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ISystematic Review and Meta-Analysis

Quantitative evaluation of gut microbiota
composition in pancreatic cancer

A pooled study

Dachuan Jin, MD, PhD#*®, Shungjin Jin, MD®, Tao Zhou, MD¢, Zhongfeng Cui, MD?, Baogiang Guo, MD, PhD¢,
Guangming Li, MD¢, Chunming Zhang, MD'

Abstract

Background: Prior research has demonstrated a positive association between the composition of gut microbiota andh
incidence of pancreatic cancer. Nevertheless, a thorough quantitative and systematic evaluation of the distinct properties of gut
microbiota in individuals diagnosed with pancreatic cancer has yet to be conducted. The objective of this study is to examine
alterations in the diversity of intestinal microbiota in individuals diagnosed with pancreatic cancer.

Methods: Search for relevant literature published before July 2023 in 4 databases: PubMed, Embase, Web of Science, and
Cochrane Library, without any language restrictions.

Results: A total of 12 studies were included, including 535 patients with pancreatic cancer and 677 healthy controls. Analysis
was conducted on 6 phyla, 16 genera, and 6 species. The study found significant and distinctive changes in the a-diversity of
gut microbiota, as well as in the relative abundance of multiple gut bacterial groups at the phylum, genus, and species levels in
pancreatic cancer patients.

Conclusion: Overall, there are certain characteristic changes in the gut microbiota of pancreatic cancer patients. However,
further research is warranted to elucidate the specific mechanism of action and the potential for treatment.

Abbreviations: Cl = confidence interval, df = degree of freedom, NOS score = Newcastle-Ottawa Scale score, rRNA =

ribosomal ribonucleic acid, SD = standard deviation, SMD = standardized mean difference.
Keywords: a-diversity, dysbiosis, gut microbiota, pancreatic neoplasm, relative abundance

1. Introduction

The gut microbiota has received increasing attention over the
past 15 years.!!l It is now believed that the microbes in the gut
not only play a crucial role in human metabolism but are also
associated with the development of many diseases, making them
a potential source for developing disease-specific diagnostics
and new therapies.>?! Extensive research has shown a strong
link between the gut microbiota and the occurrence, progres-
sion, and prognosis of pancreatic cancer.*! Pancreatic cancer is
one of the most invasive malignant tumors and poses a major
health threat worldwide.”! This is largely due to the difficulties
in early detection and its aggressive nature, resulting in poor
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prognosis with a 5-year survival rate of only 10% and increas-
ing incidence.!®”]

Although the connection between gut microbiota and pan-
creatic cancer has been discovered, there is still relatively
limited research on the diversity of gut microbial charac-
teristics in pancreatic cancer patients, and the findings are
still inconsistent. For example, Half et al found that the
Shannon index of a-diversity of gut microbiota in pancre-
atic cancer patients is lower than that of the normal con-
trol group, while Hashimoto et al found an increase in the
Shannon index of pancreatic cancer.!®” Another example is
Xie et al found a decrease in phylum Bacteroidetes in pan-
creatic cancer patients, while Half et al found an enrichment
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of the Bacteroidetes phylum in the gut of pancreatic cancer
patients.!®! Although there are some controversies in the
current research on the characteristics of the gut microbi-
ota in pancreatic cancer, so far, there has been no published
meta-analysis on the characteristic changes of the gut micro-
biota in pancreatic cancer patients. In this study, we aim to
comprehensively evaluate the characteristic changes of the
gut microbiota in pancreatic cancer patients by reviewing rel-
evant studies and conducting a meta-analysis.

2. Material and methods

We conducted a meta-analysis based on a registered proto-
col with the registration number INPLASY202370038 on the
INPLASY website, following the Preferred Reporting Items for
Systematic Review and Meta-Analysis statement. This review
aimed to assess the differences in gut microbiota diversity
and relative abundance of bacterial phyla, genera, and species
between pancreatic cancer and healthy control.

2.1. Search strategy

To search for potential studies, a literature search was con-
ducted from 4 databases (PubMed, Embase, Web of Science, and
Cochrane Library) from their inception to July 1, 2023, with
no language restrictions. To include relevant articles, we also
reviewed the reference lists of all relevant studies and reviews to
include additional eligible research. Table 1 provides an exam-
ple of a search strategy using PubMed.

2.2. Inclusion and exclusion criteria

We considered and included studies that meet the population,
intervention, comparator, outcome, and study design criteria:
Population: adults (218 years old) diagnosed with pancreatic
cancer meeting the guideline from National Comprehensive
Cancer Network!™; Intervention: using 16S-ribosomal
ribonucleic acid sequencing technique, whole genome shot-
gun sequencing, or metagenomic shotgun sequencing to
test the taxonomy of gut bacteria; Comparator: having a
matched healthy control group; Outcomes: the research
results provide a-diversity and/or microbial taxa data of gut
microbiota at the phylum to species levels; Study designs: cross-
sectional study, case-control study, or cohort study; no lan-
guage restriction.

The following studies were excluded patients who are chil-
dren or adolescents under 18 years old; studies without a
control group; studies without any data on microbial diver-
sity or taxa relative abundance; animal experimental studies;
reviews, conference abstracts, case reports, and duplicated
publications.

2.3. Data extraction

The research information we extracted includes the author,
publication year, country or region, research design, sam-
ple size, gender, mean age, sample, results, and sequencing
technology. The extracted data include the a-diversity index
and relative abundance of bacteria from phylum to species.
Data extraction was independently conducted by 2 research-
ers, S.J. and Z.C., and disagreements were resolved through
discussion.

2.4. Quality assessment

The above 2 independent reviewers, S.J. and Z.C., used the
Newecastle-Ottawa Scale (NOS) to assess the quality of each
included study.'” The NOS is divided into 3 domains: selection

Medicine

of cohort, comparability of the groups, and the outcomes’ qual-
ity. Each item in the selection and outcome domains can receive
a maximum of 1 point, while the comparability domain can
receive a maximum of 2 points. The scale’s scoring ranges from
0 to 9, with scores of 8 or 9 indicating high quality, scores of
6 or 7 indicating moderate quality, and scores of 5 or below
indicating low quality. Differences were identified and resolved
through discussion.

2.5. Outcomes

Our outcomes of interest include a-diversity and relative abun-
dance of microbial taxa data of gut microbiota at the phylum
to species levels.

2.6. Statistical analysis

Meta-analysis was conducted using STATA 15.1 software.
Standardized mean differences (SMDs) and 95% confidence
intervals (Cls) were used as effect sizes. The I> was used to evalu-
ate heterogeneity between studies. It was introduced by Higgins
and Thompson!" to quantify heterogeneity in meta-analyses

Search strategy on PubMed.

#1 “pancreatic neoplasms”(MeSH)

#2 (“pancreatic neoplasms”[MeSH Terms] OR “pancreatic neoplasms”[Title/
Abstract] OR “neoplasm pancreatic”[Title/Abstract] OR “pancreatic
neoplasm”[Title/Abstract] OR “pancreas neoplasms”[Title/Abstract] OR
“neoplasm pancreas”[Title/Abstract] OR “neoplasms pancreas”[Title/
Abstract] OR “pancreas neoplasm”[Title/Abstract] OR “neoplasms
pancreatic”[Title/Abstract] OR “cancer of pancreas”[Title/Abstract] OR
“pancreas cancers”[Title/Abstract] OR “pancreas cancer”[Title/Abstract] OR
“cancer pancreas”[Title/Abstract] OR “cancers pancreas”[Title/Abstract] OR
“pancreatic cancer”[Title/Abstract] OR “cancer pancreatic”[Title/Abstract] OR
“cancers pancreatic”[Title/Abstract] OR “pancreatic cancers”[Title/Abstract]
OR “cancer of the pancreas”[Title/Abstract]) AND (systematicreview[Filter])

#3  #lor#2

#4 “gastrointestinal microbiome”(MeSH)

#5 (“gastrointestinal microbiome”[MeSH Terms] OR (“gastrointestinal
microbiome” [Title/Abstract] OR “gastrointestinal microbiomes”[Title/Abstract]
OR “microbiome gastrointestinal”[Title/Abstract] OR “gut microbiome”[Title/
Abstract] OR “gut microbiomes”[Title/Abstract] OR “microbiome gut”[Title/
Abstract] OR “gut microflora”[Title/Abstract] OR “microflora gut”[Title/
Abstract] OR “gut microbiota”[Title/Abstract] OR “gut microbiotas”[Title/
Abstract] OR “microbiota gut”[Title/Abstract] OR “gastrointestinal
flora”[Title/Abstract] OR “flora gastrointestinal”[Title/Abstract] OR “gut
flora”[Title/Abstract] OR “flora gut”[Title/Abstract] OR “gastrointestinal
microbiota”[Title/Abstract] OR “gastrointestinal microbiotas”[Title/Abstract]
OR “microbiota gastrointestinal”[Title/Abstract] OR “gastrointestinal
microbial community”[Title/Abstract] OR “gastrointestinal microbial
communities”[Title/Abstract] OR ((“Microbiota”[MeSH Terms] OR
“Microbiota”[All Fields] OR (“Microbial”[All Fields] AND “Community” [All
Fields]) OR “microbial community”[All Fields]) AND “Gastrointestinal”[Title/
Abstract]) OR “gastrointestinal microflora”[Title/Abstract] OR “microflora
gastrointestinal”[Title/Abstract] OR “gastric microbiome”[Title/Abstract]
OR “gastric microbiomes”[Title/Abstract] OR “microbiome gastric”[Title/
Abstract] OR “intestinal microbiome”[Title/Abstract] OR “intestinal
microbiomes”[Title/Abstract] OR “microbiome intestinal”[Title/Abstract]
OR “intestinal microbiota”[Title/Abstract] OR “intestinal microbiotas”[Title/
Abstract] OR “microbiota intestinal”[Title/Abstract] OR “intestinal
microflora”[Title/Abstract] OR “microflora intestinal”[Title/Abstract] OR
“intestinal flora”[Title/Abstract] OR “flora intestinal”[Title/Abstract] OR
“enteric bacteria”[Title/Abstract] OR “bacteria enteric”[Title/Abstract])) AND
(systematicreview(Filter])

#6  #4 0R#5

#7  #3AND #6
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and to help determine whether a fixed-effects or random-effects
model should be applied to combine the study estimates. I* is
calculated as I> = 100% x (Q - df)/Q, where Q is Cochran het-
erogeneity statistic and df is the degree of freedoms. The result-
ing value of I? ranges between 0% and 100%. Note that I? is not
an acronym or abbreviation for any specific words, but it is a
widely used statistical measure. In the case of high heterogeneity
(I> 2 50%), the random-effects model was employed for calcula-
tions. For low heterogeneity (I?> < 50%), the fixed-effects model
was used. Additionally, sensitivity analysis was conducted to
assess the stability of the meta-analysis. Furthermore, Begg test
and funnel plots were used to evaluate publication bias. The
significance level for 2-sided tests is set at 0.05. This means that
a P <.05 indicates statistical significance. We also performed
sensitivity analysis to evaluate the results’ stability.

3. Results

A total of 642 potentially relevant studies were identified for
database retrieval, and an additional 3 studies were identified
through manual searches of reference lists (Fig. 1). All records

www.md-journal.com

were imported into EndNote, and 384 duplicate records were
removed. After evaluating the eligibility of studies based on their
titles and abstracts, 90 studies were excluded. Following further
exclusion of irrelevant papers, animal experiments or cytologi-
cal studies, conference abstracts, or reviews, 12 studies remained
with sufficient data for meta-analysis. Therefore, 12 studies met
our inclusion criteria and were ultimately included!8-10-14-21l
(Table 2).

All included studies were case-control studies, with a
median NOS score of 8 (range: 6-9) (Supplementary Table S1,
Supplemental Digital Content, http://links.lww.com/MD/L300).
A total of 1212 patients were included, comprising 535 patients
with pancreatic cancer and 677 healthy controls.

Regarding the outcomes of interest, 9 studies reported at least
1 a-diversity index,*8%14-1719.201 and 7 studies reported the rela-
tive abundance of gut microbiota.”!%1¢-1921l However, due to a
lack of objectively mergeable data, the analysis of relative abun-
dance at the family level had to be abandoned. The final ana-
lyzed data included 3 a-diversity indices (Chaol, Shannon, and
Simpson indices), the relative abundance of 6 bacterial phyla, 16
bacterial genera, and 6 bacterial species.

Records identified Additional records
s through Database identified through
= searching other resources
P (n=642) (n=3)
=
2
o v
Duplicates removed
(n=261)
A4
-~
o Records screened Records excluded after
= (n=384) reviewing title and
5 abstract(n=90):
S Off the topic(n=43)
® non-human studies(n=9)
Letter(n=7)
Review(n=31)
v
Full-text articles 4 ™
assessed for eligibility Article excluded after
(n=294) reviewing full-text with
D reasons(n=282):
Off the topic (n=96)
Animal studies(n=17)
PR Conference abstract or
v review(n=148)
- In vitro studies(n=21)
§ Studies included in \ S/
E qualitative synthesis
- (meta-analysis)(n=12)

Figure 1. Study flowchart.
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Table 2
Characteristics of the studies included in the meta-analysis.

Controls

PG cases

Sequencing methods

Outcomes of interest

n/f Age (SD) n/f Age (SD) Specimens

Study design
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Study
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pancreatic cancer, rRNA = ribosomal ribonucleic acid, SD = standard deviation.

total number/female number, PC =

metagenomic shotgun sequencing, NA = not available, n/f

MGS =
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3.1. a-diversity indices

We conducted random-effects meta-analyses based on 9 stud-
ies!# 8914151719202 eyaluating the Shannon index and 5 stud-
ieg 14151719 evaluating the Simpson index, while fixed-effects
model analyses were performed based on 3 studies!'>!7!8 eval-
uating the Chaol index (Fig. 2). Compared to the healthy con-
trol group, the Simpson index in the pancreatic cancer group
was similar (SMD = 0.20, 95% CI: -0.53 to 0.94, P = .592,
I?=94.30%). The Chaol (SMD =-0.35, 95% CI: -0.61 to
-0.09, P =.009, I> = 0.00%) and Shannon (SMD = -0.39, 95%
CIL: -0.63 to -0.15, P =.001, I> = 62.10%) indices in pancreatic
cancer groups were significantly lower than those in the healthy
control group (Supplementary Table S2, Supplemental Digital
Content, http:/links.lww.com/MD/L301). Subgroup analy-
ses were conducted for Chaol, Shannon index, and Simpson
index based on the sequencing method. However, the results
were consistent, showing that Chaol (Supplementary Figure
S1, Supplemental Digital Content, http:/links.lww.com/MD/
L305) and Shannon (Supplementary Figure S2, Supplemental
Digital Content, http:/links.lww.com/MD/L306) were signifi-
cantly lower in pancreatic cancer patients compared to the con-
trol group, while the Simpson index (Supplementary Figure S3,
Supplemental Digital Content, http:/links.lww.com/MD/L307)
in the pancreatic cancer group did not differ significantly from
the control group. Ethnicity-based subgroup analyses were also
carried out for the Shannon index and Simpson index, revealing
that in the Caucasian population, the Shannon index was signifi-
cantly lower than in the East Asian population (SMD = -0.63,
95% CI: -0.84 to -0.46), but there was no significant differ-
ence in the Simpson index between the 2 population groups
(SMD =0.12, 95% CI: -0.57 to 0.80) (Supplementary Figure
S4, Supplemental Digital Content, http://links.lww.com/MD/
L308).

Begg test indicated no significant publication bias for the
Shannon index (P = .517), Chaol index (P = .091), and Simpson
index (P = .180) (Supplementary Table S3, Supplemental Digital
Content, http:/links.lww.com/MD/L302). Furthermore, our
sensitivity analysis (Supplementary Figure S5, Supplemental
Digital Content, http:/links.lww.com/MD/L309) did not iden-
tify any literature that had a substantial impact on the over-
all analysis results. Therefore, we believe that our results are
stable and reliable. Funnel diagram showed that both sides
are roughly symmetrical without significant publication bias
(Supplementary Figure S6, Supplemental Digital Content, http:/
links.lww.com/MD/L310).

3.2. Bacterial phylum

At the phylum level of bacteria, up to 6 phyla (i.e., Firmicutes,
Fusobacteria, Proteobacteria, Verrucomicrobia, Actinobacteria,
and Bacteroidetes) can be analyzed because only these 6
phyla have data that can be merged. Since their I> <50%,
we employed fixed-effects meta-analyses based on 6 stud-
ies. To assess the relative abundance of 6 phyla: Firmicutes,
Fusobacteria, Proteobacteria, Verrucomicrobia, Actinobacteria,
and Bacteroidetes, we performed fixed-effects meta-analyses
based on 6 studies!”!%!¢-"1 (Fig. 3). The Firmicutes in the pancre-
atic cancer were significantly lower than in the control, show-
ing a significant difference (SMD = -0.60, 95% CI: -0.85 to
-0.35, P =.000, I?> = 0.0%). The composition of Actinobacteria
was also lower than in the control, but the difference was not
significant (SMD = -0.06, 95% CI: -0.35 to 0.23, P=.673,
I?=0.0%). Additionally, the Bacteroidetes (SMD =0.32,
95% CI: 0.06-0.57, P =.015, I =49.5%) and Proteobacteria
(SMD =0.31,95% CI: 0.06-0.57, P = .014, I> = 0.0%) were sig-
nificantly enriched in the pancreatic cancer group. Fusobacteria
(SMD = 0.05, 95% CI: -0.23 to 0.33, P=.724, = 0.0%)
and Verrucomicrobia (SMD =0.24, 95% CI: -0.08 to 0.56,
P =.142, I = 0.0%) were also higher in the pancreatic cancer,
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but the differences were not significant (Supplementary Table
S4, Supplemental Digital Content, http:/links.lww.com/MD/
L303).

Begg test indicated no significant publication bias in the rela-
tive abundance of the phyla Firmicutes (P = .583), Bacteroidetes
(P =.325), Fusobacteria (P = 1.000), Proteobacteria (P = .273),
Verrucomicrobia (P =.120), and Actinobacteria (P = .245)
(Supplementary Table S5, Supplemental Digital Content, http:/
links.lww.com/MD/L304).

3.3. Bacterial genus

At the genus level, there are a maximum of 16 genera with avail-
able data for merging the relative abundances. Therefore, we con-
ducted an analysis of the relative abundances of these 16 genera.
For the 7 genera (Faecalibacterium, Eubacterium, Veillonella,
Streptococcus, Lactobacillus, Prevotella, and Coprococcus)
with I?>50%, we used a random-effects model for analysis
based on 6 studies.[®1161819.21 For the 9 genera with I> < 50%
(Megamonas, Klebsiella, Bacteroides, EscherichialShigella,
Akkermansia, Gemmiger, Alistipes, Bifidobacterium, and
Clostridium), fixed-effects analyses were performed based on 5
studies (Figs. 4 and 5).['%16!15:19211 The analysis indicated that the
bacterial abundance of Faecalibacterium (SMD = -0.87, 95%
CI: -1.60 to -0.13, P=.021, I* =83.6%) and Eubacterium
(SMD =-0.77, 95% CI: -1.54 to -0.00, P = .049, I> = 64.9%)
in the pancreatic cancer group was significantly lower than in the
healthy control group (Supplementary Table S4, Supplemental
Digital Content, http:/links.lww.com/MD/L303). The differ-
ences were statistically significant. The relative abundance of
Veillonella, Bacteroides, Gemmiger, Prevotella, Coprococcus,
Bifidobacterium, and Clostridium was also lower in the pan-
creatic cancer group, but the differences were not significant.

www.md-journal.com

The abundance of Megamonas, Klebsiella, Streptococcus,
EscherichialShigella, Lactobacillus, Akkermansia, and Alistipes
was higher in the pancreatic cancer group, but the differ-
ences were not significant, as well (Supplementary Table S4,
Supplemental Digital Content, http:/links.lww.com/MD/
L303). Begg test indicated no significant publication bias for
the relative abundances of the aforementioned Faecalibacterium
(P =.531), Eubacterium (P =1.000), and 14 other bacterial
genera (Supplementary Table S5, Supplemental Digital Content,
http://links.lww.com/MD/L304).

3.4. Bacterial species

At the species level, we found a maximum of 6 bacterial spe-
cies that can be merged and analyzed based on 2 studies.!'”!
Therefore, a total of 6 species were analyzed. Among them,
3 had I>>50% (Escherichia coli, Clostridium bolteae, and
Megamonas hypermegale), and thus random-effects analyses
were employed (Fig. 6). The other 3 (Faecalibacterium prausnit-
zii, Prevotella stercorea, and Klebsiella pneumonia) had I? < 50%
and were analyzed using a fixed-effect model (Fig. 6). Our anal-
ysis revealed that the abundance of F prausnitzii (SMD = -1.22,
95% CI: -1.66 to -0.77, P =.000, I> = 15.20%) was lower in
pancreatic cancer patients than in the healthy control group,
with a significant statistical difference. The abundance of M
hypermegale (SMD = -0.27, 95% CI: -2.43 to 1.89, P = .807,
I? = 95.40%) in the pancreatic cancer group was also lower than
in the healthy control group, but the difference was not signif-
icant. The abundance of E coli (SMD =0.99, 95% CI: 0.03-
1.95, P = .044, I2 = 77.60%) and P stercorea (SMD = 0.88, 95%
CIL: 0.42-1.34, P =.000, I> = 0.00%) in the pancreatic cancer
group was significantly higher than in the healthy control group
(Supplementary Table S4, Supplemental Digital Content, http://

A chaot index

Study %

[[+] SMD (85% ClI) Weight
' |

Chen2023 —_— -0.11(-0.56,0.34) 34.12

Wang2022 35 -046(-1.45,0.54) 6.80
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I I
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Figure 2. Forest plots for changes in a-diversity indices: (A) Chao1, (B) Shannon index, and (C) Simpson index. Cl = confidence interval, SMD = standardized

mean difference.
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Figure 3. Forest plots for changes in relative abundance of bacterial phyla include Firmicutes (A), Bacteroidetes (B), Fusobacteria (C), Proteobacteria (D),
Verrucomicrobia (E), Actinobacteria (F). Cl = confidence interval, SMD = standardized mean difference.

links.lww.com/MD/L303). The differences were significant. The
abundance of C bolteae and K prneumonia was also higher in
the pancreatic cancer group, but the differences were not sta-
tistically significant. Begg test did not reveal significant publi-
cation bias for the relative abundance of F prausnitzii, E coli,
P stercorea, and the other 3 species (Supplementary Table S5,
Supplemental Digital Content, http:/links.lww.com/MD/L304).

4. Discussion

Recently, the relationship between gut microbiota and pan-
creatic cancer has attracted increasing attention.*>%! The gut
microbiota has been shown to not only influence the suscepti-
bility and progression of pancreatic cancer, but also potentially
affect treatment outcomes.?*In our meta-analysis, based on
twelve case-control studies comprising a total of 1212 patients,

we determined the diversity and composition changes of gut
microbiota in pancreatic cancer patients. The results revealed
a significant decrease in a-diversity among pancreatic cancer
patients. Compared to the healthy control group, the pancre-
atic cancer group exhibited a lower abundance of the phylum
Firmicutes and a higher abundance of the phylum Bacteroidetes
and Proteobacteria. At the genus level, Faecalibacterium and
Eubacterium exhibited reduced abundances, whereas, at the
species level, there were lower abundances of F prausnitzii,
alongside higher abundances of E coli and P stercorea. Other
phyla, genera, and species did not show statistically significant
differences between the pancreatic cancer group and the healthy
control group in our analysis.

Some studies have suggested that the bacterial composition
within the pancreas, rather than the bacterial abundance, is
associated with pancreatic cancer occurrence.?”” However,
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Figure 4. Forest plots for changes in relative abundance of bacterial genera include Faecalibacterium (A), Eubacterium (B), Megamonas (C), Veillonella (D),
Klebsiella (E), Streptococcus (F), Bacteroides (G), Escherichia/Shigella (H). Cl = confidence interval, SMD = standardized mean difference.

other studies have found a significant decrease in gut micro-
biota diversity among pancreatic cancer patients, particularly
in the Shannon index.?¥! We evaluated the differences in 3
a-diversity indices between the pancreatic cancer group and
the healthy control group, and found that both Chaol and
Shannon indices were significantly decreased. Although the

difference in the Simpson index between the 2 groups did not
reach statistical significance, it was higher in the pancreatic
cancer group. The larger the Simpson index, the lower the
species diversity. Therefore, all 3 a-diversity indices support
the decreased diversity of gut microbiota in pancreatic cancer
patients.
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Figure 5. Forest plots for changes in relative abundance of bacterial genera include Lactobacillus (A), Akkermansia (B), Gemmiger (C), Prevotella (D),
Coprococcus (E), Alistipes (F), Bifidobacterium (G), Clostridium (H). Cl = confidence interval, SMD = standardized mean difference.

Prior research has yielded conflicting findings about the vari-
ations in gut microbiota composition between pancreatic cancer
patients and healthy controls. For example, Chen et al*®! found
that the relative abundance of Bacteroidetes was decreased. In
contrast, Zhou et al™ found the opposite results, indicating
a higher abundance of Bacteroidetes in the gut of pancreatic
cancer patients. In our meta-analysis, a comprehensive pooled
analysis was conducted to assess the differences among stud-
ies. We found that both Bacteroidetes and Proteobacteria
were enriched in the gut of pancreatic cancer patients, while
Firmicutes showed a decrease. In the gut of healthy individu-
als, Firmicutes and Bacteroidetes are 2 predominant phyla.”?’
Proteobacteria belongs to the subdominant phylum, but its rel-
ative abundance is more likely to increase during gut dysbio-
sis, even surpassing Firmicutes and Bacteroidetes.**3 This can
explain the increase in Proteobacteria in pancreatic cancer in

this study. The ratio of Firmicutes to Bacteroidetes is currently
considered an important parameter reflecting gut microbiota
ecology, and is associated with susceptibility to various diseases
such as metabolic syndrome and Crohn disease, decreasing with
weight loss.’*l As pancreatic cancer patients often experience
wasting and cachexia, the causal relationship between changes
in Firmicutes and Bacteroidetes and pancreatic cancer remains
to be determined.

At the taxonomic level of the genus, the present study observed
a notable decrease in the relative abundance of Faecalibacterium
and Eubacterium among individuals diagnosed with pancreatic
cancer, with statistical significance. Therefore, the observed
changes in the abundance of these genera at the genus level are
consistent with the significant decrease in the abundance of the
phylum Firmicutes. Both Faecalibacterium and Eubacterium
are major members of the phylum Firmicutes and beneficial
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Figure 6. Forest plots for changes in relative abundance of bacterial species include Faecalibacterium prausnitzii (A), Escherichia coli (B), Prevotella stercorea
(C), Megamonas hypermegale (D), Clostridium bolteae (E), Klebsiella pneumoniae (F). Cl = confidence interval, SMD = standardized mean difference.

bacteria that can produce anticancer properties, such as butyr-
ate salts.13-37] The significant decrease in these genera may lead
to an imbalance in the gut microbiota, favoring the occurrence
and development of pancreatic cancer. Therefore, the alterations
of Faecalibacterium and Eubacterium have the potential to
become targets for the prevention and treatment of pancreatic
cancer.

In comparison to the healthy control group, the present
study observed a notable reduction in the prevalence of F
prausnitzii, alongside a considerable elevation in the levels of
E coli and P stercorea at the species level among individuals
diagnosed with pancreatic cancer. F prausnitzii belongs to the

genus Faecalibacterium of the phylum Firmicutes, which has
been observed to be significantly decreased in pancreatic can-
cer patients, as previously mentioned. Therefore, the significant
decrease in F prausnitzii in the gut of pancreatic cancer patients
is consistent with the changes at the phylum and genus levels.
E coli belongs to the phylum Proteobacteria, and P stercorea
belongs to the phylum Bacteroidetes. The observed increase in
these bacteria is also consistent with the increased abundance
of the phyla Bacteroidetes and Proteobacteria in pancreatic
cancer patients. Guerra et alB®¥! found that enhanced virulence
of E coli in the gut of pancreatic cancer patients may induce
deoxyribonucleic acid damage in pancreatic cells, leading to an
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increased risk of genetic alterations and malignant transforma-
tion in infected cells. The overgrowth of P stercorea may pro-
mote the occurrence of pancreatic cancer through the induction
of immune suppression.3”)

The present meta-analysis conducted a quantitative assess-
ment of alterations in gut microbiota diversity and composition
among individuals diagnosed with pancreatic cancer in compar-
ison to a control group of healthy individuals. This investiga-
tion holds significant clinical implications. This study represents
the initial attempt to quantitatively evaluate the dynamic alter-
ations in gut microbiota composition among individuals diag-
nosed with pancreatic cancer. Moreover, it aims to identify
distinct microorganisms at various taxonomic levels, including
phylum, genus, and species. By doing so, this research endeavor
offers valuable insights into the underlying mechanisms of pan-
creatic cancer development and opens up avenues for investi-
gating potential microbial-based therapeutic interventions.
Additionally, the detection of distinct microbial alterations in
individuals with pancreatic cancer can contribute to the diag-
nostic process of pancreatic cancer. Nevertheless, it is important
to acknowledge the limitations of our study.

Limitations mainly include the following aspects: excluding
certain studies from quantitative analysis due to insufficient
data may potentially introduce bias to our research findings;
the field of pancreatic cancer microbiome analysis is in its
nascent stage, resulting in a scarcity of available studies on
the topic, with overall limited research quality; the majority
of included studies (92%) used matched healthy controls,
but a few studies (8.57%) used benign pancreatic diseases
as controls. However, considering that Begg test and sensi-
tivity analysis did not identify significant biases and did not
impact the overall studies, those studies using benign pan-
creatic diseases as controls were not excluded. Among the
included studies, there were 7 Chinese studies, accounting for
44% of the total population. We conducted subgroup analy-
sis based on ethnicity and found a significant lower Shannon
index in the Caucasian population but no significant differ-
ence in the Simpson index. This suggests that there may be
certain differences in gut microbiota composition among dif-
ferent racial populations. With more future relevant research,
it is necessary to update these findings at an appropriate
time in the future. As mentioned by other researchers, meta-
analysis of observational studies is different from meta-analysis
of randomized controlled trials, and heterogeneity is a well-
known and unavoidable issue. Differences in participant
sample sizes, races, seasons, diets, ages, genders, physical
exercise, and other factors can all have an impact. Even with
the use of 16S-ribosomal ribonucleic acid gene sequencing,
inconsistencies can arise due to factors such as sample col-
lection techniques, deoxyribonucleic acid extraction methods,
primer sets, sequencing platforms, and sequencing depths.
However, in many cases, only observational study data are
available. According to the opinions of the Meta-Analysis of
Observational Studies in Epidemiology group, despite these
challenges, meta-analysis of observational studies remains an
effective method of assessment. It can provide important sup-
plementary information in situations where ideal conditions
cannot be realized.

5. Conclusion

Our meta-analysis revealed disparities in the diversity and
composition of the gut microbiota between pancreatic cancer
patients and healthy individuals. In pancreatic cancer, there is a
characteristic dysbiosis of the gastrointestinal microbiota char-
acterized by a significant decrease in o-diversity and alterations
in specific microbial taxa. However, further research is required
to determine the function of these microbial imbalances in the
occurrence and progression of pancreatic cancer.
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