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ABSTRACT
Background: Approximately 15% of precancerous pancreatic cysts will develop into pancreatic
cancer. Endoscopic Ultrasound (EUS)-fine needle infusion is a new technique to deliver drugs
and ablate these pre-cancerous pancreatic cysts. EUS ablation is typically followed with ethanol
lavage followed by infusion of the chemotherapeutic agent, paclitaxel, and has been shown to
be an effective treatment for ablation of mucinous precancerous cysts. This procedure is
associated with 3–10% adverse events after treatment, and it has been hypothesized that these
adverse events are linked to the inflammatory effects of alcohol. Our research focused on
elucidating whether alcohol is required for effective ablation, whether removing alcohol from
the ablation decreases the rate of adverse events, and whether this novel multi-drug
chemotherapeutic mixture of Paclitaxel and Gemcitabine (Drug cocktail) is more effective and
can increase the rate of ablation compared to paclitaxel alone.
Method: Between November 2011 and December 2016, we conducted a single-center,
prospective, randomized, and double-blinded study. Forty-six patients with pre- cancerous cysts
were randomized into this study and 39 underwent treatment. All patients were randomized to
either the control arm which included EUS-guided pancreatic cyst lavage with an 80% ethanol
lavage followed by a drug cocktail (or to the experimental arm, namely normal saline lavage
followed by the same chemotherapeutic cocktail. The primary outcomes were the rates of
complete ablation 12 months after the procedure and rate of serious and minor adverse events
within 30 days after the procedure.
Results: Of the 39 patients who received treatment, 23 (59%) were male and 16 (41%) were
female. The majority of cysts were located in the head and body of the pancreas (48.7% of the
cysts for both locations) and the mean cyst diameter was 2.5 cm. Fourteen (67%) patients
underwent EUS ablation in the saline lavage arm had a complete response, defined as ≥ 95%
reduction in cyst volume, after 12 months. In the alcohol arm, eleven (64%) of patients had a
complete response after 12 months (CI= -0.38-0.24, p=0.01). Serious adverse events occurred in
6% of patients in the alcohol arm and 0% in the trial group. Minor adverse events occurred in
22% of patients in the control group and 0% in the alcohol-free group. The overall rate of
complete ablation in both groups was 64% after 12 months.
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Conclusion: In this prospective, randomized study we demonstrated that alcohol is not
required for effective ablation. Moreover, removing alcohol from the EUS ablation of a
pancreatic cyst significantly reduced the number of adverse events in patients who underwent
this procedure. A multi-agent chemotherapeutic ablation admixture did not appear to
significantly improve the rate of complete ablation compared to previous studies which used
alcohol followed by paclitaxel alone.
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INTRODUCTION
Pancreatic cancer (PC) is the fourth leading cause of cancer death in the United States (US), has
a median survival measured in months and a 5-year survival of < 5%. In the US, it is expected
that there will be 46,000 people diagnosed with this cancer and 40,000 will die from it during
this year. While 85% of pancreatic cancers are ductal carcinomas, a significant portion of such
cancers develop from pancreatic cyst lesions.1-2 Pancreatic cyst lesions, including intraductal
papillary mucinous neoplasia (IPMN) and mucinous cystic neoplasms (MCNs) have been
diagnosed with an increasing prevalence (2–14%), particularly in elderly asymptomatic
patients.3 These pancreatic cystic neoplasms are becoming a more frequently detected disease
because of the advances in imaging technologies, and increased use of cross-sectional imaging
such as ultrasonography, computed tomography (CT), and magnetic resonance imaging (MRI).
Endoscopic ultrasound (EUS) is a safe, accurate and critically valuable procedure in this regard
at it usually allows complete evaluation of pancreatic lesions.4-6 Moreover, EUS-guided fine
needle aspiration (EUS_FNA) allows for accurate diagnosis of a pancreatic cyst via analysis of
the cystic fluid for markers such as carcinoembryonic antigen (CEA) and amylase to discriminate
mucinous from non-mucinous lesions. Serous adenomas are characterized by low amylase and
CEA levels, while MCN typically show low amylase and high levels of CEA. Both pseudocysts and
IMPNs contain high levels of amylase, although an IMPN cyst has a high level of CEA, versus a
pseudocyst having a low level of CEA. 7-9 Early detection and treatment of these lesions are
critical. However, despite advances in diagnostic technology, proper management has
remained a challenging clinical problem.10-11
Although several clinical guidelines have been developed to help manage the care of patients
diagnosed with pancreatic cyst lesions, management of these patients is still complicated given
uncertainty at the time of diagnosis. Specific treatment plans include surveillance with MRI or
CT imaging or surgical resection, both which have significant limitations. Surveillance involves
significant economic costs for monitoring and there are possible psychological burdens while
waiting for signs of malignancy to develop, as well as radiation exposure with repeated CT
scans.
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On the other hand, surgical resection possesses a significant risk of serious adverse events
(approximately 20–40% of patients) and a possible mortality rate of 1–5%.12-14
These clinical issues challenge clinicians to develop effective, but more minimally invasive and
less stressful treatments for patients with pancreatic lesions. EUS_FNI ablation has emerged as
an innovative and promising approach.14, 15
This novel technique provides a new and valuable mode of drug delivery that allows for
injection directly into pancreatic cysts. 16 Ethanol has been used historically as it is economic
and reasonably effective. It is hypothesized to induce cell death by membrane breakdown,
rapid protein degradation, and vascular occlusion.17,18 This technique was introduced by Gan et
al. followed by Oh et al. The initial pilot study included 25 patients who had an asymptomatic
pancreatic cyst, undergoing EUS examination for pancreatic cysts followed by ethanol lavage
with 5–80% ethanol. In this study, the cyst was aspirated with a 22-gauge needle and evacuated
until it collapsed. With the cyst collapsed, ethanol was then injected into the cyst and lavaged
for 3–5 minutes. At the end of the procedure, all of the fluid was completely drained from the
cyst. In follow-up, 35% of patients had complete resolution of their cyst and no patients had
any adverse events during short or long term follow up.19
Following this investigation, a randomized double-blinded study was conducted to evaluate the
efficacy of ethanol lavage for resolution of a pancreatic cyst. There were 42 patients who
underwent initial ethanol or saline lavage. Ethanol lavage resulted in a greater mean decrease
of cyst surface area compared to saline. Subsequently 33 of these patients, in both groups,
underwent a second lavage with 80% ethanol, after which one patient (randomized to ethanol)
developed pancreatitis. At the time of follow up with CT scan, 33% of patients had a decrease in
the mean surface area of their cysts.20
Compared with earlier studies that focused on ethanol alone, in a new prospective trial, the
addition of paclitaxel seemed to significantly improve cyst resolution while limiting low risk
complications. Paclitaxel is a widely used chemotherapy drug for the treatment of ovarian
cancer, breast cancer, and lung cancer. Where it inhibits cell processes that are dependent on
microtubule turnover. It causes the disassembly of the microtubules during cell division and
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leads to cell death.18, 21 The hydrophobicity and viscosity of paclitaxel reduce the possibility of
leaking through the puncture site and therefore decreases complications.
In the study performed by Oh et al., 14 patients underwent EUS- guided ethanol lavage with
paclitaxel injection. Complete resolution was observed in 11 patients, two patients had partial
resolution of their cysts, and one patient developed acute pancreatitis, which was believed to
be the result of extravasation of ethanol.21
Previous studies have shown the safety and efficacy of EUS-guided injection for pancreatic cyst
ablation, as well as the beneficial infusion of a chemotherapy agent for ablation of pancreatic
cysts. However, it is unknown if alcohol is required for the ablation of pancreatic cysts.
Moreover, while the rate of complication was low in the trials, it was believed that the
complications were caused by the extravasation of alcohol.
The use of multidrug therapies has become the standard care in a variety of cancers using
increasingly effective chemotherapy protocols that target multiple cellular mechanisms and
receptor pathways. For this reason, we designed a multi-agent chemotherapeutic cocktail. We
choose paclitaxel as the first chemo drug, as it has been used in previous studies with proven
efficacy. Due to the high viscosity of paclitaxel, it is diluted 1:1 with 0.9% normal saline and
prepared in a final dose concentration of 3mg/ml for needle infusion. Further, we replaced
normal saline with gemcitabine. Gemcitabine is a cytotoxic chemical approved to be a first-line
treatment of pancreatic cancer since 1997. Gemcitabine is a pyrimidine analog that is
phosphorylated to diphosphate and triphosphate to inhibit both ribonucleotide reductase and
DNA polymerase, leading to cell death. When reconstructed with normal saline, it has low
viscosity, making it an ideal second agent to dilute paclitaxel and add as a second cellular
treatment pathway.14,18,22

Therefore, our study has three aims:
We hypothesize:
1) Alcohol is not required for effective ablation of a pancreatic cyst prior to infusion of the
chemotherapeutic cocktail ablation
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2) The removal of alcohol from the procedure will decrease the rate of adverse events associated
with the ablation
3) Compared to the historical controls, the efficacy of pancreatic cyst ablation can be improved
with the infusion of multi-agent chemotherapeutic drug that has been specifically designed for
the treatment of pancreatic cyst lesions

METHODS:
Preclinical Drug Evaluation
As per a Food and Drug Administration (FDA) request, in bench-top testing we demonstrated
that combining of paclitaxel and gemcitabine does not change the viscosity, color or form, and
also that 2 ml of this mixture can be injected n less than two minutes through a 22-gauge
needle with a High-pressure chemotherapy syringe (aka “gun”) as shown in Figure 3. To confirm
stability and compatibility, we did a high-performance liquid chromatography test of the two
agents (3 mg/ml paclitaxel and 19 mg/ml gemcitabine) separately and then in a mixture. The
volume of drug cocktail used is well within the FDA approved limit of 8 ml. The analysis showed
that the amount of gemcitabine in a mixture of paclitaxel/gemcitabine is not significantly
different from the original formulation (percent of gemcitabine in mix 100.79% p=0.92).
Similarly, the amount of paclitaxel in the paclitaxel/gemcitabine mixture was not significantly
different from the original formulation (percent of paclitaxel 103.85%, p=0.77) (Figure 1).

FIGURE 1: In-use compatibility and stability testing of paclitaxel/gemcitabine, as measured by HPLC
analysis. Gemcitabine (Gemzar, Eli Lilly, 38 mg/ml) and paclitaxel (Hospira, 6 mg/ml) were mixed 1:1 in a
syringe and stored at room temperature for 24 hours. Analyze peak area was measured to indicate the
amount of paclitaxel and gemcitabine in the original formulations compared to the 1:1 mixture.
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Study Design
This is an investigator-initiated prospective, randomized double-blinded study. Patients
previously identified as having one or more pancreatic cysts through EUS or cross-sectional
analysis were referred to the Penn State Hershey Medical Center. All medical records and
imaging results were reviewed to assess the eligibility of subjects. All patients had to agree to
have a prior EUS-FNA to be a part of the study. The type of cyst was diagnosed based on the
combination of clinical, radiographic, cytological and chemical (carcinoembryonic antigen (CEA)
and amylase) results as outlined in published guidelines.
These characteristics were used to classify a cyst as mucinous (precancerous), indeterminate or
benign. Patients with a benign cyst (pseudocyst or serous cystadenoma) were excluded from
enrollment. Candidates with a mucinous or indeterminate cyst were seen in the clinic for
evaluation, consultation, and the consenting process. If a patient did not have a surgery consult
before, they were offered an appointment with the surgical oncology team to discuss all of
their surgery options.

Inclusion Criteria:
All subjects 18 years and older, of any gender, race, and ethnicity, who had at least one 1.5–5
cm pancreatic cyst, which had less than five septum separated compartments (septations) and
were classified as a precancerous or indeterminate cyst, and were able to give voluntary
written informed consent, and undergo a safe endoscopy with deep sedation or general
anesthesia.

Exclusion criteria included the following:
Presence of known or suspected pancreatic cancer or lymphadenopathy, main pancreatic duct
dilation of > 5 mm, high grade communication with main pancreatic duct, as determined either
prior EUS or magnetic resonance cholangiopancreatography, pregnancy, evidence of active
pancreatitis or pancreatic infection, white blood cells > 14 K/ul or <2 K/ul, hematocrit < 30%,
platelets < 30 k/ul, INR >1.6, Cancer Antigen 19–9 > 40 U/ml or lipase > 3 times of upper normal
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level. Patients were excluded if they had a benign cyst (pseudocyst or serous cystadenoma) or
for concomitant disease, which would preclude a reasonable 5-year life expectancy posttreatment.
Patients were placed into the treatment plan following a predetermined 1:1 ratio
randomization, blinded to the endoscopists and patients, with study drugs managed by the
Investigational Drug Pharmacy. Of all patients screened and enrolled in the study, 46 were
randomized and 39 underwent the study treatment (Figure 2).
Total of 46 Patients
randomized

7 patients Excluded from
study after randomization

39 patients underwent
treatment

21 patients received Normal
Saline lavage + infusion of
Paclitaxel & Gemcitabine

14 Completed Response
3 Partial Response
4 No Response

18 patients received Ethanol
80% lavage+ infusion of
Paclitaxel and Gemcitabine

11 Completed Response
4 Partial Response
3 No Response

Figure 2: Study flow diagram. Details of study are discussed in study design and results section.

Interventional Procedure:
All EUS procedures were performed by one of three experienced endoscopists. Either propofol
sedation or general anesthesia were used for all patients with a complete pancreatic
examination performed using a curvilinear endoscope. The cyst lesion was identified and
characterized based on its diameter, number of septations, location and high-risk features per

7

2012 consensus criteria24. The cyst was aspirated (EUS-FNA) preformed, and the fluid from the
cyst was sent to obtain CEA and lipase levels as well as cytology (if the retrieved fluid was
greater than 1 ml). The procedure was aborted if the cyst re-accumulated fluid immediately
(suggesting high-grade communication with the pancreatic duct). A 22- or 19-gauge needle was
used for 1.5–2.5 cm, and 2.6–5 cm cysts, respectively. Then, with the tip of the needle in the
center of the cyst, lavage was performed using a 10-ml syringe filled with the study agent,
either 80% ethanol or normal saline, alternating aspirating and infusion of the cyst via the same
amount of lavage for three minutes. Complete aspiration of the lavage was followed by infusion
of the paclitaxel/gemcitabine cocktail using a 30 ml syringe custom fitted to a high-pressure gun
to allow infusion of the mixture in the allotted time.
Those patients who were randomized to the control group underwent the EUS procedure with
cyst lavage using 80% ethanol after the cyst was completely aspirated, followed by infusion of 3
mg/ml paclitaxel and 19 mg/ml gemcitabine, (drug cocktail). The amount of cocktail infused
was equal to the original amount of fluid that was aspirated from the cyst to re-establish the
original size cyst size and volume. Patients randomized to the study group had their cyst
aspirated and lavaged with normal saline followed by infusion of 3 mg/ml paclitaxel and 19
mg/ml gemcitabine in the same manner of the control group.
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Figure 3. High-pressure chemotherapy syringe (“gun”) setup that was required to infuse the viscous
ablation cocktail in a timely fashion

Post-Treatment follow-up:
Post EUS-guided fine needle infusion care was same as the EUS FNA; however, patients were
monitored for two hours post-procedure followed by telephone interview 72 hours after the
treatment by the study coordinator who was blinded to the subject’s treatment arm. All
patients had a comprehensive lab test two weeks post-procedure. To evaluate and measure the
response to treatment, a CT or MRI/magnetic resonance cholangiopancreatography was
obtained at six and 12 months after the procedure for all patients.

Study Definitions:
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Pancreatic cysts classified based on clinical, radiographic, chemical analysis and the following
table:
Table 1. Schema for the classification of cystic lesions.
Serous

MCN

IPMN

Inflammatory

Cytology

Epithelial

Epithelial

Epithelial

Inflammatory cells

CEA, ng/mL

< 200

> 200

> 200

< 200

Amylase, U/L

< 800

< 800

> 800

> 800

Thin

Mucoid

Mucoid

Thin

Viscosity

MCN, Mucinous cystic neoplasm; IPMN, intraductal papillary mucinous neoplasm; CEA, carcinoembryonic
antigen.19

Cyst size was calculated by measuring x and y dimeters and calculating the cyst volume per the
formula below:
4/3x µ x r3
Where r was the average of the radius. It was measured three times (at the initial visit and six
and 12 months after the procedure) using a CT scan or MRI. Response was defined as complete
response if there is ≥ 95% reduction in cyst volume, partial response if there was 75–95%
reduction in cyst volume and no response if there was < 75% reduction in cyst volume. The
overall ablation rates were also compared to historical controls to assess the efficacy of the
chemotherapeutic cocktail.

Safety Monitoring:
The clinical study was monitored by Penn State Cancer Institute Board every six months during
the study. This board also reviewed any study-related adverse events in patients. Adverse
events were documented using the standardized definition and lexicon recommended by the
FDA.
Statistical Analysis:
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This was a non-inferiority study to evaluate the efficacy of chemotherapy with or without
ethanol for ablation of a pancreatic cyst. After reviewing the previous studies, we proposed
that a reduction > 38% in the rate of complete ablation in the study arm, relative to the control
arm, would be considered as inferior. 14,17,20,21 The null hypothesis was the study group is
inferior to control group and the alternative was the study group is not inferior to control
group. The sample size calculation was based on 0.05 statistical significance 38% expected
difference in both groups and 80% power. Using an online statistical calculator23, 46 patients
(23 patients in each arm) were estimated as needed for the sample size. The efficacy of the
multi-agent drug was compared to previous data.14,17,20,21
The x2 test and Fisher’s exact test were used to compare categorical variables and to evaluate
ablation performance characteristics (complete resolution versus non-complete resolution).
Variables that were evaluated included patient sex, cyst location (head, body, or tail), mean cyst
diameter, effect of cyst septation, effect of cyst viscosity, type of cyst (MCN, IPMN, or
indeterminate), CEA, and amylase level. Quantitative data were presented as mean (range) with
a p value < 0.05 considered significant. A post-study statistical analysis was performed using
SAS version 9 (SAS Institute, Carry NC) and SPSS, version 23 (IBM Corp, Armonk, NY).

RESULTS:
There were 46 patients enrolled and randomized in this study between November 2011 and
December 2016. Of this group, 39 patients underwent the procedure and received the
treatment. There were seven patients excluded from the study. The reasons for excluding
patients included signs of malignancy during the procedure (two patients), cyst was too small
(one patient), excessive main duct communication (two patients), losing the needle position
due to patient coughing (one patient) and osteophyte obstruction of the proximal esophageal
prevented the procedure (one patient).
From these 39 patients, 23 were female and 16 were male. The majority of cysts were located
in the body and head of the pancreas. Most cysts were unilocular with no septation. The mean
diameter of the cysts was 25mm. The mean for CEA and amylase were 4728.6 ng/ml and 3385.6
U/L respectively. Analysis found that 27 lesions were determined to be intraductal papillary
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mucinous neoplasms, nine were mucinous neoplasms and three were indeterminate. Patient
characteristics are shown in Table 2.
Table 2. Preoperative patient characteristics and presumed diagnosis of cystic tumors (n=39)

Sex, no. (%)
Male

16 (41)

Female

23 (59)

Location, no. (%)
Head/uncinate

19 (48.7)

Body

19 (48.7)

Tail

1 (2.6)

Mean diameter (range), in cm

2.5 (1.55–4.2)

Locularity, no. (%)
Unilocular

28 (72)

Oligolocular

11 (28)

CEA Median (range), ng/ml
CEA Mean (range), ng/ml
Amylase, U/L, mean (range)

489.2
4728.6 (1.4–83,224)
3,385.6 (15–12,000)

Presumed diagnosis prior to treatment,
no. (%)
9 (23.1)
MCN
27 (69.2)
IPMN
3 (7.7)
Indeterminate
Mean amount of fluid aspirated (range),
cc
Color of aspirated cyst fluid, no. (%)
Clear
Cloudy
N/A
Viscosity of aspirated cyst fluid, no. (%)
Thick
Thin

4.1 (0.5–23)

33 (84.6)
5 (12.8)
1 (2.5)
16 (41)
23 (59)
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Patients in the alcohol arm had an average of 78% volume reduction and patients in the
alcohol-free arm had an 84% volume reduction after six months. At 12 months, the average
reduction in alcohol and alcohol-free arms were 85% and 84%, respectively. Complete ablation
was achieved in 61% of patients in the alcohol arm and 64% of patients in the alcohol-free arm.
These results rejected the null hypothesis that the experimental group (alcohol-free arm) is not
inferior to control group (95% confidence Interval -0.38 to 0.24, p=0.01) (Table 3).

Table 3: Results at 6 and 12 months post -procedure.

No.

% reduction
in cyst size
after 12m

Complete
response after
6 m

Complete
response after
12 m

Major
Adverse
Events

Minor
Adverse
Events

No. (%)

No. (%)

No. (%)

No. (%)

Alcoh
ol arm

18

85

6 (35) *

11 (61)

1 (6)

4 (22)

Saline
arm

21

84

12 (57)

14 (67)

0 (0)

0 (0)

Total

39

84.5

18 (47)

25 (64)

1 (3)

4 (10)

* Six-month imaging not available for one patient.

The full year of surveillance was required for complete cyst ablation in several cases (Figure 5).
The overall complete response rate with the multi-drug ablation (both arms combined) was
64%, which was within the average response reported in previous ablation studies (50–79%).
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Volume of cysts post treatment
Pt.1
Pt.2
Pt.3
Pt.4
Pt.5
Pt.6
Pt.7
Pt.8
Pt.9
Pt.10
Pt.11
Pt.12
Pt.13
Pt.14
Pt.15
Pt.16
Pt.17
Pt.18
Pt.19
Pt.20
Pt.21
Pt.22
Pt.23
Pt.24
Pt.25
Pt.26
Pt.27
Pt.28
Pt.29
Pt.30
Pt.31
Pt.32
Pt.33
Pt.34
Pt.35
Pt.36
Pt.37
Pt.38
Pt.39

40

35

Volume of lesion in cm³

30

25

20

15

10

5

0

Figure 5: Clinical response of all ablated cysts when measured as cyst volume in cm3 over a 12-month
period. Although not every cyst completely responded, most lesions underwent a dramatic reduction in
size by six months. Note that a full 12 months was required to achieve complete ablation in several
cases. (………….. alcohol arm,

alcohol-free arm)

There was a statistically significant difference between adverse events in the alcohol versus
alcohol-free arms (p=0.01) with all adverse events occurring in the alcohol arm. One patient
had a serious adverse event (acute pancreatitis after ablation of a 20 mm cyst) in the control
arm (6%) and there were no serious adverse events in the experimental arm. Minor adverse
events occurred in four patients (abdominal pain requiring unscheduled clinical evaluation and
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treatment for pain control) in the alcohol arm (22%) and no minor adverse events occurred in
the alcohol-free arm (Table 3).
Serum level drugs were measured 3- and 24-hours post procedure in seven patients and there
were no significant drug levels in patients. In the univariate analysis, the percent of patients
with complete ablation were evaluated for having either a unilocular versus septated cyst (57%
versus 82%), mucinous cystic neoplasm versus intraductal papillary mucinous versus
indeterminate (44% versus 70% versus 67%), CEA level and initial lesion diameter. There was no
statistically significant association between any variables compared (Table 4).

Table 4: Univariate analysis: baseline characteristics of pancreatic cystic lesions
with associated rate of complete ablation.
Variables
Complete
Non-complete
p-value
response (No.)
response (No.)
Initial Diameter
0.8
(cm)
< 2.5
≥ 2.5
Locularity

15
10

Unilocular
Oligolocular
Fluid cyst CEA
Level ng/ml*

16
9

< 50
50–500
> 500

3
8
11

9
5
0.3
12
2
0.4

0
7
6

Presumed
diagnosis prior to
treatment
MCN
IMPN
Indeterminate

0.4

4
19
2

*CEA Level not available for 4 patients

5
8
1
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Discussion:
Any pre-cancerous pancreatic cyst, including mucinous cystic neoplasms and intraductal
papillary mucinous neoplasms, has significant potential for progressing to invasive cancer (2–
14%).3 The specific rate of pancreatic cyst processing to cancer is thought to be linked to a
number of its high-risk features, as per the 2012 consensus criteria. 24 However, the ability of
these cysts to progress to cancer is still unknown. Molecular testing has been shown to have
some benefit to determine the risk of these changes, although these tests are usually very
expensive and need further validation.25
EUS ablation seems to be a safe and effective technique to treat these cysts and a way to
decrease the need for additional extensive predictive tests or invasive surgery. EUS ablation can
prevent pre-cancerous cysts from developing into cancer. For all the above reasons, improving
this technique to be safe and more effective would be necessary.
Previous studies have shown that the use of alcohol lavage, followed by paclitaxel, has an
efficacy rate of 50–79% in selected lesions and demonstrates long-term durability of resolution
of a pancreatic cyst. The majority of patients undergoing effective ablation show elimination of
the KRAS mutation.14,17,21,26 However, with a rate of up to 10% adverse events, some have
questioned the safety of this technique.14,17 Notably, most of the reported adverse events
(pancreatitis, adjacent vein thrombosis, or peritonitis) have been thought to be caused by the
extravasation of alcohol. Moreover, the efficacy of alcohol when used alone is weak and its role
in the ablative process is unknown.15,19,20,27
In our study, the prospective, randomized, double-blinded clinical trial, compared an alcoholfree chemo-ablation approach with the standard alcohol arm, followed by infusion of a
chemotherapeutic cocktail (paclitaxel + gemcitabine) in both arms. This study reveals two
important findings.
There was no statistically significant difference in terms of ablation of cysts between control
and experimental arms. In the alcohol free arm, there was a 67% complete response versus
61% complete response in the alcohol arm. The second finding was that the rate of serious and
minor adverse events was 6% and 22%, respectively, in the alcohol arm and 0% for both types
of adverse events in the alcohol-free arm. This result is important because the alcohol-free arm
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can increase the safety of the procedure while preserving its efficacy. Recent guidelines do not
recommend EUS ablation due to the adverse events. By removing alcohol from the EUS ablation
process and presenting a safer procedure, it raises a need for reevaluating this approach in
appropriately selected patients.
The third hypothesis for the study was that the special mixture (paclitaxel and gemcitabine)
designed for pancreatic cyst ablation will increase the rate of complete ablation when
compared to paclitaxel alone. The results from this study at this time do not support this
because the overall complete ablation in both arms was 64%, which is within the range of
complete ablation (50–79%) reported from previous studies.17,20,21
This study has three limitations:
1) In this trial, there was a one-time ablation of the cyst only; when referenced to other ablation
techniques in gastroenterology, there is a chance of missing the opportunity for subsequent
treatment (if needed) to achieve complete ablation.
2) The maximum amount of chemotherapy was limited to 8 ml by the FDA. However, the
maximum toxicity dose of IV infusion for gemcitabine is 1000 mg/m2 and 125 mg/m2 and thus
the dose that we used in this study is much lower that this amount.28 This may limit the
efficiency with some larger cystic tumors. For example, a 5-cm cyst has a volume of 65 ml so
that the infusion of 8 ml of chemotherapy may not be efficient enough.
3) Although our clinical trial was the second-largest randomized trial using a chemotherapeutic
agent for the ablation of a pancreatic cyst, it is still weakly powered to show these differences
with high levels of scientific certainly.
These issues should be addressed with further studies, as we plan to do in a follow-up multicenter trial.

17

References:
1. Ryan DP, Hong TS, Bardeesy N. Pancreatic adenocarcinoma. NEngl J med 2014; 371:1039-49
2. De jong K, Nio CY, Hermans JJ, et al. High prevalence cysts detected by screening magnetic
resonance imaging examination.Clin Gastroeterol Hepatol 2010; 8:806-11.
3. Verma D, Kwok KK, Wu BU. Patient preferences for management of cystic neoplasms of the
pancreas. Pancreas. 2017 Mar; 46(3):352-357
4. Brugge WR. Evaluation of pancreatic cystic lesions with EUS. Gastrointest Endosc 2004; 59:
698-707.
5. Lee LS, Saltzman JR, Bounds BC, Poneros JM, Brugge WR, and Thompson CC. EUS-guided
fine needle aspiration of pancreatic cysts: a retrospective analysis of complications and their
predictors. Clin Gastroenterol Hepatol 2005; 3: 231-6.
6. Sugiyama M, Atomi Y, and Saito M. Intraductal papillary tumors of the pancreas: evaluation
with endoscopic ultrasonography. Gastrointest Endosc 1998; 48: 164-71.
7. Brugge WR, Lewandrowski K, Lee-Lewandrowski E, Centeno BA, Szydlo T, Regan S, et al.
Diagnosis of pancreatic cystic neoplasms: a report of the cooperative pancreatic cyst study.
Gastroenterology 2004; 126: 1330-6.
8. Van der Waaij LA, van Dullemen HM, and Porte RJ. Cyst fluid analysis in the differential
diagnosis of pancreatic cystic lesions: a pooled analysis. Gastrointest Endosc 2005; 62: 383-9.
9. Vignesh S and Brugge WR. Endoscopic diagnosis and treatment of pancreatic cysts. J Clin
Gastroenterol 2008; 42: 493-506.
10. Hol L, Burno MJ, Cahen DL. Follow-up of asymptomatic pancreatic cysts in clinical practice: A
vignette questionnaire. Pancreatology. 2016 May- Jun; 16(3):416-22.
11. Goh BK, Tan YM, Cheow PC, etal. Cystic lesions of the pancreas: an appraisal of an
aggressive resectional policy adopted at a single institution during 15 years. Am J Surg 2006;
192:148-54?
12. Kiely JM, Nakeeb A, Komorowski RA, et al. Cystic pancreatic neoplasms, encleate or resect?
J Gastrointest Surg 2003; 7:890-7
13. Allen PJ, D`Angelica M, Gonen M, et al. A selective approach to the resection of cystic
lesions of the pancreas: results from 539 consecutive patients. Ann Surg 2006; 244:572-82.
14. Moyer MT, Sharzehi S, Mathew A, et al. The Safety and Efficacy of an Alcohol-Free
Pancreatic Cyst Ablation Protocol. Gastroenterology. 2017 Nov; 153(5):1295-1303
15. Moyer MT, Dye CE, Sharzehi S, et al. Is alcohol required for effective pancreatic cyst
ablation? The prospective randomized CHARM trial pilot study. Endosc Int Open. 2016 May;
4(5): E603-7
16. Park WG and Pasricha PJ. The conundrum of pancreatic cysts: are we finally moving the
(EUS) needle? Gastroenterology 2011; 140: 28-31.
17. Oh HC, Brugge WR. EUS-guided pancreatic cyst ablation: a critical review (with
video). Gastrointest Endosc. 2013; 77(4); 526-33
18. Cho MK, Choi JH, Seo DW. Endoscopic ultrasound-guided ablation therapy for pancreatic
cysts. Endosc Ultrasound. 2015 Oct-Dec; 4(4):293-8.
19. Gan SI, Thompson CC, Lauwers GY, Bounds BC, and Brugge WR. Ethanol lavage of
pancreatic cystic lesions: initial pilot study. Gastrointest Endosc 2005; 61: 746-52.
20. DeWitt J, McGreevy K, Schmidt CM, and Brugge WR. EUS-guided ethanol versus saline
solution lavage for pancreatic cysts: a randomized, double-blind study. Gastrointest Endosc

18

2009; 70: 710-23.
21. Oh HC, Seo DW, Lee TY, Kim JY, Lee SS, Lee SK, et al. New treatment for cystic tumors of
the pancreas: EUS-guided ethanol lavage with paclitaxel injection. Gastrointest Endosc
2008; 67: 636-42.
22. Thota R, Pauff JM, Berlin JD. Treatment of metastatic pancreatic adenocarcinoma: a review.
Oncology (Williston Park). 2014 Jan; 28:70-4.
23. Sample size for an equivalence study. http://people.ucalgary.ca/wpatten/blackwelder.html.
Accessed September 17, 2017.
24. Tanaka M, Fernandez-del Castillo C, Adsay V, et al. International consensus guidelines 2012
for the management of IPMN and MCN of the pancreas. Pancreatology 2012; 12:183–197.
25. Singhi AD, Zeh HJ, Brand RE, et al. American Gastroenterological Association guidelines are
inaccurate in detecting pancreatic cysts with advanced neoplasia: a clinic pathologic study
of 225 patients with supporting molecular data. Gastrointest Endosc 2016; 83:1107–1117.
26. DeWitt J, DiMaio CJ, Brugge WR. Long-term follow-up of pancreatic cysts that resolve
radiologically after EUSguided ethanol ablation. Gastrointest Endosc 2010; 72:862–866.
27. Gomez V, Takahashi N, Levy MJ, et al. EUS-guide ethanol lavage does not reliably ablate
pancreatic cystic neoplasms (with video). Gastrointest Endosc 2016; 83:914–920.
28. Von Hoff DD, Ramanathan RK, Borad MJ, et al. Gemcitabine plus nab-paclitaxel is an active
regimen in patients with advanced pancreatic cancer: a phase I/II trial. J Clin Oncol
2011; 29:4548–4554.

