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Pancreatic cancer (PC) is one of the deadliest cancers with a 5-year overall survival of less than 6%. Due
to its insidious clinical course and unspecific symptoms, the diagnosis is usually late, with only 15-20%
patients presenting with potentially curable disease. It is, therefore, extremely important to identify
patients with PC at early stages of the disease when tumors may be amenable to surgical resection. For
unresectable and borderline resectable PC it is consensual to perform a biopsy to have a cyto/histological

Keywords: o confirmation of malignancy before treatment. However, for patients presenting with promptly resectable
E?Jrsly pancreatic cancer disease, the role of biopsy is more debatable. There are, in the literature, arguments both for and against
EUS-tissue acquisition the usefulness of a preoperative biopsy. Endoscopic ultrasound (EUS) is an important technique assisting
Staging in the diagnosis and staging of PC. EUS-guided tissue acquisition is a well-established tool to demonstrate

the malignant nature of a pancreatic lesion. This review focuses on the role of EUS in the diagnosis and
staging of PC, and highlights the controversy related to the role of EUS-guided tissue acquisition in the

preoperative assessment of patients presenting with promptly resectable tumors (early PC).
© 2018 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier Ltd. All rights reserved.

1. Introduction

Pancreatic cancer (PC) is a fatal disease with a 5-year overall sur-
vival of less than 6%[1,2]. Arecent European study showed that PCis
the fourth leading cause of cancer-related death in men and women
[3,4]. Over the last 20 years, prognosis of PC has not improved, with
49,000 new diagnoses and 41,000 deaths in the United States in
2015 and a rising number of deaths in Europe, from 75,439 in 2009
to 82,300 in 2014 [2,4]. It is estimated that PC will become the
second leading cause of cancer-related death in the United States
during the next decade [5].

The dismal prognosis of PC mostly stems from the late stage
at which PC is usually diagnosed. Indeed, only 15-20% of patients
present with potentially resectable tumors [4,6]. Cancer-related
symptoms, such as weight loss, abdominal pain, nausea and vom-
iting, changes in bowel habits and jaundice, occur only at an
advanced stage. New-onset diabetes is common in patients with
PC, usually manifesting during preclinical or early stages of PC.
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Although still controversial, it is possible that it may serve as clue
for the early detection of PC [1,4].

There is no single definition of early PC. It may be defined
based on resectability, size or curability. A restricted definition
is related to the concept of maximum curability of the disease,
defining it as minute (<=10 mm) well differentiated stage I lesions.
A broader definition that is generally accepted considers a small
(<20 mm) localized lesion, promptly eligible for surgical resection
[7]. Resectable PC is defined when there is no distant metastasis
and no evidence of superior mesenteric vein or portal vein dis-
tortion or absence of clear fat planes around celiac axis, hepatic
artery and superior mesenteric artery. On the other hand, border-
line resectable and locally advance PC is defined by the presence of
variable degree of invasion of surrounding structures, such as supe-
rior mesenteric vein, portal vein, confluence, duodenal wall, gastric
wall and/or biliary system. Patients presenting with this group
of lesions are nowadays candidates to neoadjuvant chemother-
apy with or without radiotherapy with the aim of downstaging for
future resectability [8,9]. Lastly, non-resectable and/or metastatic
disease are by far the most common presentations. In these last sce-
narios a definitive cyto/histological diagnosis is mandatory before
oncological treatment is started. However, there is controversy
in case of patients with promptly resectable PC. The question is
whether a pre-surgical biopsy is always necessary.
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Over the last years, EUS has emerged as an important diagnostic
tool for the evaluation of various digestive malignancies, including
PC [4,10]. Importantly, it also allows the acquisition of tissue for
pathological purposes, what has increased its role in the manage-
ment of PC. EUS and EUS-guided tissue acquisition have shown to
increase the diagnostic yield and staging accuracy of PC [4,10,11].
The role of EUS is also largely discussed in the PC screening scenario,
taking into account its ability for detecting very small pancreatic
lesions and its importance in the diagnosis and management of
pre-malignant lesions, such as intraductal papillary mucinous neo-
plasms (IPMN) and mucinous cystic neoplasms (MCN) [12].

Here, we review the literature to discuss the most recent devel-
opments in the preoperative management of patients with an early
resectable PC. In particular, we discuss the contribution of EUS for
an accurate pre-treatment diagnosis and staging.

2. Early diagnosis of pancreatic cancer: a field for EUS?

As mentioned above, the silent nature of PC contributes to its
poor outcome. Yachida et al. estimated that the majority of patients
with PC are only diagnosed in the last 2 of the 10-years tumorigenic
process [13]. The earlier the PC is diagnosed, the better the prog-
nosis will be [14]. Unfortunately, early detection of PC is generally
difficult, since there are certain limitations for optimal diagnosis.
A big effort in searching for screening strategies of PC is on-going
over the last years. This approach has been considered an option
to detect early stages and pre-cancerous conditions. This strategy
has been recommended to individuals with more than 5% of life-
time risk for the disease [15]. However, it is well known that the
incidence of PC is rather low (lifetime risk 1.3%), so general screen-
ing cannot be considered to be feasible [15]. Experts recommend
to screen individuals with more than 10-fold increased risk, as the
case of familial PC and several genetic syndromes associated with
an increased risk (Peutz-Jeghers syndrome, familial atypical mul-
tiple mole melanoma, familial adenomatous polyposis, hereditary
pancreatitis, Li-Fraumeni syndrome and Lynch syndrome) [16-19].
Recent meta-analysis has shown the potential role of magnetic
resonance imaging (MRI) and EUS in the surveillance of high-risk
patients for PC, for detecting pancreatic lesions, with similar accu-
racy for both methods [20,21].

Radiological studies are essential in diagnosis and staging of
PC. However, they have important limitations, including the vari-
ability of the descriptive terminology to define disease extent
and incomplete documentation of disease sites, which can affect
the clinical decision-making process [22]. Multidetector computed
tomography (MDCT), performed with a pancreatic protocol is usu-
ally considered as the method of choice for initial evaluation in
patients with the suspicion of PC [22,23]. MRI has similar sensitiv-
ity and specificity; however, due to lack of wide availability, needed
expertise, higher cost, and limited spatial resolution as compared to
CT, itis not widely used as the primary imaging modality [4,22,24].
The main role of MRI is to evaluate isoattenuated pancreatic lesions
and to better characterize indeterminate liver lesions identified at
prior CT. Furthermore, it allows an exceptional view of the biliary
and pancreatic duct, demonstrating the “double duct sign”, highly
specific for PC [4,22,24,25].

The main imaging modality for the evaluation of pancreatic
diseases, including solid pancreatic lesions, is EUS, with reported
sensitivities between 87 and 100% [26-28]. EUS has shown a
significantly better accuracy for the diagnosis of PC when com-
pared to CT (sensitivity of 100% for EUS vs 86% for MDCT)
[11,27,29-32]. EUS s particularly useful for identification of tumors
<30mm. In this setting, it presents a sensitivity of 93% com-
pared to 53% for MDCT and 67% for MRI [27,30,33]. Despite
this high accuracy, EUS has some limitations in the differential

diagnosis between PC and some non-neoplastic lesions, such as
mass-forming chronic pancreatitis or autoimmune pancreatitis
[26]. There are some strategies to improve this accuracy and over-
come its limitations. Advanced imaging related to EUS has shown
to improve the characterization of solid pancreatic lesions, among
them contrast-enhanced EUS (C-EUS) and EUS-guided elastogra-
phy. C-EUS is based on the administration of a specific contrast
agent, which highlights the microvasculature of pancreatic masses
during real-time evaluation. PC usually presents a hypovascular
pattern, neuroendocrine tumors a hypervascular pattern and mass-
forming chronic pancreatitis an isovascular one [34]. Yamashita
et al. reported that hypoenhancement behaviour diagnosed pan-
creatic carcinoma with a sensitivity of 95% and specificity of 89%,
findings supported by other authors [26,35,36]. EUS-guided elas-
tography, a method that evaluates tissues’ stiffness by measuring
the degree of strain generated by external pressure, has demon-
strated to be an excellent tool for management of pancreatic lesions
[37]. Both a qualitative evaluation (based on the color map and pat-
tern) and a quantitative evaluation (based on strain ratio or strain
histogram) are available nowadays. Overall, hard lesions, shown by
a blue pattern, high strain ratio (>10) or low strain histogram (<50),
are mostly related to malignancy [38]. Although sensitivity of EUS-
guided elastography for determine malignancy is very high it still
lacks specificity [39,40].

Besides capable of improving lesion characterization, both C-
EUS and elastography, also aid in the selection of the best area to
perform EUS-guided tissue acquisition if indicated. Another strat-
egy to improve diagnostic accuracy is the use of rapid on-site
evaluation (ROSE) of the specimen by an experienced pathologist
during the EUS exam. In fact, ROSE was found to result in fewer
repeated procedures and higher percentage of definitive diagnosis
as it determines whether the aspirate obtained is sufficient or not
to permit a definitive diagnosis [41].

3. EUS in pancreatic cancer staging

The decision regarding resectability status should be made by
consensus at multidisciplinary discussions, in high volume cen-
ters [4,8]. Although, PC staging was in the past based on the TNM
classification, it is now defined with a more specific classification.
PC should now be described as resectable, borderline resectable,
locally advanced, unresectable or metastatic. All these features will
guide treatment selection and constitute major prognostic factors
for survival [4,22,42].

Both National Comprehensive Cancer Network (NCCN) and
European Society for Medical Oncology (ESMO) guidelines consider
MDCT angiography as a major modality [4,8]. Positron emission
tomography does not add much information for staging PC and is
not currently recommended. ESMO work-up suggests performing
EUS for further assessment if initial MDCT does not reveal distant
metastasis, whereas NCCN guidelines suggest that EUS is compli-
mentary to CT in selected cases [4,8,43]. In fact, it is generally
accepted that EUS has an important role in preoperative staging.
Besides its capacity to delineate tumor location and size, it presents
agood accuracy for detecting lymph node metastasis, vascular inva-
sion and predicting resectability. In a recent meta-analysis of 29
studies (including 1330 patients), EUS showed a pooled sensitivity
of 69% and specificity of 81% for metastatic lymph node detection,
and a pooled sensitivity of 85% and specificity of 91% for vascular
invasion [10]. This analysis compared EUS and CT to detect arterial
and venous invasion and concluded that both perform similarly
for venous invasion but CT may be superior in assessing arterial
invasion, namely the celiac axis and superior mesenteric artery
[10]. There were no differences between EUS and CT in predict-
ing resectability, with the former showing a pooled sensitivity
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Table 1
EUS-guided tissue acquisition in diagnosis and staging of early pancreatic cancer.

Arguments against a preoperative biopsy

o Available imaging techniques have high diagnostic sensitivity.
o A negative result may not exclude malignancy.

o Potential seeding can hamper curative surgery.

e Can delay patient’s treatment.

Arguments favoring a preoperative biopsy

o Has very good accuracy.

o Is a safe procedure.

o Increases surgeon’s confidence.

o Increases patient’s convincement.

e Avoids unnecessary surgery (in “mimickers”).

o Allows the creation of a biobank for research purposes.

of 90% and specificity of 86%. Moreover, the possibility of per-
forming tissue acquisition during EUS was also highlighted in this
meta-analysis, especially its role in the characterization of atypi-
cal portocaval lymph nodes, ascitic fluid, peritoneal nodules and/or
suspected liver metastasis. Thus, EUS may now be considered stan-
dard of care along with MDCT in preoperative staging of pancreatic
carcinoma [10].

4. EUS-guided tissue acquisition in the diagnosis and
staging of early PC: dismissible or recommended?

EUS is not only important to characterize morphologically the
lesions, but also has the ability to obtain tissue samples [4,44,45].
EUS-guided tissue acquisition was first described in 1992 and is
the preferred method for sampling pancreatic lesions [27,46]. EUS-
guided tissue acquisition has a reported sensitivity of 79-98%,
specificity of 71-100%, positive predictive value (PPV) of 96-100%,
negative predictive value (NPV) of 33-85% and overall accuracy of
82-98%, with false negative and false positive rates of 12-14% and
0-5% respectively [45,47-52].

There is complete consensus regarding the need for tissue acqui-
sition for a definite cancer diagnosis if administration of oncological
therapy is indicated, as in the case of borderline resectable, locally
advanced or metastatic disease [4,8]. However, controversy exists
in the scenario of promptly resectable lesions: is a presurgical
biopsy necessary or can these patients be proposed for immediate
surgery without a prior PC definitive diagnosis? (Table 1).

According to the NCCN and the ESMO guidelines on PC patient’s
management, a biopsy proof of malignancy is not required for early
resectable PC [4,8].

In this “early PC”, the main objectives of EUS-guided tissue
acquisition would be to accurately identify malignant lesions suit-
able for surgical resection and which type of resection would be
needed (not all solid pancreatic lesion deserves the same surgical
approach), but also to evaluate the need of neoadjuvant ther-
apy, with recent data suggesting the role of this approach even
in resectable pancreatic lesions. Moreover, patients with benign
mimicking conditions can be spared from unnecessary surgery. The
arguments more frequently pointed out for rejecting a preopera-
tive biopsy are the high diagnostic sensitivity of the various imaging
techniques, the fact that a negative result may not exclude malig-
nancy and the possibility of hampering curative surgery because of
potential seeding risk.

4.1. Arguments against a preoperative biopsy

As previously stated, imaging studies have a high diagnostic sen-
sitivity for the diagnosis of pancreatic masses. MDCT has shown
a sensitivity that can reach 90% and specificity as high as 99%
[14,53,54]. Nonetheless, MDCT scan and EUS alone do not always
allow a precise diagnosis, especially for tumors <2 cm or in the

setting of chronic pancreatitis [55,56]. In these circumstances, a
EUS-tissue acquisition should always be considered.

When analyzing the results of EUS-guided tissue acquisition,
and despite its excellent accuracy, the NPV still remains lim-
ited (approximately 60%). Moreover, chronic pancreatitis decreases
diagnostic accuracy of tissue acquisition techniques, with difficult
cytological interpretation. EUS-guided tissue acquisition can also
have false positive results, usually in cases of chronic pancreatitis
[27,57,58]. In patients with atypical/suspicious cytology but with-
outadefinitive diagnosis, it is recommended to repeat the puncture
or treat as if the result was positive because surgery should never
be delayed [59]. This is also related with another drawback of EUS-
guided tissue acquisition is its ability in obtaining adequate cellular
material, with reported unsatisfactory aspirates in 1.5-13% of cases
[59,60].

Another issue against preoperative biopsy is its potential risk
of tumor seeding [61]. There are anecdotal cases of tumor seed-
ing after EUS-guided tissue acquisition along the needle tract, but
with much lower frequency than with the percutaneous approach
[62-64]. These cases were reported in tumors located on pancreatic
body or tail, as in these locations tissue is obtained via transgas-
tric approach that it will not be included in the surgical resection.
On the other hand, lesions located on the head of the pancreas,
which are sampled through the duodenum, should not harbor this
risk, as the needle track will be included in the surgical speci-
men [65]. In 2013, Ngamruengphong et al. discussed this issue in
a paper where 256 patients with similar baseline characteristics
were analyzed: 48 patients in the non-EUS-guided tissue acqui-
sition group and 208 in the EUS-guided tissue acquisition group.
Recurrence data was available for 207 patients with a median
length of follow-up of 23 months. Three patients had recurrence
in the gastric wall: one (2.6%) in the non-EUS-guided tissue acqui-
sition group vs. two (1.2%) in EUS-guided tissue acquisition group
(p=0.46). A total of 16 patients had peritoneal recurrence: 5 (12.8%)
in the non-EUS-guided tissue acquisition group and 11 (6.5%) in the
EUS-guided tissue acquisition one (p=0.19) [66]. In multivariate
analysis, undergoing EUS-guided tissue acquisition was not asso-
ciated with an increased cancer recurrence or decreased overall
survival, suggesting that it is not associated with an increased risk
of needle track seeding. More recently, the same author, using the
linked Surveillance, Epidemiology, and End Results-Medicare data,
identified a total of 2034 patients with locoregional PC who under-
went curative intent surgery from 1998 to 2009 [67]. Patients who
received EUS-guided tissue acquisition within the peridiagnostic
period were included in the EUS-guided tissue acquisition group
(n=498) whereas patients who did not receive EUS evaluation or
who underwent EUS without tissue acquisition were included in
the non-EUS-guided tissue acquisition group. Overall survival and
PC-specific survival were compared after controlling for relevant
covariates. In multivariate analysis, EUS-guided tissue acquisition
was marginally associated with improved overall survival (HR 0.84,
95% CI 0.72-0.99), but did not affect cancer-specific survival (HR
0.87, 95% CI 0.74-1.03). The authors concluded that preoperative
EUS-guided tissue acquisition was not associated with an increased
risk of mortality and suggested that it can be safely performed for
the work-up of suspicious pancreatic lesions.

The argument that a preoperative biopsy can delay the treat-
ment of these ideal surgical candidates should not be considered
as most of these individuals should be evaluated and treated in
tertiary well-experimented centers, where waiting lists for EUS-
guided tissue acquisition procedures should not exist.

4.2. Arguments favoring a preoperative biopsy

EUS has demonstrated to be highly accurate in the diagnosis
of solid pancreatic masses, being accepted as a minimally inva-
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Fig. 1. (a) Hypoechogenic solid 2 cm lesion, in the head of the pancreas, causing dilation of main pancreatic duct (5.6 mm). (b) EUS-FNA of the pancreatic lesion, using a 25

gauge needle.

sive, well-tolerated, operator-dependent procedure. The addition
of fine-needle techniques provides samples for cytopathological
analysis, which represents a major advantage over other imaging
techniques (Fig. 1a and b).

Hewitt et al. recently published a meta-analysis assessing the
diagnostic capability of EUS-guided tissue acquisition in PC patients
[57]. Thirty-three studies published between 1997 and 2009 were
included, with a total of 4984 patients, using a reference stan-
dard of definitive surgical histology or clinical follow-up of at least
6 months. Cytology results were classified as inadequate, benign,
atypical, suspicious or malignant. The pooled sensitivity for malig-
nant cytology was 85% and pooled specificity was 98%. If atypical
and suspicious cytology results were included to determine true
neoplasms, the sensitivity increased to 91% and the specificity was
reduced to 94%. The diagnostic accuracy of EUS-guided tissue acqui-
sition was enhanced in prospective, multicenter studies. Taking
these results into account, the authors concluded that EUS-guided
tissue acquisition should be considered when algorithms for inves-
tigating solid pancreatic lesions are planned.

Diagnostic accuracy based solely in imaging studies remains
unsatisfactory, with nearly 10% of resected specimens considered
preoperatively as PC being other lesions in the pathological exam of
the surgical specimens. These are the so-called PC “mimickers” and
include benign lesions, such as focal chronic pancreatitis, autoim-
mune pancreatitis, pancreatic tuberculosis and malignant ones, like

pancreatic lymphoma and metastasis from other organs’ neopla-
sia [68-71]. This becomes especially important as overall mortality
after pancreatic surgery ranges from 0 to 10% and morbidity from
10to 60% [72,73]. Therefore, an EUS-guided tissue acquisition with
a diagnosis of a PC “mimicker” can spare patients from unnecessary
surgery.

EUS-guided tissue acquisition is considered a safe procedure.
The most common complication is mild-to-moderate pancreatitis
which occursin 0-3.4% of cases [45,51,74,75]. Rare but serious com-
plications have been reported such as rupture of pseudo-aneurysm,
severe bleeding and perforation, formation of pancreatic pseudo-
cyst and abscess [51,76-78]. Bacteremia was an issue of concern
due to the disruption of mucosal integrity occurs. Nonetheless,
some studies showed that bacteremia rates in patients undergoing
EUS-guided tissue acquisition were comparable to that of diagnos-
ticendoscopies [79-81]. Taking into account that the frequency and
severity of complications may vary from center to center and may
be related to operator experience, Wang et al. conducted a sys-
tematic review to assess the morbidity and mortality associated
with EUS-guided tissue acquisition [75]. Fifty-one articles with a
total of 10,941 patients were included. The overall rate of EUS-
guided tissue acquisition specific morbidity and mortality were
0.98% and 0.02%, respectively. In the small group of patients with
complications of any kind, mild-to-moderate pancreatitis and post
procedure pain were the more frequent events.
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Another important advantage of a preoperative definitive diag-
nosis of malignancy is its role in the patient-doctor relationship.
In fact, and even considering the nowadays “acceptable” rates of
surgical morbidity and mortality, in high volume centers, from the
patient’s and surgeon’s point of view, a biopsy proof of malignancy
increases surgeon’s confidence and patients convincement of the
urgent need of a demanding and often complex surgery.

Finally, the disseminated use of EUS-guided tissue acquisition in
suspected pancreatic tumors can contribute for upcoming research,
allowing the creation of a biobank. In this way, for example, in the
near future, novel biomarkers could be discovered with the ability
to detect PC in early phases or be used in testing new therapeutic
agents [27,82].

5. Summary

EUS is undoubtedly an important tool to diagnose and stage
PC and is often used complementary to MDCT. EUS-guided tissue
acquisition is a safe procedure and the method of choice to sam-
ple pancreatic lesions with high diagnostic accuracy. The fear of
tumor spread has limited its use in the past, but recent studies have
demonstrated that EUS-guided tissue acquisition is a safe proce-
dure, with rare and mild complications, and have contributed to the
spreading of this technique in PC management algorithm [4,55,67].
EUS-guided tissue acquisition is especially useful in atypical and
doubtful situations and in patients with high surgical risk, as it can
avoid surgery and its associated morbimortality in lesions that can
mimic PC, such as autoimmune pancreatitis or lymphoma. A biopsy
proving malignancy increases the certainty of the indication of a
surgical treatment, facilitating the surgeon-patient dialogue. Hav-
ing EUS-guided tissue acquisition made its proof of concept when
performed preoperatively to determine the definitive diagnosis,
improving staging and supporting the correct indication for surgi-
cal resection of a pancreatic tumor, why should it not be considered
in suspected early PC?
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