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Pancreatic Adenocarcinoma: Epidemiology,
Role of EUS in Diagnosis, Role of ERCP,
Endoscopic Palliation

Sameer Zar?, Darina Kohoutova'?*, Jan Bures?

ABSTRACT

Pancreatic cancer is the seventh leading cause of cancer deaths worldwide and is associated with a poor survival rate. The vast majority
of pancreatic cancers are inoperable at the time of diagnosis. In the absence of metastatic disease, operability depends on the extent

of local disease; in particular, the presence or absence of vascular and lymph node involvement. Adequate staging is vital in deciding

an appropriate treatment plan. Cross sectional imaging including CT, MRI and PET-CT are commonly used for staging. However, EUS is

a useful adjunct for accurate loco-regional staging in addition to allowing diagnostic tissue samples to be obtained. Emerging EUS-guided
therapeutic techniques have opened up new horizons in the management of pancreatic malignancy. EUS guidance can be used for coeliac
plexus neurolysis in patients with intractable pain and fiducial placement in directing stereotactic radiotherapy. The majority of patients
with cancer of the pancreatic head present with biliary obstruction. ERCP can be used to drain the obstructed biliary system with plastic
or metal stents and offers an opportunity to confirm the diagnosis by obtaining brush cytology and forceps biopsy specimens. EUS-guided
choledocho-duodenostomy or hepatico-gastrostomy is increasingly being employed for draining the biliary system if ERCP is unsuccessful.
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1. PANCREATIC CANCER EPIDEMIOLOGY

Pancreatic cancer is considered one of the deadliest can-
cers and is associated with a poor survival rate. Currently,
it is the seventh leading cause of cancer deaths worldwide
and the sixth leading cause in the UK (1). The incidence
of pancreatic cancer is increasing, with 458,918 new cases
diagnosed worldwide and 11,374 new cases in the UK ac-
cording to the GLOBOCAN 2018 estimates (2).

While the causes of pancreatic cancer are still not com-
pletely known, non-modifiable and modifiable risk factors
have been identified. Non-modifiable risk factors include
familial cancer syndromes, increasing age, diabetes mel-
litus, and hereditary and other forms of chronic pancrea-
titis. Significant modifiable risk factors include smoking,
obesity, toxins and dietary factors (such as non-vegetarian
diet and alcohol) (3). There is also a higher incidence in
developed countries and pancreatic cancer is slightly more
common in men compared to women.

Pancreatic cancers can arise from the exocrine or neu-
roendocrine cells of the pancreas. Over 90% of pancreatic
cancers are exocrine tumours, of which the vast majority
are pancreatic ductal adenocarcinomas (PDACs). Pancre-
atic neuroendocrine tumours (NETs) make up less than
5% of all cases (4). All tumours are staged using various
imaging modalities such as CT, MRI, PET-CT, endoscopic
ultrasound (EUS) or laparoscopy. Adequate staging is vital
in deciding appropriate treatment plan. The 8th edition of
TNM (Tumour, Nodes, Metastases) staging system is cur-
rently used for pancreatic cancer, Table 1 (4).

Tab. 1 The 8th edition of TNM (Tumour, Nodes, Metastases) staging
system of pancreatic cancer.

T1 Maximum tumor diameter <2 cm

T2 Maximum tumor diameter >2 cm and <4 cm

T3 Maximum tumor diameter >4 cm

T4 Tumor involves the celiac axis, common hepatic artery

or the superior mesenteric artery

NO | No regional lymph node metastasis

N1 Metastasis in 1-3 regional lymph nodes

N2 Metastasis in 24 cm regional lymph nodes

MO No distant metastasis

M1 Distant metastasis

The operability of pancreatic cancers depends on the
extent of tumour spread locally and to distant organs as
well as invasion of nearby vessels.

Patients with early-stage pancreatic cancer are usu-
ally clinically well. Symptoms of pancreatic cancer such
as abdominal or mid-back pain, obstructive jaundice, and
weight loss tend to occur after tumour invasion of sur-
rounding tissue or metastatic spread (5). Consequently,
patients tend to present late with advanced disease, with
79% of pancreatic cancer cases in England being diagnosed
at Stage 3 or 4 and 21% diagnosed at Stage 1 or 2. This like-
ly contributes to the high mortality rates associated with
pancreatic cancer. An analysis of 182 pancreatic cancer pa-
tients by Shigehiro et al. found that only 12 (6.6%) patients
survived more than 5 years after surgical resection (6).
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According to 2010-11 data from Cancer Research UK, the
l-year, 5-year and 10-year survival rates of people diag-
nosed with pancreatic cancer in England and Wales are
21%, 3% and 1% respectively (1).

In England 2013-14, 10% of patients diagnosed with
pancreatic cancer had surgery to remove their primary
tumour as part of their primary cancer treatment, includ-
ing those who had received chemotherapy or radiother-
apy. There is a clear link between disease stage at time of
diagnosis and whether the patient received surgery, as
illustrated in Table 2. Other factors that affect whether
a patient receives surgery include the patient’s generally
health (i.e. comorbidities), age, and patient’s own treat-
ment preference (1).

Tab. 2 Pancreatic cancer: Percentage of patients receiving surgery
to remove the tumour in the 9 months after diagnosis, male and
female, all ages, England 2013-2014 (1).

Stage at diagnosis Percentage of patients
All stages combined 9.8%

Stagel 21.2%

Stage 2 53.7%

Stage 3 7.6%

Stage 4 2.2%

Unknown stage 7.8%

2. ROLE OF ENDOSCOPIC ULTRASOUND
IN PANCREATIC CANCER

Initial investigations in a patient with suspected pancreat-
ic cancer include ultrasound scan of the abdomen, CT scan
and MRI of the pancreas. However, over the last decade en-
doscopic ultrasound has emerged as an important modali-
ty in the diagnosis and management of pancreatic cancer.
It not only augments the information obtained through
other imaging modalities, but also offers the opportunity
of obtaining tissue sample to confirm the diagnosis. In ad-
dition, it is emerging as a valuable therapeutic tool in the
management of pancreatic cancer.

2.1 EUS AND DIAGNOSTIC STAGING

OF PANCREATIC CANCER

Ultrasound is usually the initial diagnostic modality em-
ployed in patients who present with biliary obstruction.
It can confirm the presence of biliary obstruction by
detecting dilatation of intra-hepatic and extra-hepatic
bile ducts, however, adequate visualisation of the lower
common bile duct and pancreatic parenchyma is usually
restricted due to the interference from gas in the gastro-
intestinal tract (7). A triple phase CT scan is the standard
of care for the diagnosis of suspected pancreatic cancer.
It is widely available and can detect the primary tumour,
assess its local extent and relationship with the vascula-
ture, identify spread to regional lymph nodes, and detect
distant metastases (8). In patients who are unable to un-
dergo contrast enhanced CT scanning due to allergy to io-
dine-based contrast agents, MRI provides an alternative
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imaging modality. It has higher sensitivity in identifying
small liver metastases compared to CT scans (9). Positron
Emission tomography (PET scan) can provide additional
information in assessment of metastatic disease in some
patients but has limited value in the assessment of the pri-
mary lesion (10).

These cross sectional imaging techniques are useful
for accurate staging of the tumour, which is important in
determining the treatment approach to the disease. Un-
fortunately, the vast majority of pancreatic cancers (ap-
proximately 85%) are inoperable at the time of diagnosis
due to the presence of metastatic disease or invasion of
major vascular structures. In the absence of metastatic
disease, operability depends on the extent of local dis-
ease; in particular, the presence or absence of vascular
and lymph node involvement. The disease is frequently
categorised into three groups, based on imaging results:
operable, borderline operable, and locally advanced inop-
erable disease.

EUS provides high-resolution images of the pancre-
atic parenchyma as the EUS probe can be placed in close
proximity of the lesion through the wall of the stomach
or duodenum, depending on the location of the lesion.
EUS can provide accurate loco-regional staging and can
complement the findings of cross sectional imaging - es-
pecially in cases of borderline operable disease or in cases
where CT and MRI are unable to detect a mass due to the
enhancement pattern of the lesion (11).

EUS probes can either be radial or linear in configu-
ration. Radial scopes provide images in a cross sectional
plane similar to CT and MR imaging whereas linear probes
provide imaging in a single plane parallel to tip of the scope
(12). The endoscopist uses a ‘station approach’ to assess
different parts of pancreas. The lesions in the pancreatic
body and tail are evaluated from the gastric station where-
as lesions in the pancreatic head and uncinate process are
visualised through the duodenal stations. High-resolution
images of the lesion are obtained using 7.5 MHz frequen-
cy (range 5-20 MHz). This enables accurate T-staging of
the tumour with a sensitivity and specificity comparable
to modern cross sectional imaging (13). Most pancreatic
cancers on EUS image appear as hypoechoic heterogenous
lesions with irregular margins. The relationship of lesions
to the coeliac trunk, portal vein confluence and superior
mesenteric vein and artery is carefully assessed to deter-
mine operability of the lesion.

Ancillary techniques can be used to improve charac-
terisation of the lesion with EUS, including elastography
and contrast enhanced imaging. Elastography involves
assessment of firmness or elasticity of a target lesion
compared to the surrounding normal tissue. The elas-
tography data can be displayed qualitatively as a colour
overlay on the standard B mode image. Pancreatic can-
cers are firm lesions appearing as blue while inflam-
matory lesions appear as green-yellow and soft lesions
as red. Therefore, elastography could be a helpful tool
in a patient with chronic pancreatitis where the differ-
ence between inflammatory and cancerous components
can be really difficult. Alternatively, a quantitative scale
called strain ratio can be obtained by selecting a target
area compared to a normal tissue at the same level, which
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is displayed as a numeric value. Contrast enhanced EUS
involves using a specific intravenous ultrasound agent
comprising of microbubbles, which can be detected flow-
ing through the microvasculature of the lesion (14). The
pancreatic cancers appear as hypochoic areas as they are
usually hypovascular in nature (15). The role of these an-
cillary techniques in clinical practice remains investiga-
tional at present but experts believe that these can help
in differentiating between different types of pancreatic
lesions and enable targeted biopsies in difficult diagnostic
situations.

Limited depth of penetration of the ultrasound waves
prevents accurate assessment of structures that are locat-
ed more than 5 or 6cm from the EUS probe. EUS therefore
haslimited role, if any, in the assessment of distant lymph
nodes or metastatic disease. In cases where the anatomy
is distorted or surgically altered (e.g. the presence of
biliary stents), it may not be possible to obtain optimal
imaging. Similarly, in patients with chronic pancreatitis,
presence of calcification can significantly limit the image
quality (15).

The information obtained from EUS should be consid-
ered complimentary to other imaging modalities in estab-
lishing accurate staging of pancreatic cancer.

2.2 EUS GUIDED TISSUE DIAGNOSIS

The main advantage of EUS lies in the ability to obtain
tissue samples for establishing the diagnosis. This has be-
come possible through linear EUS scopes with large acces-
sory channels. Specifically, designed needles are passed
through the scope channel, which exit near the tip of the
scope along the plane of linear EUS probe. Thus, allow-
ing passage of the sampling needle through the wall of
the stomach or duodenum under direct ultrasound guid-
ance into the target lesion while avoiding any vascular
structure. The sample can be either a cytology specimen
obtained through a hollow needle or a fine core of tissue
acquired through specially designed needles. The former
is called fine needle aspiration (FNA) and latter fine nee-
dle biopsy (FNB). Cytology specimens are either directly
smeared on the slides or placed in saline or other preserv-
ative solution for spinning in order to obtain tissue blocks.
Biopsy cores on the other hand are placed into formalin
for fixation. Pro-core biopsy provides histological tissue
assessment, including cellular and connective tissue anal-
ysis, to obtain unequivocal evidence of invasive disease.
It also allows immuno-histochemical staining, which can
provide important information in confirming diagnosis
(11,16,17).

Tissue sampling is useful in cases where a diagnosis of
pancreatic cancer is not clear on cross sectional imaging
before embarking on major surgery. It is also considered
mandatory by most institutions to obtain cytological or
histological confirmation of malignancy in patients with
borderline operable and inoperable tumours, prior to
commencing neo-adjuvant or palliative chemotherapy re-
spectively. In the era of targeted chemotherapy, it is envis-
aged that the need for tissue sampling is likely to increase
and may be required at multiple points during the evolu-
tion of disease.
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2.3 EUS GUIDED INTERVENTIONS

IN PANCREATIC CANCER

Emerging EUS-guided therapeutic techniques have
opened up new horizons in the management of pancre-
ato-biliary diseases. Patients with advanced pancreatic
carcinoma with intractable pain unresponsive to analge-
sics, caused by infiltration of the coeliac plexus, can ben-
efit from EUS-guided coeliac ganglion or coeliac plexus
neurolysis. This involves EUS guided injection of absolute
alcohol diluted with local anaesthetic agent bupivacaine
either directly into coeliac ganglia or around the coeliac
plexus nerves using dedicated needles (18).

EUS FNA needles have been used to place fiducials in
the pancreatic tumour or local lymph nodes to guide stere-
otactic radiotherapy (19). Dedicated needles with pre-load-
ed fiducials are now available from some manufacturers
and allow placement of 3 or 4 fiducials without the need
to remove the needle assembly for reloading (20), thus
greatly reducing the time required for the procedure. EUS
allows precise placement of the fiducials under EUS guid-
ance even in very small lesions (21).

EUS can also be used to drain the biliary system in pa-
tients when ERCP is unsuccessful due to an impassable
biliary stricture, altered anatomy due to previous surgery
or development of duodenal obstruction by tumour infil-
tration. EUS guided choledocho-duodenostomy involves
puncturing the CBD above the stricture from the duode-
nal bulb with the EUS needle and inserting a fully covered
metal biliary stent over a guide-wire under fluoroscopy
(22). Alternatively, the biliary system can be drained after
performing hepatico-gastrostomy by puncturing the di-
lated radicles of the left system in segment 2 or 3 of the liv-
er. A guide-wire is then advanced into the CBD and across
the stricture into the duodenum, allowing the anterograde
placement of a stent, in a fashion similar to percutaneous
trans-hepatic cholangiography (23). If the wire cannot be
passed through the stricture, a specially designed stent
can be placed across the gastric puncture site. The distal
end of stent, which is uncovered, extends into the bile
duct above the level of obstruction while the proximal
covered end is left in the gastric lumen, allowing the retro-
grade drainage of bile. The covered gastric end of the stent
prevents bile leaking into the peritoneum whereas the
distal uncovered end helps anchoring the stent and allows
drainage of side branches of the biliary system. Recent de-
sign change has incorporated a 70% covered portion on the
gastric end (24, 26). These techniques require dilatation of
the tract with a 5-6 Fr catheter, which can deliver electro-
cautery through its tip such as a cystgastrostomy needle.
New stent designs have incorporated electrocautery rings
on the tip of stent delivery system, which allows entire
procedure to be completed with a single puncture under
image guidance. More recently, lumen-apposing stents
(LAMS) have been specifically designed to appose the lu-
men of the GI tract with another organ or cavity, such as
dilated bile duct, pancreatic fluid collection or distended
gallbladder. It can also be used to create a gastro-jejunos-
tomy to bypass duodenal obstruction in advanced pancre-
atic malignancy (25).

Radiofrequency probes have been designed to induce
thermal necrosis of focal pancreatic lesions such as small
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NETs and pancreatic cancers in patients who are not sur-
gical candidates due to co-morbidities. Investigators have
looked at the option of delivering EUS-guided chemother-
apeutic agents, immunoreactive drugs or oncolytic viruses
directly into pancreatic tumours or inducing vascular ne-
crosis by occluding feeding vessels to the tumour as treat-
ment options (27).

3. ERCP IN PANCREATIC CANCER

Symptoms of biliary obstruction such as jaundice, pruri-
tis, pale stools and dark urine are the presenting symptom
complex in the majority of patients with lesions arising in
the head of pancreas. ERCP offers both a diagnostic and
therapeutic role in such patients. In contrast, patients
with lesions arising in the body or tail of the pancreas
usually do not present with biliary obstruction until they
metastasise to the liver hilum. In these cases, biliary ob-
struction is a late symptom usually caused by obstruction
from hilar lymph node enlargement or central metastases
to the liver (28).

3.1 THE DIAGNOSTIC ROLE OF ERCP

IN PANCREATIC CANCER

ERCP drainage of the biliary system provides an oppor-
tunity to confirm the diagnosis by a combination of bil-
iary brush cytology and forceps biopsy specimens. These
techniques yield a positive diagnostic sample in about one
third of the patients (30). Additional techniques such as
aspiration of bile, balloon dilatation of stricture or needle
aspiration do not increase the diagnostic yield in a signifi-
cant way. If a plastic stent was previously placed, cytologi-
cal sample can be obtained from it. While forceps biopsies
have a greater yield, they are more invasive and are as-
sociated with a greater risk of complications (i.e. bleed-
ing, pancreatitis, perforation) compared to biliary brush
cytology. Despite its low yield, ERCP tissue sampling plays
a useful diagnostic role in patients who require biliary
drainage at presentation. If ERCP does not yield a positive
sample, diagnosis can be confirmed through EUS guided
tissue acquisition, which has a significantly superior sen-
sitivity (31).

3.2 THE ROLE OF ERCP IN BILIARY DRAINAGE

Many centres advocate proceeding to surgery without
draining the biliary system due to the concern that it can
potentially delay definitive surgery, particularly if the pa-
tient develops a complication such as pancreatitis, perfo-
ration or sepsis secondary to instrumentation of a blocked
biliary system. Other centres favour pre-operative biliary
drainage to reduce the risk of postoperative complications
such as coagulopathy, sepsis and renal failure (33). Most
agree that patients should undergo biliary drainage in the
setting of biliary sepsis, severe symptoms such as intracta-
ble pruritis or if delay in surgery is contemplated. Patients
with borderline operable tumours or those with advanced
disease invariably require biliary drainage prior to com-
mencing chemotherapy (29).
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The preferred method for biliary drainage is endoscop-
ic stent placement as it is associated with fewer compli-
cations compared to percutaneous biliary drainage. The
latter is generally reserved for cases where ERCP is unsuc-
cessful or is not possible due to difficult anatomy (34). Bil-
iary drainage can be achieved with either plastic or metal
biliary stents. Although plastic stents are significantly
cheaper, they tend to block within 10-12 weeks whereas
metal biliary stents remain patent for longer (35, 36). Stent
occlusion can cause sepsis requiring repeat procedures
which can result in interruption of chemotherapy and de-
lay in definitive surgical treatment (37).

In general, if the imaging favours a malignant process,
ametal stent should be placed, as it does not interfere with
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subsequent surgery, as long as the shortest possible stent
is used. However, artefact from metal stents can impair
visualisation during EUS and make it difficult to perform
targeted needle aspiration especially in small lesions.
In view of this, operators prefer performing EUS before
stent insertion. However, this is not always possible due to
limited availability of EUS as compared to ERCP, which is
more widely practiced. Ideally, tumour staging and tissue
acquisition by EUS should be followed immediately by ei-
ther ERCP or EUS guided biliary drainage within the same
session, if such a facility is available. If a diagnosis of ma-
lignancy is less certain, initial drainage of biliary obstruc-
tion with plastic stent is a reasonable option, which can be
changed to a metal stent at a later date.

Fig. 1 Pancreatic adenocarcinoma of the uncinate process.

1- carcinoma; 2 - dilated pancreatic duct; 3 - metal stent in the
common bile duct (causing artephacts); 4 - superior mesenteric
vein.

6.3 mm

Fig. 3 Pancreatic adenocarcinoma of the uncinate process causing
dilatation of the pancreatic duct to 6.3 mm in the neck of the
pancreas.

Fig. 2 Pancreatic adenocarcinoma of the uncinate process.
1 - carcinoma; 2 - FNB (fine needle biopsy) needle; 3 - dilated
pancreatic duct with tissue inside; 4 - superior mesenteric vein.
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