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Analysis of the Pancreatic Cancer Microbiome
Using Endoscopic Ultrasound–Guided Fine-Needle
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Objectives: Most previous studies have analyzed bacteria in tumors using
resected pancreatic cancer (PC) tissues, because it is difficult to obtain tissue
samples from unresectable advanced PC. We aimed to determine whether
minimal tissue obtained by endoscopic ultrasound–guided fine-needle aspi-
ration is useful for microbiome analysis.
Methods: Thirty PC andmatched duodenal and stomach tissues (N = 90)
were prospectively collected from 30 patients who underwent endoscopic
ultrasound–guided fine-needle aspiration. Bacterial DNA was extracted,
and 16S rRNA sequencing was performed. The primary outcome was
the success rate of bacterial detection in tumors. Bacterial diversity and
structure were investigated.
Results: The bacterial detection rates were 80%, 100%, and 97% in PC,
gastric, and duodenal samples, respectively. Pancreatic cancer tissues
showed a lowerα-diversity and a significantly different microbial structure
than stomach and duodenal tissues. Proteobacteria were more abundant,
whereas Firmicutes, Bacteroidetes, and Fusobacteria were less abundant in
PC tissues than in stomach and duodenal tissues. Acinetobacter was more
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abundant in PC tissues than in stomach and duodenal tissues, and Delftia
was more frequently detected in resectable PC.
Conclusions: Endoscopic ultrasound–guided fine-needle aspiration sam-
ples were valuable for PC microbiome analysis, revealing that the bacterial
composition of PC is different from that of the stomach and duodenum.

KeyWords: endoscopic ultrasound–guided fine-needle aspiration, bacteria,
microbiome, pancreas, pancreatic cancer
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P ancreatic cancer (PC) is the seventh leading cause of cancer-
related deaths worldwide.1 In recent years, more than 80% of

patients have been diagnosed with unresectable PC due to locally
advanced or distant metastasis,2 and the 5-year survival rate of pa-
tients with unresectable PC is reportedly approximately 8% in the
United States3 and 6.5% in Japan.4 Of the cancers diagnosed as lo-
calized and resectable, the 5-year survival rate is reportedly 25% in
the United States5,6 and 18.8% in Japan.7 Hence, along with early
diagnosis, the development of new treatment strategies is needed.

There are numerous studies regarding the human microbiome
and its potential role in various diseases, including cancer.8–10 The
gut microbiome is associated with the response to immune-
checkpoint inhibitors11,12 and chemotherapeutic agents.13 Various tu-
mors harbor unique bacterial assemblages,14 with the presence of tu-
mor bacteria being related to prognosis in various cancers.15–17 The
pancreas was once regarded as a sterile organ18; however, studies
have shown the presence of more bacteria in pancreatic tumor tissue
than in noncancerous pancreatic tissue.19,20 Tumor bacteria in PC are
associated with the progression of PC,21 chemoresistance to gemcit-
abine,19 and the prognosis of patients with resected PC.17 These find-
ings suggest that the PC microbiome might play an important role in
cancer development and, therefore, represent a potential therapeutic
target. However, most previous studies have analyzed the PC
microbiome using resected tumor tissues only,17 with most patients
with advanced PC being excluded from the analysis because of the
diagnosis of having an unresectable tumor and the difficulty in
obtaining resected PC tissue. Pancreatic cancer tissue collected be-
fore treatment would be needed to use information about bacteria to
select better neoadjuvant therapies for patients with resectable PC.

Endoscopic ultrasound–guided fine-needle aspiration (EUS-
FNA) is a safe procedure for histologic diagnosis in patients with
suspected PC.22 Previous studies have reported the utility of ge-
netic analysis of various cancers using specimens obtained via
EUS-FNA.23–25 Therefore, this technology may be valuable for
assessing the PCmicrobiome.We aimed to examine the PC tumor
microbiome by analyzing samples obtained through EUS-FNA.
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TABLE 2. Comparison Between Patients Who Provided
Successfully Versus Unsuccessfully Analyzed EUS-FNA Samples

Patients, n (n = 30)

Unsuccessful
(n = 6)

Successful
(n = 24) P*

Sex, male/female 2/4 9/15 1.00
Primary location, head/BT 2/4 17/7 0.15
Resectability,† R‡/UR 3/3 12/12 1.00
Drainage stent, present/absent 1/5 5/19 1.00
Aspiration, stomach/duodenum 4/2 8/16 0.18
Diabetes, yes/no 1/5 9/15 0.63
Use of antacids, yes/no 1/5 13/11 0.18

*χ2 test.
†Defined according to the Japanese Classification of Pancreatic Cancer.4
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MATERIALS AND METHODS

Patients and Study Design
This was a single-center, prospective, observational study. Pa-

tients clinically diagnosed with PC were recruited from May 2019
to April 2020. Those 20 years or older who had undergone EUS-
FNA for histologic or cytologic diagnosis of PC were included in
the study. Bacterial analysis was performed using samples from pa-
tients who were diagnosed by a pathologist as having pancreatic
ductal adenocarcinoma. Resectability was defined according to
the Japanese Classification of Pancreatic Cancer.4 All procedures
were conducted in accordancewith the ethical standards of the Hel-
sinki Declaration of 1964 and its later versions. All patients re-
ceived information about the trial in written form, and provided in-
formed consent before enrolment. The study design and protocol
were approved by the institutional review board of the Hokkaido
University Hospital (approval no. 018-0271).
‡BR was included in R.

BT indicates body or tail; R, resectable; UR, unresectable.
Assessment of Outcomes
The primary study outcome was the success rate of the detec-

tion of bacteria in pancreatic tissues collected by EUS-FNA, which
was defined as the success of the amplicon sequence analysis. The
secondary outcomes were the comparison of bacterial diversity and
composition between normal tissues (stomach and duodenal mu-
cosa) and resectable and unresectable PC.
Sample Collection
Pancreatic cancer tissues were collected from patients by EUS-

FNA, which was performed using a linear echoendoscope
(GF-UCT260; Olympus Medical Systems, Tokyo, Japan) and
22- or 25-gauge needles (Expect or Acquire; Boston Scientific
Japan, Tokyo, Japan). The aspirated material was smeared onto
microscope slides for on-site examination, and Diff-Quik staining
(Kokusai Shiyaku, Kobe, Japan) of all specimens was performed
to confirm malignancy. Endoscopic ultrasound–guided fine-needle
aspiration white samples, which were considered to include malig-
nant cells near the area of Diff-Quik staining, were stored at −80°C
until DNA extraction. Hematoxylin/eosin staining was performed,
and a pathologist reviewed the slides.
TABLE 1. Patient Characteristics

Characteristic Patients, n (n = 30)

Sex, male/female 11/19
Age, median (range), y 70 (54–86)
Performance status, 0/1 18/12
Primary location, head/body/tail 19/5/6
Resectability,* R or BR/UR 15/15
Drainage stent, present/absent 6/24
Initial treatment, CTX/CRT/resection/BSC 25/1/1/3
Aspiration, stomach/duodenum 12/18
Diabetes, yes/no 10/20
Use of antacids, yes/no 14/16
Use of antibiotics 1-month prior, yes/no 1/29

*Defined according to the Japanese Classification of Pancreatic Cancer.4

BR indicates borderline resectable; BSC, best supportive care; CRT,
chemoradiotherapy; CTX, chemotherapy; R, resectable; UR, unresectable.
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Duodenal and stomachmucosawere collected from the same
patients using a pair of biopsy forceps (Radial Jaw 4; Boston Sci-
entific), and all samples were immediately stored at −80°C until
DNA extraction.

DNA Extraction From Samples and 16S
rRNA Sequencing

DNA extraction from the samples, preparation of a 16S rRNA
library, and sequencing were conducted at Takara Bio, Inc (Kusatsu,
Japan) using the MiSeq system (Illumina, San Diego, Calif ) ac-
cording to the manufacturer's protocol. DNAwas extracted from
the samples using the NucleoSpin Soil kit (Macherey-Nagel,
Düren, Germany). All extracted DNA samples were quantified
by fluorescence detection using the Quant-iT dsDNA Assay Kit
(Thermo Fisher Scientific, Waltham, Mass) and purified using
Agencourt AMPure XP (Beckman Coulter, Brea, Calif ). Sequenc-
ing libraries were prepared using the 16S (V3-V4) Metagenomic
Library Construction Kit for NGS (Takara Bio, Kusatsu, Japan).
The first polymerase chain reaction amplification was performed
using the primer pair 341 F (5′-TCGTCGGCAGCGTCAGAT
GTGTATAAGAGACAGCCTACGGGNGGCWGCAG-3′) and 806
R (5′-GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGGGA
CTACHVGGGTWTCTAAT-3′) with Illumina adaptor overhang
sequences. The second polymerase chain reaction amplification
was performed using the Nextera XT Index Kit v2 (Illumina). Se-
quencing libraries were purified using Agencourt AMPure XP
(Beckman Coulter) and quantified by fluorescence detection
using the Quant-iT dsDNA Assay Kit (Thermo Fisher Scientific).
Clonal clusters of the libraries were generated and sequenced on a
MiSeq system (Illumina) with the MiSeq Reagent v3 kit (Illumina)
in the 2 � 250-bp mode.

16S rRNA-Based Taxonomic Analysis and
Statistical Analysis

Amplicon sequence analysis was performed using Quantita-
tive Insights Into Microbial Ecology 2 (QIIME2 v.2020.8; https://
qiime2.org/).26 Paired-end sequences were imported into QIIME2
and denoised using the DADA2 pipeline. The demultiplexed se-
quencing datawere denoised using the DADA2 plugin with param-
eter settings of –p-trunc-len-f 245 –p-trunc-len-r 245 –p-trim-left-f
0 –p-trim-left-r 0. Sequences were then dereplicated, checked for
© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
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FIGURE 1. α-Diversity box plots among PC, ST, and DU tissues. *P < 0.05. DU, duodenum; NS, not significant; ST, stomach.
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sequence variants, merged, and finally chimera checked by
DADA2. In total, 1,187,971 sequences were obtained after quality
filtering and processing. We performed diversity analysis and dif-
ferential abundance analysis. For the diversity analysis, the samples
were rarefied to a sampling depth of 2404 sequences per sample.
Core diversity metrics were analyzed, including the number of
FIGURE 2. Microbiome communities among PC, ST, and DU tissues. A,
among PC, ST, and DU tissues. *P < 0.05. DU, duodenum; NS, not sign
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amplicon sequence variants, Shannon entropy for α-diversity, and
permutational multivariate analysis of variance for β-diversity. In
the differential abundance analysis, amplicon sequence variants
were selected by aligning the sequences with those in the latest
Silva 16S database (v.138; https://www.arb-silva.de/). We then per-
formed linear discriminant analysis effect size (LEfSe)27 and
Bar plots of the phylum level. B, Relative abundance of major phyla
ificant; ST, stomach.
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analysis of composition of microbiomes (ANCOM)28 to deter-
mine whether there were significant differences in the relative
abundance of taxa between the groups. Statistically significant
differences (P < 0.05) between groups comprising categorical
and continuous variables were compared using χ2 tests and non-
parametric Mann-Whitney U test or Kruskal-Wallis test, respec-
tively. All statistical analyses were performed using SPSS ver.
26 (IBM Corp, Armonk, NY).
FIGURE 3. Identification of featured bacterial taxa. A, Bacterial taxa
identified by LEfSe to be different among PC, ST, and DU tissues.
The criterion for feature selection was log LDA score greater than
3.5. B, Relative abundance of specific bacteria among PC, ST, and
DU tissues. C, Bacterial taxa identified by ANCOM to be different
among PC, ST, and DU tissues. CLR, centered log ratio; DU,
duodenum; LEfSe, linear discriminant analysis effect size; LDA, linear
discriminant analysis; ST, stomach.
RESULTS
Thirty patients were included in this study, and their major

clinicopathological characteristics are summarized in Table 1.
Of these patients, 19 had pancreatic head cancer and 11 had
pancreatic body or tail cancer, with 11 displaying distant me-
tastasis. Tumor tissues from 12 patients were aspirated through
the stomach, whereas those from the remaining 18 patients
were aspirated through the duodenum. Only one patient re-
ceived antibiotics within 30 days before sample collection.
Among the collected samples, 24 (80%) EUS-FNA samples,
30 (100%) stomach samples, and 29 (97%) duodenum samples
could be analyzed by 16S rRNA sequencing. We found no sig-
nificant differences between patients who provided EUS-FNA
samples that were successfully analyzed and those whose sam-
ples could not be analyzed (Table 2).

We then compared the α-diversity of bacteria between PC,
stomach, and duodenum tissues. Using several indices, PC tissue
was found to have a lower microbial diversity than stomach and
duodenum tissues (Fig. 1). The β-diversity analysis revealed that
the unweighted UniFrac distance differed significantly between
PC tissues and stomach and duodenum tissues (P < 0.05), whereas
the weighted UniFrac distance revealed a significant structural
difference between PC and duodenum tissues (P < 0.05), but
not between PC and stomach tissues (P = 0.051; Supplemental
Fig. 1, http://links.lww.com/MPA/A949). These data showed that
the bacterial composition of the pancreatic tumor differed from that
of the gastrointestinal tract.

We then evaluated differences in the microbial taxonomic
structure at the phylum level (Fig. 2). Firmicutes, Bacteroidetes,
and Fusobacteria were significantly less abundant in PC tissues
than in the gastrointestinal tract, whereas Proteobacteria were sig-
nificantly more abundant in PC samples (Fig. 2B). We then con-
ducted high-dimensional class comparisons using LefSe, which
revealed considerable differences in the predominance of bacterial
communities between PC, stomach, and duodenal tissues at the
genus level. Evaluation of the relative frequency of the bacteria in-
dicated that PC tissue exhibited a predominance of Acinetobacter
andPseudomonas comparedwith the gastrointestinal tract (Figs. 3A, B).
The ANCOM also revealed a trend that Acinetobacter was abun-
dant in PC (Fig. 3C).

In the subgroup analysis, we analyzed patients with ad-
vanced PC who had been diagnosed as unresectable because of
distant metastasis or invasion of major vessels. We found no sig-
nificant difference in the Shannon index between resectable and
unresectable PC tissues, although the Shannon index was lower
in the stomach (P = 0.106) and duodenum (P < 0.05) samples
from patients with unresectable PC than in those with resectable
PC (Fig. 4A). The β-diversity analysis showed no significant dif-
ference in unweighted and weighted UniFrac distances between
resectable and unresectable PC tissues. There was no significant
difference with respect to major taxa at the phylum level
(Fig. 4B). Linear discriminant analysis effect size showed that
Delftia was significantly more abundant in resectable than
in unresectable PC tissues (Fig. 4C). Evaluation of the associa-
tion between the aspiration site and bacteria in PC, to account
354 www.pancreasjournal.com
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for possible contamination of tumor tissuewith stomach or duodenal
bacteria, revealed no significant difference between the stomach-
and duodenum-derived samples (Fig. 5).
DISCUSSION
In this study, we demonstrated the efficacy of using minimal

samples of PC tissue obtained by EUS-FNA for PC microbiome
analysis. Recent studies have provided evidence related to the po-
tential role of the microbiome in PC14,17,19,21; however, most of
these previous studies have analyzed the PC microbiome using sur-
gically resected tissue only. We were unable to obtain surgically
resected PC tissue from patients with unresectable PC because tu-
mor resection is not a treatment option for these patients. However,
in the present study, we used tissue samples obtained by EUS-FNA,
© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
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FIGURE 4. Comparison of bacterial diversity and composition between patients with resectable and unresectable PC. A, Shannon index
between the RE andUR PCgroups at each anatomical site. B, Relative abundance ofmajor phyla and of (C)Delftiabetween the RE andUR PC
groups. DU, duodenum; NS, not significant; PC, pancreatic cancer; RE, resectable; ST, stomach; UR, unresectable.
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which is a standard diagnostic procedure for PC, to analyze the PC
microbiome. Fewer tumor bacteria were detected when the tumor
was located at the head or tail of the pancreas (Fig. 5), when tissue
was aspirated through the stomach, or when antacids were not used.
Tumor bacteria in PC are considered to originate from the duode-
num,19,21 and our results reflect a lower number of bacteria in tu-
mors located in the pancreatic body or tail. The use of antacids has
been associated with the disturbance of the gut microbiome,29,30

which might affect the bacterial composition and abundance
within the PC tissue. Several studies have reported that at the
phylum level, Proteobacteria are abundant in PC tissue,19,21

and our findings agree with this observation. The duodenum
microbiome is reportedly dominated by Firmicutes,31,32 although
Proteobacteria are also abundant.32 Another study found a signifi-
cant difference in microbial composition between duodenum and
PC tissues.20 In the present study, we found a lower α-diversity in
PC than in duodenum tissues, as well as a different bacterial
composition. Considering that various tumors harbor unique
bacteria,14 the PC microbiome might be specifically selected
from duodenal bacteria.

Our results also revealed the taxonomic profile of unresect-
able PC, which had not been previously evaluated because of
the difficulty in sample collection. We found no significant differ-
ence in tumor bacterial diversity and composition at the phylum
level between patients with resectable and those with unresectable
tumors. We also found that Delftia was more abundant in resect-
able PC, although the clinical implications of this finding remain
unknown. Delftia is more frequently observed in the duodenum
of patients with PC than in healthy controls,31 suggesting a possi-
ble relationship with the development of early phase PC. We ob-
served a trend toward a lower α-diversity in the stomach and du-
odenal tissues from patients with unresectable PC than in the same
tissues from patients with resectable PC. This trend might reflect
gut dysbiosis, given that patients with unresectable PC often expe-
rience decreased appetite and diet changes.

The PC microbiome might be a therapeutic target. Geller
et al19 showed that tumor bacteria in PC, which are mainly
Gammaproteobacteria, can inactivate gemcitabine. Gemcitabine-
containing chemotherapies are standard treatments for PC,33,34

and retrospective studies have reported that the use of antibiotics
might be associated with an increased efficacy of gemcitabine
© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.

Copyright © 2022 Wolters Kluwer 
and gemcitabine-containing chemotherapy.35–37 Therefore, the
PC microbiome may be a predictive marker for gemcitabine-
containing therapy. In the present study, we showed that
Gammaproteobacteria were dominant in PC tissue, an observa-
tion that is consistent with previous findings.19 Assessment of
the PC microbiome using EUS-FNA before systemic therapy
may lead to the selection of a more efficacious treatment. Mod-
ulating tumor bacteria using antibiotics or probiotics could rep-
resent a potential strategy for treating PC, although additional
evidence is required.

Our study had some limitations. First, therewas a risk of con-
tamination. Using the EUS-FNA technique, PC tissues were col-
lected through the stomach or duodenum, which may increase
the risk of contamination. Our data showed that the composition
of the PC microbiome did not include a major contamination by
bacteria from the gastrointestinal tract. However, a minor contam-
ination from stomach or duodenal bacteria may have occurred and
could have affected our analyses. As opposed to percutaneous
needle biopsy, there is no risk of skin contamination, which is
another rich source of bacteria. Second, we did not compare the
bacterial composition between EUS-FNA–obtained tissue and
resected tumor tissue. As the amount of EUS-FNA–obtained tis-
suewas small, it is possible that this tissue did not reflect the entire
PC bacterial diversity and composition. However, a recent study
showed that EUS-FNA–derived samples from formalin-fixed
paraffin-embedded PC have bacterial profiles similar to those of
samples derived from surgically resected PC,38 an observation
which supports the efficacy of endoscopically collected samples
for bacterial analysis.

In conclusion, we demonstrated the utility of EUS-FNA–
derived PC tissue for analyzing the PCmicrobiome and identified
differences in bacterial composition between PC tissue and stom-
ach and duodenum mucosal tissue.
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FIGURE 5. Relative abundance of major phyla in pancreatic cancer between ST-derived (pancreatic head cancer) and DU-derived (mostly
pancreatic body/tail cancer) samples. DU, duodenum; NS, not significant; ST, stomach.
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