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Abstract

The impressive technological advances in recent years have rapidly translated
into the shift of endoscopic ultrasound (EUS) from diagnostic modality into an
interventional and therapeutic tool. Despite the great advance in its diagnosis, the
majority of pancreatic adenocarcinoma cases are inoperable when diagnosed, thus
demanding alternative optional therapies. EUS has emerged as an easy, minimally
invasive modality targeting this carcinoma with different interventions that have
been reported recently. In this review we summarize the evolving role of
interventional therapeutic EUS in pancreatic adenocarcinoma management.

Key Words: Endoscopic ultrasound; Pancreas; Cancer; Management; Palliative

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The prognosis of pancreatic adenocarcinoma is poor in advanced stages.
Several studies were conducted recently to assess the effect of different treatment
options provided through endoscopic ultrasound (EUS). We present a comprehensive
review on the role of EUS in unresectable pancreatic adenocarcinoma treatment while
exploring its effect on survival and palliation. We found that EUS-guided intervention
is feasible with excellent technical success, limited adverse events, a beneficial effect
on cancer-associated pain and an as-yet unknown effect on survival. For EUS-assisted
therapies there are still many unknowns and unanswered questions, prompting the need
for additional prospective randomized controlled studies comparing the different
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treatment approaches combined with chemo +/- radiotherapy with respect to success,
efficacy, safety and survival.
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INTRODUCTION

Pancreatic adenocarcinoma is the seventh leading cause of cancer death worldwide
with poor prognosis according to the 2020 GLOBOCAN cancer estimates[1]. About
half of patients are diagnosed with metastatic disease and 30% with locally advanced
disease and are deprived from the only potential cure of surgical intervention[2]. The
median overall survival for stages IV and Il is of 2-3 and 7-11 mo, respectively[3]. As a
result, those patients are usually offered supportive care, palliative chemotherapy and
radiology, and palliative surgical interventions. Endoscopic ultrasound (EUS), first
introduced about 40 years ago as a diagnostic tool, has quickly gained popularity as an
interventional therapeutic tool in a broad range of gastrointestinal, pancreato-biliary
and liver diseases due to its high spatial resolution. There are several characteristics of
EUS that improve its utility as an interventional therapeutic instrument. The first and
most crucial property is its high spatial resolution and the proximity of its transducer
to the target lesion, allowing it to access small lesions while avoiding intervening
structures, blood vessels and air[4]. The second advantage lies in its minimal
invasiveness and high safety profile in targeting pancreatic lesions; these have
advanced this modality over interventional radiology and surgery in diverse
pancreatic tumor treatment applications[5]. The third advantage is its ability to obtain
contrast-enhancement images which seems to improve diagnostic performance in
pancreatic masses[2]. The final benefit is the technical advancement in developing
devices designed specifically to allow minimally invasive therapeutic interventions[6].
An increasing number of articles reporting these new EUS applications in pancreatic
adenocarcinoma have been published, including EUS guided thermal ablation, ethanol
ablation, delivery of antitumor agents, brachytherapy, fiducial marker placement
(FMP), and EUS-guided celiac plexus neurolysis/block (CPN/B). In this review we
summarize the literature dealing with interventional therapeutic EUS in pancreatic
adenocarcinoma, aiming to present an updated comprehensive review on this topic.

LITERATURE SEARCH

A search for studies published before August 2021 was performed in the PubMed
databases with the keywords EUS or endoscopic ultrasound and any of the following:
Carcinoma or adenocarcinoma of pancreas, pancreatic tumor, treatment or
therapeutic, intervention, ablation, injection, brachytherapy, fiducial markers and
CPN. The search was restricted to articles in the English language and included
prospective, retrospective, case series and randomized controlled studies. Review
articles and case reports were not included. Subsequently, we generated a state-of-the-
art comprehensive review by summarizing the most updated data on EUS-guided
intervention published in the last several years and focusing on feasibility, technical
success, safety and effect on overall survival and palliation when the data were
available.

EUS-GUIDED INTRA-TUMORAL INJECTIONS

Intra-tumoral EUS fine needle injection (EUS-FNI), is a relatively new treat-to-target
modality aiming to deliver and potentially achieve high intra-tumor drug concen-
tration while minimizing systemic exposure and toxicity from those drugs[7,8]. This
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method allows tumor reduction prior to surgery or serves as a palliative treatment in
unresectable tumors with mass effect including obstructive symptoms[8]. EUS-FNI
enables performance of several therapeutic interventions including chemotherapy,
immunotherapy, gene therapy and intra-tumoral implantation. Table 1 demonstrates
all studies of EUS-guided intra-tumoral injections.

CHEMOTHERAPY

A prospective study from Mayo Clinic evaluated EUS-FNI of gemcitabine in 36
patients (long-term data were available in 28 patients) with unresectable pancreatic
adenocarcinoma (3 patients with stage II, 20 with stage III and 13 with stage IV). They
reported no adverse events, partial response in 25% of patients, stable disease in 57%
of patients and down-staging in 20% of stage III patients who underwent surgical
resection, with a median of an overall survival of 10.4 mo (95% confidence interval,
2.7-68), and an overall survival of 78%, 44%, and 3% at 6 mo, 12 mo and 5 years,
respectively, leading the authors to conclude that this treatment option is feasible, safe,
and potentially effective[9].

IMMUNOTHERAPY

Intra-tumoral immunotherapy, including mixed lymphocyte culture and immature
dendritic cells, have the ability to induce a tumor-specific immune response which can
be effective, not only locally but also on metastatic lesions[7]. The first clinical trial of
immunotherapy was published about 20 years ago and enrolled 8 patients with
unresectable pancreatic adenocarcinoma who were treated by EUS-FNI of mixed
lymphocyte culture (cytoimplant). They showed this treatment option to be feasible
without procedure-related complications and with no substantial toxicity. Notably, the
median overall survival was 13.2 mo, with tumor response ranging from 'minor' until
'no change'; however, there were no cases of significant or complete tumor response
[10]. Later, Irisawa et al[11] reported their experience with seven patients suffering
from stage IV gemcitabine non-responsive pancreatic adenocarcinoma who underwent
EUS-FNI of immature dendritic cells with radiation therapy administered first in five
patients. They showed clinical response in three of the patients with no procedure-
related adverse event nor dendritic cell-related toxicity, and with an overall median
survival rate of 9.9 mo[11]. Another study from Japan evaluated the feasibility, safety
and histological change of preoperative EUS fine-needle injection of immature
dendritic cells with OK-432 (immune-potentiating agent) in pancreatic cancer patients.
In their study, nine patients were enrolled and compared to a group of 15 patients who
were operated without dendritic cell injection. They reported no adverse reaction
following injection in the nine patients except for one with transient fever, and no
significant difference in postoperative complication incidence between both groups or
in the overall median survival. Interestingly, two patients in the injection group
survived for more than 5 years without disease recurrence. Analysis of resected
specimens in the injection group showed that CD83 + cells significantly accumulated
in the regional lymph nodes, as well as Foxp3 + cells in the regional and distant lymph
nodes[12].

GENE THERAPY

Gene therapy takes advantage of the preference of oncolytic attenuated adenovirus
[ONYX-015 (Onyx Pharmaceuticals, United States)] to selectively replicate in
malignant cells, leading to their lysis and death[13]. The first study was performed by
Hecht et al[14] who enrolled 21 patients with locally advanced pancreatic adenocar-
cinoma in a trial of intra-tumoral ONYX-015 injection via EUS in combination with
gemcitabine. They demonstrated the feasibility, safety and tolerability of this treatment
modality when EUS-FNI was performed through a trans-gastric route with prophy-
lactic antibiotic. However, no convincing evidence of efficacy was shown as only two
patients showed partial regression, two showed minor response, and six had stable
disease, while 11 had progressive disease, with a median overall survival of 7.5 mo
[14]. Furthermore, a subsequent study by Senzer et al[15] demonstrated the safety and
efficacy of intra-tumoral injection of TNFerade (GenVec Inc, United States), an
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Table 1 Human studies reporting endoscopic ultrasound-guided intra-tumoral injection therapies

Median g
. : . . Serious
. EUS-guided Patients Technical overall Pain
Ref. Study design Cancer stage . . 0 . . adverse
intervention No. success (%) survival palliation
events, n
(mo)
Levy et al[9], Prospective M(n=3);II (n=  Chemotherapy 36 100 10.4 Not reported 0
2017 20); IV (n = 13)
Chang et al Prospective I(n=4);Il(n= Immunotherapy 8 100 13.2 Not reported 0
[10], 2000 3);IV (n=1)
Irisawa et al Prospective IV (n=7) Immunotherapy 7 100 9.9 Not reported 0
[11], 2007
Endo et al[12], Prospective M(n=1);1I(n=  Immunotherapy 9 100 18 Not reported 3’
2012 5); 1V (n =3)
Buscail et al Prospective III (n =13); IV (n  Gene therapy 22 100 12.6 Not reported 0
[23], 2015 =9)
Hecht et al Prospective II (n=9); IV (n = Gene therapy 21 100 7.5 Not reported 47
[14], 2003 21)
Hecht et al Prospective III (n = 27) Gene therapy 27/50 100 9.9 Not reported ~ 40’
[16], 2012
Hermanetal  Prospective III (n = 95) Gene therapy 95/187 100 11.5 Not reported ~ 48*
[17], 2013
Hanna et al Prospective Unresectable Gene therapy 6 100 6 Not reported  1°
[18], 2012
Hirooka et al Prospective III (n = 9) Gene therapy 9 100 15.5 Not reported  2°
[20], 2018
Nishimura et ~ Prospective III (n = 5); IV (n=Gene therapy 6 100 5.8 Not reported 0
al[22], 2018 1)
Golan et al Prospective III (n = 15) Intra-tumoral 15 100 15.1 Not reported 4"
[25], 2015 implantation

Pancreatic fistula (2 patients) and superior mesenteric artery pseudoaneurysm (1 patient).

Sepsis (2 patients), duodenal perforations (2 patients).

3The authors did not state whether these adverse events were in the endoscopic ultrasound (EUS) group or in the percutaneous group: Gastrointestinal
bleeding (6 patients), deep vein thrombosis (6 patients), pulmonary embolism (2 patients), pancreatitis (2 patients), cholecystitis (1 patient), biliary
obstruction (8 patients), cholangitis (6 patients), hypotension (2 patients), bradycardia (1 patient), supraventricular tachycardia (1 patient), splenic artery
thrombosis (1 patient), intestinal ischemia (1 patient), staphylococcus infection (1 patient), cerebrovascular accident (1 patient), cardio-pulmonary arrest (1
patient).

#The authors did not state what are the serious adverse events and whether these adverse events were in the EUS group or in the percutaneous group.
®Hypoglycemia (1 patient).

®Perforation of duodenum (1 patient) and hepatic dysfunction 1 patient), but these events were considered not to be related.

’Colonic obstruction (1 patient), pancreatitis (1 patient), cholangitis (1 patient), renal failure (1 patient).

adenovirus vector with replication deficiency that carries the human tumor necrosis
factor-alpha gene regulated by a radiation-inducible promoter, followed by radiation
has been demonstrated in a phase I clinical trial of 30 patients with solid tumors, 21 of
30 patients (70%) demonstrated objective tumor response (five complete, nine partial,
and seven minimal responses), with only mild toxicities reported as the most common
adverse event, including fever (22%), injection site pain (19%) and chills (19%)[15]. A
phase I/1I non-randomized study enrolled 50 patients for intra-tumoral TNFerade
treatment with 5-fluorouracil and radiotherapy for locally advanced pancreatic cancer
(27 patients were administered under EUS guidance and 23 patients through the
percutaneous route). Their results showed promise with intra-tumoral TNFerade
injection, with an overall median survival of 9.9 mo, and median time-to-tumor
progression of 3.6 mo, as one patient had complete response, three had partial
response, and twelve had stable disease, while 19 patients had progressive disease.
Notably, there was a high safety signal in this study, as 40 serious adverse events were
recorded, however we were unable to extract whether these adverse events were in the
EUS group or in the percutaneous group, as this information was not supplied by the
authors[16]. In a randomized phase III multi-institutional study enrolling 304 patients,
187 were treated with standard of care and TNFerade (95 patients under EUS-
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guidance and 91 percutaneously) vs 117 who received only standard of care therapy.
Although the method was shown to be safe, it did not lead to prolonged survival, as
the median overall survival was 10 mo in both the 'standard of care and TNFerade'
and the 'standard of care alone' groups. Notably in that study, serious related adverse
events occurred in 48 patients (25.7%) of the 'standard of care and TNFerade' group, as
compared to 20 patients (16.7%) in the 'standard of care' group (P = 0.13); however, the
serious adverse events were not detailed and the authors did not report whether those
adverse events occurred in the EUS or the percutaneous sub-group of the 'standard of
care and TNFerade' group[17]. BC-819 is a double-stranded DNA plasmid designated
to target the expression of diphtheria-toxin gene under the control of H19 regulatory
sequences, and thus have the potential to treat cancer with H19 overexpression. The
pharmacokinetics, tolerability and safety and preliminary efficacy of intra-tumoral-
injected BC-19 were assessed in a phase 1/2a study of nine patients with unresectable
pancreatic adenocarcinoma. The authors reported no increase in tumor size 4 wk after
receipt of first treatment, down staging and conversion into resectable cancer in two
patients and partial response in three patients after 3 mo. Remarkably, only one
spontaneously-resolving asymptomatic lipase elevation considered to be an adverse
event, occurred. BC-819 combined with systemic chemotherapy may have additive
therapeutic benefit in these patients[18]. Another oncolytic virus is HF10 that enjoys
the unique property of being a spontaneous mutation product of herpes simplex virus-
1 without artificial modification. It has a high affinity to tumor cells and high
replication leading to antitumor immune response[19]. A phase I clinical trial of EUS-
guided intra-tumoral injection of HF10 in combination with erlotinib and gemcitabine
in 10 patients with unresectable locally-advanced pancreatic cancer reported three
partial responses, four stable disease and two progressive diseases in the nine subjects
who completed the treatment. However, five patients showed Grade III myelosup-
pression and two patients developed serious adverse events (perforation of
duodenum, hepatic dysfunction), though these events were considered to be unrelated
to HF10. Two patients underwent RO surgical resection after down staging. The
median progression-free survival was 6.3 mo and the overall survival 15.5 mo[20]. The
effect of the synthetic double stranded RNA oligonucleotide, STNMO01, known to
selectively inhibit the expression of carbohydrate sulfotransferase-15 (CHST-15)[21],
was explored by Nishimura et al[22], who injected STNMO1 intra-tumorally with EUS-
guidance in six patients with unresectable pancreatic cancer. They reported tumor
necrosis in biopsy in four patients and significant reduction of CHST15 in two patients,
with an overall survival of 15 mo in these two patients, but only 5.7 mo in the other
four patients. The authors concluded that EUS-FNI of STNMO1 in these patients is safe
and feasible[22]. A previous interesting study with 22 patients aimed to assess the
effect of CYL-02, a non-viral gene therapy targeted to sensitize pancreatic cells to
chemotherapy, reported promising results. Nine patients showed stable disease up to
6 mo following treatment and two of these patients experienced long-term survival,
with a median overall survival of 12.6 mo, and without serious adverse events[23].

INTRA-TUMORAL IMPLANTATION

Zorde Khvalevsky et al[24] developed a local prolonged siRNA delivery system (Local
Drug EluteR, LODER) releasing siRNA against the mutated KRAS (siG12D LODER),
enabling siRNA protection from degradation and prolonged periods of intra-tumoral
slow release with proved therapeutic efficacy[24]. The tolerability, efficacy and safety
of EUS-guided intra-tumoral injection of miniature biodegradable implant siG12D-
LODER, releasing a specific silencing RNA against K-RAS mutations in combination
with chemotherapy for locally advanced pancreatic cancer patients was shown in a
study by Golan et al[25]. Their open-label Phase 1/2a study included 15 patients; of the
12 patients analyzed by computed tomography (CT) scans, 10 demonstrated stable
disease and two showed partial response. Seven patients had a decrease in tumor
marker CA19-9. The median overall survival was 15.12 mo. Serious adverse events
were reported in four patients[25].

COMBINATION’S INJECTION

A recent phase 1 study by Lee et al[26] evaluating the safety and tolerability of Ad5-
yCD/mutTK(SR39)rep-ADP (Ad5-DS), a replication-competent adenovirus-mediated
double-suicide gene therapy in combination with gemcitabine, demonstrated the good
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tolerability and safety of this combination[26]. Five of their nine patients with
inoperable locally-advanced pancreatic cancer treated with the combination of
intravenous gemcitabine and EUS-FNI of dendritic cell followed by intravenous
infusion of lymphokine-activated killer cells, showed response without treatment-
related severe adverse events[27]. Another study evaluated the feasibility, safety and
efficacy of EUS-FNI of zoledronate-pulsed dendritic cell combined with intravenous
administration of apT cells and gemcitabine in 15 patients with locally-advanced
pancreatic adenocarcinoma. Most of these patients had clinical response and seven
had stable disease; the authors concluded that this combination may have a
therapeutic benefit. Adverse events were reported in four patients, two of which were
related to gemcitabine[28].

EUS-GUIDED ABLATION THERAPIES

Dedicated ablation devices are designed to perform specific ablative procedures in
patients with inoperable pancreatic cancer, or who are at high surgical risk or refuse
surgery. The procedures include ethanol ablation, thermal ablation including hybrid
cryothermal ablation, radiofrequency ablation (RFA), Photodynamic ablation (PDT)
and laser ablation[6]. Table 2 shows all studies of EUS-guided ablation therapies.

ETHANOL ABLATION

Ethanol is an attractive ablative agent due to its wide availability, low cost and
efficacy. Once injected it causes rapid coagulation necrosis resulting from protein
denaturation, cell membrane lysis and vascular occlusion[29]. Its superiority over the
percutaneous route resides in its proximity to the pancreas, allowing precise
localization and measurement of the lesion with real-time imaging, thus minimizing
damage to surrounding normal tissue[30]. To date, we could identify only one study
that reported the effect of EUS-guided ethanol injection in pancreatic adenocarcinoma:
Facciorusso et al[31] evaluated pain management in 123 patients with pancreatic
adenocarcinoma, as well as the treatment's effect on overall survival. That study
compared the efficacy and safety of EUS-guided tumor ethanol ablation in
combination with CPN (65 patients) vs CPN alone (58 patients). The combination
therapy was shown to be significantly superior to CPN alone in terms of pain relief (P
= 0.005) and complete pain response (P = 0.003), with additional survival benefit (8.3
mo vs 6.5 mo, respectively). The median duration of pain relief lasted for 18 d (range
13-20) in the combined group, as compared to 10 d (range 7-14) in the CPN group (P =
0.004)[31].

RFA

The high temperature, ranging between 60-100 °C induced by RFA results in
irreversible cellular damage, apoptosis and coagulative necrosis[32]. Additionally, it is
believed that RFA induces immunomodulatory activity, with anticancer effect[33].
EUS-guided RFA is a minimally invasive, feasible, easy and safe ablative modality that
constitutes the ablative modality of choice for several solid tumors[34]. Several small-
case series recently assessed this modality in pancreatic cancer. Three feasibility
studies were performed in this field; the first was by Song et al[35] in which six
patients with unresectable pancreatic ductal adenocarcinoma were enrolled to assess
feasibility and safety of this modality. This study demonstrated an ablation area within
the tumor by contrast- enhanced EUS, with no major side effects (two patients suffered
from mild abdominal pain) and with complete technical success[35]. The second study
by Crino et al[36] evaluated the technical success, feasibility and safety of EUS-guided
RFA in eight patients with pancreatic adenocarcinoma and one patient with renal cell
metastasis; they reported feasibility in eight patients, with no major side effects. One-
and 30-d' CT demonstrated necrosis of about 30% of the tumor. Three patients
reported mild abdominal pain. One of the nine patients was excluded due to a large
necrotic portion[36]. The third study, by Scopelliti et al[37] enrolled 10 patients with
pancreatic ductal adenocarcinoma, and reported success in all patients, with no major
adverse events, and with scan-documented area of necrosis within tumor at 30 d post-
ablation[37]. A study of 30 patients examined whether SMAD4 status affects post-RFA
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Table 2 Human studies reporting endoscopic ultrasound-guided ablation therapies

. . . Median . .. Serious
Study EUS-guided Patients Technical Pain palliation
Ref. . Cancer stage . . 0 overall . 0 adverse
design intervention No. success (%) . (patients %)
survival (mo) events, n
Facciorusso et al  Prospective III (n = 50); IV ( Ethanol ablation ~ 65 100 8.3 90.7 at week 2 0
[31], 2017 n =15)
Song et al[35], Prospective  IIl (n=4);IV( RFA 6 100 L Not reported 0
2016 n=2)
Crino et al[36],  Prospective  III (n = 8) RFA 8 100 = Not reported 0
2018
Scopelliti et al Prospective I (n = 10) RFA 10 100 = Not reported 0
[37], 2018
Paiella et al[38], Retrospective Notreported  RFA 30 100 15 Not reported 0
2018
Bang et al[39], Prospective Il (n=2);Ill (n RFA 12 100 Not reported Significant 0
2019 =3);,IV(n=7)
Arcidiacono et al Prospective  III (n = 22) HCA 22 72.8 6 Not reported 1’
[41], 2012
DeWitt et al[45], Prospective  III (n =12) PDA 12 100 115 Not reported 0
2019
Di Matteo etal ~ Prospective  III (n =9) Laser ablation 9 100 7.4 Not reported 0

[46], 2018

IFeasibility studies not aimed to assess impact on overall survival.

2Minor bleeding in duodenal lumen successfully stopped by hemoclips (1 patient). RFA: Radiofrequency ablation; HCA: Hybrid cryothermal ablation;

PDA: Photodynamic ablation; EUS: Endoscopic ultrasound.
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disease-specific survival in patients with locally advanced pancreatic adenocarcinoma.
Results showed that patients with wild-type SMAD4 survived significantly longer
than patients with mutant type SMAD4 (22 mo vs 12 mo, respectively) with an overall
estimated post-RFA disease-specific survival of 15 mo, probably indicating that this
gene may help in selecting patients for RFA[38]. Moreover, a recent study by Bang et al
[39] assessed the role of EUS-guided RFA for pain relief in pancreatic cancer as
compared to EUS-guided CPN, and revealed that the EUS-guided RFA was associated
with significant improvement in pain associated with pancreatic cancer (P < 0.05), in
addition to less-severe gastrointestinal symptoms, with better quality of life and
emotional functioning[39].

HYBRID CRYOTHERMAL ABLATION

Using a flexible hybrid bipolar cryotherm probe, it is possible to combine radiofre-
quency with cryotechnology. Cryo is believed to induce a systemic inflammatory
response with an antitumor response in addition to the thermal ablation induced by
RFA[40]. Only one prospective clinical trial of this type was conducted in 22 patients
with locally-advanced pancreatic cancer. Treating them with this hybrid intervention
was technically successful in 72.8% of patients, with median post-ablation survival of 6
mo. The few late complications were mainly related to tumor progression, and the
single immediate complication of duodenal bleeding was resolved by placing of hemo-
clips[41]. However, more data are needed to assess this treatment modality.

PDT

PDT is a tumor-specific ablative treatment performed through a combination of
photosensitizing drug administration with EUS-guided light irradiation, resulting in
cell death by generating oxygen free radicals[42,43]. EUS-guided PDT was first
published by Choi et al[44], who reported the first preliminary feasibility data for EUS-
PDT in patients suffering from locally advanced pancreaticobiliary malignancies. They
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enrolled four patients, the first with pancreatic tail carcinoma, the second with distal
CBD carcinoma and two patients with carcinoma of the caudate lobe of the liver. The
treatment was effective and safe, as it induced a necrotic area of 4 cm®without side
effects. Notably, disease remained stable for a mean of 5 mo[44]. Recently, a
prospective, dose-escalation phase 1 study of 12 patients with locally-advanced
pancreatic cancer, treated with EUS-PDT and subsequent gemcitabine therapy 25 d
later, showed tumor necrosis in 50% of patients, median progression-free and overall
survival were 2.6 and 11.5 mo, respectively. Two patients were operated on, one of
them had a complete response and the other one had a residual 2-mm tumor. Notably,
there were eight serious adverse events but none related to EUS or EUS-PDT[45]. More
data are needed to assess EUS-guided PDT on survival and palliation.

LASER ABLATION

To date, EUS-guided laser ablation has been reported by a single clinical human study
that enrolled nine patients with unresectable pancreatic ductal adenocarcinoma who
were unresponsive to previous chemotherapy. These patients were treated by laser
ablation suing neodymium-yttrium aluminum garnet (Nd:YAG) laser light with
different power settings, by flexible fiber, introduced through 22-gauge fine needle
aspiration. The coagulative necrotic ablation area was demonstrated by CT scans at 24
h, 7 and 30 d, and was shown to be optimal with power setting of 4 W/1000] with the
largest ablation area without adverse events. The median overall survival was 7.4 mo
[46]. However, no data regarding palliative effect was reported, thus more data are
warranted.

EUS-FMP

Chemoradiation is offered as adjuvant or neoadjuvant to patients with pancreatic
adenocarcinoma; however, one of the major challenges with radiation is the proximity
of the pancreas to several vital organs. Intensity-modulated radiation therapy was
shown to reduce radiation-induced toxicity in these organs in patients with pancreatic
and ampullary cancers[47]. Intra-tumoral FMP serves as a landmark enabling accurate
radiation targeting of the tumor with minimal harm to neighboring structures. To date,
only several feasibility studies were reported addressing safety and technical success,
without reporting the effect on overall survival. The first report of EUS-FMP was
published in 2006 by Pishvaian et al[48] who successfully placed fiducial markers in six
of seven pancreatic cancer patients, with no observed complications[48]. After that,
several feasibility studies on FMP under EUS-guidance were reported, showing this to
be an easy and safe modality with excellent technical success, enabling accurate
radiation targeting and without procedure related adverse events in patients with
pancreatic cancer[49-54]. As mentioned earlier, to date, the studies on EUS-guided
FMP have reported only technical success and adverse events, with no data on
survival and palliative benefit, necessitating further studies to assess their therapeutic
effect (Table 3).

EUS-GUIDED BRACHYTHERAPY

EUS-guided brachytherapy is defined as the implantation of radioactive seeds near the
pancreatic tumorous tissue, followed by exposure of the seeds to steady emissions of
gamma rays which lead to localized ablative effect. About two decades ago, Sun et al
[55] showed that EUS-guided radioactive seeds into pancreatic tissue in a porcine
model is a feasible and safe modality for brachytherapy[55]. The favored radioactive
seeds in brachytherapy of the rapidly growing pancreatic cancer are iodine-125 due to
their long halftime of 59.7 d, which is appropriate in targeting such rapidly-growing
tumors. Importantly, the dose rate of these radioactive seeds is low and their
penetration depth does not exceed 1.7 cm, thus minimizing radiation exposure and
injury to the neighboring organs[56]. Only a few human studies have been conducted
with EUS-guided brachytherapy for pancreatic adenocarcinoma. Sun et al[57] reported
eight patients with locally advanced pancreatic adenocarcinoma who underwent EUS-
guided brachytherapy and showed a favorable effect of this modality on pain severity
which was ameliorated in four of the eight patients. The pain decrease lasted for 3.5
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Table 3 Human studies reporting endoscopic ultrasound-guided fiducial markers placement, -brachytherapy and -celiac plexus

neurolysis
Median .
. . - ‘ - Serious
Study EUS-guided Patients Technical overall Pain palliation
Ref. ) Cancer stage . . 9 . s adverse
design intervention No. success (%) survival (patients %)
events, n
(mo)
Pishvaianetal ~ Prospective ~ Unresectable FMP 7 85.7 = Not reported 0
[48], 2006
Choi et al[49], Prospective ~ Unresectable FMP 29 100 ! Not reported 12
2014
Varadarajuluet Prospective  III (n =9) FMP 9 100 Not reported  Not reported 0
al[50], 2010
Park et al[51], Prospective  1II (1 = 57) FMP 57 94 ! Not reported 0
2010
Sanders et al Prospective  1II (n = 36); FMP 51 90 L Not reported 1’
[52], 2010 Recurrent (n =
15)
Davila et al[53], Prospective  II(n=1);1II (n= FMP 23 100 = Not reported 0
2014 22)
Khashab et al Retrospective III (1 = 39) FMP 39 100 = Not reported 0
[54], 2012
Sun et al[57], Prospective  III (n = 8) Brachytherapy 8 100 8.3 50 at week 33 0
2012
Sun et al[58], Prospective  III (n =8); IV (n = Brachytherapy 15 100 10.6 30 at week 42 3°
2006 7)
Jin et al[59], Prospective Il (n=4);III (1= Brachytherapy 22 100 9 81.8 at week 1 0
2008 10); IV (n = 8)
Sun et al[60], Retrospective III (7 =18); IV (n  Brachytherapy 42 100 9 Not reported 0
2017 =24)
Wiersema etal ~ Prospective ~ Unresectable CPN 29 100 Not reported 86 at week 2; 84 at 0
[62], 1996 week 4; 79 at week
8; 88 at week 12
Levy et al[64], Prospective Il (n=2);Ill (n= CPN 60 100 10.46 40.4 at week 12 0
2019 27); IV (n = 31)
Seicean et al Prospective  Unresectable CPN 32 100 Not reported 75 at week 2 0
[65], 2013
Facciorusso et al Prospective  III (n =48);IV (n CPN 58 100 6.5 70.6 at week 2 0
[31], 2017 =10)

IFeasibility studies not aimed to assess impact on overall survival.

ZPancreatitis supportively treated (1 patient).

3Pancreatitis complicated with pseudocyst formation (3 patients).

FMP: Fiducial markers placements; CPN: Celiac plexus neurolysis; EUS: Endoscopic ultrasound.
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mo and the patients had a median overall survival time of 8.3 mo with no procedure-
or treatment-related adverse events[57]. Another study by Sun et al[58] reported this
treatment modality in 15 patients, with 5 of 15 patients (33.3%) experiencing clinical
benefit as assessed by pain reduction and improved Karnofsky performance status
score, with a median time-to-achieve clinical benefit of 2.2 mo. Notably, the median
overall survival was 10.6 mo, with only three cases of serious complications of pancre-
atitis complicated with pseudocysts, and no life-threatening adverse events[58].
Similar results were reported by Jin ef al[59] in 22 patients who showed partial
remission in 13.6% of the patients and stable disease in 45.5% during a 4-wk period.
Cancer-related pain improved in 18 patients (81.8%) at 1 wk after the intervention,
with an estimated median overall survival of 9 mo and no treatment-related adverse
events[59]. Finally, the most recent study of this modality performed by Sun et al[60]
was in 2017 and included 42 patients; once again the research group demonstrated its
safety and efficacy, a median overall survival of 9 mo, and no serious adverse events
reported[60] (Table 3).
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Table 4 Summary of efficacy and safety of endoscopic ultrasound-guided angio-therapy procedures

Procedure Intra-tumoral injection Ablation Fiducial markers placement, brachytherapy and celiac plexus
therapies therapies neurolysis

Technical success High High High

Safety Uncertain' Minor Minor

(complications)

Efficacy

Survival Modest None None

Palliation Not reported Encouraging High

Mortality None None None

1The two studies that had the highest adverse events rate did not state whether they were in the endoscopic ultrasound or in the percutaneous group. See
Table 1.

EUS-CPN/B

Abdominal and back pain is a common complaint in pancreatic adenocarcinoma,
occurring in about 80% of patients, and it is severe in the majority of patients[61].
Because most patients are diagnosed at an advanced stage, the treatment is mostly
palliative, including pain control. The WHO recommends a step-up approach for the
control of pancreatic cancer pain, beginning with non-opioid analgesics and
progressing to opioid analgesics with increasing dose according to need. Unresponsive
patients, those with intolerable side effects, may be candidates for EUS-CPN/B
(October 14, 2008. WHO Steering Group on Pain Guidelines). The first description of
EUS-CPN/B was by Wiersema et al[62] who reported the first human study on EUS-
guided brachytherapy in 1996, injection of bupivacaine and 98% dehydrated absolute
alcohol in 29 patients with pancreatic adenocarcinoma. Pain score improved in 86%,
84%, 79% and 88% at weeks 2, 4, 8 and 12 post intervention, respectively[62].
Consequently, this therapy rapidly gained popularity as safe and minimally-invasive
with the advantage of real-time imaging of blood vessels, compared to the
percutaneous route. CPN/B is achieved by alcohol or phenol injection into or around
the celiac plexus/ganglion, resulting in its permanent chemical ablation, while CPB is
achieved by injecting a corticosteroid in combination with long-acting anesthetic, thus
inhibiting pain transmission to the brain[63]. A recent study by Levy et al[64] reported
the efficacy of EUS-guided CPN/B on the pain score of 60 patients with a pain
response rate in 40.4% at 12 wk after intervention, and with an overall survival rate of
10.46 mo[64]. Similarly, another recent study by Facciorusso et al[31] reported efficacy
in 58 patients, among them 41 patients (70.6%) who achieved pain relief within a
median time of 5 d and median pain duration relief of 10 wk, with an overall survival
rate of 6.5 mo[31]. The beneficial effect of this modality was shown in a previous study
by Seicean ef al[65] who reported significant pain improvement in 24 (75%) out of 32
patients, and without significant adverse events[65]. Minor side effects of CPN/B
including abdominal pain, diarrhea and hypotension due to autonomic nervous
system disruption are usually self-limiting. Rare serious adverse events were reported
in case reports, including fatal celiac artery thrombosis causing infarction[66],
paralysis from anterior spinal cord infection[67] and necrotic gastric perforation[68].
Given the high efficacy of EUS-guided EUS-CPN/B and rarity of adverse events, the
latest (1/2020) version of the National Comprehensive Cancer Network (NCCN)
guidelines, recommends EUS-CPN for pain palliation in severe pain unresponsive to
around-the-clock analgesics or undesirable analgesics side effects[69] (Table 3).

COMBINED EUS AND ERCP IN PANCREATIC ADENOCARCINOMA
TREATMENT

Bile duct obstruction with resultant obstructive jaundice and occasional-disabling
pruritus is among the most common symptoms of pancreatic head adenocarcinoma. It
is usually drained through bile duct stenting introduced via ERCP. Employing the
beneficial effect of brachytherapy using the radioactive seeds iodine-125, Liu et al[70]
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Figure 1 Demonstrates the available endoscopic ultrasound-guided treatment options in pancreatic adenocarcinoma. EUS: Endoscopic

ultrasound.
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reported that brachytherapy through a preloaded pancreatic stent with iodine-125
seeds, was feasible and safe in an animal experiment using pigs[70]. Two years later,
the Liu et al[71] group reported the feasibility and tolerability, in a pilot study, of
combined radioactive stents with metallic and/or plastic stent in peripancreatic head
advanced carcinomas, with stable disease in 72.7% of patients[71]. A recent
retrospective study evaluated the role of EUS and/or percutaneous ultrasound-guided
iodine-125 seed implantation in 50 patients with unresectable pancreatic carcinoma
combined with prior biliary stenting via ERCP vs biliary stenting alone in 51 patients.
They reported longer survival, increased pain reduction with improved life quality,
postponed gastric outlet obstruction and longer stent patency in the combination
treatment group[72].

SUMMARY

Overall, we identified 12 prospective studies including 261 patients, most in stage III
of disease, that utilized EUS-guided intra-tumoral injection therapies and mainly
reported effect on patient survival. These studies reported complete technical success
without significant effect on overall survival rate, but with several severe adverse
events varying in occurrence among the studies. Similarly, in the EUS-guided ablation
therapies, we identified one retrospective and eight prospective studies that included
174 patients and reported excellent technical success and minor adverse events, but an
inconclusive effect on survival, as half of the studies were feasibility studies not
reporting overall survival. Only two of those studies reported pain palliation, however
the palliation was significant, thus leading to a hope for performing this treatment for
palliative purposes. Finally, we identified seven studies on FMPs, most of them were
feasibility studies showing high technical success and minor adverse events. Four
studies on brachytherapy included 87 patients and four studies on CPN including 179
patients, with significant improvement in pain ranging from 33% to 90% of patients,
no survival benefit and no serious procedure-related adverse events (Table 4).

CONCLUSIONS

In recent years we have witnessed a great advance in interventional and therapeutic
EUS. With these developments, EUS has become the preferred alternative for intra-
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tumoral injections, ablative therapies, implantation therapies, FMP, brachytherapy,
and CPN/B in advanced pancreatic adenocarcinoma. Most EUS-FNI treatments are
still far from optimal, and are still in their early stage with little available data,
generated from small trials. Figure 1 summarizes the available treatment options for
pancreatic adenocarcinoma. The EUS-guided ablation therapies, although
encouraging, are far from being standardized. These techniques are in the midst of a
long process, necessitating the performance of large prospective randomized
controlled studies that compare the different treatment approaches combined with
chemo +/- radiotherapy, with respect to success, efficacy, safety and survival. Finally,
EUS-guided FMP and brachytherapy are easy, safe and promising modalities, but
studies comparing them with the conventional approach of radiotherapy are lacking,
while EUS-guided CPN/B is a feasible and accepted tool in pancreatic cancer-related
pain control.
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