
World Journal of
Gastrointestinal Oncology

World J Gastrointest Oncol  2019 November 15; 11(11): 933-1091

ISSN 1948-5204 (online)

Published by Baishideng Publishing Group Inc



W J G O
World Journal of
Gastrointestinal
Oncology

Contents Monthly  Volume 11  Number 11  November 15, 2019

EDITORIAL
933 New era for pancreatic endoscopic ultrasound: From imaging to molecular pathology of pancreatic cancer

Archibugi L, Testoni SGG, Redegalli M, Petrone MC, Reni M, Falconi M, Doglioni C, Capurso G, Arcidiacono PG

REVIEW
946 Endothelial cells in colorectal cancer

Chen WZ, Jiang JX, Yu XY, Xia WJ, Yu PX, Wang K, Zhao ZY, Chen ZG

957 Non-coding RNA in drug resistance of gastric cancer
Luo YJ, Huang QM, Ren Y, Liu ZL, Xu CF, Wang H, Xiao JW

ORIGINAL ARTICLE

Basic Study

971 Calponin 3 promotes invasion and drug resistance of colon cancer cells
Nair VA, Al-khayyal NA, Sivaperumal S, Abdel-Rahman WM

983 Eight key long non-coding RNAs predict hepatitis virus positive hepatocellular carcinoma as prognostic

targets
Huang ZL, Li W, Chen QF, Wu PH, Shen LJ

Case Control Study

998 Toll-like receptor 9 polymorphisms and Helicobacter pylori influence gene expression and risk of gastric

carcinogenesis in the Brazilian population.
Susi MD, Lourenço Caroline DM, Rasmussen LT, Payão SLM, Rossi AFT, Silva AE, Oliveira-Cucolo JGD

Retrospective Cohort Study

1011 Old vs new: Risk factors predicting early onset colorectal cancer
Syed AR, Thakkar P, Horne ZD, Abdul-Baki H, Kochhar G, Farah K, Thakkar S

1021 Oral chemotherapy for second-line treatment in patients with gemcitabine-refractory advanced pancreatic

cancer
Park SJ, Kim H, Shin K, Lee MA, Hong TH

1031 Revisiting oral fluoropyrimidine with cetuximab in metastatic colorectal cancer: Real-world data in Chinese

population
Lam KO, Fu MC, Lau KS,  Lam KM, Choi  CW, Chiu WH, Yuen CM, Kwok LH, Tam FK, Chan WL, Chan SY,  Ho PY,

Leung TW, Lee HF

WJGO https://www.wjgnet.com November 15, 2019 Volume 11 Issue 11I

https://www.wjgnet.com


Contents
World Journal of Gastrointestinal Oncology

Volume 11  Number 11  November 15, 2019

Retrospective Study

1043 Validation and head-to-head comparison of four models for predicting malignancy of intraductal papillary

mucinous neoplasm of the pancreas: A study based on endoscopic ultrasound findings
Hua J, Zhang B, Yang XJ, Zhang YY, Wei MY, Liang C, Meng QC, Liu J, Yu XJ, Xu J, Shi S

1054 Endoscopic full-thickness resection for treating small tumors originating from the muscularis propria in the

gastric fundus: An improvement in technique over 15 years
Ge N, Hu JL, Yang F, Yang F, Sun SY

Observational Study

1065 Clinical significance of MLH1/MSH2 for stage II/III sporadic colorectal cancer
Wang SM, Jiang B, Deng Y, Huang SL, Fang MZ, Wang Y

META-ANALYSIS
1081 Efficacy of hybrid minimally invasive esophagectomy vs open esophagectomy for esophageal cancer: A

meta-analysis
Yang J, Chen L, Ge K, Yang JL

WJGO https://www.wjgnet.com November 15, 2019 Volume 11 Issue 11II



Contents
World Journal of Gastrointestinal Oncology

Volume 11  Number 11  November 15, 2019

ABOUT COVER Editorial Board Member of World Journal of Gastrointestinal Oncology, Joseph
Chao, MD, Assistant Professor, Medical Oncology and Therapeutics
Research, City of Hope Comprehensive Cancer Center, Duarte, CA 91010,
United States

AIMS AND SCOPE The primary aim of World Journal of Gastrointestinal Oncology (WJGO, World J
Gastrointest Oncol) is to provide scholars and readers from various fields of
gastrointestinal oncology with a platform to publish high-quality basic and
clinical research articles and communicate their research findings online.
   WJGO mainly publishes articles reporting research results and findings
obtained in the field of gastrointestinal oncology and covering a wide range
of topics including islet cell adenoma, liver cell adenoma, adenomatous
polyposis coli, appendiceal neoplasms, bile duct neoplasms, biliary tract
neoplasms, hepatocellular carcinoma, islet cell carcinoma, pancreatic ductal
carcinoma, cecal neoplasms, colonic neoplasms, colorectal neoplasms,
hereditary nonpolyposis colorectal neoplasms, common bile duct
neoplasms, duodenal neoplasms, esophageal neoplasms, gallbladder
neoplasms, etc.

INDEXING/ABSTRACTING The WJGO is now indexed in Science Citation Index Expanded (also known as

SciSearch®), PubMed, and PubMed Central. The 2019 edition of Journal Citation

Reports® cites the 2018 impact factor for WJGO as 2.758 (5-year impact factor: 3.220),

ranking WJGO as 52 among 84 journals in gastroenterology and hepatology (quartile in

category Q3), and 131 among 229 journals in oncology (quartile in category Q3).

RESPONSIBLE EDITORS FOR
THIS ISSUE

Responsible Electronic Editor: Lu-Lu Qi

Proofing Production Department Director: Yun-Xiaojian Wu

NAME OF JOURNAL
World Journal of Gastrointestinal Oncology

ISSN
ISSN 1948-5204 (online)

LAUNCH DATE
February 15, 2009

FREQUENCY
Monthly

EDITORS-IN-CHIEF
Monjur Ahmed, Rosa M Jimenez Rodriguez, Pashtoon Kasi

EDITORIAL BOARD MEMBERS
https://www.wjgnet.com/1948-5204/editorialboard.htm

EDITORIAL OFFICE
Jin-Lei Wang, Director

PUBLICATION DATE
November 15, 2019

COPYRIGHT
© 2019 Baishideng Publishing Group Inc

INSTRUCTIONS TO AUTHORS
https://www.wjgnet.com/bpg/gerinfo/204

GUIDELINES FOR ETHICS DOCUMENTS
https://www.wjgnet.com/bpg/GerInfo/287

GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH
https://www.wjgnet.com/bpg/gerinfo/240

PUBLICATION MISCONDUCT
https://www.wjgnet.com/bpg/gerinfo/208

ARTICLE PROCESSING CHARGE
https://www.wjgnet.com/bpg/gerinfo/242

STEPS FOR SUBMITTING MANUSCRIPTS
https://www.wjgnet.com/bpg/GerInfo/239

ONLINE SUBMISSION
https://www.f6publishing.com

© 2019 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com  https://www.wjgnet.com

WJGO https://www.wjgnet.com November 15, 2019 Volume 11 Issue 11III

mailto:bpgoffice@wjgnet.com


W J G O
World Journal of
Gastrointestinal
Oncology

Submit a Manuscript: https://www.f6publishing.com World J Gastrointest Oncol  2019 November 15; 11(11): 933-945

DOI: 10.4251/wjgo.v11.i11.933 ISSN 1948-5204 (online)

EDITORIAL

New era for pancreatic endoscopic ultrasound: From imaging to
molecular pathology of pancreatic cancer

Livia Archibugi, Sabrina Gloria Giulia Testoni, Miriam Redegalli, Maria Chiara Petrone, Michele Reni,
Massimo Falconi, Claudio Doglioni, Gabriele Capurso, Paolo Giorgio Arcidiacono

ORCID number: Livia Archibugi
(0000-0003-3979-9553); Sabrina
Gloria Giulia Testoni
(0000-0002-0042-2583); Miriam
Redegalli (0000-0002-5308-280X);
Maria Chiara Petrone
(0000-0002-1045-209X); Michele
Reni (0000-0002-6463-0293);
Massimo Falconi
(0000-0001-9654-7243); Claudio
Doglioni (0000-0002-4969-5216);
Gabriele Capurso
(0000-0002-0019-8753); Paolo
Giorgio Arcidiacono
(0000-0001-6692-7720).

Author contributions: Archibugi L
and Testoni SGG contributed
equally to the paper and share first
authorship; Archibugi L, Testoni
SGG, and Redegalli M performed
the literature search and drafted
the manuscript; Petrone MC,
Doglioni C, Capurso G, and
Arcidiacono PG critically revised
the manuscript; Capurso G, Reni
M, Falconi M, Doglioni C, Petrone
MC, and Arcidiacono PG provided
scientific guidance; all authors
revised and approved the final
version of this article.

Supported by Associazione Italiana
Ricerca sul Cancro (AIRC), No. IG
17177

Conflict-of-interest statement: The
authors have no conflicts of
interest to declare.

Open-Access: This article is an
open-access article which was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in

Livia Archibugi, Sabrina Gloria Giulia Testoni, Maria Chiara Petrone, Gabriele Capurso, Paolo
Giorgio Arcidiacono, Pancreato-Biliary Endoscopy and EUS Division, Pancreas Translational
and Clinical Research Center, IRCCS San Raffaele Scientific Institute, Milan 20132, Italy

Miriam Redegalli, Claudio Doglioni, Pathology Department, Pancreas Translational and Clinical
Research Center, IRCCS San Raffaele Scientific Institute, Milan 20132, Italy

Michele Reni, Department of Medical Oncology, Pancreas Translational and Clinical Research
Center, IRCCS San Raffaele Scientific Institute, Milan 20132, Italy

Massimo Falconi, Pancreatic Surgery Department, Pancreas Translational and Clinical
Research Center, IRCCS San Raffaele Scientific Institute, Milan 20132, Italy

Corresponding author: Gabriele Capurso, MD, PhD, Chief Doctor, Pancreato-Biliary
Endoscopy and EUS Division, Pancreas Translational and Clinical Research Center, IRCCS
San Raffaele Scientific Institute, Via Olgettina 60, Milan 20132, Italy. capurso.gabriele@hsr.it
Telephone: +39-02-26436548
Fax: +39-02-26435607

Abstract
With recent advances in molecular pathology and the development of new
chemotherapy regimens, the knowledge of the molecular alterations of pancreatic
ductal adenocarcinoma (PDAC) is becoming appealing for stratifying patients for
prognosis and response to a defined treatment. Archival formalin-fixed, paraffin-
embedded samples are a useful source of genomic deoxyribonucleic acid;
nevertheless, most studies employed formalin-fixed, paraffin-embedded samples
deriving from surgical specimens, which are therefore representative of <20% of
PDAC patients. Indeed, the development of a reliable methodology for
endoscopic ultrasound-guided tissue acquisition, stabilization, and analysis is
crucial for the development of molecular markers for clinical use in order to
achieve “personalized medicine”. With the development of new needles, this
technique is able to retrieve a high quantity and quality of PDAC tissue that can
be used not only for diagnosis but also for mutational and transcriptome
evaluations and for the development of primary cell or tissue cultures. In the
present editorial, we discuss the current knowledge regarding the use of
endoscopic ultrasound as a tool to obtain samples for molecular analyses, its
possible pitfalls, and its use for the development of disease models such as
xenografts or organoids.

WJGO https://www.wjgnet.com November 15, 2019 Volume 11 Issue 11933

https://www.wjgnet.com
https://dx.doi.org/10.4251/wjgo.v11.i11.933
http://orcid.org/0000-0003-3979-9553
http://orcid.org/0000-0002-0042-2583
http://orcid.org/0000-0002-5308-280X
http://orcid.org/0000-0002-1045-209X
http://orcid.org/0000-0002-6463-0293
http://orcid.org/0000-0001-9654-7243
http://orcid.org/0000-0002-4969-5216
http://orcid.org/0000-0002-0019-8753
http://orcid.org/0000-0001-6692-7720
mailto:capurso.gabriele@hsr.it


accordance with the Creative
Commons Attribution Non
Commercial (CC BY-NC 4.0)
license, which permits others to
distribute, remix, adapt, build
upon this work non-commercially,
and license their derivative works
on different terms, provided the
original work is properly cited and
the use is non-commercial. See:
http://creativecommons.org/licen
ses/by-nc/4.0/

Manuscript source: Invited
manuscript

Received: June 15, 2019
Peer-review started: June 19, 2019
First decision: July 31, 2019
Revised: August 1, 2019
Accepted: August 20, 2019
Article in press: August 21, 2019
Published  online:  November  15,
2019

P-Reviewer: Petrucciani N, Sperti C
S-Editor: Zhang L
L-Editor: Wang TQ
E-Editor: Qi LL

Key words: Endoscopic ultrasound; Pancreatic cancer; Ribonucleic acid;
Deoxyribonucleic acid; Mutation; Molecular; Organoid; Profiling; Personalized medicine

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Surgical formalin-fixed, paraffin-embedded samples are not representative of
all pancreatic ductal adenocarcinoma patients and it has been proven that “pre-resection”
fine-needle aspiration smears are a better DNA source. Therefore, endoscopic ultrasound
(EUS) is the recommended method for obtaining a tumor’s molecular signature.
However, important limitations of EUS-acquired samples are: Intratumoral
heterogeneity, total amount of tumoral cells, and lesional-to-non-lesional cell ratio.
Furthermore, sample handling and storage conditions might affect the efficiency of DNA
and even more RNA extraction. The possibility to obtain sufficient material from EUS to
generate patient-derived xenografts or organoids is also a “hot topic”. Thus, optimization
and standardization of procedures for EUS-guided biopsy and molecular analyses are
essential to allow “precision medicine” for pancreatic ductal adenocarcinoma.

Citation: Archibugi L, Testoni SGG, Redegalli M, Petrone MC, Reni M, Falconi M, Doglioni
C, Capurso G, Arcidiacono PG. New era for pancreatic endoscopic ultrasound: From imaging
to molecular pathology of pancreatic cancer. World J Gastrointest Oncol 2019; 11(11): 933-
945
URL: https://www.wjgnet.com/1948-5204/full/v11/i11/933.htm
DOI: https://dx.doi.org/10.4251/wjgo.v11.i11.933

INTRODUCTION
Endoscopic ultrasound (EUS) was developed in the 1980s to improve ultrasound
imaging  of  the  pancreato-biliary  system.  The  most  significant  technological
development achieved by EUS along its history has been the linear probe, which
allows a needle to be tracked in real time across the image plane into a target lesion
and is  the  basis  for  all  EUS-guided therapeutic  procedures.  Over  the years,  this
technique  has  been  implemented  and  is  still  ongoing  today.  Currently,  EUS  is
considered an indispensable tool for the detection, characterization, and differential
diagnosis of solid pancreatic lesions, including pancreatic ductal adenocarcinoma
(PDAC)[1].

The reported sensitivity of EUS for detecting PDAC is between 94% and 100%[2,3].
Compared with multidetector computed tomography (MDCT), EUS can detect about
14% of pancreatic cancers that were missed on MDCT[3]. In particular, EUS performs
better  for  the detection of  tumors smaller  than 20 mm, for  which both magnetic
resonance imaging (MRI) and computed tomography (CT) have higher miss rates[4-6].
A meta-analysis  evaluated the performance of  EUS in those patients  without an
obvious mass on MDCT but with clinical suspicion for a pancreatic malignancy, and
showed a higher sensitivity of EUS for detecting a pancreatic neoplasm[7]. A direct
comparison of imaging modalities in the modern era has shown that EUS identified
pancreatic abnormalities in individuals considered to be at high risk for developing
PDAC 43% of the time, compared with 33% and 11% for MRI and CT, respectively[8].

Besides its excellent performance in visualizing and diagnosing pancreatic lesions,
EUS is mainly employed as part of the workup to obtain fine-needle aspiration (FNA)
or fine-needle biopsy (FNB) material in patients suspected of having a primary tumor.
Indeed,  EUS-FNA  has  become  the  preferred  method  for  acquiring  tissue  from
pancreatic lesions, playing an essential role in the diagnostic algorithms in patients
with  a  pancreatic  mass.  EUS-FNA  is  considered  a  safe  procedure,  and  a  large
systematic review of more than 10,000 patients reported reassuringly low morbidity
(0.98%) and mortality (0.02%) rates associated with EUS-FNA[9]. To optimize tissue
retrieval and in order to obtain core specimens, larger needles able to retrieve an FNB
sample  have  been  developed.  To  this  end,  a  number  of  histology  needles  with
changes in tip needle designs have been explored. However, one recent meta-analysis,
which included prospective, randomized controlled trials and retrospective studies,
showed that there was no significant difference between histology FNB and standard
FNA needles in terms of diagnostic adequacy and accuracy, but FNB needle was
superior for providing adequate histological tissue compared to FNA[10].
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In the past few years, the advent of new combination chemotherapy regimens also
used in the neoadjuvant setting have led to improvement in patients’ survival in all
PDAC stages.  In addition,  knowledge on molecular  changes associated with the
occurrence and progression of PDAC has increased in parallel with the availability of
data on the stratification of patients’ prognosis and possibly of response to various
treatments[11].  In  this  age  of  “personalized  medicine”,  the  role  of  EUS  for  the
management of PDAC is shifting from solely diagnosing the disease, staging it, and
providing tissue for the diagnosis, towards acquiring material to obtain a detailed
characterization  of  the  tumor’s  molecular  signature,  in  order  to  select  the  most
appropriate treatment. In the present editorial, we will discuss current knowledge
regarding the use of EUS as a tool to obtain samples for molecular analyses and for
the development of disease models.

Feasibility and pitfalls in obtaining pancreatic cancer DNA and RNA by EUS
Archival formalin-fixed, paraffin-embedded (FFPE) samples are a useful source of
genomic DNA; nevertheless,  most  studies employing these samples derive from
surgical specimens and are therefore representative of <20% of PDAC patients. Thus,
the development of a reliable methodology for EUS-guided tissue acquisition (EUS-
TA), stabilization, and analysis is crucial for the development of molecular markers
for clinical use.

Currently, the molecular analysis of samples acquired through EUS is performed
non-routinely, either to help identify a PDAC when the cytology is not diagnostic or
experimentally to predict prognosis and plan a specific therapy. EUS samples are
often considered bearing a low content and low quality of representative material
compared to surgical resection samples. A former study back in 2014 found that only
12.4% of 169 EUS-FNA cell block specimens obtained from malignant solid pancreatic
masses have adequate cellularity for theranostic studies[12].

However, this area has greatly improved in the past few years.  Hartley et al[13]

compared a “preresection” single FNA smear to two 5 µm curl of macrodissected
FFPE taken from Whipple resections specimens. FNA smears resulted in an even
better source of DNA, as, despite a similar nuclear area, FNA smears yielded greater
DNA per nuclear area. KRAS codon 12 mutations were detected, in fact, in 77% of the
samples compared to 57% of matched FFPE samples, with FNA retrieving a higher
DNA yield compared to FFPE.

This also underlines that the way the sample is stocked might change the DNA
extraction efficiency. In fact, Berry et al[14] proved how the KRAS mutation frequency
in the same patients was significantly lower (45%) when using DNA extracted from
EUS-FNA-derived FFPE blocks compared to EUS-FNA samples that were snap-frozen
(80%). It is known, indeed, how formalin leads to protein-DNA cross-links and to
degradation of nucleic acids. On the other hand, FNA samples are not formalin-fixed
and retain whole nuclei.

Nevertheless, although EUS-FNA allows the extraction of DNA/RNA from the
pancreatic sample, the absence of a pre-evaluation of this sample by a cytologist does
not allow certainty regarding tumor cellularity in the sample. Some studies[15] have
tried  to  overcome  this  limitation  by  performing  parallel  FNA  and  cytological
evaluation of the same samples. Benesova et al[15] extracted DNA and RNA from FNA-
acquired tissue (put in RNALater) and FN cytological (FNC) air-dried smear, with a
selected area trimmed out, of same patients undergoing EUS-FNA with a 22 G needle.
The  overall  amount  of  isolated  DNA/RNA  from  EUS-FNC  samples  was  lower
compared to EUS-FNA samples (10 ng vs 147 ng, respectively, for DNA; 164 vs 642 ng,
respectively, for RNA); however, the KRAS-mutant detection frequency in EUS-FNC
samples was 90% compared to 78% in EUS-FNA samples.

Furthermore,  a  great  disadvantage  of  FNA samples  is  the  fact  that  the  slides
obtained by EUS-FNA are very few and must be destroyed in order to submit cellular
material for DNA extraction. The quantity of DNA that can be extracted from a given
tissue also depends on the shape of the tip and the size of the needle. A controversial
topic is whether FNB might offer advantages over FNA for DNA or RNA extraction,
which is a matter of debate. As Dreyer and colleagues[16] demonstrated, DNA and
RNA analyses can be performed effectively on EUS-FNB samples, but the quantity of
both DNA and RNA changes based on the type of needle adopted, resulting in the
highest in their cohort when adopting SharkCore 22 G (2939 ng DNA yield and 481 ng
RNA yield). However, their sampling collection and conservation methods (fresh
frozen or FFPE) were not matched in the same patients and the quality of RNA was
not reported.

Elhanafi et al[17] conducted a retrospective analysis of all patients undergoing FNA
or FNB with genetic testing on pancreatic adenocarcinoma, both with 22 G needles
(EUSN-3  Cook  Medical  vs  SharkCore  Medtronic).  A  total  of  145  samples  were
obtained with FNA and 22 with FNB, and were prepared with thin Prep-prepared
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slides  (Hologic,  Inc.,  Bedford,  MA,  United  States)  and  cell  block  specimens.  A
required minimum of 10% tumor cellularity was used as a limiting criterion to deem a
sample sufficient, consistent with the prior literature. FNB samples were significantly
more likely to have sufficient material for genomic testing compared to FNA samples
(90.9% vs 66.9%; P = 0.02).

Another possible pitfall is represented by the presence of heterogeneity in terms of
presence of cancer cells, with EUS-TA only retrieving a part of the lesion that might
not contain malignant cells or only a small percentage. Therefore, if  a part of the
biopsy  where  cancer  cells  are  absent  is  employed  for  molecular  analysis,  false
negatives might occur. This aspect has not been investigated widely. Berry et al[14],
however, reported that only 2.5% (1 out of 40) of their pancreatic cancer samples that
were positive for tumor cells at cytology and harbored KRAS mutations resulted in
negative findings for  tumor markers  in the transcriptional  profile.  These results
suggest  that  this  might  not  be  a  major  limitation to  the  use  of  FNB samples  for
transcriptional analyses.

An important point is  also the evaluation of the total  amount of tumoral cells,
which should be analyzed to assess the probable retrievable amount of DNA to have
reproducible results with a given technique. Fabbri et al[18] reported their experience
with a threshold of about 5 ng good quality DNA necessary to detect KRAS mutations
using  a  mutation-specific  technique,  and  about  5-10  ng  for  next-generation
sequencing. Furthermore, considering that a neoplastic cell holds 10 pg of DNA, they
hypothesized a minimum cut-off number of lesional cells of 1000 to retrieve more
than 10 ng of DNA, thus allowing to obtain an adequate specimen.

Another important factor is the lesional-to-non-lesional cell ratio (or lesional cell
enrichment) and the type of technique used for sequencing. In fact, Sanger sequencing
bears  a  low analytical  sensitivity  and  requires  at  least  30%-40% of  lesional  cell
enrichment  to  detect  mutations,  while  next-generation sequencing or  mutation-
specific techniques are able to detect mutated KRAS alleles with 1%-5% tumor cell
enrichment[18].

Indeed, a possible pitfall for DNA and RNA testing on pancreatic samples retrieved
with  EUS-FNA or  FNB is  the  suboptimal  content  of  pancreatic  cancer  cells  and
contamination with other non-malignant tissues, such as blood, gastric or duodenal
wall  cells,  based  on  where  the  EUS-TA was  performed,  and  also  immune  cells.
Nevertheless, Berry et al[14] showed how the leukocyte marker cluster of differentiation
45 is scarcely expressed, as is also duodenal or gastric cell markers’ messenger RNA
(commonly known as mRNAs).

Specifically referring to RNA, the main issue in its extraction from pancreatic tumor
tissue is the high quantity of endogenous RNA ribonuclease (commonly known as
RNase) that degrades RNA upon tissue acquisition.

Very few studies have been published on the best methodology for RNA extraction
from mice and human pancreatic tissue but none of them have included a defined
methodology for RNA extraction from tissue acquired through EUS. Nevertheless, as
reported above, this has to be the goal in the near future, in order to provide our
patients a defined path at first diagnosis.

Berry et al[14] extracted both RNA and DNA using a 22 G needle (ProCore Cook),
snap freezing (in liquid nitrogen) the tissue after cytological rapid on-site evaluation
(commonly known as ROSE) to confirm the diagnosis. They evaluated the quantity
and quality of the DNA and RNA extracted using different methods, among which
was the EUS-FNA pass snap-frozen in liquid nitrogen, and then homogenized and
divided into smaller aliquots prior to processing. This technique allowed for retrieval
of an average of 12.9 ± 3.2 µg of RNA and 4.8 ± 3.7 µg of DNA. In terms of quality,
however, this method retrieved RNA with an RNA integrity number around 3, which
is suboptimal.  Interestingly, yields of genomic DNA were approximately 10-fold
higher when an additional EUS-FNA pass was performed.

On the other hand, microRNAs (miRNAs) are a highly stable type of RNA, which is
probably the reason why they have been studied as much or even more than mRNA
of pancreatic cancer tissues on EUS-FNA; also, recent studies have elucidated how
they could represent potential early biomarkers for pancreatic tumor detection and
that they may also serve as prognostic factors[19].

SOMATIC MUTATIONAL ANALYSES FROM EUS-DERIVED
PANCREATIC CANCER SAMPLES
Somatic  mutations in EUS-acquired tissue have been investigated,  especially for
KRAS and particularly for cases in which the cytology could not be a determinant in
the diagnosis.
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Trisolini et al[20] evaluated 89 pancreatic lesions having adequate cytology on EUS-
FNA samples by using a sequential approach for detecting KRAS mutations using
mutant  enriched-PCR  (commonly  known  as  ME-PCR).  In  all  cases,  DNA  was
extracted  from cell-blocks  and KRAS mutations  were  investigated  by  RT-qPCR
followed  by  ME-PCR  in  non-amplifiable  and  negative  cases.  This  “two-step”
approach,  proposed to  evaluate  KRAS mutations in  indeterminate  and negative
cytology samples, simulates a realistic diagnostic workflow. Using this approach, the
authors obtained a sensitivity of 90.2% and specificity of 100%.

Park et al[21] also reported a remarkable increase of the diagnostic yield of EUS-TA
on pancreatic tumors when analyzing cytology and KRAS mutation in combination,
evaluated on the sample flushed from the needle.

Elhanafi et al[17] performed somatic genomic testing using a 47-gene comprehensive
solid tumor panel for the FNA/FNB rinse material or on the cell-block material of 25
PDAC patients. KRAS mutations were present in 88% of cases, while TP53 was in 68%
and SMAD4 in 16%. Overall, tumor profiling identified two or more mutations in 84%
of tested patients and three or more mutations in 56% of tested patients. There was
only a slight divergence of survival between patients with wild-type TP53 and those
with a mutated status, although that finding was not statistically significant.

Yoon et al[22] compared, for the same patients, baseline (from EUS-FNA FFPE) and
after-treatment (from surgical specimen) somatic mutational profiles of 409 genes for
seven patients.  Results showed that after treatment,  survival was worse in those
harboring ARID1A mutations than those who harbored the wild-type, and that TP53
and KRAS mutations were not associated with survival. Also, KRAS mutations were
present  less  frequently  in  specimens  after  treatment  than  at  baseline,  possibly
representing a selection of less aggressive clones by chemotherapy.

A recent study by Dreyer et al[16] used genetic testing of a panel of 54 genes for 42
patients (including mostly PDAC cases, but also cases of other pancreatic lesions)
using FNB samples and revealed mutations in KRAS (93%), GNAS (14%), TP53 (78%),
CDKN2A (34%), and SMAD4 (32%), as well as in BRCA1(6%), ATM (12%), and BRAF
(12%).

These  studies  collectively  demonstrate  that  EUS-TA provides  material  that  is
adequate for mutational analyses of either single genes or of panels of genes. The
optimal sample preparation in terms of needles, tissue conservation and handling is,
however, unclear. Moreover, whether these genomic changes might change over time,
over the course of the disease, and under treatments has been poorly investigated.

FEASIBILITY AND CLINICAL UTILITY OF PANCREATIC EUS-
FNA/FNB FOR OBTAINING RNA-BASED MOLECULAR
PROFILE
The PDAC microenvironment is  characterized by a dense stromal compartment,
comprising myofibroblast/cancer-associated fibroblastic cells,  immune cells,  and
soluble factors, such as cytokines, chemokines, growth factors, and pro-angiogenic
factors. This variable composition for different cellularity is a major limitation in the
assessment  of  genetic  mutations  through  tissue  DNA-based  analysis  to  allow
classification of malignant and benign tissues, prediction of clinical outcomes, or
selection of patient-specific treatments. In contrast, assessment of RNA expression
level,  protein level,  or post-translational modifications could overcome the DNA
analysis-related limitations. In fact, it is thought that PDAC heterogeneity is regulated
at  the  epigenetic  and transcriptomic  levels  and,  therefore,  clinical  outcome and
sensitivity to therapy could be associated with a given tumor phenotype. This would
be important mostly for patients that are not eligible for surgery. Gene expression
level can be measured by analyzing mRNA, the precursor of protein synthesis, using
DNA microarray platforms, or RNA sequencing (RNAseq)[23].

Transcriptome analysis using cDNA microarrays has been shown to have a high
yield for distinguishing benign from malignant lesions. Several studies have shown
the feasibility of RNA extraction from EUS-FNA/FNB samples and the clinical utility
to  perform  transcriptome  analysis  to  improve  the  diagnostic  accuracy  of  EUS-
FNA/FNB. Significant overexpression of keratin 7 (KRT7), lipocalin 2, and tissue-type
plasminogen activator genes in PDAC, as shown in PDAC cell lines and specimens,
was also observed in EUS-FNA samples[24]. A molecular signature based on S100P
(calcium binding protein P) and KRT7 expression was significantly associated with a
better discriminatory capacity of PDAC from pseudotumoral inflammatory lesions[25].
In EUS-FNA samples, the quantification of expression of other several biomarkers,
such as calcium binding proteins S100A6 and S100A4[26],  urokinase plasminogen
activator receptor[27] combined with a 6-gene classifier (EpCAM2, Mal2, CEA5, CEA6,
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MSLN, and Trim29), and DNA mismatch excision repair gene MSH6[28], showed a
high sensitivity and specificity for the diagnosis of PDAC and differential diagnosis
with benign diseases. Other less investigated markers, but helpful to improve the
diagnosis of PDAC on EUS-FNA samples, were revealed to be the transcription factor
Snail,  which  mediates  epithelial-mesenchymal  transition  and  was  significantly
associated with invasive characteristics[29], as well as pancreatic duodenal homeobox-1
(PDX-1)[30].

Other factors implicated in tumor invasiveness quantifiable in EUS-FNA samples
are vascular endothelial growth factor (VEGF) and epidermal growth factor receptor
(EGFR), involved in tumor angiogenesis, even if in one study RNA concentration and
quality were relatively low in most samples. Both VEGF and EGFR were significantly
overexpressed in PDACs and not significantly in pancreatic neuroendocrine tumors
compared with normal pancreatic tissue. Moreover, EGFR expression was related to
invasiveness in PDACs, whereas VEGF was inversely associated with tumor size[31].
On the other hand, Costache et al[32] found that mRNA expression of VEGF receptors
VEGF-R1 and VEGF-R2 was significantly correlated with a shorter survival than
VEGF-R-negative patients;  as well,  co-expression of VEGF-R1 and VEGF-R2 was
found to be a poor prognostic factor in PDAC. Confirmation of the validity of EUS-
FNA samples  as  a  source  of  tissue  for  molecular  analysis  was  given by a  study
performed by Steg et al[33], in which a significant concordance in the molecular profiles
of hedgehog (HH)-pathway genes, potential mediators of pancreatic carcinogenesis,
in  matched  snap-frozen,  archival  FFPE,  and  EUS-FNA  samples,  was  observed.
However, tissue heterogeneity and minimum content of cancer cells in PDAC EUS-
FNA samples represented major obstacles in molecular analysis[33,34], as confirmed by
significantly different expression of HH signaling-associated markers compared to
uninvolved pancreatic tissue. Laser capture microdissection on FFPE samples from
EUS  biopsies  with  cancer-cell  enriched  samples  improved  qRT-PCR  analysis.
Moreover, EUS-FNA biopsies could be used for multiple sampling to determine the
modulation of gene expression with treatment, even if no significant changes in HH-
pathway gene expression were observed in EUS-FNA samples obtained before and 2
wk after the administration of capecitabine and radiation[33].

The function of pancreatic intratumoral infiltrating immune cells is still not well
understood. To the best of our knowledge, there is only one study that assessed the
infiltrating immune cells in EUS-FNB samples, applying qRT-PCR analysis[35]. Patients
with  a  highly  immunosuppressive  profile  tended  to  have  a  poor  postoperative
survival.  A  combination  of  CD15+  (neutrophils),  CD206+  (tumor-associated
macrophages),  CD117+ (mast  cells),  and SMAD4 expression was  independently
associated with overall and recurrence-free survival.

A major limitation of cDNA microarrays is the amount of RNA required. RNAseq
has the advantage of requiring only 100 ng of total RNA for reliable and reproducible
transcriptome results.  The application of  this  molecular  technique on EUS-FNA
samples is still rare and is currently under investigation. EUS-FNA was shown to
provide sufficient material for targeted capture transcriptome RNAseq in the majority
of specimens, using only a portion of a single FNA pass. RNAseq can be used to
develop a classifier profile consisting of differentially expressed genes and separate
benign from malignant pancreatic tissue in 83% of cases[23]. Moreover, RNAseq was
able to segregate patients into clinically relevant phenotypic subtypes (squamous and
classical PDAC) in both pancreatic primary and liver metastatic lesions, showing the
same subtype cluster in primary and metastatic disease[16].

There has also been increasing interest in miRNAs recently; these small chains of
non-coding RNA are negatively involved in the post-transcriptional regulation of
gene expression. Several studies have described an aberrant production of miRNAs
during the development of precancerous lesions (pancreatic intraepithelial neoplasia
and intraductal papillarymucinous neoplasms) and in pancreatic carcinogenesis, and
defined several miRNA signatures associated with diagnosis, staging, progression,
prognosis, and response to treatment. Few studies have attempted quantification of
miRNAs on pancreatic EUS-FNA samples, and have mainly involved FFPE samples.
MiRNAs could still be quantified, even in low amounts and highly degraded samples.

MiRNAs were first tested on EUS-FNA samples by Szafranska et al[36]. The authors
found that the expression of a miR-196a/miR-217 classifier could discriminate PDAC
from benign lesions with a sensitivity and specificity of 90% and 100%, respectively.
Subsequently, the same group found a better 2-miRNA classifier (miR-135b/miR-24)
for PDAC[37]. The tissue miR-21/miR-155 classifier was a strong independent predictor
of PC when up-regulated, with higher discriminating power compared to cytology
and to the same classifier  on plasma[38].  Also,  high levels  of  miR-21 in EUS-FNA
samples  of  unresectable  PDAC  were  associated  to  progression  and  reduced
survival[39]. Also, miR-10b was overexpressed in PDAC EUS-FNA material, and its
reduced  expression  was  associated  with  an  improved  response  to  neoadjuvant
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therapy,  surgical  resection,  increased  time  to  metastasis  onset,  and  increased
survival[40]. In that study, evaluation of miRNA expression changes was performed
using a combination of fluorescence in situ  hybridization/immunohistochemistry
(IHC) assay in FFPE samples, on CK19-stained suspicious cells. In addition to well-
established onco-miR-21 and -miR-10b, overexpression of other miRNAs (miR-221,
miR-196a, miR-135b, miR-24, miR-130, miR-148a, and miR-93) in FFPE cell-blocks
from EUS-FNA was also able to improve detection of PDAC and malignant pancreatic
cysts  from  benign  cases  (accuracy  up  to  90.8%)  when  combined  with  standard
cytology[41-44]. As for other molecules, heterogeneity in miRNA profiles from EUS-FNA
samples has been reported possibly due to the different techniques used to collect
samples, isolate total RNA, and quantify miRNA levels. Contaminating elements may
also provide significantly different miRNA expression. Thus, it has been hypothesized
that analysis of cytological smears from EUS-FNA would be a better approach for the
determination  of  miRNA levels  as  this  would  allow a  precise  evaluation  of  the
fraction and representation of tumor cells. As mentioned before, Benesova et al[15]

showed how the overall amount of RNA extracted from air-dried cytological smears
was lower compared to tissue acquired with EUS-FNA and put in RNALater, but
gave reliable results with clinical validity (i.e., prognostic role of miR-21).

FEASIBILITY AND CLINICAL UTILITY OF PANCREATIC
ENDOSCOPIC ULTRASOUND-FINE NEEDLE
ASPIRATION/FINE NEEDLE BIOPSY FOR ASSESSMENT OF
TREATMENT EFFICACY
Selecting patients who are likely to respond positively to a specific treatment may
help to improve the prognosis of patients with unresectable PDAC. Characterization
of genes associated to tumor sensitivity or resistance to antitumor therapeutic factors
using  pre-treatment  tumor  tissue  would  help  clinicians  for  the  selection  of
appropriate treatment regimen and the development of individualized treatment. Few
studies  assessed  potential  biomarkers  predictive  of  chemosensitivity  and
modifications of specific biomarkers during treatment on EUS-FNA/FNB samples.

Expression  of  HSP72  on  EUS-FNA  samples,  evaluated  through  IHC,  was
significantly associated with that on resected specimens and was a helpful predictive
marker for sensitivity to gemcitabine (GEM). GEM-resistance rate was significantly
higher  in  patients  with  overexpression  of  p-HSP27,  and  the  survival  rate  was
significantly  lower  if  p-HSP27  (Ser82)  detection  rate  was  >  51.6%[45].  Another
important molecular biomarker for prediction of GEM sensitivity in unresectable
PDAC was S100A4 mRNA expression, analyzed in EUS-FNA samples through qRT-
PCR analysis. High expression of S100A4 mRNA was a predictor of GEM resistance,
in contrast to low S100A mRNA expression levels in the effective patient group[46].
Also, human equilibrative nucleoside transporter 1 (hENT1),  a mediator of GEM
uptake in human cells[47],  deoxycitidine kinase (dCK), a GEM metabolism-related
enzyme[48], and ribonucleoside reductase 1 (RRM1)[49] and ribonucleoside reductase 2
(RRM2)[50], GEM resistance-related enzymes, have been investigated for their role as
predictive biomarkers for GEM effect and sensitivity in unresectable PDAC patients.
Expression levels of these genes in EUS-FNA samples were detectable, even if with
discordant data. The predictive yield of hENT1 for GEM sensitivity and prognosis in
unresectable pancreatic cancer was confirmed by Yamada et al[51], who performed IHC
assessment  on  preoperative  EUS-FNB,  according  to  their  finding  of  concordant
hENT1 expression with that found in resected specimens, thus providing important
information on patients who could benefit from curative-intent resection. In fact, a
significantly better prognosis was found in hENT1-positive patients than in those who
were hENT1-negative. Also, a high level of RRM2 mRNA expression was correlated
with a poor response rate to GEM and shorter overall survival[50]. Analysis of mRNA
expression of hENT1, dCK, RRM1, and RRM2 genes in microdissected cancer cells
from  EUS-FNA  samples  of  patients  receiving  preoperative  GEM-based
chemoradiotherapy  showed  potential  as  a  tool  to  perform  individualized
chemotherapy[52]. In that study, laser capture microdissection of cancer cells revealed
itself to be a molecular RNA-based method capable of overcoming the limitations
presented by the large amount of blood and inflammatory cells and scarce cancer cells
in most EUS-FNA samples. The same group measured EGFR mRNA levels in EUS-
FNA samples successfully by using laser microdissected neoplastic cells[53].  High
EGFR  mRNA  expression  was  found  to  be  an  independent  prognostic  factor  in
patients  treated  with  GEM-based  adjuvant  chemotherapy,  suggesting  that
quantification of EGFR mRNA expression levels could be a valuable tool to predict
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PDAC patient outcome, even when samples contained abundant contaminating cells.
Yet another study attempted to assess the effect of capecitabine with concomitant
radiotherapy (XRT) in patients with locally advanced pancreatic cancer.  In these
patients,  mRNA  expression  of  thymidine  phosphorylase,  dihydropyrimidine
dehydrogenase, and tumor necrosis factor-α was quantitated in EUS-FNA samples
obtained 1 wk before and 2 wk after chemo-XRT[54], but no significant difference was
found in the mRNA expression levels between pre- and post-XRT.

EUS AS A TOOL TO GENERATE PATIENT-DERIVED
XENOGRAFTS OR ORGANOIDS
PDAC aggressiveness is related to its genomic instability and heterogeneity. Patient-
derived  xenograft  (PDX)  mouse  models,  also  known  as  “avatar  models”,  may
represent  a  promising  tool  to  personalize  pancreatic  cancer  treatments[55].  The
construction of PDX models from surgical specimens is extremely limited for PDAC
patients,  as  only  10%-15%  of  them  present  with  localized  resectable  tumors[56].
Addressing this issue, Allaway and colleagues[57] succeeded in establishing PDXs from
EUS-FNA biopsies of treatment–naïve primary pancreatic tumors. In addition, they
performed genomic characterization of these models, revealing clinically relevant
mutations (e.g., KRAS, TP53, BRAF, and EGFR). Similarly, Berry and colleagues[14]

established a preclinical PDX model from two patients diagnosed with pancreatic
cancer, one expressing KRAS wild-type and the other KRAS mutant, to assess the
sensitivity of these patients to the anti-EGFR inhibitor panitumumab. Even if PDX
models can be useful for predicting drug response, their application in medicine is
limited, as they are expensive and time- and resource-consuming, the engraftment
rates can be as low as 20%, and tumor formation requires at least 12 wk[58].

Tumor organoids are three-dimension cultures of cancer cells  and they can be
derived from each patient, providing an individualized model. Compared to PDX
models, tumor organoids are established more easily, having a success rate of 70%-
80%[59]. For these reasons, patient-derived organoids (PDOs) are now considered the
best model to evaluate the molecular profile and chemosensitivity of different tumors
in a rapid and high-throughput manner.

In  2017,  Tiriac  and colleagues[60]  succeeded in  creating organoids  from PDAC
specimens obtained by EUS-FNB sampling using a 22 G needle. They managed to
establish organoids from the majority of patients (87%) within 2 wk from the EUS
procedure and successfully propagated 66% of them for five passages.

An elegant  work  from Seino  and colleagues[61]  showed the  possibility  to  take
advantage  of  PDOs  to  deeply  investigate  the  biological  behavior  of  different
pancreatic  cancer  subtypes.  The  investigators  produced  39  lines  of  PDOs  from
surgical, FNA, and ascites specimens and performed genomic and transcriptomic
analyses. As a result, they demonstrated that the mutational profile determined the
requirements of organoids for niche-specific factors to survive in vitro and in vivo.

More recently, PDOs were obtained from primary tumors and metastases by Tiriac
and colleagues[62]  to  study the  phenotype of  different  lesions  for  the  purpose  of
finding biomarkers for treatment response. Indeed, the investigators generated a total
of 114 PDO cultures from 101 patients, with 72% of FNB samples and 78% of resected
specimens propagated for at least five passages, respectively. First, they evaluated the
genomic  and  transcriptomic  landscapes  of  the  PDO  library  by  whole-exome
sequencing and RNA sequencing. Then, they performed “pharmacotyping” on 66
PDAC PDOs to assess the sensitivity to chemotherapeutic agents commonly used to
treat  pancreatic  cancer;  the  results  highlighted the  strong concordance  between
patient outcome and the chemosensitivity of PDOs. In addition, the possibility to
repeat biopsies longitudinally gave the opportunity to follow the clinical course for a
patient. The PDOs generated at diagnosis exhibited the same response to treatments
as the primary tumor; at disease progression, the investigators isolated organoids,
which showed resistance to the chemotherapeutic agents employed in the previous
regimen.

To date, few groups are exploiting EUS-FNB to generate PDAC PDOs. However,
these studies set a milestone by developing and optimizing a procedure for isolating
and propagating PDOs from a minimal quantity of  tissue acquired by EUS-FNB
sampling.  Of  course,  PDOs  do  not  recapitulate  the  complexity  of  tumor
microenvironment because they lack immune cells, blood vessels, and all the stromal
components,  which play fundamental  roles  in  PDAC biology.  Nevertheless,  the
unique opportunity to follow the evolution of tumors longitudinally, thanks to a
minimally invasive sampling procedure, may open new routes to precision medicine.
Seufferlein and Kleger[63] believe in “organoidomics” as a promising tool to improve
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the  management  of  PDAC patients  and to  deepen our  knowledge  of  pancreatic
cancer.

CONCLUSION
In the past few years, a number of important changes in the care of PDAC patients
have occurred: (1) It seems that the majority of patients benefit from combination
chemotherapy[64], when the patients are fit and can tolerate it; (2) The possibility that
both germline and somatic mutations can predict the response to certain treatments is
being investigated and might offer important routes for treatment personalization[65];
(3)  Different  molecular  subtypes  of  PDAC  exist  with  peculiar  genomic  and
transcriptomic features and distinct clinical behavior[66]; and (4) Novel models that
might help in investigating the molecular features and the chemosensitivity of the
patients  (avatar  or  organoids)  almost  in  real  time  have  been  developed.  In  this
scenario, the role of EUS as a tool to obtain tissue from the tumor at diagnosis in a
scarcely  invasive  manner,  possibly  at  multiple  timepoints  during  the  course  of
disease, is increasing. When reviewing the available literature on the topic, however,
it is clear that the major problem regards the lack of standardization, optimization,
and thus repeatability of the employed techniques (Table 1), starting from the choice
of  needles  and  going  to  the  handling  of  samples.  A  close  collaboration  among
endoscopists, clinicians, pathologists, and basic scientists is necessary to fill these
gaps. In addition, it is important that these techniques are employed in a translational
research environment where physicians/scientists can develop research questions
that are clinically relevant and of immediate utility for patients.
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Table 1  Main pitfalls towards the optimization and standardization of the use of endoscopic ultrasound-obtained material for molecular
investigations

Endoscopic ultrasound obtained material for molecular investigations Main pitfalls

DNA and RNA extraction and use for molecular investigations Needle choice

Sample storage

Cellularity and contamination

RNA degradation

Intratumoral heterogeneity

Total amount of tumoral cells

Lesional-to-non-lesional cell ratio

Molecular modifications during disease course

Generation of patient-derived xenografts Expensive

Time- and resource-consuming

Low engraftment rates

Generation of organoids Lack of standardization

Lack of immune cells, blood vessels, and stromal components

DNA: Deoxyribonucleic acid; RNA: Ribonucleic acid.
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