
REVIEW ARTICLE

Intestinal and esophageal microbiota in esophageal cancer development and 
treatment
Yuta Baba a,b, Kohei Tajimaa,c, and Kiyoshi Yoshimuraa

aDepartment of Clinical Immuno Oncology, Clinical Research Institute for Clinical Pharmacology and Therapeutics, Showa Medical University, 
Tokyo, Japan; bDivision of Hematology, Department of Medicine, Showa Medical University Fujigaoka Hospital, Kanagawa, Japan; 
cDepartment of Gastroenterological Surgery, Tokai University School of Medicine, Kanagawa, Japan

ABSTRACT
Esophageal cancer (EC) is the eleventh most commonly diagnosed cancer, and its prognosis 
remains poor. Several challenges remain for improving the clinical outcomes of EC, and improving 
technologies for early detection, diversifying treatment options, and advancing personalized 
treatment are essential. Alterations in the intestinal and esophageal microbiota are associated 
with the pathogenesis and progression of EC; for instance, Fusobacterium nucleatum is important in 
the pathogenesis and progression of esophageal squamous cell carcinoma. Therefore, a novel 
diagnostic biomarker may be identified using the intestinal microbiota. Furthermore, targeting the 
intestinal and esophageal microbiota may help in the early detection of EC, use of a novel 
prognostic biomarker, and even the detection of a therapeutic target, resulting in a more indivi
dualized therapeutic approach for EC. In this review, we summarize the clinical research focused on 
the intestinal and esophageal microbiota in EC development and its treatment, and discuss the 
challenges in the clinical application of intestinal and esophageal microbiota.
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Introduction

Esophageal cancer (EC) is the eleventh most com
monly diagnosed cancer and the seventh leading 
cause of cancer-related deaths worldwide, with an 
estimated 510,716 new cases constituting 2.6% of 
all cancerous diagnoses and 445,129 deaths consti
tuting 4.6% of all cancer-related deaths by 2022.1

Esophageal squamous cell carcinoma (ESCC) 
and esophageal adenocarcinoma (EAC) are EC 
subtypes. Approximately 90% of worldwide cases 
are ESCC, which is more widespread in East Asia, 
Southern Africa, East Africa, and Southern 
Europe.2 In contrast, EAC is more common in 

North America, Australia, and Western Europe,3 

where its incidence has increased four-fold over the 
past four decades.4,5 Risk factors for ESCC include 
the consumption of tobacco, alcohol, pickled vege
tables, hot foods, and poverty,2 whereas those for 
EAC include gastroesophageal reflux disease 
(GERD), Barrett’s esophagus (BE), obesity, and 
metabolic syndrome.3

The identification of these characteristics and risk 
factors has been well investigated. However, the pro
jected number of cases of EC is expected to increase to 
957,000 (141,300 EAC cases and 806,000 ESCC cases) 
by 2040, with deaths rising to 880,000.6 Several 
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clinical challenges to improve clinical outcomes of EC 
remain. EC is often diagnosed at an advanced stage, 
and its early detection is difficult because patients 
only present with few symptoms in the early stage.7 

Endoscopy is a well-established diagnostic procedure 
for EC. However, access to high-precision testing 
varies among different regions worldwide.8,9 The 
application of endoscopy is still limited due to its 
invasive nature and high cost. Endoscopy is effective 
for the early detection of EC, but its contribution to 
improving early detection is limited by challenges in 
performing screening over a wide area. Novel techni
ques such as the use of blood-based biomarkers for 
EC diagnosis are being developed.10–13 However, 
a standard method has not yet been established. 
Similarly, various predictive biomarkers for 
treatment efficacy are being developed via blood 
examination,14,15 imaging,15 and tumor tissue 
sampling.16,17 These biomarkers can be important 
indicators for determining optimal treatment strate
gies in individual patients. Nonetheless, their use in 
standard clinical settings should be further evaluated 
and validated. Several treatment strategies including 
surgery, radiation therapy, chemotherapy, and use of 
immune checkpoint inhibitors (ICIs) have been 
established. However, the efficacy of these therapies 
is often limited. Further, the risk of recurrence in 
patients with advanced-stage cancer who underwent 
surgery is high, and the treatment options for patients 
with recurrence are limited. To address these chal
lenges, the methods used for early detection should be 
improved, and treatment options must be diversified. 
Moreover, individualized treatments should be 
developed.

To identify novel approaches, based on an 
increased understanding of the role of intestinal 
microbiota in humans, the importance of incorpor
ating intestinal microbiota research into cancer 
studies is higher than ever. Recent studies have 
revealed that the intestinal microbiota can influ
ence cancer progression, treatment response, and 
patient immunity. Esophageal microbiota refers to 
the presence of specific microbiota in the esopha
gus. Previous studies have revealed that the tumor 
microenvironment affects the tumor microbiota. 
Hence, the tumor microbiota plays an important 
role in the development and progression of EC.

Therefore, a novel diagnostic biomarker may 
be identified using the intestinal microbiota. 

Furthermore, targeting the intestinal and esopha
geal microbiota may help in the early detection of 
EC, use of a novel prognostic biomarker, and even 
the detection of a therapeutic target, resulting in 
a more individualized therapeutic approach for EC. 
Emphasizing the importance of intestinal and eso
phageal microbiota research may be essential in 
addressing the current clinical challenges asso
ciated with improving the clinical outcomes of 
EC. The current study aimed to summarize the 
clinical research focusing on the role of intestinal 
and esophageal microbiota on the development 
and treatment of EC.

Gut microbiota and dysbiosis of the intestinal 
microbiota

The diverse human gut microbiota contains 
approximately 40 trillion microorganisms represent
ing up to 1000 different bacterial species.18,19 The 
gut microbiota is often compared to “one organ” 
because intestinal bacteria have diverse effects on 
the physiological functions of the host via bacterial 
components and metabolites. The gut microbiota 
plays critical roles in the host; specifically, it influ
ences immune maturation and homeostasis, cell 
proliferation, vascularization, neurological signaling, 
pathogenic burden, intestinal endocrine functions, 
bone density, and energy biogenesis; the biosynth
esis of vitamins, steroid hormones, and neurotrans
mitters; and the metabolism of branched-chain and 
aromatic amino acids, dietary components, bile salts, 
drugs, and xenobiotics.20,21

The bacterial composition of the gut microbiota 
changes with age, and bacterial diversity expands 
rapidly in infancy and stabilizes in childhood; by 
preadolescence, the number of bacterial taxa and 
functional genes present in the gut microbiome is 
similar to that in adulthood.22 Shotgun metage
nomics sequencing through random sequencing 
of all genes established that the intestinal micro
biota of healthy human is dominated by 
phyla Firmicutes, Bacteroidetes, Actinobacteria, 
Proteobacteria and Verrucomicrobia. Phyla 
Firmicutes and Bacteroidetes represent 90% of the 
intestinal microbiota.21

The composition of the gut microbiota varies, 
and multiple endogenous and exogenous factors 
influence the gut microbiota.23 Dysbiosis is defined 
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as the alteration or imbalance in the structure, 
composition, and function of the microbial 
communities.24 It has various interpretations, but 
in this review, the abovementioned definition is 
adopted because it fits the objectives and context. 
This definition requires considering that, due to 
the wide inter-individual variation of these com
munities, there is no gold standard for determining 
the ideal composition of healthy gut microbiota.

Dysbiosis of intestinal microbiota affects various 
diseases such as inflammatory bowel disease,25 

auto-immune disease,26 obesity,27 type 2 
diabetes,28 and allergy.29 Furthermore, dysbiosis is 
associated with various cancers, including color
ectal cancer,30 gastric cancer,31 prostate cancer,32 

breast cancer,33 acute myeloid leukemia,34 malig
nant lymphoma.35

Association between dysbiosis of the intestinal 
microbiota in fecal samples and esophageal cancer

An increasing number of studies have focused on 
dysbiosis of intestinal microbiota in EC patients. 
Table 1 shows the previous studies investigating the 
association between the intestinal microbiota iden
tified via fecal sample analysis and EC, mainly 
ESCC.36–52

The findings across the studies have consistently 
shown that patients with ESCC exhibited altered 
intestinal microbiota profiles in fecal samples com
pared with healthy controls. In particular, in each 
study, the number of specific bacterial genera or 
species in patients with ESCC either increased or 
decreased compared with that in healthy 
controls.36–40,43,45,46,48,52 The bacterial genera that 
are reported to be more or less abundant in the 
intestinal microbiota of fecal samples from patients 
with ESCC compared to healthy subjects in two or 
more papers are summarized in Figure 1. Notably, 
the common findings include the following: Patients 
with ESCC were more likely to have a higher abun
dance of Streptococcus,28,36,39,43 Fusobacterium,45,49,52 

and Bacteroides37,46,48 than healthy controls. 
Moreover, patients with ESCC were more likely to 
have a lower abundance of Lachnospira,36,39 

Prevotella,37,41 and Faecalibacterium43,52 than healthy 
controls. These variations in the abundance of speci
fic bacterial species attempt to use as biomarkers for 
diagnosing ESCC that they can be detected 

noninvasively and cost-effectively. However, the 
intestinal microbiota that characterize ESCC has 
been inconsistent. Similarly, regarding diversity in 
patients with ESCC compared to healthy controls, 
the findings were inconsistent.

Moreover, previous studies have revealed that the 
intestinal microbiota can be used as a predictive bio
marker for therapeutic response in patients with 
ESCC.41,42,44,47,49–52 The intestinal microbiota in 
fecal samples may predict the response of ICIs in 
patients with ESCC,41,52 similar to those with other 
types of cancers. Responders to neoadjuvant therapy 
combined with ICIs for ESCC had a high abundance 
of Pyramidobacter, Butyricimonas, Prevotella, 
Barnesiella, Odoribacter,41 Anaerostipes, 
Erysipelotrichaceae UCG 003, Subdoligranulum, 
Faecalibacterium, Eubacterium eligens group,and 
Phascolarctobacterium faecium.52 Meanwhile, non- 
responders had a high abundance of Dialister,41 

Enterobacteriaceae, Corynebacteriaceae, Veillonella, 
Corynebacterium, Streptococcus parasanguinis, and 
Prevotella buccalis.52 In addition, patients with higher 
levels of Bacteroides plebeius and Bacteroides ovatus 
were more responsive to chemotherapy.50 Patients 
with recurrence requiring surgery had high levels of 
Butyricimonas and Actinomyces.47 Based on these 
results, the abundance of specific bacterial species 
can play an important role in pretreatment monitor
ing. However, the intestinal microbiota profiles that 
are used as predictive markers of therapeutic response 
in ESCC are inconsistent.

There are only a few reports on the association 
between EAC and intestinal microbiota in fecal 
samples. In particular, they are only limited to 
studies that analyzed EAC and ESCC together, as 
shown in Table 1.36,49,51 The abundance of 
Bacteroides, Flavonifractor, Incertae sedis, 
Odoribacter, Parabacteroides, and Parasutterella 
in rectal samples (sampling method not stated) 
differed between healthy controls and patients 
with EAC.53

These intestinal microbiota specifically affects 
the physiological functions of the hosts. The dys
biosis of the intestinal microbiota changes the 
metabolites, affecting the metabolic pathways, 
inflammation, and immune function and has 
attracted attention for its possible role in the devel
opment and pathogenesis of ESCC. Patients with 
ESCC exhibited a significant increase in the 
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community richness of intestinal microbiota in 
fecal samples. Further, in patients with ESCC, the 
abundance of SCFA-producing, particularly buty
rate-producing, bacteria decreased. Meanwhile, the 
abundance of LPS-producing bacteria increased. 
These phenomena may lead to the destruction of 
the intestinal barrier and the promotion of the 
intestinal permeability and inflammation. In addi
tion, inflammatory factors and LPS may then be 
released into the bloodstream to target organs via 
long-distance migration, and such long-term 
effects of chronic exposure contribute to the devel
opment of ESCC.36,39 Furthermore, differential 
metabolites between patients with ESCC and 
healthy controls, mainly amino acids, peptides, 
and analogs on nontargeted metabolomics ana
lyses, significantly inhibited multiple amino acid 
metabolism pathways in patients with ESCC 
patients via pathway analysis of the microbiota 
and metabolites. Therefore, these patients had sig
nificant disruption in amino acid metabolism, 
which could possibly affect the development of 
ESCC.45 An increase in the number of 
Enterobacteriaceae and Lactobacillus significantly 

reduced the L-aspartate and pantothenic acid 
levels, which may be involved in the development 
of ESCC by downregulating the protein expres
sions in the pantothenate and coenzyme 
A biosynthesis pathways.45 Similarly, according to 
nontargeted metabolomics analyses, patients with 
ESCC had higher relative abundance of differential 
metabolites, such as indoles and derivatives, tro
pane alkaloids, lipids, and lipid-like molecules, 
than healthy controls.46 By metagenome function 
prediction, unsaturated fatty acids, ascorbate, and 
Aldrete metabolism and the hypoxia-inducible fac
tor 1 signaling pathway were significantly asso
ciated with differential metabolites.46 Prevotella 
were significantly positively correlated with indoles 
and their derivatives, therefore it could influence 
the occurrence of ESCC through the regulation of 
indoles and derivatives.46 Based on these results, 
the dysbiosis of the intestinal microbiota changes 
the metabolites, and it may affect the development 
of ESCC by regulating multiple metabolic path
ways. The intestinal microbiota and its metabolites 
in fecal samples are being integrated for use as 
biomarkers for diagnosing ESCC.45,46

Figure 1. The bacterial genera reported to be more or less abundant in the intestinal microbiota of fecal samples from patients with 
esophageal squamous cell carcinoma compared to healthy subjects. The bacterial genera reported in two or more papers are 
extracted. Details are described in Table 1.

GUT MICROBES 7



Esophageal microbiota

The presence of the esophageal microbiota has 
been revealed, and its relationship with various 
esophageal diseases has been investigated as well 
as intestinal microbiota.

In 1983, a pioneering study of esophageal micro
biota using culture techniques identified 
Streptococcus viridans, Haemophilus influenzae, 
Neisseria catarrhalis, Streptococcus group B, 
Streptococcus faecalis, and Klebsiella pneumoniae 
as commensals populating the esophageal micro
biota of healthy subjects.54

In 2004, using broad-range 16S rDNA PCR, 95 
bacterial species from six phyla – Firmicutes, 
Bacteroidetes, Actinobacteria, Proteobacteria, 
Fusobacteria, and TM7 – were identified in the 
esophageal microbiota.55 At the genus level, 
Streptococcus, Prevotella, and Veillonella were 
the most common bacteria within the esophageal 
microbiota.55 A comparison of the microbiota in 
the lower esophagus, upper esophagus, and oral 
mucosa of healthy subjects revealed comparable 
compositions among them.56 The esophageal 
microbiota was classified into two types: type 
I is dominated by Streptococcus and concentrated 
in the phenotypically normal esophagus, while 
type II contains a greater proportion of gram- 
negative anaerobes or microaerophiles and is pri
marily correlated with esophagitis.57 Moreover, 
using 16S rRNA amplicon sequencing and shot
gun sequencing, the esophageal microbiota was 
clustered into functionally distinct community 
types (esotypes) defined by the relative abun
dances of Streptococcus and Prevotella; the cluster 
dominated by Streptococcus (Streptococcus mitis/ 
oralis/pneumoniae) was enriched for the pentose 
phosphate pathway as well as fructose and man
nose metabolism that dominated by Prevotella 
(Prevotella melaninogenica and Prevotella pallens) 
was enriched for lipopolysaccharide biosynthesis, 
and the other cluster was the intermediate type 
with respect to Streptococcus and Prevotella but 
had increased levels of Haemophilus parainfluen
zae and Rothia mucilaginosa for the glycolysis as 
well as the pathways involved in the metabolism 
of SCFA.58

Then, recent studies revealed alterations in the 
esophageal microbiota of patients with EC.

Association between esophageal microbiota and 
esophageal adenocarcinoma

Table 2 depicts the studies investigating the asso
ciation between esophageal microbiota and 
EAC.49,53,59–67

The findings across the studies consistently 
showed that the esophageal microbiota profiles 
in EAC tissues were altered compared with 
those in non-EAC or healthy tissues. In particu
lar, in each study, the number of specific bacterial 
genera or species either increased or 
decreased.53,59–67 However, the esophageal micro
biota that characterize EAC has been inconsis
tent. Similarly, the diversity of esophageal 
microbiota between patients with EAC and 
healthy controls is inconsistent. In addition, pre
vious studies on the utility of the esophageal 
microbiota as a predictive biomarker of therapeu
tic response in patients with EAC were limited. 
For example, EAC tissues exhibited enriched 
Fusobacterium and reduced Streptococcus in 
patients with shorter survivals from neoadjuvant 
therapy to surgery.49

In relation to the EAC and esophageal micro
biota, previous studies have emphasized the 
dynamic changes in the esophageal microbiota 
during the EAC cascade, which showed the pro
gression from GERD to BE and finally to EAC. The 
esophageal microbiota differed between healthy 
controls and patients with GERD, BE, and EAC 
in the nonguided culture-based study.68 The pre
dominant organisms shifted from gram-positive 
bacteria to gram-negative anaerobic bacteria in 
the EAC cascade. However, the esophageal micro
biota of EAC is less well defined than that of GERD 
and BE. The increase in the abundance of 
Veillonella and the decrease in the abundance of 
Streptococcus occurred progressively along with the 
EAC cascade.53,62 The number of Leptotrichia 
increases in patients with BE and EAC. Then, 
a corresponding elevation in the number of 
Veillonella and Prevotell is observed. Thus, they 
could be plausible prooncogenic partners.62 The 
keystone genera, including Atopobium, 
Veillonella, Burkholderia, Ralstonia, and 
Lautropia, increase from the GERD and BE to the 
EAC sequence.53 Thus, these organisms can be 
potential biomarkers for monitoring progression.
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The functional analysis can help provide an 
understanding of role of the esophageal microbiota 
in the development and progression of EAC. 
Alterations in the composition and abundance of 
the esophageal microbiota could promote the 
development of GERD, BE, and EAC via multiple 
mechanisms. The altered esophageal microbiota 
activated and stimulated multiple toll-like recep
tors (TLRs),69–71 inducible nitric oxide synthase,72 

and nod-like receptor protein 3 (NLRP3),71 which 
then promoted malignant cellular behavior. TLR4 
activation led to the activation of the nuclear factor 
kappa-light-chain-enhancer of activated B cells 
(NF-κB)73 and increased the expression of 
cyclooxygenase-2.70 Alterations in the esophageal 
microbiota lead to chronic inflammation and 
a decreased immune response, thereby establishing 
a microenvironment that is suitable for malignant 
transformation. In terms of other mechanism, the 
genes related to nitrate – nitrite – nitric oxide path
ways were enriched along from the GERD and BE 
to the EAC sequence.53 The number of gram- 
negative bacteria increased in the esophageal 
microbiota of patients with EAC. This phenom
enon may stimulate the expression of inducible 
nitric oxide synthase (iNOS). This can relax the 
lower esophageal sphincter and induce GERD. In 
addition, high concentrations of NO produced by 
iNOS can generate free radicals, causing DNA 
damage.74 NO and iNOS activities induce apopto
sis, angiogenesis, and DNA damage during 
tumorigenesis.75 NO increases the expression of 
matrix metalloproteinase and its inhibitor and pro
motes the progression of dysplastic lesions in BE to 
invasive carcinoma.72 These functional changes are 
essential because they identify the pathways that 
could be involved in promoting tumorigenesis.

Association between esophageal microbiota and 
esophageal squamous cell carcinoma

Table 3 shows the studies investigating the associa
tion between esophageal microbiota and 
ESCC.61,76–101

The findings across the studies consistently 
showed that ESCC tissues exhibited altered esopha
geal microbiota profiles compared with non-ESSC 
or healthy tissues. This revealed that the number of 
specific bacterial genera or species either increased 

or decreased in each study.61,76,77,79–93,93,95,98–100 

The bacterial genera that reported to be more or 
less abundant in the esophageal microbiota of 
ESCC compared to nontumor tissues or healthy 
subjects in two or more papers are summarized in 
Figure 2. In particular, across various studies, 
pathogenic bacteria such as 
Fusobacterium77,79,80,84,86,90–93,95,96,98,100 and 
Porphyromonas76,81,85,88,93,100 were consistently 
more abundant in ESCC tissues than in healthy 
tissues.

The dynamic changes in the esophageal micro
biota from intraepithelial neoplasia to ESCC can be 
potential biomarkers for monitoring disease 
progression.81,83 In addition, some bacteria were 
detected at different stages of ESCC 
progression.76,77,79,80,85,86,90,92,93 In particular, an 
increase in the number of Fusobacterium nuclea
tum (F. nucleatum)77,79,80,86,93 and Porphyromonas 
gingivalis (P. gingivalis)76,85 in the esophageal 
tumor microbiota in ESCC was more likely to be 
positively correlated with the progression of clin
ical stages.

Moreover, previous studies have revealed the 
utility of the esophageal tumor microbiota as 
a predictive biomarker of therapeutic response in 
patients with ESCC.76,77,80,85,91,93,94,96,101 In addi
tion to disease progression, an increase in the num
ber of F. nucleatum77,80,91,93,96 and P. gingivalis76,85 

in the esophageal tumor microbiota was more 
likely to be related to poor prognosis in ESCC.

The dysbiosis of the esophageal microbiota, fol
lowed by alterations in the microbial cooccurrence 
network and host functional pathways in ESCC, 
may be involved in the carcinogenesis and progres
sion of the local microenvironment for ESCC. 
Compared with the tumor tissue, a denser and 
more complex association network was formed in 
the adjacent non-tumor tissue of ESCC.88,89 Most 
differential abundances in adjacent non-tumor tis
sues were negatively associated with the epidermal 
growth factor receptor, erb-b2 receptor tyrosine 
kinase 2, erb-b2 receptor tyrosine kinase 4, and 
fibroblast growth factor receptor 1 signaling path
ways. Further, they were positively associated with 
the MET protooncogene, receptor tyrosine kinase, 
and phosphatase and tensin homolog signaling 
pathways.88 The lipoic acid metabolism in adjacent 
non-tumor tissues was more prevalent. Meanwhile, 
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the LPS biosynthesis pathway of microorganisms 
in tumor tissues was more significant.89 In the 
ESCC tissues, the functional composition of the 
ESCC microbiota had decreased nitrate reductase 
functions and nitrite reductase functions compared 
with the healthy tissues.83,84 In addition, via whole- 
exome sequencing and functional metagenome 
prediction, the cell cycle, positive regulation of 
the apoptotic process and transcription, DNA- 
templated synthesis, and further classification of 
the epidermal growth factor-related domain (EGF- 
like domain) by protein domain were significantly 
enriched in the ESCC tissues than in the non- 
tumor tissues.

The abundance of F. nucleatum and P. gingivalis 
was more likely to increase in ESCC tissues. 
Moreover, it was positively correlated with pro
gression and poor prognosis in patients with 
ESCC. The possible mechanisms associated with 
the pathogenesis and progression of ESCC due to 
these processes have been reported.

P. gingivalis infection increased interleukin IL-6 
levels and it promoted the epithelial–mesenchymal 
transition and myeloid-derived suppressor cells 

recruitment.85 P. gingivalis inhibited epithelial cell 
apoptosis and promoted carcinogenesis through the 
activation of PI3K/Akt signaling102,103 and the inha
bition of P2X7104,105 and other pathways.106 In recent 
study, on a transcriptomic analysis, the presence of 
a P. gingivalis infection increased transforming 
growth factor-beta (TGF-β) levels and enhanced pre
dominantly Glycoprotein A expression repetitions, 
thereby activating TGF-β/Smad signaling.107 The 
P. gingivalis infection remarkably activated TGF-β 
signaling and subsequently enhanced the tumor 
growth and metastasis in xenograft models.107 Thus, 
P. gingivalis is thought to be implicated in the patho
genesis and progression of ESCC.

Previous studies have reported some mechan
isms associated with the effect of F. nucleatum on 
the pathogenesis, progression, and chemoresis
tance of ESCC. F. nucleatum promoted ESCC 
progression via the NOD1/RIPK2/NF-κB 
pathway.108 Moreover, F. nucleatum promoted 
early ESCC development by upregulating the IL- 
32/PRTN3 expression and activating the PI3K/ 
AKT signaling pathway.92 F. nucleatum acceler
ated cell proliferation by activating the AHR/ 

Figure 2. The bacterial genera reported to be more or less abundant in the esophageal microbiota of esophageal squamous cell 
carcinoma compared to nontumor tissues or healthy subjects. The bacterial genera reported in two or more papers are extracted. 
Details are described in Table 3.
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CYP1A1 signaling pathway in ESCC.109 

Intracellular F. nucleatum infection increases 
METTL3 transcription. Then, METTL3 promotes 
c-Myc mRNA methylation in the 3′-untranslated 
region and enhances its mRNA stability in 
a YTH N6-Methyladenosine RNA binding pro
tein 1-dependent manner, which contributes to 
F. nucleatum-induced proliferation and metasta
sis in ESCC.95 F. nucleatum inhibits the prolif
eration and cytokine secretion of T cells, and Fn- 
Dps binds to the PD-L1 gene promoter that 
activates transcription factor-3 to transcription
ally upregulate PD-L1 expression.96 In terms of 
chemoresistance, F. nucleatum increased the 
expression of NLRP3 and then enriched the 
expression of myeloid-derived suppressor cells, 
thereby leading to cell chemoresistance in 
ESCC.110 In addition, F. nucleatum invaded and 
survived in senescent ESCC cells. This mechan
ism further activates the DNA damage response 
pathway, which enhances the senescence- 
associated secretory phenotype and promotes 
ESCC recurrence and chemotherapy 
resistance.93 These associated mechanisms are 
being recognized. In particular, F. nucleatum is 
the most commonly implicated in the pathogen
esis and progression of ESCC.

Based on recent research, ESCC tissues exhibited 
a significant higher abundance of Fusobacterium 
periodonticum (F. periodonticum) than adjacent 
non-tumor tissues.100 According to a metabolomics 
and lipidomics analysis, in the F. periodonticum- 
infected group, the enriched metabolic pathways 
primarily revolve around lipid metabolism.100 In 
ESCC, the N-nitrosamine-mediated upregulation 
of FadAL induces the formation of epithelial 
mesenchymal transition (EMT) subtypes by directly 
interacting with FLOT1 and promoting palmitic 
acid accumulation, thereby enhancing Wnt3A pal
mitoylation and activating the Wnt/β-catenin sig
naling pathway.100 Regarding mechanisms, 
F. periodonticum alters metabolic profiles, enhances 
glycolysis, and releases lactic acid, which is regulated 
by the TLR4/Akt/HIF-1α signaling pathway.111 

Then, lactic acid promotes EMT in ESCC and 
enhances migratory and invasive capabilities via 
the GPR81/Wnt/β-catenin signaling pathway.111 

Thus, F. periodonticum may promote EMT in 
ESCC, and it can be a future treatment target.

Stomach microbiota and its association with 
esophageal cancer

16S rRNA sequencing reveals a diverse stomach 
microbiota community.112 However, most EC 
studies have focused on the association between 
EC and Helicobacter pylori (H. pylori).

Several studies have shown an inverse associa
tion between H. pylori infection and EAC.113–120 

These epidemiologic evidence indicates that 
H. pylori infection is a protective factor against 
EAC development. This can be attributed to the 
fact that H. pylori may suppress gastric acid secre
tion, reduce the risk of developing GERD and BE, 
and decrease the EAC cascade. In contrast, 
H. pylori infection in esophageal epithelial cells 
has a detrimental effect, leading to the dysregula
tion of micro RNAs and subsequently causing 
the overexpression of intestinal metaplasia factors 
and carcinogenic factors such as caudal-type 
homeobox 2 and cyclooxygenase-2.121 The 
association between H. pylori and EAC is still 
controversial.

Currently, there is no definite evidence showing 
that H. pylori infection contributes or inhibits the 
incidence of ESCC. A large meta-analysis revealed 
no significant associations between ESCC and 
H. pylori infection.113,122 A recent report with 
a small number of cases showed that the tumor 
microenvironment in ESCC with H. pylori infection 
exhibited an immunosuppressive phenotype.123 

Thus, H. pylori may influence the tumor microen
vironment in ESCC. However, there is no sufficient 
evidence supporting this notion.

Moreover, there are a few reports on the associa
tion between stomach microbiota and EC, in addi
tion to H. pylori, based on an analysis using 
endoscopic gastric mucosa samples. The stomach 
microbiota composition of the gastric fundal 
mucosa differs between patients with early ESCC 
and ESD and those with a normal esophagus, with 
a higher abundance of bacteria in the orders 
Clostridiales and Erysipelotrichales.124 The 
Firmicutes/Bacteroidetes ratio of the early-stage 
intramucosal ESCC group was significantly lower 
than that of the normal esophagus group. This 
indicated the potential dysbiosis of stomach micro
biota in patients with ESCC.125
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In summary, epidemiological reports have 
shown that H. pylori infection is inversely asso
ciated with the development of EAC, but not with 
ESCC. However, this associated is not yet estab
lished, and the association between stomach micro
biota and EC remains unclear.

Future perspectives on the role of intestinal and 
esophageal microbiota in esophageal cancer

The impact of intestinal and esophageal microbiota 
on the development and progression of EC is becom
ing clearer. However, the results of current studies 
vary. The use of intestinal and esophageal microbiota 
in the clinical assessment of EC is till challenging.

The early detection of EC using fecal samples, 
which are noninvasive and simple to use, is 
a promising clinical modality for EC. However, 
the intestinal microbiota profiles in fecal samples 
that characterize EC are inconsistent. Hence, they 
are still challenging to use for the early detection of 
EC. The intestinal microbiota in fecal samples has 
been used for the early detection of various types of 
cancers, but it has not yet been clinically applied. 
For example, in colorectal cancer, which is consid
ered as closest to clinical applications, metage
nomic and metabolomic markers are used to 
differentiate patients with intramucosal carcinoma 
from healthy ones. The relative abundance of 
F. nucleatum is significantly, continuously elevated 
in intramucosal carcinoma to more advanced 
stages.126,127 Moreover, the number of Atopobium 
parvulum and Actinomyces odontolyticus are sig
nificantly high only in multiple polypoid adenomas 
and/or intramucosal carcinomas.126 Moreover, 
based on metabolome analyses, the expressions of 
branched-chain amino acids and phenylalanine in 
intramucosal carcinomas and bile acids, including 
deoxycholate, were significantly high in multiple 
polypoid adenomas and/or intramucosal 
carcinomas.126 Based on these results, the early 
diagnosis of intramucosal carcinoma is being 
attempted by extracting DNA from stools, examin
ing bacterial-derived genes using whole-genome 
shotgun sequencing, and combining several bacter
ial species and metabolites for machine learning.128 

However, such a strategy that uses intestinal bac
teria for the early detection of colorectal cancer has 
not been used in clinical practice.

In clinical settings, the intestinal and esophageal 
microbiota are most likely to be applied as 
a biomarker for predicting the efficacy and adverse 
events of treatment in EC. Several clinical studies 
have revealed that specific intestinal microbiota 
such as Akkermansia muciniphila129–134 and 
Faecalibacterium prausnitzii135–139 can be biomar
kers for predicting the efficacy of ICIs. 
Nevertheless, the use of these intestinal microbiota 
as biomarkers for predicting the efficacy of 
immune checkpoint inhibitors in EC should be 
validated in a large cohort. Previous research has 
revealed the association between intestinal bacteria 
and a series of immune-related adverse events dur
ing ICIs administration in patients with gastroin
testinal cancers, including EC.41,140 Further, 
F. nucleatum in the esophageal tumor microbiota 
can be promising for prognostic prediction in 
ESCC.77,80,91,93,96 Thus, the clinical application of 
the intestinal and esophageal microbiota as 
a biomarker for predicting treatment efficacy and 
adverse events is important for promoting indivi
dualized treatment.

In the future, combining conventional therapy 
and probiotics, prebiotics, and synbiotics is the 
next step in the clinical application of intestinal 
microbiota as a novel strategy to improve the suc
cess rate of EC treatment. In EC, probiotics, prebio
tics, and synbiotics have been used in the past. 
However, they aim to prevent and improve compli
cations from surgery and anticancer drugs.141–146 

Recently, there have been attempts to induce the 
intestinal microbiota and their metabolites to 
increase antitumor effects. In laboratory studies, 
the probiotics Lactobacillus rhamnosus,147 

L. acidophilus, L. plantarum, L. fermentum,148 and 
Lactobacillus casei149 and the prebiotic cranberry 
proanthocyanidins150 in vivo and in vitro have 
been found to have antitumor effects against EC. 
L. rhamnosus has antitumor effects by reducing the 
expression of the Wnt signaling pathway genes.147 

Supplementation with Lactobacillus species after 
bile injury accelerated the repair of bile-induced 
DNA damage via the recruitment of pH2AX/ 
RAD51. Furthermore, it reduced NF-κB-associated 
inflammation in esophageal cells.148 Ferrichrome, 
produced by the probiotic Lactobacillus casei, 
induces DNA damage-inducible transcript-3, 
thereby producing antitumor effects, including cell 
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cycle arrest and apoptosis in EC cells.149 Cranberry 
proanthocyanidins exhibit prebiotic activity by 
abrogating GERD-induced dysbiosis of the intest
inal microbiota and mitigating bile acid metabolism 
and transport. This results in the significant inhibi
tion of EAC via TLR/NF-κB/TP53 signaling 
cascades.150

Further, to modulate the intestinal microbiota 
composition in humans, fecal microbiota trans
plantation (FMT) is one of the strategies that are 
now being investigated. In EC, FMT from a healthy 
donor prior to first-line chemotherapy improved 
the response and survival of patients with meta
static EC.151 In melanoma treated with ICIs, FMT 
shifted the intestinal microbiota composition 
toward a favorable ICIs efficacy to induce clinical 
responses.152,153 In addition, better disease control 
rate was achieved with the combined use of ICIs 
and FMT for advanced gastrointestinal cancers.154 

Clinical studies on combination therapy with ICI 
and FMT for patients with unresectable advanced- 
stage or recurrent EC are ongoing.155

Several studies have shown that F. nucleatum 
functions as an oncogenic bacterium. Moreover, it 
is implicated in the pathogenesis and progression 
of ESCC. F. nucleatum, which is the bacterium in 
the esophageal tumor microbiota, itself or its meta
bolic products and regulated pathways can be ther
apeutic targets.

Although an association was observed between 
the intestinal and esophageal microbiota and EC, 
whether the association is causal or merely correla
tional is not yet completely understood. For exam
ple, whether changes in the intestinal and 
esophageal microbiota contribute to the develop
ment and progression of EC or whether EC alters 
their composition has not been confirmed. In addi
tion, different methods can be used for sampling 
and analyzing samples in the study of intestinal 
bacteria, and it is difficult to reproduce or compare 
results. Thus, a standardized protocol should be 
established. Further, the characteristics of the 
intestinal and esophageal microbiota are signifi
cantly influenced by different factors including 
diet, medications, age, genetics, ethnicity, and life
style habits. Further detailed studies must be per
formed to validate the application of the intestinal 
and esophageal microbiota of EC in clinical 
settings.

Conclusion

Patients with EC worldwide have a poor prognosis. 
The association between EC and the intestinal and 
esophageal microbiota should be further elucidated 
to improve the efficacy of treatment modalities 
against EC. The role of dysbiosis of the intestinal 
and esophageal microbiota in the development, 
progression, and treatment of EC is becoming 
clear. F. nucleatum functions as an oncogenic bac
teria, and it is implicated in the pathogenesis and 
progression of ESCC. In terms of potential, it is 
most suitable as a biomarker for predicting thera
peutic efficacy in clinical settings. Further, combin
ing conventional therapy and probiotics, 
prebiotics, and synbiotics or FMT may improve 
therapeutic efficacy in EC. Nonetheless, the clinical 
application of this novel combination therapy has 
several issues. The characteristics of the intestinal 
and esophageal microbiota are significantly influ
enced by several factors including diet, medica
tions, age, genetics, ethnicity, and lifestyle habits. 
Therefore, due to significant individual variations, 
the application of the intestinal and esophageal 
microbiota as a biomarker of EC in clinical practice 
is still challenging. The attempt to examining bac
terial-derived genes using whole-genome shotgun 
sequencing and combining several bacterial species 
and metabolites for machine learning may be 
a promising new approach. Further, more detailed 
studies on the adaptation of the intestinal and 
esophageal bacteria to EC treatment should be 
performed to facilitate individualized treatments.

Materials and methods

This review for the impact of the intestinal and 
esophageal microbiota on EC (ESCC or EAC) 
development and treatment involved a systematic 
literature search and data extraction process.

Systematic search to identify studies for inclusion

On February 21, 2025, we conducted a systematic 
literature search for published research articles 
using MEDLINE/PubMed using the following 
search terms: ((((esophagus cancer) OR (esopha
geal cancer)) OR (esophagus neoplasm)) OR (eso
phageal neoplasm)) AND ((((((((gut microbes) OR 
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(gut microbiota)) OR (intestinal microbiota)) OR 
(microbiota)) OR (microbiome)) OR (microbial)) 
OR (gastrointestinal microbiota)) OR (esophageal 
microbiota)). The outcomes of interest were: (1) 
differences in intestinal or esophageal microbiota 
composition between EC patients and healthy con
trol group; (2) differences in esophageal microbiota 
composition between EC tissue and non-EC tissue; 
(3) associations between intestinal or esophageal 
microbiota composition and prognosis of EC.

Identification of primary studies for inclusion

Inclusion criteria were: (1) human observational 
studies; (2) patients with a diagnosis of EC; (3) 
Outcome indicators including the quantitative 
abundance of gut microbiota.

Exclusion criteria were: (1) only cell studies and 
animal studies; (2) intervention studies; (3) multi
ple types of cancer are analyzed together and there 
is no analysis of EC separately; (4) analysis of 
existing publicly available databases only; (5) 
review articles, letters to the editor, editorial com
ment, and case reports; (6) studies with incomplete 
or unreported data; (7) written in a language other 
than English.

Two reviewers (YB and KT) independently 
screened titles and abstracts for relevant papers, 
with conflicts discussed to achieve consensus on 
inclusion and exclusion of retrieved titles.

Study selection and extraction

A total of 611 studies were retrieved, and we extracted 
studies according to inclusion and exclusion criteria. 
Furthermore, re-extraction from these studies’ refer
ence lists and Google Scholar citation checks based on 
the criteria. Finally, were finally included: (1) 17 for 
relationship between dysbiosis of intestinal micro
biota and EC; (2) 11 for relationship between esopha
geal microbiota and EAC; (3) 27 for relationship 
between esophageal microbiota and ESCC.

The extracted studies are summarized in Tables 
1–3.

Acknowledgments

We thank Editage (www.editage.jp.) and Enago (www.enago. 
jp) for the English language review.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

The author(s) reported that there is no funding associated 
with the work featured in this article.

ORCID

Yuta Baba http://orcid.org/0000-0002-5743-0306

References

1. Bray F, Laversanne M, Sung H, Ferlay J, Siegel RL, 
Soerjomataram I, Jemal A. Global cancer statistics 
2022: GLOBOCAN estimates of incidence and mortal
ity worldwide for 36 cancers in 185 countries. CA 
Cancer J Clin. 2024;74(3):229–263. doi: 10.3322/caac. 
21834  .

2. Abnet CC, Arnold M, Wei WQ. Epidemiology of eso
phageal squamous cell carcinoma. Gastroenterology. 
2018;154(2):360–373. doi: 10.1053/j.gastro.2017.08.023  .

3. Uhlenhopp DJ, Then EO, Sunkara T, Gaduputi V. 
Epidemiology of esophageal cancer: update in global 
trends, etiology and risk factors. Clin J Gastroenterol. 
2020;13(6):1010–1021. doi: 10.1007/s12328-020-01237-x  .

4. Brown LM, Devesa SS, Chow WH. Incidence of adeno
carcinoma of the esophagus among white Americans by 
sex, stage, and age. J Natl Cancer Inst. 2008;100 
(16):1184–1187. doi: 10.1093/jnci/djn211  .

5. Arnold M, Ferlay J, van Berge Henegouwen MI, 
Soerjomataram I. Global burden of oesophageal and 
gastric cancer by histology and subsite in 2018. Gut. 
2020;69(9):1564–1571. doi: 10.1136/gutjnl-2020- 
321600  .

6. Morgan E, Soerjomataram I, Rumgay H, Coleman HG, 
Thrift AP, Vignat J, Laversanne M, Ferlay J, Arnold M. 
The global landscape of esophageal squamous cell car
cinoma and esophageal adenocarcinoma incidence and 
mortality in 2020 and projections to 2040: new esti
mates from GLOBOCAN 2020. Gastroenterology. 
2022;163(3):649–658.e2. doi: 10.1053/j.gastro.2022.05. 
054  .

7. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer sta
tistics, 2022. CA Cancer J Clin. 2022;72(1):7–33. doi: 10. 
3322/caac.21708  .

8. Joseph A, Raja S, Kamath S, Jang S, Allende D, 
McNamara M, Videtic G, Murthy S, Bhatt A. 
Esophageal adenocarcinoma: a dire need for early 
detection and treatment. Cleve Clin J Med. 2022;89 
(5):269–279. doi: 10.3949/ccjm.89a.21053  .

9. Liu S, Chen LX, Ye LS, Hu B. Challenges in early 
detection and endoscopic resection of esophageal 

22 Y. BABA ET AL.

http://www.editage.jp
http://www.enago.jp
http://www.enago.jp
https://doi.org/10.3322/caac.21834
https://doi.org/10.3322/caac.21834
https://doi.org/10.1053/j.gastro.2017.08.023
https://doi.org/10.1007/s12328-020-01237-x
https://doi.org/10.1093/jnci/djn211
https://doi.org/10.1136/gutjnl-2020-321600
https://doi.org/10.1136/gutjnl-2020-321600
https://doi.org/10.1053/j.gastro.2022.05.054
https://doi.org/10.1053/j.gastro.2022.05.054
https://doi.org/10.3322/caac.21708
https://doi.org/10.3322/caac.21708
https://doi.org/10.3949/ccjm.89a.21053


cancer: there is a long way to go. World J Gastrointest 
Oncol. 2024;16(7):3364–3367. doi: 10.4251/wjgo.v16.i7. 
3364  .

10. Yuan Y, Zhao Z, Xue L, Wang G, Song H, Pang R, 
Zhou J, Luo J, Song Y, Yin Y. Identification of diagnos
tic markers and lipid dysregulation in oesophageal 
squamous cell carcinoma through lipidomic analysis 
and machine learning. Br J Cancer. 2021;125 
(3):351–357. doi: 10.1038/s41416-021-01395-w  .

11. Wang PP, Song X, Zhao XK, Wei MX, Gao SG, 
Zhou FY, Han XN, Xu RH, Wang R, Fan ZM, et al. 
Serum metabolomic profiling reveals biomarkers for 
early detection and prognosis of esophageal squamous 
cell carcinoma. Front Oncol. 2022;12:790933. doi: 10. 
3389/fonc.2022.790933  .

12. Sun Y, Liu W, Su M, Zhang T, Li X, Liu W, Cai Y, 
Zhao D, Yang M, Zhu Z, et al. Purine salvage–asso
ciated metabolites as biomarkers for early diagnosis of 
esophageal squamous cell carcinoma: a diagnostic 
model–based study. Cell Death Discov. 2024;10 
(1):139. doi: 10.1038/s41420-024-01896-6  .

13. Chen Z, Xing J, Zheng C, Zhu Q, He P, Zhou D, Li X, 
Li Y, Qi S, Ouyang Q, et al. Identification of novel 
serum autoantibody biomarkers for early esophageal 
squamous cell carcinoma and high-grade intraepithelial 
neoplasia detection. Front Oncol. 2023;13:1161489. doi:  
10.3389/fonc.2023.1161489  .

14. Yang Y, Huang X, Zhou L, Deng T, Ning T, Liu R, 
Zhang L, Bai M, Zhang H, Li H, et al. Clinical use of 
tumor biomarkers in prediction for prognosis and che
motherapeutic effect in esophageal squamous cell 
carcinoma. BMC Cancer. 2019;19(1):526. doi: 10. 
1186/s12885-019-5755-5  .

15. Li N, Chen S, Wang X, Zhang B, Zeng B, Sun C, 
Zheng K, Chen Q, Wang S. Identification of 
POU4F1 as a novel prognostic biomarker and ther
apeutic target in esophageal squamous cell 
carcinoma. Cancer Cell Int. 2024;24(1):280. doi: 10. 
1186/s12935-024-03471-6  .

16. Ruan Y, Ma Y, Ma M, Liu C, Su D, Guan X, Yang R, 
Wang H, Li T, Zhou Y, et al. Dynamic radiological 
features predict pathological response after neoadju
vant immunochemotherapy in esophageal squamous 
cell carcinoma. J Transl Med. 2024;22(1):471. doi: 10. 
1186/s12967-024-05291-8  .

17. Feng T, Li Q, Zhu R, Yu C, Xu L, Ying L, Wang C, 
Xu W, Wang J, Zhu J, et al. Tumor microenvironment 
biomarkers predicting pathological response to neoad
juvant chemoimmunotherapy in locally advanced eso
phageal squamous cell carcinoma: post-hoc analysis of 
a single center, phase 2 study. J For Immunother 
Cancer. 2024;12(8):e008942. doi: 10.1136/jitc-2024- 
008942  .

18. Sender R, Fuchs S, Milo R. Are we really vastly out
numbered? Revisiting the ratio of bacterial to host cells 
in humans. Cell. 2016;164(3):337–340. doi: 10.1016/j. 
cell.2016.01.013  .

19. Sender R, Fuchs S, Milo R. Revised estimates for the 
number of human and bacteria cells in the body. PLOS 
Biol. 2016;14(8):e1002533. doi: 10.1371/journal.pbio. 
1002533  .

20. O’Toole PW, Jeffery IB. Gut microbiota and aging. 
Science. 2015;350(6265):1214–1215. doi: 10.1126/ 
science.aac8469  .

21. Lynch SV, Pedersen O, Phimister EG. The human 
intestinal microbiome in health and disease. N Engl 
J Med. 2016;375(24):2369–2379. doi: 10.1056/ 
NEJMra1600266  .

22. Cheng J, Ringel-Kulka T, Heikamp-de Jong I, Ringel Y, 
Carroll I, de Vos WM, Salojärvi J, Satokari R. 
Discordant temporal development of bacterial phyla 
and the emergence of core in the fecal microbiota of 
young children. ISME J. 2016;10(4):1002–1014. doi: 10. 
1038/ismej.2015.177  .

23. Zhernakova A, Kurilshikov A, Bonder MJ, 
Tigchelaar EF, Schirmer M, Vatanen T, Mujagic Z, 
Vila AV, Falony G, Vieira-Silva S, et al. Population- 
based metagenomics analysis reveals markers for gut 
microbiome composition and diversity. Science. 
2016;352(6285):565–569. doi: 10.1126/science.aad3369  .

24. Carías Domínguez AM, de Jesús Rosa Salazar D, 
Stefanolo JP, Cruz Serrano MC, Casas IC, Zuluaga 
Peña JR. Intestinal dysbiosis: exploring definition, asso
ciated symptoms, and perspectives for a comprehensive 
understanding — a scoping review. Probiotics 
Antimicro Prot. 2025;17(1):440–449. doi: 10.1007/ 
s12602-024-10353-w  .

25. Meade S, Liu Chen Kiow J, Massaro C, Kaur G, 
Squirell E, Bressler B, Lunken G. Gut 
microbiome-associated predictors as biomarkers of 
response to advanced therapies in inflammatory bowel 
disease: a systematic review. Gut Microbes. 2023;15 
(2):2287073. doi: 10.1080/19490976.2023.2287073  .

26. Zeng L, Yang K, He Q, Zhu X, Long Z, Wu Y, Chen J, 
Li Y, Zeng J, Cui G, et al. Efficacy and safety of gut 
microbiota-based therapies in autoimmune and rheu
matic diseases: a systematic review and meta-analysis of 
80 randomized controlled trials. BMC Med. 2024;22 
(1):110. doi: 10.1186/s12916-024-03303-4  .

27. Zhan H, Wan Y, Sun Y, Xu Z, Zhang F, Yang K, Zhu W, 
Cheung CP, Tang W, Ng EK, et al. Gut mycobiome 
alterations in obesity in geographically different 
regions. Gut Microbes. 2024;16(1):2367297. doi: 10. 
1080/19490976.2024.2367297  .

28. Paul P, Kaul R, Harfouche M, Arabi M, Al-Najjar Y, 
Sarkar A, Saliba R, Chaari A. The effect of 
microbiome-modulating probiotics, prebiotics and syn
biotics on glucose homeostasis in type 2 diabetes: 
a systematic review, meta-analysis, and 
meta-regression of clinical trials. Pharmacol Res. 
2022;185:106520. doi: 10.1016/j.phrs.2022.106520  .

29. Alcazar CG, Paes VM, Shao Y, Oesser C, Miltz A, 
Lawley TD, Brocklehurst P, Rodger A, Field N. The 
association between early-life gut microbiota and 

GUT MICROBES 23

https://doi.org/10.4251/wjgo.v16.i7.3364
https://doi.org/10.4251/wjgo.v16.i7.3364
https://doi.org/10.1038/s41416-021-01395-w
https://doi.org/10.3389/fonc.2022.790933
https://doi.org/10.3389/fonc.2022.790933
https://doi.org/10.1038/s41420-024-01896-6
https://doi.org/10.3389/fonc.2023.1161489
https://doi.org/10.3389/fonc.2023.1161489
https://doi.org/10.1186/s12885-019-5755-5
https://doi.org/10.1186/s12885-019-5755-5
https://doi.org/10.1186/s12935-024-03471-6
https://doi.org/10.1186/s12935-024-03471-6
https://doi.org/10.1186/s12967-024-05291-8
https://doi.org/10.1186/s12967-024-05291-8
https://doi.org/10.1136/jitc-2024-008942
https://doi.org/10.1136/jitc-2024-008942
https://doi.org/10.1016/j.cell.2016.01.013
https://doi.org/10.1016/j.cell.2016.01.013
https://doi.org/10.1371/journal.pbio.1002533
https://doi.org/10.1371/journal.pbio.1002533
https://doi.org/10.1126/science.aac8469
https://doi.org/10.1126/science.aac8469
https://doi.org/10.1056/NEJMra1600266
https://doi.org/10.1056/NEJMra1600266
https://doi.org/10.1038/ismej.2015.177
https://doi.org/10.1038/ismej.2015.177
https://doi.org/10.1126/science.aad3369
https://doi.org/10.1007/s12602-024-10353-w
https://doi.org/10.1007/s12602-024-10353-w
https://doi.org/10.1080/19490976.2023.2287073
https://doi.org/10.1186/s12916-024-03303-4
https://doi.org/10.1080/19490976.2024.2367297
https://doi.org/10.1080/19490976.2024.2367297
https://doi.org/10.1016/j.phrs.2022.106520


childhood respiratory diseases: a systematic review. 
Lancet Microbe. 2022;3(11):e867–e880. doi: 10.1016/ 
S2666-5247(22)00184-7  .

30. Yu L, Zhao G, Wang L, Zhou X, Sun J, Li X, Zhu Y, 
He Y, Kofonikolas K, Bogaert D, et al. A systematic 
review of microbial markers for risk prediction of col
orectal neoplasia. Br J Cancer. 2022;126(9):1318–1328. 
doi: 10.1038/s41416-022-01740-7  .

31. Zhang R, Wu Y, Ju W, Wang S, Liu Y, Zhu H. Gut 
microbiome alterations during gastric cancer: evidence 
assessment of case–control studies. Front Microbiol. 
2024;15:1406526. 10.3389/fmicb.2024.1406526.Erratum 
in: Front Microbiol. 15:1448265.

32. Huang H, Liu Y, Wen Z, Chen C, Wang C, Li H, 
Yang X. Gut microbiota in patients with prostate can
cer: a systematic review and meta-analysis. BMC 
Cancer. 2024;24(1):261. doi: 10.1186/s12885-024- 
12018-x  .

33. Nandi D, Parida S, Sharma D. The gut microbiota in 
breast cancer development and treatment: the good, the 
bad, and the useful! Gut Microbes. 2023;15(1):2221452. 
doi: 10.1080/19490976.2023.2221452  .

34. Wang R, Yang X, Liu J, Zhong F, Zhang C, Chen Y, 
Sun T, Ji C, Ma D. Gut microbiota regulates acute 
myeloid leukaemia via alteration of intestinal barrier 
function mediated by butyrate. Nat Commun. 2022;13 
(1):2522. doi: 10.1038/s41467-022-30240-8  .

35. Yoon SE, Kang W, Choi S, Park Y, Chalita M, Kim H, 
Lee JH, Hyun DW, Ryu KJ, Sung H, et al. The influence 
of microbial dysbiosis on immunochemotherapy- 
related efficacy and safety in diffuse large B-cell 
lymphoma. Blood. 2023;141(18):2224–2238. doi: 10. 
1182/blood.2022018831  .

36. Deng Y, Tang D, Hou P, Shen W, Li H, Wang T, Liu R. 
Dysbiosis of gut microbiota in patients with esophageal 
cancer. Microb Pathog. 2021;150:104709. doi: 10.1016/ 
j.micpath.2020.104709  .

37. Ishaq HM, Mohammad IS, Sher Muhammad K, Li H, 
Abbas RZ, Din Sindhu ZU, Ullah S, Fan Y, Sadiq A, 
Raza MA, et al. Gut microbial dysbiosis and its associa
tion with esophageal cancer. J Appl Biomed. 2021;19 
(1):1–13. doi: 10.32725/jab.2021.005  .

38. Shen W, Tang D, Deng Y, Li H, Wang T, Wan P, Liu R. 
Association of gut microbiomes with lung and esopha
geal cancer: a pilot study. World J Microbiol 
Biotechnol. 2021;37(8):128. doi: 10.1007/s11274-021- 
03086-3  .

39. Cheung MK, Yue GGL, Lauw S, Li CSY, Yung MY, 
Ng SC, Yip HC, Kwan HS, Chiu PWY, Lau CBS. 
Alterations in gut microbiota of esophageal squamous 
cell carcinoma patients. J Gastro Hepatol. 2022;37 
(10):1919–1927. doi: 10.1111/jgh.15941  .

40. Li N, Bai C, Zhao L, Ge Y, Li X. Characterization of the 
fecal microbiota in gastrointestinal cancer patients and 
healthy people. Clin Transl Oncol. 2022;24 
(6):1134–1147. doi: 10.1007/s12094-021-02754-y  .

41. Xu L, Qi Y, Jiang Y, Ji Y, Zhao Q, Wu J, Lu W, Wang Y, 
Chen Q, Wang C, et al. Crosstalk between the gut micro
biome and clinical response in locally advanced thoracic 
esophageal squamous cell carcinoma during neoadju
vant camrelizumab and chemotherapy. Ann Transl 
Med. 2022;10(6):325. doi: 10.21037/atm-22-1165  .

42. Maruyama S, Okamura A, Kanie Y, Sakamoto K, 
Fujiwara D, Kanamori J, Imamura Y, Takeda K, 
Watanabe M. Fecal microbes associated with the out
comes after esophagectomy in patients with esophageal 
cancer. Ann Surg Oncol. 2022;29(12):7448–7457. doi:  
10.1245/s10434-022-12166-z  .

43. Hasuda H, Ikeda T, Makizaki Y, Yokota H, Tanaka Y, 
Ohno H, Shimokawa M, Matsuoka H, Kimura Y, Oki E, 
et al. Alterations in the gut microbiome in patients with 
esophageal carcinoma in response to esophagectomy 
and neoadjuvant treatment. Surg Today. 2023;53 
(6):663–674. doi: 10.1007/s00595-022-02607-3  .

44. Sasaki T, Matsumoto Y, Murakami K, Endo S, 
Toyozumi T, Otsuka R, Kinoshita K, Hu J, Iida S, 
Morishita H, et al. Gut microbiome can predict che
moradiotherapy efficacy in patients with esophageal 
squamous cell carcinoma. Esophagus. 2023;20 
(4):691–703. doi: 10.1007/s10388-023-01004-0  .

45. Huang X, Chen X, Wan G, Yang D, Zhu D, Jia L, 
Zheng J. Mechanism of intestinal microbiota distur
bance promoting the occurrence and development of 
esophageal squamous cell carcinoma—based on micro
biomics and metabolomics. BMC Cancer. 2024;24 
(1):245. doi: 10.1186/s12885-024-11982-8  .

46. Gao M, Wu J, Zhou S, Chen Y, Wang M, He W, Jiang L, 
Shu Y, Wang X, Freimoser FM. Combining fecal micro
biome and metabolomics reveals diagnostic biomarkers 
for esophageal squamous cell carcinoma. Microbiol 
Spectr. 2024;12(5):e0401223. doi: 10.1128/spectrum. 
04012-23  .

47. Otsuka K, Isobe J, Asai Y, Nakano T, Hattori K, 
Ariyoshi T, Yamashita T, Motegi K, Saito A, 
Kohmoto M, et al. Butyricimonas is a key gut micro
biome component for predicting postoperative recur
rence of esophageal cancer. Cancer Immunol, 
Immunother: CII. 2024;73(2):23. doi: 10.1007/s00262- 
023-03608-y  .

48. Wu Z, Guo J, Zhang Z, Gao S, Huang M, Wang Y, 
Zhang Y, Li Q, Li J. Bacteroidetes promotes esophageal 
squamous carcinoma invasion and metastasis through 
LPS-mediated TLR4/Myd88/NF-κB pathway and 
inflammatory changes. Sci Rep. 2024;14(1):12827. doi:  
10.1038/s41598-024-63774-6  .

49. van den Ende T, de Clercq NC, Davids M, 
Goedegebuure R, Doeve BH, Ebrahimi G, Buijsen J, 
Hoekstra R, Mohammad NH, Bijlsma MF, et al. Fecal, 
duodenal, and tumor microbiota composition of eso
phageal carcinoma patients, a longitudinal prospective 
cohort. J Natl Cancer Inst. 2024;116(11):1834–1844. 
doi: 10.1093/jnci/djae153  .

24 Y. BABA ET AL.

https://doi.org/10.1016/S2666-5247(22)00184-7
https://doi.org/10.1016/S2666-5247(22)00184-7
https://doi.org/10.1038/s41416-022-01740-7
https://doi.org/10.3389/fmicb.2024.1406526
https://doi.org/10.1186/s12885-024-12018-x
https://doi.org/10.1186/s12885-024-12018-x
https://doi.org/10.1080/19490976.2023.2221452
https://doi.org/10.1038/s41467-022-30240-8
https://doi.org/10.1182/blood.2022018831
https://doi.org/10.1182/blood.2022018831
https://doi.org/10.1016/j.micpath.2020.104709
https://doi.org/10.1016/j.micpath.2020.104709
https://doi.org/10.32725/jab.2021.005
https://doi.org/10.1007/s11274-021-03086-3
https://doi.org/10.1007/s11274-021-03086-3
https://doi.org/10.1111/jgh.15941
https://doi.org/10.1007/s12094-021-02754-y
https://doi.org/10.21037/atm-22-1165
https://doi.org/10.1245/s10434-022-12166-z
https://doi.org/10.1245/s10434-022-12166-z
https://doi.org/10.1007/s00595-022-02607-3
https://doi.org/10.1007/s10388-023-01004-0
https://doi.org/10.1186/s12885-024-11982-8
https://doi.org/10.1128/spectrum.04012-23
https://doi.org/10.1128/spectrum.04012-23
https://doi.org/10.1007/s00262-023-03608-y
https://doi.org/10.1007/s00262-023-03608-y
https://doi.org/10.1038/s41598-024-63774-6
https://doi.org/10.1038/s41598-024-63774-6
https://doi.org/10.1093/jnci/djae153


50. Li N, Gao L, Ge Y, Zhao L, Wang Y, Bai C. Impact of the 
gut microbiome on response and toxicity to chemother
apy in advanced esophageal cancer. Heliyon. 2024;10 
(12):e32770. doi: 10.1016/j.heliyon.2024.e32770  .

51. Shaikh FY, Lee S, White JR, Zhao Y, Ferri JT, Pereira G, 
Landon BV, Ke S, Hu C, Feliciano JL, et al. Fecal 
microbiome composition correlates with pathologic 
complete response in patients with operable esophageal 
cancer treated with combined chemoradiotherapy and 
immunotherapy. Cancers (Basel). 2024;16(21):3644. 
doi: 10.3390/cancers16213644  .

52. Liu L, Liang L, Luo Y, Han J, Lu D, Cai R, Sethi G, 
Mai S. Unveiling the power of gut microbiome in pre
dicting neoadjuvant immunochemotherapy responses 
in esophageal squamous cell carcinoma. Res (Wash 
DC). 2024;7:0529. doi: 10.34133/research.0529  .

53. Hao Y, Karaoz U, Yang L, Yachimski PS, Tseng W, 
Nossa CW, Ye W, Tseng M, Poles M, Francois F, et al. 
Progressive dysbiosis of human orodigestive microbiota 
along the sequence of gastroesophageal reflux, Barrett’s 
esophagus and esophageal adenocarcinoma. Int J Cancer. 
2022;151(10):1703–1716. doi: 10.1002/ijc.34191  .

54. Mannell A, Plant M, Frolich J. The microflora of the 
oesophagus. Ann R Coll Surg Engl. 1983;65(3):152–154.

55. Pei Z, Bini EJ, Yang L, Zhou M, Francois F, Blaser MJ. 
Bacterial biota in the human distal esophagus. Proc Natl 
Acad Sci USA. 2004;101(12):4250–4255. doi: 10.1073/ 
pnas.0306398101  .

56. Norder Grusell E, Dahlén G, Ruth M, Ny L, Quiding- 
Järbrink M, Bergquist H, Bove M. Bacterial flora of the 
human oral cavity, and the upper and lower esophagus. 
Dis Esophagus. 2013;26(1):84–90. doi: 10.1111/j.1442- 
2050.2012.01328.x  .

57. Yang L, Lu X, Nossa CW, Francois F, Peek RM, Pei Z. 
Inflammation and intestinal metaplasia of the distal 
esophagus are associated with alterations in the 
microbiome. Gastroenterology. 2009;137(2):588–597. 
doi: 10.1053/j.gastro.2009.04.046  .

58. Deshpande NP, Riordan SM, Castaño-Rodríguez N, 
Wilkins MR, Kaakoush NO. Signatures within the eso
phageal microbiome are associated with host genetics, 
age, and disease. Microbiome. 2018;6(1):227. doi: 10. 
1186/s40168-018-0611-4  .

59. Elliott DRF, Walker AW, O’Donovan M, Parkhill J, 
Fitzgerald RC. A non-endoscopic device to sample the 
oesophageal microbiota: a case-control study. Lancet 
Gastroenterol Hepatol. 2017;2(1):32–42. 10.1016/S2468- 
1253(16)30086-3.Erratum in: Lancet Gastroenterol 
Hepatol. 2017;2(1):e1.

60. Snider EJ, Compres G, Freedberg DE, Khiabanian H, 
Nobel YR, Stump S, Uhlemann AC, Lightdale CJ, 
Abrams JA. Alterations to the esophageal microbiome 
associated with progression from Barrett’s esophagus to 
esophageal adenocarcinoma. Cancer Epidemiol, 
Biomarker & Prev: A Publ Of The Am Assoc For 
Cancer Res, Cosponsored By The Am Soc 

Preventative Oncol. 2019;28(10):1687–1693. doi: 10. 
1158/1055-9965.EPI-19-0008  .

61. Li D, He R, Hou G, Ming W, Fan T, Chen L, Zhang L, 
Jiang W, Wang W, Lu Z, et al. Characterization of the 
esophageal microbiota and prediction of the metabolic 
pathways involved in esophageal cancer. Front Cell 
Infect Microbiol. 2020;10:268. doi: 10.3389/fcimb.2020. 
00268  .

62. Lopetuso LR, Severgnini M, Pecere S, Ponziani FR, 
Boskoski I, Larghi A, Quaranta G, Masucci L, 
Ianiro G, Camboni T, et al. Esophageal microbiome 
signature in patients with Barrett’s esophagus and eso
phageal adenocarcinoma. PLOS ONE. 2020;15(5): 
e0231789. doi: 10.1371/journal.pone.0231789  .

63. Zhou J, Shrestha P, Qiu Z, Harman DG, Teoh WC, Al- 
Sohaily S, Liem H, Turner I, Ho V. Distinct microbiota 
dysbiosis in patients with non-erosive reflux disease 
and esophageal adenocarcinoma. J Clin Med. 2020;9 
(7):2162. doi: 10.3390/jcm9072162  .

64. Peter S, Pendergraft A, VanDerpol W, Wilcox CM, 
Kyanam Kabir Baig KR, Morrow C, Izard J, 
Mannon PJ. Mucosa-associated microbiota in Barrett’s 
esophagus, dysplasia, and esophageal adenocarcinoma 
differ similarly compared with healthy controls. Clin 
Transl Gastroenterol. 2020;11(8):e00199. doi: 10.14309/ 
ctg.0000000000000199  .

65. Zaramella A, Arcidiacono D, Nucci D, Fabris F, 
Benna C, Pucciarelli S, Fassan M, Fantin A, De Re V, 
Cannizzaro R, et al. Resident esophageal microbiota 
dysbiosis correlates with cancer risk in Barrett’s eso
phagus patients and is linked to low adherence to 
WCRF/AICR lifestyle recommendations. Nutrients. 
2023;15(13):2885. doi: 10.3390/nu15132885  .

66. Greathouse KL, Stone JK, Vargas AJ, Choudhury A, 
Padgett RN, White JR, Jung A, Harris CC. Co- 
enrichment of cancer-associated bacterial taxa is corre
lated with immune cell infiltrates in esophageal tumor 
tissue. Sci Rep. 2024;14(1):2574. doi: 10.1038/s41598- 
023-48862-3  .

67. Shijimaya T, Tahara T, Yamazaki J, Kobayashi S, 
Matsumoto Y, Nakamura N, Takahashi Y, 
Tomiyama T, Fukui T, Shibata T, et al. Distinct micro
biome dysbiosis and epigenetic anomaly in esophageal 
adenocarcinoma and its underlying Barrett’s esopha
gus. Clin Epigenet. 2024;16(1):184. doi: 10.1186/ 
s13148-024-01801-z  .

68. Blackett KL, Siddhi SS, Cleary S, Steed H, Miller MH, 
Macfarlane S, Macfarlane GT, Dillon JF. Oesophageal 
bacterial biofilm changes in gastro-oesophageal reflux 
disease, Barrett’s and oesophageal carcinoma: associa
tion or causality? Alimentary Pharmacol & Ther. 
2013;37(11):1084–1092. doi: 10.1111/apt.12317  .

69. Verbeek RE, Siersema PD, Vleggaar FP, Ten Kate FJ, 
Posthuma G, Souza RF, de Haan J, van Baal JWPM. 
Toll-like receptor 2 signalling and the lysosomal 
machinery in Barrett’s esophagus. J Gastrointestin 

GUT MICROBES 25

https://doi.org/10.1016/j.heliyon.2024.e32770
https://doi.org/10.3390/cancers16213644
https://doi.org/10.34133/research.0529
https://doi.org/10.1002/ijc.34191
https://doi.org/10.1073/pnas.0306398101
https://doi.org/10.1073/pnas.0306398101
https://doi.org/10.1111/j.1442-2050.2012.01328.x
https://doi.org/10.1111/j.1442-2050.2012.01328.x
https://doi.org/10.1053/j.gastro.2009.04.046
https://doi.org/10.1186/s40168-018-0611-4
https://doi.org/10.1186/s40168-018-0611-4
https://doi.org/10.1016/S2468-1253(16)30086-3
https://doi.org/10.1016/S2468-1253(16)30086-3
https://doi.org/10.1158/1055-9965.EPI-19-0008
https://doi.org/10.1158/1055-9965.EPI-19-0008
https://doi.org/10.3389/fcimb.2020.00268
https://doi.org/10.3389/fcimb.2020.00268
https://doi.org/10.1371/journal.pone.0231789
https://doi.org/10.3390/jcm9072162
https://doi.org/10.14309/ctg.0000000000000199
https://doi.org/10.14309/ctg.0000000000000199
https://doi.org/10.3390/nu15132885
https://doi.org/10.1038/s41598-023-48862-3
https://doi.org/10.1038/s41598-023-48862-3
https://doi.org/10.1186/s13148-024-01801-z
https://doi.org/10.1186/s13148-024-01801-z
https://doi.org/10.1111/apt.12317


Liver Dis. 2016;25(3):273–282. doi: 10.15403/jgld.2014. 
1121.253.rc2  .

70. Verbeek RE, Siersema PD, Ten Kate FJ, Fluiter K, 
Souza RF, Vleggaar FP, Bus P, van Baal JWPM. Toll- 
like receptor 4 activation in Barrett’s esophagus results 
in a strong increase in COX-2 expression. 
J Gastroenterol. 2014;49(7):1121–1134. doi: 10.1007/ 
s00535-013-0862-6  .

71. Nadatani Y, Huo X, Zhang X, Yu C, Cheng E, Zhang Q, 
Dunbar KB, Theiss A, Pham TH, Wang DH, et al. 
NOD-like receptor protein 3 inflammasome priming 
and activation in Barrett’s epithelial cells. Cellular Mol 
Gastroenterol Hepatol. 2016;2(4):439–453. doi: 10. 
1016/j.jcmgh.2016.03.006  .

72. Clemons NJ, Shannon NB, Abeyratne LR, Walker CE, 
Saadi A, O’Donovan ML, Lao-Sirieix PP, Fitzgerald RC. 
Nitric oxide-mediated invasion in Barrett’s high-grade 
dysplasia and adenocarcinoma. Carcinogenesis. 
2010;31(9):1669–1675. doi: 10.1093/carcin/bgq130  .

73. O’Riordan JM, Abdel-Latif MM, Ravi N, McNamara D, 
Byrne PJ, McDonald GS, Keeling PW, Kelleher D, 
Reynolds JV. Proinflammatory cytokine and nuclear 
factor kappa-B expression along the inflammation- 
metaplasia-dysplasia-adenocarcinoma sequence in the 
esophagus. Am J Gastroenterol. 2005;100(6): 
1257–1264. doi: 10.1111/j.1572-0241.2005.41338.x  .

74. Förstermann U, Sessa WC. Nitric oxide synthases: reg
ulation and function. Eur Heart J. 2012;33(7):829–837. 
doi: 10.1093/eurheartj/ehr304  .

75. Vannini F, Kashfi K, Nath N. The dual role of iNOS in 
cancer. Redox Biol. 2015;6:334–343. doi: 10.1016/j. 
redox.2015.08.009  .

76. Gao S, Li S, Ma Z, Liang S, Shan T, Zhang M, Zhu X, 
Zhang P, Liu G, Zhou F, et al. Presence of porphyro
monas gingivalis in esophagus and its association with 
the clinicopathological characteristics and survival in 
patients with esophageal cancer. Infect Agent Cancer. 
2016;11(1):3. doi: 10.1186/s13027-016-0049-x  .

77. Yamamura K, Baba Y, Nakagawa S, Mima K, Miyake K, 
Nakamura K, Sawayama H, Kinoshita K, Ishimoto T, 
Iwatsuki M, et al. Human microbiome Fusobacterium 
nucleatum in esophageal cancer tissue is associated 
with prognosis. Clin Cancer Res. 2016;22 
(22):5574–5581. doi: 10.1158/1078-0432.CCR-16-1786  .

78. Liu Y, Lin Z, Lin Y, Chen Y, Peng XE, He F, Liu S, 
Yan S, Huang L, Lu W, et al. Streptococcus and 
Prevotella are associated with the prognosis of oesopha
geal squamous cell carcinoma. J Med Microbiol. 
2018;67(8):1058–1068. doi: 10.1099/jmm.0.000754  .

79. Shao D, Vogtmann E, Liu A, Qin J, Chen W, Abnet CC, 
Wei W. Microbial characterization of esophageal squa
mous cell carcinoma and gastric cardia adenocarci
noma from a high-risk region of China. Cancer. 
2019;125(22):3993–4002. doi: 10.1002/cncr.32403  .

80. Yamamura K, Izumi D, Kandimalla R, Sonohara F, 
Baba Y, Yoshida N, Kodera Y, Baba H, Goel A. 
Intratumoral Fusobacterium nucleatum levels predict 

therapeutic response to neoadjuvant chemotherapy in 
esophageal squamous cell carcinoma. Clin Cancer Res. 
2019;25(20):6170–6179. doi: 10.1158/1078-0432.CCR- 
19-0318  .

81. Li M, Shao D, Zhou J, Gu J, Qin J, Chen W, Wei W. 
Signatures within esophageal microbiota with progres
sion of esophageal squamous cell carcinoma. Chin 
J Cancer Res. 2020;32(6):755–767. doi: 10.21147/j.issn. 
1000-9604.2020.06.09  .

82. Kovaleva O, Podlesnaya P, Rashidova M, Samoilova D, 
Petrenko A, Mochalnikova V, Kataev V, Khlopko Y, 
Plotnikov A, Gratchev A, et al. Prognostic significance 
of the microbiome and stromal cells phenotype in eso
phagus squamous cell carcinoma. Biomedicines. 2021;9 
(7):743. doi: 10.3390/biomedicines9070743  .

83. Li Z, Dou L, Zhang Y, He S, Zhao D, Hao C, Song G, 
Zhang W, Liu Y, Wang G. Characterization of the oral 
and esophageal microbiota in esophageal precancerous 
lesions and squamous cell carcinoma. Front Cell Infect 
Microbiol. 2021;11:714162. doi: 10.3389/fcimb.2021. 
714162  .

84. Yang W, Chen CH, Jia M, Xing X, Gao L, Tsai HT, 
Zhang Z, Liu Z, Zeng B, Yeung SJ, et al. Tumor- 
associated microbiota in esophageal squamous cell 
carcinoma. Front Cell Dev Biol. 2021;9:641270. doi:  
10.3389/fcell.2021.641270  .

85. Chen MF, Lu MS, Hsieh CC, Chen WC. 
Porphyromonas gingivalis promotes tumor progression 
in esophageal squamous cell carcinoma. Cellular Oncol. 
2021;44(2):373–384. doi: 10.1007/s13402-020-00573-x  .

86. Li Z, Shi C, Zheng J, Guo Y, Fan T, Zhao H, Jian D, 
Cheng X, Tang H, Ma J. Fusobacterium nucleatum 
predicts a high risk of metastasis for esophageal squa
mous cell carcinoma. BMC Microbiol. 2021;21(1):301. 
doi: 10.1186/s12866-021-02352-6  .

87. Jiang Z, Wang J, Shen Z, Zhang Z, Wang S. 
Characterization of esophageal microbiota in patients 
with esophagitis and esophageal squamous cell 
carcinoma. Front Cell Infect Microbiol. 2021;11: 
774330. doi: 10.3389/fcimb.2021.774330  .

88. Lin Z, Rao W, Xiang Z, Zeng Q, Liu S, Yu K, Zhou J, 
Wang J, Chen W, Chen Y, et al. Characteristics and 
interplay of esophageal microbiota in esophageal squa
mous cell carcinoma. BMC Cancer. 2022;22(1):696. doi:  
10.1186/s12885-022-09771-2  .

89. Shen W, Tang D, Wan P, Peng Z, Sun M, Guo X, Liu R. 
Identification of tissue-specific microbial profile of eso
phageal squamous cell carcinoma by full-length 16S 
rDNA sequencing. Appl Microbiol Biotechnol. 
2022;106(8):3215–3229. doi: 10.1007/s00253-022- 
11921-2  .

90. Zhang B, Xiao Q, Chen H, Zhou T, Yin Y. 
Comparison of tumor-associated and nontumor- 
associated esophageal mucosa microbiota in patients 
with esophageal squamous cell carcinoma. Med 
(Baltim). 2022;101(37):e30483. doi: 10.1097/MD. 
0000000000030483  .

26 Y. BABA ET AL.

https://doi.org/10.15403/jgld.2014.1121.253.rc2
https://doi.org/10.15403/jgld.2014.1121.253.rc2
https://doi.org/10.1007/s00535-013-0862-6
https://doi.org/10.1007/s00535-013-0862-6
https://doi.org/10.1016/j.jcmgh.2016.03.006
https://doi.org/10.1016/j.jcmgh.2016.03.006
https://doi.org/10.1093/carcin/bgq130
https://doi.org/10.1111/j.1572-0241.2005.41338.x
https://doi.org/10.1093/eurheartj/ehr304
https://doi.org/10.1016/j.redox.2015.08.009
https://doi.org/10.1016/j.redox.2015.08.009
https://doi.org/10.1186/s13027-016-0049-x
https://doi.org/10.1158/1078-0432.CCR-16-1786
https://doi.org/10.1099/jmm.0.000754
https://doi.org/10.1002/cncr.32403
https://doi.org/10.1158/1078-0432.CCR-19-0318
https://doi.org/10.1158/1078-0432.CCR-19-0318
https://doi.org/10.21147/j.issn.1000-9604.2020.06.09
https://doi.org/10.21147/j.issn.1000-9604.2020.06.09
https://doi.org/10.3390/biomedicines9070743
https://doi.org/10.3389/fcimb.2021.714162
https://doi.org/10.3389/fcimb.2021.714162
https://doi.org/10.3389/fcell.2021.641270
https://doi.org/10.3389/fcell.2021.641270
https://doi.org/10.1007/s13402-020-00573-x
https://doi.org/10.1186/s12866-021-02352-6
https://doi.org/10.3389/fcimb.2021.774330
https://doi.org/10.1186/s12885-022-09771-2
https://doi.org/10.1186/s12885-022-09771-2
https://doi.org/10.1007/s00253-022-11921-2
https://doi.org/10.1007/s00253-022-11921-2
https://doi.org/10.1097/MD.0000000000030483
https://doi.org/10.1097/MD.0000000000030483


91. Ding N, Cheng Y, Liu H, Wu Y, Weng Y, Cui H, 
Cheng C, Zhang W, Cui Y, Doucet-Populaire FC. 
Fusobacterium nucleatum infection induces malignant 
proliferation of esophageal squamous cell carcinoma 
cell by putrescine production. Microbiol Spectr. 
2023;11(2):e0275922. doi: 10.1128/spectrum.02759-22  .

92. Lei J, Xu F, Deng C, Nie X, Zhong L, Wu Z, Li J, Wu X, 
He S, Chen Y. Fusobacterium nucleatum promotes the 
early occurrence of esophageal cancer through upregu
lation of IL-32/PRTN3 expression. Cancer Sci. 2023;114 
(6):2414–2428. doi: 10.1111/cas.15787  .

93. Zhang JW, Zhang D, Yin HS, Zhang H, Hong KQ, 
Yuan JP, Yu BP. Fusobacterium nucleatum promotes 
esophageal squamous cell carcinoma progression and 
chemoresistance by enhancing the secretion of 
chemotherapy-induced senescence-associated secretory 
phenotype via activation of DNA damage response 
pathway. Gut Microbes. 2023;15(1):2197836. doi: 10. 
1080/19490976.2023.2197836  .

94. Zhang S, Zhang S, Ma X, Zhan J, Pan C, Zhang H, 
Xie X, Wen J, Xie X. Intratumoral microbiome impacts 
immune infiltrates in tumor microenvironment and 
predicts prognosis in esophageal squamous cell carci
noma patients. Front Cell Infect Microbiol. 
2023;13:1165790. doi: 10.3389/fcimb.2023.1165790  .

95. Guo S, Chen F, Li L, Dou S, Li Q, Huang Y, Li Z, Liu W, 
Zhang G. Intracellular Fusobacterium nucleatum infec
tion increases METTL3-mediated m6A methylation to 
promote the metastasis of esophageal squamous cell 
carcinoma. J Adv Res. 2024;61:165–178. doi: 10.1016/j. 
jare.2023.08.014  .

96. Li Y, Xing S, Chen F, Li Q, Dou S, Huang Y, An J, 
Liu W, Zhang G. Intracellular Fusobacterium nuclea
tum infection attenuates antitumor immunity in eso
phageal squamous cell carcinoma. Nat Commun. 
2023;14(1):5788. doi: 10.1038/s41467-023-40987-3  .

97. Wu H, Leng X, Liu Q, Mao T, Jiang T, Liu Y, Li F, 
Cao C, Fan J, Chen L, et al. Intratumoral microbiota 
composition regulates chemoimmunotherapy response 
in esophageal squamous cell carcinoma. Cancer Res. 
2023;83(18):3131–3144. doi: 10.1158/0008-5472.CAN- 
22-2593  .

98. Li M, Shao D, Fan Z, Qin J, Xu J, Huang Q, Li X, Hua Z, 
Li J, Hao C, et al. Non-invasive early detection on 
esophageal squamous cell carcinoma and precancerous 
lesions by microbial biomarkers combining epidemio
logical factors in China. J Gastroenterol. 2024;59 
(7):531–542. doi: 10.1007/s00535-024-02117-8  .

99. Shijimaya T, Tahara T, Yamazaki J, Kobayashi S, 
Matsumoto Y, Nakamura N, Takahashi Y, 
Tomiyama T, Fukui T, Shibata T, et al. Microbiome of 
esophageal endoscopic wash samples is associated with 
resident flora in the esophagus and incidence of cancer. 
Sci Rep. 2024;14(1):19525. doi: 10.1038/s41598-024- 
67410-1  .

100. Sun M, Peng Z, Shen W, Guo X, Liao Y, Huang Y, Ye P, 
Hu M, Lin Q, Liu R. Synergism of Fusobacterium 

periodonticum and N-nitrosamines promote the for
mation of EMT subtypes in ESCC by modulating 
Wnt3a palmitoylation. Gut Microbes. 2024;16 
(1):2391521. doi: 10.1080/19490976.2024.2391521  .

101. Wu H, Liu Q, Li J, Leng X, He Y, Liu Y, Zhang X, 
Ouyang Y, Liu Y, Liang W, et al. Tumor-resident 
microbiota-based risk model predicts neoadjuvant 
therapy response of locally advanced esophageal squa
mous cell carcinoma patients. Adv Sci (Weinh). 2024;11 
(41):e2309742. doi: 10.1002/advs.202309742  .

102. Yilmaz O, Jungas T, Verbeke P, Ojcius DM. Activation 
of the phosphatidylinositol 3-kinase/akt pathway con
tributes to survival of primary epithelial cells infected 
with the periodontal pathogen porphyromonas 
gingivalis. Infect Immun. 2004;72(7):3743–3751. doi:  
10.1128/IAI.72.7.3743-3751.2004  .

103. Yao L, Jermanus C, Barbetta B, Choi C, Verbeke P, 
Ojcius DM, Yilmaz O. Porphyromonas gingivalis infec
tion sequesters pro-apoptotic bad through Akt in pri
mary gingival epithelial cells. Mol Oral Microbiol. 
2010;25(2):89–101. doi: 10.1111/j.2041-1014.2010. 
00569.x  .

104. Yilmaz O, Yao L, Maeda K, Rose TM, Lewis EL, 
Duman M, Lamont RJ, Ojcius DM. ATP scavenging 
by the intracellular pathogen porphyromonas gingivalis 
inhibits P2X 7 -mediated host-cell apoptosis. Cellular 
Microbiol. 2008;10(4):863–875. doi: 10.1111/j.1462- 
5822.2007.01089.x  .

105. Morandini AC, Ramos-Junior ES, Potempa J, 
Nguyen KA, Oliveira AC, Bellio M, Ojcius DM, 
Scharfstein J, Coutinho-Silva R. Porphyromonas gingi
valis fimbriae dampen P2X7-dependent interleukin-1β 
secretion. J Innate Immun. 2014;6(6):831–845. doi: 10. 
1159/000363338  .

106. Lee J, Roberts JS, Atanasova KR, Chowdhury N, 
Yilmaz Ö. A novel kinase function of a 
nucleoside-diphosphate-kinase homologue in 
Porphyromonas gingivalis is critical in subversion of 
host cell apoptosis by targeting heat-shock protein 27. 
Cellular Microbiol. 2018;20(5):e12825. doi: 10.1111/ 
cmi.12825  .

107. Gao S, Liu K, Jiao Y, Chen P, Gu B, Liu Y, Liang G, 
Shi L, Zhou F, Lamont RJ, et al. Selective activation of 
TGFβ signaling by P. gingivalis-mediated upregulation 
of GARP aggravates esophageal squamous cell carci
noma. Am J Cancer Res. 2023;13(5):2013–2029.

108. Nomoto D, Baba Y, Liu Y, Tsutsuki H, Okadome K, 
Harada K, Ishimoto T, Iwatsuki M, Iwagami S, 
Miyamoto Y, et al. Fusobacterium nucleatum promotes 
esophageal squamous cell carcinoma progression via 
the NOD1/RIPK2/NF-κB pathway. Cancer Lett. 
2022;530:59–67. doi: 10.1016/j.canlet.2022.01.014  .

109. Yin H, Zhang J, Zhang H, Li Q, Qiu H, Hong K, 
Wang W, Xiao Y, Yu B. Fusobacterium nucleatum 
promotes proliferation in oesophageal squamous cell 
carcinoma via AHR/CYP1A1 signalling. The FEBS J. 
2023;290(3):837–854. doi: 10.1111/febs.16619  .

GUT MICROBES 27

https://doi.org/10.1128/spectrum.02759-22
https://doi.org/10.1111/cas.15787
https://doi.org/10.1080/19490976.2023.2197836
https://doi.org/10.1080/19490976.2023.2197836
https://doi.org/10.3389/fcimb.2023.1165790
https://doi.org/10.1016/j.jare.2023.08.014
https://doi.org/10.1016/j.jare.2023.08.014
https://doi.org/10.1038/s41467-023-40987-3
https://doi.org/10.1158/0008-5472.CAN-22-2593
https://doi.org/10.1158/0008-5472.CAN-22-2593
https://doi.org/10.1007/s00535-024-02117-8
https://doi.org/10.1038/s41598-024-67410-1
https://doi.org/10.1038/s41598-024-67410-1
https://doi.org/10.1080/19490976.2024.2391521
https://doi.org/10.1002/advs.202309742
https://doi.org/10.1128/IAI.72.7.3743-3751.2004
https://doi.org/10.1128/IAI.72.7.3743-3751.2004
https://doi.org/10.1111/j.2041-1014.2010.00569.x
https://doi.org/10.1111/j.2041-1014.2010.00569.x
https://doi.org/10.1111/j.1462-5822.2007.01089.x
https://doi.org/10.1111/j.1462-5822.2007.01089.x
https://doi.org/10.1159/000363338
https://doi.org/10.1159/000363338
https://doi.org/10.1111/cmi.12825
https://doi.org/10.1111/cmi.12825
https://doi.org/10.1016/j.canlet.2022.01.014
https://doi.org/10.1111/febs.16619


110. Liang M, Liu Y, Zhang Z, Yang H, Dai N, Zhang N, 
Sun W, Guo Y, Kong J, Wang X, et al. Fusobacterium 
nucleatum induces MDSCs enrichment via activation 
the NLRP3 inflammosome in ESCC cells, leading to 
cisplatin resistance. Annals Of Medicine. 2022;54 
(1):989–1003. doi: 10.1080/07853890.2022.2061045  .

111. Guo X, Wan P, Shen W, Sun M, Peng Z, Liao Y, 
Huang Y, Liu R. Fusobacterium periodonticum BCT 
protein targeting glucose metabolism to promote the 
epithelial-mesenchymal transition of esophageal cancer 
cells by lactic acid. J Transl Med. 2024;22(1):401. doi:  
10.1186/s12967-024-05157-z  .

112. Bik EM, Eckburg PB, Gill SR, Nelson KE, Purdom EA, 
Francois F, Perez-Perez G, Blaser MJ, Relman DA. 
Molecular analysis of the bacterial microbiota in the 
human stomach. Proc Natl Acad Sci USA. 2006;103 
(3):732–737. doi: 10.1073/pnas.0506655103  .

113. Zhuo X, Zhang Y, Wang Y, Zhuo W, Zhu Y, Zhang X. 
Helicobacter pylori infection and oesophageal cancer 
risk: association studies via evidence-based meta-ana
lyses. Clin Oncol (R Coll Radiol). 2008;20(10):757–762. 
doi: 10.1016/j.clon.2008.07.005  .

114. Islami F, Kamangar F. Helicobacter pylori and esopha
geal cancer risk: a meta-analysis. Cancer Prev Res 
(Phila). 2008;1(5):329–338. doi: 10.1158/1940-6207. 
CAPR-08-0109  .

115. Xie FJ, Zhang YP, Zheng QQ, Jin HC, Wang FL, 
Chen M, Shao L, Zou DH, Yu XM, Mao WM. 
Helicobacter pylori infection and esophageal cancer 
risk: an updated meta-analysis. World J Gastroenterol. 
2013;19(36):6098–6107. doi: 10.3748/wjg.v19.i36.6098  .

116. Nie S, Chen T, Yang X, Huai P, Lu M. Association of 
Helicobacter pylori infection with esophageal adeno
carcinoma and squamous cell carcinoma: a 
meta-analysis. Dis Esophagus. 2014;27(7):645–653. 
doi: 10.1111/dote.12194  .

117. Castro C, Peleteiro B, Lunet N. Modifiable factors and 
esophageal cancer: a systematic review of published 
meta-analyses. J Gastroenterol. 2018;53(1):37–51. doi:  
10.1007/s00535-017-1375-5  .

118. Holleczek B, Schöttker B, Brenner H. Helicobacter 
pylori infection, chronic atrophic gastritis and risk of 
stomach and esophagus cancer: results from the pro
spective population-based ESTHER cohort study. 
Int J Cancer. 2020;146(10):2773–2783. doi: 10.1002/ijc. 
32610  .

119. López-Gómez M, Morales M, Fuerte R, Muñoz M, 
Delgado-López PD, Gómez-Cerezo JF, Casado E. 
Prevalence of Helicobacter pylori infection among 
patients with esophageal carcinoma. World 
J Gastroenterol. 2024;30(29):3479–3487. doi: 10.3748/ 
wjg.v30.i29.3479  .

120. Edhi A, Gangwani MK, Aziz M, Jaber F, Khan Z, 
Inamdar S, Thrift AP, Desai TK. Helicobacter pylori 
infection does not influence the progression from gas
troesophageal reflux disease to Barrett’s esophagus to 
esophageal adenocarcinoma. Minerva Gastroenterol 

(Torino). 2024;70(4):454–462. doi: 10.23736/S2724- 
5985.24.03609-X  .

121. Teng G, Dai Y, Chu Y, Li J, Zhang H, Wu T, Shuai X, 
Wang W. Helicobacter pylori induces caudal-type 
homeobox protein 2 and cyclooxygenase 2 expression 
by modulating microRNAs in esophageal epithelial 
cells. Cancer Sci. 2018;109(2):297–307. doi: 10.1111/ 
cas.13462  .

122. Gao H, Li L, Zhang C, Tu J, Geng X, Wang J, Zhou X, 
Jing J, Pan W. Systematic review with meta-analysis: 
association of Helicobacter pylori infection with eso
phageal cancer. Gastroenterol Res Pract. 
2019;2019:1–17. doi: 10.1155/2019/1953497  .

123. Matsuda H, Iwahori K, Takeoka T, Kato R, Urakawa S, 
Saito T, Makino T, Eguchi H, Doki Y, Wada H. 
Helicobacter pylori infection affects the tumor immune 
microenvironment of esophageal cancer patients. 
Anticancer Res. 2024;44(9):3799–3805. doi: 10.21873/ 
anticanres.17205  .

124. Nasrollahzadeh D, Malekzadeh R, Ploner A, Shakeri R, 
Sotoudeh M, Fahimi S, Nasseri-Moghaddam S, 
Kamangar F, Abnet CC, Winckler B, et al. Variations 
of gastric corpus microbiota are associated with early 
esophageal squamous cell carcinoma and squamous 
dysplasia. Sci Rep. 2015;5(1):8820. doi: 10.1038/ 
srep08820  .

125. Chen H, Jiang X, Zhu F, Yang R, Yu X, Zhou X, Tang N. 
Characteristics of the oral and gastric microbiome in 
patients with early-stage intramucosal esophageal squa
mous cell carcinoma. BMC Microbiol. 2024;24(1):88. 
doi: 10.1186/s12866-024-03233-4  .

126. Yachida S, Mizutani S, Shiroma H, Shiba S, Nakajima T, 
Sakamoto T, Watanabe H, Masuda K, Nishimoto Y, 
Kubo M, et al. Metagenomic and metabolomic analyses 
reveal distinct stage-specific phenotypes of the gut 
microbiota in colorectal cancer. Nat Med. 2019;25 
(6):968–976. doi: 10.1038/s41591-019-0458-7  .

127. Sameni F, Elkhichi PA, Dadashi A, Sadeghi M, 
Goudarzi M, Eshkalak MP, Dadashi M. Global preva
lence of Fusobacterium nucleatum and bacteroides fra
gilis in patients with colorectal cancer: an overview of 
case reports/case series and meta-analysis of prevalence 
studies. BMC Gastroenterol. 2025;25(1):71. doi: 10. 
1186/s12876-025-03664-x  .

128. Rynazal R, Fujisawa K, Shiroma H, Salim F, Mizutani S, 
Shiba S, Yachida S, Yamada T. Leveraging explainable 
AI for gut microbiome-based colorectal cancer 
classification. Genome Biology. 2023;24(1):21. doi: 10. 
1186/s13059-023-02858-4  .

129. Zheng Y, Wang T, Tu X, Huang Y, Zhang H, Tan D, 
Jiang W, Cai S, Zhao P, Song R, et al. Gut microbiome 
affects the response to anti-PD-1 immunotherapy in 
patients with hepatocellular carcinoma. J For 
Immunother Of Cancer. 2019;7(1):193. doi: 10.1186/ 
s40425-019-0650-9  .

130. Salgia NJ, Bergerot PG, Maia MC, Dizman N, Hsu J, 
Gillece JD, Folkerts M, Reining L, Trent J, 

28 Y. BABA ET AL.

https://doi.org/10.1080/07853890.2022.2061045
https://doi.org/10.1186/s12967-024-05157-z
https://doi.org/10.1186/s12967-024-05157-z
https://doi.org/10.1073/pnas.0506655103
https://doi.org/10.1016/j.clon.2008.07.005
https://doi.org/10.1158/1940-6207.CAPR-08-0109
https://doi.org/10.1158/1940-6207.CAPR-08-0109
https://doi.org/10.3748/wjg.v19.i36.6098
https://doi.org/10.1111/dote.12194
https://doi.org/10.1007/s00535-017-1375-5
https://doi.org/10.1007/s00535-017-1375-5
https://doi.org/10.1002/ijc.32610
https://doi.org/10.1002/ijc.32610
https://doi.org/10.3748/wjg.v30.i29.3479
https://doi.org/10.3748/wjg.v30.i29.3479
https://doi.org/10.23736/S2724-5985.24.03609-X
https://doi.org/10.23736/S2724-5985.24.03609-X
https://doi.org/10.1111/cas.13462
https://doi.org/10.1111/cas.13462
https://doi.org/10.1155/2019/1953497
https://doi.org/10.21873/anticanres.17205
https://doi.org/10.21873/anticanres.17205
https://doi.org/10.1038/srep08820
https://doi.org/10.1038/srep08820
https://doi.org/10.1186/s12866-024-03233-4
https://doi.org/10.1038/s41591-019-0458-7
https://doi.org/10.1186/s12876-025-03664-x
https://doi.org/10.1186/s12876-025-03664-x
https://doi.org/10.1186/s13059-023-02858-4
https://doi.org/10.1186/s13059-023-02858-4
https://doi.org/10.1186/s40425-019-0650-9
https://doi.org/10.1186/s40425-019-0650-9


Highlander SK, et al. Stool microbiome profiling of 
patients with metastatic renal cell carcinoma receiving 
anti–PD-1 immune checkpoint inhibitors. Eur Urol. 
2020;78(4):498–502. doi: 10.1016/j.eururo.2020.07.011  .

131. Derosa L, Routy B, Thomas AM, Iebba V, Zalcman G, 
Friard S, Mazieres J, Audigier-Valette C, Moro-Sibilot 
D, Goldwasser F, et al. Intestinal akkermansia mucini
phila predicts clinical response to PD-1 blockade in 
patients with advanced non-small-cell lung cancer. 
Nat Med. 2022;28(2):315–324. doi: 10.1038/s41591- 
021-01655-5  .

132. Derosa L, Iebba V, Silva CAC, Piccinno G, Wu G, 
Lordello L, Routy B, Zhao N, Thelemaque C, 
Birebent R, et al. Custom scoring based on ecological 
topology of gut microbiota associated with cancer 
immunotherapy outcome. Cell. 2024;187(13):3373– 
3389.e16. doi: 10.1016/j.cell.2024.05.029  .

133. Liu R, Zou Y, Wang WQ, Chen JH, Zhang L, Feng J, 
Yin JY, Mao XY, Li Q, Luo ZY, et al. Gut microbial 
structural variation associates with immune checkpoint 
inhibitor response. Nat Commun. 2023;14(1):7421. doi:  
10.1038/s41467-023-42997-7  .

134. Wu XQ, Ying F, Chung KPS, Leung CON, 
Leung RWH, So KKH, Lei MML, Chau WK, Tong M, 
Yu J, et al. Intestinal akkermansia muciniphila comple
ments the efficacy of PD1 therapy in MAFLD-related 
hepatocellular carcinoma. Cell Reports Med. 2025;6 
(1):101900. doi: 10.1016/j.xcrm.2024.101900  .

135. Frankel AE, Coughlin LA, Kim J, Froehlich TW, Xie Y, 
Frenkel EP, Koh AY. Metagenomic shotgun sequencing 
and unbiased metabolomic profiling identify specific 
human gut microbiota and metabolites associated 
with immune checkpoint therapy efficacy in melanoma 
patients. Neoplasia. 2017;19(10):848–855. doi: 10.1016/ 
j.neo.2017.08.004  .

136. Chaput N, Lepage P, Coutzac C, Soularue E, Le Roux K, 
Monot C, Boselli L, Routier E, Cassard L, Collins M, 
et al. Baseline gut microbiota predicts clinical response 
and colitis in metastatic melanoma patients treated with 
ipilimumab. Ann Oncol. 2017;28(6):1368–1379. 10. 
1093/annonc/mdx108.Erratum in: Ann Oncol. 2019; 
30(12):2012.

137. Chang JW, Hsieh JJ, Tsai CY, Chiu HY, Lin YF, Wu CE, 
Shen YC, Hou MM, Chang CY, Chen JA, et al. Gut 
microbiota and clinical response to immune checkpoint 
inhibitor therapy in patients with advanced cancer. 
Biomed J. 2024;47(5):100698. doi: 10.1016/j.bj.2024. 
100698  .

138. Lin Y, Xie M, Lau HC, Zeng R, Zhang R, Wang L, Li Q, 
Wang Y, Chen D, Jiang L, et al. Effects of gut micro
biota on immune checkpoint inhibitors in multi-cancer 
and as microbial biomarkers for predicting therapeutic 
response. Med. 2025;6(3):100530. doi: 10.1016/j.medj. 
2024.10.007  .

139. Bredon M, Danne C, Pham HP, Ruffié P, Bessede A, 
Rolhion N, Creusot L, Brot L, Alonso I, Langella P, et al. 
Faecalibacterium prausnitzii strain EXL01 boosts 

efficacy of immune checkpoint inhibitors. 
Oncoimmunology. 2024;13(1):2374954. doi: 10.1080/ 
2162402X.2024.2374954  .

140. Zhang Y, Cheng S, Zou H, Han Z, Xie T, Zhang B, 
Dai D, Yin X, Liang Y, Kou Y, et al. Correlation of the 
gut microbiome and immune-related adverse events in 
gastrointestinal cancer patients treated with immune 
checkpoint inhibitors. Front Cell Infect Microbiol. 
2023;13:1099063. doi: 10.3389/fcimb.2023.1099063  .

141. Tanaka K, Yano M, Motoori M, Kishi K, Miyashiro I, 
Ohue M, Ohigashi H, Asahara T, Nomoto K, 
Ishikawa O. Impact of perioperative administration of 
synbiotics in patients with esophageal cancer under
going esophagectomy: a prospective randomized con
trolled trial. Surgery. 2012;152(5):832–842. doi: 10. 
1016/j.surg.2012.02.021  .

142. Yokoyama Y, Nishigaki E, Abe T, Fukaya M, Asahara T, 
Nomoto K, Nagino M. Randomized clinical trial of the 
effect of perioperative synbiotics versus no synbiotics 
on bacterial translocation after oesophagectomy. Br 
J Surg. 2014;101(3):189–199. doi: 10.1002/bjs.9385  .

143. Motoori M, Yano M, Miyata H, Sugimura K, Saito T, 
Omori T, Fujiwara Y, Miyoshi N, Akita H, Gotoh K, 
et al. Randomized study of the effect of synbiotics dur
ing neoadjuvant chemotherapy on adverse events in 
esophageal cancer patients. Clin Nutr. 2017;36 
(1):93–99. doi: 10.1016/j.clnu.2015.11.008  .

144. Fukaya M, Yokoyama Y, Usui H, Fujieda H, 
Sakatoku Y, Takahashi T, Miyata K, Niikura M, 
Sugimoto T, Asahara T, et al. Impact of synbiotics 
treatment on bacteremia induced during neoadjuvant 
chemotherapy for esophageal cancer: a randomised 
controlled trial. Clin Nutr. 2021;40(12):5781–5791. 
doi: 10.1016/j.clnu.2021.10.004  .

145. Motoori M, Sugimura K, Tanaka K, Shiraishi O, 
Kimura Y, Miyata H, Yamasaki M, Makino T, 
Miyazaki Y, Iwama M, et al. Comparison of synbiotics 
combined with enteral nutrition and prophylactic anti
biotics as supportive care in patients with esophageal 
cancer undergoing neoadjuvant chemotherapy: 
a multicenter randomized study. Clin Nutr. 2022;41 
(5):1112–1121. doi: 10.1016/j.clnu.2022.03.023  .

146. Sugimoto T, Atobe S, Kado Y, Takahashi A, Motoori M, 
Sugimura K, Miyata H, Yano M, Tanaka K, Doki Y, 
et al. Gut microbiota associated with the mitigation 
effect of synbiotics on adverse events of neoadjuvant 
chemotherapy in patients with esophageal cancer: 
a retrospective exploratory study. J Med Microbiol. 
2023;72(6). doi: 10.1099/jmm.0.001723  .

147. Hashemi-Khah MS, Arbab-Soleimani N, 
Forghanifard MM, Gholami O, Taheri S, Amoueian S, 
Aboul Soud M. An in vivo study of lactobacillus rham
nosus (PTCC 1637) as a new therapeutic candidate in 
esophageal cancer. BioMed Res Int. 2022;2022 
(1):7607470. doi: 10.1155/2022/7607470  .

148. Bernard JN, Chinnaiyan V, Almeda J, Catala-Valentin 
A, Andl CD. Lactobacillus sp. facilitate the repair of 

GUT MICROBES 29

https://doi.org/10.1016/j.eururo.2020.07.011
https://doi.org/10.1038/s41591-021-01655-5
https://doi.org/10.1038/s41591-021-01655-5
https://doi.org/10.1016/j.cell.2024.05.029
https://doi.org/10.1038/s41467-023-42997-7
https://doi.org/10.1038/s41467-023-42997-7
https://doi.org/10.1016/j.xcrm.2024.101900
https://doi.org/10.1016/j.neo.2017.08.004
https://doi.org/10.1016/j.neo.2017.08.004
https://doi.org/10.1093/annonc/mdx108
https://doi.org/10.1093/annonc/mdx108
https://doi.org/10.1016/j.bj.2024.100698
https://doi.org/10.1016/j.bj.2024.100698
https://doi.org/10.1016/j.medj.2024.10.007
https://doi.org/10.1016/j.medj.2024.10.007
https://doi.org/10.1080/2162402X.2024.2374954
https://doi.org/10.1080/2162402X.2024.2374954
https://doi.org/10.3389/fcimb.2023.1099063
https://doi.org/10.1016/j.surg.2012.02.021
https://doi.org/10.1016/j.surg.2012.02.021
https://doi.org/10.1002/bjs.9385
https://doi.org/10.1016/j.clnu.2015.11.008
https://doi.org/10.1016/j.clnu.2021.10.004
https://doi.org/10.1016/j.clnu.2022.03.023
https://doi.org/10.1099/jmm.0.001723
https://doi.org/10.1155/2022/7607470


DNA damage caused by bile-induced reactive oxygen 
species in experimental models of gastroesophageal 
reflux disease. Antioxid (Basel). 2023;12(7):1314. doi:  
10.3390/antiox12071314  .

149. Kunogi T, Konishi H, Sakatani A, Moriichi K, 
Yamamura C, Yamamoto K, Kashima S, Ando K, 
Ueno N, Tanaka H, et al. Probiotic-derived ferrichrome 
induces DDIT3-mediated antitumor effects in esopha
geal cancer cells. Heliyon. 2024;10(6):e28070. doi: 10. 
1016/j.heliyon.2024.e28070  .

150. Weh KM, Howard CL, Zhang Y, Tripp BA, Clarke JL, 
Howell AB, Rubenstein JH, Abrams JA, Westerhoff M, 
Kresty LA. Prebiotic proanthocyanidins inhibit bile 
reflux-induced esophageal adenocarcinoma through 
reshaping the gut microbiome and esophageal 
metabolome. JCI Insight. 2024;9(6):e168112. doi: 10. 
1172/jci.insight.168112  .

151. de Clercq NC, van den Ende T, Prodan A, Hemke R, 
Davids M, Pedersen HK, Nielsen HB, Groen AK, de 
Vos WM, van Laarhoven HWM, et al. Fecal microbiota 
transplantation from overweight or obese donors in 
cachectic patients with advanced gastroesophageal can
cer: a randomized, double-blind, placebo-controlled, 
phase II study. Clin Cancer Res. 2021;27(13): 
3784–3792. doi: 10.1158/1078-0432.CCR-20-4918  .

152. Davar D, Dzutsev AK, McCulloch JA, Rodrigues RR, 
Chauvin JM, Morrison RM, Deblasio RN, Menna C, 

Ding Q, Pagliano O, et al. Fecal microbiota transplant 
overcomes resistance to anti–PD-1 therapy in mela
noma patients. Science. 2021;371(6529):595–602. doi:  
10.1126/science.abf3363  .

153. Routy B, Lenehan JG, Miller WH Jr, Jamal R, 
Messaoudene M, Daisley BA, Hes C, Al KF, Martinez- 
Gili L, Punčochář M, et al. Fecal microbiota transplan
tation plus anti-PD-1 immunotherapy in advanced 
melanoma: a phase I trial. Nat Med. 2023;29 
(8):2121–2132. 10.1038/s41591-023-02453-x.Erratum 
in: Nat Med. 2024;30(2):604.

154. Kim Y, Kim G, Kim S, Cho B, Kim SY, Do EJ, 
Bae DJ, Kim S, Kweon MN, Song JS, et al. Fecal 
microbiota transplantation improves anti-PD-1 inhi
bitor efficacy in unresectable or metastatic solid 
cancers refractory to anti-PD-1 inhibitor. Cell Host 
& Microbe. 2024;32(8):1380–1393.e9. doi: 10.1016/j. 
chom.2024.06.010  .

155. Yoshinami Y, Shoji H, Tsuda Okita N, Takamaru H, 
Hirose T, Imazeki H, Yamamoto S, Hirano H, 
Takashima A, Tanaka L, et al. A safety trial of antibiotic 
fecal microbiota transplantation for esophageal and 
gastric cancer patients treated with immune checkpoint 
inhibitors (Biorich2 trial). J Clin Oncol. 2025;43 
(4_suppl):TPS510–TPS510. doi: 10.1200/JCO.2025.43. 
4_suppl.TPS510.

30 Y. BABA ET AL.

https://doi.org/10.3390/antiox12071314
https://doi.org/10.3390/antiox12071314
https://doi.org/10.1016/j.heliyon.2024.e28070
https://doi.org/10.1016/j.heliyon.2024.e28070
https://doi.org/10.1172/jci.insight.168112
https://doi.org/10.1172/jci.insight.168112
https://doi.org/10.1158/1078-0432.CCR-20-4918
https://doi.org/10.1126/science.abf3363
https://doi.org/10.1126/science.abf3363
https://doi.org/10.1038/s41591-023-02453-x
https://doi.org/10.1016/j.chom.2024.06.010
https://doi.org/10.1016/j.chom.2024.06.010
https://doi.org/10.1200/JCO.2025.43.4_suppl.TPS510
https://doi.org/10.1200/JCO.2025.43.4_suppl.TPS510

	Abstract
	Introduction
	Gut microbiota and dysbiosis of the intestinal microbiota
	Association between dysbiosis of the intestinal microbiota in fecal samples and esophageal cancer
	Esophageal microbiota
	Association between esophageal microbiota and esophageal adenocarcinoma
	Association between esophageal microbiota and esophageal squamous cell carcinoma
	Stomach microbiota and its association with esophageal cancer
	Future perspectives on the role of intestinal and esophageal microbiota in esophageal cancer

	Conclusion
	Materials and methods
	Systematic search to identify studies for inclusion
	Identification of primary studies for inclusion
	Study selection and extraction

	Acknowledgments
	Disclosure statement
	Funding
	ORCID
	References

