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Abstract
Precise staging of pancreatic cancer is crucial for treatment 
choice. In clinical practice, this includes the TNM staging and 
determination of tumour resectability, based on a multimo-
dality imaging workup. International guidelines recommend 
multi-detector computed tomography (CT), with a dedicat-
ed pancreatic protocol, as the first-line tool for TNM staging 
and evaluation of tumour-vessel relationships. In non-meta-
static disease upon initial CT assessment, both magnetic res-
onance imaging and endoscopic ultrasound (EUS) may add 
relevant information, potentially changing treatment se-
quence. EUS may have distinct advantages in pancreatic 
cancer diagnosis and staging when compared with other 
modalities, being particularly valuable in the determination 
of portal venous confluence involvement (particularly in 
small and ill-defined/isoattenuating tumours on CT), in lo-
coregional nodal staging and in the detection of ascites. As 
we step forward to a more frequent use of neoadjuvant che-
motherapy and to personalised medicine, the importance of 
EUS-guided fine-needle biopsy (EUS-FNB) also increases. 
The recent availability of third-generation biopsy needles 

significantly increased the diagnostic yield of EUS-guided 
tissue acquisition, providing diagnostic cell blocks in ap-
proximately 95% of cases with only two dedicated passes 
and allowing ancillary testing, such as immunohistochemis-
try and molecular profiling of the tumour. In this article, the 
authors present an updated perspective of the place of EUS 
and EUS-FNB in the staging algorithm of pancreatic cancer. 
Data supporting the increasing role of neoadjuvant therapy 
and the importance of a patient-tailored treatment selec-
tion, based on tumoural subtyping and molecular profiling, 
are also discussed. © 2020 Sociedade Portuguesa de Gastrenterologia

Published by S. Karger AG, Basel

O papel da ecoendoscopia no estadiamento 
do cancro do pâncreas na era da terapêutica 
neoadjuvante e da medicina personalizada
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Resumo
No cancro do pâncreas é fundamental um estadiamento 
preciso para a decisão terapêutica. Na prática clínica, isto 

This article is licensed under the Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International License (CC BY-
NC-ND) (http://www.karger.com/Services/OpenAccessLicense). 
Usage and distribution for commercial purposes as well as any dis-
tribution of modified material requires written permission.



Bispo/Marques/Rio-Tinto/Fidalgo/
Devière

GE Port J Gastroenterol 2021;28:111–120112
DOI: 10.1159/000509197

inclui o estadiamento TNM e a avaliação da ressecabili-
dade cirúrgica, baseada numa avaliação imagiológica 
multimodal. As recomendações de consenso recomen-
dam a tomografia computorizada (TC) multi-detector, 
com protocolo pancreático, como exame de primeira 
linha para o estadiamento TNM e determinação de in-
vasão vascular loco-regional. Na doença loco-regional 
não-metastática (após TC inicial), a ressonância magné-
tica e a ecoendoscopia poderão acrescentar informação 
relevante, com potencial impacto na decisão terapêutica. 
A ecoendoscopia apresenta vantagens únicas comparati-
vamente a outros métodos de estadiamento, sendo par-
ticularmente útil na avaliação da relação do tumor com a 
confluência espleno-portal (especialmente na presença 
de tumores pequenos e isodensos/mal-definidos na TC), 
no estadiamento ganglionar loco-regional (N) e na de-
tecção de ascite. À medida que caminhamos no sentido 
da utilização crescente de quimioterapia neoadjuvante e 
da Medicina personalizada, a relevância da biopsia guiada 
por ecoendoscopia também aumenta. A recente dis-
ponibilização de agulhas de biopsia de terceira geração 
aumentou significativamente a rentabilidade diagnóstica 
da punção guiada por ecoendoscopia, obtendo cell-
blocks para avaliação histológica em cerca de 95% dos ca-
sos (com apenas duas passagens), permitindo a realização 
de estudos ancilares, como avaliação imuno-histoquími-
ca e caracterização molecular do tumor. No presente ar-
tigo os autores apresentam uma perspetiva do papel atu-
al da ecoendoscopia e da biopsia guiada por ecoendosco-
pia no algoritmo de estadiamento do cancro do pâncreas. 
É ainda analisada a evidência atual que favorece o papel 
crescente da terapêutica neoadjuvante e a importância 
da seleção individualizada do tratamento, baseada na 
definição do subtipo de tumor e na caracterização mo-
lecular. © 2020 Sociedade Portuguesa de Gastrenterologia

Publicado por S. Karger AG, Basel

Introduction

Endoscopic ultrasound (EUS) has become an impor-
tant adjunct modality for the diagnosis, staging and thera
peutic decision in pancreatic cancer [1, 2]. In large meta-
analyses and in comparative studies with other imaging 
modalities, EUS was found to be the most accurate tool 
for the detection of small pancreatic masses (≤2 cm), with 
a pooled sensitivity of over 95% [2, 3]. 

Tissue acquisition for pathological documentation of 
pancreatic cancer is mandatory before chemotherapy [4, 
5], and increasingly more patients receive such chemo-

therapy before having a surgical specimen available [6]. 
Indeed, neoadjuvant therapy is becoming a standard prac-
tice for borderline resectable tumours, offering a better 
chance of achieving a complete surgical resection (R0) [7] 
and a longer survival after resection [8]. The recent avail-
ability of the so-called third-generation fine-needle biopsy 
(FNB) needles increased significantly the diagnostic yield 
of EUS-guided tissue acquisition of pancreatic masses [9, 
10]. These new FNB needles with cutting edges (crown-tip 
and fork-tip) are rapidly replacing fine-needle aspiration 
(FNA) needles in clinical practice given their ability to ac-
quire diagnostic cell blocks in approximately 95% of cases 
with only two dedicated passes, obviating the need for rap-
id onsite evaluation [9, 11]. Histological samples can be 
reliably acquired with these new needles, allowing to per-
form ancillary testing, such as immunohistochemistry 
and molecular profiling of the tumour [9–11]. In the era 
of neoadjuvant chemotherapy and personalised cancer 
Medicine, EUS-FNB has therefore become a powerful tool 
in the management of pancreatic cancer [1]. On the one 
hand, it is an important adjunct to multi-detector com-
puted tomography (CT) and magnetic resonance imaging 
(MRI) in the multimodality staging of pancreatic cancer 
and, on the other hand, it allows a safe and effective core 
tissue acquisition for histology, assessment of tumour 
markers and tumour gene profiling [1, 9–11]. 

In this article, the authors present an updated perspec-
tive of the place of EUS-FNB in the staging algorithm of 
pancreatic cancer. Data supporting the increasing role of 
neoadjuvant therapy for non-metastatic pancreatic can-
cer and the growing importance of a patient-tailored 
treatment selection based on tumour subtyping and ge-
netic profiling are also discussed. 

A literature search was performed until March 2020, 
using PubMed Central, Scopus and Google, using the key 
words and phrases: “pancreatic cancer/adenocarcinoma 
staging,” “endoscopic ultrasound,” “fine-needle biopsy,” 
“neoadjuvant chemotherapy,” “personalized cancer 
Medicine” and “precision therapy.” Prospective/compar-
ative studies, meta-analyses and international consensus 
guidelines were preferred.

Anatomic Staging, Clinical Staging and Therapeutic 
Decision by Stage

Pancreatic cancer staging includes:
1.	 The classification of the tumour stage, using preferably 

the 8th edition of the American Joint Committee on 
Cancer (AJCC) classification (2017) (Table 1) [12]. 
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The primary goal of the revised AJCC criteria is pro-
viding information on prognosis, rather than guiding 
patient management [12].

2.	 The precise description of the relationship between the 
tumour and the portal vein/portal venous confluence, 
superior mesenteric vein, superior mesenteric artery, 
celiac trunk and common hepatic artery [4]. An imag-
ing staging reporting template should preferably be 
used to ensure complete assessment of all imaging cri-
teria essential for optimal staging, which will improve 
the decision-making process [13].

3.	 The determination of the clinical stage and the resect-
ability status (based on the integration of the imaging 
test results and eventual staging laparoscopy), which 
impacts on therapeutic decision-making, considering 
4 stages [4]:
(a) Metastatic disease, which generally benefits from 

palliative chemotherapy.
(b) Locally advanced disease, also with indication for 

chemotherapy, due to local vascular spread that precludes 
complete resection. However, about one-third of these pa-
tients may have significant tumour shrinkage with chemo-
therapy allowing secondary resection of the primary tu-
mour [14]. Hence, in the 8th edition of the AJCC classifica-
tion, the T4 stage is no longer classified as unresectable [12].

(c) Borderline resectable disease, with indication for 
neoadjuvant chemotherapy, usually followed by resec-
tion surgery.

(d) Resectable disease, usually treated with primary re-
section surgery, although neoadjuvant chemotherapy 

with secondary surgery is increasingly being performed 
in this stage [4, 5].

The classification system for resectability based on tu-
mour-vessel relationships (which categorises the tumour 
in resectable, borderline resectable and unresectable) cor-
relates with the likelihood of achieving a R0 resection and 
the most widely accepted criteria are from the National 
Comprehensive Cancer Network (NCCN) [4]. The ana-
tomic definition for borderline resectable cancer, which 
often requires vascular reconstructions for resection and 
carries a high risk of positive margins, justifying preop-
erative chemotherapy, is variable across different classifi-
cations systems. The recent guidelines of the American 
Society of Clinical Oncology (ASCO) categorise as “bor-
derline resectable” any tumour-vascular contact (of any 
degree), recommending neoadjuvant therapy instead of 
primary resection [15, 16]. It must be highlighted that the 
anatomic criteria for resectability (determined by imag-
ing findings alone) are clearly insufficient, as a significant 
proportion of patients with tumours classified as primary 
resectable ultimately have positive margins and residual 
disease following resection [17]. Therefore, additional 
criteria were added in the decision for neoadjuvant che-
motherapy (instead of primary surgery) for potentially 
resectable disease, including biological factors (CA19.9 > 

500 IU/mL and suspicion of regional lymph node metas-
tases) and clinical criteria (as the presence of persistent 
“pancreatic pain,” significant weight loss and poor gen-
eral condition, with ECOG performance status ≥2) [4, 
17]. 

Table 1. The TNM staging system (7th and 8th editions) from the American Joint Committee on Cancer (AJCC)

Stages Seventh Edition (2010) Eight Edition (2017)

T1 Tumour limited to the pancreas, ≤2 cm in greatest dimension Maximum tumour diameter ≤2 cm

T2 Tumour limited to the pancreas, >2 cm in greatest dimension Maximum tumour diameter 2–4 cm

T3 Tumour extends beyond the pancreas but without involvement of the 
celiac axis or the superior mesenteric artery

Maximum tumour diameter >4 cm

T4 Tumour involves the celiac axis, superior mesenteric artery or common 
hepatic artery (unresectable primary tumour)

Tumour involves the celiac axis, superior 
mesenteric artery or common hepatic artery

N0 No regional lymph node metastasis No regional lymph node metastasis

N1 Regional lymph node metastasis Metastasis in 1–3 regional lymph nodes

N2 Non-existent Metastasis in ≥4 regional lymph nodes

In the 8th edition, the T stage is nearly entirely based on the tumour size and, although T4 is still defined by celiac trunk, superior 
mesenteric artery or common hepatic artery involvement, it is no longer categorized as unresectable disease. Also, the N stage is strati-
fied into N1 and N2 (according to the number of involved regional lymph nodes) [12].
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The Era of Neoadjuvant Chemotherapy and 
Personalised Medicine

All imaging modalities tend to understage pancreatic 
cancer and even patients with R0 resection have poor out-
comes, with nearly half of them experiencing tumour re-
currence in the first postoperative year [18]. Guidelines 
endorsed by the European Society for Medical Oncology 
(ESMO) indicate that only patients with a high probabil-
ity of complete (R0) resection should receive upfront sur-
gery [19]. The recent expansion of the indications for 
neoadjuvant chemotherapy is the result not only from a 
new perspective of “borderline resectable cancer” (inte-
grating clinical criteria and data related to biological be-
haviour of the tumour) [4, 17], but also from emerging 
data of phase III trials (PREOPANC-1 e Prep-02/JSAP-
05), pointing out to a potential benefit of neoadjuvant 
therapy even in resectable disease [7, 20]. The Dutch 
PREOPANC-1 trial, which included patients with resect-
able and borderline resectable disease, showed a signifi-
cant increase in the R0 resection rate, longer disease-free 
survival and lower rates of metastatic lymph nodes in pa-
tients who underwent neoadjuvant therapy when com-
paring with those receiving upfront surgery (R0 resection 
rate was 40% after upfront resection versus 71% after neo-
adjuvant therapy) [7]. Another recent prospective ran-
domised trial of patients with borderline resectable dis-
ease was closed prematurely when an interim analysis 
found a superior median overall survival of 21 months for 
neoadjuvant therapy versus 12 months for upfront sur-
gery [8]. Neither of the previously mentioned trials [7, 8] 
evaluated the impact of neoadjuvant therapy with FOL-
FIRINOX, a more effective regimen than gemcitabine 
alone in the metastatic setting [6]. In three ongoing trials 
evaluating neoadjuvant FOLFIRINOX in patients with 
resectable pancreatic cancer [21–23], it is expectable that 
even better results regarding the overall survival will be 
achieved in the neoadjuvant FOLFIRINOX group [6].

Neoadjuvant chemotherapy has several advantages: 
(1) improved local tumour control, increasing the likeli-
hood of negative-margin (R0) resections; (2) identifica-
tion of patients with rapidly progressive disease, who can 
then be spared from the morbidity associated with a po-
tentially useless surgery; and (3) optimisation of the ac-
cess to chemotherapy, taking into account that after a ma-
jor pancreatic resection surgery, up to 40% of patients are 
too ill to receive adjuvant chemotherapy [18, 24]. There-
fore, there is growing evidence favouring preoperative 
chemotherapy also in potentially resectable disease, with 
some authors advocating its use in all cases of pancreatic 

cancer, with the exception of T1N0-stage (stage Ia: tu-
mour limited to the pancreas ≤2cm) [25].

The 2020 NCCN guidelines recommend tumour gene 
profiling for patients with locally advanced or metastatic 
disease who are candidates for anti-cancer therapy to 
identify potentially targetable mutations [4]. The NCCN 
advocates that testing for actionable somatic findings 
should be considered prior to chemotherapy in these pa-
tients, specifically including, but not limited to: fusions 
(ALK, NRG1, NTRK, ROS1), mutations (BRAF, BRCA1/2, 
HER2, KRAS, PALB2), and mismatch repair deficiency 
[4]. Pathological confirmation of the diagnosis of pancre-
atic ductal adenocarcinoma is mandatory before chemo-
therapy, and the NCCN recommends obtaining a core 
biopsy, if possible, to acquire adequate tissue for ancillary 
studies (immunohistochemistry and molecular profiling) 
[4]. 

Pancreatic cancer diagnosis must be precise and, pref-
erably, should be confirmed preoperatively by EUS-guid-
ed tissue sampling, as, in reference centres, nearly 7% of 
patients undergoing pancreatoduodenectomy for sus-
pected malignancy ultimately have a benign disease [26]. 
As we step forward to a more frequent use of neoadjuvant 
chemotherapy and to personalised cancer treatment, the 
importance of EUS-guided core biopsy also increases.

Whole genome sequencing of pancreatic cancer has 
shown frequent chromosomal rearrangements leading to 
gene disruption, affecting genes known to be important 
in pancreatic cancer development as new candidate driv-
ers of pancreatic carcinogenesis [27]. Over the last de-
cade, multiple study groups have characterised the com-
plex molecular landscape of pancreatic cancer and have 
described distinct disease subtypes [28]. Five subtypes of 
pancreatic cancer have recently been defined analysing 
gene expression features from both tumour and stromal 
compartments, which were shown to have distinct biol-
ogy and prognostic implications [29]. 

The majority of pancreatic cancer patients are still 
treated with standard (non-target) combination chemo-
therapy regimens [30]. The difficulty in identifying tar-
gets for anti-cancer therapy in pancreatic cancer has been 
mostly related to three relevant issues: (1) pancreatic can-
cer has long been thought to be a monomorphic disease, 
largely defined by 4 non-targetable genomic alterations 
(in KRAS, TP53, CDKN2A, and SMAD4), with a high 
heterogeneity of additional mutations, present at low-lev-
el frequencies [30, 31]; (2) the difficulty in obtaining ad-
equate tumour samples as a source of genomic material 
for molecular studies [30–32]; (3) the technological de-
mands and prolonged period of time to receive results 
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from molecular studies, precluding a timely result for 
clinical application [28]. However, emerging data from 
translational research and recent technological develop-
ments in tumour tissue acquisition and in next-genera-
tion sequencing technology support the need of “bringing 
pancreas cancer into the lab” [30]. Aguirre et al. [33] have 
recently demonstrated a surprisingly high rate of poten-
tially clinically actionable findings in metastatic pancre-
atic cancer, including a high rate of druggable oncogene 
lesions in cases harbouring wild-type KRAS genes. In the 
COMPASS trial, Aung et al. [34] found potentially targe-
table genomic alterations in 30% of patients with ad-
vanced pancreatic cancer and demonstrated that pro-
spective whole genome sequencing and RNA sequencing 
can be feasible within an adequate time range for clinical 
application. Very recently, Singhi et al. [31] found in a 
large cohort of pancreatic cancer patients (both in forma-
lin-fixed biopsies and surgical resection specimens) tar-
getable genomic alterations in 17% of the cases. 

The difficulty in obtaining adequate tumour samples 
for genomic sequencing has also been for many years an 
important drawback for molecular profiling of pancre-
atic cancer, having been traditionally performed on re-
sected primary tumours and, more recently, on image-
guided percutaneous core biopsies from metastatic dis-
ease [31, 33, 34]. Pancreatic cancer is comprised of a 
high-density stroma, and the specimens obtained by 
EUS-FNA are often considered insufficient, contaminat-
ed, composed of poor-quality DNA/RNA and subopti-
mal for genetic analysis [32]. Recent advances in EUS-
guided tissue acquisition, with the availability of third-
generation FNB needles, significantly increased the 
diagnostic yield of EUS-guided sampling of pancreatic 
masses, providing true histological core tissue with a 20-
fold higher area when compared to standard FNA needles 
[35]. This new generation of cutting needles acquire di-
agnostic cell blocks in approximately 95% of cases with 
only two dedicated passes, allowing to perform ancillary 
testing of the tumour [9–11, 35]. With EUS-FNB, an im-
portant step was taken towards precision therapy in pan-
creatic cancer, with emerging data showing that EUS-
FNB may acquire sufficient tissue for tumour molecular 
profiling using next-generation sequencing in more than 
90% of the tumours [32]. Tumour molecular profiling 
may offer a method of identifying potentially targetable 
genomic alterations, but currently it will only benefit a 
small proportion of patients [29]. Therefore, direct as-
sessment of prediction of chemotherapy response, using 
tumour models such as organoids or xenograft models, 
can be an additional way of tailoring therapy for each pa-

tient [36]. Lacomb et al. [37] have recently shown that 
successful organoid creation was feasible in 84% of EUS-
FNB samples from pancreatic cancer patients. Recently, 
Tiriac et al. [36] performed drug sensitivity profiling of 
pancreatic cancer in organoid models and elucidated 
novel functional subtypes that predict chemotherapy sen-
sitivity. Identification of molecular and functional sub-
types of pancreatic cancer to predict chemotherapy re-
sponse is urgently needed to improve treatment out-
comes in pancreatic cancer. Given the aggressive 
behaviour of pancreatic cancer, molecular profiling 
should be done early in the disease course to guide precise 
treatment decisions [28]. Molecular profiling and subtyp-
ing classification of pancreatic cancer will undoubtedly 
be the future of pancreatic cancer management, but al-
ready holds great meaning in the present, being recom-
mended for patients with advanced disease in the 2020 
NCCN guidelines [4]. 

The Place of EUS in the Staging Algorithm

Several international guidelines on the diagnosis and 
management of pancreatic cancer (NCCN 2020 [4], NICE 
2018 [38], ACR 2017 [39], ASCO 2016 and 2017 [15, 16] 
and ESMO 2015 [19]) recommend multi-detector CT, 
with a dedicated pancreatic protocol (dual-phase, thin-
section image acquisition, followed by multiplanar refor-
mation) as the first-line tool for diagnosis and tumour 
staging. No other imaging study is required in metastatic 
pancreatic cancer. Multi-detector CT is recommended as 
the modality of choice for evaluation of tumour-vessel 
relationships, being particularly accurate for assessing tu-
mour involvement of the local arterial vasculature [4, 15, 
19, 38, 39]. However, four important limitations of CT for 
initial staging must be pointed out: (1) the evaluation of 
isoattenuating tumours (when tumour attenuation is 
identical to the normal pancreatic parenchyma), corre-
sponding to 5–17% of all pancreatic tumours; (2) the poor 
overall performance in detecting and characterising local 
lymph nodes (with sensitivity values below 30% for re-
gional nodal metastases, independent of the morphologi-
cal criteria being used); (3) inadequate sensitivity for de-
tecting small (≤10 mm) liver metastases (sensitivity of 
only 69%, significantly lower comparing to MRI); (4) the 
assessment of peritoneal carcinomatosis, given the fre-
quent small size and possible miliary distribution of peri-
toneal metastases [15, 18].

As a result, in non-metastatic pancreatic cancer after ini-
tial CT assessment, both MRI and EUS can potentially add 
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information in the staging workup, which can be relevant 
in the therapeutic decision process [1, 15, 24]. In a recent 
prospective multicentre study, among patients whose pan-
creatic cancer was deemed resectable based on initial CT 
findings, MRI with diffusion-weighted sequences detected 
liver metastases in 10% of these patients, changing patient 
management and avoiding unnecessary surgeries [40]. Two 
recent meta-analyses [41, 42] assessed the potential benefit 
of integrating EUS in pancreatic cancer staging, showing 
that EUS may be particularly useful in some cases: (1) in the 
assessment of small (< 2 cm) and ill-defined/isoattenuating 
tumours; (2) in the determination of tumoural involvement 
of the portal vein and portal venous confluence; (3) in the 
detection of malignant loco-regional lymph nodes (in N-
staging); (4) in the detection of even minimal amounts of 
ascites, which may be an indirect sign of peritoneal carcino-
matosis, eventually justifying a diagnostic staging laparos-
copy [1, 41, 42, 43]. A 2017 meta-analysis (including 795 

patients), which evaluated the potential benefit of EUS for 
identifying borderline/unresectable disease after initial 
pancreatic protocol CT, found that EUS results might 
change patient management from upfront surgery to che-
motherapy in 14% of cases [42].

A meta-analysis including 29 studies and 1,330 pa-
tients pointed out to a similar performance between EUS 
and CT scan for evaluating tumour vascular invasion and 
predicting resectability [41]. However, several studies 
suggested that EUS may be more sensitive than CT in as-
sessing venous invasion (in particular portal vein/venous 
confluence involvement), whereas CT scan is considered 
more sensitive in detecting arterial invasion (of the celiac 
trunk, superior mesenteric artery and common hepatic 
artery) [41, 44, 45]. There are four EUS criteria to predict 
tumour vascular invasion: (1) loss of the vessel-parenchy-
mal hyperechoic interface (Fig. 1); (2) vessel wall irregu-
larity or luminal narrowing (Fig. 2a); (3) tumour within 

a b

Fig.  1. Linear-array EUS. a Hypoechoic 
mass of the pancreatic head with loss of the 
hyperechoic interface between the pancre-
atic parenchyma and the wall of the portal 
vein. b Hypoechoic mass of the pancreatic 
body with loss of the hyperechoic interface 
between the parenchyma and the wall of 
the splenic artery (AE).

a b

Fig.  2. Linear-array EUS. a Hypoechoic 
mass of the pancreatic head causing lumi-
nal narrowing and irregularity of the wall 
of the portal venous confluence (upper fig-
ure: B-mode imaging; lower figure: power 
Doppler imaging). b Isoechoic mass of the 
pancreatic body with encasement of the 
splenic vein and a mass within the vessel 
lumen (upper figure: B-mode imaging; 
lower figure: power Doppler imaging).
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the vessel lumen (Fig. 2b); (4) peri-pancreatic venous col-
laterals in an area of a mass that obliterates the normal 
anatomic location of a vessel [1, 43].

Pancreatic cancer is characterised by early lymph node 
spread, and nodal metastases are present in the majority 
of patients who undergo surgery, even in the absence of 
morphological criteria for malignant lymphadenopathies 
assessed by different imaging modalities [39, 46]. In a re-
cent meta-analysis evaluating the clinicopathological fea-
tures of pancreatic cancer according to tumour size (in 
surgical specimens), lymph node metastases were docu-
mented in 79.1% of tumours > 2 cm and 64.2% of tumours 
≤2 cm [46]. All imaging modalities tend to underestimate 
nodal metastases, and EUS (with or without FNB) is cur-
rently the most accurate modality to determine the N-
stage, with a pooled sensitivity of 69% (vs. sensitivity val-
ues below 30% for CT and MRI) [1, 18, 41]. Specificity 
values for detecting lymph node metastases are similar 
between EUS, CT and MRI (81–88%) [1, 18, 41]. At pres-
ent, identification of regional lymph nodes suspicious of 
metastasis (more accurately determined by EUS than by 
CT or MRI, without necessarily being confirmed by FNB) 
has a significant clinical impact, as these patients will ben-
efit from neoadjuvant therapy [17].

Response evaluation to neoadjuvant therapy (restag-
ing) is challenging. All imaging studies tend to underes-
timate the response to chemotherapy, and the diagnostic 
performance of CT, MRI or EUS is not sufficient to en-
sure an accurate selection of patients in whom an R0 re-
section is likely to be achieved [18]. The insufficient per-
formance of imaging studies after chemotherapy is re-
lated to the nature of pancreatic cancer, which is 
composed of extensive and dense fibrous stroma con-
taining varying densities of tumour cells [18]. Chemo-
therapy may eliminate tumour cells leaving pre-existing 
fibrotic stroma or may even induce additional fibrosis, 
which may be mistakenly interpreted on imaging as per-
sistent tumour [18]. PET-CT may add some information 
in restaging, as a decrease greater than 50% in stan-
dardised uptake value (SUV) was shown to be a predictor 
of R0 resection after neoadjuvant chemotherapy [47]. 
Taking into account the limitations of structural imaging 
modalities in restaging, additional studies evaluating the 
potential utility of functional and quantitative imaging 
techniques are desirable, such as PET-MRI [48] and CT 
texture analysis [49].

The potential value of new technologies, such as EUS 
elastography and contrast-enhanced EUS, as an adjunct 
to EUS in the diagnostic workup of pancreatic masses re-
mains controversial [1]. The first multicentre study eval-

uating prospectively the accuracy of EUS elastography for 
evaluation of pancreatic masses in a large cohort was pub-
lished 11 years ago [50]. Since then, different studies (all 
based on strain elastography) reported varied sensitivities 
and specificities for distinguishing benign from malig-
nant pancreatic masses [51, 52]. Strain elastography (both 
qualitative or quantitative) evaluates the relative elasticity 
of tissue within a region of interest and lacks objectivity 
and reproducibility [52]. A recent meta-analysis has 
found that EUS elastography has a high pooled sensitiv-
ity (95%), but a poor pooled specificity (61%) in differen-
tiation of benign and malignant pancreatic masses [51]. 
A newly developed EUS shear-wave elastography tech-
nique will probably improve the accuracy and, most im-
portantly, the reproducibility of EUS elastography in the 
diagnosis of pancreatic cancer [53]. However, the insuf-
ficient specificity of elastography in the diagnosis of pan-
creatic cancer will probably never be satisfactory due to 
the fact that stiffness of tissues is not directly related to 
malignancy, but to various mechanical properties of tis-
sues such as collagen fibre density and distribution [51]. 
Contrast-enhanced EUS has a higher specificity than 
strain elastography in the diagnosis of malignancy and 
may be useful in the characterisation of small (≤2 cm) and 
ill-defined pancreatic masses, when the enhancement 
patterns are difficult to depict by CT or MRI [54, 55]. The 
combination of contrast-enhanced EUS and elastography 
may increase specificity in the differentiation of malig-
nant from benign pancreatic masses, achieving a pooled 
specificity of 76% [51]. However, the added value of these 
techniques in the characterisation of indeterminate pan-
creatic masses after EUS-FNB remains to be proven. In 
the majority of patients, both EUS elastography and con-
trast-enhanced EUS add limited value to EUS in the 
workup algorithm of pancreatic masses, never precluding 
FNB [1, 51, 52]. 

Conclusions

Accurate staging of pancreatic cancer is challenging 
due to its morphological variability and to the aggressive 
biological behaviour of this tumour, frequently associ-
ated with extra-pancreatic perineural invasion and dis-
semination to lymph nodes and distant sites, which may 
be occult or difficult to detect by cross-sectional imaging 
studies [15, 18]. The focus of the initial workup should 
be to determine the presence of an overt or potentially 
occult systemic disease on imaging, the likelihood of a 
complete local resection, and the patient capacity to tol-
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erate available therapies [15]. Each imaging technique 
has its own diagnostic yield and limitations. A multimo-
dality imaging workup should be pursued as it improves 
staging accuracy, directing patients with resectable dis-
ease to surgery, optimising patient selection to neoadju-

vant therapy and avoiding surgical resection in those 
with more advanced disease [18]. In Figure 3, the authors 
propose an evidence-based multimodality imaging algo-
rithm for pancreatic cancer staging [4, 15, 18, 19, 24, 38, 
39, 41, 42]. EUS has become a powerful tool in pancre-

Consider PET-CT/staging laparoscopy
(in patients with high risk of occult metastatic disease) b

Locally advanced disease Borderline resectable disease Resectable disease

Workup algorithm

Suspicion of pancreatic cancer
(clinical/imaging) 

Pancreatic protocol CT

Biopsya

Chest CT
Liver MRI
EUS-FNBa

Pancreatic massNo mass (but indirect signs of tumour)

Metastatic disease Non-metastatic diseaseEUS-FNB or MRI

Fig.  3. Multimodality imaging algorithm for pancreatic cancer 
staging [4, 15, 18, 19, 24, 38, 39, 41, 42]. Key Points: Multi-detec-
tor CT, with a dedicated pancreatic protocol, is the first-line tool 
for diagnosis and tumour staging. No other imaging study is re-
quired in metastatic pancreatic cancer, and a biopsy is manda-
tory before chemotherapy (EUS-guided FNB or image-guided 
percutaneous biopsy of liver metastases if easily accessible) [4, 15, 
19, 24, 38, 39]. In non-metastatic pancreatic cancer after initial 
CT assessment, both MRI and EUS can potentially add informa-
tion to the staging workup (and a chest CT may also be consid-
ered to complete staging). MRI may detect liver metastases in 
10% of patients whose pancreatic cancer is deemed resectable 
based on CT findings [40]. The potential incremental benefit of 
EUS for staging is mostly due to the identification of portal vein/
confluence involvement (being particularly valuable in small and 
ill-defined/isoattenuating tumours), identification of loco-re-

gional nodal involvement and documentation of ascites, eventu-
ally justifying a diagnostic staging laparoscopy. EUS also allows 
FNB for histology and assessment of tumour markers and tu-
mour gene profiling [4, 5, 9–11, 32]. a A core biopsy is recom-
mended to obtain adequate tissue for possible ancillary studies 
(immunohistochemistry and molecular profiling). Tumour gene 
profiling is recommended for patients with locally advanced/ 
metastatic disease who are candidates for anti-cancer therapy [4]. 
b  PET-CT scan and staging laparoscopy may be considered in 
high-risk patients to detect extra-pancreatic metastases – partic-
ularly in borderline resectable and locally advanced disease, but 
also in potentially resectable disease [4, 24]. High-risk features 
include large primary tumours (> 4 cm), suspicious regional 
lymph nodes, very highly elevated CA 19.9 (> 1,000 IU/mL), ex-
cessive weight loss and extreme pain [4, 24].
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atic cancer management and should be used as an ad-
junct modality for staging, potentially changing patient 
management in non-metastatic disease after the initial 
cross-sectional imaging assessment [1, 41, 42]. Addition-
ally, it is the method of choice for tumoural sampling [4, 
15, 24], which is playing a pivotal role with neoadjuvant 
therapy becoming the standard of care in most cases and 
with the emergence of personalised therapy based on tu-
mour molecular characteristics [4, 6, 29]. The new gen-
eration of FNB needles provides true histological sam-
ples in 95% of cases with only two dedicated passes, al-
lowing tumour ancillary testing and molecular profiling 
[9–11, 35]. 
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