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Pancreatic cancer is the second most frequent gastrointestinal

malignancy and carries a dismal prognosis. The current standard of

care includes resection, if possible, as well as systemic chemoradia-

tion therapy. Endoscopic ultrasound (EUS) is an established tech-

nique for the diagnosis and staging of pancreatic adenocarcinoma.

Interventional EUS via fine needle injection (FNI) for the treat-

ment of pancreatic cancer is a rapidly expanding field. The present

article reviews the up-to-date developments in EUS FNI for intra-

tumoural pancreatic cancer therapy, including antitumoural agents,

immunotherapy, ablative techniques and new delivery systems. The

therapeutic modalities discussed are currently under development

and will hopefully reach clinical practice if benefit is demonstrated

through clinical trials. EUS FNI may be an exciting new technique

for the delivery of desperately needed novel therapies for pancreatic

cancer.
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Une thérapie intratumorale du cancer du
pancréas, orientée par échoendoscopie

Le cancer du pancréas est le deuxième cancer gastro-intestinal le plus

fréquent, et son pronostic est lugubre. La norme actuelle de soins inclut

une résection, dans la mesure du possible, ainsi qu’une chimioradio-

thérapie systémique. L’échoendoscopie est une technique établie pour

poser le diagnostic et établir la phase de l’adénocarcinome du pancréas.

L’échoendoscopie interventionniste par injection à l’aiguille est en rapide

expansion dans le traitement du cancer du pancréas. Le présent article

analyse les développements à jour de l’échoendoscopie à l’aiguille dans la

thérapie intratumorale du cancer du pancréas, y compris les agents anti-

tumoraux, l’immunothérapie, les techniques ablatives et les nouveaux sys-

tèmes de libération de médicaments. Les modalités thérapeutiques

abordées sont en voie de développement, et on espère qu’elles seront uti-

lisées en pratique clinique si des essais cliniques en démontrent l’efficac-

ité. L’échoendoscopie à l’aiguille pourrait être une nouvelle technique

captivante pour l’administration de nouvelles thérapies dont on a dés-

espérément besoin pour le cancer du pancréas.

Pancreatic adenocarcinoma is the second most frequent gas-
trointestinal malignancy and the fourth leading cause of

cancer mortality in the United States (1,2). Overall survival is
dismal, with a one- and five-year survival of 20% and less than
4%, respectively (1). Resection offers the best chance for
patients to be cured. For the minority of patients who have
resectable disease (15%), five-year survival is improved to 20%
to 25% (3).

All patients with pancreatic cancer may benefit from sys-
temic therapy. Adjuvant chemoradiation therapy with
5-fluorouracil improves survival compared with surgery alone
(4,5). Furthermore, neoadjuvant chemoradiation may reduce
locoregional recurrence (6). Gemcitabine offers a modest
improvement over 5-fluorouracil in those with unresectable
disease and, in the adjuvant setting, postcurative resection
(7,8). A recent Cochrane analysis (9) suggested that
chemotherapy improves survival and quality of life in patients
with advanced pancreatic cancer. However, current evidence
does not suggest superiority of multiagent chemotherapy or
combination chemoradiation therapy over single-agent
chemotherapy alone (9). Most recent data suggest a benefit

from the use of a protein tyrosine kinase inhibitor
(eg, erlotinib) combined with gemcitabine (10). Despite a
marginal benefit, the overall response of pancreatic cancer to
current systemic therapy unfortunately continues to be poor,
and new therapies are desperately needed (11,12).

ENDOSCOPIC ULTRASOUND AND

PANCREATIC CANCER
Endoscopic ultrasound (EUS) is a highly sensitive and accurate
modality for the diagnosis and staging of pancreatic cancer (13-
18). The position of the echoendoscope transducer within the
stomach or duodenum allows for unparalleled access to the pan-
creas. With a curvilinear echoendoscope, a needle can be passed
through the working channel under ultrasound guidance
directly into a tumour or lymph node to obtain tissue for diag-
nosis. Fine needle aspiration (FNA) increases the diagnostic
accuracy of EUS to 95% (14). Fine needle injection (FNI) has
naturally emerged from this technique, enabling therapeutic
modalities under real time EUS guidance (Figure 1). Thus, the
field of ‘interventional’ EUS is rapidly expanding from a diag-
nostic modality to the therapeutic management of pancreatic
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cancer (19-21). EUS FNI provides a safe and minimally invasive
method for direct intratumoural delivery of therapeutic agents.

EUS FNI ANTITUMOUR THERAPY FOR

PANCREATIC ADENOCARCINOMA
Many novel therapeutic agents and techniques delivered via
EUS FNI have been used in clinical trials for the treatment of
advanced pancreatic cancer. Injectable agents include acti-
vated lymphocyte cultures, viral vectors and oncolytic viruses.
All agents were solutions that were directly injected into pan-
creatic tumours through a standard EUS FNA needle.
Intratumoural coagulative techniques have also been
attempted via access through the EUS needle. Table 1 summa-
rizes the therapies studied.

EUS injectable anti-tumour agents
Cytoimplant: Chang et al (22) completed a phase I trial in
which eight patients with advanced pancreatic cancer were
given intratumoural injections of activated allogenic mixed
lymphocyte culture (cytoimplant). The cytoimplant was gener-
ated from a co-culture of healthy donor and patient peripheral
blood mononuclear cells. Doses of 3×109, 6×109 or 9×109 cells
were given in a single injection session, with no procedure-
related complications. The most common side effect was fever.
Grade 3 to 4 toxicities occurred in seven patients, including
elevated liver enzymes and bilirubin, and dehydration second-
ary to nausea and vomiting. Dose-limiting toxicity, however,
was not reached because all grade 3 to 4 toxicities were
reversible. No patient had treatment-related pancreatitis.
Tumour response was followed by computed tomography or
EUS: two patients had a partial response (ie, more than a 50%
decrease in cross-sectional area), one had a minimal response,
three had no change and two had a progression of their disease.
Median survival was 13.2 months (range 4.2 to more than
36 months). Interim results of a randomized trial comparing the
cytoimplant with gemcitabine suggested a worse outcome in

patients who had the cytoimplant. The trial was suspended and
final results have not been published.
TNFerade: TNFerade (GenVec Inc, USA) is a replication-
deficient adenovirus vector carrying the human tumour necrosis
factor-alpha gene regulated by a radiation-inducible promoter
(Egr-1). Intratumoural TNFerade with radiation has been
shown to be safe in a phase I clinical trial of 30 patients with
solid tumours (23). A phase I/II multicentre pancreatic cancer
trial was conducted, using TNFerade in combination with
continuous intravenous 5-fluorouracil (200 mg/m2/day
× five days/week) and radiation (50.4 Gy). TNFerade was
delivered intratumourally by EUS, computed tomography or
percutaneous ultrasound (PTA) guidance. The complete
results are yet to be published; however, preliminary data are
available for 50 patients, of which 27 and 23 patients had
EUS- and PTA-guided treatment, respectively (24). Partial
response occurred at three months in 13% of patients who had
EUS-guided treatment versus 10% of patients who had PTA-
guided treatment. Stabilization occurred in 73% of EUS
patients versus 75% of PTA patients, and overall survival with-
out progression occurred in 53% of EUS patients versus 47% of
PTA patients. Higher maximal tolerated doses of up to
4×1011 pu were associated with greater locoregional control, a
greater proportion of patients with stable or decreasing carbo-
hydrate antigen 19-9, a greater percentage of patients having
resections and longer progression-free and median survival.
Dose-limiting toxicity was seen in one PTA patient (hypoten-
sion) and three EUS patients (pancreatitis in two patients, and
one biliary obstruction). Other grade 1 to 2 toxicities included
fever (36%), rigors (25%), fatigue (18%), nausea and vomiting
(16%), and anorexia (12%). TNFerade delivery did not inter-
fere with surgical resection. A randomized phase II/III study is
underway and an interim analysis of the first 50 patients (tar-
get accrual of 330 patients) was presented at the American
Society of Clinical Oncology 43rd Annual Meeting in 2007
(25). The standard of care (SOC) included continuous infu-
sion of 5-fluorouracil and radiation followed by maintenance
gemcitabine or gemcitabine/erlotinib. Patients with locally
advanced unresectable pancreatic adenocarcinoma were ran-
domly assigned to receive either TNFerade plus SOC or SOC
alone. Median survival was 19.3 months for TNFerade/SOC,
compared with 11.1 months for SOC alone. There was a trend
toward improved one-year and overall survival; however, this
trend was not statistically significant. The tumour response at
three months was 73% stable disease and 27% progressive dis-
ease in patients treated with TNFerade plus SOC. Patients
treated with SOC alone had a 6% partial response, 75% stable
disease and 19% progressive disease. The difference in tumour
stabilization was not statistically significant. A second interim
analysis is anticipated.
ONYX-015: ONYX-015 (Onyx Pharmaceuticals, USA) is an
oncolytic attenuated adenovirus that preferentially replicates
in malignant cells, leading to cell death (26). Hecht et al (27)
completed a phase I/II trial of EUS FNI-guided intratumoural
delivery of ONYX-015 combined with gemcitabine in
21 patients with advanced pancreatic carcinoma. The FNI
protocol consisted of 1 mL of virus per injection, with up to
10 injections per session depending on tumour size, for a total
of eight sessions over eight weeks. The total particle dose per
session was 2×1010 pu to a maximum of 2×1011 pu, depending
on toxicity experienced with lower doses. Gemcitabine infu-
sion was given on the same day as the last four injections.
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Figure 1) Linear endoscopic ultrasound with a 19-gauge needle placed
in a hypoechoic pancreatic mass for the insertion of gold fiducials. This
patient had unresectable adenocarcinoma of the pancreas and under-
went image-guided radiation therapy in combination with gemcitabine
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Two patients developed sepsis and two duodenal perforations
occurred. All four complications were attributed to the EUS
FNI technique, and were corrected with protocol adjustments,
including a strictly transgastric approach, alteration of needle
withdrawal technique between injections and prophylactic
antibiotics. No convincing efficacy for ONYX-015 was found:
two with partial regression; two with minor progression; six with
stable disease; and 11 with progressive disease or treatment-
related toxicity. The median survival was 7.5 months.
Nonetheless, the investigators demonstrated safety and tolera-
bility of repetitive EUS-guided FNI.

EUS-guided coagulative therapies
Radiofrequency ablation: Radiofrequency ablation (RFA)
provides predictable coagulative necrosis to a defined area,
with relatively low morbidity compared with surgical interven-
tion. It has primarily been administered percutaneously or
intraoperatively to patients with hepatocellular carcinoma and
metastases to the liver, brain or bone. Goldberg et al (28) stud-
ied the safety of EUS-guided RFA in a pig model. A needle

electrode was passed transgastrically under EUS guidance to
the tail of the pancreas in 13 Yorkshire pigs. Energy was sup-
plied by a 500 kHz monopolar RF generator, through an insu-
lated metal needle with only its distal 1 cm to 1.5 cm tip left
uninsulated. Radiofrequency was applied for 6 min with a goal
tip temperature of 90°C. The first five pigs were euthanized
after ablation, and pathology showed a well-demarcated acute
coagulation zone of 8 mm to 10 mm in all specimens. Two of
these pigs had gastric burns, but no frank perforation. The
other eight pigs were followed for 14 days, showing progression
from subacute coagulation, to walled off coagulation, to fibro-
sis. On day 2, one pig had mild hyperamylasemia and had a
subsequent pseudocyst formation at day 14; another had an
intestinal serosal burn at day 14. EUS-guided RFA may be a
potential modality for the treatment of small neuroendocrine
tumours, poorly accessible liver lesions or unresectable pancre-
atic adenocarcinoma.
Photodynamic therapy: Photodynamic therapy (PDT)
involves the administration of a photosensitive agent that is
activated by light in the presence of oxygen. Photochemical
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TABLE 1
Endoscopic ultrasound (EUS)-guided fine needle injection (FNI) antitumoural therapies for pancreatic cancer

Reference, year Therapy n Tumour response (%) Adverse events

Chang et al (22), 2000 Cytoimplant 8 Partial (25) Fever

Minimal (12) Elevated liver enzymes/bilirubin

Stable (37) Nausea/Vomiting

Progression (25)

Farrell et al (24) (Abst), TNFerade 51 Partial (13) Fever

2006 Stable (73) Rigors

Fatigue

Nausea/Vomiting

Anorexia

Posner et al* (25) (Abst), 2007 TNFerade 51 Stable (73) Neutropenia

Progressive (27)

Hecht et al (27), 2003 ONYX-015 (Onyx Pharmaceuticals, USA) 21 Partial (10) Duodenal perforation

Minor (10) Sepsis

Stable (30)

Progression (50)

Goldberg et al (28), 1999 Radiofrequency ablation 8 (porcine) N/A Gastric burns

Hyperamylasemia

Pseudocyst

Serosal burns

Chan et al (30), 2006 Photodynamic therapy 3 (porcine) N/A None stated

Sun et al (31), 2006 Brachytherapy (iodine-125) 15 Partial (27) Pancreatitis

Minimal (20) Pseudocyst

Stable (30) Hematological

Jin et al (32) (Abst), 2007 Brachytherapy (iodine-125) 28 Partial (11) Fever

(25 pancreatic) Stable (43)

Progressive (36)

Matthes et al (35), 2007 OncoGel (Protherics, United Kingdom) 3 (porcine) N/A None stated

Sun et al (36), 2007 Solid polymer embedded 5-fluorouracil 6 (canine) N/A None stated

Nonogaki et al (46) (Abst), 2007 Immature dendritic cells 5 Partial (20) Leukopenia

Stable (40)

Summary of studies for EUS-guided antitumoural therapies for pancreatic cancer. *This study is the only randomized controlled trial currently ongoing. Patients are
randomly assigned to receive either TNFerade (GenVec Inc, USA) with standard of care (SOC) or SOC alone. For the first 51 patients enrolled (of a target total of
330), no statistical significance was found between the TNFerade plus SOC group versus the SOC alone group in overall, median and one-year survival, or in
tumour response. Only one adverse event (ie, neutropenia) occurred in more than 15% of patients and was more frequent in patients who received TNFerade plus
SOC compared with SOC alone. N/A Not applicable
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tissue necrosis occurs rather than an ionizing thermal burn
(ie, RFA), resulting in tumour necrosis but minimal damage to
connective tissue. Brown et al (29) conducted a phase I study
in 16 patients with inoperable pancreatic adenocarcinoma.
PDT was delivered percutaneously, and results showed that all
had tumour necrosis on repeat imaging. Two patients with
gastroduodenal artery involvement had significant gastroin-
testinal bleeding. Three patients developed duodenal obstruc-
tion. The median survival was 9.5 months, with 44% alive
after one year. Chan et al (30) studied EUS-guided PDT in a
pig model. Three pigs were pretreated with porfimer sodium
and a 19-gauge fine needle was passed into the liver, kidney,
spleen and pancreas under EUS guidance. Light was supplied
through a small diameter quartz optical fibre with a 1.0 cm
cylindrical light diffuser that was passed through the needle
into the tissue. Fifty joules of 630 nm light over 125 sec was
delivered per treatment. In total, there were 26 treatment loca-
tions, of which nine were in the pancreas. Localized tissue
necrosis was seen in all organs treated. The area of necrosis in
the pancreas was 3.6 mm2, of which 100% had complete
necrosis, 44% had a hemorrhage present, and 67% had granu-
lation tissue. There were no significant procedure-related com-
plications or pancreatitis. EUS-guided low-dose PDT may
therefore be safe and feasible for benign or malignant lesions of
the pancreas, liver, kidney or spleen.
Brachytherapy: Brachytherapy has been successfully used in a
number of solid organ tumours. Radioactive seeds, including
iodine-125 (125I) and palladium-103 (103Pd), are placed
directly into tumours or lymph nodes. A pilot study by Sun
et al (31) in 15 patients with unresectable pancreatic cancer
demonstrated the safety and feasibilty of EUS-guided
brachytherapy. A mean of 22 seeds (125I) were inserted under
EUS guidance for a mean total activity of 20 mCi. Twenty-
seven per cent had a partial response, 20% had a minimal
response, and 33% had stable disease. Clinical benefit was
seen in 30% of patients, primarily from reduction of pain.
Three patients experienced pancreatitis and pseudocyst for-
mation, and three patients had grade 3 hematological toxicity.
A similar study by Jin et al (32) has recently been presented
in abstract form. Twenty-eight patients with abdominal
malignancies were treated with 125I brachytherapy in combi-
nation with chemotherapy. Twenty-five patients had
advanced pancreatic cancer, while the other three patients
had metastases (cholangiocarcinoma, gastric cardia adeno-
carcinoma and an unknown secondary adenocarcinoma).
After a median follow-up time of 5.4 months, only three cases
(10.7%) had a partial response, while 12 had stable disease,
10 had progressive disease and three were lost to follow-up.
There were no serious complications related to the proce-
dures; however, 54% of the patients developed mild fever in
the first 24 h. Particle-based brachytherapy using phosphorus-
32 (32P) in two patients has also been reported in abstract
form (33). This may improve the distribution of radioactive
material through the tumour, solve the mechanical difficulties
of inserting solid seeds and possibly improve efficacy.

FUTURE EUS-GUIDED FNI 

ANTITUMOURAL THERAPIES
A multitude of agents are in development that potentially can
be delivered by EUS FNI. Broad targets include inhibitors of
oncogenes with antisense oligonucleotides or competitive
RNA, replacement of tumour suppressor genes, inhibition of

cell signalling pathways, gene-directed prodrug activation,
replication competent oncolytic viruses, angiogenesis
inhibitors and apoptosis promoters (34). While most only
show moderate anti-tumoural activity in early in vitro and
in vivo trials, combinations of treatments or alterations of dose
and route of delivery may improve efficacy.

Innovative drug delivery systems may potentially improve
the efficacy of locally injected chemotherapeutic or anti-
tumoural agents. The ReGel drug delivery system (Macromed
Inc, USA) is a thermosensitive biodegradable polymer. At
body temperature, the injected water-soluble polymer is trans-
formed to a water-insoluble hydrogel that continuously
releases the drug to the target organ. Matthes et al (35) have
demonstrated localized, sustained high concentrations of
paclitaxel in the pancreata of pigs when injected with the
OncoGel (ReGel combined with paclitaxel) delivery system
(Protherics, United Kingdom). Solid polymers embedded with
5-fluorouracil have been inserted into canine pancreata (36).
Local tissue necrosis was demonstrated without significant
complications to the animals. Newly developed nanotubes
have been recently reported in abstract form for the delivery of
gadolinium to enhance the magnetic resonance imaging signal
in porcine pancreata (37). Conceivably, this technology can
also be used to deliver antitumour therapy. All of these new sys-
tems may prove to be an effective means of targeted drug deliv-
ery, thereby increasing local drug concentrations and efficacy.

EUS-guided FNI may have a supportive role in targeted
radiation therapy. Image-guided radiotherapy (IGRT) is a
method of delivering highly conformal radiation treatments,
thereby causing minimal toxicity to surrounding tissue.
Initially developed more than 50 years ago for tumours of the
brain and central nervous system, IGRT has more recently
been applied to non-central nervous system tumours with fidu-
cials as reference points for radiation beam tracking and deliv-
ery. Koong et al (38,39) have demonstrated excellent local
control in phase I/II studies of IGRT in patients with locally
advanced pancreatic cancer, albeit with no change in overall
survival. Gold fiducials were placed laparoscopically or with
computed tomography guidance. EUS-guided gold fiducial
placement in abdominal and mediastinal malignancies has
been shown to be safe and feasible (40,41). Presently, there are
no data comparing methods of fiducial placement; however,
EUS offers the advantages of a relatively low risk procedure
and technical ease of insertion. At our centre (Stanford
University Medical Center, Stanford, California, USA), all
patients undergoing IGRT for advanced pancreatic cancer
have fiducials placed by EUS FNI. 

Immunotherapy for pancreatic cancer treatment is a novel
concept based on progressive knowledge regarding the role of
the immune system in cancer surveillance and control.
Dendritic cells (DCs) are extremely potent tumour antigen-
presenting cells and are known to have numerous critical
immunoregulatory functions (42). Tumours may escape
immune surveillance by DC inactivation (43) or due to a lack
of DCs (44). Prior in vitro studies have shown that DCs
exposed to tumour cell lysates from human pancreatic carci-
noma cell lines induce a strong T cell response against the can-
cer cells (45). Translational research for cancer treatment in
this field, however, is complicated by the many factors
involved in DC generation. Conditions of DC generation,
maturation state, activating factors, timing of injection and
route of injection all may significantly affect tumoural
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response. Nonogaki et al (46) presented the first abstract for
dendritic cell therapy in human pancreatic cancer at
Digestive Disease Week 2007. Five patients with locally
advanced pancreatic cancer were treated with gemcitabine
and biweekly EUS-guided injection of immature DCs.
One patient had a partial tumour response, allowing curative
resection, and two other patients had stable disease for over
six months. Grade 2 leukopenia occurred in one patient. Our
centre is currently conducting a phase I/II trial of EUS-guided
FNI intratumoural dendritic cell immunotherapy in combina-
tion with chemoradiation therapy. Dendritic cell therapy may
have a significant role in the future therapy of pancreatic can-
cer. An even more intriguing concept of this therapy is the
possibility of long-term immunity (ie, vaccination effect)
against adenocarcinoma.

SUMMARY
Effective treatment for pancreatic cancer is urgently needed.
EUS has played a key role in the diagnosis and staging of dis-
ease. With advancing technology, EUS with FNI can now pro-
vide therapeutic modalities by direct intratumour delivery of
antitumour agents. Studies to date have demonstrated the
safety and feasibility of various EUS-guided FNI therapies;
however, no large efficacy trials have been completed. Early
studies with cytoimplant and ONYX-015 unfortunately seem
ineffective as single agents. The efficacy of TNFerade appears
to be promising, and larger randomized trials are underway.
Larger studies demonstrating the efficacy of EUS-guided coag-
ulative therapies are needed. Immunotherapy with DCs shows
promise, and may improve patient outcomes in the future.
With its safety and ease of intratumoural delivery of therapeu-
tic agents, EUS-guided FNI will play a key role in the future
treatment of advanced pancreatic cancer. 
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