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Over the last few decades, endoscopic ultrasound (EUS)-
guided tissue acquisition has become the method of choice
for the pathological diagnosis of solid pancreatic lesions.
Due to its high diagnostic yield and low complication rate,
EUS-guided tissue acquisition has surpassed percutaneous
sampling techniques. For many years, EUS-guided fine-nee-
dle aspiration (EUS-FNA) was traditionally used to obtain cy-
tological aspirates of solid pancreatic lesions, with sensitivity
values ranging from 80 to 90% for the diagnosis of malig-
nancy. Nevertheless, despite numerous technical advances,
EUS-FNA still presents some limitations. Therefore, EUS-
guided fine-needle biopsy (EUS-FNB) has been introduced
to provide tissue core biopsies, allowing histological assess-
ment. A newly developed generation of FNB needles has
demonstrated an outstanding diagnostic accuracy of over
95% for solid pancreatic lesions and provides samples ap-
propriate for ancillary testing, such as immunohistochemis-
try and tumour molecular profiling. As a result, EUS-FNB is

rapidly replacing EUS-FNA and is now the recommended
technique for EUS-guided tissue acquisition in pancreatic
cancer. Furthermore, with the recent expansion of neoadju-
vant treatment criteria and with the advent of novel and per-
sonalised anti-cancer therapies, EUS-FNB is gaining a pivotal
role in pancreatic cancer management and might soon be
generalised to all patients, independent of disease stage. In
this article, the authors presentan updated review of the role
of EUS-guided tissue acquisition in pancreatic cancer. Cur-
rent indications, several technical aspects and new applica-
tions of EUS-FNA and EUS-FNB are discussed.
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Resumo

Nas ultimas décadas, a aquisicao de tecido por ecoen-
doscopia tornou-se o método de eleicao para o diagndsti-
co patologico de lesdes solidas do pancreas. Devido a sua
elevada capacidade diagnostica e baixa taxa de complica-
¢Oes, a aquisicao de tecido por ecoendoscopia ultrapas-
sou as técnicas de bidpsia por via percutanea. Durante
muito anos, a aspiracao com agulha fina guiada por eco-
endoscopia (EUS-FNA) foi tradicionalmente usada para
obter aspirados citolégicos de lesdes sélidas do pancreas,
com valores de sensibilidade que variam entre os 80% e
05 90% no diagndstico de malignidade. Contudo, apesar
de numerosos avancos técnicos, a EUS-FNA apresenta
ainda algumas limitagdes. Assim, a bidépsia com agulha
fina guiada por ecoendoscopia (EUS-FNB) foi introduzida
para obter biépsias com cores de tecido, permitindo ava-
liagdo histolégica. Uma nova geracao de agulhas de FNB
recentemente desenvolvida demonstra uma acuidade di-
agnostica excecional acima de 95% nas lesdes sélidas do
pancreas e obtém amostras adequadas para estudos an-
cilares, designadamente imunohistoquimica e caracte-
rizacao molecular tumoral. Por conseguinte, a EUS-FNB
esta rapidamente a substituir a EUS-FNA e é hoje a técnica
recomendada para aquisicdao de tecido no cancro do pan-
creas. Além disso, com a recente expansao dos critérios
para tratamento neoadjuvante e com o advento de tera-
pias anti-tumorais novas e personalizadas, a EUS-FNB esta
aadquirirum papel essencial na abordagem do cancro do
pancreas e podera em breve ser generalizada a todos os
doentes, independentemente do estddio da doenca.
Neste artigo, os autores apresentam uma revisao atua-
lizada do papel da aquisicao de tecido por ecoendoscopia
no cancro do pancreas. As indicacdes atuais, varios aspe-
tos técnicos e novas aplicacdes da EUS-FNA e EUS-FNB

sao discutidos. © 2020 Sociedade Portuguesa de Gastrenterologia
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Endoscopic ultrasound (EUS)-guided tissue acquisi-
tion has become the method of choice for the patho-
logical diagnosis of solid pancreatic masses as it is a safe
and accurate sampling technique. The most important
role of EUS-guided sampling in pancreatic cancer man-
agement is the acquisition of pancreatic tissue for tu-
mour diagnosis [1-3]. Additionally, EUS may add rel-
evant information for pancreatic cancer staging, being
particularly useful in the assessment of small and ill-
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defined pancreatic lesions, in the determination of tu-
mour involvement of the portal venous confluence, in
the characterisation of loco-regional lymph nodes, and
in the diagnosis of small amounts of ascites undetected
by other imaging techniques [4]. For EUS-guided sam-
pling, either the traditional fine-needle aspiration
(FNA) needles or the newer fine-needle biopsy (FNB)
needles can be used.

For many years, EUS-guided FNA (EUS-FNA) has
been an established and widely used sampling tech-
nique in the evaluation of solid pancreatic lesions. It
provides samples of cells adequate for cytological anal-
ysis, allowing the recognition of features suggestive or
diagnostic of malignancy with high sensitivity and
specificity. Four meta-analyses have shown that
EUS-FNA is very accurate for the diagnosis of solid
pancreatic masses (sensitivity 85-92% and specificity
94-100%) [5-8]. Compared with other percutaneous
techniques, such as ultrasound and computed tomog-
raphy-guided sampling, EUS-FNA has a higher sensi-
tivity (84 vs. 62%) and a higher diagnostic accuracy (80
vs. 72%) [9]. EUS-FNA is also a very safe procedure
with a low complication rate (2.4%). The most com-
monly reported complication is acute pancreatitis, and
most cases are mild [10].

More recently, with the development of a new genera-
tion of FNB needles, it has been possible to perform tissue
core biopsies that allow a broader histological assessment.
This new generation of FNB needles has an outstanding
diagnostic accuracy of over 95% for solid pancreatic le-
sions [11-14] and allows ancillary testing, such as immu-
nohistochemistry and tumour molecular profiling [15-
17]. Therefore, as we enter into the era of personalised
medicine and precision therapy, EUS-guided FNB (EUS-
ENB) is rapidly replacing EUS-FNA as the procedure of
choice for EUS-guided tissue acquisition in pancreatic
cancer.

Given these recent advances, the authors present an
updated review of the role of EUS-guided tissue acquisi-
tion in pancreatic cancer. Current indications, several
technical aspects and new applications of EUS-FNA and
EUS-FNB are discussed. With the use of PubMed, Med-
line, Scopus and Google, a systematic literature review
was conducted until April 2020 based on the search terms:
“pancreatic cancer”, “EUS-guided fine-needle aspira-
tion”, “EUS-guided fine-needle biopsy”, and “person-
alised medicine.” Prospective/comparative studies and
international consensus statements/management guide-
lines were preferred.
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According to the most recent international guidelines
on pancreatic cancer, pathological diagnosis of pancreatic
adenocarcinoma is mandatory before chemotherapy.
Therefore, EUS-guided sampling is recommended in pa-
tients with borderline resectable or locally advanced dis-
ease who are candidates for neoadjuvant treatment and in
patients with metastatic disease for whom palliative treat-
ment is indicated. These two sets of patients account for
80-85% of all pancreatic cancer patients [1, 2]. Also, in pa-
tients with resectable disease (that accounts for the remain-
der 15-20% of the patients), EUS-guided tissue acquisition
should be considered to establish the pathological diagno-
sis of pancreatic cancer before surgery, thus potentially re-
ducing the number of unnecessary surgeries for benign
diseases that mimic pancreatic cancer (e.g., autoimmune
pancreatitis, focal chronic pancreatitis, and lymphoma). In
fact, in several surgical series, the rate of surgical interven-
tion for pancreatic lesions misdiagnosed as pancreatic can-
cer ranged between 5 and 10% [18-20]. Additionally, with
the recent expansion of neoadjuvant treatment indications
to include patients with potentially resectable disease
(namely those with high-risk features, such as CA19.9
>500 UI/mL, large primary tumour, suspicion of regional
lymph node metastases, persistent pain, significant weight
loss, and poor general condition [1]), EUS-guided tissue
acquisition might soon be generalised to all patients with
pancreatic cancer, independent of disease stage.

EUS-FNA has been an invaluable tool for the patho-
logical diagnosis of solid pancreatic lesions, allowing the
acquisition of cytological aspirates adequate for obtaining
a diagnosis of malignancy with sensitivity values ranging
from 80 to 90% [5-8]. Several types of FNA needles with
calibres ranging from 19 to 25 gauge are available. To
date, numerous studies have compared different calibres
of FNA needles and also distinct technical aspects of the
EUS-FNA procedure.

FNA Needle Calibre

Due to its smaller calibre, the 25-gauge FNA needle
potentially offers a technical advantage when sampling
very fibrotic (hard) solid lesions compared to larger-cal-
ibre needles. In addition, its greater flexibility allows a
better manoeuvrability, particularly when sampling pan-
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creatic head and uncinate masses from the duodenum.
Three meta-analyses have shown that the 25-gauge FNA
needle increases the diagnostic sensitivity (with similar
specificity), when compared with the 22-gauge FNA nee-
dle [21-23]. Nevertheless, due to the fact that these results
did not reach statistical significance in two of these meta-
analyses [21, 22], both calibres (25 and 22 gauge) are rec-
ommended when sampling solid pancreatic lesions [3].
Compared to thinner needles, the 19-gauge FNA needle
tends to be stiffer and harder to manoeuvre and is associ-
ated with increased technical failure [24].

Negative Pressure

Several methods of creating negative pressure to aspi-
rate the sample into the needle have been described. The
traditional aspiration/suction technique relies on creating
a negative pressure applied via the syringe that is attached
to the needle. When sampling malignant solid pancreatic
lesions, the use of 10-mL negative pressure results in a
higher sensitivity and a higher diagnostic yield compared
to no suction [25, 26] and is, therefore, recommended [3].
The “wet suction” technique relies on pre-flushing the nee-
dle with saline to replace the column of air with fluid, fol-
lowed by applying negative pressure. Theoretically, when
using this technique, the negative pressure applied via the
syringe is better transmitted to the needle tip. Results from
a randomised controlled trial showed that the “wet suc-
tion” technique increases sample cellularity and quality
when compared to the traditional aspiration/suction
method [27]. The “stylet slow-pull” technique involves the
slow and gradual removal of the needle stylet while moving
the needle within the lesion to create a minimal negative
pressure (without using the syringe). This method has a
similar diagnostic yield for solid pancreatic lesions com-
pared to the traditional aspiration technique [28, 29].

Puncture Technique

Several FNA puncture techniques have been described
over the past few years. The traditional method relies on
positioning the needle tip at one location within the mass
and then moving it back and forth 16 times to procure
tissue (1 x 16). The “fanning technique” was developed to
allow the acquisition of tissue from different lesion areas
and involves positioning the needle tip in four different
areas within the mass and then moving it back and forth
four times in each area (4 x 4). Compared with the tradi-
tional method, the “fanning technique” is associated with
increased diagnostic yield on the first needle pass and a
lower number of passes to obtain a pathological diagnosis
[30].
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Table 1. Types of EUS-FNA and EUS-FNB needles available

EUS-FNA/ EUS-ENA EUS-FNB
e 1st generation 2nd generation 3rd generation
Needle Several needles Tru-cut needle Reverse bevel nee- Fork-tip needle Crown-tip needle Forward-facing
(Quick-Core) dle (ProCore) (SharkCore) (Acquire) bevel needle
(ProCore)
Calibres 19-25G 19G 19, 22 and 25G 19,22, 25G 22 and 25G 20G
Photo

~

Rapid On-Site Pathologist Evaluation

Though it has not been demonstrated whether the
presence of an on-site pathologist improves the diagnos-
tic yield of EUS-FNA for solid pancreatic lesions, Rapid
On-Site Pathologist Evaluation (ROSE) has the potential
to reduce the number of needle passes to obtain a patho-
logical diagnosis [31, 32]. Nevertheless, the application of
ROSE is limited by the availability of trained cytopathol-
ogists in each centre and by its additional cost. According
to the guidelines, when performing EUS-FNA of solid
pancreatic lesions in the absence of ROSE, 3-4 needle
passes should be performed, as this is the number of pass-
es required to reach a sensitivity of at least 90% for the
diagnosis of malignancy [3, 30, 33, 34].

Despite numerous technical advances, EUS-FNA is
still associated with some limitations. For example, cel-
lularity is often low and tissue architecture is not pre-
served, limiting the use of diagnostic immunohistochem-
istry studies, which are key in the differential diagnosis of
pancreatic cancer (as they are needed to establish the di-
agnosis of conditions such as autoimmune pancreatitis,
neuroendocrine tumours, and lymphoma). In addition,
in very necrotic or fibrotic tumours, such as pancreatic
adenocarcinoma, the procurement of viable tumour cells
is even more difficult and frequently insufficient for diag-
nosis.

The demand to acquire samples with increased cellu-
larity and with tissue architecture preservation has led to
the development of a new type of needle, the FNB needle.
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These needles have sharp cutting edges to cleanly cut the

tissue within a lesion. They were specifically designed to

obtain core tissue samples, allowing a more complete his-
tological assessment.

To date, there have been three generations of FNB nee-
dles (Table 1). The first generation of FNB needles was
the Quick-Core Needle (Cook Endoscopy, Limerick, Ire-
land), a Tru-Cut 19-gauge needle that rapidly fell into dis-
use due to poor flexibility and technical issues. The sec-
ond generation of FNB needles was the ProCore Needle
(Cook Endoscopy, Limerick, Ireland), a needle with a re-
verse bevel design thatisavailablein 19-,22-,and 25-gauge
calibres. Two meta-analyses have shown that, despite
having a diagnostic yield similar to FNA needles, reverse
bevel needles reduce the number of needle passes needed
to establish a pathological diagnosis [35, 36]. Therefore,
when performing EUS-FNB of solid pancreatic lesions in
the absence of ROSE, 2-3 needle passes are sufficient to
ensure a sensitivity of at least 90% for the diagnosis of
malignancy [3, 35, 37-39].

Recently, the third generation of FNB needles has been
introduced, and it includes three different types of nee-
dles:

— The new ProCore Needle (Cook Endoscopy, Limerick,
Ireland), a forward-facing bevel 20-gauge needle;

— The SharkCore Needle (Medtronic Corporation, New-
ton, MA, USA), a fork-tip needle (with 6 cutting edges)
available in 19-, 22- and 25-gauge calibres;

— The Acquire Needle (Boston Scientific Corporation,
Natick, MA, USA), a crown-tip needle (Franseen nee-
dle) available in 22- and 25-gauge calibres.
Facciorusso et al. [11] reported the results of a very re-

cent meta-analysis that evaluated the diagnostic perfor-
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mance of this new generation of FNB needles, in particu-
lar of the crown- and fork-tip needles. This meta-analysis
showed that these two FNB needles have an outstanding
diagnostic accuracy for solid pancreatic lesions, reaching
a value of 96%, with no difference between the crown and
fork-tip needles (97 vs. 95% respectively, p = 0.8). One
study included in this meta-analysis was a prospective
randomised trial conducted by Bang et al. [12]. Accord-
ing to this study, with only two dedicated needle passes
and using the “fanning technique,” the diagnostic cell
block adequacy was 96 and 92% for crown- and fork-tip
needles, respectively. Due to the fact that this new gen-
eration of FNB needles is very recent, studies specifically
testing different needle calibres and different procedure
techniques (e.g., aspiration/suction, “stylet slow pull”) are
still scarce, and no recommendations exist regarding this
point. There are also few studies focused on the safety of
EUS-FNB needles compared to EUS-FNA needles, al-
though the safety profile appears to be similarly very good
[11].

To date, few data are available on the comparison be-
tween third-generation FNB needles and standard FNA
needles. van Riet el al. [40] reported the results of a mul-
ticentre randomised controlled study comparing the di-
agnostic performance of these new-generation FNB nee-
dles (20-gauge forward-facing bevel needle) with FNA
needles (22-gauge needle). According to this study, EUS-
FNB outperformed EUS-FNA in terms of histological
yield (77 vs. 44%, p < 0.001) and accuracy for malignancy
(87 vs. 78%, p = 0.002) for pancreatic and non-pancreatic
solid lesions. A large retrospective study conducted by
Bang et al. [41] included more than 2,000 patients with
biliopancreatic lesions undergoing EUS-FNA (22- and
25-gauge needles) or EUS-FNB (22-gauge crown- and
fork-tip needles). According to the results of this study,
EUS-FNB not only achieved a higher diagnostic yield on
cell blocks (92 vs. 71%, p < 0.001), but also reduced the
number of needle passes needed to achieve sample ade-
quacy for ROSE (1 [IQR 1-2] vs. 2 [IQR 1-3], p < 0.001)
compared with EUS-FNA. In another study from Bang et
al. [15], when compared to standard FNA needles
(22-gauge needles), third-generation FNB needles
(22-gauge crown-tip needles) provided tissue samples
with a 20-fold higher area of tissue (6.1 vs. 0.28 mm?, p <
0.001) that were much more conducive to immunohisto-
chemistry testing (100 vs. 68%, p < 0.001).

Given the increase in diagnostic yield per needle pass,
the use of third-generation FNB needles may potentially
obviate the need for ROSE, thus reducing procedure time
and cost. To assess if ROSE is still needed when perform-
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Fig. 1. Macroscopic visible histological core (white-yellowish frag-
ments: arrow) of a pancreatic adenocarcinoma obtained by EUS-
FNB (22-gauge crown-tip needle).

ing EUS-FNB of solid pancreatic lesions with these nee-
dles, there is an ongoing multicentre randomised non-
inferiority trial comparing the diagnostic accuracy of
EUS-FNB with or without ROSE [42]. Also, 2 recent stud-
ies have already evaluated the diagnostic performance of
macroscopic on-site evaluation (MOSE) using a new-
generation FNB needle (22-gauge crown-tip needle) for
sampling solid pancreatic lesions. These studies demon-
strated that MOSE might limit needle passes, as a histo-
logical core (Fig. 1) could be easily identified by the endo-
sonographer in more than 90% of cases after a single pass,
and that a very high diagnostic accuracy (97%) could be
achieved without ROSE [13, 14].

In light of these outstanding results, several experts
have begun to advocate the use of third-generation FNB
needles as the new standard procedure for sampling solid
pancreatic lesions instead of conventional FNA needles.
Similarly, the 2020 National Comprehensive Cancer Net-
work guidelines on pancreatic adenocarcinoma now rec-
ommend EUS-FNB as the sampling procedure of choice
for pathological diagnosis [1].

Despite improvements in diagnostic modalities and
management strategies, including surgery and medical
therapy, the outcome of pancreatic cancer remains poor.
With recent advances in understanding the molecular
landscape of pancreatic cancer coupled with the availabil-
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ity of new targeted anti-cancer therapies, there is renewed
enthusiasm for individualised precision treatment in or-
der to improve patient prognosis. Over the last decade,
several genomic studies have revealed distinct subtypes of
pancreatic adenocarcinoma based on the molecular fea-
tures of tumour cells and stromal microenvironment.
These subtypes are associated with different tumour be-
haviours and patient outcomes and may help identifying
potential new therapeutics targets [43, 44]. The 2020 Na-
tional Comprehensive Cancer Network guidelines rec-
ommend tumour gene profiling for patients with locally
advanced or metastatic disease who are candidates for
anti-cancer therapy to identify potentially targetable mu-
tations [1]. However, most identified mutations have
failed to impact clinical practice and, currently, only ben-
efit a small proportion of pancreatic cancer patients [45].
An alternative and complementary path to patient tai-
lored-medicine involves the development of patient-de-
rived organoids and xenograft models that allow anti-
cancer drug susceptibility testing and, therefore, might
aid clinicians in making treatment decisions. Until re-
cently, only resected pancreas cancer specimens had been
used to obtain sufficient tissue for performing ancillary
studies, such as genomic profiling and establishment of
organoid and xenograft models [46]. However, as only a
minority of pancreatic cancer patients undergo surgery,
this approach is not useful for most patients. The recent
development of third-generation FNB needles improved
the ability to obtain tumour core biopsies with preserved
tissue architecture that contains both tumour cells and
desmoplastic stroma, allowing the performance of ancil-
lary studies at the time of diagnosis and, therefore, poten-
tially determining precise treatment strategies early in the
disease course.

There is growing evidence that EUS-FNB for pancre-
atic adenocarcinoma provides tumour samples that are
an excellent source for genomic analysis, and some stud-
ies have already demonstrated its superiority over EUS-
FNA. Elhanafi et al. [16] reported that EUS-FNB is more
likely to result in sufficient tissue sampling for tumour
molecular profiling using target next-generation se-
quencing compared with EUS-FNA (91 vs. 67%). Also, a
prospective randomised controlled trial conducted by
Kandel et al. [17] showed that sufficient DNA for whole
exome sequencing on the first pass was obtained more
frequently with EUS-FNB needles compared to EUS-
FNA needles (74 vs. 54%). Additionally, development of
tumour models, such as organoid and xenograft, has also
been possible using EUS-FNB samples from pancreatic
cancer patients. La Comb et al. [47] reported that success-
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ful organoid creation was feasible in 84% of EUS-FNB
specimens. Hermans et al. [48] developed a patient-de-
rived xenograft model by transferring tumour tissue ob-
tained by EUS-FNB, which achieved an engraftment rate
of 60%. Taken together, these promising findings have set
the stage for EUS-FNB in the era of personalised medi-
cine in pancreas cancer.

EUS-guided tissue acquisition is the gold standard for
sampling solid pancreatic lesions as it offers a high diag-
nostic yield with low risk of complications [1-3]. Tradi-
tionally, EUS-FNA was the sampling procedure of choice,
allowing the acquisition of cytological aspirates adequate
for obtaining a diagnosis of malignancy with sensitivity
values ranging from 80 to 90% [5-8]. More recently, with
the development of a new generation of FNB needles, it
has been possible to perform tissue core biopsies that al-
low a broader histological assessment. Hence, not only
has the diagnostic accuracy for solid pancreatic lesions
increased, reaching a value of over 95% [11-14] and po-
tentially obviating the need for ROSE, but also the sam-
ples obtained are appropriate for ancillary studies, such
as immunohistochemistry and tumour molecular profil-
ing [15-17]. Together with the recent expansion of neo-
adjuvant treatment indications and the advent of novel
and personalised anti-cancer therapies, EUS-FNB is gain-
ing a pivotal role in pancreatic cancer management and
might soon be generalised to all patients, independent of
disease stage.
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