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Development and use of linear-array echoendoscope and endoscopic ultrasound-guided fine needle aspiration (EUS-FNA) have made
endoscopic ultrasound (EUS) more of an interventional procedure than a purely diagnostic procedure. This is a literature review of
previously published clinical studies on EUS-guided direct intervention for solid pancreatic tumors, including EUS-guided fine needle
injection (EUS-FNI) of antitumor agents, EUS-guided fiducial marker placement, EUS-guided brachytherapy and EUS-guided tumor
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INTRODUCTION
With development of linear-array echoendoscope and
endoscopic ultrasound-guided fine needle aspiration (EUSFNA), endoscopic ultrasound (EUS) has become more of an
interventional procedure than a diagnostic procedure. Nowadays, EUS-guided interventional procedures include not only
EUS-FNA, but also EUS-guided drainage of pancreatic fluid
collection, EUS-guided celiac plexus neurolysis (EUS-CPN),
EUS-guided biliary drainage, EUS-guided gallbladder drainage, EUS-guided pancreatic duct drainage, and EUS-guided
drainage for abdominal and pelvic abscesses.1-9 Emerging
interventional procedures are EUS-guided tumor ablation,
EUS-guided vascular intervention, EUS-guided delivery of
antitumor agents, EUS-guided fiducial markers placement
and brachytherapy, EUS-guided creation of anastomosis, and
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EUS-guided liver biopsy and portal pressure measurement.10-16
The rationale behind performing EUS-guided direct intervention for solid pancreatic tumors is eloquently explained
in a literature review on EUS-guided antitumor agent delivery for pancreatic solid tumors:11 anatomic location of the
pancreas within the abdomen and suboptimal response to
systemic antitumor therapy. Access to the pancreas is not easy
to obtain since the pancreas is located in the retroperitoneal
space and adjacent to hollow viscus, solid organs and major
vessels. Even after decades of basic and clinical researches on
pancreatic cancer, its prognosis is still dismal and response
to systemic chemotherapy less than satisfactory. And another target for EUS-guided direct interventions is pancreatic
neuroendocrine tumor. Surgical resection is the treatment of
choice and the only chance for cure. However, some patients
who are poor surgical candidates or refuse surgical resection
have undergone and benefited from EUS-guided tumor ablation.17-23 Various methods of EUS-guided direct intervention
for solid pancreatic tumors have been utilized in clinical
practice with promising results. This article reviews the methods and outcomes of previously published clinical studies on
EUS-guided direct intervention for solid pancreatic tumors,
namely, EUS-guided fine needle injection (EUS-FNI) of antitumor agents, EUS-guided fiducial marker placement and
brachytherapy and EUS-guided tumor ablation.
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ENDOSCOPIC ULTRASOUNDGUIDED FINE NEEDLE INJECTION OF
ANTITUMOR AGENTS
Cytoimplant

Cytoimplant is an allogeneic mixed lymphocyte culture obtained by co-incubation of peripheral blood mononuclear cells
from a tumor patient and a healthy donor. Intratumoral injection of the cytoimplant promotes cytokine production within
the tumor itself and results in its regression by activation of
immune effector cells.24 Before development of EUS-FNI,
intratumoral injection had been done through surgery. Chang
et al. conducted the first clinical trial which utilized EUS-FNI
for injecting antitumor agent directly into a local cancer.24 In
this phase I clinical trial of eight patients with unresectable
pancreatic adenocarcinoma, cytoimplant was delivered into
the pancreatic tumor by EUS-FNI.24 Under real-time EUS
guidance, a 22-gauge needle (GIP/Medi-Globe, Tempe, AZ,
USA) was advanced through the pancreatic tumor and a “well”
was created with the needle. While the cytoimplant was being
injected, the needle was slowly withdrawn simultaneously. A
single injection was done. There was no immediate postprocedural complication. The overall median survival of the 8 patients was 13.2 months (range, 4.2–361 months). A multicenter
phase II/III trial had been conducted to determine the efficacy
of cytoimplant compared with gemcitabine.25 However, it was
prematurely terminated because response rate and survival
were greater for patients randomized to gemcitabine. Cytoimplant is no longer in clinical use because of severe drug-related
sepsis.

Gene therapy
ONYX-015
ONYX-015 is an E1B-55kD gene-deleted replication-selective adenovirus that preferentially replicates inside and kills
malignant tumor cells.26 In an open label phase I/II study, 21
patients with locally advanced pancreatic adenocarcinoma
or with minimal metastatic disease underwent EUS-FNI of
ONYX-015 into the pancreatic tumor.26 The patients had eight
sessions of EUS-FNI over eight weeks. The final four sessions
were done in combination with intravenous gemcitabine. The
total volume of ONYX-015 that was injected was one–tenth of
the tumor volume, calculated by the three-dimensional measurement of the pancreatic tumor on computed tomography
(CT). In the beginning, either gastric or duodenal approach
was used. However, the gastric approach was enforced after
two cases of duodenal perforation occurred after duodenal
approach. A 22-gauge needle (Echotip; Wilson-Cook, Winston-Salem, NC, USA) was utilized for EUS-FNI. Under

direct EUS guidance, injections were made in a “fan-like
pattern” during withdrawal of the needle. In the beginning of
the clinical trial, antimicrobial prophylaxis was administered.
After two cases of infections that could have been related to
the injection technique, the needle was not pulled all the way
into the lumen during the “fan-like pattern” and oral ciprofloxacin was administered before and after the procedure.
Although there was no overt acute pancreatitis, hyperlipasemia was observed in two patients and hyperamylasemia in
one patient. Two patients had sepsis before institution of oral
antimicrobial prophylaxis. Also, two patients had duodenal
perforation from the stiff tip of the echoendoscope before
mandating transgastric approach. No additional procedure-related complications occurred after refinement of the EUS-FNI
protocol. After combination of intratumoral ONYX-015 and
intravenous gemcitabine, four patients had partial regression
or minor responses and six patients had stable disease. Eleven
patients had disease progression or had to discontinue study
because of treatment toxicity. Although ONYX-015 itself and
combination with gemcitabine were well tolerated, there were
four patients with serious complications.
TNFerade
TNFerade Biologic is a replication-deficient adenovirus type
5 that contains radiation-inducible Egr-1 promoter gene and
tumor necrosis factor-α cDNA.27 Local injection of TNFerade
Biologic allows selective delivery of tumor necrosis factor-α to
tumor cells when combined with standard chemoradiotherapy. In a phase I/II study of, Hecht et al. performed intratumoral injection of TNFerade Biologic combined with chemoradiotherapy in patients with locally advanced pancreatic
adenocarcinoma.27 Either EUS-FNI or percutaneous injection
was chosen for each patient. The choice of delivery method
was left to the discretion of each participating study site. EUSFNI was performed following a protocol similar to that of a
previous study.26 Four 0.5 mL injections into different areas of
the pancreatic tumor were made. Twenty seven out of 50 enrolled patients underwent EUS-FNI. Since the study aimed to
determine the maximal tolerated dose, safety and feasibility of
TNFerade Biologic with chemoradiotherapy, neither technical
success nor number of procedure-related complications were
specified. There were two cases of acute pancreatitis and both
cases had maximum dose of TNFerade Biologics. Delivery
method was not specified. Therefore, it could not be determined whether these two cases of acute pancreatitis represent
the effect of the disease or the treatment.
BC-819
BC-819 is a double-stranded DNA plasmid that carries
the gene for the diphtheria toxin-A chain under the control
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of the H19 promoter.28 Overexpression of H19 transcription
factors are observed in tumor cells and the presence of these
transcription factors triggers expression of diphtheria toxin-A
chain. Thus, diphtheria toxin-A expression results in selective
tumor cell destruction. In a phase I/II study, the safety, tolerability, pharmacokinetics and efficacy of intratumoral injection
of BC-819 were evaluated in patients with unresectable, locally advanced pancreatic adenocarcinoma.28 Either percutaneous injection under CT guidance or EUS-FNI was chosen by
the principal investigator at each site. Six out of nine enrolled
patients underwent EUS-FNI. Either a 21- or 22-gauge needle
was utilized. Interestingly, a “clockwise injection site scheme”
was used. For the first injection, BC-819 was injected at 12 and
6 o’clock of the pancreatic tumor. For the second injection, it
was injected at 3 and 9 o’clock. For the next injection, it was
injected at 6 and 12 o’clock. The purpose of clockwise rotation
was to allow maximum distribution of BC-819 inside the
pancreatic tumor. Injection was administered twice weekly for
two weeks. There were no procedure-related complications.

Gemcitabine

Gemcitabine has been used in treatment of pancreatic
adenocarcinoma for more than two decades and its benefit
and safety profile are well established. Therefore, it is not surprising that gemcitabine has been chosen in the first clinical
investigation of EUS-FNI with standard chemotherapeuctic
agents for patients with pancreatic adenocarcinoma.25 In this
prospective study, 36 patients with locally advanced and metastatic pancreatic adenocarcinoma underwent EUS-FNI with
gemcitabine. A 22-gauge fine needle aspiration (FNA) needle
(Wilson-Cook Medical Inc., Winston-Salem, NC, USA) was
used. The needle tip was placed 0.5 to 1.0 cm from the tumor
edge further from the transducer and injection was done as
the needle was withdrawn toward the transducer. About 50%
of the injection was distributed at tumor invasion site and the
other 50% inside the pancreatic tumor. Additional passes and
injections were made until there was no more intratumoral
spread of gemcitabine. Extent of intratumoral spread, pattern of gemcitabine spread, and homogeneity of gemcitabine
spread were visually graded from 1 to 4 with 1 representing
the least dispersed pattern and 4 representing a more complete
pattern and extent. The concentration of gemcitabine used
was 38 mg/mL. Median volume of the injection was 2.5 mL
(range, 0.7–7.0 mL). Corresponding intratumoral gemcitabine
dose was 95.0 mg (range, 26.6–266 mg). Median number of
needle passes was 3 (range, 1–4). In addition to EUS-FNI, 22
patients had undergone subsequent conventional chemoradiotherapy, 10 patients chemotherapy alone, three patients
indeterminate therapy, and one patient no therapy. Overall
survival at 6 months and 12 months was 78% and 44%, each
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respectively. The median overall survival was 10.4 months
(range, 3.1–63.9 months). Four out of 20 patients with stage III
unresectable pancreatic cancer were downstaged and able to
undergo an R0 resection.

Immunotherapy

Cancer immunotherapy involves administration of various
antigen-presenting cells in order to stimulate tumor recognition and tumor-specific immune response. Dendritic cells
are known potent antigen-presenting cells that can induce
cytotoxic T lymphocytes. The feasibility, safety, and clinical
response of EUS-FNI of immature dendritic cells were investigated in a pilot study.29 Seven patients with stage IV pancreatic
adenocarcinoma that was refractory to gemcitabine were enrolled. Under real-time EUS guidance, intratumoral injection
of immature dendritic cells was made at two to three sites.
EUS-FNI was repeated every 7 days and number of EUS-FNI
ranged from 2–21. There was no report of procedure-related
complications. Two patients had mixed response, two patients
had stable disease, and three patients had disease progression.
Median survival was 9.9 months (range, 5–21 months).
Although EUS-FNI of antitumor agents seemed promising,
clinical studies did not shown noteworthy results in the treatment of locally advanced or unresectable pancreatic cancer.
Further development of novel and more effective antitumor
agents are necessary.

ENDOSCOPIC ULTRASOUND-GUIDED
FIDUCIAL MARKER PLACEMENT AND
BRACHYTHERAPY
EUS-guided fiducial marker placement

Fiducial markers are inert radiopaque spheres, coils, or cylindricals that are implanted inside or adjacent to the tumor in
order to aid image-guided radiation therapy (IGRT).12 IGRT
allows precisely aimed delivery of radiation to the tumors
while minimizing radiation to normal tissues, but requires
presence of multiple reference points through which the
tumor can be identified and tracked. Before development of
EUS-FNA, fiducial markers have been placed either by surgery or percutaneous route under ultrasound or CT guidance.
EUS-guided fiducial marker placement for pancreatic
cancer was first reported in a case series of 13 patients with
mediastinal and abdominal malignancies.30 Seven patients
were treated for pancreatic cancer; five had unresectable
adenocarcinoma, one a recurrent adenocarcinoma after pancreaticoduodnectomy, and one a plasmocytoma. A 19-gauge
FNA needle (MEDI-Globe, Achenmühle, Germany, or Sonotip II, Wilson-Cook, Winston-Salem, NC, USA) was used. The
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fiducials were gold cylinders with a length of 3 or 5 mm and
a diameter of 0.8mm (Best Medical International Inc., Springfield, VA, USA). After insertion of the FNA needle into the
tumor, the stylet was removed and a fiducial was manually
placed into the needle. The stylet was used to push the fiducial
through the needle lumen into the tumor. This was repeated
to place three to six fiducials. Fluoroscopy was also used to
verify location of fiducial placement. EUS-guided fiducial
marker placement was successful in 11 of 13 patients (84.6%).
In two patients, the FNA needle could not be inserted into
the tumor: one patient with gastric outlet obstruction from
the pancreatic head cancer and the other patient with tumor
located posterior to the aorta. There was no immediate procedure-related complication.
Further studies of EUS-guided fiducial marker placement
followed. A prospective case series31 reported a single-center
experience of EUS-guided fiducial placement in 57 patients
with unresectable pancreatic cancer. A 19-gauge FNA needle
(Echotip Ultra 19; Cook Endoscopy, Winston-Salem, NC,
USA) was used. Gold fiducials with length of 2.5mm and
diameter of 0.8 mm (Alpha-Omega Services, Bellflower, CA,
USA) were used. Fluoroscopy was not used for verification
of fiducial placement. Before the procedure, the FNA needle
was preloaded with the fiducials by removal of the stylet and
manual back-loading of 2 fiducials into the tip of the needle.
For the first 14 patients, sterile lubricant was utilized to separate and maintain the position within the needle. For the subsequent 43 patients, sterile bone wax was used instead of the
jelly. Fiducials were pushed out of the needle by using a stylet
for the first five patients. But, for the subsequent 52 patients,
the fiducials were deployed by injecting 1 to 2 mL of sterile
water through the needle after stylet removal. A minimum of
two fiducials were inserted. The procedure was successful in
50 of 57 patients (88%). Fiducial placement was not attempted in one patient because of gastric outlet obstruction from
pancreatic head tumor. There were minor complications in
three patients. Needle malfunction without any effects on the
patients occurred in two patients. Minor bleeding developed
limiting the number of fiducials placed. However, the number
of fiducials was adequate for IGRT. This study was significant
because it introduced a new fiducial insertion technique that
did not require use of a stylet or fluoroscopic guidance.
A prospective study evaluated the safety, feasibility, and
limitations of EUS-guided placement of fiducials for locally
advanced and recurrent pancreatic cancer.32 A total of 51
patients were included. A 19-gauge FNA needle (Echotip;
Cook Endoscopy, Winston-Salem, NC, USA) was used. In
this study, a 0.8×5.0 mm gold cylindrical fiducial marker (Alpha-Omega Services, Bellflower, CA, USA) was back-loaded
into the needle tip and sealed into place with sterile bone

wax. After the needle was inserted into the tumor under EUS
guidance, the fiducial was deployed by pushing of the stylet.
Only EUS guidance was used. In the beginning of the study,
two fiducials were placed into the tumor. Later, an additional
fiducial was implanted in the left lobe of the liver to avoid
additional EUS-guided placement in case of possible fiducial
migration. EUS-guided fiducial placement was successful in
46 of 51 patients (90%). EUS-guided fiducial placement failed
in 4 patients (8%). These patients had recurrent cancer after
pancreaticoduodenectomy. Migration of fiducial occurred in 3
patients (7%). There was one patient who had mild acute pancreatitis after undergoing simultaneous EUS-CPN and fiducial
placement. After 2 days of hospitalization and treatment, the
patient was discharged in stable condition.
A case series of nine patients with locally advanced pancreatic cancer or a positive retroperitoneal R1 resection margin
at pancreaticoduodenectomy showed technical feasibility and
safety of EUS-guided fiducial placement.33 A 19-gauge FNA
needle with a stylet in place was used. After withdrawal of the
stylet by 2 cm, one gold fiducial (Best Medical International
Inc., Springfield, VA, USA) was back-loaded into the FNA
needle and sealed with sterile bone wax. The length of a fiducial was 3 mm and its diameter was 0.8 mm. Each and every
fiducial was deployed by advancing the stylet under EUS and
fluoroscopic guidance. For patients with locally advanced
pancreatic cancer, five fiducials were deployed into the pancreatic tumor. For patients with positive resection margin, 3
fiducials were deployed at the resection margin. When the fiducials could not be deployed by advancing the stylet (e.g., in
patients with pancreatic uncinate or head tumors), the stylet
was removed from the FNA needle and flushing of 1–2 mL of
normal saline was done instead. Two patients with pancreatic
uncinate or head tumors had fiducial deployment by using
saline flushing. EUS-guided fiducial placement had technical
success rate of 100% and no procedure-related complications.
The mean duration of EUS-guided fiducial placement was
9.5 minutes (range, 7–12 minutes). For two patients who had
simultaneous EUS-FNA and celiac plexus neurolysis (CPN),
the mean duration of the procedure was 28 minutes (range,
24–32 minutes). Normal saline has been used for the first time
to deploy the fiducials. Although the number of patients was
small, it seemed to be safe to perform three EUS-guided interventions—FNA, CPN, and fiducial placement—during single
session.
A retrospective, single-center study compared two types
of commercially available fiducials after EUS-guided placement.34 In particular, technical success, complications, visibility, and migration rate of the fiducials were compared.
Traditional fiducials are 5 mm in length and 0.8 mm in diameter and requires a 19-gauge FNA needle for deployment.
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On the other hand, Visicoil fiducials are 10 mm in length and
0.35 mm in diameter and can be loaded into a 22-gauge FNA
needle. Theoretically, Visicoil fiducials would be easier to implant in pancreatic head, but their visibility could be similar
or worse than that of traditional fiducials. In this study, 39 patients with locally advanced pancreatic cancer were included
and had 109 fiducials placed under EUS-guidance. An FNA
needle (Echotip; Cook Endoscopy, Winston-Salem, NC, USA)
with the stylet in place was used. The stylet was withdrawn 2–3
cm and the FNA needle was back-loaded with single fiducial
marker. The needle tip was sealed with sterile bone wax. After
the needle was inserted into the pancreatic mass, the fiducial
was deployed by advancing the stylet under EUS guidance.
From a total of 109 fiducials, 77 were traditional fiducials and
26 Visicoil fiducials. There was no significant difference of
number of fiducials placed per patient. No procedure-related
complications were reported. As expected, visibility of traditional fiducials was significantly better than that of thinner
Visicoil fiducials. Fiducial migration rate was not significantly different. Authors stated that their preference regarding
EUS-guided fiducial placement is to use traditional fiducials
when possible. However, changing to Visicoil fiducials seemed
advisable if placement of traditional fiducials is technically
difficult.
Since only one fiducial could be deployed at single FNA
needle pass, removal of the FNA needle and manual loading
of each and every fiducial were required for delivery of multiple fiducials. And there had been no dedicated accessory for
EUS-guided fiducial placement. A new multi-fiducial delivery
system (Cook Medical Inc., Bloomington, IN, USA) had been
developed and evaluated in a live porcine model.35 This system consists of a stainless steel 22-gauge delivery needle that is
preloaded with 4 gold fiducials. The fiducial is 5 mm in length
and 0.43 mm in diameter. In order to prevent the preloaded
fiducials from premature deployment, there is a small waist in
the needle channel distal to the fiducials. Fiducial is deployed
by gradual advancement of the stylet through the waist and a
‘release’ is felt as each fiducial is deployed. Technical success in
the porcine model was 95.6% and time duration for deployment of 4 fiducials was less than 1 minute. This new multi-fiducial delivery system is being evaluated in an ongoing clinical study.36
A retrospective cohort study evaluated achievement of
ideal fiducial geometry and success of fiducial tracking in
patients with advanced pancreatic cancer who underwent
either EUS-guided or surgery-assisted fiducial placement.37
Ideal fiducial geometry is defined as placement of at least
three fiducials with a minimum interfiducial distance of
greater than 2 cm, minimum interfiducial angle of greater
than 15 degrees, and noncollinear placement in the imaging
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plane.37 In this study, a 19-gauge FNA needle with the stylet
in place was used. A gold fiducial was back-loaded into the
FNA needle after withdrawal of the stylet by 2 cm and sealed
with sterile bone wax. The fiducial was deployed into the
pancreatic tumor by advancing the stylet. The analysis of 77
patients showed that EUS-guided placement resulted in successful fiducial tracking despite lower proportion of patients
with ideal fiducial geometry.37 The proportion of patients with
ideal fiducial geometry was significantly lower for EUS-guided fiducial placement than surgery-assisted placement (18%
vs. 47%, p=0.0011). However, success rate of fiducial tracking
was not different (82% vs. 90%). Of note, there were five procedure-related complications in patients with EUS-guided
fiducial placement; one patient had mild acute pancreatitis
that required admission for two days. Three patients had abdominal pain and one had vomiting. Except for the patient
with mild acute pancreatitis, all the other patients improved
after management in the recovery room and were discharged.
Another study assessed the safety and technical feasibility of
EUS-guided fiducial placement in 29 patients with pancreatic
cancer and three hepatocellular carcinoma.38 All the patients
had been administered peri-procedural antibiotics prophylaxis
for one day. A 19-gauge FNA needle (Echotip; Cook Endoscopy, Winston-Salem, NC, USA) was used. The gold fiducial was
3 mm in length and 0.8 mm in diameter (CIVCO Medical
Solutions, Orange City, IA, USA). After withdrawing the stylet
by 7–8 mm, the fiducial was back-loaded into the needle tip
and sealed with sterile bone wax. The fiducial was deployed
by advancing the stylet. Fluoroscopy was not used to verify
the fiducial placement. EUS-guided fiducial placement was
successful in all the patients. The mean number of fiducials
placed per patient was 2.9 (range, 2–3) and fiducial migration
rate was 3.1%. One patient with pancreatic head cancer had
mild acute pancreatitis requiring admission for two days. Five
patients had EUS-FNA and fiducial placement during a single
session. None had procedure-related complication.38
Dávila Fajardo et al. evaluated the safety and feasibility of
EUS-guided fiducial placement by using a 22-gauge needle in
23 patients with pancreatic cancer.39 In this study, Visicoil (Core
Oncology, Santa Barbara, CA, USA) and the Gold Anchor
fiducial (Naslund Medical AB, Huddinge, Sweden) were used.
The Gold Anchor fiducial has length of 10 mm and diameter
of 0.28 mm. Prophylactic antibiotics were not routinely administered. A fiducial was back-loaded into the tip of the FNA
needle and sealed with sterile bone wax. Fluoroscopy was
used if it was available. Because this was not a randomized
study, 17 patients had Visicoil fiducials, four had Gold Anchor
fiducials, and two had both types. All the patients had at least
two fiducials implanted in the pancreatic tumor (range, 2–4).
The technical success rate was 100%. The fiducial migration
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rate was 9.5%. IGRT was successfully done in 95.2% of the
patients who received radiation therapy. One patient had minor bleeding at the site of needle insertion. The procedure was
terminated after placement of two fiducials.
A retrospective study of 514 patients with gastrointestinal
malignancies who underwent EUS-guided fiducial placement
without fluoroscopy demonstrated its technical feasibility and
safety.40 There were 188 patients with pancreatic cancer in this
study and 510 fiducials were placed in these patients.40 Either
a 19-gauge or 22-gauge EUS-FNA needle (Cook Endoscopy,
Winston-Salem, NC, USA) was utilized. A gold fiducial (Visicoil; RadioMed Inc., Tyngsborough, MA, USA) with length
of 10 mm and two different diameters (0.75 mm or 0.35 mm)
was used. The stylet was withdrawn by 7–8 mm. Then, the
fiducial was back-loaded into the needle tip and sealed with
sterile bone wax. The fiducial was deployed by simultaneous
retraction of the needle and advance of the stylet. All the fiducials were implanted under EUS guidance alone, without
fluoroscopy. A 22-gauge needle was used in 150 patients and
a 19-gauge needle was used in 37 patients. The technical success was 99.5%. In one patient, no fiducial was placed due to
the intervening blood vessels. The fiducial migration rate was
0.4%. Seven patients had minor bleeding.
Most of the published studies on EUS-guided fiducial
placement for pancreatic tumors included pancreatic adenocarcinoma prior to IGRT. There has been a case series in
which EUS-guided fiducial marker placement was performed
in two patients with pancreatic neuroendocrine tumor for
preoperative localization.41 Instead of EUS-guided tattooing,
two patients with a 7 mm and a 9 mm pancreatic neuroendocrine tumors underwent EUS-guided fiducial placement.
Tumors were located in the uncinate process and neck of the
pancreas, respectively. In both patients, two Visicoil fiducials
(Core Oncology, Santa Barbara, CA, USA) were placed either
within or adjacent to the tumors by using a 22-gauge FNA
needle (Echotip; Cook Endoscopy, Winston-Salem, NC, USA).
Then, the patients underwent parenchymal-sparing pancreatic surgery. In all the patients, the fiducials were well-visualized
by intraoperative ultrasound, and the surgical resection was
successful. There were no procedure-related complications. In
addition, there was no evidence of pancreatitis in the resected
pancreas. Therefore, EUS-guided fiducial placement may be
useful for rapid, accurate localization and parenchymal-sparing resection of small pancreatic tumors.
Both prospective and retrospective studies demonstrated
safety and technical feasibility of EUS-guided fiducial placement in solid pancreatic tumors. Moreover, EUS-guided
fiducial placement can be done without the use of fluoroscopy. However, further refinements in fiducial deployment
are needed and the new multi-fiducial delivery system seems

promising.

EUS-guided brachytherapy

Radioactive seeds used for brachytherapy include iodine-125, iridium-192, and palladium-103.12 Among these, the
most commonly used radioactive seed for pancreatic cancer
is iodine-125; iodine-125 has a longer half-life of 59.7 days and
is deemed more appropriate for treatment of rapidly growing
tumors such as pancreatic cancer. Traditionally, radioactive
seeds have been implanted during open laparotomy or by
image guidance. With development of interventional EUS,
EUS-guided brachytherapy had been increasingly utilized. Its
advantages are the precise localization of radiation in the tumor itself and the minimization of damage to the surrounding normal tissue.
A pilot study of EUS-guided brachytherapy in 15 patients
with advanced pancreatic study was reported in 2006.42 Before
the implantation, the tumor volumes and number of implants
required were calculated. Then, distribution plan maps were
drawn and the distance and direction of every target site
from the center of the pancreatic tumor were determined.
A 19-gauge FNA needle (Wilson-Cook Medical Inc., Winston-Salem, NC, USA) was used for iodine-125 seeds implantation. After the needle insertion into the pancreatic tumor,
the stylet was removed and a radioactive seed was inserted
into the lumen of the needle. The seed was deployed by advancing the stylet. The mean duration of time for EUS-guided
implantation was 28 minutes. The mean number of needle
passes per procedure was 14 (range, 6–21). The mean number
of radioactive seeds implanted was 22 per patient (range, 11–
30). None of the patients had chemotherapy after EUS-guided
brachytherapy. Three patients had acute pancreatitis and two
out of the three patients developed pseudocysts. The overall
response rate was 80%. Partial response was seen in 26.7%,
minor response in 20%, and stable disease in 33%. The median
duration of the partial response was 4.5 months. Improvement
in performance status and pain was seen in 33%. The overall
median survival was 10.6 months (range, 4.2–25 months). At
two years after brachytherapy, 6.7% of the patients survived.
Another prospective pilot study of EUS-guided brachytherapy using iodine-125 seeds in 22 patients with advanced
pancreatic cancer demonstrated that it was technically successful and safe.43 Although brachytherapy seemed to relieve
abdominal pain, it did not affect survival. All the patients
received gemcitabine—based 5—fluorouracil chemotherapy
one week after brachytherapy. The radioactive seed was 4.5
mm in length and 0.8 mm in diameter. It had a radioactivity
half-life of 60.1 days, a mean photon energy of 27–35 KeV, a
human tissue penetration distance of 1.7 cm, an initial dose
rate of 7 cGy/h, and a mean radioactivity of 0.694±0.021

131

mCi (25.6 MBq). Before EUS-guided brachytherapy, the total
volume of each tumor was calculated by using the CT image
and the expected number of implanted seeds was calculated
by using the modified Cevec formula. For maximal radiation
effect, the number of seeds implanted was 15% more than calculated. EUS-guided implantation of iodine-125 seeds (Xinke
Pharmaceutical Co., Ltd., Shanghai, China) was successful in
all the patients. A median number of tem radioactive seeds
(range, 5–30) was implanted per procedure. A mean puncture
frequency was 3.2 times per procedure. Nineteen patients had
only one implantation. Two patients had two implantations
and the remaining one patient had three implantations within
three months. There was no procedure-related complication.
The median follow-up duration was 9.3 months and the median survival time was 9.0 months. During the 4-week period, partial response was noted in 13.6% and stable disease in
45.5%. All the patients died within two years. The visual analog
scale pain score decreased from 5.1 to 1.7 (p<0.01) at one week
after brachytherapy, but increased to 3.5 at one month (p<0.05).
An interesting pilot study evaluated the result of EUS-guided brachytherapy combined with intratumoral implants for
sustained delivery of 5-fluorouracil in eight patients with
advanced pancreatic cancer.44 This procedure was named
EUS-guided interstitial chemoradiation. Before implantation,
the tumor volume and required seed number were calculated. The total number of the chemotherapeutic implants was
determined to be twice as many as the number of seeds. Then
distribution plan maps were drawn, and the distance and direction of every target site from the center of the pancreatic
tumor were determined. A 19-gauge FNA needle with a stylet
was used for seeds and implant deployment. In each patient,
a mean of 19 iodine-125 radioactive seeds (China Institute of
Atomic Energy, Beijing, China) and 36 intratumoral implants
for sustained delivery of 5fluorouracil were implanted. The
mean number of needle passes per procedure was 13 (range,
8–16). The procedure was successful in all the patients. The
mean time duration of the procedure was 35 minutes. The
mean total implanted radioactive activity was 13.68 mCi and
the mean total dose of intratumoral 5fluorouracil was 3.6 g.
There was no procedure-related complication.

ENDOSCOPIC ULTRASOUND-GUIDED
TUMOR ABLATION
Ethanol ablation

EUS-guided ethanol ablation of solid pancreatic tumors was
first reported in 2006.17 A 78-year-old woman with repeated
hypoglycemia had been diagnosed with insulinoma. Because
of her poor condition, severe complications during hypogly-
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cemic episodes and refusal of surgical resection, the patient
had been treated with EUS-guided ethanol ablation. A total
of 8 mL 95% alcohol, divided into 4 portions of 2 mL, was injected into the pancreatic tumor using a 22-gauge needle (Vilman-Hancke-Needle; GIP Medizin Technik, Grassau, Germany). The needle position was changed and injection repeated
until the entire tumor appeared hyperechoic. Although there
were no further hypoglycemic episodes, the patient had mild
acute pancreatitis after EUS-guided ethanol ablation which
resolved after three days. The authors attributed the development of mild acute pancreatitis to the large volume of ethanol
injected. No tumor recurrence was noted up to 34 months of
follow-up.
More case reports and case series followed the first report.
Muscatiello et al.18 reported a patient with two pancreatic neuroendocrine tumors, who had undergone EUS-guided ethanol
ablation. The patient refused surgical resection and underwent
the procedure. Two sessions of ethanol ablation were done.
Less than 2 mL of 40% ethanol was injected during each session. Although the first session was completed without complications, the second session was complicated by ethanol effusion and development of a small pancreatic necrotic lesion,
requiring laparoscopic necrosectomy. Somatostatin receptor
scintigraphy and measurement of serum vasoactive intestinal
peptide and chromogranin A done two months later were
normal. Deprez et al.19 reported a case of insulinoma in the
pancreatic head with symptomatic hypoglycemia which was
treated with EUS-guided ethanol ablation. The patient was a
78-year-old woman and could not undergo pancreaticoduodenectomy because of poor general condition. For ablation,
3.5 mL of 98% ethanol was injected into the pancreatic tumor.
There was no recurrence of hypoglycemia for more than two
years after the ablation. However, there was a case of mild and
asymptomatic elevation of pancreatic enzymes for two days
and another case of duodenal hematoma and ulceration that
were treated conservatively. Vleggaar et al.20 reported a case of
insulinoma with symptomatic hypoglycemia which was successfully treated with EUS-guided ethanol ablation. The patient was an 82-year-old woman with heart failure and a poor
surgical candidate. For the procedure, 0.3 mL of 96% ethanol
was injected into the tumor in the pancreatic body using a
25-gauge needle (EchoTip Ultra; Cook, Limerick, Ireland).
There were no symptoms of hypoglycemia up to six month
after the ablation.
In a case series of eight patients with insulinomas,21 five patients had been treated with EUS-guided ethanol ablation and
the remaining three with intraoperative ultrasound-guided
ethanol ablation. For the five patients who had EUS-guided
ethanol ablation, surgical resection was not done because of
the following reasons: wish to avoid pancreaticoduodenecto-
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my (n=2), significant comorbidities (n=2), and history of multiple abdominal operations (n=1). All the patients had experienced frequent and severe hypoglycemic episodes for a mean
of 5.6 years (range, 0.1–20 years). Either a 22- or 25-gauge needle (Wilson-Cook Medical Inc., Winston-Salem, NC, USA)
was used for EUS-guided ethanol ablation. Four patients had
two treatment sessions and one had three treatment sessions.
Number of ethanol injections per session ranged from two to
six. Concentration of ethanol used varied from 95% to 99%.
A mean ethanol volume of 0.8 mL (range, 0.12–3.0 mL) per
session was injected into the pancreatic tumor. Injections were
done in 0.01 to 0.1 mL at a time and repeated at the same site
until a hyperechoic change was visible inside the tumor, but
not beyond the tumor border. Additional injections were done
as the needle was being withdrawn and until almost complete
removal of the needle. Then, the needle was held in place for
approximately one minute to avoid tracking of ethanol into
the nearby organs. When additional needle passes were made,
care was taken to avoid the previous needle tracts. There was
no procedure-related complication during or after EUS-guided ethanol ablation. Another case series of four patients with
insulinoma who declined surgical resection and underwent
EUS-guided ethanol ablation demonstrated successful ablation in single session, no procedure-related complication, and
resolution of hypoglycemic symptoms in all the patients.22
Also, there was no symptom recurrence during the follow-up
up to six months. For all the patients, a 22-gauge needle
(Wilson-Cook Medical Inc., Winston-Salem, NC, USA) and
95% ethanol was used. The volume of ethanol injection was
calculated by using the major and minor axes of the tumor.
When the tumor was located close to a vessel or the pancreatic duct, the volume of the injected ethanol was reduced to
one half or one third of the calculated volume. Volume of the
injected ethanol ranged from 0.25 to 0.5 mL. In a pilot study,23
11 patients with 14 pancreatic tumors (ten non-functioning
neuroendocrine tumors and four insulinomas) underwent
successful EUS-guided ethanol ablation. A 22-gauge needle
(EchoTip Ultra or ProCore; Cook Endoscopy, Winston Salem,
NC, USA) and 99% ethanol was used for injection. Unlike
previous studies, the optimal volume of ethanol to be injected
was calculated by computer estimation of areas on each axial
image using an EUS software. In this study, volume of ethanol
injection ranged from 0.5 to 3.8 mL. There were three cases of
mild pancreatitis. Response rate after single treatment session
which was assessed with cross-sectional imaging was 53.8%.
Response rate after multiple sessions in three tumors with
residual viable tissue was 61.5%. There was no disease progression during follow-up which ranged from 100 to 730 days.
Although published studies on EUS-guided ethanol ablation of pancreatic neuroendocrine tumors showed high

success rate and low procedure-related complication rate,
this procedure should be reserved for patients who are poor
surgical candidates or who refuse curative resection. Since
previous studies comprise mostly of case reports, case series
and pilot studies, multicenter controlled studies are needed
to prove efficacy of this procedure. Moreover, further refinements are necessary regarding the volume of ethanol to be
injected, the optimal concentration of ethanol, the techniques
of EUS-guided ethanol ablation, and the assessment of the
treatment response.
In addition to pancreatic neuroendocrine tumors,
EUS-guided ethanol ablation had been performed in combination with EUS-CPN for pain control and possible delay
in disease progression for advanced pancreatic cancer with
opioid refractory pain. The first case45 was a 75 year-old male
with stage IV pancreatic adenocarcinoma and abdominal
pain that was 9 out of 10 according to the visual analog scale.
EUS-CPN was performed first, and, then, 40 mL of 95% ethanol was injected into the tumor. There was no immediate
complication after the procedure except for mild diarrhea and
fever in the following days. Complete pain relief was achieved
three days after the treatment and lasted for ten weeks. Pain
was controlled with paracetamol for 20 weeks until death
at 30 weeks after the treatment. Later, the same authors reported a retrospective analysis of prospectively collected
data on EUS-guided ethanol ablation combined with EUSCPN versus EUS-CPN alone in pancreatic cancer patients.46
A total of 123 unresectable pancreatic cancer patients were
included. Fifty-eight patients treated with EUS-CPN and 65
with the combined approach were compared. A 22-gauge
needle (Cook Medical Inc., Bloomington, IN, USA) was
used for both EUS-guided ethanol ablation and EUS-CPN.
For EUS-CPN, 10 mL of 2% lidocaine and 20 mL of 95%
ethanol were used. For EUS-guided ethanol ablation, a calculated volume of 95% ethanol (75% of the pancreatic tumor
volume) was injected until the hyperechoic blush extended
to the margin of the tumor. The needle tip was maintained
within the pancreatic tumor during the procedure. There
were no significant differences in the pre-procedural visual
analogue scale score (7/10 in EUS-CPN group vs. 7/10 in the
combined approach group, p=0.8) and the maximum diameter of the tumor (38 mm vs. 43 mm, p=0.4). The combined
treatment group had increased pain relief and complete pain
response rate (p=0.005 and p=0.003, respectively). Also, the
combined treatment group had a longer median duration
of pain relief (18 weeks vs. 10 weeks, p=0.004). Multivariate
analysis showed that initial visual analogue scale score and
combined treatment were significantly associated to pain
relief. There were no severe treatment-related adverse events.
There was a trend for longer median overall survival in

133

the combined treatment group (8.3 months vs. 6.5 months,
p=0.05). EUS-guided ethanol ablation combined with EUSCPN in patients with advanced pancreatic cancer seems to
be superior to EUS-CPN alone regarding pain control and
overall survival. Even though the results are very promising,
prospective randomized trials are necessary in order to confirm the results of this retrospective study.

Radiofrequency ablation

Radiofrequency ablation (RFA) has been used for the treatment of primary and metastatic liver cancers. Recently, there
have been clinical studies investigating its role in EUS-guided
treatment of pancreatic tumors. The first human pilot safety
and feasibility study using a novel EUS-guided radiofrequency catheter was published in 2015.47 This prospective
multicenter study enrolled eight patients: six with pancreatic
cystic neoplasm and two with neuroendocrine tumors in the
pancreatic head. The mean diameter of pancreatic neuroendocrine tumors was 27.5 mm. Those two patients with pancreatic neuroendocrine tumors were poor surgical candidates.
A novel monopolar radiofrequency catheter (Habib™ EUSRFA catheter; EMcision Ltd., London, United Kingdom) was
inserted through a 19-gauge FNA needle. This catheter is a
1-French wire (0.33 mm) and has a working length of 190 cm.
For EUS-guided radiofrequency ablation (EUS-RFA), an FNA
needle with stylet in place was first placed in the deepest part
of the tumor. Then, the stylet was removed and a RFA catheter was pushed into the FNA needle until resistance is met.
The FNA needle was slowly withdrawn by 3 cm in order to be
separate from the active part of the RFA catheter. Fluoroscopy
was used for visualization of the RFA catheter. The energy was
applied for 90 seconds at 20 W. A change in vascularity and
central necrosis area of 15mm were noted after EUS-RFA in
each patient, respectively. Six and four RFA applications were
done per session and one and two sessions were performed
in total, each repsectively. Technical success of EUS-RFA was
100%. There was no major complication within 48 hours of the
procedure. Both patients were alive at the time of publication.
Another study evaluated the feasibility of EUS-RFA for
treatment of symptomatic insulinoma by using a different
EUS-RFA needle electrode.48 Three patients with symptomatic pancreatic insulinoma who refused surgical resection
underwent EUS-RFA in an observational human case series.
The EUS-RFA system used (STARmed Co., Ltd., Seoul, Korea)
was comprised of a prototype 19-gauge needle electrode, a
generator, and an internal cooling system. The length of the
uninsulated, conical tip of the needle electrode was 10 mm.
Under EUS guidance, the needle electrode was passed into the
pancreatic tumor at the far end within the margin. The energy
delivery was set at 50 W. In 10 to 15 seconds, a coagulation
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necrosis area of 10 to 12×5 mm was created. Further ablation
was done by withdrawal of the electrode to more proximal
site, through the same needle tract. Additional passes were
made by using a fanning technique in order to ablate different
areas of the same tumor. Appearance of echogenic bubbles
around the needle tip indicated completion of RFA at the site.
Of note, the most technically challenging area of the tumor
was ablated first since visual artifacts after RFA may hinder
accurate targeting. EUS-RFA was technically successful in all
the patients. During the follow-up at 11 to 12 months, all the
five patients had remained symptom free. There were no procedure-related complications.
EUS-RFA has been utilized treat unresectable pancreatic
cancer in addition to pancreatic neuroendocrine tumors.
In a cohort of patients with local progression of advanced
pancreatic cancer after neoadjuvant therapy, feasibility and
safety of EUS-guided cryothermal ablation was prospectively evaluated.49 The cryotherm probe is a flexible bipolar
radiofrequency probe combined with cryogenic cooling. The
distal tip of the probe is sharp and stiff; it can penetrate the
gastrointestinal wall and pancreatic parenchyma. A total of
22 patients were enrolled. 18 W was applied and pressure for
cooling was 650 pounds per square inch (psi). Application
time was dependent on tumor size. Cryothermal ablation was
technically successful in 16 patients (72.8%). The probe could
not penetrate the tumor in six patients because of stiffness of
the gastrointestinal wall and the tumor itself. There were three
patients with asymptomatic hyperamylasemia, three patients
with post-treatment abdominal pain, and one patient with
minor duodenal bleeding that was treated with endoscopic
hemostatic clip placement. The median post-treatment survival was six months (range, 1–12 months). EUS-guided cryothermal ablation seemed feasible and safe. However, technical
improvement of the cryothermal probe and randomized,
controlled trials seemed necessary to demonstrate survival
benefit of EUS-guided cryothermal ablation in patients with
advanced pancreatic cancer.
The feasibility and safety of another EUS-RFA needle probe
was evaluated in a preliminary study of six patients with
unresectable pancreatic cancer.50 The tumors were located in
pancreatic head (n=4) and body (n=2). The median diameter of the pancreatic tumors was 3.8 cm (range, 3–9 cm). An
18-gauge EUS-RFA needle electrode and a radiofrequency
generator (STARmed Co., Ltd., Goyang, Korea) were used for
the procedure. The length of the uninsulated tip of the RFA
electrode was 10 mm. Under real-time EUS guidance, the RFA
electrode was inserted into the mass, the energy was delivered
20 to 50 W for ten seconds. The energy delivery was repeated
until the hyperechoic area around the electrode tip covered
the tumor. The technical success of EUS-RFA was 100%. Ex-
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cept for two patients with mild abdominal pain, there were no
procedure-related complications. Because of the study design,
overall survival could not be assessed.

Photodynamic therapy

EUS-guided photodynamic therapy (EUS-PDT) of the
pancreas has been done mostly in animal studies.51,52 The first
clinical experience with EUS-PDT in pancreatic cancer has
been published in 2015.53 Four patients with locally advanced
pancreaticobiliary cancers were included. There was one
patient with pancreatic tail cancer who had localized tumor
progression despite chemoradiotherapy. The tumor diameter
was 3.1 cm. For EUS-PDT, a chlorin e6 derivative (Photolon;
Belmedpreparaty, Minsk, Republic of Belarus) and a flexible
laser-light catheter (PhotoGlow; South Yarmouth, MA, USA)
were used. Diffuser length of the catheter was between 1 and
2 cm and it was 2 cm for the patient with pancreatic cancer.
The photosensitizer was administered intravenously at a
dose of 2.5mg/kg three hours before the procedure. Before
the procedure, the laser-light catheter was preloaded inside
a 19-gauge FNA needle (Cook Endoscopy, Winston-Salem,
NC, USA). And the catheter was advanced until it was
placed within the needle tip and secured with a locking device. The FNA needle preloaded with the laser-light catheter
was inserted into the tumor under real-time EUS guidance.
Then, the needle was withdrawn 2 cm while the catheter was
advanced in order to be directly contact ing with the tumor.
The position of the catheter was secured with the locking device. Photoactivation at a 660-nm wavelength was performed
(UPLFDT; LEMT Research & Development Private Unitary
Enterprise, Minsk, Republic of Belarus). The light irradiation
was done for 330 seconds and energy dose was 100 J/cm
of diffuser length. Two laser-light deliveries were done per
session. The duration of procedure was 29 minutes. It was
technically feasible in all the patients including the one with
pancreatic tail cancer. No procedure-related complications
were documented. The median radius of pancreatic necrosis
created by photodynamic therapy (PDT) was 0.85 cm and
volume of pancreatic necrosis on CT scan at one month
post-PDT was 1.9 cm3. The median follow-up period was
five months and all the patients showed stable disease during
the follow-up. For the patient with pancreatic tail cancer, the
follow-up period was three months. Authors suggested utilization of EUS-PDT as a salvage treatment for patients with
locally advanced pancreaticobiliary cancers who are poor
surgical candidates and/or had progression despite chemoradiotherapy.

CONCLUSIONS
EUS has come a long way from being a diagnostic to an
interventional procedure. This review of clinical studies
demonstrated that there are many possibilities for EUS-guided direct interventions in solid pancreatic tumors. The EUSFNI techniques are well-developed. However, more effective
and clinically proven antitumor agents are necessary for their
acceptance. EUS-guided fiducial marker placement is safe,
technically feasible, and can be done without fluoroscopy.
Moreover, the new multi-fiducial delivery system seems
promising. Currently, EUS-guided ethanol ablation of pancreatic neuroendocrine tumors is reserved for those patients who
are poor surgical candidates or refuse curative resection. Multicenter controlled studies are necessary to prove the efficacy
of this procedure. Further refinement of technical details, such
as ethanol injection volume, optimal ethanol concentration,
and assessment of treatment response, is also needed. Finally,
the results of the pilot studies on EUS-guided brachytherapy,
EUS-PDT, and EUS-RFA, are promising. More studies with
a greater number of patients are needed to establish the role
of these procedures in the treatment of pancreatic cancer and
pancreatic neuroendocrine tumors.
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