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For decades, the stomach was considered a sterile organ, due to the acid environment. However, starting from the
discovery of Helicobacter pylori, this concept has progressively refined. By damaging the hydrochloric acid-secreting
glands, H. pylori infection primes the progression from acute to chronic inflammation in gastric mucosa resulting in
atrophic gastritis, intestinal metaplasia, dysplasia and ultimately gastric cancer (GC). Due to the challenging
identification of culturing bacteria, the carcinogenic role of gastric microbial community, other than H. pylori,
remains underestimated. More recently, a growing body of evidence has pointed out the dynamism of gastric
microbiota as a crucial step for GC development, besides elucidating some additional activity in modulating the
efficacy of cancer treatments. In turn, anticancer therapies can shape gastric microbiota with consequent dysbiosis
and a potential correlation with drug-related toxicity. In conclusion, the current review aims to deepen the role of
gut microbiota as a key factor in gastric disease at multiple levels, from carcinogenesis to the metastatic phase. It
also provides novel insights on gastric microbiota as potential target for tailoring multimodal strategies, either
surgical or oncological, to finally provide our patients with more individualized treatment options.
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INTRODUCTION Pre-existing environmental factors may act during carci-
Worldwide, gastric cancer (GC) is one of the most common
malignancies and a major cause of cancer-related death.1,2

Despite improvements in the multidisciplinary approach,
the prognosis of GC remains poor with a 5-year survival rate
of w30%-40%.3 Unfortunately, even in localized disease
stages, relapse remains a major challenge.4 In the advanced
setting, due to clinical aggressiveness of the disease and
occurrence of drug resistance, median overall survival is low
and reachesw10-15 months in clinical trials,5-7 even though
real-world data suggest that for the majority of patients
median survival is even less.8 Consequently, a better
knowledge of prognostic and predictive factors to tailor
anticancer therapies represents an unmet clinical need.
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nogenesis and affect the molecular and immunological
mechanisms that drive cancer growth and invasiveness.
Robust evidence supports the multifaceted role of human
microbiome in the homeostasis of numerous physiological
processes including nutrition, metabolism, endocrine func-
tions and modulation of inflammation and immune
response.9 In healthy persons, the humanmicrobiome acts as
a symbiont, which presents a barrier to opportunistic path-
ogens and prevents carcinogenesis.10 Nevertheless, this
commensal microbiome exists in a precarious equilibrium
that, if altered (a condition named dysbiosis), can contribute
to several pathological conditions including cancer.11

Almost four decades ago, Warren and Marshall made a
seminal discovery identifyingHelicobacter pylori as a cause of
gastritis.12,13 So far, it is established that gastric colonization
by H. pylori can predispose toward GC development by
different mechanisms: H. pylori infection promotes inflam-
mation of the gastric mucosa, damaging the hydrochloric
acid-secreting glands, thus favoring the progression from
chronic inflammation to atrophic gastritis intestinal
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Figure 1. The human gut microbiota.
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metaplasia, dysplasia and finally GC. On the other side,
H. pylori can have direct effects through the toxic action of
virulence factors, mainly cytotoxin-associated gene A (CagA)
and vacuolating cytotoxic A (VacA).14,15 As a result, in 1994
the World Health Organization classified H. pylori as a class I
carcinogen.15 Since then, eradication of H. pylori, together
with changes in food conservation, led to a significant
decrease in GC incidence.16

In summary, due to the difficulties of identifying and
culturing bacteria in gastric juices, the role of microbiota in
the development of GC has been underestimated for years.
The recent advances in genomic techniques provided a
better characterization of the gastric microbiome leading to
an increasing quality of the evidence and spurred scientific
community to deepen the understanding of gastric dys-
biosis and cancerous transformation.17 Besides summarizing
the current knowledge about the role of the microbiome in
GC development, this review will also focus on microbiota
manipulation as a potential tool to either predict or
improve the efficacy of cancer therapies.

IDENTIFICATION AND CHARACTERIZATION OF THE HUMAN
MICROBIOTA

The human microbiota describes the microbial taxa associ-
ated with humans and consists of as much as 10-100 trillion
microbial cells harbored by each person in the different parts
of the body. Bacteria comprise the vast majority of the
biomass and diversity in the human gut, though small
numbers of archaea, viruses and eukaryotes are also pre-
sent18 (Figure 1).

The composition of the human microbiota varies depend-
ing on different anatomical sites, age, concomitant disease
and environmental factors such as diet or antibiotic use.19

Exploring microbial communities in the human gut requires
taxonomic classification and gene functional profiling. Meta-
genomics is the study of microbial communities in their
original living places and refers to sequencing the entire ge-
nomes of all microbes present in a sample.When addressing a
microbial ecosystem, the presence and abundance of specific
bacterial strains are usually weighed by ‘alpha diversity’ and
‘beta diversity’. Alpha diversity is a measure of microbes’
variation in the same sample: specifically, the number of
distinguishable taxa in a sample is described by species rich-
ness, while the species diversity tells us how the microbes are
distributed in a sample. The Shannon diversity index combines
richness and diversity, by measuring both the number of
species and the inequality between species abundances. Beta
diversity shows the dissimilarities derived from microbial
communities of heterogeneous environments, featuring
several profiles in taxonomic abundance in the different
samples, and can be quantified by BrayeCurtis dissimilarity,
Jaccard distance and UniFrac methods.20

COMPOSITION OF NON-CANCEROUS GASTRIC
MICROBIOTA

Because of the low pH (median 1.4), the stomach has a
lower microbial load [102-104 colony-forming units (CFU)]
2 https://doi.org/10.1016/j.esmogo.2024.100048
compared with the small intestine and the colon (1010-1012

CFU)18,19,21 anddas mentioned abovedthe composition of
commensal microbiota is influenced by any condition that
favors increased gastric pH (>4) and bacterial overgrowth
(e.g. long-term use of proton pump inhibitors, H2 blockers or
chronic gastritis).22 Besides the underlying gastric condition,
microbiota composition also varies with the different type of
biosamples: gastric juice, for instance, displays an abundance
of Actinobacteria, Bacteroidetes and Firmicutes, whereas
mucosal specimens are enriched with H. pylori and Proteo-
bacteria.17,23 Additionally, the traditional study techniques,
such as isolation and culture, are not able to identify any
more bacteria, since up to 80% of microbes are not culti-
vable.24 As reported in the first studies assessing the
composition of gastric microbiome in healthy individuals, the
only bacteria isolated through culture analysis were Veillo-
nella sp., Lactobacillus sp. and Clostridium sp.25 Later on, the
introduction of genomic techniques (using real-time PCR and
next generation sequencing) enabled a better portrait of the
gastric microbiota.26 In 2006, Bik and colleagues measured
the alpha diversity of gastric mucosa samples of 23 healthy
individuals through a 16S ribosomal DNA (rDNA) clone library
approach reporting Proteobacteria, Firmicutes, Actino-
bacteria, Bacteroidetes and Fusobacteria as the five most
dominant phyla in normal conditions.27 Conversely, the
presence of a pathological condition of non-H. pylori
gastritis, microbiota profiling (16S rRNA) revealed Strepto-
coccus, Prevotella, Neisseria, Haemophilus and Porphyr-
omonas as the most abundant genera.28

Globally, the impact of H. pylori infection on the other
commensal still remains an open issue, specifically in long-
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term infection. In an effort to investigate in this direction,
Osaki and colleagues conducted a study in infected Mon-
golian gerbils, miming a long-term infection by dividing
mice into different groups according to whether or not
H. pylori was cleared at 1 year of infection. Results showed
that in the chronically positive group, a relative richness of
Proteobacteria, Spirochetes and Acidobacteria was
described along with a decreased abundance of Actino-
bacteria, Bacteroidetes and Firmicutes.29 These results were
in contrast with other works where no dissimilarities in
microbiota composition had been found among the pa-
tients, irrespective of H. pylori status.30 Overall, several
factors, linked to diet, lifestyles, disease and ethnicity, as
well as the consequence of a long-term infection, account
for the variable and sometimes contrasting results cited in
this section.31 Therefore, great caution should be applied
when interpreting the results from the massive literature
production about gastric microbiota.
ROLE OF THE MICROBIOTA IN GASTRIC CANCER
DEVELOPMENT

Bacteria can promote the initiation of the gastric carcino-
genesis cascade by numerous mechanisms including the in-
duction of an inflammatory environment, DNA damage,
dysregulation of cell cycle, tumor growth and immune
evasion24,32 (Figure 2).
GASTRIC DYSBIOSIS: THE UNFOLDING THEORY OF NON-H.
PYLORI BACTERIA IN PROMOTING CANCER DEVELOPMENT

Despite the infection of H. pylori being widely diffused
affectingw50%of the global population, only 1%-3%of them
develop GC.15 Mounting preclinical evidence supports the
pathogenic role of non-H. pylori bacteria in GC carcinogen-
esis.33 Insulin-gastrin (INS-GAS) transgenic mice represent a
unique model for studying the development of GC, since the
overexpression of circulating gastrin levels is associated with
spontaneous development of atrophic gastritis (AG) and
gastric intramucosal neoplasia (GIN), in w80% of mice with
H. pylori infection.34 Intriguingly, Lofgren and colleagues
observed that a less severe gastritis along with a late-onset
GIN occurred in H. pylori-dominant INS-GAS mice,
compared to those mice with a more heterogeneous micro-
biota composition.35 In a further study, Lertpiriyapong and
colleagues characterized the risk of developing gastric lesions
in infected mice carrying different microbiota compositions:
germ-free, restricted (with Lactobacillus, Clostridium and
Bacteroides) or complex-microbiota mice.36 Remarkably, in
restricted and complex-microbiota INS-GAS mice, a signifi-
cant expression of inflammatory and cancer-related genes
(including TNF-a, Ptger4 and Tgf-b) was reported, with a
consequent increased risk of gastric disease compared to
those germ-free models. Similarly, Li and colleagues had
previously demonstrated that anti-inflammatory and anti-
biotic treatment prevents the progression from severe
dysplasia to GC in H. pylori-infected INS-GAS mice.28
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Taken together, these data support the hypothesis of a
complicit role of non-H. pylori taxa in promoting the ma-
lignant alterations.

Later on, clinical studies have better outlined the gastric
dysbiosis across the different stages of the carcinogenesis
route.18 In a single-center study population, Ferreira and
colleagues profiled patients with either GC or chronic
gastritis, describing reduced abundance of Helicobacter and
Neisseria alongside the enrichment of intestinal bacteria
(like Achromobacter, Citrobacter, Phyllobacterium, Clos-
tridium, Rhodococcus and Lactobacillus), in those with GC
rather than chronic gastritis.37 Similarly, the 16S ribosomal
RNA (rRNA) gene analysis made by Coker and colleagues on
a Chinese cohort of 81 patients at different stages of gastric
disease (from superficial gastritis/AG to intestinal meta-
plasia and GC) reported a network centrality in microbiota
of patients with GC, with an abundance of Peptos-
treptococcus stomatis, Streptococcus anginosus, Parvimo-
nas micra, Slackia exigua and Dialister pneumosintes taxa
compared to those patients with superficial gastritis.
Interestingly, these results were also confirmed in a vali-
dation cohort of 126 Mongolian patients.38 In a further
study, which aimed to characterize gastric microbiota in
w300 patients with both chronic gastritis and GC, an
increased bacterial load in patients with H. pylori infection
compared with negative cases was established. At the same
time, five prevalent genera with potential pro-tumorigenic
activity were selectively identified in the microbiota of pa-
tients with GC: Lactobacillus, EscherichiaeShigella, Nitro-
spirae, Burkholderia fungorum and Lachnospiraceae.39

To elucidate the dynamic changes of dysbiosis along the
various steps of tumor development, from gastritis to ad-
enoma and early/advanced GC, Park and colleagues char-
acterized the microbiota in the gastric juice of 88 patients,40

displaying a progressive decrease in the alpha diversity
during carcinogenesis route. More precisely, a significant
reduction in the abundance of Akkermansia and Lachno-
spiraceae NK4A136 was noted in the GC cases alongside an
enrichment with Lactobacillus and Veillonella. Similarly, in a
large analysis of 1270 gastric biopsies, pooled by 10 public
datasets, and profiled through 16S rRNA sequencing, a
reduced diversity in GC samples compared to the other pre-
cancerous conditions was reported, and concomitantly
led to the identification of four GC-associated bacteria:
Fusobacterium, Peptostreptococcus, Streptococcus and
Veillonella.41

To date, the activity of non-H. pylori bacteria in GC
development has not yet been definitively established.
Profiling of GC samples in different studies lighted on the
possible carcinogenic role of some oral commensal, such as
Lactococcus and Lactobacillus genera, enabling to acquire
virulence when translocating downstream to the gastro-
enteric tract.42,43 Although no definitive mechanistic in-
sights have been provided yet, the authors propose that
the bacterial-derived lactic acid may represent an energy
substrate that favors cancer cell proliferation and tumor
progression. Findings from other studies support the role of
N-nitrosamine compound-generating bacteria (i.e.
https://doi.org/10.1016/j.esmogo.2024.100048 3
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Figure 2. Dysbiosis of gastric microbiota and cancer.
CagA, cytotoxin-associated gene A; NSAIDs, nonsteroidal anti-inflammatory drugs; OipA, outer inflammatory protein A; PPIs, proton pump inhibitors.
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Nitrospirae species) in promoting the conversion of nitrite
to nitrosamine and enhancing the genotoxic risk.37,39,44 A
further commensal of the oral cavity, which presumably
becomes pathogenetic after a downstream migration, is the
anaerobic gram-negative Fusobacterium nucleatum.45-48 As
seen in colorectal cancers (CRCs), Chen and colleagues re-
ported an abundance of F. nucleatum also in GC tissues and
in elderly patients, with respect to normal mucosa and
younger patients (P ¼ 0.041), apart from being associated
with tumor lymphocyte infiltration.48 More in general,
despite being associated to a worse prognosis in few cases
of diffuse-type GC, the presence of F. nucleatum in patients
with GC has been linked to contrasting survival out-
comes.49-51

Finally, although not apparently intuitive, the GC micro-
biota may be influenced by bacteria residing outside the
gastrointestinal (GI) tract. Among different human micro-
habitats of origin, the skin commensal Propionibacterium
acnes bacteria are of specific interest, due to their ability to
modulate the immune response by producing short-chain
fatty acids in patients with lymphocytic gastritis, which
seems unrelated to any tumorigenic mechanism.52 Recently,
Park and colleagues found that Rhizobiales, well-known
plant-root nitrogen-fixing symbionts, were enriched in
some cases of intestinal metaplasia with concomitant up-
regulation of T4SS genes53 that are involved in the intracel-
lular transport of CagA (one of the main H. pylori virulence
factors potentially linked to GC development).54 Conversely,
4 https://doi.org/10.1016/j.esmogo.2024.100048
few studies have adequately shed light on the protective role
exerted by some specific bacteria. In this respect, emerging
data show that Sphingobium yanoikuyae, a halotolerant di-n-
butyl-phthalate-degrading bacterium, seems able to degrade
carcinogenic compounds, being also one of the less-
represented species among GC-associated microbes.55

Comprehensively, an increasing number of studies are
providing novel insights about the oncogenic role of
microbiota in GC development. On the contrary, less is
known about the protective role of some specific bacteria
against cancerous initiation, thus envisaging further inves-
tigation also in this direction.
MICROBIOTA MAY IMPACT THE EFFICACY OF GASTRIC
CANCER TREATMENTS

As a result of a deeper knowledge in tumor biology and due to
the availability of more effective treatments, the outcome of
resectableGC appreciably improved in the past years.To date,
Western guidelines recommend the use of a multimodal
strategy in the perioperative setting, encompassing chemo-
therapy or concurrent chemoradiation as a valid option for
preventing disease recurrence.56,57 In the advanced settings,
a combination of chemotherapy plus either checkpoint in-
hibitors or human epidermal growth factor receptor 2-
targeted monoclonal antibodies represents the mainstay of
treatment.6,7 However, sooner or later, the onset of either
intrinsic or acquired resistance leads to treatment failure,
Volume 4 - Issue C - 2024
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thus emphasizing the need for novel biomarkers which
enable to tailor the management strategy. And in this sce-
nario, gastric microbiota is emerging as an appealing
biomarker at multiple levels.

Microbiota modulation and gastric surgery

The impact of gastric surgery on microbiota composition has
been reported in several oncological and non-oncological
settings.58-60 In the cancer care setting, Tseng and col-
leagues addressed the dynamic changes in gastric microbiota
composition in the perioperative period, documenting a
prevalence of Ralstonia and Helicobacter in the cancerous
stomach before surgery, and abundance of Streptococcus and
Prevotella genera afterward.61 Apart from inducing the loss
of the gastric barrier and biliary diversion, gastrectomy also
increases the oxygenation levels in the bowel with conse-
quent dysbiosis and abundance of typical oral cavity bacteria,
aero-tolerant (aerobes/facultative anaerobes) and bile acid-
transforming bacteria.62 Similarly, Erawijantari and col-
leagues showed that some opportunistic oral bacteria
(Streptococcus, Veillonella, Prevotella), aero-tolerant and
facultative anaerobic microbes were enriched in the fecal
samples of patients with GC who underwent gastrectomy.63

The long-term consequences on the microbiota population
after a sub-total gastrectomywere also addressed in a further
study which provided similar results: the microbiota richness
and diversity were augmented after tumor excision, with
abundance of Firmicutes and aero-tolerant bacteria of Pro-
teobacteria phylum compared with control.64

Circumstantially, gastrectomy-induced dysbiosis is related
to intestinal inflammation, small intestinal bacterial over-
growth as well as an increased risk of GI malignancies. With
regard to the last point, retrospective studies have suggested a
causal relationship between surgery for GC and the risk of
secondary tumors, both gastric stump cancer and CRC.65,66

Although the exact mechanisms are not fully understood, a
significant enrichment in F. nucleatum was found in the stool
samples of patients who underwent a gastric surgery,63

inferring a causeeeffect relationship with GI cancer develop-
ment.67,68 Finally, metabolomic analysis conducted in patients
undergoing gastrectomy supported the relevance of micro-
biota in increasing the number of biliary acids such as deoxy-
cholic acid that presumably has a pathogenic role in colonic
carcinogenesis other than inflammatory bowel disease.69-71

Overall, since most of the gastric bacteria are deemed to
originate from the oral cavity, the oral microbiota can shape
the gastric microbiota composition after gastrectomy.
Several studies reported that these changes result with an
increasing number of orally derived bacteria in the gut,
which in turn may have a clinical impact on patients, both in
terms of increased secondary tumors and post-operative
complications.

Microbiota modulation and chemotherapy

There is a growing body of evidence that the human
microbiomedand even more gut dysbiosisdplays a crucial
role in modulating the efficacy and safety of systemic cancer
Volume 4 - Issue C - 2024
therapies.72-78 In a Dutch phase II trial, cachectic patients
with gastroesophageal cancer receiving capecitabine and
oxaliplatin as first-line chemotherapy were randomized to
either allogenic or autologous fecal microbiota trans-
plantation (FMT) from healthy obese donor, in order to
improve cachexia outcomes. Although allogenic FMT did
not improve its primary endpoint, the positive effects were
unexpectedly seen on chemotherapy response and out-
comes.79 Supporting this hypothesis, further preclinical ev-
idence reported that chemotherapies alter the host
microbiota, with resulting dysbiosis and drug-related
toxicity, and vice versa.73-80 Regarding fluoropyrimidines,
the cytostatic activity of the drug is strongly impaired by
thymidine phosphorylase-producing bacteria.75 Even resis-
tance to 5-fluorouracil may be elicited by F. nucleatum
through the initiation of the Toll-like receptor 4 (TLR4) and
MYD88 pathways and autophagy activation.76 In turn, 5-
fluorouracil has been proved to negatively affect the
commensal gut microbiota, by promoting the overgrowth of
Lachnospiraceae NK4A136, Bacteroides, Odoribacter,
Mucispirillum and Blautia genera.77,78 The same modulation
on drug genotoxicity has also been reported for platinum
compounds: gut microbiota disruption may reduce the
production of proinflammatory cytokines and reactive oxy-
gen species in the tumor microenvironment (TME), hence
impairing the efficacy of oxaliplatin and cisplatin.80,81

Conversely, butyrate-producing bacteria enhanced the ac-
tivity of oxaliplatin in some preclinical works by modulating
the activation of interleukin (IL)-12 signaling pathway and
the induction of cytotoxic CD8þ T-cell response.82 In other
preclinical models, gut microbiota was even responsible for
oxaliplatin-induced hyperalgesia as a result of the activation
of TLR4 in macrophages.83 Consistent with this evidence,
Ma and colleagues demonstrated that microbiota depletion
might prevent the development and persistence of
oxaliplatin-induced peripheral neuropathy.84 Lastly, some
reports analyzed the interaction between b-glucuronidase-
producing bacteria and irinotecan GI toxicity, showing that
bacterial-derived enzymes enhanced the conversion to the
active compound SN38, which both mediated the activity of
irinotecan and the intestinal mucosal damage.85-87 Inter-
estingly, in a mouse model, b-glucuronidase inhibition by
using antibiotics did not impair irinotecan efficacy but did
prevent the onset of diarrhea.88

To sum up, although the main evidence about the
interaction between microbiota and chemotherapies de-
rives from tumors other than stomach (mainly colorectal),
the evidence herein provided can be translated to GC since
fluoropyrimidines, irinotecan, platinum and platinum-
derived compounds represent the cornerstone treatments
for both colorectal and stomach cancers.
Microbiota and immunotherapy

Nowadays, immunotherapy stands out as a breakthrough in
cancer treatment.89 The use of immune checkpoint in-
hibitors (ICIs), meaning either the anti-programmed death-
ligand 1 (PD-L1) nivolumab and pembrolizumab, or the anti-
https://doi.org/10.1016/j.esmogo.2024.100048 5
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cytotoxic T-lymphocyte antigen 4 ipilimumab, has become a
standard of care in different tumor and line settings,
including GC, after having demonstrated both clinical ac-
tivity and improved survival outcomes.7,57,58,90-94 The phase
III CheckMate 649 study established nivolumab as a new
front-line treatment in combination with chemotherapy in
patients with metastatic gastroesophageal adenocarcinoma
expressing PD-L1 combined positive score �5.7 Although
deep and durable response to ICIs have been observed in
our patients, particularly in microsatellite instable-high
subgroup, a significant proportion of patients seem to
show an intrinsic resistance, experiencing a rapid disease
progression.7,93,94 Hence, a better comprehension of
mechanisms that drive the immune response and cancer
cell immune evasion, along with the identification of more
efficacious predictive biomarkers, is required. As already
addressed in this review, the commensal human microbiota
may interplay with immune system, shaping the innate and
adaptive immune responses, both in physiological and
pathological conditions.95 Therefore, microbiota modulation
appears as an appealing strategy to tailor the efficacy and
the tolerability of therapies, in the context of immuno-
oncology.

The role of the microbiota as a biomarker of response to
ICIs in GC needs an extensive investigation. It has been
shown that H. pylori could elude the immune response by
inducing the up-regulation of PD-L1 in gastric epithelial cells
that cause the apoptosis of T cells.96 In mouse models, the
presence of VacA virulence factor could allow H. pylori to
create an immunosuppressive microenvironment, lastly
leading to the inhibition of effector T-cell recruiting and
activation.97 Moreover, H. pylori infection could stimulate
the production of IL-22 by gastric epithelial cells. The sub-
sequent migration and expansion of myeloid-derived sup-
pressor cells produces proinflammatory cytokines that
cause chronic inflammation and decrease the immune
response.98 Recently, the negative link between H. pylori
infection and response to ICIs has been highlighted, by
showing an inhibited CD8þ T-cell infiltration/activation
alongside a down-modulation of interferon-g and IL-6
signaling due to bacterial infection.99 These data provide
the first evidence of gastric microbiota as a biomarker of
resistance to ICIs, but novel mechanistic insights are rapidly
increasing our knowledge. In their recently published work,
Clasen et al. explained that the ability of H. pylori to escape
the immune system can be ascribed to the presence of a
‘silent flagellin’. Flagellin is the protein subunit of bacterium
flagellum and is able to tune the innate immune response
by stimulating or evading TLR5. Flagellin from H. pylori
(HpFlaA) fails to bind to TLR5 due to different amino acids in
the TLR5 region epitope site.100 These findings highlight
that silent flagellin drives immunotolerance toward
commensal bacteria and could represent a promising source
of investigation. A further study investigated the relation-
ship between non-H. pylori bacteria and immune cell pop-
ulations in GC microenvironment.101 Remarkably,
intratumoral Methylobacterium was correlated with a
reduced infiltration of CD3þ and CD8þ T lymphocytes in
6 https://doi.org/10.1016/j.esmogo.2024.100048
TME as well as decreased transforming growth factor-b
expression and this may be the reason of a shorter relapse-
free survival and overall survival reported in this specific
subgroup. An investigation led by Kosumi and colleagues
evaluated the correlation of F. nucleatum and T-cell density
in a large cohort of patients with resected esophageal
cancer, proving that the abundance of F. nucleatum nega-
tively correlated with peritumoral lymphocytic reaction.102

Finally, preliminary results of the DELIVER study, pre-
sented at the American Society of Clinical Oncology (ASCO)
GI annual meeting in 2021, demonstrated a role of fecal
microbiota as a biomarker of response to nivolumab in
patients with advanced GC. Interestingly, metagenomic
analyses also showed that Odoribacter and Veillonella were
correlated with response to nivolumab in both training and
validation cohorts.103

To conclude, although single-center experiences are
rapidly emerging with innovative findings, interventional
studies in a homogenous population aiming to investigate
the potential applicability of microbiome modulation are
urgently needed in patients with GC undergoing
immunotherapy.

CONCLUSIONS

In the past decade, continuous efforts in translational and
clinical investigations have broadened the knowledge about
microbiota and GC. Besides the recognized carcinogenic role
of H. pylori, other microbial species could be involved in the
GC pathogenic route, from tumor development to cancer
progression. For this reason, the restoration of commensal
bacteria homeostasis could play a key role in primary pre-
vention, together with a comprehensive identification of
risk factors. Likewise, the identification of biomarkers of
response to systemic anticancer treatments provides a
compelling line of research that deserves to be further
encouraged. Furthermore, appealing therapeutic ap-
proaches to improve the efficacy and tolerability of treat-
ments such as the manipulation of human microbiome,
through FMT and oral administration of bacterial metabo-
lites, alongside the use of prebiotics and probiotics are
constantly emerging. However, although multi-omics
studies could offer novel insights and aim to address
these open issues, we are still far from applying these
innovative strategies in large prospective randomized trials,
which should be promptly sponsored.
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