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EUS-Guided Antitumor Therapy for Pancreatic Tumors
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Department of Gastroenterology, Asan Medical Center, University of Ulsan College of Medicine, Seoul, Korea

Endoscopic ultrasound (EUS) is a very useful modality
for the diagnosis and staging of pancreatic masses.
With the advent of EUS-guided fine-needle aspiration
technology, this modality has made a tremendous
leap from imaging modality to histologic diagnosis and
therapeutic intervention. EUS offers high-resolution images of and unparalleled access to the pancreas.
After locating the tip of the echoendoscope in the duodenum or stomach, several drugs or local treatment
modalities can be delivered directly into the pancreas.
EUS-guided ethanol lavage with/without paclitaxel injection has been tested for the treatment of cystic tumors of the pancreas, with complete resolution of
cystic tumor being observed in up to 70-80% of
patients. Ethanol injection is also performed for the
management of solid neuroendocrine tumors of the
pancreas. Various type of EUS-guided injection have
also been investigated for the treatment of pancreatic
cancer. An activated allogenic mixed lymphocyte culture (Cytoimplant) was injected in patients with advanced pancreatic cancer. A replication-deficient adenovirus vector carrying the tumor necrosis factor-alpha gene was also delivered intratumorally by EUS.
ONYX-015 is an oncolytic attenuated adenovirus that
exhibits replication preferentially in malignant cells,
causing cell death, and this has also been injected into pancreatic cancers under EUS guidance. EUS-guided local ablation therapies such as radiofrequency
ablation, photodynamic therapy, and brachytherapy are
also under investigation. EUS-guided fine-needle injection for various solid or cystic lesions is a rapidly
expanding field. This article reviews the various applications of EUS for the treatment of pancreatic tumors.
(Gut Liver 2010;4(Suppl. 1):S76-81)
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INTRODUCTION
Endoscopic ultrasonography (EUS) was introduced to
1-3
clinical medicine for more than 30 years ago and has
contributed to the diagnosis and management of pancreatic tumors. EUS scanning system can be divided into
two categories: radial and linear, with both mechanical
and electronic formats available in each. With the advent
of linear-array echoendoscope, it is possible to trace needle tract under ultrasound and to do EUS-guided fine
needle aspiration (EUS-FNA). Recently, EUS-guided interventions are tried using various modifications of this
technology. Interventional applications of EUS are also
tried for pancreatic diseases such as pseudocyst drainage,
pancreatic pain control, cystic tumor ablation and solid
tumor therapy. In this review, we are going to focus particularly on EUS-guided treatment of benign and malignant pancreatic tumors.

EUS-GUIDED ABLATION OF PANCREATIC CYSTIC TUMOR
Pancreatic cystic tumors encompass a wide spectrum of
histopathologies and biologic behaviors. Although large
sized and symptomatic cystic tumors were common in the
past, incidentally detected small cystic tumors are more
common these days. In an autopsy study, the prevalence
of pancreatic cyst was reported up to 25%, with increas4
ing prevalence paralleling advanced patient age. Commonly encountered histopathogies are mucinous cystic neoplasm (MCN), serous cystic neoplasm (SCN), and intra-
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ductal papillary mucinous neoplasm (IPMN). Non-mucinous cystic lesions such as serous cystadenoma mostly
show benign histology and biologic behavior. Mucinous
cystic tumors can show benign, borderline, or malignant
histology and are regarded as premalignant or malignant
tumor. For the treatment of mucinous cystic tumors, generally surgical resection is recommended. Management of
pancreatic cystic tumor is challenging as most are asymptomatic but may have malignant potential, and surgical
resection of cystic neoplasms of the pancreas has a substantial morbidity of 20% to 40% and a mortality of
5-7
2%. As an alternative treatment, EUS-guided ethanol
lavage was tried. Ethanol is the most commonly used
8-10
Its ablative
ablative agent for renal and hepatic cysts.
effects on cyst epithelium are induced by cell-membrane
11
lysis, protein denaturation and vascular occlusion. Under
EUS guidance, cystic tumor was punctured using a fine
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needle and cystic fluid was aspirated. After complete aspiration of cystic fluid, ethanol was injected into the cystic
cavity and injected ethanol was re-aspirated after 3-5 mi12
nutes of retention time (Fig. 1). An initial pilot study
showed that EUS-guided ethanol lavage for pancreatic
cystic tumors is safe and feasible, with complete resolution being achieved in 8 of 25 patients (33%) and variable histologic degrees of epithelial ablation observed in all
resected specimens. To improve the complete resolution
rate, our group combined taxol injection after ethanol
13,14
Paclitaxel, a widely used chemotherapeutic
lavage.
agent, is so highly hydrophobic and viscous in nature that
it can exert its effect for a longer period of time within a
closed cystic cavity with low possibility of leakage
13
through the puncture site. A preliminary study found
that 11 of 14 patients showed complete cyst resolution
after ethanol lavage and paclitaxel injection. Primary dis-

Fig. 1. Endoscopic ultrasonography (EUS)-guided pancreatic cystic tumor ablation. (A) For the ablation of pancreatic cystic tumor,
a fine, 22-gauge needle was inserted into the cystic cavity. (B) The cystic fluid was aspirated and found to be clear. (C) After cystic
fluid aspiration, 99% ethanol was injected into the cavity and left for 5 minutes to cause epithelial ablation. (D) CT scan before
EUS-guided treatment. A cystic tumor (3.5×3.1×2.5 cm) was located in the body of the pancreas (arrow). (E) CT scan taken 6
months after EUS-guided treatment, showing that the cystic tumor had disappeared (arrow).
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tortion of cyst epithelial lining by ethanol lavage and secondary inhibition by easily diffused paclitaxel may result
in a synergistic ablative effect from the combination of
these two agents. Previous studies have involved only a
12-14
small number of patients and short-term outcomes.
Therefore, further studies involving a large study population with long-term follow up are required.

EUS-GUIDED ETHANOL ABLATION OF INSULINOMA
Pancreatic insulinomas are usually small in size and
present with recurrent hypoglycemic symptoms. EUS
gives high resolution image of the pancreas and can detect small hypoechoic mass in the pancreas. Although
pancreatic surgery is considered a first-line approach for
insulinoma treatment, a subset of patients are not suitable for pancreatic surgery because of old age or comorbid illness. Ethanol injection treatment was tried successfully for patients with hepatocelluar carcinoma or
15
hepatic metastasis. Scott et al. described the successful
percutaneous ablation of hepatic metastasis of insuli16
noma. Jurgensen et al. reported successful EUS-guided
ablation of pancreatic neuroendocrine tumor by ethanol
injection. They achieved complete resolution based on
clinical, morphologic and biochemical data. This method
is also tried for left adrenal metastasis of non-small cell
lung cancer to cause ablation of metastatic mass and to
17
provide palliation of cancer-related pain. Based on previously reported case series, EUS guided ablation by ethanol injection seems to be a possible alternative treatment
for benign pancreatic mass. However, there are several
unsolved issues; optimal type and size of injection needle,
safe target area within tumor mass, and the adequate
amount of alcohol to achieve successful ablation without
causing significant pancreatitis. Further studies involving
larger number of patients are required.

EUS-GUIDED CELIAC PLEXUS NEUROLYSIS
Celiac ganglion receives afferent fibers from pancreas
and upper abdominal viscera and conveys pain sense via
splanchnic nerve to central nervous system. To control
pancreatic pain or retroperitoneal pain, celiac plexus neurolysis has been performed under fluoroscopic guidance
or CT guidance. It can be either bilateral an anterior or a
posterior approach. However, these approaches should
traverse a long needle tract and can cause serious complications such as paraplegia. EUS-guided celiac plexus neurolysis has been introduced as an alternative approach
and is now widely used for palliation of pain in patients

with pancreatic cancer. Under linear-array echoendoscope,
abdominal aorta and celiac trunk can be traced from lesser curvature of the stomach. Celiac ganglia are located
around celiac trunk and subtle clockwise or counterclockwise rotation can delineate small hypoechoic ganglia
in some cases. Bupivacaine is injected at first to control
pain related to ethanol injection. Then ethanol can be injected directly into the ganglia or around celiac trunk.
18
Earlier report showed 78% improvement in pain score
19
at a median follow-up of 10 weeks. Levy et al. retrospectively reviewed 33 patients with pancreatic cancer or
chronic pancreatitis who received EUS guided celiac
plexus neurolysis or celiac plexus block directly into the
celiac ganglia. Twelve patients experienced pain during or
immediately after the procedure. Effective pain relief was
more frequently observed in patients who developed pain
compared with those who did not. Complications of EUS
guided celiac plexus neurolysis are minor such as transient diarrhea and hypotension. Based on the present data, EUS guided celiac plexus neurolysis for pancreatic cancer pain can be offered safely with high immediate success rate. However, the limitation of this approach is duration of effectiveness and pain increased again in most
cases 2 or 3 months after treatment.

EUS-GUIDED DELIVERY OF ANTI-TUMOR AGENTS
Pancreatic ductal adenocarcinoma is one of the most
difficult tumor to treat and has an extremely poor
prognosis. Most patients die within a year or two after diagnosis and the overall 5 year survival rate is less than
5% even after extensive treatment including surgery, chemotherapy and/or radiation therapy. Pancreatic cancer is
one of the main causes of cancer-related deaths in most
countries and the annual incidence rates approach nearly
to annual death rates. For the control of this dismal behavior, various materials were tried by several endosonographers. It seems to be very attractive approach to inject of anti-tumor agent under EUS guidance such as chemotherapeutic drugs, anti-tumor virus, or immature dendritic cells. EUS-guided injection of anti-tumor agent was
first attempted in the pancreas because EUS-guided approach is a simple, effective and safer than CT-guided
approach. EUS can visualize not only the tumor mass but
also complex anatomy around pancreas and administration of anti-tumor agent in real time. After localization of pancreatic cancer under EUS, interposing vessel
can be identified by applying Doppler signal and EUS can
guide the angle of puncture without causing vascular
injury. While maintaining slow and steady injection, needle insertion and withdrawal can be repeated within the
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tumor mass at slightly different angle for even distribution of anti-tumor agent.
1. Allogenic mixed lymphocyte
plant) in pancreatic cancer

culture

(cytoim-

20
Chang et al. tried to inject cytoimplant directly into
pancreatic cancer and evaluated the technical feasibility
and safety. In phase I trial, 8 patients with unresectable
pancreatic cancer received EUS-guided injection of
cytoimplant. Cytoimplant cells were delivered by a single
EUS-guided injection and doses were escalated over the
study period. The first two patients received 3 billion
cells, the next three patients received 6 billion cells and
the last three patients received 9 billion cells. The median
survival was 13.2 months, with 2 partial responders and
1 minor response. There was no serious complication and
the most common side effect was low-grade fever without
leukocytosis, which was managed effectively by acetaminophen. Although they showed the technical feasibility
and procedural safety, there has been no further study using this agent for more than 10 years.

2. ONYX-015 in pancreatic cancer
21
Hecht et al. tried EUS-guided ONYX-015 injection in
patients with pancreatic cancer. ONYX-015 is an E1B55-kDa gene-deleted adenovirus which shows replication
selectivity and preferentially replicates and kills malignant
cells. They injected ONYX-015 in 21 patients over an
8-week period. Two patients developed sepsis and two
patients had duodenal perforation. No patient showed tumor regression by ONYX-015 at day 35. After combination with gemcitabine therapy, two patients showed partial response and two showed minor response. Six patients
showed stable disease and 11 showed progressive disease.

3. TNFerade in pancreatic cancer
TNFerade is also injected in patients with pancreatic
22,23
TNFerade is a
cancer as a novel gene transfer method.
replication-deficient adenovector containing human tumor
necrosis factor (TNF)-α gene, regulated by a radiation-inducible promoter Egr-1 (early growth response). The advantage of this approach is the potential to maximize local antitumor activity and to minimize systemic toxicity.
Phase I trial designed as a 5-week treatment of weekly in9
10
tratumoral injections of TNFerade (4×10 , 4×10 , and
11
4×10 particle units in 2 mL) by EUS guidance. Up to 4
injections were given by EUS and TNFerade was combined with 5-FU and radiation. A cohort of 50 patients
showed mild toxicities and well tolerated. Compared 2
lower dose cohorts, higher dose cohort showed greater locoregional control of treated tumors, longer pro-
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gression-free survival, improved median survival (6.6, 8.8,
9
10
11
12
11.2, 10.9 months in the 4×10 , 4×10 , 4×10 , 4×10
particle unit cohorts, respectively). Although this result
seemed to be promising, the phase III randomized controlled trial has not been published yet.

EUS-GUIDED IMMUNOTHERAPY
Immunotherapy against cancer has been investigated
using different type of immune cells and dendritic cells
are the most potent antigen-presenting cells for induction
of primary T-cell dependent immune responses. Immunotherapy has also been tried for pancreatic cancers. The effect of dendritic cell (DC)-based immunotherapy was investigated and tumor growth was significantly inhibited in
24
hamster model.
Hirooka et al.25 undertook the first clinical trial involving a combination therapy of gemcitabine with immunotherapy for patients with inoperable locally advanced pancreatic cancer. Basic idea of this study was combination
of chemotherapy with dendritic cell vaccination. They hypothesized that apoptotic cells induced by gemcitabine
treatment could release tumor antigens slowly over time
and this stimulates dendritic cells to process and present
tumor antigens. To enhance the antigen presenting capabilities, OK432-pulsed dendritic cells were used and
OK432 is widely used maturation stimulus for dendritic
cells. Five patients received combined treatment which
consist of intravenous gemcitabine treatment and EUSguided intratumoral injection of OK432-pulsed dentritic
cells. To induce additional anticancer activity, the patients
also received lymphokine-activated killer cells stimulated
with anti-CD3 monoclonal antibody. Three of 5 patients
showed effective response to this treatment (1 partial remission, 2 stable disease more than 6 months). There
was no serious complication related to treatment. This
combination of chemotherapy and immunotherapy could
be considered to cause synergistic effect and more studies
are waited.

EUS-GUIDED TUMOR ABLATION
Local ablative modalities such as radiofrequency abla26
27
tion (RFA), photodynamic therapy (PDT), or brachy28,29
are also applied to pancreas in animal studies
therapy
or human studies. RFA is primarily delivered to liver percutaneously or intraoperatively. EUS-guided RFA in a pig
model proved that this modality can also be delivered to
the pancreas transgastrically and cause well-demarcated
26
coagulation zone. EUS-guided RFA may be a potential
modality for the management of small pancreatic tumors.
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This modality, however, should be improved and refined
to reduce the possible complications such as pancreatitis,
gastric burn or perforation. EUS-guided PDT in a pig
model showed that it is possible to pass 19-gauge needle
into the liver or pancreas and make localized tissue necrosis without causing significant procedure-related
27
complications.
Radioactive seeds of iodine-125 are injected directly into tumors in patients with advanced pancreatic cancer under EUS-guidance. This approach achieved partial response, minimal disease or stable disease and clinical
benefit was seen in 30% of patients, primarily from re29
duction of pain.

CONCLUSION
In conclusion, EUS-guided injection offers minimally invasive access for delivery of local therapeutic modalities
including gene therapy, RFA, PDT, brachytherapy, and
immunotherapy. EUS-guided antitumor therapy is a continuously evolving field and many studies are currently
undergoing. Many of these approaches are still investigational but will play a key role in the treatment of benign
and malignant pancreatic disease in the future.
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