred
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alternative to surgical resection in selected patients with a non-functioning small PNET.
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Introduction
Pancreatic neuroendocrine tumors (PNETs) account for < 2% of all pancreatic tumors1;
however, the diagnosis of PNET is steadily increasing, possibly related to increased
recognition and the incremental use of imaging studies for clinical and health care screening.
In particular, the incidence and prevalence of localized, asymptomatic, early PNETs have
markedly increased according to recent literature.2 Surgery is usually recommended for a
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PNET size of over 2 cm.3 However, treatment strategies for small a PNET under 2 cm are
still under debate, especially with low grade tumors.4,5 “Wait-and-see” strategy was
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suggested for low grade PNETs of less than 2 cm in size by a local multidisciplinary team
consensus.6 However, some patients still undergo surgery globally.7,8 In a recent study,
patients with a non-functioning small PNET who underwent surgical resection had a 5-year
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cancer specific survival but a longer 5-year overall survival (OS) compared to those who
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received observation unit care.5 Despite of advances in technical skills of operation, standard
pancreatectomy, such as pancreaticoduodenectomy (PD) or distal pancreatectomy (DP), still
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carries risk of morbidity, mortality, and exocrine and endocrine dysfunction associated with
loss of pancreatic parenchyma.9 Minimally invasive surgery and parenchyma-preserving
surgery (enucleation, central pancreatectomy, inferior head resection, or meddle-preserving
pancreatectomy) have been proven to be reliable, but can only be applied in limited cases.10
Therefore, local ablation therapies via endoscopic ultrasound (EUS) have emerged as an
alternative for selected patients. Direct ethanol injection into the pancreatic mass can induce
coagulation necrosis.11 Studies have reported the safety and feasibility of EUS-guided local
therapy and suggested its potential as an alternative treatment to surgery.12 However, the
sample size in previous studies with EUS-guided ethanol ablation (EUS-EA) for nonfunctioning small PNETs was relatively small, and there have been no comparative studies
on surgery. Therefore, we aimed to compare the safety and long-term outcomes of EUS-EA
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with those of surgery for the management of non-functioning small PNETs.

Methods
Study population
We retrospectively reviewed a prospectively collected database of patients with a PNET who
were managed with EUS-EA (from November 2011 to December 2018) and surgery (from
January 2000 to December 2018) at the Asan Medical Center, Seoul, Korea. The exclusion
criteria were as follows: 1) functioning tumor, 2) a PNET > 2 cm, 3) no histological diagnosis,
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and 4) no available follow-up data. Data regarding the baseline characteristics (age, sex, size,
PNET grade, and PNET location) and clinical outcomes after treatment (such as
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complications and recurrence) were collected in both groups. Primary outcomes were
assessed in the context of major complications. Secondary outcome measures included 10-
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year OS and disease-specific survival (DFS) rates, length of hospital stay, complete ablation,
recurrence rate, and development of endocrine pancreatic insufficiency. Due to the
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evaluation of long-term follow-up in the entire patient cohort, previously published data on
EUS-EA and surgical resection for PNET were included.7,13,14
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The Institutional Review Board of the Asan Medical Center approved this study (2021‒1762).

EUS-guided ethanol ablation
All the procedures were performed by a single endoscopist (D.H.P). Prophylactic antibiotics
were given intravenously prior to each procedure. The procedures were carried out according
to the following scheme: for PNETs in the pancreas body and tail, a transgastric approach of
EUS-EA was considered. EUS-EA for the PNETs in the neck of the pancreas was performed
in the duodenal bulb, while a transduodenal approach with a long scope position was
routinely considered for PNETs in the head of the pancreas, including the uncinate process.
Under real-time EUS visualization, the tumor was punctured using a 22-gauge conventional
EUS needle (EchoTip; Cook Endoscopy, Bloomington, IN, USA) prefilled with a mixture of

99% ethanol and lipiodol (Guerbert S.A., Villepinte, France) in a 1:1 ratio or ethanol alone
after the removal of the stylet in the EUS needle, and this solution was injected until the
hyperechoic blush extended to the tumor margin while avoiding total injected volume of
ethanol of 2 mL.13 The total injected ethanol volume in PNETs was prospectively recorded.
At the end of ablation, the EUS showed an echogenic cloud in the mass. When the ethanol–
lipiodol mixture was used for EUS-EA, post-treatment fluoroscopy was carried out routinely
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to evaluate the dense retention of lipiodol within the mass.13 Patients were discharged 2 days
after the procedure if no adverse events developed.13 Additional ablation was allowed to

re
-p
r

achieve complete ablation in selected patients with suspected viable lesions on follow-up
imaging, including contrast-enhanced EUS, computed tomography (CT), or magnetic
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resonance imaging (MRI) after EUS-EA for small PNETs.
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Surgery

PD or DP was performed according to the tumor location. In some cases, a minimally
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invasive approach (laparoscopic and robotic surgery) and parenchyma-preserving surgery
(enucleation and central pancreatectomy), were used.

Definition
In the EUS-EA group, complete ablation was defined as no suspicious viable tumor at the
time of radiologic evaluation, regardless of the number of ablations. Partial ablation was
defined as remnant viable tumors < 50%. The non-response group was defined as those with
a remnant tumor > 50%. Recurrence was defined as a newly developed viable tumor on
imaging (CT, MRI, or contrast-enhanced EUS) in patients who achieved complete ablation.
We did not assess any small changes in the partial or non-response groups because it was
difficult to compare the size difference of the remnant viable portion with that of the previous

examination. The primary outcomes were early and late major complications after PNET
treatment in both groups. As the grading systems for complications used in endoscopic
treatment and surgery are different, a comprehensive grading system for comparing both
procedures is required. Therefore, the Clavien–Dindo system was used to grade
complications.15 The different grades of complications was as follows: grade I, any deviation
from the normal postoperative course without any pharmacological intervention; grade II,
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requiring pharmacologic treatment; grade III, requiring surgical, endoscopic, or radiologic
intervention; IV, life-threatening complication requiring intensive care unit (ICU)
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management; and grade IV, death. Major complications were defined as grade 3 or higher,8
and classified as early (<14 days) or late (any time after 14 days) according to the time of
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presentation.16 We also assessed pancreatitis after EUS-EA and its grade was defined
according to the length of stay.16 Secondary outcome measures included OS and DFS rates,
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length of hospital stay, and development of endocrine pancreatic insufficiency. OS rate was
defined as the time between the procedure or surgery and the last follow-up date or the date
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of death. DFS rate was defined as the time between the date of procedure or surgery and the
date of death due to NET or the day of the last follow-up. Endocrine pancreatic insufficiency
was evaluated based on the development of diabetes mellitus (DM) or prediabetes stage, as
defined by the American Diabetes Association.17

Statistical analysis
Propensity score matching (PSM) was performed to increase the comparability between the
two treatment groups (that is, EUS-EA vs. surgery). The propensity score was estimated
using important baseline characteristics related to group assignment, including age, sex,
grade, size, and location of the tumor. PSM was conducted with a 1:1 matching ratio after
the difference was less than 0.1, at which point the PSM was regarded as having a good

balance.18,19 The PSM in this study carefully complied with a five-step checklist for
implementing PSM.19 Descriptive statistics, including means or medians, standard deviations,
and interquartile ranges, were used for continuous variables, as appropriate. Categorical
parameters were expressed as frequencies and proportions and compared using the Chisquare test or Fisher’s exact test. We used the Kaplan‒Meier method and log-rank test to
estimate the time-to-event data. Outcomes are reported as percentages with 95% confidence
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intervals (CI). All reported P values were two-sided, and a P‐value of < 0.05 was considered
statistically significant. The data were analyzed using the R program version 4.2.1 (R
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Foundation for Statistical Computing, Vienna, Austria, http://www.R-project.org).

Results
Baseline characteristics
A total of 121 patients underwent the EUS-EA during the study period. Twenty-four patients
were excluded for the following reasons: 1) functional tumor (n=13), 2) tumor > 2 cm (n=3),
3) no histological diagnosis (n=1), and 4) insufficient follow-up data (n=7). After exclusion,
97 patients were included in the study. A total of 195 patients underwent surgical resection
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of a small PNET. After excluding patients with PNET grade 3 (n=7), 188 patients were finally
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included (Fig. 1). In main cohort, the surgery group was associated with larger tumor size
(13.99 mm vs. 12.08 mm, P < 0.001), advanced grade (19.7% vs. 5.2%, P = 0.001), and
tumor was more frequently located in the body and tail of pancreas compared to the EUS-
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EA group. Age and sex were not significantly different between the two groups. After
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propensity score 1:1 matching, 89 patients were allocated to each group, resulting in a total
of 178 patients. The baseline characteristics of the matched cohort included a mean age of
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54 ± 11.24 years, male predominance (51.6%), and tumor location in the head of the pancreas
(53.3%). The baseline characteristics of the main and matched cohorts are summarized in
Table 1.

Treatment details and recurrence of EUS-guided ethanol ablation and surgery
In 97 patients in the main cohort, the median number of sessions of the EUS-EA was 2 (range,
1‒3); one session, n=44; two sessions, n=45; three sessions, n=8. The mean injected ethanol
volume was 0.9 ml ± 0.7. Sixty-three patients (64.9%) showed complete ablation. Twentyone patients (21.6%) were partially ablated, and 13 (13.5%) were non-ablated. During
follow-up, 29 patients (46.0%) showed local recurrence after complete ablation. The median

duration from the first session to recurrence was 34.5 months (interquartile range (IQR),
28.9–48.9 months) (Supplementary figure 1). One patient in the complete ablation group
underwent surgery 6 years after EUS-EA because of recurrence, and one patient in the partial
ablation group underwent surgery 4 years after EUS-EA as the tumor size increased during
follow-up. In the surgery group, distant recurrence in the liver occurred in five (2.7%)
patients. None of the patients who underwent surgery demonstrated local recurrence.
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Treatment details and data regarding recurrence are summarized in Table 2.

Primary outcomes

In the main cohort, early major complications developed more frequently after surgery

lP

(15/188; 7.9%, 95% CI 4.7%‒13.1%) than after EUS-EA (0/97; 0%, 95% CI 0%‒4.6%, P =
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0.009). Among the 15 patients with early major complications after surgery, one died of
bleeding from pseudoaneurysm. None of the participants in the EUS-EA group experienced
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early major complications (grade 3 or higher); however, post-procedural pancreatitis occurred
in 23 (23/158 sessions, 14.6%) patients, and three of them required unplanned admission for
more than 10 days, which was graded as severe by a consensus of the endoscopy society. Of
the remaining patients, 13 had mild pancreatitis, and seven had moderate pancreatitis.
Abdominal pain was well tolerated with analgesics, and no severe abdominal pain was
reported after EUS-EA or surgery.
Late major complications occurred in 3 of 97 (3.1%; 95% CI 0.08%‒9.4%) patients after EUSEA and 14 of 188 (7.4%; 95% CI 4.3%‒12.4%) patients after surgery, with no significant
difference (P = 0.141). The three late major complications after EUS-EA were the presence
of a pseudocyst, walled-off necrosis, and main pancreatic duct stricture. Pseudocysts and
walled-off necrosis were managed by EUS-guided transmural drainage with metal stent

insertion, and EUS-guided pancreatiogastrostomy was performed for the main pancreatic duct
stricture. In the surgery group, one death occurred due to pulmonary embolism as a late major
complication. After PSM, similar results were observed in early and late major complications
between the two groups. (Table 3)

Secondary outcomes
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In the main cohort, the length of hospital stay was significantly shorter in the EUS-EA group
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(mean 3.9 ± 3.5 days) than in the surgery group (mean 12.7 ± 9.5 days, P <0.001). The tenyear OS rate was 97.3% (95% CI 93.6%‒100%) in the EUS-EA group and 89.9% (95% CI
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84.4%‒95.6%) in the surgery group, with no statistical difference (P = 0.231). There was no
significant difference in the 10-year DFS between the EUS-EA group (100%, 95% CI 100%‒
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100%) and surgery group (98.6%, 95% CI 96.7%‒100%, P = 0.375). The ten-year OS and
DFS rates were also similar after PSM between the two groups (Fig. 2 and Fig. 3). In terms
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of endocrine pancreatic insufficiency, in the main cohort, 64 and 149 patients were free of
endocrine pancreatic insufficiency before EUS-EA and surgery, respectively. During the
follow-up period, 20 (31.3%) patients in the EUS-EA group and 65 (44.9%) in the surgery
group developed DM or prediabetes after PNET treatment (P= 0.08). A similar tendency was
observed in the matched cohort; the proportion of patients who developed endocrine
pancreatic insufficiency was lower in the EUS-EA group (33.3% vs. 48.5%), without a
statistically significant difference (P = 0.12). The details of the primary and secondary
outcomes in each group are summarized in Table 3.

Discussion
Our study showed a superior safety profile and comparable clinical outcomes between EUSEA and surgery in small PNETs. To the best of our knowledge, this is the first and largest
comparative study of EUS-EA and surgery for non-functioning small PNETs. After including
patients who met the inclusion criteria, we observed that patients in the EUS-EA group were
associated with smaller size, lower grade, and more head location than those in the surgery
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group, reflecting the concerns of invasiveness of pancreatic head surgery. Therefore, we
performed PSM to correct for confounders, although there have been no reports comparing
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endoscopic therapy and surgery for PNETs in any type of study design.

In this study, we assessed only complications of grade 3 or higher because it was challenging
to determine whether some surgical complications of grade 1 or 2 (such as those requiring
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total parenteral nutrition following surgery) per se were clearly associated with the procedure
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or routine clinical practice after surgery because of the retrospective review of data. The
matched cohort in this study showed fewer early major complications in the EUS-EA group

Jo

than in the surgery group (0% vs. 11.2%, P=0.003). Despite being statistically insignificant,
late major complications also tended to be fewer in the EUS-EA group (3.4% vs. 10.1%,
P=0.073). Three late major complications (pseudocyst, walled-off necrosis, and main
pancreatic ductal stricture) occurred after EUS-EA, and they were all successfully managed
endoscopically. However, the surgery group had 15 early and 14 late major complications,
including two deaths (pseudoaneurysm rupture and pulmonary embolism). Several features
of EUS-EA, including shorter procedure and recovery times, and less invasiveness including
preservation of the skin barrier, and intact anatomical structure, may explain this clinical
benefit. In the surgery group, both early and late complications were associated with PNET
location. PNETs of the head showed a higher complication rate in the early stage (11/80,
13.8%) than in tumors of other body parts or tail (4/108, 3.75%, P= 0.02). Late complications

according to PNET location were also similar (11/80, 13.8% in the head vs. 3/108, 2.8% in
the body/tail, P = 0.01). The complexity of the operation and extent of resection may have
affected the complication rate by tumor location. However, it did not differ according to open,
laparoscopic, or robotic surgery in this study.
Reflecting the invasiveness of surgery, the length of hospital stay was significantly longer in
the surgery group in the matched cohort (4 vs. 14 days, P<0.001). However, we should
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consciously interpret this data as some participants in the EUS-EA group have to undergo
several sessions of EUS-EA and eventually undergo surgery, leading to longer and repetitive
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admission periods. As a shorter length of stay in EUS-EA group does not represent a lower
cost, therefore, further cost analysis should be considered depending on the patient’s
reimbursement and the country’s medical system.20
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In terms of survival, our results showed no statistically significant difference in 10-year OS
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and DFS rates in both matched cohorts. Small PNETs, have variable natural courses.21 Some
recent large international study by Han et al. reported that unfavorable prognosis of
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nonfunctioning small PNET was related to tumor size (>1.5 cm), Ki-67 index >3%, and nodal
metastasis.8 Bettini et al. study regarding 177 patients with resection of PNETs reported no
incidence of nodal metastasis in those with tumor sizes <2 cm. Furthermore, none of the
patients with tumors <2 cm in size died of their disease. Ha et al. showed that
lymphadenectomy did not provide additive value to disease.7 Rather, lymphadenectomy
showed worse OS rate in those with a small PNET than in those without a small PNET. In
our study, there were no distant metastases in the EUS-EA group and five in the surgery
group in the main cohort. Four of the five were larger than 1.5 cm in size. Based on the data
of previous studies and our study,13,22 PNETs smaller than 1.5 cm in size with a low grade
and no nodal enlargement according to imaging studies may be good candidates for EUS-EA
instead of surgery.23

Long-term adverse events, such as endocrine pancreatic insufficiency caused by the
reduction of the pancreatic parenchyma, are one of the major concerns of pancreatic resection.
Type 3c DM refers to new-onset DM (NODM) after pancreatic surgery17 and this has
received relatively little attention, especially in patients who underwent surgery for
pancreatic malignancy, because DM itself had little effect on the prognosis. In the main and
matched cohorts, more patients developed endocrine pancreatic insufficiency after surgery,

oo
f

although the difference was not statistically significant. The decline in the volume of the
pancreas after surgery and its association with endocrine pancreatic insufficiency have been
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evaluated in numerous studies.24-26 However, as EUS-EA may preserve pancreatic volume
nearly entirely, patients in this group were less likely to develop endocrine pancreatic
insufficiency. Therefore, maintaining endocrine function might be an advantage of EUS-

lP

guided local therapy over pancreatic surgery.
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Local ablation therapy using ethanol ablation or radiofrequency ablation (RFA) for PNETs
is gaining popularity because of its minimal invasiveness. However, one of the disadvantages
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of EUS-guided ablation is its low rate of complete ablation, and life-long surveillance could
be required even after complete ablation.27 In our study, 64.9% (63/97) of patients showed a
complete response. Furthermore, 13.4% (13/97) of patients did not achieve partial ablation.
In addition, 46% of patients experienced recurrence of a PNET, even if they achieved a
radiologic complete response after index EUS-guided ablation. The relatively high
recurrence rate in the EUS-guided ablation group could be explained by the following
reasons. First, technically, it is difficult to fill out the hyperechoic cloud inside the whole
tumor as ethanol does not distribute evenly inside the tumor, and excessive ethanol injection
can damage the normal pancreas and induce severe pancreatitis. Second, determination of
complete ablation depends on radiologic examination, not pathologic result. Therefore,
although the image shows complete ablation, there is a possibility that remnant viable tissue

may exist. Even though it has a low complete ablation rate and complication rate, local
control of the tumor may still benefit patients, as no distant recurrence occurred in our cohort,
and the 10-year DFS rate compared to the surgery group was not different. The optimal
method for EUS-guided ablation has not yet been standardized. Although ethanol for EUSguided ablation is easy to obtain and the cost is low, RFA is another treatment option in the
EUS-guided local therapy for pancreatic tumors, and a systematic review demonstrated its
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high technical (100%) and clinical success (91.5%).28 In a recent systematic review and metaanalysis, EUS-guided RFA and ethanol ablation for PNETs achieved comparable technical
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and clinical success and minimal adverse event rates.12 More evidence is needed for optimal
local EUS-guided therapy regarding size and location with further comparative studies.
This study had important limitations. First, its retrospective design has inherent limitations,

lP

including selection bias, information bias, and the possibility of inaccurate medical
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information. A randomized trial comparing EUS-EA and surgery might not be feasible for
small PNETs because the patients’ preference for treatment modality according to the
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location of tumors (especially the head of the pancreas) may be difficult to randomly assign
to surgery. From the patients’ perspective, it may be informative to know how many patients
experienced significant symptoms such as severe abdominal pain after EUS-EA or surgery.
In this study, abdominal pain was well tolerated with analgesics, and no severe abdominal
pain was reported after EUS-EA or surgery. However, the data in our prospectively collected
database was based on audits conducted by medical staff rather than self-reported symptoms.
Therefore, there is a possible chance of under-reported incidences of severe abdominal
pain.29 A further prospective study on this issue would produce more insight.
Second, selection bias could exist owing to the study’s retrospective nature, although PSM
was performed to offset this limitation. However, PSM only ensures balance in measured
confounders. Therefore, inconsistencies in the baseline characteristics and bias could still

exist. Third, an expert in a single center performed all EUS-EA; therefore, the results may be
different in other centers. As EUS-EA is successful when a tumor is found and punctured in
a stable scope position, procedures should be performed by clinicians with sufficient
experience in EUS-guided aspiration and other advanced EUS-guided procedures. In this
study, the endosonographer who performed EUS-EA had performed 100 EUS-guided
ablation procedures, including EUS-guided pancreas cyst aspiration, before the start of this
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study.13 Fourth, the EUS-EA protocol has not yet been standardized and validated.13,20
Matsumoto et al. conducted a prospective pilot study using a 25-gauge needle with pure
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ethanol (median total ethanol volume of 1.0 mL, range 0.9–1.8 mL) and evaluated the
response 3–5 days after EUS-EA, injecting additional ethanol until reaching a viable
portion.30 The optimal procedure steps, including injection materials, volumes, and technique
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for EUS-EA, should thus be further investigated.27 Finally, the relatively longer follow-up
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period of the surgery group may have affected the results. Because type 2 diabetes is strongly
associated with ageing-related β-cell abnormalities that arise through unknown

Jo

mechanisms,31 patients with longer follow-up periods may be more likely to be diagnosed
with endocrine pancreatic insufficiency. Therefore, further well-designed prospective studies
with standardized follow-up protocol are warranted. Although it is too soon to make a broad
conclusion about the generalizability of the safety outcomes and recurrence rates, the
information here can be practically implemented in carefully selected patients with a nonfunctioning small PNET, who can be offered EUS-EA as a possible treatment route.
In conclusion, our study is the first propensity score-matched report comparing EUS-EA and
surgery in patients with non-functioning small PNETs. EUS-EA was associated with fewer
major complications, including newly developed endocrine pancreatic insufficiency, whereas
it displayed similar OS rates compared to surgery for the treatment of non-functioning small
PNETs. Under experienced operators, EUS-guided EA can be safe, and select patients may

benefit from this method, particularly those who may be suboptimal candidates for surgery.
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Tables
Table 1. Baseline characteristics of main and matched cohorts.
Main cohort
Surgery

ablation

(n=188)

P value

SMD

Surgery

ablation

(n=89)

P value

SMD

(n=89)

oo

(n=97)
55.55 (11.56)

54.87 (10.58)

0.622

0.061

54.92 (11.72)

54.84 (10.82)

0.963

0.007

Male sex, n (%)

50 (51.5)

106 (56.4)

0.473

re

46 (51.7)

46 (51.7)

1

<0.001

Size, mm (SD)

12.08 (3.66)

13.99 (4.25)

<0.001

0.481

12.31 (3.70)

12.42 (3.91)

0.86

0.027

ur
na

-p
r

Age, years

0.01

0.454

0.732

0.051

0.015

0.037

0.881

0.023

Grade
92 (94.8)

151 (80.3)

2

5 (5.2)

37 (19.7)

Location, n (%)

Jo

1

0.097

lP

Mean (SD)

EUS-guided

f

EUS-guided

Matched cohort

84 (94.4)

85 (95.5)

5 (5.6)

4 (4.5)

Head

56 (57.7)

80 (42.6)

48 (53.9)

47 (52.9)

Body & tail

41 (42.3)

108 (57.4)

41 (46.1)

42 (47.2)

EUS, Endoscopic ultrasound; SMD, Standardized mean difference; SD, Standard deviation

Table 2. Treatment details and recurrence outcome of EUS-guided ablation and surgery
EUS-guided ablation

Main cohort (n=97)

Matched cohort (n=89)

2 (1-4)

2 (1-4)

Complete ablation

63 (64.9)

55 (61.8)

Partial ablation

21 (21.6)

Non-ablation

13 (13.5)

Session, median (range)

oo

21 (23.6)
13 (14.6)
26 (47.3) *
2 (2.2) †

Matched cohort (n=89)

92 (48.9)

38 (42.7)

66 (35.1)

36 (40.4)

2 (1.1)

2 (2.2)

Central pancreatectomy

14 (7.4)

6 (6.7)

Enucleation

14 (7.4)

7 (7.9)

107 (56.9)

49 (55.1)

5 (2.7)

1 (1.1)

Pancreaticoduodenectomy
Total pancreatectomy

Laparoscopic or Robot-assisted, n (%)
Distant recurrence, n (%)

Jo

Distal pancreatectomy

Main cohort ((n=188)

ur
na

Types of surgery, n (%)

2 (2.1) †

lP

Conversion to surgery, n (%)
Surgery

-p
r

29 (46.0) *

re

Recurrence after complete ablation, n (%)

f

Response, n (%)

EUS, Endoscopic ultrasound
* The denominator was set was the number of patients who achieved complete ablation
† 1 in complete and 1 in partial ablation group

Table 3. Outcomes of the main and matched cohorts
Main cohort
(n=188)

(n=97)
15 (7.9)

[0‒4.6]

Grade 3

0

Grade 4

0

Grade 5

0

Late major complications

Surgery

ablation

(n=89)

[4.7‒13.1]

[0‒5.1]

[5.8‒20.1]

7

0

5

7

0

5

1

0

0

3 (3.4)

9 (10.1)

[0.8‒10.2]

[5.0‒18.8]

lP

3 (3.1)

14 (7.4)

[0.08‒9.4]

[4.3‒12.4]

Grade 3

3

13

7

Grade 4

0

0

1

Grade 5

0

1

1

3.91 (3.53)

12.71 (9.49)

Length of stay, mean (SD), days
Survival

0.141

<0.001

P value

(n=89)
10 (11.2)

ur
na

(%) [95% CI]

0.009

EUS-guided

0 (0)

re

0 (0)
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Early major complications, n

f

ablation

P value

oo

Surgery

-p
r

EUS-guided

Matched cohort

4.00 (3.66)

14.06 (10.69)

0.003

0.073

<0.001

10-year OS, % [95% CI]

97.3 [93.6‒

89.9 [84.4‒95.6]

0.231

97.1 [93.2‒100]

90.7 [ 83.7‒98.3]

0.400

100]
10-year DSS, % [95% CI]

100 [100‒100]

98.6 [96.7‒100]

0.375

100[100‒100]

100 [100‒100]

1.000

Development of

20/64 (31.2)*

67/149 (44.9)*

0.086

19 /57 (33.3)*

34/70 (48.6)*

0.121

prediabetes/DM, n/N (%)
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EUS, Endoscopic ultrasound; CI, Confidence interval; SD, Standard deviation; OS, Overall survival; DS, Disease specific survival;
DM, Diabetes mellitus
*The denominator was set was as the number of patients with normal endocrine function before treatment

Figure legend
Figure 1. Study flow of the inclusion criteria
PNET, pancreatic neuroendocrine tumor
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Figure 3. Disease-specific survival in the main (A) and matched cohorts (B)
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Figure 2. Overall survival in the main (A) and matched cohorts (B)
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Supplementary figure 1. Recurrence-free survival in the complete ablation group
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