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Pancreatic tumor is one of the most difficult diseases to diagnose and treat because of its anatomical location and characteristics. 
Recently, there have been several innovative trials on the treatment of pancreatic tumors using endoscopic ultrasound (EUS) because it 
allows selective access to the difficult to reach target organ along the gastrointestinal tract and can differentiate vessels by color Doppler. 
Among these trials, several have investigated EUS-guided ethanol lavage with or without paclitaxel for pancreatic cystic tumors. These 
studies show a 33% to 79% complete resolution rate with a favorable safety profile. Compared to EUS-guided ethanol lavage for pancreatic 
cystic tumors, EUS-guided radiofrequency ablation is considered a less invasive treatment method for pancreatic cancer. Although there 
are still several difficulties and concerns about complications, one clinical study reported 72.8% feasibility with favorable safety, and 
therefore, we anticipate the results of ongoing studies with these new less invasive techniques. Clin Endosc 2015;48:308-311
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INTRODUCTION

Pancreatic tumor is one of the most difficult diseases to 
diagnose and treat because of its anatomical location and 
characteristics. However, the recent advent of endoscopic 
ultrasound (EUS) and EUS-guided fine needle aspiration 
has advanced the diagnosis of pancreatic tumors. Moreover, 
there is an effort to use EUS not only as a diagnostic modality 
but also as a therapeutic intervention for procedures such as 
pseudocyst drainage or celiac nerve plexus block.

Recently, there have been several innovative trials on the 
treatment of pancreatic tumors using EUS because it allows 
selective access to the difficult to reach target organ along the 
gastrointestinal tract and can differentiate vessels by color 

Doppler. Investigated EUS-guided oncologic interventions are 
as follows: EUS-guided ethanol lavage (EUS-EL), EUS-guided 
radiofrequency ablation (EUS-RFA), EUS-guided photody-
namic therapy, EUS-guided Nd:YAG laser, EUS-guided high 
intensity focused ultrasound, EUS-guided brachytherapy, 
EUS-guided fiducial marker insertion, and EUS-guided anti-
tumor agent injection.1 Among these, EUS-EL and EUS-RFA 
will be discussed in this article. 

EUS-EL

The prevalence of pancreatic cysts is 2.5% in the general 
population and 8% to 10% in elderly people.2,3 Among vari-
ous pancreatic cysts, differentiation between mucinous and 
non-mucinous cysts is important because of the malignant 
potential of mucinous cystic tumor. However, it is not easy to 
differentiate them. One study reported that up to 50% of cysts 
are indeterminate despite a variety of radiologic examinations 
with cystic fluid analysis.4 

International guidelines have recently been published for 
the management of mucinous cystic neoplasm, a tumor with 
malignant potential.5 The guidelines detail the method and 
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timing of surgery; however, they do not suggest how patients 
who are not suitable for surgery should be managed. There-
fore, there was a necessity for minimally invasive therapy.

Percutaneous ethanol lavage has been used in the liver,6 
kidney,7 and thyroid gland8 for a long time and is established 
as a safe and effective treatment. Ethanol is inexpensive, 
widely available, and little viscous. Theoretical mechanisms 
of ethanol lavage are lysis of the cyst membrane, protein 
denaturation, and vascular occlusion. Based on experience 
with percutaneous ethanol injection, pancreatic tissue 
ablation by EUS-EL was studied. The technique used was 
as follows: the cyst was punctured via a transduodenal or 
transgastric route and cystic fluid aspiration was performed 
using a curvilinear array echoendoscope and 22-gauge 
needle. After subtotal evacuation of cystic fluid, injection of 
ethanol, which equals to that of aspiration, was performed 
(Fig. 1). Then, lavage of the cyst was performed for 3 to 5 
minutes. In some studies, an additional paclitaxel injection 
was administered after the final ethanol lavage; paclitaxel is 
a well-known chemotherapeutic agent that inhibits micro-
tubule dependent cell division and because of its hydropho-
bic and viscous nature, it was expected to be retained in the 

cyst without leakage.
The first study of EUS-EL, by Gan et al.,9 reported safety 

and feasibility of EUS-EL. In this study, 5% to 80% ethanol 
was used and 35% of patients had complete resolution. The 
authors concluded that ethanol lavage of pancreatic cystic 
lesions is safe and feasible. The next study, by Oh et al.,10 
evaluated the safety, feasibility, and response after EUS-
EL with additional paclitaxel injection. In this study, they 
reported 79% complete resolution. The next study, by Oh 
et al.,11 investigated the effectiveness of ethanol and pacl-
itaxel in septated cysts, which were considered a negative 
influencing factor of EUS-EL. In this study, the authors re-
ported 60% complete resolution and concluded that EUS-
EL was effective in septated cysts. In the same year, DeWitt 
et al.12 published a randomized, double-blind study which 
compared ethanol versus saline. The authors concluded that 
EUS-EL resulted in a greater decrease in pancreatic cyst size 
compared with saline solution lavage with a similar safety 
profile. Complete pancreatic cyst ablation was observed in 
33.3% of patients. In 2011, Oh et al.4 reported the long-term 
outcomes of EUS-EL with paclitaxel. They reported that 
62% of patients had complete resolution with a median 21.7 
months of follow-up and determined that small cyst volume 
was predictive of complete resolution.4 In the same year, Di-
Maio et al.13 reported that two EUS-EL procedures resulted 
in a significantly greater decrease in the size and surface area 
of pancreatic cysts and was associated with a significantly 
higher rate of image-defined cyst resolution than only one 
procedure. In 2014, DeWitt et al.14 reported that EUS-EL 
with paclitaxel may possibly eliminate mutant DNA in neo-
plastic pancreatic cysts and demonstrated that it led to com-
plete resolution in 50% of cysts. In addition, this was the first 
study to use additional paclitaxel in a Western country. The 

Table 1. Summary of Studies of Endoscopic Ultrasound-Guided Ethanol Ablation with or without Paclitaxel

Study No. of 
Patients Ablative agent FU period, median 

(range) Resolution rate Etc.

Gan et al.9 (2005) 25 5%–80% EtOH 6–12 mo 35% CR (8/23)
7% PR (2/23)

1st study

Oh et al.10 (2008) 14 80%/90% EtOH+
paclitaxel

9 mo (6–23) 79% CR (11/14)
14% PR (2/14)

EtOH+paclitaxel

Oh et al.11 (2009) 10 99% EtOH+paclitaxel 8.5 mo (6–18) 60% CR (6/10)
20% PR (2/10)

Septated cysts
 

DeWitt et al.12 (2009) 42 80% EtOH 3–4 mo after 2nd lavage 33% CR (12/36) EtOH vs. saline

Oh et al.4 (2011) 47 99% EtOH+paclitaxel 20 mo (12–44) 62% CR (29/47)
13% PR (6/47)

Long term outcome 
& response predictor

DiMaio et al.13 (2011) 13 80% EtOH 13 mo after 1st lavage 38% CR (5/13) Multiple ablations

DeWitt et al.14 (2014) 22 100% EtOH+paclitaxel 27 mo (17–42) 50% CR (10/20)
25% PR (5/20)

Cyst DNA analysis

FU, follow-up; EtOH, ethanol; CR, complete response; PR, partial response.

Fig. 1. Endoscopic ultrasound-guided ethanol lavage. (A) The cyst is punc-
tured by a fine needle. (B) Subtotal evacuation of the cystic fluid is performed. 
(C) Injection of ethanol (blue), which equals to that of aspiration, is performed.
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results of EUS-EL studies are summarized in Table 1. 
Most complications observed were mild and manageable 

with conservative treatment. Common complications were 
mild abdominal pain (10%), intracystic bleeding (1%), peri-
cystic spillage (2%), and pancreatitis (3%).15 However, there 
was one case of portal vein thrombosis after EUS-EL with 
paclitaxel which required pylorus-preserving pancreaticodu-
odenectomy and portal vein thrombectomy15 and therefore, 
the possibility of rare and severe complications should be kept 
in mind. In addition, the safety of paclitaxel was an important 
concern in studies where paclitaxel was administered; Oh et 
al.16 reported that plasma paclitaxel concentration after EUS-
EL with paclitaxel was nearly as low as the undetectable value 
and concluded that paclitaxel was expected to rarely cause 
systemic side-effects.

Despite the acceptable therapeutic effect and safety of EUS-
EL with or without paclitaxel observed in these studies, there 
are still several debates.17 First, there is controversy regarding 
observation versus EUS-EL because it is impossible to defin-
itively diagnose pancreatic cyst without surgery and as such, 
some critics state that there is a possibility of unnecessary 
treatment. The second concern of critics is whether com-
plete remission on imaging work up such as computerized 
tomography guarantees pathological complete elimination 
because it is very difficult to evaluate the treated lesion. In 
addition, there is a possibility of malignancy not from the 
treated lesion but from another part of pancreas. The last 
concern is the possibility of incomplete ablation of malig-
nant or premalignant lesions because studies have reported 
variable histopathological responses from 0% to 100% in 
cases of surgery after EUS-EL.4

EUS-RFA

In spite of surgical and oncological advances in the treat-
ment of pancreatic cancer, the prognosis of the disease is 
stagnated and grave. Although there are several reasons for 
this, one reason is that only 10% of patients have a chance to 
receive a curative intent surgery. A systemic review reported 
that planned palliative R2 resections in patients with pan-
creatic cancer resulted in increased morbidity, mortality, and 
longer hospital and therefore concluded that the procedure 
was not justified; the pooled median survival times were 8.2 
months for R2 resection and 6.7 months for palliative bypass 
procedures but the difference was not statistically significant.18 
Therefore, there is a need for less invasive therapy instead of 
palliative resection. 

RFA is a well-established anti-tumor treatment using local 
thermal-induced coagulative necrosis. It is recognized as 

one of the least invasive therapeutic options for pancreatic 
cancer.1,19,20 However, it should be considered that the pan-
creas is different from other organs, especially the liver. The 
first difference is that the physical properties of the pancreas 
are different from those of the liver and therefore, the RFA 
protocol for the liver cannot be used in the pancreas. There 
have been many ex vivo and in vivo studies to determine the 
optimal thermal kinetic characteristics; however, there is still 
no standardized protocol for pancreatic RFA.20 The second 
difference is in its location. The pancreas, especially the head, 
is surrounded by the stomach, duodenum, portal vein, supe-
rior mesenteric vessels, and bile duct, and as such pancreatic 
RFA has a risk of thermal injury to surrounding organs. The 
last difference is in tumor biology. Pancreatic cancer usually 
has diffuse margins compared to hepatocellular carcinoma 
or hepatic metastasis, which have discrete margins. As a re-
sult, it is difficult to ablate pancreatic cancer completely and 
two or more procedures may be necessary in many cases.

For pancreatic RFA, there have been several intraoperative 
RFA studies and one recent EUS-RFA study.21 Therefore, the 
outcomes are mainly from intraoperative RFA. Although all 
studies have demonstrated that RFA leads to tumor necrosis 
and a decrease in tumor volume, it is difficult to summarize 
because of the diversity among the studies.19,21 Early clini-
cal studies were associated with unacceptably high rates of 
morbidity (0% to 40%) and mortality (0% to 25%). However, 
complications were markedly reduced in more recent studies 
because of the use of a cooling system and surgical diversion. 
Compared to studies on intraoperative RFA, most studies 
of EUS-RFA are animal studies for feasibility,22-24 safety, and 
optimal settings (Fig. 2). In these studies, the authors con-
cluded that EUS-RFA was feasible and safe in vivo. Recently, 
one study reported the use of EUS-RFA with the cryotherm 
probe (ERBE Elektromedizin GmbH, Tübingen, Germany) 
in 22 patients with locally advanced pancreatic cancer;25 the 
authors concluded that EUS-RFA was successful in 16 pa-
tients (72.8%) and that complications were manageable. 

Fig. 2. Endoscopic ultrasound-guided radiofrequency ablation. (A) The distal 
part of the mass is ablated by a radiofrequency ablating needle. (B) The more 
proximal part of the mass is ablated. (C) According to needle withdrawal, abla-
tion is repetitively performed in the proximal part of the mass.
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CONCLUSIONS

EUS-EL for pancreatic cysts has demonstrated acceptable 
outcomes with favorable safety. However, the results are still 
limited because of small sample sizes and relatively short-term 
data. There is a necessity for large prospective scale studies. 
Meanwhile, EUS-RFA is a currently evolving technique that is 
expected to be complimentary to the current standard therapy 
of pancreatic cancer; however, more data and studies are still 
necessary. In addition to pancreatic cyst or cancer treatment, 
we also anticipate the results of ongoing studies targeting 
benign solid tumors such as neuroendocrine tumors or solid 
pseudopapillary tumors with these less invasive techniques. 
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