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Endoscopic Management of Pain in Pancreatic Cancer
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ABSTRACT

Pancreatic cancer is the fourth leading cause of cancer-related death in the United States and one of the leading causes of cancer mortality
in the United States. Due to its aggressive behavior and lack of effective therapies, palliation plays a critical role in the management of the
disease.
Most patients with pancreatic cancer suffer from severe pain, which adversely predicts prognosis and significantly impacts the quality of
life. Therefore pain management plays a central role in palliation. Non-steroidal anti-inflammatory drugs and opioid agents are often first
line medications in pain management, but they do not target the underlying pathophysiology of pain and their use is limited by adverse
effects and dependence.
The proposed mechanisms of pain development in pancreatic cancer include neurogenic inflammation and ductal hypertension which
may be targeted by endoscopic therapies. Endoscopic ultrasound-guided celiac plexus neurolysis (EUS-CPN) and pancreatic duct stent
placement are the two primary endoscopic modalities for palliative management in pancreatic cancer patients with refractory pain. Other
endoscopic treatments such as biliary stent placement and enteral stent placement for biliary and duodenal obstruction may also help
palliate pain in addition to their role in decompression. This article reviews the existing evidence for these endoscopic interventions for
pain management in pancreatic cancer.

INTRODUCTION
Pancreatic cancer is the fourth leading cause of cancerrelated death in the United States with an incidence of 22.1
cases per 100,000 per year during 2006 – 2010 [1]. It is
estimated that there will be 46,420 new cases and 39,590
deaths in 2014 [1]. Due to the aggressive behavior and lack
of effective therapies, it is predicted that pancreatic cancer
may become the second leading cause of cancer mortality
in the United States by 2020 [2]. The majority of patients
with pancreatic cancer have an unresectable tumor at the
initial presentation [3], making the 5-year survival rate as
low as 6.7% [4] and the median survival approximately 12
months(5, 6). With its poor prognosis, palliation plays a
critical role in the management of the disease.
Up to 80% of patients with pancreatic cancer report
abdominal pain [7, 8] and 44-70% suffer from severe
pain [9, 10]. Difficult-to-control pain is reported in more
than 90% of patients with advanced disease [11, 12]. The
presence of pain on initial diagnosis not only impacts
the quality of life, but also predicts the prognosis of the
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disease. Pain in pancreatic cancer is believed to represent
extrapancreatic perineural invasion and is associated with
a higher recurrence rate and poorer prognosis, even in
operable patients [13-15]. Pain critically impacts patients’
quality of life, and pain management plays a central role in
palliation.

According to World Health Organization and European
Society of Medical Oncology guidelines on cancer pain
relief, non-steroidal anti-inflammatory drugs and opioid
agents are first line medications in pain management
[16, 17]. However, their use is often limited by numerous
adverse effects including constipation, somnolence,
nausea, pruritus, tolerance, and addiction [18, 19]. Even
though endoscopic interventions for pain control have
been more extensively studied in chronic pancreatitis than
in pancreatic cancer [20], the proposed mechanisms for
pain development in both conditions share some common
pathways, including ductal hypertension and neurogenic
inflammation theories [13]. Endoscopic ultrasound-guided
celiac plexus neurolysis (EUS-CPN) and pancreatic duct
stent placement are the two primary endoscopic modalities
for palliative management in pancreatic cancer patients
with refractory pain. Other endoscopic treatments such
as biliary stent placement and enteral stent placement
for biliary and duodenal obstruction may have palliative
effects in addition to their role in decompression. This
article reviews the existing evidence for these endoscopic
interventions for pain management in pancreatic cancer.
Pathophysiology of Pain in Pancreatic Cancer

The etiologies of pain in pancreatic cancer are multifactorial.
Glandular inflammation, increased pancreatic ductal
pressure, infiltration of nerve sheaths, and neural ganglia
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invasion are believed to play important roles in the
pathophysiology [21, 22]. Similar to other abdominal
visceral pain, pancreatic pain is transmitted to the higher
cortex via the spinothalamic tract, spinoreticular tract,
spinoparabrachial tract, and post-synaptic dorsal column
pathway [23-27]. Nociceptive signals in pancreatic cancer
are believed to be generated by three main mechanisms:
neurogenic inflammation, perineural invasion, and
pancreatic ductal hypertension.
Neurogenic Inflammation

Neurogenic inflammation is an inflammatory reaction
induced by neurogenic transmitters released from sensory
nerve terminals. This inflammation not only stimulates
nociceptors and causes pain, but can also cause tissue
damage via arteriolar vasodilation, mast cell degranulation,
histamine release and plasma extravasation [27].
A pain model in chronic pancreatitis demonstrates a
direct correlation between pain intensity and increased
pain neurotransmitter (substance P and calcitonin generelated peptide (CGRP)), and the degree of perineural
inflammatory cell infiltrates [28, 29]. The release of
these pain neurotransmitters is induced by an activation
of a sensory nerve receptor called potential vanilloid
receptor subtype1 (TRPV1) [30, 31]. The level of TRPV1
gene expression is also found to be high in patients with
pancreatic cancer [31]. Substance P can trigger a cascade
of proinflammatory mediators, including interleukin-1,
interleukin-6, and prostaglandin E2 [32, 33], causing mast
cell degradation, plasma extravasation, and neutrophil
attraction [27, 34, 35]. CGRP by itself is a potent vasodilator
and can cause tissue edema [36, 37].

Another important pathway of neurogenic inflammation is
the expression of nerve growth factor (NGF), a cytokinelike neurotrophin peptide that can induce neuroblast
formation, neuronal maturation, and inflammatory cell
migration [13, 38]. When NGF binds to its receptor,
Tyrosine kinase receptor-A (TrkA), it initiates the mitogenactivated protein (MAP) kinase pathway which results
in up-regulation and synthesis of substance P, CGRP, and
other neuropeptides [13, 39, 40]. NGF is expressed in
pancreatic cancer cells, while TrkA is located on sensory
and sympathetic nerve sheaths. The level of NGF/TrkA
expression is found to correlate with perineural invasion
and the severity of clinical pain [38].

These pathways suggest that neuro-immune interaction,
similar to that found in chronic pancreatitis, also plays an
important role in pain generation in pancreatic cancer. Other
pain-associated neurogenic markers such as Interleukin-8
and growth-associated protein-43 are found to interact
closely with substance P and other receptors in pain models
in chronic pancreatitis [41, 42]. However, their roles in pain
generation in pancreatic cancer are less clear.
Perineural Invasion

The pancreas is a richly innervated organ. Pancreatic pain
is believed to be primarily transmitted via the celiac plexus
as first proposed by Kappis et al. in 1914 [43, 44]. Loose

connective tissue with low resistance in the perineural
spaces makes perineural invasion and the extrapancreatic
nerve plexus a common site for local spread of pancreatic
cancer cells [13, 45]. In addition, the pancreatic perineural
space is rich in neural-cell adhesion molecules, transforming
growth factor α, and epidermal growth factor receptors,
providing a suitable environment for the local spread and
growth of the cancer cells [46, 47]. This spread of tumor
cells via the perineural space to the retropancreatic region
can cause pain, and is also associated with a higher local
recurrence rate, decreased chance of curative resection,
and a poorer prognosis [45]. Chemotaxis of cancer cells
is believed to involve certain neuroendocrine mediators
as demonstrated by increased NGF/TrkA expression in
pancreatic cancer cells [13, 46]. However, these complex
interactions are still poorly understood. In addition, up to
25% of patients with perineural invasion experience no
pain [38], consistent with the multi-factorial nature of pain
in this disease.
Pancreatic Ductal Hypertension

Pancreatic duct obstruction is commonly seen in
pancreatic cancer, particularly when the tumor is located
in the pancreatic head, causing pancreatic duct dilation
and “obstructive type” pain [44]. Increased pancreatic
ductal pressure has shown to be directly correlated with
pain intensity in chronic pancreatitis [48]. Previous studies
have demonstrated that decompression of pancreatic
ductal hypertension in pancreatic cancer patients can
alleviate the pain, supporting the theory of pancreatic
ductal hypertension as one of the mechanisms mediating
pain in pancreatic cancer [3, 49, 50].
The other hypothesis involves an ischemic effect wherein
pancreatic intraparenchymal hypertension leads to a
compartment-like physiology. This model is based on
animal studies showing decreased blood flow to the
pancreas when pancreatic interstitial pressure is increased
[51-53]. However, other research found no correlation
between intraoperative pancreatic intraparenchymal
pressure and preoperative pain severity in a small study
involving 12 patients [54].

Pancreatic cancer may also result in biliary and duodenal
obstruction, which may occur with or without pancreatic
ductal obstruction, depending on the location and the
spread of the tumor [55, 56]. Pain, nausea, vomiting,
and obstructive jaundice are major symptoms resulting
from increased intraductal and intraluminal pressure
[56]. However, the mechanism of the pain in this setting
would be similar to the pain produced by non-malignant
etiologies, and not necessarily related to an invasive
process as described above.
Clinical Manifestations of Pain Associated with
Pancreatic Cancer:

While pain from pancreatic cancer has been
characteristically described as a chronic progressive
epigastric pain radiating to the back [44], pain from
pancreatic cancer can be broadly categorized into 2 types:
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visceral (neuropathic) pain and obstructive pain [49].
Neuropathic pain is described as chronic, fairly continuous,
dull, epigastric or upper back pain that is not related to
a meal, while obstructive pain is described as episodic
post-prandial epigastric or left hypochondrial pain that
typically radiates to the back, similar to the pain in chronic
pancreatitis [49]. Obstructive pain is believed to be related
to pancreatic ductal hypertension, while neuropathic pain
is believed to be the result of perineural invasion and
neurogenic inflammation [3, 49, 57].
Endoscopic Therapies for Alleviating Pain Associated
with Pancreatic Cancer:

Endoscopic Ultrasound-Guided Celiac Plexus Neurolysis
(EUS-CPN)
Celiac plexus ganglia receive visceral afferent signals from
the pancreatic nerves and transmit them centrally. They
play an important role in pain perception in pancreatic
cancer. Neuromodulatory pain control in unresectable
pancreatic cancer was first described in the setting of
intraoperative injection of phenol around the celiac ganglia
[58]. Since then, celiac plexus neurolysis (CPN) techniques
have evolved and CPN can be performed intraoperatively,
percutaneously (anteriorly or posteriorly with radiologic
guidance such as fluoroscopy, computed tomography, or
ultrasound) or via an EUS-guided approach [59].

Several meta-analyses and systematic reviews underscore
the efficacy and safety of CPN using percutaneous and
intraoperative approaches [10, 11, 60]. Though the
procedure does not improve survival, it can significantly
reduce pain scores, decrease narcotic usage, and alleviate
constipation in up to 90% of the patients with a longlasting benefit up to 3 months [11, 60].

Since the introduction of EUS-guided CPN [61], it has gained
popularity as a minimally-invasive approach to improve
pain control in pancreatic cancer and is recommended in
many current guidelines for the management of refractory
cancer-related pain [17, 22, 62-65].
A similar procedure known as celiac plexus block (CPB)
has primarily been used for the control of pain in benign
pancreatic disease. Even though the endoscopic techniques
in CPB and CPN are identical, their principle difference is the
injectate used. Celiac plexus block uses anesthetic agents
such as bupivacaine with anti-inflammatory agents such as
triamcinolone and depo-medrol for temporary neuronal
inhibition, while CPN involves permanent ablation of
nervous tissue using sclerosing or neurolytic agents such
as 5% phenol and absolute alcohol (0.25% bupivacaine is
usually used preceding the neurolytic agent) [59, 62, 64].
Due to its shorter duration of pain relief, CPB is used in
benign disease, primarily for chronic pancreatitis, while
EUS-CPN may be the first line therapy for cancer-related
pain [19, 22, 66]. CPN performed for pancreatic cancer may
have a longer lasting pain relief with a median response
of 20 weeks [22, 67]. CPN can however lead to significant
retroperitoneal fibrosis and may potentially preclude
patients from future surgery. Therefore it is primarily

recommended for palliative pain relief with unresectable
malignant disease [19, 62].

The endosonographic anatomic landmark of the celiac
ganglia is typically located at the posterior gastric wall,
just below the gastroesophageal junction, approximately
40 cm from the incisors. By EUS, the ganglia may be seen as
two small (2-3 mm) elongated hypoechoic structures with
hyperechoic central foci anterolateral to the aorta, adjacent
to the celiac truck, just distal to the take-off of celiac artery
from the aorta [19, 59, 62]. In some cases, small nerve fibers
can be seen as thin hypoechoic structures arising from
the edges of the ganglia. Delivering the neurolytic agent
directly to the ganglia with endosonographic confirmation
is believed to be the most accurate and most effective
technique, yielding a 5-fold higher chance of clinical
response compared to blind injection using anatomical
landmarks alone [12]. However, direct visualization of the
ganglia by EUS is not always possible [12]. If the ganglia
cannot be visualized, blind injection may be performed
using single-puncture (cephalad to the celiac trunk)
or double-puncture (left and right of the celiac trunk)
techniques. Compared to percutaneous techniques, an
EUS-guided approach, with or without direct visualization
of the ganglia, is more effective in pain reduction, with a
longer lasting effect, and fewer complications [59, 68, 69].
A prospective study found that EUS-CPN can relieve pain
in 78% of unresectable pancreatic cancer patients with an
effect lasting up to 24 weeks [70]. A recent meta-analysis
of 119 patients from 3 studies and a meta-analysis of 236
patients from 6 studies confirmed these results and found
overall pain reduction of 73-80% with this approach [22,
66]. Better efficacy has also been reported with bilateral
injection compared to single site injection in subgroup
analysis [66].

In spite of its proven efficacy, there are a significant
number of patients that do not respond, or only partially
respond to EUS-CPN and continue to have refractory
pain. There are conflicting data on significant changes
in the opioid use [11, 70, 71] and reports of increased
consumption of opioids following the procedure [72].
Certain tumor characteristics such as involvement of
the pancreatic head and a locally advanced presentation
are also known to have less response to the intervention
[72, 73]. The varying clinical outcomes may involve the
operator dependent nature of the procedure and lack of
a standardized technique. Attempts should be made to
directly visualize the ganglion before the injection and
when possible, bilateral injection is preferred over single
site injection [12, 66].
The concept of EUS-CPN involves ablation of the celiac
ganglia, which carry sympathetic nervous transmission,
therefore, sympatholytic reactions are expected. Transient
hypotension (1-38%) and diarrhea (4-44%) may be
observed post-procedure but are usually self-limited and
typically resolve within 48 hours [19, 22, 62, 66, 68]. They
may require a short course of anti-diarrheal medication
or intravenous fluids [60, 68, 69]. Persistent diarrhea
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requiring octreotide injection and persistent orthostatic
hypotension requiring oral vasopressors have rarely
been observed [74]. A paradoxical increase in abdominal
pain may be observed in 9% of the patients and can last
for a mean of 2.2 days [22, 62, 71]. Though rare, major
complications such as pneumothorax, empyema, peripancreatic abscess, retroperitoneal bleeding, impotence,
and paraplegia have been reported with CPN performed
by percutaneous techniques [22, 59, 60]. Such major
complications have not been reported with EUS-CPN
[12, 22, 75]. Antibiotic prophylaxis with levofloxacin
or ciprofloxacin intravenously before the procedure is
warranted in CPB but its benefit in CPN is controversial
given the presumed bactericidal effect of the absolute
alcohol used in CPN [62, 69, 71].
Pancreatic Duct Stent Placement

Pancreatic duct stent placement (PDSP) effectively
decompresses the pancreatic duct and is known to be
an effective treatment for pain in chronic obstructive
pancreatitis [20, 76, 77]. Since pancreatic ductal
hypertension is one of the likely mechanisms of pain
in pancreatic cancer, decompression by stenting may
alleviate pain in patients with pancreatic cancer. This
approach may be particularly suited to patients with tumor
located at the head of pancreas causing ductal obstruction
and obstructive pain, which may be less likely to respond
to CPN [72, 73].

The indications and the use of PDSP have evolved over
the past decade. It is commonly used in the treatment of
chronic pancreatitis, pancreatic pseudocysts, pancreas
divisum, pancreatic duct injuries, pancreatic duct stricture,
pancreatic fistulae, and prophylactically to prevent postERCP pancreatitis [20, 76, 78]. Despite its established
capacity to reduce intraductal hypertension, to bypass
obstructive lesions, to restore luminal patency, and in pain
reduction in chronic pancreatitis [20, 79, 80], the role of
PDSP in pain management in pancreatic cancer is less well
established.
Previous studies have demonstrated that PDSP using either
5 Fr or 7 Fr stents can reduce the pain intensity and opioid
consumption in 75% and 70% of the pancreatic cancer
patients, respectively [50, 57, 81]. The pain reduction
lasted for a mean of 5.5 months [50]. The studies included
only patients with cancer at the pancreatic head and
radiographic evidence of pancreatic ductal obstruction
in the studies. Plastic stents and metallic stents have
been employed. In one study, failure to respond seemed
to be related to the type of pain patients experienced,
irrespective of the type of stent used [57]. All patients with
obstructive type of pain (N=7) responded to PDSP, while
those with chronic unremitting pain (N=3) did not show a
response despite evidence of pancreatic duct stenosis [57].
The authors concluded that PDSP may be preferable for
pancreatic cancer patients with obstructive type pain. A
subsequent larger prospective study found that PDSP is a
valid and safe palliative option. This trial enrolled patients
with cancer at pancreatic head, evidence of pancreatic

ductal stenosis, and obstructive type pain. They found that
PDSP could not only reduce pain, but also decrease opioid
consumption, and improve quality of life [3]. The response
rate to the procedure was 82%, similar to previous studies
and a long-lasting effect of up to 12 weeks was seen in
62%. Of note, there was no increase in efficacy when a 10
Fr stent was used instead of a 7 Fr stent, suggesting that an
increased diameter was not required for efficacy in pain
reduction. There is no data available from a randomized
controlled trial, however, other small studies using stents
ranging from 5 Fr to 11.5 Fr in size yielded similar results
[57, 81-83].
A systematic review of 7 studies demonstrated a technical
success in deploying a stent in 83% of patients. Pain
alleviation was observed in 60-88% [49]. No serious
complications were reported in any study [3, 50, 57]. 2 out
of 107 patients had stent migration and required a repeat
endoscopy to retrieve the stent and replace a new one [3,
57]. In one study, one case of post-sphincterotomy bleeding
occurred but hemostasis was achieved endoscopically
without the need for blood transfusion [3].

The British Society of Gastroenterology has endorsed
PDSP as an adjunctive approach for pain palliation [64].
It has been postulated that PDSP may be more effective
for obstructive pain in patients with pancreatic ductal
obstruction. However, the available studies are small with
a non-randomized design. Larger high-quality controlled
studies are needed to evaluate PDSP and EUS-CPN,
given the different pain relieving mechanisms these two
procedures can offer.
Endoscopic Management for Peri-Pancreatic Luminal
Obstruction

Approximately 70% of pancreaticadenocarcinoma
involves the pancreatic head, predisposing patients
to biliary and gastroduodenal obstruction [84]. Pain,
pruritus, jaundice, nausea, vomiting, and fever are
common presenting obstructive symptoms [7]. Endoscopic
retrograde cholangiopancreatography (ERCP) with
endobiliary stent placement remains the first line palliative
option for malignant biliary stenosis [85]. Surgical
decompression should be reserved for patients undergoing
curative resection or when stenting is not possible [84].
Expandable metal stent placement is associated with less
migration and occlusion relative to plastic stents. It is the
preferred type of stent for palliation in a patient with a life
expectancy greater than a few months due to its durable
patency and reduced need for scheduled stent exchanges
[84].
Gastroduodenal obstruction usually occurs at the
peripyloric and duodenal regions late in the course of the
disease. 20% of pancreatic cancer patients who present
with duodenal obstruction are in the terminal stage
[55, 86]. Surgical gastrojejunostomy and percutaneous
endoscopic gastro-jejunal tube placements were once the
only options for these patients. However, considering the
poor prognosis and morbidity associated with a surgical
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bypass, operative intervention may not be ideal [87, 88].
With the introduction of self-expandable metallic enteral
stents, endoscopic gastroduodenal stenting has proven
to be a safe and effective non-surgical minimally-invasive
option [86].

When concomitant biliary obstruction is found (2361% of the cases), biliary stents can be placed before,
simultaneously, or after the placement of the duodenal
stent. The stents may be deployed using fluoroscopic
and endoscopic guidance, by fluoroscopy alone, or via
a through-the-scope technique. The use of interlocking
metal stents, stent-in-stent techniques, and EUS-guided
biliary drainage followed by combined stent placement in
patients who have both biliary and duodenal obstruction
have been reported in patients with advanced locoregional disease [56, 86, 89-93].
In a systematic review of 606 patients [86] undergoing
gastroduodenal stenting, there was a 97% technical
success rate of stent deployment and significant clinical
improvement in 87% of the patients. The majority of
the technical failures were due to complex anatomy and
severe obstruction (53%), while clinical failures primarily
involved progression of disease (61%) and early stent
migration (15%). The gastric outlet score increased
significantly from 0.4 (no oral intake or liquid diet only)
to 2.4 (soft solid to full diet). Complications included
stent obstruction (17.2%), stent migration (5.1%), pain
(2.5%), biliary obstruction (1.3%), perforation (0.7%)
and bleeding (0.5%). The major causes of obstruction
were in-stent tumor growth, stent fracture, stent collapse,
insufficient stent coverage, new stenotic sites, stent
migration, and food impaction. 79% of these obstructions
were successfully treated by additional stent placement.
No procedure-related deaths were reported. The authors
concluded that gastroduodenal stent placement is a viable
palliative option in select patients with unresectable
tumors, symptomatic gastric outlet obstruction without
multiple stenotic lesions, metastatic disease (but not
carcinomatosis peritonei) with anticipated short survival
time, and no symptomatic improvement after medical
treatment.

Though the survival period of patients with unresectable
pancreatic adenocarcinoma has improved due to more
effective chemotherapy [86, 94], long term data on duodenal
and biliary metallic stents placed for palliation is limited. A
retrospective review of 100 patients [94] found a median
metallic biliary stent patency of 7 months (0.4-21 months)
and a median metallic duodenal patency of 6 months
(0.5-15 months). Clinical success rate (symptomatic
improvement after stent placement) was 96% for biliary
stenting and 92% for duodenal stent placement. Combined
endoscopic stenting had technical success rate of 91%.
This study suggests that despite longer periods of survival,
endoscopic stenting remains a viable palliative option for
both biliary and duodenal obstructions [94].
Other endoscopic modalities such as balloon dilation,
laser ablation, and radiotherapy have shown transient
symptomatic relief, and long-term adequate oral intake

is rarely obtained with these approaches therefore, they
are not considered first line therapy [88]. EUS-guided
biliary drainage is a novel technique for complicated cases
after ERCP has failed. With a curvilinear echoendoscope,
a needle can be safely and accurately deployed from the
antrum, duodenal bulb, or second portion of duodenum
to the dilated biliary tree, allowing cholangiography and
stent placement, creating a bilio-enteric anasomosis. EUSguided choledochoduodenostomy, hepaticogastrostomy,
and choledochoantrostomy are novel techniques
developed from this concept. Data from small studies
has shown promise [56, 90, 93, 95-100] however, larger
studies are warranted to evaluate their safety and efficacy
and standardize the techniques.

CONCLUSION

EUS-CPN, pancreatic ductal decompression, billiary sent
placement, duodenal stent placement, and EUS-guided
biliary drainage are useful endoscopic interventions for
pain management in pancreatic cancer. They may spare
terminal patients with pancreatic cancer a laparotomy
and the associated operative morbidity. EUS-CPN has
been studied most extensively for intractable pancreatic
pain. Its role for palliation in pancreatic cancer is well
established [17, 64, 65]. PDSP can be considered for
patients with malignant obstruction and may be especially
suited to patients presenting with obstructive type of pain
[3, 49, 64]. The appeal of PDSP involves management
of the underlying obstructive physiology, rather than
treatment of the symptom alone. More studies are needed
to define the role of these modalities in the palliation of
pain in the large population of patients with unresectable
pancreatic cancer. There are also no data on combination
therapy in those that have failed standard treatment
and continue to have refractory pain. When pain is
associated with jaundice and gastric outlet obstruction,
ERCP with biliary stenting, enteral stenting, or double
stenting techniques can be offered. When conventional
transpapillary approaches fail to provide decompression,
the novel EUS guided approaches may be considered if
available. Further studies to compare the efficacy among
these interventions, to evaluate selection criteria, and
to determine the proper timing of these procedures are
needed. Hopefully, concurrent with advances in palliation,
novel treatment modalities will continue to improve on the
overall survival and quality of life for patients presenting
with late or advanced stage disease.
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